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Abstract 

The Eastern Arc and Coastal forests of Tanzania are biodiversity hotspots, centres of 

endemism, and highest priority ecosystems for biodiversity conservation worldwide. But, 

their floristic similarity and species diversity gradients over geographical distances and 

longitudinal locations, respectively, are poorly understood. Thus, this study investigates the 

relationship between floristic similarity and geographical distances, as well as species 

diversity and longitudinal locations among the forests. A total of 37 inventories from the 

Eastern Arc and Coastal forests of Tanzania were selected based on inventories with 

minimum diameter at breast height (DBH) ≥ 10cm), and identification of trees done at 

species level. The floristic similarity was determined using the Sørensen’s similarity 

coefficient. The Pearson correlation test was used to study differences between floristic 

similarities and geographical distances, as well as species diversity and longitudinal 

location. The findings revealed three clusters of forests assembled due to their geographical 

proximity. The correlation between geographical distances and floristic similarities revealed 

a significant negative association (n = 528, R
2
 = 0.1821, p < 0.001), while species diversity 

and longitudinal location of forests had a significant positive correlation (n = 37, R
2
 = 

0.5401, P < 0.05). The results suggest that high environmental heterogeneity across the 

forests should be well thought-out in their management plans to uphold their values.  
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1. Introduction 

The Eastern Arc and Coastal forests of Tanzania run along the coastline region of the 

country, including Zanzibar (Myers et al., 2000). Generally, the term ‘Eastern Arc’ 

describes the forest-capped prehistoric crystalline mountains of south-east Kenya and 

eastern Tanzania (Lovett, 1985), while ‘Coastal forests’ refer to a chain of forests and 

thicket patches set within savannah, woodland and agricultural land, which stretch from 

Southern Somalia to Southern Mozambique (White, 1983). The two ecosystems are under 

the influence of the Indian Ocean climatic regime, and thus comprise foreseeable local 

climate (Lovett, 1985). The Eastern Arc and Coastal forests are known to be biodiversity 

hotspots for conservation priorities as they harbor at least 1,500 endemic plant species 

found nowhere else in the globe, and about 121 endemic vertebrates and over 333 

globally threatened species (ICBP, 1992; Strattersfield et al., 1998; Mittermeier et al., 

1998; 2004; Myers et al., 2000). All this information shows the extreme biological 

importance of the Eastern Arc and Coastal forests in global terms. Despite of their 
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importance, the Eastern Arc and Coastal forests are among the world ecosystems that 

face most urgent threat in terms of potential species extinction (Ricketts et al., 2005). The 

utmost threats to habitat in the region include fragmentation, agricultural encroachment, 

timber extraction and charcoal production (Newmark, 2002). Increased anthropogenic 

activities threaten the biodiversity value of the ecosystems and their existence, and thus 

a prioritization for conservation. 

 

Globally, floristic analyses are valuable for recognizing spatial patterns in plant diversity 

and composition, and when pooled with environmental variables such as soil fertility and 

geographical gradients, can offer significant data on the processes that uphold the high 

levels of tree species diversity in tropical forests. In that outlook, floristic analyses have 

just received substantial attention in forest studies (Terborgh & Abdresen, 1998; Ter 

Steege et al., 2000; Wittman et al., 2006; Silva et al., 2011). Many studies done in the 

Amazonian forests describe the geographical variation in floristic composition and tree 

species diversity based on associations among floristic parameters at diverse sites, and 

on environmental variables like soil fertility and precipitation (Gentry, 1988; Leigh, 1999; 

Ter Steege et al., 2000; Pitman et al., 2002). Other studies use ancient and evolutionary 

expositions to clarify variations in tree species composition (Mori, 1991; Prance 1994; 

Oliveira & Daly, 1999). The use of relations between environmental factors and floristic 

diversity patterns is challenging due to variations of precipitations (Junk et al., 1989) and 

soil fertility (Furch & Klinge, 1989). 

   

Some efforts to determine patterns of tree species composition and diversity in various 

forest ecosystems in the globe have emphasized on the determination of floristic similarity 

and diversity gradients (Ter Steege et al., 2000; Condit et al., 2000, 2002; Pitman et al., 2001; 

Tuomisto et al., 2003; Wittmann et al., 2006; Silva et al., 2011). In Eastern Africa, particularly 

in the Eastern Arc and Coastal forests, no such kind of study has been undertaken. Instead, 

many studies undertaken in the Eastern Arc and Coastal forests of Tanzania have focused 

on assessing floristic composition, diversity, and anthropogenic activities on biodiversity 

(Burgess & Clarke, 2000; Ahrends, 2005; Temu & Andrew, 2008; Burgess et al., 2007; Kacholi 

et al., 2015). Therefore, this study aims to investigate: (1) how floristic similarity changes 

over geographical distance; and (2) whether species diversity gradient exists along 

longitudinal variations of the selected forests within the region. The study hypothesizes 

that floristic similarity and geographical distance are inversely related, while species 

diversity and longitudinal location are directly related. To achieve the two goals, this study 

uses tree species inventory data collected from 37 locations within the Eastern Arc and 

Coastal forests of Tanzania to investigate the patterns. 

 

2. Materials and Methods 

2.1 Study Sites and Climate 

This study used secondary data from a total of 37 forest inventories compiled by different 

authors across the Eastern arc and Coastal forests of Tanzania (Table 1). The selected 

inventories cover an area of 188,411ha, which are distributed over 2 regions (Morogoro 

and Tanga) along the coastline of Tanzania (Fig. 1). 74.3% of the selected inventories are 

from Morogoro region, while the remaining 25.7% are from Tanga region.  
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Table 1: References and site features of tree inventories 

 

Both regions experience oceanic climate due to proximity to the Indian Ocean; with 

bimodal rainfall regime: the long and short rainy seasons lasting from March to May and 

October to December, respectively. The study chose only inventories that met the 

benchmarks of a minimum DBH of 10cm, list of trees present in the forests, and 

identification of trees at species level. 

Reference Forest Reserve Region Latitude 

/Longitude 

Richness Diversity 

Beharrell et al., 2002 Nilo Tanga 04⁰50’S/38⁰37’E 126 4.83 

Bracebridge and Sallu, 2004 Mahenge Scarp Morogoro 08⁰37’S/36⁰42’E 78 4.15 

Cunneywothy &  

Stublefield, 1996 

Mlungui Tanga 05⁰00’S/38⁰42’E 51 3.92 

Doggart et al., 1999 Kwamgumi Tanga 04⁰55’S/38⁰44’E 129 4.86 

Doody et al., 2001a Mpanga Tanga 04⁰47’S/38⁰47’E 60 4.09 

Doody et al., 2001b Amani Tanga 05⁰04’S/38⁰30’E 124 4.82 

Hall et al., 2002 Mlinga Tanga 05⁰04’S/38⁰44’E 106 4.66 

Jenkins&Roettcher,2001 Nambinga Morogoro 08⁰44’S/36⁰27’E 74 3.94 

Kacholi et al., 2015 Kimboza Morogoro 07⁰00’S/37⁰48’E 93 3.40 

Kacholi et al., 2015 Kilengwe Morogoro 07⁰29’S/37⁰32’E 52 4.02 

Kacholi et al., 2015 Kisego Morogoro 06⁰59’S/37⁰47’E 21 2.50 

Kacholi et al., 2015 Milawilila Morogoro 06⁰58’S/37⁰45’E 20 2.62 

Kacholi et al., 2015 Nemele Morogoro 07⁰11’S/37⁰46’E 19 2.76 

Kacholi et al., 2015 Ngambaula Morogoro 06⁰58’S/37⁰45’E 17 2.60 

Kacholi et al., 2015 Gunauye Morogoro 06⁰58’S/37⁰50’E 22 2.80 

Malimbwi et al., 2005 Dindili Morogoro 06⁰42’S/37⁰37’E 21 2.78 

Malimbwi et al., 2005 Dunduma Morogoro 06⁰10’S/37⁰37’E 13 2.16 

Malimbwi et al., 2005 Mindu Morogoro 06⁰50’S/37⁰35’E 8 1.70 

Malimbwi et al., 2005 Kanga Morogoro 05⁰33’S/37⁰40’ 

E 

28 2.99 

Malimbwi et al., 2005 Kilengwe Morogoro 07⁰30’S/37⁰28’E 25 4.01 

Malimbwi et al., 2005 Kimboza Morogoro 06⁰59’S/37⁰47’E 28 3.40 

Malimbwi et al., 2005 Kitulangalo Morogoro 06⁰39’S/37⁰57’E 18 2.17 

Malimbwi et al., 2005 Lubalanzi Morogoro 07⁰17’S/37⁰40’ 

E 

33 3.09 

Malimbwi et al., 2005 Pangawe East Morogoro 06⁰49’S/37⁰48’E 21 2.68 

Malimbwi et al., 2005 Pangawe West Morogoro 06⁰49’S/37⁰46’E 12 1.79 

Malimbwi et al., 2005 Ruvu Morogoro 06⁰53’S/37⁰49’E 28 3.06 

Malimbwi et al., 2005 Mkulanzi Morogoro 06⁰57’S/38⁰05’E 66 3.51 

Malimbwi et al., 2005 Mkindo Morogoro 06⁰12’S/37⁰28’E 29 2.99 

Malimbwi et al., 2005 Mlilingwa (N) Morogoro 06⁰40’S/37⁰50’E 40 3.24 

Malimbwi et al., 2005 Mvuha Morogoro 07⁰13’S/37⁰51’E 27 2.73 

Malimbwi et al., 2005 Nongeni Morogoro 06⁰49’S/37⁰43’E 27 1.88 

Malimbwi et al., 2005 Vigoregore Morogoro 07⁰60’S/37⁰52’E 22 2.64 

Malimbwi et al., 2005 Nguru South (L) Morogoro 06⁰09’S/37⁰28’E 26 2.96 

Malimbwi et al., 2005 Nguru ya Ndege Morogoro 06⁰41’S/37⁰35’E 27 2.92 

Marshall, 2008 Magombera Morogoro 07⁰55’S/37⁰03’E 83 4.42 

Salter et al., 2002a Bombo East (I) Tanga 04⁰48’S/38⁰42’E 59 4.82 

Salter et al., 2002b Bombo East (II) Tanga 04⁰43’S/38⁰39’E 47 3.52 
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Figure 1: Map Showing the Location of the Forest Reserves 

 

2.2 Data Analysis 

The floristic similarity between forest pairs was determined using Sørensen’s similarity 

coefficient (equation 1), whereby a multivariate agglomerative clustering technique using 

the Ward’s linkage was carried out using the Community Analysis Package version IV (CAP 

IV) software (Seaby & Henderson, 2006). The geographical distance between forest pairs 

was obtained by means of the online distance calculator (available at http://www.movable-

type.co.uk/scripts/latlong.html), using latitude and longitude points. The species diversity 

was calculated using the Shannon-Wiener diversity index (equation 2). The Pearson 

correlation test was used to determine the influence of geographical distance on floristic 

similarity and longitudinal location on species diversity among the forests. 

http://www.movable-type.co.uk/scripts/latlong.html
http://www.movable-type.co.uk/scripts/latlong.html
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Similarity coefficient =
2𝐶

𝑆𝑎 + 𝑆𝑏

                                                 (1) 

Whereby C refers to the number of common species among the forest pair; while 

𝑆𝑎   𝑎𝑛𝑑 𝑆𝑏 represent the number of species present in forest ‘a’ and ‘b’, respectively. 

𝐻′ =   − ∑   𝑃𝑖  𝐼𝑛𝑃𝑖

𝑠 

𝑖=1

                                                                       (2) 

Where, 𝐻′ is the Shannon-Wiener index, 𝑆 is the species richness, and 𝑃𝑖  is 

proportional individuals in the 𝑖th species in a forest. 

 

3. Results 

3.1 Floristic Similarity and Geographical Distance 

The Sørensen coefficients of species similarity ranged from 0.00 to 0.59 (Fig. 2). The 

higher coefficient was between Nilo and Amani (0.59), followed by Bombo East (I) and 

Bombo East (II) (0.58), Nemele and Milawilila (0.55), Kimboza and Kilengwe (0.54), 

Kitulangalo and Pangawe West (0.53), Mlilingwa and Mkulanzi (0.53), Amani and Mlinga 

(0.51), Mlilingwa and Nguru ya Ndege (0.51), while the remaining forest pairs had floristic 

similarity coefficients of less than 0.50.  

 

Dissimilarity 

 

 

Figure 2: Dendrogram Constructed from Sørensen Coefficients of Similarity Based on Species 

Composition in the Selected Eastern Arc and Coastal Forests. 

1 

2 

3 



 David Sylvester Kacholi 

 

The distance between forest pairs varied widely from a minimum of 3.7km between 

Pangawe East and Pangawe West, to a maximum of 509.2km between Nambinga and 

Mpanga forest. Basically, the cluster analysis grouped the 37 inventories into three major 

clusters. The distance between forest pairs in cluster one varied from a minimum of 

10.8km between Bombo East (I) and Bombo East (II), to a maximum of 508.4km between 

Nambinga and Bombo East (II). The distance variation in cluster two ranged from a 

minimum of 5.1km between Milawilila and Ngambaula, to a maximum of 346.1km 

between Mlungui and Vigoregore forest; while in cluster three the distance ranged from 

a minimum of 3.7km between Pangawe East and Pangawe West, to a maximum of 

117.1km between Dindili and Kitulangalo forest reserve.  

 

The Pearson correlation test (Fig. 3) revealed a significant negative association (n = 528, 

R
2

 = 0.1821, p < 0.001) between geographical distance and floristic similarity. 

 

Figure 3: Relationship between Floristic Similarity and Geographical Distance 

among Forest Pairs  

 

3.2 Species Diversity and Longitudinal Location of Forests 

The Shannon-Wiener diversity indices (Table 1) of the studied forests ranged from 1.70 

at Mindu forest reserve to 4.86 at Kwamgumi forest reserve. The relationship between 

the Shannon-Wiener diversity indices and longitudinal locations of the forests revealed a 

significant positive association (n = 37, R
2

 = 0.5401, P < 0.05), signifying a trend of 

increasing species diversity from western to eastern (Fig. 4). 

R² = 0.1821
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Figure 4: Shannon-Wiener Diversity Index and Longitudinal Location of the Forests 

 

 

4. Discussion 

The cluster analysis informs that the forests are basically grouped into three clusters based 

on geographical proximity. For instance, in cluster one, Bombo East (I) and Bombo East (II) 

located 10.8km apart, shared 58%; Nilo and Amani forest located 45.2km shared 59%; and 

Amani and Mlinga located 25.8km shared 51% of their species. In cluster two, among the 

closer located forest pairs are Nemele and Milawilila (located 24km), which shared 55% of 

their species; and Kilengwe and Kimboza forests located 62km apart, which shared 54%. In 

cluster three, Kitulangalo and Pangawe West forests located 27.5km shared 53%, Mlilingwa 

and Mkulanzi forests located 42km shared 53%, and Mlilingwa and Nguru ya Ndege forests 

located 28km shared 51% of their species. These findings are lower when compared with 

Silva et al. (2011), who found closer forests sharing more than 70% of their species in Central 

Amazon, Brazil.  

 

The observed trend in the cluster analysis was confirmed by the Pearson correlation test, 

which showed a significant negative exponential relationship between geographical 

distances and floristic similarities. This relationship signifies that the shorter the 

geographical distance between forest pairs, the more similar the forest pairs are in terms 

of floristic composition. The observed pattern confirms the study hypothesis that 

floristic similarity is inversely proportional with geographical distance. This study finding 

also conforms to the neutral theory: that between-site floristic similarity decreases with 

increasing geographical distance due to spatially limited dispersal (Condit et al., 2002). 

Other studies such as Coronado et al. (2009), Terborgh and Andersen (1998), Tuomisto 

et al. (2003) and Phillips et al. (2003): all offer evidence that floristic variation is well 

explained by environmental heterogeneity and geographical distance. The observed 

inverse relationship has also been reported by Tuomisto et al. (2003), Slik et al. (2003) 

and Silva et al. (2011) in their studies. Though environmental factors were not studied 
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in the present work, they could be the possible factors for the observed trend as different 

studies (e.g., Slik et al., 2003; Bohlman et al., 2008) reported that edaphic factors, 

especially soil type and nutrient availability, are the most important variables for species 

distribution and abundance patterns among forests. When forest pairs are adjacent, the 

more comparable are environmental factors, hence similar floristic composition as 

compared to distant forest pairs (Barrantes & Sandoval, 2009). The variations in species 

adaptation abilities to different edaphic factors (Gentry, 1988), dispersal limitation 

(Hubbell, 2001; Condit et al., 2002), herbivory and competition (Tuomisto & 

Ruokolainen, 2005), play a significant role in influencing spatial variation in floristic 

composition too.  

 

However, it was also noticed that some forests were clustered together regardless of their 

geographical proximity. For instance, the Nambinga and Bombo East (II) forest pair, 

though assembled together in cluster 2, are spatially distant (508.4km) as compared to 

the remaining forest pairs in the same cluster. Also, the Milawilila and Ngambaula forests 

are geographically close, just about 5.1km apart, but had low similarity of 27%. These 

reversals from the observed general trend correspond to the forests with dissimilar/ 

similar environmental factors regardless of their distances (Philips et al., 2003; Tuomisto 

et al., 2003). Consequently, local environmental heterogeneity could explain well the 

observed low similarities within and between the formed groups (Gilbert & Lechowicz 

2004; Tuomisto & Ruokolainen, 2005).  

 

Tree species diversity in the studied forests increased from western to eastern. The 

opposite of this was observed in Brazil, whereby diversity increased with longitude from 

eastern to western Amazonia (Wittman et al., 2006). This observation supports the finding 

on geographical distance explained before, because when longitude increases the 

geographical distance increases too, which in one way or another creates increased 

environmental heterogeneity (Conorado et al., 2009) that consequently increases species 

diversity. This result concludes the study hypothesis that species diversity is directly 

proportional to longitudinal locations. 

 

5. Conclusion and Recommendation 

The study revealed that floristic similarity among forest pairs and geographical distance 

are inversely associated, which infers that the more closely forest pairs are, the higher 

floristic similarity among the pairs. Also, the study observed species diversity and 

longitudinal locations to be directly related, whereby the gradient of increasing species 

diversity was from west-to-east. The findings suggest that geographical distance and 

longitudinal distance were the contributing factors for floristic similarity and species 

diversity differences between the studied forests, respectively. Therefore, the study 

recommends that future floristic studies should focus on other environmental factors 

such as soil type and fertility across forests for the purpose of understanding mechanisms 

that bring about and uphold species composition in forests. 
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