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ABSTRACT 

The effect of anthropogenic activities on the regeneration of forest structure and recovery of 

anin1al communities is not well known. This study assessed the recovery pattern of fruit-

feeding butterflies as bio-indicators of environmental disturbance, after about 72 years of 

selective logging and arboricide treatment in the Budongo Forest Reserve, Uganda. 

Butterflies were sampled in four selectively logged forest habitats and one prin1ary forest 

using wh!te cylindrical traps baited with fern1ented sn1ashed bananas. San1pling \\·as 

conducted for five straight days within a week between 0700-1700 hours, for five nionths. 

The study con1parcd the spatial and temporal variation in butterfly speci~s richness. 

· abundance, diversity and con11~unity composition in the five forest con1partn1ents and als11 

dcten11inccJ specialist butterfly species characterizing each of the five t(Hest co111part111cnts. :\ 

total of 3, 780 individuals, representing 85 species belonging to three l~1111ilies and 28 gcnL'l'd 

\Vere recorded. There was significant difference in butterfly abundanL·e and diversity bct"·cen 

the five compartments and months of study. However, there \Vere no significant differences 

in the total species richness an1ong the five compartn1ents. This study found no significant 

directional patterns in the species density, diversity and abundance of butterflies along the 
~ 

successional gradient (gradation of recovery fron1 the youngest to the oldest logged \vith 

resptx:t to the primal)' forest). C'on1n1unities of all sclecti\'cly logged co111partn1ents di flerL·d 

significantly fron1 each other and fron1 the primary fr>rcst. The unlog!:!l'd prin1ary forest had 

the highest butterfly indicator species compared to the logged con1part111ents. These results 

demonstrate that logSf!d forest compartn1ents don't yet provide suitable habitats to fully 

suppo11 butterfly con1munities like the · unlogged prin1ary con1part111cnts .. highlighting the 
I,) 

en1inent need to conserve primary forests as a long tern1 conservation strategy for butterfly 

species. 

. 
XI 



CHAPTER ONE 

INTRODlTCTION 

1.1. Background 

Tropical forests are deteriorating rapidly due to the \Videspread indiscrin1inate logging for 
0 

timber production, wood fuel and human settlements (FA(). 2015: lsh1111 & Sato. 20 I 2 ). \\·ild 

fires and clear-cutting for agriculture (Blay, 2012~ Hosonurna et al.. 2012) and yet they have ;1 

significant_ global biodiversity value (Basset, et al., 2015 ). The (Jlobal Forest ResottrCL' ." 

Assessment 2015 reports a global decline in forest area of 129 111illion ha ( 1 '~~,) bet\vecn 1 <)<>o 

and 2015 (FAO. 2015). ·rhe greatest of this decline occurred in poor developing econon1ics of 

~;outh An1crica and Africa. In Uganda, for instance. during the san1e period. the forest estah: 

shrunk fi·on1 24(~> (4.9 million ha) of the total forest area cover to 9c1,,;, (Ministry of Water(.~ 

Environment [M'NE], 2016). These anthropogenic disturbances can 111odi fy ecosystc111 

functioning and alter the structure and con1position of the cntirl' biodiversity that thL'Sl' 

tropical forests support (Agea ct al., 20 l O~ Green. ('ornel I. Scharlc111an11 & Hahn fr> rd. 200) : 

Sala ct al.. 2000). In the \Vorst case scenario. they can lead to loss of habitat and biodi,·crsit:· 

(C1ibson et al.. 2011) and species extinction (Laurence. 2007). For instance, govcrnn1cnt 
~ 

policy on 111oden1ization of the econon1y \vhich pron1otc tl1st econo111ic gro\\·th n1ai11ly 

centered on agriculture are responsible for the destn1ction and unsustainable use of forest 

resources (lJSAID. 2006). This has promoted the givea\vay of forest reserves to investors to 

create opportunity for agricultural production due to the perception that forests yield lo\\·cr 

econon1ic value than a,riculture for the same land area (NEMA, 20 I 0). For exa1nple, Rugala 

Island forest in Lake Victoria was degazetted where over 6000 hectares of relatively 

undisturbed natural forest was cleared to give way to oil paltn gro\ving (NEMA. 2010). 

1 
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In the Budongo Forest Reserve, irregular and small-scale logging by pit sa\\·ing started 111 

about 1910, from the southern part of the forest (Eggeling, 194 7b ). It \\'as not until the 1930s 

that regulated or controlled extraction of timber fron1 this forest began (Paterson 1991. 

Plumptre, 1996 ). This was - followed by application of arboricidc chcn1icals (2,4-D i.e .. 

Dichlorophenoxyacetic acid and 2,4,5-T i.e., Trichlorophenoxyacetic acid) between 1950s 

and 1960s to selectively eliminate non-marketable timber species especially the C\111011u'tra 

spp. which, had dominated the forest. Through selective logging and arboricide treat111ent. tht· 

tree canopy would open and the regeneration of valuable tin1ber species such as till· 

mahoganies (Khaya a11t'101'1eca. £11ta11drophragnu1 a11gole!11se, J:. <yli11dric11111 <~ E. utilt ·) 

sere promoted and subsequently encouraged the dcvelopn1cnt of n1i .\cd forest (Philip. I ()ll) 

as cited in Plun1ptre, 1996 ). Sixty out of the sixty-eight con1partnH:nts \Vere loggeJ. Thos": 

left unlogged included three con1partments in the Kaniyo-Pabidi block ( K 11. K 12 and KI .\ i: 

four in the Waibira block (W 17, W30, W31 and W32) and one in the Nyakafunjo blo~k. N 1 ) . 

The con1partments Nl5, Wl7, \V30, W31, and W32 arc protected as nature rcsl'nl' 

( Plun1ptrc. 1996~ 0\viunji & Plun1ptrc, 1998). Arboricidc treatn1ent \\·as stopped in the 197(J~ 

(Synnott. 1985) and the compartn1ents were left to regenerate naturally. 

Butterflies are a useful model organism for studying the recovery of tropical forests aftl'r 

disturbance because of their sensitivity to even the slightest changl' in their cnvironn1L·nt 

(Bonebrake, Ponisio, Boggs & Ehrlich, 2010). ·rhey also play in1pnrtant roles in ecosystL·111 

functioning, such as PQllination (Maleque, Hiroaki, & Kaoru, 2006 ). as prey organisn1s and 

keystone pri1nary consun1ers/herbivores (Larsen, 1996). Besides, their taxonon1y and ccolo!!y 

arc relatively \vcll kno\vn in Uganda (Molleman, 2012). 

2 
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• 
Ho\\'ever, very little is known about the effect of forest disturbance and loss on the fruit-

feeding butterfly communities and their recovery pattern in Afrotropical forests. 

lJnderstanding how disturbance affects forest biodiversity and their recovery patten1s would 

aid the development of better management plans and policies for their conservation 

(Nyafwono,Valtonen, Nyeko, & Roininen 2014b). In this study, the recovery of fruit-feeding 

butterflies was assessed after about 72 years of selective logging and arboricide treatn1ent in 

the Budo~go Central Forest Reserve. The study investigated the spatial and ten1poral 

variations in the butterfly species richness, abundance, diversity and co111111unity co1nposition 

after forest disturbance. Furthermore, it assessed the butterfly species characterizing caL·h 

· forest successional stage. 

1.2. Statement of the problem 

Forest disturbances especia11y through logging and chen1ical applications are kno\vn to affect 

and upset the ecological balance of the forest by transfon11ing its structure and existing 

species composition (Bahati, 2005). Predictions fron1 Kibale National Park. l Jganda. sho\\ 

that forest structural recovery of heavily logged con1partn1cnts \\·ill takL· 112 years. and 1'1:11 

the recovery of its tree species composition \\'ill take even a longer ti111e than this ( Bonl'll. 

Reyna-Hurtado & C 'hapn1an, 2011 ). The effect of these anthropogenic activities on till· 

rc~overy of anin1a1 co111n1unities is not we11 known. 

Pre\'ious studies fron1 the An1azon (Barlow, Overal, Araujo, Gardner & Peres, 2007), South 

East Asia (('1eary, et~I., 2009) and the Afro-tropics (Nyafwono, ct al.. 2014b) have sho\vn 

that fruit-feeding butterfly community. composition in disturbed forest habitats diffi .. ·rs 

significantly from that of primary forests. These disturbances can also cause massive 

reduction in butterfly species richness & abundance from the undisturbed to disturbed "itcs 

(Akite, 2008, Beck & Schulze, 2000) or show the opposite pattern in diversity & abunda1ll'l' 
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(Fermon, Waltert, Vane-Wright, & Muhlenberg, 2005; Willott, Lin1, ('ompton, & Sutton, 

2000). In some studies, there has been no difference in these variables bet\veen the disturbed 

& the undisturbed sites (Luk, Hadi, Ziegler, & Waltert, 2011 ). 

With respect to recovery time after disturbance, there are contradicting results sho,ving that 

fruit-feeding butterfly communities in Kakum Forest, Ghana, n1ay take 50 to 60 years tu 

recover from disturbance (Safian, Csontos, & Winkler, 2011) and 40 years in Ki bale National 

Park, Ug~nda. (Nyaf\vono et al., (2014a). Due to the controversies about fruit-feeding 

butterfly community response to human-induced disturbances and the lin1ited studies done so 

far fron1 the Afro-tropics, more studies are still needed in this field (Addo-Fordjour, 

Benjan1in, Kpontsu, 2015 ). In order to develop appropriate forest n1anagen1ent plans and 

policies for conservation of biodiversity in the 13udongo C 'cntral I on:st RL·ser\·c, it i:~ 

i111portant to unrlerstand ho\\' different insect con1111unitics reco\'cr ~1 l"lLT forest disturha1h:v. 

since son1e are effective bio-indicators of cnvironn1ental disturbance. This study assessed till· 

pattern of recovery of fruit-feeding butterfly con1n1unities in logged and arhoricide-trcatL·d 

Forest con1partments of Budongo ('entral Forest Reserve, Uganda. 

1.3. Scope of the study 

The study assessed fruit-feeding butterfly comn1unities in four co111partn1ents of Budongo 

forest reserve, N 1, N3, N4 and W22, which were logged at different tin1es and intensities and 

one unlogged compartment, N 15 which was preserved as a nature reserve. This unlogged 

pri111ary forest cornpa(tment represents the other prin1ary forests in tcnns of structure and 

biodiversity cornposition. To show \Vhether the butterfly con1nn1nitics have recovered or 1101. 

the co111n1unitics of butterflies in the disturbed forest con1partn1c11h \\ere l:otnparcd ,,·ith 

those in the unlogged con1partn1cnt, N 15. 

4 
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1.4. Objectives of the study 

1.4.1. General objective 

To determine the recovery pattern of fruit-feeding butterfly communities after forest 

disturbance in the moist Afrotropical lowland rainforest of Budongo Central Forest Reserve 

in Uganda. 

1.4.2. Specific objectives 

I) To compare the spatial and temporal variation in butterfly species richness . 
... 

abundance, diversity and community composition an1ong the five forest 

compartments at different intensities of disturbance and stages of regeneration. 

2) To determine if there is a directional pattern in butterfly species richness, abundance. 

diversity and community composition from the youngest regenerating logged 

compartment to the unlogged primary forest. 

3) To determine butterfly species characterizing each of the five logged forest 

compartments, and one primary forest. 

.. 

1.5. Research questions 

I) Are there spatial & temporal variations in butterfly species richness, abundance, 

diversity and community composition among the logged & unlogged forest 

compartments? 

2) Is there a directional pattern in butterfly species richness, abundance, diversity and 

community composition from the youngest regenerating log~cd con1partn1ent to thl' 

unlogged primary forest? 

3) What are the specialist butterfly species characterizing the differently-aged 

regenerating and primary forests? 

5 

; l J 



1.6. Justification of the study 

Forests in Uganda are under pressure and threat of extinction due to uncontrolled hun1an 

activities (FAO, 2006) such as indiscriminate logging, the need for settlen1ent due to 

increasing human population, the need for high food production through extensive 

agricultural practices and other land use developmental activities (Kasangaki, Akol & Basuta. 

2012). (Kasangaki et al., 2012). Many forest reserves have been degazetted e.g., Bugala 

Island for~st in Lake Victoria where over 6000 hectares of relatively undisturbed natural 

forest was cleared to give way to oil palm growing (NEMA, 20 l 0) and 1nany others. ()wing 

to their ecological importance in biodiversity conservation & rainfall formation, there is need 

· iO understand the long term impact of such activities on biodiversity and their recovery to 

guide forest managers and policy makers to formulate appropriate policies for forest 

n1anagement and hiodiversity conservation. 

6 



CHAPTER TWO 

LITERATURE REVIE\\' 

2.1. Status of protected forests in lJ ganda 

In Uganda, natural forest once covered about I 0.8 nlillion hectares representing 53'Y., of 

Ugandan land in the 1980s (F AO, 2001 ). Ugandan natural forest cover has drastically 

reduced to about 20°/o by 1996 and further to about l 5'Yo by 2005 with an average 

deforestati!ln rate of l .8o/o (NEMA, 2009). The rate of deforestation \Vas estin1ated to he 

about 0.9°/o per year based on the amount of both bush and woodland changes bet\vecn 1990 

and 1995 (FAO, 2000). According to a report by USAIL) (2006). thl' threats in1posed 011 

· 0iodiversity in Uganda through human influence have both direct and indirect cffech. 

including ( i) habitat loss, degradation and frag1ncntation, (ii) unsustainable har,·cst ing and 

over-exploitation of living and non-living resources, (iii) invasion by alien species and ( i') 

pollution. The quality of Ugandan forests, with respect to fauna and flora has declined o\·l'r 

tin1e. The lJSAID report of 2006 further identified that over 30'~ " or the tropical forests an: 

curTcntly classified as degraded, follo\ving uncontrolled hu111an activities. LJganda is at a risk 

of losing all its forests in 40 years if deforestation continues at its present rate (Musasizi. 
~ 

2018) 

Uganda is home to vast biodiversity (USAID, 2006). There arc about 18,783 biolliversity 

species and of these, there arc 1,242 butterfly species rcprcsenti ng C> . X' ~ .. of globa I buttcrll y 

species. Budongo Fo~st Reserve in particular, is of high global biodiversity i111portancl·. 

ranking third among the protected areas in species richness and o\·erall in1portancc in Uganda 

(I lll\vard, Davenport, & Kigenyi, 1997). 
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2.2. History of logging and management of Budongo Forest Reserve 

. ) 

Budongo became a forest reserve between 1932 and 1939 with gazetted land area of 825 kn1 ... 

The forest is best known producer of timber in Uganda (Bahati, 2005; Eggeling, 1947a~ 

Howard, 1991 ). The Forest Reserve was previously managed with the interest to produce 

high quality timber for export between I 920 and 1930 (Plumptre, 199<> ). Tin1ber harvesting 

in Budongo Forest Reserve was manually conducted through pit-sa\ving technique but by 

1925, the Qrst major sawmill was established (Eggeling, 194 7b ). Between the 1930s and the 

1980s, foreign owned saw-milling firms were given exclusive telling rights under a I 0-year 

license and these exposed the forest to extensive logging. Aln1ost all of the con1partn1ents ( 60 

'UUt of 68) were logged leaving only eight compartments unlogged. i.e., three in the Kaniyo-

Pabidi block (Kl I, Kl2 and Kl3); four con1partments in the Waibira block (WI 7, W30, \VJ I 

and W32) and one in the Nyakafunjo block (Nl5). The compartn1ents (N15, W17, W30, 

W3 l, and W32) are protected as nature reserve (Plumptre, 1996; Owiunji & Plun1ptre, 1998). 

Logging was followed by application of arboricide chen1icals between I 950's and l 960's tu 

selectively eliminate non-con1mercial timber producing tree spc~ics (l'lun1ptn:. 199<>). ·1 hl· 

arboricide suppressed the forest from developing fron1 111ixed tu cli111ax forest and it alsu 

pron1oted the regeneration of the three light den1anding ~i1ahogany spcCIL's 

(E11tlu11ulrophrag111a utile, E. cylindricum and E. a11gole11se), and one Khaya species (Khaya 

ant'1otheca). They are known to provide the most priced and valuable timbers. Also. the 

chcn1ical reduced the ~undance of the native tree species, e.g., C.1'11011u'/ra alexa11dri and this 

created opportunity for a wide variety of tree species such as Ce/tis and f.,icus without tin1hcr 

value to develop and replace the Cynometra alexandri (Owiunji & Plumptre, 1998): 

Arboricide application occurred in two stages (a) pre-exploitation refining, where overstorey 

trees that obstructed light needed for the desirable seedlings to establish were poisoned and 
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destroyed, and (b) post-harvesting liberation of desirable trees, \vhere understorey shrubs that 

acted as 'weeds' were also poisoned and destroyed (Owiunji & Plun1ptre, 1998). 

Budongo forest underwent -a succession of forest developn1ents fro111 colonizing forest. 

through mixed forest, to climax forest mainly characterized by the iron \vood tree ( c_, ·110111etru 

alexandri), which is the dominant species. The tree con1position of the forest varied along an 

axis from ~W to NE, with trees of the earlier successional stages to the SW and trees of the 

later successional stages to the NE which indicates that the forest is oldest in the NE and 

youngest in the SW (Plumptre, 1996). 

2.3. ( 'haracteristics of fruit-feeding butterflies 

Fruit-feeding butt ,~ rtlies belong to the Nymphalidae fa111ily that use only ll.nir legs for \\·alki11 f-'. 

and not six like in the other butterfly fan1ilies. This is true except in the fan1ily Riodinid~1 l· 

,,·hen: 1nales use only four legs for walking, \vhilc fen1alcs use six ( Mollcn1an. 20012 J. 

According to S\vachik et a1., (2005), butterfly species con1position varies \Vith respect to till' 

varying vegetation types. They normally forage in nearly all habitat types in the regions they 
_,. 

inhabit and they arc found in nu1nerous habitats ranging fron1 sunny. dry open to shaded 

0 
habitats. They can also inhabit dan1p forest (such as canopies) open bushy habitats, fon~ s t 

edges with slight disturbance, low lands and others. Territorial behavior exists an1ong the 

adult males con1monly observed at puddling sites. Males establish territories to in1prove 

chances of niating an~con1pete for space (Swachik, et al., 2005 ). Just I ikc other arthropods. 

butterflies possess exoskeleton impregnated with chitin to prevent dl'siccation and bacteria I 

entry in the body. They have t\vo pairs of large wings co\·crcd \vith colorful. iridescent s~a k· :, · 

in overlapping ro\vs \vhich fade and beco1ne ragged as they heco111L' old (Klass '-'\:.. I > i n ~ 

1992 ). 
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In relatively high humidity, they have impaired flight especially when te1nperatures are bell>". 

I 0-16°(, and above 38°C. Fruit-feeding butterflies use wing orientation (basking) to raise or 

)o\ver body temperature. To keep cool, they orient themselves parallel to the sun's rays, \vith 

the wings closed over the body to minimize their surface area. To \Varm up, they en1ploy 

lateral or dorsal basking. Lateral baskers perch with wings closed and one side of the body 

perpendicular to the sun. Dorsal baskers (most fruit-feeding butterflies) perch \vith \vings 

widcsprea~, perpendicular to the sun (Klass & Di rig, 1992). Many of thc111 111igratc in order'') 

avoid adverse environmental conditions-like cold weather (Klass tX Di rig. 1992 ). ThL·> 

exhibit significant predator avoidance mechanisn1s including~ aposen1atisn1, eycspots. 

~rypsis, flight allometry and mimicry in order to survive the selection pressures. For exan1ph:. 

Aatcsian mimicry, where the palatable fn1it-feeding butterflies n1in1ic the unpalatable ones 

( l\h:ycr. 2006 ). 

Fruit-feeding butterflies may require multiple vegetation types to satisfy their food and 

habitat needs. Their larvae, feed on a variety of trees, shn1bs, herbs and legun1es. Though 

sonic feed on specific plant species (Nimbalkar, C'handekar, & Khuntc, 2011; V~, 2007: ). 

They are mainly attracted to fermenting sugars and the s111ell of fruits and can also teed on 

torcst fruits like figs, oozing sap from damaged trees. honey de\v produced by aphids and 

other hugs (Mollen1an, Van Alphen, Brakefield, & Z\vaan. 2005) sonlL' also visit tlo\vers tu 

drink nectar (Mollen1an, 2012). In addition, many fruit-feeding butterflies puddle on 111ud. 

dung of predators like ~ivet cats, and carrion to obtain sodiun1 (Boggs & Dau. 2004 ). In 111any 

species, only males puddle and they give the salt obtained to the females during the 

copulation, but this is not true for all species that puddle (Mollen1an. 2012). 

Fruit-feeding butterflies show annual life cycle transfom1ation fron1 eggs, larvae. pupa and 

adu It on condition that there are favorable environmefttal conditions yearly for ne\v eggs la id 
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to mature. The eggs are oval or round/cylindrical and small and laid on leaves of closely 

related plant species calJed host plants (Butterfly life cycle, n.d~ Oostenneijer & van S\vaay. 

1998 ). The larva/caterpillar emerges after about three to five days dcpL'nding on the spec il's 

and actively starts feeding on specific host plants on \vhich the egg!-> \vhere laid. Thus. any 

alternation of vegetation composition and structure greatly influences their survival ( Pinotti. 

Pagotto, & Pardini, 2012 ). The caterpillars molts several tin1es and changes into 

pupa/chrys_alis. Here, extensive tissue reorganization and organ forn1ation takes place and thl' 

adult emerges from the pupal case. The heart pumps haen1olyn1p fluid through the veins of 

the weak wings to niake them strong and the butterfly flies a\vay ( Ruttcrfly life cycle. n.d . ). 

· .-heir Ii fe span ranges from as low as seven days in Euphaedra chris~ri species, to a 

maximum of ninety six days in Bilyclus golo (Mo1le111an, Z\\'aan. Brakefield. & Carey. 

2007). Evolution '1f long life span is favored by selection pressure such as predation. diet and 

feeding efficiency \v·hich depends on niorphology of proboscis and tl.·l'ding bcha,·ior a111011 1! 

others ( Molleman.et al., 2007). 

2.4. Fruit-feeding butterflies as indicators of disturbance 
~ 

Butterflies have long been used as indicator species to assess the response of ecosysten1s to 

environmental disturbances and stressful human activities including logging, habitat 

fragn1entation and climatic variations (Bonebrake & Sorto. 2009: McKenzie, Hyatt. (.\: 

Mc I Jona Id. 1992 ). They are also sensitive to changes in vegetation co111position and structurl' 

Uv1cKenzie et al., 1 ~2; Sawchik et al., 2005). Besides, they play in1portant roles in 

ccosysten1 functioning especially in pollination (Maleque et al.. 2006) as such, they help in 

production of fruits hence seeds ecosystem restoration in genera I ( Thornas, 2005 ). Their 

taxonon1y and ecology are well known in Uganda ( Molle111an. 2012 ). They experience shurt 

generation times and multiply faster over a relatively sho11 period of ti111e and they arL· 
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relatively easy to sample (Blair, 1999; Shahabuddin & Terborgh, 2000). Furthem1ore. 

butterflies are important elements of the food chain and are prey for birds, bats and othl'r 

insectivorous animals. 

The fruit-feedil18 butterfly species characterizing undisturbed forests are usually specialist 

species some from the genera of Bicyclus, e.g., B. auricruda. B. ca111pi11us: Charaxes e.g .. 

Charaxes ~ichae111e11es. C. lJ'llthia.· and Euphaedra, e.g., Eup!taedra /Jollandi. t ·. !ta11u1(rcc. '. 

The other genus is the Euriphene, e.g., Eurip!te11e rihensis and /:,. sup/1 i1 i11u . Bu ttL' rtl y spcL' il' -. 

that are kno,vn to characterize old forest regeneration stage arc quite sin1ilar to those in th~: 

Jndisturbed habitats, e.g., Bilyclus dentatus, B. auricruda. B. ca111pi1111.,· and B. Sl{/it=a. lhl· 

intem1ec.liate level of regeneration is characterized by Eup!taeclra 111ec/011. Bicyclus auricnu/,1 

and .Junonia s~vgi.1 1 (Nyafwono et al., 20 l 4b ). 

2.5. Recovery pattern of fruit-feeding butterflies after disturbancl'S 

Habitat disturbance causes negative effects on the butterfly taxon, including, reduction in 

species abundance and diversity (Ghazoul, 2002), niodification of asse111blage structure and 
~ 

e\·en extinction (Brook, Sodhi. & Ng, 2003~ Ha111er, et al.. 200.1 ). l:ach stage of habitat 
..... 

disturbance is characterized by a pa11icular subgroup of species (Rodriguez. Pearson . .._\: 

Barrera, 1998). In contrast, several previous studies indicate that 111odcrate level of habit dt 

di sturbances enhance species abundance and diversity of butterfly l.· 0111111unitics (Wood '"\: 

Ciilhnan, 1998) and l~s species exist in undisturbed habitat. According to Kren1en ( 1994 ). 

disturbed forest habitat harbors high species diversity than the undisturbed. 

I >i ffcrent species of fruit-feeding butterflies respond differently to forest resurgence. For 

~xan1ple, a study in Trinidad showed that butterfly species Colohura clirce gain abundan(~ 
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within five years of habitat disturbance but after a period of thirty years of forest recovery 

they become less abundant again {Wood, 1999). Similarly, a study in the Kakun1 forest. 

Ghana have shown that fruit-feeding butterfly comn1unities tnay recover after 50 to 60 years 

follo\ving disturbance (Safian et al., 201 I) and yet still a study in Ki bale National Park. 

Uganda, pointed out that fruit-feeding butterflies nlay take approxin1ately 40 years to reco\ ·~r 

from a disturbance on condition that a primary forest is close by (Nyat\vono, et al., (20 l 4b ). 

According .. to E11iot et aJ., (2013), recovery patterns of for111ally disturbed butterfly habitat 

depends on the edaphic factors, distance from a primary forest and the duration and intensity 

of the disturbance ainong others. This implies that the recovery process of a disturbed forest 

: ~ tnorc likely a con1bination of a number of factors and not only the absence of logging and 

chen1ical use. Hence, actual recovery time of butterfly species after habitat disturbance 

cannot be easily predicted. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1. Studv area .. 

This study was conducted in -Budongo Forest Reserve (measuring 825 k1112
) located in North 

western Uganda (l 0 35'-1°55'N, 31°8'-31°42'E), and lies at an average altitude of 1100 

meters (Tweheyo & Lye, 2003 ). The rainy season in the area occurs fro1n March to May and 

September .. to November, with monthly average rainfall of between 1200 mn1 to 2200 n1n1. It 

has a relatively constant minimum temperature with a monthly average between 19°(' and 

32°(' (Tweheyo & Lye, 2003). The Forest Reserve is sub-divided into live 111ain blocks. i.~ .. 

: ~yakafunyo, Siba, Kainyo pabidi, Waibira and Biiso and is borderl'd hy Biso and Butiah;1 

fishing villages in the \Vest along Lake Albert and to the north by the rYlurchison l · ~dl . 

National Park (fi~~ure. 1 ). The land slopes fro1n southeast to no11h\vcst. and has t(nir 111ain 

rivers including Waisoke, Sonso, Kamiramb\va and Siba, which tlo\v north\vestwan.ls 

to\vards the Albertine Rift Valley (Eggeling, 194 7b~ Plun1ptre. 1996 ). 

Mu1chl•un l•ll• 

Kaniv11 

Wa1h1ra 

Nyakafunjo 

B11so 

,, 

l 
0 .. _ _ .._ _ . 

K111 

Ueelndl 

Figure 1. The location of the sampling areas. compartments NI. N3. N4. W22. and N 15 111 th~: 

Bu don go Central Fore st Reserve (adopted from Owiunji & Plumptre. 1998 ). 
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3.2. Stud)' site 

lo obtain the compartn1ents used for the study, two procedures \Vere follo\ved. First, thl' 

management forest map was used to divide the compartments into t\vo strata basing on the 

history of logging and arboricide treatment i.e. logged and unlogged compartn1ents \Vcrl' 

idt:ntified. Secondly, simple random sampling \Vas conducted fron1 the t\vo strata to obtain 

the five compartments selected for the study, four fron1 JoggL'd and one unloggl·d 

compartmc,nt. The logged management compartments included~ NI . !\). N4. \\'21 and 1li1· 

unlogged compartn1ent N 15, which is a prin1ary forest used as natun: reserve (I.- igurc. I . 

Table 3.1) 

fable 3.1. Description of forest compartments studied in the Audongo ('cntral f"oH.'sl 

Rc~L'rve. 

Con1partrnent Area/( ha) Date Date l\lahogany Total A ,·eraJ.!r 

logged treated , -olu rne , ·olurne Ele\· at ion 

with (m·'ha·•) ( rn' ha·• )1 (altitudr) 

arboricide ( 111) 

~I 412 1945 1962-6] 47 . I 58 . 7 107:! 

'.'3 <>20 194 7-52 1959-<> I J <J . I SILO 111 -:- 7 
~ , ... -~41 I 952-54 19()0-<>2 48 () ')4 () I IJS2 

\\ '22 IO."<> J<)(l5-<>7 I 9<1<1 ::! J () '" . t) 
I 1 ll}() 

~15 777 I Oh _, 

Tl11..' total ,·olumc only shows timber removed b) sawmills and <lot's not 1ndudl.' 1111ilH.T 1-c11Hl\'t•d h~ pit '-~I'' ·'" ; . 

( Plumµtrc . 199<>) 

3.3. Sampling of butt~flies 

Butterflies \\·ere san1pled using hvo transects (measuring 400 nieters) in each of the five 

forest con1partn1ents ( 50 trap points in total). Fruit-feeding butterflies \Vere san1pled using 

\vhitc cylindrical butterfly traps (height 65 cn1, diameter 25 cn1) positioned at I00111ctcrs fru111 

each other along the transect lines (five traps per transect). Each trap \\ ·as alternately placed 
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ten meters a\\'ay from the transect line and their positions \Vere dctennined using a Cilohal 

Positioning Systen1, Garmin GPSmap 60Cx (as illustrated in Fig. 2). 

r ·, 
/ : ! 

I l 
l 

I I 

! ; 

I / . r 

I 

I 
~ 

; 

I 

! . 

transect 1 transel'.t ~ 

Figure 2. Transect lines and location of traps. 

The traps \Vere baited \vith yello\v ripe bananas previously sn1ashed and uniforn1ly 111ixcd in ~1 

.... 
20 liters plastic bucket and allo\ved to fern1ent for four days. '1\vo spoonfuls of the fennentcd 

banana fruit \Vas placed in a sn1all plastic plate fixed using glue on to the ply\vond base of till· 

,,·hite cylindrical trap (l\ppendices 1 a and b). The baited traps \verl' hanged at 40 -50 cn1 

height above the ground (Hughes et al., 1998~ Mollen1an ct al.. 2005 ). The traps \\'ere haitL·d 

on the first day of setting and checked on the subsequent five days bet\vccn 0700-1700 hours. 

' \Vithin \vhich butterfly species and abundance were recorded for li\·e 111onths fron1 Februan 

to June 2017 (fcbruary and June being 1nonths without rain and l\1an.:h to May being rainy. 

111011ths) . In total. 50 trap points \Vere selected, ten locations in Cih .. 'h l'Olllpart111cnt (a total ul 

250 trap Jays of sarnpling effort per con1part1ncnt). 
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• 
The traps \Vere re-baited on the second and fourth day of sampling after recording the catches 

to maintain the freshness and a fairly uniform odor production of the bait to maintain sin1ilar 

level of fermentation from the same stock. During the final day of the sampling, bait \Vas 

remo\'ed from all the traps, and the traps were either turned upside do\\'11 or folded and fixL'd 

on a tree branch for safety for all the periods of no sampling (De Vries, Walla, & Greeney. 

1999). Traps which were damaged by monkeys, baboons, \Vild rats a111ong others were either 

replaced w~th new ones or repaired. The captured butterflies \Vere identified using standard 

identification field guides (Molleman, 2012~ Willian1s. 1969). Sa111plcs (lr all species capturL·d 

(three representatives from each species captured on the first da} or san1plint!) \\l· 1~ · 

~reserved and stored at the Sanso field station. The rest \Vere releas1.:d (\\·ithout n1arkint!) ; , ~ 

approximately one kilometer to one and half kilon1etcrs a\vay fron1 the trap location. <Jnl~ · 

three percent of h11tterflics are known to fly for more than 100 111cters ( Mollen1an. personal 

con1111unication, 2012 as cited by Nyafwono, 2014a & 20 I 4b ). As a result. in her study. 

butterflies \Vere released without 111arking at a distance of > 500111 fnun the trapping sitL's 

(Nyat\vono, 2014a, 2014b). This indicates that there \\'cnald be absolutely no opportunity for 

recapture, considering the distance at which trapped butterflies \Vere released in this study . 
_. 

Great care \Vas taken \vhen handling the fragile butterflies to avoid any dan1age. Photographs 

of the captured butterfly species were taken using a Digital Still ( 'a111cra (SCJN)' ('oq1oratio11. 

Model number DSC'-W270). 

3.4 Ethical considera~n 

Pennission to access the forest reserve \\;as granted by the National l·urest 1\uthority (SL'L'-

,t\ppendix 4 ). 
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3.5 Data analysis 

The sample based species accumulation curve, replotted against the x-axis of individual 

abundance (Gotelli & Colwell, 2011 ), with 95°/o confidence intervals. \Vas generated using 

Estimate S (C~olwell, 2013) to detennine differences in species richness for each of the ti\'c 

con1partments. Shannon diversity index (MagurTan. 2004) \\·as cakulatcd \\·ith PRHvlER -L 

software (Clarke & Gorley, 2006) to determine butterfly species abundance (nu111ber ul' 

individuals per trap). Differences among the comparttnents in species abundance and .. 

diversity indices of butterflies were assessed using a one-way analysis of variance (ANOV J\) 

followed by Tukey post-hoc tests with SPSS version 23 (IBM Coq1oration. An11011k, N't'. 

;JSA). Prior to the analysis, species richness and abundance data \Vere log 10 transfon11ed to 

in1prove normality. To test for a directional pattern in the species density, diversity and 

abundance of butterflies along the successional gradient, Spearn1an "s correlations het\vccn 

the a\·erage values of each variable (abundance and diversity) and the ·order· of successional 

gradient were calculated in IBM SPSS, version 23. The follo\ving order of successinnal 

analysis was used in correlation analysis and was based on the ti111e since disturbance as \\'L·ll 

as the intensity of disturbance. Table I (W22 = L N4 = 2. N 3 = 3, NI - 4 and NI 5 =----: S ). 

Pcnnutational multivariate analysis of variance, PERMANC>V A in PRIMFR-E. \Vith 

unrestricted 999 pern1utations of the raw data (Anderson ct al., 2008) \vith type III su111 oJ' 

squares. based on the Bray-C'urtis similarity nlatrix, was used to test for differences in the 

con111n1nity con1positi~n of butterflies among the five con1partn1cnts~ months and the 

interaction between con1partment and . month. Patterns in con1111unities of butterflies 

(differences and similarities) among the five compartn1cnts and nlonths \vas visualized using. 

a non-rnctric 1nultidimcnsional scaling (NMDS; conducted \Vith restarts set at SO) (( 'larkL· '"'\: 

Ciorley, 2006). For this analysis, the data was square root-transforn1ed to reduce the cftcct of' 
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the most abundant species, with addition of dummy variable 1. To test for a Jircction ~ il 

pattern in butterfly community composition along the successional gradient a distance-based 

linear n1odcl (DISTLM) was fitted, where the Bray-Curtis similarity rnatrix \Vas n1odelcd 

\\'ith the 'order' of successional gradient as a continuous predictor. Finally, to identify \vhich 

species of butterflies characterize (i.e., are indicators of) each of the forest con1partn1ents (as 

indicated by the NMDS plot), a Dufrene Legendre Indicator species values were cornputcd 

(Dufrene &... Legendre 1997). Computations were conducted with package "labdsv' (Roberts. 

2012) in R Foundation for Statistical Computing program using data on total abundance or 

each species in each trap. Species with index values > 0.25 \Vere regarded as indicator 

·Jpt:cies. following Dufrene and Legendre ( 1997). 

3.6 Stud~' limitati'lns 

• first, the tree sap. \vild anin1al dung, dccornposing flesh ~11HI lenncnting fruits th ~ 11 

dropped fron1 the fruiting trees adjacent to the sarnpling plots could have interfered 

\vith the efficiency of butterfly trapping. 

• The Dufrene-Legendre indicator analysis doesn't differentiate f(>rcst-edge fron1 forcst-
t4' 

interior species or forest-dependent from non-forest dependent species. 

• The traps could not capture all the butterflies in the forest e.g .. those frorn the canopy. 

The observed species richness in my study is therefore an undcrcstirnatc of the tot a I 

species richness within the study area. 

• Secondly~ fina~ial constraints and time limitation restricted sa111pling to only fi\ ·c 

con1part111cnts of the forest and five rnonths \vhich could afTc~t interpretation ul' 

seasona I ity eff eels. 
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CHAPTER FOUR 

RESULTS 

4.1. Butterfly species richness, abundance and diversity 

' 

A total of 3, 780 individuals, representing 85 species belonging to three families and 28 

genera were trapped during the five months of study (Appendix 2). The species accumulation · 

curves (Figure 3) nearly reached asymptotes for all compartments. Based on the rarefied 

.. 
species richness values for 120 individuals (the highest shared number of individuals across 

compartments), and their 95o/o Cls., there was no differences in the total species richness 

among the compartments (Figure 3 ). 
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Figure 3. Sample-based species accumulation curves, x-axis scaled to represent numbers of 

individuals, for the five forest compartments in Budongo Central Forest Reserve, Uganda. 

NI = heavily logged in 1945, N3= clear cut to almost bare from 1947 to 1952, N4= logged 

from 1952 to 1954, W22= logged in 1965 to 1967 and N 15, is the unlogged compartment/ 

primary forest. 
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Compartment NI, presented the highest number of species with 71 species (26.4% of the total 

species), followed by compartment N4 with 57 species (21.2~•), N 15 with 52 species 

"' 
( 19.J'Yo), W22 with 48 species ( 17.8%) and the compartment with the least nu1nber of species 

recorded was N3 with 41 species (15.2%) (Figure 4A-C). There was a significant difference 

in the species density among the five forest compartments (ANOVA: F .i. 218 = 39.6, p < 0.0 I, 

Figure 4A). The species density was significantly lower in logged co111partn1e11ts (NI, NJ, N4 

and W22) !han in the primary forest (NI 5). Furthennore, the butterfly species diversity 

differed significantly an1ong the five forest con1partn1ents (Shannon di\·ersity index. I · ~ . 2> 

36.0, p < 0.01, Figure 48). The abundance of species also differed significantly a111011g tllL· 

iave studied forest compartments (F4. 218 = 44.6, p < 0.01, Figure 4< ' ). The n1ost abundant 

species in all the compartments was Bicyclus sn1ithi which contributed 241X, of all individuals 

caught, follo\ved hv Bicyc/us 1nesoge11a with 13°/o, Gnophodes 11ei1 · \Vith 9'X, and (/nopluulcs 

cl1t.:~rs \Vith 7'Yo. Singleton species accounted for 0.03'1(. of the total individuals and 0.4°/u ot' 

total species count (Appendix 3 ). 
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Figure 4. (A) Butterfly species density, (B) diversity (Shannon and (C') abundance 

(indi\·iduals per trap) in the five forest comparhnents of Budongo (\:ntral Forest Rcscrv~:. 

' 
Uganda. Values represent estimated ma~ginal means (±SE) fron1 the one \Vay ANOVJ\ . 

Forest compartments differing significantly from each other (Tu key post-hoc tests~ P < O.OS). 

arc indicated by different letters. 
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The butterfly species density also differed significantly among the 1nonths (F 4. 21x = 60. 7. p <­

OJJ L Figure 5A). The months of March, April and May had significantly lo\ver species 

richness per trap than in February and June. There was also a significant ditlcrence in 

diversity among the months (F4. 225 = 43 .8, p < 0.01 ), with months bct\veen March and May 

having a significantly lower diversity than months of February and June (Figure SB). Also. 

the butterfly abundance differed an1ong the months (f4. 21x = 97.2, p < 0.01) \Vith nionths of 

February, ~arch, April and May having a significantly lo\ver abundance than June (Figure 

5C). Finally. the interaction between compartn1ent and nlonth \vas significant for species 

density (F1 <>. 21x = 5.2. p < 0.01 ), diversity (Fi<>. 22s = 5.4. p < 0.01) and abundanCL' (F 11,_ ~ 1 ~ 

~·. J. p < 0.01 ). There \\'ere no significant directional patterns in the spc.:\.·ic.:s density (nu111hl'r ol' 

species per trap). species divcrsi ty and abundance of buttcrtl ic.:s a long the succession;il 

gradient (Speam1an's correlations: species density r = 0.300. p = 0.62-k diversity r = 0 .(>00. p 

== 0.285: abundance r = -0.100, p = 0.875). 
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Figure 5. (A) Butterfly species density (species richness per trap), ( B) Shannon's L) and ( ( ·) 

abundance (nun1ber of individuals) during the five study 111onths in Budongo C'entra1 Fore ~ t 

Reserve. l Jganda . VaJucs represent estimated marginaJ n1eans fron1 the AN()\' A n1odl'I 

(abundance and species density values back transfonned ). Months differing significantly 

fron1 each other are indicated with a different symbol (Tukey post-hoc tests, P < 0.05 ). 

' 4.2. Butterfly comn1unity composition 

The butterfly community composition differed significantly between the five con1part111ents. 

n1onths and there \Vas a significant month-compartn1cnt interaction t.•ffect (Table 4.2). a=-' 

illustrated by the Nl\1l)S ordination (Figure 6). The largest source of ,·ariation in th~ huttt·rtl~ · 

con1n1unity con1position was explained by the months (27'Yci), followed by forest 
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compartments ( 17%) and the interactions between forest compart111l:nt and 111onth ( 15
11

") 

(Table 4. 2). Pairwise tests revealed that communities of all selectively logged co111partn1cnt:-; 

differed significantly from each other and from the prin1ary forest (unlogged con1part111ent, p 

< 0.05) except between compartments N4 and W22 (p > 0.05). The average sin1ilarity in 

butterfly communities between the regenerating compartments and primary forests varied 

between 45 and 56 percent. Furthermore, the communities of butterflies differed significantly 

beh,·een different pairs of months (p = 0.001 ). There \Vas a statistically significant directional 

change in the butterfly con1munities along the successional gradient ( DISTLM 111odcl : 

pseudo-F = 13 .5, P = 0.001 ), but it explained a very sn1all proportion of variation in the data 

, u,-= 0.05 ). 

Table 4.2. Result~ of the Pern1anova analysis sho\\·ing the partitioning of 111ulti, · ari~1ll· 

variation and tests for the two factors (forest compartn1cnt and 111011th) and their t\vo-\\·a\ 

intcra~tion. d.f.= degree of freedon1~ MS= 111ean-squares, UP = unique pcnnutations. Sq. var 

= square root of the con1ponent of variation. (percentage of the total variation explained in 

parentheses). 
~ 

Source of d.f. l\tlS Pseudo-F p l i (perms) s(,. Var. (0/o Of VariafiUIJ 

, .. ariation explained) 

( '0111partment 4 13547 9.0 0.001 999 I 5. 5 ( I 7(~ o) 

Month 4 32000 21.3 0.001 999 24. 7 (27 1 ~~>) 

( '0111part1nent 16 ~55 2.3 0.001 998 l 4. 0 ( l 5 '}'(,) 

> 111onth 

Residual 225 1504 

Total 249 

--------- -
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4.3. Indicator species 

Dufrene Legendre Indicator species analysis showed that four species, nan1ely; Chara.res 

11u111e11es, C. candiope, Gnophodes nelv, and G. che~vs ( 12'X> of total Indicator species in all 

the compartments from the genera Gnophodes and Charaxes having equal representation) 

characterized the youngest regenerating forest compartment, W22. The three species, c;. 

C'lu:~vs. Bilyclus graueri and G. new (9°/o), with the genus Gnophodes having the highest 

representatiQn, characterized the mid-regenerating forest compartn1ent. N4. but none of the 

species characterized the former clear-cut forest con1partn1ent, N3. L:leven butterfly species 

mainly form the genus Charaxes, characterized the oldest regenerating forest con1partn1ent. 

~- , l. the strongest indicators included c·. jit!vesce11s, (·. (y111'1ia and('. hip1111cla/l/S (33 1 ~1(,) . Till· 

unlogged primary forest con1partn1ent, N 15 recorded fifteen ( 15) indicator species nlost ul' 

\vhil·h fron1 the g" 11us Bicyclus (46'Yo of the total indicator species). \\ hich \\·as the highc~t 

nu111bcr in all the forest con1partments studied. They included six /Jicyclus SJJccies. thrL'L' 

Behearia species, two ()J111othoe and Melanitis species, respectively. The strongest indicator 

species in primary forest, in descending order, included Mela11itis a11sorgei. B. s111it'1i. and U. 

11uJl/itia. Others included; B. buea, Heteropsis peitho. B. sa111hulos. ()'111othoe lurida, ( '. 
~ 

egestu. !vi. leda, B. sc~{itza, G. hetsi111e11a, B. cacolia, B. 111esogc11a, B. ahso/011. and B. sop'111s 

(Appendix 3) 
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CHAPTER FIVE 

DISCtTSSION, CONCLUSIONS AND RECOMMEND A TIO NS 

5.1. Discussion 

The results of this study showed that the species richness, diversity and con1position of 

butterfly communities in the clear cut, selectively logged and arboricide treated 

compartments in Budongo forest are still significantly different fron1 thuse of prin1ary forests 

even after 77 years of natural regeneration. The prin1ary forest here \\·as used as a reference 

of comparison since there is no data showing species richness. diversity and co111position of 

butterfly communities before the effect of logging and the chen1ical treat1nent. The result 

~·110\ved a higher species richness, diversity and abundance in the prin1ary forest than the 

disturbed forest compartments. This could be attributed to the presence of suitable habitats 

,,·ith nun1erous h,/· t plants and quality diversified fi·uiting trees co111pared to the disturbed 

forests which arc constantly exposed to niicroclin1atic extren1cs (No\·otny, ct al.. 2002: 

Sa\·ilaakso. Koivista, Vetcli, & Roininen, 2009b) \\'hich 111ay lead to their death . This is 

consistent with a study in Atewa Range Forest Reserve. (ihana (Addo-l ·ordjour. ct al.. 20I)1 . 

The result sho\ved that the Nyn1phalidae family had the highest nun1ber of species in the fi, L' 

... 
forest compartn1ents. This is so because this family consists of a \·ery diverse group of 

butterflies with about 440 species recorded in lJganda alone, and they are kno\Vll to occupy d 

\vide range of habitats (C"'arder & Tindimubona, 2002~ Larsen, I 991) evident of their high 

le,·el of reproduction and adaptation. 

The oldest regenerating con1partment N l, showed a similar species density and abundance as 

that of the pritnary forest and also having relativeJy higher diversity con1pared to the pri1nary 

forest. TI1is is because of increased resource availability due to the proliferation of pioncL'r 
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plant 
. 

species flora resulting 
. 
1n outstanding in1pacts on plant's 

attendants (Filgueiras, et al.,) with numerous fnaiting trees e.g., Ficus sur. 

In this \vork, no directional gradient in fruit-feeding butterfly species richness, abundance and 

diversity was found along the natural succession gradient indicating that the disturbed forest 

compartments have not yet recovered and not convincingly sho\ving gradual recovery 

towards the primary forest. The directional change only explained a small proportion of the 

butterfly community composition because of the large difference presented by the pri111ary 

forest butterfly community. The average similarity in butterfly con1111unities bcl\veen tllL· 

~ 

r~gencrating compartn1ents and primary forests varied bel\vcen 45 and )6'~10 111eaning that thl· 

disturbed con1partn1ents are not yet sin1ilar to that of the prin1ary forest. 

Sin1ilar recovery pattern has also been found in the butterfly con1111unities of clear cut and 

selectively logged compartments of Kibale National park nearly 40 years after disturbance 

(Nyafwono et al., 2014b). However, in contrast, a study in the upper (iuinean for~st in (jha11~1 

sho\ved a clear ability of butterfly comn1unities in degraded forest to recover in 40-60 years 
~ 

after clearance (Safian et al., 2011 ). These findings as \Vell as that of the present study 

den1onstrate that the time scale of recovery of butterflies in tropical forests after disturbance 

is highly variable and cannot be easily predicted and might be location specific. 

In addition, ren1arkabl' seasonal variations were found in the butterfly species richness. 

abundance and diversity and comn1unity. cornposition. \Vi th the hi~hest abundance bcin!! 

found during the n1onths of February and June because 111axin1un1 \·cgelation greenness is 

achieved bet\vecn l\\'O to four months after the two rainfall peaks of March to May and 

Septc111bcr to Noven1ber (Tweheyo & Lye, 2003) although this can be highly variable. The 
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peak of fruiting trees is experienced during the dry season providing sufficient food for the 

adults (observed by the high variation provided by months, 27%) The finding is consistent 

with several previous studies conducted in other tropical forests on butterflies (Nyafwono et 

al.. 2014b; Valtonen et al., 2013 ). The peak in abun69nce of butterflies during the \vet season 

might be due to seasonality of precipitation (Kasenene & Roininen. 1999) \vhich enhances 

host plant growth, allowing them to produce ne\\' leaves and shoots \vhich are suitable larval 

foo<ls and qviposition sites for 1nost butterfly species and increasing fruit production 

(De Vries, 1997 ). 

T ~.e results of this study revealed that the unlogged prin1ary forest co111partn1ent. N 15. had thL' 

highest habitat specialist butterfly species follo\ved by the oldest regenerating forest (NI) 

tht:n the younge~~ regenerating compartment (W22) follcl\ved by the 111id-regenerating 

cornpartment (N4 ). This could be explained by their specialization for resources or 

physiological specialization to different conditions (Koh, 2007~ Nyaf\vono et al.. 2014a ). 

Son1e butterfly species prefer sheltered and cool habitats provided by the high canopies and 

gro\\·th of abundant host plant species in the pri111ary forests \vhich rnight explain thL· 

~ 

predominance of Bicyclus species, Behearia species. (~r111othoe spccil·s and Mela11itis spcciL·:., 

in the unlogged con1partn1ents. The highest 11un1ber of indicator species ( 4<> 1 ~/~, of the tut a I 

indicator species) \Vas found in the primary forest, agreeing with the study conducted in 

Kibalc National Park, lJganda (Nyafwono, et al., 2014a) and the 111ajorily of then1 \Vere fron1 

the genera Bic:vclus. Be~earia, C)1111<Jthoe and Melanitis. llo\vcver, a study in Ghana (Satii1n 

ct al.. 2011) found the genus Euphaedra as the best indicator of undisturbed prin1ary forest. 

Thl.' strongest indicator species in the primary forest included~ Mela11i11·s a11.,·or~ei, Bicrclus . 
... . 

s111i1'1i. and B. 11101/itia a1nong others. Sin1ilarly, more indicator species (33cYo of the tota 1 

indicator species) characterized the oldest regenerating forest con1pa11ment, N 1, with the 
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strongest indicators being Charaxes fulvesce11s, C. cy11thia and (,. h1jn111ctatus. This is in 

agreement with Larsen ( 1991) and shows that the fore st has not recovered fully fron1 the 

eftt:~ts of disturbances as also shown in Kibale National park (Nyat\vono et al., 20 l 4a ). < )n 

the other hand, three species, namely, Charaxes 11z1111e11es. ('. candiope. Ci11opluules 11eu ·. and 

G. Che(vs, characterized the youngest regenerating forest con1partn1ent, W22 and the n1id-

regenerating forest compartment, N4 was characterized by three spcl·ies G. che(rs. Bi(rc/11s 

graueri, and .. G. New. These compartments are predominantly inhabited by grasslands \vith 

sparse vegetation as in the youngest regenerating forest. Also this is attributed to unsuitable 

breeding sites and probably declining butterfly abundance due to the cftect of predators. The 

iucntificd species could be en1ployed as indicators for forest managcrnent in the different 

con1partn1ents in the future. 

5.2. ( 'onclusions and recommendations 

• This study de1nonstrates that clear-cut and selectively logged con1partrncnts ul" 

Budongo C'entral Forest Reserve do not yet fully suppo11 co111111unities of butterfl iL's 

like those in the unlogged primary compartment even after nearly 72 years of natural 
... 

regeneration. The results indicate that hun1an induced disturbances (clear-cut. 

selective logging and aboricide treatment) in the tropical forest can ha\'c long tcr111 

in1pacts on butterfly con1munities, highlighting the c1ninent need to conserve prin1ary 

forests as a long term conservation strategy for butterfly species. 

• The study show'a significant difference in species richness, abundance and diversity 

among the n1onths 

• Butterflies showed high species richness. abundance and diversity 111 

the primary fores ts co111pared to the disturbed forest ~0111part111~11ls 

31 

' . 



• Furthermore, the study also shows that different forest con1part111ents in Budongo are 

characterized by different specialist butterfly species which could be ernployed in 

future forest management especially in Afrotropical areas. Additionally, the greatest 

number of indicators being found in primary forests en1phasizes its in1portance for 

biodiversity conservation. 

• Future studies are required to analyze the direct in1pact of vegetation cover on fruit 

feeding butterfly communities 
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Appendix la. cylindrical bu ertl rap u pe ded 40 to 50 cm above the ground. 
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ppend·ix lb. Fermented banana fruit in a plastic plate. 
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. .\ppendix 2. Butterfly species and total number of individuals trapped in each forest 

compartment in Budongo Central Forest Reserve, Uganda. Specialist species (Dufrene-

Legendre indicator species analysis) in each forest compartn1ent are indicated by asterisks ( *) 

against their name. 
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>pendix 3. Some habitat specialist butterfly species (Photos taken by Oloya Joseph). 

Me/anitis ansogei Bicyc/uy smithi Cymothoe lurida 

Chara exes .fulvescens Characxes c:vnthia Characxes hipunctatus 

Characxes candiope Gnophodes ne"· 
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Appendix 4. National Forestry Authority Pennit to undertake study in Budongo. 
---- -- -----

National For•shy Authority 
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(Act 8, Section 41 ·laWI of Uganda) 
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. -

Ml.t. OLOYA JOSEPH of P. 0. BOX '4 LIRA (OOt<OLO). 0713124841 

is authorised to carry out research in ~uonNGO 

Central Forest Reserves for the period 02·Sep-16 to 28-Feb-17 
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(UGX: I USO): 
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C 11 11tnl f 1 •r"' RPseorve. U~nd-1 
15 00 10.000 100,000 

Application fee for the research: 20.000 _. 

TOTAL (Including application fee) 120.000 

Amount received (UGXJUSD): 120.000 

Receipt No 208071 

APPR~L f~T~R NATURAL FORESTS) 

Signatane: .......... ~.: .... ~--........................................................................ . 

AUTHORISATION (EXECUTI~ DIRECTOR) 

Slgnatan: ...... -a: ......... ~.f..: ........... = ............................................. . 
AdrMloMI .,,.a.I conditions .,. aftached. 

• App#cffle ball «tMflN except~" end land lt:MCa 

Coplle:Ortgk1111 to UcenMe; Fin.nee Dep.-.JftlMt; FORRI; Rang9 ........ 
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Appendix 4. National Forestry Authority Permit to undertake study in Budongo. 

~!:~M 
The National Forestry and Tree Planting Act, 2003 

(Ad 8, Sodion 41-1.iws ol Ug111d1) 
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OLOYA JOSEPH 
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