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Abstract
The mangroves around Maputo city in Maputo Bay were studied to assess changes in forest cover area and the effect
of cutting pressure on the forest structure and conservation condition, by using GIS techniques and ground-truthing. On site, the forest was classified into semi-intact (predominantly intact trees), degraded (with many cut trees),
degraded with reed invasion, dwarf mangrove, and new mangrove area. The results showed a 5% increase in forest
area in 2003 as compared to 1991, with 64% of the total forest consisting of degraded mangroves. Deforestation took
place at a mean rate of 17 ha year-1 between 1991 and 2003. Avicennia marina dominated over the other 5 species.
Overall, the forest was composed of small trees (mean height 2.6 m; mean DBH 7.45 cm); height and DBH varied significantly when comparing species and communities (p < 0.05 for both). In terms of forest conservation condition,
only the semi-intact community had the structural characteristics of a healthy forest. Selective tree cutting targeted
A. marina trunks with diameter of 6 - 12 cm. The regeneration potential of the forest was 181 individuals ha-1; the new
mangrove area had the highest density of juveniles (671 individuals ha-1). By identifying the most critical areas of the
Incomati Estuary and describing forest condition, this study shows the poor condition of peri-urban mangroves at
locations such as this in eastern Africa, and highlights the need for further understanding of estuary regimes that
may influence mangrove community changes, other that deforestation.

Keywords: peri-urban mangrove, deforestation, mapping, Incomati Estuary, Mozambique

Introduction

communities, providing firewood, building poles as well

Mangroves are woody intertidal plants that grow on

as being sites for the development of economic activi-

protected coasts in tropical and sub-tropical areas

ties, such as bee keeping, fishing, aquaculture and ecot-

(FAO, 1997). They are ecologically important and pro

ourism (Taylor et al., 2003; Walters et al., 2008).

vide numerous goods and services to the coastal community, ranging from habitat for fish and other wild-

Despite their importance, mangrove ecosystems are

life (Laegdsgaard and Johson, 2001), exporting organic

under pressure worldwide. Major causes of loss and

matter (de Boer, 2000; Dorenbosh et al., 2004; Mumby,

transformation of mangrove ecosystems include

2006), shoreline protection (Thampanya et al., 2006),

over-exploitation, conversion of mangrove areas to

control of water quality (Twilley et al., 1997; Ye et al.,

other land uses (particularly aquaculture, mining and

2001) and carbon sequestration (Kristensen et al., 2008;

urban development) and pollution effects (Hogarth,

Komiyana et al., 2008). From a socio-economic perspec-

1999). Other threats include erosion and sedimen-

tive, mangroves are important sources of livelihood for

tation (Alongi, 2002; FAO, 2007; Rakotomavo and

12
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Fromard, 2010) often related to poor agriculture prac-

a figure that was revised to 2.909 km2 in 2002 by

tices upland, and climate change.

Fatoyinbo et al (2008). Using aerial photographs,
de Boer (2002) studied changes in the mangroves

In developing countries, peri-urban mangroves (grow-

of Maputo Bay between 1958 and 1991. In a similar

ing within or close to an urban area) are particularly vul-

study, LeMarie et al. (2006) used LandSat7 TM imagery

nerable to degradation, because the population density

to assess changes in the mangroves of Xefina Pequena

is high, and local communities still have a high level of

and Benguelene Islands (Maputo Bay) between 1984

dependency on coastal natural resources. Some of the

and 2003. More recently Ferreira et al. (2009) mapped

threats that occur more frequently in peri-urban forests

the mangrove forests in the northern trans-boundary

include insufficient treatment of waste-water, urban

area between Mozambique and Tanzania, also using

expansion and overexploitation due to the dependence

LandSat5 TM imagery. In all these studies, the general

of peri-urban populations on resources such as fuel-

trend has been of decreasing forest cover, particularly

wood (Krutilla et al., 1995). This has been seen in many

in the densely populated areas of Maputo Bay. In the

countries in Asia, South America and Africa (Gomes

remote and accreting areas in the north of the coun-

et al., 2008; Wickramasinghe et al., 2009; UNEP/

try, mangroves have been seen to expand. None of the

Nairobi Convention Secretariat, 2009). In Mozambique,

above mentioned studies looked at forest conserva-

the massive rural exodus that occurred during the

tion condition.

16 years of civil war overcrowded coastal cities, exceeding their capacities and heightening the exploitation

The main objective of this study was to assess changes

of surrounding natural resources, mangrove forests

in forest cover, structure and conservation condition

included. Maputo and Beira cities are the most critical

in the mangroves of the Incomati Estuary, a peri-

cases (UNEP/Nairobi Convention Secretariat, 2009).

-urban forest around Maputo city. The forest com-

Although the situation is probably replicated in other

prises 22.3% of the total mangrove area of Maputo Bay

parts of the country, very few studies in Mozambique

(de Boer, 2002), and threats come from several sources,

have focused on mangrove forest transformations.

including pollution, urban expansion and wood
exploitation by the local communities. The informa-

Remote sensing techniques are a powerful tool in

tion generated constitutes an important tool for man-

monitoring the area and condition of mangrove forests

agement of the peri-urban mangroves, and will aid in

(Blasco et al., 2001, Kairo et al., 2002a; Alonso-Pérez et al.,

the implementation of a reforestation program for the

2003). When combined with intensive ground-truth-

degraded areas.

ing, the use of remote sensed data with GIS is cost- and
time-effective, and efficient in quantifying changes in

Material and methods

forest structure and dynamics in the past and in real time

Description of study site

( Jupiter et al., 2007). Remote sensing has already been

The Incomati Estuary is located in north western

used to map mangrove distribution, determine species

Maputo Bay, and includes 3 main islands (Benguelene,

composition (Neukermans, 2005; Neukermans and

Xefina Grande and Xefina Pequena), with well estab-

Koedam, 2014), assess stand density (Verheyden et al.,

lished mangrove forests extending up to 7 km inland

2002), and monitor these parameters over periods of

(Figure 1). The climate of the Bay is subtropical, with

time (Daudouh-Guebas et al., 2004). Commonly, sat-

a cool dry season from April to October, and a warm

ellite imagery used in forestry include SPOT, Land-

wet season for the rest of the year. Mean annual rain-

Sat Thematic Mapper and Enhanced Thematic Map-

fall is 837 mm. Water temperature varies between 17°C

per (ETM) ( Jupiter et al., 2007). For higher resolution

and 39°C, and salinity varies between 30-39ppt (mean

surveys, other types of imagery that have been used

35ppt). The tides are semi-diurnal, and tidal range at

in mangroves include Quickbird (Neukermans et al.,

the river mouth is about 3 m (Hoguane, 1998; UNEP/

2007; Neukermans and Koedam, 2014), IKONOS

Nairobi Convention Secretariat, 2009). The estuary

(Kovacs et al., 2005), and CASI hyper spectral images

is located close to the major urban centre of the coun-

(Held et al., 2001).

try, with an estimated population of about 1.5 million people in 2003 (Instituto Nacional de Estatistica,

In Mozambique the application of remote sensing

2007). Agriculture and fisheries are two of the most

techniques for studying mangroves started relatively

important economic activities. Industry (cement, fur-

recently. Saket and Matusse (1994) estimated the total

niture, rubber, food industry, aluminium smelting,

mangrove area of the country as 3.960,8 km2 in 1990;

tourism, etc.) is flourishing in Maputo and its satellite

13
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Mangrove forest structure, conservation condition
and regeneration status
Five mangrove forest communities were identified on
the ground in the study area: semi-intact community,
which was composed predominantly of intact trees;
degraded community, where many trees were completely, severely or partially cut; dwarf mangrove,
composed of very small adult trees or shrubs; and
new mangrove area, where, after accretion, new mangroves were establishing just prior to or during the
study. Mangrove forest structure and conservation
condition were assessed using the quadrat methods
elaborated in Kairo et al. (2002b) and Bandeira et al.
(2009). Quadrats of 10x10 m were set in the upper,
middle and lower parts of the mangrove forest, following transects that were set perpendicular to the
coast line. A total of 60 plots were sampled. Sampled
areas in the estuary included Xefina Grande and Xefina
Figure 1. Geographic location of the Incomati Estuary, close to Maputo

Pequena Islands, Benguelene Island, Ponta Macaneta

city and other large human settlements.

and Muntanhana (Figure 1). All individuals inside the
quadrats were counted and identified to species level.

city Matola. Mangroves around Maputo (peri-urban)

Diameter at breast height (DBH) was measured with

are exploited for wood, fuelwood and charcoal, mainly

a calliper, while height was estimated with a 5 m grad-

for domestic purposes. Brower and Falcão (2004)

uated stick. This data allowed the calculation of struc-

described markets dedicated to mangrove fuelwood

tural parameters of the forest, such as species density

in this area.

and frequency, basal area, and mean height and diam-

Methods

1

eter (Cintron and Schaeffer-Novelli, 1984; Kairo et al.,
2002b; Bandeira et al., 2009). It also allowed a height vs

Mangrove change detection

diameter distribution scatter graph to be generated for

Quantification of mangrove area and change detec-

each community, which was useful to identify trans-

tion was made over a timespan of 12 years, com-

formations in the structure of the forest (Kairo et al.,

bining remote sensing techniques and intensive

2002). The ecological importance value (IV) of the

ground-truthing. Satellite images (Landsat TM 1991,

species and the complexity index of the communities

and Landsat TM7+ 2000 and 2003) with a resolution

were calculated as described by Cintron and Schaef-

of 30 m were obtained from CENACARTA, already

fer-Novelli (1984) and Holdridge et al. (1971). Measuring

ortho-rectified and cleared for noise. After perform-

height and DBH also allowed classification of individ-

ing band combination tests, the combination 4, 3, 2

uals in the quadrat as adults or juveniles, as described

was chosen. Analysis on ArcGIS3.2 (Image Analysis

by Bandeira et al. (2009); those up to 1.5 m high and

Extension) was performed (e.g. Ramirez-Garcia et al.,

2.5 cm wide (DBH) were classified as adults, and those

1998). The changes in cover area where detected

below these figures were juveniles. This classification

by comparing the results from mapping in differ-

was useful to assess forest regeneration status.

ent years. Mangrove tree communities were classified according to species composition and land use.

To assess mangrove conservation condition, adult

Three categories were used for classification of man-

individuals in the quadrat were counted and grouped

grove communities when analyzing Land Sat images:

into four categories. These were: Intact, for trees with

‘Degraded mangrove’, with many trees cut in different

no sign of being cut; Partially cut, for those with one

levels, and dwarf trees present; ‘Degraded mangrove

or more branches which had been cut, but the main

with reed (Phragmites australis) invasion’, where reeds

trunk was intact; Severely cut, with most branches cut;

and mangrove trees were present; and ‘Healthy man-

and Stump, for those whose main trunk had been cut

grove’, including regenerating communities and new

(Bandeira et al., 2009). The diameter of stumps was

mangrove areas.

measured to estimate preferred sizes for cutting.

14
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1991

2000

Legend
Incomati mangrove
Buildings
Degraded mangrove
Degraded mangrove with reeds
Dunar vegetation
Salt marshes
Sand dune
Healthy mangrove

2003

Aquaculture and road
Road
Shrimp aquaculture

Figure 2. Mangrove
area variation between 1991 and 2003. Healthy forest includes recovering mangrove
Figure
2.
and new mangrove area, while dwarf communities were considered degraded.

All juveniles within the quadrat were identified and

rates of change varied over this period. From 1991 to

counted to assess regeneration status of the forest.

2000, the ‘Degraded area’ increased by 113 ha, and
‘Degraded with reeds’ expanded by 218 ha into pre-

Data on mangrove structure were subject to normal-

vious mangrove areas. ‘Healthy’ area decreased, but

ity and homogeneity of variances tests. Multifactorial

this change was compensated by an increase of 174 ha

ANOVA was conducted to assess significant differences

of new mangrove (also considered ‘Healthy’). From

in parametric data, while Kruskal-Wallis was used for

2000 to 2003, the ‘Degraded’ area increased by 91 ha

non-parametric data. All tests were performed at 0.05

and reeds took over a larger area (520 ha). The area of

probability level.

‘Healthy mangrove’ decreased, but the total mangrove

Results

area increased by 46 ha. When comparing 1991 and
2003, ‘Degraded mangrove’ increased at a rate of 17

Mangrove change detection

ha/year, while reeds gained 62 ha each year and the

The total mangrove area in the Incomati Estuary

total area increased by 18 ha each year. In 2003, ‘Total

increased from 4,231 ha in 1991 to 4,451 ha in 2003;

Degraded
2 mangrove’ (with and without reed invasion)

an increase of 18 ha per year (Figure 2). However, the

made up 63.8% of the total forest area.

15
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A rapid increase in degradation rate after 2000 was

mangrove’ (5646 ind ha-1). ‘Semi-intact mangrove’ was

apparent. It is probable that the deforestation rate

also the most complex community (Table 3).

increased gradually between 1991 and 2000, with
a mean value of 12 ha/year. Similarly, degradation rate

Structurally, this forest was composed of small trees

for the whole period 1991-2003 was 17 ha/year, lower

(as defined by Cole et al., 1999; Kairo et al., 2002b;

than that of the 2000-2003 period (Table 1).

Kairo et al., 2008). The mean height of the forest was
2.62 ± 0.03 m and mean DBH 7.45 ± 0.25 cm. A large

Most changes occurred in Benguelene and Xefina

majority of adult trees had DBH between 2.5 and 6 cm

Pequena Islands, while in Muntanhana changes were

(Figure 3). Mean height varied significantly when com-

marked by reed invasion.

paring species (p < 0.05) and communities (p < 0.05),
with A. marina being the tallest species, and ‘New man-

Forest structure

grove’ the tallest community.

A total of 2,334 individuals of 6 species were sampled
in the Incomati forest. Avicennia marina was the domi-

Lumnitzera racemosa had the highest mean DBH, while

nant species (71.46%), being present in all communities.

the greatest basal (proportional to DBH) area was found

Rhizophora mucronata and Ceriops tagal represented

in the ‘Semi-intact’ community. Statistical analyses

17.15% and 6.56% of the total number of individuals

showed significant differences when comparing DBH

respectively, while the other tree species (Bruguiera

among species and communities (p < 0.05).

gymnorhiza, Xylocarpus granatum and Lumnitzera racemosa) accounted for less than 3% each. These figures

Only ‘Semi-intact’ mangrove kept a size distribution

where reflected in the ecological importance value of

(Height vs. DBH) typical of a healthy forest; that is

the species (Table 2). Mean stand density in the forest

having individuals in all size classes, but the major-

was 4,024 ind ha-1. There were significant differences

ity had narrow stems (Figure 4). Structural differences

when comparing stand densities in the communi-

between ‘Degraded mangrove’ and ‘Degraded man-

ties (p < 0.05), with the densest communities being

grove with reeds’ were also apparent. In the ‘Degraded

‘New mangrove’ (7833 ind ha ) and ‘Semi-intact

with reeds’ community, all diameters were very similar

-1

Table 1. Mangrove area (ha) and dynamics between 1991 and 2003 in the Incomati Estuary.

Mangrove community

1991

2000

Change

Rate/year

1,007.28

1,120.79

113.51

12.61

889.20

1,107.66

218.46

24.27

Semi-intact

2,334.75

2,176.85

-157.89

-17.54

Total area

4,231.23

4,405.30

174.08

19.34

2000

2003

Change

Rate/year

Degraded

1,120.79

1,211.56

90.77

30.26

Degraded with reeds

1,107.66

1,627.37

519.71

173.24

Semi-intact

2,176.85

1,612.29

-564.56

-188.19

4,405.30

4,451.22

45.92

15.31

1991

2003

Change

Rate/year

1,007.28

1,211.56

204.28

17.02

889.20

1,627.37

738.17

61.51

Semi-intact

2,334.75

1,612.99

-722.46

-60.21

Total area

4,231.23

4,451.22

219.99

18.33

Degraded
Degraded with reeds

Total area

Degraded
Degraded with reeds

16
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Table 2. Ecological importance of species in the Incomati Estuary. IV represents the importance value of species, which is obtained by summing the
relative dominance, density and frequency (Cintron and Schaeffer-Novelli, 1984). Mean DBH and mean height ± standard error.

Relative values

Mean
height (m)

Mean
DBH (cm)

Dominance

Density

Frequency

2.85± 0.03

6.85±0.29

71.46

77.72

52.22

201.4

B. gymnorhiza

1.82±0.09

6.29±1.31

1,16

1.37

5.56

8.09

C. tagal

1.63±0.04

5.23±0.27

6,56

9.34

13.33

29.23

1.71±0.11

14.54±1.66

2,17

1.11

2.22

5.5

R. mucronata

1.95±0.09

13.62±0.94

17,15

9.38

15.56

42.09

X. granatum

2.49±0.2

10.47±1.94

1,50

1.07

11.11

13.68

Species
A. marina

L. racemosa

IV

Table 3. Structural parameters of the Incomati Estuary communities. Complexity index is the product of number of species, basal area, maximum
tree height and stem density (Holdridge et al., 1971).

Semi-intact

Dwarf

Degraded

Degraded
with reeds

New
mangrove

Whole
forest

5

4

5

2

2

6

Density (ind ha-1)

5,646.15

3,893.33

1,460.00

1,533.33

7,833.33

4,024.14

Mean height (m)

2.61

2.02

1.60

2.55

3.44

2.62

Basal area (m2ha-1)

3.6

0.67

0.97

0.32

1.30

3.75

Complexity index

9.15

0.41

0.43

0.04

1.33

3.26

Number of species

and below 20 cm, whilst in the ‘Degraded’ commu-

mangrove’ and ‘Degraded with reeds’ areas. Other spe-

nity, sizes varied more and were greater than 20 cm.

cies had less than 4 juveniles ha-1. The highest regeneration was seen in the ‘New mangrove’ areas (Figure 6),

Forest structure and conservation condition

with 671 juveniles ha-1, and in the ‘Semi-intact man-

Data analysis showed that this forest was subject to

grove’ areas, with 422 juveniles ha-1.

deforestation pressure. Cut trees (stumps) had different sizes, but preference was for those with a trunk

Discussion

diameter of 6 – 12 cm. However, the forest was com-

Forest transformation and conservation condition

posed mostly of intact individuals (Table 4). A. marina

The Incomati Estuary supplies the local community

was the preferred species, while B. gymnorhiza was

with forestry resources, mostly domestic fuel, wood

almost never cut.

and poles (local community, personal communication). In 1995 it was estimated that 9200 tonnes of

Each community was composed of different propor-

mangrove firewood was extracted from Bengue-

tions of tree categories. Intact trees were found mostly

lene Island alone, for sale and domestic consump-

in ‘Dwarf’, ‘New mangrove’, and ‘Degraded with reeds’

tion (Hatton, 1995). It is thus an area of considera-

areas (Figure 5).

ble importance as a source of livelihood for the
local communities. Apart from wood resources, the

The regeneration potential of the forest was low (181

Incomati forest and its surroundings are important

juveniles ha-1). A. marina had the highest density of

for other income generating activities, such as the

juveniles (178 ind ha-1) and dominated the forest in all

fish and shrimp fishery, and invertebrate collection

communities, though with low densities in ‘Degraded

(Barbosa et al., 2001).

17
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presence of human disturbance; while the diameter size distribution
for stumps (B) indicates clear preferences for 6-12 cm poles.

The results of this study show an increase of about
5% in total mangrove area over the study period.
This trend of an increase in total forest cover has previously been recorded in other parts of the country
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the countries with the highest rates of mangrove loss.
According to FAO (2007), they lost 6.1% and 5.9% of the
total mangrove area in the period 2000-2005, respectively. In eastern Africa, Madagascar lost the largest
mangrove area (3000 ha) in the same period, although
this corresponds to only 1% of its total mangrove
3 area.
Most mangrove studies are limited to a description of
changes in cover area, while others combine it with structural aspects (Simard et al., 2006; Krausse et al., 2004),
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Table 4. Conservation per species

Density (ind ha-1)

Species

Intact

Partially cut

Severely cut

Stump

2,301

287

305

232

51

1

1

0

322

13

15

24

31

6

3

3

R. mucronata

181

72

65

58

X. granatum

25

8

8

0

2,913

391

400

319

A. marina
B. gymnorhiza
C. tagal
L. racemosa

Whole forest

but very few look at forest conservation condition.

consumption, dam construction, etc.) and increased

The combination of the three aspects as in this study

salt intrusion downstream (Sengo et al., 2005; Brock-

provides more expansive information on the forest,

way et al., 2006; LeMarie et al., 2006; UNEP/Nairobi

and a more robust basis for informed decision-mak-

Convention, 2009). The overall effect of the floods,

ing. For instance, this study showed that a small

water abstraction and salt intrusion, and their influ-

increase in the area of mangrove cover is largely offset

ence on reed invasion in the estuary, is poorly under-

by a dramatic increase in degraded area (50% of the

stood and requires further study.

forest is degraded through cutting and reed invasion)
and decrease in forest health. The presence of the

The comparison of community structural parameters

reed Phragmites australis within a mangrove forest is

reveals several interesting differences between the cat-

often perceived as a sign of instability (Walters, 2005;

egories. For instance, the ‘Degraded with reeds’ com-

Granek and Ruttenberg, 2008), and it can be an indi-

munity is composed mostly of intact trees, indicating

cator of the presence of hydrological-related stresses

that reed invasion does not only occur in cleared areas.

(Vasquez et al., 2005; Katering et al., 2010), such as

In addition the presence of dwarf A. marina indicates

increased runoff and freshwater seepage. In the case

stress, which can be related to nutrient shortage or

of the Incomati Estuary, both phenomena occurred

high salinity (Naidoo, 2009). The influence of all these

after the year 2000, when massive floods impacted

factors on forest health condition has not yet been

the area, providing an explanation for the accel-

assessed.

erated rate of colonization by the reed after 2000.
Prior to this period, the hydrological regime of this

The regeneration potential of this forest is low. Other

estuary had reportedly being altered by water abstrac-

healthy forests in Mozambique (Saco, Sangala, Ibo,

tions upstream (agriculture, urban and industrial

Pemba, Luchete) had more than 6000 recruits ha-1
800
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Figure 5. Conservation status of the different mangrove communities

Figure 6. Regeneration per mangrove community in the Incomati

in the Incomati estuary.

estuary.
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(Bandeira et al., 2009). Similarly in Kenya, on less

uses like ecotourism, bee-keeping etc.) and resource

impacted and recovering replanted sites, the density

management initiatives are required in order to make

of recruits per species varies between 700-5400 ind

sustainable use of mangrove resources in the future.

ha-1 (Kairo et al., 2002b; Bosire et al., 2003; Kairo et al.,

A. marina could be considered as a suitable pioneer

2008). The recruit density in the Incomati Estuary was

species in any replantation programme (Bentjee and

comparable to other heavily deforested sites, such as

Bandeira, 2007; Lang‘at, 2010).

Sematan in Malaysia and Mngoji in Tanzania (500 and
1000 ind ha-1, respectively) (Ashton and Macintosh,

This research shows the history of mangrove vegeta-

2002; Bandeira et al., 2009). A. marina is the dominant

tion change in the Incomati Estuary during the period

adult species, and this explains why it has the best

from 1991 to 2003. Although the forest area increased

regenerative success. Additionally this species is vig-

during the study period, the area of healthy forest

orous and capable of adapting to changing environ-

decreased, while ‘Degraded’ areas expanded (63.8%

mental conditions such as changes in salinity; more so

of the total forest area). Structural differences were

than other species (Bentjee and Bandeira, 2007).

found in different forest communities, and only the
semi-intact community had a structure that was sim-

Incomati Estuary: Is restoration possible?

ilar to that of healthy forests. Although the regenera-

Degraded areas can recover through natural processes.

tion potential of the forest is low, recovery is possible,

Sherman et al. (2000) reported that the creation of gaps

as demonstrated by the presence of recruits and colo-

may increase sapling density and growth rate of some

nization of new mangrove areas. Efforts towards for-

species in forests with low cutting intensity, because

est restoration should be accompanied by education

competition for light and space is reduced. However,

and awareness of the user communities, mangrove

intensive forest cutting can decrease forest regeneration

replantation, and the introduction of management

potential, by reducing the number of reproductive indi-

and conservation practices.

viduals and changing optimum environmental conditions (Hogarth, 1999, Granek and Ruttenberg, 2008).
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