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.\b tr t 

and o r hange r lat d to b th anthropog nic activity and natural cau e i taking plac 

in"ariably at different um p riod , pace and magnitude and with diver e biophysical 

implication on the ariou land cover type a well a on biodiv r ity. Thi study in e tigated 

th p rcentageandext ntoflandcoverchangeacros allmajorlandco ertype ata ub tof71 

Important Bird Area in E tern Africa over a 20-year period u ing remotely sen ed data. At 

regional level, during the tudy period, broad land cover change trends show a dramatic decline 

in natural habitats such a fore t hrub lands, berbaceou and flooded vegetation. The decline in 

natural land cover types and a concomitant increase in the percentage of modified and converted 

land cover type point to the fact that natural habitat were converted or modified into 

anthropog nic and inten ively managed land cover and land u es types uch a agriculture 

plantation crop natural agricultural mosaic and urban area . Population density at the site 

aried b tween 9 and 2, 70 I per on per sq.km with the latter as ociated with sit in proximity to 

urban centre . Population den ity around IBA was not a significant correlate of extent and rate 

of land co cr change within lBA for all land co er type except that it lightly contributed to 

change in hrub land. Out id IBA population density wa , a wa xpccted the mo t 

ignificant factor driving urban expan ion probably manife ted by the conver ion of natural 

habitats to urban land cape. Agriculture wa the mo t ignificant correlate of land cover change 

dri ing the ob erved change in all fore ts, open fore t/woodlands hrub land and 

herbaceou /gras lands. ft \! a not ignificant for the re t of the land cover typ . Regarding land 

co er change outside IBA agricultural extent wa the mo t ignificant factor in natural­

agricultural mosaic, herbaceou gra stand and urban land cover changes. The impact of legal 

protection and ite peci fie pa t conservation intervention was asse sed. Protection wa not a 
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ignifi ant fact r in r du ing land CO\er typ apart from pen dland habitat . \i orking 

upport Group ( G ) to impl ment p cific con ervation interventi n did not 

tran lat into r du d land over chang at lB aero all land co er type apart from hrub 

land. How er, whether thi could be attributed to the maller amp! iz of the u cd in 

thi tudy and the honer period orne of th G ha e been in exi tence requires further 

a e ment ith larger sample ite with a longer hi tory of engagement. All fore and 

gr land lB were identified as the key biodiver ity ites mo t vulnerable to increased rate 

of del teriou land cover change as a re ult of agricultural expan ion and int n ification and 

human population den ity. It i · recommended that urg nt mea ure be put in place to impro e 

efti cti e managem nt of protected area to increase their ability to con erve biodiver ity. Effort 

hould al o be expended toward preventing deleterious land cover change out ide key 

biodi ersi ty ite through u tainable land u e sy tern and environmental friendly d velopment 

initiati e . Thi will reduce the effect of fragmentation and edge effects and promote the 

con ervation of biodi er ity within the urrounding agricultural and human dominated and 

m dified landscape . Tbi tudy repre ent a prototype tecbnjquc that can be applied to lBAs 

cl e\ here. 
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H p . :I. 'TR D 

l.l. Back round to th tud. 

1.1.1. Land cover change 

Exten i e land degradation and detrimental habitat change continu ro incr a e in many part of 

the world Lindenmayer e/ at., 2002) with increa ing documentation of thi lo and degradation 

from a range of habitats e.g. Goriup 19 ; Mo er et a/., 199 · P- BD 200 I · ei t and 

Lambin 2 02· Millington et a/., 2003 · Wade et a/., 2003). The pace magnitude and patial 

breadth at which global biodi er ity is changing is unprecedented (Pimm et. a!., 1995) the mo t 

important driver of thi change being land conver ion climate change pollution un ustainable 

harve ting of narural re ource and the introduction of exotic pecie ( ala et at., 2000). 

According to Milne 19 ), change i tyhe alteration in the urface components of the egetation 

cover. Eco yem are continou ly changing and the change can either be dramatic and/or abrupt 

(e.g as exemplified by fire or ubtle and/or gradual (Coppin et a/., 2004). Anthropogenic land 

co er change , whether direct (e.g. deforestation agricultural expan ion or indirect (e.g. 

anthropogenic climate change) is th greatest threat to biodi er ity (Brook eta/., 2002; BirdLife 

International 2004· 2008) and the e have accelerated natural background extinction rat (Pimm 

et a/., 1995 . Human activitie are altering the terre trial environment at unprecedented rates 

magnitud and patial cale (Turner et a!. , 1994) ucb that the current rate extent and 

inten itie of land cover and land u e change are far greater than ever in history driving 

unprecedented changes in eco ystern and en ironrnental proce es at the local r gional and 

global cale. 



Th \ rid 1 a con tantly and un r di tab! changtng plac and land o er change i dnv n by 

ario muhipl factor ith r operating mgly or oil cttv ly at different t mpor I and patial 

cale . ariou thr at op rat diffi rently and the impact th y ha e on th rate of land co er 

change may al o ary igniticantly aero region , countrie , habitat type and in time. The 

threa to biodi ersity occur in ariou fom1 including direct and indirect underlying factor . 

1.1.2. orrelate ofl nd cover change: Human population 

Population dynamic ha e been known to affect biodi cr ity in powerful and often detrimental 

way . The lo in biocli er ity ha been linked to the exponential rat of growth in human 

population Gehrt 1996; Maurer 1996· Balmford eta/. , 200lb; Harcourt and park 2003). The 

c mbination of increa ing human numbers and increa ed con umption together with human land u e 

pattern are changing the plan ton a scale and with a peed that is unprecedented. Thu population 

ha in tum exerted great pres ure on natural re ource owing to increased demand for food land 

for ettlement \: ater energy and other re ources (Lori 2000). tudies Balm rd el a/., 2 Ola b; 

Luck 1 a/., 2 4 have hown th exi ting congruence between pecic richnc and human 

population den ity and that pecie richne for many taxonomic group i often higbe t in area 

with high human population den ity HPD). Thi th refore mean that if population density 

related factors ar to drive biodi er ity lo s the impact would be felt more where specie 

richne i high. 

Studie ha e been conducted to examine the relation hip between human population density and 

biodi e ity change Luck 2007 . Con idering that human population is predicted to rise to 

between 8 and 10 billion by 2050 Lutz et a/. , 2001; PO 2003) its impact on land cover 

change and biodiver ity con ervation i a major i ue that r quire constant monitoring. 
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1. J. . orr I at of land cov r han ricultural inten ity 

It 1 \ idel. rec gni d that change in agricultural land u e and int n ity i an imp rtant driver of 

b10div rsity lo m d el ping countrie ala et al.. 20 0) and the gen rat effe t of the 

con r ion to agriculture of natural habitat in th tropic ar well under tood Donald 20 4· 

harlemann et a/., 2004). However agricultural acti itie al o occur at arying inten itie , 

which then ha e arying level of impact on land cover change and biodiver ity lo Donald et 

a/., 2001· reen eta/., 2005· Reid rna eta/., 2006· Buchanan eta/., 2009). For example the area 

of cropland has increased globally between 4.- and 5 time from I 700 to 1990 (i.e. from an 

00 million ha in 1700 to 1500-1800 million ha in 1990 and a 50% net increa e 

ju t in the twentieth century (Lambin et a/., 2003 . There i therefore need to in e tigate and 

document th impact of the varying lc el of agricultural int n itie adjacent key bi di er ity 

ite on land co er change within the e ite in order to adjust conservation approache planning 

and make better and more cffecti c choic . 

1.1.4. Inter entions at ariou cal 

K y biodi er ity ite uch a Important Bird Areas (IBA ha e experienced ad er e land co er 

change with a concomitant impact on pecie . IBA are ite of international ignificance for U1c 

conservation of bird and other biodiver ity recognized worldwide a practical tool for 

con ervation. IBA are identified u ing internationally agreed, standard obj ctive, quantitativ 

and cientifically defi n ible crit ria applied with common en e. They are di tinct area 

amenable for practical c n ervation and are part of a wider int grated approach to con ervation 

and u tainable u e that embrace ite pecie , habitats and people. They are elected becau e 

they hold a) bird specie that are threatened with extinction (b) bird that have highly re tricted 
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di LnbutJOn c) p c1e a em !age ' charact ri tic of particular bi me and/ or d) 

exceptionally large num of congregatory bird p cie (Fi hpool and E an 2 I). 

The lo in land o r and b1odi er ity ha attracted much attention a demon trated b ariou 

effort at local, national regional and global le el to re er e current tr nd in deleterious land 

co er change and biodi er ity los . or example primary conservation intervention include the 

de ignation of cornprehcnsi e networks of protected areas pecies management environmental 

education and awar ne and law and policy interventions (Brook , et al. 2009). A part of site-

ba ed land and water con ervation intervention worldwide designation of protected areas ba 

been considered a very important mecbani m to protect biodiversity and prevent biocli er ity loss 

from deleteriou human activities. A a result there exist a very comprehen ive network of 

150,000 protected area worldwide covering a total of 12.7% of the world s land area and 7.2% 

of it oa tal water sea ( tati tic Division, 20 II) and international forums have set target 

for the global coverage of protected areas with respect to the global land urface IU 1993) 
, 

which has been re i ed and agreed by the State Parties of the Convention on Biological Di ersity 

to increase from 12% targct etin 1992 to 17%underCOP10 by2020(CBD 2010. However 

de pite tbi extent and compreben i e coverage of protected areas biodiversity i till declining 

du to inadequate management of exi ting site and gaps in coverage (UN tati tic Divi ion, 

201 1 ). Protected areas are designated to prevent biodi er ity Io yet there i con iderable 

uncertainty and controver y over the impacts and effectivene s of protected area (Nel on and 

C homitz, 2009) and ery few well de igned e aluations (Ferraro and Pattanayak 2006 . A few 

as e sments ha e been conducted focu ing on certain habitat types (e.g. deforestation epstad et 

al., 2006; Brook et a/., 2009; elson and Cbomitz, 2009). As es ing tbe impact and 
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effectivene of ite pr t ctt n m pr nting del t rious land cover chang th refor though 

chall nging ep tad et a/., 2006) critical in biodiver ity con ervation and achie ing 

con ervation target et at ariou le el . 

A ne of international convention and Multilateral Environmental Agreement MEA ) and 

commitment for actions have been initiated and agreed upon with the ultimate goal being to 

significantly minimi e current rates of biodiversity to s. All the e con ervation effort al o 

contribute dir tly or indirectly into global targets (e.g. Millennium Development Goals) and at 

national levels countrie are making all the nece sary efforts in developing and dome ticating 

Convention of Biological Diver ity objective and goal through National Biodiver ity Strategic 

and Action Plan SAP ). NB AP are the principal in truments for implementing the 

Convention at the national le el with the key goal being to develop national trategie , plan or 

programme for the con ervation and sustainable u e of biological djversity and over 173 State 

Partie ha e developed their BSAP (CBD 2010). Governmental non-gov mmental private 

and civil society organi ation and agencie are tri ing to conserve biodiver ity through various 

intervention . 

Countries such a cuador Kenya the Philippines, and Ukraine ha e been involved in initiatives 

to generate key biodiver ity indicator to addres key que tion rai ed at national level and hence 

change in land co er and land u e and it effect on biodiver ity wa one of the key qu tion of 

concern (Bubb et a!., 2005). 

All these national and global commitments targets efforts and intervention at the variou level 

require defined measurable indicator , attributes or conditions and sy tern to ensure timely and 

efficient information flow. Without ystems to guarantee biodiversity information flow it is 
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difficult to r ah key compon nt of long-term goal and target . formulate poli ic , plan and 

prioriti e appropnately where. ho and when to intervene, and monitor and c aluat the impact 

of policie • I g1 lation and intervention on biodi e ity con ervation and u tainabl 

de elopment at variou hierarchical levels. 

ite-based con ervation may be appropriate for the con ervation of around 0% of pec1e (Boyd 

et al .. 2 0 and are widely recognized as being important in tackling global biodi er ity los 

Joppa et a/., 2008· agendra 2008). A part of halting the trends in habitat lo , variou 

organi ation and actor have initiated ite-ba ed con ervation activities focu ing on ite , 

pecie , land cape and people (Brook et al., 2006· lbisch and Bertzky 2006). 

The con ervation intervention range from short to long-term project and programme invol ing 

local communitie and working with variou agencies on pecific or integrated biodiver ity and 

livel ihood improvement interventions. There is very little rigorous evaluation of the impact of 

protected area on local livelihood (Ferraro and Pattanayak 2006). Howe er there ar al o few 

a ~e ment that demon trate the impact of ite based con crvation interventions (e.g. working 

with communitie ). Roe et a/., (2009) report that a major deficiency of formal community-ba ed 

natura] re ource management y tern and programme is the ab ence or paucity of quantitative 

and/or qualitati e data on their ocial, economic and environmental impacts. There i therefore 

need for a e ing the impact of local cornmunitie con ervation and natural re ource 

management initiati e on reducing deleterious land cover change which has a big impact on 

biodiversi ty at a wider cale. 
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1.1. . Imp rtao e of d ta and inform tion in con n •ation 

Effechve biodi er 1ty on rvation efforts dep nd on accurate, up-to-date and ace iblc 

in[i nnah n and data, ffi which according to Foody and utter (2006) arc often limited by a 

Ia k of data. Th information can be generated through analy ing the tate of biodi er ity and 

as e ing trend . Thi can be achie ed through knowledge of ' tat · and monitoring of the 

nvironm nt e.g. Green et al .. 2005). Yet there exist a lot of gap in terrns of knowledge 

particularly on land co er change at key biodiversity site . 

Biodiver ity monitoring is therefore central to pursuing current target that focus on reducing 

biodiversity at variou le el . Monitoring helps track land cover change and therefore monitoring 

f biodiver ity i an es entiat component of conservation bccau e it aUow problem to be 

id ntified, prioritie to be et olution to be developed, andre ources to be targeted Balmford 

et a/., 2003) and aUow a es ment of progre toward targets and indicator in unilateral and 

international con ervation-policy in trument ( .g. CBD impact of international con ervation 

policy (Dona ld et al., 2007 effecti ene of ite-ba ed conservation interventions (Brook eta/., 

2 09) and of other policy ector (Donald et a/., 2001) and to inform con ervation in order to 

adapti ely manage eco y tem . 

onitoring require defining indicator that are measurable. The Convention on Biological 

Di e ity (CBD adopted the tate quantity and quality of biodiversity) pressure (threa to 

biodive ity and re pon e (con ervation effort indicator to mea ure progre toward 

achieving the 20 I 0 target to reduce the rate of biodiver ity lo s (Balm ford et a/., 2005) even 

though the e targets were not met Butchart et al. , 20 l 0). However their ability to plan and 



int rven 1 hamp red by the pauc1ty of compr h n i e up-to-date information on patial and 

emp raJ trend in biodi erstty lo . the type and rate of land-co er and land-u e change and 

e en I y t matic e idence on the cau . di tribution rates, and con equence of tho e 

hange Lo eland eta/., 2002). For example de pite the ignificance of land cover change a an 

environmental variable, exi ting knowledge of land cover and its dynamics i ery poor (Foody 

2002 . Yet land co er change affect pecies and bas the potential to drive certain species to 

extinction i.e. within Endemic Bird Area cbarlemann et al .. 2004). There al o exi t the 

Millennium De elopment Goal MDG) targets and indicators, which place trong emphasi on 

eradication of poverty improvement oflive and protection of the environment (UNDP 2003). 

The rate of habitat lo i increasing and the re ources needed prioritise pec1e and ite that are 

m critical need for con ervation intervention . Re ource for biodiversity con ervation 

in estments are also ery carce and therefore data from monitoring will provide the much 

needed information ite that are at mo t ri k to facilitate timely inter ention ar1d efficient 

allocation of the carce re ources where they are needed mo t. De eloping prioritie requtre 

information on sites whlch are mo t at ri k of deleteriou land co er change. It i al o po sible 

to prioriti e pecie that are in dire need of pecie focus ed con ervation intervention if the 

impact of land cover change on pecies i evaluated and tho e pecies mo t affect d by the e 

change identified. 

Further monitoring can be u ed to a e the effectiveness of con ervation intervention in tenns 

of prevented or reduced rates of land co er change and increased conservation outcome . The 

effectivene s of agri-en ironment scheme in Europe bas been que tioned (Kleijn et a/., 2006) 
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and in lb p t couple f ea th r ha b n n mere e in the unde tanding of the 

ffectiven of prate ted ar a de 1gnation (Dudley et at .. 2005 . The e tudi help to valuate 

ho~ long-term inve tm n ha e contributed to r·ducing curr nt rate ofbiodi er ity lo at ite 

level, allowing re assessment of trategy where needed. 

Con entionally, monitoring ha been conducted through field based urvey , which in ol e field 

i it to collect data. However even though this approach i working well, the ne ded cale, le el 

and coverage of the monitoring and taking advantage of recent re olution in alternative 

t chnologies become available, remote en ing and geographical information ystem provides 

greater opportunitie for environmental ob ervation and con ervation monitoring. 

1.2. tatement of tbe Problem 

Biodiversity i facing an extinction cri is as a result of the accelerated global land cover change 

and environmental degradation dri en by both natural and anthropogenic factor . Yet the rate of 

decline in biodiver ity i e er incrca ing and change are threatening the survival of specie and 

compromi ing tb effort being made to conserve biodiver ity at variou level . ot only i data 

on land-u e and land-co er change relatively poor but there i need for a better under tanding of 

the underlying driving force for thee changes. The need for under tanding the patial and 

temporal level of land cover change factors driving th change, the impact and co t­

effecti ene of variou form of intervention and generating timely and accurate qualitative 

and quantitative information on tatu and trends of biodiversity and key biodiversity ite is 

critical if effective conservation i to be achieved. 
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Currently, th level and cale of monitoring i patchy and not only limited and r tri ted to a 

mall ub t of tt and habitat typ e.g. fore t ) but in orne ca e the monitoring i neither 

con i tent. frequ m nor y tematic and the p rcentage and coverage of each ite monitor d i not 

alway repre entative of the entire ite and major habitat type of re pect:i e ite . There i 

therefore a ne d to increase the accuracy co erage and frequency of habitat monitoring to en ure 

co t-effective and timely intervention are initiated to match the unprecedented increa e in 

habitat lo s. Re ource are not adequate to generate a much information on as many ite a 

po ible u ing ground-based methods. Thi coupled with logi tical con traint n ces itate U1e 

ne d to xplore alternative and more cost-effective land cover and land u e change analy i 

meth d and techniques. The dramatic revolution in technological advancement make it 

po ible for the e new y tern and technique to be explor d, tried and adopted. 

1.3. Justification of the tudy 

Filling the hortfall in information on the state of biodiver ity pre enting up to date data on 

change in habitats will allow con crvation action to be better targeted and resource u ed more 

efficiently. Further understanding correlates of change will contribute to the identification of 

ite that may be at particularly high ri k of degradation, or that require mor frequent 

monitoring. It will at o aJiow u to as e s th impact of pr viou interventions on rate of land 

cover change. The e data will be collected u ing a novel low capacity approach to using atellite 

earth ob ervation in monitoring key biodiversity site . 
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b tud. 1 tim ly ecau with the current limitation a ociated with con enti nal ground­

bas d IB monitoring· there are till many ite of con ervation importanc including many 

Prot cted re and other k y biodi er ity ite e.g. IBA ) that do not benefit from any ort of 

y tematic biodi ersity monitoring (Hocking 20 3; Gre net al., 2005 . The implication ofthi 

poor co erage is that it may not be possible to evaluate on ervation outcomes, ke p track of the 

dynamic and trend in land cover (both positive and deleteriou ) at key ite for biodi er ity 

con ervation and identify the key dri er of habitat change at these site . Earth observation data 

and a sociated tool therefore become a handy technique for u e. The re ult from thi tudy are 

therefore expected to improve and up cale the monitoring of lBA for con ervation and 

management identifying prioritie targeting re ource co t-effectively and en uring timely 

int rventions are made. 

1 .4. Objecti of the tudy 

1. To determine the percentage and extent of land cover change at IBAs using remotely 

ensed data· 

11. To de crib corr late of actual habitat change on th e IBAs that could be u ed lo 

inform monitoring trategies con ervation management and advocacy; 

111. Based on i and ii ba ed on the fir t two key objective predict IBA that are at ri k of 

deleteriou land cover change 

tv. Develop methodologie and protocol for u e of remote en ing in IBA monitoring· 
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1. -. Hyp the e 

In the pro e of m ring the abo e objecti e lh following pecific hypothe e will b 

te ted: 

a) Detrimental land cover change is higher at !BA surrounded b den e human 

populations compared to change in parsely populated /BAs: 

b) Detrimemal land cover change i greater at /BAs on-ounded by high agricultral 

inten it ; 

c) Detrimental/and cover change is greater at unprotected !BAs; 

d) Detrimental land cover change is less frequent Jollo1 ing long-term ite-based 

con ervation initiatives. 

e) Ba ed on the above (a-d), it Is possible to predict IBA that are at risk of 

deleteriou land cover change 

1.6. cope and limitation of the tudy 

Thi tudy examine the efficacy of earth ob ervation data and remote ensing techniques in the 

monitoring of key biodi er ity ite pecifically Important Bird Area . IBA are defined in the 

context of BirdLife International (Fi hpool and Evans, 2001 ). Wilh over I ,230 IBA ite in 

Africa the tudy is ba ed on a mall ub et of 71 ite in ea tern Africa. Even the e 71 ite 

have b en elected ba d on broad habitat type (e.g. forests gra land hrub land wetlands 

and tran itional habitats) geographical pread (Burundi, Ethiopia Kenya, Rwanda Tanzania and 

Uganda) and availability of data. 
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Remote n ing t chniqu mpl y d in the tud include change dete tion analy hich 

enabled patial and temporal land co er chang to b d termined ba d on at llite data. 

Complem ntary ground-truthed data allo~ ed erification and ali dation of the re ult from land 

cover change and d termination of le el of image cia ification and interpretation accuracy 

between information on the satellite image and the actual information on the ground. ther 

dat et (her by referred to as correlate of land co er and land u e change ha e been u ed in 

this tudy including human population density agricultural intensity protect d area and ire 

u pport Groups (SSG ). While cognisant of the presence of other form of threats or factors 

driving land cover and land u e change thi study ba only confined it elf to human population 

den ity and agricultural intensity. In terms of site-based conservation intervention even though 

the e may be diver e the study focu e only on two namely; protection and working with 

communitie . The study avoids delving into the broad subject of land u e but instead focuses on 

land co er which is ba ically the observed biophy ical cover of the earth's surface captured in 

the distribution of vegetation water immediate subsurface including biota and tho e structure 

created olely by human activities (e.g. ettlement, Lambin et a/., 2003). On the other hand in 

the conte t of thi tudy, land u e i ba ed on the functional dimen ion of land for different 

human purpo e or economic activitie uch that intended employment and management trategy 

placed on land cover by human agent to exploit the land cover and reflect human activities 

ucb a re idential zone agricultural fields among other Chrysoulakis et al. 2004). Land u e 

therefore affect land cover. 

tati ticaJ analyse were u ed in determining the relationships between the observed land cover 

change and the correlates of land cover change. Specifically, the tudy looks at two pre sure 
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corr late of land co •er hange at 18 with particular fo u. n human p pulation den ity and 

agricultural inten ity. The tudy m e tigate the relation hips between the rat and extent o 

detrimental land cover change as a re ult of the human population den ity and agricultural 

inten ity around IBA . con ervarion intervention can be n to be effecti e if it i making a 

real impact on biodi er ity such that it reduce the threats and pre sures dri ing d trimental land 

cover change at the focal ite and as a surrogate reduces the ri k of pecies becoming extinct. 

Th refore to e aluate the impact of these intervention on IBA tbi study investigated whether 

land co er change i les pronounced at IBA by focusing on two con ervation interventions 

namely: protection and thee tabli bment of SGE. The rates of land cover change are correlated 

to the e fonn of interventions. Based on the land cover change analy is potential impact on 

specie population and con ervation statu particularly tho e IBA trigger pecie that are 

restricted to pecific habitat type are described. The data for all these correlates was a ailable 

thu making the e analy e po sible. Amalgamating all the e cause and effect factors enabled 

IBAs most at ri k of delcteriou land co er change to be identified. The tudy addre e 

fundamental i ue a ociat d wirh the dearth of information on impact of pre ure correlate 

(human population den ity and agricultural inten ity) and con ervation intervention protected 

areas and c mrnunity-bas d natural re ource management) on land cover change at key 

biodiver ity ite . 

The overall goal of this tudy is to show how under tanding the extent of detrimental land cover 

change at IB subjected to certain pressures (population density and agricultural intensity) is 

criti al. The study also demon trate how the trend in land co er changes following legal 
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prot cti n and long-term it -ba ed con rvation initiative can aid efforts to valuate 

effi ctivene of mtervention and identify habitat and key biodi ersity ite that are more 

vuln rable and therefore in need of urgent con ervation intervention to maximi e con ervation 

out orne . The breadth of the th i i ther fore to demon trate how remote ensing technique 

can be a cost-effective mean of monitoring key biodi ersity ite in combination with ground­

ba ed method and hence vouche for its adoption and increa ed application within the cntir 

con ervation fraternity eventually addrcs ing current management and monitoring problem . 
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1.7. r ani ation of the Di ertation 

Tbi the i 1 di ided into fi ucc ive chapters and each focu e on a p cific them or 

ubj ct. The introductory chapter provide an overview of the tudy in term of i u affecting 

biodi er ity pre ent the tatement of the problem, objective of the tudy including the 

hypothe e to be te ted, justification and the scope of the tudy. The sub equent four chapter 

fo us on literature re iew, methodology, results and discu ion and conclu ion and 

recommendation respectively. The third chapter presents the methodology applied in the tudy 

by providing a de cription of the tudy area, data source , data analy i methods and tool u ed 

in thi tudy. The fourth chapter pre ents the re ult and di cu ion focu ing on ix study 

que tion . Each of the study question sub ections presents the introduction the aim relevant to 

the chapter methods analy i , re ult and a discussion of the result . A general discu ion of the 

o erall re ult i made at the end of the chapter. The fifth chapter pre ents the conclu ions 

recommendation including area that need action and further studies and finally the contribution 

of this tudy to the furtherance of cience particularly highlighting how the findings can be 

applied in the field ofbiodiversity con ervation. 
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I ER T 

.1. i div r it)• and Biodi\· r i tonitoring 

2.1.1. fric and biodj er i 

ccording to P 2007), in term of pecie dive ity, 25% l 229 pecie ) of the world 

approximately 4 700 mammal peci occur in Africa. Some 23% (2 313) of the world 9 917 

bird pecie are found in Africa. About I ,400 of these bird pecies are endemic to Africa. Africa 

and its adj acent island ha about 950 amphibian specie while mainland Africa ha between 

40,00 and 60 000 plant species of which approximately 35,000 are endemic. 

2.1.2. Land co er change a a threat to biodiversity 

Land o r change ar not imple proce e but complex imultaneou patterns of land cover 

change, ranging from modification in land cover to conversions (Lambin and Geist, 2006). Land 

cover change i critically linked to the inter ection of natural and human influences in 

environmental change Gho h et a/. , 1996 and the e changes are driven by heterogeneou 

change in land use (Turner et a/., 1995). For example changes in pattern of human settlement 

and economic activitie directly or indirectly cause land co er changes who e pace has 

dramatically increased in the pa t few decades making land cover and land u e hange a major 

driver of global change (Turner eta/., 1993). Deleterious change in land cover i of major 

concern to con ervationi t b cau e of its generally negative impact on biodiver ity (Brooks et 

al., 2002) especially con idering that land use change i expected to be the primary driver of 

population reduction and pecie loss in the foreseeable future (Vitou ek 1994 . Management 

and transfonnation of earth surface through land cover and land u e change ha been 

con idered as one of the most ignificant global challenge thi century (Mustard et a/. , 2004 . 
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For example, according to EP (20 ). fri a· land re: ur e are rap1dl ' hangin , and in 

hnnking. du to chang tn land over, land u e. and Jan pr ducti ity. In the fore t 

habitat b tw en 19 0 and 1997, 5. ± 1.4 million h ctare of humid tropical for t w re to t 

each year with a further 2.3 :1: 0.7 million hectare of fore t vi ibly d graded (Achard et a/., 

2002 . Ba ed on ub- aharan level tudy (Brink and Eva, 2009 natural vegetation decreased by 

21% o er a 25 year period, with nearly 5 million hectare fore t and non-fore t natural 

veg tation and a 57% incrca e in agriculture area. 

Land cover change analy is i important in identifying proportions of land cover categoric that 

ba e been altered within a patial and temporal framework. Such analy i and mapping of 

change ha e contributed to our understanding the dynamic and implication of human activitie 

in time and pace Balmford et al.. 2003). Even though land cover change i happening aero 

all major habitats, fore t lo through deforestation is among the best-known examples of the 

largest threat to biodiver ity and al o the best tudied and quantified example of land cover 

change. According to F AO (2005) Africa uffered the econd largest net loss in fore ts with 4.0 

million hectare cleared annually while leading in fore t fues in the world. Further 

approximately half of Africa terre trial ecoreg1on have lo t more than 50% of their area to 

cultivation, degradati n and urbani ation (Burge s eta!., 2005) and nine other ecoregion lo t 

more than 80% of their natural habitat (UNEP 2006). The tropical fore t where 50% to 70% of 

world pecie are found hitmore 1990) are lo tat a rate of 0.5% to 2% a year with one fifth 

of the entire tropical rainfore t co er lost between 1960 and 1990 (Mayaux et a/., 2005). 

De rruction and fragmentation of natural habitats are the two most important factors in the recent 

species extinction e ent (Groombridge 1992 . Primary in all this i expanding agriculture which 
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d tro mor habitat than any other factor 200 1 · Lamb in t a/., 200 I and i predicted to 

b gr at t in area o high bird end mi m ( harlemann, eta/., 2005). 

Continuing expan ion of human population will mean that clearance for agriculture will 

continue, and perhap increase (Tilman et al. 20 1). The e land cover change and the threat 

affect biodi ersity at indi idual pecie level, habitat area and condition a well as eco ystem 

functions and ervice . 

Habitat los has already had an ob erved and preilicted negative impact on pecie and global 

b iodiversity at large (e.g. Myers et a/. ,2000; Warren 200 I; Brook , et a/.,2002, BirdLife 

International 2004; 2008) and ha influence beyond the direct lo , through for example 

fragmentati on (Fain et a/. , 1998; Krue s and Tscharntke 1994; Gascon and Lovejoy 1998; 

Carvalho and Vasconcelo 1999· Hargi et a/., 1999· Jansen el a/.1999· Temple et a/., 1999· 

Vick ry and Gill , 1999· Vickery eta/., 1999· Kurki et a/.,2000; Laurance et a/.,2000, Liu et 

a/..2001· Fahrig 2002· rmentera et a/.,2003). Already orne 12 %of bird are cla ificd a 

being globally threatened \ ith a further 9% near threatened while in Africa alone of the 2 313 

bird pecies 235 are threatened within extinction (BirdLife International 200 ). Other tudie 

have inve ti gated habitat lo s a a dri er of specie los (Brooks eta/., 2002). Con idering the 

role of specie in eco y tern function, the lo s of SO% to 80% of the specie of an ecosystem ha 

the potential to cau e the collapse of mo t biogeo bemical proces e and variou components of 

eco ystem ser ice (Cardinale et a/.,2006; Worm, et a/. , 2006· Ostfeld and Logiudice 2003 ; 

Chapin et at.. 2000). Understanding land co er change through conver ion and modification can 

h lp improve con ervation and en ure prompt int rvention to reduce the impact of del reriou 

land cover change to pecies sites habitats and ecosy terns and to de elop sustainable land u e. 
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2.1. tting prioriti and ite-ba ed con n ·ation initiative 

Th rapid de truction of habttat . incre c in thr at and decline in p cic rcqutre the 

fonnulat10n de elopmcnt and adoption of appropriate trategies, approache and me bani m to 

r duce the rat ofb10di er 1ty lo . pecie diversity and endemi m make Africa very important 

for biodi r ity con ervation and therefore prioriti ing ite for con ervation action i critical 

e pecially in iew of current rates of habitat lo . increa ing human population den ity and 

as ociated demands and pre ure on natural resource . 

Ba ed on inherent intere t by in titution , many prioriti ation chemes and methods ha e been 

applied at different patial cale including those based on single-taxon criteria (Pain et a/., 

2 OS . A grov ing number of global initiative ha e identified areas of high con crvation alu or 

importance at regional cale (Brooks et a/., 2006) and at cale amenable to management. 

ariou c n ervation agencie and multilateral agreement working with Stale Par6es have 

identified broad exten ive area that are of highe t con ervation priority aero s the globe ba ed 

on varying criteria. I though there i often lack of concordance between different site elections 

proces e (Brook et a!., 2006) there i a lot of complementarity and overlap among t the e 

area in many in tance . For example, the majority of IBAs in Africa 57% of the 1230 ite 

overlap to varying degree v ith orne protected area (BirdLife International. 2005). 

African biodiver ity i not evenly di tributed acros the continent a ha b en recogni ed by 

veral prioriti ation initiati e (Table I). For example there are 40 Endemic Bird Area in 

Africa tattersfield et al., 199 , while eight ofthe world ' 34 biodi er ity hot pots have been 

de ignated in Africa (Mittenneier et a/., 2004 . The e broad areas are very xtensive to be 
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am nab! to fi us d managem nt and con ervati n initiati e already m plac . In t ad furth r 

ate b d minati have identified area that arc amenable to manag m nt, including the 

Protected area netv•ork (rU and P 200 ). who ite form a pillar of global con ervation 

trategy. but are not identifi d based on any objective criteria (Chape et a/., 2003). 

Th protected area network i a widely recogni ed approach for protecting global biodiver ity, 

maintaining en ironmental ervice , and protecting cultural, ae thetic and ethical values 

(Hocking et a/., 2000). In order to conserve protect and maintain condition and int grity of 

eco y tern and biodiver ity protected area have been de ignated aero the globe and extended 

in orne case . With 12% of the global surface under protection, thi surpa th 1 0% of the 

global urfac under protected area tatu target (TUCN 2005)· thi demon tratcs how thi 

intervention trategy ha been fervently pursued at local national regional and global level . The 

extent of coverage is due to increa e to 17% (COB). Africa contain over 6,456 of the 161 991 

global network of protected areas (IUC and EP-WCMC, 2010) covering more than 7% 

2million km2
) of the continent s land area .. However, thi network deli er relatively poor 

coverage for pecie (Rodrigue et a/. , 200 I) c pecially tho e of highe t con ervation 

importance (Beresford et a/., 2012, In PrepO . Certain area and region have b en recogni ed in 

their own right by vari u organi ation a meeting the resp ctive criteria u d in their 

identification but with orne o erlap among the e cla sifications a well a lack of concordance 

b tw n different ite election proce e to orne degree (Brook et a/., 2006). Howe er 

protected areas are generally not identified in any objective way. Identifying uch area pro ide 

valuable gu idance in targeting con ervation efforts (Stater field et al., 1998 . 
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B. c ntr t. the gl bal n t-. rk of Important Bird re a priority ening approach identified 

and adopt d ba ed on obJ ctt e criteria b BirdLife International' a part of it global 

con ervation tnuegy and ar a ar of a izc and natur am nable to management. IBA ar thu 

itc of international ignificance for the con ervation of bird and indeed other biodi er ity 

Pain et a/ .• 20 5), recogni ed worldwide a practical tool for con ervation and fonn an 

integrated approach to con ervation and su tainable u e that embrace site , pecie , habitats, 

and people (Fi hpool and Evan 2001 ). JBAs are elected becau e they hold bird pecies that are 

threaten d with extinction, have highly re trictcd di tributions congregation or are 

characteri tic of particular biome (BirdLife International, 2005) a per the criteria in Annex I. 

The identification of lBA i the fir t tep toward their conservation and the sub equent 

monitoring of their integrity and the bird population within them is a high priority (Bennun 

2002). fB overlap ex ten ively with the protected areas (Fi hpool and Evan 200 I) but differ 

in that fBA ites are elected ba ed on objective criteria. 

1 B~rdLife International i a global partner hip of 117 national, civil ociety con ervatioo organizations tnvmg to 
con erve bird • their habitats and global biodiversity, working Wtth people towards the su tainable u e of natural 
re ources. In Africa, the Bird Life Partnership i a growing network of22 such organization plu one Country 
Programme covering 23 countries, Wtlh a combined total of more than 300 taff and 30,000 members. 
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'living 

labomtori · for t ting ut and 

demon Lrating integral d 

management f land ' ater and 

biodi er ity. 

A network of o er 1.230 Important Bird Area co ering 2 million km2 7% of the region• land 

area) h b n identified aero the continent (Figure 1 and thi information i contained in a 

regional IB directory (Fi hpool and E an 2001). Following the identification of th ite 

based on objective criteria it i important that their habitat condition, quality integrity and 

ecological proce e are monitored (Fi hpool and Evan, 2001; Bennun 2002). 

The TBA con ervation programme in olves setting priorities and implementing advocacy 

monitoring and action for key site and de eloping national ite conservation programmes. 

lBAs therefore become priority ite for conservation action research and monitoring and 

integrating community-ba ed natural re ource management through livelihood improvement 

initiative . H nee BirdLife International endeavours toe tabli h a u tainable management cycle 

in which a programme of action monitoring and advocacy for the network of national IBA i 

w ll e tabJj hed with ecurity of future funding. Thi programme i upported by local ite 

Support Group (S G Y that are focu ed on IDA . The e can deliver u eful infonnation for ite 

monitoring (Mwangi et al., 20 I 0) and by 201 0, 211 ite upport Group ha e been e tabli hed 

to contribute to the management and monitoring of over 117 TBA acros the continent (BirdLife 

International 20 J 0 . This i an important element of Bird Life work a a model and it entails 

2 S1te upport Group (al o referred to Local Con ervation Group , LCG ) are organized group of 
voluntary individuals who work in partner hip with relevant takcholder to promote conservation and 
u tainable development at !BAs and other key biodjver ity site 
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C mmunity-Ba d atural Re ·our e Management ~ here communitie livin around key 

biodi ity ite be om invol ed in the manag ment and con ervation of the e ite through an 

int grated y tern that include con ervation monitoring capacity building and livelihood 

1mpro m nt. 

At key ite acros the network. BirdLife international and it network of Partner arc 

implementing a range of biodiversity conservation and poverty alleviation initiative . ite-based 

cons rvation initiati e include rehabilitation and restoration of degraded sites, education and 

awarene rai ing, policing and law enforcement boundary demarcation, re earch and 

monitori ng. Monitoring the tatu and trends of biodiver ity and tracking the impact of 

con ervation intervention at the e site have been identified a prioritie for con ervation 

(BirdLife International, 2006). 
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Figure 1 ver 1230 TB 
International) 

ha e been identified in mainland fri a and adjacent i land ( ource: BirdLifc 

2.1.4. What i biodiver monitoring and wh monitor? 

The need to track spatial and temporal change in land co er i now greater than before Kerr 

and Ostrov ky 2003 · Buchanan el a!., 2009b). The rate at which natural re ources continue to be 

degraded has cau ed much concern at local national and international le el (Millennium 

Eco ystem As essment 2005 leading to greater crutiny and de elopment of effecti e 
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m mtoring and evaluation y tern ( o 1 90· Marg lui and alafl ky 199 ; Teder et a/., 

20 ). For e ·ampl . tatu and trend of the component of biological diver ity and threat to 

biodi e ity wa one of the focal area identified a an indicator to be adopted by the 

Conv ntion of Biologt al Diver ity at i venth Conference of Parties D ci ion Vll/30) to 

track trend in the rate of biodiversity Jo s Butchart eta/.. 2010). Monitoring helps track land 

co er change and therefore monitoring of biodi ersity is an e entia! component of con ervation 

b cau e it allow problem to be identified, priorities to be et, solution to be developed and 

r source to be targeted (Balm ford eta/., 2003). Monitoring also allows a es ments of progre 

toward targets and indicators in unilateral and international conservation-policy in trument (e.g. 

Convention on Biological Diver ity [COB]) of the impacts of international conservation policy 

(Donald et al. , 2007) and of other policy sectors (Donald et al., 2001). For example, monitoring 

has been in trumental in reinforcing economic incentives for carbon credit for forests and 

supporting countrie recei e credit for sustainable management of their forests as carbon sink 

Cairns and Lasserre 2004). evertheles a paucity of information has led to a poor 

understanding of the cost-effectivene of conservation policies (Ferraro and Pattanayak 2006) 

expo ing them to criticism Stokstad 2005). 

Effective biodi er ity con ervation depends on accurate up-to-date and acces ible information. 

Biodiver ity monitoring can be complex e pecially given the diver ity of actors involved, plu 

the diversi ty of a pect to be monitored, varying from specie level (and the high pecie 

diversity to site habitat. landscape and ecosystem levels. Wherea the need to improve 

monitoring is widely recognised (Balmford eta/., 2003) the need to develop monitoring y tern 
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and proto I that are , tmple, u tainable, and readily applicable to a range f habitat typ and 

chrea i r cogni ed (Buchanan, et a/ .. 20 9b ). 

Global con ervation need far exceed the available re ource · o carce re ource need to be u ed 

co t - ffecu ely to maxim1 e return on conser ation in e tment. (Balmford et a!., 2003; 

urdoch et a/. , 2007). etting prioritie and aJiocating re ource require first-hand information 

on the nature and level of threat (Margules and Pressley 2000) which threats are incrca ing 

have mor impact where they are greate t and bow they will change in future. It helps to identify 

which actor or underlying driver to target a part of focused intervention . Monitoring enable 

identification and geographical determination of locations where change in los or gain in land 

cover ha happened or conservation interventions are needed most (Feoli et a/.,2002· 

Vasconcelo et a/.,2002· Ayyad 2003· Zhao et a/.,2003) hence being critical in the priority 

setting process ultimately en uring effective and efficient allocation of scarce resource . It al o 

make it possible to detect and act on threats in good time and provide up-to-date spatial and 

temporal information on biodi er ity trends enabling the d sign and implementation of 

appropriate conservati n trategie . For example vegetation monitoring is con idercd an 

important component of mo t re toration monitoring programs (Pbinn eta/., 1996). It i al o 

pos ible to determine the driver and underlying factor to land cover change. In con ervation 

this form a very crucial tag of adapti e management· an iterative proce , which enables 

managers and cienti t to improve resource management over time by learning from 

management outcome and u ing the re ults to update knowledge and adjust future management 

interventions accordingly. Targeting priority species and ite of highe t conservation alue uch 
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IB KB and othe (e.g. Br ok et a/., 200 ) would re ult tn the htghe t bi di er ity 

cons rvation pn oritie being monitored. 

p ndi ng on the ituation and the nece ity, monitoring can be tailor-mad to track progre , 

valuate and quantify th impact of past conservation and management actions at pecie and ite 

level nd on people livelihood . t the global le el, monitoring of the extent of habitat los 

and transformation could al o inform and influence decisions and feed into convention and 

national reporting mechani m to Multilateral Environmental Agreements and Convention such 

a Convention of Biological Diver ity. Target conv otion include Convention on Biological 

Diver ity s 2010 target to reduce biodiversity loss (United ation , 2002 , progress towards th 

Millennium Development Goals Ram ar Convention on Wetlands of International Importance, 

on ention on Migratory Specie (CMS) African-Eurasian Waterbird Agreement {AEWA), 

nited ation Convention to Combat Desertification (UNCCD) UN Framework Convention 

on Climatic Change (UNFCCC), UNESCO World Heritage Convention among other global 

targets. Mo t of the e international agreement have been developed a part of the concern for 

natur and unprecedented lo of biodi ersity and commitment and guide in con ervation and 

ecosy tern management. 

However, monitoring of biodiver ity trend and outcome is one area that ha been particularly 

challenging to g lobal conservation (Green et al., 2005). The ability of government and capacity 

of organisation to effectively monitor vast territorie in order to manage environmental change 

for su tainable de elopment is limited. For example in many countries, it ha proved 

cbaUenging to morutor accurately the extent of humid tropical deforestation due to poor 

32 



monitoring capactty, infrastructure and incon i tenci among monitoring regime K rr and 

. Thi i in pite of fore t lo through defor tation being among the be t­

kno~n e ampl of the large t threat to biodi ersity and at o the bet tudi d and quantified 

ampl of land ov r chang . Thi make monitoring a challenging ta k for con ervation 

practitioner at the lo al, national regional and global le el and particularly o in the 

de eloping world where capacity and financial re ource are scar e. Even for BirdLife 

International only around 200 IBA site are being monitored out of the 1 230 ite in Africa 

BirdLife International 2010). Thi monitoring generate very u eful information for policy and 

ad o acy. However it i not regionally repre entative of the entire diversity of site on the 

continent and doe not include the countrie where such information on tatus and trends of ite 

would be u eful for etting priorities to reduce the unprecedented increa e in detrimental land 

cover change and the concomitant loss in species. 

2.1.5. onitoriog framework 

ignificant effort by various actors have been in ested ill monitoring biodi ersity as evidenced 

by a plethora of di cr e tool and indicators method frameworks and approache developed 

and being applied by variou in titution and practitioner to effectively monitor biodi ersity at 

variou hierarchical levels. Although ariable the e monitoring tool play complementary roles 

with arying degree of o erlap applications coverage focus trengtb and weaknes and hence 

preclude or promote their u e by the variou u ers. For example, ome of the commonly u ed 

monitoring indicator and tool in the Ea tern Arc and Coastal Forest of Kenya and Tanzania 

and their level of application are hown in Table 2. 
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management Plan to protect 
threatened 
Actions re earch pecies 
targeting key 
(threatened/endemic/migrator 
y) species 

• ed from TRAFFIC 
and Di turbance 

• Review of ational Bureau of 
tali tic Report in Kenya and 

Tanzania 
• Gridd d Population of the World 

database 
• GIS 
• Remote ensing (MODIS fir 

oints 
• Tracking lhe change in 

• 

percentage of KBA with official 
protection tatu using e.g. the 
World Database on Protected 
Areas (WDPA) 

Bank/WWF 

• Management Plan 
• IBA monitoring Framework 

• m monitoring Framework 
• Survey of Research initiative 

(i.e. number of re earch project 
per year number of publication 
per year, amount of funding 
allocated for research er 

Policy development (include Landscap Site/Habitat/ • 
site, pecie focus ed i ue ) Species • 

Legal notices 
Revi ed policie , laws, 

umber of site from which Site/Habitat/Land cape 
benefit accrue to local 
communi tie 

Change in policies/rule to Specie /Site/Habitat 
reduce touri t practice with 
negative impact on 
threatened/endemic 

• 
• 
• 
• 

• 

Biodiversity i too complex in nature and needs to be quantified at scales that are u eful for the 

policy making proce . To effectively monitor biodiversity there i need for appropriate tools 

methodologies indicator and the need to deftne the geographical cale of monitoring (e.g. 

pecie , site habitat, landscape. and ecosy tern or biome level ). BirdLife International i 
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pplymg th lB. rn nit nn framework" ithin tb context of the IBA programme. There e i t 

a regtonaJ TB framework (Bennun, 2002 and now a global IBA framework (BirdLife 

International 2 6 • which a tool advocat and provide guid lin for monitoring IB aero 

the r gion and the globe. Monitoring of a limited number of IBAs is ground-ba ed and at two 

l els of detail · broad level habitat extent and integrity), while on a limited number of IBA , a 

more detailed level i.e. monitoring of finer cale habitat characteristic and bird species pre ence 

and abundance BirdLife International, 2005). 

A with other monitoring cheme and frameworks, both BirdLife regional and global 

framework place greater emphasis on sustainability. This ensures the y tern is kept simple 

robu t and inexpen ive and involve management authority or project taff, Site Support Group 

rnembers/IBA caretakers and other volunteers (Birdlife International 2005; 2006). Site Support 

Group/ IDA Local Conservation Group are group of volunteers who in partnership with 

rete ant takeholders, help promote conservation and sustainable development at IBAs and other 

key biodiver ity site (BirdLife International 2007a· 20 lOa). The e groups play a crucial role in 

ground-bas d monitoring at a uite of IBA in Africa. Currently about 140 ite Support Group 

have been e tablished to contribute to the management and monitoring of at least ISO IBA . 

2.1.6. Limitation of conventional monitoring methods 

onventional ground-ba ed community-led monitoring programme continue to be valuable in 

engaging communitie m both biodiversity and livelihood initiative . which BirdLife 

International i implementing. Howe er, even though it ha been uccessful in some area (e.g. 

generation of qualitati e data and information participatory nature of data collection, 
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nhan m nt of manag m nt re pon e at I cal patial calc and incr a ed pe d of deci ton­

maldn (Dani l n et a/.,201 0) tbi con ntional monitoring approach ha it limitation ( .g. 

reen et a/.,2005). Con ntional monitoring through manual field-ba ed ob rvation can 

generate a curare mea urement but since it is labour inten ive i practical only for local- cale 

tudie Aplin 2005). The approach ha been demon trated to be expen ive time con uruing 

Green et a/.,1993; Barrett and Curti 1999 , arduous and often requiring specialist skill and 

rc ource and i difficuJt in remote or politically in ecure areas Buchanan et a/. ,2009b). 

Moreo er, the coverag of ground-based monitoring i limited by sites' remotenes Mwangi et 

al., 201 0) a epitomi ed by inacce ibility and rugged terrain and insecurity in orne areas and i 

impractical for anything other than local-scale studies (Aplin 2005). According to Phinn et a/., 

( 1996) ground-ba ed ampling technique may introduce disturbances into the area being 

amp led. Thi i especially true if di turbances are in the form of intrusive establishment of large 

transect in a habitat that may invol e clearing of natural vegetation. ln less wealthy countrie 

most monitoring programme have also been noted to be unrealistically large complicated and 

not su tainable after donor funding (Danida 2000). 

Limited acce s to data and information and lack of infra tructure exacerbate the problem and 

al o limits progre with de e1oping monitoring scheme (Mini try of Environment and atural 

Resources 1 994; 2000). In terms of its application for BirdLife programme , th fact that 

irdLife i currently working only in 23 countries in Africa and e en then on-the-ground 

monitoring i not taking place in all the e countrie (as a re ult of the reason above) limits the 

spatial coverage and leave the approach unsu taioable. Complementary monitoring ystem 

and approaches to ensure u tainability and robustne s of the data and infonnation are needed. 
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on quently alternati elution need to be d loped. TI1e potential of r mote n ing, in 

particular atelhte imagery, for monitoring th environment ha long b n r ogni ed e.g. 

Tucker et al .. 1979). and th1 equally applie to biodiv r ity monitoring e.g. K rr and 0 trov ky 

2003 · Pettorelli et a/., 2005 . Already it i applied to monitor fore t cover change (Mayaux et 

a/. , 2005, Hansen et a/.,2009), but we still lack a system that exploit the potential for monitoring 

ite of con ervation importance, de pite some considering this now Buchanan et al..2009b). 

atellite image ba ed monitoring could be particularly useful for IDA monitoring ince the mo t 

prevalent threat to IBA in Africa involve land cover change that can be a se sed and detected 

by atellite imagery (Buchanan et a/.,2009a). 

2.2. R mote en ing and Geographic Information System (GJ ) 

Remote sen ing is the obtaining of information about features or phenomena from data acquired 

by a device that record reflected emitted or diffracted electromagnetic energy and which is not 

in direct contact with the feature or phenomena under investigation (Lillesand and Keifer 2000· 

Jen en. 2000). It deals with th acqui ition proce ing and interpr tation of images and related 

data obtained from aircrafts and atellite that record the interaction b tween matter and 

electromagnetic radiation. Earth observation satellite mea ure reflected emitted or 

backscattered electromagnetic radiation from the earth' surface u ing in trument tationed at a 

di tance from the ite of intere t. Satellite image are taken by pace borne en or that measure 

ariation in light reflected from the urface of the earth; e entially they take images from pace 

though unlike ordinary cameras they collect infonnation from wavelengths above and below 

those isible to the human eye. The radiation they capture can be that reflected by the Earth's 
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·urfa from natural ur (p tve en ors . uch a unlight r that r fleet d by the arne 

urfa from an artifi ial radar ourc m unt d on the atellite it elf (acti e en or ). Th 

haracteri tic of th urface of the arth ause ·ariation in the reflectance mea ured by the 

n or . In the context of land co er, it i equivalent to urveying of land over without 

phy i ally vi iting the 1te thu enabling monitoring and measuring of biophysical haracteri tic 

of the earth. atellite image form a ub et of this, and for the purpo e of thi re iew they are any 

pace borne platform that collect data on the urfac of the earth. atellite image can therefore 

be u ed to make objective as e sm nt of land cover across areas that are too va t to survey on 

the ground too inacce ible or too politically unstable. Applications of remote sensing through 

atellite imagery in conservation and monitoring land cover are wide pread. 

Tbe e remote sen ing technologies provide data information and tool for environmental 

practitioners to use to analyse and fully understand an eco ystem allowing decision maker to 

better visual ise integrate and quantify available natural resource data a weJI a ecosystem 

dynamics for better management and tailor-made interventions. The availability ofhistorical and 

a \ ide range of spatial and temporal re olutions of remotely en cd data the reduction in data 

co t and increased re olution from atellite platform remote en ing technology appear to 

make an even greater impact on sy tematic monitoring of land-co er and land-u e change at a 

variety of patial and temporal cates thu making remote en ing a valuable ource of land­

cover and land-use information (Rogan and Chen 2004). Rapid technological advancem nt and 

improved ensor y tems propelled remote en ing into a tage of exponential growth toward an 

era, where reliable information can be generated and hared routinely for arious applications 

(Curran 1985) and this rapid advancement has been facilitated by ubstantial improvements in 
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rem t n ing method and application Frankhn 200 I . The co t of rem en ing 

t chnique ba pr iou ly b en hown to b co t- ffecti e in tropical environment Mumby et 

al., I 99 . 

Ecological applications require data from broad spatial extent beyond field-ba ed capabilitie . 

From early rudie that have demonstrated links between bird distributions and reflectance (e.g. 

ebr and Jergen en, 1997 , and even earlier as e ments of land cover change (Lambin et al., 

2003 , thinking developed around the need to identify the potential of satellite imagery in 

biodi ersiLy a ·e:.; ment (e.g. kole and Tucker 1993; agendr~ 2001 ). An increasing number 

of publication and re iew have emphasized past use of atellite image and/or identified 

where they have the potential to improve biodiver ity monitoring (e.g. Kerr and Ostrov ky 2003; 

Gottschalk et a/.,2005 Pettorelli et a/. ,2005· Leyequien et a/.,2001). Remote sen ing analysis 

therefore offer the opportunity to keep track of species assemblages, habitats ecosystems, 

ecological proces e impact or extents of catastrophic events such a flres and flood . It is able 

to help detect or monitor areas over time to determine local or large-scale natural and human­

induced patial environmental change that drive landscape compo ition and configuration (Kerr 

and Ostro ky 2003). 

Many studies that have u ed atellite images to map land cover or study biodiversity have u ed 

data from ju tone time point (e.g. Buchanan eta/., 2005). While the e tudie are u eful they do 

not de cribe changes in land cover, or its suitability for monitoring specie . Satellite image 

anaJy is i particularly appropriate for land cover change and habitat loss analy es becau e 

atellites revisit the same location on the earth's urface at regular interval (temporal resolution 
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and h nee the e of ace ing bi phy 1cal and hab1tat data including ecological parameter 

·ucb hab1tat extent h t rog neity or primary producti ity. Data acquired from remote en ing 

t hn i ue an provid comparable, patially explicit information o er large ar a larger than 

can b covered by field method ), decreasing the n ed for extrapolation from limited amples to 

large patial s ale where ground-ba ed methods may fail to capture full extents or di tribution 

human and Ambro e. 2003). Further, given that satellite data have been available continuously 

for o er 30 year it i po ible to undertake retro pective analy i of change, de eloping 

ba eline beyond those which could be u ed if based on conventional field work method . The 

increasing emphasi of monitoring de elopment of new ensor technology, new technique for 

applying remote ensing will increase the application and opportunitie of remote sensing in 

re earch and biodiversity conservation. 

Geographic Information Sy tern (GIS) has various definitions . GIS i a computer based 

information y tern that enable the input, management manipulation analysis output and 

di semination of all kind of patially referenced land related data and information at all cales 

Mulaku 2000 . Burrough and McDonnell (2000) define it as a powerful et of tool for 

collecting taring, retrieving at will tran forming and di playing patial data from the real world 

for a particu lar et of purpo es. Other def!Ditions of GIS are pre en ted in Table 3. Howe er all 

these definitions have a functional point of convergence in terms of the fact that GIS provides a 

framework for gath ring and organi ing patial data and related information o that it can be 

analy ed displayed and u ed for deci ion making. According to Aronoff (2005) many 

application implem nted u ing GIS depend on data et derived from remotely ensed data or 

make u e of imagery directly as a background m graphic display . 
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Table De mirioru of GJ adapted from Burrough and 1c0onnell 2000 with a few m difi ation ) 

Database definition 

Reference 

Burrough. 19 6 

patial data from the 

A y tern for capturing. storing, checking, manipulating, Department of 

analy ing and di playing data which are patially Environment 19 7 

referenced to the Earth 

An infonnation technology wh1ch 

di plays both spatial and non- patial data 

A database system in which most of the data are patially Smith et a/., 1987 

indexed and upon which a set of procedure operated in 

order to answer queries about patial entities in the 

database 

Any manual or computer based set of procedure u ed to Aronoff 1989 

store and manipulate geographically referenced data 

I an integrated collection of computer software and data Aronoff, 2005 

u ed to view and manage infonnation about geographic 

place , analy es spatial relationship and model patial 

characteri tic of an object or feature and its geographical 

location. The datasets may b map oriented where 

feature arc represented in vector format by line , points 

and polygon or image oriented where features are 

repre ented in raster format as integer values cell in a 

rectangular grid 

A computer-ba ed system that capture stores, manages 

analy e , and di play georeferenced data (geographic 

dataY. Many data relating to environmental and 

ecological ystems have been collected and tored in 

forms uited to management and analy i u ing GIS 

ESRl, 2006 
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definit1 n 

refl ctmg an organi ational Carter, 19 9 

tru ture that integrate technology ' ith 

ing the integration of 

spat1ally ref1 renced data 10 a problem olving 

en ironment 

GI and r mote en ing are complementary in many way . Remot en ing erve a a major 

data input ource for GIS. patial analysis which is the process of examining the location 

attribute and relation hip of feature in patial data through overlay and other analytical 

technjque in order to addre a question or gain u ful knowledge i one key area of 

con ergenc . GIS therefore in combination with remote en ing ha a ery great potential 

application in capturing storing checking, manipulating analysing and di playing IBA spatial 

data. Tbi coupled with a r volution in the a aHability of information and in the development 

and application of tool for managing information makes the application of GI and remote 

sensing in bioru er ity information management and di emination a reality. 

2.3. Application of Remote en ing and GI in Biodiver ity Con ervation and Monitoring 

The potential u e of atellit image in biodiver ity reJated tudie i known becau e of it 

capability to provide a ourc of information on biodiver ity at land cape regional continental 

and global spatial scale (e.g. agendra, 20 J· Willi and Whittaker, 2002; Turner et a/.,2003, 

ottschalk et a/.,2005· de herbinin, 2005). At a continental le el Buchanan et a/. , 2011) 

re te\i how atellite imagery can be used for African bird con ervation. In fact it ability to 
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er an in xpen. ive mean of deriving compl te patial coverag of nvir nmental in[i rrnation 

for large areas in a consi tent manner that may be updated regularly ha b n e tabli hed 

(~ulda in et a/.,200 I · Duro et a/.,2 07). For example, remote en in ha the ability to produce 

patially explicit information of large habitat areas, which can allow the detection of patially 

e plicit pattern that may not have been reali ed by field ampling technique human and 

Arnbro e 2003 ). 

Remote sen ing data and techniques addre these need which include id ntifying and detailing 

the biophy ical characteri tic of pecie habitats predicting the distribution of pecie and 

patial variability in pecie richnes and detecting natural and human-caused change at scale 

ranging from individual land capes to the entire world (Kerr and 0 trovsky 2003). Remote 

ensing is increa ingly used by policy-maker and con ervationi t to identify and map high 

priority conservation areas map species distribution and diversity examine land cover changes 

and id entify tho e deleterious change that could affect species (Buchanan et a/. , 2008 . Remote 

easing i useful in ecosystem management treatie Multilateral Environmental Agreements) 

and trans-boundary con ervation. d Sberbinin (2005) demonstrate the different way in which 

remote ensing data and analy es can be applied in upport of the e convention including land 

cover mapping, mapping pecie habhat and di tribution. However to maximise catalyse and 

fully exploit the use of the full range of remote sen ing technique in ecology land co er 

mapping land co er change and con ervation in general will require seamle integration of 

remote sen cd data with existing and new ecological data (Kerr and Ostrovsky 2003). In this 

review examples of where the tool ha been applied in ecology ecosy tem management 

biodiversity conservation and monitoring and identifying which approach is best suited to IBA 
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monitoring are con idered. pecific focus i paid to the application of remote n mg m 

. plaining peci di tribution mapping land cover and land u e land co er chang and a erie 

of tudtes that elucidate the impa t of deleteriou land cover and land u change on the urvival 

of p cies. 

2.3.1. Remote ensing and mapping species habitat and di tribution 

In studies of p cies di tributions the e tablishment of direct relationship between pectral 

radiance values recorded from remote ensors and species distribution pattern recorded from 

field ob ervations may assi t in asse sing di tribution. E timation of species distribution from 

remotely sensed data requires identification and detection of pecie habitat uitability. Land 

cover maps from remote ensing can be u ed a urrogate of specie di tribution. Globally, the 

di tribution of indiv idual species or sites of high species richne s and diver ity r main largely 

unknown. However there is increa ing documentation knowledge of where specie are than 

previously especially in the case of a very mall number of better studied pecies or pecies that 

occur in e.g. Europe (Buchanan et al., 2009a). Earth ob er ation data ha proven to be u eful in 

tudies of species richness and diversity; both correlate with spatial and temporal variation in 

ormali ed Difference Vegetation Index ( DVI) which is a imple numerical indicator that 

correlates strongly with ab orbed photosynthetically active radiation and can be used to analyse 

remote sen ing measurements, typicalJy from a pace platfonn and asse whether the target 

being observed contains live green vegetation or not (e.g. ebr and J0rgensen 1997; Hurlbert 

and Haskell 20 3· Bonn et al.,2004). Diversity increa e with increa ing spatial variation in land 

cover, and more productive area (higher NDVI) are capable of supporting more pecie 

although some sugge t tllis reJation hip ha an a ymptote. However this needs to be treated with 

caution becau e while NDVI may correlate with richness it may not actually be any good at 
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m unng con ervation Importance (e.g. nd mi m do n t carrel te' ith ri hne , Onne eta/., 

- 05). Outpu from habitat- pecie a ociation tudie include y tematic atl e of specie 

dt tribuuon (e.g. Lewi and Pomeroy 19 9) but which are limited to certain part ofthe world 

and d voted larg ly to bird Gibbon el a/.,2007). 

ccordiog to Luoto et a/. (2004 , a cost-effecti e urrogate for deriving appropriate e timate of 

patial patterns o f pecie richne i provid d by prcdicti c modelling ba ed on remote ensing 

and topographic data. Habitat type characteri tic and suitability analy i captured by land 

cover map compared with pecie ecological niche factor analy i , habitat requirem nts and 

primary productivity i a robust approach used to infi r or predict pecie di tribution (although 

a with all model approache it i a simplification . Thi i po sible becau e remote en ing data 

can help identify detail the biophy ical characteristic of specie habitat , predicting the 

di tribution of pecies and spatial variability in species richne s (Kerr and Ostrovsky 2003). 

Se era) examples of the application of remote sen ing technique in mapping and predicting 

specie habita and djstribution are shown in Table 4. 
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Primary 
productivity and 
prediction of the 
di tribution of 
pecies as emblages 

Id ntifying habitats 
important for bird 

Ba ed on p cie habitat 
uitability analysi 

determined the relation hip 
bet\ ecn remotely en ed 
habitat categori ations and 
pecie di tributjon patterns 

for plan (fore t and 
meadow) butterflie and 
birds. 
Used remote ensing and 
topographic data and 
explained the ob erved 
distribution ofthreatened 
specie and predicted the 
occurrence of the pecie in 
two independent te t areas 
with different land cape 
tructure . 
ormali ed Difference 
egetation Index (NDVI). 

which correlate trongly 
with ab orbed 
photo ynthetically acti e 
radiation is indicator for the 
annual bioma production 

Habitats mapped ba ed on 
pectral reflectance pattern 

and e tabli hing their 
correspondence with the 
occupancy patterns of flora 
and fauna 
Land at imagery wa 
analy ed to 
identify habitat for bird 
(e.g. migratory bird ) 

Analyse of atellit and 
bird data have been well 
establi hed for efficient 
eco ystem de criptions 
and pecie modelling 
within a large range f 
scale and habitats 

Habitat heterogeneity, a 
e timated by an 
advanced land cover 
clas ification provide· a 
stronger prediction of 
pecies richoe s in than 

any previou ly mea ured 
factor 
Species di tribution give 
an indication of the general 
biodiversity level of the 
main land u e categories of 
the study area 

Spatial projections of 
specie richness 
developed based on 
numbe of ecie from 
urveyed ite and 

relation of this 
infonnation to the 
environmental variables 
site or deri ed from 
GIS layer data 
produced models that 

ielded redicrions of 

Thibault et al .• 199 
Jenning , 2000; 
Kerr et a/.200 I; 

a eraid et a/., 2001; 
Conner, 2002· 
Hepin taU and ader, 
1991; Jenkin et a/., 
2003a; Gottschalk et 
a/., 2005; Laurent el a/., 
2002; 2005· Luoto et 
a/.,2002, 2002· Prin et 
a/.,2005 

eto 

ohr and Jorgen en, 
1997· Jenning 2000; 

agendra 200 I · 
a eraid et al., 2001; 

Hoersch et a/., 2002; 

Sader el at., 1991; 
Luoto et a/. 2004 
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ung eci 
and 

d1ver iry 

communities 

Mapping the 
specie richness and 
composition of 
tropical fore ts 

Endem1 m 

Using POT XS to map the 
patial di tribution of 

different vegetation group 
cia ified u ing 
clas ification and ordination 
analy i u ing r mote 
en ing technique and 

as e s the potential of SPOT 
XS for mapping egetati e 
and non-vegetati e classes 

Use habitats to map places 
where species are richer 

Remotely sensed 
environm ntal 
variable u ed to identify 
areas ofbird endemjsm and 
al o obtain g neral patterns 
of bird ecies richne 

in e tigation of 
biodiversity with 
remotely ensed 
information to permit 
extrapolation at 
progre ively high r 
caJe . 

vegetation group based 
on pecie comp ition 
identified u ing 
clas ification and 
ordination techniques to 
some extent re emble to 
tho e group cia sified 
u ing SPOT XS data 
with least accuracy in 
compari on to non­
vegetation clas es which 
were more homogenou 
and spectrally eparable 
and ere classified more 
accurately in 
com arison. 
Biodiversity indice 
species richne s and 
evenness derived from 
the remotely enscd data 
were trongly correlated 
with those derived from 
field urv 
Specie ' ecological 
characteri tic may 
influence the 
performance of 
di tribution model . 

ohr and Jorgcn en 
1997· 1 agendra and 
Gadgi I 1999; Luoto et 
a/., 2004· 

agendra, 2001 ; Oindo 
et at .. 2002 

Malik and Hu ·ain 
2006b 

oody and Cutler 2006 

John on el a/., 1998 

The di tributions of individual specie and site of high pecies richne s diversity or 

conservation ignificance are increa ing well documented and remote ensing ha been usefuJ in 

mapping and delineating such ite worldwide. Howe er, when dealing with the u e of 

egetation to map pecies distribution orne caution is needed (Scott et al., 1996). For example 
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IT r nd mor to v etation trucrure .g. canopy clo ur height differ ntial , tre 

bit cture than to plant p cie compo ition ~ ·bile animal al o vary greatly in the br adth of 

th ir habitat peci ficity (Wilkie and Finn 1996 . Inclu ion of the tructural elemen in mod I 

can increa the accuracy with which di tribution can b predicted e.g. Whittingham et a/. 

2006. 

2 . . 2. Remote eo ing land co er and land u e mapping and cia ification 

Land-cover refer to the phy ical characteristics of earth urface captured in the di tribution of 

egetation water, oil and oth r physical feature of the land including tho e created olely by 

human activitie wherea land-u e refer to the way in which land has been used by human and 

their habitat, u ually with empba i on the functional role of land for economic acti itie (Kumar 

et al., 200 ). Land cover i increasingly regarded a e entiat information (Cihlar 2000) and i 

critical for land u e planning and biodiver ity con ervation. Analysi of remot en ed data i 

one of the primary methods for capturing information on land cover. Land o er and land-u e 

mapping both by vi ual interpretation and digita l image analysis i po ible by atell it remote 

sensing technique and earth observation data are \ idely used to identify common land cover 

type (Buchanan. et a/. , 2009b). R mote sen ing bas produced ucce ful results for land co er 

mapping ( .g. Mayaux et a/.,2004) and ba ed on thi mapping, area of high con ervation value 

or importance at regional cale have be n identined (Brooks et a/., 20 6). 

Remote en ing ha been u eful in generating readily available pre-proce ed land-cov r map 

ucb as Global Land Cover 2000 map (Mayaux et al. , 2004). Remotely en ed data from 

airborne or pace-borne en or pro ide a patially exten ive means to produce map of the 

surface co er type and are capable of providing accurate and cost-effective information about 
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y gi en area on th earth· urface at hort interval and on continuou b i (V rbyla and 

Rlcbar on 1996 . Therefore the e data can provide comparable patially explicit information 

ver large area larger than can be covered by field method decrea ing the n ed for 

trapolation from limited ample to large patial scale where ground-baed methods may fail 

to capture full extents or distributions Shuman and Ambro e 2003 . However, a combination 

of field survey and remote en ing are again imperative to ucces fully map all vegetation 

dj tribution. 

on equently it i po ible to de cribe apparent habitat association of specie from land cover 

maps uller eta/., 2005). Remotely sen ed data bas been useful in mapping biomes in detail 

(Bartholome and Belward 2005). Remote sensing ha al o been used in the analy i of 

landscape patterns (Inne and Koch 1998· Johnson et a/. 1998· Griffiths et a/.,2000) and 

development of land use data that reflect human and landscape-vegetation interactions 

Jakubauskas et a/. ,2002 with natural resources (Kerr and 0 trovsky 2003). 

e eral examples of the application of remote sensing techniques in land co cr and land u c 

mapping and classifications are hown in Table 5. 

50 



vegetation and 
un upervi ed cia ification 
methods with different band 
combination to di criminate 
vegetation type 

Land-co er and land- Remotely en ed data 
e mapping at the subjected to tandard per-pixel 

rural-urban fringe classification algorithms 

Cia sification and 
mapping wetland 
communi tie 

Quantitative analysi (subpixel 
unmixing) with qualitative 
decision (cia ifi ation) and 
incorporation with human 
knowledge 
Unsupervised clas ification or 
clustering upervi ed 

principal 

nd land-use mappmg 

Unique capabilitie 
of combined vi ible 
and S R data for 
monitoring tropical 
vegetation, 
e p cially for 
fores non-fore t 
di crimination 

Even within the 
limit of pectral 
infonnation 
available in the 
image, the digital 
cia ification can 
improve the result 
of vi ual 
interpretation. 

Reference 

Nezry et a/ , 1993: 
Tri urat et al .. 2000; 
Curran et a/.. 2004; 
Fuller eta/., 1998 

lntegration of Treitz el a/.. 1992· 
remote en ing and Burnett et a/., 2003 
geographic 
information 
y tern (GIS) has 

been widely applied 
and been 
recognized a a 
powerful and 
effective tool ID 

detecting urban 
land u e and land 
co er change 
Benefit of 
integrating remote 
ensing and 

ecology 

Dechka et a/., 2002; 

Ozesmi and Bauer 
2002 
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component analy 1 , hybrid 
clas ification and fuzzy 
cla ification are among the 
mo t common applied 
technique m wetland 
classification 

Tropical fore 
mapping 

cover Quantitative analy i of Earth ob ervation Fo dy and Hill 1996; 

remotely en ed data was rccogni ed as Grover, et a/., 1999; 

supervi ed and un upervi ed ha ing con iderable Quegan et a/. ,2000 

cia ification potential to aid an 
improved 
understanding of 
tropical fore t 

Land cover mapping The clas ification of Land at 

of large area image · ba ed on the 
in ormation m the overlapping 
areas of neighboring cene 

Land cover map Digital image processing and 
(including Global geographical information 
Land Cover map ) sy terns technique 

2.3.3. Remote ensing and land co er change 

biodiversity 

and i more 
con i tent than 
con entionally 
compiled map 

Cihlar 2000; Knom et 

a/. , 2009. 

Pbinn et a/., 1996; 
Loveland et a/., 1999· 
Eva et a/., 1999· 
Mayaux et a/., 1999, 
2004; Han en 
a/.,2000; FAO 2001 · 
Stibig et a/., 2003; 
Friedl et a/.,2002; 
Malik and Hu ain 
2006a; Dash et a/.,2007 

onitoring land-use and land-cover produces infom1ation about the state of the land cape for 

managers and conservationi ts (Lambin and Geist 2006). Land co er maps are in themsel es a 

useful tool but are tatic becau e few items depicted on map change as rapidly as land cover 

and o the ability to monitor it accurately is important (Belward et al., 1999). Land u e and land 

cover change i one of the mo t prevalent threats to a network of ite of high conservation 
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im ortance and ntail change that could be monitored remotely (Buchanan et a/.,2009a) and 

c me in the form of con er ion and modification. Land co er change analy i chang 

d tection i the proce s of identifying difference in the tate of an object or phenomenon by 

ob erving it at different time Singh 1989· Aplin, 2006). The potential of earth ob ervation in 

biodi ersity conservation and monitoring has been recogni ed (Turner et a/. , 2003; Pettorelli et 

al., 2005 and satellite image analy is ha been u ed to detect natural and hwnan-induced 

change and threat within and acros land capes (Kerr and Ostrov ky 2003· Buchanan et al. , 

2009a). Initial land-cover change analyse were in tropical forest area (e.g. in the Amazon 

forest Tucker et al.l9 4 Skole and Tucker 1993 etting the stage for tracking change in land 

cover through satellite images which allow conservation problem to be identified and solutions 

developed. However besides tropical forests land cover change analyse for all land cover type 

(rangelands open forest urban area , wetlands) are now becoming under tood (Lambin and 

Geis 2006). 

Application of remote sen ing in change detection analy e are not only wide pread but al o 

becoming popular becau e of the availability of a long time erie of remotely ·ensed imagery 

dating from l 970s to date. Remote en ing provides an excellent ource of data for change 

detection analysi because of the continuou and table nature of space borne image acquisition 

(Lu et al., 2003· Symeonakj and Drake 2004; Coppin et al. , 2004}. For example, change 

detection uses the pixel-to-pixel anaJysi whereby a series of image acquired o er time are 

subj ected to trend analy i (Collins and Woodcock, 1996· Franklin, et al., 2000). 
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The e ~ acy of remote n ing in land co er and land u e change i b d on the fact that r mote 

nsin i u ful in the analy i of land cape patterns (lnne and Ko b 199 · John n et al .. 

l 9 ; riffilh et al., 200 ) and de elopment of land u e data that r fleet human and land cape-

getatton mteraction (Jakubau ka et a/. , 2002) with natural re ource Kerr and tro ky, 

2 03 . tudies conducted u ing remote ensing pro ided qualitative a es ment of habitat 

(Mutanga and Skidmore 2004), defore tation rate and its impact on pecie i.e. endemic bird 

and range re tricted birds Buchanan, et a/., 2008 

Remotely en ed data method a applied to a e spatia-temporal land co er change fore t 

fragmentation or di turbance at various habitat types have emerged as suitable mean for gaining 

information on the current tate of habitat as well as the di turbance hi tory. The technique bas 

been u ed in change detection analysis of variou eco ystem i.e. fore t cover (Harne et a/., 

1998). Many land cover change a sessments have predominantly focussed on fore t (e.g. 

exten i e documentation of global deforestation, Wade el al., 2003). This i becau e pattern of 

forest fragmentation arc relatively ea y to pick out due to the di tinct differences in the 

reflectance of fore ted and cleared land de Sherbinin, 2005). Focu on defore tation i perhap 

attributed to the fact that change in fore t cover over time are important because of the role 

fore ts play in the global carbon cycle, in global climatic trends and in providing pecie habitat 

(Woodwell et a/., 1984). In fore t eco ystem studie remote en ing has also been u ed to 

monitor land cover change ranging from defore tation (Tucker et al., 1984 Malingreau et a/., 

1988· toms and E tes 1993· Turner el a/., 1995· Sayre eta/., 2000) to fragmentation and edge 

effects (Skole and Tucker 1993 · Achard el al. , 2002). Remote sensing bas not been confmed to 

terrestrial eco y terns dynamics only. [n tead, it ba also been used in marine and aquatic studies 
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rangin from anal ing co t m declin along a ri er ba in (Twuma i and M rem 2006) to 

a e mg change within a co tal marine eco y t m hau aud et a/., 199 · W ng 2002; 

T vum i and M rem, 2007 . 

Cau e of Land-co er change at ariou scales are b coming well documented and remote 

ensing is al o a u eful techmque for identifying driver of eco ystem change and biodi er ity 

lo . owe er land cover change may not alway be negati e but could al o b po iti e 

manife tation of fo used ite intervention , i.e. in habitat re toration effort . valuating the 

impact of con ervation management intervention i crucial to the proce of max.imi ing 

conservation outcome . The u e of remote sen ing in fore t and wetland restoration is well 

documented. Most of the e ha e focu ed to clas ifying patterns of fore t and wetland ucce ton 

or re toration (Walker et af., 19 6· Hall eta/., 1987). 

Howe er, applications of land cover change using remote ensing are replete with forest studies 

and therefore the need to diver ify the u e of this technique in monitoring other habitat types so 

as to have a complete repre entation of land cover and land use trends in a whole uite of 

habitat . Thi may explain why tropical deforestation ha been tated as one of the primary 

cause of global environmental change (Gei t and Lambin, 2002). F r example, accurate, 

efficient and repeatable mapping of change in wetlands i critical for monitoring natural 

anthropogenic and climatic impact on these critical sy terns. There are many tudie focu ing on 

grassland ecosy tems but many focus on change as a result of ecological interaction (e.g. 

Milton and Dean 2001). De pite the avannah ecosy tern covering 20% oftbe earth surface and 

40% of Africa ( choles and Walker, 1993) and their critical roles for biodi er ity conservation 
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nly a few o tb e tudi ha been eful for con ervation (e.g. Jep on, 2 05) r de elop d 

m tho that are rran ferable. Tbi i again t the ba kdrop of many threat facing gras land m 

many locations in Africa (e.g. MacDonald eta/., 1993 Reyer eta/., 200 I dang'ang a eta/., 

2 02 . 

eral global land co er data et deri ed from atellite ob ervati n ha e be orne a ailable to 

rbe cienlific community and e n though they offer aluable infonnation on the curr nt tate of 

rh Earth's land urface con 1derable di agreement among th m and las ilication legend not 

primarily uited for . pecifi application ucb as carbon ycle model parameteri. ation p se 

ignificant chall nge and unc rtaintie in the use of uch data . et (Jung et a/., 2 6). The 

temporal spatial and sp ctral resolution of the remote en ing data will affect the changes that 

can be detected . A uch, even though global map with coar e patial resolution pro id a 

reasonable nap hot of the general e tent of forest co er, large cale products such as Global 

Land over 200 (Bruthol me and Bel ard 20 5) and Globcover cannot be compared and are 

not sui table for global or national fore t operational monitoring products such a Global Land 

Co er _00 Bartholom and Bclward, 20 5 and Globcov r cannot be compared and are not 

uitable for global or national forest operational monitoring becau e of in ufficient accuracy and 

the lack of detailed forest theme ( trand et a/. , 2007). For example the GLC2000 product 

include eight fore t clas es. Difference in resolution (spatial, temporal and spectral) ambiguity 

in signature of land classe jn the etas ification legends and accuracy are among the i sues that 

need to be addre ed before they can be u ed for land cover change analyses (Jung et a/. , 

2006) . Various change detection approaches are being applied but with varying degrees of 
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hone ming that limit the accuracy of clas i:fication based change detection. de cribed b 

C telh eta/ .. ( 1999) the e hortcoming are presented in th box b lo' . 

The proce of cia ification ba ed change detection i also compounded by the fact that 

ommonl u ed change detection algorithms fail to take account of patial infonnation and hence 

it is not po ible to pick up differences in reflectance of arable versu herbaceou unlike with the 

visual interpretation methodology. 

1. Limited spectral eparation of cia se 

2. The eparation of the clas iii cation, and change detection steps: Change detection 

step use the processed infonnation from classification, not the original data 

3. The • tati tical independence" as umption: Pixel-wised classification involve the 

values individually without considering the neighbouring pixel 

4. The construction of training sets: Collection of ground truth is expen ive time­

consuming and ometime it is impo sible to as ign the eta s label for spectral 

cluster . A less expensive alternative is obtaining training sets from photo 

interpretation that limits the resulting accuracy to the kills of human the expert, who 

constructs the training et 

5. The classification taxonomies are often based onland-u e that cannot be identified 

using remotely en ed data in some ca es, rather than land cover type e.g., 

di crimination between reservoir and lake). lso different type ofland cover are 

often aggregated under a single clas . The intrinsic li_mjtation of cla sifiers­

Compari on of multi-re olution!multi-temporal image data in a change detec6on 

procedure requires more re earch that would involve new approaches of multi- cale 

analysi . 
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ummary of the ari u application o remot n ing in land co er and land u e 

hang pre ented in Table 6. 

. pplication in 
mappin of 
I nd co,er 
chan e 
F rest cover 
change, 
defore tation 

Forest 
fragmentation 

v etland change 

Mapping and 
monitoring 

egetat10n and 
land cover 

cover change 

Monitoring 
egetation 

change in 
protected areas 

Land co er cla ification and 
digital change detection 
technique and i ual 
delineation and interpretation 
of multi-temporal and multi­
resolution remotely en ed 
data 

change detection algorithm 

Supervised and un supervised 
cla ification and change 
detection algorithms visual 
interpretation of remote 
sen ed data 

modelling proc dure. 
automated cia ification, and 
change detection, mulli­
temp ral principal 
c m nents anal 1. 

tran formation techniques 
followed supervi ed 
cla sification, digital change 
detection technique 

Analysi of multi-temporal 
NDVI compo ite metadata 
analysi of locational 
information 

Defore tation and 
fore t degradation 
increased 
ubstantially 

Fragmentation of 
habitats due to 
forest lo and 
de adation 
Wetland vegetation 
co er declined as a 
result of 
anthropogenic 
activitie 

Sea ons of high fire 
frequency identified 
susceptibility of 
vegetation type to 
fire noted 

Variation in 
phenologic 
change inside 
protected areas 
showed lower rates 
of clearing/land 
cover lo 

Tucker et at.. 19 4; kolc and 
Tucker 1993; ouza and 
Barreto, 2000· Steininger et 
a/.,2001: Zhang et a/.,200 I: 
Achard et a/.,2002· Asner et 
a/.,2002; Bati tella et a/.2003· 
Kinnaird et a/.,2003; Link:ie et 
a/.,2004; Curran et a/.,2004; 
Lung and Schaab, 2004· 
2006: A ner eta/. 2005· 
Buchanan et a/.,2008. 
Skole and Tucker, 1993 · 
Carvalho and Va concelos, 
1999; Petit and Lamb in, 200 J· 
Achard et al., 2002. 
Ramsey and Jensen 1996· 
Munyati· 2000· Houhoulis 
and Michener, 2000; Sajeev 
and Subramanian, 2003· 
Baker eta/., 2006 2007; 
Ernani and Gabriels 2006· 
Owino & R an 2007. 

Li eta/., 1997· Liew el 
a/., 1998· Patterson and Yool 
1998· Pereira eta/., 1999· Eva 
and Lambin, 2000· Kiran et 
a/., 2006, 

Batista et al., 1997 
Vasconcelos et a/.,2002; 

agendra 200 
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elected as a e ment 
indicator of de ertification to 
repre enl land urface 
condition fTom vegetation 
biomas land cape pattern 
and micrometeorolo 
Transfonnation correction, 
and nonnalization of 
Hyperion reflectance image 
data into composition image 
with a ubpixel extraction 
model and digital image 
anal es 

~xpanding and 
decrea ing trend in 
d ertification 
re pecti vely. 
Location 
de ertified and at 
ri k of 

2.3.4. Land cover change and impact on specie 

Ramsey eta/., 2005· 
Ander on eta/., 1993. 

u et 

Changes recorded from remote sen ing images have been widely applied and demonstrated to be 

capable of monitoring land cover and by association of animal pecies aero s region and hence 

u eful in the field of biodiversity conservation (de Sberbinin 2005). Studie demonstrate the 

link between land cover changes and decline in specie richnes . For example, there are tudie 

to illustrate impact of land cover change through defore tation and fragmentation and its 

impacts on endemic bird and range re tricted birds breeding ucces of pecie (Kurk:i et 

a/.,2000), and endangered pecies e.g. large mammals (Kinnaird et a/.,2003). Many studies have 

been undertaken to demonstrate how deleterious land cover change affect pecies and 

biodiversity at large. A summary of the re iew of orne of lhe studie that have used remote 

sensing to asses land co er and correlate the changes to specie diver ity and richnes are 

presented in Table 7. 
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T ble Example of land cover chang tudt 

d line m spe ies 

nchne 

Fore t fragmentation 

and nesting succe of 

migratory birds 

Forest fragmentation 

and litter dwelling 

pecies 

Ecological impact of 

land cover change 

Habitat los and 

pecie lo and 

extinction 

:tethodology u 

Spcci -area 

relation hip linear 

model and a formal 

meta-analysis to 

predict rate of pecie 

lo s in a fragmented 

fore 

percent forest cover of 

patcbe compared 

with incidence of 
nc t predation and 

parasiti m 

ne ting in twigs in the 

litter layer to habitat 

changes a sociated 

with fore t 

fragmentation 

as e ed 

atellite image 

interpretation and field 

verification in order to 

identify causes of 

change . principal 

component analysi 

(PCA) was u ed to 

quantitati ely tudy 

driving force of 

fore t land use change 

e timating the relative 

importance of habitat 

lo and habitat patial 

pattern 

(fragmentation) on 

Nest predation and 

parasitism by increased with 

forest fragmentation and 

reproductive rates were low 

enough for some species in 
the mo t fragmented 

landscapes 

nest den itie was greater in 

continuou fore t than in 

fragrn nts hence edge and 

i olation effect both play a 

role in tructuring litter-

et decline in ecosystem 

ervice offore t 

tncrea. e m pccie richne 

in fore t fragment · c mpared 

t their pecie· ri hne. 

before 1 olation 

Edge effect in m difying 

fore 1 dynamic 

outweigh the effect of 

habitat fragmentation 

Habitat lo threatens forest­

obligate bird 

Refer ence 

Bierregaard et a/., 

1992; Fahrig, 1997; 

Hargi et al., 19 9· 

Chittibabu and 

Partha arathy, 2000; 

Kurki et a/., 2000; 

Fahrig, 2002· Jha, et 
a/.,2005. 

Robin on and 

Wilcove 1994; 

Robin on eta/., 1995. 

Carvalho and 

Va concelo , 1999. 

Ga con and Lovejoy, 

199 · Jule eta/., 

1999. 

and Pimm, 2004. 
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Habitat change and 
pecie respon e 

population extinct10n, 
u ing a imple, 
patially xplicit 
imularion model 

evaluated changes in 
the distribution ize 
and abundance of 
butterflie pecie 

2.3.5. Remote sensing: The caveats to note 

dual force ofhabitat 
modification and climate 
change are likely to cau e 
pecialists to decline, leaving 

biological communitie with 
reduced number of specie 

Warren eta/., 2 0 I 

There i no doubt that remote sen ing i valuable for ecological and biological application and 

will play an increa ingly important role in the future (Kerr and 0 trov ky, 2003) and that with 

increasing spatial, spectral temporal and radiometric resolutions it will become more widely 

used in ecology and biodiver ity con er ation. Remote ensing offer the opportunity for large 

area characterization of biodiversity in a ystematic, repeatable and spatially exhaustive manner 

(Duro et al., 2007 .The analysis relie upon change in land cover altering the reflectance 

characteri tic mea ured by the atellite ensor. Con equently it will not be able t detect 

change that do not alter the e patterns e.g. change under canopies). irnilarly it will not be 

able to measure all threats to sites e.g. hunting). Other constraint include technical limit on 

feature discrimination the requirements of high levels of technical expertise cost although 

cheaper than field-based assessments) and the need for infonnation to calibrate and verify remote 

sensing results which can be limiting (Turner et al., 2003). 

Many digital change detection algorithms have been develop d to reveal change since the 

launch of ERTS-1 in 1972 (Fuller, 2006). The complexity of change detection procedure 

depends on the characteristics of data sets. The quality of the outputs from change detection 
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dep nd on ariou fa tor . For e amp! the election fa ingl en or eric , I w 

loud co er and matching dates of two image data t can re tri t thi intricacy when dif erence 

b twe n patlal re olution and p ctral band pa of two imag date acquired with two en o 

ompli ate di re t compari on of data to detect change . 

lir 1995) warned that remote eo ing technology and the information derived from it cannot 

b con idered a a technological panacea. For example the accuracy of the data e.g. 

compromised during information gathering or proce ing phase (Uhlir 1995) result and 

outputs from remote sen ing tudie also depend on the u er knowledge of th land cover 

hi tory and spectral characteristics of the area. Cloud and haze can severely preclude image 

interpretation in the tropics where cloud co er is common and can distort feature pectral 

signature re ulting in greater error or expensive and complex proce ing. AI o the timing of 

image acqui ition relati e to field urvey is very important because land cape feature are not 

static but change in response to weather patterns as well a unpredictable human and natural 

di turbances (Wilkie and Finnie 1996). Additionally for mo t en or , r mote sen ing can 

monitor only features that can b viewed from abo e and therefore the characteri tic of the 

understorey must be inferred rath r than directly ob erved (Strand et at. 2007). 

The a ailabi ti ty of historical data (analogue or digital) is necessary while according to Aplin 

(2006) temporal resolution i ignificant where imagery is u ed to monitor changing 

environmental conditions. For multi-temporal analy i images hould at lea t be of lhe arne 

area at two or three point in time (temporal resolution). Images should be cloud free patial 

re elution hould be fine enough for accurate mapping and cia ification and la t but not least, 

they hould not only be affordable but preferably the focal area should be covered on a single 
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image. Finally th co t f fu are and th analytical kill need d l u e the imag fcl i a 

limitation wh re funding and capacity are limited. If the e te hnologie are to be u ed v id ly, 

imple method of analy i are need d (Buchanan et al., 2009b . e erthele , the few 

limitations notwith tanding the capabilities and application of remote sen ing in biodi er ity 

con ervation bas teadily grown in the pa t and i poi ed to increa e dramatically a a re ult of 

impro ements in the oftware tool computing power capacity in killed per onnel, increa ing 

quality and quantity and the e er reducing costs in atellite imagery. There exi l enormou 

strengths opportunities to be exploited weakne e and threat (de herbinin and Giri, 200 I) to 

be addre ed and it i encouraging to note that mo t of the weakne e and threats are being 

add.re ed through rapidly reducing co ts of data advance in impro ed acce ibility and 

capacity to manipulate data as well as increa! ing accuracy and data continuity. 
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TE THREE: IETHODOLOG 

.1. tud ea 

ite lection 

ample of 80 ffiAs was originally selected for the study. Howe r due to incompl t n of 

·ariou atellite images on! y 71 of the 1 230 IDA in Africa were u ed (Annex 2 . The e v ere 

all within Ea t Africa with 4 in Burundi 8 in Ethiopia 25 in Kenya 2 in Rwanda 1 m 

Tanzania and 15 in Uganda. According to Le Houerou and Ho te 1977 the vegetation of a t 

Africa is h ighly h terogeneous, with great variability in tructur and productivity the latter 

greatly influenced by the spatial and sea onal distribution of precipitation and temperature. A 

balance acros land co er type wa required to ensure equal repres ntation of the major habitat 

within IBA in the tudy region. The dominant habitat within each IBA according to GLC2000 

Mayaux et al. 2004 and BirdLife International 2008) was used to identify the dominant Land 

cover type on ffiAs and a sample of each used (Figure 2). Thirty one were dominated by 

forests 18 wetlands 13 gra land (both sa annah and highland gra stand I shrub land and 

transition/natural-agricultural roo aic sites. Accurate digital boundarie were a ailable for all 

site and a rni ture of both protected and non-protected area wa con idcred. Ba ed on 

dominant land cover type a de crib d by BirdLife International (200 a), ix broad land 

cover abitat type (artificial land cape, fore t, gra land natural-agricultural mo aic shrub land 

and wetlands for each IBA wer determined. 
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Figure 2: ap showing all the focal site in Burundi, thiopia, Kenya, Rwanda, Tanzania and Uganda 

used in the study. 
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The 71 m were al o elect d o that there' a a rea onably e n plit b tween I A that w re 

Protected partially protected (2) and tho e that \1 r not protected (2 again 

b lane d where po ible by land co er typ . Protection tatu wa ba ed on the World Oataba 

of Protected Areas (IUC and UNEP 2008). The ite that were el cted were al o balanced to 

ensure that the ample contained a imilar number of sites with community based con ervation 

efforts. namely ite where BirdLife has implemented long-term site-ba ed con ervation 

intervention a demonstrated through the presence of Local Conservation Group (h reby 

refi rred to a Site Support Group ). 

3.2. Data and Source 

The ready and free availability of multiple epoch image patial re olution that can characteri e 

land cover and land use change and it affordability in recent year (Cohen and Goward 2004 

made Landsat satellite imagery the preferred choice of remote ensing data for thi study. The 

Landsat serie of satellite ha the Ionge t stream of satellite data from a single platform, v hich 

h b en op rational since 1972. It al o ha a relatively medium to high patial re olution and 

therefore good for inve tigating temp rat dynamic in land cover. Thi and other advanlag 

make Landsat imagery to be the mo t commonly applied in land co er change tudie (e.g. 

tropical fore t, Fuller 2006). Land at data from 1990 and tho e from around 2000 were u ed a 

these v ere availabl through A As Land cover programme 01ttp: //www.u g .go /pubproQD. 

The more recent images from around 2007 were upplemented by recently acquired A ter 

Advanced pace borne Thermal Emi ions and Reflection Radiometer) image for the mid and 

late 2000. Tbi allowed land co er changes o er almost 20 years to be asse sed. The images 

from around 1990s were captured by Landsat-TM (Thematic Mapper) with a spatial resolution of 
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2 m ' ·bile po t 19 9 imag generally wer colt ct by Land. at- TM (Enhanced Thematic 

app r Plu ) again with a patial re olution of 2 m. c ne from the e epo h are a ailabl 

fr e of charge for download from the Uni er ity of Maryland lobal Land ov r Facility 

(GLCF~ http://www.glcf.umd. d index. html). Scene for the recently acquired A ter for the 

mid 2000 were purcba ed to complement Land at ETM+ for mid and lat 2 0 . The were 

u ed at 30m re elution. Mo t of these images are already orthorectified and available a 

Geocover data ets. On acquj ition the data had already been pre-proce ed through 

g oreferencing and radiom tric correction . 

3.2.1. Human population data 

Human population den itie (per quare km) covering 1995 and 2000 were reprojected to a I km 

re e lution from the Gridded Population ofthe World (GPW) web ite (CIESIN and CIAT. 2005). 

The Gridded Population of the World GPW) con ist of estimate of human population for the 

years 1990 1995 2000 and 2005 into a global grid of quadrilateral latitude-longitude cell at a 

re elution of 2.5 arc minute . The e population density data are far more pr ci c than in most 

otb r such global analy e , which often u countrywide averages as the data ( arcourt and 

Parks 2003 ). Th data are presented in the ite as a grid with a cell ize of 0.0 3x0.0 3 degre 

(or 50x50 minutes or approximately 9 kmx9 km at the equator). The ' moothed' ver ion of the 

data in the ite was u ed because it remove abrupt tran ition in den ity at political boundaries. 

and thu provid a more realistic di tribution of den itie . 
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.2.2. Prot cted rea data 

The Protect d Area tatu for each ite in thi tudy v a deri ed from the World Databa e on 

Protect d r as (IU and EP 200 ). Area that were de ignat d und r categorie I-VI 

b ed on primary managem nt objective (JU 1994 were cia ified a Protected Area . Th 

categories u ed include trict ature Reserves (including Fore t Re erves Wildeme Area 

(including Game Reserve and ationaJ Parks. Where applicable the year when they were 

d ignated and duration ince de ignation were also recorded to document the protection statu 

hi tory. 

3.2.3. pecies data 

Data on pecie population trend and changes in the Red Li t tatu of pec1e occurring inside 

ffiAs " ere acquired from the BirdLife lnternational databa e and from a review of exi ting 

reports and publications for compari on to land cover change as as essed by thi study. The e 

data were available for only a sub et of five sites as ucb data doe not actually exist for many 

sites. 

3 . . 0 erview of Conservation Intervention 

Information on past intervention wa used to a e whether land co er change is less frequent 

following long-term site-ba ed con ervation initiative . Ba ed on con ultation within BirdLife 

International and Partners in the respective countrie a well a a thorough re iew of exi ting 

reports and project and programme document , the sites where BirdLife and it Partner have 

been working in th last decade were identified. The e include sites where there have been long­

term conservation intervention acti itie such as actual site-based conservation initiative long­

term engagement with local communities (herein referred to a Site Support Groups) through 
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mmunity- d natural r ur managem nt and li ehh d improvement initiati e . The 

numb r of y ars for which thi mterventton or engagem nt ha been undertak n at each 

d t rmin d . The pre nee of an i an indicat r ofBirdLife interv ntion 

at the tte and uch it wa a umed that through their con ervation work impro e th 

cond ition of he ite and pre nt furth r lo , decline or deleteriou land co er change . 

.4. Image Interpretation and Analy i 

A sy t matic ampling approach (e.g. Achard et a/., 2002 Brink and a 2009) wa u ed to 

a e land cover change. Land cover, and land co er change were d termined by vi ual 

interpretation of land cover within ample boxes (300 m by 300 m overlayed onto at llite 

image from all epoch , di tributed at equal interval across JBA , and aero a 20 km buffer 

around the IBA . Within TBA , the boxe were eparated by 1.5 km in IBA larger than 50km2 

{62 lB s) and 0.5 km in the (I 0) TBA maller than thi to en ure ufficient numbers of point 

for analysi . Boxes were separated by 3 km in the 20 km buffer around IBA . Vi ual 

Interpretation of atellite image wa done u ing a tool developed by E -JR (D. Simonetti, 

unpubli bed that wa de igned to aid quick i ual int rpretation of high re olution multi­

temporal satellit data a hown in Figure 3 4, 5 and 6. 
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F" ure 6: Exampl creen hot of Ul u ed to a s wetland land cover change at Ku a wamp IBA around 

Lake ictoria. The four bo cover from rigbt to left the different time period u ed in tbe study and bow 

a decline in flooded vegetation 

It bas four viewing windows di played· each with a zoom capability window and a t tal of ten 

generalised land cover classe cho en for each year of available imagery. Interpretation for each 

box was based on the predominant land cover class within the 300m by 300m box. The 

dominant land cover class was identified as one f closed or dense fore t (>40% co er) open or 

degraded forest (<40%) natural vegetation-agricultural mo aic (15%-65% mixture) hrub lands, 

grasslands/herbaceous agriculture-plantation tree/shrub crops or managed non-arable 

agricultural vegetation such as tea, coffee tree ) agriculture-arable ( mall caJe subsistence 

agriculture to large scale fields open water (standing or flowing with no observable vegetation) 

I 
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fl ded vegetation (cl arly m re hwnid than the vegetation in th urrounding an:a, a o iat d 

wnh a " ·atercour e or a ready upply of water bare ground (no ign of veg tation) cloud 

ur an unknown or no data. The e cia e w re d fin d ba ed on the hierarchical land cover 

clas es from the F AO Land Cover Clas ification y tern (Di Gregorio and Jan en, 2000) a 

pre ented in Table . This sy tern is designed to produce objective as ment of land co er on 

a hierarchical classification sy tern and is increasingly being used for remote sen ing analy i . 

Table 8. The Variou land cover categori u ed during tbe visual interpretation of atcllitc data 

No. Land co er cia ification Description 

I Closed tree cover/dense forest Closed Forest Cover, from 100% to 40% canopy co er. Height 
{>40%) greater than 3m and include tree of all leaf type and 

phenologies 
2 Open tree cover ( 40-15%) Open tree cover, with canopy cover from 40% to 15%. Height of 

the tree greater than 3m. Include trees of all leaf type and 
phenologies 

3 Mosaic of Natural vegetation Cultivated and managed terre trial areas spatially mixed natural 
and Agriculture and emi-natural primarily terre trial vegetation. Cia include 

proportions ofboth from 65% to 15% 
4 Shrub co er Shrub dominated cover (100% to 15%), with possibility of 

additional layers of clo ed to open herbaceou 100% to 15%) 
and/or open tree cover (<15%) and height <3m 

5 Herbaceous cover Herbaceou dominated cover (I 00% to 40%) with po ibility of 
additional layers of open shrub (<15o/~ 

6 Tree or Shrub crops Plantations or orchards of tree or shrub cr~ 
7 Arable agriculture Arable agriculture including mall, medium and large cale field 

sizes. Can also include fallow fields 
8 Open water Standing and flowing water. The pre ence of v ater being any 

combination of permanent, seasonal or temJ>_orli!}' 
9 Flooded hrub and herbaceous Flooded egetation v hich can include a thematic mix of hrub 

herbaceous and mo or lichen cover. The pre ence of water 
being any combination of permanent ~e~onal or temporary 

10 Urban Area extensively modified by human , but not covered by 
agriculture. Can include built up and non-built up area urban 
vegetated are3S.!_ and extraction sites 

I 1 Bare areas Percentage egetation cover i le than 4% and includes bare 
soil bare rock,~toney and sandy cover 

To aid in the image interpretation proce , Google Earth was al o used in upplementing the 

validation proce becau e of its capability to provide a very high patial resolution napshot of 
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an area. Po t·pr e ing 1mage interpr tation in ol ed te tual output m mmary he t and 

ta le on \ hich tati tical analy e were based. 

3. . round-truthing 

Although aerial imagery pro ide a aluable ource of information field ob ervation are 

important for accuracy as e ment. Field ob er ations are required for effecti e and accurate 

imag interpretation a it make it po ible to asc rtain the relation hip between the land cape 

and it app ranee on the image. ccuracy is coo idered to be the degree of clo enes of r suit 

to the alue accepted a true. Accuracy a essmeots determine the quality of the information 

d rived from remotely en ed data (Congalton and Green 1999). ccuracy asse ment r quire 

the collection of a et of reference data consisting of point of known identity that are di per d 

throughout the area to be tudied and allo ated aero the cia e u ed for the map (Aronoff 

2 05). 
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Ground-truthed IBAs in Kenya and Uganda 

200 400 Kilometers + 200 0 ---

Figure 7: Map bowing tbe it where ground-truthing wa conducted in Kenya and Uganda to aid the 

accuracy a ment process ( ite UG002 wa not included in the land cover change analy is). 
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Th e data were colt cted u ing a tandard protocol " ith land co r type ba cd on the Land 

C ver las ification y tern (LCCS a et out in AO 2005 . t e ery point the data wa 

patiaUy referenced in Latitud and Longitude u ing a GPS et. t lea t 30 urvey w r 

undertaken in the main land cov r categorie on the IBA. Efforts were made a much a po ible 

to cover mo habitat typ repre entati e of a particular ite. Sample of the vegetation types 

pre ent were dispersed aero the TBA and separated by at least 200m. Pragmatic on ideration 

were made regarding the Location of these survey locations especially where access to orne 

areas was impos ible. 

The location (but not land cover type ) of the ground-truthed data were import d into ArcMap. 

100 m radiu buffer wa generated around each point, and land cover identified a with the 

land co er change tool (above), but blind to what wa identified in the field. Thi wa consi tent 

with the requirement that the reference data for accuracy a e ment be u ed only for evaluation 

and not as input for interpretation (Aronoff 2005). 

To a e s the accuracy of the visual interpretations a formal comparison with field collected 

land co er data was undertaken. This wa done for a ub et of 21 lBA ites in Kenya and 

Uganda (Figure 7 . At these ite the land cover type at patially referenced ite was noted. This 

independent dataset for land cover/land u e type was collected from 2 I ite . Plate 1- pre ent 

nap bot taken in the field during the ground-trutbing exercise in Kenya and Uganda. Differ nt 

mea ure of accuracy used including overall accuracy, the confusion matrix Producers and 

er' accuracy· error of commi ion/omission and th kappa coefficient were examined in the 
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eJTOr anal i . Ov rall accuracy \! a calculat d by di iding the numb r of alidation pi. I that 

\\ re cia ified correctly by th total numb r of alidation pix I for all clas e . The error matri 

(al o referred to a confu ion matrix or contingency tabl was u ed to illu trate cia agreement 

and error in greater detail by illu trating the relation hip between the independent vahdation sit 

of the known cla ) and the percentage of tho e pixel actually cia ified into th ariou cia e 

by the maximum likelihood clas ifier (Jensen 2000· Lille and and Kiefer 2000). Percentage of 

pixels cia ifi ed correctly are hown on the diagonal of the confu ion matrix, while error of 

commi ion (incorrect inclu ion into cla s-row entries) and omission (incorrect exclu ion from 

clas column entries) can be een off the diagonal (Lillesand and Kiefer 2000 . The producer's 

accuracy which i a mea ure of omi ion error was computed by dividing the number of 

correctly cla ified pixel in each category by the total number of pixels in the corrc ponding 

column. The user accuracy which i a mea ure of commi sion error wa computed by di iding 

th number of correctly cla ified pixels in each category by the total number pixel that were 

cla sified in that category (corresponding row total). The same methodology ha b en u d by 

Malik and Housain (2006a). 
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Plate I: Field A i tants collecting data in disturbed for t, Kenya 

Plate 2: Fi ld A istant collecting ground-truthing datJ1 around Dobo Rice beme lBA ite in Uganda 
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Plate 3: Large cale sugar cane farming is one of the common land u es around Mabira For t IBA, ganda 

Plate 4: Field A istants deep in ide the secondary forest. Mabira Forest. ganda 
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PlateS: Field Assistants collecting data at tbe Kinangop Gra land IBA, Kenya 

Plate 6: Data collection in olved a lot of trekking 
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PlateS: Field i tants collecting data at the Kinangop Gra I nd IBA Kenya 

Plate 6: Data collection in ol ed a lot of trekking 
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.6. tati tical nal 

Po -pr ce ing image interpr tation in olved textual output m ummary he and 

contingency table in Micro oft Excel M spr ad beet. generic ummary pread he t with 

all the input data wa compiled in MS xcel. Simple tati tical analy e were al o conducted 

u mg Excel. The annual rate of change wa calculated u ing a Declining-balance method or 

Exponential Decay educing balance method) formula : 

nnual Land Co cr Change Rate ALCCR) = Sl / 2 1 -l 

Where 1 =Final % Land co er S2 = Initial % Land cover and N= Time lag in year 

arious 

analy e of rate of land co r change, there was aggregation of ite that were forest altered 

vegetation i.e. mo aic agric tree crop or urban) a one variable between T2 and T4. Thi wa 

calculated a a proportion change i.e. [ T4-T2)rf2)] and di ided by a quare root time differ nee 

b tween T4 and T2. Herbaceous, shrub land water flooded egetation were treated a separate 

ariables. 

Regre ion, checking of quadratic and multiple regre sions were u cd to determine the 

ignificant (P<0.05) relation hip ben een correlate . Parameter e timate for the model and their 

level of igni ficance are tabulated for each correlation. A P- value of le than .05 imp lie that 

the parameter i ignificant to the model. The Multiple R quared i the coefficient of multiple 

determinations which indicate the percentage contribution of the model to under tanding the 

relationship between the variables. Parameter e timate are quoted with tandard Error (SE). All 

mean are pre en ted by ± E. For stati tical method and analysis Zar (20 l 0) wa used for 

reference. 
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Tha chapt r i organi d by ub- ction the fir t pre ent accuracy e ment analy i the 

ond pro 1d a broad patt m of land co er change and ach of the next four repre nting 

th me or study que tion . The final ub- ection pre en o era II di cu ion ba ed on re ult 

from pr ceding sub-se tion . For each tudy question, there i a tand-alone sub- ection co ring 

introdu tion aim of the rele ant study question method u ed and analy e done re ult and 

di cu sion of the result . A general di cus ion of the overall re ult i made at the end of th 

chapter. It i envi ioned that formatting and organizing the chapter in this manner wiU 

ignificantly implify the next stage of publi bing of there ult in a chapter by chapter approach. 

4.1. c urac As es ment 

4.1.1. Introduction 

Remotely en ed data will be u eful and effecti e when appropriate technique of accuracy 

as essment is performed en eman et al., 1995). Accura y a es ment i a comparison of a map 

produced from remote en ed data (e.g. output data from Land o er Change Tool) with a map 

from validation data and thu detem1ine the quality of information deri ed from remote! y 

sen ed data Congalton and Green, 1999). Ground truth data are crucial for clas ifying th data 

to informational classe and for a es ing eta sification accuracy. Cia ification accuracy i 

e pre ed by the overall accuracy p rcentage computed from the urn of the error confu ion or 

mi calculation matrix re ulting from th application of a clas ifier (Fitzgerald and Le 1994). 

Ba ic approach to accuracy a e ment i the confu ion or rror matrix (Strahler et al. 2006). 
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.:4.1.2. ims 

The mam o ~ecti"e of accuracy a e mcnt i to deri e a quantitati c de cription of the accurac 

fthe 1mage interpretation and analy is. 

4.1.3. _1etbod 

Reference data was collected using the arne land cover clas ification cheme u ed to during the 

land cover clas ification map. A total of 457 ample poin wa u ed for the accuracy a e ment 

and ground-truthed data was a umed to be I 00% correct. Th accuracy a e ment w re 

computed by importing all the 1,565 ground-truthed reference point ample ) from the 20 it 

into ArcMap and overlaying the points to the 2007-2008 atellite image for each ite. The e 

image were used to becau e the date are as close as possible to the time when ground truth data 

was acquired. Each point wa buffered by a radiu of 1OOm within which the interpretation was 

confined. Interpretation of dominant land cover cia se on the r; motely- en ed data wa done 

independent from the ground-truth data. Thi wa summari ed in a c nfu ion/error matri 

developed capturing all the II land cover classe and the ite . E aluation of the accuracy of 

classification wa computed. 

verall accuracy indicates the probability of point in the atellite image to be correctly etas ified 

\ ithin a cenain degree of confidence. The total accuracy wa calculated by dividing the number 

of correctly la ified ample with the total number of samples. However ince the total 

accuracy value i an average it doe not reveal if the error wa evenly dj tributcd between 

cia se or if orne cia e were really bad and orne good and hence the need to u e the users and 

producer accuracy tati. tic . The u er accuracy indicate the probability of any given ample 

point in any cia in the satellite image to ha e been mapped correctly in reference to the ground 
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truth data. Thi " as calculat d by dividing th number of corr ctly mapped ample point in each 

cl " tth the total number of point in that cia . he Produc r accuracy indicate th 

probabili ty that a randomly elected point on the ground truth data b ing mapped correctly on the 

atellite image. This was calculated by the number of correctly mapp d point per cia with the 

total number of poin in each cia s in th ground truth map. Mean accuracy i a combination of 

u er and producer accuracy. 

The Kappa oefficient of Agreement reflect the difference b tween actual agreement and the 

agreement expected by chance between two map (e.g. output map of clas ification and ground­

truthed map) . The overall Kappa computed for all cia e in the map indicate whether a map is 

below equal or above a random agreement. A value of -1 indicate no agreement 0 indicate a 

random agreement while a value of I depicts perfect agreement. Therefore a map with a Kappa 

alue of I indicates the map and the validation data have the same values. Wherea a kappa of -I 

indicate that the map clas e does not correspond with the validation data at all. 

4.1.4. Re ult 

An overall interpretation cla sification accuracy of about 72.6% wa obtained when all land 

classes wer con idered cparately (Table 9). However tl1i increa ed lightly to 77% when 

tmilar categoric (e.g. den e fore t and open forest· agriculture-arable and natural-agricultural 

mo aic were merged (Table 1 0). For the II land c ver classe the Kappa tati tic re ults of 

0.68 means that there i a 6 % better agreement than by chance alone. There ult u er' 

accuracy ranged from 57% and I 00% whereas the produc r' accuracy ranged from 4 % and 

100%. There ults are pre ented in Table 9. 
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ble 9: \ccuncy 
nd Uganda ~ith cl 

ment report of Landsat imag 
e not merged) 

<1 -~ 
"0 
"0 
~ 
<I:) 

:: 
~ 
<I:) 

:;.., 
~ -e 
E 
~ 

~ 

Land cover I I 1. 
class 

l 162 II 

2 22 120 

J 0 19 

4 0 

s 0 

6 0 

1 0 

8 0 

9 0 

10 0 

11 0 

Totai(B) 184 150 

Total 32,384 30.300 
(B*C) 
Users 0.92 0.59 
accuracy 
Producers 0.88 0.80 
accuracy 
Mean 0.90 0.68 
accuracy 
Total 1136 
correct! 
mapp d 
samples 
Kappa 0.91 0.55 
Coefficient 
Overall 0.68 
Kappa 
coefficient 
Over Jl 72.6% 
Accuracy 

Land Co cr clas e : 
1. 
2. 
3. 
4 . 

Den e fo re. t 
Open fore t 

aturaVagric mosaic 
hrub land 

5. Grassland 
6. Agric- Plantation 
7. Agriculture - arable 

Open water 

3 

0 

12 

104 

0 

17 

II 

12 

0 

0 

0 

0 

156 

28,548 

0.57 

0.67 

0.61 

0.52 

9. Flooded vegetationlwetla d 
10. Urban 
1 L Bare 

4 

0 

41 

II 

76 

0 

6 

0 

0 

0 

0 

0 

134 

17,688 

0.58 

0.57 

0.57 

0.54 

for the 2006-200 period in 20 m in n ·a 

Groundtruth data 
5 6 7 8 9 10 II Total 

(C) 
0 3 0 0 0 0 0 176 

0 7 0 0 0 0 0 202 

28 0 21 0 0 0 0 183 

51 0 s 0 0 0 0 132 

149 0 26 0 IS I 0 208 

0 79 7 0 0 0 0 103 

82 13 326 0 3 2 0 438 

0 0 0 3 3 0 0 6 

0 0 0 0 109 0 0 109 

0 0 0 0 0 1 0 7 

0 0 0 0 0 0 J I 

310 102 385 3 130 10 I 1,565 

64,480 10,506 168630 18 14,170 70 I 366,795 

0.72 0.77 0.74 0.50 1.00 1.00 1.00 

0.48 0.77 0.85 1.00 0.114 0.70 l.OO 

0.58 0.77 0.79 0.67 0.9 1 0.82 1.00 

0.65 0.75 0.67 0.5 1.00 1.0 1.00 
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ble 1 : c:curac a e m nt report of and at imag for the 2 6-2008 period in 20 IB 
nd gand (l\itb cla e merged) 

GrouJldtrutb data 
Land CO\er 
~-pe I 2 3 4 5 6 7 8 

1 315 41 0 10 12 0 0 0 
2 0 76 51 0 5 0 0 0 
3 0 0 149 0 43 0 15 I 
4 0 6 0 79 18 0 0 0 
5 19 II 110 13 463 0 3 2 
6 0 0 0 0 0 3 3 0 
7 0 0 0 0 0 0 109 0 

e= 8 0 0 0 0 0 0 0 7 -e= 
9 '0 0 0 0 0 0 0 0 0 

~ 
Tot I (B) = 334 134 310 102 541 3 130 10 ·-"' Total (B*C) = 126,252 17.688 64,480 10,506 335,961 18 14,170 70 C.! 

"' Users C.! ... 
~ccurac)' 0.83 0.58 0.72 0.77 0.75 0.50 1.00 1.00 0 s Pr ducers 

~ 
accuracy 0.94 0.57 0.48 0.17 0.86 1.00 0.84 0.70 
Mean 

_llccuracy 0.88 0.57 0.58 0.77 0.80 0.67 0.91 0.82 
Total 
correctly 
mapped 
samples 1202 
Kappa 

_Coefficient 0.002 0.004 0.002 0.007 0.001 0.111 0.007 0.099 
Overall 

appa 
c.oeffici en t 0.70 
Overall 
Accuracy 76.8% 

Land Co er classe (when merged): 
1. Fore t 

2. Shrub land 
3. Gras land 
4. Agric- Plantation 
5. gricuJture- arable 
6. Open water 
7. Flooded egetation/wetland 
8. Urban 
9. Bare 

4.1.5. Discu ion 

in en a 

Total 
9 CC) 

0 378 

0 132 

0 208 

0 103 

0 621 

0 6 

0 109 

0 7 

I I 

1 1,565 

I 569,146 

I 

I 

I 

1 

The results indicate that the total accuracy was 72.6% wherea the user's and producer 

accuracy ranged from 57% and 100% and 48% ar.d 100% respectively. The overall Kappa 
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c mput d for all clas in the map indicate whether the mt rpr ted remote n ed data 1 

b low e ual or abo e a random agreement. ince a alue of -I indicate no agre m nt i.e. 

inl rpret d data doe not corr pond\! ith validation data at all) 0 indicate a random agr ement 

and 1 d piers a perfect agreement, all alue are clo er to I and therefore an indicating a p rfect 

agreem nt for flooded vegetation, urban and bare ground land co er clas e and a near p rfi t 

agreement for den e forest. 

The o erall accuracy of 72.6% i below the 5% accuracy target widely accepted by the remote 

s n ing community a a benchmark (Foody 2002; Rese et al .. 2002· Fuller eta/., 2003). When 

similar land cover categori were merged, tb verall interpretation accuracy increa ed. It 

therefore mean that further m rging of cia e would have attained an overall accuracy closer to 

85%. Howe er the viability of the 85% accuracy target ha been questioned. Wulder eta/., 

2006) feels that the usefulne of the 85% benchmark a a tandard i unclear confinning 

simi lar doubt by Laba et al. (2002 based on the argument that users and producer 

accuracie are tabilizing in the 50-70% range and that map accuracie will approach 0% only 

through the u e of high spectral patial and temporal re olution image . In fact Czaplew ki and 

Patterson (2003) for land co er product having more than 10 cia e , accuracie for each tratum 

are required to exceed 70% in which ca the overall accuracy of thi tudy exce d the 7 % 

proposed accuracy target. 

everthele even though thi accuracy may be acceptable considering the argument to cap the 

target at 70%. However if the 85% target is still valid, this low value of o erall accuracy could 

be attributed to reference data which wa collected by two different group of field a i tants in 
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nya and and a and hence a po ibility of I ight variation in their e ment of ground-

truthed data. 

4.2. and co er change on m in ast frica between 1986-200 

4.2.1. lntroduction 

Land co er change is the largest threat to globally threatened birds (BirdLife International 2004). 

I is linked to the intersection of natural and human influences in en ironmental change Gho h 

et a/. 1996) and the change are driven by heterogeneous dynamic in land u e (Turner et a/., 

1995). Land cover i the ob erved phy ical and biological cover of the earth' land (e.g. 

vegetation or lack of man-made feature ) whereas land u e de cribe human u es of the land for a 

certain purpo e, or immediate actions modifying or converting natural environment (land cover) 

or wilderne: into built enviromnent uch a field , pastures and settlements (UNEP, 2007). The 

human di men ion of global environmental change is concerned with the human cau es of change 

and the consequences of uch changes (Jager, 2001). Based on scenarios offuture land use and 

climate land use will re ult in a bigger bare of biodiver ity lo by 2100 than climate change 

( ala et al..2000 with a prediction by Chapin et a/.,(2000) that for at least the next 100 years 

land co er change i likely to b the most ignificant ariable impacting on biodi er ity. In fact 

the e change are unprecedented faster in the la t 50 yea than at any time in human history and 

projected to continue Millennium Eco ystem A e sment 2005). 

Land cover and land u e change is manifested through conver ion of natural habitats into 

agriculture pasture urban areas and other infra tructural developments e.g. road ). Land cover 

change analy is is important in identifying proportions of land cover categories that have 
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hang d o r a particular p riod. uch analy i and mapping f change ha e therefore help d in 

unde tanding th dynamic and impact of human acti irie in tim and pac . Ba ed on thi 

understanding appropriat intervention that target in olvem nt of ariou actor in addre mg 

threats etting prioritie • de 1gning intervention approa he and con ervation in e tment are 

bol ter d etting in motion monitoring, e aluating and adaptive management trategie and 

proce e aimed at ameliorating the effects of deleterious land co er change. 

4.2.2. Aim 

This ection pre ent the broad pattern of land change dynamics at the 72 tudy area in Ea t 

frica during a 22-year tudy period ( 1986-200 ). It at o shows through comparison how the 

various land cover categoric ha e changed during the two decade period. 

4.2.3. Method and naly i 

Based on the image interpretation (See Chapter 3) summarie the proportion of each of the 11 

land cover types for each ite in the period around 1990 2000 and 2006 wa detcnuincd. The 

years around 1990 were used a baseline and change in land cover both po itive and negative) 

tabulated in contingency table and percentage land cover change determined. Thi analysi wa 

urnmarised at a broad regional cale level, national level and ite level. However, only regional 

le el and national level change for re pective land cover categories were presented. A paired t­

te t wa used to determine if there were significant differences between ob erved land cover 

changes inside and out ide lBA ite . 
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4 .. 4. ul 

Image covered the tim b t"\l een 19 6 and 20 . Land co er change varied ranging from 

po iri e to n gati\'e within IDA aero m and out id th IB n averag the ext nt of 

clo ed fore t decrea ed on TBA between the time period con idered both within and out ide of 

th IDA see Figure · T test re ults here for compari on between before and after). There wa 

con iderable scatter around thi relation hip, as hown by the wide error bars, with cover on 

some IB s increasing by up to 36.8 %, while it decreased by 6 .2 % on other . A imilar pattern 

was ob erved for closed forest outside the ffiAs with a site increa ing by 33.3% while it 

decrea ed by 91.7% on another site thus providing enough evidence of ignificant los of closed 

forest patches immediately around IBAs. 

There wa no significant difference in the percentage of change within IDAs in compari on to 

the rates of change in the surrounding 20 krn buffer for all land cover classes (Table I l) apart 

from clo ed forest t = 1.1815 p=O.Ol3) and natural-agricultural mosaic (t = -2.2216, p=0.030). 

By contrast the extent of open forest did not change significantly within lBAs between 1986-

200 (Figure 9 with orne of the IBA open fore t co er increa ing by 2.7% in Ethiopia, 6. % 

in Kenya and 31 .25% in Burundi (Tables 11 12 13 . In contrast there wa con iderable los 

around the IDA with open fore t co er increa ing by up to 66.7% while it decrea ed by up to 

42.9% on other . Change in each of the land cover type are ummari ed in Figure 9-19 and 

Table 1 1. General trend how that during the period natural land cover decrea ed. In order of 

magnitude 19.4% of clo ed fore t, (Figure 8) 17.84% of bare ground Figure 18 6.23% of 

flooded vegetation (Figure 16 3.37% of shrub (Figure 11 and 3.13% of area under natural­

agricultural mosaic (Figure 10 were lost and converted into other land cover type such a open 

fore t, herbaceous, arable and urban. Thi i demon tratcd by a proportionate increase or gain in 
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ar und r urban (50.95% . arabi ( 2.57% h rbaceou 2.26%) and open ft r t 1.6 %) within 

th m re p cti ely (Table II). The pattern ugge t general con er ion and alteration of 

n rural ·egetation to artificial, modified land cover type . 

During the arne period land cover changes al o took place within the buffer or the area 

surrounding the IBA . The general trend show a loss in clo ed forest ( -33%; Figure ), open 

fore t - .6%· Figure 9) natural-agricultural mosaic (-23.3% Figure 10), flooded vegetation 

-20.5%, Figure 16), hrub land (-11.4% Figure II) bare ground (- .9 %, Figure 1 ) and 

berbaceou (-3.9%, Figure 12) re pectively. The e appear to have been replaced by altered 

land cape which increa ed in proportion, with urban up 72. % (Figure 17), arable up 24.1% 

(Figure 14) and, Tree/ hrub crop up 9.7% (Figure 13). AJI these change and rates of change 

during the 22 year period are pre ented in Table II. 
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Fi ure : Clo ed forest land cov r change during the period 1986-200 both in ide and out ide the IBA for 
IB within the Ea tern frica region (Burundi, Ethiopia, Ken a, Rl anda, Tan1..ania and ganda n=28) 
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· ure 9: Open fore t land co er change during the period 1986-2008 both in ide and outside them for 
IB \o\ithin th Eastern Africa region (Burundi, Ethlopia Kenya, Rwanda, Tanzania and ganda, n=44) 
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Fi ore 10: Land co er change in the natural-agricultural mo aic co er during th period 1986-2008 both 
i jde and out ide the IB for IB within the Eastern Africa region Burundi, thiopia, Ken a, Rwanda, 
Tanzania nd ganda n=48) 
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i ure 11: hrub land co er change during the period 1986-ZOO both in ide nd out ide the IBA for lBA 
within th Ea tem fri a region Burundi, thiopia Ken a, Rwanda, Tanzania and ganda n=56) 
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Fi urc 12: Hcrbaceou land cover change during the period 1986-2008 both in ide and outside the IBA for 
IB within the Ea tern frica r gion (Burundi Ethiopia, Kenya, Rwanda Tanzania and ganda n=SJ) 
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Figur 1 : T re hrub crop land co er change during the period 1986-2008 botb in ide and outside the IB 
for IBA within the Eastern Africa region (Burundi Ethiopia Ken a Rwanda Tanzania and ganda n=22) 

96 



' han~ · ~ In arabi lancl Hr l9H6-20U 
J()O 

l ;,t( lu.-ul~ uuwd 

) ~ 

i: 
:;.. 
.e- 0 
~ 

4 
.. -

Ill • ,.~ ~ 6- s ~ u }• s 

P t'tiOd 

Figure 14: Arable land cover chang during the period 1986-2008 both in ide and outside the ffiA for ffiA 
within the Ea tern frica region (Burund~ Ethiopia, Kenya, Rwanda Tanzania and Uganda n=51) 
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Fi ure 1 :Land cover change for water during the period 19 6-2008 both in ide and out ide the IBA for 
IB within the Eastern frica region (Burundi, Ethiopia, Ken a Rwanda Tanzania and ganda n=27) 
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Figu re 16: Flooded egetation: land cover change during the period 1986-2008 both in ide and out ide th 
IB for ffiAs within the Ea tern Africa region (Burundi Ethiopia Kenya, Rwanda Tanzania and ganda, 
n=2 
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lgure 1 : Urban: land cover change during the period 1986-2008 both in ide and out ide the lB for lB 
within theE tern Africa region Burundi thiopia, Kenya Rwanda Tanzania and ganda n=S) 
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Figure 18: Bare ground land co er change during the period 1986-2008 both in id and out ide th m for 
IB wi ·n tbe Ea tern Afric region (Burundi Ethiopia Ken a Rwanda, Tanzania and gaoda, n=18) 
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at regional I ' I p r land over 

o/o Land Rate of change %Land co er Rate of change 
cover (p.a) chang (p.a) 
chan e 
-19.40 -0.97 -33 .00 -1.65 0.01 

Open fore t I. 3 0.09 -3 .5 -1.93 .319 

atural-agric 
-3 . l3 -0.16 -23.34 -1.17 .o 0 

mo aic 
hrub -3.37 -0.17 -11.37 -0.57 0.112 

Herbaceous 2.26 O.lJ -3 . -0.19 0. 2 

Tree crop -37.55 -1. 8 9.67 0.48 0.676 

Arable 32.57 1.63 24.06 1.20 0.746 

\Vater -0.42 -0.02 4.25 0.21 0.194 

Flooded vegetation -6.23 ..0.31 -20.52 -1 .03 0 .9 6 

U rban 50.95 2.55 72.77 3.64 0.416 

Bare -17.84 -0.89 -8.96 -0.45 0.712 

1ean -0.030 -0.002 -2.627 -0.133 

TD Error 7.28 0.36 9.38 0.47 

At national level (Burundi thiopia Kenya Rwanda Tanzania and Uganda) trend show a 

general decrea e in closed fore t land cover in all the countrie ranging from 11-60% ( -11 .9% 

in Kenya -15.4% in Uganda -25.2% in Burundi -39.3% in Burundi and -60% in Ethiopia 

Tables 12-16 . atural-agricultural mosaic land cover increa ed in ize but d crea ed in other 

countrie . For example. it increased by 18.7% in Tanzania and 55.7% in Burundi but at the arne 

time decrea cd by 9.7% in Kenya 10.8% in Uganda and 32.3% in Ethiopia (Table 14, 16 and 

13). The area under shrub land increa ed by 1.4% in Kenya 2.8% in Ethiopia and 42. % in 

Uganda but decrea ed by 13.9% in Burundi and 18. % in Tanzania and flooded vegetation 

(Table 12-16 . Again when con idering re ults from land cover change analy i ou ide the 
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t tmilar tr nd are ob rved (Tabl 12-16) in tenn of I f n tural 

for t. n re t, hrub land. h rbaceou and flooded v g tation) and increa in the area und r 

m difie altered land cov r type (arable, plantation crop . urban) a pre nt d in Table 12-16. 

At the country le el when comparing whether there wa a ignificant difference between land 

co er change in ide and out ide the lBA there is no significant difference for all land cover 

types in Burundi apart from natural-agricultural mo aic (Tab! 12 . In Ethiopia the trend i 

almo t the same uch that th re i no ignificant difference for all Jand cover type con idered in 

thi analy i Table 13). In contra t e en though not significant for the majority of land cover 

types there i a ignificant difference in land co er change in ide and outside IBA for clo ed 

fore tin Kenya Table 14 and Tanzania (Table 15) and for open forest and water in Uganda 

Table 16). 

Table 12: ummary table bowing the per-centage land cover change in Burundi LB per land cover clas 
of change over a 20 year period. 

Rate of char>gc %Land cover Rate of chang 

chang (p.a) cb nge (p.a) 

Closed fore t -39.26 -2.0 -9.6 -0.5 

Open fi rest 31.15 1.6 -9.3 -0.5 0.759 

atural-agric roo aic 55.69 2. -25 .0 -1.2 0.035 

hrub -13 .91 -0.7 -0.9 0.0 0.711 

Herbaceous 6.09 0.3 -9.1 -0.5 0.728 

Tree crop 209.1 10.5 

Arable 47 .14 2.4 40.0 2.0 0.312 

ater -36. -1.8 

Flooded egetation -2.90 -0.1 14.1 0.7 0.4 7 

rban -28.5 -1.4 

Bare 0 .00 0.0 100.0 5.0 

. lean 10.513 0.538 22.182 1.118 

TD Error 11.35 0.57 21.98 1.10 
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in ' thiopia per land CO\ r t ·pc and th 

Out id 

01. Land co er Rate of change 
change p.a) 

Clo ed forest - 0 -0.9 

Open fore t 2.7 0.1 4.6 0.2 0. 6 

aturaJ-agric mo aic -32.3 -1.6 -62.9 -3.1 0.1933 

hrub 2. 0 .1 -14.0 -0.7 0.6377 

Herbaceou 21.5 1.1 5.3 0.3 0.5213 

Tree crop -42.9 -2.1 -1 .5 - .9 

Arable 18.5 0.9 16.3 0.8 0.5412 

\ ater -20.9 -1.0 14.2 0.7 0.7397 

f looded vegetation -88.5 -4.4 -4.4 0.76 8 

Urban -0.4 0.0 1.1 0.6 79 

Bare 0.2 0.0 -4.5 0.1 53 

-18.11 -0.9 -20.864 -1.036 

10.42 0.52 15.32 0.62 
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in K n a p r I nd conr t pc and th 

Outsid 

Rate LCC %LC Rate of L 
(p.a) (p.a) 

- 11.9 -0.6 -62 .6 -3 .1 0.026 

pen forest 6.8 0.3 -42.3 -2.1 0.977 

atural-agric mo aic -9.7 -0.5 -29.0 -1.5 0.244 

hrub 1.4 0.1 -18.9 -0.9 0.267 

Herbaceous -9.4 -0.5 -10. -0.5 0.9 2 

Tree crop 9.5 0.5 9.0 0.4 0.273 

able 21.1 l.L 25.8 1.3 0.744 

Water 0.9 0.0 8.3 0.4 0.374 

Flooded vegetation 5.7 0.3 -1.4 -0. 1 0.311 

Urban 216.0 10.8 224.6 11.2 0.595 

Bare -5 .9 -0.3 13.3 0.7 0.59 

20.409 1.018 10.545 0.527 

TD Error 19.78 1.00 22.81 1.14 
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land coYer chang in anzania p r I nd O\' r ryp nd th 

Out ide T-T t 

o;o Land Rate of % Land Rate of P vatu 
cover change (p.a cover chan e (p.a) 
chang chang 

-25.2 -1.3 -37.1 0.0 

pen forest -8.2 -0.4 -47.6 -2.3 0. 79 

atural-agric mo aic 1 .7 0.9 4.1 0.21 0.9 0 

hrub -18.8 -0.9 -13 .5 -0.6 0.272 

Herbaceous -6.7 -0.3 -3 .0 -0.15 0. 83 

Tree crop -66.9 -3 .3 -26.9 -1 .34 0.200 

Arable 64.7 3.2 63.3 3. 16 0.376 

Water 20. 1.0 6.8 0.34 0.304 

Flooded vegetation -22 .3 -1.1 6.4 0.32 0.925 

Urban 90.1 4.5 61.4 3.07 0.805 

Bare -43.6 -2.2 -50.1 -2.51 0.262 

0.236 0.009 -3.291 -0.165 

13.84 0.69 11.61 0.58 
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land cover change in g nd p r land co r type and the 

Out ide T-Te t 

o/o Land Rate of % Land Rate of change P- alue 
co er change (p.a) cover (p.a) 
change change 

-15.4 -0. -23.0 -1.1 0.579 

pen forest -4. -0.2 -35.3 -I. 0.093 

atural-agric 0.316 

mosaic -10. -0.5 -32.4 -1.6 

hrub 42. 2.1 4.1 0.2 0.526 

Herbaceou 5.6 0.3 -0.5 0.0 0.690 

Tree crop 1 .0 0.9 30.3 1.5 0.316 

Arable 62.4 3.1 7. .4 0.367 

Water 5.0 0.3 6.3 0. 0.088 

Flooded vegetation -1 .2 -0.9 -16.6 -0. 0.275 

Urban 69.6 3.5 

Bare -4 . I -2.2 -12.4 -0.6 0.546 

eao 4.170 0.210 -0.191 0.000 

9.26 0.49 9.11 0.46 

However there wer no ignificant difference between countrie in change in den e fore t land 

cover open forest mosaics hrub herbaceous w-ater urban or bare Table 17). Differences were 

detected in rate of change for tree/shrub crop (plantation land cover type, with greater lo 10 

Tanzania than in Ethiopia. There wa a trend for change in tree crops, arable and flooded 

egetation to differ aero s the cow1tries tudied (Table 17 . For example, there wa a greater gain 

in arable ]and in Tanzania 64.7%) Uganda 62.4%) Burundi 47.1 %) Kenya (21.1 %) and 

Ethiopia ( 1 .5% . 
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. I a r tonal cal ther \1 a a igmficant dif[i r nc b twe n change m open fore t including 

\\ odlands in and out id IB aero th countrie . 

of land co er change (19 6-2 0 ) ben e n I he ariou countri in the a tern frica 

Pr (>ltl) 

0.1 99 0.524 

Op n forest 0.2271 -0.06425 Fs 44=0.40 3 0. 404 

at-agric mo aic 0.3182 0.05194 Fs," = 1.5 I 0.1 35 

hrub land 0.2632 -0.03239 Fs 56=0.6172 0.6 71 

H rbaceous 0.136 -0.05729 Fs sJ=0.3715 0. 66 

Tree/shrub crop 0.236 0.3899 Fs n=6.326 0.0029 

Arable 0.2291 0.1017 Fs sl=2.268 0.0615 

at r 0. 875 0.0697 Fs 21= l.S8 0.2081 

Flooded veg. 0.280 0.1613 Fs 2s=2.154 0.0918 

rban 0.5 9 -0.1 1 F2 s=0.4634 0.6537 

Bare ground 0.4115 0.04 1 F4 1s= 1.27 0.3153 
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howing th I el of ignificancc of land ov r ch ng 19 6-200 in id nd out id 

p n fore t -0.086 137.40 0.932 2.091 116. 6 0.039 

'at-agrt mo aic 0.125 135.805 0.901 1.516 132.019 0.132 

hrub land 0.165 135.965 0. 69 0.662 135. 4 0.509 

Herbaceous -0.132 135.718 0.896 0.266 135.6 6 0.791 

Tre shrub crop 0.771 101.41 I 0.443 -0.220 135.686 0. 26 

Arable 1.041 12 .928 0.300 -1.4 133.129 0.139 

Water 0.014 135.857 0.989 -0.116 135.228 0.90 

Flooded eg. 0.173 135.576 0. 63 1.094 122.411 0.276 

rban -0.5 4 120.253 0.560 -0.5 4 120.253 0.560 

Bare ground 0.280 135.907 0.7 0 0.2 19 132.60 0.827 

4.1.5. Di cu ion 

At the regional level analysi of the 72 !BAs provides an overview of the basic patterns of 

change, average loss of land cover and the mean rate of change both within and around lBA 

during a time covering between around 1986 and 2006. The general trend show a decline in 

clo ed forest, natural agricultural mo aic, hrub land tree/shrub crop, flooded veg tation and 

bare ground cover within IB . In general there appear to be a general decline in the area 

under natural vegetation \ ithin the IDAs (e.g. closed fore t natural-agricultural roo aic hrub 

land, water flooded vegetation) and increase in the area under herbaceous arable, urban (i.e. 

human encroachment and ettlement) as presented in Figures -1 . 
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an indicat r f th reducin land co r . . clo d for t th r " a an mere a e in op n fl re t 

babl a a re ult of op ning up of the clo d for t through d fore tation. el cti logging, 

encroachment (i.e. increa e in area covered by urban) and arable ithin the 1B . For example. 

at a regional level open fore t increa ed by 1.83% whil arable land increa ed by 32.6% and 

urban by 50.95% even though thi aried aero the countrie covered in thi tudy. 

G nerally the e fmding are con i tent with AO (2009 , which points to a reducing for t 

co r globally en though they may not actually coincide. The area under herbaceou co r, 

arable and urban manife ted through human settlement increa ed during the arne period. Thi 

could be evidence that natural habitat were transformed into altered habitats characteri ed by 

agricultural and human ettlement Land cape . The general trend how a decline in natural land 

cover types and though not of the ame magnitude the downward trend are con i tent with a 

tudy by 01 on and Maitima 2006 which bows an expan ion of agriculture at the expense of 

grazing land in Ea t Africa o er the pa t 50year . 

loaded veg tation which i mainly campo ed of hydrophytic vegetation i the mo t visible and 

ea ily recogni able diagno tic feature of wetland and wetland change (Munyati 20 0) and 

therefore a decline in its co erage tran lates into a decline in wetlands cover with implication on 

the survival aero s the range of pecie re tricted to this habitat type. Thi tudy pre ents a 

cenano of wetland eco ystem increa ingly under threat from the direct effect of conver ion 

and modifications by human or a run of dry year . In a study by Owino and Ryan (2007), 

papyru ydropbytic/flooded vegetation) cover was lo t by 50% (Dunga) 4 7% (Koguta) and 

34% (Kusa respectively between 1969 and 2000. The e human activities uch a urbanization 
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f: · . horticulture ( .g. gre n hous ) wa ery evident during the im ge interpretati n 

an lysi a " II as ground-truthin fi ld work at orne of the ite i ited (e.g. land 

rran formation and con rsion at Yala wamp and Lutembe Bay TBA in K n a and ganda 

ecti ely). Howe er. on the contrary the open fore t land co er rcdu ed out ide the IB s 

during the arne period. This could be a a re ult of th modifi ation of exi ting natural habitat 

ou ide ffiA and conversion to other fonns of land use plu any mall forest patche out ide 

IB s. 

Similar trends are ob erved out ide the IDAs where the area under natural vegetation decrea ed 

in order of increasing magnitude for open forest (-3 .6%) closed fore t (-33%) natural­

agricultural mosaic (-23.3%), flooded vegetation (-20.52) hrub land -11.4% bare (-8.96%) 

and herbaceous (-3.9%). Howe er during the same period, agricultural inten ity increased by 

24.06% outside IBAs just tree/shrub crop (9.7% arable water (4.3% and urban (including 

human settlement increa ed by 73.8% out ide the IBAs. 

A decline in each of the land cover types within IDA could have an implication on d1e 

con ervation tatu of the variou specie dependent on the e site . For example fore t hrub 

land (e.g. Hinde babbler) and wetland d pendent pecies could have b en affected mo t 

becau e of reduced cover in their preferred habitat . Agricultural ex pan ion and defore tation are 

th mo t prevalent threat to IDA in Africa (Buchanan et a/., 2009a and the re ult pre nt d 

here suggest that they are the two mo t important land co er related changes that are affecting 

IBAs. A study by DeFrie et a! .. (2010) re ealed the growing influence on urbanisation on 

protected areas even though in that tudy urbani ation wa only as ociated with the emergence 
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to and not JUSt human . ettlement around key biodi ersity ite and c uld n t d cumcnt 

h th r urbam ati n ha a p iti e or negati mflu nee on c n rvation. 

any fa to could b dri ing the e change . For example ba d on lingenb rg et a/., (2009) 

d1rect au e of fore t co ystem change in Tanzania included large cal defore tation, 

agricul ural expan ion wood xtraction, illegal logging, and mining, while underlying cau of 

ecosy tern change include population growth, inadequate quality control mechani m , and lack 

of umbrella en ironmental lcgi lation among other factors. Under tanding the relative influence 

of each of the e direct and underlying factor aero the ite in the region i therefore critical in 

fi rmulating trategies to ensure effective interventions. It can also be argued that the difference 

in the extent of adver eland cover change in the respective countries is as are ult of the different 

management regime and practice at national level. The cumulative impact of this is that the e 

differen e in approaches (management style sy terns and effectiveness farming y tern 

either accelerate or reduce deleterious land cover change. 
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Pr ur on m (i): I tb 

population d n ity around IB 

4.3.1. Introduction 

of natural land cover relat d to tb human 

Tb tat of human population and the environment are inextri ably linked onservation 

Strategie Unit, 2002). Human population growth and the increa ed demand and ludicrou per 

capita con umption of natural rc ource are factor dri ing global environm ntal change. For 

example th underlying condition determining the typ and intensity of human a tivitic 

(o ercon umptlon overexploitation demand for food and helter) lead to biodiver ity lo Kerr 

and Currie, 1995· itou ek et a/., I 97· ala et at. 2 OO· Engelman et a/. 2000 . The 

combination of increasing human numb r and con umption, together with human land u e patt ms 

is changing the planet on a cale and with a peed that i unprecedented (WWF Conservation 

Strategies Unit 2002). Human population density is one of the measures of the di tr[bution of 

threat b ides habitat lo s (Kerr and Currie 1995· Thomp on and Jol",le 1999· McKinney 2001; 

Brooks et a/., 2002· charlemann eta/., 2005 . 

Th fa t that vari u . tudi have hown that human p pulati n den ity i p itively corr I ted 

with terre trial vertebrate and plant p cie ri hne tn frica (Balmford et al.,-0 I a b) and 

partial correlation in Europe (Araujo, 2003 i a cau e for con em. For exampl , more than 1.1 

billion people li e in areas that con ervationi t con ider the ricbe t in non-human specie and 

the most threatened by human acti itie (Engelman et a/., 2000 . Threats from human activitie 

are largely re ponsible for the current rate of pecies Jo s and pres ure on habitat and pecie 

will continue to proportionately increa e gi en predicted growth rates of human population 

D 2003).Thi therefore m an that if p puJation den ity a a factor could be dri ing land 
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f -pe ·ie · ri hnc . . thi ' uld ha 

et population i till growing rapidly. At the global I el human population i predicted to ri 

t 9 billion by 2050 Lutz et al., 2001; VNPD 2003 . In Africa alon , the human population 

in reased from 364 l 2,00 in 19 0 to 20,959,000 in 2000 (U EP, 200 ) and i projected to 

double in ize between 2008 and 2050 (Population Reference Bureau 200 ). Two-third of the 

p pulatton f sub- aharan frica li e in rural area . and lh r Ii r d pend on th natural 

r ource ba e m re than pe pie in any other pat1 of the world Kagwanja and Di ne, _o 5). 

Human populati n den ity and gr wtb i known to dri e urbanizati n WWF C n. rvation 

trategi Unit, 2002 o rcon umption and agricultural xpan ion (Brink and Eva, 20 9). 

Thi growth and increa e in den ity will concomitantly increa e per capita consumption (Myers 

and Kent 2003 as the overall food demand is expected to increa e two- to threefold by 2050 

Gr en eta!. , 2005) supporting the opinion that human population growth i one of the major 

threat to biodiversity (Gehrt 1996). Population den ity will put even more pre ure on natural 

ecosystems (Pain et al., 2005) a a re ult of hou ehold dynamics on re ource con umption on 

biodiversity (Liu et a!., 200 l ). The mo t important agent of change in the spatial pattern of 

much of biodiversity at pre ent i ultimately the ize growth and resource demand of the human 

population (Vitou ek et a/., 1997· ala et a!., 2000). Be ide change in patial pattern 

hi tori cal extinctions have been attributed to human activities oule, 1983) while human 

population density has contributed to defore tation in tropical countries (Meyer and Turner 
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92· Cob n. 19 7 . declin in bird and mammal pecie (Mckinne. 2001) and predict r.h 

tinction of plant (Thomp on and Jone 19 9). 

any tudie ha e explored the relation hip b tween human population d n it or growth and 

biodiversity change. Whereas some studies suggest that there is increa ed population growth 

near areas of high biodiver ity values (e.g. Balmford eta/. 2 Ia Scharlemann et a/.,2005. 

Luck 2 07), other tudie point out that human populat]on growth accelerate near and far away 

from protected areas (Wittemyer eta!. 2008; Joppa eta!., 2009a). Even though there could b 

different methodological i ue in between Wittemyer el al. (200 and Joppa et a!., (2009a 

their point of convergence is that disproportionate increase in population growth near protected 

area boundaries may threaten their ability to conserve biodiver ity. According to Harcourt and 

Spark 2003) human population density in the geographic range of threatened primate p cies 

ignificantly higher than in the range of Lower Ri k specie . Other studies however as ociate 

threats to biodiversity with high population den ity by exploring the role of population factor 

e.g. migration pressure) in land use change (Angelsen and Kaimowitz, 1999· Engelman et a/., 

2000; F 0 2005 F AO 2009). 

ln addition to the impact of human population on the defined ites of conservation importance 

the fragmentation of natural habitat in the land cape may al o reduce populations of pecie and 

pecie richnes (Lo ejoy eta/. I 986; Bierregaard et al. I 992· Fahrig 1997· Hargis eta!., I 999· 

Chittibabu and Partha arathy 2000· Kurki eta!., 2000; Fahrig 2002· Jha eta!., 2005). Sites are 

often increa ingly j olated (Skole and Tucker 1993· Petit and Larnbin 2001· Achard et al., 

2002 as the extent of habitat linking and surrounding the site decrea es (Bennet 2003). 
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Consid rin the current and projected population growth parti ularly in the d eloping world 

here mo t of the biodi er ity i found controlling population den ity " ill have a great impact 

n tb effecu enes of rever ing trend in global biodiv r ity lo ( lingenberg et a/., 2009). 

Pain et al., (2 5} re ogni the n d for prioritising ite for action due to current rate of 

population and habitat loss and increasing human number and demand on natural re ource . 

Currem in e tment by conservationis in the global biodi er ity bot pot and key hi di er ity 

1tes e.g. IBA ) are one of the intervention . Be ides con rvation planning and invc tment a 

an intervention a population density increa e , there i need for a continuou a sc ment f i 

impact on land cover change and biodiver ity lo . Con idering that human p pulation d n 1ty i 

p iti ely correlated with terr trial v rtebrate and plant p cie ri hne. in frica Balrnford et 

al., 200la b) and the tendency for human settlements to be located near centres of bird 

endemism in other part of the world (e.g. the tropical Andes Fjeldsa and Rahbek, 1998) many 

ey biodiver ity ite e.g. fBA ) areal o surrounded by high den itje of people and hence there 

i need to moni tor the impact f population den ity around the e ite with curr nt rate of land 

cover change. 

4.3.2. Aim 

This ection aim to te t the hypothesi that land cover change is higher at IBA surrounded by 

high human population den itie than on ite with lower population densitie . To achieve thi 

change wi thin IBAs and out ide (matrix) were analy ed and independently regre ed with 

surrounding human population density. Thi therefore helped to a e the impact of the 

surrounding population on land cover change within and out ide IBAs. 
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. . 3. . lethod and nal. i 

ate f land co er chan for th 71 IDA wer d tcrmin d through mt rpretm ·at llit dat 

u · mg the Land Co er Change Graphical U r lnt rfac ction 4.1). Human population 

d n iti (p rson per quare km data at a I km re olution for 2005 wa extrapolated from the 

Gridded Population of th World GPW) database CIE and CIA T, 2005 . 

B ed on the dominant land cover type at each IBA the itc were categori ed into ix broad 

las namely; artificial land cape fore t gra stand, natural-agricultural mo aic, brub land and 

wetlands. The potential correlation between human population density around lhe ite and 

broad land cover were inve tigated to determine a if lo of natural vegetation was higher in 

areas of greater human population den ity and b) if thi relation hip differed between different 

dominant land cover types. The r lation hip between land cover change and population density 

\i as examined by regre sion with rate of land cover change {ALCCR) being tb dependent 

ariable and the human population den ity as independent variable. Tbi analy i was repeated 

for changes outside JBA . The land cover change analy is was conducted for the 20-22 year 

period ( 1986-200 . 

4.3.4. R ult 

a) Land cover change " itlzin JBA correlated with human population den ity 

Population den ity at the ite varied widely between 9 and 2 70lpersons per q.km with the 

latter being a ociated with ite in either urbani ed land cape where population den ity wa 

higher than in non-urbani ed area (Anova: F6. 6;: 3.146 P= 0.0090). Based on Population 

Reference Bureau 20 I 0) at a national level population ,den ity varies between countries (395 
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ple q.km in R\ anda 306pe pl q.km m Burundi 14 p pie/ .Jan in Uganda, 

"'p ople' q.km in Ethiopia 69people/ q.km in Kenya and 4 p opl q.km m Tanzania 

re p tively . Th re w no ignificant correlation betwe n the chang in the extent of any of 

rhe natural vegetation type and urrounding human population den ity Table 19). en when 

th human population density was transformed (Logl 0) to nonnali e the di tribution the 

correlation was not significant (Table 20 . However there was perhaps a trend for the extent of 

tr hrub crop to increase with increased human population den ity (Table 19 . Ba d on the 

r ul ts, it therefore sugge ts that human population den ity did not contribute much to the model 

in tenns of d terrnining the ob erved level and rates of land cov r change on the e IBA . 

and human population den ity 

E r2 F p 

All forest -1 .238e-05 1.404e-05 -0.004 0.777 (FI .46) 0.3 

Clo ed forest 1.50e-05 4.650e-05 -0.0279 0.1 03 (F 1.32) 0.75 

-4. 149c-05 4.017e-05 0.00143 1.067 0.31 

4 .614e-05 1.187e-04 -0 .0163 0.151 0.70 

brub land 5 .594e-06 7.032e-05 -0.0166 0.0063 CF1,60) 0.94 

Herbaceous 5.438e-07 2.42 e-05 -0.0175 0.000 (Ft s?) 0.9 

Tree crop 0 .00069 0.0003448 0.1083 4.0361 I, 24 0.056 

Arable l.l97e-05 4.947e-05 -0.0171 0.05 6 (F 1, ss) 0.81 

'J ater -9.242e-07 2.220e-05 -0.0333 

Flooded eg -4.193e-05 3.119e-04 -0.0 47 

rban 0.000156 0.0002314 - .0847 0.453 Ft.~) 0.53 

Bare -0.00011 0.0005798 -0.0457 0.03 9(FI,2 t) 0. 5 
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able 20: R t of change in II land co r (19 6-200 ) in ide 18 and human population d n ity (log 
tran t nned) 

Land cover rl F p 

0. 143 1.1354 -0.02139 0.015 0.901 

-0.023 0.0625 -0.0269 0.714 

Open forest -0.223 -0.013 0.566 

:to aic 0.214 0.0061 0.255 

hrub land -0.052 0.2559 -0.0160 0. 41 

Herbaceou 0.035 0.51!65 -0.0175 0.0037(F t S7) 0.952 

Tree crop 0.351 0.2358 0.0463 2.213 f t,Z4) 0.150 

Arable 0.1 7 0.2972 -0.0109 0.3948 (F I, SS) 0.532 

\Vater -0.041 1.2658 -0.0333 0.0011 (Ft.Jo) 0.974 

Flooded veg -0.1106 0.2705 -0.0286 0.1671 (ft,29) 0.686 

Urban 0.083 0.5367 -0.1619 0.0244(F1, 6 

Bare -0.1572 0.2642 -0.0303 0.3539 (F •. 21 

b) Land cover change out ide IBA 

Land cover change in areas surrounding £BAs was not related to human population den ity for 

any of the land cover types except the extent of surrounding urban land (Table 21 ). This 

suggests, a may be expected that the extent of urban land cover increa ed proportionately in 

areas where the human population density was high with this relation hip explaining about 20 % 

of the variation in urban growth. 
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-0.005612 

n fore t l.T7e-D5 5.162e-05 -0.01496 0.115 (Ft S9 0.7 49 

1o ate -1.0 7 -05 1.224c-05 -D.004221 0.71 4{ft,66) 0.3997 

hrub land -1.760e-05 1.942 -05 -0.0026 0. 213 F, 67} 0. 6 1 

Herbaccou -7.7 4e-06 1.266e-05 -0.0095 .37 1 (FI.6s) 0.540 

Tree crop .024e-05 7.956 -05 -0.0 0467 1.017(Fur.) 0.3199 

Arable 2.247e-05 3.345e-05 -0.00 3 0.4513(FI.66 0.504 

\Vater 2.190c-06 6.251e-05 -0.02436 0.00123(F1,41) 0.9722 

Flooded veg -5. 5 e-05 7.476e-05 0.01131 0.5527(FI. 39 0.4617 

Urban 1.810e-04 6.856e-05 0.1926 6.965(Ft,24 0.01437 

Bare ground 1.581e-05 1.392e-04 -0.03654 0.0 129(F I. 27 0.9104 

4.3.5. Di cu sion 

The rates of land cover change in 1986-2008 within IBAs were not correlated with urrounding 

human population density, with the one exception of woody crop e.g. tree/ hrub crop or 

plantations, which increa ed when surrounded by more high human densitie . Out ide IDA 

there was no ignificant r lation rup either with the exception of urban extent which al o 

mcreased with an increa e in human population den ity. In thi rudy urban wa a ociated with 

human ettlcment and area exten ively modified by human but not covered by agriculture (e.g. 

tncluding built up and non-built up area , urban vegetated area and extraction ite . There i 

therefore e idence that irutial human population den ity influenced urban expansion with greater 

e pansion in area of greater initial den ity. Otherwi e there is no evidence to suggest that initial 
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pulation d n iry tnflu nc d land co er change. both within and ou ide lB o the tudy ite 

on id red under thi tudy. This di agr e with orne pre iou tudies that ha e hown an 

m e correlanon b tween human population den ity and defor tarion Meyer and Turner 

1992: Coh n 1997 while in other tudie there wa a po iti correlation b tween human 

population den ity and extinction or threat to mammal Kirkland and stfeld 1999) birds (Kerr 

and Currie 1995) and plant Thompson and Jones 1999 as well a deforestation Palo 1994; 

Rock 1996). However the evidence i weaker than often believed Angel en and Kaimowitz, 

1999 because the e tudie had weakness in analy is and thus correlation could have b en 

spurious data (McKinney 2001). 

Other reviews (Lamb in et a/., 200 I concur that neither population nor poverty alone constitute 

the sole and major underlying cau e of land-cover change worldwide. McKinney (2001 ) 

howe er note that it i al o likely that deleterious impact of human population on biodiver ity 

may occur during the early tage of population increa e. Howe er there ult from tbi tudy 

bould not be rea on to di miss population den ity as a non- ignificant factor in driving 

deleteriou land co er change. In tead thi variable need more inve ligation, e pecially th 

underlying effect of legal protection such that certain ite though urrounded by high den ity of 

human population but with human activity exclusively prevented, such sites may not experience 

much pres ure and hence will not experience ignificant land cover change driven by human 

acti ities. 

any tudie have provided evidence that the impact on biodiver ity of human activitie are 

exacerbated by the tendency of human ettJement and areas of high biological value to coincide 

(Abbitt et a/. 2000; Balmford et al. 2001a, 200lb· Araujo 2003· Luck et al., 2004· 

Scbalennann et al., 2004). The fact that birds (specie richness) were mo t trongly correlated 
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1th human populati n d n ity in fri ca Balmford et a/.,2 0 I a than in urop 1 an inter tmg 

t and upports th finding from tbi tudy that there i no po itiv corr lation b twe n rat 

o land co r change and human population den ity. lf true thi could fa our biodiv r ity 

onservation in Africa. Thi may not be true if th ob erved congruence betw en pattern of 

human den ity and biodi er ity i ju t accidental (Araujo 2003). balennann eta/., (2 05) al o 

n luded that agricultural land use wa a better predictor of land co er change than human 

population d n ity. Thi upport finding from a tudy that suggc ted that e en though 

population den ity around lB wa higher than in the re t of the continent a a whol we h uld 

not be concerned about thi factor (Buchanan eta/., 2009a . 

These result ar contrary to previou tudies that how that area with more people have 

undergone greater habitat conver ion (Balm ford et a/., 200 I a . By demon trating that human 

population den ity could al o be a large- cale surrogate for di turbance, re ult from Maurer 

( 1996) and Thompson and Jones (1999) at o contradict this tudy. Howe er the fact that rate of 

change in land cov rare not trongly correlated with human population density may not entirely 

mean that thi ariable oth r a ociated a tivitie doe not have a tremendou impact upon land 

co er change at IBA . 

Therefore, when interpreting the e result there i need for caution and under tanding of the 

context in which IBA are located and their level of legal protection. The e re ult may not 

therefore apply for site that are urrounded by high human population den ity yet not enjoying 

any le el of protection. Such site are ubject to vagaries of human activities ari ing from high 

population den ity in the urrounding land cape. Already there are fear that de pite the overall 
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re m prot cted eco y t m bi di er ity till in d cline owing to inadequate 

management of i ting ite and gap in th protection of ar a deemed pnoritie for 

on ervation tati tic Divi ion 2011 . Ther for in iew ofthe challenge facing protected 

area their abil ity and effectivene to exclude anthropogenic acti itie may become 

compromi ed in future. A for IB s even though a ery important global network of key 

biodiversity ite important for avian con ervation and other taxa, only 26% of the e critical ite 

are fully protected ( tati tic Division 2011) thus making them ea ily expo ed to human 

encroachm nt and other underlying pre ure and factor dri ing land cover change associated 

with high population den ity. The re ul may also not apply to land cover change in IBA in 

human dominated land cape where biodiver ity and people are competing for the arne pace. 

For example for a globally thr atened highland gra land specie Ndang'ang'a et a/. ,(2002) 

noted that as human population in the gra stands increa es the mean acreage of land holding 

decrea es and more grassland i converted to other land uses. 

The resuJts ugge t that human population den ity wa the lea t ignificant factor in influencing 

land cover change in a con istent manner. Perhap there are other inherent factor oth r than 

human population density to explain the rate and extent of change other than population d nsity 

which if they had been in e tigated could have produced different re ults. In a tudy on human 

population size and threat to bird and mammal McKinney (200 1) found out that the pattern of 

continental population - threat correlation indicated that per capita human impact are initially 

ery high and dimini h with increasing population ize. 
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In tb1 rudy, v n th ugh th correlati n b twe n rare of land cov r change and human 

pulation den uy i not po iti e other human impact on biodi er ity habitat and pecies) th t 

aJ'i not nee arily direct but underlying and causing land cover change may be profound. Such 

tmpac \ h1ch may include but are not limited to overharve ting, introduced p cie (alien 

in asive pecie )· trade in wild species could pos ibly be causing more hann than habitat lo 

through land co er change. Therefore the e other factor could explain the rate of land cover 

change other than population density. For example McKinney (2001 recogni c the complexity 

of the relation hip between human population ize and extinction or threat becau e there are 

extrinsic cau e where the impact per per on is a reflection of political, technological economic 

and other ocial factor that determine how much negative impact is produced by an average 

per on. The e other types of threats directly related with increased pre ure from human 

acti ities need testing including ocial factors (policie economy). For example, even though 

there was no po itive correlation between population density and land cover change, urbanisation 

including human settlement) i an increasing phenomenon and which may have pervasive 

ffects on biodi er ity e pecially in human dominated landscapes. The negative and widespread 

ffi ct of this phenomenon ha been tudied widely; particularly focu ing on effect of 

urbani arion (traffi , pollution) on selected flora and fauna (Thomp on and Jone , 1999 . 

Therefore the lack of a ociation between land cover change and human population den ity 

could also imply that interventions through other mitigativ way e.g. policy intervention ) are 

having an impact. If thi i true therefore an increa e in human population density per e may 

not translate into deleteriou land cover change. 
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lso th limttau n f thi tudy are that there was n control over the iz f fBA . wh1ch 

"·aried greatly. evertbele en though population may b ecn a not contributing to the 

ob erv d land co er change environm ntal education and awarene ne d to be tepped up. 

Th1 could lead to increa ed environmental awarene and better under tanding of the impact of 

human a tion on biodi ersity and help in changing con umption behaviour and attitude a well 

as nurturing en ironmental consciousne s amongst the people which would ultimately reduce 

per capita consumption and reduce the human footprint on the en ironment. nvironmental 

ocial and economic policie formulated and implemented hould be holistic in nature and aimed 

at afeguarding food curity le s o erexploitation and pre ure on natural re ource , while 

inculcating ethic and environmental con ciou nes among the population. Land cover change 

may not be attributed to population growth alone but also due in part to people re pon es to 

change in economic opportunitie and policies with biophy ical and ocio-economic trigger 

events Lambin et al. 2003). AI o the results from tbi study may have been masked by other 

factors including the fact that even though ites may be surrounded by high population density 

the preoccupation of the people may not be agriculture or acti itie that are deleteriou to the 

en ironment. 

ltemati ely, urrounding den e population may in fact have le s impact on th ite if the ites 

are either fenced to deter human encroachment or the le el of enforcement and management 

effecti ene is o high that no human acti ity i significant. Urban prawl for example affect 

land cover change through the tran fonnation of urban-rural linkage demon trated through 

reduced loss of farm , forest , gra land , wetlands and related ecosystem . Tb refore 

tabilisation of human population growth and promotion of the wise u e of resource within the 
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urban areas ompliment d wtth tailor-made environm ntal educatl n and awarene programme 

.lf en teal i u that n d to b addre d if biodi er ity in den ely p pula ted urbani ing are 

1 to be effecti ely managed and con erved. 

Ltmitation of thi tudy could also ha e contributed o the ob erved re ult . For example, th 

rude nature of the population density data et ( GRUMP data , could have contributed to non­

ignificant results when analy ing the correlation between land cover change at IBA and the 

urrounding population den ity. Limiting the tudy land cover change between 19 6 and 200 

could a1 o ha e contributed to the bserved results and probably future as e ment could 

consider focusing on longer time frame (e.g. 1972-200 ). 

Be ides the crude nature of the GRUMP data it also would ha e been appropriate to con ider 

population along an elevational gradient and detennine the combined effect of elevation and 

population density on the ob erved rates of land cover change when are considered. This tudy 

did not al o consider the di tribution of the population with rc pect to other land u e . For 

example, orne tudies have hown clu tering of rapid land cover change along road and fore t 

edge {Chatelain et al., 1996· Lambin and Geist 2006). The e intervening factors are all cau ing 

defore tation in tropical region (Gei t and Lambin 2002). 

Additionally sub equent tudies may want to coo ider the level of environmental awarene 

among t the population at ite . People make decisions and take action toward protecting or 

destroying the environment based on information attitude perceptions and alternati es and 

hence awarene s raising and environmental education can benefit biodi ersity con ervation 
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p titi n r to change indi idual and group beha iour ar und pecific en ironmcntal i ue . If 

a population i aware of the impact of their action on nature they may adopt u tainable u e 

of natural rc ource. Therefore, more a e sment should be undertaken integrating other 

d mographic ariable as well as u ing longer time cale data. The arne iew i expre ed by 

Lambin and Geist (2006). 
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4A. r ur on m 

inten i ar und fB 

4A.l. Introduction 

(ii : Land cov r change on IB c rrelated with agricultural 

onflicts between biodiversity and de elopment ar manife ted through many form of human 

a tivitie orne of which ba e a very large impact on biodi er ity con ervation. According to 

Kl ijn el a/. (20 10 , effecti e con ervation trategie depend on the type of relation hip between 

biOdiversity and land-use inten ity. For example, whereas agricultural intensification provide 

fo d ecurity, it 1 one of the main driver of biodiver ity to worldwide D nald et a!., 200 I; 

Green et a/., 2005). The area of cropland ha increased globally between 4.5 and 5 times from 

1700 to L990 (i.e. from an estimated 300-400 million ha in J 700 to 1500- 1 00 million ha in 

1990 and a 50% net increa e ju tin the twentieth century (Larnbin et al.. 2003). World food 

demand is expected to more than double by 2050 with a profound effect on biodiver ity (Green 

eta/., 2005). Agricultural expansion and intensification has been one of the major drivers of pa t 

biodive ity los and ecosy tern degradation globaUy in the 201
h century and the fact that these 

trends may continue through the 21st century is a major cau e for concern orri 2008) 

e pecially ince expan ion may be greate t in area of high conservation importance 

charlemann et a!., 2005). 

11 major habitats for pecie have not been spared the vagarie of agricultural inten ification. 

For example, the dominant force in forest Jo i thee er growing demand for farmland uch that 

through thi economic activity, humans have con erted 36% of the Earth s land urface area to 

agriculture at the expense of natural habitats (Morris, 1995) making agricultural expansion one 
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o the -e dir ct cau of for t ceo y tern change and biodi r ity lo lingen erg et a/., 

gricultural inten ity ha be n a ociat d with th decline in farmland bird Donald t. 

a1, 20 I) a w II as ad cr a e in bird a emblage Luck and Daily 2003 and fanning i the 

major current and likely futur threat to globally Threat ned and ar-Thre t ned bird pecie . 

e pecially in de eloping countrie where 1 726 out of all l 923 bird in the threat categoric 

are found (Green eta/., 2005 . 

E paoding and int nsifying agriculture often re ult m encroa hmeot modification and 

c nver ion of natural habitat . Thi inten ification can al o lead to a decline in farmland 

biodiversity as a re ult of the emergence of agricultural system and practice that are not 

fnendly to biodiver ity con ervation (Turner et a/., 1990). Because of the expansion and 

intensification of agriculture, key biodiversity 1te end up being urrounded by a very har h 

agricultural matrix varying from low to mediwn to high and characterised by either mo aics of 

sub istence to monoculture and commerciaVplantation which potentially affect ecological 

proce e e.g. movement of organi ms, fire other di turbance regime and water availability) 

within the key bi di er ity ite or protected areas (Defric eta/., 2010). 

gricultural expan ion and inten ification i al o a ociated with other factor such a the 

increa ing population density and the proportionate demand for ettlement and food production. 

For example, the expansion of human populations and commodity markets cau e the conver ion 

of natural egetation into farmland and it intensifying u e which in turn render habitat for 

wild flora and fauna smaller more fragmented, and le s diverse. Agricultural inten ification in a 

poor and densely populated developing region in southern Uganda affected the abundance and 
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nchn of woody vegetation and bird olwig eta/., 2005 . De ric et a/ .. (2010), 

ugge t that land u e and a number of detrimental anthropogenic force ou ide prot cted area 

b undan pot ntially affect ecological proce e within protected ar a . With all the e change 

ta ·mg place m and around key biodiversity ite , lBA ha e not b n par d, therefor making 

the need to quantify the impact of anthropog nic forces around them a priority. In thi particular 

study the intensity of agricultural acti ities out ide IBAs is u ed to determine if it i dri ing land 

cover change both within and outside the IBA . Higher- calc studie on the effect of land-u e 

change on biodiversity have focu ed mainly on 'major land-use types' with little attention paid to 

the inten ity of land u e e.g. ala et al., 2000). Thi tudy addre es thi gap by focu ing on 

agricultural inten ity a a land u e factor driving land cover change at key biodiver ity ite uch 

am s. 

4.4.2. ims 

Thi section examine whether land cover change in IBAs is related to the extent of agriculture 

in the urrounding area. Specifically, by correlating rates of land cover change with c tent of 

agriculture in the area urrounding the !BAs thi tudy as e ed whether the e rate incrca ed 

when agricultural extent wa higher. The following hypothe es were tested: 

a) The level of agricultural extent i correlated with the rate of land cover change at I BAs 

b) Land cover change is greater at!BA orrounded by high agricultral extent 
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A.3. , leth d and nal i 

The e ent of and change in ix broad land co er cia artificial land cape, fore t, gras land, 

natural-agricultural mosaic, hrub land and wetlands on IBA were compared to th extent of 

agriculture within a 20 km buffer around each ffi . Extent of agriculture in the urrounding 

matrix \ as deri ed by det rmining the proportion of land co er in and out ide IBA that a 

arable during the initial p riod (1986 . The extent of agriculture in the urrounding matrix wa an 

independent variabl while rates of change in land cover types were dep ndent variable . The 

rate of change in the re pective land cover categorie both within and out ide IBA in thi 

analy i were derived for one time period 19 6-2008) a a precaution again t multiple te ting 

1 ue. 

R gre ion analyses between dependent and independent variable were done in R statistical 

oftware. Generalised regre ion model were used to in e tigate the relation hips in tenns of the 

level of significance of the extent of agriculture in the surrounding matrix as a confounding 

ariable on rate of land cover change at the IBA . In the fir t analy i , rate of change in all 

natural vegetation fore ts, den e fore t open fore t, natural-agricultural mo aic shmb land 

herbaceous tree/ hrub crop, arable, water flooded vegetation urban and bare wa d terrnin d. 

The r ults were tabulated howing the level of significance for each regre ion analy i . 
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A.4. ult 

a) Initial extent of a ricu/ture and Land Cover chan e In ide the IBA 

Rate of all for t cover change 1986-2008 inside IBA were negatively correlated with th 

e tent of agriculture surrounding IBAs (Table 22· Figure 19 ugge ting that the extent of fore t 

decrea ed more on lBAs which were urrounded b a greater co er of agriculture. The arne 

ignificant r lation hip was observed when open fore t wa treated alone, and al o for hrub land 

and herbaceous cover. Scatter plot bowing the relationship between rate of change in 

re pecti e land cover type and agricultural extent are shown in igure 20-23 below. 

# .......... • • • •• • 
----.: • <t 

(Q 70 • • • • cu • • 1J 60 • • 'li; • . !: so • i5 ... 0+ :;, ... 
1':1 • • c 30 • 0 

0 

20 • • 10 • 
0 

0 lO 40 60 80 100 

% arable in 20 km buffer around IBA 

igun 19: Rei tion hip between rate of change in for t land co er in ide lB and extent of agriculture 
urrounding the IBA . (R2= 0.1722, F (3 39) = 9.321 p= 0.004067) 
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of land co~ r chang (I 6-20 ) in idem corr tat d ~ith th ricultur 

tim ate rl Pr (>ltl> 

0.002074 0. 1722 0.004 

Clo ed forest 0.00 16 -0.02157 0.43(F,,29) 0.51 

n for t -0.0137 9 0.006366 0.0 262 .692 (F t.40) 0.036 

o aic -0.002349 0.00 315 -0.01955 0.07977 (F,, 7 0.77 

Shrub land -0.01356 0.00672 0.06011 4 .07 (Fl. 47 0.049 

H rbaceou -0.011167 0.004261 O. ll54 6. 6 (F,.«) 0.012 

Tree crop 0.000565 0.010 174 -0.04335 0.002724 <F t 23)0.959 

Arable 0.002706 0.003901 -0.01049 0.4 l1(F t,49 0.491 

Water 0.0005258 0.0042049 -0.03935 0.01564(F1, 25) 0.902 

Flooded eg 0.00364 0.02344 -0.04239 0.02412(F,, n ) 0.87 

rban -0.02400 0.04745 -0.1416 0.2559 (Fl,S 0.635 

Bare ground 0.004037 0.029097 -0.06122 0.01925 (F t,lt• 0.891 

b) Land Cover change Outside the !BAs 

Rates of all fo re t cover change (19 6-200 ) out ide IBA were negatively correlated with the 

e tent of surrounding agriculture. The re ult how that the extent of natural-agricultural mo aic 

and berbaceou decrea ed more outside IBA surrounded by a gr ater cover of agriculture. Thi 

therefore ugge t but doe not provide evidence that the extent of agriculture ha a trong effect 

on the rate of change in natural agricultural mo aic herbaceou and urban . 
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19 -200 ) ou id IB corr I at d "ith th 1 nt r ri ultur 

tim ate r2 

0.04502 

Open fore -0.013392 0.00752 0.04 2 3. 169 (FI. 4S 1 2 

1o aic -0.001691 0.000 3 0.05666 4.1 3(F I, Sl) 0.0459 

hrub land -0.002759 0.002 4 -0.0010 2 .9427(Fu2) 0.3361 

Herbaceous -0.001571 0.0 049 0.1552 0.0025 

Tree crop 0.006 37 0.00 65 -0.01151 0.4353 

able 0. 07051 0.004 12 0.0215 2.147 Fu 1) 0.1490 

\\ ater -0.02508 0.01445 0.055 2 3.01 (Fl.S l 0.0920 

Flooded eg -0.01507 0.0 1127 0.02261 1.786 (F1.3l) 0.1905 

Urban 0.03598 0.01663 0.1624 4.683{Ft. , ) 0.0441 6 

Bare ground -0.00 787 0.018248 -0.03455 0.2318 F1 . 22) 0.6349 

4.4.5. Di cus ion 

Agricultural in ten ification permitted the doubling of the world' food production from 1961 to 

1996 wi th only a 10% increase in arable land globally Tilman 1999). For example, the ar a of 

cropland has increa ed globally between 4.5 and 5 times from 17 0 to 1990 i.e. from an 

estimated 300-400 mi ll ion ha in 1700 to 1500-1 00 million ha in 1990 and a 50% net increa e 

ju t in the twentieth century (Meyer and Turner IT 1992 · Lambin eta/., 2003 . Comparing the 

increase in the area under agriculture at the continental le el within a period of 20 year (l980-

2000) agricultural area incr a ed by 3% from the initial 1.1 2 - 75, OOha to 1,136,660 OOOha 

whereas arable land also increa ed by 15% during the same period from 15 , 54 OOOha to 

1 1.4 9 OOOha P-DEWA 2008 . In a tudy by Brink and Eva (2009) agriculture increased 

by ~7% during a 25 year period in the ub aharan Africa. a re ult expan ion and 
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1 t n ification of agricultur t now recognized as one of the mo t ignificant human alteration 

o the global en ironment (Matson et a/. l997).Yet Tilman 199 ) report that recent 

mt n ification of agriculture. and the pro p ct of future int n ification will ha e major 

d trimental impact on the nonagricultural terre trial and aquatic co y tern of the world . Thi 

i partly becau e agricultural inten ity is known to replace natural cgetation (Mat on et a/. , 

1997). 

Thi tudy how that land cover change within lBA generally increa cd with greater 

agricultural inten ity in the surrounding land cape. The main habitat within lBA that are 

affected by the extent of agriculture in the urrounding area include all forest habitats, open 

forests shrub land and gras land lBAs. These finding confirm initial conclu ion by Fishpool 

and Evan 200 I) and Buchanan et a/. , (2009a) that agricultural ex pan ion and defore tation are 

the mo t prevalent threats affecting TBA . With the result of the preceding chapter it upport 

Scbarlemann eta/., 2005 that land cover (interpreted here as land use) is more important than 

population in detennining rate of natural habitat lo . Thi mean that during the period (19 6-

2008 an increa e in agriculture led to increase in the decline in land cover of the e habita at 

ffiAs. Thi re ult also concur with charlemann et a/., (2004) who found that agriculture 

increases in EBA according to model and that the proportion of land in agricultural use i 

currently greater in EBA than in there t of the world. 

Previous studie ha e al o provided an overview of interaction between key biodiversity ites 

protected area and the adjacent area Buchanan et al. 2009a· DeFrie et a/. , 201 0) . Tilman et 

a!., 2001) predicts that human population increase will lead to continued clearance of land for 
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a ... culture well a incr a ed agricultural inten ification with riou ramifi at10n in 

btodi e ity lo . Agricultural de elopment i a leading cau o habitat de truction that 

in reasingly threaten global biodi er ity Gorenflo and Brandon, 20 5 including being a 

factor in pecie extinction (Vitou ek et a!., 1997).Ther fore con id ring the re ult 

from tht tudy and the implication of this as demon trated by other tudie thi increase and 

inten ifi ation in agriculture hould be a matter for concern for conservation practitioners. 

However, other related tudies have found conflicting re ult . According to (Tiffen eta/., 1994) 

agricultural inten ification did not lead to long-term envir omental degradatiOn, but to 

environmental improvement including increa ed investment in land and improved con ervation 

of natural re ource . How ver Tiffen et al., (1994) have been criticized for not addres ing the 

biodi er ity i ue (Rocheleau, 1995). 

ln general as in thi ca e the lo of fore ts hrub lands and herbaceous land cover within IBA 

due to modi Gcation and conver ion to agriculture and incrca ed agricultural intensity will have a 

trong impact on the survi a! of pecie that are re trictcd to thi typ of habitat (e.g. fore t 

dependent bird hrub land dependent bird and gra land dependent bird ) a a re uJt of the 

change in eco y tern trucrure and functioning. However th lack of ignificant re ult for the 

other land cover typ may be due to the ease with which vegetation change can be identified. 

Thu we may expect to d teet change in fore t ea ier than other land cover type but the lack 

of relationship with den e fore t, and the detection of a relation hip with gras lands, ugge t thi 

i not theca e. Thi could a! o be attributed to sample ize with a po ibility that the same size of 

other land cover type may have been maller. Thi is partly because tran fonnation of natural 
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_ tall n i mor pronounc d and in mo t ca e the e chan a cct all natural land co er 

t) includin d n e for t open fore t. hrub. herbaceou and flooded e tation. There i a 

urnulative land co er change aero all th land co er typ at th IBA co er d in thi tudy. 

imilar but weaker pattern i ob erved '> hen con id ring the relation hip b tween agri ultural 

inten ity and land cover change from den e fore¥t land cover category to other land co er typ 

or agriculture. 

E en though the rate of land cover change in the den e forest category i pr valent at ertain 

ite , th i ignificant chang may be masked a a re ult of lumping together many ite orne of 

which are as ociated with land cover changes in other land cover categorie other than den e 

forest. However there may be other factor at play that could have rna ked the influence of 

agricul tural inten ity on land cover change. For example the impact of agricultural intensity may 

ha e varied ignificantly from ite to ite a a re ult of other underlying factor uch as 

protection status difficulty of the terrain, remotene quality of the soil in the surrounding 

matrix management regime and effectivenes of the prot cted area a well a how effective 

ne-ba ed con ervation intervention are particularly tho c that involve working with 

c mmunitie around the ite . There may be ca e where the protection could ha e been o 

effective at a ite that there wa no encroachment regardle s of the agricultural inten ity around 

IBAs. 

everthele the extent of surrounding agriculture ha an important effect on land cover change 

in IDA . In term of the threat on variou land c.over type affected by the extent of agriculture 

in this stud . pre iou tudie (e.g. MacDonald et at. . 1993, Reyer et a! .. 200 1 show that 

gras lands are threatened in many location in Africa. Agronomy and animal hu bandry are 
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tn3JOr land u e m gra ian (U AID, 2005). tudy by dan an ·a et a/., (2002) confinn 

rh1 by pro iding e idence that agricultural encroa hment wa th bigge t threat to a highland 

land rn . 

The land co er and land u e dynamic within the matrix urrounding IBA has an enonnou 

impact on the biodiversity within the agricultural land cape. The tudy report that there i a 

significant correlation between agricultural intensity and the decline in natural-agricultural 

mo aic habitat hrub land and herbaceou cover outside ffiAs a oppo ed to other land cover 

type . Outside IBA as agricultural inten ity increase tbi not only put great pre ure on the 

ite but equally, mall and i olated patches of forests and woodland vegetation inter per ed with 

agriculture di appear once they are converted to agriculture or alternative land u e . The am 

applie to shrub land and herbaceou cover which get modified and converted to agriculture a 

the demand for agricultural land and ettlement. However, the negative implication of thi is 

reduced land co er for biodiver ity, extirpation of corridors which may have been appearing a 

linear patchc of natural habitat that link or connect fragmented ar a . allowing p cic 

mov mcnt and ecological c · to continu providing ·hclter and facilitating mo cment 

betwe n natural egetation pocket . The elimination of corridor and tepping 

po e ite nd pecie to the agaric. of edge effect Lo ejoy eta/.. 19 6). 

may al o 

The correlation ugge t that land u e around key biodi er ity areas could be affecting land 

cover within it in reducing the effective size of habitat and concomitant extirpation of p cie , 

reduced species richne s Terborch 1990· Vester et a/., 2007). Regarding the impact of 

agricultural expansion at IBAs, Buchanan eta/., (2009a). conclude that agricultural land cover 
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the fourth large t habitat in IB and henc an indi ator that th re ha been con iderable 

atnculrural d elopment within IB p cie will th refor be forced to dapt to the n " 

m ified habitat or mitigati e mea ure will ha e to b und rtak n to re tore the area if 

cie that cannot be upport d by the c natural-agricultural mo aic are to urvive in the long­

t rm. 

ln Ea tern Africa where thi tudy was focused prevtou tudie how that cropland expanded 

by 200% betwe n 1900 and 1990 (Klein, 2001 ). The fact that de fore tation or in general land 

cover change i driven by ex pan ion of smallholder agriculture for ub i tence purpose and fuel 

wood extraction (Lambin eta/., 2003) and compounded by a growing high population pre ure 

particularly in Kenya and Uganda (UNEP-DEWA WRCF, 2001) should be a major cau e for 

alarm. This threat need to b addre ed urgently becau e tudies conducted el ewhere have 

hown that population of pecie have declined. For example, in urope agricultural 

intensification had continent-wide consequence for indi idual bird species (Green, 1996· 

Wilson et al., 1997) and bird communitie Campbell eta/., 1997· Newton 1998). However 

agricultural land cape within the matrix urrounding key biodiver ity itc (e.g. IBA can ifwcll 

planned at o contribute to biodi er ity con ervation through u tainable, environmentally 

fri ndly farming ystcm (Kaihura and Stockjng 2003 · USAID 2005 . 

The agricultural land cape may it elf be vital in th management of biodiver ity within human 

dominated and i alated natural habitat land cape (Eshiamwata et a/., 2006 and therefore 

environmental friendly fanning sy terns have a large bearing on biodi er ity. Therefore lea ing 

intact corridor , fore t patche or gallery forests in the urrounding matrix will upport 
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c ecthity and movement of pecie between varia fragmcn r patche of natural habitat . 

Tht can be complimented ' ith agri-environment cheme and farming y tern that arc 

u tainable and biodi er ity friendly even though the I on 1 amt from other region e.g. 

Europe) v her effectivene of agri-environmental cheme have been interrogated (Kieijn et 

a! .. 2006) bov. that they are yet to pro ide detectable biodiversity benefits (Da ey ct al. , 20 l 0) . 

The e re ult confirm evidence by Hendrick:x et al. , (2007 that agricultural intcn ification po c 

a riou threat to biodiver ity a a con equence of increased land-u e int n ity, decrea ed 

landscape heterogeneity and reduced habitat dive ity re ulting from deleteriou land cover 

change. Afri ca ha recorded increa ed area under culti ation while per capita food production 

has declined (World Resource Institute 1994). In view of the looming food in ecurity (e.g. 

famine and tarvation) worldwide and the conver ion of land to biofuel the demand for 

agricultural land i et to increa e ub tantially hence putting great pre ure on natural habitats. 

Strategies have to be developed to ensure that this does not continue to contribute to detrimental 

land co er change that would affect pecie urvival and the ability of biodiver ity to provide 

eco y tern ervices. For example a tudy by Oewi et a/., (20 12) found out that agroforc try 

practice can maintain or increa e the degre of integration of fore t in the multifunctional 

landsca fo r biodi er ity and local people s livelihoods. Including buffer area out ide 

protected area may not only reduc pre ure from the e key biodiver ity site but has the 

potential to a l o mitigate the di placement of habitat lo from the e site to the urrounding 

matrix. 
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~ .-. it ba d coo er ation approa h effecti ? 

orr lat d with Prot cted rea tatu 

4.-.1. Introduction 

nd co er cban at IB 

Th mo t important direct dri er of biodi er ity los and change in eco y tern ervi c are 

habttat hange from habitat tran formation on con er ion to agriculture o er-exploitation, and 

bi tic exchange from alien pecies pollution and global climate change (Millennium Eco y tern 

A es ment, 2005). Conserving biodiver ity through a site-b ed approach i one of the key 

compon nts of any trategy to reduce biodiversity lo (Boyd et a/., 200 ) and therefore to 

addre Lhi complex array of factors, protected area are b ing created and de ignated 

worldwide wtth the objective to protect pecie and eco y terns. Therefore protected area are 

often tb primary defence again t specie extinctions and habitat lo (Pimm eta/. 2001 Chape 

et a/. 2005). Protected Area i according to Dudley (200 clearly d fined geographical 

pace, re ogni ed dedicated and managed through legal or other effe tive mean to achieve the 

long-term con ervation of nature with a ociated ecosystem service and cultural value ' . The 

importance of large-scale planning for con ervation is gaining increasing recognition and 

countrie arc now inve ting ub tantial efforts in de eloping a comprehensive sy tern of 

protected areas n twork. 

Protected area c verag indicat r mea ure policy re pon e to biodiver ity lo becau e an 

increa e in protected area co erage indicat increa ed effort by government and civil ociety 

to protect land and ea area ( EP-WCMC, 20 I 0). The increa e in the protected area network 

i not only phenomenal but i at o a demon tration of attempts and commitment by tate Partie 

to pursue global con ervation targets who have acknowledged the importance of protected area 

networks (Dudley et a/., 2005). The ignificance attached to protected area by government i 
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illu trated by their mclu ion a a target in th CBD and MD ( r tariat of the C nventi n of 

Biological Di r ity, 200 · Pi toriu eta/. 2 0 ). 

For example in 1992, tate Partie to BD t a target of 12% of global land u ac to b 

co\ red by protected area by 20 l 0 IUC 1993). By 20 I 0, th1 target had b n urpas ed in 

o er 150 000 protected ite co ered 12.7 per cent of the world land area and 7.2 p r ent of it 

coastal water (extending out to 12 nautical mile ) was part of thi comprehensive network of 

protected area . part of a trategic goal to improve the tatu of biodi er ity by afeguarding 

eco ystem a new target (e.g. Target 11 3
) of at lea t 17% 

prot cted area co erage by 2020 was et in during tbe BD onference of Partie meeting in 

2010. 

Th gap in the extent of marine protected areas coverage notwith tanding the overall increa e 

in protected area is a good indicator of how biodi er ity con ervation through site-based action i 

becoming popular worldwide. However, the caveat i that biodi er ity is still declining due to the 

exi ting mi match between protection and impro d management effectivenc . Thi 

according to tati tic Di i ion (20 11 a a re ult of owing to inadequate management of 

exi ting ites and gap in the protection of areas deemed prioritie for cons rvat-ion e.g. IBA 

and lliance for Zero Extinction ites). E en though they may not b ited in the be t area for 

biodiver ity con ervation (e.g. Rodrigue eta/., 2003· Bere ford el al., 2010) Protected Ar a 

(P A ) are a fundamental part of biodi er ity con ervation and ha e been recogni ed at local 

nat1onal regional and global le els (Chape et a/. 2003) with demon trable varying case of 

3 Target II. By _02 . at lea t 17 per cent of terre tnal and inland \\ater area. and 10 p r cent f oa tal 
and manne area!>, e. pe tally areas of parti ular •mp nan e fi r biodiver ·•ty and e o. y tern scr 1ce . arc 
c n. ·rvcd thr ugh fl" t1 ly and equitably managed. c olog•call r ·pr ntativ and w II- onn • ted 
~ ten f pr tcctcd arc and other ctTcctJve arca-ba cd on rvat1on mea urc • and tmcgratcd mt th 

\.\ tder landscape and ca ·cape. 
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in achi ving th i.e. r due d defore tati n, anchez- z fcifa I 

eta/ . 20 ; agendra 200 · Broo eta/., 2009 . The incr a in the number and vcrag of 

prot ted area worldwide repre ent the pa t c ntury' mo t notable on rvation u ce e en 

thou h many prote ted area are ineffec6vely managed rvin 2 03a o~ ing to many challenge 

including inadequate capacity and funding and hence thi uc e could be di puted. Thi i 

agam t the backdr p of protected areas ab orbing a high pr portion of global con ervation 

in e trnent (Cbape et a/., 2005, Chape et a/., 200 ). In a tudy by Leverington et a/., (2010 . 

aspect of management relating to the e tabli hment of protected areas were relatively trong but 

the management planning was very weak. Ev n though they may not be ited in the be tar a for 

biodiversity con ervation e.g. Rodrigue et a/., 2003, Bere f, rd et a/ .. 2010), Protected Area 

(P A are a fundamental part of biodiversity con ervation and have been recogni d at local, 

nat10nal regional and global level (Chape et a/. 2003) with demonstrable varying ca e of 

sue ess in achieving their objectives (i.e. reduced deforestation, anchez-Azofeifa 1999· 

ep tad el al. 2006· Nagendra 2008; Brooks eta/., 2009). 

Howe er even though effort arc being made to incrcas the co erage of protected areas the 

ne d to as e th effectivene of the pr tected area already available is critical. here c i t 

con. iderable uncertainty and c ntr cr y o er the impa t and cffecti ene .. of prote ted area 

e.g. Nel on and Chomitz, 2009) and dearth of rigorou and ery ti w \ ell- de igned aluation 

of the impact of pecific intervention ( homitz, 2007). Thi ju tifie then ed t evaluat the 

irnpact of the area in de li ering con er at ion target and reducing biodiver ity lo . Protected 

areas ha e been designated to con erve biodiversity but evaluating the level of ucce in 
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acht ving thi objecti e t n t only hall nging regard! v I at whi h it i. a. 

d t 11 d p rk tud regi nally ep tad eta/., 2 0 ) or gl bally runt!r eta/ .. 2 01 • 

ed (e.g. 

Th area of e aluating effecti ene of protected ar a ha receiv d con iderabl attention in 

re ent years Bhagwat et a/. 2 01 · Figueroa and anchez- ordero 200 ). How er according 

to Dudley (200 , one area of tudy that ha received e en more attention i the a e ment of 

the management effectivene (e.g. bow well protected area are being managed). Le crington et 

al.. 201 0 identifies 9 250 pecific Protected Area Management ffi eli ene s studie that ha e 

been undertak n from 6 720 protected area derived from 54 different methodologie . The e 

studie show that the effectivene s also varie from ite to ite country to country and region to 

region as a re ult of other intervening ariable . 

For example Liu et al. , (200 I) noted that though con idered a ha en for species and other form 

of biodiversity. many protected areas are also subject to the vagaries of threat including human 

encroachment. orne have u ed remote en ing to a e the degree to which protected area in 

th tropic ha e b come i alated from urrounding eco y tern through lo of habitat in th ir 

surrounding matrix Defrie et a/., 201 0). In this tudy they tres ed the need for cientifically­

based regional land use planning to balance human need and c n rvation goal in the larger 

landscape and impro ed under tanding of the ecological proee e affected by land u e in the 

matrix surrounding protected area . Encroachment i u ually manife ted through d let riou land 

co er change and while orne tudie ha e indicated protected area may be effective in reducing 

egetation change (Ervin, 2003b other have hown that designation do not neces arily 

reduce habitat los (e.g. Buchanan eta/., 200 ). 
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fany of the e tudie ha e fo u ed on for t lo particularly in th tropical fore t f Am nca 

meaning that the patt m for oth r r gion and land cover type r main larg ly un tudi d. The 

n d to unde tand land co er change and lo e of habitat in prot ted area ha r ult d in 

momtoring of protect d area u ing remot en ing fi ifa et a/. 1999; 20 4; 

Kinnaird et al., 2003 · Linkie et al., 2004 . The e rapid change r quire patially explicit 

monitoring for which remote en ing becomes ery u ful becau e of it co t effecti ene 

Trigg eta/., 2006 . Further even where land cover change tudie ha c been conducted~ mo t of 

th e studie ha e focu ed on key biodiv r ity ite or pr teet d area only yet land co er and 

land u e change i occurring in land urrounding protected ar a around the world particularly 

the tropic Joppa et a/. , 2009b). Mo t tudie of land co er change at protected area have 

mamly focu ed on change within the protected area boundarie , the dynamic in the 

urrounding matrix notwith tanding. Thi i de pite land cover change outside key biodiver ity 

site having a e ere impact on these ite . For example the inten ity of land use around key 

biodiversity sites will not only affect biodiver ity in the surrounding land cape but makes even 

the biodi er ity within the itc it elf usceptible uch that pre ure out ide may ncroach and 

impact on the int grity of the ite. 

In a tudy by DeFrie eta/., (2010) land u e change and other anthropogenic force out ide key 

biodiver ity ite boundarie potentially affect ecological proce e within a ite. In tudie 

e aluating the ffecti ene of protected areas taking into account "leakage", which is the degree 

to ' hich protection of one forest plot (or area) merely di place conversion to another, 

unprotected plot or area el on and Chomitz 2009 i critical. For example direct compari on 

of rate of land cover change within PA and their immediately surrounding areas may be biased 
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by th effi ct f 'leakage' Ewer an R drigue . 200 ), v h rcby reducing pre ure on natural 

ithin a P 1 ad to a concomitant incr ase in pre ure immediately outside it. 

Th1 tudy ther fore e aluat the efti cti ne of protection a well as the dynamic within the 

surr unding matri to determine if protection contribute to leakage therefore conferring a 

profound effect on the ite. Thi therefore pro ides a ju tification to analy e land cover change 

around key biodiver ity ite uch a IBA and protected areas. 

4.5.2. im 

Thi ection aim to determine whether protection status is effecti e in achieving its core 

objecti e of prev nting and lemming the current rate of land cover change and conserving 

biod1 ersity. The relationship between rate of land cover change and the protection tatus of 

IB was examined. It as e es how various land cover types at protected and non-protected 

ffiA ha e changed and whether the e deleterious changes are more pronounced at unprotected 

ite than protected one . One bypothc i i tested in relation to land cover change and protection 

area tatu : 

The rate of land cover change i higher at non-protected ar as than protected 

4.5.3. thod and naly i 

The Protected Area tatus for each of the focal IBA was extracted from UNEP World Database 

on Protected reas IU and P 2008)· including the year it wa established and thus 

numbers of years ince it de ignation as a protected area. Where this chronological information 

a not a ailable from the EP databa e additional information was gleaned from literature 
' 
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' ell as from th B1rdLife lnt mational JBA databa . The ffi acy of pr tectJOn at 

pr · ntin land cover change' a as ed by quantifying the r tc of chang , nd then the total 

e t m of chao e betw n 19 6- and 2 -0 a well the p rc ntag of area tran fanned 

dunog that period. total of 71 site were u ed in thi analy i out of which 41 were prot cted 

are falling in any of tb IU protected area categoric 2 were partially prate ted area and 

2 ~ ere not protected areas. 

Th effectivene of 1 gal protection in reducing land cover change in area of recogni ed 

con ervation importance aero Africa wa quantified u ing i ual interpretation of atellite 

image . For example, Land cover change in each land cover cat gory for each ite wa as e ed 

using the Land Co er Change - Graphical U er Interface Chapter 3) tool. The analy i involved 

land co r change within and outside the focal protected area and non-protected area and 

acros all major habitat type . 

Annual land cover change rate (ALC R) were evaluated as ALCCR = (Sl/S2 1 -1 

Where S 1 = Final % Land co r S2 = Lnitial % Land co er and N= Time lag in year 

Te t for normality of data wa conducted in P S. Two independent ample T -Te re 

conducted to compare whether rate of land cover change on protected and unprotected IBA 

differed. In thi ca e compari on of data wa from two independent et of data. Land cover 

change at JB wa correlated with protected area tatu . General Linear Model were u ed for 

controlling local rate of change e.g. rates of change in the urrounding area) to inve tigate if 

protection ha an effect. 
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4. A. R ult 

T ofnormali of data re ulted in th n nnal - pr ability pl f han 

2 fi r re pe ti e land c ver type as pr nt d in igure 24. e hibit d 

linearity as the poin clu ter around a traight line. igur 24-3 repre nt plo r 

change insid and outside unprotected and protected ar 
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When considering land co er change within lBAs there was n ignificant difference in land 

c ver change across all land co er type between protected and unprotected IBA ite (Table 

24 . Thi ther fore mean that protection did not contribute much to the model and hence land 

co er change occurred acros all ite whether pr teet d r n t pr tected. The re ult 

n twithstanding ther was orne level of ignificance for ur an, an indicati n that thi land 

c ver type contributed slightly to the model in that change in urban cover was greater at 

unprotected site than protected ite . When considering the change in the urr unding area and 

whether protection has an effect in reducing land cover change the model returns significant 

re ults for open forest, arable and plantation crops. However. fl r the rest of the land co er 

change the relationship is not significant (Table 26 . 
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a) Land cover change in ide and outside rhe IBA unprotected and protected ar as 

land 0'' r cat gori b t\\ n pr t ct d 

Protected T-

L nd cover n= Mean td. n= Mean td. p value 
Error Error 

~ closed forest (in) 4 -0.024 0.0144 30 -.0702 0.03 I 0.457 0.651 

A clo ed forest (out) 15 -0. 155 0.0 901 34 -.2390 005 92 0.7 0.435 

~open forest (in) 11 -0.23916 0.1231205 39 -.015471 0.0137058 -3.254 0.002 

~open forest (out) 22 -0. 17 0.075 39 -.08 0.037 -1.226 0.225 

6 nat-agr mosaic 19 -0.1524 0.0 675 35 -.1088 0.05074 -0.464 0.644 
(in) 
6 nat-agr mo ic 25 -1.51 E-02 0.00 6626 43 -2.8589051 E-2 0.0120065 0 7 7 0.434 
(out) 
6 hrub (in) 20 -1. 9E-01 0.0710278 42 -3 .7381431 E-2 0.034136 -1.606 0.114 

6 hrub (out) 25 -3 .7SE-02 0.0219 101 44 -4.642466 E-3 0.0160157 -1.221 0.226 

herbaceous (in) 19 -0.01 0.007 40 -.03 0.025 0.348 0.729 

6 herbaceous (out) 24 -1.76E-02 0.00652 43 -1.902778E-2 0.0128779 0.0 2 0.935 

tree crop( in) 7 -0.1799 0 .16 15 19 -.0733 0.057 I -0.79 0.437 

6 tree crop out II -008 0.092 27 -.07 0.052 -0.156 0.877 

agric (in) 22 -0.03 0.046 35 -.03 0.044 -0.03 0.97 

agric (out) 26 -1 .9 E-02 0 .0396 42 -1.9201 74E-2 0.0272191 -0.013 0.99 

water {in) 20 0 .0006 0.0033 12 -.0325 0.04289 0.99 0.326 

6 tcr (out) 20 -S.JOE-02 0.0499 23 - .07 093E-2 0.0607106 0.347 0.73 

6 Flooded vege (In) 17 -0.08 0 .058 14 -.17 0.1 0.826 0.416 

Flooded cge -1.18£-01 0.0758766 0.058 0.9 4 

Cout) 1.2341099734 -
I 

Urban(m) 2 .0341 0 .03413 6 -.4740 0.23563 1.1 0.2 3 

Urban {out 9 -.0640 0 .149 17 -.15 0. 1 -0.3 4 0.704 

Bare (in) 10 -.2135 0.13187 13 -.2294 0.12264 0.088 0.931 

Bare (out) II -21 0.04753 18 -.2532 0.10069 1.403 0.172 
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ults fo r rat of chan e (19 6-200 ) in riou land c ' r cat gori ni thin prot ct d 

Land CO\'er t- alue d f p 

All fo r -1.0491 10.317 

Cl d fore t 1.1815 31.363 0.2 3 

Open forest -1. 056 I .249 0.10 4 

to aic -0.4336 30.529 0.6676 

hrub land -1.4159 2 .096 0.167 

H rbaceou 0.4934 44.632 0.6242 

Tree crop -0.6218 7.594 0.5523 

Arable -0.0397 50.299 0. 685 

ater 0.76 4 11.129 0.45 2 

Flooded eg 0.7917 21.291 0.4373 

rban 2.1341 5.201 0.0838 

Bare groWld 0.08 2 20.051 0.9306 

land c cr categoric in ide ffiA 

tim ate F Pr(>ltl) 

Clo ed forest -0.04721 0.13207 0. 

Open fore 1 0.13634 0.05565 .32 F1.44) 0.0009 

Mo aic 0.03891 0.09322 0.9 29 CFuJ) 0.3 12 

hrub land O. l 15 2 0.069 7 2.224 (F us) 0. 1173 

Herbaceou -0.023084 0.037666 0.2542 

Tree crop 0.19 5 0.1342 0.0849 

Arable 0.04333 0.0619 6.909 (F I. 53) 0.0022 

Water -0.0444 13 0.040191 0.66 12 (FI.l4) 0.5254 

Flooded eg -0.09215 0.13 6 1.691 (F •. n) 0.2075 

Urban -1 .0352 0.7170 1.305 (f1 J 0.391 

Bare ground 0. 140"'9 0.147 6 0.53 L (F •. II) 0.6023 

155 



b) Land cover change outside IBA 

Land o er change in the urrounding area wa al o not affected by protecti n in that 

prot ction or Jack of protection did not pre nt land co er chang around th 

(Table 27 . 

JBA itc 

of change {1986-2008) in ariou land co r categori ul id IB and 

t-value df p value 

0.7 66 26.775 0.43 4 

Open fore t -1.0953 31.475 0.2817 

Mo aic 0.9099 65.871 0.3662 

hrub land -1.211 48.734 0.2317 

Herbaceous 0. 102 59.172 0.919 

Tree crop -0.1482 16.731 0.8 4 

Arable -0.0 127 47.733 0.99 

Water 0.3535 40.409 0.7256 

Flooded eg 0.0573 36.094 0.9546 

Urban -0.3745 15.2 6 0.7132 

Bare ground 1.69 6 23.442 0.1026 

Protect d areas bowed a varied degree of land cover change in term of the rate of change and 

the total extent of change between 1972 and 200 while the percentage of natural land co er 

tran formed to other land use al o aried from ite to ite. 

4. .5. Oi cu ion 

The re ult from t-te t ana1y i uggc l that land cover change wa no le frequent at protected 

tte compared to those ite unprotected. Re ul from thi tudy therefore ugge t that land 
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c · r change i taking place acr all major land co er typ at b th prote ted ar He and 

non-prot cted ar a . How ver compared to other land cover type , prote tion em to b 

effe tive m pre enting urbanization including human ttl ment) in prot ct d area than tn non­

protected area . Protection is also imponant for open forests and hrub land . Thi i contrary to 

pre ious tudi that indicate that protection ha been very effe tive in reducing deforc tation 

and biodi ersity lo s (Sanchez-Azofeifa, 1999· epstad eta/. 2006· agendra, 2 8: Brooks et 

a/., 2009 

However when land cover change in the urrounding area i included in the model land cover 

change for open fore ts, arable and plantation crop i more pron unced at unprotected area 

than at protected area . However, there is no ignificant difference in land cover change in clo d 

forest. natural agricultural mo aic hrub land herbaceous water urban and flooded vegetation. 

Protected areas are the backbone of international ite based con ervation initiative . For 

protected area to remain functionally relevant they houJd be able to achie e the objecti es for 

which they were established i.e. protecting pecie and eco ystem ). Therefore the level of 

habitat lo at tho e ites hould ideally be lower compared to non-protect d area but thi topic 

ha elicited much debate Chomitz 2007· el on and Chomitz, 20 9 . Even though the 

exponential increa e in the numb r and co erage of prot cted area. worldwide repre ent 

conservation succes many protected area are ineffecti ely managed (Ervin 2003a). Failure to 

pr vent land co er chang . the tructure and function of the e ecosy tern become compromi d 

itou ek et a/., 1997 Sala eta/., 2000). Thi mean that not all protected area ites are effecti e 

in addre ing the management objective of protecting pecie and ecosystem and therefore the 

degree of effecti ene s varies from country to country and site to site. For example deforestation 
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wtthm officially de ignated protected area arie widely fr m n gligible in Co ta Rica m 19 

9., ( cinch z- zofi ifa eta/. 1999) to a decline of>56 per cent in the protect d lowland fore of 

Ind ne ian Borneo in 19 5-200 I Curran et a/. 2004). 

Establi hmg protected area and applying tricter law and greater enforcement i central in 

managing biodiver ity at protected areas. However in reality thi may not be the ca e ince in 

mo t cas protected area may not be able to be effecti e in pre cnting biodi ersity lo 

cu hion again t land degradation and ameliorate climate hange (at local regional and global 

level due to veral challenges key among them; in ufficient financing, in ufficient trategic 

planning to en ure adequate ecological and r pre entation of biodiver ity component limited 

capacity of many protected areas to en ure long-term per i tence of the e con rvation area in 

terms of resourc and capacity. In a rudy on a protected area, Liu et a/. {200 I) found out that 

rate of habitat lo in ide the reserve increa ed imilarly or more than outside the protected area 

just a few years after it wa created. Thi contradict a tudy by Bruner eta/., (2001) which 

provided evidence that protected area designation i an effective means of stopping habitat lo . 

Consequently the GTS pecie supported within the ffiAs tudied are not immune to direct 

human land cover change. Con ervation of the e ite i e entia I for the long term per i tence of 

th e pecie . The re ults from previou tudie are equivocal with orne ugge ting that 

protected areas reduce land cover change while other find I evidence for thi conclu ion. 

The current analy i i among the first to con ider change in land co er other than ju t fore t. 

For example in a tudy conducted in Mexico out of the 69 protected areas studied only 54% of 

them were effecti e in pre enting land cover change (Figueroa and Sanchez-Cordero 2008 . The 
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tudy b d on a 1mple compari on of protected and non prot cted ite . Perhap a dif[i r nt 

con lu ion would have be n drawn if the ite were better match d by controlling th location of 

protected areas and their characteri tic (e.g. comparing prot cted ar a point with tmilar 

unprotected point • controlling for lope, rainfall, road proximity ( homitz, 2007; el on and 

Cbomitz 2009· Joppa and Pfaff 2009b 2009c· Pfaff et a/., 2009 . The non- ignificant 

relation hips and re ults from correlating rate and extent of land co er change with protection 

could al o be attributed to the design of the study and the assumption that all protected area 

regardle of the category enjoy the same level of protection and management effectivene . For 

example in thi tudy aggregating all protected area categorie into one group could be 

erroneous because some of the protected areas (e.g. ational Park ) are trictly no go zone and 

meant for conservation while Game Reserves permit a certain level of human activitie . Thi 

could be fuelling the ob erved levels of land cover change at orne of the protected area ite . 

Moreover with the paradigm shift from the historical exclusionist approach to a community­

based natural re ource management and pennitting orne le el of extractive u es of natural 

re ource at these protected area , the latter approach if not well controlled may become one 

way through which Land cover change will urreptitiously continue to be lo tat key biodi crsity 

it . 

nderstanding land co er and land u e dynamics outside protected area or key biodiver ity sit s 

critical. A tudy by DeFrie el al., (20 1 0) recommend that protected area embedded in human­

dominated land cape require impro ed understanding of the ecological proce e affected by 

land use in the surrounding land capes and the first step should be to delineate the zone of 

interaction around parks that encompass the hydrologic ecologic, and socioeconomic interaction 
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b een par and their urrounding . For xample ariou tudie on land c v r change 1n ide 

and outsid d mon trate the ef[i ctivene o protected ar in r ducing land co er change 

Chatelam et a/.. 1996· cinch z-Azofei fa 1999; Bere ford et a/., 2012 In prep . rudy of 

fragmentation and defore tation in ide and outside of protected area in the arapiqui region of 

Co ta Rica bo ed that protected area were dramatically curtailing the rate of defore tation. 

Mo t hrub land and grassland protected area IBAs confined to avannah and gra land 

eco y tern are embedded in a par ely populated matrix save for tho e found near urban are 

(e.g. Nairobi ational Park IBA, Kenya . For protected areas that are found in the e marginal 

areas, the protection tatu accord uch a ite a lot of ecurity thu ea ing pre ure. Mo t such 

sit apart from tho e in human dominated land cape are therefore not facing a lot of 

anthropogenic pre ure probably becau e orne of them are found in remote place , rugged 

terrains and in areas ho tile to crop husbandry as a result of poor oil and low rainfall. 

Howe er thi is not the ca e for ite that are not protected and which are in human dominated 

agncultural land cape . Th pre ure and continued land c vcr change manife ted through 

tran formation of land from natural vegetation to arable unle ontrolled will have a ignificant 

impact on eco y tern and the pecies d pendent on the e ite . The fact that orne of the pecie 

at orne of the e ite are range re trict d endenilc and globally threatened e.g. th Hinde' 

babbler in the Mukurueni Valley IBA Machako Valley IDA and Kianyaga Valley IBA or 

Sharpe Longcla at the Kinangop highland gra lands make them of global con ervation 

concern thus invariably consigning such pecies to the vagaries of extinction. 
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In thj rudy and con idering th effect of leakage, protecti n d1d not lead to ignificant 

deleterio land cover change in th surrounding matrix . Thi could b attribut d to th fa t that 

protection may not be water tight to an ext nt that there i absolute exclusion of human actlvitie 

or encroachment. The porou boundaries in some protect d area a well a the low le I of 

management e ffectivene s and enforcement at some sites doe not therefore entirely tran fer or 

di place conv rsion and modification to the unprotected surrounding matrix. Even though there 

bas been a holi tic effort to focu on conserving wildlife beyond boundarie , thi ha not been 

pursued dexterously. Additionally, protected area manager hav only concentrated their 

con ervation efforts within the areas of their juri diction. There i an urgent need for them to be 

also concerned with the land cover and land u e dynamic outside the protection area boundarie 

because of the potential impact of thee dynamics on the integrity of the protected area its If. 
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4.6. re ite-ba ed con rvation approache effective? (ii): Land cov r change 

and ite pecific pa t con ervation int rvention 

4 .. 1. Introduction 

With increasing threa at key biodi ersity sites, ariou a tors are intervening to re pond to the 

pre ure on natural re ources and re er e the trends in land co er change a well a biodi er ity 

lo . Interventions come in variou form and approache , variou hierarchical level and actor 

m luding land and water protection e.g. terre trial and marine protected ar a ) peci 

management education and awarene law and policy li elihood , economic and other 

incentive and capacity building for con ervation (Brooks eta/., 2009 . ite-ba ed conservation 

interventions are widely recognized a being important in tackling global biodiversity lo 

(Joppa et ai. 2009a· agendra 2008) being implemented at variou priority site to promote 

biodiversity conservation and maintain ecological integrity of ecosystems which provide 

eco ystem service li elihood and su tenance to local communitie (IUCN , 2005) . Some of the 

interventions include de ignation of protected area (Dudley 200 ) conservation and 

management planning, en ironmental education political lobbying restoration and rehabilitation 

of degraded ecosy tern , r forestation monitoring demarcation of boundari eradication of 

alien invasi e pecie and prevention of wild fire and climate change mitigation and adaptation 

mea ure . 

Governmental organi arion , non-governmental organisation , civil ociety organi ation private 

sector actors, community-based groups de elopment partners are investing ubstantially in 

biodi er ity conservation and li elihood interventions at selected priority ite habitat 
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landscap and eco y tern . Ideally. ffecti con ervation int rvention v uld pre nt to of r 

mamtain the tabihty of biodiver ity and therefore ucb int rv ntion ar de med c fccti e if 

rhey slow down the human-induced rate of biodi r ity lo Rodrigu 2 06) at a p ci and 

land co r level. E en though biodiver ity con rvation i the primary goal (Hugh and 

Flintan 2001 ), thi participatory and collaborati e approach integrat both economic and 

empowerment benefit to local comrnunitie permits practice that embrace different value and 

local knowledge of the biological resource and human activity (Fi cher 1995; Borrini­

F yerabend 1996 . According to Hughe and Flintan 2001) thi collaborative approach i 

based on two a sumption . First, diver ified local livelihood option will reduce human pre ure 

on biodiver ity leading to its improved con ervation. Secondly local people and their livelihood 

pra tices, rather than external factors comprise the mo t important threat to the biodiver ity 

re ource of the area in question. 

a paradigm hift ommunity-ba ed Natural Re ource Management concept ba evolved over 

the year as a mechani m for rural development local empowem1ent and biodiver ity 

con ervation (Roc et a/., 2009). Thi approach take many diffi rent form in different locations 

and different ocio-political and biophy ical contexts (Mulder and Coppolillo 2 05). For 

example, for many year BirdLife International ha worked with community-ba ed group 

(hereby referred to a Site upport Groups or Local Con ervation Groups) at some of it IBA a 

a mechani m to con erve natural re ource while impro ing people s livelihood BirdLifi 

International 201 Ob ). These group participate in an array of con ervation and li eli hood 

improvement initiati e while also working with other stakeholder including government 

agencie and the private sector. Tangible acti ities that promote conservation are cry di er e 
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and include re toration of degraded habitats re earch and m niroring n~ rcemcnt o law and 

poltcy en irorunental ducarion and awar n rai ing and eradication of ali n in 1 e p cie 

(BtrdLife International, 2007a). Th mea ure of the ucce and the impact of i the be t 

way ro e aluate th effecrivenes of conservation outcome at IBA . 

Engaging communitie is a paradigm that aims at impro ing conservation and therefore there i 

need for a e ment and analysi of the impact of thi engagement (e.g. the ext nt to which the 

participation i translated to improved biodiver ity conservation and reduced land cover change). 

In mo t ca es the impact of conservation investment on both biodi er ity and livelihood i not 

only not well as essed but is al o not simple to evaluate leading to uncertaintie about rhe 

contribution of con ervation action in reducing extinction rates (Brook et a!. , 2009). 

E aluating the po iti e impact of these approaches on biodiver ity con ervation is needed to 

a certain whether the goal of saving species from extinction and protecting ite and habitats 

from detrimental activitie are being acrueved. While the effectivene s of Protected Areas are 

becoming better known few tudie have attempted to evaluate the effecti ene of ite-ba ed 

con ervation approache based on working with communitie in integrated conservation and 

livelihood improvement initiatives. In order to maintain replicate improve, adapt, and adopt 

ne\ mechani m and approache in the effort of working with communitie through 

programmes and projects there i need to track and a se s the effectivenes of these initiative in 

preventing land cover change at ites. IBA are a u efuJ suite of ite to examine, given that 

some have community based con ervation mea ure and other do not. Investigating the 

relationshjps between site-based intervention and land co er change is critical in justifying the 

continued financial in estments made in time and space while at the arne time providing an 
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im tus or r plicati n of lhe intervention at other priority tte in the regi n r at a gl al 

I. Th e 1cacy of the e approach m temming current rate of biodiver 1ty lo v Ill 

timulate the pro e for eating up and replicating of the approache at other ite . Thi tudy 

te t the effe tivene or deficiency of ite-ba ed management and con ervation interv ntion 

that in olve working with communities at reducing land cover cbange at the e itc . 

4.6.2. ·rn 

Th aim of thi section is to a es the effectivenes ofpa t ite-bascd con ervation intervention 

by BirdLife International at re pecti e IBAs in preventing deleteriou land cover change and 

biodiversity lo . Particularly focu was on bow effective the BirdLife International model of 

working with a network of SSG and implementing actual site con ervation project ha be n in 

a erting biodi ersity loss. 

The follo'\1 ing hypotheses are te ted in thi section: 

a) Land cover change is le s frequent following long-term site-based conservation 

initiatives. 

b) The rate of and total extent of change is lower for sites with long-term site-based 

con ervation intervention 

4.6.3. Method and Anal i 

Of the 72 IBA ite sele t d for thi tudy information on tho e that had a hi tory of long-tenn 

con ervation intervention wa identified, particularly where SS have been e tabli bed and are 

operational a well a where the e group are noo-exi tent. The rate of land cover change were 

e tablished using the Land Co er haoge Graphical User Interface (see procedure in chapter 3 . 

Rates of land cover change for re pective land cover types at selected ffiA ( ee election 
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en ria in Chapter 3 were regre d with the pre ence or ab cnce of G part of p t He 

ific conservation intervention . T-Te t were u d to det rmine whether ther ha be n a 

'~ it1cam difference in deleteriou land co er change at ite with or not or whether it ha 

b n le delereriou con idering land cover change a a dependent ariable and BirdLife G 

as mdependent ariables hen e the pre ence or absence of G wa con idered during the e 

analyse . 

4.6.4. Re ult 

a Rates of land cover change inside m As (1986-2008) 

For the 72 IDA ites used in tbi study Site Support Group e tablished between 199 and 20 6 

were pre ent at 13 ite 18.1% of the sample sites while 59 ites (81.9%) did not have these 

groups. Based on the t-test result (Table 26) rate of land co er change for the variou land 

cover types at IBAs with and without SSGs, there was no significant relation hip for all apart 

from tree crop and arable. Apart from arable and tree crop land cover types thi study therefore 

provides insufficient evidence that land cover change was le frequent at site where G were 

pre ent compared to tho e ite where SSG were ab ent. Thi mean that based on the data u ed 

Gs are yet to make an impact on biodi er ity (i.e. reduced land co er change). Con idering the 

rate of change in all forest habitat , there was no significant difference in fore t I on ite 

w1th SSG compared to ite with no SSG , hence an indication that based on this study G a 

an intervention did not have any influence on preventing detrimental change in land co er. The 

same pattern wa ob erved for other land cover type including clo ed fore t open forest, 

natural-agricultural mo aic shrub land, grassland and wetlands respectively. 
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for rat of change 1986-200 ) in uriou I nd CO\ r 

n= Mean n= 

~ clo ed forest 26 -.0756 -.0295 0.01472 -0.602 0.552 
(m) 
~ closed fore l 42 -.2301 0.055 3 7 -. 112 1 0.065 I -0. 41 0.405 
(out) 

open forest (in) 3 -.061332 0.031903 12 -.07529 0.0 4493 0.19 0. 5 

a open fore t 52 -. 13 0.042 9 .00 0 015 -1.222 0.226 
(out) 
A nat-agr mosaic 42 -. 1402 0.05196 12 -.0679 0.08538 -0.672 0.505 
in) 

nat-agr mosa1c 
(out) 
!l hrub (in) 51 -6.9667097E-2 0,035264 II -9.05719E- 0.091326 0.241 0. I 

2 

hrub (out) 57 -2.4 60404E-2 0.014428 12 -.02 0.027996 -1.405 0. 16 

a herbaceous (in) 4 -.02 0.021 II 2.29209-2 0.013 -0. 1 5 0.854 

6 herbaceou 56 -1.9435643 E-2 0.010173 11 -1.373 2E- 0.005969 -0.245 0. 07 
(out 2 
6 tree crop(in) 19 -.1531 0.07778 7 .0 6 0.0322 -1.448 0. 161 

6 tree crop( out 28 -.10 0.06 10 .02 0.00 -1.214 0.233 

6 agric (in) 45 -.06 0.038 12 .07 0.042 -1.6 0.115 

agric (out) 55 -2. 715652E-2 0.02766 13 .07 0.00442 -0.705 0.4 3 

6 water (in) 29 -.0130 0.01771 3 .0000 0.00148 -0.232 0.818 

water (out 37 -7. 4 3E-2 0.04576 6 -2.33449 0.001146 -0.663 0.511 

Flooded cge 27 -.10 0.053 4 -.26 0.248 0.947 0.352 

(ln) 
Flooded vcge 36 -1.3 95107E-1 0.054897 5 9.103028-3 0.019667 -0.993 0.327 

(out) 
Urban (in) -.3469 .000 

6 Urban (out) -.22 .01 

Bare (in) -. 1960 -.5000 

Bare(out) -.1651 -.3231 
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land O\' r atcgorl \\hen 

df 

-1.0768 21.916 0.2933 

Cl ed forest -1.039 29.933 0. 06 

Open forest 0. 1545 14.274 0. 793 

Mosaic -0.7227 19.924 0.47 2 

Shrub land 0.2135 13.146 0. 342 

Herbaceous -0.3347 53.484 0.7391 

Tree crop -2.2559 22.698 0.0340 

Arable -2.1945 31. 57 0.0356 

Water -0.729 2 .375 0.472 

Flooded veg 0.6135 3.2 2 0.5795 

Bare ground 0.59 8 1.063 0.6517 

\Vhen looking at ab olute changes S G intervention wa only effective for change in tree crop 

and arable land cover. Thi could mean that S G are effective in preventing ca h 

crop/plantation crop increa e and arable increa e at IBAs. This is a po itive effect on biodiver ity 

at these ites. 

4.6.5. Di cu sion 

A paradigm shift toward community-ba ed natural resource management as an alternative 

effective approach to preventing ecosy tem degradation and pecies extinction ha gained 

considerable momentum and popularity (Bray et a/. , 2003· Kothari 2006). Thi i partly 

because the poor arc dependent on biodi ersity for their day-to-day livelihood while 

biodiversity conservation can be a mean for poverty reduction (Thomp on et a!., 2007 

Secretariat of the Convention of Biological Diversity 2008). Since mo t driver of biodiver ity 
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are attributed t anthropog nic cau e mbracing community-ba d natural r ourc 

managem nt i an approach, which i gaining popularity and an incrca ingly imponant ac t of 

con rvation policy and practic linking biodiver ity con rvation and po rty aile 1ation 

JliC , 2005 . Thi i e en more imperativ and urg nt given protected • r a d p nd ncy on the 

surrounding matrix to maintain flow of biota, water. nutrients and nergy yet protected area 

managers have little authority o er the surrounding landscape where land u e and interaction 

can ha e major impacts on the integrity of the protected area (DeFrie et a/., 2010) or key 

biodiversity it . 

Linkage beh een biodiversity conservation and poverty reduction have been demon trated to 

orne degree 0 riordan and Stoll-Kieemann, 2002; Secretariat of the Convention on Biological 

Diversity, 2008 · BirdLife International 20 I Oa). However, demon trating the impact of the e 

poverty alleviation interventions on biodiver ity con ervation and vice ver a is a challenge Kepe 

et a/., 20 4 Thompson et al. , 2007). According to Rodrigue (2006) mea uring conservation 

impact i not imple a biodiver ity i not ea ily quantified. 

Thi study fail to demon trate a consi tent pattern of improved con ervation outcome 

emanating from engaging G . There i no empirical evidence that the S G approach ha made 

any tangible impact in the form of better con ervation outcome a far as con erving biodiver ity 

is concerned aero all major land cover type tudied apart from hrub land TBA . either i 

there evidence that SG are contributing to temming deleterious land cover change out ide 

IB s. Other studie however support the e findings. For example tudie expres ed the 

difficultie proving that participatory conservation generate sustained succe (WeJI and 
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Brandon. 1992). In contrast, other tudi hav demon trat d a redu d tent fill at r ourc 

us and tead incr a in pecie population e.g. Plumptre, 199 . Monitoring and aluation 

effi rts ha e demon trated that the S concept i working and is ffecti m reducing 

del reriou land cover change (e.g. through restoration and refore tation initiative , Thomp on et 

a/ .• 2007: BirdLife International 2010a, b) . 

Howe er. this tudy and the results depicted may be attributed to the de ign and methodological 

i ue employed in this study a well as the fact that S G approa h i a new concept and it will 

require a longer time be ore the impact is felt at ite level. For example th SG approach i a 

new concept being applied at !BAs and in mo t case the period for which the e groups have 

been in operation at these site varied considerably with mo t ranging from to two to ten year . 

Some of the interventions take longer to actually demon trate tangible con ervation impact 

whereas the impact on livelihood projects on biodiversity still remains unclear. Thi mean that 

mo t of them have in ariably been in operation after 2000 yet the land cover change analy is 

focu es on the years 19 6 to 2008; hence it is too oon to expect their interventions to have 

slowed down the rate of land cover change in mo t land cover type at IBA . 

It 1 therefore important that lhe impact of SSGs work on reducing land cover change be 

in e tigated fiHther in future while u ing the recent year during which G have been at the 

it as period of focus . In addition even though this correlation doe not return ignificant 

relationship thi may not be an indicator that SSGs are not effective. orne of the G are 

involved in diverse acti itie orne of which are focu ed on single pecie con ervation and 

therefore comparing the tatus and trends in population of the e pecies would be useful in 
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d on tratin the impact of their ffort . or e ampl there ar adapted t 

n modified habitat and therefore population may be tabl or at lea t not d lining e.g. 

Hmde Babbt r with the Lantana camara hrub land in a human dominated land cape TBA) and 

th refore even though there may ha e been a decline in th bu h land the remaining Lantana 

thi kets may b a refuge for them. Thi could be one rea on why the impact of in reducing 

land co er change for shrub land rBA appears significant. In view of thi a e ing land co er 

change community con ervation and trends in populations of trigger a ian pecic would add 

value to a e ing con ervation outcome attributed to working with communitie e.g. G ). 

However the insignificant relationship accruing from thi tudy could be attributed to the mall 

ample size of SSGs u ed in the analy es. For example out of the 72 ite , u ing only 13 site 

for the analysi may ha e introduced errors because of the small ample ize ofTBA . Moreover, 

mo t of the IBA were found at fore t TBA more than in other land cover types. Out of the 

13 ire with G , eight were forest sites two wetland , two were natural-agricultural mo aic 

and one was artificial landscape . This therefore mean that for each land cover type the ample 

size of the G wa not ufficient and representative in making a tati tically robu t conclu ion 

and as uch a larg r ample of Gs would be needed in future analy es. In term of there ult 

from the correlation between G and land cover change outside IBA , the relation hip i at 

not ignificant. Thi could be a a result of the ample size a well a the fact that th main remit 

of SSGs i on the con ervation and protection of rBA and not the con ervation of biodiver ity 

ou ide TBA . However it is anticipated that with the empha is on the importance of biodiversity 

in the matrix urrounding IDA the focus of SSGs will diversify their intervention acti itie in a 

way that their activitie will also contribute to the con ervation of natural vegetation out ide 
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IB . Th1 i very critical e pecially in a human d minat d and fragmented land ap wh r 

p ies have to mov aero the matrix to oth r natural habitat . Thi could b achi vcd through 

u tainabl environmental friendly land u e y tern and be t pra tic embracing 

agrofore try and other su tainable nature-ba ed enterpri e that will boo t agricultural 

biodiversity and e ological processes surrounding land cape . This if done will promote linkage 

in the landscape and pro ide corridors and connecti ity for specie mobility within a fragmented 

surrounding land cape. Above all, it will increase agricultural productivity reduce dcpcnden y 

and ease the pre ure and deleteriou land cover change on the key biodiversity it . 

However the re i need to develop and apply methods and t ol for tracking the impact f 

working with community groups at IDAs on biodiversity and livelihoods a well a develop 

ba eline against which future a e sment will be ba ed. For example, Roe et a/. (2009), 

report that a major deficiency of formal community-ba ed natural resource management y tern 

and programmes i the ab ence or paucity of quantitative and/or qualitative data on their ocial, 

conomic and en ironmental impacts. Monitoring in the long term, the pecic and ecological 

pro esse being targeted for conservation there won't be any reliable evidence to how the 

impact of S G on biodiver ity con ervation. Lack of documented example of uccess in 

community based con ervation ha left people to que tion whether thi approach actually work 

and whether it i easy to demon trate cau ative link betwe n con ervation and development 

Hughes and Flintan 2001). Documentation to pro e the e links i very critical in guiding 

BirdLife Lnternational on how to review the SSG trategie and approaches to maximize on 

con ervation outcome and livelihood improvements. In general there i need to continue 

workjng with communitie distilling and baring les ons learnt from past engagement with 

172 



mmunnie m pr ~ect and programme Clay 1996; Lar n et a/.. 19 ; Thomp on et al .. 

200 ). 

4.7. Can one predict which IB are at reate t ri k of deletcriou land co cr 

chan ? 

4.7.1. Introduction 

Drivers of land co er change tend to act ingly or ynergistically, directly or indirectly to 

e. acerbate deleteriou impacts on biodiver ity at variou hierarchical calc a a result of 

cascading and cumulative effect of the e threat (Brook et a/., 200 ). ln view of the e 

interactions it is imp rative that ite that are known to be at high ri k of deleteriou land cover 

change be identified and mapped as hotspot to facilitate timely and appropriate solutions and 

mitigati e measure to a ert and control drivers and ameliorate the accelerated rate of land cover 

change. Thi is even more important if the right interventions, strategic con ervation deci ions 

and investments are to be made timely and co t-efTectively to a hieve greater conservation 

outcome at ite or land cape level. 

Lack of under tanding of the complex buman-envir nment int ractions and the ynergi tic 

effect of threats to biodiv rsity is one of the challenge to ffecti e con ervation (Underwood et 

a/., 2009 . At broad level hot pot have been identified acros the world a the riche t and mo t 

threatened re ervoirs of plant and animal life on earth (Mittenneier eta!. 2004). However, with 

limited resource there i al o need to identify the e area at a local level o that systematic 

conservation planning and in estment priorities can be initiated. Even for ffiA while 

identifying these ite is a priority and ha been one of the most succe ful programme by 
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Btrdlife International, ery few tematic tudi and analy ha be n und rtaken rIB 

in rporatmg threat . Where thi ha been done it i largely b d on the pre ence of globally 

t:hreat ned bird and not on int raction b tw en the incr asing type of threat . 

4.7.2. im 

B ed on the analy is of land-co er dynamics o er tbe last t\ o decade for IBA , the tudy aim 

to predict IB that are at greatest ri k of detrimental land cover change. Thi i achieved by 

identifying driving force for land cover change that act in combination to xert ad cr e 

pr ure and how these threat make ite and specie more vulnerable. 

4. 7 .3. Method and Anal sis 

Ba ed on the tudy questions pre sures at mAs that were considered under thi tudy are two 

namely human population density and agricultural intensity. In thi section, a multiple 

regression done in R oftware wa u ed to determine the relation hip between several 

independent or predictor variables and a dependent variable. In thi ca e the independent 

variable were population den ity and agricultural intensity around the IBA while land cov r 

change was the dependent variable. The level of significance was interpreted to sho the 

trength or contribution of each factor or variable on the mod I. All of the abo e re ults 

aggregated into an overvi w analysi and produce a tati tical m del that identifie which (if 

any characteri tic make IBA more vulnerable. The variou land cover type were con idered 

in this model to as ess and show which are mo t vulnerable as a re uJt of the combined nature of 

the drivers of land co er change. 

174 



4.7.4. Re ult 

Rate of land cover change in ide m (19 6-2 08) and combined thr at 

The relationship between rate and extent of cover change during 19 6-2 orr lated with a 

combination of human population density and agricultural inten ity around ffi d. 

Th relation hip wa significant for all for stand herbaceous IBA but not ignificant forth re t 

of the land cover type . The e relationship are pre entcd in Table 30-37. The r ult ho\i that 

that without any con ervation intervention protection and G ) the effect of the e threat arc 

very ignificant for all natural fore t , open forests shrub land and gra land herbaceou land 

co er type (Table. 30 32 34 and 35). Thi therefore ugge t that there i a igni:ficant change 

in land cover for the e habitats when the e threat interact. How ver of th two threat , 

agn ulturaJ intensity ha a trong effect on the model when a se ing the relationship for all 

natural forest habitat (Table 30 , open forest (Table 32), shrub land (Table 34) and gras land 

(Table 35 . Thi suggests that when these two threats (agricultural inten ity and population 

density) are interacting, population density doe i not significant acros all land cover type . 

Table 30: Combin d effect of agri ultura1 inten ity and population den ity a threats on all natural 

for t land cover change 

Intercept) -2.494e-02 1.575e-02 

Agric inten ity -6.042e-03 2.196 -03 

=--Po~p~·.,!!d~ens~ity..z__ ___ -.!,..!7 .~0~86:::..::e:.....:-0~6~---.:....:.1.=603e-05 

R2== 0.154 Fc2.3 ,= 4.662 p=0.01546 

t value 

-1.583 
-2.752 
-0.442 

Pr(>ltl) 

0.12169 
0.00903 * 

0.66094 
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(Int rcept) 
ric. inten ity 

Pop. den ity 

R-= -0.06019, F (2,25) = 0.2336 p= 0.7934 

(Intercept) -9 . 95 -03 
Agric. intensity -1.256e-02 
Pop. density -3.013e-05 

R2= 0.06797 F (2. J9> = 2.495 p= 0.09558 

Std. Error 
4.765e-02 
6.728e-03 
4.944e-05 

t and 

T ble 33: Combined effect of agricultural inten ity and p pulation d n ity a threat and 
protection and G as intervention on natural-agricultural mo aic land cover change at IBA 

(Intercept) -1.372e-O 1 
Agric. inten ity -4.157e-03 
Pop. density 7 .467e-05 

R 1= -0.03481 F c2• 4G) = 0.1926 p= 0.8255 

Intercept) -2.499e-02 
Agric. inten ity -1 .533e-02 
Pop. den ity 7.595e-05 

R·= 0.0501 , F (2.46> = 2.267 p= 0.1150 

Std. Error 
7.140e-02 

.992e-03 
1.348e-04 

Std. Error 
5.39 e-02 
7.199e-03 
1.066e-04 

-1.922 
-0.462 
0.554 

threat and 

-0.463 
-2.129 
0.712 
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lnt rcept) 
A ·c. inten ity 
Pop. intensity 

R·= 0. 11 5 F (2. 43) = 4 .025 p= 0.02498 

and 

Tab! 6: ombin d n ct of agricultural intensity and population d n ity a thr at and 
protection and G a interventions on water land cover change at IB 

Std. Error 

Intercept) 

R2= -0.0 217, F (2.24)= 0.0 1291 p= 0.9 72 

2.424e-02 
4.469e-03 
2.6 10e-05 

t value Pr(>it!) 
-0.690 
0.147 
-0.104 

0.497 
0. 5 
0.91 

Table 37: Combined ff ct of agricultural int n ity and population d n ity a threat and 
protection a nd Gs a intervention on flooded vegetation land cover change at IB 

Intercept) -1 . 340e-0 I 
Agric. intensity 5.120e-03 
Pop. density -8.063e-05 

R2= -0.0 766F (2,22)= 0.032 6,p= 0.9677 

td. Error 
l.l29e-0 1 
2.499e-02 
3.906e-04 

t value 

-1.1 
0.205 
-0.206 

Pr(>ltl) 

However when ite are subjected to agricultural inten ity and population d n ity and then 

intervention (protection and S G ) introduced into the model land cover change i ignificant 

for all natural fore ts (Table 3 ), open fo re t Table 40 and gras land/herbaceou Tabl 42). 

Howev r agricultural inten ity i ti ll a ignificant factor in the model a far as land o cr 

change in all natural fore ts and gra landlhcrbaceou i concerned. Protection is not a 

ignificant factor in all land cover type apart from open fo r t land co er (Table 40). Tbi 

uggests that protection i important in reducing land cover change for open fore t (e.g. 
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an . Intervention in th fi rm of G till hav n ect wh n th t\ thr a an.: 

in ractin at tt th t ar prot ct and h re th approach t b ing appli d. 

Para. 
(Intercept -6.04 e-02 

ric. in ten ity -5. 719e- 3 
Pop. de ity -1.0 7c-05 
Prot ctjon 2.950e-02 

G 4.247e-02 

R-= 0.1 77 F (4, 36) = 3.311 p= 0.02076 

Intercept) 

gric int n ity 

Pop den ity 

Protection 

Gs 

-6.5 9e-02 
4.392e-03 
-1.513e-05 
-2.442e-02 

3. 07e-02 

-l. 0 le-O I 

-1.032e-02 

-3."'05e-05 

1.9 e-01 

4.547e-02 

Std. Error 
1.245e-0 1 
9.445e-03 
5.062e-05 
1.153e-Ol 

.724e-02 

6.422e-03 

4.722e-05 

7.731e-02 

7.549e-02 

R·==O. l 693 F (4, 37) = 3.0 p-value: 0.02728 

-0.529 
0.465 
-0.299 
-0.212 
0.436 

-2.095 
-2.612 
-0.6 4 
1.0 2 

1.659 

t value 

-2.251 

-1 .607 

-0.700 
2.572 

0.602 

Pr(>jtl) 
0.602 

0.646 
0.76 
0.834 
0.667 

and 

and 

Pr >jtl) 

0 .0304 * 
0.1165 

0.48 3 

0.0143 * 
0.55 
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agric int n ity 
Pop. den ity 

Protection 

(Intercept 

Agric. inten ity 

Pop. density 

Protection 

(intercept 

Agric inten ity 

Pop. den ity 

Protection 

S G 

-6.677e-02 

-l.422e-02 

7.006e-05 

6.239e- 2 

5.952e-02 

-1.453e-02 

3.256e-05 

R-= 0.1145 F(4, 1)=2.454 p=0.06088 

9.525c-O 

1.390e-04 

1.116e-0 I 
1.179e-01 

1.108e-04 
8.696e-02 
9.732e-02 

4.728e-03 

3.126e-05 

4.629e-02 

4.965e-02 

0.549 
0.735 

1.302 

-3.074 
1.042 

-1 .237 

0.604 

t value 

-0.794 

-1.901 
0.632 
0.717 

.7129 

.5 54 

0. 

and 

Pr >ltl 
0.4313 

0.0638 

0.5305 
0.4769 

threat and 

0.00375 ** 
.3035 

0.2231 

.5492 1 

Tabl 44: Com bin d effect or agricultural iot n ity and population den ity a threat and 
protection and a int rvention on water land cover change at 18 

td. Error 

ntercept) 3.155e-03 3.366e-02 0.094 

Agric intensity -5.056e-04 4.766e-03 -0.106 

Pop. density -9.526e-06 2.762e-05 -0.345 

Protection -4.349e-02 4.643e-02 -0.937 

Pr >ltl 
0.926 

0.916 
0.733 

0.359 
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3. s_ -03 

- · F (4.22>- 0.2409 p= 0.9121 

Intercept 
Agric. inten ity 
Pop. den ity 
Protection 
S Gs -1 .394e-O 1 
R - -0.146 1, F c4,20)= 0.2349 p= 0.9154 

4.7.5. Di cus ion 

6. 6 e-02 

Std. Error 
1.491e-01 
2.63le-02 
4.652e-04 
1.485e-0 1 
2.258e-01 

0.057 

t value 
-0.477 

0.060 
0.004 
-0.653 
-0.617 

.955 

Pr(>ltl) 
. 39 

0 .952 
.997 

0.521 
0.544 

All ffiA are critical for the survival of globally threatened pe ie , range re tricted, biome-

re tricted and congregatory pecies r spectively (Fi hpool and an 200 I). Ba ed on lhi 

tudy, it i apparent that with agricultural inten ity and population density interacting collectively 

as threat at IBA , hrub land and gra land IBA will b affected mo t due lo deleteriou land 

co er chang . Habitat lo and human population den ity have been hown to predict patial 

ariation in the current threat tatus of pecie (Kerr and urrie, 1995; Thomp on and Jone , 

1999· McKinney, 2001 · Brooks et. at., 2002). Howe er a contributing to habitat lo 

agricultural intensity still remain the most important factor to watch in order to avert further 

decline in land cover change at IBA . This is evidenced by the impact it has on all natural 

fore ts aU forest habitat ), open fore ts, hrubland and herbaceous land cover type . Thi 

therefor means that for the e land cover types preventing or controlling thi factor i critical in 

securing the con ervation of ite that are dominated by the e land cover . 

Comparatively ven though population den ity is not a ignificant a factor a agricultural 

inten ity, it i worth noting that both factors when interacting contribute more to driving 
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d teri land c r change. Thi c rrelation concur with charlemann et a/., 2005 Mho 

d uced that agricultural land u e wa a bett r pr dictor of thr at tatu than human populauon 

an that a erage I vel of threat attributable to agriculture were b tter pr diet d by land u than 

human population den ity. In mo t ca e agricultural inten ity i driven in part by a ri e in the 

population, which exerts pre ure on U1e a ailable land and encroa be onto adja nt land 

transforming pri tine land into agriculture. E en though while interacting with agricultural 

in ensity alone population density may not contribute a lot to the ob ervcd land co er change at 

m . However, there i need to inve tigate the indirect ffects a ociatcd with high population 

dens ity ucb as urbanisation, introduction and pread of alien inva ive pecies habitat 

fragmentation and increased frequencie of anthropogenic fue which ba e be n noted to be 

pervasive threat to biodiver ity in other region (Underwood et a!., 2009). There i therefore 

need for more inve tigation in future on the role of population den ity and to track it impact on 

biodiversity conservation at various spatial and temporal scales. Moreover, there may be other 

factor both direct and underlying that could be very deci ive in thi model yet they were not 

con idered as part of the analysis. 

For site that are protected and where the SG approach i being applied when agricultural 

intensity and population den ity interact, the cumulative effect of the e threat on land cover 

change i tiJI ob erved for all natural fore ts (ala fore t type ) open fore t (mo t likely 

woodland ) and herbaceou . Thi ugge t that even in the face of intervention the e land 

cover type are till facing deleterious land cover change. There eem to be les land cover 

change for hrub land ites when these threat are interacting where the two intervention 

(protection and SSG are being applied. 
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Fo brub land and gra land habitat or land cover till pencnc a lot of pre ·ure fr m 

e clearance for crop production and live tock pa ture, agricultural inten ity (Ramankutty 

and Foley 1999 and unle checked fore t cover will continue to be lo t at the expcn c of 

p ies richne particularly fore t peciali ts, which would not survive in any other hab1tat typ 

oth r than fore t . The forest ite are highly vulnerable mo t likely be au e fore t are 

as ociated with fertile oil , adequate precipitation and high population den ity that provide the 

mo t fa ourable condition for crop hu bandry. The same hypothe i may apply for gras land 

m e pecially those that ar found in high potential area ucb as highland gra land . A a 

re ult of thi , tudie have hown a level of patial congruence betw en human population 

density and specie richne Luck 2007). For example, many tudie have documented the 

dramatic decline in gra land habitats dang'ang a et al. 2002; Wakelin and Hill. 2007) and 

many bird specie that depend on gras lands ha e declined Jan en et al. 1999; Temple el al., 

1999· Vickery and Gill 1999· Vickery et al. 1999 . The e mean that the e two habitat are the 

one mo t at ri k of deleteriou land cover change. The implication of this would be a projected 

lo of fo re t and gra land peci including extinction of endemic pecies and a reduction in 

the distribution rang of certain pecies of global con ervation concern. 

In the context of the e finding it i mo t likely that con ervation action targeting multiple 

dri er of land cover change will effectively addres and reduce rate of land co er change. 

With the emerging known and unknown impacts of climate change there i need to incorporate 

the Latter in conservation efforts because of the interaction with other threat to amplify the 

magnitude of land cover change a well a impact on the urvival on pecie . There i therefore 
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n to addre the e drivers of land cover change through integrated appr ache . In t1gating 

ott r latent threat to biodiver ity be ide the known on s will make it po ible to effectively 

manage and protect biodiversity and key ite . 
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-t . Ov raU Di cu ion 

Th1 tudy provide ufficient idence that land co er change i taking plac variably at 

different tim period pace and degree of magnitude and v ith di erse biophy ical impl icatiOn 

on both hab itat and pecie . Thi is con i tent with a tudy by Baulie and z jwach ( 199 ), 

wh1ch deduced that land use dynamic will play a major role in driving land co er change . In 

th1 study the e change are attributed to both proximate (extent of agriculture around lBA ) and 

und rlying factor (human population den ity) besides other factor that were not part of thi 

analy i . Correlation between land cover change for variou land cover type and cau alive 

factor (e.g. agricultural extent and human population den ity) return varied level of 

ignjficance with agricultural inten ity around IBA being a trong correlate of the ob erved 

extent and rates of land cover change, while population den ity wa le trongly a ociated v ith 

change . 

In other tudie , correlation between deforestation and multiple causative factor revealed no 

d.i tinct pattern (Rudel and Roper, 1996· Bawa and Dayanandan 1997 · Mather et a f., 199 ). 

Previous tudje attribute agricultural expan ion a one of the factor driving delcteriou land 

cover change Sala et a/., 2000· Donald, 2004· Scharlemann et a/. 2004 . Tb e r ult are 

consi tent with a review of 152 case on tropical defore tat ion, which howed that 96% of the e 

defore tation ca e were attributed to agricultural expan ion (Balmford eta/., 2003). Is :where, 

tudie have hown that inten ified agriculture lead to a ignificant decline in bird population 

Donald et at .. 2001 . 

Consequently, considering the deleteriou impact of agricultural extent around key biodiver ity 

ites on land cover change and the resultant impact on peci , thi threat need to be addres ed 
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thr ugh ario approache at variou hierarchical le el . Howe er th futur cour 

agn ultural ex pan ion i more cenario depend nt in IB than in th r t of th world. Thi 

b cau e development policie have con iderable potential to either ea e or cxac rbate the 

di proponionat impact of agricultur on area of highe t biological value. Th rc i an urg nt 

n d to reconcile the ariou land u e in line with the need to conserve specie within th ir 

hi torical range. ln Europe for example. policy-dri en land u e change had continent-wid 

co qu nces on ariou bird pecies (Green 1996· Wilson et al. , 1997 and bird communitie 

(Campbell eta/., 1997· ewton, 1998). 

As essing the impact of combination of threat i critical for quantifying the tatu of m 

becau e the e change in tum trigger adver e effect on pecie that reside at the e ite . Even 

though population of certain pecie ha e been known to decline, thi may partially be 

attributed to land cover change which affe t the structure and functioning of their habitat 

espe ially for species that are re tricted to pecific habitats . Howe er, there i al o need to 

und rstand through further cau al research into other underlying factor and ecological 

parameter that determine pecies urvival. For example to reflect the true ccnario pecie -

habitat relation hjp are accurate only to the extent U1at habitat r lation hip of particular pecie 

i backed by well documented empirical data. This type of re earch come in handy when 

populati n monitoring and trend analy e do not point to one certain caus (i.e. deterrnini tic) 

but take into con ideration oth r underlying factor (life-hi tory trait demographic genetic 

en ironmental tochasticity and natural catastrophe ) that may be working in ynergy with land 

co er change to dri e pecie into extinction. Vitou ek et a/. , (I 997) recognize the need for a 

clear under tanding of factor driving land use requjre integration of the ocial economic and 
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ultural caus of land tran formation with e aluati n o it bio-ph ic 1 naturt: and 

co uence . Model de lop d without incorporating oth r tochasti ent m y be flawed . 

Th mere ing need to monitor pecie and land co er/use change i indi putable. on tant 

con urrent pecie -habitat monitoring fforts to keep track of both p i population and tatu 

and condition of the ites and habitat for which certain p cie are re tricted ar very critical. 

Thi information i ery critical for correlating land co er/u e change and population trend for 

cenain lB trigger pecies and making conclusions on the trend in sp cic population b cd on 

pe ie -habitat relation hjp . 

Regarding con ervation interventions (protection and long-term it c n ervati n initiati es) 

both are le s ignificant in term of rever ing current trends of land cover change. For example 

in thi tudy protection do s not seem to prevent deleteriou land cover change whil long-term 

engagement of SSGs has not translated into better conservation outcomes. Even though this may 

portray the true picture there is need for further analy es taking into account other factor 

including perhaps a longer period working with SG a well a increasing the ample izc of 

S G . From tbi tudy it i e ident that orne of the e con ervation intervention take longer to 

demonstrate impact. 

In view o the e land cover change it would be 'vital for futur analys to under tand hi torical 

factor that could ha e accelerated habitat lo at key biodiver ity ite . For example, Plumptr et 

al .. 200 I demon trate how the 1994 genocide in Rwanda and the in ecurity led to lo of 

spe ies complete extermination of two fore t ite (Gi hwati and Mukura fore t and a loss of 

Akagera ational Park by 70%. Other tudies pro ide in detail the impact of armed conflicts on 
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bi 1ve ity hambaugh el a/., 200 I) ven though other tudi (Lind ell et a/., 2 11) h ' 

tim pre ure from clearanc of for t for agricultur , logging and mming far ceed 

m pre ure from ci il war. 

In onclu 10n it i al o important to understand the mechani m leading to land u e and land 

co\er change in the pa t a well a the impact of the pa t con ervation intervention on 

biod1versity. Only then will it b fea ible to under tand the current trend and change and 

pred1ct future one . It i al o crucial that the inve tment made through working with 

cornmunllie be quantified for re pective ites. Besides the hort period the G ha e been in 

op ration perhap the re ult could have been different if the inve tment (re ource /funding) 

made at each ite had be n monitor d and included in the analy e . The level of con ervation 

in e tment al o could perhap determine the level of impact demon trable through le s 

deleteriou land cover change. The nature of activities that the re pecti e communitie are 

in olved in all matter a lot. For example, if the SSG pr gramme at ite focu mainly on 

improving li elihood at the expen c of actual con ervation, relative difference of con crvation 

outcome aero ite will be exp cted. 
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c RF :CO CL IO COMM C TRIB Tl 

T C C 

5.1. Conclu ion 

The obje tive of thi study were: 

1. to determine the percentage and extent of land cover change at IB u ing remote! 

en ed data . 

11 . d cribe correlate of a tual habitat chang on the e A that c uld b u d to inform 

monitoring strategic , con ervation management and ad ocacy. 

nJ. based on the flr t two key objective , predict IDA that are at ri k of del teriou land 

cover change 

IV. to develop methodologie and protocols for u e of remote en ing in IBA monitoring. 

The e objecti e have been achieved and it is hereby concluded a follows: 

• Habitat are in a state of permanent flux and rates and extent land cover vary from one 

site to another spatially) and from one time period t another temporally) and the e 

change arc not uniformly di tributed due to exi ting ite pccific factor . It i al o 

e ident that both land c v r conver ion and modification taking place arc human 

induced. 

• gricultural inteo ity as a correlate of change i the maj r factor influencing observed 

deleter iou land cover chang in and around key biodi er ity ite 

• P pulation den ity around key biodi er it. ite did not how ignificant cau e and effect 

on land cover chang . However there i need for orne degree of caution when 

interpr ting the non-significant attribut of population den ity on land cover change. 

Thi i b cau e there may be other underlying demographic factor that were not 



consid red in tbi tudy and probably ifthi had be n done· the rc ult c uld have been 

different. 

• The two fi rm of ite management and con ervation int rv ntion de ignation f 

protected area and BirdLife pre ence through ite-b ed con ervation and livelihood 

imtiati es involving working with SSGs) did not demon trate their impact in pre\·enting 

d leteriou land cover change. 

• The above non-significant re ult on impact of protection and S m av rting 

deleteriou land cover change need to be interpreted with a lot of caution a th r may be 

other a pect that may require more investigation (e.g. management cffectiv ne of 

protected areas). For example thi would provide a better under tanding a to why 

protection may not be effective in some places. Intrin ic, ubtle and underlying fact rs 

operating at different cale or level may have rna ked th imp rtance of protection a 

an effecti e intervention in reducing land r,over change at ite . 

• Even though earth ob ervation data are wjdely u ed to identify common land cover typ 

e.g. fore t) scarcer land cover type and gradation may be more difficult to identify. 

For example, herbaceous and shrubland cover type were difficult to identify and 

interpret a compared to fore t. Thi could be attributed to ea anality (drynes or 

wetne ) and the seasonal variation in phenology cau ing a sociated variation in the 

p ctral ignature for the e land cover type thu making the image interpretation an 

arduou proce . 

• Cloud cover remains one of Lhe major challenges in land cover analy e u ing atellit 

image and depending on th amount of cloud orne image become redundant when 

key detail become ob ttred by cloud . However with r ducing co t the use of image 
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a quir d by pa i e or active nticro'li a e en or , -.: hich re able top netrat cloud c v r 

wtll in the near future help too ercome the problem of cloudy day and t lht imag ry. 

• The cau e and effect of land co er change i intricate and b yond what i c red in th1. 

tudy. Thu it may require substantial tudie with a many related ariabl a po ibl 

included in the regre sion model. 

• There may be other threats for which real time monitoring would not be ea y u ing 

atellite imagery (e.g. monitoring illegal activity such as logging). 

• Thj tudy d moo trated a novel application of GI and remote en ed data u ing a 

simple but effective remote eosing tool and hence very useful techniques for morutoring 

land cover change at key biodiver ity ite . 

5.2. Recommendation 

5.2.1. R commendation fo r action 

The land cover analy e generated from remotely en ed data will b u ele if not linked to 

re earcb land cover and land u e policy improved management of eco y tern and 

environmental education and public awarene s efforts. The more the land cover change analy e 

product are tran lated into action, the more thi technique will be adopted by many con crvation 

practitioners. The recommendations from thi study include: 

• The need for tran Iating of the re ult into policy and advocacy management con crvation 

and monitoring of lBAs as well a other key biodiver ity site . At a policy and advocacy 

level the e re ult can be applied in many way . For example policy and advocacy 

trategie need to be caled up through both bottom-up and top-down approache . There i 

need to lobby the de ignation of ite that are till unprotected, improve policie a ociated 
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with implem ntat1on of prote ted area , cal up c n rvati n ffi rt , forrnul te nd 

promote en ironmental friendly agricultural and development policie . 

• Th re i need to trengthen and increa management ffectivcn of prate t d area m 

order to benefit biodi e ity and people (e.g. eco y tern rvice ). Protection it elf a a 

tatus i not a panacea to all con ervation problem and neither doe it tran late mto b tter 

con ervation of biodi ersity. Protected area agencies ba e to be upportcd in mobili ing 

resource and capacity to maximi e con ervation effort . Pan of tbi trategy ill mean 

increased collaboration by relevant go ernment agencies with all stakeholder in luding the 

civil ocicty de elopment agencies local cornmunitie in mobilizing re ource planning 

management, implementation of con ervation programme and monitoring of land cover 

and pecies. To achieve this, an integrated land cape planning approach that take into 

con ideration exi ting land use , multifunctional land cape and landscap configuration 

critical if the dynamic and deleterious proce ses within the matrix around the e ite ar to 

be minimized. 

• The result from this tudy ha e broader implication for con ervation in tenn of 

identifying key direct diver of land co er change and what need to be done to a ert 

furth r land cover change. Thi i very vital in the proce of etting prioritic to maximi e 

con ervation outcome . 

• The anthrop genic activitic out ide key biodi ersity ite are criti al when con idering 

dev loping prioritie for con ervation or conservation planning. Even though there i need 

to keep track of the e anthrop genic activitie , it i incumbent upon con ervationi to 

identify the type and Jo ation of activitie that are more deleteriou and formulate 

appropriate mitigation mea ure aimed at reducing th ir impact on the integrity and 
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ecol gical functi ning of th it . Thi will help in und r t nding the uit of thr at that 

could be dri ing habitat lo . 

• Management trategie within key bi div r ity it (e.g. IBA , cannot be tnd p ndent of 

human acti iti urrounding th m in the multifunctional land cape. on id ring that 

agri ultural inten ity around ffiA ha been confirmed a one of th main dri of land 

co er change at IDAs measure should be put in place to reve e thi trend and en ure the 

long-term urvi a) of crucial habitat and specie at IB . It is thu recommended that 

be ides focu ing conservation intervention at the ite, there i need to work with 

communities and the relevant government agencic and key productive ector (e.g. 

agriculture, fore t wildlife) and mainstrearning biodjve ity con ervation into the e threat 

ector to promote ustainable nature-ba ed enterpri e (e.g. agrofore try initiative ) and 

other environmentally friendly practices. 

• Engaging the urrounding communities in a suite of activities ranging from con ervation to 

promoting alternative u tainable nature-ba ed livelihood enterpri e that have a clear link 

between biodiversity con ervation and poverty alleviation should be a priority intervention. 

Thi will promote biodiver ity conservation m the surrounding matrix e.g. 

agribiodiversity) and ha the potential to improve livelihood ecological resiliency and 

provide th much needed co y tern er ice . Sub equently uch novel approaches will 

impro e people livelihood and relieve the e itc of the pre ure emanating fr m the 

over xploitation ofnatural re ource within the ite . 

• There i need for more yncrgie between the variou ector (e.g. agriculture wildlife, 

fore try health that will en urea more coordinated approach in planning and hannonising 

and main treaming con ervation into development ector . 
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• far ' orking with communitic G ) i c nc m d th r 1 n cd to d vclop ba clin 

data e.g. biodiversity and ocio-economic) when G are e tabli h d o that tht can onn 

a ba eline for future effort to track and evaluate th impact of th ir con ervati n work. 

Even though ocio-economic data wa not part of thi tudy it i at o recomm nd d that 

uch data be collected continuously to aid future monitoring of the impa t of con ervation 

and livelihood enterpri es on both biodi er ity and po erty alleviation. 

• For the SG approach to be more effective there i need to put emphasis on the link 

between biodiver ity conservation and poverty eradication. Without taking thi into 

con ideration and demon trating thi link this SSG approach may end up being kcwed 

towards promoting li eliboods at the cxpen e of biodiversity conservation. 

• Since it i apparent from thi tudy that SSGs are not preventing deletcriou land cover 

change outside the lBA , it i recommended that the approach n ed review in the context 

of the need to al o focu not only on the IBA them lves but al o out ide IBA a part of 

conservation at a landscape le el. 

• Awarene rai ing effort hould be scaled up. Empowerment of the local people and 

capacity building should include environmental education particularly to pearhead 

behavioural hange. If thi can start at a ite level it wi 11 have a ripple effect at other level 

and achieve greater impact and de elop a larger con tituency of people who are pas ionate 

about biodivcr ity con ervation. 

• To address the problem of exi ting data gap and paucity of information including 

georeferenced btrd data y tematic monitoring data infra tructurc data layer among 

other there i need to develop ba eline data (georeferenced habitat and pecie data a 
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benchmarks for future monitoring. The con ervation frat mity h uld pia e great r 

empha i on the coli ction of uch infonnativn and d lopm nt of d taba 

• Ev n though remote en ing i a very u eful tool in monitoring key bi dive ity . ite 

ground-truthing al o help in r clueing uch error o that for example, a clo ed prolific 

tand of an alien in a ive peci (e.g. Prosopis juliflora or even clo ed mango plantat1on 

is not mi taken for a natural closed forest important for fauna. 

• e d to de elop and manage pectral libraries which pro ide th ignature of variou · 

• 

rangeland condition cla es and land cover categoric will in future reduce problem with 

land co er clas ification. And in o doing e en reduce co of ground truthing . 

• From a con ervation point of view the re ults from this tudy require quite a number of 

sub tantial con ideration on the way relevant government agencies and con ervation 

organisation need to work in order to reverse the current trend in land cover change at k y 

biodi er ity ite . 

5.2.2. Recommendation for further studie 

Con idering the re ult from thi tudy thi the i work ha generated om p cific and br ader 

re earch question that can be addre sed by future tudie . The main key recomm ndation 

identified from this tudy include: 

• The need to inve tigate further and identify other threat that may be operating singly or 

interacting in ynergies. For example forest and gra land habitats are more vulnerable 

hen the extents of agriculture in ten ity and population den ity work in ynergy. 

• Correlate change in land cover with bird diversity temporal and spatial change in 

pecie population and geographical di tribution at IBAs. For example future land cover 
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chang tudi hould ba ed on a ailability o hi torical ci d ta corr late the imp ct 

o land co er change on population of focal flag hip p cie or p ci a mblage 

th e 1te . 

• ustain land co er change analyse and pattern of land cover change and paramcte that 

dri e the e change u ed in modelling future trajectori of land cover change. Re ult 

from modelling will make it po sible to mitigate and initiate timely pre enti c 

interventions that would check future to of biodi er ity. Thi 1 even more nece ary 

con idering that modelled prediction for 2100 re eat that the largest impact on 

biodiver ity (e.g. tropics i expected to be due to land u e and land cover. Ha ing the c 

model will be u eful in con idering precautionary principle and preventive trategi m 

combating deleteriou land cover change. 

• lnvestigat in hi torical context what event triggered the ob erv d land cover change 

(both po itive and negative) during the re pective period (e.g. fire, pe t , inva i e 

pecie , volcanic eruption wars extreme drought ). Land-cover change i a di crete 

proce and characterised by period of rapid change often triggered by an e ent at a 

local, national regional or global levels. Future tudies should aim at 

• Investigate wh ther one threat can al o initiate or trigger a cascade of change 

modification and conver ion) in land cover within a ite. 

• Re earch in detail how pa t government policie ace lerated or inhibited detrimental land 

cover change at national level with a view of developing a whole ct of factor dri ing 

land cover change. Example of uch policie orr fonn proce e may includ logging 

ban , directive on fore t exci ion degazzeltement of ite hang in land tenure 

ystem encroachment agricultural policie and agricultural incentive . 
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• Th re are oth r potential factor causing en ironm ntal change m Africa that \1 auld nc d 

to be factored in ub quent carr lation includ p pulation gro"vth, bi phy ical factor·, 

anomie pre ure and policie food production y t m mining indu try and en rgy 

• orrelate land cover change with infrastructural de el pment in the transport ector 

.g. road density and location) and what impact road network cri -cro ing key 

biodi ersity sites would have on popuJation den ity in and around the e ite and 

thereafter on land cover change and urbanization e.g. how proximity to urban centre 

influence the rates of land cover change). 

• Correlate rates of change with other biophysical factor such as altitude teepnes ( lope 

and topography for forest sites and fore regime, drought in rangeland ite ) ruggedne 

and inaccessibility of the ites to human activities to better under tand the mechanic of 

' by deforestation is inhibited or accelerated in tho e area . 

• A for protection there i ne d for more investigation on other impacts of anthrop genic 

factor out ide protected area . Thi may include looking at the impact of human 

activity on in a ive pecie , poaching hunting and fire outbreak and other latent 

threat . Further tudie should investigate if there ufficient evidence to link ob erved 

difference in land cover change in protected areas to leakage. A for protected areas· 

additional studies may a es whether land cover change varie with di tance to 

protected area boundary or if the duration ince a protected area wa de ignated i 

critical factor in pre enting d lcteriou land cover change. The c additional analy c 

may provide useful in ight into other underlying factor that either impede or ace lerale 

the rate of land cover change. 
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• In t rms o land co er cia ification, ther may be c c of tnt rprctati n err r.; f c rtain 

land cover cla e owing to land-cov r a nality and anab1lity e.g. b d n lh 

p riod and near pennan nt cloud co er in certain part of Africa; the c are hkely to 

introduce interpretation error . To o ercome thi problem, additional land co er analy 

may n ed to u e cloud penetrating radar imagery pro id d by uch atellitc pi tforrn a 

the Japane e Earth Resource Satellite (JERS-1) and the European Remote n ing 

atellite (ERS a an alternative to tudy tropical fore t co er. 

• Finally, remote en ing technique will become more efficient and effective if there is 

combined u e of moderate high and very high patial re olution data with the latter being 

u eful when there i a need to zero in onto the more s n itivc and priority itc where 

the deleteriou rate of land cover change have be n noted to b higher. Thi will provide 

more detail about the extent and actual diverse driv rs of land cov r change at it level. 
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• . Contribution to cience 

Tht i the fi t rapid region-wide a e ment of land co cr and c rr !at of land c v r change 

w1 m Important Bird Area of Ea tern Africa u ing remotely n ed data and a pton er tudy to 

us the imple but co t-effective Land Cover Change Graphical U er Interface Tool (L C- Ul 

for Image interpretation and analy i . The tudy therefore demon trate the capability of 

G I as a prototype tool that can be applied in land co er analyses at IBAs Is where in the 

' orld. 

The tudy provide qualitative and quantitative analy e of LCC \J itbin and outsid key 

biodiversity ite . Tbi would have been impo ible u ing field-ba d urvey only. Mo t land 

cover change analy e ha focused on single ite and undertook analyse within the ite only. 

Howe er, con idering that land cover and land use dynamics outside k y biodi er ity ite ha e 

a huge impact on biodiver ity within the ite, the re ult from thi work will be in trumental in 

revtewing past con ervation intervention (protection and SSG approach) as well a guide future 

work withln and outside IBA . 

Tht is at o the fir t tudy to u e remotely en ed data to review and aluate the impact of the 

BudLife Intemati nal' S G con ervation approach in reducing land cover change at m s ince 

tb SG model was adopted by BirdLife International. Thi tudy will stimulate di cu ion on 

why it i important to take into account many factor when developing programme and 

undertaking con ervarion planning as well a etting prioritie to rever e land cover change and 

b1odiver ity Joss. For example, the impact of changes threat and pre sure emanating from 

anthropogenic activitie from the surrounding landscape on biodi ersity at the key biodiversity 
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tt and the dynamic within the matrix can lead to del teriou land c er change. Sa ed on 

land co er. ongoing or pa t land cover change and the correlate of land cov r, it 1 p ible · 

earl> wammg y tern to identify ffiA that are vulnerable for li ting among t the IBA m 

dang r and where mo t urgent interventions and allocation of re ource i needed to tem the 

current rate of Land co er loss. The fmding from thi tudy have important implication for the 

conservation of specie • sites and habitats that are everely affected by deleterious land co er 

change. 
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id n tifi ti n r it ri 

. I . lo 

riterion: Th i kn \ n r thou ht r ularl t hold ignifi ant numb r f a I bally 

tbr ten d p d e 

• 'or 

Th ite qualifie if it 

ate ori ed by the ru 

f gl bal con erva tion cone rn . 

len wn, c timat d or thought lo hold a population of a p i 

Red Li t a Critically Endang red ndangered or Vulnerabl . In 

gen ral the regular pre ence of a ritical or Endangered sp i irr pecti of populati n ize 

at a -Jte may be ufficient for a ite to qualify a an IBA. For Vuln rable pe ie th pr enc of 

more than thre hold number at a ite i nece ary to trigger election. Thre hold are 

regtonally, often on a pecie by species basis. The ite may at o qualify if holds mor than 

thr hold numbers of other pecie of global con ervation concern in the ear Threatene Data 

Deficient and fon:nerly in the no-long r recogni ed Con ervatioo Dependent categoric . Again 

thr hold are et regiona lly. 

A2. Re tricted-ran e pecie 

Criterion : Tb ite is known r thought to hold a ignificant comp nent of a group f 

p cie who e breeding di tribution defin e an Endemic Bird rea (EB ) or condary 

Area ( 

ot 
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cat ory a for p cie of ndemic Bird A ). EB arc defined ~ pi ·c. wher 

or more ·p c1 o re trict d range, 1.e. with world di tribut10n lc than 0. 0 km2• 

r to..., th r ~ore than 7 % of uch p cie are al o globally threatened. I. o mclud d h r 

pec1 of condary reas. A condary Area ( upport one or more r tract d-ran , 

1e , but does not qualify a an EBA because le than two p ic are entirely confined t it . 

T. Jcal include single re tricted-range pecie which do not o erlap in di tribution with any 

o er such sp ci , and place where there are widely disjunct records of one or mor re tricted­

e p cie which are clearly geographically separate from any of the BA . 

. Biome-re tricted pecies 

riterion: Th site i known or thought to hold a ignificaot component of th group of 

peci whose distribution are largely or whoJiy confin d to one biome. 

te : 

l1u category applies to groups of specie with largely bared di tribution of greater than 

-o 000 km2 which occur mo tly or wholly within all or part of a particular biome and arc, 

th refore, of global importance. As with EBA , it i nece ary that a network of itc be cho en 

protect adequately all pecie confined to each biome and a nece ary, in each range state in 

1ch the biome occur . The ' ignificant component' term in the Criterion i intended to avoid 

leering ite olely on the pre ence of one or more biome-re tricted pecie that are common 

and adaptable within the BA and therefore occur at other cho en ite . Additional sites may, 

howe er be chosen for the pre ence of one or a few pecies whi h would e.g. for rea on of 

Partl ular habitat requirements be otherwise under-repre ented. 
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4. 

ire y qualify on any one or mor of the four crit ria li ted b low: 

1t known or thought to hold on a regular ba i , 1% of biog ographic p pulation f 

ngre atol) \i aterbird p ci . 

It kn wn or thought to hold, on a regular ba i , I% of the global p pulati n f 

ngr atory eabird or terre trial pecic . 

1 ). it known or thought to hold on a regular ba i 20,000 " atcrbirds r 1 1 0 pai of 

abird of one or more pecie . 

ite known or thought to exceed thre hold et for migrat ry . p ci at bottlen ck ite . 
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Bl002 Burundi -2 7 
2 81003 Ruvubu altona) Park Burundi - 1 
3 81004 Ru izi ational Park Burundt 29.2 - .2 

Bururi Fore t ature Burundi 
BtO 5 R ·crve 3 29.5 333 - 9 3 3 

5. ntoto atural Park and thiopi 
f023 130 3 .75 .1 3333 

6. Ethiopia 
T029 v etlan 120 3 .0 7 

7. Koka dam and Lak thiopta 
T039 Gclila 3 

T041 Lake Zeway Ethiopia 3 

9. T047 LakeLangano Ethiopia 7 

10. Abijatta-- halla Lake Ethiopia 
T04 ationa1 Park 3 .5 7.5 

11. Bale Mountain ational Ethiopia 
·T0 54 Park 3 .71667 6.75 

12. TO Yab llo anctuary Ethiopia 3 .41667 4.91 67 

\3 . KE001 Aberdar Mountatn Kenya 36. 6 67 -0.41667 

14. KE002 Kianyaga valley Kenya 12000 37.3 333 -0. 

15. Kikuyu ·c rpmcnt Kenya 
K£003 fore t 37600 36.66667 -0.93333 

16. KE K inangop gra · land· Kenya 3 .56667 -0.7 

17. KEOO ount K nya Kenya -0.166 7 

I . KE 6 ukurv etnt valleys Kenya -0.5 

19. K£026 hyulu Htll fore Kenya -2.5 33 

20. KE029 achako alley Kenya -1.5 333 

21. KE031 Kenya -0.3 

22. Kenya 
ati nal 

KEO 3 29 00 37.5 0.6 6 67 

23. K£036 ational Park Kenya 11700 36.96 67 -1.3 

24. K£037 Dunga amp Kenya 100 34.7 333 - .16667 

25. KE03 Koguta wamp Kenya 200 34.76667 -0.28333 

26. KE039 Kusa wamp Kenya 350 34. 5 -0.31667 

27. K.E041 Yala wamp complex Kenya 000 34.1 333 0.0 3333 

2. K£042 Ambo eli ational Park Kenya 39200 37.1 -2.55 

29. KE04 herangani Hill Kenya 95600 5.85 1.2 6667 

30. KE04 Lake Magadi Kenya 10500 36.2 333 -I. 667 

31. KE04 Lake ai aha Keny:1 23600 36.35 -0.76667 

32. K£051 Mau forest complex Kenya 2733 0 35.33333 -0.5 
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K n 1 

3 

R nd 

Rwanda 2 .2 
40. 3n7.3013 I 0 37.3 3 
4 1. Tanz ni 

TZ005 230 0 29. - .2 
4 .... Tanzama 

zo 457 0 31. 33 -2. 33 
4 . Burig.-Btharamulo Tanzama 

TZOI4 Game Re erve 350000 31.25 -2.2 
44. TZ024 Kagera amp anzania 111600 30. 3333 -l.S 
4 . TZ026 Lake Kitang1re Tanzan1a 120 0 4.3 -4.1 
46. TZ029 Mtera rc crvoir Tanzania 66000 35. 3333 -7. 333 
47. yumba ya Mungu Ta01ama 

TZO 0 re erv ir 22000 37.3 333 667 
4 . Lake alron and Tanzama 

Z031 ngaruka ba in 154000 36 -2.41667 
4 . TZ032 Rufiji Delta Tanzania 72000 39.45 
50. TZ034 ingtda lakes anzama 1100 34.7 -4.3 
5 1. Bagamoyo Di tri t Tanzanm 

TZ046 coa tal fore t 200 0 3 .66667 -6.16667 
52. TZ062 orth Pare Mountains Tanzania 3000 37.66667 - .75 
53. TZ063 outh Par Mountains Tanzania 25000 37. 3333 -4 .33333 
54. TZ064 Rubeho Mountams Tanzania 62861 36.5 333 -7 

55. TZ065 Mount Rungwe Tanzania 31542 3 .66667 -9.13333 

56. Wet U ambara Tanzania 
TZ071 Mountain 3 169 38.33 33 -4.6 7 

5 . Longid Game Tanzania 
TZ074 Controlled Area 2 0000 36. 3333 -2. 3333 

5 . G002 Echuya Fore t Reserve ganda 4000 29. 1667 -1.2 333 

59. Bwindi Imp n trable Uganda 
UG004 ational Park 33100 29.66667 -1.05 

60. G006 lGbale ational Park Uganda 76600 30.33 33 0.4 3333 

61. UGOIO Semliki re erves Uganda 115000 30.3 3 3 I 

6 •. UG012 Mabira Fore t Re erve Uganda 30600 33 0.5 

6. Lutoboka point (S cse Uganda 
G015 i lands) 200 32.2 333 -0.3 

64. UG016 abugabo wetland Uganda 22500 31.91667 -0.45 

65. UG017 Mabamba Bay Uganda 16500 32.33333 0.083333 

66. UGOI Lutembe Bay Uganda 800 32.56667 0.166667 
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67. 01 rvc nda 

6 . 021 
69. 027 
70. 

002 114 0 4.5 1.1 6 7 
71. ounl r to fore. l ganda 

UG029 Re~erv 4 3 4.7 2.7 
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