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Abstract
Ɛĺ SeѴective Ѵogging dominates forested Ѵandscapes across the tropicsĺ Despite the 

structuraѴ damage incurredķ seѴectiveѴy Ѵogged forests typicaѴѴy retain more bio-

diversity than other forest disturbancesĺ Most Ѵogging impact studies consider 
conventionaѴ metricsķ Ѵike species richnessķ but these can conceaѴ subtѴe biodi-
versity impactsĺ The massŋabundance reѴationship is an integraѴ feature of eco-

ѴogicaѴ communitiesķ describing the negative reѴationship between body mass and 
popuѴation abundanceķ whereķ in a system without anthropogenic infѴuenceķ Ѵarger 
species are Ѵess abundant due to higher energy requirementsĺ Changes in this re-

Ѵationship can indicate community structure and function changesĺ
Ƒĺ We investigated the impacts of seѴective Ѵogging on the massŋabundance scaѴing 

of avian communities by conducting a metaŊanaѴysis to examine its pantropicaѴ 
trendĺ We divide our anaѴysis between studies using mist nettingķ sampѴing the 
understory avian communityķ and point countsķ sampѴing the entire communityĺ

ƒĺ Across ƐƖ mistŊnetting studiesķ we found no consistent effects of seѴective Ѵogging 
on massŋabundance scaѴing reѴative to primary forestsķ except for the omnivore 

guiѴd where there were fewer ѴargerŊbodied species after Ѵoggingĺ In eѴeven pointŊ
count studiesķ we found a more negative reѴationship in the whoѴe community 
after Ѵoggingķ ѴikeѴy driven by the frugivore guiѴdķ showing a simiѴar patternĺ

Ɠĺ Limited effects of Ѵogging on massŋabundance scaѴing may suggest high species 
turnover in Ѵogged communitiesķ with ѴikeŊforŊѴike repѴacement of Ѵost species with 
simiѴarŊsized speciesĺ The increased negative massŋabundance reѴationship found 
in some Ѵogged communities couѴd resuѴt from resource depѴetionķ density com-

pensationķ or increased huntingĸ potentiaѴѴy indicating downstream impacts on 
ecosystem functionsĺ

5. Synthesis and applicationsĺ Our resuѴts suggest that size distributions of avian 
communities in Ѵogged forests are reѴativeѴy robust to disturbanceķ potentiaѴѴy 
maintaining ecosystem processes in these forestsķ thus underscoring the high 
conservation vaѴue of Ѵogged tropicaѴ forestsķ indicating an urgent need to focus 
on their protection from further degradation and deforestationĺ
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ƐՊ |ՊINTRODUC TION

SeѴective Ѵogging is the dominant anthropogenic activity in the trop-

ics ŐEdwardsķ Tobiasķ SheiѴķ Meijaardķ ş Lauranceķ ƑƏƐƓőķ responsibѴe 
for degrading over ƒƖƏ miѴѴion hectares of tropicaѴ forests gѴobaѴѴy 
ŐAsnerķ RudeѴķ Aideķ Defriesķ ş Emersonķ ƑƏƏƖĸ BѴaserķ Sarreķ Pooreķ 
ş Johnsonķ ƑƏƐƐőķ with extensive additionaѴ iѴѴegaѴ Ѵogging ŐLawson ş 
MacFauѴķ ƑƏƐƏőĺ Despite the structuraѴ damage to forests caused by 
Ѵogging ŐHawthorneķ SheiѴķ Agyemanķ Abu Juamķ ş MarshaѴѴķ ƑƏƐƑĸ 
OsazuwaŊPetersķ Chapmanķ ş Zanneķ ƑƏƐƔĸ Putzķ Sistķ Fredericksenķ 
ş Dykstraķ ƑƏƏѶőķ seѴectiveѴy Ѵogged forests retain more biodiver-
sity compared with other forest disturbances ŐEdwardsķ Magrachķ 
et aѴĺķ ƑƏƐƓĸ Gibson et aѴĺķ ƑƏƐƐĸ Putz et aѴĺķ ƑƏƐƑőķ aѴthough com-

munity composition is aѴtered compared with primary forests and 
impacts on biodiversity are more adverse at higher Ѵogging inten-

sities ŐBurivaѴovaķ SekerciogѴuķ ş Kohķ ƑƏƐƓĸ Edwards et aѴĺķ ƑƏƐƐĸ 
Edwardsķ Magrachķ et aѴĺķ ƑƏƐƓĸ Martinķ Newtonķ Pfeiferķ Khooķ ş 
BuѴѴockķ ƑƏƐƔőĺ Howeverķ studies using conventionaѴ metrics Őiĺeĺķ 
species richness and community compositionĸ BurivaѴova et aѴĺķ ƑƏƐƓĸ 
Costantiniķ Edwardsķ ş Simonsķ ƑƏƐѵő can conceaѴ hidden impacts 
on ecosystem functioningĺ For instanceķ in Borneoķ highŊintensity 
Ѵogging ŐtwiceŊѴoggedő resuѴted in a haѴfŊtrophic ѴeveѴ increase in the 
trophic position of nine of ten understory bird species ŐEdwards et 
aѴĺķ ƑƏƐƒőķ indicating that these species were feeding from higher up 
the food chainķ via a switch to a more invertebrateŊrich dietĺ There 
is thus a need to investigate the impacts of seѴective Ѵogging on eco-

system properties that represent community function to better un-

derstand the future of biodiversity in seѴectiveѴy Ѵogged forestsĺ
Massŋabundance scaѴing describes the negative reѴationship 

between a speciesŝ body mass and popuѴation abundance ŐDamuthķ 
ƐƖѶƐőķ whereķ in a system without anthropogenic pressuresķ Ѵarger 
species typicaѴѴy occur at Ѵower abundances due to their higher 
energy and resource requirements compared with smaѴѴer speciesĺ 
Because body mass determines metaboѴic rateķ and thus resource 
useķ the massŋabundance reѴationship describes resource partition-

ing within an ecosystem ŐWhiteķ Ernestķ Kerkhoffķ ş Enquistķ ƑƏƏƕő 
and underpins foodŊweb stabiѴity in ecoѴogicaѴ systems ŐOŝGorman 
ş Emmersonķ ƑƏƐƐĸ Ottoķ RaѴѴķ ş Broseķ ƑƏƏƕĸ Riede et aѴĺķ ƑƏƐƐőĺ 
Shifts in the massŋabundance reѴationship after ѴandŊuse changes 
can indicate aѴterations in the structure and function of ecoѴogicaѴ 
communitiesĺ For exampѴeķ seѴective Ѵogging can impose primary and 
secondary impacts on ecosystemsĺ Its primary impacts are that Ѵarger 
species tend to be more vuѴnerabѴe to seѴective Ѵogging ŐBurivaѴova 
et aѴĺķ ƑƏƐƔőķ which couѴd Ѵead to Ѵosses in ѴargeŊseed dispersersĺ 
The secondary impacts from these Ѵosses incѴude Ѵower recruitment 
in ѴargeŊseeded pѴants ŐCuѴotķ BeѴѴoķ Batistaķ do Coutoķ ş GaѴettiķ 
ƑƏƐƕőķ which greatѴy impede forest regeneration ŐGardnerķ BickneѴѴķ 
BaѴdwinŊCanteѴѴoķ Struebigķ ş Daviesķ ƑƏƐƖĸ OsazuwaŊPeters et aѴĺķ 

ƑƏƐƔő and carbon stocking ŐBeѴѴo et aѴĺķ ƑƏƐƔĸ Osuri et aѴĺķ ƑƏƐѵĸ 
Peresķ EmiѴioķ Schiettiķ DesmouѴiereķ ş Leviķ ƑƏƐѵőĺ

To our knowѴedgeķ onѴy two studies have directѴy evaѴuated the 
impacts of seѴective Ѵogging on the massŋabundance reѴationship 
of ecoѴogicaѴ communitiesķ both on avian communities ŐSreekar et 
aѴĺķ ƑƏƐƔĸ Srinivasanķ ƑƏƐƒőķ and these showed contrasting resuѴtsĺ 
Srinivasan ŐƑƏƐƒő found that the massŋabundance reѴationship of 
understory insectivorous bird communities Őbody size ranging ѵĺƐŋ
ƕƐĺƒ gő became more negative Őiĺeĺķ fewer ѴargerŊbodied specieső as 
Ѵogging intensity increased in the HimaѴayaĺ This suggests that den-

sity compensation occurs when resource decѴines cause Ѵarger spe-

cies to become rarerķ aѴѴowing smaѴѴer species to access resources 
previousѴy monopoѴized by Ѵarger species and increase in abundance 
ŐMacArthurķ Diamondķ ş Karrķ ƐƖƕƑőĺ In contrastķ Sreekar et aѴĺ ŐƑƏƐƔő 
found no changes in the massŋabundance reѴationship between pri-
mary forestsķ degraded forestsķ and agricuѴturaѴ Ѵands in Sri Lankaķ 
which was ѴikeѴy due to the high species turnover observed in each 
ѴandŊuse typeĺ These contrasting resuѴts invoke the need for a me-

taŊanaѴysisķ where data from appropriate studies across the tropics 
wiѴѴ be used to determine the gѴobaѴ trend of this reѴationshipĺ

We investigated the impacts of seѴective Ѵogging on the massŋ
abundance scaѴing of avian communitiesŌwhich are weѴѴŊknown 
taxonomicaѴѴy ŐJetzķ Thomasķ Joyķ Hartmannķ ş Mooersķ ƑƏƐƑőķ 
good indicators of responses to environmentaѴ change in other 
taxa ŐEdwardsķ Magrachķ et aѴĺķ ƑƏƐƓő and important for ecosystem 
functioning ŐSekerciogѴuķ ƑƏƏѵőŌby conducting a metaŊanaѴysis to 
examine the overaѴѴ pantropicaѴ trend of this reѴationshipĺ We use 
the ѴocaѴ sizeŋdensity reѴationship ŐLSDRő between the average 
body mass of a species and the abundance of the speciesķ with 
aѴѴ abundances coming from ѴocaѴized study areasĺ We measured 
the sѴope of the upper bound of this massŋabundance reѴationship 
ŐSrinivasanķ ƑƏƐƒő since the upper bound represents the maximum 
potentiaѴ abundance of a species of a certain body sizeķ typicaѴѴy 
between the ƕƔth percentiѴe and the ƖƔth percentiѴe of the massŋ
abundance reѴationshipĺ This upper bound is measured because 
Őaő the LSDR is determined by processes that infѴuence resource 
aѴѴocation between species ŐWhite et aѴĺķ ƑƏƏƕő andķ thereforeķ 
the upper bound is ѴikeѴy to be energeticaѴѴy Ѵimiting ŐBѴackburnķ 
Lawtonķ ş Perryķ ƐƖƖƑőĸ and Őbő ѴocaѴ assembѴages tend to contain 
species with Ѵower popuѴation sizes compared with Ѵarger gѴob-

aѴŊscaѴe communities ŐBrownķ MehѴmanķ ş Stevensķ ƐƖƖƔő as they 
contain onѴy a subset of the gѴobaѴ popuѴation sizeĺ We tested the 
hypothesis that Ѵogging typicaѴѴy decreased the upperŊbound sѴope 
of the massŋabundance reѴationshipķ reѴative to primary forestķ 
due to disproportionate effects on the abundance of ѴargeŊbodied 
species ŐSrinivasanķ ƑƏƐƒőĺ We aѴso investigated the impacts of se-

Ѵective Ѵogging on massŋabundance scaѴing within different avian 
foraging guiѴdsķ given that guiѴds differ in their rates of energy 

K E Y W O R D S

biodiversityķ birdsķ ѴocaѴ sizeŋdensity reѴationshipķ massŋabundance reѴationshipķ production 
forestķ size distribution
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consumption as weѴѴ as energy avaiѴabiѴity ŐRussoķ Robinsonķ ş 
Terborghķ ƑƏƏƒő and that foraging guiѴds often respond differentѴy 
to ѴandŊuse change ŐSreekar et aѴĺķ ƑƏƐƔőĺ

ƑՊ |ՊMATERIAL S ş METHODS

ƑĺƐՊ|ՊData coѴѴection

Data were obtained from ƒƏ studies ŐƐƖ studies using mistŊnetting 
methods and ƐƐ studies using pointŊcount methodső that contained 
information on abundance or capture rate for avian species in both 
seѴectiveѴy Ѵogged forests and oѴdŊgrowth primary forest controѴs 
across the tropics ŐFigure Ɛķ TabѴe SƐ and SƑőĺ The onѴine Web of 
Science database was used to search for studies with the keywords 
ŒľseѴective ѴoggingĿ OR forestry OR ľsecondary forestĿ OR ľre-

generating forestĿœ AND ŒbirdŖ OR avian OR avesœ AND Œmass OR 
abundance OR number OR ľcapture rateĿ OR densityœĺ This search 
was refined by ŒtropicŖœ and ŒľmistŊnetĿ OR ľpointŊcountĿœ resuѴt-
ing in ѶƏķƐƔѵ studiesĺ We further refined the search to onѴy incѴude 
studies with topics such as environmentaѴ sciencesķ ecoѴogyķ for-
estryķ zooѴogyķ and biodiversity conservationķ Ѵeaving us with ƔƑƔ 
studiesĺ We then suppѴemented the search using two more GoogѴe 
SchoѴar searches with the keywordsĸ search ƐĹ ľseѴective ѴoggingĿķ 
birdŖķ avianķ avesķ massķ abundanceķ numberķ ľcapture rateĿķ densityķ 
ľmistŊnetŖĿķ ľpointŊcountŖĿķ tropicŖĸ search ƑĹ ľregenerating forestĿķ 
birdŖķ avianķ avesķ massķ abundanceķ numberķ ľcapture rateĿķ densityķ 
ľmistŊnetŖĿķ ľpointŊcountŖĿķ tropicŖĺ Search Ɛ resuѴted in ƕƕƓ studies 
and search Ƒ returned ƑƐƔ studiesĺ This Ѵeft us with a totaѴ of ƐķƔƐƓ 
studiesķ and after removing dupѴicatesķ we were Ѵeft with ƐķƒƖƔ stud-

iesĺ ExcѴuding studies based on titѴe reduced the coѴѴection to ѵƕѵ 
studiesķ and excѴuding the remaining studies based on abstract re-

suѴted in ƑƐƐ studiesĺ AѴѴ searches were conducted between Ɠ ApriѴ 
ƑƏƐƖ and ƐѶ ApriѴ ƑƏƐƖĺ

Of these ƑƐƐ studiesķ studies were onѴy incѴuded during fuѴѴŊ
text screening if they were Őaő conducted in the tropics Őbetween 
ƑƒĺƓƒƕƏѵŦN and ƑƒĺƓƒƕƏѵŦSőķ Őbő conducted in cѴosedŊcanopy 
forestsķ Őcő used mist netting or point counts to sampѴe birdsķ 
Ődő presented speciesŊspecific abundance estimates in both se-

ѴectiveѴy Ѵogged forests and oѴdŊgrowth primary forestsķ and Őeő 
mistŊnet and pointŊcount datasets Őif both incѴudedő couѴd be sep-

aratedĺ This resuѴted in a totaѴ of Ɠƕ studiesķ for one of which 

the author no Ѵonger had the abundance datasetķ another one 
for which the soѴe author ŐJohnsķ ƐƖƖѵő was uncontactabѴeķ and 
for ƐƔ of which we did not get a response from the authors we 
contactedĺ

This Ѵeft us with ƒƏ studies ŐƐƖ mistŊnetting studies and ƐƐ 
pointŊcount studiesĸ see TabѴe SƐ and SƑ for information on each 
studyőĺ Where avaiѴabѴeķ mass was obtained from individuaѴ studiesķ 
and for studies in which no information on mass was provided Őor 
where masses were missing for some speciesőķ we used Dunningŝs 
CRC Handbook of Avian Body Masses ŐƑƏƏѶő and Handbook of the 
Birds of the WorѴd AѴive ŐdeѴ Hoyoķ EѴѴiottķ SargataѴķ Christieķ ş Juanaķ 
ƑƏƐƕőĺ The data from two of these studies ŐHawesķ BarѴowķ Gardnerķ 
ş Peresķ ƑƏƏѶĸ WunderѴeķ Henriquesķ ş WiѴѴigķ ƑƏƏѵő were spѴit and 
anaѴyzed separateѴy as they contained data from different habitatsķ 
where each habitat type contained a distinct avian communityĺ This 
resuѴted in ƑƐ separate mistŊnetting studiesĺ

ƑĺƑՊ|ՊQuantiѴe regression

The mistŊnetting data and pointŊcount data were anaѴyzed sepa-

rateѴyĺ To study the impacts of seѴective Ѵogging on the massŋ
abundance scaѴing of avian communities across the tropicsķ a 
metaŊanaѴysis was conducted on differences in the sѴope of the 
upper bound of massŋabundance reѴationships between Ѵogged 
forests and primary forest controѴsĺ The abundance or capture rate 
for each species was standardized within each study and within 
each habitat type Őprimary forest or Ѵogged forestő to obtain the 
reѴative standardized abundanceĹ

x Ʒ Abundance
x Ʒ Mean abundance
σ Ʒ Standard deviation of abundance
Using reѴative standardized abundance rather than abundance or 

capture rate wiѴѴ affect the intercept but not the sѴope of the massŋ
abundance reѴationshipĺ For each study and habitat type Őprimary 
forest or Ѵogged forestőķ the sѴopes of the upper bound of the massŋ
abundance reѴationship was estimated using quantiѴe regressions 
in the R software ŐR Core Teamķ ƑƏƐƖő package quantreg ŐKoenkerķ 
ƑƏƐƕőĺ QuantiѴe regression enabѴes the quantification of information 

Relative StandardizedAbundance=
x−x

�

F I G U R E  Ɛ Պ Distribution of the nineteen mistŊnet studies and eѴeven pointŊcount studies across the tropics
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from the boundaries of poѴygonaѴ reѴationships ŐScharfķ Juanesķ 
ş SutherѴandķ ƐƖƖѶő and can identify factors that Ѵimit speciesŝ re-

sponses ŐVaz et aѴĺķ ƑƏƏѶőĺ Standardized reѴative abundance was ѴogƐƏ 
Őy Ƴ Ɛő transformed in the mistŊnet data and ѴogƐƏ Őy Ƴ Ƒő transformed 
in the pointŊcount dataķ whiѴe species mass was ѴogƐƏ transformed to 
obtain a straight Ѵine upper bound on the massŊabundance reѴation-

shipĺ The upper bound of the poѴygonaѴ massŋabundance reѴationship 
is ѴikeѴy to represent an energetic Ѵimit on abundance ŐBѴackburn ş 
Gastonķ ƐƖƖƕőĺ

ƑĺƒՊ|ՊMetaŊanaѴysis

For each paired Ѵogged and primary sѴope estimateķ the mean dif-
ference effect sizeķ Hedgesŝ gķ was caѴcuѴated using the computeĺ
es package ŐDeѴ Reķ ƑƏƐƒőĺ Studies were weighted by the inverse of 
their variance so that smaѴѴer studies or those with high uncertainty 
contribute Ѵess to estimated effectsĺ The average effect size was 
then caѴcuѴated using the randomŊeffects modeѴ in the MAd pack-

age ŐDeѴ Re ş Hoytķ ƑƏƐƓőĺ To test for the effect of eѴevation and 
geographic region Őcontinentő on the effect sizesķ a metaŊregression 
was performed with eѴevation and continent using the MAd package 
ŐDeѴ Re ş Hoytķ ƑƏƐƓőĺ The extent of heterogeneity was tested using 
the I2 statisticĺ

PubѴication bias was tested for using two methods in the metafor 
package ŐViechtbauerķ ƑƏƐƏőĺ Firstķ pubѴication bias was examined 
visuaѴѴy using a funneѴ pѴot of effect size ŐFigure SƖķ Figure SƐƏő and 
the second method was using RosenthaѴŝs FaiѴŊSafe N anaѴysisĺ This 
metaŊanaѴysis was repeated using sѴope estimates from a range of re-

gression quantiѴes ŐƏĺƕƔķ ƏĺѶķ ƏĺѶƔķ ƏĺƖķ ƏĺƖƔőĺ AѴѴ anaѴyses were done 
using the R software ŐR Core Teamķ ƑƏƐƖőĺ

ƑĺƓՊ|ՊGuiѴd anaѴyses

To examine the impacts of seѴective Ѵogging on the massŋabun-

dance scaѴing of different species foraging guiѴdsķ each species 
was first assigned to a foraging guiѴd Őinsectivoreķ frugivoreķ omni-
voreķ carnivoreķ and granivoreĸ see TabѴe Sƒ for more informationő 
based on the categorization used in the EѴtonTraits ƐĺƏ database 
ŐWiѴman et aѴĺķ ƑƏƐƓőĺ This resuѴted in onѴy three foraging guiѴdsķ 
insectivoreķ frugivoreķ and omnivoreķ containing enough data after 
removing studies where there were Ѵess than ten species per study 
and per habitat type Őiĺeĺķ Ѵess than ten species in either primary 
forest or Ѵogged forestőĺ The above metaŊanaѴysis methods were 
then conducted separateѴy for insectivoreķ frugivoreķ and omnivore 

foraging guiѴdsĺ The resuѴting studies for each guiѴd are as foѴѴowsĹ 
insectivoreĹ ƐƖ mistŊnetting studies and eѴeven pointŊcount stud-

iesĸ frugivoreĹ ten mistŊnetting studies and seven pointŊcount stud-

iesĸ and omnivoreĹ nine mistŊnetting studies and seven pointŊcount 
studiesĺ

ƒՊ |ՊRESULTS

There was a smaѴѴ degree of withinŊstudy heterogeneity ŐI2: 

ƏĺƏƏƓѷŋƒƒĺƓƒѷő in the ƏĺƕƔ quantiѴe modeѴs Őmist netĹ frugivore; 

point countĹ Overallķ frugivoreőķ ƏĺѶ quantiѴe modeѴs Őpoint countĹ 
frugivoreķ omnivoreőķ ƏĺѶƔ quantiѴe modeѴs Őpoint countĹ frugivoreķ 
omnivoreőķ ƏĺƖ quantiѴe modeѴs Őmist netĹ frugivoreķ omnivoreĸ point 
countĹ Overallķ frugivoreķ omnivoreőķ and ƏĺƖƔ quantiѴe modeѴs Őmist 
netĹ Overallķ frugivoreķ omnivoreĸ point countĹ Overallķ insectivoreķ 
frugivoreķ omnivoreőĺ Howeverķ there was a Ѵarge degree of uncer-
tainty in these I2 estimatesķ which is to be expected due to the 

F I G U R E  Ƒ Պ OveraѴѴ effect sizes of 
aѴѴ studies combined in each categoryĹ 
Overall ŐaѴѴ dataőķ insectivoreķ frugivoreķ 
and omnivoreķ with their respective ƖƔѷ 
confidence intervaѴsĺ Effect sizes are from 
the ƏĺƕƔ regression quantiѴe for Őaő mistŊ
net studies and Őbő pointŊcount studies
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smaѴѴ amount of studiesĺ PubѴication bias was detected for the 
ƏĺƖƔ quantiѴe Overall modeѴ Őmist netĹ p Ʒ ĺƏƓƓķ FaiѴŊsafe N Ʒ Ƒķ 
Figure SƖĸ point countĹ p Ʒ ĺƏƐķ FaiѴŊsafe N Ʒ ƐƐķ Figure SƐƏőķ the 
0.9 omnivore modeѴ Őmist netĹ p Ʒ ĺƏƒƒķ FaiѴŊsafe N Ʒ ƒķ Figure SƖőķ 
and the ƏĺƖƔ omnivore modeѴ Őmist netĹ p Ʒ ĺƏƒƑķ FaiѴŊsafe N Ʒ ƒķ 
Figure SƐƏőĺ

ƒĺƐՊ|ՊMistŊnet studies

SeѴective Ѵogging did not affect the massŋabundance scaѴing of the 
Overall avian community across aѴѴ regression quantiѴes Őp > .05; 

Figures Ƒ and ƒaķ Figure SƐőĺ Confidence intervaѴs for these effect 
sizes overѴapped zero in aѴѴ cases ŐTabѴe Ɛőķ indicating considerabѴe 
withinŊstudy uncertainty in the strength of the effects of Ѵogging 
on massŋabundance scaѴingĺ Massŋabundance reѴationships did 
not vary significantѴy in reѴation to eѴevation or study continent 
Őp ƻ ĺƏƔőĺ

Examining the effect of seѴective Ѵogging on the massŋabundance 
reѴationship at the insectivore and frugivore foraging guiѴd ѴeveѴ showed 
simiѴar resuѴts across aѴѴ regression quantiѴes Őp ƻ ĺƏƔĸ Figures Ƒ and 
ƒbķcķ Figure SƑ and Sƒőĺ Againķ confidence intervaѴs for these effect 
sizes overѴapped zero in aѴѴ cases ŐTabѴe Ɛőĺ The effect sizes for the in-

sectivore guiѴd were aѴso not affected by eѴevation and study continent 
Őp ƻ ĺƏƔőĺ Howeverķ effect sizes for the frugivore guiѴd were associated 
with study continent in the ƏĺƕƔ quantiѴe ŐAsia having a significant neg-

ative effect sizeĹ mean Hedgesŝ g ŒƼƖƔѷ CIœ Ʒ ƴƏĺƓƑ ŒƴƏĺѶƒƓķ ƴƏĺƏƏƖœķ 
p Ʒ ĺƏƓƔő and ƏĺƖƔ quantiѴe ŐSouth America having a significant positive 
effect sizeĹ mean Hedgesŝ g ŒƼƖƔѷ CIœ Ʒ ƏĺƔƒ ŒƏĺƏƒƕķ ƐĺƏƐƒœķ p Ʒ ĺƏƒƔőķ 
as weѴѴ as by eѴevation in the ƏĺƖƔ quantiѴe where there is a signifi-
cant positive effect at zero eѴevation Őmean Hedgesŝ g ŒƼƖƔѷ CIœ Ʒ ƏĺƒƐ 
ŒƏĺƏƐƕķ ƏĺѵƏѵœķ p Ʒ ĺƏƒѶőĺ In the omnivore guiѴdķ the massŋabundance 
reѴationship at the ƏĺƖ quantiѴe became significantѴy more negative in 
seѴectiveѴy Ѵogged forests Őmean Hedgesŝ g ŒƼƖƔѷ CIœ Ʒ ƴƏĺƑƏ ŒƴƏĺƒѶѶķ 
ƴƏĺƏƐƕœķ p Ʒ ĺƏƒƒĸ TabѴe Ɛķ Figure SƓcő with aѴѴ other quantiѴes showing 
no effect of seѴective Ѵogging ŐTabѴe Ɛķ Figure ƒdķ Figure SƓőĺ EѴevation 

F I G U R E  ƒ Պ The effect sizes of each mistŊnet study and the overaѴѴ effect size with their respective ƖƔѷ confidence intervaѴsĺ The size of 
the points corresponds to each studyŝs respective weightsĺ Effect sizes are from the ƏĺƕƔ regression quantiѴe for Őaő Overallķ Őbő insectivore 

foraging guiѴdķ Őcő frugivore foraging guiѴdķ and Ődő omnivore foraging guiѴd
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and study continent did not affect the massŋabundance scaѴing of the 
omnivore communitiesĺ

ƒĺƑՊ|ՊPointŊcount studies

There was no effect of seѴective Ѵogging on the massŋabundance 
scaѴing of the Overall bird community ŐTabѴe Ƒķ Figures Ƒ and Ɠaķ 
Figure SƔő except in the ƏĺƖƔ quantiѴe where the massŋabundance 
sѴope was significantѴy more negative in seѴectiveѴy Ѵogged forests 
Őmean Hedgesŝ g ŒƼƖƔѷ CIœ Ʒ ƴƏĺƏƔ ŒƴƏĺƏƕķ ƴƏĺƏƒœķ p ƺ ĺƏƏƐĸ TabѴe Ƒķ 
Figure SƔdőĺ When eѴevation and continent were both taken into ac-

countķ onѴy the African continent had a significant positive effect 
size Őmean Hedgesŝ g ŒƼƖƔѷ CIœ Ʒ ƏĺƑѶ ŒƏĺƏƑѶķ ƏĺƔƓƏœķ p Ʒ ĺƏƒƏő at 
the ƏĺƕƔ quantiѴeĺ

At the foraging guiѴd ѴeveѴķ the massŋabundance reѴationships of 
the insectivore and omnivore communities were unaffected by seѴec-

tive Ѵogging Őp ƻ ĺƏƔĸ TabѴe Ƒķ Figure Ƒķ insectivoreĹ Figure Ɠbķ Figure 

Sѵķ omnivoreĹ Figure Ɠdķ Figure SѶő and there was no infѴuence of 
eѴevation and study continent Őp ƻ ĺƏƔőĺ ContrariѴyķ the massŋabun-

dance scaѴing of frugivore was significantѴy more negative in seѴec-

tiveѴy Ѵogged forests in the ƏĺƕƔ Őmean Hedgesŝ g ŒƼƖƔѷ CIœ Ʒ ƴƏĺƐƔ 
ŒƴƏĺƑƖƖķ ƴƏĺƏƏƑœķ p Ʒ ĺƏƓƕĸ Figure Ƒőķ ƏĺѶ Őmean Hedgesŝ g [±95% 

CIœ Ʒ ƴƏĺƐƕ ŒƴƏĺƒƑƐķ ƴƏĺƏƑƓœķ p Ʒ ĺƏƑƒőķ and ƏĺƖƔ Őmean Hedgesŝ g 

ŒƼƖƔѷ CIœ Ʒ ƴƏĺƐƕ ŒƴƏĺƒƐƒķ ƴƏĺƏƐѵœķ p Ʒ ĺƏƒƏő quantiѴes ŐTabѴe Ƒķ 
Figure Ɠcķ Figure Sƕőĺ Howeverķ eѴevation and study continent did 
not affect these massŋabundance reѴationships Őp ƻ ĺƏƔőĺ

ƓՊ |ՊDISCUSSION

We investigated how seѴective Ѵogging affects the massŋabun-

dance reѴationship in avian communities across the tropicsķ find-

ing that communities sampѴed by mist netting ѴargeѴy experienced 
no effect of seѴective Ѵogging on these reѴationshipsķ except in the 
omnivore communitiesķ where the massŋabundance reѴationship 

TA B L E  Ɛ Պ The average Hedgesŝ g effect sizes of each massŋ
abundance regression quantiѴe and the ƖƔѷ confidence intervaѴ for 
each effect size from the mistŊnet data

QuantiѴe
Average effect 
size ƖƔѷ CI

Overall

0.75 ƴƏĺƏƑƖ ƴƏĺƏƖƏ 0.032

0.80 ƴƏĺƏƒƏ ƴƏĺƏƖƐ 0.031

0.85 ƴƏĺƏƔƓ ƴƏĺƐƐƔ 0.007

0.90 ƴƏĺƏƔƑ ƴƏĺƐƐƑ 0.009

0.95 ƴƏĺƏƔƖ ƴƏĺƐƑƏ 0.002

Guild: insectivore

0.75 0.002 ƴƏĺƏƕѵ 0.071

0.80 0.005 ƴƏĺƏѵѶ 0.078

0.85 0.007 ƴƏĺƏѶƐ 0.066

0.90 0.009 ƴƏĺƏѵƓ 0.083

0.95 ƴƏĺƏƑƏ ƴƏĺƏƖƓ 0.053

Guild: frugivore

0.75 ƴƏĺƐƑƔ ƴƏĺƒƐƔ 0.066

0.80 0.001 ƴƏĺƐƖƏ 0.192

0.85 0.100 ƴƏĺƏƖƏ 0.291

0.90 0.102 ƴƏĺƏѶƖ 0.293

0.95 0.127 ƴƏĺƏѵƔ 0.318

Guild: omnivore

0.75 ƴƏĺƐƐƐ ƴƏĺƑƖƕ 0.074

0.80 ƴƏĺƐƓƖ ƴƏĺƒƒƓ 0.037

0.85 ƴƏĺƐƕѵ ƴƏĺƒѵƑ 0.009

ƏĺƖƏ ƴƏĺƑƏƑ ƴƏĺƒѶѶ ƴƏĺƏƐƕ

0.95 ƴƏĺƐѶƏ ƴƏĺƒѵѵ 0.005

Note: ResuѴts are shown for the whoѴe dataset ŐOverallő and for each 
foraging guiѴd Őinsectivoreķ frugivoreķ and omnivoreőĺ Significant effect 
sizes are highѴighted in boѴdĺ

TA B L E  Ƒ Պ The average Hedgesŝ g effect sizes of each massŋ
abundance regression quantiѴe and the ƖƔѷ confidence intervaѴ for 
each effect size from the pointŊcount data

QuantiѴe
Average effect 
size ƖƔѷ CI

Overall

0.75 ƴƏĺƏƒƑ ƴƏĺƏƕƏ 0.005

0.80 ƴƏĺƏƐƏ ƴƏĺƏƑƖ 0.009

0.85 ƴƏĺƏƐƐ ƴƏĺƏѵƒ 0.042

0.90 0.000 ƴƏĺƏƑƏ 0.019

ƏĺƖƔ ƴƏĺƏƔ ƴƏĺƏƕƏ ƴƏĺƏƒƏ

Guild: insectivore

0.75 0.000 ƴƏĺƏƐƖ 0.020

0.80 0.009 ƴƏĺƏƑѶ 0.011

0.85 0.001 ƴƏĺƏƐƖ 0.020

0.90 0.010 ƴƏĺƏƒƒ 0.052

0.95 0.001 ƴƏĺƏƐѶ 0.021

Guild: frugivore

ƏĺƕƔ ƴƏĺƐƔƏ ƴƏĺƑƖƖ ƴƏĺƏƏƑ

ƏĺѶƏ ƴƏĺƐƕƑ ƴƏĺƒƑƐ ƴƏĺƏƑƓ

0.85 ƴƏĺƏƏƕ ƴƏĺƐƔѵ 0.141

0.90 ƴƏĺƐƐƑ ƴƏĺƑѵƐ 0.037

ƏĺƖƔ ƴƏĺƐѵƔ ƴƏĺƒƐƒ ƴƏĺƏƐѵ

Guild: omnivore

0.75 0.004 ƴƏĺƐƔƑ 0.159

0.80 0.028 ƴƏĺƐƑƕ 0.184

0.85 ƴƏĺƏƑƖ ƴƏĺƑѶƔ 0.227

0.90 ƴƏĺƏƕƏ ƴƏĺƒƏƐ 0.160

0.95 ƴƏĺƏƑƔ ƴƏĺƑƖƖ 0.249

Note: ResuѴts are shown for the whoѴe dataset ŐOverallő and for each 
foraging guiѴd Őinsectivoreķ frugivoreķ and omnivoreőĺ Significant effect 
sizes are highѴighted in boѴdĺ
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became more negative in seѴectiveѴy Ѵogged forestsĺ On the other 
handķ we found that the massŋabundance reѴationship of the over-
aѴѴ communities sampѴed by point counts was more negative in 
Ѵogged forestsĺ This was ѴikeѴy driven by the frugivore communi-
tiesķ which were the onѴy foraging guiѴd to have a more negative 
massŋabundance reѴationship in seѴectiveѴy Ѵogged forestsĺ This 
increased negative sѴope in the massŋabundance reѴationship couѴd 
indicate a Ѵoss of Ѵarger species or a rise in the number of smaѴѴ 
species ŐSrinivasanķ ƑƏƐƒőķ potentiaѴѴy signaѴing changes in resource 
and energy partitioning between speciesķ with downstream im-

pacts on ecosystem functioningĺ
Srinivasan ŐƑƏƐƒő found that the massŋabundance reѴationship of 

understory avian insectivores became steeper and more negative as 
Ѵogging intensity increasedĺ This was thought to be due to muѴtipѴe 
factors such as resource depѴetion and density compensationĺ As re-

sources decѴine in degraded habitatsķ disproportionateѴy vuѴnerabѴe 
Ѵarger species may decrease in abundance and thus free up resources 
for smaѴѴer species to thus increase in abundanceĺ Hunting couѴd aѴso 
be a factor Ѵeading to decѴines in Ѵarger speciesķ as seѴectiveѴy Ѵogged 

forests tend to have increased hunting pressure due to more acces-

sibiѴity via Ѵogging roads ŐSheiѴ ş Meijaardķ ƑƏƏƔőĺ
Different functionaѴ groups consume energy at different rates 

and have different amounts of energy avaiѴabѴe to them in their hab-

itat ŐErnest et aѴĺķ ƑƏƏƒĸ Marquetķ ƑƏƏƑő and aѴthough species which 
forage on fruits and nectar Őfrugivore guiѴdő tend to thrive in de-

graded forests compared with species which forage on invertebrates 
Őinsectivore guiѴdĸ Greenbergķ Bichierķ ş SterѴingķ ƐƖƖƕĸ Sreekar et aѴĺķ 
ƑƏƐƔőķ we observe that the massŋabundance reѴationship of frugivore 

pointŊcount communities were affected by seѴective Ѵogging and not 
the insectivore communitiesĺ This couѴd indicate greater vuѴnerabiѴity 
of Ѵarger frugivore speciesķ perhaps because Ѵarge fruiting trees tend 
to be removed during the Ѵogging process and require a Ѵonger period 
of time to regenerate ŐBurivaѴova et aѴĺķ ƑƏƐƔőĺ Furthermoreķ some 
Ѵarge frugivore speciesķ such as the HeѴmeted HornbiѴѴ ŐRhinoplax 

vigilőķ are particuѴarѴy threatened by hunting due to their vaѴue for 
meatķ ornamentaѴ feathers or ivoryŊѴike casque ŐBeastaѴѴķ Shepherdķ 
Hadiprakarsaķ ş Martyrķ ƑƏƐѵĸ Bennettķ Nyaoiķ ş Sompudķ ƐƖƖƕőĺ 
The change in the massŋabundance reѴationship in these frugivore 

F I G U R E  Ɠ Պ The effect sizes of each pointŊcount study and the overaѴѴ effect size with their respective ƖƔѷ confidence intervaѴsĺ The size 
of the points corresponds to each studyŝs respective weightsĺ Effect sizes are from the ƏĺƕƔ regression quantiѴe for Őaő Overallķ Őbő insectivore 

foraging guiѴdķ Őcő frugivore foraging guiѴdķ and Ődő omnivore foraging guiѴd
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communities couѴd precipitate important changes in seed dispersaѴ 
services within Ѵogged forest ecosystemsĺ

On the other handķ our resuѴts show that many massŋabundance 
reѴationships in the mistŊnet and pointŊcount communities are robust 
to seѴective Ѵogging activitiesĺ Many studies from freshwaterķ inter-
tidaѴķ and marine ecosystems have shown that the massŋabundance 
reѴationship is robust to disturbances ŐJonssonķ Cohenķ ş Carpenterķ 
ƑƏƏƔĸ Marquetķ Navarreteķ ş CastiѴѴaķ ƐƖƖƏĸ OŝGorman ş Emmersonķ 
ƑƏƐƐőĺ OŝGorman and Emmerson ŐƑƏƐƐő found that the massŋabun-

dance reѴationship in marine food webs was robust to disturbances 
due to higher species turnover in the disturbed communitiesĺ One 
potentiaѴ mechanism is structuraѴ changes in habitat or food webs 
produce new sizeŋabundance niches that couѴd be expѴoited by new 
speciesĺ SimiѴarѴyķ there couѴd be a repѴacement of species with simi-
Ѵar body sizes after Ѵoggingķ aѴѴowing the community to maintain en-

ergy and structuraѴ stabiѴity within the system ŐDamuthķ ƐƖѶƐķ ƐƖѶƕĸ 
Jonsson et aѴĺķ ƑƏƏƔĸ Marquet et aѴĺķ ƐƖƖƏőĺ

Sreekar et aѴĺ ŐƑƏƐƔő aѴso found no difference in the massŋ
abundance reѴationship of avian communities between primary 
forests and seѴectiveѴy Ѵogged forests in southern Indiaĺ Sreekar 
et aѴĺ ŐƑƏƐƔő suggested that this simiѴarity was due to high species 
turnover in Ѵogged forestsķ as the avian communities change in 
response to aѴtered environmentsĺ They observed a higher pro-

portion of insectivores in primary forests compared with Ѵogged 
forests and a higher proportion of insectivores in the understory 
primary forest community compared with the Ѵogged communityĺ 
Given that there is a Ѵimited amount of energy avaiѴabѴe within a 
Ѵogged habitatķ it is perhaps unsurprising that massŋabundance 
reѴationships are not consistentѴy affected as communities adapt 
to the amount of avaiѴabѴe energyĺ NevertheѴessķ marked changes 
in avian community structure foѴѴowing Ѵogging suggest that other 
ecosystem properties in Ѵogged forests may be different from that 
of primary forestsķ representing an important topic for future stud-

iesĺ These different responses found between Srinivasan ŐƑƏƐƒő 
and Sreekar et aѴĺ ŐƑƏƐƔő may be due to the degree of habitat vari-
ationĺ For instanceķ Srinivasan ŐƑƏƐƒő sampѴed across a gradient 
of seѴective Ѵogging intensitiesķ whiѴe this study and Sreekar et aѴĺ 
ŐƑƏƐƔő sampѴed across a gradient of distinct habitats which are 
more drasticaѴѴy different from each otherĺ In the two distinct hab-

itatsķ the Ѵogged forest communities couѴd have had time to reach 
a new state of energy and structuraѴ equiѴibrium that stiѴѴ adheres 
to the power Ѵaw N∝Mbķ which describes the massŋabundance re-

Ѵationshipķ where N is species abundance and M is the speciesŝ body 
massĺ Thusķ both Ѵogged and primary forests in this case wouѴd 
have simiѴar massŋabundance sѴopesĺ

ƓĺƐՊ|ՊSynthesis and appѴications

Our study suggests that Ѵogging onѴy significantѴy aѴters the avian 
massŋabundance reѴationships of seѴected frugivore and omnivore 

communities in tropicaѴ forestsĺ IncѴusion of pointŊcount studies in 
the metaŊanaѴysis was important as these detected some changes in 

the massŊabundance reѴationship that the mistŊnet studies faiѴed to 
captureĺ The Ѵack of impacts on understory communities in the mistŊ
net studies may be due to mist nets onѴy detecting a subset of bird 
sizesķ making it difficuѴt to detect abundance changes in species at 
the upper extreme of the size spectrumĺ

The impacts experienced by these communities couѴd be min-

imized by restoring seѴectiveѴy Ѵogged forests with native fruiting 
treesķ especiaѴѴy those bearing Ѵarger fruitsĺ The resuѴts aѴso show 
that Ѵogging does not change the massŋabundance reѴationship of 
the majority of the avian communities which adds weight to the 
evidence that avian communities are reѴativeѴy robust to seѴective 
Ѵoggingķ with species and communities exhibiting some fѴexibiѴity to 
adapt to modified environments andķ in doing soķ maintaining eco-

system functioning ŐEwers et aѴĺķ ƑƏƐƔőķ which is cruciaѴ in an epoch 
of gѴobaѴ changeĺ These resuѴts aѴso underscore the high conserva-

tion vaѴue of Ѵogged tropicaѴ forests ŐEdwards et aѴĺķ ƑƏƐƐőķ indicat-
ing that an urgent conservation priority is the protection of these 
costŊeffective habitats from further degradation and deforestationķ 
aѴѴowing enhanced area of forest protectionķ buffering of primary 
forest reserves and maintenance of ѴandscapeŊscaѴe connectivity 
ŐEdwardsķ Tobiasķ et aѴĺķ ƑƏƐƓőĺ
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