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(Podocnemis unifilis) along 33 km of river that runs between two sustainable-use reserves
in the Brazilian Amazon as an illustrative example, we show that two years of (patrols to
enforce protection regulations had no effect on nest harvesting (with high nest harvest
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20 Abstract

21 Law enforcement is widely regarded as a cornerstone to effective natural resource management. Practical
22 guidelines for the optimal use of enforcement measures are lacking particularly in areas protected under
23 sustainable and/or mixed use management regimes and where legal institution are weak. Focusing on
24  the yellow-spotted river turtles (Podocnemis unifilis) along 33 km of river that runs between two

25 sustainable-use reserves in the Brazilian Amazon as an illustrative example, we show that two years of
26  patrols to enforce protection regulations had no effect on nest harvesting (with high nest harvest rates:
27  61%); whereas during one year when community management approaches were enacted there was

28 nearly a threefold reduction in harvest levels to a rate (26%) within the realm of biological feasibility in
29 terms of population viability. Our findings support previous studies that show how community

30 participation, if appropriately implemented, serves as a cornerstone to effective natural resource

31 management, especially where law enforcement is limited or ineffective.
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Introduction

@orcement can be effective for conservation under many circumstances for some species (Hilborn et al.
2006; Keane et al. 2008). Rules governing human behavior are at the heart of every system of natural
resource management, however,@‘nout compliance, enforcement cannot be successful (Dietz et al.

@3; Keane et al. 2008; Ostrom 2015)./Success ultimately depends on the ability of managers to
influence the behavior of resource users, and enforcement via external parties can play a vital role in the
conservation of natural resources. Yet at the same time external enforcement may generate unnecessary
conflicts with local communities (Dietz et al. 2003) and there are increasing examples where self-
regulating community based management can be equally if not more effective than external
enforcement in preventing the over exploitation of natural resources (Campos-Silva & Peres 2016;
Nepstad et al. 2006). Models of enforcement have been important in predicting how individual incentives
can be modified to improve compliance but further work is urgently required to produce practical
guidelines for the optimal use of enforcement measures in conservation (Dietz et al. 2003; Keane et al.
2008).

@ Developing effective conservation solutions is further complicated when protected areas are
managed under different governance regimes, the relative effectiveness of which in avoiding loss to
biodiversity and ecosystem services has been the subject of recent debates (Lambin et al. 2014; Nolte et
al. 2013; Pfaff et al. 2015; Richards et al. 2017). It has been suggested that there are two primary
approaches to wildlife conservation: the generation of economic benefits from wildlife to local
communities, so that protecting wildlife is in their interest, and the enforcement of protected areas. The
weaknesses of this overly simplistic, bimodal vision have been widely documented (Fletcher et al. 2016;

@rom 2015; Reed et al. 2016). The focus has shifted to the implementation of myriad multiuse
initiatives including integrated conservation and development projects. However, governance and
enforcement is particularly challenging in these mixed-use/common pool areas (Dietz et al. 2003), where

meeting the needs of multiple stakeholders is theoretically appealing but can often generate conflicts
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between different user/consumer groups, that have adverse effects on conservation objectives (Dietz et

al. 2003).

@ @cﬁve external enforcement is the exception not the rule (Ostrom 2015). In the Amazon the

ability to remotely and continuously monitor deforestation has enabled the successes of protected areas
to be evaluated, however recent studies show how enforcement may be ineffective when
disturbances/violations are hard to detect and/or reliably classify/identify (Richards et al. 2017).
Additionally, many cases are not as clear cut or easy to monitor as deforestation (Peres et al. 2006), and
there is increasing realization that with the continued expansion of human populations and consequent
conversion of natural habitats the impact o@d-to-detect disturbances such as hunting can act
synergistically to limit the effectiveness of protected areas as a conservation measure in the 21 century
(Barlow et al. 2016; Peres et al. 2006). Increasing community involvement has been proposed as the main
solution to improve protected area effectiveness when faced with such hard to detect disturbances of
common pool resources (Ostrom 2015).

Integrating communities and protected areas to generate conservation solutions is challenging but
has generated successes for wildlife in terrestrial (Peres 2011; Pfaff et al. 2015) and aquatic environments
(Campos-Silva & Peres 2016; Harju et al. 2017). Integration can be implemented in various forms (Ostrom
2015@e of the most simple is via the recognition/designation of areas (e.g. zonation) where local
communities are able to developed sustainable acﬁviﬁes@ such example is the sustainable-use areas
that have rapidly expanded in number and area across the Brazilian Amazon through the 21s@ntury
(Bernard et al. 2014; Peres 2011; Pfaff et al. 2015). The size, isolation, lack of funding and lack of political
will have all been cited as limiting factors for the effective management of natural resources within these
sustainable-use areas (Peres 2011). Yet recent studies show how local community-based management
can be effective for conservation under these circumstances (Campos-Silva & Peres 2016).

Turtles are one of the most endangered groups of vertebrates (Gibbon et al. 2000). Indeed some

52% of freshwater turtles are threatened by unprecedented anthropogenic changes in the 21 century
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(Bohm et al. 2013). River turtles represent provisioning (food, source of income) and cultura@/ices for
local populations across the globe (Eisemberg et al. 2011; Harju et al. 2017; Mittermeier et al. 2015).
Turtles therefore represent informative and highly relevant examples of the challenges facing
conservation of common pooI@urce in a rapidly changing world (Dietz et al. 2003; Gibbon et al. 2000;
Harju et al. 2017; Mittermeier et al. 2015).
Here we present the recent history of yellow-spotted river turtle nest harvest along 33 km of river

@ted between two Amazon sustainable-use protected areas. To evaluate the relative/effects of
enforcement and community involvement we compare the harvest of river turtle nests along the river
segment during years with enforcement versus years with only community management. This
comparison enables us to contrast the relative success of@se alternative approaches for the

conservation of the species in sustainable-use protected areas.

Materials and Methods

Ethics statement

Ethical approval was not required for our noninvasive study, as we did not collect any biological sample
nor interfere with the behavior of the study species. Permission to collect observational data from river
turtle nest-areas was provided by research permit number IBAMA/SISBIO 49632-1 and 49632-2 to DN
and FM, issued by the Instituto Chico Mendes de Conservacao da Biodiversidade (ICMBio). Interviews
with local residents were approved by IBAMA/SISBIO (permits 45034-1, 45034-2, 45034-3) and the Ethics
Committee in Research from the Federal University of Amapa (UNIFAP) (CAAE 42064815.5.0000.0003,

Permit number 1.013.843).

@dy area

The study was conducted along 33 km of the Falsino River, in the state of Amapa, Brazil (N 0.77327, W

51.58064; Fig 1). This river section runs between two sustainable-use protected areas, the Amapa
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National Forest and the Amapa State Forest (hereafter “FLONA” and “FLOTA” respectively). Both are
National Forests, but only the FLONA (VI - “Protected area with sustainable use of natural resources”) is
designated within the IUCN Protected Area Classification (UNEP-WCMC & IUCN 2018). This particular
stretch of river is 61 km from the nearest town and suffers relatively low anthropogenic influence (de
Oliveira et al. 2015; Norris & Michalski 2013), having between 3 and 6 houses over the study years.

The regional climate is classified by Képpen-Geiger a@ (Equatorial monsoon) (Kottek et al.
2006), with an annual rainfall greater than 2000 mm (ANA 2016). The driest months are September to
November (total monthly rainfall < 150 mm) and the wettest months (total monthly rainfall > 300 mm)

from February to April (S1 Figin (Paredes et al. 2017)).
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We assessed nesting success during four nesting seasons (2011, 2015, 2016 and 2017) along the same 33
km river stretch. These seasons included one with no enforcement and no community management
(2011), two in which external enforcement of existing protection regulations was undertaken (2015,
2016) and one in which a community-based nest protection program was enacted (2017). These
temporal differences in management actions along the same stretch of river enable us to contrast the
relative success of enforcement and community based management in protecting river turtle nests.

The enforcement was conducted by the specialist Environmental Police task force (“Batalhdo de
Policia Militar Ambiental”). Funding for enforcement actions came from a collaboration with the
neighboring strictly protected (IUCN Category IlI) Tumucumaque National Park (“Parque Nacional
Montanhas do Tumucumaque”). Enforcement was provided to patrol navigable rivers that flow along the
borders of the sustainable-use areas (FLONA and FLOTA) and the National Park, i.e. rivers that provide
access to the strictly protected National Park. The National Park receives funding for such activities from
the Amazon Region Protected Areas (ARPA) program, whereas the sustainable-use areas do not receive

funding for any enforcement actions. Patrols included between four to six people and were conducted
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along more than 300 km of rivers that surround the protected areas, including the 33 km study area.
Enforcement patrols focused on checks for illegal activities around the protected areas (such as hunting
and the possession of illegal arms) and included stopping boats to check fishing nets, the fish caught and
speaking with people. The enforcement activities also included stops at beaches to check for illegal
activities including hunting. During the enforcement period, the police team was based on the ICMBIO
base, at the entrance of the Falsino River, where the community based management activities were
subsequently implemented (Fig 1). One member of the police team was also stationed permanently at
the base to monitor and question and/or search any boats that passed this strategic location.

The community based management originated in 2017 from a request fron@ local community
and came after two large meetings with local landowners. The community management activities were
focused on landowners living along the Falsino river who participated in nest protection activities (plastic
predator exclusion devices were placed on top of the river turtle nests to avoid natural predation (Fig.
S1). Activities were focused around strategic nesting areas. These were larger areas (> 4 m?) with most

@% of the nests in the study are@uring the nesting season, the landowners were patrolling the
beaches, taking note, and protecting new turtle nests when they ﬁnd@esearchers contacted the

landowners every two weeks to receive updates of the nest monitoring.

@t—area surveys

To quantify levels of nest harvesting a series of nesting area surveys (Norris et al. 2018) were conducted
between September and December in all study years. These months correspond to low water and include
the complete nesting and first half of the hatching season in the study area @lorris pers. obs.). Nesting
data from 2011 were obtained from a previous study (Arraes 2012). In 2015, 2016, and 2017 we then
repeated the methodologies applied in 2011, as briefly summarized here, with full details available in
Norris et al. (2018). To locate river turtle nests we conducted monthly (interval of 20 - 30 days between

visits) surveys of all nesting areas. These searches were conducted together with local residents with over
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30 years of knowledge of nesting areas and took place independently of any enforcement or community
based management activities. Naturally depredated nests were identified by the presence of broken
eggshells and/or remains of partially eaten eggs outside the nest, disturbed/uncovered nests surrounded
by animal tracks and the presence of wildlife excavation marks. Human removal was identified when
nests were found open (without sand cover), with a mean depth used by the river turtles (~ 10-15 cm),
but without eggs or partially eaten eggshells. Human removal was also usually associated with signs of

human activities, such as footprints, fire, charcoal, and campsite on the nest sites.

@a analysis

We used the number of nests harvested by humans as the response to compare the effects of external
enforcement and community involvement. The contrast in nest harvest proportions between years 2011,
2015 and 2016 enabled us to test the hypothesis that enforcement generated differences in harvest
rates. To test the hypothesis that increased enforcement was associated with reduced harvest levels we
@mined Spearman correlation between the amount of boat fuel (liters of petrol) used by patrols as our
index of enforcement effort and the proportion of nests harvested. The contrast in nest status between
years 2015, 2016 and 2017 enabled us to test the hypothesis that community based management
resulted in lower harvest rates compared with enforcement.. Graphs and descriptive analysis were

undertaken within R language and environment for statistical computing (R Core Team 2017).

Results

Harvest rates were high (averaging 61%) in enforcement years, whereas the lowest (26%) harvest level
occurred when there was no enforcement patrols along the river (Fig 2). Although harvest levels in
enforcement years did@er statistically compared with 2011 (proportion test, P = 0.04184), the
continually high harvest rates mean that this statistical difference has little biological relevance. There

was no association between enforcement effort and harvest rates (Spearman S = 12.1, P = 0.7892).
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@\trary to our expectation that harvest levels would decline with enforcement, we found that a
threefold increase in effort (675 to 1665 liters) was associated with a 33% increase in harvest levels
between 2015 and 2016.

The lowest harvest was recorded in 2017 when there was no enforcement but community
management was implemented. The@d harvest rate in 2017 (26%) differed significantly from the years
(2015 and 2016) with enforcement (proportion test, P < 0.0001) and the year (2011, 75%) with no

enforcement and no CBM (proportion test, P < 0.0001).

Discussion

@' findings strongly suggest that enforcement has little effect on river turtle nest harvesting.
Additionally, multiple lines of evidence suggest that there is no direct cause and effect relationship
between enforcement effort and nest harvest rates. In contrast, community management was associated
with a significant reduction in nest harvest rates. Yet, the community management project did not
directly target human removal of turtle nests. So why then was there such a sharp reduction in nest
harvest?

It is important to note that the management project was inspired by the community members.(The
community had expressed concern regarding environmental degradation in the area including the loss of
turtle nests, and the increasing amount of rubbish along the river at the beaches /nesting areas.
Protecting the nests temporarily against natural predators was a way that community members could
actively participate not only in caring for the turtle nests but also the surrounding environment. As
human harvesting was not specifically targeted these actions had general support and conflicts were not
generated. The lack of conflicts is also explained by the fact that community members do not depend on
river turtle nests for their daily nutritional requirements or economic well-being (Norris & Michalski

2013).
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Providing payments for protecting nests and/or the selective harvest of nests that would otherwise
be flooded have been used to engage local communities in the management of river turtle nests (Caputo
et al. 2005). Different to such studies, we did not provide any financial rewards for participation, nor did
we translocate nests for headstarting incubation nor harvest selected nests. Seasonal differences in our
study area compared with that of Caputo et al. (2005) partly explain the difference in approach. In our
study area, peak nesting (mid to late October) takes place approximately two months before river levels
rise (mid to late December), which means many embryos are in advanced stages of development and the
eggs are not suitable for harvest when levels rise. This is because locals prefer fresh eggs, with harvesting
activities also peaking around October.The uncertainty in future effects of climate change, changes in
flow rates due to development patterns (e.g. hydropower developments (Timpe & Kaplan 2017)),
deforestation, and their synergistic effects on wildlife species and human populations are therefore a
challenge for the implementation of conservation solutions. Such uncertainties reinforce the need for
solutions to be tailored to the local context.

We found that the involvement of a relatively small number of key personnel had a broad impact
and that a positive community perception (of doing the right thing) was sufficient to ensure engagement.
Previous studies show that harvest and consumption of nests is not random within or between rivers
(Escalona & Fa 1998; Hernandez et al. 2010; Norris & Michalski 2013). Harvest rates are not spatially
uniform, increasing at beaches closer to towns and in more accessible river sections (Escalona & Fa 1998;
Hernandez et al. 2010; Pignati et al. 2013)./Additionally neighbors consumption was the strongest of 12
environmental, spatial and social variables used to explain patterns of nest consumption in the local
community (Norris & Michalski 2013). A detailed understanding of the local context and spatially explicit
monitoring of nesting beaches and community activities is therefore required to ensure the success of
any community based management of river turtle nests.

Local communities living along Amazon rivers have increasing access tolalternative food sources

(de Jesus Silva et al. 2017; Piperata et al. 2011) and depend less on relatively limited seasonal supplies to
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meet their nutritional requirements (de Jesus Silva et al. 2017). Human nest predation and egg
consumption has long been recognized as both a threat (reducing recruitment and population size) and
opportunity (a valuable resource, which generates stakeholder involvement in conservation) for the
conservation and management of P. unifilis populations (Caputo et al. 2005; Mittermeier 1978; Smith
1979). However, with riverine communities likely to become progressively less dependent on turtle eggs
as a food source (Piperata et al. 2011), conservation activities need to be developed that do not rely
simply on the preservation of nests for subsequent commercialization. Our results suggest that indirect
benefits and intrinsic values placed by local communities can be as important as economic gain for the
development of successful conservation actions aimed at maintaining natural resources.

Human harvest is ubiquitous across the species range (Escalona & Fa 1998; Hernandez et al. 2010;
Landeo 1997; Smith 1979; Vogt 2008), and without management the levels of human harvest of river
turtle nests are typically > 50% (Table 1) and can reach 100% at nesting areas [ (BermUdez-Romero et al.
2010; Hernandez et al. 2010; Lipman 2008), D Norris pers. obs., 2016]. Although we found high harvest
levels prior to community management, welexpect that these observed proportions represent minimum
values. This is because nests sites can be hard to detect as they may be concealed post-harvest by
harvesters. It therefore seems plausible that differences in detectability could explain at least part of the
variation (harvest levels ranged from 55% to 75%) in the proportion of nests removed|in the years prior
to the community management in 2017.

Fewer nests were found during the years with enforcement patrols (2015 and 2016), and we
hypothesize that these reductions can be attributed to the increased and/or more careful concealment of
harvested nests as a response to the presence of the enforcement patrols. The harvest of nests falls
within a grey area of the protected area governance and legislation. The river is outside of the protected
area border, Brazilian legislation allows for the harvest of natural resources to meet basic (nutritional)
needs. Although both the existing governance regime and legislation is often ambiguous and unclear,

local residents are within their rights to consume the river turtle nests, so why would concealment
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249 increase with the presence of enforcement? The most likely explanation is that nest harvest was not
250 carried out by the local residents. Although interviews reveal that more than 50% of local residents eat
251 turtle eggs, the locals remain close (typically < 500 m) to their houses (Norris & Michalski 2013).

252  Community members cite harvest for commercial exploitation by outsiders (town residents) as the main
253  cause of nest removal.

254 The needs of different users can generate conflicts in common pool resources (Ostrom 2015). Our
255  findings from the first year of community-based management were overwhelmingly positive and the
256 expected conflicts did not occur.There appears to be a strong degree of respect and understanding of
257 environmental problems within the local communities. The community based management was

258 implemented after seven years of research and has developed with the local communities. As such, our
259 findings suggest that engagement and good will are most important results that explain the success of
260 (the first year. There is obviously no guarantee that this will continue, and there is a need to continually
261 engage and work with local communities within an adaptive management framework with the capacity

262 to respond to socio-economic changes as well as new and unforeseen challenges.

263 Conclusions

264  Although our findings come from the first year of community management the clear reduction in river
265 turtle nest harvest shows that a focus on community involvement generates immediate benefits for
266 conservation within multiuse protected areas. Our findings suggest that the presence of community
267 members monitoring and protecting against natural predators was sufficient to deter the harvest by
268 outsiders without generating any obvious conflicts. As such we conclude that the good will,

269 understanding, and perceptions of the local communities are the vital/keystone components for the

270  success of conservation activities within the sustainable-use protected areas.
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Figure 1

Study area.

(A) State of Amapa in Brazil. (B) Location within Amapa. (C) Showing location of community
managed Podocnemis unifilis nesting areas. Red solid line delimits the location of the Falsino
river section with community management. Solid black square is the location of the ICMBio
base that served as the enforcement base in 2015 and 2016. The nearest town - Porto
Grande is shown by a solid red circle. Location of the FLONA sustainable-use protected area

is shown in yellow.
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Table 1(on next page)

Nest harvest rates obtained from the literature.

Comparison of harvest rates of yellow-spotted river turtle nests with and without community
based management. Means and confidence limits obtained via nonparametric bootstrap

without assuming normality.
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Type

Study

Nests

o .
duration Harvest (%) Total Harvest Location Source
No community Single 519 952 494 Mand, Peru Landeo
management season (1997)
Single Nichare- Escalona & F
& 84.9 351 298 Tawadu, scalona & Fa
season (1998)
Venezuela
Sinele Manapire & Hernind
& 50.9 165 84 Cojedes, ernandez et
season al. (2010)
Venezuela.
S|ng|e BajO & MedIO Bermudez-
81.2 69 56 Putumayo, Romero et al.
season Peru (2010)
[ténez &
Multi , Lipman
season 31.8 434 138 Paragga, (2008)
Bolivia
Mult 65.7 268 188 [olINORIVer, ot study
season Brazil
Mean (+95% Cl) 61.1 (46.4 — 75.4)
With Single Aguarico Caputo et al.
28.2 1
community season 8 383 08 River, Ecuador (2005)
management Multi Taboleiro da bionati et al
19.4 273 53 Agua Preta, 'gnati et al.
season ) (2013)
Brazil
[ténez &
Multi , Lipman
season 0.1 676 1 Para.gl.Ja, (2008)
Bolivia
Single 26.4 144 38 Falsino R.IVGI’, Present study
season Brazil

Mean (x95% Cl)

18.5 (6.7 — 27.8)
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Figure 2

Four years of nest harvest

Harvest of Podocnemis unifilis nests along 33 km of river in Amapa State, Brazil. (A) Nest
harvest during years with (white triangle) and without (black circles) community based
management (CBM). Total number of nests in parentheses, the dashed horizontal line shows
the median harvest from the three years without CBM. Horizontal grey shading represents
the 95% confidence interval of harvest levels in the absence of CBM across the species range
(see Table 1). (B) Proportion of river turtle nests harvested in four nesting seasons. (C)

Enforcement effort during four river turtle nesting seasons.
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