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Abstract: Protected areas and biodiversity are currently facing important degradation, especially in tropical regions. This
evolution questions the management systems and calls for adaptive and sustainable management on the basis of regular
assessments of global evolutionary trends and continuous adjustments of conservation objectives and management tools.
Adaptive management is yet missing rigorous and integrated indicators for advanced evaluations for many protected areas
which have never been assessed despite periodical updating of management goals and plans. The development of reliable,
global and low cost methods for adaptive management is therefore a great concern for scientific and conservationist
communities given the limitations of commonly used tools and recurrent problems of conservation funding. The PA-TAMCO
Analytic Model was designed to promote adaptive actions and management considering spatialized, categorized and
aggregated changes from advanced global evaluations. It is an innovative approach and tool for protected areas’ global
evolutionary trends with reference to conservation objectives. Theoretically, the Model is based on land cover concepts and
land cover analysis recognized as the most practical approach to assess ecosystem units, with reference to vegetation cover,
natural processes and theoretical spatial changes. Basically, it relies on four key indicators and tools: (1) Trend Index, (2)
Evolutionary Trend, (3) Evolutionary Trend’s Decision Tree Algorithm and (4) Trend Index and Evolutionary Trend’s
Classification Grid. Technically, it is based on Remote Sensing data processing; land cover mapping and land cover change
analysis using appropriated Remote Sensing and GIS Softwares. The spatial indices and processes responsible for recorded
evolutionary trends are determined using landscape ecology tools. In the field of conservation, positive processes are
respectively positive and negative when they affect vegetation classes and anthropogenic classes and vice-versa, for negative
ones. The input data for the computation of evolution indicators and spatial processes are derived from raw export results of
the classifications of Remote Sensing data to GIS software. The sensitivity and resilience of specific ecosystems units to
external stresses are measured by three indicators that are “intrinsic stability” (S;), “weighted stability” (S,,) and “relative
expansion rate” (R.). These indicators are essential for rational management of strategic ecosystems like savannah, water
bodies and wetlands in animal sanctuaries and wildlife parks. The implementation of the Model starts with the knowledge of
management category, conservation objectives and desired evolutions. The validation process relies on semi-structured
interviews involving technical staff and oldest rangers. The model was successfully applied to the Rusizi National Park
(Burundi) from 1984 and 2015.

Keywords: PA-TAMCO Model, Protected Area, Adaptive Management, Trend Index, Evolutionary Trend,
Ecosystem Intrinsic Stability, Ecosystem Weighted Stability, Ecosystem Differential Sensitivity
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1. Introduction

Currently, protected areas and biodiversity are facing
important and quick degradation worldwide, especially in
tropical regions due to continuous human pressures increase
and climate change impacts. Climate change is the greatest
threats to biodiversity and protected areas networks are
natural solutions for adaptation and mitigation [1-2]. It is
now proved that 89% of the world's natural ecosystems are
already affected by climate change [3]. However, most of
protected areas have been established under the assumption
of a stable climate [4].

Consequently, the projected climate changes and expected
habitats destruction and biodiversity losses call for
questioning management hypothesis, goals and plans [3-5]
for the protected areas’ adaptive and sustainable management
on the basis of periodical assessments of evolutions at global
scales. This kind of protected areas’ dynamic and efficient
management based on prior knowledge of global
evolutionary trends is still missing objective and integrated
indicators for rigorous and regular assessments of the
evolutionary trends and the effectiveness of the management
strategies [6]. It strongly and wurgently needs reliable
methods, tools and indicators on the management systems,
reference made to specific long-term conservation goals [7].
This is as much important as the global evolutionary trends
of most of protected areas have never been assessed since
their normative classifications, despite regular updating of
the management goals and plans, all over the world.

The development of methods for protected areas’ global
analysis and assessments is therefore a big concern for the
scientific and conservationist communities. Up to now, the
most known and used technical tools for the protected areas’
management, monitoring and evaluation are: (1) the
“Management Plan” [8-9], (2) the “World Commission on
Protected Areas (WCPA)’s Assessment Framework™ [6], (3)
the “Management Effectiveness Tracking Tool” (METT)
developed by IUCN, (4) the “Protected Areas Benefits
Assessment Tool” (PA-BAT) developed by WWF and (5) the
“African Protected Areas Assessment Tool” (APAAT) [10].

These tools have a certain number of limitations for
objective and global assessments due to: (1) the qualitative,
subjective and quick character of the evaluations, (2) the
restrictive, sectorial or geographical character of the
evaluations, (3) the unknown management categories, goals
and plans for 85%, 55% and 45% of protected areas,
respectively in Africa, in South America and in Europe [11]
and (4) the absence of validation, implementation and
updating of the rare existing management plans [12].

A lot of protected areas only exist on paper and would be
seriously endangered [13]mainly because of: (1) the negative
consequences of the still dominant conservation view of "free
of people protected areas" [14], (2) the painful evictions and
displacements of populations it involves [15, 16, 14], (3) the
consequent local poverty and natural resources based
conflicts [17-18], (4) the comparative material benefits from

its destruction [19] and (5) the failure or weak performances
of participatory management policies and projects [20, 21,
22].

The prioritization of the types of conservation (alpha, beta,
gamma) and the recent selective policies for international
funding in favor of zones and countries with the greatest
tourism and ecological potential [14-23] combined to the
great extension of protected areas in number and surface [11]
and recurrent problems of national funding that causes the
ineffectiveness and inefficiency of the conservation policies
in developing countries [24, 14, 23] call for low cost
management mechanisms, methods and tools.

The “PA-TAMCO Analytic Model was designed to meet
the need of well planned, adaptive and sustainable protected
areas management based on global, rigorous, quick and low
cost evaluations. It is an analytic tool for regular protected
areas assessments and adjustments of management systems,
reference made to long-term conservation objectives [7]. The
originality and interest of the model is the establishment of
global and detailed spatial changes in terms of nature, extent
and location, including the physical processes involved and
the speed of degradation or development. The model aims to
help protected areas Managers to promote well localized
corrective or updated actions taking into account the
spatialized quantitative and qualitative changes observed
between two specific dates. It makes use of the rising
facilities and opportunities offered by Remote Sensing
platforms and open access and free of charge global land
products, given the fact that traditional field methods for
biodiversity monitoring and analysis require heavy, expert
and expensive inventories [25] which do not allow easy data
and management plans updating because of the inadequacy
and low quality of the data [26].

2. Methodological Approach

2.1. Theoretical and Operational Framework of
PA-TAMCO Analytic Model

The PA-TAMCO Analytic Model is theoretically based on the
recent evolutions and developments in the field of natural
ecosystems monitoring and analysis. Habitat being the main
component of the biodiversity [27-29] and its destruction the
first threat to most species [30-33], the monitoring and
characterization of natural ecosystems evolutions are essential
strategies and guarantees for biodiversity management [27, 33-
36]. The assessment of protected areas and natural ecosystems
evolutions may be faster than that of individual species and may
indicate areas of potential extirpations of species as a result of
habitat fragmentation and loss [34-35]. It is already established
that the most practical approach to define ecosystem units for
assessments would be a classification based on land cover [10,
37, 36]. Beside the current expression of the evolutions in terms
of the variation of surfaces of land cover classes [38-39], the
approach should take into account the degree, rate and variation
of ecosystems spatial expansion and the analyses of land cover
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dynamics and degradation processes [40-41].

The landscape transformations determine the general
evolutions and levels of fragmentation, connectivity and spatial
heterogeneity while spatial characteristics of patches influence
ecological processes such as migrations, predation, extinction
and colonization [42]. The fragmentation process reduces the
surface and quality of habitats and creates or reinforces gaps in
continuity [43-44]. It limits the chances of species survival in
isolated fragments. The habitat diversity is therefore one of the
best ecological values of ecosystems [45].

The PA-TAMCO Model is based on that assumption and on
the 2main characteristics of protected areas: (1) the existence of
physical boundaries and (2) the existence of a mechanism for
recognition and management [46]. The model relies theoretically
and operationally on the following land cover concepts: (1)
Land cover [47-48], (2) Land cover Transition matrix [49], (3)
Land cover stability [50], (4) Land cover modification [38, 39,
51, 48] and (5) Land cover conversion [39, 51, 48].

Some of the basic concepts have been nuanced or
reconceptualized to describe better the ecological and spatial
dynamics at work in protected areas’ landscapes. In the
model, the "Land cover modification" has been split into: (1)
"positive modification" and (2) "negative modification". The
positive modification is defined as "the shift or the surface
transfer from a less dense vegetation class to a dense
vegetation class or from a less developed vegetation
formation to a more developed vegetation formation", as
opposed to negative modification, with reference to the
natural and spontaneous succession of vegetation [52]. For
the same purpose, the "Land cover conversion" has been
divided into: (1) "non-vegetal conversion", (2) "positive
conversion" and (3) "negative conversion". The non-vegetal
conversion is considered as "the shift or surface transfer from
a non-vegetal class to another one", the positive conversion
"the shift or surface transfer from a non-vegetal class to a
class of vegetation" and the negative conversion, the reverse.
In other words, the positive and negative conversions are
respectively directed towards physical appearances and
disappearances of the vegetation cover, whatever their nature
and stage of development.

In theory, protected areas and natural ecosystems can be
affected by six kinds of spatial transformations which are: (1)
stability (no spatial change), (2) non-vegetal conversion
(conversion between non vegetal land cover classes), (3)
positive conversion (vegetation appearance or quantitative gain
of vegetation) (4) negative conversion (vegetation
disappearance or quantitative loss of vegetation), (5) positive
modification (qualitative gain of vegetation) and (6) negative
modification (qualitative loss of vegetation). In terms of global
evolutions in vegetation cover, “non-vegetal conversions” are
neutral (neutral conversions), “positive conversions and
modifications” a "progression of vegetation" and “negative
conversions and modifications” a "regression of vegetation".
Habitats and vegetation cover being the key components of
biodiversity stricto sensu [28] and their developments or
stabilities the main conservation goals, the “regression of
vegetation " and "neutral conversions" are negative evolutions

for the conservation. At contrary, the "progression of
vegetation" and "land cover stabilities" are positive evolutions
for the conservation. The second option explains the
dominating position of protected areas under the management
categories I, II, IIT and IV [11] known as natural areas or
largely natural areas exposed to natural processes [53-23].

The PA-TAMCO Analytic Model is technically based on
the processing and analysis of Remote Sensing images and
land cover mapping for the identification of land cover
classes and periodical land cover changes [54, 55, 56, 57].
The Remote Sensing data can be of low, medium or high
spatial resolutions; depending on their availability and cost,
the size of a specific protected area and the degree of
accuracy expected for the assessment. Preferably, the data are
acquired at the beginning of the dry season to avoid noisy
images and allow maximal differentiation of land cover
classes, especially between herbaceous and woody [26-57].
The importance and interest of Remote Sensing data and GIS
techniques associated with eco-landscape structure tools for
the study and monitoring of natural ecosystems are widely
recognized [58, 54, 59] compared to in situ or direct methods
which are costly and technically demanding [23].
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Figure 1. Protected Areas’ Sustainable Management Modeling.

The starting point for the implementation of PA-TAMCO
Analytic Model is the type and the management category of a
given protected area from which long-term conservation
objectives, management plan and management measures and
activities are defined. The three combined elements
contribute to reach the desired changes and evolutions from a
reference state on which natural and human factors are
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continuously acting. The type and the relative importance of
aggregated land cover changes between the initial state and
the final one make it possible to determine the evolutionary
trends which are either positive when they carry out the
desired evolutions or negative when they lead to contrary
evolutions. As a result of assessment, management gaps and
negative evolutions observed command new or updated
management category, conservation objectives, management
plan and management measures and activities and so on, as
indicated in Figure 1.

2.2. PA-TAMCO Model’s Core Indicators: Trend Index and
Evolutionary Trend

Basically, PA-TAMCO Analytic Model relies on two core
indicators for the description of protected areas’ historical
evolutions. These are: (1) the Trend Index (T;) and (2) the
Evolutionary Trend (E;). The protected area’s “Trend Index”
is a synthetic indicator which quantifies and qualifies the
global Evolutionary Trend of a protected area over a period
of time in order to assess the effectiveness of conservation
strategies and to ensure adaptive management to face
increasing climatic and human stresses. The basic principle
of the methodological approach used for the determination of
the Trend Index is the adjustment of the quantitative and
qualitative spatial changes affecting land cover classes to
long-term conservation objectives [7]. The “Evolutionary
Trend” is an expressive interpretation of the Trend Index

values and classes. It is a combinatorial reading of the labels
of spatial change rates and spatial change balances (Table 1)
expressed by a "quantitative and qualitative synthetic
formulation" which clearly reflects the “intensity of spatial
changes” and the “level of balanced protected areas
evolutions”, in terms of progressions (developments),
stabilities (no spatial change) and regressions (degradations).

2.3. Trend Indices and Evolutionary Trends Computation

The computation process consists of three successive stages.
First, it starts with the processing and analysis of multi-temporal
Remote Sensing data using appropriate Softwares. The results of
classifications of images are then vectorized and exported to GIS
Softwares for further cartographic analysis. Secondly, the
process determines the spatial transformations and the surface
transfers between land cover classes from date T, to date T,
thanks to cartographic and transition matrix analysis. Let’s
consider a theoretical example of a protected area made of 6
pure or combined land cover classes A;, Ay, Az, Ay, Asand Ag
just for illustration. The transition matrix presented below
provides possible types of spatial transformations existing
between land cover classes (Table 1). According to the
conservation goals, the nature of land cover classes and their
respective meanings for the conservation, the operator decides
on the status to be allocated to each spatial transformation
affecting land cover classes, couple by couple. In other words,
each cell is allocated one of the six theoretical spatial changes.

Table 1. Theoretical Land Cover Transition Matrix from date Ty to date T, (%).

Date T, (Final state)

Thematic land cover Classes

Ay A, A; Ay As A
A S M’
Az S c
Date Ty(Initial state) ij il Ss S .
4 n
As @ s,
As Cn S6

For any couple of land cover classes A; and A, if the shift
from A, to A; is a positive modification (M), then the shift from
Aj to A; is a negative modification (M) and vice-versa. If the
shift from A; to A, is a positive conversion (C"), then the shift
from A to A; is a negative conversion (C’) and vice-versa. If the
shift from A; to A; is a neutral conversion (C,), then the shift
from A to A; is a neutral conversion too (C,). The proportion of
pixels of the class A; which do not change of land cover type is
the stability of the class (S;). After considering all the
combinations of coupled land cover classes and determining the
different proportions of M", M, C*, C and Cn(%), then the
operator moves to the third stage of the computation process
which is an aggregation of these quantities at the global level of
a protected area. The aggregation process provides the values of
the synthetic statistics or global parameters of landscape
dynamics S, P, R and C, from which advanced parameters D, X,
Y, T. and B, are computed (Figure 2). It also leads to the
mapping of global land cover changes in terms of overall
stability, neutral conversions, regression of vegetation and
progression of vegetation. The synthetic statistics are derived
from cartographic analysis and related land cover Transition

matrices as described above in Table 1. Their values result from
the equations: (1)R =Yg M; + X C]__ , QP =30M{ +

TG, 3)S = X Siand (4) Cn = 33 Cnj where M, M, C,
C’, S and C, are the theoretical spatial evolutions defined above.
Finally, the computation of the Trend Index is based on the
comparison of the overall proportions of “regressions of
vegetation” (R), “progressions of vegetation” (P), “neutral
conversions” (C,) and “protected area’s stability” (S) which
constitute the input data in the computational model (Figure 2).
The Trend Index incorporates 3 variables: "spatial change rate
"(T.), "change dominating direction" and "change balance value
(B.)". The variable T. represents the proportion of spatial
changes (5)Tc = 100 — Swhere S is the overall stability. The
direction of change is the negative or positive sign of the
difference between relative progression (X) and relative
degradation (Y). The values of X and Y result from a
mathematical linearization which recalculates the absolute
progression (P) and the absolute degradation (D) considering a
spatial change rate that represents 100% of the surface of the
protected area. The balance value B, is the absolute value of the
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difference between the two quantities. When Bc > 0, the
Evolutionary Trend (E;) is positive. When Bc <0, the
Evolutionary Trend is negative. If Bc = 0, the Evolutionary
Trend is determined by the relative importance of spatial change
rate T, and the global stability S. Here, the threshold value
considered for the stability (S,) is equal to 50%. This is the
solution of the equation (6) (S =Tc) & (§S=100-25).
Assuming that in the field of conservation "stability is less than a
progression and better than a degradation", we consider that for
equal relative progression and degradation corresponding to the
equation (7)X —Y = 0 & Bc = 0, the better the stability is,
the better the evolution for the conservation is and vice versa. If
the measured stability Sy, > S, the Evolutionary Trend (E,) is

positive. Otherwise, it is negative (Figure 2).

Stability (S ( Progzression P(%) \ Regression RY
- \ A v v
“Teability &2 - g2
o Stability S Zress

— ““Relative progression(X%) .~ Relative degradation(Y%)
_— v
! X=P*100'T, Y=D*100/T, /

v v

Figure 2. Trend Indices and Evolutionary Trends’ Decision Tree Algorithm.

2.4. Trend Indices and Evolutionary Trends Classification
Grid

The values of variables T. and B, resulting from the
calculations are placed in the appropriate cells of the Trend
Index Classification Grid where columns and rows represent
respectively the spatial change rate and the spatial change
balance. In the Classification Grid, the spatial change rates
are divided into 4 classes of 25% intervals, which mean from
0% to 100%"a low evolution" coded (1), "a moderate
evolution" coded (2), "a strong evolution" coded (3) and " a
very strong evolution" coded (4). The spatial change balances
are divided into 8 classes of 25% intervals with 4 classes of
negative values at the top of the table and 4 classes of
positive values at the bottom of the table (Table 2).

The negative balance classes mean from -100% to 0%, "a
very strong negative trend" coded (a), "a strong negative
trend" coded (b), "a moderate negative trend" coded (c) and
“a low negative trend” coded (d). The positive balance
classes express from 0% to 100% "a low positive trend"
coded (D), “a moderate positive trend" coded (C), "a strong
positive trend" coded (B) and "a very strong positive trend"
coded (A). The classes of negative balances (a to d) and
positive balances (D to A) are symmetrical with respect to the
value axis B¢ = 0 (6). The Trends Indices are alphanumeric
combinations ranging from (1d) to (4a) for extreme negative
trends and (1D) to (4A) for positive trends (Table 2). For
example, a Trend Index of T; [(77, -64), 4b] corresponds to “a
very strong evolution (4)" with “a strong negative trend (b)"
which is characterized by spatial changes affecting 77% of a
protected area’s surface, consisting of 82% degradation and
18% progression, resulting in an overall negative evolution
of 64%. When the value of Bc = Yis known, P and D are
determined by solving the system of equations: (1) P + D =

100 and (2) P — D =Y of which solutions are: P = 100+ Y
and D = 102_Y.

Table 2. Trend indices and Evolutionary trends Classification Grid.

Spatial change rates (T. %)

Variables
[0-25] [25-50] [50-75] [75-100]
[-100,-75] la 2a 3a 4a
Degradation [-75,-50] 1b 2b 3b 4b
[-50,-25] lc 2c 3c 4c
Change balance [-25, 0] 1d 2d 3d 4d
(Bc%) [0-25] 1D 2D 3D 4D
Progression [25-50] 1C 2C 3C 4C
[50-75] 1B 2B 3B 4B
[75-100] 1A 2A 3A 4A
Period Methodology and steps for indices values computation Trend indices
At {T= (100-S) =x €] a-B] class i; Bc = (X-Y) = ye [y-0] (>, <) O class j} I =[(x,y); ij]

2.5. Spatial Transformation Processes and Fragmentation
Measurement

The observed land cover changes, landscape dynamics and

global Evolutionary Trends are explained by spatial indices
and specific processes [60, 61, 62] that have to be determined
and identified using the "Decision Tree Algorithm" [63] that
recognizes 10 theoretical geometries used in landscape
ecology which is the theoretical basis of nature conservation
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[64].

On a physically and theoretical basis, patch aggregation,
creation and enlargement are “positive processes”; patch
dissection, fragmentation, attrition, perforation and shrinkage
“negative processes” and patch deformation and shift
“neutral processes”’[65, 66, 61, 63]. However, in the field of
conservation and protected areas management, these spatial
processes have to be interpreted differently depending on
whether they affect vegetation classes or anthropogenic
classes. So-called positive processes are “positive” when
they affect vegetation classes and “negative” when they
affect anthropogenic classes and vice versa, for so-called
negative processes.

In case of patch fragmentation and patch dissection
processes, the computation of the patch dominance of the
land cover classes [67] completes the knowledge of the
spatial processes by establishing the levels of patch
fragmentation or consolidation, especially for the vegetation
classes. In the area of conservation and protected areas
management, the interpretation of the variation of patch
dominance depends on the type of land cover. When the
patch dominance of a land cover class is increasing between
2 dates, the evolution is “positive” if the consolidation goes
to vegetation classes. Conversely, it is “negative” if it affects
anthropogenic classes and vice-versa, for patch dominance
decrease.

The input and analytic data for the computation of the
spatial structure indices and the determination of the spatial
transformation processes are the patch number (N), area (A)
and perimeter (P) derived from Open Attribute Table
resulting from the raw export results of the classifications of
Remote Sensing images to GIS software. The input and
analytic data for the computation of the patch dominance and
the patch dominance variations are the biggest patch area
(Ay) and the area of the related class (A,,) resulting from the
same Open Attribute Table.

2.6. Ecosystems Resilience’s Indicators: Intrinsic Stability,
Weighted Stability and Spatial Expansion

The resilience of specific ecosystems and habitats are
measured by three core indicators: (1) the “Intrinsic stability”
(S)), (2) the “Weighted stability” (S,,) and (3) the “Relative
Annual Expansion Rate” (R.). The stability of an ecosystem
or a land cover class can be defined at three levels: (1) the
“absolute stability” or the “stability” stricto sensu (S,) which
is the proportion of stable pixels of the class from date T, to
date Ty, (2) the “intrinsic stability” (S;) which is the ratio
between the absolute stability (S,) and the coverage rate of
the class in the protected area at date Tand (3) the "weighted
stability" (Sy) which represents the ratio between the
“Equivalent coverage rate” of the class at date T, and the
“coverage rate of the class" at date T,. The “Equivalent
coverage rate” of a class is defined as the proportion of the
absolute stability (S,)in the global stability of a protected
area (S). The weighted stability (S,,) measures the relative
stability of a given ecosystem or habitat compared to its
weighted importance or coverage in the protected area’s total

surface and overall stability. Important levels of weighted
stability (Sy> 100%) indicate a proportionally high stability
of an ecosystem compared to the global spatial
transformations affecting the protected area as a whole and
vice-versa, for lower levels (S,,< 100%).

The differential or comparative sensitivity of a specific
ecosystem, habitat or land cover class to climatic conditions
and socio-economic related stresses is measured by the
“relative annual expansion rate” (R.) (%/year/ha) which is
defined as the “annual average speed of development or
degradation” between date T, and date T,, with reference to
its initial area (A) at date Ty It is determined by the

following relation: Re = %[22] where Ay is the area (ha) at
date Ty and Ta the “mean annual expansion rate” Ta defined

S1—
by the formula: Ta = 100 * ﬁ [68] where Sy and S,

are the areas of the land cover class respectively at dates T
and T,. Additionally to the determination and the knowledge
of Trend Indices and global Evolutionary Trends over a
period of time, these environmental indicators are for
example essential for the measurement of the degree of
development, stability and degradation of strategic
ecosystems like rainforests, savannah, water bodies and
wetlands and aesthetic landscapes in most of animal
sanctuaries or wildlife parks in Africa that mobilize tourism
industries and conservation budgets [14]. The development
and rational management of such ecosystems are life and
sustainability insurance both for tourism and socio-economic
development.

2.7. PA-TAMCO Analytic Model’s Validation Process

In the framework of PA-TAMCO Analytic Model, the
validation process of the Evolutionary Trends is done through
two complementary levels: (1) Individual interviews
involving the technical staffs who have managed or are still
managing interested protected areas during the periods
covered by the assessment and (2) Semi-structured focus
group interviews involving the protected areas’ oldest rangers
in place since the longest time possible. The interviews are
based on the Trend Index and Evolutionary Trends
Classification Grid (Table 2) for easy understanding and
quick interpretation of the protected areas’ evolutions by
managers and rangers. The validation process is intended to
precise the kind and the importance of the global evolutions
in terms of spatial changes “amplitude” and “dominating
direction”.

2.8. PA-TAMCO Analytic Model’s Probationary Test

The analytic model was successfully applied to the Rusizi
National Park; one of the 3 Burundian National Parks. The
probationary study was based on 5 Landsat images related to
years 1984, 1990, 2000, 2011 and 2015 that were chosen for
their specific significance in the conservation history of the
protected area. The values and classes of Trend indices
determined using the methodology and steps described in
Table 2 for the intermediate periods 1984-1990, 1990-2000,
2000-2011, 2011-2015 and the study period 1984-2015 were
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respectively T; [(38%, 6%), 2D], T; [(77%, -82%), 4a], T;
[(65%, 22%), 3D], T; [(58%, -36%), 3c] and T; [(77%, -
64%), 4b]. The periodical Evolutionary Trends of the Rusizi
National Park corresponding to these Trend Indices and
periods were respectively: a "moderate evolution (2) with a
low positive trend (D)", a "very strong evolution (4) with a
very strong negative trend (a)”, a "strong evolution (3) with a
low positive trend (D)”, a “strong evolution (3) with a
moderate negative trend (¢)” and a “very strong evolution (4)
with a strong negative trend (b)”. The final findings were all
validated and confirmed through semi-structured individuals
and focus group interviews involving the successive Park’s
Managers and the Park’s oldest Rangers who have been
continuously in place since the creation of the Park in 1980
under the status of Natural Forest Reserve.

3. Conclusion

The protected areas’ adaptive and sustainable management
requires regular evaluations and continuous adjustments of
management objectives, methods and tools. The PA-TAMCO
Model is an integrated, innovative and low cost approach
which was designed for advanced evaluations of global
evolutionary trends to achieve that goal. Compared to current
assessment methods and tools, the originality and interest of
the Model is the establishment of the precise nature,
categories and extent of quantitative and qualitative spatial
changes for well inspired, rational and localized corrective
actions. The Model is then a good response to the lack of
rigorous methods and indicators for global evolutionary
trends ‘assessments and to the increasing need for efficient
and low cost methods to face current technical constraints
and recurrent problems related to international and national
funding. The facilities offered by Remote Sensing platforms
and open access and free of charge data constitute a
remarkable opportunity for the successful implementation of
the Model to all kind of protected areas. Indeed, the
importance and interest of Remote Sensing data and GIS
techniques for the study and monitoring of natural
ecosystems as essential strategies and guarantees for
biodiversity management are widely recognized, compared to
heavy, expert and costly inventories required by in situ or
direct methods. In the field of conservation and protected
areas management, the Model shows that spatial processes
should be interpreted differently depending on whether they
affect vegetation classes or anthropogenic classes. It also
stated that the measurement of the sensitivity or resilience of
specific ecosystems units to external stresses are essential for
the management of strategic ecosystems, especially in animal
sanctuaries and wildlife parks to support tourism industry and
activities. Given its interest and precision, it is crucial to use
the Model for the assessment of protected areas’ global
evolutionary trends before updating conservation objectives
and management plans. For this purpose, training sessions
are needed for capacity building at national, regional and
international levels.
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