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Abstract

The study assessed the woody vegetation attributes across the rural and urban
land use types on the Sakubva riparian zone in Mutare District, eastern Zim-
babwe. The study contributes to the formation of baseline information on Sa-
kubva riparian zone with possible use of woody plants as indicator species for
biomonitoring the ecological health of this riverine ecosystem. The study area
of Sakubva River stretch was delineated into two study strata: (i) the upstream
Mutare urban land use type, and (ii) the downstream Dora rural land use type.
To describe the woody vegetation composition, abundance and structure of
Sakubva riparian zone, the following variables were recorded: tree and shrub
height, basal stem circumference, number of stems per plant, tree/shrub den-
sity, number of coppiced woody plants, woody species diversity, human in-
duced damage on woody plants, fire damage on woody plants and plant status.
Descriptive statistics were used to summarize data collected on woody vegeta-
tion attributes and significance differences across the two land use strata were
analyzed using the Mann-Whitney U'tests (one-tailed). Woody species diver-
sity was determined using the Shannon-Weiner diversity index. A hierarchical
cluster analysis (HCA) using the Wards method with a matrix of 30 sample
plots and only the recorded woody species data was used to explore domi-
nance of woody species across the study strata. The study recorded a woody
species richness of 21 across the study area, which was dominated by the plant
family Fabaceae, sub-family Caesalpinoideae of the prototype Miombo wood-
land. All the measured woody plant variables recorded no significant differ-
ence (P > 0.05) between the two defined study strata, except for the sapling
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density (P < 0.05). The study hypothesized that Mutare urban environment
has fewer human disturbances and a more intact riparian woodland as com-
pared to rural land use in Dora community. However, it was concluded that
woody vegetation composition and structure was generally less influenced by
variations in land use type within the Sakubva riparian zone of eastern Zim-
babwe. It was evident from this study that woody plants occurring in Mutare
urban and rural Dora land use categories within the Sakubva riparian zone
were to some extent damaged by humans as shown by evidence of past fires,
wood harvesting and land clearance for gardening. We recommend continu-
ous monitoring of riparian woodlands on varying land use categories across
Mutare District, eastern Zimbabwe.

Keywords

Biomonitoring, Ecological Health, Land Use, Riparian, Woody Plants,
Mutare District

1. Introduction

Riparian woodlands zones are connections between terrestrial and aquatic ecosys-
tems and have biophysical and landscape characteristics [1]-[3]. As a component
of riparian ecosystems, riparian woodlands play a key role in stabilizing riverbanks,
combating soil erosion, trapping and removing nutrients, providing habitats for
terrestrial organisms and maintaining ecosystem stability [1] [4]. The serial dis-
continuity concept of riverine ecosystems emphasizes the need to consider eco-
logical health and biodiversity conservation of watershed catchment basins [5] [6].
Anthropogenic disturbances on unprotected areas of watershed ecosystems, have
increased dramatically in recent decades, influencing riparian woodland dynam-
ics at different spatial levels on wetlands across southern Africa [6]-[8]. Woodland
alteration and logging in riparian zones threaten their integrity and sustainability
[9] and it is reported that at least 65% of riverine habitats across the world are
threatened by land use change [10].

Zimbabwe’s freshwater resources are under threat from exploitation, poor
management and ecological degradation [11]. Throughout Zimbabwean history,
humans have settled on riverine landscapes because of their proximity to re-
sources such as water and fertile soils, but also for aesthetic values [12] [13]. Hu-
man mediated land use conversion to agriculture and open grazing have led to
loss in woodland cover, and biodiversity in southeastern Zimbabwe [14]. Disturb-
ances on riparian zones such as excessive wood harvesting, land clearance for set-
tlement, industrial, or agricultural activities would likely modify and influence
state-and-transition dynamics in riverine woodland ecosystems [15]. Although
mean annual precipitation may be the primary determinant of woody biomass
[16] at landscape level, woody vegetation dynamics may primarily relate to dis-
turbances [17]-[19].
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Most of the built-up area of Mutare City lies within the headwaters of Sakubva
River basin and its tributaries which drains the main industrial and residential
areas. This river also drains the rural Dora community to the west of the Mutare
City in eastern Zimbabwe. As disturbance factors can alter the woody vegetation
status, Sakubva riverine woodland is perceived by most water resource practition-
ers as threatened by anthropogenic activities [20] [21]. The urban and rural land
use within Sakubva riparian zone may influence woody vegetation dynamics. This
can lead to riparian woodland degradation and hence woody species extirpation
in Sakubva riverine ecosystem. Effective land use and integrated water resource
management is more feasible when accurate information is available regarding
disturbance trends on identified indicator species for biomonitoring of the river-
ine ecosystem [22].

Despite its status and recognition as the largest perennial river, recharging the
watershed basin of Mutare City, inadequate documentary evidence exists on Sa-
kubva River and its riparian ecosystem [21]. The study aimed at assessing the veg-
etation attributes across the rural and urban land use types within Sakubva ripar-
ian zone. Specifically, the study objective was to determine the composition, abun-
dance and structure of woody plants across two land use types within Sakubva
riparian zone, eastern Zimbabwe. In this study, we hypothesized that Mutare ur-
ban study stratum has fewer human disturbances and a more intact Sakubva ri-
parian woodland as compared to a rural land use study stratum in Dora commu-
nity. The hypothesis was based on a combination of effects, the human-mediated
changes on riparian woody vegetation across varying land use type at landscape
level. We expected the urban environment to record fewer human disturbances
and more intact riparian woodland as compared to a rural community in a devel-
oping country. The study findings will form baseline information on Sakubva ri-
parian zone with possible use of woody plants as possible indicator species for

biomonitoring the ecological health of this riverine ecosystem.

2. Materials and Methods
2.1. Study Area

Sakubva River is a perennial tributary of Odzi River which drains into Save River,
the largest watershed catchment in eastern Zimbabwe (Figure 1). Sakubva River
has its headwaters in Mutare City passing through industrial and human residen-
tial land use of the urban environment, then the river drains into a rural agricul-
tural and communal settlement area of Dora community to the west of Mutare
City. The river plays an important role in the economic and socio-ecology of Mu-
tare urban and the rural communities it flows through. The larger part of the river
is threatened with water pollution predominantly through sewage wastewater
from the municipal sewage treatment works of Mutare City Council [21]. Dora
rural community practices small scale agricultural activities dominated by vege-
table gardening drawing irrigation water from Sakubva River [23]. The Dora rural

people engage in enterprises such as extraction and sale of river sand, pit sand and
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wood harvesting for construction works in Mutare City.

Mutare City is a fast-growing urban settlement in eastern Zimbabwe bordering
Mozambique. Mutare District encompass both Mutare City and Mutare rural
which constitutes rural Dora community. Mutare District has a cool and wet cli-
mate with an annual rainfall range of 800 to 2,500 mm and a mean annual tem-
perature range from a minimum of 9 to 12°C in cold and dry winter season to a
maximum of 25 to 31°C during the hot and wet summer season [23]. Mutare Dis-
trict is characterized by scenic grassland areas interspersed with fynbos-like vege-
tation on the plateau summit, unique dwarf Brachystegia spiciformis woodland,
moist montane forest and patches of medium to low altitude rainforest in the up-
per headwaters of Sakubva River watershed basin within the Mutare urban envi-
ronment. Whereas, downstream in the rural Dora community, Sakubva River wa-
tershed is characterized by a semi-arid dry vegetation dominated by Vachellia
shrubland [24].
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Figure 1. Showing study area Sakubva River which flows from Mutare urban through Dora
rural community in Mutare District, eastern Zimbabwe (Source: [25]).

The study area of Sakubva River and its riparian vegetation stretch, was delin-
eated into two study strata defined as: (i) upper headwaters of Sakubva River,
within the Mutare urban land use type, and (ii) the downstream lower Sakubva
River, within the Dora rural land use type. Sample plots within a 100m radius
from either side of the riverbanks of Sakubva River were selected from the Mutare
District map. Sample plots within the defined study site of two different land use
types were located by generating random points (GPS coordinates) in the selected
Sakubva River watershed map. Guided by the Mutare District map, GPS handsets
were used to track the position of sample plots along Sakubva River. A total of 30
sample plots across the entire Sakubva River watershed basin stretch were selected

from the study sites. Based on the proportional longitudinal length of Sakubva
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River within the two land use categories, 10 sample plots were located across the
urban land use study stratum and 20 sample plots were in the rural land use study
stratum. For this study, sampling plots measuring 30 m x 20 m were used. This
plot size satisfies the consideration by earlier study method of including at least

15 - 20 trees in a sample plot [26].

2.2. Sampling Procedure, Measured Variables and Measurement
Techniques

Woody trees were defined as rooted self-supporting woody plants > 3 m height
with a stem diameter > 0.06 m, whereas shrubs were defined as rooted self-sup-
porting woody plants < 3 m height with a stem diameter < 0.06 m [27]. To describe
the woody species composition and structure along Sakubva River, the following
variables were recorded: tree and shrub height, tree diameter at 1.3m height, basal
stem circumference, number of stems per plant, number of coppiced woody
plants, woody species diversity, human induced damage on woody plants, fire
damage on woody plants, plant status (alive or dead), tree and shrub density.
These variables were measured following the methods as outlined elsewhere [28].
All woody species within a sample plot were identified using a field guide [29].
Fire damage indicators were fire scars, scorch marks on branches, dead, burnt
stems and charred plant remains [28]. Human induced damage were signs of
wood harvesting like scars from wood harvesting tools, broken branches and
stems. All woody plants were assessed to establish whether they were dead or alive.

Tree/shrub height: the height of woody plants was measured by placing a cal-
ibrated 8 m pole against a tree or shrub. For trees > 8 m, the pole was manually
uplifted, or height visually estimated by observing it at a distance away from the
tree. For multi-stemmed plants, only the height of the tallest stem was considered.
Tree diameter at breast height (dbh): the circumference at 1.3 m above the
ground level of each tree was measured using a 50 m tape measure. For shrubs,
the basal stem circumference of each stem was measured just above the buttress
swelling, to the nearest centimeter, using a tape measure. From the basal stem

circumference, basal area was calculated using the formula:

Basal area = (C2/4zr)

where C'is basal stem circumference.

Number of stems per plant: stems were physically counted for each sample
plot. For each sample plot, the total number of stems was divided by number of
woody plants in the sample plot, to give an average number of stems per plant.
Tree/Shrub Density: density (e.g. tree/shrub stems per ha) for each plot was cal-
culated using the formula:

Number of woody stems

Density (stems/ha) = x10,000 m*

Sample Plot area (m2)

Plant status and human induced damage on woody species: for dead plants,

the cause of death was attributed to one of four factors Ze. (1) drought, (2) human
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induced woody damage and (3) unknown. Any signs of woody damage such as
fire scars, broken branches, stems and scaring, and uprooted trees or shrub were
considered as human-induced damage. If dead, the plant’s cause of death was rec-
orded, and no other variable measurement was taken. Human induced wood
damage was assessed based on the presence of damage signs on woody plants in
accordance with another earlier study method [30]. For all the formulas applied

in this study methods, they have no known application limit.

2.3. Data Analysis

Statistical tests were conducted using STATISTICA for Windows, version 6 [31].
Descriptive statistics were used to summarize data collected on woody vegetation
attributes and woody vegetation variables were converted to per hectare [32]. To
test whether the Sakubva riparian woody vegetation status was different between
the two land use strata, we performed Mann-Whitney U tests (one-tailed) since
our data was not normally distributed [33]. We considered there to be no signifi-
cant difference when the value of the probability of significance (P) was greater
than 0.05. Species diversity across the study strata was determined using the Shan-
non-Weiner diversity index [34]. The study explored dominance of woody species
across the study strata by association and classification of sample plots based on
woody vegetation composition through multivariate analysis. A hierarchical clus-
ter analysis (HCA) using the Wards method with a matrix of 30 sample plots and
only the recorded woody vegetation composition data was used to determine the

similarities or dissimilarities of sample plots [35].

3. Results
3.1. Woody Vegetation Structure and Composition

A total of 543 woody plants, representing 21 woody species were recorded in the
30 sample plots. All the recorded woody plant variables indicated no significance
difference (P > 0.05) between the two defined study strata, except for the sapling
density (P < 0.05) (Table 1). About 68% of the recorded woody plants were living
trees, 32% were dead stems, 43% showed evidence of human induced damage on

the sampled woody plants.

Table 1. Summary of measured and recorded woody vegetation variables (Mean + Standard Deviation) along Sakubva River as it

cut across the two land use study strata, eastern, Zimbabwe.

Variable

Number of woody species
Tree height (m)
Shrub height (m)

Basal area (m?/ha)

Grouping Strata-Land Use Type

Sakubva River under Sakubva River under

R X U-value  P-value
rural environment (n=20) urban environment (2= 10)

21.62 +2.73 18 £2.43 934 0.188
5.90 £ 0.44 8.14 £ 0.36 813 0.061
0.31 £0.23 0.44 £0.20 895 0.069
0.21 £0.18 0.38 £0.13 1100 0.710
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Continued
Human induced damaged plants (ha™') 0.28 £ 0.47 0.47 + 0.48 983 0.269
Woody species diversity (') 0.73 £ 0.42 0.91 £0.31 1071 0.558
Sapling density (ha™) 34.58 £ 1.00 1341 £1.23 536 0.0001
Coppiced woody plants density (no. ha™) 61.58 +1.80 54.58 £ 1.01 1135 0.879
Tree density (ha™) 49.65 + 1.43 93 +2.63 1150 0.893
Shrub density (ha™) 72 £1.29 64.7 £ 1.14 1165 0.910
Dead plants density (ha™) 51.11 £ 01.63 32.78 +0.23 1178 0.955

3.2. Woody Species Association in the Sakubva River Riparian
Woodland, Eastern Zimbabwe

500

Cluster A
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Figure 2. Hierarchical Cluster Analysis (HCA) dendrogram showing classification of sam-
ple plots into two (2) clusters based on woody species composition data from the 30 sample
plots across Sakubva riparian zone, eastern Zimbabwe.

The HCA dendrogram showed two broad clusters from the 30 sampled plots
within Sakubva riparian woodland, eastern Zimbabwe (Figure 2). Cluster A had
a high dominance of sample plots drawn from the upper Sakubva River within the
urban environment study stratum. There were only three plots from the rural land
use study stratum in Cluster A. Plots in Cluster A were characterized by an asso-
ciation of the following species Brachystegia spiciformis, Julbernardia globiflora,
Ficus capensisand Eucalyptus spp. Cluster B was dominated by sample plots from
the lower Sakubva River within the rural environment study stratum and included
the following common woody species Vachellia karroo, Terminalia prunoides,
Grewia bicolor, Prunus curatolifolia, Burkea africana. Combretum celastroides,
Boscia angustifolia, Phylanthus kirkianu, Psidium guajava and Lantana camara.
The HCA dendrogram to a greater extent distinguished sample plots from the

rural land use and urban land use groups based on woody species composition.
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The most dominant woody species in upper Sakubva River, within the urban land
use stratum were Brachystegia spiciformis and Julbernardia globiflora. In lower
Sakubva River, the rural land use stratum, the dominant species included the
Vachellia karroo, B. spiciformis and J. globiflora. Common woody species on all

sample plots included: B. spiciformis and J. globiflora.

4. Discussion

The woody plant community across Sakubva riparian zone showed domination
by B. spiciformis and J. globiflora. The dominant woody plant family is Fabaceae
sub-family Caesalpinoideae of the prototype Miombo woodland [36], specifically
resembling the Miombo woodlands of southern Africa savanna [37]. The woody
species richness (21) across the riparian woodland of Sakubva River, concur rela-
tively well with the Miombo forests occurring elsewhere within the same region
of eastern Zimbabwe. For instance, earlier study recorded 17 woody species across
the protected Mapembe Nature Reserve near Mutare City [30]. However, the
woody species richness for Sakubva riparian zone is relatively low as compared to
other study findings on woody vegetation composition in southeastern Zimba-
bwe. In an earlier study, there was a record of 59 and 43 woody species in Save-
Runde River confluence and Manjinji Pan Important Bird Areas, respectively, in
southeastern Zimbabwe [38]. Another earlier study in Save Valley recorded 192
woody species in Mutema-Musikavanhu communal land in southeastern Zimba-
bwe [19]. Relatively low woody species richness in Sakubva riparian zone may be
attributed to excessive anthropogenic activities like selective cutting down of woody
plants targeting specific species. There was evidence of excessive tree extraction
along Sakubva River as represented by relatively high density of coppiced woody
plants and high number of dead plant density. This could be driven by excessive
harvesting of fuel wood across the study area. Zimbabwe faced economic chal-
lenges from the 2000 s to the 2020 s and this may persist, causing increased elec-
tricity power cuts, leading both rural and urban people to heavily rely on wood
fuel as a source of energy [18]. Excessive wood extraction is known to affect micro-
sites for plant establishment and the resultant woody plant diversity and plant
density [39], this could be a contributing factor to relatively low woody species
diversity and high dead wood density across Sakubva riparian zone.

There were no significant differences among most of the assessed woody plant
variables across the study strata except for sapling density. This indicated that land
use type and its influence on Sakubva riparian woodland between the urban and
rural land use are not yet fully pronounced. Land use in this case involves the
modification of natural environment of Sakubva riparian woodland into built en-
vironment such as stream bank gardening, grazing pastures and human settle-
ments in Dora rural land use, whereas infrastructure and industrial development
causing riparian woodland cover changes in Mutare urban. Significant differences
in sapling density between the Sakubva riparian zone under rural and urban land

use strata is likely attributed to the usual high impact of human induced disturb-
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ances on woodlands in rural communities as common in Zimbabwe [19] [30]. The
most observed trend is that human disturbed woody vegetation is characterized
by high sapling density [19]. This confirms the theory of invasibility which states
that whenever there are unutilized resources in an ecosystem following disturb-
ance, that ecosystem becomes susceptible to invasion by saplings as these disturbed
habitat and species-poor communities contain more unoccupied niches [40]. For
woody species of slow growth rate like the indigenous woody plants of Miombo
woodlands, recruitment is interpreted as viable when woody vegetation has a
larger proportion of saplings than larger trees, and recruitment is considered poor
when there are larger proportions of trees than saplings [41]-[43]. Based on this
indicator, the present study results of high proportion of tree density as compared
to saplings could suggest less vibrant recruitment of woody plants within the ri-
parian woodland of Sakubva River, eastern Zimbabwe.

The woody vegetation structural and compositional similarities along Sakubva
River suggested uniform woodland disturbances which can have a long-term ef-
fect in influencing woodland degradation, although there are other factors such
as topography, edaphic and climate variations which we did not investigate. It was
evident from this study that woody plants occurring in Mutare urban and rural
Dora land use categories were to some extent damaged by humans with evidence of
past fires and wood harvesting. For instance, affected woody plants showed burn
marks, scars, black surfaces and charred plant remains. Moreover, the uniform pres-
ence of coppiced woody plants across the study strata indicated a woody plant re-
sprouting capacity of various woody species, which is a plant adaptive mechanism
to growth disturbance which seems common across Sakubva riparian woodland.
This is clear evidence that some level of disturbance on woody plants is inflicted
across the riparian woodland of Sakubva River, eastern Zimbabwe. There is need
for continuous monitoring of woody vegetation on the varying land use categories

across the riverine ecosystems in Mutare District, eastern Zimbabwe.

5. Conclusion

The study aimed at assessing the woody vegetation attributes across the rural and
urban land use types across Sakubva riparian zone in Mutare District, eastern
Zimbabwe. The study recorded no significant differences in woody vegetation
composition and structure across the Sakubva riparian zone under the urban and
rural land use in Mutare District, eastern Zimbabwe. It was concluded that woody
plant composition and structure is generally uniform across land use type as Sa-
kubva River cuts across the urban and rural environment of Mutare District, east-
ern Zimbabwe. However, it was evident from this study that woody plants occur-
ring in Mutare urban and rural Dora land use categories on Sakubva riparian zone
were to some extent damaged by humans with evidence of past fires and wood
harvesting. The study can inform baseline information on Sakubva riparian zone
with possible use of woody plants as indicator species for biomonitoring the eco-

logical health of this riverine ecosystem.
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Recommendations

Development of a local riparian habitat monitoring framework with tools that as-
sess variables related to biodiversity, water quality, river-bank vegetation structure
and river channel modifications to monitor local riverine ecosystem health and to
inform decisions for maintaining riparian biodiversity and ensuring the provision
of riverine ecosystem services through sustainable management.

As watershed catchment regulators and large-scale water resource system own-
ers, Zimbabwe state actors like the Zimbabwe National Water Authority, Envi-
ronmental Management Agency, Mutare Rural District Council and Mutare City
Council must put in place more enabling measures (e.g. strengthened law enforce-
ment to combat streambank cultivation, wildfires and excessive riparian wood
harvesting) needed to ensure that Sakubva riparian ecosystem is sustainably man-
aged and preserved.

Given that gardening expansion is the main driver of Sakubva riparian wood-
land degradation, then much transformational change is needed in the way in
which food is produced. Rural Dora communities must move away from inappro-
priate streambank cultivation that drive large-scale conversion of riparian wood-
land to agricultural production and the loss of riparian-related biodiversity.
Adopting sustainable production practices like agroforestry, agrosilviculture to
restore the productivity of degraded riparian land zone.

Investors and Mutare urban land use development projects should adopt busi-
ness models that are environmentally and socially responsible to preserve Sakubva
riparian zone. These actions may require investments toward restoration ecology
for Sakubva riparian zone.

Further studies to investigate the possible interactive effects of industrial or
mining induced river pollution and other environmental determinants like water
quality in influencing the ecological health status of the wider Sakubva-Odzi-Save

watershed catchment basin.
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