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Abstract: In the various protected areas such as nature reserves and national parks in Vietnam,
ranger patrols are crucial for protecting forest resources against the increasing threats from fringe
communities. Previous studies have investigated ranger patrol efforts (RPEs) in conservation areas
using conventional measures in terms of illegal activities encountered, but there has been little
research into indices related to RPEs in the field, both worldwide and particularly in Vietnam. This
paper explores various indices of RPEs and other aspects of forest patrolling at a local level. The
number of rangers and patrol-days strongly influences the distance walked and the number of
patrol-hours. However, neither the rainy season nor the Lunar New Year festival had any significant
effect on patrol efforts, nor was there any effect on the relative altitude covered or the speed of
patrolling during the long Lunar New Year vacation. Management responsible for protecting forest
areas needs to consider the full scope of rangers’ efforts and identify the qualities of motivated staff.
Our findings suggested ways in which rangers’ capacity to promote conservation may be assessed in
the future.

Keywords: conservation; forest; patrol; ranger patrol efforts; ranger

1. Introduction

In many protected areas (PAs) in tropical forests, biodiversity loss and forest depletion
are a consequence of the illegal use of resources because of social demand [1–3]. Demand
is a dimension of conservation which is fundamental in social development and the im-
plementation of sound policy [2,3]. As other researchers have reported, timber harvesting,
poaching, non-timber forest production harvesting and agricultural encroachment are
the main threats to biodiversity conservation [4,5] causing significant declines in forest
resources and diversity [2]. Even though residents living in and around the forest are
aware of the value of PAs and they have been considering the tragedy of common, they
prefer personal gain [6]. Thus, there is emphasis on the balance between conservation
management in Pas and human requirements, and the importance of understanding how
different activities impact forest protection [6,7]. However, people continue to pursue
their economic goals despite human impact endangering the system [5,8], and adversely
affecting protected areas [9].

The main target of protected area management is to preserve the whole of the ecosys-
tem and its biodiversity [10] through the strict protection of the forest as a “sanctuary of
nature” with only limited human activities allowed [10,11]. However, the implementa-
tion of forest protection through PAs affects stakeholders such as local communities, as
well as international organizations and government agencies responsible for providing
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rangers [12,13]. Reducing the scale, extent, and negative effects of illegal activities is a
priority for conservation practitioners and increasing law enforcement efforts through an
increase in ranger patrol efforts (RPEs) is a means of achieving this [14,15]. Thus, manage-
ment of RPEs is key to improving long-term forest management strategies in protected
areas in Vietnam [16,17].

Patrol-based (also known as ranger-based) monitoring programs have increased
throughout the world [10], and have been one of the mainstays of conservation initia-
tives [11]. This has increased the importance of ranger performance in the field. In
particular, in special-use forests, the forest ranger is the key player [4,8] in identifying and
preventing illegal activities by regularly and visibly patrolling and ultimately, limiting
human access to the forest and thus controlling the occurrence of illegal activities [18].
Most patrol routes are established in areas of the forest which are more likely to attract
illegal activities, especially areas with rich natural forest resources [12], and through a
combination of different conservation efforts, a significant reduction in illegal activities
can be achieved [1,19]. Previous research has shown that illegal activities have emerged as
a serious threat to conservation in various protected areas [20,21] and better law enforce-
ment practices are necessary to protect nature reserves (NRs). This includes security and
guarding procedures and responding urgently when illegal activity is encountered unex-
pectedly, as well as presenting progress reports on previous activities and predicted future
issues [22,23] which suggested that strong law enforcement within protected areas is of
great importance in ensuring the conservation of biological diversity. Further, an effective
monitoring system gives good feedback to the forest protection management [24,25]. The
evaluation of the capacity and performance of a forest station as to whether it is effective
in forest protection is an urgent issue for conservation planners at different levels [26].
Activity reports, which provide valuable information about the progress of forest manage-
ment in protected areas [24,27,28] are a useful tool in this evaluation. However, even if a
dramatic decline in illegal activities can be achieved due to enforcement practices, there
are still great benefits to be attained through extensive patrolling activities [29].

There is no doubt that staff perform better and collect better information on the effect
of conservation if their morale is high, with more effective patrol outcomes per day/staff,
greater distance patrolled, and more poaching encounters over longer periods [16]. These
performance improvements bring the advantage of supplying regular and speedy informa-
tion on the occurrence of illegal activities by ranger patrols [30]. Furthermore, patrol-hours
and patrol-distances were not different in specific seasons [30], for instance, during rainy
seasons or in seasons when crops were being grown in the forest. However, few studies
have considered the effect of other external indicators such as patrol speed and the relative
altitude covered by ranger patrols, although both are critical in maintaining the rangers’
motivation [24]. Further, there has been little research devoted to patrol efforts in protected
areas in Vietnam, nor on the effect of patrol efforts on long vacations such as at the Lunar
New Year. Based on records relating to poaching or logging activities, previous researchers
have found the high relationship between the number of camp senior officers and the
number of illegal activities encountered during patrolling when measured on a quarterly
basis [28]. In contrast, it is argued that this was statistically unrelated to wildlife trends.
Interestingly, because of spatial and temporal changes in illegal activities, typical patrol
routes throughout sensitive forest areas need to be varied, even in forest areas least affected,
and with the best record of conservation [8]. It is notable that when law enforcement efforts
decrease, the risk to conservation increases, and illegal activities in large protected areas
may directly result from lower patrol efforts [24]. Further, it is found that in spite of 60%
of a forest zone nominally patrolled by rangers, they effectively patrol only 22% of it [24].
Overall, however, RPEs present a significant opportunity to discover a large number of
illegal activities.

Maintaining the effectiveness of RPEs is an important problem faced by all protected
areas in Vietnam, such as Pu Hu Nature Reserve (NR). The ranger patrol monitoring system
is a major management tool for surveillance and forest protection by which conservation is
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achieved [21]. Patrol performance is measured based on patrolling days, hours, distance,
speeds and relative altitude, which are the most important aspects affecting how difficult
it is for rangers to work in the field. Further, physical threat [31,32] and insufficient or
improper equipment to regulate law enforcement efforts [33] may also have an impact on
the effectiveness of RPEs.

Pu Hu NR has implemented monitoring of routes using GPS data logging devices and
it is currently one of the most well-known protected areas in Thanh Hoa Province as well
as throughout the whole of Vietnam. The results of ranger efforts and the current illegal
activity through regular patrol-based monitoring are announced in monthly meetings of
rangers. In addition to the ranger-based monitoring system, the management board has
also committed to exchanging rangers between forest stations to reduce any bias in patrol
report over the long term.

The research reported in this paper sets out to understand how the monitoring of the
patrol system works to aid adaptive management, by examining monitoring at the largest
forest station in Pu Hu NR, namely the Nam Tien Forest Station (FS). The dual objectives
of this study were to (i) quantify patrol performance and (ii) analyze the factors which
influence RPE effectiveness during the period studied. The study aims to support local
forest authorities in the future management of forest conservation.

2. Materials and Methods
2.1. Area of Interest

Pu Hu NR is located in Quan Hoa and Muong Lat districts in Thanh Hoa province,
and extends over 28,000 ha. It is a rugged, mountainous area between latitude 20◦30′

and 20◦40′ N, and longitude 104◦40′ and 105◦05′ E, in the northeast of Vietnam (Figure 1).
It was established as a special-use forest area in the year 1999 by the government of
Vietnam and is governed by Pu Hu Management Board. It is home to a variety of rare and
endangered animals and plant species. Since establishing the NR, all extraction of flora
and fauna has been banned. Forest control stations have been established to enforce this
regulation. Therefore, protection is the primary management issue in Pu Hu including
restriction on the extraction of bamboo, roof thatching materials, firewood and medical
plants, as well as cattle grazing and other economic activities conducted by residents in the
surrounding areas [31]. Thus, the NR has come under high pressure from people in the
immediate area. This is particularly true for Nam Tien FS, which, amongst the six forest
stations and one sub-forest station, is the largest and closest to Quan Hoa town center.
This has required forest rangers to consider how to enforce the law while facing the loss of
access and economic benefits suffered by the local people which has given rise to frequent
conflicts [34,35].

As explained above, this research focused solely on Nam Tien FS which protects an
area of almost 5000 ha, which is divided into nine sub-area forest plots. The permanent
or non-permanent rangers responsible for protecting the forest areas are in charge of the
practical enforcement of the law in the forest area. The fully protected area is bordered
to the northeast by a buffer zone with around 423 households and 1512 inhabitants in
12 villages constituting 2 communities, namely Nam Tien and Thien Phu communities.
Compared to other forest stations, the villages have the highest population density and
most of the inhabitants in the buffer zone areas under Nam Tien FS live in them.

2.2. Data Collection

The protected area in Nam Tien FS, under Pu Hu NR areas, apply conventional law
enforcement methods using foot patrols. Most of the patrols are conducted by staff based
in nearby FSs, and are recorded as transects with fixed location points. For such location
points (waypoints), information on patrolling is recorded containing the name and the
number of officers on patrol, the duration of the patrol and the location of forest sub-area
plots [24,28]. However, the main technical analysis is carried out by forest officers in the
central office of Pu Hu NR.
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This study focused on Nam Tien FS, and was based on data collected from January
to October 2017 (around 10 months) from the database in the central office. All the major
patrol routes shown in Figure 1 were commonly conducted by local rangers from Nam
Tien FS, where a GPS-based monitoring system was in place [28], and the typical patrolling
activity was conducted by one, two, or, less frequently, three rangers, using a hand-
held GPS unit to record their location [11] in conjunction with a topographic map of
the particular area [26,36]. RPE was evaluated based on man-days patrolled per month
which was calculated based on the number of rangers on patrol multiplied by the number
of hours patrolled (where one day is regarded as an 8 h patrol-day) [24]. All available
activity reports were incorporated into a standardized database containing the following
information: monthly report, number of patrol staff on each track and the patrolling
location [11].

The patrolling activity was sometimes re-checked and evaluated by mobile teams in
the Department of Law Enforcement and the ranger patrols were supplemented by nature
protection groups from the adjoining villages. After each patrol, information was recorded
in data sheets or patrol staff logbooks [26,36] and these were tabulated into a summary
consisting of Excel worksheets which were submitted to the director of the Pu Hu NR and
discussed in monthly meetings.

2.3. System of Patrol Planning and Operation

Regular weekly meetings of rangers were held at the Nam Tien FS to discuss the
information collected on each patrol track and this was also discussed daily in conversations
among the rangers at the Nam Tien FS. Short patrols were conducted in the sub-areas
but some long patrols lasting several days were also conducted if the rangers considered
that this was necessary [25]. The need to alter the pattern of patrols was thus approached
according to lessons learned, and plans were adjusted and adopted as required. Where
necessary, strategic ambush night-patrols focusing on specific locations were planned,
according to the situation. Such patrols might split the ranger team into different groups to
patrol different tracks and were often based on secret information obtained from informers
or through intelligence work in the communities [36]. The head of the FS was responsible
for planning the distribution of the rangers to each team for patrolling the forest sub-
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areas [31]. Due to the high level of illegal activity, local villagers could also be organized
into a patrol group. Predictable patrol routes and their timing were altered, and liaison
with ranger teams from adjacent forest areas could be arranged. Additionally, the style
of patrol movement adopted might also be altered from “single file”, to an “arrow head”
configuration’ depending on previous information from earlier patrols [30].

Patrol movements and starting times from the forest station need to be unpredictable [24,28].
Naturally, the patrol teams cannot always follow the patrol plan set, as often observations
along the track being patrolled make a change of strategy necessary. Briefly, in Nam
Tien, the patrol strategy is divided into three classes: (i) daily patrols covering a radius of
4–13 km, (ii) duration of patrols comprising between 6 and 8 patrol-hours/ranger/month
which is the local policy of the Pu Hu Management Board and (iii) strategic patrols covering
areas with specific issues and areas where there are potentially drastic negative impacts on
biodiversity. Such patrols are often undertaken in response to intelligence information [25].

2.4. Estimating Ranger Patrol Effort

Generally, the target sub-area forest plots are about 10 to 45 min away from Nam
Tien by motorcycle after which patrols are conducted on foot, so that the exact starting
point of each patrol cannot be identified even though a GPS is used. Accordingly, when
initiating the location by the GPS device, the supervisor has to estimate the starting point
and ending point of the route and then base the route itself on waypoints located during
the patrol [22,31]. Both Google Earth and MapInfo software are then used to analyze and
estimate the probable routes of the patrols (Appendix A).

2.5. Data Analysis

A standard measure of the patrolling effort of dedicated and motivated rangers is
required to provide feedback to management to enable them to steer field operations [24,28]
in protected areas. From January to September 2017, all the data from the patrol groups
was analyzed by a supervising officer in the central office to establish the number of staff
and starting time points for each track. Further, the number of patrol kilometers walked,
team days spent, and the relative altitude covered [37] based on measurements from the
GPS device were estimated using the Google Earth software application. All the technical
data vetted and accepted by the supervision section was transferred into Microsoft Excel
from which the final report and descriptive statistics were prepared. SPSS version 20.0 was
inferentially used to analyze the data and determine any significant differences (p < 0.05)
among the variables in different times and events. Values were presented as mean ± SD
(standard deviation). Descriptive statistics were used to summarize the illegal activity
found by the patrols. The data relating to illegal activity by different routes was grouped
together, and totals and averages per patrolling route were calculated. Data were not
normally distributed; therefore, non-parametric statistics were used in the analysis with the
Spearman’s rank correlation being used to derive correlation coefficients and the Kruskal–
Wallis and Mann–Whitney tests being used to compare means for significant differences.

3. Results

There were several patrols along tracks through each sub-area forest plot which were
conducted on foot by rangers (Figure 1). All the patrol routes were established to cover
areas sensitive to biodiversity loss and illegal activity (Table 1). The sub-areas further away
from Nam Tien FS have larger areas of forest.
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Table 1. Summary of sub-forest plots in protected area.

Sub-Areas Name of
Communities

Size of
Sub-Areas

Distance from
Forest Station Relative Altitude

(m)
(Ha) (Km)

102 Nam Tien 1240 9–10 1200–1320
120 Nam Tien 1081 7–9 926–1125
121 Nam Tien 754 8–9 850–930
124 Nam Tien 574 8–9 541–635
132 Nam Tien 658 6–7 230–335
142 Nam Tien 100 2–4 353–430
146 Nam Tien 678 7–8 454–540

147B Nam Tien 36 3–4 600–752
142 Thien Phu 545 7–8 720–822

3.1. Quantify of Patrol Performance
3.1.1. General Patrol Efforts

From February to September 2017 in Nam Tien, there were a total of 93 patrol by
rangers, 52.78 patrol-days (8 h per day), 333.61 patrol-hours, and a distance of 524.9 km
walked. The average patrol over the nine-month period was 0.69 ± SD = 0.48 patrol-days
long, with 1.21 (±0.41) rangers patrolling for 4.33 (±2.21) patrol-hours, walking 6.82 km
(±2.96) over a relative altitude of 177.81 m (±110.73). Overall, the number of rangers per
month was positively and significantly correlated with the distance walked per month
(rs = 0.88, p < 0.01) and the patrol-hours (rs = 0.62, p < 0.01) in those months. Similarly,
the moderately strong correlation between patrol staff and patrol-days was significant
(Spearman’s (rs) = 0.69, p < 0.01). The trend in the monthly number of patrol-days decreased
slightly from January to July, then increased slightly until September (Figures 2 and 3).
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Figure 2. The average patrol-distance efforts during the period of time.

However, the difference in the number of staff was not significant during the given
time (H = 1.65, p > 0.05) nor was there a significant difference in the daily patrol-distance
per month during these months (H = 11.13, p > 0.05). In their study, Wiafe [9] also found
that the daily patrol-hours and patrol-days did not differ in any of the months studied
(H = 13.26, p > 0.05; H = 10.57, p > 0.05, respectively). Finally, the number of patrol-hours
was positively correlated with the distance walked (rs = 0.81, p < 0.01).

Differences in the monthly index of relative altitude covered were not significant
(H = 13.26, p = 0.10). The relative altitude was moderately correlated with the patrol-hours
and patrol-distance (rs = 0.57, p < 0.01 and rs = 0.36, p < 0.01, respectively). In particular,
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a negative correlation with speed of patrolling (rs = −0.45, p < 0.01) was found which
is undoubtedly due to the effect of the topography on conventional patrolling and is a
major factor in demotivating rangers to patrol certain routes (Figure 4). The significant
correlation was found with the number of staff (rs = 0.14, p > 0.05). It was inevitable that
the relative altitude would be strongly correlated with other variables such as speed and
time consumed (p < 0.01).
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Figure 4. Trend of average relative altitude with respect to distance and hours.

3.1.2. Correlation of Calculated Variables in Rain Season

Interestingly, the speed of patrol varied significantly throughout the months (H = 17.17,
p < 0.05) which was due to various factors, including the number of serious illegal occur-
rences [38] and the actual patrol following the standard routes. However, there was no
significant correlation between the speed of patrol and the number of rangers in Nam Tien
(rs = 0.06, p > 0.05). The average speed of patrol increased slightly throughout the year
(Figure 5), with a peak in August–September. This was probably an indicator of RPEs and
may also have denoted how often illegal activities were encountered during the months.
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Figure 5. Trend of average patrol-speed by rangers.

Patrol effort, in terms of patrol-distance and patrol-hours, presented slightly decreas-
ing trends in the rainy season. The average staff/patrol-distance was slightly higher than
the staff/patrol-hours (Figure 6) and the data were significantly correlated with the number
of rangers (rs = 0.25, p < 0.05; rs = 0.23, p < 0.05, respectively) and the number of patrol-days
(rs = 0.44, p < 0.01; rs = 0.60, p < 0.01, respectively). A comparison of both indicators
across the months studied showed no significant differences on a month-by-month basis
(staff/patrol-distance: H = 9.34, p > 0.05; patrol-hour/staff: H = 12.04, p > 0.05) indicating
that the number rangers patrolling in Nam Tien FS and the patrol-distance and num-
ber of patrol-hours remained consistent and were not affected by any external factors or
differences in conditions.
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Figure 6. Trends in patrol-hours and patrol-distance.

Overall ranger effort in Nam Tien FS was calculated based on the total patrol-distance
and patrol-hours, and the number of rangers (Figure 7). The number of rangers was found
to be significantly correlated with the patrol-distance (rs = 0.69, p < 0.01), patrol-hours
(rs = 0.23, p < 0.01), and similarly, the patrol-days were significantly correlated with the
patrol-distance (rs = 0.88, p < 0.01) and the patrol-hours (rs = 0.60, p < 0.01). Furthermore,
there were no significant differences in either the distance walked (H = 8.33; p > 0.05) nor
the hours patrolled (H = 10.28; p > 0.05) on a month-by-month basis. The average number
of rangers multiplied by the patrol-distance showed an increasing trend during the period
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studied whereas the number of rangers multiplied by the patrol-hours showed a generally
decreasing trend (Figure 7).
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3.2. Fundamental Factors in Patrol Effort

Interestingly, the number of staff was still correlated with man-days (rs = 0.59, p < 0.05).
The monthly average number of man-days, patrol-hours and the patrol-distance did not
differ from other months during the period February–March (p > 0.05) because of the
typical Tet holiday (Lunar New Year). However, the relative altitude covered by patrols
was significantly different (U = 342, p < 0.05) because at this time, the rangers concentrated
on patrolling in sensitive areas where the potential for the occurrence of illegal activity
was higher compared to other months. There was also a significant increase in the speed
of patrolling in these two months (U = 314, p < 0.05). However, there was no significant
difference in the man-days (U = 428.5; p > 0.72), patrol-distance (U = 504.5; p > 0.05), patrol-
hours (U = 404.5; p > 0.05) or the number of staff (U = 489.5; p > 0.05), as some part- time
staff were employed to make up for the shortfall in the number of regular rangers at the
station. In fact, the mean number of patrol-hours and patrol-days was higher during the
two months of the rainy season (4.89 ± 2.18 and 0.74 ± 0.46, respectively) compared to the
rest of the period (4.17 ± 2.22 and 0.67 ± 0.49, respectively). A shortfall in the number of
rangers was apparent from the mean number of staff making up patrols in February–March
(1.18 ± 0.39) compared to other months (1.22 ± 0.42). Furthermore, the relative altitude
covered by patrols in February–March was higher (230.76 ± 128.00) than in other months
(162.80 ± 101.55).

During the rainy season in August–September, there were no significant differences
in any of the indicators of RPE, namely man-days, patrol-hours, patrol-distance, relative
altitude or speed of patrolling (p > 0.05). Interestingly, the rate of precipitation was found
to be significantly correlated with the number of staff measured by man-days (rs = 0.65,
p < 0.05), patrol-hours (rs = 0.46, p < 0.05) and patrol-distance (p = 0.52, p < 0.05). Rangers
might, therefore, not be able to patrol in inaccessible areas in this period, even though there
was no significant difference in man-days (U = 554; p > 0.72), patrol-distance (U = 559.5;
p > 0.05), patrol-hours (U = 551.5; p > 0.05) or the number of staff (U = 562; p > 0.05) in
the rainy season compared to the rest of the period. Based on practical experience, even
when human activity was made difficult by the weather conditions, the rangers continued
to regularly patrol their areas. However, due to the effect of the rainy weather on the
condition of patrol routes, the mean relative altitude in the rainy months was marginally
lower (175 ± 103.47) compared to the rest of the period (178.46 ± 114.04), although this
difference was not significant (U = 542.5; p > 0.05). The distance walked during August–
September (7.36 ± 3.28 km) was higher than in other months (6.67 ± 2.88 km).
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4. Discussion and Conclusions

This could be expected that there would be better patrol performance, since as the
number of rangers increases, they can patrol over longer distances [31]. Moreover, the
greater the number of rangers on patrol, the larger the area covered based on distance and
hours on patrol [37]. Overall, the monthly salaries of the rangers and their basic logistics
were similar during these months due to a 3-year increase in salary, and did not influence
the motivation behind the patrol efforts [9] nor the number of tasks during a particular
period [24,28]. The coverage of these patrol routes was stable during those months even
though patrol movement was unpredictable and subject to adaptation based on lessons
learned or natural occurrences [9].

Similarly to most protected areas in Vietnam, staff in Nam Tien FS regularly reduce the
number of patrols during the period of the Lunar New Year festival and during the rainy
season, and it has therefore been speculated that patrol efforts measured by, for instance,
days, rangers, distance and time would be disrupted during these periods [9]. The Lunar
New Year occurred during February–March, and the FS was confronted with a shortage of
staff at that time [39], with half of the staff in Nam Tien FS taking some days off. Further, at
this time of year, more people come to enjoy NRs as a way of welcoming the New Year.
This period is especially problematic for rangers being on duty at the forest station because
few of the rangers actually live in the area so are likely to suffer from homesickness during
festival periods if they are separated from their families [39].

The aforementioned suggests that the rangers in Nam Tien were still patrolling in
the field even under uncomfortable weather conditions when people might have taken
advantage of the weather conditions to carry out illegal activities [9]. In almost all the
sub-areas, the rangers generally used existing tracks at the peak of the wet season as
a temporary measure [31] to enable patrolling to continue. The rainy season presents
challenges to patrolling because of a lack of proper equipment. Finally, it was also notable
that the local regulations were applied and decisions taken by the management of the NR
were strictly according to the local regulations aimed at protecting the area, therefore, the
management of the NR could be seen as being transparent during the period studied [11].

This study adds to the literature on patrol effort and reducing occupational stress in
patrolling, specifically in the context of forest protection in special-use forests [37]. This
highlights the strenuous nature of foot patrols due to the size of the forest areas and
the challenging terrain [37]. Generally, this study indicates that there were strong and
significant correlations amongst patrol indices such as days, hours, distance and speed
during the months studied, even during the Lunar New Year festival and in the rainy
season, and these periods had no influence on the index of patrol effort in Nam Tien FS.
Previous research has focused on law enforcement efforts linked to the record of illegal
activity encounters in some protected areas such as: Gana [1,24], the Central Luagwa Valley,
Zambia [34] and Reina Isable in Uganda [1]. This study, however, presents another means
of analyzing RPEs, based on both quantitative and qualitative indices in the protected areas
in the Nam Tien FS, Pu Hu NR.

The methods adopted in this study, in relation to the patrolling of protected areas, have
the potential to enhance patrol efforts in the field without requiring additional resources
for patrols [1]. Besides consideration of the effectiveness of forest protection efforts [35],
policymakers and management boards should focus on the challenges faced by forest
rangers and understand how to analyze their RPEs [39]. Consideration should be given to
conducting monthly assessments of rangers’ performance based on patrol effort [28], and
it is important to support rangers in order to enhance regular patrolling to combat illegal
activities. It is also vital for local authorities to increase the ability of rangers to enforce
the patrolling activity. Finally, it is important for all stakeholders to recognize that RPEs
are a positive means of promoting conservation and preventing illegal activities, such as
hunting, poaching and logging. However, further research on patrolling efforts should be
considered in the long-term period and the illegal activity encounters.
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18. Niedziałkowski, K.; Blicharska, M.; Mikusiński, G.; Jedrzejewska, B. Why is it difficult to enlarge a protected area? Ecosystem

services perspective on the conflict around the extension of the Białowieża National Park in Poland. Land Use Policy 2014, 38,
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