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Abstract 

Global efforts to mitigate climate change are focused on the protection and restoration of forest 

carbon. These efforts do not only hold promise for climate protection but also other benefits 

including conservation of biodiversity, the majority of which is sheltered in the forest. These 

include actions to combat climate change and land degradation and actions to halt biodiversity 

loss through sustainable forest management. However, the challenge remains as to what extent 

forest conservation that optimizes carbon storage will conserve biodiversity. Understanding 

synergies between climate change mitigation and biodiversity conservation could be the basis 

for attaining sustainable development goals. Library catalogues and public database for studies 

that included carbon stock and biodiversity co-benefits/relationships in tropical forests were 

searched and included in a review. This review reveals that forest conservation for carbon is 

showing promising results for biodiversity in undisturbed/relatively disturbed tropical forest 

ecosystems. However, some areas with high biodiversity but low carbon may not benefit from 

carbon-based conservation. Given the tropical ecosystem dynamics, it is important to generate 

more data based on a specific ecosystem to ascertain the level of this co-benefit. This review 

forms the basis for considering biodiversity conservation in carbon-based conservation 

planning. 
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Background 

Carbon sequestration and biodiversity 

conservation are among the crucial 

environmental benefit of the forests. 

Additionally, they are also at the forefront of 

scientific policy and discussion (Grassi et al. 

2017). Worldwide forest stores 80% of the 

above-ground carbon (Dixon 1994, Goodale 

et al. 2002, Santoro et al. 2021, IPCC 2018), 

but also provide habitat for vertebrate and 

invertebrate animals (Lindermayer and 

Franklin 2002, FAO 2018). As a result, 

thoughtful efforts are ongoing to protect 

forests and restore degraded forests, 

particularly in the tropics. This is supported 

by the fact that tropical ecosystems are well 

known for their ability to provide ecosystem 

services such as carbon sequestration, but 

also, they are among the most biodiverse 

terrestrial habitats in the world (Lewis 2009). 

Therefore, the importance of understanding 

relationships between carbon stock and 

biodiversity in the tropical forest ecosystems 

is being addressed. These efforts are not only 

to reduce carbon dioxide accumulation in the 

atmosphere but also to conserve biodiversity, 

the majority of which is harbored in tropical 

forests (Lewis 2006, Anderson-Teixeira, 

2018).  

Reducing Emissions from Deforestation 

and Forest Degradation plus (REDD+) is 

among the efforts where billions of dollars 

have been invested in the United Nation’s 

programme (Grassi et al. 2017). The “plus” 

denotes extra climate-protecting forest-

related actions, such as sustainable forest 
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management and the preservation and 

enhancement of forest carbon stores. 

Developing nations that reduce deforestation 

are eligible to earn results-based payments 

for their emission reductions under the 

framework of these REDD+ programmes. In 

addition, programme consists of five sets of 

activities namely: reducing emissions from 

deforestation, reducing emissions from forest 

degradation, conserving (existing) forest 

carbon stocks, managing forests sustainably, 

and increasing forest carbon stocks (for 

example by planting and regeneration on 

formerly forested land) (UNFCCC 2010). 

With this set of activities, the initiative offers 

developing nations incentives to reduce their 

emissions while preserving carbon stocks and 

other co-benefits like biodiversity 

preservation and promote development 

(Ghazoul et al. 2010; Strassburg et al. 2012). 

Even though this is good news for tropical 

forest conservation, it is not certain if forest 

conservation that enhances carbon storage 

will support the conservation and protection 

of biological diversity. The discovery of such 

synergies between climate change mitigation 

and biodiversity conservation could be basic 

for attaining sustainable development goals 

13 and 15. These goals encampus actions to 

combat climate change and land degradation 

and actions to halt biodiversity loss through 

sustainable forest management (UNFCCC 

2015; SDG 2015). 

Correspondingly, an understanding of the 

extent to which efforts based on carbon 

conservation may support biodiversity may 

provide useful insight that may guide further 

research management and recommendations. 

This may also inform policy makers on 

proper objective formulation for climate 

mitigation and biodiversity conservation. 

Furthermore, given the limited funds 

available, multi-objective planning of 

considering carbon and biodiversity in a 

single framework of analysis is the best way 

to increase the efficiency of such limited 

resources for both climate mitigation and 

biodiversity conservation (Venter et al. 2009; 

Thomas et al. 2013). 

Several studies from tropical forest 

ecosystems, have used different taxa to 

evaluate the extent to which biodiversity may 

benefit from carbon conservation efforts. 

Taxa used in these studies are taxonomically 

well known and are good indicators of 

environmental changes. These taxa include 

small mammals, birds, beetles, amphibians, 

plants, butterfly, ants, wasp and their 

parasitoids (for example Basham et al. 2016, 

De Beenouwer et al. 2016, Mandal et al 2013, 

Cavanaugh et al. 2014, Kessler et al. 2012, 

Martin et al 2017). Relationships between the 

diversity of different taxa and carbon stock 

have been analysed at the landscape, 

continental and global levels. This is 

emanating partly from the ecological theory 

by Wright (1983), which demonstrated that 

there is a positive relationship between 

carbon and abundance of animals. Based on 

Wright’s ecological theory, a positive 

correlation between carbon and the 

abundance and diversity of animals may 

exist, as both could be related to primary 

productivity (Wright 1983). Among the 

suggested mechanism is that primary 

producers are directly linked to carbon 

stocking and carbon fluxes. This is evident 

because plants utilize atmospheric carbon 

dioxide during the process of photosynthesis 

and enhancing carbon cycle components. As 

a result, increased primary productivity may 

encourage the abundance of consumers, 

which could account for higher species 

richness since species abundance can achieve 

a sizeable viable population and community 

tenacity (Srivastava and Lawton, 1998).  

Numerous experimental research have 

provided evidence in favour of the theory 

(Cardinale et al. 2012, Vilà  et al. 2013, Ruiz-

Benito et al. 2014, Liang et al. 2016, 

Manhaes et al. 2016). These experimental 

studies have reported that, higher plant 

diversity can promote productivity and hence 

biomass. This is attained through the 

mechanism of niche partitioning and species 

interaction which further allows diverse 

communities to exploit resources more 

efficiently. 

This review focuses on potential of tropical 

forest ecosystems for both carbon stocking 

and biodiversity conservation. Also, it aimed 

at understanding when and where carbon 
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optimization effectively protects biodiversity, 

but also to guide maximization of carbon 

storage alongside biodiversity conservation. 

The available patterns of the relationship 

between carbon stocks and biodiversity were 

also scrutinized on the level of congruency 

and carbon conservation benefit on 

biodiversity. The knowledge gaps on the 

linkage between carbon stock and 

biodiversity are also highlighted. 

 

Methodology  

     A systematic review of previous tropical 

forest studies which met inclusion criteria 

was carried out. Google scholar search engine 

was the main scientific database used to 

identify relevant publications on carbon stock 

and biodiversity co-benefit which were 

previously conducted in tropical forests.  The 

search was conducted and studies were 

filtered to studies from tropical forest 

ecosystems. Therefore, studies from other 

tropical ecosystems which are not forest as 

well as other forest ecosystems which are not 

tropical were excluded. The review process 

considered works that were published from 

1997 to august 2023. The work published 

since 1997 were considered because, it was 

the year when REDD style project was 

initiated by Noel Kempff Mercado climate 

action project. It was in the same year when 

the seeds for REDD were planted under Land 

Use Land Use Change and Forestry 

(LULUCF) and removed in 2003. Later in 

2005, REDD was back into the agenda until 

in 2008 when the concept to broaden REDD 

to REDD+ so that it includes conservation, 

sustainable management of forest and 

enhancement of forest carbon stock was 

made (Holloway and Giandomenico 2009). 

Despite the fact that REDD+ was launched in 

2013, several studies (including Saha et al. 

2009; Egoh et al. 2009; Strassburg et al. 

2010; Sharma et al 2010; Hooper et al. 2012) 

were reported before REDD+ was launched, 

hence played great role in advocacy of 

REDD+. It should also be noted that, this 

review was not limited to studies reported 

under REDD+ activities, rather it included all 

studies reporting about carbon stock and 

biodiversity which met inclusion criteria.    

Peer-reviewed articles, international reports, 

books, proceeding documents and letters 

were searched using the keywords “carbon 

stock”, “biodiversity”, “soil organic carbon”, 

“above ground carbon”, “carbon biodiversity 

co-benefit”, carbon stock and biodiversity 

relationship, “carbon and species 

diversity/abundance/richness”. The search 

was limited by restricting retrieval to 

ecosystem services mentioning carbon stock. 

Articles that report species diversity, 

abundance and richness in relation to carbon 

stock were also retrieved. Publications 

written in English language were considered 

in this review. After a thorough screening of 

the abstract using the titles, 180 articles were 

selected for review. From the read abstract it 

yielded 54 publications for full review. The 

inclusion criteria included all publications 

reporting about carbon biodiversity co-

benefit, the relationship or correlation 

between carbon stock and biodiversity in 

terms of species richness, abundance and 

diversity which are based in tropical forest 

ecosystems. 

 

Results 

Positive relationship between carbon and 

biodiversity in tropical forests 

     Tropical forests are well known for their 

ability to host a high level of biological 

diversity and their crucial role in balancing 

greenhouse gases through carbon storage 

(Myers et al. 2000, Houghton 2005, Gardener 

et al. 2012). Studies at the global and 

continental level are suggesting that 

conservation of tropical forests may curb 

greenhouse gases and at the same time 

safeguard biodiversity. A study involving 

tropical forest in America, Africa and Asia 

reported that, the above ground carbon 

correlated positively with both taxonomic 

diversity and functional dominance (r = 0.62. 

p = 0.001; Cavanaugh et al. 2014) and 

between species richness and carbon stock (r 

= 0.82, p = 0.001; Strassburg et al. 2010). 

Both studies differed significantly on the 

methods used in data collection. Strassburg et 

al. 2010 ultilised available dataset of the 

distribution of mammals, birds and amphibia 

in tropical forests. The carbon dataset was 
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obtained from IPCC (Intergovernmental 

Panel for Climate Change) good governance 

and practice guidance (Eggleston et al. 2006) 

On the other hand, Cavanaugh et al. 2014 

obtained data from TEAM network. The 

methodologies and course of analysis might 

have masked fine scale variations in 

congruency between carbon and biodiversity. 

Other tropical studies by Hooper et al. (2012) 

and Grassi et al. (2017) have revealed a 

positive relationship between plant species 

richness, plant productivity and carbon cycle 

components. Similarly, studies by Poorter et 

al. (2016) and Liang et al. (2016) have 

reported that higher tree species richness 

support higher productivity as a result of 

accumulating higher tree carbon.  Poorter et 

al. (2016) and Liang et al. (2016) regarded 

tree diversity as a factor influencing 

productivity and carbon storage. Studies at 

global and continental level are challenged in 

the sense that they can only provide limited 

insight to carbon biodiversity co-benefit.  In 

order to understand the implications of such 

heterogeneity on the relationship between 

carbon and biodiversity, studies at national 

and subnational level are more relevant. 

     At subnational level, it was revealed that 

there was a positive relationship between 

plant species diversity and carbon stock in 

southern eastern Tanzania (McNicol et al. 

2018). However lower biomass areas were 

also diverse, implying that carbon-based 

conservation would fail to include important 

areas for conservation (McNicol et al. 2018). 

In Colombia, Armenteras et al. (2015) 

reported a positive relationship between 

carbon storage and biodiversity (amphibians, 

birds and mammals) at the national level, 

with the highest congruency between 

amphibian’s species richness and carbon 

storage (r = 0.67, p = 0.001), but relatively 

lower congruency between bird species 

richness and carbon stock (r = 0.43, p = 

0.001). In the subtropical forest of 

Gutianshan National Reserve in Southeast 

China, Liu et al. (2018) reported that plant 

species-rich stands had higher below and 

above carbon stock when compared to stands 

with low species richness. Liu and the team 

further insisted that afforestation policies 

elsewhere should focus on multispecies 

plantations to increase carbon stock. This was 

supported by the niche complementarity 

hypothesis coined by Tilman et al. 1997, 

accordingly species richness promotes 

resource use and nutrient retention as a result 

permitting larger carbon stocks in an area 

(Williams et al. 2017). Amara et al. 2019, 

reported a moderate positive relationship 

between above-ground carbon and tree 

species richness (r = 0.475, p < 0.001) and 

Shannon diversity index (r = 0.375, p < 0.05)  

in humid savanna landscapes in northern 

Sierra Leone. Furthermore, Amara et al. 

(2019) observed that there was a weak 

relationship between above-ground carbon 

and soil organic carbon (r = 0.17, p < 0.05), 

moderate relationship was reported between 

tree species  richness and above ground 

carbon (r = 0.475, p =  0.001) and Shannon 

diversity index and above ground carbon (r = 

0.375, p < 0.05). Likewise, a review by van 

der Sande et al. 2017 aimed at integration of 

approaches to enhance insight into the role of 

biodiversity in climate change mitigation, 

suggested that, higher tree species richness 

support higher productivity as a result of 

accumulating higher tree carbon. van der 

Sande et al. (2017) considered tree diversity 

as a factor influencing productivity and 

carbon storage. Likewise, a study by 

Dayamba et al. (2016) in Burkina Faso, 

reported a weak positive relationship but 

significant between tree species diversity and 

above and below-ground carbon pools (r = 

0.469 p < 0.0001 and r= 0.575 p< 0.0001 

respectively. Similarly, Shannon diversity 

was positively correlated to above ground 

and below ground biomass r=0.283, p = 

0.027 and r = 0.583, p  = 0.0001 respectively 

(Dayamba et al. 2016). In a community forest 

in Nepal, Aryal et al. 2018, revealed a 

positive relationship between soil carbon and 

diversity and density of trees (r = 0.344, 

p=0.062 and r = 0.205, p=0.000 respectively). 

Likewise, a positive significant relationship 

between mean soil carbon and density of 

species, endemic and threatened taxa of 

plants was reported in the Virunga landscape 

and Federal District of Brazil (Sheil et al. 

2016). This implies that conserving soil 
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carbon-rich habitats can conserve 

biodiversity as well. In a study to reconcile 

biodiversity and carbon stock conservation in 

Afrotropical Forest landscape, positive 

relationship for leaf lichens and tree species 

richness was revealed (Van de Perre et al. 

2018).  Likewise, a positive relationship 

between carbon stock and plant species 

diversity was reported in a regenerating 

preserved tropical landscape in southern 

Brazil (Capellesso et al. 2021). This supports 

the importance of considering regeneration as 

an alternative to increase carbon stocks and 

biodiversity in carbon-based conservation 

plans (Capellesso et al. 2021) 

     The impact of disturbance on carbon and 

biodiversity in tropical forest ecosystems are 

evident. However, some disturbed areas such 

as those affected by selective logging can 

have high tree carbon stock, this is due to the 

fact that, selective logging tend to leave trees 

which are unpreferred for timber to grow to 

large diameter at breast height (DBH) 

(Mwambala et al. 2023). It is expected that, 

trees with large DBH values stock high 

amount of carbon (Chave et al. 2003, Bastin 

et al 2015). Yet the effects of such 

disturbances on biodiversity are alarming 

(Hegerl et al 2017, Mwambala et al. 2019). A 

study by Mwambala et al. (2019) reported 

that abundance of carabid beetles was 

positively correlated with soil organic carbon 

stock in control sites in Uzungwa Scarp 

Nature Forest Reserve (USNFR), Tanzania. 

This suggests that the relatively undisturbed 

forest can support both biodiversity and 

carbon stocks. In another study by 

Mwambala et al. (2023) it was revealed that 

tree carbon stock had a weak positive 

relationship with carabid beetle’s species 

diversity in USNFR. Similarly, Egoh, et al. 

(2009) reported a positive but low correlation 

between carbon storage and plant species 

richness in South Africa. They concluded that 

efforts to conserve ecosystem services such 

as carbon may also strengthen biodiversity 

occasionally. This calls for multi-objectives 

to protect both carbon and biodiversity.  

     A study by Ferreira et al. (2018) reported 

that in anthropogenically disturbed areas, 

low-biomass forests, carbon is a good proxy 

for biodiversity (i.e. birds, dung beetles, 

small mammals and plants). However, the 

relationship becomes weak when biomass 

reaches approximately 100 MgC ha-1 

equivalent to 60% of the typical biomass of 

an intact forest. This suggests that carbon 

projects targeting the restoration of highly 

disturbed landscapes would deliver 

commensurable biodiversity co-benefit, 

although both would be low when compared 

to intact forests (Ferreira et al. 2018).  

     In disturbed and regenerating ecosystems 

studies have reported contrasting results on 

the relationship between carbon and 

biodiversity, thus providing different 

conclusions regarding carbon biodiversity co-

benefits. A study by Basham et al. (2016) 

found a positive relationship between 

vegetation carbon stock and amphibian 

species richness and abundance in disturbed 

regenerating forests; however, the authors 

mentioned that regenerating forests and the 

relatively undisturbed natural forest were in a 

very close proximity of which they might 

have led to the observed positive relationship. 

Through their study they suggested that 

carbon-based funding which support 

regrowth of forest can also conserve 

biodiversity of amphibians. Like-wise, 

Edwards et al. (2014) reported a positive 

relationship between vegetation carbon stock 

and dung beetles and birds in a disturbed 

regenerating natural forest in Borneo. 

Similarly, in Indian western Ghats dominated 

by human habitat, Osuri et al. (2020) reported 

a positive relationship between tree diversity 

and above ground carbon. This is due to the 

fact that, anthropogenic activities that 

influenced species loss consistently reduced 

carbon storage capacity of the landscape.  

Negative relationship between carbon and 

biodiversity in tropical forest 

     The negative relationships between carbon 

and biodiversity have been reported by 

several studies using different taxa. Majority 

of which are emanating from 

anthropogenically disturbed habitat or areas 

with history of disturbance or least cost areas. 

For example, Siikamäki and Newbold (2012) 

have reported limited geographical overlap 

between carbon retention and biodiversity 
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conservation in least cost areas. Furthermore, 

studies on carbon-biodiversity relationship 

are reported at global and continental level 

(Strassburg et al. 2010: Cavanaugh et al. 

2014: Beaudrot et al 2016). However, given 

the heterogeneity level of the scale at which 

conclusions are made, and the fact that many 

tropical forests face local disturbances such 

as fire, logging and hunting, for instance in 

USNFR and Brazilian state of Para forest 

(Beaudrot et al. 2016, Barlow et al. 2016, 

Ferreira et al. 2018). Since some of the 

disturbances reported could be source of such 

variations, it is important to focus on specific 

ecosystems and its own disturbances (Gibson 

et al. 2011, Lewis et al. 2015). Siikamaki and 

Newbold (2012) considered carbon and 

biodiversity relationship at continental level, 

the results could be reported at finer scale and 

provide insightful information if could be 

done at national or subnational level (Ferreira 

et al 2018, Mwambala et al 2019). 

     A study by Anderson-Teixeira, (2018) 

suggested that carbon conservation project 

targeting the high carbon forest would fail to 

safeguard the most diverse forests. Likewise, 

in human inhabited areas studies by (Filqisthi 

and Kaswanto, 2017) and (Zimudzi and 

Chapano, 2016) reported lack of relationships 

between tree species diversity and carbon 

stocks for Pekarangan home gardens in West 

Java, Indonesia and Ngomakurira Mountain, 

Zimbabwe, respectively. Correspondingly, in 

a community forest in Nepal, Aryal et al. 

(2018), revealed a negative relationship 

between total carbon and both tree diversity 

and density (r = -0.6, p=0.000 and r = -0.318, 

p = 0.086 respectively). Similar observation 

was revealed in a village landscape of 

Cisadane watershade in west Java, Indonesia 

which was affected by human activities, 

where plant species richness and diversity 

index were negatively correlated to carbon 

stock (r = -0.81, p = 0.3 and r = -0.16, p = 0.1 

respectively) (Sunardi et al. 2020). Likewise, 

a negative relationship was observed between 

carabid beetles’ abundance and tree carbon 

stock in USNFR (r = 0.61, p = 0.2) 

(Mwambala et al. 2023). Similarly, Grainger 

et al. (2009) reported that, conservation for 

biomass does not entail conservation for 

biodiversity, due to the fact that forests are 

dynamic. This demand for the need to 

understand where and when carbon 

optimisation protects biodiversity, also to 

develop guidance for protection of 

biodiversity and carbon storage in parallel 

(Phelps et al. 2012, Gardner et al. 2012).  

     In naturally regenerating subtropical 

forests with native trees it was observed that 

tree species diversity was negatively 

correlated to carbon (r = -0.25, p = 0.05), 

implying that forests with higher tree species 

diversity had relatively lower carbon stock 

(Sharma et al. 2010). The situation might be 

attributed by the fact that, regenerating 

natural forest might have high tree species 

diversity but low carbon stock due to the low 

DBH size of many tree stems during 

regeneration process. A study by Mwambala 

et al. (2019) reported that abundance of 

ground beetles and soil organic carbon stock 

were negatively correlated in areas affected 

by anthropogenic activities such as selective 

logging in the USNFR. Likewise, the above 

ground carbon was negatively related to 

slime molds in Afrotropical Forest in Congo 

(Van de Perre et al. 2018). 

Lack of relationship between carbon and 

biodiversity in tropical forests  

     Studies by Sullivan et al. (2017) and 

Morandi et al. (2020) reported a lack of 

relationship between carbon stock and tree 

diversity in tropical forests of South America 

and Africa, suggesting that, carbon centered 

conservation plans will certainly miss many 

highly diverse ecosystems. Similarly, 

Beaudrot et al. (2016) in a study on limited 

carbon and biodiversity co-benefits for 

tropical forest mammals and birds, found out 

that carbon storage was not a potential 

predictor for any of the diversity measures. 

Data on mammals and birds were collected 

during dry season only using camera traps 

which did not cover the entire study site 

(Beaudrot et al. 2016). This is due to the fact 

that, the camera traps were set at a density of 

one camera trap per 2 square kilometers, 

which might have effect on the species 

richness. The authors further insisted that 

prioritizing for carbon will not necessarily 

meet biodiversity conservation for ground 
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dwelling endotherms (Beaudrot et al. 2016). 

The same author further argued that, 

conservation planning that will take into 

account both endotherm diversity and carbon 

will benefit both. 

     In a characteristic human modified 

landscape in Southeast Asia, Deere et al. 

(2018), reported lack of association between 

carbon and species richness of medium-large 

mammals. Likewise, lack of relationship was 

reported between the above ground carbon 

and species richness of fungi, bark lichens, 

flies, ants, rodents and shrews in Afrotropical 

Forest in Congo (Van de Perre et al. 2018). 

The lack of relationship between carbon 

stock and biodiversity have been noted in 

many studies which involved consumers and 

decomposer. The consumers and 

decomposers are less related to primary 

productivity compared to plants. 

Nevertheless, their diversity is a result of 

plant consumption and distribution of 

resources (Groner and Novoplansky 2013: 

Sobral et al 2017). Moreover, a lack of 

relationship between carbon and biodiversity 

in disturbed sites can suggest that disturbance 

leads to blurred or lack of association. 

Disturbance can affect both biodiversity and 

carbon in tandem. However, the manner in 

which biodiversity is affected is dependent on 

the taxon and nature of disturbances 

(Mwambala et al. 2023). Therefore, in order 

to maximise carbon stock alongside 

biodiversity conservation, tropical forest must 

be protected from disturbance. 

Carbon and biodiversity relationship in 

tropical agroforestry ecosystems  

     Agroforestry ecosystems are considered as 

a typical land sharing strategy where 

biodiversity and agriculture co-occur (Phalan 

et al. 2011, Fischer et al. 2014). Agroforest 

practices have been adapted as the way to 

reconcile biodiversity and food security and 

deliver other ecosystem services in many 

tropical landscape, due increased demand for 

food as a result of human population growth 

(Gardner et al. 2009, Perfecto et al 2014). 

Nevertheless, agroforestry ecosystems are 

expected to conserve less number of species 

compared to natural forests, therefore, the 

number of ecosystem services are expected to 

be lower (Cardinale et al., 2012; Naeem et al, 

2012, Gascon et al. 2015). This is due to the 

fact that, natural forests are exceptional with 

regard to biodiversity conservation Gibson et 

al 2011. Despite the lower ecosystem services 

and a smaller number of species in 

agroforestry ecosystems, the relationship 

between carbon stock and biodiversity have 

been reported to be positive and, in some 

ecosystems, it was wanting.  

Positive relationship between carbon stock 

and biodiversity in agroforestry ecosystems 

     In coffee farming in Ethiopian moist 

montane forest, a co-benefits in terms of 

carbon storage and wood plant species 

conservation was reported (r = 0.69, p = 

0.001) in a study by De Beenhouwer et al. 

(2016). The study further demonstrated that 

widespread coffee farming in Ethiopian moist 

afromontane forest can provide crucial co-

benefit in terms of wood plant species 

diversity and carbon. Likewise, in parkland 

agroforestry system in northern Ethiopia 

(Gebrewahid and Meressa 2020) reported a 

weak linear weak correlation between tree 

species evenness and above ground carbon. 

In Kalabakan Forest reserve which was under 

conversion to oil palm in Malaysia, Deer et 

al. (2018) reported a positive relationship 

between carbon and threatened and 

disturbance sensitive mammal species. This 

informed that REDD+ activities in kalabakan 

forest could be valuable to most species 

which are vulnerable to land use change 

     In agroforestry ecosystems involving four 

practices such as woodlots, parkland, 

boundary plantation and home gardens it was 

reported that tree abundance was significantly 

correlated to total biomass carbon stock. 

Likewise soil organic carbon (SOC) at a 

depth from 0-60 cm was significantly 

positively correlated to tree diversity 

(Manaye et al. 2021). Similarly, Saha et al. 

(2009) reported that in agroforestry 

ecosystems involving home gardens soil 

organic carbon stock at a depth from 0-100 

cm was directly related to plant diversity, 

implying that home gardens with higher plant 

species diversity had higher soil organic 

carbon. In cacao agroforestry ecosystem of 

Sulawesi Indonesia, it was reported that 
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carbon stocks had a strong positive 

relationship with tree diversity (r =  0.82, p < 

0.05) (Sari et al. 2020). 

Lack of relationship between carbon stock 

and biodiversity in tropical agroforestry 

ecosystems 

      In Ethiopian highlands agroforestry 

ecosystems, it was reported that, ground 

beetles were not correlating with carbon 

stock (De Beenhouwer et al. 2016). Despite 

the fact that agroforestry ecosystems were 

reported to stock a reasonable amount of 

carbon, management intensity have  

negatively affected both carbon stock and 

wood plant diversity and abundance of 

beetles (De Beenhouwer et al. 2016). 

Likewise, in cacao agroforest that has 

replaced the former natural forest in Sulawesi 

India, Kessler et al. (2012) found that, there 

was no significant link between carbon stock 

and diversity of four groups of plants and 

eight animals species. Consequently, the 

author reported a significant loss of plant and 

animal species related to forest which depend 

much on the presence of natural forest. In 

agroforestry and pasture in Panama, it was 

reported that there was no direct relationship 

between tree diversity and carbon storage 

(Kirby and Potvin 2007). 

    In northern Ethiopian parkland 

agroforestry, it was revealed that tree species 

evenness, Simpson index and Shannon 

wiener index had no significant relationship 

to total tree carbon (Gebrewahid and 

Meressa, 2020). Similar observations were 

reported in Pekarangan complex agroforestry 

ecosystem in watershed in Indonesia (Choliq 

and Kaswanto, 2017; Filqisth and Kaswanto 

2017). Likewise in agroforestry ecosystems 

involving four practices i.e. woodlots, 

parkland, boundary plantation and home 

gardens, biomass components were not 

significantly correlated with tree diversity 

(Manaye et al. 2021). In this review, positive 

correlation between carbon and biodiversity 

constituted high number of reported studies. 

However, lack of correlation results were also 

reported. This can be attributed to by 

different factors such as the context of the 

landscape, nature of the forest and 

anthropogenic disturbances which may create 

heterogeneity of the landscape (Cavanaugh et 

al. 2014, Poorter et al. 2016) 

     In agroforestry systems which are based in 

the tropics, majority of the reviewed results 

show lack of potential relationship between 

carbon and biodiversity. However, the results 

also reveal that agroforestry ecosystems can 

stock a reasonable amount of carbon but 

cannot support biodiversity of specialist 

species which requires certain specific habitat 

conditions. This had led to lack of 

relationship between carbon stocks and 

biodiversity. This was evident in agroforestry 

ecosystems with intensified management 

practices when compared to least managed 

agroforestry ecosystems. The latter, stock a 

reasonable amount of carbon and supported 

biodiversity of generalist species which do 

not require specific habitat. This implies that, 

for agroforestry ecosystems to support both 

carbon and biodiversity, management 

intensity should be kept as minimal as 

possible. 

 

Conclusion and Recommendations 

     For the vast majority of tropical 

ecosystems, this review has shown a positive 

link between carbon and biodiversity. 

Roughly half of the assessed publications 

reported a positive correlation between 

biodiversity and carbon. 40.7% of the 51% 

came from forests, while almost 11% came 

from agroforestry. This lends credence to the 

idea that carbon and biodiversity coexist in 

most tropical ecosystems. Some exceptions 

have been noted where some ecosystems 

stock low carbon yet are rich in biodiversity, 

leading to lack and negative relationships 

(25% and 22.2% respectively) between 

carbon and biodiversity. This imply that 

carbon-based conservation efforts should 

include the ecosystems with low carbon stock 

in order to safeguard biodiversity. 

Furthermore, regenerating tropical forests are 

potential for carbon and biodiversity co-

benefit if the temporal scale is considered, 

thus carbon-based conservation efforts can 

pursue biodiversity in these ecosystems. In 

most disturbed areas, carbon and biodiversity 

were negatively/not correlated when 

compared to relatively undisturbed forests. 
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Therefore, maximizing carbon stock 

alongside biodiversity can only be feasible if 

disturbance is kept minimal or totally 

restricted in tropical forests. Long term 

studies on carbon and biodiversity co-benefit 

are scarce in most of the reported research 

especially on animal taxa are based on single 

season of data collection. Given ecosystems 

dynamic and seasonal variations of majority 

of animal taxa it is important to have long 

term studies covering both seasons to 

understand when and where the co-benefit 

exist. There is also a need to carryout carbon 

inventory studies on both above ground and 

below ground including soil organic carbon 

which is less studied in most tropical 

ecosystems. Since the reviewed studies 

varied in methodologies on carbon and 

biodiversity measurement, there is need to 

design effective and standardised methods for 

carbon and biodiversity assessments. This 

will help to come up with reliable results to 

inform policymakers and other stakeholders. 

The relationship between biodiversity and 

carbon stocks varies in natural, planted, 

disturbed, managed forests and agroforests. 

This variation can also be attributed by scale 

of analysis, taxa in consideration and the 

measure of biodiversity used. Also, given the 

fact that considerable portion of carbon is 

found in soil and plant roots, further research 

should focus on the relationship between soil 

carbon and biodiversity, specifically the 

ground dwelling taxa.  
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