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Abstract

Canopy density and forest biomass estimation are critical for understanding
of the carbon cycle, climate change and detecting health status of the forest
ecosystems. This study was conducted on the coastal forests reserves in Zan-
zibar and mainland Tanzania. A systematic sampling design was used to es-
tablish a total of 110 temporary sample plots in all study sites. The stratifica-
tion of the forests was adopted to identify closed forest patches with less
anthropogenic effects. The study assessed the forest canopy density and above
ground biomass with relative carbon stock for closed forest classes. Jozani
Chwaka Bay National Park in Zanzibar recorded higher average canopy den-
sities of 63% followed by Ngezi (46%), Pugu forests (26%) and Kazimzumbwi
(16%). However, Ngezi forest had higher forest biomass than all study sites
with the overall mean AGB of 138.5 tAGB/ha equivalent to carbon stock of
67.9 tC/ha. Tree species, Bombax rhodognaphala (Msufi mwitu) and Antiaris
toxicaria (Mgulele) recorded the highest biomass of 1099 tABG/ha and 703
tAGB/ha (equivalent to 538 tC/ha and (345 tC/ha)) respectively. The study
revealed that about 35% of the total closed forest patches at Pugu FR were
covered by lower canopy density which accounted about 490 ha. Kazim-
zumbwi FR was dominated by lower canopy density which represented about
64% of the total forest cover area (1750 ha).
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1. Introduction

Canopy density and forest biomass estimation are critical for understanding the
carbon cycle and detecting health status of the forest ecosystems. The biomass
estimation is highly appreciated as it provides reliable information needed for
monitoring climate change mitigation efforts including carbon sequestration
(Zhang et al., 2017). Climate change and variability have the potential to reduce
above-ground biomass storage and, in the longer term, alter forest composition
and canopy density. Droughts associated with climate change and variability
affect the function of forest ecosystems and ultimately lead to poor supply of
forest goods and services (Hassan et al., 2014).

Recent studies on climate change and variability show an increase of droughts
and unreliable rainfall in Tanzania (Harrison et al., 2019, Mkonda & He, 2018,
Sewando et al., 2016; Hassan et al., 2014). It is likely that these climate changes
and variability might be responsible for the negative change of forest vegetation
including forest cover and biomass along the coastal zone of Tanzania in addi-
tion to anthropogenic forest losses estimated at 470,000 ha per year (Gizachew et
al., 2020). The forest destruction has also been acknowledged by Kideghesho
(2015) as a major cause for loss of forest cover, biomass and biodiversity in
Tanzania. Knowing that droughts have been directly linked as a new major
threat to tropical forests causing higher mortality rates of forest trees (Brodribb
et al., 2020, Zhang et al., 2017), it is worthwhile to have forest canopy density
and forest biomass information for monitoring their changes due to climate
change and variability such as droughts. However, the coastal forests of Tanza-
nia lack reliable time series forest information making difficult to monitor the
effects of climatic condition on forest variables.

This study assessed the forest canopy density and above ground biomass with
relative carbon stock of forest classes under baseline conditions along with the
coastal forest ecosystem in Zanzibar and Tanzania mainland. The assessment
aimed at generating baseline information on canopy density and above ground
biomass which can be used to make comparison with forest stocks estimated
through indirect approaches such as remote sensing. Available ground mea-
surements of canopy density and above ground biomass at different periods can
be correlated with remote sensed derived data to generate trends of biomass and
canopy density in the region. Further, analysis on the influence of precipitation
change or drought patterns to the dynamics of canopy density and forest bio-
mass relies on existence of data on forest stocks.

2. Methods
2.1. Site Description

The study focused on four sites which include Pugu and Kazimzumbwi Forest Re-
serves (PKFR) located in Kisarawe, Coast Region, Ngezi Nature Reserve (NNR)
found in northern part of Pemba Island and Jozani-Chwaka Bay National Park

(JCBNP) located at southern part of Unguja Island (Figure 1). These four sites
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lies within 0 - 200 m above sea level (masl) with exception of Pugu hill of the
Kisarawe forest which lies between 200 - 500 m (masl). The study areas are cha-
racterized by the bimodal rainfall regimes with the long rain season (Masika)
experienced between March and May (MAM) and the short rain season (Vuli)

occurring between October and December (OND).

2.2. Methodology
2.2.1. Approach and Sampling Design

Forest inventory was conducted to collect forest biophysical data for canopy
density and forest biomass estimation. Using diameter tape or caliper, Diameter
at Breast Height (DBH) and count number of tree in each plot for estimation of
biomass was measured. Forest canopy density from unobstructed sighting posi-
tions in each plot was measured using a spherical densiometer. To reduce the in-
fluence of human disturbances in measured plots, forests were stratified and the
most forested patches with less human impacts were measured. Out of 2179 and
4887 hectares covered by Pugu and Kazimzumbwi forests respectively, the study
measured total forest areas of about 1400 ha for Pugu and 1750 ha for Kazim-
zumbwi as closed forest patches (Figure 2). On the other hand, out of 5000 and
1975 hectares covered by JCBNP and NNR forests respectively, the study meas-
ured total forest areas of 712 ha for Jozani forest and 1917.85 ha for Ngezi forest
(Figure 3).

The number of sample plots and the distance between plots were determined

based on Equation (1).
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Figure 1. Location of the study areas (Pugu and Kazimzumbwi forests) and Unguja (Jozani forest)
and Pemba (Ngezi forest).
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Figure 2. Enumerated plots (dotted within green shaded on orange background) in Pugu and

Kazimzumbwi forests.
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Figure 3. Enumerated plots in Ngezi and core area of the Jozani-Chwaka Bay National
Park.
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where N = number of sample plots, 7 = Total area of the forest, P, = Plot size
and §; = Sampling Intensity. The distance between plots was determined by Eq-

uation (2):
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[ A x 10000}
D= ——F— )
N

where D = inter plots distance (m), Ar= Area of the forest (ha) and N= number
of plots.

A total of 110 temporary sample plots in all study sites were established. The
distribution of the sample plots was 20 and 25 for Pugu and Kazimumbwi
(Figure 2) and 18 and 47 for Jozani and Ngezi (Figure 3). A systematic sampling
design was used to collect forest variables after the stratification of forests. The
stratification was aimed at avoiding human influences on collected data. At Pugu
and Kazimzumbwi forests, temporary circular plots with radius of 15 m (area =
0.07 ha) with concentric subplots of radius 10, 5 and 2 m were used. In Jozani
and Ngezi temporary circular plots of 0.08 ha plot size with sub-plot radius of 1
m, 5m, 10 m and 16 m were used.

Measurements were taken at various radius. At the radius of 1 m, all trees with
dbh < 2 cm and >1 cm were recorded while at the radius of 5 m, all trees with
dbh > 2 cm and <10 cm were recorded. At the radius of 10 m, all trees with dbh
> 10 and <20 cm were recorded; and at the radius 16 m, all trees with dbh > 20
cm were recorded. A botanist and local people were engaged for the identifica-

tion of botanical names and local names of trees respectively.

2.2.2. Data Analysis

In each plot, canopy density was determined right in the field by finding average
of all 5 readings of the spherical densiometer from plot centre; and North, East,
South and West of the plot. The result was then multiplied by a constant of 4.17
(NAFORMA, 2015) to obtain the canopy cover (Equation (3))

[Canopy cover %] =[Average number of filled squares|x 4.17 (3)

Tree above ground biomass (AGB) was computed as a product of total tree
volume and wood basic density. The average wood density of 0.58 g/cm® for
natural forest was used (Munishi, 2004; Kashaigili et al., 2013). The volumes of
trees were estimated according to Zahabu, (2008) and Kashaigili et al., (2013)
(Equation (4)). The obtained amount of AGB was converted to carbon using a
biomass-carbon ratio of 0.49 (MacDicken, 1997; Munishi, 2004; Kashaigili et al.,
2013).

Vi =0.5gh, (4)

where, V; = Volume of the ith tree (m®), g = the tree basal area (m?), 0.5 = tree
form factor.

The biomass and carbon per tree species and dbh classes for the whole forest
were obtained by averaging carbon density from each individual species and
class. Carbon stock was obtained by summing the products of plots’ carbon
density and their corresponding cover area. Physical observations and pho-
to-shooting were conducted along transects in order to record human activities

around study areas.

DOI: 10.4236/0jf.2021.111004

51 Open Journal of Forestry


https://doi.org/10.4236/ojf.2021.111004

I. H. Hassan, M. V. Mdemu

3. Results
3.1. Canopy Density

JCBNP showed higher dominance in canopy density' compared to other sites
under study areas. JCBNP forests had the average canopy densities of 63% fol-
lowed by Ngezi (46%), Pugu forests (26%) and Kazimzumbwi (16%) (Table 1).
The highest canopy density in JCBNP was found in class 5 (81% - 100%) which
enclose about 316 ha (44% of the total area). It was followed by 4 and 0 classes
each coveringan area of 119 ha (17%). Thus about 17% of the total area has no
canopy (open area) in JCBNP (Figure 4).

Class 4 (61% - 80%) covering 571 ha (30% of the total area) had the highest
canopy density in Ngezi forest. It was followed by classes 3 and 1 with 530 ha
(28%) and 367 ha (19%) respectively (Figure 4). During the survey in Ngezi for-
est, it was identified that plots located close to forest edges, near settlements,
roads and water bodies, had lower canopy density than interior plots. In pugu,
the highest canopy density was found in class 2 (21% - 40%) which covered 45%
of the total area of 630 ha. Second highest was class 1 with 420 ha (30%). About
70 ha had 0% canopy density and class 5 canopy density (81% - 100%) did not
exist in the Pugu forest area. The highest canopy density in Kazimzumbwi forest
was found in class 1 (1% - 20%) which covered 56% of the total area of 980 ha.
Class 2 with 32% of the forest coverage had the second highest canopy density.
(Figure 4). In Kazimzumbwi forest, canopy density of classes 4 and 5 did not

exist while about 140 ha had zero canopy density (Figure 4).

Table 1. AGB, carbon stocks and Canopy density of the study forests.

C
AGB/Carbon (t/ha) Total (t) a1.10py
density (%)
Forest Reserves b
C C
AGB Carbon stock AGB arbon anoPy
stock Density
Jozani (JCBNP)
124.07 £ 26.17 60.79 £ 12.82 88,340.31 43,286.75 63 + 8.0
(912 ha)
Ngezi (NNR)
138.55 +25.13 67.89 +12.31 265,729.1 130,207.3  46.13 + 3.8
(1917.85 ha)
Pugu FR
18.14+ 7.0 8.89 +3.4 25,395.32  12,443.71 26.15+2.83
(1400 ha)

Kazimzumbwi FR

436+ 14 214072 763517 374123  16.36 +2.71
(1750 ha)

!Class 0 embedded open canopy area (zero density).

Class 1 is covered by canopy density between 1% and 20% in which few trees are scattered in open
area.

Class 2 is covered by mixture of low to high thickets and some high forest patches with canopy den-
sity ranging between 21% and 40%.

Class 3 is covered by mixture of high thickets and high forest patches with canopy density ranging
between 41% and 60%.

Class 4 is covered by high forests having some gaps in between and with canopy density ranging
between 61% and 80%.

Class 5 is closed canopy and highly forested areas and with canopy density ranging between 81% and
100%.
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Figure 4. Canopy Densities for North Coastal Zone forest areas (a) JCBNP,
(b) Ngezi, (c) Pugu and (d) Kazimzumbwi coastal forest reserves.

The study revealed that within closed forest patches there were anthropogenic
activities which contributed to existance of open canopy areas. The level of hu-
man activities in the Pugu and Kazimzumbwi forests were higher to the extent of
degenerating the status of forest reserve under protection. Activities such
charcoal making, quarry of stones and timber felling and sawing were witnessed
for three or more days in the same location (Plate 1). These activities contri-
buted to severe degradation of the Kazimzumbwi forest in which large amount
of forest disturbances were found compared to Pugu. Few areas within Pugu and
Kazimuzumbwi which were still intact and supplied ecosystem services such as
edible fruits, water, wetlands and watershed areas, good habitat for wildlife and
amelioration of climate (Plate 2).

3.2. Distribution of AGB and Relative Carbon Stocks

3.2.1. Species-Wise Distribution of AGB and Relative Carbon Stocks
Each forest has distinct tree species in the enumerated plots both in Zanzibar

and Tanzania mainland except for Bersama abyssinica which occured in Pugu
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and Kazimuzumbwi (Table 2). Tree species in Ngezi and JCBNP had higher
AGB and carbon stocks than species in Pugu and Kazimuzumbwi reflecting
higher canopy density and less disturbance from anthropogenic activities in the
former than the later. Overall, Bombax rhodognaphala in Ngezi produced the
highest tAGB and carbon stock of all the sampled tree species in the four forests.
Both above ground biomass and carbon stocks corresponded to cannopy density
whereby forest with higher cannopy density had corresponding higher above

ground biomass and carbon stocks.

Table 2. Distribution of AGB and relative carbon stocks in percentage for various species
in JCBNP, Ngezi, Pugu and Kazimzumbwi coastal forest reserves.

. % of total
L Biomass Carbon stock i
Forest name Scientific name Common name trees biomass
(tAGB/ha) (tC/ha)

stocks
Calophyllum inophyllum  Mtondoo 694 340 31
Vitex doniana Mfuu 472 231 21
Elaeis guineensis Mchikichi 348 170 16
JCBNP
Pandanus rabaiensis Msariaka 182 89 8
Ficus lutea Mlangawa 119 58 5
Others Various 398 195 18
Bombax rhodognaphala ~ Msufi mwitu 1099 538 18
Antiaris toxicaria Mgulele 703 345 11
Quassia undulata Mjoho 626 306 10
Ngezi
Mangifera indica Muembe 476 233 7
Erythrophleum suavoelensMwavi/Mbaraka ~ 309.9 151.8 6
Remaining Various 2966.7 1452.7 48
Hymenocardia ulmoides Mtete 90.9 44.5 25
Dialium holstii Mtebeti 66.2 324 18
o Mgomba
Ozorioa insigns kil 26.4 12.9 7
Pugu ango
Bersama abyssinica Mpopoma 24.5 12 7
Diospyros sp. Mnaki 17.7 8.7 5
remaining Various 138.3 67.7 38
Pteleopsis myrtifolia Mgovu 20 9.8 18
Bersama abyssinica Mpopoma 19.8 9.7 18
Rourea orientalis Mhimbo 18.4 9 17
Kazimuzumbwi
Senna siamea Mkenge maji 7.1 3.4 7
Afzelia quazensis Mkongo 6.1 3 6
Remaining Various 36.8 17.9 34
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Plate 1. Represented by photos 1 - 8 are anthropogenic activities around Pugu and Ka-
zimzumbwi Forest Reserves at Kisarawe. Photol is a platform for pit sawing of logs in
Pugu forest; photo 2 is preparation ground for charcoal making at Kazimzumbwi forest;
photo 3 The surveyor team member witnessing transportation of charcoal from Kazim-
zumbwi forest; photo 4 quarry stones mining is going on at Pugu forest; photo 5 fuel-
wood from Pugu forest ready for transportation; photo 6 show forest fire incidence
burning forest vegetation at Kazimzumbwi forest; photo 7 remnant of animal kill left be-
hind by hunters at Pugu forest; and photo 8 forest fires intruding forest patches having
big trees around Pugu forest.

Plate 2. Represented by photos 1 - 6 PKFR still has many forest goods and services justi-
fying for the conservation programme. Photo 1 scene of healthy forest patches within
Pugu forest; photo 2 edible wild fruits within Kazimzumbwi forest; photo 3 remained
forest patch having straight trunk trees around Pugu forest; photo 4 beauty scene of
closed patch of woods around Pugu forest; photo 5 closed canopy scene around Pugu
forest; and photo 6 water catchment around Kazimzumbwi forest.
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3.2.2. Distribution of AGB and Relative Carbon Stocks Per DBH Classes

The above ground biomass and carbon stock in JCBNP was normally distributed
in the forest with highest biomass accumulations in six classes of DBH at middle,
from 35 to 59.9 cm. These six DBH classes in the distribution contained about
60% of the total biomass in JCBNP forest. No biomass was found between 85
and 99.9 cm DBH classes, but the study found existence of biomass above 100
cm DBH. In Ngezi forest, biomass was distributed in all DBH classes. There were
three peaks with the highest values being found between 85 and above 100 cm
which accumulated 38.59% of the total biomass. Other peaks were found at the
30 - 34.9 cm DBH class which accumulated 32.04% of the biomass and the 70 -
74.9 cm DBH class accumulating 29.37% of the total biomass in the forest

(Figure 5).
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Figure 5. Distribution of AGB and carbon in individual DBH Classes (a) JCBNP, (b)
Ngezi, (c) Pugu and (d) Kazimzumbwi coastal forest reserves.
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The topmost above ground biomass and carbon stock in Pugu were found at
25 - 29.9 cm DBH class which attained 79.45 tAGB equivalent to 38.9 tC/ha
(Figure 5). The DBH classes of 35 - 39.9 cm, 30 - 34.9 cm and 15 - 19.9 cm ac-
cumulated 18.5%, 15.5% and 12.2% of the total biomass respectively. There were
no tree species that qualified to be in the DBH classes from 40 - 44.9 cm to >60
cm in this forest (Figure 5). Similar pattern was observed in Kazimzumbwi for-
est, in which there were no tree species for DBH classes of 45 - 49.9 cm, 50 - 54.9
cm and 260 cm. However, during the survey we found stumps with the DBH
classes between 40 and 60 cm indicating anthropogenic activities as the driver
for the disappearance of higher DBH classes in Pugu and Kazimzumbwi forests.

Higher biomass values in Kazimzumbwi were also found at lower DBH
classes, peaking at the low DBH class of 25 - 29.9 cm with accumulated 24 tAGB
equivalent to 11.7 tC/ha of the total biomass. DBH classes of 15 - 19.9 c¢cm, 30 -
34.9 cm and 20 - 24.9 cm accumulated 15.0%, 13.3% and 13.0% of the total bio-
mass respectively. The DBH class of 45 - 49.9 cm contained about the lowest
biomass of 1.9 tAGB equivalent to 0.9 tC/ha of the total biomass (Figure 5).

4. Discussions

JCBNP and Ngezi forest are formed with higher canopy density than Pugu and
Kazimzumbwi forests. JCBNP forest had the highest density (63%), followed by
Ngezi (46%), Pugu (26%) and Kazimzumbwi (16%). About 44% of the JCBNP
forest, equivalent to 316 ha, was covered by class 5, i.e. 81% - 100%. About 571
ha, which is 30% of the total area of Ngezi forest, was covered by class 4 (61% -
80%). In Ngezi forests, most plots close to roads, settlements and water bodies
are characterized by more open canopy cover than interior plots. Thus JCBNP
forest cover consist of more uniform trees and specific spacing, having higher
crown cover than in Ngezi, Pugu and Kazimzumbwi forests in which trees are
found mostly in less disturbed forest patches. During the survey, the researcher
was informed by station incharge of JCBNP that the forest was planted to fill
gaps mostly with Callophyllum inophylum in the 1980s after heavy clear-felling
between 1942 and 1950.

Pugu and Kazimzumbwi are charicterized by more open canopy densities
(CD) as indicated by higher percentages of lower and medium canopy classes.
However, Pugu had higher CCD than Kazimzumbwi. The coverage of lower ca-
nopy density for the total closed forest patches at Pugu FR accounted to 35% or
490 ha of the forest area. The Pugu FR was, characterized by medium canopy
density classes 2 and 3 ((21% - 60% of CD) which accounted to 60% of the forest
area (840 ha). Kazimzumbwi FR was dominated by lower canopy density which
covered 64% of the total forest area (1750 ha). The canopy density consisted of
lower to medium forest thickets interrupted with a few closed canopy trees that
are distributed at distance in forest land due to continuous forest destruction
which include forest harvesting, hunting, stones quaries, charcoaling and other

human activities.

DOI: 10.4236/0jf.2021.111004

57 Open Journal of Forestry


https://doi.org/10.4236/ojf.2021.111004

I. H. Hassan, M. V. Mdemu

The study found that Pugu and Kazimzumbwi forests of Kisarawe are more
threatened by the presence of anthropogenic activities than in JCBNP and Ngezi
of Zanzibar Islands. The activities were the main drivers of deforestation and
open canopy density scenes in both forests and as result, important plant and
animal species in the forests have disappeared and suggested that Degraded for-
est areas with lower canopy densities change the surroundings air humidity,
temperature and soil moisture, resulting in less natural floral and faunal organ-
isms seeking refuge in the forest area (Jennings et al., 1999). In the absence of
additional anthropogenic activities, these degraded areas may follow an alterna-
tive succession pathway, being dominated by lianas or palms and remain in a
low-canopy state for many years (Schnitzer et al., 2000).

Regarding biomass accrual, Ngezi forest was found to have higher accumula-
tion of biomass above ground (138 t/ha) than forests in JCBNP (124 tAGB/ha),
Pugu (18.14 tAGB/ha) and Kazimzumbwi (4.36 tAGB/ha). The differences in
biomass distributions between study sites are well demonstrated. The results for
biomass accumulation in Ngezi and JCBNP are in good agreement with the
woody biomass survey study conducted in Zanzibar in 2013. The woody biomass
suvey report show that JCBNP and Ngezi contain more than 100 t/ha biomass an
indication of higher mean carbon stocks possession than other coastal forests
ecosystems such as Arabuko-Sokoke in Kenya with 58 - 94 tC/ha (Julia, 2008;
Kashaigili et al., 2013) and Kitulangalo forest reserve with 16.5 tC/ha (Malimbwi
et al., 1994). The higher carbon stocks in Zanzibar forests were a reflection of
higher conservation protocols under national parks (JCBNP) and nature reserves
(Ngezi).

The obtained mean AGB and carbon stock for Pugu (18.14 AGB t/ha and 9
Ct/ha) and Kazimzumbwi (4.36 AGB t/ha and 2.14 Ct/ha) forests were close to
values reported in Kashaigili et al. (2013). These results in Pugu and Kazim-
zumbwi forests show lower mean carbon stocks than the 58 - 94 tC/ha for Ara-
buko-Sokoke Coastal Forest of Kenya (Julia, 2008; Kashaigili et al., 2013), 20.5 -
43.6 tC/ha for Zanzibar coastal forests (RGZ, 2013), and 16.5 tC/ha for Kitulan-
galo forest reserve (Malimbwi et al., 1994). The lower carbon stocks in PKFR is
linked to significant anthropogenic activities in the forests while low carbon
densities were attributed to decline in area under closed forest in the two forest
reserves (Kashaigili et al., 2013).

The study found that about 60% and 47% of total carbon stocks in Kazim-
zumbwi and Pugu FR are distributed among five species (Figure 5). This implies
that the rest of the species had little contribution to the biomass in the forests
due to degradation (Kashaigili et al., 2013). The low percentage of carbon stock
(0.1%) found in Meliciaexcelsa, Julbernadia globiflora, Tamarindus indica and
Grewia bicolor in Kazimzumbwi forest reserve suggested that people opted and
targeted to cut existing specific tree species for various purposes. Selective cut-
ting of specific or matured trees left out few stunted and genetically poor indi-

viduals and contributed to population decline (Lyaruu et al., 2000). The top five
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species in Ngezi and JCBNP accumulated 52% and 82% respectively of the total
biomass. The accumulated biomass was dominated by few planted species of

Callophyllum inophylum.

5. Conclusion

Ngezi and JCBNP forests were found to have higher canopy density and biomass
accumulation. However, during the inventories, the signs of some disturbances
due to anthropogenic activities were observed. The Pugu and Kazimzumbwi fo-
rests are extremely degraded by anthropogenic related activities. The degrada-
tion contributed to the disappearance of important tree species that determine
the structural composition and biomass of PKFR. As a result, lower biomass and
carbon stocks were recorded for these forests. Persitent anthropogenic activities
will potentially further deter the forests™ ability to provide ecosystem services
and goods to the surrounding communities and the forest will disappear faster.
Weak enforcement of forest protection measures due to inadequate human, fi-
nancial and material resources plays the major contribution to the curent exist-
ing levels of forest degradation. If rehabilitated and effectively protected, both
Pugu and Kazimzumbwi forests represent a viable potential to increase canopy
density, biomass and carbon stocks and other ecosystem services. Therefore
immediate conservation efforts such as preparation and implementation of for-
est protection enforcement plan and restoration of vegetation, are needed to se-

cure these important remaining coastal forests patches in the zone.

Acknowledgements

This research was supported by a NORAD funded research programme: Climate
Change Impacts, Adaptation and Mitigation (CCIAM) of the Sokoine University
of Agriculture through Analysis of the Impacts of Urban Land Use and Climate

Change on Coastal Forest Eco-system and Management research project.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this

paper.

References

Brodribb, T. J, Powers, J., Cochard, H., & Choat, B. (2020). Hanging by a Thread? Forests
and Drought. Science, 368, 261-266. https://doi.org/10.1126/science.aat7631

Gizachew, B., Rizzi, J., Shirima, D. D., & Zahabu, E. (2020). Deforestation and Connectiv-
ity among Protected Areas of Tanzania. Forests, 11, 1-16.
https://doi.org/10.3390/f11020170

Harrison, L., Funk, C., McNally, A., Shukla, S., & Husak, G. (2019). Pacific Sea Surface
Temperature Linkages with Tanzania’s Multi-Season Drying Trends. International Jour-
nal of Climatology, 39, 3057-3075.

Hassan, I. H., Mdemu, M. V., Shemdoe, R. S., & Stordal, F. (2014). Drought Pattern along
the Coastal Forest Zone of Tanzania. Atmospheric and Climate Sciences, 4, 369-384.

DOI: 10.4236/0jf.2021.111004

59 Open Journal of Forestry


https://doi.org/10.4236/ojf.2021.111004
https://doi.org/10.1126/science.aat7631
https://doi.org/10.3390/f11020170

I. H. Hassan, M. V. Mdemu

https://doi.org/10.4236/acs.2014.43037

Jennings, S. B., Brown, N. D., & Sheil, D. (1999). Assessing Forest Canopies and Understory
Ilumination; Canopy Closure, Canopy Cover and Other Measures. Forestry, 72, 59-74.
https://doi.org/10.1093/forestry/72.1.59

Julia, G. (2008). Carbon Storage and Emissions Offset Potential in an African Dry Forest,
the Arabuko-Sokoke Forest, Kenya. Environmental Monitoring Assessment, 142, 85-95.
https://doi.org/10.1007/s10661-007-9910-0

Kashaigili, J. J., Mdemu, M. V., Nduganda, A. R., & Mbilinyi B. P. (2013). Integrated As-
sessment of Forest Cover Change and Above-Ground Carbon Stock in Pugu and Ka-
zimzumbwi Forest Reserves, Tanzania. Advances in Remote Sensing, 2, 1-9.
https://doi.org/10.4236/ars.2013.21001

Kideghesho, J. R. (2015). Realities on Deforestation in Tanzania-Trends, Drivers, Implica-
tions and the Way Forward. Agriculture and Bioloical Sciences, Precious Forests-Precious
Earth. https://doi.org/10.5772/61002

Lyaruu, H. V., Eliapenda, S., & Backéus, I. (2000). Floristic, Structural and Seed Bank Di-
versity of a Dry Afromontane Forest at Mafai, Central Tanzania. Journal of Biodiversity
and Conservation, 9, 241-263. https://doi.org/10.1023/A:1008954526896

MacDicken, K.G. (1997). A Guide to Monitoring Carbon Storage in Forestry and Agro-
forestry Projects. Arlington, VA: Winrock International Institute for Agricultural De-
velopment. Forest Carbon Monitoring Program.

Malimbwi, R. E., Solberg, B. & Luoga, E., (1994). Estimate of Biomass and Volume in
Miombo Woodland at Kitulangalo Forest Reserve, Tanzania. Journal of Tropical Forest
Science, 7,230-242.

Mkonda, M. Y., & He, X. (2018). Climate Variability and Crop Yields Synergies in Tan-
zania’s Semiarid Agroecological Zone. Ecosystem Health and Sustainability, 4, 59-72.
https://doi.org/10.1080/20964129.2018.1459868

Munishi, P. K. T., & Shear, T. (2004). Carbon Storage of Two Afromontane Rain Forests

in the Eastern Arc Mountains of Tanzania. Journal of Tropical Forest, 16,78-93.

NAFORMA (2015). National Forest Resources Monitoring and Assessment of Tanzania
Mainland. Ministry of Natural Resources and Tourism, Tanzania. Ministry for Foreign
Affairs of Finland & Food and Agriculture Organisation of the United Nations, 106 p.

RGZ (2013). Zanzibar Woody Biomass Survey, Biophysical Inventory Report. INDUFOR:
6917 Preparedness for REDD+ Phase (ID 46538), October 21, 2013.

Schnitzer, S. A., J. W. Dalling, & Carson, W. P. (2000). The Impact of Lianas on Tree Re-
generation in Tropical Forests Canopy Gaps: Evidence for an Alternative Pathway of
Gapphase Regeneration. Journal of Ecology, 88, 655-666.
https://doi.org/10.1046/j.1365-2745.2000.00489.x

Sewando, P.T., Mutabazi, K.D., & Mdoe, N.Y.S (2016). Vulnerability of Agro-Pastoral
Farmers to Climate Risks in Northern and Central Tanzania. Development Studies Re-
search, 3, 11-24. https://doi.org/10.1080/21665095.2016.1238311

Zahabu, E. (2008). Sinks and Sources: A Strategy to Involve Forest Communities in Tan-
zania in Global Climate Policy. Dissertation to Obtain the Degree of Doctor at the
University of Twente, the Netherlands.

Zhang, Q., Shao, M., Jia, X., & Wei, X. (2017). Relationship of Climatic and Forest Factors
to Drought- and Heat-Induced Tree Mortality. PLoS ONE, 12, €0169770.
https://doi.org/10.1371/journal.pone.0169770

DOI: 10.4236/0jf.2021.111004

60 Open Journal of Forestry


https://doi.org/10.4236/ojf.2021.111004
https://doi.org/10.4236/acs.2014.43037
https://doi.org/10.1093/forestry/72.1.59
https://doi.org/10.1007/s10661-007-9910-0
https://doi.org/10.4236/ars.2013.21001
https://doi.org/10.5772/61002
https://doi.org/10.1023/A:1008954526896
https://doi.org/10.1080/20964129.2018.1459868
https://doi.org/10.1046/j.1365-2745.2000.00489.x
https://doi.org/10.1080/21665095.2016.1238311
https://doi.org/10.1371/journal.pone.0169770

	The Status of Canopy Density and above Ground Biomass along the Northern Coastal Forest Zone of Tanzania
	Abstract
	Keywords
	1. Introduction
	2. Methods 
	2.1. Site Description
	2.2. Methodology
	2.2.1. Approach and Sampling Design
	2.2.2. Data Analysis


	3. Results
	3.1. Canopy Density 
	3.2. Distribution of AGB and Relative Carbon Stocks
	3.2.1. Species-Wise Distribution of AGB and Relative Carbon Stocks
	3.2.2. Distribution of AGB and Relative Carbon Stocks Per DBH Classes


	4. Discussions
	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

