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Bias in paleotrepical biodiversity research

Scientific research in thebiodiversity-rich paleotropics (the tropical portions of the Old
World) provides multiple benefits, yet we know little about the distribution of research
effort in this region and the factors that determinethis. We used Google Scholar to assess
paleotropical researcheffort —defined here agshe number of publishedstudiesthat
reference one of565terrestrial protected areasin the 23 African and Asian countriesthat
contain great.apes Gorilla spp, Pan spp, andPongo spp). We found that research effort is
strongly skewed toward a small number of sites and thahostprotected areasare
inadequatelyrepresented in the scientific literature Scientists conductingpaleotropical
researchoften focus their efforts on protected areas that ardéarge, that are designated as

national parks,“andthat contain non-human great apes.Our results highlight important
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gaps in research efforfand indicate that current understanding of tr opical protected areas
is limited and heavily biased towardspecificsites, many of whichmay not berepresentative
of existing protected areasin the paleotropics.

Front Ecol Environ2016; 14(1)Xxx—XxxX, doi:

Although te trepics contaimostof the world’s biodiversitfCeballos and Ehrlich 2006; Kreft
and Jetz 2007); anckdpite nuch of thisdiversity being at riskGrenyeret al 2006;Bradshawet
al. 2009), 'eurunderstanding twbpical regiondags behindhat ofotherareasof the world
(Stuartetal. 2004; Butchart and Bird 201@ur knowledge otropical speciesandtheir
distributionsisdimited for manytaxonomic groupsRlatnck 1991; Colleret al.2008; Schipper
et al.2008)yand we lack theformation necessary protect and manage many vulnerable
specieqSitaset al.2009;Meijaardet al.2012). Althoughmoreresearchs clearlyneededn the
tropics,importantprogresas been madén addition to providing broadly applicable
information(egon ecological processes, spemesurrences scientificresearch can provide
direct benefitsito the locations where it is condu¢®tangham 2008). Consider protected
areaswidely perceivedas bastions for thgreservatiorof terrestrial tropical biodiversity
(Bradshawet al. 2009 Lauranceet al.2012: researchers contribute by informipgptectedarea
management and policgeterringllegal activities, participating in education and awareness
campaigns, building capacity, and providing alternative forms of income for local people
(Campbellet al. 2011 Meijaardet al.2012; Laurance 20}3

Degpitesthéoroad importance of scientifiesearch and the potential benefits of
researcherpresence, littkeknown about the distribution of reseasdffort across tropical
protected/areas tine factors that determine tlentifying patterns in theurrent distribution of
scientific researchouldvaluably informboth theallocation of futureesearch effostand the
interpretation.of existing knowledge about tropical protected #kgaset al. 2005;Martin et al.
2012).For instance, imostresearch is concentrateda handful oprotectedareaghatdiffer
substantiallyirom otherlocations, then the majority of published scientific studies might apply
only toa relatively small subset of areasd extrapolation beyoriiose areamight be invalid

or of limited value
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We assessed reseasgdfort in protected areas in tropical Asia and Africsing
systematic searches of Google Scholar (http://scholar.google.com). Amdilgsisepatterns
and trends has becora®aluabletool for gauginginterest, investment, aride actiors of
scientiss and the lay public in environmi@al and conservation issues (Skasl.2009;
Mccallum and,Bury 2013yleijaardet al. 2015).We hypothesized that reseaedffort would be
greater in protected areas that wWiarger(hypothesis Hi), older(H,), and gazied (ie officially
designatedasnational mrks {Hs), asopposed to receivingnInternational Union for
Conservation‘of NaturdlCN) designation mandatirglower levelof protection. We also
hypothesized thahe presence of charismatic speciesild increaseesearch interegH,). As a
test case te examine the role of charismatic taxa, wenmetlumargreat apeghereafter “great
apes’) because'they are iconic and threatenedpacduseheir distribution is relatively well
known (Caldecott and Més 2005 Junkeretal. 2012).

Methods

| nformati onreneprotected areas

We compileda‘list of all terrestrial protected ar@ges 565) — in th&1 Africancountries

(Angola, Burundi, Cameroon, Central African Republic, Republic of the Congo, Democratic
Republic.efthe Congo, Equatorial Guinea, Gabon, Ghana, Guinea, Guinea Bissau, Cote d’lvoire,
Liberia, Mali, Nigeria, Rwanda, Senegal, Sierra Leone, Sudan [which includes North ahd Sout
Sudan], Tanzania, and Ugandad twoAsian countriegIndonesia and Malsia)in whichgreat
apes are found,(Caldecott and Miles 2005om the World Database of Protected Areas
(WDPA; wwwiprotectedplanet.net) and otltline and print databases. We gathered data on
protectedarea sizeif square kilometejslUCN management categorgdNational Park,

Species Management Area
www.iucn,org/about/work/programmes/gpap_home/gpap_quality/gpap_pacesggord the

year the protected area was gazeittats currentdesignatiorfrom theWDPA. When data were
unavailabledfronthe WDPA databasewe used data from published scientific papers or reports

by governmental and non-governmental organizations.

Determining great ape presence
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We divided geat apes into four groups: gorillasdrilla spp), chimpanzee®an troglodyteks

bonobos Pan paniscus and orangutan$pngospp).We determined the presence of great apes

in each protected area using a variety of published sourc&alégcott and Miles 2®),

personal knowledge, and correspondence with experienced sciengstatéipe presence could

not be positively confirmed within a given ayege scored them as abséie acknowledge that
there are uncertainties abqast and presegtreat ape distributigrand that somgreat apes

range in‘andout of protected areas, ensuhagpresendabsence data will be imperfect.
Nevertheless,;"we were abledonfirm the presencibsence of great apgem multiple sources

for mostof the protected area¥/e believe remaining errors are few and unlikely to influence

the results,presented here, especially as such uncertain presences are unlikely to have a major

influence on researchers.

Assessing research effort
We used the number ofturned citations (hereaft&nits’) on Google Scholar as a proxy for
researcleffortin each protectedrea. As comparedwith other popular dabases of scholarly
work (egthe Institute for Scientific InformatiopS1], Web of Science), Google Scholar returns a
wider array.of citable materiahcluding conference proceedings, r&t-indexed journals, and
studiespublishedn international journalthat are written in languages other than English (Meho
and Yang 200} We used an exact phrase search opetat@turnonly worksin which thetitle
or text contained the fulgfficial WDPA name; eferencesa different oralternative speihgs of
protectecareanamethereforewould not have been recorded. Although this approach almost
certainlyredueed the number of hits for some areas, any error introduced igdiketyandom
with respect tgreatape pesence or protected amesignation and therefore is unlikely to have
biased our resultén addition becausehe full texs of some older (ipre-1980) articlesare
probablyinaccessibléo the Google Scholar web crawlers, we may have underestimated the
number of publications for older protected areas, but we expect thiscealsobe random with
respect to_great ape presence or protecteddassgnation.

We eonductedlbsearches within 2-day period (1st and 2nd of May 2013) from Dauvis,
California We spotchecked the resultsy usingmultiple computers and multiple web browsers

in Davis as well as by repeating the seardnesy computers in Jakarta and Ketapang, both in

This article is protected by copyright. All rights reserved



Indonesia. Hit counts were virtually identical in all caJestest the stality of the Google
Scholar results, we compared the data from May 2013 to data collected on all paykbeus
same methods in June 2012 and found them to be highly correlat€d996), with a slope >1,

as expected whdmt counts increase over time.

Statistical modeling

Becauseahe-distribution of hit counts was highly skewed, we modeled them using negative
binomial regression with the gimmADMB package version 11.2 (Fouehigl 2012), in R
version 3/1.2R Development Core Team 2014Ve construted a series of negative binomial
models to represent all plausildlembinations of predictor variables and compared these using
Akaike’s Information Criterion (Al¢ andAkaike model weights (Burnham and Anderson

2002. Our full datase(Drui) contained information on 565 protected areas, although data on
protected area size §Rg, Nsites = 426) were availabl®r only a subset of these sites. For a
smaller subset of protected aréBsze.ace, Nsites = 321),we obtained data on both the size and
age (definedra013 minus thgear of gazettingt its current statyisBecausaifferent amounts

of informationwere available for these three d&ta, each dataset was analyzed separdiety
Dsizesace, We built 36 models, whicimcluded combinations of variables on protedeeh size,
age IUCNsstatus, presence/absence of gapats, number gjreat ape taxareatape taxon
present, and a random effect for country (githeat there are substantial differences among
countries rterms of the ease and costaacess and obtaining permits, political stability,
infrastructure;sand scientific capacitebTablel). For Ds;ze, we assessed the same models as
for DsizeacerWith the exception of models that included agenf@dels; WebTabl&). For

DruLL, We assessed the same models as §geDwith the exception of models that included
protectedarea size (A models; WebTable 3).

For.each datasewe repored model-aeragedusing AlIC weightsp coefficients and
standard error6SE)for each predictor across ttap modelgie for which summed AIC weight
>0.99). Because some predictors for tHea$ ofgreat apes were redundant (ggatape
presence, humber gfeat ape tayawe alsopresented weightefticoefficients + SEaveraged

across onlynodels that inclded thes@redctors (WebTablet).
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Assessing taxonomic focus

For a random sample (20% ot:, n = 113) of protected areas, we used simple decision rules
to assess the taxonomic focus of all returned hits based on their titles. We classified hita based o
presence of specific words in the title faldows: (1) great apes: the title contained the word(s)
“ape(s)’, or.the.common or scientific name of a great ape tawh (heexceptionof titles
mentioning,“lesser ape(s)” ostall ape(s)’whichwere exluded); (2 primates: the title
contained™primate(s)”or the common or scientific name of any rgreat @e, non-human

primate taxon;(3) mammals: the title contained “mammal@)the common or scientific mae

of any nonprimate mammal; (4) birds: ¢htitle contained “bird(s)”or the common or sanéfic

name of any bird taxon; Iplants: the title contained “plant(s)” or “vegetatipnot the common

or scientifieslhame of any plant taxaor the name of any plant growth form (&gna(s)”,

“vine(s)”, “tree(s)”); (6 other taxa: the title contained specific reference to anyhnoman
taxon,with theexcepion of mammals, birds, or plantand(7) other: none of the above. We
scored papers as fulihg multiple categories if their titles contained tiplé relevant keywords.
Although Geogle Scholar reported the total number of hits for a search term, the maximu
number of reults listed for searches waB0D. For four of the sites that we randomly selected to
assess coaht, hit counts were >1000 (1110, 1150, 1230, and 1ah@)therefore not all hits

were listedFor these four sites based content analysis on the 1000 listed We modeled

the hit counts for each taxonomic group separately, using the same methods appliecaia our m

analyses.

Results

Researcteffort variednonrandomly across the65protected areas our sample The 17 sites
with the highest hit counfzrovided more than 50% (B®9 of 52502)of total hits returned; the
top five sites.in Africa and Asia returned 33.8% and 44.3%, respectively, of the tofaf hits
thar region..No'hits were returned for 36%< 185 of 512) of African and 21% € 11 of 53)
of Asian pretectea@reasand57% ( = 295) ofAfrican and38% ( = 20) ofAsian sitesreturned

fewerthan fivehits (Figure 1)

Model results
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For all threedatasets afew topmodels(ie models for which summed AIC weight >0.99)
emerged; these are listedWebTable 4All top models contained predictors reflecting giegae

presence, protecteatea status, and a random effect for country.

Testing of thefour hypotheses

Hi

Protectedarea’size appeared in aflthe top models for both datasetsvhich it wasincluded
(Dsize, Dsize-ace). As hypothesized, theffectof protectechrea sizavas positive, although the
magnitude of the effect wasuch reduced in modetisatexcludced national park age/NebTable

4). Figure & showgheraw hit countdor Ds)ze.

H>

We hypothesized that older parks would receive more hits; although age had a pd®tve
some of the top models for the datasewhich it was includegas predicted (Bizexce;
WebTable#kthe magnitude of the effect was small and the  + SE included zero, indicating

weak supportifor bl

Hs

IUCN categoryhad a strongffectin all top models, agredicted Across datasets, national parks
received consistently higher numbers of Hitzn did other types of protected areas
(NnaTIONALPARKS = 152, NoTHER PAS= 274; Figure 2compareghe raw hit counts for Bizg). In

the top modelor Ds;ze (M19), national parks returned 15.2 times more hits than did the other

types of protected areas (a result that was consistent across top migtets2d; Welbable4).

Ha

Great ape presentad consistent and strong positive effects in all top models for all three
subsets of .eur dat&\ebTable4). For instance, for Bzg, sites withgreatapes returned 3.10
times morethits thadid protected areas where they are abfeBkeswitHares)= 160, Nsites
noapes) = 266;seem5in WebTable4). The best models for each datasetudedseparate terms

for theeffects of each great apgexon and the magnitude amank order of effects of specific
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great ape taxa were consistent across thWgab(able4; Figure B depicts raw counts as a
function ofgreat ape presence fogkr). In the top model for Bz, the presence of gorillas had
the strongest effect: gorilla (only) presence was associated @&t2#old increase in the
number of hits (Nires = 4 protected arepdollowed by orangutans @\es = 17, 3.85-fold
increase), chimpanzedsdres = 100, 2.34-fold increase), and bonobos{f = 2, 1.42-fold
increaseFigure 2d). Parks with both chimpanzees and gorillag£A= 37) showed an increase

that was intermediate between the effects of either species alotiel@dricreaseFigure 24.

Taxonomic focus of returned hits

The most eommon taxonomic contehteturned hitsvas great apes (30.7% of the taxefated
hits in our random sample of sites), an unexpectedly high number givéawttexa in this

group. This fact coupled with the result that the next most common subjects weginuate
mammals ad non-ape, non-human primates (23.6% and 16.8% of taxon hits, respectively) —
indicates that most tropical research is focused on a very small subset of taxa: oviétadf71.
hits were related to mammals,@snparedvith 5.9% for birds, 11.3% for plants, and 11.7% for
all other taxgFigure 3) When we modeled hit counts for each taxon individudtig,kiest

model foreach taxocontained terms for protectedea size and IUCN designatidrne
presence.of'great apes in a protected area was not a predite@itop model for any other
taxon.These results were consistent regardlesehafther the four sites with hit counts >1000

wereincluded or excludetfom the analysis

Discussion

Our resultsshow thatresearch effordliffers markedlyamong protectedreasn the paleotropics
and that iincreases with protectetea sizeis substantially higher inational parks than in
other types.of protected areashigher in protected areas containing great apes, and varies
greatly depending on whidreatape taxon is present. Analysis of the taxonomic fadwasl

hits for a randomly selected subset of protected areas suggests that yasdelesichd orgreat
apes followsthe same patterns seen irboo@der analysis; research on non-@xa is also

biasedtoward large national parksitis not predicted by the presence of great apes.
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Unexpectedly, this findingndicates that the research stations and associated infrastructure often
built to support research gneatapegarely facilitateresearch on othéaxa.

Hit countsreflectthe amount of scientific information available fogisen protected
area but we suggesthattheycan be used asreasonable proxy for research effort more broadly.
The correlation between on-tiggeund research presermed researcheffort, asmeasured by
Google Scholar hitss likely to beimperfect dugo potentialpublication biases (egxonomic
bias, favoringreports of species presence vemsisence)limited availability of older
publications;andt differencesn incentives for scientific publicatidmetween contries,
research teams, or scientific disciplinfevertheless, ware confidenthatthese potential
biasesareinsufficient to explairthe broad, consistertfects we report herand thus &
interpret ouresults as a reasonable representation of the distribution of research effort across
protected areas tropical Asia and Africa

We usedjreatapes to assesiseeffectof thepresence of a charismatic taxtut we do
not claim that the taxonomic biagweport here is confined to great apes or would apply
everywhereOther charismatic taxaill likely elicit focused interest; for instanamnservation
efforts are generally biased towdatige bodied mammals (Magiet al. 1994; Sitast al.2009).
Nevethelessgreatapes represent an excellent test cgisen that they ofteserve as key
justificationfor the establishment of longrm research stations and armajorfocusof
conservation fundraising effortéd/e note also that ia small number gbrotected areashe
presence of great apes may be the result of researcher presgmoerely the caugegwhere
research stations act as refugia for great apasipbellet al.2011). Finally, we acknowledge
that he number of sites containing bonobos and contaiminiy)(gorillaswassmall, sothe
specific effects of thegaxashould be interpreted with caution.

Our results are important for at least threlatedreasonsFirst, they indicate thahe
distribution ofresearch effort iprotected eeasin the paleotropicg highly skewed toward a
very smallset of sitesDisproportionate or unequal sampling is suboptimal when trying to
uncover bread patterns or trenti&aftin et al. 2012); when interpreting broad statements about
the tropicsthe asociated data sources should always be considered

Secondpur findingshighlight major gaps itheallocation of research effort and,

consequently, important knowledge gaps regardiadiversity in tropical protected areas.
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Indeed, onehird of Africanand onefifth of Asian protected areaBd not return a single hit on
Google Scholar, and the majority did not return enough hits to fill one browser page (Higure
Increased archiving of “gray literature” on websites searchable by Google Sebaldrsurely
improve the availability of information on many areas, but research efforteargetingpoorly
known areas.are also required. In addition to filling knowledge, gapmtific investment at
sitescurrently lacking a research preseooeld informmanagement and promote protection of
these area@hrendset al.2011).The mere presence of researchers erance conservation at
such unstudiedites (eg Campbedlt al.2011; Meijaarcet al.2012; Laurance 2013), but in order
for the additional research effort to have maximal conservation benefit it waddméridge
well-known: gaps betweeronservatiorscience andlirect, on-theground conservation action
(Knight etali 2008; Habeétal. 2013).For example, researchers shoatttiress questions tha
have concrete relevance for conservation policyvamidk directly with protected area managers
to ensure that recommendations emerging ftomservation research are implenaeht

Third, our results raise the possibility tisatentists’'understanding of the tpacs is not
only limitedbutalsobiased. Most of our understanding of tropical ecology defrees in-depth
and often lengermresearchHocused ora relatively small number ofell-studied sites. We
tacitly assume that principles learned andcpssesdentifiedin these sites characteriather
areasbut.this may not be stVe have shown that research effort in paleotropical protected areas
is disproportionately focused on extensive national parks that support populations of a large
charismait.taxon, the great apeshdse sitesnaydiffer systematically from most protected
areas in otherways as wdlbr instance, national parks generally receive more funding and are
better managed than other protected afig@Quistanet al.2006). Extrapolaon fromcurrent
paleotropical knowledge, which lmsed almost entirelyn research conducted anly a handful
of protectedareas that are probably not representative of protectedraceagienerallyrequires

caution.
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Figure captions

Figure 1. Accumulation curvedepicting the perceageof total Google Scholar hitor African
(n =512 proetectedraas, 4325 hits) and Asiam(= 53 protected areas, 8368 hi&esas a
function of the humber of protectareas. The-axis lists sites in decreasing ordby their
number of hits (i¢he site with the most hits is listed farthest t® lift). In Africa, the top 1%

of sites aceount for 85% of Google Scholar hitsAsia, the top 10% o$itesaccount for 46% of
all hits. Thestop 20% of sites comprise 95% and 73% of all Google Scholar hits far &ifidc

Asia, respectively.

Figure 2..600gle Scholar hits as a function of protecesh size, greatpe presence, and
protectedareadesignation, using dataseg . (a) Google Scholar hits as a function of protected
area sizeqquare kilometers =426 protected arepsSolid symbolsrepresentnational parks

open symbolsepresent other protected areasay@rianglegepresenprotected areas with no
great apestireles indicate protected areasntaining gorillas (green), orangutans (orange),
bonobos (red), chingmzees (blue), arlabth ciimpanzees anglorillas (brown).Tick marks to

the right of the Y-axishow hits for all protected areas lgreat apes, following the same aolo
scheme(b) Boxplots of Google &olar hits, ordered from left to right by increasing median hit
counts; X =no.apes, C = chimpanzees, C,G = chimpanzees and gorillas, O = orangutans, B =
bonobogpoeints are plotted as= 2), G = gorillas(c) Boxplots of Google &holar hits for
nationalparks,and other protected aréB#s). (d) Dot plots of backransformed model B

coefficients and their standard errors. Plotted values indicate the multiplicative increase in

This article is protected by copyright. All rights reserved



predicted number of hits for a paakcomparedvith a non-national park protected area

containing nayreat apegcontroling for protectedirea size)

Figure 3. Taxonomic content of Google Scholar hits for a randomly selected 20% sample of
protected area$1 & 113 protected areas, 10 148 hits). Horizonaas Indicatehie percentagef
hits for each taxonomic grofpg23.6% of hits are related to ngrimate mammals)he gay
line indicates'the cumulagvoverall percemageof hits (egmammals- apes, noprimate

mammals; and'noape primates-together comprise 71% of all hits).
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