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RESUMO

conversadao de habitats nativos em areas ag
obal de Dicahitgeeadsa ed aedxet.ens do ede r adteegs as ul
nservagBAdoi guem prodmxzrawt eamggdac oda ioondi ver
rvi cos ege stsarsrit@&mi nRyed SiIALINE,68 N gr uE © O

ol 6rge xcmesndem a expansédo agricol a, sobret
tencial de favorecerdiaversdsti vs eldasle. agmi
el has desempenham um papel f mmd deverst a l

Il tivavei s, et asomvceosnptarso | seo chiiaoilsd,gi co de i
ntido, estateeemodebjdeuitwoadovestigar <co
ciais redpdndemdeosmastpeeceammggif edbl asest a
ccaaubruca do sul NdadapmBiameiarrbo Becapfifaetb, of nt
ricultural matrices on the biodiversity r
v'i,e venvOasl ioaneofsei t o de matbriezas adbgmid@milcasa e
pécies de abel Hass em papdeon goeegsl coabgoe i caoma r
stemat tama@ .l N easestgaundo capbpetbes intchnésasd
undance of soci al wasps (Vespi dae: Pol i
roforests (Theobroma cacao Lno)s icno nsdouuzti hreor
tudo @&ens acpyieted syeont amos a primeira | ista d:
gi stradas em agroflorestadlodéeecaeauvnosombpiti
t 1 tlualnaddsoc a*pe f or e s to nctoevxetr sahnadp er etghieo ncaoln sce r
aded cocoa agroforest’s fnodrs baeveas i amds soc
nservacao das sgmlifptaardae sat adsi vdeer sciadcaadue t a X
ta) de abel hasmerredesapriiess Geonctieasi sf | or est ai s
O paapcedbedt yerm dd waleasd adlegipamalagn@mul acao
sposta dMNostqeusarithosadgrotsul o, Taixmtniotmi lca dlda ver si
es and soci al aqars@fsorn ens tsdh aide ds taogeod by en:
mul ti pl &npéipmvtasatli gsacnablese soasn eejfoe,i teosd r ut ur a
coberteohrél aredswvelrsi dade taxondmica de
rofl orestas de ¢ ac a\uw sssoonsb rreeassdud tdaod ossu |d edreo |
esar da agricultura representar uma ame
rofl orestas de cacau possuem um alto val

ciai s, desde quee/nmauntr elqaisd eesm cpoam salgtear sc o



Considerando o atual cenari o de-amutdaanmegcnat ed o
relevante para a co0HRe eox vaactdoo vdaal obri oedci ovl edrgsiicdc
de caazldwmuuca, sugerimos que o0 incenftivo a I
restauracao de habumatmediada vebetireaprpaeat

bi odiversidade, com beneficios smudt emc iBaihd ap

Pal acehasAeg:;r of |l orest a de cacau, conservacao
bi ol 6gico, ecologia de paisagem, matriz agr
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ABSTRACT

he conversion of native habitats into agr
| obal bi odivefsthg | asge é€rtenewof arabl e
hat reconcile agricultural production with
ervices are becoming urgent . To this end,
roups ragmpioaudl ttwr al expansi on, especially
awo agricultural productivity, such as 1ins
ole in the pollination of native and cul ti
otrol of insect pests. I n this sense, this

wasps respond to the effects of-caabgrruiccaul t u

a

groforests i n doauttther f iBahi a,habrtezi, | ent it |

matrices on the biodiversity metrics of bec

e

- —+ T O O n — o
o T O T S O d® O O T

n

valuate the effect of agricultural matrice
n agriculdsurat¢rdsasndsicapgl obevi ewwranud h mat &
nal ysi s. Il n the second chapter, entitled *“
Vespidae: Polistinae) associated with shad
out hern Bahia state, Bramiwhi,chwewe omrdeuscen ta
i st of social wasp species recorded in sha
i rd chapter, entitl ed “Landscape forest
nservation value of shddedccatowaagsbf owe
nservation value of shaded cocoa agrofor
ta) of bees and soci al wasps, in relatio
rest cover, at | amdmsadwpleatainmg rtelga ornead p crcsa
the fourth and final <chapter, entitled *
aded cocoa agroforests is shaped by env
ales”, we invfesmamademdernthe ldbietcdats ot ruct
e taxonomic diversity of bees and soci al
hi a. Our results showed that, despite a
iversity, coecoa &agrghf crosmstes vlaed i on val ue f ¢
ng as they are maintained in | andscapes
sidering the current scenarhiogholfy |raenlde was
or bi odi veat s-Dahryd ctomes e hv gh ecol-ogbcata val

groforests, we suggest that encouraging th



the restoration of native habitats, repr e

conservation, with potenti al benefits for ¢

KeywoAgisi:cul tybabdimaemrgixty conser goactoiaon, b |

agr ofloaanedsstc ape ec,olpooglyl,i nparteodrast or s



| NTRODU¢CEO GERAL

O desenvol vi memd u ldtao @a gemcturl arugfaor macodes
hi stdéria humana e contribuiu néd8o apenas pa
nossa espéci e, mas também para mudancgcas su
abi 6do cpbAmesar de ter iniciado ha cerca de

uma expansdao mai s acentuafRamamient ey nets al i

Em especi al, com a chamada Revolucadao Verde
passou a contar com inumeras novas tecnol c
producao ateée emTidlomampetatcolmdve@®&®lndo i nclu

Ssurgi menpossdneovveamaer a, ¢ WAbher sp aoé.n dAwprensearr 20
do inquestionavel papel da agricultura par
mundaralpi da expadosm@&otagr debladaes sobdestes pol
novo model oade ecosdsacfioamas muito bem docu

Rachel Carson em sua c¢cl dassica e marcante ob

Di ant e da vi sivel morda tf y rcaedgsdha etdado paao
onseqdénaitavi dadesscédhogopi ®masconservacioni
uestionar a magnitude e a extensao dos e
ol 6gicas e processos ecossistémicos. Tal
urgi mento da Eqwukbpetni da Pamprgemder c¢como

a composicadao da paisagemndaaf etsgpmrcall eapcaddersa o

® ® »w T O O

L T
c O uw 9 0O O

ol 6gicas eategeo g iYatnag gasw S20Wb) uma &adrea d

-~

| ati vamente recente e que |ida com sistel
i sagem ainda carece de model os mecani ci st

predi¢cdes de seus model osdaeériotogi aApe

~+

rnado indispensavel para nos ajudar a |

mani dade no sécul o XXI: como conciliar p

O

odi versi dade?

Anos de conheci mento acumul amdan wetme t@admm ¢
e espécies nativaseswml tparirsmgems dagsi cdlas

mpl ament e sckipsaa(lagchadoa $ ppa eciomgp a r tdiel h &menrdtso (

d
a
sha)innggpadacderras propbdbe que a intensifica
o aumento da produtividade, reduz a necess
a

areas de cultivo, favorecendo a ((PPRleslearnvaca

p



2018)Por outro | ado, a partilha de terras p

producadao agricola com a conservacao da Vi

conservacdo déPearfreas odanduiVBndat medo aoawa)

d

e

crise gl oballPodat sbieaotdiavier s2i0dla@,e Betmos etor

guestionar o fato de que manter e restaur al

d

a

acao humana direta é uma medi da neces

funcionali dade dos ecossi s(tkedmaasr desm eumaal es c

Entretanto, se considerarmos que tas réersetarse a

a

e

0O conggdlaafdtdaataon k utty at palopo206@8do compar
rras deve ser considerado um dos princi
odi vgrEdildadeet al . 2018pbMelt odeteml reiOd

( Ar rRooydor i guez. et al . 2020)
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De acordo comastpea sgemcdsaernvwacado da vida
i sagens agr igud¢ penéeudiedeisaéi os f atores
calas espaciais. Como passo inicial, comp
pécies de grupos bioldgicos chave para a

senci al . De nntirsemopso,t ean c“ihaiipsé tneescea da quanti

mpl ament e zada para explicar a diversidade

mue independentemente do numero de mancha

e
I

ria opmpedinttcompada diversidade ((Matésm@ciees
).20Rploi ada naaredacd@dmaecedpeciel acdes mai s
ol ogia, a hipoé6tese da quantidade de habi't
sponde positivament e Faharigga RDelLr3dadbnt at d
ssa relacdao também depende de uma série
matriz na qual esses habitats esté&o inse
de ser defi ni da-hamimoata’ , dtrqeuaer egeaurl‘@anadneche ¢
t r pBiocsacsol o ,ete adue 2a0plréelsent a um papel fui
rda de espéci egsGasmoumat pail sagledn® 9 PoBoesi
empl o, uma mat(rie. decamtal gaapedmegdabilida
vorece O movi mento dos organi smos entre

bitat supl ement a¢ FpharriagPoil@ Gh)pb ps at medmn g ¢
alidade da matriz aumenta, péerddemapbabdbatu

ndam aisneérndgeswoossr ecendo a retencadao de um |



consequeta epedd egra@cesspOGakkemté dgetcoasl . 2019;
and Riva 2025)

Diante da reconhecida importancdasda mat
espéciec®l ogos e conservacionistas tem i nve:c
como aliados na mitigacadao dos( Rdrefid otso na&md

Vander meer -RO6AdOighAerogtymal ve200r si st emas
i ncorporam componentes arboreos, resultando
para mais espécies comparado a monocul tura
efeitos negativos da eepan@Qallagy i and aBisok
2022)Um maior valor de conservacao é atribui
mul ti plas espécies arboéreas, i ncluindo esfj
econb6MmGammadri gues .etEsale. é20021gaso das agro
(Theobramao) sombreadas na Mata Atl antica
conhecidas cdm@asSanbr ec&®mti e 2090 ma se car
associacdao do cacauei(rbFi gecuornpm da&bmeg@kale mes ge
arbdéreas e de grande porteeopmumeasedapMasta
espécies de arvores eXetvibaaass,i)l,cemsij aaqweirri
(Art ocletpairso)p hdyelnltursea r au tsrea s ,c 0 n sai gdreorfal doar ecsatbar u
cacau deve conter no minimo 20 &arveoecoem® nat
previ shheoc rpeetloo 1P olr8t0a/r2i 0Oal 4CA0/ nl jNUENM Aad NE & D 3
abrdied01®Bsta associacao resulta em um siste]
estrutural mente complexo e economicamente Vv

sistema amigavel um bxedp'V drashidicha@éeasgga a e gi at

al . 2006R0,drGagmuae s. et al . 2021)

Por volta da década de 1980, a regiao s
regi d8o cacaueira do Brasil, responsavel por
producdao global. Mas em 1989, co+dea uxhae gada
(Moniliophtho)y,a Permrnad wtsiavi dade dessas a
vertiginosamente. Os impactos econdmicos as
f ol um dos principais fatores responsaveis

cacaeeiardoa¢cadao de sistemas (dAl gerodargd oCanlad as
Cassano et Aanda2@g8%8) m, a sc aabg ruccfal ocari ensdtaa sr edoe

um dos principais tiposbdamag sso domeo 800 pd o8 a
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Fi gdAgr of l oresta de caccAgwomsemaldneado (cabr
maigorrde manej o



; ;,;5'1 et \
FigefFratografias a&aAduma sadmafilcamaot a (de);B)ammarw cud rt
de eucalipto, um dos princibBbahiGaptais(hagede deso i de
gado, adjacente a wuma agrofl e(e¢extae ndsea caagcraouf | ©
sombreado (cabruca).

Neste context o, oaomiparoj das Eabr u
(https:// www. yout ube. c oo mdaumea hddov 3 VEEbtbor Zavt row 9 G
Ecol ogia Aplicada a Conservacao (LEAC) da
(UESC) , busca compreender as relacodes ent
ecossistémicos e produtividade no sistema
contexto espaci al e a int aggs ioff il. dba@ & d a d o
especificamenaweal ioa@ao odieeittorf dtseédmrcii @scoibpraci s pr

0

padr des de biodiversidadg @aspraceassesi £fcio
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rof |-egpreessatrasda definicdo de cabruca prever

tivas por hectare, essas agrofl orestas ap
numero e diversidade de 4arvores sombread
| ost presd,u que consi ste principal mente n
cagembaoguwmobda e desbaste de cacaueiros e

ndem a apresentar uma grande varieamgao ent

cal a decomasiisdeerednd ® pri nci pai s determi nant e

m pai sagemss qauyird ®adtewgxdecamo papel da vari acg

manescente fl|l or déstodldga griac foldasr adstewdsus c d ade
i) cont-eaxtom dagivamalacadao emeas dael &-sd a dma ids
mi a das Cabrucas abrange trés i mportantes
nNtexto predominante deMmoder adbamdl)gr e At ad .
rresponde aos muni cdappiroess echd al luhméau sp ree d @ mu
rofl or esctaagbst AiIceag c ad aalrtegmeérnt ¢ fdquoer lesit ada

nicipios d&abdnha,tlemz actwacoa per i nci pal ti po d:
vegetacao des Madiaa lAmdRensgeBdwal i6djo ca de Una
fugi o de VUda, Sqguleesépeesentam as mai ores
gFApal mente, a terceira, reuwd daobr(asreg/e raasmenmt
Bel Mastet e, Canavieiras e Il tapebi, apr

| vicmonawaocwl t ur @ ¢ @seesatcianlaidpot 0d))kca iraecchiod ad.e ¢

At é o momento, mul ti plnoos ptraoxjoetsee dEoada@sn i
brumad ave€abr al eatépale.i s2((Qdayndirtpeso set al
25 e procesgéBGaseandbogi chAdnt D 2dt, Arauz2®21;
al . 2024; Ba&andeorApe2ddmd Masandtid erentes r
Xons investigeditsnonsstrasoeguedms caract e
il sagem e regiao de fato s&do i mportantes |
mbém demonstrado por estudos anteriores,
pel na conservactiopl!das(dtiadgrre sas iacdald B adiengraw It
rreira etMas . apO@f2@rodb256daot potaeqrcofallor es
consdavacaddiver piaped eed a caomhmrntexdaso espaci

estao ipmse@ariadasonservacéadao dos insetos, em e

Ant hophila) e vespas sociaisdé¥esphdaedoPol



As abEeFihgasi@da ®)s principais agentes de pc
um processo que garante ou favorece a repro
(Ol'lerton. eAl@am. deO0gayantir a reproducao
ecossistémico de polinizacadao ofertado por
(Kl ein et al. 2003co@®auimbahdreemenab. s20&31}) i
de dol arnres Bfo@is atnoi ni,eceetr @RAB-5d7&i0ILBJes ,de dol a
em todo (cdcamurecddach et al. POL2puPobt $adb, a
soci(aiisgur apo3pul ar ment e conheci das cC omo ma
predadores que participam ativamente no con
de estudos que estimem o valor do control e
certamente exler temdamenpape na regul acao d
ecossi stemas n(aBruacak se.te Redgrt iax ®2da)sma , compr e
abel has reespeapde&mnver sao de habitats natiyv
fundament al nadao apenas para a proposta de
também pemrsai fa ciagtio dos servigcos ecossisté
bi ol 6dgico ofertado por esses insetos, com

ecossi stemas naturais e agricol as.

Figur aNi3ndhe@d)gi opmwmdlylbemenstrui do emhemi dacau
popul arment e comdaenograiensbtoan déo g ee 4 peaciise de
abundandgerodmoresttadr @ledi nohoaudes edneelr @as
Scaptoxanglboacbobarui do em uma &arvore sombr
de caalmuuca.



Diante de tal perspectiva, esta tese de
mo abel has e vespeadseistoocsi alies nraetsrp oznedse ma ga O S
rofl oresbbsudea dacawl da Bahia, Brasil. E

uatro capitul os:

N o pri meiro c a [kif tf wlca, oif nta d¢ruil cadlot ur al

bi odiversity metrics of begé€s (nHysmerneoapl ti ezraamo
revisadao bibliografica de estudos que compar
de espécies entre habitats agricolas e nat.
por esses estudos (n = 32)t-amalsi stea ntheénm wer
subconjunto de dados (14 estudos e 38 C
consi der amos npooddeernma diom felsu egnucei a r o efeito d
incluindo o tipo de resposta avaliado (abu
floragcdo (com ou sem floracdo massiva) e ¢
agricola, bem abmouateegedad@f)ropi qual o0s e

No segundo capSpeadioes imitachmudsasgdoantd abul
wasps (Vespidae: Polistinae) associated wi
cacao L.) in southemmsBahlinal ugzti antoes, ubBmr a&zit lu d
apresentamos a primeira |lista de espécies
de cacau sombreadas no sul da Bahia e discu
para radieeess dagdei "eet os

No terceiro cdmintdslca,pei ftoirtesltadcmomver an:
shape the conservation value of sHadedscoco
avaliamos o valor de <conservacao das agro
taxondmica (al fa e bet a) de abel has e Vo
remanescentes florestais de Mata Atl antica.
consaedw das agroflorestas depende da cobert
regional

Final ment e, no quaMutlot icsacpailteu ldor,i vierrtsi toufl
species richness and compo’s,i tnds ii mv esshta dgead
efeitos das caracteristicas |l ocais (estrut:



composi ¢cdo da paisagem (cobertura florestal

e vespas sociais em agroflorestas de cacau
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ABSTRAB@Griculture has been globally respon

that bees are &iewempoiltly nrag buct,i admmedan affec
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d agricultural producti on. Al t hough agri
rvasive to bees, these effects are not a
aluated parbametgamps. wEo cfoinldlucted a gl obal
mpared bee abundance and/ or species richn
addition to describing the overall patt
nduct each adwimtdlisaa subset of data (14 studi e
i s, we calcul ated the effect size from
ri crudttiuwee habitats. We <considered moder af
cluding respiomget ygpe,cfopw i fe cycle, an
| f of t he studies (50 %) concluded t hat

odiversity metrics of bees. I n compari sol
served a posalieéfaod, neespectively. Thr
ried effect (positive or negative), depen

abundance) or the managamahysianteuppoyt
ndi ng bayn roevveeraallilngnegat i v@. £3-0 elé@®.; 1(0g)e,ner a
pecially for abundance. Negfalt o wer iefid ecit e p
renni al crops, and temperate regions. We

-

ossglténbe should maintain native habitat

entially contribute to the delivery of e

KewordkBiodi versity c onsferriveantdiloyn , mabtira dcievse, r ¢

pollinators, species | oss



I NTRODUCTI ON

Agriculture is one of the primary peryv
worl dwi de, responsi bl e for convmrdtiifngednat
| andscapes (Newbold et al ., 2015; Campbell
agricualrttearsalal ready occupy moree thamd as utrhfi
(Ramankutty et al ., 200 8; EI'lis et al ., 20
suggest that the demand for agi0dwulbtyurz®I50I| a
(Spri ngtmaah. , 2018) . The expansion and i n
comprise the primary strategies employed t
negatively 1 mpact biodiversity (Zabel et z
agricubhbhndsalis expected to occur primarily
2014), which directly contributes to reduc:
including terrestrial insects (van Klink et

Agricul tur al expansion and intensificat
| ocal extinctions, Il ncluding species that ¢
Wagner 2021). Since insects provide a wide
cotr ol and pollination (Yang and Gratton 2

i mpact the functioning of native ecosystems
agricultural productivity and arne driefsfpeornesnitb

crops due to their provision of ecosystem

exampl e, around 87 of the top 115 crops p
pollination (Klein et al., 2007), olneddi ng t
~US$387 billion annually (Porto et al., 20
main pollinating agents of native (Ollerton
Paz et al ., 2021) plant spedimasi, ntpdiaryiimg ma
and agricultural ecosystems. I n fact, t he

productivity varies according to the degr e

(Gi annini et al ., 2015), bandi mbgeamamale, exmn
positive effect on crop yield (Garibaldi et
Al t hough sever al studies have demonstra

agricultuseatypasdsurrounding native habitat
Ferreira et al ., 202 2; Ockermiul |l ere etotal



al ways consistent. For exampl e, agricul tur;
bees than native habitats (Schuepp et al .,
may vary depending on the typegof rdapdasee
or species richness) (Briggs et al., 2013;
failed to detect a significant effect of ac
al ., 20606B8;t unerertalatla , o2024) . t bt emphabkbsaei mp
(Hoehn et al ., 2010; Al meida et al ., 2020)
et al ., 2020; Ferreira et al ., 2022) on bece
of crops. For mxsasnmpuye,flcowersi wg tdhan benefit
they offer more food resources (Westphal et
perennial crops present greater stability t
t hey exlpemgemcgeri ods without di sturbances,
pl anting and harvesting. As a di-recmh r es.tL
establi shment of bee nests, which is |ess
al ., 286y4and®aBicknell 2022). Furthermore, b
regions (Millard et al., 2021), as communi't
suscepti-ose tbhbhahges than those in temperate
Mi |d aert al ., 2021) . Therefore, understandin
affect bee diversity globally is wvital t o
conservat imondiifni endu thaanndscapes.

P
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d
a
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a
v
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g

Her e, we performed a comprehensive gl o
atterns of bee’'s biodiversity metrics in b
ubsequently -paafygsemedwat meaasubset of stu

aba the type of response investigated (al
vailability within the agr-ftaoweouralp matnox
| ower icnyge)l,e loiff ecrop (perenni al or tdarmenual C
tudy was conducted (tropical or temperate
gricultural matrices on biodiversity metr.
ariety of food items and nesstd negx pse ctteesd :wiit
tronger negative effect of agricultural m
iven the greater sensitivity of certain sp

agriculture (Kleijn etesalc.a,n 200l 5Sbhenewhitleed te

b

ecome hyperabundant i n disturbed | andscape



negative effect of crops exhibiting massi Vve

food availability (Diekotter et al ., 2014) ;
to perennial crops, as the f drlmerhmexhi lintd It
survival (Asbjornsen et al ., 2014; Oakl ey ¢

negative effect on bee biodiversity metric
regions, considering that sternospiitciavle ptool |ti hea
di sturbance (Newbold et al ., 2020; Mi Il ard

MATERI ALS AND METHODS
Literature search

We first performed a comprehensive | ite
database (www. webofknowledge.com), aiming t
August 2023 t heftf d cntv eosft iaggartiecdu Itthuer a | matric
abundance and/ or richness) in croplands. Fo
wor ds, i n Engli sh, |l ocated in the title, }
(agricul tuomr* ORR prhatnrtiaxt iOR monocul ture OR p
OR crop*) AND (abundance OR richness OR "s
ended up finding 2,836 articles. On 20 Octo
on Googl e Schorl.agro o(gh tet. cso:m)/ stcohopat enti al ly
studies and reduce publication bi as by ir
di ssertations). For this, we used the same
and Spanish. Ceo nnsu nalbeerri nogf tshteudiaersy f ound i n
(in total, 83,200 studies) and that our sea
l i mited our search to the published researc
(Lisébn et lahm.ade@iOR2i09dn, we identi f ipeadget hat

range) presented studies unrelated to our t

i n searching for articles. Therefore, we en
Portsey and Spanish). We also included dat
our study group, one of which was publi shed
the other two are unpublished datati®he fir
of orchid bees (Api dae: Eugl ossini) i n she
remnants in southern Bahi a, Brazil. The be
baits (cineole, eugenol, wvanill irns, aatn de anteht



site sampled (see Ferreira et al. (2024) fo

dat abase corresponds to the collection of
Cerrado remnants, in the central .rdgiO@2m)of
for more details about the study area).

Screening process

As inclusion criteria, we selected only
at |l east one agricultural matrix (treat men
same regional cont ext ; ii) used thel ;same sz
and ii1i) provided data on the species abun

control groups. We excludetdustludhadbi-that (isu

natural pastures intended eit hudrt utroalr aiinstienrg
as a control habitat; ii) considered catt]l e
at the environment al edge (i .e., <50 m fro
matrix, because this sbhodetdrmtaecehmakes
in this transitional area are in fact ass
agricultural matri x) ; and iv) represented
mo s t recent study). beoe sudmnuwdeyrs ddhradsspetrifr
calcul ated the mean and total dispersion of

studied period.

After reading the title and abstract 0"
Science database and the 600 studies from
Engl i sh, Spani s h, and Portuguese), we ende
readi n3g2, aorntliycl es were considered potenti al/l

based on the abovementioned criteria. Ho w
information (i.e., mean ofandigpiessi daht val
requestaecd ftmemdthe corresponding authors o
respond to our request, even after we tried
perform the data analyses with the total r
sear clhn summary, al | 32 selected studies we

14 studies (with 38 conRapnaarliyssoinss ) ( PFwegr.e 1usat

Suppl ementary Table 1) .



Studies identified through database searching (n = 3,436)

Web of Science (n = 2,836)
Google Scholar (n = 600)

Studies excluded

(n=3,173)

(Studies not related to our objectives)

<4+—

v

Studies excluded

> Review study

> Used semi-natural habitat as
control

> Did not sample native habitat or
agricultural matrix

> Collected only at the ecotone
between habitats

> Did not allow us to extract basic
information (i.e. mean and/or
measure of dispersion)

Potential studies (n =263)

Studies related to our objectives

Unpublished studies

Fi g-Dilagram of the

and

-mpbabhysis (n =

abundance

Af— (studies in progess)
(n=3)

v

Studies included in the meta-analysis (n = 14)

Studies reviewed (n = 32)

Comparisons (n = 38)

stages of selection and excl

14)

evaluating the effects

0
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[] Notincluded in meta-analysis ™ Negative effect Afrotropic - Nearctic N
O Included in meta-analysis == Ppositive effect Australasia [ Neotropic 7.\
" Null effect  Indomalayan Palearctic &
Fi g-Gl2obal distribution of the 32 studies wused
represent, respectivel vy, the 14 studies includ
analysis. The effect of agricwhtahal maanriconath L
of the reviewed studies, -riesd r=epmegatnit\wa, blyl ud e=
gray = neutral. See Supplementary Table 1 for ¢
Exploratory analysis and data extraction
From the 32 studies that met our inclus

each one according to the evaluated effect
met Ficse., positive, negative, or netutircal , b
bees were not disregarded, since not all st
i nclude exotic species or provided a data s
classified and quantified a&ltli c32 odt wadieesagad
matrices, i . e., i) fl owefsfilrmogvetry pregy) ¢ Ima s g f fl i 4
crops (perennial or annual crops), iii) tyj
type of agricultuwal )mathei xpgvopncgumbompy,cadn
the study was <conducted. Il n particular, w

HC



i nf
Con
The
Reg
as
cof
Sup

ormation on the type of flowering and [

cerning the type of fl owering, we did
refore, we classified only soybema®., sunf
arding the |ife cycle, we classified all/l
sugarcane, as annuals, and as perennial s
fee, and oil palm. The ol ddqiei ftiabdtei @m ecfe
pl ementary Tabl e 1.

Metaasnal ysi s

a

b
was
exp
t he
req
exp
Coo
t hi

mor

(Co
( na
neg
eff
( Vi

For the 14 studtaensalysed, | wet leat macted
ormation: i) type of response variable (
e (i.e., number of transect or site samp
the treatment and control groups; iv) di
ndard deviation or standard error) in th
itat; vi) type of agricugtaoamawhenmeri e s
performed (tropical or temperate). Wh e
l' icitly provided in the studies, but gra
software Get Data Gr apgh adhgiittii zeerr. ¢ ©mt 1)
uesting directly from the authors (autho
l'icitly mentioned in the acknowl edgment s
rdinates of each study dfirdomo®Go exlpd iEdrttlh
s information. I n the case where more t

e than one site was surveyed), we esti ma

We cal cul at ed i ndi vi dual effect si zes

hen
tive habitat), divided by the standard

s d) bet ween the mean of the treatr

atigseindl oat e, respectivel vy, the agricu
ect on bee diesgscédibygti WM fusem the met ¢

echtbauer 2010) to estimate the effect

sampl i ngntatdidsitfafnecrees wi t hin the same habitat

we
We
ef f

calcul ated mean and dispersion values by
corrected the potenti al bias for smal/| S

ercé. S



We useaednat ietmoctciadncul ate the mean effect

comparisons) and a 95% confidence interval
zero indicate that 1t was not possible to
di versidegeri@gns hat sever al studies include:¢
this could frespulitcatnopséuas, we applied a

cal cul at ed t he effect Si ze for 100 0 res
i ndi vidual compari sonRpehaseudgl at a0flvme (

Finally, to investigate the heterogenei-t
anal yses defined by the type of response (:
fl owering-fobowapicmgcd,se loiff ecrops (perenni al [
rei on (tropical or temperate). For each sub
of random -&rfdlexcdiss mediang the bootstrap pro

effect size and a 95% confidence interval

To assesanahgsimget@aobustness regarding a
visual inspection was first performed thro
variation (standard error) was plotted as
of each study. We then performed a Trim and
estimate the number of missing studies that
symmetric, and how the inclusion oWesuch st
al so used HRoasfeentnhuamb' esr f(afisln) t o esti-mate th
significant effect ahatysi$, iwolbudedendemmu
significant. We used the bootstNapeapprodaAth

anal yses were conducted in R software (R Co
RESULTS
Gener al patterns
I n general, we observed that half of 1t he

matrices negatively affect bee biodiversit)

and/ or abundance), whil e only fivehetudies
matri x. Our review also revealed that =eigh
agricultural matrices on bee diversity. Th

depending on the type of eval uatoesd trievsep ofnosre

HY



abundance) or management intensity (neutr

management systems or positive when consi de

Of the total revi ewed studies (n = 32),
were cocoa and coffee, with four studies ¢
studies, 9.4%), and al mond, apple, blueberr
(n2=studies each, 6. 3%). Al falfa, banana,
sunfl ower, and wheat were investigated 1in

(12.5%) did not specify or define a single

crmipng syst ems. Mo s-8 4 .s4t%i)d i esat(u2r7e ds taugdriiecsu |
cl assi f imeadd dacswemr o m g, with onl yf Ifoimeea i 5. a%
addition, only six studies (18.3%) were cl
(81. 7% | avegiefi ed as perennihirdropsthéappt asd
11, 34.4%) were conducted in Brazil, follow
9.4%). Australia, China, the USA, and I ndon
|l skraeZi mbabwe, Et hiopi a, Per u, Costa Rica,
(3.1%). Consequent-I7y, 9%) stwesteudioeamsdd uicrt ed 2 I
in contrast to nine (28.13%) in temperate a

Metaanal ysi s

Regar di ngantalHe sinstt at he majority -of comp

55. 3%) indicated that the agricultural matr
and 11 comparisons (29%) indicated positi v
When considering al/l studies with the boot
agricultural matrices exerted a general ano

-0. 43; 95% -Cl 75; Owptwe)r. :( Fi g. 4 Supapllseoment at
observed a high heterogeneity among the st
publication bias, despite the funnel pl ot s
3) ., the Trim and Fill test indi eatad tthhaet
dataset to compl et e a -ssayhmemebterri ca nfad nyrsda Is p Inadti
23 studies without effect would be needed t
significant. Considering oudatrabasaeshamrdTfgg

|l iterature), we consider our results robust
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proportional to effect si ze) .r eNsepgeacttiivvee | ayn d ap onse
positive effect of the agricultural matrix on b
includes a value of zero, indicate that the re:



1
8 Abundance (14/19) ‘ ! -0.43 [-0.52,-0.3]
g I
3 Richness (14/19) ‘ : -0.3[-0.38,-0.2]
1
g Mass-flowering  (3112) QI -0.01 [-0.48,0.5]
=
€ No Mass-flowering  (11/26) ’ ! -0.47 [0.68,-0.3]
1
§ Annual (312) ’. -0.02 [-0.48,0.5]
2 Perennial (11/26) ‘ : -0.47 [0.68,-0.3]
1
s Tropica (11128) > 3 -0.11[-0.26,0]
g I
“  Temperate  (3/10) ’ ! 1.26 [-1.93,-0.6]
1
General Effect (14/38) * : -0.36 [-0.55,-0.2]
-1.0 fO 0.5 1.0
Standardised Mean Difference
Fi g-Efd4ect size, calculated with the bootstrap
response (abundance or richness -noafs sb efel so)we rti ynpge
| i-dyecl e (annual or perennial)rabedbgedbeapbiczoan
indicate a 95% confidence interval. Bl ack di amgc
14 studies that wearealiynscilsud eNMe giant i vlee amaet agposi
respectivel y,sia imnvegeetfifveectamd pohe agricultural
which the confidence interval includes a value
Our results also evidenced that agricul
both abundanee 4(3ef f9ebc% -0Csl b 2=p -Deop@pderr::1 2 = 7 4 %)
species richnes30;(e95 %clt C38&;z0opmeer.:1,2 = 79 %
when evaluated separately (Fig. 4). We al so

of crops Wwilohemongapsesented a negative eff

=-0.47; 95%-0Cl16 8; -Duwmpeegr::1 2 = 82 %), dwehielca erdo i ¢
madgd owering -0e®0fllec®5%i-02.e4 8; |wpyeer:: 0. 46 ; | 2
anal yses also evidenced a negative effect
=-0.47; I C 9G.% 8&; {0wpzpéar. :1 2 =9 h8 24%)i,s aplatthtoeur n
detected for anntwalld2gr Opbs%H Cd 4 B¢ cliopeerzze H . 4!
31%) . |t iI's i mportant to draw attention to

classifiddowawsrimagsscoincidsedi fuietdh amat anoea
(consequently t he -fslaonwee rai pnpgl icerso ptso bneoi nnga sasl s
Thus, we cannot di stinguish the effects of
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As far as we are aware, this is the fir
l tur al matrices on bee abundance and

r eavn aoluyss ime tianvestigati ng tnhcee se fofne dotese
I ty, which did not find a consistent

ss (Winfree et al ., 2009) , we oObserv
ss and abundance of beaeosnctluasn omat iove
u

s study included only seven and ei gl

(¢

tively, which probably |l ed to an und:¢
ed pattern was consistempomadnloy whe
t

o
c
—

mass fl owering and with a perenni al
e negative iIimpact of agricultural matri ce¢
mperate region. Based omheucomwdrcoimers, ofw
bitats to agricultural l ands i s consiste

eviously thought, driven mainly by monocu

Overall, most studies in our review re|]
trices on bee diversity. Li kewarsel,yswes,r e
erefore reinforcing that agricul thecreal sys
bee diversity. I n particul ar, converting
e leading causes of pollinator biodiversi
16) . The reduction in thecognbainnted ywiatnhd t
equent use of pesticides (common in agr.i
pulation and community | evel (Brittain &
wever, such effects are not aboways tdhleser
udi es evaluated in our review did not det
e species. For exampl e, despite the recoc
huoepp et al . (2024) observerdsitthyato ft hbee etsa

t differ between agroecosystems and fores



may even favor bee communities by providing

the movement of these insects between natiyv

Contrary to our expectations, we did no
species richness than abundance. However, (
and abundance of bees were negatively i mpa
morper onounced effect on abundance. A possib

associated with the greater sensitivity of
compared to solitary bees (Winfree et al .,
abundant group of bees (Michener 2007) char

floral resources due to the collective eff«
of fspring, mai ntaining the nest, lamg. col |
Nonet hel ess, soci al bees tend to exhibit a
vegetation, as mangXxibetei mpecawist imh,absuclipra
trunks of old trees (Wi lle 198i3t)h &gpmiseuwlutewn
crops, particularly in systems characterize
could exert a more significant I mpact on s
further reduction in bee abundance within t

OQur results demonstrate thatwemanhgi cespe:

perenni al crops nhegatively affect bee diver
effect for matrices with mass fl owemei ng and
assumed that the moderators flowering type
associated with the food resource availabil
cannot overlook the fact that theps wags ha
madgd oweri ng ar e of t en annfidlosver iamg &rreop®
perennials), which may represent a | imitat.

that +#Hd omess ng crop (|l ower foodravadiavabiali t

to bee nesting (i.e., perenni al Crops) sugc
be the primary I imiting factor for bee main
Goodell, 2011). I n this iitnystoafn cfeo, o dbo ersei sdoeusr ct:«
in agricultural areas, the smaller amount
wi t hout mass fl owering I mpact negatively ir
On the other hand, agrriicnugl tnuarya | p rcorvoipdse wa tlha
food resources, such as nectar and poll en,
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sult should be observed with cauti on, es
ee studies weqamal yesifd bevidais ;n gt ted opetsgy st e
nfl ower and soybean, are frequenrntly assc¢
actices and with high amounts of pesti ci
l'linators (Brittain et al., 2010).

We al so observed a negative effect of

<

ersity, which exhibit hi gher structur al
refore, could favor the establishment of
neet al., 2019). The potential benefits

= D

l imited to only some species with simpl

O

avate their nests in the soiladelBarartei r a

(7]

ting can depend not only on substrate di
not seem to be supplied by perennial agr

D

idea that even agriculntywradli ver ®fg$ ethat

<

ersity substantially affect these insec
t hough S 0me perenni al agricultural crop

vironments are insufficieintyto harbor and

OQur findings also demonstrate that even
nsitive, as in the case of communities | o
d negatively i mpacted by agricultural a
croivreg natur al habitats for the conservat.i
ese regionmsatodrteaeln hushkei tseetms as control s, a
ct that few studies conducted -aal tseingpper a

nce we excluded studies that did not use

e mor e significant history of agricul tt
sembl ages remain sensitive toreapladinng
dition, although many studiae¢esr bl gihlaibbght@at
i ntaining bees in agricultural | andscape
17, Rut schmann et al ., 2022)nceuaf rstsruil d ts

tive habitats for maintaining bee diversi
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Despite most comparisons in tropical r

effect, we failed in detecting a consistent
i n this region. The positive effect obser v
the characteristics of the investigated matr
i nstance, out of the six comparisons in tro
i nvolved coffee (Medeiros et @), ,o0R0406ybeasl
matrices (Ferreira et al., 2020). Notabl vy,
authors clearly stated that <collections wer

these crops. Therefored,itwhiesm Itihleeley itshat gc

of food resources, there is a spillover of

resourcef£alMafmioercsed al ., 2016) .
Furthermore, the distance from the nat.i

there i s a positive relationship between pr

and species richness (Ricketts etitmalis 20C
noteworthy that in four of these six compar
carried out within 150 m or | ess from the I
were conducted at a maxi mum diosrt amémacrey olfe e6 O
species (Zurbuchen et al., 2010; Kendall et
fact that t he amount of habitat at a giver
negatively related to the ti sadl.at200ln3)of OCoants
t hat tropical regions retain the | argest 8
(Hansen et al . 2022), this results in | ess
agricultural mat ri x, eaxhplcahi npionsgs itbhley Icaocnkt ra f
abundance and richness of species in tropic
neutr al effect of agricultural matrices in

caution and egung gnostidtiloersi qogf sbhtee di versity, C

the reproductive period of agricultur al cr
periods in the case of annual <crops.

We recognize that, despite our effort t
our dataset, we wamalgble,tongénufdomyg mat a f
As a result, t his potentially reduced our
agrcul tur al matrices on bee abundance and s
for Africa, Sout heast Asia, and parts of Oc

op



of studies, highlighting the i mperetgamncne .o f
However, there is also a need to conduct f
researchers in providing the rawadatal omath
(Stodden et al ., 2018). I n addition, we dr a
effect of the agricultural matri x, consi de
cropping system, t he | acrkg ome tshtoadn daamd i tzlae i ¢
responses of groups of bees, which possibly
among the studieanahgbudedSunhtbhbamatteri st
of management adoptedsitemg. vergarnsi c-omvedd g t
Morandin & Wi nston, 2005; Hol zschuh et al
coll ection with pan traps tends to underes
compared to more opeln. en0Idnmesntch (s aagr ie
iii) the proximity to the native habitat (I
on a |l andscape scale, which can influence t
et al ., 200822 Rahamongtotahers . 20Nonet hel es s,
half of the reviewed studies concluded that
abundance and speanebysishesapporasdtmesafin
an overa¢eflfeegati ve

Finally, our study outcomes reinforce tI
advance of agricultural l ands on native hat
stabper easi al crops) and in regions where
resilient (as temperate regions). Regardin
service, we also showed that the effects
negatagurei dwnl tural | andscapes because both t
richness of pollinator species (Rogers et
related to the increase in productivity, a
negatively affected by agricultural mat ri
agricultural l ands mostly fail to maintain
potentially provide ©pollination services (

importance of preserving native habitats fc

sug
wh i

S uti

gest that habitat restoration programs s
ch can be done by i mpl ementing speci f
vVé ance. Even temperate areas need to in



provide multiple benefits beyond bee maint

carbon storage and significant Dbiodiversity
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ABSTRATITadi ti onal cocoa agroforests of sout

as “cabrucas”, are highly relevant for shel
a biodfivieesdlty agricul tur al Ssystem. Howeveil
cosrervation, |ittle is known about the abil:i
assembl agemmdiif itedmdmndscapes. Here, we pr es:s
species recorded in shaded cococao lalgercotfeod e2sht
species of social wasps belonging to nine g

richness for the entire norArmgiacgperiylbermesgi ot
(LepelAgteilaanigay ( Babr i cAgscaeina f @& mesr on) wer e

mo s t abundant speci es, with 186, 70, and

recorded si x specAgeesl afioar f{tDheee REpdehnilmai &s teantaec | a
LucRelybia quaauwusscsinmgel ai a( 8pgPairaxlhlaird egus
smi { BausskPrelopotdlyb( €ameubnycuthe former th
recorded for the first time in the Northe,;
occurrence rlezwmtridec FomredsthebiAd me. Based on c

t hat cocoa agroforests can contribute to n

humanondi fied | andscapes.
Kewor:dasgricul tur al system, agroecosystem,
friendly, new species records, taxonomic di



| NTRODUCTI ON

Brazil, a country with high biodiversit)
species of insertsHO(WRaVvae|] @tcahsi deOa2#ll e p
remains unknown or restricted to specific r
wasps of t he subfamily Polistinae, al ongs
encompasses theftVeepi dadbfamé¢ dirisng i n Braz
of Polistinae wasps are recognized worl dwi c
recorded in Brazil (Somavilla et al., 2021)

Given that social wasps are predatory in
Lepi doptera i mmatures, these organisms pl a
chains in natur al systems (Brock eta al ., 2
fundament al role in natur al bi ol ogi cal con
systems (Prezoto et al ., 2019; Sowttthdbineckt a
i nsects, which means that thesoegiwaaslpsbi odvoogl
are rease&maobMny (Wealelzot o et al ., 2021) , t he
geographic distribution of social wasps. E\
most studies on soci al waspsegisorcs wbkerndet
taxonomic diversity of these insects remain
al ., 2020; dos Santos et al ., 2020).

One of the possible |Iimitations in unde
social wasps is associated with the fact th
speci es’ i nventories, whi ch [ i mi ts t he un
environments (Somavilla et al., 2019; Somayv
species associated with agricultural syste
species diversity patterns in anthrapogeni
i nterest . Il n additi on, sever al insect speci
comprise a signi tmocdanti eax tleentdsacfapkes mavor | dw
2013; Somavilla et al., 201bist&etyebunest &b
ability of native species to use agricultur
l evel of i ntensification, factors that <can
(Oakl ey & Bicknell, 2022).
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Shaded coco@ahaghmodma s aosfagsout hern Bahi a

agroecosystems exhibiting high vnadduief ifeodr b |
| andscapes (Cassano et al ., 2009) . Hi stori
popul arly known as cabpluzmt edvhemdercotclva $ha
Thus, the association of emergent trees wit
systems, making them highly relevant for K
2009) . However, i n t he 1980s, after t he

(Moni | i oppehrtnhiogriad & r e was an expansion of 1int
such as cocoa mamocwlctowar @3 oa@rucftuloin { Al ger ¢
Rodrigues et al ., 2021) , with negative i mg
Ferreira.eDealpite2®0d0p, cocoa production in
one of the region's main economi8@ aotciowai t i ¢
producing municipalities in southern Bahia

These agroforests maintain a higher amou

for cocoa trees, creating, t herefore, gr ea
consequently providing high resoumce tdaweail a
role of these agroforests in biodiversity
consi der t hat these agroecosystems are | oc
hot spot (Myers et al ., 2000) hi glslty oylede at
about 80% of its original vegetation (Vanci
of social wasps associated with these agrof
of wasp species in this typendoer satgarni dciunl gt uorfe
actual geographic distribution of these ins
for wasp conseovdafiend Il mandsmampes.

I n our study, we aimed to identify whic!
with the shaded cocoa agroforests in south
di versity and endemism for various flori st
AtlanForest (Martini et al., 2007; Dias et

MATERI AL AND METHODS
Study Area

py



Our study was conducted in the southern
i n the municipalities of Arataca, Bel mont e,
Luzi a, Un a, and Urucuca (Fig. 1; TDanel,e S1).
considered a global biodiversity hotspot (M
and humid climate, with average annual t e mj
ranging from 1700 to 2000 mm (Goovéa,th®869)

|l ast few decades, the region is currently <c
mai nly of remnants of forests, cattle pastu
2021) .
Social wasp coll ection

We sampled soci al wasps in 30 cocoa ag

Februaray s20Whyy3,e fi el d campaign per agrofore:c

meet the objecdoamivesdas Chlker UExz®” project, w
ensure a gradient of forest cover on a | and
4. 4% to 79. 4%, within a radius of h1l, 000 n
agroforest was spaced at | east 2 km apart

total area of 5,386 kmz2. I n each agroforest
m, | ocated about 100 m from theenedampé Dty eadg
three flight interception traps of the Town
apart (Fi g. 1B) . Additionally, we installe
containing three types of atnd ascaridvieneb asialsu
The bottle traps were installed at about 1.
m apart from each other, and the different

used industrialized guaemt rantdi ownm amfge5Q Wi areds
j uice, respectivel vy, according to the manulf

comprised 125 g of crushed sardines and oi

from Souza et al . i2n0slt5a)l.l eAd |If arr agons uw neinmati enrerd
72 hours. The specimens collected were i1iden
by Somavilla and Carpenter (2021) and Ri ch;
with previouslyromnmenhe fieaedestpelkin @se fCol |l ec

I nstitute for Amazoni an Research (I NPA) ,

coll ections were carried out i n accordance

p ¢



(SI SBI ©G1)83i49¥93ued by the Chico Mendes I nstit

(I CMBio), together with permission from the
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Fi gulL the 30 cocoa agroforests sampl
state The map was constructed using Q
2023) the raster of over gBaohwina cocoe
(Maphb , 2023). Diagram representing t
and b (C) in each sampled agroforest

Data anal ysi s

Usi ng NEl&ckage (Hsieh et al ., 2016) , w e
extrapol ated species richness to assess wh
number of sampled cocoa agroforests) woul
empl oyed -abrpaee smaitcrei x and extrapolated spe
sampling effort (i .e., 60 agroforest sites

were calculated using the R software (Team
RESULTS

I n total, we collected 363 specimens of
25 species ( TalbPlod ylbdipae |l ent,ifepre |t eclpdeldi6att i er 18



Mi s c hocGatrtpaernutse rd&m dit9 ® @»U cykbe ,ac d@@r5i,sed t he ge
with the highest number of species, with 10
contAmgitg porlaywjichp difel@e | et,Ler poh®@Bi6ss;, 1856
anMet ap duychkkieag e d®@D5presented a single speci
Angiopol ylbhiLapeheét Ags|aanlgdu ga,br i ci Algge | ali8ad 4) ,
centft@amesr onPollyddij7ag €abdr i ci u,ol YobIO&it) & & maxn d

(Olivier, 1792) showed the highest number
agroforests, with 186, 70, 36, 19, and 12
species accounted for 20% of the species r
cblected in all surveyed agroforests. We r ¢
Bahi a-Agtedtae a { Davekp gmod 5 )a, Laamaci,RdldyDdI ,a

guadr iSaiurscstug eAgéBada( amignud liRcgo lald@teelggus s mi t h
(Saussure,Pro865sppl inmidaCaaneu toing ¢ ult9i0s6 ) , i n wh
formers having been recorded for the first

for the Atlantic Forest bi ome. Based on t
i ncreasing sampling eefffe@arste ¢ an tlhead ptec i @ s s
species, confidence interval: |l ower = 24.1
for social wasp nests, during ourdcbféeeni o

established Anmgi agobiy bR @lsygsp:lal Amsnidca pall en
(Fabricius, 1804) (Fig. 2C, D and E), emp h
s

ui table sites and conditions for the estab

Tabl®odi.al wasp species recorded in 30 coco
state, Brasil. New records for the (*) stat

Speci e Bottle Mal aise Abundanc:
Agel ai a(&raduliati aas, 1804) 9 6 70 (19.
Agel ai a g%miudadlgd,l 11 &51 1 1(0. 3)
Agel ai a (Ccaemmetrroanl,i s1 907 6 30 36 (9. ¢
Agel ai a f{Duawiep)& nmMi0sH 3 3 (0.8
Agel ai & awiscsiun)ae , 1854 3 3 (0.8
Angiopol ythiepepalt)iemns 183 149 37 186 (51
Apoi ca (palblremrs us, 1804) 1 1 (0.3
Leipomel ¢Fathoi satua, 1804 6 6 (1.7
Met apol ybi(a adirn gcu luast,a 18¢C 1 1 (0.3
Mi schocyt t azZriuksd nb,a hli9e4n9s i s 1 1 (0.3
Mi schocytt@aFabriabuatu$8 1 1 (0.3
Mi schocyttaRaw, s200@cr uz 1 1 (0.3
Parachartd®dasssmirtehi i1 854 1 1 (0.3
Pol yMyiraapsera Whit e, 194: 2 2 (0.6
Polybia BRetbmedsjs1970 1 1 (0.3
Pol ybia (ddlinmivdiieart,a 179 2) 1 1 (0.3
Pol ybi a Lamaccsi,atl8879 * 1 1 (0.3
Pol yfdiaav StTmi 6 hs 1857 4 4 (1.1

o
=



Pol ybi é&ajuwsrsiumesi, 1854 1 2 3 (0.8
Pol ybi a o(cCliidveinetra | ils7 9 2) 12 12 (3.°:
Polybia q3awdgsscriecth854 1 1 (0.3
Pol ybi & Fraebjreicctiau s, 1798) 2 17 19 (5. :
Polybi aSchfotttehyg, 1902 2 2 (0.6
Protopolybi(&ameubifiscdiB$ 1 1 2 (0.6
Prot opol y(bSaau sesxuirgey,a 185 4) 4 4 (1.1
Abundance 176 187 363

Species richness 10 21 25

FigusSeadded cocoa agroforests typically observe:«
Social wasp nests recorded in sur@dergedpabybiar ¢
pal (édepel et,i M) Whii.&appl el BB8B6ApapPab E¥Fmadrici us,
1804) .
DI SCUSSI ON
As far as we know, this is the first stu

associated with shaded cocoa agroforests I
species number (n = 25), especiallystompare
remnants near our studied region (Aragéao &
authors recorded 26 social wasp species ove
met hods (attractive solution, | ieg hsti mti l ap,

number of species observed between the stud



in cocoa agroforests were shared by these
This suggests that, in addition to the sou
richness of soci al wasps, i n whichhenly tw
cocoa agroforests typical of this region p
regi onal |l evel

50 -

40 -
P v"”’
£ 30+ -
o .-
= o*”
© 'o'
]
Q0
O
& 20-
)

10 1

0 20 40 60

Number of sampling units

FiguiSepe8ies richness curve of social wasps obs
|l ine) based on the number of sampling sites (i
tot al richness observed in the pBr0eszampsl ead 9%
confidence interval

A bibliographic survey of research abou
region of Brazil dentified that 15 ( ~58%)
the Bahia state (dos Santos et al ., s2020) .
were documented for the state, representing
region of Brazi This high species richne:¢
its vast territorial extensi oear,siBtryamzofl "Isi dn
within its territory: Caatinga, Cerrado, a

therefore,t riercb rafe dt men ek nown

co

speqguanst éorot h



the species recorded in northeastern Brazi
species recorded in the different phytophy:s
tot al of 170 species (Souza et adand t20e0) .

di versity of habitats, which included evel
refuges for bi odiversity, such as Nati ona
representative species richness, codresponc
for the Atl antic Forest. Thus, as well as b
cocoa agroforests i n Brazil, our study su
agricultural systems for enords dri wiped afhdlsicat i

Regarding t he gener al pattern observed

predominance of species of the tribe Epipo

more than 250 species distributed in 19 gen
regiomavyiSl | a et al ., 2021) . I n addition, E
throughout Brazil and recorded in all/l st a
However, despite the high proportion of spe
thethtmon regarding our sampling effort. S
species richness (Azovsky, 2011) , mai ntain
sampling more sites would increase the numb
etsi mated species number. For example, we di
tribePobentfdhs s result i's unexpected since
widely distributed in Brazil and PBPredzaotiovel y
et al., 2021). We also acknowledge that oth
should be used to better represent soci al \
Therefore, we suggest that f wetduraegrotf ndiesd s
i ncrease sampling efforts within agrofores
records for this agricultural system.

OQur study documented the first records ¢

state, with three of them being recorded f
regi on. Among tAddevn@esnmighemds, aaPad

guadriwernectal ready expected to occur i n Ba
widely recorded in different biomes and Br a
the occérramgahic odcluitsi sncourtel sr est r iccaaseed 1 n E
of both species, knowledge of their distrib
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he country, except for records for Matc
cially for the AmazAon abnigoanindtl.c o&idwv ésn ST lu ¢ |
he various studies conducted in the A

mavill a et al . | 2015; Gomes et al . | 2020
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ven agroecosystems (Somavilla et al .,

ed rare. Therefore, I n addi tiialn wasmgEon:
mbl age associated with cocoa agroforest
raphical distribution and occurrence of

al wasp inventories.

n general, our findings highlighted tv
i te soci als twadsipesd bgerionugp awiweh Ilnumer ous s
ogy, and evolution (Prezoto et iall ., 20
i still presents sampling gaps (Bar bos
| concentrated in the southeast region
ucted in the northeast eregtbe 6€Batbosh
not present any published studies to ¢
d, our results demonstrated that, comj
gao & Andena, 2016) ,n sciodceoraa bd ger onfuonmbeesrt sc
speci es. As wel | as providing food r
abl e conditions for establishing soc
ctions. Therefore, t hilse megirtiaccwl thuarbailt a

i nsect s, wi t h i mportant i mplication

n

i fying the provision of ecosystem sel
(Brock et al ., 2021) .c obceosap i & ger o fhoer erset

w S @@ O

iversity conservation (Cassano et al .,

D
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vation is stild]l underesti mat ed, espec
ed in the Atl anti cheFolriegshte s to nlee voefl st hoef
egradation (Myers et al ., 2000) . Mor e
forestation of the Atlantic Forest (St
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s biodiversity.grlorf otrteisd sharasnh ad e rmasr iac
e species, including social wasps. The

should focus on conducting Il nventor
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ABSTRACDHnt&@ke expansion of agricultural I
mai ntenance across the tropics. Although so
friendly, their conservation value | ikely ¢
i n which btehdedyadaproeorelny teObeecWygpasdessasd th
conservation value of shaded cocoa agrofore
whet her such value depends on the remaining
scaMetwdhsisi ng a paired dEesp gni, e wefida vimegrresyi dayn d
of each taxon between cocoa agroforests ant
from three regions with different deforeste
We assessed whether the spefedievsernsunhbyerr erlaatt
| andscape forest cover, and whether such &
(interactRiemgCedcdaeacagygroforests held more be
fest sBdiamar sity between habitats was moder
species number rati o-ded oakedt at B-dibvge rasm,tt ¢ a m
, i nd
in more forested | andamdpiest-defmpeciEeataed yr ¢ qi

decreased with increasing forest cover

Yet, for PBaoicyveadsiwtayspwaried only within regi
species -O0pf dmhestlédwn cleig@urmmné i ndi ngast htihgehl i g
conservation value of shaded cocoa agrofor
| ocal and regional | andscape forest cover.

matrix which increases with higheand orest

i nt er Medioateest ed regi ons.

Kewor:dsagricul tural -fsy setnedrhsy, mmitadicwer,sideyf o

conservation, | and sharing



cCo
ce
bi
re
pr
es

ma

ma
bi
20

> S 9 TSI S
® @

< O © S Q@ o

as
pr
al
h a
s h

()

5

S
t
d
t

I NTRODUCTI ON

Bi odiversity provides key -peiosgstem $¢
ervation represents one of t he most I m
ury (Cardinale et al. 2012). Over the |
iversity conservation have beoenn apnrdi mar i
oration (EI'l is 2019, Riva et al . 20214

moting restoration programs are vital t

T o < o =
®® S5 »w o »

-

0

a

cially in tropical areas ( Edhvaasr dbse eent a
|l y caused by agricultural activi-ties, s
Il ng strategies, i .e., setting aside | an
are used ®Sparcogsepegabiasch; QGOBen Phal e
rsely, a stratsdhqay i ngf esrurggdnsotds f abdtl al
capes should consist of mosaics of diwv
dl'y agricul tur al area0@amnd Phal arm &b
fore, combining fore$ti eoenmclsyer aat hoop

(@]

es may | ead to conservation outcomes

<

ersity maintenance wietrhf epcrtood uacntdi ovra nidn
X Mel o et al . 2 01 3 ;-RoMlernidgeunehza lelt eatl .al2 0 22

Regardless of the conservation strategy

nt hhropogenic | andscapes tends to be esp
|l andscape scal e -Ronartilgunegz edt adl.by20@200) .A
“habitat amount hypot hesi s’ (Fahrig 2«
scape favours increased taxonomic diver
i mportance of matrix quality for wi | d
retical models (see e.g. | andscape supp
hbouring +®&fabedctat ampdl lcowasers hypot hesi s:
arntke et al. 2012) , and increasingly
; -AG&®Ilddn et al . 2019). This is the case
haded cocoa agroforests, which produce
iding I mportant resources to fatai wd spe
202R00;drGagmuae s et al . 2021). Since these

bitat for several forest species, the spi

aded cocoa agroforests can ieadl|l pereacesc®m
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(Tscharntke et al. 2012; Boesing et al. 20
and biological pest control (Landi s et al
shaded cocoa agroforests |ikely detpetnhdes on
| andscape seahadddMaetiakbz 2024) and/ or on

regional scale (Pardini et al. 2010).

Bees and soci al wasps are closely rela
| andscapes, where they play i mportant rol e
delivery of ecosystem services (Ollerton et
Foexampl e, bees are key pollinating agents
crop are fundament al for i ncreasing agrict
Gonz4l ez-Chaves et al. 2022). Social, wasps
as they are important predatory agents for

the conservation value of cocoa agroforest
(but see Klein et al. 2004; Hoehn et al. 20

The cocoa plantations from southeastern

under the shade of canopy trees. I n fact, f
agroforests can harbour a wide ranrgdes of re
(Cabr al et al . 2021) , bats (Faria and Baumt
et al . 2020a) . This implies that these agr
especially because they are | ocate#orast bi
hot spot (Martini et al. 2007), where only -~

arge number of endemic species are preser:

conservation value may depend n nwhihceh |tahnedys c
embedded. For exampl e, Cabr al et al . (2021
shaded cocoa agroforests increases with 1inc
surrounding | andscape. -%arkéeovsasle.,, XkZXId) darmnsd el
and -bargd mammal species richness (Ferreire
cocoa agroforests embedded in more foreste
no study to date has assessodd cwhceotah earg rtolfeo r
i nvertebrates, i ncluding bees and wasps, C 8
the |l andscape scale, and whether such depen
deforestation | evels.



Here, we sampled bees and social wasps
adjacent native forests in 30 | andscapes er
cover across three regions with different

Forst. We particularly assessed (i) the con
taxon, and (1i1i) the role of regi onal and |
conservation value. To this end, wie. & .i r st
number of species per sampling unit) betwee
then assessed the additive and i nteracti ni
categories: high, intermedi ate abdr | oawt de f «
(cocoal/ forest) and beta diversity of each t
shaded cocoa agroforests (Faria and Baumgar
provide food and nest resour cessi nfidrarbeesecar
number and composition in both environment :
agroforestry |likely depends on sources of i
that the conservation valuapefs agit df ¢ oevetrs
cover, especially in the most defogeaslted re
forest cover is positively related to spec

diversity, especiall.y in highly deforested

METHODS
Study regions

This study isomamat das ChébrUEas" project
conservation value of shaded cocoa agrofor
southern Bahia regiaonosBrazial . ( €0@1;AcCabjral

Shded cocoa plantations are distributed ac

hot (mean annual temperature = 24 °C) and
ranging from 1700 to 2000 mm, without a cl e
rhcbi ome has a | arge number of endemic pl ar
the most deforested in Brazil (Faria et al

activity in southern Bahia in thel tlchheel®bks an
broom fungus (Moniliophthora perniciosa) de
1990s (Al ger and Caldas 1994). Despite sui
ant hropogenic | and use is still deodmiaraent. ( F
However, the remaining forest and cocoa pl a

TT
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Figubecdti on of sampled | andscapes across regio
deforested = squares,; i ntermedi ate deforested
| andscape, we sampled bees and sogeal awds ms i
nei ghbouring f est (dark green), within a 50

or
Mal ai se traps (b) and bottle traps (c)

The southern region da&d omieghley] defgomest
and nowadays =26.7% of forest cover remain
composed of cattl e pastures (36. 3%) , coco
monocul & %y esAt( 4t. he ot her extr emest hteheUnpar es e
Bi ol ogi cal Reserve (18,715 ha)>iandh&naowi I
def orested region has contributed to the ma
ant hromagenixc is dominated by shaded cocoa
i nt er Medioateest ed regi on, i n the north, maini

shaded cocoa agroforest
Study design and insect collection

We sampled bees and social wasps from De
a paired design. We conducted the collectio

Ty



the higher average temperatures (Liuth et e
species in southern Bahia at this time of vy
activity of bees and wasps, themafrdr e ulliakel

we selected 30 cocoa agroforest sites distr

regi on; Fig. 1), and then selected a pairec
|l ogi stical probl ems, I tanweaes breatwepms siabclhe pta
fixed (mean isolation distance £+ SD = 397 =
it into account in our statistical model s (

m transect 100 m @pdrtorf comotahagmedmne etstf @

confounding edge effects (Fig. la). l n eac
Townes model (Fi g. l1b), separated 25 m betyv
50 m) . Mal ai s¢ toapdHyamemoet eirai eamd can be
(Prado et al . 2017) and wasps (Somavill a

compl ementary met hodml wpel aasltsioc pbloatctelde stirxa p5s(
the transect andompaeaedh H1hem dPFamgt fc) wi
(about ~150 ml of bait per trap): (i) orang
Each bait type was alternated among traps.
i ndustracea, i wietdh jasaiconcentration of 50% and

(according to manufacturer specifications).

crushed sardines and water, at a concentr af
watadagted from Souza et al. 2015). This me
collection of social wasps (Souza et al . 2«

standardi sed and that some bees were also c
in our database individuals captured from b

bottle traps remained active for 72 consec!

and social wasps in both habitat typmes wit
were i1identified by A.S., J.A.S., T. M. and
deposited in the Entomol ogi cal Coll ection
Amazodénia (I NPA, Manaus, Brazil). Gover nment

t heCMBI O under t-he number 83493
Forest cover at the |l andscape scal e

We measured the percentage of forest co

pair of sites, i . e. taking the midpoint be

T



|l andscape. To this end, we used two sources

(Mapbiomas 2021) and MapBiomas Cacau (Maphbi

| and cover and | and us-enanaiptsu tdieovneallo pRrda zhiyl
invohg universities, NGOs, and technol ogy ¢c
shaded agroforests, cocoa trees are grown u

a structur e wi t h some el ement s of a nati v

Ma pdma s Coll ection 7 mappi ng does not di s
agroforests. Therefore, to solve this probl
( MapBi omas Cacau and Collection 7) to esti:
remnantsnaofy pnd secondary forest. The pro

guanti fication of forest cover wer e carri

Devel opment Team 2024) .

As we do not know a priori the |l andscap
bees and soci al wasps to | andscape forest
cover acresgzedi buéfent, . e. i n concentric
and 2000 m. The minimum radius of the buff
di sper sal capacity of bees and soci al wasp ¢
more than 1000 m (Zurbuchen et al . 2010;

mi ni mhwrhf er size needed to encompass the sa
cocoa agroforest) within the | andscape. We
to select the scale of forest cover effect

ss rongest effect on each response variabl e;

To this end, we assessed the effect of for
i nsect group with Generalised Linead Model s
model s across scales wusing the Akai ke | nfc

variables but one (bee beta diversity) for
scal eAl Ci <e 0. 7, in all cases,; Online Resou
the greatest effect of -rhorraeditus olveernrd svasp @ .€
we selected this | andscape size asutslke best
it al so had the advantage ofdsgragpwesnt iwhgi cd
contributes to increasing independence amo
| mportantly, at this scale, the selected | a
cover gr adiOen/t% (iinrd etfhoelBehditgehd 8Rhe gNOo b he9i Bt er n

y n



def orest ed8 2% giiodtehfed Ble®dw ed r egi on) . I n addi
that forest cover was significantd.y6lc,orp el &
<0.001)mimadiOw® | andscapes.

Data anal yses

Considering that bees and soci al wasps
modi fication, we conducted all analyses sep
species number (1. e. number of species recc
beween habitats (i.e. cocoa agroforest vs f
region -(eferedqntigdhsdef ot es medlg fadaraeds t led W , us i
number of species as the response tvhaeri abl e
| andscape (which includes an agroforest ar
random factor. We wused the Poisson distri bt

for count data (Crawley 2012). Using the D#
tdh suitability of the models, considering t

residuals. I n particular, we assessed the a

-

gion on two response varialbles: diivertsheys
ecies number ratio is the number of speci

mber of species in the neighbouring fores

O © T o

coa agroforest siteghbotdsi mgreosesetcieist &h
1 indicates the opposite. As suggested f
012), we fixed a Gaussian distribution err

region) was signi fsi cpaanctk a guwee (uLseentt chic h2¢0e2edi) m ea:

- ~ N A O S O»

o identify the regions that di ffered fro

(@]

onfoundingseftettoobaiagenforest to forest
we included thisesdelovyarafatoére vearitfhyei mg t hat
i nsete distance were independent predictor
al so used the DHARMa package (Hartig 2022)
foll owed a Gauoesi aamandditshat bu her e was no
heteroscedasticity in the models. We foll ow
effect of forest cover and region on beta
total beta dievembiseynclrasad aoilf BaAC)a,r damdd sali gar
the nespfi BHEphesasd@itTuU)nooremponents to assess

species dissimilarity were mainly driven by

y M



|l oss of species) bet ween sites, or by the

2010). All Dbeta diversity indexes were calc
Orme 2012). As they varied from Oh ttohe, we
betareg padNeage ah@r Zeadtiei s 2010) . -v\W&d ucconsi d
< 0.05 to be significant. The graphs were b

and all analyses were conducted with R vers
RESULTS

Il n total, we sampled 514 bees from 44 s
species. The most abundant bee species in
i ndividual s), Partamona sp.3 (27), Trigona
grusdi pennis (15). Together, these five spec
in the cocoa agroforests. I n the forests, t
spl (100 individuals), Trigona b(rlaldue,riand 1)
Partamona sp.3 (13), which totalled 84. 2% c
(Online Resource 2). The number of bee spe
species) than in forest (21 spceacad easgr, ofwdrtes

and 6 species exclusive to forests (15 spec

Regarding social wasps, the top five mo
were Angiopolybia pallens (186 individuals

(36), Polybia rejecta (19), and Polp®ia occ

recorded in cocoa agroforests. The most abu
Angi opolybia pallens (84 individuals), Age
Agel aia flavipennis (5), and Leppomel escted
in forests (Online Resource 2). The tot al

agroforests (25 species) than forests (17),
times higher in cocoa agrofo8&)estwitsh t@ssgd
showing a shared distribution (Fig. 2).

The average number of species was highe
for bees, although this pattern i s depender
that the number of bee speciesPB¥8. §9paper I
0.03) and inter me B=at. & 8d e fpo r=e sOt. 0 6r) ¢ g iaonnds W

Y H



region with PBEOwOdef pr esDe @9 . For social w
did not differ between HRlabbi4dt;atps =i nO.tOh7e tibhnrte
0.18; p HD.M647;p I=ow:. 53). Total beta diversi

and tftorwere mod@rAaCt e= i0On. 6l6eesan(d rel atively

BIAC = 0.73). When assessing thglT®)l aande c
neste@mMeEgs t(o tot 81 A®)e,t awa infvabuorddht tyhagkta ,i bet a
was principally related to a higfT&pecies
67PRINE = 33%;, FAV «IpBMBESPs12%).

Regarding the relative effect of forest
(Tabl esdgci edhenumber ratio dif gRer=ed7.s4i3gnipfi

0.01), being significantly higher in the i
def orested region (Fig. 4a). Yet, the speci
forest cover, and such a wvheeakr ergeiloant i(oinsehi ps
significant interaction edfsfieet disthabkclee di)d.

the species number ratio offlhAGCesctaa€edv ai $ &l
increasing | anfscap®. ¥o,rept=coOves; (Fig. 4b)
orest cover deyemrded.dmr,t Ipe <r®gi0dn,( being
nd intermediate deforested re@iTe&ns of Fibg.e

—

eta diversity was also xhegatdi ve| yprel 8t 68

O T 9

nd differedyamnon6ég. 2réegipons Q. 04; Fig. 4e) ,

ntermedi ate deforested reggoon.t hd@ahe i nedgthe
compofiJengg) (of bee beta diversity was not re
1) .



Agroforest

n

Andr: sp.1 Hylaeus sp.1
Apinae sp.1 M?galopta sp.1
Augo. sp.1 Melipona mondury,
Augo. sp.2 Pere. sp.1
Bombus sp. Plsp.2
Augochlorella sp.1 T 5P-3

Euglossa cognata Ta‘p in. sp.1
Euglossa securigera Ir e 1
Euglossa truncata Mesoplia sp.

Hopl. cf. nigritula O tataira
Para. incerta

Scaura atlantica
Nannotrigona testaceicornis

Agroforest
n=16

Ag. vicina Pol. belemensis
‘Ag. angulicollis  Pol. dimidiata
Apoica pallens ~ Pol. emaciata
Meta. cingulata  Pol. flavifions
Misc. bahiensis  Pol. occidentalis
Misc. santacruzi Pol. quadricincta
Parac. smithii  Prot. acutiscutis
Pol. sp.1 Prot. exigua

Fi guYenm® di agram representing the occurrence of
and soci al wasps (bottom) bet ween shaded coco
Abbreviations of bee genfug@aoc AndMHopsFpheasdtr ehi s ace
Per=Pereijr @®Pl.ebeiTapi n. = Tapi notarsipgarni@xyd tr Ebe)
Ox vyt r;i gpoafraar.a t=y i g alsaies.i o0=g;| olLseksetsmt r=i me&FEPratrttaa;mo n a
Tetr det r=agonAbsbcraevi ati ons of sAogcei ,aaliAgpw a sMe tgae.n e
Met apol ywhishti.sc ho¢y tPRaarrmaas. ac=har tRalPgousy=hb iPa=ot
PortopolAnigingi opol ybi a
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Tabl Addi.ti ve and interacting effe

cont ex
rainfo
assess

t ur n BivTel)

t on bees and social wasps
rests (paired design) in
ed theircsspoamberof ags ppAAC)Y ot

(and PJeNsEt)e dcnoemspso n(ent s . -9Ne

di stance between each pair of si
potenti al conf ounbdiengi neftfheec t moodfe It
< 0.05) are indicated in bol d.
Taxor Responsl ndependen ] p R]
Bees SpemiuembeForest cov 0. C(CO.!0.:
rati o Rpegijon 10. 0. |
Forest cov 3. 10.
| ntsediest an 2. 70. .
Beta diBweForest cov 3.¢0.1(0.:
Regi on 5.0 |
Forest cov20.0.
|l ntsen e disO. 0. !
Turnd@wpr Forest cov 4. i0. (0. .
Regi on 6. 20. |
Forest Regwv 4. €0. |
|l ntsen e disO0. z0. !
Nestefmne Forest cov 3.20.10. :
Regi on 2. ¢0. .
Forest cov 3. €0. .
Il ntsen e di sO. 0. !
Soci ¢ SpemiuembeForest cov 1.70..0.:
was p ¢ rati o Rpegijon 1. ¢€0. .
Forest cov 0. 40.
| ntseirt e di «+4. 420 . |
Beta diBweForest cov 1. (0. :0.
Regi on 7.40. |
Forest cov 0. €0. ¢
| ntseirt e di «+4. €0 . |
Turndwper Forest cov 0. 10. 0.
Regi on 2. 0. .
Forest cov 0. €0.
|l ntsenn e di sO. CO. !
Nest efmne Forest cov 1. (0. :0.
Regi on 7.40. |
Forest cov 0. €0. 1
|l ntsenn e dis4. €E0. |
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show significant associations from the gener al
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above one (dashed black I ine) represent |l andsc
bee species equal to or greater than neighbouri
the 95% confi deparcel si ndeandl &, tme bl ack symbo
mar gi nal means and the bars the standard error.
Il n contrast to bee assembl ages, t he spe
weakly related to all predictorsvbeia@absteanc
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(x2 = 4. 48, p = 0.03; Fig. 5a) . The tot al b

regixns (.43, p = 0.02), being significant/|
in the | ow deforested region (Fig. 5b). Tot
di stance bt weed. 8s7i,teps { 0. 03; Fig 5c). N e

nestedness components of beta diversity wer

predictor variables (Table 1).
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DI SCUSSI ON

This study provides sever al l i nes of e
shaded cocoa agroforests are highly wvaluabl
Brazilian Atlantic Forest. First, the numb
agresobps than forest, although this pattern
this pattern was evident at the site (alr
considering each pair of sites (cocoa vVvs.

hab at type in the entire region. Further mo
48% of soci al wasp species) were unique t
agricultural | ands increase beta dinvtearrsei ty,
region. However, the conservation value of
depends on forest cover at the | andscape a
peaked in tdefonesremeédrageon, eandasedalvi bl
i ncreasing forest cover, indicating that b
forested | andscape-sande sipeaediealeldye aite dt me ghbg
soci al wasps, however, only mhetaldebetasdnyg
more forested regions, probably because th
exchange between cocoa agroforests and nei
ecol ogical and applied implications of thes

The high conservation value of shaded
wasps is consistent with previous works. | n

agroforestry systems can help maintain spc¢
(Caano et al. 2009 ;-Rddarrii gu ees atl . al2.0080 2 IGa.ma

pl anted under the shade of canopy trees,

agroforests can provide resources (e.g. f o
ta x a, such as Dbirds (Cabr al et al . 2021) ,
mammal s (Silva et al. 2020), and ground mar

expected cocoa agroforests to have a simil

wef ound for bees. So why can shaded cocoa
native forests? We suggest that, as argued
et al . 2010; Schiukgptpuretetalal .202®2 4)S,eirtntad thai

cocoa agroforests can be explained by t h

environments wi t h i nter medi at e |l evel s of C

y @



spatially and structurally heterogeneous,

forests and anthropogenic | ands. Such a «cc¢
species with different ecol ogical rnedgui r e me
generalist species), which may increase the
|l ands (Hoehn et al. 2010; SchieBapt uent eatl .al2
2024). Thus, it 1s also unsumspmwiasi 3gginhdét cta
higher in the intermediate deforested regio
cocoa plantations, covering approximately

conclude that shaded cocoa agrovabirest f mé)

di versity.

Two i mportant findings suggest, however
agroforests are |likely to depend on the s
nei ghbouring forests. On the one hand, we f
| o-adve fsotreed r egi on, probably because this re:
(Fahrig 2013), facilitating the exchange
agroforests andhdloirteastt pmielel dvheer chypost hesi s
Thubsot h habitat types tend to converge i n ¢
| mportantly, not only species number but i
i ncreasing forest cover, as total beta dive
neagg i vely to | andscape forest cover. | n ot he

assembl ages seem to depend on the remaining

paramount, especially for bees.

This does not mean, however, that <cococe
Dunning et al ., 1992) t hat depends on the
findings suggest that these agroforestry s
spesc.i eFi rstly, the number of species whose ¢
type was three times higher in cocoa agrof

be explained by the very high hetemaogeneit

provide i mportant resources (e.g. food, ne
2010) . For exampl e, eusoci al bees particul a
their nextistimgpravities, such odsethoseesc

( Morato and Martins 2006; Visick and Ratni e

and diverse in forests. However, managed ha

dn
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antity of floral resources than forests

bstrate for nest building. I n fact, al |l

re sampled in cocoa agroforests,hiammd al m
roecosystem. Al t hough we <cannot rul e out
spersed from the nearby forest, whi ch wa:
served Meliponini nests in coscaaedagmpefcoree
g. Pl ebeia spp.) which are known to ha
erefore, it i's reasonable to hypothesi se
mporary habitat, but al so permaneenst.l y by
Unl i ke bees, the conservation value of

rgely independent of the |l andscape and r e
the generalist habit of social wasps, wh
rive in a range of habitats, including f
chel utti et al. 2017; Ferreira et al. 20
ey, especially insects, whichl gamadscage £ a:
rezoto et al. 2019). The shaded cocoa agr
ch as jackfruit and cocoa, which are i mpc
insects (Richter 2000p BférpotesulRO02ab)e Aeg
r these wasps, as suggested by our observ
ica pall ens, and Polybia sp.) buil ding

refore, cocoa agrof oorresttlsi sc agqir obuep , s umatKkai l

0

e

pendent on the remaining forest cover at
t i mply, however, that soci al wasp assem
dependent of the regtiandivensittext dedmaeas
rested regions, probably becaulsabitthits r
i1l over of species (Boesing et al- 2018).
capture methods) aries nheyepdoetdh etso iasc,c uirtatwed s

t he signi fi cansti tpeo sdiitsitvaen ceef foenc tt ootfa li nbteetr

mber rati o, as these two associations i m
nverge i n spenumbecrompospecbpesand

Taken together, our findings have crit.i
ed to design optimal | andscape scenari o0s
riRyari guez et al ., 2020) . First, our st uc
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of shaded cocoa agroforests for both taxa

agrof
provi
2008;
possi
contr
agro
whi ch

h

e mpha
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t he
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se
val ue
| ands
bees
be p

ot her

r

orestry systems seem to be suitable h.
de key ecosystem services to |lbcal con
-Heorl readdrod ez et al . 2017) whi ch, despi't
bly carried out-Smhaval gt bgl smadDR4pbeean
ol (Landi s et al. 2000). Thus hepeblic
orestry systems to more intensive proc
tend to be unfavourable for biodiver
sise the iIimportance and r olbeeeosf afnodr e s
| wasps, since native habitats provide
taxa and are capable of retaining str
of shaded agrof or estirny ngy sftoeaness t macyo vee
cape and regional scales, which can be
Al t hough there is no information on t
eserved in the ¢émwbi t@axmaeghbasedoopmr @s &Hn
t alxeai t(eB aentk sal . 2013; RFiglukro r at eal al 2

Arr&Ryariguez et al -Baal020,0 202 13l .Br2i0n2d2i)s, W

conse
this

was h

Aut ho
from

coll e

M. L. O

cont e

Ackno
Mal ai
their
Cerva
Mat he

Leona

rvative approadd%moghtobespreseevi nQue
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2000 95.00.2 0.0:

1750 95.10.3 0.0:

social wasp spec 1500 94.80.0 0. 0:
1250 95.00.1 0. 0:

1000 95.40.6 0.0:

2000 2.2.:0.0 0. 1¢

1750 2.1°0.0 0. 1¢

social wasp be 1500 2.1:0.0 0. 1¢
1250 -1.9¢0.2 0. 2!

1000 2.0f0.1 0. 2¢




Online Resource ZPresencef differentbee and social wasp species in cocoa agroforest sites and forest site
southern region of Bahia state. Proportion of occupied sites in eachdangpe is also indicated in parenthesis.

Species Cocoa agroforests Forest Occurrence
Bees

Andrenidaesp.1 1(0.3) - Cocoa
Apinaesp.1 1(0.3) - Cocoa
Apis mellifera 8 (2.4) 2 (0.6) Cocoa / Forest
Augochlorellasp.1 1(0.3) - Cocoa
Augochloropsisp.1 1(0.3) - Cocoa
Augochloropsisp.2 1(0.3) - Cocoa
Augochloropsisp.3 - 2 (0.6) Forest
Bombussp. 1(0.3) - Cocoa
Eucerinisp.1 1(0.3) 1(0.3) Cocoa / Forest
Euglossa cognata 1(0.3) - Cocoa
Euglossa cordata - 1(0.3) Forest
Euglossa fimbriata 1(0.3) 1(0.3) Cocoa / Forest
Euglossa flavescens - 1(0.3) Forest
Euglossa mixta - 1(0.3) Forest
Euglossa securigera 1(0.3) - Cocoa
Euglossa truncata 1(0.3) - Cocoa
Habralictussp.1 - 2 (0.6) Forest
Hoplosteliscf. nigritula 1(0.3) - Cocoa
Hylaeussp.1 1(0.3) - Cocoa
LasioglossungDialictus) sp.1 4(1.2) 1(0.3) Cocoa / Forest
Lestrimelitta tropica 1(0.3) 1(0.3) Cocoa FForest
Megaloptasp.1 2 (0.6) 5(1.5) Cocoa / Forest
Megaloptinasp.1 1(0.3) - Cocoa
Melipona mondury 1(0.3) - Cocoa
Mesopliasp. 1(0.3) - Cocoa
Nannotrigona testaceicornis 2 (0.6) - Cocoa
Oxytrigona tataira 2 (0.6) - Cocoa
Paratrigonaincerta 1(0.3) - Cocoa
Paratrigona subnuda 4(1.2) 2 (0.6) Cocoa / Forest
Partamonasp.1 22 (6.6) 16 (4.8) Cocoa / Forest
Partamonasp.2 7 (2.1) 6 (1.8) Cocoa / Forest
Partamonasp.3 12 (3.6) 8 (2.4) Cocoa / Forest
Pereirapissp.1 2 (0.6) - Cocoa
Plebeiasp.1 3(0.9) 10 (3) Cocoa / Forest
Plebeiasp.2 5(1.5) - Cocoa
Plebeiasp.3 1(0.3) - Cocoa
Scaptotrigonasp. - 1(0.3) Forest
Scaura atlantica 1(0.3) - Cocoa
Tapinotaspininsp.1 2 (0.6) - Cocoa
Tetragonisca angustula 1(0.3) 2(0.6) Cocoa / Forest



Trigona braueri 10 (3) 15 (4.5) Cocoa / Forest
Trigonagr. fuscipennis 8 (2.4) 1(0.3) Cocoa / Forest
Trigona spinipes 10 (3) 3(0.9) Cocoa / Forest
Trigoniscasp.1 1(0.3) - Cocoa
Social wasps

Agelaia angulata 12(3.6) 13 (3.9) Cocoa / Forest
Agelaia angulicollis 1(0.3) - Cocoa
Agelaia centralis 16 (4.8) 17 (5.1) Cocoa / Forest
Agelaia flavipennis 1(0.3) 4(1.2) Cocoa / Forest
Agelaia vicina 2 (0.6) - Cocoa
Angiopolybia pallens 25 (7.5) 23 (6.9) Cocoa /Forest
Apoica pallens 1(0.3) - Cocoa
Chartergellus communis - 2 (0.6) Forest
Leipomeles dorsata 5(1.5) 2 (0.6) Cocoa / Forest
Metapolybia cingulata 1(0.3) - Cocoa
Mischocyttarus bahiensis 1(0.3) - Cocoa
Mischocyttarus carbonarius - 3(0.9) Forest
Mischocyttarus labiatus 1(0.3) 3(0.9) Cocoa / Forest
Mischocyttarus santacruzi 1(0.3) - Cocoa
Mischocyttarussp. - 1(0.3) Forest
Parachartegus smithii 1(0.3) - Cocoa
Polybia (Myrapterg sp.1 1(0.3) - Cocoa
Polybia(Myrapterg sp.2 - 1(0.3) Forest
Polybia belemensis 1(0.3) - Cocoa
Polybia catillifex - 1(0.3) Forest
Polybia dimidiata 1(0.3) - Cocoa
Polybia emaciata 1(0.3) - Cocoa
Polybia flavifrons 4 (1.2) - Cocoa
Polybia jurinei 3(0.9) 1(0.3) Cocoa / Forest
Polybiaminarum - 1(0.3) Forest
Polybia occidentalis 4 (1.2) - Cocoa
Polybia platycephala - 2 (0.6) Forest
Polybia quadricincta 1(0.3) - Cocoa
Polybia rejecta 13 (3.9) 2 (0.6) Cocoa / Forest
Polybia ruficeps 2 (0.6) 1(0.3) Cocoa / Forest
Protopolybia acutiscutis 2 (0.6) - Cocoa
Protopolybia exigua 1(0.3) - Cocoa
Synoeca surinama - 1 (0.3) Forest
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radrnder standing the main factors determ

i n agroecosystems is of gr¢at enmpyor pamacei ce
we assessed the relative i mportancedof | oceze
tree diversity) and | andscape (forest <cover
wasps in shaded cocoa agroforests -ulsecated
contexts in the Brazilian AtalnanttircapForteos ts. u
these insects on 29 agroforests, we reveal e
with management intensity in the high defor
forest cover, but only @xnt @d er ehgigdhn sa,n dwh enrte
the assessed variables influenced bee spec
enhanced with increasing management intensi
regi on. Wasp species commagietmean wad ensf I |
i ntermedi ated regi ondeafnodr & sotreecs tr ecgoiveerr, imutt ht
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surrounding native forestveomanagewemt umpmmda
ensure the high conservation value of thes
bi odiversity hotspot.
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amount hypothesis, pollinators, predators.



Il ntroducti on

Thegl obal bi odiversity <crisird viemn rmhairrelsyt
(Ramankutty et al., 2018; Watling et al ., 2
i ncreasing forest cover are considered es
coemsvation (Riva et al ., 2024) . However, s p
i mproving matrix gquality (PeRdcarcit@ueazndetVaa
2020) . For i nstance, agroecosystems that r
v e gteitoan structure similar to that of native

bi odiversity and consequently preserving a

2020; Ferreira et al ., 2020) . Howteviea g aleact
environment al conditions (e.g., vegetation
embedded in different | andscape scenari os
determine its conservation value 2(4dke .1l a M
Therefore, understanding the relative i mpol
preserving speci es di versity i n agrofores

biodiYeiegndyy agricul twoal fipedct ianaes cape sh

Rodriguez et al., 2020).

Il n tropical countries, shaded cocoa pl an
in termecohemwvcir@nment al benefits. This s
(Theobroma pdamamti ons (hereafter, shaded <co
Brazil, which combine cocoa cultivation wit
Forest bi ome, a gl obal bi odiversity hotspot
nati veocaonad trees increases the hetiagrionggenei
resources for sever al ani mal species (Casse

recognized for their high conservation valu
habitats by different terregtarritaeln 2m0d 7f; | yien
et al ., 2020, 2025), r elLpbtpielze se,t aan d ,a n2pOh2i5h)i. a

Shaded cocoa agroforests can also be hig

as bees and soci al wasps (Bos et al ., 2007
pl antations exhibit di fferent vegetati on
manag@eimm practices, the | ocal condition cal
subsequent i nfl uence on speci es persisten
agroforest s, management I ntensi ficati on, w t
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of orests. Finally, thailabdscapeofore
es and social wasps (Ferreira et al .,
ity may depend on the remaining fores

knowl edge, noisthgypotbedaseohmasgasee

e, we Il nvestigated t he effect of I
ment intensity) and | andscape (i .e.,
ition of bee and social watpompebees
astern Brazilian Atlantic Forest. I n
onal scale (i.e., with | ow, i nter me
tor of the effectsOwdr dlolc,alwe nax d eemntde
nced effecdi moe beess tthamd wtas plse mor e
sting resources (Reis et al., 2019; d
arms under greater management intensi
ractilceshewiplelr siimpernice of more sensit
agroforest presenting greater tree di
ed in | andscapes wighebhtghenumbeesbfc
t(hMegdreoiurposs ,etgi ale.n, th®1i193) rel ation to |
and habitat availability, respecti ve
os et al., 2019). We also predicted t
I verasiofy,s hhaadsianng atrreees and inserted i
woul d show high species composition
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| ydeguadednenvironments (Souza et al
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FiguLecation of the study regions and shad:c¢
state, Brazil (A). We surveyed 10, 9, and 1
high (C) and |l ow (D) | evels of deforestatio
l nsect sampling

The sampling protocol is detailed el sewl
overview is given here. I n each agroforest
attractant traps: two with water amddsardin
two with artificial guava juice (adapted fr
for an uninterrupted period of ~72 hours, a
2022 to February 2024. The mat éei abswasscol
Brazilian agency (IFICOMBArOd | s genisme ms® vBe3rded 3d
Ent omol ogi cal Coll ection of the National I n



Local and | andscape predictors

To quantify the vegetation structure var

i n each agroforest, separated by a mini mu
guantified, identified and measured the dia
cnfnati venaatnidvenosnpeci es, including palm tree
at the | owest possible taxonomic | evel, Wi
Pl ant i ndividuals not identified ithethe f

Herbarium of the Cocoa Research Centre at

Farming Plan (CEPEC/ CEPLAC), and the Her ba:
Santa Cruz (UESC). We then quantcbdbmmdnt wo v
tree species (i.e., Hi | | number in order 1,
et al., 2016), and the total basal area of

To quantify management intensity in eac
obtaining information on four management pr
year) ; (ii) frequency of fertilization (o0r ¢

frequency of pruning cocoa trees (per year
and rarely carry out heavy pruning of | arge
of cocoa trees in the establishecdabiegetdabyo

di viding each value by the highest observec

al | agroforests. The resulting values of 1
summed so that val ues wequal to zeun and f
management intensities, respectively (adapt

Finally, we calculated | andscape forest
1000 m) from each sampling site. To do thi:
Mapbi omas <coll ection 7 (Mapbiomas 2024), W

separ aftse femnant s from shaded cocoa agr o
(Mapbiomas Cacau 2023), which contains | anc
does not separate forest remnants from sil.
of both mapypimigtsaitno tohne nati ve forest cover
cover). To determine the scale of forest c

constructed Generalized Linear Models (GLM)



cover measured at each scal e. We then wused
for small samples (Al Cc) to select the best
detail s, see Appendices A, B and C in the S

Data analysis

We wused GLMs to assess the effect of (I
number and composition @dndieckerainmg stoltatal b evea
can respond differently to habitat modi fi c.
regions (Ferreira et al., 2024a), we conduc
and wasp) and regivel iofe. defwort éas tda tfif em)e.nt

composition across cocoa agroforests were

Coordinate Analysis (PCoA), cal cwlegtde st f r o
functionefgpammkage (Oksanen et al ., -2022),
absence matrix and Jaccard's index. To gene
site where no individual s weTrhee cfoilrlsetc taexdi,s r

PCoOA captured % 2%, th&% vaarrd a0 on i n bee spec
37% and 39% of soci al wasps in the high,

respectively. Our GLMs were built with a Po
species) or atiGamstoancdnsitnubus values (f
evaluated the correlation between our predi
(< 29% between any two variables; Appendi x
al | vari ablyessesi n Weurcoasaltucted model s cor
separately, in addition to the interaction
nul I model , which resulted in eight model s

vari abl esarwdeirzeeds t(asnudot racted by the mean ¢
deviation) to zero mean and unit variance,
I n response per unit standard deviati on [
si mul at efRuersmi tdou HHAHRRdpaa c k age t o ensure that t
model s did not violate the -ass wudpéeEerensi or
and outliers. Finally, we usedAAtl ICe K1 Cc t
(Burnham and Anderson 2002), and selected t

parsi moni ous model s.

Resul ts



We collected 254 bees belongi mg etcd e38 s |

(Suppl ementary Materi al 2). The mean number
9 species), and the number of wasp species
Our model selection approach r eevseta lperde dtihcatte «
by | andscape forest cover al one, with a p:

significant i = tthh.e37i;ntperame@. @I = KO g3T7Te RA¥F
0.01; Figure 2B) deforested rpegdions.wdurdlhs

negatively associated with management i nt e
deforeft-@t3®»®n g = 0. 05; Figure 2C). l n cont
the variation in bee species composition (T

Regarding the soci al wasps, the number
management intensity, with a positive infl.v
regipen 0(¢ 45; p = O0lL.mMmO0&ddiFtiigaumr,e t2lDr)ee model s
composition of wasp species. Specifically,

the intermedi atfe OebbreptedOr®8gBonF{gure 2E
in the high @G=efor26ted reQi 6t; (Figuaei 2¥) ,
of species composition. However, iii1) the
only in agroforests with a modfer alt.e2 7aan dp h=
0.001; Figure 2G; Table 1). See Appendi x E
model s.
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Tabl-Regult of model selection.AMAOCIcy <t R moet shlk

We only presented the null mo d e | when it was
predictors were scaledWebghtevodmear aedgbni ofv
. : Esti
Taxo Respo Regi on Mo d el qgAl C Wei g e P
Lodefore: Nul I 0 0. 4 0 -
I nter med .
Nsumebceir deforest y fores 0 0.8 1.3 0.C
Be e P Hi gh def c y ~ fores 0 0.4 0.3 0.C¢C
T, High defcy ~ managem 1.9 0.1 -0.3 0.C
A Low defor Nul | 0 0. 4 0 -
= S i I nt d
pect nterme Nul | 0 0.3 0 .
compos def or est
Hi gh def ¢ Nul | 0 0.3 0 -
Low def or Nul | 0 0. 4 0 -
Number I nter med N ;0. C
fgﬁ speci deforest? managem O 0.6 0. 4! >
//%\\ Hi gh def c Nul | 0 0.2 0.4¢ -
Soci Low def or Nul | 0 0. 4 0 -
was p I nter med _ , 0. C
Speci deforest managem 0 0.9 0. 2! 4
COmMpPOS i gh defc Y ~ forest 4o 5.4 0.3 0.c¢C
area
Hi gh def c y ~ fores 0.2 0.4 0.2 0.C
Di scussion
As far as we are aware, this is the firs
| ocal and | andscape predictors on bee and
agroforests. I n particul ar, we unveiled t
dpendent on the context of | and cover on a
forest cover and management intensity were
bee species, wher eas management intensity
compasoin of wasp species. Finally, forest cc¢
wasps, but this effect was dependent on t he

we are facing a global diversi tzy0 laln)d, pwhildm
call s for wurgent mannmaogdeinfeinetd nmeaansBusrdessp g ane thAurm
et al ., 2020) , our results demonstrate that

practices should be consi der eda taog rnoa xoirneisztes

According to our expectations, the intel

the number of bee species, but this effect

MM p
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forestation. This result contrasts with
S positively associated with management i
al ., 2010). This associationhwadbapesvsisbl
ants present i n mor e managed agroforest
sitively associated with the frequency of

equently, an increase in the smapnpalgye me nt
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-+ »n

| or al resources (herbaceous plants) and

tractive to bees, i.e., cocoa trees (Jo

QD
—

t hat the intensificatiionn tahfese@o nangamno f m

c O

ces bee species richness only in condi't
: | andscape composition proved to be i
cies in these agroforpseéedictFrioonexamanhesc

er positively explained the increase 1in

~+

only in regions with high and inter medi
e habitat amount hygatperessicompParedi o f2 0l 3

amount may offer a greater availability of
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Th
es
cCo
Ri

to
cCo
pr
ag
al
pr
al
sp
oV

gani sms that have a high vagility, as in
bitat | oss has beoefn tohnee doefc Itime mdi mpoddum
10), including bees in agricultural |l and -
erefore, our results support the idea th
pecially i napdef, oriessteaend dsasnadrstci al and pric
nservation of bee divers-Rbdriguagretuhbht ur
va et al ., 202f4rni,ered/ileyn dynsthemd.i versity

Unl i ke bees, we observed that the number
t he management i ntensity, whi ch conseq
mposition (Appendix F). Our management i
uni ngniamgd ctohciona trees, which possibly coni
roforests and is positively associated wi
, 2022) . I n additi on, environmenamnms with
esent high density of(Parlyosadetvi alua,l s20 @
, . 2Da7Y act, we oOoObserved that the agrofo
ecies (10 species) also had the | owest S

er all average of the other agroforests, v



are opportunistic predator s, soci al wasps

agroforests in regions with moderate amount

We also identified that | andsaapengowesh
basal area, modul ates patterns of wasp spec
region. Both forest cover and the basal ar

the composition of wasps mna wse,ongexh ag
monocultures and aquatic matrices (Medeiro
di scussed above, increasing forestrsdawer il
by providing resources and conditions for a
more sensitive slprech asctamogmdeadtodratf oress. cov

i ncrease the compositional similarity of w
forest remnants ).FeNeeeraheltesasl,. ,we20@2hsaer v
depends on the |l ocal structure of the veget
of shade trees. Structural complexity in ag
wasp speci edsmpdiexcenmorenments can create n
the establishment of more species, includin
nesting substrate (Corbara et al ., 2009) .

bet weenedaasmad wapeci egecsprmmeei thieerd,s ttloi sbe i
caution. The observed pattern was not very

of exclusive Bpedioas exRuopamadfiaxcepsead ( ens

a nAlg elfdiaav i)p eemmdi & WAog esl\pdeicdi neég e (aanigau)l aotcac ur r e d
exclusively in the agroforest with the | owe
with the highest value of forest coves, res

which occurred exclusively at the extremes

species sampled in the region with high def
i's expected that t hey wil |l hsaivtei oan ad r ecanhtaenrg
Furthermore, this effect was only observed
since conditions at a regional l evel are |

pasture and eucalyptus mgepbatuli bonresyutheref

cover on the | andscape may be even more evi

Il nteresting, our study did not detect al
species number. We suggest that this result
of shaded cocoa agroforests, possiddtys.actin

MMT



Previous studies have shown that these agr
of social wasps (Ferreira et al ., 2024¢c) , €
(Ferreira et al ., 2024a) . Ther efso reex,t etnlsd vfe:

potential habitat cover (i6lpo, ,cambbhedewt sF

generalist characteristics of these insects
ef fetche osipeci es number of social wasps.
The sustainability of agricultural pract

t hat mini mmizfe bédtewdermdlei odi versity conser v

Despite the high conservation valudédiaf, t he

this system has | ow productivity, consider
( Ga-Radrigues et al ., 2021). This | ower ecol
more intensive production methodsl-&wirn h pot

cocoa plantations or coffee monocul tures, a
studies suggest t hat the maintenance of S
management practices (i .e., chamgest 9§ ns u dle
as the density of cocoa trees and associat e
to greater productivity (Jawiometscemaralo.s,

productivity and biodiversity icomnmsemnywlrte otnh

mai ntenance of high species number in these
t hat agroforests inserted in |l andscapes or
conservation, especiall ye oharmagesme retv.e nA dudnidt

these agroforests could experience greater

ecol ogi cal intensification associated, whil
2025) .

Finally, considering that pollination de
| ow cocoa proHechamwdey €efTolaédo 2017), mai n

for bees (such as shaded cocoa agr eforests
( MaS$ial va et al ., 2024), could also reflect
more effective coldermngprndda nat oak. (T@bédo J

These benefits could be extendlkey waspschnode

i nsectivor o &y evaarrtdo e kertat &IsT h e r2e0f 205 )e we sug
restoration (in | andscapes with | ow forest
(in |l andscapes with moderate or high fores

MMy



negative effects of intensified management

efforts to safeguard the taxonomic diversi
agroforests.
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AppendMexamM,. mi ni mum, maxi mum and standard deviati on
(at the different scab®d, i7BO0tlaadcdd®#0o0oin)f obsetr vedy

regions investigated: hitgl,n.intermediate and | ow def
Vari abl e Metr Hi gh Il nt er me. Low
FC (500 1 Meart 28. 48 43.35 44,81
FC (500 r Min 5.15 10.90 27.22
FC (500 r Max. 87.80 79. 46 66. 84
FC (500 r SD 28.58 22. 46 12.87
FC (750 1 Meart 29. 01 44 .17 48. 25
FC (750 1 Min 6. 63 10. 20 25. 79
FQ 750 m) Max. 71. 23 80. 29 72.86
FC (750 1 SD 22.33 21.99 14. 38
FC (1000 Me ar 28.50 44. 04 49.57
FC (1000 Mi n 7.85 9. 74 22.93
FC (1000 Ma x . 59. 05 77.91 74. 54
FC (1000 SD 17.98 22.02 17.16
Shade tree Me at 14. 04 14. 34 12.29
Shade tree Mi n 14.04 14. 34 12. 29
Shade tree Ma x . 10. 45 4. 88 8. 27
Shade tree SD 19. 22 26. 47 19.78
Basal area Mear 20. 65 16. 06 18. 34
Basal area Min 11. 30 7.52 7.84
Basal( mgr/eha Ma x . 25.83 23. 24 31.19
Basal area SD 4. 79 5.38 6.65
Management Me ar 1.48 2. 14 1.79
Management Mi n 0.914 1.009 1.15
Management Ma x . 1. 86 3.97 3.09
Management SD 0. 32 0.81 0.56




AppendGexo@r aphi cal |l ocation (longitude and |l atitude); sittaeg

of forest cover at radii of 500, 750 and 1000 m; fsrheaed editwvreer
and management intensity); and number of bee and socliad iwmas
with different | evels of deforestation (high, intermediate
FC Shad Bas Bee Was
RegiolDLongLathn E7F5%10( j[re(areMiarq?gﬁ specspe(f
m di ver( mj/ numb numb
Hi gh B1 -39. -15. 14 24. 24 19.217. 1.27 1 3
Hi gh B1 -39. -15. 24 27. 30 11.715. 1.78 6 5
HighB1 -39.:16. 5.16.67.. . 14.823. 1.77 1 4
Hi gh B1 -39. -15. 67 57.51 15.523. 1.12 7 6
HighB1 -39.:>-15. 87. 71.59 10.425. 1.41 6 2
HighB1 -39.¢(15. 12. 15. 18 11.924. 0.94 6 2
HighB2 -39. :15. 12. 17.25 10. 6 24. 1.86 1 2
HighB2 -39.&-15. 8.712.13 18.4 11. 1.84 2 5
High B7-39.::15. 8.8 8.39..  14.720. 1.33 3 0
Hi gh B9 -39. 15 43. 47. 45 12.718. 1.5 5 2
Internl 1-39. (14 79. 80. 77 13.:23. 1. 84 9 1
Intermj1-39. :14 10. 10.9. 13.8 7.5 1.09 4 2
Interm|p1-39.:14. 25. 21.18 11.620. 3.97 6 7
Intermp1-39.:14. 18. 30. 38 7.1 9.5 2. 72 6 10
Interm|p1-39. :14. 37. 36. 37 4.8¢15. 2.53 4 3
Interm|] 1 -39.(14. 54. 45, 45 12.321. 1. 35 6 2
Interm|p1-39.(14. 61. 69.67 18.112. 2.23 8 4
Interm|1-39.:14. 55. 58. 60 14.517. 2.15 8 4
Interm] 4-39. :-14 28. 32. 27 21.320. 1.72 5 2
Interm|g8-39. :-14. 62. 56. 58 26.412. 1.81 5 2
Low U1-39.¢(15. 44. 45. 43 9.5 23. 1.73 4 6
Low U1 -39.:15. 37. 47. 52 8.2722. 1.98 2 2
Low U1 -39.¢:«+15. 30. 25.22 19.716. 1.23 3 3
Low U1l -39.:¢-15. 66. 72. 74 9.8:16. 1.56 3 4
Low U1l -39. :15. 44. 54. 61 11.317. 1.8 0 2
Low U1 -39. :15. 27. 30.28 10.2183. 3.09 3 4
Low U1l -39. -15. 47 44.40 15. 615. 1.76 5 1
Low U3-39.:i-15. 44.52.56 15.031. 1.77 2 3
Low U7 -39.:15. 61 60. 65 10.9 7.8 1.15 3 5




AppendEfxf &Cct scale selection resultsAMMWEc2consi dered

When more than one model was considered parsimoni ou:
rad{uuys. The scale used in the model s.
Regi o Buffer ¢ Response va Taxon c;ACIC
Hi gh 500* Species nul Bee 0.2
Hi gh 750 Spemiuamb er Bee 0.2
Hi gh 1000 Species nul Bee 0
Il nterm 500 Species nul Bee 3.4
Il nterm 750* Species nul Bee 0
Il nterm 1000 Species nul Bee 0.7
Low 500* Species nul Bee 0.7
Low 750 Species nul Bee 0.5
Low 1000 Species nul Bee 0
Hi gh 500* Species compo:! Bee 0
Hi gh 750 Species compo: Bee 0.6
Hi gh 1000 Species compo! Bee 1.3
I nterm 500* Species compo: Bee 0
I nterm 750 Speccioampositio Bee 1.1
I nterm 1000 Species compo: Bee 0.7
Low 500* Species compo:! Bee 0
Low 750 Species compo: Bee 0.3
Low 1000 Species compo:! Bee 0. 2
Hi gh 500* Species nuilSoci al 0
Hi gh 750 Species nul Soci al 0
Hi gh 1000 Species nul Soci al 0
I nterm 500* Species nul Soci al 0
I nterm 750 Species nul Social 2.3
I nterm 1000 Species nul Soci al 3.4
Low 500* Species nul Soci al 0
Low 750 Species nul Soci al 0.2
Low 1000 Species nul Social 0.2
Hi gh 500* Species compo:! Soci al 0
Hi gh 750 Species compo:! Social 2.6
Hi gh 1000 Specioampositio Soci al 4.5
I nterm 500* Species compo: Soci al 0
I nterm 750 Species compo:! Soci al 0.5
I nterm 1000 Species compo: Social 0.6
Low 500* Specioampositio Soci al 0
Low 750 Species compo! Social 0.1
Low 1000 Species compo: Soci al 0
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AppendiPeabson's correlation values bet weebi ¥ _oturre @)r,edficrteogt \
m (Forest _500m), basal area of shade trees (Basal _area) anct

Div_tree

Forest_500m

Basal_area

Management
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Appendvaxl uEAA|l ©d

an

d

weights of

al |

t

he

model s

bui

to

It

select the null model when it is presenfAl &€&morg)t he
are highl iAlhlt edu menr ibcod!ld.predi ctors were scal ed
Regi o Respons Tax Mo d el qgAl CWei g Esti
vari ab n c t e
Low Speci es bee nul | 0 0. 4 0
Low Speci es bee y ~ basal area 3.2 0.0 0.1
Low Speci es bee y ~ shade tree 3.2 0.0 0.0
Low Speci es bee y ~ forest cc 3.3 0.0 0.0
Low Speci es bee y sshade tree dive 3.4 0.0 -0.0
Low Speci es bee y ~ management init 3.4 0.0 -0.0
Low Speci es bee y ~ management 3.4 0.0 0.0
Low Speci es beey ~ basal arfaredst 3.4 0.0 -0.0
I nterme¢ Speci es bee y ~ forest co O 0.8 1.3
Il nterm Species bece nul | 4.8 0.0 0
I nterm Species bee y ~ basal area 7.2 0.0 0.1
Il nterm Species bee y management inten 7.5 0.0 -0.0
I nterm Species bee y ~ shade tree di 7.8 0.0 -0.1
I nterm Species bee y ~ management 7.9 0.0 0.0
Il nterm Species bece y sshade tree di 8.0 0.0 0.0
I nterm Species beey ~ basal area of 8.0 0.0 0.0
Hi gh Speci es bee y ~ forest co O 0.4 0.3
Hi gh Species bee y ~ management 185 0.1 -0.3
Hi gh Speci es bee nul | 2.6 0.1 0
Hi gh Speci es bee y ~ shade tree 2.9 0.1 -0.3
Hi gh Speci es beey ~ basal area of 4.5 0.0 0.2
Hi gh Speci es bee y ~ basal area 5.1 0.0 0.1
Hi gh Speci es bee y ~ shade tree di 5.8 0.0 0.0
Hi gh Speci es bee y ~ management init 5.8 0.0 0.0
Low PCoA 1 bee nul | 0 0. 4 0
Low PCoA 1 bee y ~ management 1.9 0.1 0.1
Low PCoA 1 beey ~ basal area of 3.4 0.0 0.2
Low PCoA 1 bee y ~ shade tree 3.5 0.0 -0.1
Low PCoA 1 bece y ~ basal area 4.2 0.0 0.1
Low PCoA 1 bee y ~ managementcoivret 4.4 0.0 -0.1
Low PCoA 1 bece y ~ shade tree di 4.5 0.0 0.1
Low PCoA 1 bece y ~ forest coc5.2 0.0 -0.0
I nt er me PCoA 1 bee nul | 0 0.3 0
Il nterm PCoA 1 bece y ~ forest cc 0.2 0.2 0.1
I nterm PCoA 1 bece y ~ management 1.4 0.1 0.1
I nterm PCoA 1 bece y ~ shade tree di 2.6 0.0 0.1
I nterm PCoA 1 bece y ~ basal area 3.6 0.0 -0.0
I nterm PCoA 1 bee y management inten 3.8 0.0 0.0
I nterm PCoA 1 beey ~ basal area of 3.9 0.0 0.0
I nterm PCoA 1 bece y ~ shade tree 4.0 0.0 0.0
Hi gh PCoA 1 bee nul | 0 0.3 0
Hi gh PCoA 1 bee y f~orest cove 0.0 0.3 0.1
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Hi gh PCoA 1 beey ~ basal area of 2.0 0.1 0.1
Hi gh PCoA 1 bee y ~ shade tree di 3.8 0.0 -0.0
Hi gh PCoA 1 bee y ~ basal area 3.8 0.0 -0.0
Hi gh PCoA 1 bee y ~ management int 3.9 0.0 -0.0
Hi gh PCoA 1 bee y ~ management 4.0 0.0 0.1
Hi gh PCoA 1 bee y ~ shade tree 4.1 0.0 -0.0
Low Species was nul | 0 0. 4 0
Low Species was y ~ shaéideetsieter 2.5 0.1 -0.1
Low Species was Yy ~ management init 2.8 0.1 0.1
Low Species was y ~ basal area of 3.0 0.0 -0.1
Low Species was y ~ forest cc 3.1 0.0 0.1
Low Species was y ~ basal area 3.3 0.0 0.0
Low Species was y ~ shade tree di 3.3 0.0 -0.0
Low Species was y ~ management 3.4 0.0 0.0
Il nterme Speci es wa s y ~ management 0 0.6 0.4
I nterm Species was Yy ~ management int 3.8 0.1 0.4
Il nterm Species was y ~ forest cc 4.4 0.0 -0.3
Il nterm Species was y ~ shadideetsieter 4.9 0.0 -0. 3
I nterm Species was y ~ shade tree di 5.2 0.0 0.4
Il nterm Species was nul | 5.7 0.0 0
I nterm Species was y ~ basal area 7.2 0.0 -0.
Il nterm Species was y ~ basal area of 8.7 0.0 -0.
Hi gh Species was Yy ~ management init O 0.3 0.5
Hi gh Speci es was nul I 0 0.2 048
Hi gh Speci es was y ~ ¢$hedediver 2.4 0.0 0.2
Hi gh Species was y ~ basal area 2.6 0.0 0.1
Hi gh Species was y ~ basal area of 3.0 0.0 0.1
Hi gh Species was y ~ management 3.2 0.0 0.1
Hi gh Speci es was y ~ shade tree di 3.4 0.0 0.1
Hi gh Species was y ~ forest cc 3.5 0.0 0.0
Low PCoA 1 was nul | 0 0.04 0
Low PCoA 1 was y ~ shade tree 0.1 0.3 0.1
Low PCoA 1 was y management inten 4.4 0.0 0.0
Low PCoA 1 was y ~ basal area of 4.6 0.0 0.0
Low PCoA 1 was y ~ shade tree di 4.7 0.0 -0.0
Low PCoA 1 was y ~ management 4.7 0.0 -0.0
Low PCoA 1 was y ~ basal area 4.7 0.0 -0.0
Low PCoA 1 was y ~ forest coc 4.7 0.0 0.0
I nt er me PCoA 1 was y ~ management 0 0.9 0.2
I nterm PCoA 1 was nul | 7.0 0.0 0
I nterm PCoA 1 was y management inten 7.6 0.0 -0.1
I nterm PCoA 1 was y ~ shade tree di 9.1 0.0 0.1
I nterm PCoA 1 was y ~ shade tree 9.2 0.0 -0.1
I nterm PCoA 1 was y ~ basal tareeeass:off ¢ 9.7 0.0 -0.1
I nterm PCoA 1 was y ~ forest cocl0. 0 0.0
I nterm PCoA 1 was y ~ basal area 10. 0 0.0
Hi gh PCoA 1 was y ~ basal area of 0 0. 4 0.3
cover
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Appendidrxdifm.ati on of social wasp species accordi
s hadedagrocforar est s, | ocated in the region with i
cover in the |l andscape and basal area of shade
region with intermediate deforestation, in sout

(A) ﬂ_R Intermediate deforested

Protopolybia exigua

Protopolybia acutiscutis [ |

Polybia ruficeps

Polybia rejecta [ | [ |

Polybia occidentalis

Polybia jurinei

Polybia flavifrons

Polybia emaciata{ |

Polybia belemensis

Polybia (Myraptera) sp.1

Mischocyttarus santacruzi{ [l

Leipomeles dorsata

Angiopolybia pallens{ [l || [ | [ | O
Agelaia centralis [ ] [

Agelaia angulata

1. HEE B

109 135 172 181 184 215 223 253 272 397
Management intensity

(B) f_g_\ High deforested region
RN
Polybia ruficeps 1
Polybia rejectal M [ O [ |
Polybia occidentalis{ M [ | Bazs/?]l area
Polybia jurinei- | [ | (e 25a)
Polybia flavifrons | I 20
Parachartergus smithii [ O 15
Apoica pallens 1
Angiopolybia pallens [ | [ | O [ | [ | [ | [ |
Agelaia vicina { O [ |
Agelaia flavipennis 1
Agelaia centralis{ M [ | ] |
Agelaia angulata - = ]

7.9 132 188 241 255 3041 459 513  59.1
Percent forest cover (500 m)



CONCL USGEORAL

A conversao de habitats nati vos em Aar ea

mul ti plas facetas da biodiversidade, e mi ti
serem enfrentados, especial mente por conse
pubasi.c Aqui nés demonstramos que matri zes &
uma ameaca para a manutencdo da diversidade

~—+

ambém demonstramos que um model o alternat:i
ombr padl@e, desempenhar um papel deter mi nant
i versidade de abel has, mas também de vesp.
e, apesar dest as agrofl orestas represert

onservacao cocnolaa,proodvuacldoor adger iconservacao

nu O O 9o un
c

obretudo, da manutencadao de uma alta cobert

Estes resul tados possuem i mportantes i

o
o

versidade principal mente se considerar

o
o

na regiao sul da Bahi a, em que produt
d u ¢c@coa hcrauccaa por si stemas mai s intensivos
i o prazo. Tai s sistemas, gue incluem pr

alipto e pastagens destinadas a criacao

> ® 3 ©T uw T
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ati wmarme mtde ver si dade. Portant o, um cenar

T Q@ O o o

-~

resenta uma grave ameaca para a conserva

o

Mata Atl anti ca. Sendo assi m, nés recomen

_,,
<

oreceer magdo da biodiversidade e dos se
oio a produtores de cacau que optarem pe
|t

vma lcrawccaau. Tai s i ncentivos podem incl ui
ment ar iadapgeodwtsites si stemas, como o0 ace
Ssisténcia técnica e —-iqrusunmoesn psardao audru bdaocsa
terminantes da produte,yvi padeaecidgalcnmaecnatue , n
ondmicos, ¢compoo PBagamemwms Ambientais. Fir

bitat nativos que, al ém de contribuir p:
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n
n
c

forcos de consertvamsa) daan becsdi wade®isd ad & e
s
a

ricol S, pode ngadadei ® aiabilidade da pr

~—+
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opiaxcmeascada sobretudo pelo atual cenario
bi odiversidade.



