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Abstract

Mangroves are the most productive ecosystems in the world, since they provide ecosystem services, are biological
filters, stabilize the coastline and are the habitat of important fishing species and migratory birds nest. However, the
inadequate implementation of agricultural, livestock and tourism development policies has implied the loss of
biodiversity, habitat fragmentation and deforestation. The objective of this work is to evaluate the dynamics of changes
in mangrove cover and land use in Barra San José, Chiapas, Mexico, in the period 1978-2017. The detection of the
changes was carried out by means of a post-classificatory multitemporal study, through the superposition of digital
cartographic bases of land use of the series III and VI of the INEGI. Maps of change processes, deforestation rates, and
change matrices were obtained. The results indicate a loss of 574 ha of Mangroves in 39 years, with a deforestation rate
of -0.41%, where human settlements and agriculture accounted for 90% of the changes. The conversion of Mangroves
to grasslands was very marked, showing the fragmentation and loss of habitat to which the forests are exposed in the
study area. The results of this analysis should be considered in the establishment of management and conservation
policies for this ecological region.
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1. Introduction

Mangroves are wetlands formed by arboreal and shrub vegetation located in coastal transition areas [1]. Mangroves
provide numerous ecosystem services, including regulation of biogeochemical cycles, protection of the coastline, and
fisheries production [2].

Despite the ecological importance of Mangroves, the implementation of agricultural, livestock and tourism development
policies has implied the loss of biodiversity, habitat fragmentation, alteration of water flows and deforestation [3]. In
Mexico, mangrove deforestation rates range from 0.85% to 1.05% [4], [5], [6] ¥ [7]. Mangroves are highly vulnerable to
the alteration of water flows.

These ecosystems have a great natural wealth that must be conserved and managed in a responsible and sustainable
way, using the best information and technology available [8]. Based on a work coordinated by CONABIO [9] with the
scientific community, governmental and non-governmental 81 mangrove sites were identified with relevance biological
and with ecological rehabilitation needs at the national level. Of these, 10 correspond to the North Pacific region, six to
the Central Pacific, 13 to the South Pacific, 27 to the Gulf of Mexico and 25 to the Yucatan Peninsula (cited in [8]).
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For the state of Chiapas, the reduction of Mangroves due to the expansion of the agricultural-livestock frontier has not
been estimated. Due to the complications of field work in intertidal areas, it requires the use of Geographic Information
Systems, which allow monitoring of environmental variables at different spatial and temporal scales such as changes in
the size and shape of vegetation patches [10].

The objective of this research is to evaluate the dynamics and distribution of the processes of changes in mangrove
cover and land use for the period 1978-2017.

2. Material and methods

2.1. Study Area

This study is restricted to the Barra of San José Wetland, Chiapas (Figure 1). The largest portion of the study area is
subject to conservation as "La Encrucijada” Protected Natural Area.
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Figure 1 Map of change processes of Barra San José Wetland, Chiapas, 1978-2017

According to Koeppen's classification, it presents a warm sub humid climate, with an annual mean temperature of 27 °
C and with precipitation, in the driest month, between 0 and 60 mm. The percentage of winter rain is 5 to 10.2% of the
annual total.

The bodies of surface water located in the study area are Barra San José and coastal lagoons associated with popales
and tulares, which occupy around 567ha.

The predominant vegetation types are sub-evergreen, deciduous, sub-deciduous forest, hydrophytic vegetation,
induced grasslands, mangroves, popal, tular, coastal dune vegetation, secondary vegetation, and cultivated areas.
2.2. Information sources

The cartography of land use and vegetation types prepared by the in the 80's (Series I) and in 2017 (Series VI), on a
scale of 1: 250,000, was used [11]. The databases were subjected to several partial reliability evaluation exercises, which
showed that they have quality within the international cartographic standards [12].
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The classification system used for the analysis of land use change processes (Table 1) is hierarchical and it was decided
to add the classes used in the INEGI classification system and adapt them to the classification system proposed by [13].

2.3. Land use change processes

The detection of the change processes of the different land uses was carried out by means of a multitemporal post-
classification study, in an approximate analysis period of 39 years, which consisted of the superposition of two thematic
maps of different dates (Series I, 1978 and Series VI, 2017), produced interdependently.

The matrices and exchange rates synthesize the main changes from time t to time t + n of the different categories present
in the maps. The change detection matrix contains information on the change from one class to another, and its

arrangement makes it possible to analyze the change between each of the classes present in the study area.

Table 1 Hierarchical legend to evaluate the processes of land use changes

Reclassification INEGI Classification

Agriculture (Farming) Irrigation Agriculture
Seasonal Agriculture
Cultivated forest
Aquaculture

Human Settlements Urban areas
Human settlements

Forest Oak-pine forest

Pine-oak forest

Oak forest

Oyamel forest

Cedar forest

Mesophyll forest of Mountain

Water body Water body

Mangrove Mangrove swamp

Other types of vegetation | Palm grove

Chaparral

Coastal dune vegetation
Popal

Tular

Pastureland Induced grassland
Cultivated pasture
Bed sheet

Jungle Deciduous forest

Sub deciduous medium forest

High and low evergreen forest
Medium and low sub-evergreen forest

No apparent vegetation Devoid of vegetation

The matrices and exchange rates synthesize the main changes from time t to time t + n of the different categories present
in the maps. The change detection matrix contains information on the change from one class to another, and its
arrangement makes it possible to analyze the change between each of the classes present in the study area.
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The data found on the diagonal of the change matrices represent the area that did not show any change in the period of
analysis, while the data off the diagonal indicate the transitions from one class to another, in the form of gain or loss.
(rows and columns respectively) between the two dates [14], which allows us to understand the dynamics of change in
land cover and use at the local and / or regional level.

Subsequently, the areas for each land use and vegetation type were obtained, and deforestation rates were calculated
according to the equation of FAO [15]

where:

S1: area of the coverage on the initial date

S2: coverage area of the current date, and

t: period of time analyzed.

The calculation of the net annual loss for each type of vegetation was carried out with the following equation:

_ 5, -5)
N I

a
where:
Pa = annual loss in area,
S1 = area of the coverage on the initial date,

S2 = area of the coverage on the end date, and

t = period of time analyzed.

3. Results and discussion

The total surface of the study area is 62,916ha. The distribution of land use and vegetation in Barra San José was shown
in Figure 1. It can be seen that the landscape is dominated by anthropic coverage, the agriculture class being the largest,
followed by human settlements. Together, these change processes affect the forest areas that develop within the reserve.

3.1. Deforestation rates
The net loss due to land use for Barra San José is presented in Table 2. The highest deforestation rate (-0.41%) was the
Mangrove category, which meant a forest reduction of 574 ha, with an average loss of 15 ha per year.

The coverage that increased its surface exponentially are Human Settlements, which increased 913 ha at a rate of 8.9%,
while Agriculture increased 4,995 ha. Most of these changes are permanent, since the secondary vegetation did not
show a significant recovery, and they are concentrated in the peripheries of the municipal capitals and urban areas.

These changes mainly affected the Forests that were reduced by 439 ha (-0.19%); and the Forests represented 28% of
the changes, with a forest reduction of 1,774 ha.

The coverage that increased its surface exponentially was Human Settlements, which increased
923 ha ata rate of 8.0%, while Agriculture increased 5,009 ha. Most of these changes are permanent, since the secondary

vegetation did not show a significant recovery, and they are concentrated in the peripheries of the municipal capitals
and urban areas.
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These changes mainly affected the Forests that were reduced by 448 ha (-0.19%); and the forests represent 28% of the
changes, with a forest reduction of 1,792 ha.

The medium forests develop in areas with deeper and more fertile soils, with medium aptitude for agricultural and
livestock activities, while the low forests are used to establish crops and pastures, the classes Other types of vegetation
and Mangroves are being displaced by the advance of the agricultural frontier and the development of human
settlements, which demonstrates the high rates of deforestation from forest systems to agricultural sites and the
establishment of new towns (Figure 2).

Table 2 Rate of Land Use Change in Barra of San José Wetland, Chiapas, during 1978-2017

1978 2017 Net Annual loss Rate of
Class o
ha % ha % change (ha) change%
Farming 11,84 18.82 16,85 26.7 5,009 128 0.91
Human Settlement 48 0.08 970 1.54 923 24 8.03
Forest 6,267 9.96 5,819 9.25 -448 -11 -0.19
Water body 510 0.81 567 0.90 57 1 0.27
Mangrove 3,859 6.13 3,269 5.20 -590 -15 -0.42
Other types of vegetation 2,718 4.32 2,459 3.91 -260 -7 -0.26
Pastureland 25,25 40.14 22,07 35.08 -3,184 -82 -0.34
Jungle 12,354 | 19.64 | 10,562 | 16.79 -1,792 -46 -0.40
No apparent vegetation 62 0.10 347 0.55 285 7 4.53
TOTAL 62,916 100 62,916 100
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Figure 2 Graph of Exchange Rates in Barra of San José Wetland, Chiapas, for the period 1978-2017

The rates of Change by Land Use and type of vegetation mapped in Barra San José, Chiapas, during 1978-2017 are
presented in Table3. It is observed that all the classes, with the exception of the Human Settlements, indicate
probabilities of transition towards Grasslands. The dynamics of the shift from forests and jungles to agriculture and
pastures is clear. An important exchange between the Mangrove and the Water Bodies is observed, denoted by the
proximity between the classes, marking the strong dynamics between the transitional coastal ecosystems. Sites that are
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no longer productive, due to being scarce in forest resources, being abandoned crop plots or belonging to areas with
overgrazing show high transitions to human settlements, as a reflection of a socio-cultural evolution.

Table 3 Surface exchange matrix and land use transition probabilities for the period 1978-2017

2017

1978 Total
1978
9,813(0.83)|274(0.02)| 482(0.04) 5 22 15 1,024(0.09) | 191(0.02) 2 11,89

1(0.03) |33(0.97) 34
670(0.11) 7 4,205(0.67) 15 397(0.06) | 964(0.15) 6,258

1 1 325(0.66)| 59(0.12) | 66(0.13) 29(0.06) 2(0.03) 13 495

136(0.04) 17 122(0.03)|2,664(0.69)| 258(0.07) | 505(0.13) 25 117(0.03)| 3,843
280(0.10) 21 11 15 (0.06) (1,843(0.68)| 210(0.08) | 148(0.05) 39 2,704
4,894(0.19)|572(0.02) 286 80 350 165 16,933(0.67)|1,859(0.07)| 100 |25,238
1,029(0.08) 18 846(0.07) 2 14 87 2,943(0.24) |7,372(0.60) 27 12,336

5(0.09) 6(0.11) | 9(0.17) 2 (0.04) 2(0.04) |29(0.56) | 53

Total

2017 16,824 946 5,819 551 3,270 2,448 22,043 10,562 326 62,789

1: Agriculture. 2: Human Settlement. 3: Forest. 4: Body of water. 5: Mangrove. 6: Other types of vegetation. 7: Pastureland. 8: Jungle. 9: No apparent
vegetation. (The number in parentheses corresponds to the transition probability for each category).

4., Conclusion

Accelerated deforestation and the intensification of anthropic activities, such as cattle ranching and agriculture, make
good management and conservation of the Mangroves in the area difficult.

The Barra of San José Wetland, Chiapas, in a Protected Natural Area that has lost more than 570 ha of Mangroves since
1978, due to the change in land use for agricultural use.

The dynamics of land use change in Barra San José Wetland, part of the easy clearing of the Low Forests and Mangroves
to be converted to Induced or Cultivated Pasturelands. These sites are later used for the establishment of rainfed or
irrigated Agriculture and, finally, after deforestation, the soils deteriorate are not so fertile or humid, and the fields of
crops are abandoned to be transformed to new sites of Human Settlements.

Stopping deforestation in this important tropical region would mean retaining thousands of tons of carbon per year,
which would have an impact on the reduction of global levels of atmospheric carbon, in addition to contributing to the
conservation of biodiversity.

The execution of government policies that supported colonization and extensive cattle ranching throughout the Mexican
southeast may be related to the Changes registered during 1978-2017 in Barra San José, Chiapas.
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