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Abstract

Purpose of Review In this paper, we synthesize the status and trends of studies assessing the effects of landscape structure
and changes on zoonotic and vector-borne disease risk in the Tropical America region (i.e., spanning from Mexico to south-
ern South America). Understanding how landscape structure affects disease emergence is critical to designing prevention
measures and maintaining healthy ecosystems for both animals and humans.

Recent Findings We found that there is a small number of articles being published each year regarding landscape structure
and zoonotic and vector borne diseases in the Tropical Americas region, with a slight growing trend after 2013. We identified
a large knowledge gap on the subject in most of the countries: in 15 of 27 countries, no article was found, and 72% of the
current literature available is concentrated in only three countries (Brazil, Panama, and Colombia). Five diseases represent
about 68% of the available knowledge, which compared to over 200 types of known zoonoses and vector-borne diseases, is
an extremely low number. Most of the knowledge that exists for the region is about landscape composition, with few studies
evaluating configuration parameters.

Summary In general, landscape changes presented a positive effect on zoonotic and disease risk in most of the studies found,
with habitat loss, fragmentation and increases in the amount of edge habitats leading to an increased risk of the diseases
investigated. The continued integration of landscape ecology into disease ecology studies can increase the knowledge about
how land use change is affecting animals and human health and can allow the establishment of guidelines to create land-
scapes that have a low pathogenicity.
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Introduction

Zoonotic diseases, also known as infectious diseases trans-
mitted from animals to humans [1], are a significant global
concern [2]. These diseases result from the transmission
of diverse microorganisms through direct contact, con-
sumption of contaminated substances (i.e., food, water),
or exposure to animals (vectors, hosts, and reservoirs)
[3]. With zoonotic diseases accounting for 75% of known
emerging pathogens [4], they have become a pressing issue
with significant implications for public health. Moreover,
the increasing trends in zoonotic diseases are influenced
by various factors, including population growth, defor-
estation, land use and climate change, and globalization
[5, 6]. Understanding and effectively addressing zoonotic
diseases are paramount, as they not only cause millions of
deaths each year [7] but also result in substantial economic
damages. Therefore, comprehensive knowledge and robust
control measures are vital to mitigate the risks associated
with zoonotic disease emergence and transmission [2, 5,
6] making this topic of utmost societal importance.

Landscape ecology plays a crucial role in understand-
ing the relationship between landscape characteristics and
infectious disease dynamics in specific regions, commu-
nities, and species-specific contexts [8, 9]. Both composi-
tion and configuration aspects can determine host presence
and abundance, transmission rates, disease prevalence, and
consequently spatiotemporal patterns of diseases [10, 11].
Consequently, recent studies have shown how land use type,
habitat fragmentation, and hydrological aspects affect dis-
ease dynamics and transmission [12, 13]. For instance, habi-
tat fragmentation and human encroachment resulting from
the loss of forested areas in Africa have been associated with
increased opportunities for the transmission of the Ebola
virus from animal reservoirs to humans [14, 15]. Similarly,
in both the Amazon Basin and Southeast Asia, the loss of
natural forest and their conversion to agricultural plantations
have been linked to the exacerbated transmission of vector-
borne diseases such as malaria and dengue fever [16, 17].
This happens because deforestation, land use change, and
habitat simplification promote generalist and host species,
increasing their abundance and the risk of zoonotic patho-
gen transmission [6, 18-21]. However, regional context and
species-specific factors further shape this landscape-disease
relationship [12, 22, 23]. Understanding these relationships
through a landscape ecology lens contributes to more effec-
tive disease management strategies [24, 25] and allow better
land use planning, to ensure the establishment of landscapes
with a low pathogenicity [26].

The Tropical America, spanning from Mexico to south-
ern South America [27], is recognized as the most diverse
region in the world, and consequently, harbors a high
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diversity of pathogens [28]. It also faces the higher rates of
land use change (i.e., loss of native vegetation) of the globe
[29], which makes several parts of this region hotspots for
future emerging infectious diseases [30, 31]. Understand-
ing how landscape changes influence the diversity, trends,
and patterns of zoonoses is of paramount importance due
to their potential economic, environmental, and public
health implications globally [5, 32]. However, our current
knowledge about the mechanisms through which land-use
change influences host and pathogen communities and the
risk of cross-species transmissions is limited, especially in
the Tropical America region [33]. These gaps in knowledge
need to be identified and are critical as they hinder our abil-
ity to develop effective strategies for disease prevention and
control [32, 33]. A focused investigation into the mecha-
nisms underlying the impact of land-use change on zoonotic
disease dynamics in the Tropical America is essential to
fill these knowledge gaps and pave the way for informed
decision-making and targeted interventions [9, 32, 33].

In this synthesis we aim to fill this research gap and assess
the knowledge about vector-borne and zoonotic diseases
and landscape structure in the Tropical America region. To
achieve this, we create a conceptual model for the Tropical
America region summarizing the main relationships and
effects found in a landscape ecology perspective; Subse-
quently, we identify knowledge gaps to propose an agenda
regarding landscape ecology and vector-borne and zoonotic
disease for the next five years of research. Our results will
enhance our understanding of disease dynamics in this
region, contribute to improved public health outcomes [9,
19, 32, 33], and allow for better strategies to fill current
knowledge gaps.

Literature Synthesis

To assess the general knowledge about zoonotic/vector-
borne diseases and landscape structure in the Tropical
America region, a syntehsis of the literature was carried
out using five steps, based on Arksey and O’Malley [34]
and Levac et al., [35]: (1) Identifying the goal of the syn-
thesis: the main objective of this systematic map was to
evaluate the existing knowledge on landscape dynam-
ics and disease transmission in the Tropical America,
by answering the question (i) what is the relationship
between landscape structure and the emergence of vector-
borne and zoonotic diseases in the Tropical America? (2)
Identification of relevant articles: a scientific literature
search was conducted using the litsearchr package [36],
which creates a pool of possible keywords relevant to a
field of study. First, we ran a search on 14 March 2023 on
Scopus database using the “naive keywords” (neotropic*
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OR forest OR tropical* OR landscape) AND (zoonotic
diseases OR zoonos* OR infectious diseas* OR diseas*
OR vector* OR virus*), resulting in 1901 articles. Results
were then imported into R, and by using the litsearchr
package [36], important keywords were identified in a key-
word co-occurrence network: (tropical disease OR tropical
region OR neotropics OR forest) AND (infectious disease
OR public health OR risk factor OR zoonotic disease OR
borne disease OR neglected tropical OR zoonotic patho-
gen). A new search using these keywords was performed
on 15 March 2023 on Scopus, and resulted in 54 articles.
To ensure we were covering as many studies as possi-
ble, we used the results from both searches (1930 unique
articles) and conducted a snowball procedure with the
selected articles. The searches were conducted in English
and with no restriction on year (as disease outbreaks can
happen in isolated points in time, we did not restrict the
years of search to capture the largest number of studies
possible). We choose english instead of other languages,
because the results can be replicated by any researcher
of the world. Code with litsearchr search, papers down-
loaded using the naive search, and papers resulting from
the lisearchr search are all available at (https://github.com/
paulaprist/CurrentLandscape.git).

To decide on the inclusion of articles, we use a multi-
step process: (i) five reviewers performed a preliminary
scan of the titles and abstracts, in order to discard those
that were not related to our objectives. As a result, from
1930 unique articles, 103 were included for full reading
and were then further evaluated by two reviewers, who
jointly decided on their inclusion or exclusion. From the
103, 55 more articles were selected for reading after the
snowball procedure, regardless of whether they were an
empirical, modeling or review study. (3) Article selection:
an article was only included in the review if it was writ-
ten in English and addressed some aspect of landscape
ecology and zoonotic/vector-borne diseases. Our inclusion
criterion for the landscape aspect was if quantitative or
qualitative measurements of any landscape structure ele-
ment were performed (i.e., both composition and/or con-
figuration), which would allow a comparison to be made
between the results found and the different elements of
the landscape. For vector-borne and zoonotic diseases, we
included articles that assessed the presence or abundance
of vectors, hosts, or reservoirs, prevalence of infection
in them, or human cases of associated diseases. (4) Data
management: to extract and summarize the data we created
a spreadsheet, including authors, year of publication, title,
geographical location, disease evaluated, landscape feature
evaluated, response found. (5) Analyzing, summarizing,
and reporting the results: we conducted a qualitative analy-

sis synthesizing the main patterns found in the literature.

Status and Trends of Research in the Tropical
America Region

We carefully read 158 articles relating landscape variables
and zoonotic/vector-borne diseases, and found that 74 met
our criteria, entering the final analysis (Table 1). Most of
the studies were empirical (64 studies), followed by mod-
eling studies (eight), and meta analysis (two studies). The
selected articles were classified into three main categories
referring to the landscape variables investigated: landscape
composition (i.e., land use and land cover composition and
their relative proportion), landscape configuration (i.e., the
spatial arrangement of the landscape units) and landscape
structure (i.e., landscape composition and configuration
together). Studies that accessed vegetation indexes such
as NDVI were classified as landscape composition studies.
Similarly, studies that evaluated disturbance (i.e., urbani-
zation, agricultural areas, edge habitats) were also classi-
fied as landscape composition studies.

The earliest knowledge found in our synthesis for the
Tropical America region regarding landscape structure
and zoonotic/vector-borne diseases was from 2002, with
a low number of studies being published per year, until it
increased in 2016 (Fig. 1). Despite a boom in the number of
articles in 2021, there is only a small growth in the number
of articles published per year. Even considering that the
total number almost doubled after 2013, we still see less
than 10 studies being published every year (with the excep-
tion of 2021). This shows that this is still an under-explored
topic in the scientific community of this region.

Likewise, 83% of the studies found are concentrated
in five countries: 55% in Brazil (n=41), 11% in Panama
(n=8), 6% in Colombia (n=15), and 5% in Argentina and
Peru (n=4 each). Mexico presented three studies, while
Paraguay two. All the other countries had only one study
each. Two studies were performed in more than one coun-
try (Brazil and Argentina and in the entire Tropical Amer-
icaregion). This shows that there is a large knowledge gap
about landscape-zoonosis dynamics in 15 of the 27 coun-
tries that compose the Tropical America region (Fig. 2).

A total of 16 zoonotic diseases/vector related-diseases
have been studied in the Tropical America region 87 times
(considering that one single article sometimes have ana-
lyzed more than one disease), but again, with a trend of
many studies looking at a low number of diseases. Five
diseases represent 68% of the total current knowledge—
malaria (25% n=22), Chagas disease and Leishmaniasis
(13%, n=11 each), yellow fever (9%, n=_8), and hantavi-
rus (8%, n="17). Spotted fevers, Arboviruses (diseases spe-
cifically transmitted by Culicidae and Aedes aegypti), and
mosquito-borne diseases (studies evaluating mosquitoes
communities) accounted for 13.9% of the studies found

@ Springer


https://github.com/paulaprist/CurrentLandscape.git
https://github.com/paulaprist/CurrentLandscape.git

31-62

Current Landscape Ecology Reports (2024) 9

34

1S9I0J SNONUNUOD
£q pamor(og ‘rerfrorwopriad uo sajer
SNOTIOAJUI JOYSIY PeY SISEIUBIYSIOT

Q0OUBPUNQE SI0JOIA 9SBAIOUI [ACN

adeospue| parpmis oy
$SOI10® (SsauyoLl Jefrus Aysy <o1)
snoauagowoy sem dfe[quiasse oybson

sadeospuey ordoxyjue
ur 10ySTY Sem UOTIRISAJUT J0JOIA

(serpronwo

-puad pue ‘Sunuerd
‘Sunuerd ym 1s010§
€)$2I10J SNONUNUOD)

QATISOq uonepeIsop jeyqeH
AANISOd IAQN ‘9718
1000 ON  JuowSerq ‘(JuowSery

(sod Ky Juowr
-SeI} 410q pue JSOIOJ JOJ) QANISO]

ueqIn JuowSesy feins
9sa10§) 2dA) yenqey

(15910] paarasaid-fom
510§ ueqIn-Liod
5210J UBQIN ‘p[oy
ameo ‘uonejueld
903J00 apeys) sadKy
QuoN Asn-pue[ JULIHIJ

JUSWIUOITAUD PIAIIS

ANISOd  -U0d snsIdA ordoruy

uonisodwo))

uonisodwo))

uonisodwo))

uonisodwo))

SISEIUBTUYSIOT

JIOAQJ MOT[OX

SOSEASIP QUI0q-0INDSOIA

aseasIp sedey)

reorndwyg

Sut[jopoN

reorndwyg

reorndwyg

nzeig

[rzeig

OOTXON

Jopenog

LT¥00T2
‘91T ‘ZnID opemsQ
omnsuy op SeLIOWIAN
'uoISaI UOZBWY [ENUD
AU} UT JUQWIA[ISS [INI B
Jo srewrwrews erydiownyd
-[9pIQ pue enUSpoy ul
‘eruewysio] uo siseydwo
ynm ‘sprewosouedAn
Jo 2ouasaid (1702) WD
zonbse[oA-sory ‘AJV
eARN DV 80SSod ‘ANIA
BA[IS Bp mwmh— BIISUO]
‘Al BPIRWIY ‘M[ BAIIS
-eI010d ‘AQH seSeyD ‘dd
UuewZIney ‘YO SOIPY
€T:G[ "SION9A NseIRd
‘Tizeag ‘1$210, dNuUR[Y Y}
UL 3eaIqIno 6107-L10C
AU} Ul JOAQJ MO[[IK OIBAIAS
Jo uorssnusuen sunoaye
$10}0®J [EJUSTUUOIIAUD
pue [e2150]09¢ (2Z07)
e R “DIND seId ‘SN
o11q1y ‘Sd 21onToudA
‘SVSIA S9N ‘SO
1ZZ83IpUY 9p 9P SA WRIqY €
L8 ‘8 ‘SI0309A
29 SO)ISeIRd “XLIJBW JSAI0J
pnopo duejuow [edrdonoou
® unpim sad£) asn-pue
JUQIOYIP IM sdoe[d
Je (eeprorn) rexdiq)
K)1SI9ATp 0)inbsow jo
uonereA [elodwajonedg
(S100) @ uodrery-o3en
-ueg ‘T s10J-10S0100B A
'S [pUIg-ZoUBq]
VO OUBIDIN-BI[2QV T
99Z1-8STI ‘01 ‘WIBH
[RUONRUIAIU] 29 SUIDIPIIN
[eordoay, “Jopendy uI)som
ur uone)sajur 921 wyed 1oy
$J010®J YSII :(QRUTOJeLL],
‘e1oydoro)oy) suonendod
SMUpoYY dSNAJAS JO
£30090 p[aL] (S007) VIN
SO ‘AINH TB[I3Y ‘S
anbowoed ‘q youerj-peqy I

QwoanQ

painseawr

[SLI 2SBASIP UO 102 sotnowr adeospue|

UOnNeIYISSB[O
adeospuey

paInseau (s) aseasi(q

Apms Jo 2dA],

Apnys Jo Anuno)

ouarly I

seorroury [eo1doi], 9y ur SaseasIp 9UI0qI0}IA PUB J1}OU00Z Pue 2I1nonys adedospue] Surje[al SISOYIUAS 2INJRINI] OBWISAS INO YFNOIY) pajoo[es siaded

L 9|qeL

pringer

AQs



35

31-62

Current Landscape Ecology Reports (2024) 9

Kyisuap
uone[ndod uewny Aq Ajeanisod pue Kyisuop
IAQN £q paroage A[oanedau s1 20ud AATISOq uonendod uewny
-saxd smordoqy “ay pue ud{sav "oy aAneSoN TAAN
(uoseas
P102 2 Jo uondaoxa Ay} YIIm) seare
ordoxyyue ur punoj ore saseasIp quoz pazidoyiue
Ju10g-ojinbsour Jo seouepunqe 1YSIH ANISOq PUE 1S210J SNONPIOA

$93pa uonejodon

QATIRU JO JUNOWY

‘IAQN ‘33ueyd
JI9A0D UOTIBIOTIA

9eos Wy ] JB SO uone1doA

M pasearour dousresard 12me) ;f SSOJ UOTIBIOS0A QATIEU JOJ QATIISO]

[SLI 9SBAIOUT
03 Jueyrodwr Os[e SEM SONIATIOR
Surunu ‘eLre[ew Jo,J ‘SeaIe ueqIn ur
QSBAIOUI PUE Y}IM PUE SSO[ UOTBIOFOA
QATIEU [JJIM PISLAIOUT SISO SISOTURUI
-USIo] pUE BLIE[EW JO JOqUINU Y],

Sururw pue uon
QADISOJ  -BZIUBQIN ‘UOLIBISAIOJO(L

uonisodwo))

uonisodwo))

ampnng

uonisodwo))

SOSNITAOQIY

(-dds sajaydouy
pUR X271 :BISUST Urewr)
SOSBASIP AUI0g-03nbsoIA

aseasIp sedey)

JOAJJ MO[[OK
pue eLIR[RW ‘SISLIURWYSIOT

reorndwyg

[eorndwyg

SuI[PpON

restndwyg

BweURq

001X

nzexg

nizexg

8V61-€L61
‘€T SUOISPAUJ [01g "UOTS
-SIWSURI) 9SBASIP [RIIAOQIR
Jo adeospue[ ay) 10§
suoneordwr :eweued ur
saojbsow sapay Sured
-wod Jo uonnqLusip retod
-wojoneds oy Surdeys ur
SUONIPUOD [BIUSWUOIIAUD
SnOuag01219Y JO 9[01 Y],
(120T) Te 10 °A ‘zenbpug

‘OM URIIIAPIAL T3] Houuag
9$T—81C
‘(1)6S ‘A8ojowouzg po>
-1P2 A JO [PUINOL “OITXIN
UISLIYINOS UT ISAI0]
SNONPIOS( ® Ul ANSIOAI
oynbso s100y uon
-ezidonpuy adeospue|
(T207) VO Ziny-[eAopues
‘S [euIag-Zoupq]
VD OURIPIN-®[[9qY

‘[N ugp[oy-sojuaLLeg
Kydei3oog 'sofeos pue
S[OAJ] [BO130]099 SSOIoR
S1SOY P[IM UI UONIJUT
ansered aonpar AJISIQAIP
-01q PUB 19A0D UONRIIZIA
(€207) T2 19 *DDS 21AEX
4 PIRXIAY, ‘SL 0SOpIR)
4D Yourp ‘v71 oxonbes

-Z3UNIRIA ‘SD) 1ZZBaIpUy
98-€G8T-CI 8IS
BIRIS09D) O RIIA[ISEIG
BISIAGY "SBIOD) 9P OpeISH
OU B[OIRWE 91G9] 9 BLIP[RW
‘[RISOSIA SSOIUBWIYSIS 9P
BIOUQPIOUL © 9 OPBLIDD)
Op 0[0S Op 0SN 0 ‘OJudW
-e1ewsap O (z200) S @
N3P D ORN 2P OWIN
©ZN0S 9P JV BA[IS

DV71 sojues Yg ouIopy

paInseow

QwoonQ [SII 9SBASIP UO 102 sornowr adeospue|

UONBOYISSED
adeospue]

paInseau (s) aseasi(]

Apmis jo adAJ,

Apns Jo Anuno)

Qouaryey Il

(ponunuoo) | sjqey

pringer

As



31-62

Current Landscape Ecology Reports (2024) 9

36

Qouepunqe
18UlDP AN 9SLAIOIP IOJEM WOILJ
Qoue)sI(J ‘sIeIqey 23p2 Jo junowre
ay) ur sasearour Aq pajoagye A[panisod
PUE I0A00 18310J JO % Kq pajodye
K[oAne3ou sem aouepunqe 15uivp AN

uoneIUSWSeIJ PUB UOTIBISAIOJIP
)M PISLAIOUT SIS BLIB[EW JO JOqUINN

SeaIe BSUINSaI ur 90URpUNqe L0I]]2q
sajoydouy aIym “1sa10§ [edrdorn asuop
Ul UOWWIOD QJOW SeM 112140 S2]aydouy

JUNOOOE OJUT UAYE)
are s10j08} 130 papraoid YsLI oy
SOSBAIOAP 93P 1SAI0J A} 0) dSO[O SUIATT

seare

1S9I0J 0] JXOU pue SONIANIE [eto)sed

-013¢ YIIM SBOIR [BINI UT PISLIOUT
ST YSLI SISEIUBTUYSIO] SNOQULRIN)

J3eureip
aAneSoN 19Jem-9snoY dJUBISIJ
AATISO] Kysuap 93po 15210,

aAneSoN  23ejuedrad 10409 15910,

uonejuowsesy

AATISOq UOTBISAIOJO

seore
[eIna pue ‘eSunsar 9s9

oAnIsod  -Iojurel Jeordor asuo(q

QANISOJ Kyrurxoad 15910

saniAnoe [eloised-o1dy

OANISO  SBAIE )SOIOJ JO JUNOUry

2INd_NNS

uonisodwo))

uonisodwo))

uonisodwo))

uonisodwo))

BLIR[RIA

BLIR[RIA

BLIR[R]A!

SISETURWIYSIO] SNOSUBIND)

SISETURWIYSIO] SNOAUBIND)

reorndwyg

SuIPpPON

reorndwg

reorndwyg

SISATeue B9

nzeig

nzeig

nzeig

BOTY BISOD

nzexg

L80S¥209 (1)91 ANO
SO'1d '1S2I0JuIRl UOZBW Y
Ay ur uoneafijoid 103094
BLIB[BUI SOALIP puR A)ISIOA
-1po1q ombsow sasea1ddp
adeospuey oruaSodorypuy

(1207) T2 1 4d wid

70 eiiode] ‘g[ uuo)

‘SH 0319g ‘NS SeARyD

S-#PEST
-810-86S 1+$/8€01°01/310
“op//:sdny £L0L:8 "doy
10§ ‘[IZelg URIUOZEWY UI
BLIB[BW JO S0UIPIOUT 3}
JO IoALIp KoY © ST Zury §
uey ssof sayojed 15103
paroeduur jo eouepunqy
(8102) Te 10 INAY z2doT

el

Hf UU0D ‘WSTSARYD Tl

eordoiy,
B)OY 'JSQIOJUIRI ONUB[)Y
Q) ur saroads om) Sur
-pre3ar yoeoxdde £30[009
adeospue| v :sperjewoIq
pue sooynbsow (seprorny
e191di1() preqoay], ez
-S91193] (9107) INS'T $oARUD
9L19 “(1)T ‘saseastp
[eordon payos[3ou So1d
*9SBOSIP OUIOQ-I0JOIA B
uo syoedwr UONLISOIONOP
pUR 2JBWI[D SAYIPOW
UoISN[OX3 [B10S (8007)
TIN UOSTIAA ‘TNl [B1Oseq

11

AL USYOD) AT SATYD 0T

€6 dox,
PRIN Selg O0S AY “MITAI
QIN)EIAN] ONBWA)SAS
B—(IZRIg Ul SISRIURWIYSII|
SNOJUEIND JO S)UBUTIINAP
JIWOUOII0IO0S PUB [BJUIW
-uoxiAua 1ofey (0Z0T)
IO YOUIIA ‘SNV AInoy
Sl[H-erelN ‘[N zonbzep
-zayoues ‘JT Aysaouezng

6

QwoANNQ

Ppainseawr

SSLI 9SBASIP UO 1O sotnow adeospue|

uoneoyIsse[d
adeospue

paInseaw (s) aseasi(q

Apmns jo adAg,

Apns Jo Anuno)

Qouayy  dl

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll


https://doi.org/10.1038/s41598-018-25344-5
https://doi.org/10.1038/s41598-018-25344-5
https://doi.org/10.1038/s41598-018-25344-5

37

31-62

Current Landscape Ecology Reports (2024) 9

s19410 01 paredwod
USUM J[QBLIBA IOYBOM B SBM J1INg
‘sadeospue] yroq ur awnAep Jurnp
uono9[as 1BIQRY paIddye Afpanisod
IAQN ‘sededspue] yioq ur pa)odas
Apua1sisuod sem 191eA “(sadeospuey
ordoynue ur oouarayaid yeliqey Sunorp
-a1d ur oqerrea jueyrodwr jsow vy ST
JIOLI9IUIT 1SAI10J 0] d0URISIP) sadeospue|
payIpour ur syeyqey asay) 1o5o1d 1nq
‘(saysnq pue sasseid 1ojo1d) sadeos
-pue[ [eINJBU UI $)SAI0) ploAe sereqAde))

peaids saiqer pue 2d£) asn
PUB[ U99M}Oq UOTIB[AI QAIIBIYIUSIS ON

SJUSWUOIIAUD
ueqIn 0) paredwod UAYM ‘Seare [eInI
U SJUSWUOIIAUL dNsowopriad pue

1S0JOJ UI PASEIOUT dduLpuUnqge SaIy pues

SQUO paqImIsIpun pue saspo 0) pared
-WOd USYM SYS PAQIMISIP ur IoYSIy
sem sjuapor ur dousfesald efjouolreg

QANISOJ
(sadeospuey pazidoryiue) oAnISOg
(sadeospue] [einjeu) oaneSoN
QAMISO

AANISOg

199JJ2 ON

AANISOg

QANISOq

IAGN
JOLISYUT
15010J 01 OUBISI
sqnIys
/S9sSRIS 01 OUBISIT
IojeM 0 QOUBISIT

Spueom ‘seare ueqn
‘SpuB[qNIYS ‘SEUUBALS
‘SPUB[SSEIS ‘S)SaI0]
‘spuedoio ‘uoneiagoa
uorreq—sadAy

asn pue[ JuaIYIg

1S9I0J UBQIn pue ‘eaIe
[BINI UT SJUSWUOIIAUD
onsowoptad pue 152104

SeAIR PAQINISIPUOU
pue sa3pa ‘paqImIsIq

uonisodwo)) 10A9) panjods uerfizerg [esrndwyg

uonisodwo)) saIqey [eorndwyg

uonisodwo) SISBIUBWIYSIO] reornduwyg

SISO[

uonisodwo)  -[euojreq pue sisorrdsoydo reorndwyg

nizexg

[1ze1g ‘eunuadry

[zeag

nrog

LLT6TT0
-ouod-euInol/1£€1°01
/310°10p//:5dNY *LLT6TT02
(8)ST ANO SO1d "1
winidinos puwiof)quiy 10y
jsoy Juerrodwr ue ‘(s
-DY204pKY SN120Y204PAE])
sexeqAdes Aq sedeospue
payIpow-uewny pue
[eINJRU UT UOTJO[IS
1e1qeH (0702 ‘1810 'd 109
-niSwa ‘gA euniqe ‘O
Sueny ‘v yoeqels ‘DL seiq
9LIXsW
/Aq[OwW/€601°01/310°10p
/1:3d0Y *1LST-€9ST ‘01
‘v¢ ‘uonnjoag puv £8ojo1g
Apn22)opy ‘sotwepidg
SnIIA Jo sorweuk(q reneds
SNOJUAF0IAOH Ay}
ure[dxg pue aredwo)) 0}
soouanbag ouan [eIIA
surs) (L102) DO snakd
‘d AowaT ‘W 1RqIID ‘H
Aqmog ‘g1 eIaIA “IN
RLIR Y 9S0Y ‘S IN02I[[dg
9 T S40109/ S2NSDIDI
‘[ize1g 910y ‘odurIg Oy
Jo Anpediounw ay) ut
sIseruewysIo] A1ejuownga)
UBOLIOWY JO 9OUSPIOUL
yS1y jo eare ue ur sry
pues aurwojoqaqyd jo
~dds pruvuysia kq
UuonodJuI [RINJRU puw
SuIpagy ‘A30[09¢ (810T)
T8 19 4D ©znog 9p AV
Aueyiug AN BIIAY 9p

89050209 :(01)ET

ANO SOId nisd jo uiseq
UOZeUlY WIdYINOS ) Ul
KemyS1H d1ueadQ-I13u]
ayy Suore juarpeId doueq
-INJSIp Je)Iqey B SSOIO®
P109[[09 SHUSPOI Fuowre
p]jauoLIDg pue nadsoyday
Jo uoneoynuapy (8107)

‘e 30 D reMqry ‘L
opaanQ) ‘Of Aysmodng,

Ll

91

SI

-uodn( ‘g [eUR) ‘A ZJI0D  $[

QwoANNQ

SSLI 9SBASIP UO 1O

paInseau
soLow adeospue|

UuonEOYISSL[d

adeospue painseaw () IseasIq Apmns jo adAg,

Apns Jo Anuno)

Qouayy  dl

(ponunuoo) | sjqey

pringer

As


https://doi.org/10.1093/molbev/msx176
https://doi.org/10.1093/molbev/msx176
https://doi.org/10.1093/molbev/msx176
https://doi.org/10.1371/journal.pone.0229277
https://doi.org/10.1371/journal.pone.0229277
https://doi.org/10.1371/journal.pone.0229277

31-62

Current Landscape Ecology Reports (2024) 9

38

sjelqey popersop

ur 1oyS1y sem aduepunqe J0J99A

uone)SAIOP
Juada1 0) asuodsar aanisod Suons ©
pojuasald SI0)00A BLIB[EW ‘SEaTe UBQIN

ur sasea1our dduepunqe 1d{3an sapay

SeAIR SUIUIW PUB SSO 1SAI0J YIM
PAILIOOSSE SEM SUBWINY 0) ST BLILTRIA

9OUINDI0 QUIWOJLLL], 0) I[QEIOAL]

QIOW 210M A)JIATIOSUUOD [LINJONI)S

pue (152103 snofiydoiquio-paxiui pue
[euozes AJureur) 10A09 uonelasaA ySiy

AANISOg

ATISOq

QATISOq

QATISOq
QANISOq

(seare Arerrorwo
-puiad pue ‘armjsed
15910] ATRPUOOIS-pI
15910 A12PU0OAS
KJIea ‘5010§ Arepuo
-09s 9Je[) UonEpRISIp
Sunuosaxdar sad£)
9SN Pue[ JUAIYI
—uonepeI3ap je)qey

B

SSO[ JSa10

SSO[ JSa10

(001/(ey) 307 ur)
bgﬁuu::g [emmonng
(%) 19A0D UONBIOTIA

uonisodwo)

uonisodwo))

uonisodwo))

amonng

aseasIp seseyD

BLIR[R]A| PUE onSua(]

RLIR[RIA

aseasIp sedey)

sIsATeue BIOJ

oLd(Drg
U213y pup aurdIpIUL [PI
-1do.y fo ppuanol uvorioury
2y ] “ewreued jo adeospuey
[ena e ut suadsa[red
SNIUPOYY I0JA ISBISIP
seSey) oyl Jo aduepunqe
pasearour pue aueyd asn
puey oruagodoryiue Jo
uonerossy (1107) ¥0
[[o1re) ‘v euep[es ‘qf
BpeZ[ED “IN 19qUpNon g

01100 Prud
‘Teunoly[Lg1°01/310°10p
/7809 "0SH 11009 (L)LY
siq doi], [SoN S01d ‘ueeq
-qQLIE)) JY) PUE LILIDWY
urye| ur aSueyo asn-pue|
oruagodonyiue 0) S10199A
ojmbsow jo sesuodsax
orwouoxe) SureyIq
(€£207) g sauof Y
MO Y QqrD MY 0T

6726100
(T2)9616-TrSTS/9101
"01/310°10p//:5dNY "8 L0
—6£L2 “(6)9 “Weoy Kred
-ue|[d "1ooueT Ay, ‘Apnis
Suriopow [erodwoioneds
B [B[ONZOUSA UISYINOS
Ul 90UQSIoWe-AI BLIB[RW
UO UOTBLIBA 9)RWI[D pUR
uonepeISop [BJUSWUOIIAUD
uam1aq SAI3IAUAS (72027)
¥ 9MOT ‘g sauof ‘f
BUS[[IA-ZOPUBUISH D
Ao[eI( ‘Af OUIOIN
HNRIHD NI PYRE 61
L069000°
1(01)z1 seseasi [eordor],
PR3N SOTd Tizeid
WISYINOS ‘BUBIRJ JO 91RIS
QUY) Ul 12140 Dutosoundq.],
JO UOISSTWISURI) J0JO9A 10
seaIe YSLI Jo uonarpard
Teneds (810¢) T2 10 ‘dvV
NAIQY 9p “TY Hee[ANAl
‘HIA _UIdUBA ‘T, BZNOS
-[eIGOS NV BA[IS @ 01194 8]

[esrndwyg ewreueq

uordar [eordonoaN

reotndwryg B[ONZAUDA

SurEpoN nzexg

QwoANNQ

SSLI 9SBASIP UO 1O

paInseau
soLow adeospue|

uoneoyIsse[d
adeospue

paInseaw (s) aseasi(q

Apmns jo adAg,

Apns Jo Anuno)

St
3]
o0
RS
-
Qouayy  dl =2

(ponunuoo) | sjqey


https://doi.org/10.1016/S2542-5196(22)00192-9
https://doi.org/10.1016/S2542-5196(22)00192-9
https://doi.org/10.1016/S2542-5196(22)00192-9
https://doi.org/10.1371/journal.pntd.0011450
https://doi.org/10.1371/journal.pntd.0011450
https://doi.org/10.1371/journal.pntd.0011450

39

31-62

Current Landscape Ecology Reports (2024) 9

spIeA [ejow deros pue sumoy Ajueys
ur uey syred ur 1oySIy ST 90USRAIJ

sumojkjueys

pue spueppred woiy 101824401 "y Ul
K)ISIQAIP pUR SSQUYDLI YUTWRY 12YITH

1504 JO

Qouepunge JoySIy 0) anp SUMOIKIUBYS
ur sayisered Jo S[oAQ] eouepunqe IYSIH

(suwrey
®AOS puE UI0D ‘ULaq JO Joquinu)
ndino reanynonSe pue (Sunued
jnuead pue Supnsoarey 9oL1) Ajeuozes
[eamnonse Aq pajoage Ajanisod

SI JHN pue Suewny ur JoAdJ MO[[OX

§1$910J SNO
-n3nuod 0y paredwod uaym sIs K1e

-1[orwopriad pue sjuBuWwI J$AI0J A1e
-pUO0dds PIUI UT JOYSTY sem 9jel 1ZnId "],

spie£ ejow deios

aAnIsod  pue sumoifjueys ‘syred  uonisodwo)

SpuepjIRd pue
SUMOJAIURYS ‘SpoOYy
-10qUS1ou [eNUAPISYY  uonisodwo))

spek [eyow derds
puR SBAIR [RUIPISAT
—[elmsnpur ‘spue|
Syred ‘sumo)fyueys  uonisodwo))

AnIsod  A)ITeuoseas [eImnorsy

ndino reimymonSy  uonisodwo))

uonepersop jeyqey  uonisodwo)

BIquIe| eIpIe1n
pue "dds wnipriodsoyd£1D

sa10ads Juapolr
QAISBAUL SUOWE AJISIOAIP
puR SSQUYOLI (PUI[OH

eynurwip siserdojousw Ay

I0AQJ MOJ[OX

aseasIp sedey)

reorndwg

reorndwyg

reotndwyg

reondwyg

reorndwyg

BUNUITIY

eunuady

eUNUASIY

nzerg

BWEUE]

LLLTrudz/ITTTor1/310
“1op//:sdny "g16-£06:(8)L9
YI[BOH O1[qN{ SISOU00Z
‘BUNUSSIY ‘SaIly souang
WOl SJel UMOIq Ul BIPIRID
pue winipriodsoidA1)

10J SI010®] YSLI PUB JO
90UA1IN220-0D) (0Z0T)

AO 721gng ‘g oueH  9g

8-6€C1-L10-€6€018
/LOOT"01/310"10p//:sdny
"€19-€09: ()1 "Weay0oqg
"W)SASOOH UeqI() UB WOIJ
syuapoy drdomyueukg ut
AstoArq yutwiey (L102)
AQ zargng ‘( ayouey
910005
IX6¥12200S/L101°01/310
“1opy//:sdny *50z-661:(2)06
‘K§ojoyuua gy Jo puinop
"BUNUASIY ‘SaITy soudng
wouij suonerndod jex
ur eynurwip sidajou
-QwWAH 9poIsad o) Jo
S[9AS] UOnoAJUT (9107)

44

AO ZoIPNS ‘A BPUPH T

#L68000 Pyud-reumol

/TLET 01/330°10p//:5dNy

"#L68000 :(1)ST saseasiq

[eordoxy, palR[oN SO'Td

"BOLIDWY INOS UI UOIS

-STWISURI) JOAJJ MO[[A

JO SIDALIP [enuUUR-IIUT

pue [euoseas (1707)

JAN Uosn319q ‘T, 9ysien
AV odioyiAen v 1o[wey

CIv667EINd -AIDINd
‘9¥8991€C ‘Al ST
AON 2102 qndd "$881000
‘pyud-Teunol/1LE1°01/310
“1op//:sdny $8819:(11)9
st do1, [3oN SO'Td
‘sadeospue] Surduey)

UI UOTIOJJUI JOJOA 1ZNID
ewosouedA1], souanpur
Je)Iqey pue ‘KISIOAIP SO
-ods ‘A3a1ens A103S1Y 1]
1SOH (Z107) ¥D 101D
‘V BURp[ES ‘A BPRZ[ED

€C

‘AT seARYD YIN IUSPNOD T

QwoANNQ

SSLI 9SBASIP UO 1O

paInseaw  UOTBOYISSE[O
soLow adeospue| adeospue

paInseaw (s) aseasi(q

Apmns jo adAg,

Apns Jo Anuno)

Qouayy  dl

(ponunuoo) | sjqey

pringer

As


https://doi.org/10.1371/journal.pntd.0001884
https://doi.org/10.1371/journal.pntd.0001884
https://doi.org/10.1371/journal.pntd.0001884
https://doi.org/10.1371/journal.pntd.0008974
https://doi.org/10.1371/journal.pntd.0008974
https://doi.org/10.1017/S0022149X15000164
https://doi.org/10.1017/S0022149X15000164
https://doi.org/10.1017/S0022149X15000164
https://doi.org/10.1007/s10393-017-1239-8
https://doi.org/10.1007/s10393-017-1239-8
https://doi.org/10.1111/zph.12777
https://doi.org/10.1111/zph.12777

31-62

Current Landscape Ecology Reports (2024) 9

40

S9sBO J A JO ImoI3 [enuauodxa oy
pue uorsiadsip A JX 9y} 0) 9InqLIUOD
SANISUAP 93P 1510J JO S[AAQ] Joy31y
)M PIAUIqUIOD (%()L—(E) 1OA0D 1SAI0J
JO S[oAQ] QleIpauLIau] ‘JHN pue
suewny Yloq Ul SJUIA SNIIA JOAJJ
MOJ[9X UT %G JO ISBIIOUL UB YIIM
PaleIodosse s1 uonejudwsey 1eiqey

seare Suryoues 9[)ed
ur uey) paatesard ur 1oysiy Apueoyiu
-31S SeM SJUSPOI UL UOT)IJUI 12140 ]

sjuowuoIIAuL drdioyjue ur 1oysIy sem

Qouepunge sa10adg ‘uonejudwsery

10y31y B ypim sodeospuey ur romop
Q1om sardads sofoydouy jo AJs1oaIg

YSLI BLIR[RW 1098

JOU PIP UONBISIIOJAP SIly pue sKem

-prox pasedun pue paaed 10yS1y ym
PISLAIOUT SeM SUBWINY O) YSLI BLIB[RIAl

ATISOq

(ey/u)
23pa 152105 Jo Kysua(
(%) 19A02 1$210]

oanIsoqd  Sururewar jo uontodoig

AANISOd

AANISOg

QANISOq

®aIR JuIyOUET
9[11BD PUB POAIISAI]

uonejuowsely ye)qeH

pue sad£) asn pue|

UOTBISAIOJIP $SaIl
pue speox pasedun
pue poed Jo roquinN

2INd_NNg

uonisodwo)

2AIMdNINS

uonisodwo))

IOAQJ MO[[OX

aseasIp sedey)

BLIR[R]A

BLIR[R]A]

reorndwyg

[esrndwyg

reorndwyg

reorndwyg

nzeig

nzexg

®Iquojo)

nzexg

L~T"PesH

d1qnqd UOIIAUH [ "SP[O
-UsaIy ], uonejuawsesy
adeospuerT Jounsi( Jo
910y Y], :[1ZeIg Ul I9Ad]
MO[[OX JO QOUITIOWNY
(1200) T8 19 ‘47 10onN
‘M Jorun-me1d) ‘LN
vIeqQ ‘D sowey YV

BSNOS-SOIAPIIA DY enboe[T

100°€0°L00¢ edtdoneroe
“19101°01/310° 10p//:3dNY
"29-$5:(1)z01 "doiy ey
‘Teurjue uel[izeld ay)
ur 1sueA? ewosouedA1y,
pue 1zn1d ewosouedAi],
Jo uonnquusip feneds oy
Q1B[NPOW 1By} SI[QRLIBA
(L007) INV uasuef ‘Sq
vIIpUY.d ‘DN MRIQY ‘A

Joyewopey ‘AH BIOLIOH
L0200 2uod eumof
/1LET 01/310'10p//:sdny
"LOT0¥209 :(01)ST ANO
SO'1d "uoI3al oruapud
eLIR[RW URIQUIO[OD)
jueprodwr ue ur KJI1SI9AIP
pue oouepunqe oymbsouwr
suipoydoue uo uonejuaw
-e1y adeospue] pue 10A00
Ppue[ Jo 19959 (0207) NN
BALI0D) ‘N Zel(-ofueIeN
'V WA ‘S ugoury

‘D[ BIOUS[BA-ZIPUBUISH
§7L68002uod
“Teunol/TLET°01/810° 0P
/150y *6z£689 :(1)6 ANO
SO7Id "uozZewry UEI[IZeIg
AU} UT BLIR[R]A UO 911 pue
‘3ur33o07 ‘uoneisaroye( jo
Qouanyuy (¥107) VI 21ed
‘dD Iausy ) so[[edreg

‘I uousuen ‘g uyey

0¢

6C

8T

LT

QwoANNQ

SSLI 9SBASIP UO 1O

paInseau
soLow adeospue|

uoneoyIsse[d
adeospue

paInseaw (s) aseasi(q

Apmns jo adAg,

Apns Jo Anuno)

Qouayy  dl

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll


https://doi.org/10.1371/journal.pone.0085725
https://doi.org/10.1371/journal.pone.0085725
https://doi.org/10.1371/journal.pone.0085725
https://doi.org/10.1371/journal.pone.0240207
https://doi.org/10.1371/journal.pone.0240207
https://doi.org/10.1016/j.actatropica.2007.03.001
https://doi.org/10.1016/j.actatropica.2007.03.001

4

31-62

Current Landscape Ecology Reports (2024) 9

s3umnjes 15910y

pagamisipun ur A[qeiou paseardap
QOUAIINDJ0 $9109dS 10100/ “saroads
Xewl[o uey) uoissrusuen uagoyyed
Ul PIAJOAUT 9q 03 A[9YI] A10W A1oM
sa1oads ojmbsour JsTUO[0)) *S1S910]

ymoI3-pro ur payead As1oArp soroadg

PIIPMIS SIS ISYI0
Q) J0J PAJR[NO[Ld AIISUSP FOUIPIOUT
Ay} se Y31y Se 901M] ISBI] Ik Sem SIBAK
G ISI 9Y) UI 940G uey) aJow £q
PAsEAIdIP J9A0 J$910 [eUISLIO oY)
Q1oym ss Ut sourfaydoue pejodJur Jo
AK)ISUSP 92UAPIOUT A [, *(UOTIBISAIOJOp
PAJR[NWNIOE JO %()G) [AJ] JOAOD IS
-IOJ QJBIPAULISIUT Y} & PALINJI0 SIS

owagoyed jo Aouenbaiy wnwixew ayJ,

SOSED RLIB[EW ()IM PIJE
-100sse A[oAnisod a1om 112140 ‘uy pue
papolviput “uy Ylog ‘seare pPaIsaIojap

Y} YiM vuvolvavut “uy pue urerd
[BISBOD PAISAIOY SY) YIIM LOID]]2q Uy
IR\ OP B1I9S 9y} Jo sado[s pa1saioy

AU YIIM PAIR[ALIOD SEM 12ZNLD ‘UY

asn uewNy JO 3IZ9P YPIm
PaIeax A[oATIEOYTUSTS JOU 90US[BAI]

uoneZIueqIn yjrm asearout
sAoyyuowr ur doudreadrd efenIog

ATISOg

AANISOd

DADOIDIDY Uy
10J 9ANBSON ‘1121140 U J0J SANISO]

1991J0 ON

QANISOq

(s1eaqey 1sa10§

XeWI[d pue PaxIu

Surzruojoo) oueqIny
-SIP JO S[QAS] JURIRYI

(uone)saioyap paje|
-NWNOIE) JIAOD ISIO0J
Jo Junowe Surureway

(%) 19A02 18210

asn uewny jo sa2139p
WIORIP YIIA SINIS

(seore usaId yim)
92139p uonezZIuRGI)

uonisodwo))

uonisodwo))

uonisodwo)

uonisodwo))

uonisodwo))

BLIR[R]A

BLIR[RIAl

BLIR[R]A!

-dds erprein
pue winrprodsoydA1)

UOTOQJUI B[[onIog

eorndwyg

[eorndwyg

SuIPPON

reorndwyg

reorndwyg

eweueq

nzexg

[rzeig

BUNUISIY

KenZereq

8pcL:L "doy
10§ "BWEURJ [EIUID JO
Jsa1ourel [edrdorn puejmor
oy ur K31S19A1p o)nbsow
pue 2oueqImsi (L107)
‘Te 19 ‘[ 1099 ‘70 enode]
‘[0 anfues Y[ eaA0y
DT1LeIng Y ezeoT  ge

€-06858-120-86S15/8€01T
"01/810°10p//:8dNY *LLY9
“I1 day 108 “Kpms [esod
-wojoneds reurpmiduof e
1UOZBWIY 9y} UT SOUT[ow)
PUR S[OAJ[ UOTIR]SIIOJOP
Surkea yypm sodeospue
Ul UOISSIWSURI) BLIR[RIA
(1202) Te 1 "sq os1eg
‘Y enboey] ‘zo eiode ¢

SYT-6€T ‘901 21D
OpIPMS() OINISU] Op
SDLIOWA Py "[IZeIg UIISed
-{INOS UI 183104 dnueNY
Q) UI BLIE[EW UBWINY [IIM
UuonRIdOSSE pue sardads 10}
-09A sareydouy jo Aiqe
-ins eqey (1107) WVIN
wn[[es DI 011Gy

‘D sowrey ‘zo euode]  ¢¢
€8—CLEL
“[OIRWII] [ UIY }OBIUOD
qewnd-uewny jo 92139p
0] QATIB[AI UOTIOJUI BOZO)
-01d o1j0u007 jo suroped
y)[eay was£s099 Jo S[u
1SS Sk (BABILD ©)IRNO[Y)
skayuow 1o[moy pjos pue
rId (1102) AL 21dsaqD
‘SIAL prwyIsuR[YnY ‘W
ouey ‘Df yosmaq ‘St

197[eS NN PISMo[emoy] ¢

991¢z dle/z001°01/310
“1op//:sdny *991€22:(6)T8
‘Jojewirld [ wy ‘Aenered
1S9MUINOS “NONQUISIN
I SYUSUIUOIIAUS [eInjeU
pue ueqIn ut (7181 IPIoq
-wny) eAeIed e)Nenory
Jo uonodyur (G681
‘10ukapA)) "ds e[eniog
(0207) T PIws ‘fouey ¢

QwoANNQ

SSLI 9SBASIP UO 1O

paInseau
soLow adeospue|

uoneoyIsse[d
adeospue

paInseaw (s) aseasi(q

Apmns jo adAg,

Apns Jo Anuno)

Qouayy  dl

(ponunuoo) | sjqey

pringer

As


https://doi.org/10.1002/ajp.23166
https://doi.org/10.1002/ajp.23166
https://doi.org/10.1038/s41598-021-85890-3
https://doi.org/10.1038/s41598-021-85890-3

31-62

Current Landscape Ecology Reports (2024) 9

42

suonejued
993J00 pue dueoredns £q pajodye
A1oanisod sem 101994 20UBPUNQY SEOIE [RIM[NOLISE 10J 9ANISOJ

QOUSPIOUT BLIB[EW UO 1030
aantsod Suoms e sey uone)saIojq QATISOq

(vippn3u1d vaoydodosq pue
supoL§1u vip1a)nboy) ‘sisusjon2a
-uad Ip1IIINboY) ‘SMINLIAS SAPIY
SL0IDUOL0D X2INY) “UOIDAV]IIP X2|ND)
‘104pad “jap Xapn)) seojmbsow £q pa)
-JIWSURI) SUOTIORJUL JO YISLI 9SLAIOUT
sie)Iqey PaqInIsSI(] "QRUI0IOqI[Y]
pue sap1od1n)) £q PoNIWSULT) SIS QBRUTWO)OqR[YJ PUE SIPIODI[ND)
-SIP JO YSLI PISBaIOUT $1S9I0J dUNSLIJ  10J dANESAN ‘seoymbsow 10§ 9ANISOd

sadAy asn pue

1oA9 Ayifediorunu
Je uone)saIojo

QouRQINISIP
15910J JO JuQIpRI3

® Sunuosardar
SIS JUQIDYIP 1Y,

uonisodwo))

uonisodwo))

uonisodwo))

SISEIUBTUYSIOT

BLIR[R]A]

SI0109A SE SaFpIu
-3uniq pue ‘sargpues ‘se0)
-inbsow sey 1ey) saseasIq

reorndwg

reorndwyg

reorndwyg

¥IqUIO0))

nzexg

S1€S01°610¢ vordoneioe
f19101°01/310"10p//:5dNY
"S1€°601:€0CT "doiL
BJOY "BIQUO[0D) JO UOoI3aI
UBOpUY 9y} UT SISETURW
-USI9] SNOUEBIND JO UOTS
-STwIsuer) AIRI[IoIuop Jo
100J 9AY UT (9ePIPOYIAS
e11d1(q) sourwojogaqyd
JO 9duEpUNqE pUE UOT)
-1sodwoos 0} uonear ur asn
pueT (0207) gD odweoQ
‘N 19puexo[y D e[Ip1y
-BWERLIOP[EA T Zon3Lpoy
-UpWZNo) ‘A OUSIO]N 8¢

911S1€5061 seud
/€LOT"01/310 10p//:5dNYy
8ITTTTITTTWPINTY
S N 19§ PedY [1eN 2014
.wﬁ_umoﬁu 1S310J sadnpar
uaping ereew pue
n:.Um SSTiIsuen) eriefewr
SOALIP UOTNB)ISATOJIP
uozewy (6107) VA
TeOIPIOIN 52 Preuooe]N LE
YPZeT T
/TT11°01/310 10p//:5dny
"198-6¥8 T "WIEIH W]
PIN QOH,H ‘ewreued [enuad
Jo )sarojurer _momﬁ—o.ﬁ
PpuBIMO[ 3Y) UI SISLISIP
panrwisue) J0199A pue
90URQIMSIP 159104 (6107)
79 eyode ‘SO IeUI[O]A
‘[N HIsSuod ‘N appey
e ‘HA A9[od “dr
10094 ‘V[ epedoz ‘10

'weueq Infueg Y[ BIAOY Y[ BZILOT  9F

QwoANNQ SSLI 9SBASIP UO 1O

paInseau
soLow adeospue|

uoneoyIsse[d
adeospue

paInseaw (s) aseasi(q

Apmns jo adAg,

Apns Jo Anuno)

Qouayy  dl

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll


https://doi.org/10.1111/tmi.13244
https://doi.org/10.1111/tmi.13244
https://doi.org/10.1073/pnas.1905315116
https://doi.org/10.1073/pnas.1905315116
https://doi.org/10.1016/j.actatropica.2019.105315
https://doi.org/10.1016/j.actatropica.2019.105315

43

31-62

Current Landscape Ecology Reports (2024) 9

79-659:C1

'SI(] 109Ju] S1owy ‘uiseq
uoZewy dY) Ul Spue[lom
pue ‘eLIe[eW ‘9JRWI[O

u2aMm1aq SYUIT (0102)
T2 19 V[ K30 [ uesng
uone)salojop Aq pajdaye 1 xnaun( ‘g oronJ[g
KoAanisod sem 20upIdUT BLIB[RIA QANISOJ uonelsarojo  uonisodwo) RLIR[RIA! reorndwyg [izexg “J uousuen ‘HS UOS[Q Tt
T-STLYO-1TO-1LOCTS
/9811°01/310°10p//:5dny
YSLI BLIR[RUI O} ‘QET ‘Y1 S40102A SINSDAD
PIR[A1I00 A[9SIOAUT SEM SUI[[oMP © 0] ‘uozewry uel[izelg ay)
Jlomjou d5eureIp ay) Jo JUBISIP YL, ur sadeospue| JuaIalyIp ut
(%0L—0€) 19A03 1S210J RIPAWLIAUL Yiomlou sooymbsow seurfeydouy
pue A1suap 93po JySIY yIm SIS a3eurelp ay) woiy Jo Kyianoe Suniq uewny
ur juaeaard arow a1om Jeurpydouy aAneSoN 3snoy ay} Jo duBISI pue 9[01 10393A (1207)
PIISJUI-UNIPOUISD]J JO JOQUINU ANISOq Kyisuop o3pH Te19 'Sq ‘0310g “7Z'D
9U) pue SISELD BLIR[RW JO Iaquinu Y], QANISOJ  I9A0D $2I0J JO JUNOWY aImonng RLIR[RIN [eorndwyg [1zelg ‘euode] “d'IN'L ‘®IOAIIO [
GS9L000°-€T "SI
doip, [SoN S04 15910
J[SLI 9SBASIP U0 109y0 2AnIsod JnuEQY Ay} UI ISLASIP
© pey os[e AJISISAIP JSOY JUSPOI pue uewny pue sagejquiasse
(s103J0oMm TeInt) yst1 je uonendod "ysu 109139 ON amjsed Jsoy snaaejuey (6102)
QSBASIP JO ASBAIOUT ) SUIoUaNuI QATISOq zIe]N ‘Te 390 4 9p D Auerg
$10)08} JuelIodul ISOW AY) dIoM ‘dIn) AATISO] quedresng ‘1D O “¥d 1S1d
-e1odwa) yiim paurquiod ‘ouedresns 109132 ON Ansaiog ‘D) sojueS-ouIqes ‘Y
puE 9ZIew ‘}S2I10J JAIRU JO SJUNOUTY AATISOq 15910) 9AiEN  uonisodwo) SNITABRIUBRH reornduwryg nzeig diopuosog ‘T MRIANN  OF
(xopur
K31s10A1p uouueygs) L1
-ouagorajey adeospue]
(seare
Sururw se yons) s19yI0Q
(ueqin
QANISOJ pue [en) sSurpying
109139 ON (smdAy
10050 ON  -eong) uonejueyd 2a1],
QANISOJ sdo1o paimno 1y10Q
199JJ9 ON queoresng
QANISOJ AZIRIN
AATISOJ 50D
199139 ON snn)
1091J9 ON ammsed 800T1:11
199JJ9 ON Ko SOSNUIA ‘TIZReIg Ul STy
103132 ON oS UOISSIWSURL], QWOIPUAS
199JJ9 ON opeLR) Areuowrndorpre)) sniae)
199139 ON 18910} IMOIS PO -uey jo somueuk( rerod
$1SOY JUIPOIX 109JJ9 ON| puepam -wajoneds (6102) T8 1R ‘L
snuiaejuey jo uontodord ay) pasus 199JJ9 ON 1S910J IMOIT ©ZNOS-[eIqOS ‘g IYNQaIN
-ngut Ajeanisod suonejuerd oan pue 1091)2 ON wnipaul 10 [eniuy ‘f ewIIYSQ ‘d 181 ‘D
‘ozrew ‘ouedresns ‘A)is1oalp adesspue] 199JJ9 ON A uonisodwo) SNIIARIURH eotndwyg Nizeld  sOjuES-oulqes Y MORANN 6
paInseaw  UOTBOYISSE[O
QwoanQ SLI 9SBASIP UO 109 soLow adeospue| adeospue painseaw () IseasIq Apmns jo adAg, Apns Jo Anuno) Qouayy  dl

(ponunuoo) | sjqey

pringer

As


https://doi.org/10.1186/s13071-021-04725-2
https://doi.org/10.1186/s13071-021-04725-2

31-62

Current Landscape Ecology Reports (2024) 9

44

((Ttos areq
pue ‘pue[qniys pue
puepoom ‘sarmjsed

£0200¢
09L20-7L00/06ST°01/310
“1op//:sdny "€02002? “S11
‘ZnI) oprems(Q oymsuy
Op SELIOWDJA “B[elolens)
Jo suorSar 35210y AI1p
[eordox paisaojop A[ySty
Ul BIRIPIWIP BWOJRLL],

JO sorwreukp uoneIsuy
“(0202) O Kotuwoy ‘g
epaISy T SUAS ‘N

QOUBPUNQE J0JOIA PUB puUR SaIMNOouOwW BIIAY ‘N URTRIRD) ‘[
ad£) osn pue[ U9am)aq PuUNOJ 033 ON QuoN  ‘sosnoy]) sadA) osn pue]  uonisodwo) aseasIp seseyD reotndwyg e[RWOEND)  epauld ‘( SOPeudd sopeudd  Gf

600

"800C°244/6801°01/310°10p

J1:sdny 06-¢8+:(S)6 "SI

O1OU007Z AUIOG T0109A

“BIqUIO[0)) Ul dInsodxd

[endsoyda) pue rersyoyoL

DJS 10J SI0)OR] YSLI UL Uon

-erreA o1ydesSoan (6007)

uonIsodxa BISHANOLL YIIM PIIBIOOSSE O B[[MURI ‘D O[[AuR)

QIe SBaIe [INI JB SOUWIOY PaYR[OS] SUONdYUL ‘H ®lIong ‘y oueden ‘g

‘uontsodxa stsoxrdsordsy yum paje QAIISOq JUSWIS[NS UBWNH] [enidsoydoy pue erspeyoLt BPOURISE)) ‘D) BUANQ[BA
-100sSB A[3UONS ST %()] <IOA0D 1SAI0] QADISOq 10A00 15310 uonisodwo) ‘dnoig 10A9) panods eornduwyg BIQUO[OD  ‘IN O3[epIH ‘H BYQEURWPR] i

0-8€6C-610-9¢6C1S

/9811°01/310 10p//:5dNy

'90¢€ ‘81 [ AP “Kpms

Surpopow fezodwa)-oneds

B [RIUQPUOY PUE IOV JO

UONLISAIOJOP PAIR[NWINIIE puL S91B)S AY) UdIM]Aq SI0JOR]

9OUSPIOUL BLIP[EW U39M]9q UOTIBIOOSSE [RIUSWIUOIAUS-OTWIOUOID

aanisod e pomoys uoIssar3ar orureukp -0100S PUER SI)BI AOUIPIOUT

SOLIOS-OWIL], “PASEAIOUT UONLISIIOJP eLIR[RW JO Uostredwo)

SE 9[IYM PISBIIOIP IOUSPIOUT BLIB[RW (6107) T8 19 "D ‘ourwOy

‘RIUQPUOY U] "PaseaIdul UoNeISAIOJIp BIUQPUOY UI 9ANESON ‘QI0Y Ul (Zuny) uonesarojop [ ‘O[9Il BIISAI[Q 9P
S PISBAIOUI SOUSPIOUI BLIR[RW ‘DI0Y U]  PUB ONWUEBUAP SILISS-OWI] I0J IATISOJ pare[numode [enuuy  uonisodwo) BLIR[RIA eornduwyg [zeiq “V'IN ‘BU[Iped BIPAI[QO 9P €F

pAINSEaW  UONBOYISSR[O

QwoanQ SLI 9SBASIP UO 109 soLow adeospue| adeospue painseaw () IseasIq Apmns jo adAg, Apns Jo Anuno) Qouayy  dl

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll


https://doi.org/10.1186/s12936-019-2938-0
https://doi.org/10.1186/s12936-019-2938-0
https://doi.org/10.1089/vbz.2008.0092
https://doi.org/10.1089/vbz.2008.0092
https://doi.org/10.1089/vbz.2008.0092
https://doi.org/10.1590/0074-02760200203
https://doi.org/10.1590/0074-02760200203
https://doi.org/10.1590/0074-02760200203

45

31-62

Current Landscape Ecology Reports (2024) 9

(seare

[eImNoLISE Ul 90URPUNQE PISBAIOUT

Inq ‘s1S9I0J SNONUNUOD PUE SIUSWTRL)

ur oduepunqe sad1is1u ‘() paseaIddp

J19A02 1S310J %) UONJBINUL JIdY) pue

“10A00 18910§ [euoI3a1 pue odA) Jejiqey

Aq paurejdxe aouepunqe sadiisiu

"0 "TOA0D 15310J JO % Aq PaIddye
K[oAnje3au s1 20uepUNqge SNINISD] ‘N

0S0T Aq o[ned OEg jo aers
Q) UI UOTIORJUT SITABIURH JO YSII
) paseardul [[im uotsuedxa suedoresSng

yst1 e uonendod

pue xopu] Juowdooadq uewny

‘OuBdIR3NS J0J PAJRATI[ND PUE] JO UOT)
-10doxd )M PaseaIour YSII SNITARIUREH

(1sa10§ Y} PISUL W OOE-(0T) OUBISIP

95pa yIIm PaseaIdap sISI0) Ur uor

-BZIUO[0D $M121doqn *2Y *SATP9 1$210j
ur pajoR[[od AJurews s)npe pue s359

199JJ9 ON
sad1181u *O) 10J QANISOJ
10999 ON
(a[eoas-w ()0R) sninisv] "N
10} 9ANSON ‘sad1i81u () 10 ANISO
sad1id1 "0
10J 9ATEZON—S1SI0J SNONUNUo)
sad1i§1u " 10§ 9ANISO—SIUdWSeL]

ATISOq

1091J0 ONl
103359 ON

QANISOq
10939 ON
1991J0 ON

aAneSoN

(. s19130,, 10
109, ) sdoxd jo odAJ,
[0A9] adeos
-pue] 18 I9A00 1S3I0)
QATIRU JO 9FrIUdIod
(per w
008 PUe 00S ‘007)
Kyisuop 93pa 15210,
(rpex w (08 pue
00S ‘007) 19409 15910
dAnRU JO 95eIUddIad
paInseaw
Q1M So[qeLIeA SUIMO]
-10§ ay1 JeIqey yoes
uJ *$1S910J SONUNUOD
pue sjuowe) 1s210§
‘seale [eIm oLy
:sadAy yeyiqey oa1y],

queoresns jo uoniodoid

sjuowigej uoneld
-3 aaneu jo Ayisue
I0A00 1210 JO %

queoresns jo uonodoid
sjuou

-Sely 15010§ JO JoquInN
19A00 JBIIqRY

aaneu jo uontodoiq

a3pa

2IMONNg

uonisodwo))

2INdvNNg

1S9J0J WIOIJ QJUBISIJ  UONEINSHUOD)

nzerg

nzerg

nzexg

nzexg

L96 T 1:TSL Juswuol
-TIAUH [B10], 9} JO UG
*$15910j [eordon ur syuapox
IIOAIJSAI SITARIURH JO
QoUBPUNQE 3V} SISBAIOIP
UOoMRI0)SAI IS0, :sadeds
-pue] I21)[eay 0} SUTAOIN
(1200) dr 193z19
“J tipied ‘y ouang
epNIIY 9p ‘J nsow) Y
Isoquie], ‘v opeld “Yd SUd  6¥
S0LS000:(L)1T1
*saseasip [eordon
Pa109[Sou SO "SI uon
-09JuI SNIIABJURH 9sLaIoul
uorsuedxa oueoresns pue
a8ueyd arewt[) (L107)
d[ 198219 Y] SopuruIog
N PMRLN U IS 8P

657€910°
‘0D ‘auo §oid "I1zelg
‘o[neq OBS U YSLI Sn.I
-1ARJURH JO s103o1paxd
[B100S PUE [BJUSWIUOIIAUD
‘adeospue (9102) dr
103Z9IA ‘Sd vaIlpuy  d Y
IuIpIed °v Opeld “J711s0q
WL, W MRl Ud SUd Ly
£-p610
-810-9T¥1¥5/8€01°01/310
“1op//:sdny 161:(1)L°8T
*JO9JU] SOqOIOIIA S1owyg
‘[IZe1g ul 90BJIAIUI 1SAI0J
-ueqin ay) Je suaSoyed
O100ZU? 10§ 10J92A 23pLIq
© se smordoqe sopay Jo
[enualod (810¢) O Adneq
¥ BIIOAI[Q-9p-03UaIno ]
‘d PrRWIS “VSIA S9AN
SOWUES ‘q 2[I0N ‘N
rron[eueS ‘gs zng
‘Ad NRAIQY 9p sojuesS ‘q
710y ‘L, sojueS so vlldIdd  9¢

QwoANNQ

SSLI 9SBASIP UO 1O

paInseau
soLow adeospue|

UuonEOYISSL[d

adeospue

QWIOIPUAS
Kreuownd snuAejue [eorndwyg
SIUIIARJUBH Sur[[epo]A
snIAeIueHq eornduwyg

SOSNITA
-0qe o1waptds Jo SI10109A [eotnduwy
painseaw () IseasIq Apmns jo adAg,

Apns Jo Anuno)

Qouayy  dl

(ponunuoo) | sjqey

pringer

As


https://doi.org/10.1038/s41426-018-0194-y
https://doi.org/10.1038/s41426-018-0194-y
https://doi.org/10.1038/s41426-018-0194-y

31-62

Current Landscape Ecology Reports (2024) 9

46

9ST-LYT #S1 ‘sonuou
-002 [P2180]027 "UOZRWY

ueI[IZeIg SU) UT SUOTIOJUT
BLIE[RW UO UOIIRISIIOJIP

$ISBO BLIR[RW Jo yoedwir ayJ, (8707)
JO Joquunu 9y} SISLAIOUT UOTIRISAI0Jo(] QAMISO uonejsarojo  uonisodwo) RLIR[RI [eotnduwyg nizeig NV eplow[y ‘Sy sojues  ¢g

8¢0'I1°CloT

“redioa/9101°01/510'10p

Jrsdny -1 L:(e-1)E6T T E

‘[ONISBIR] JOA "BAIR UOIS

-STwIsueI) 9sBASIp sedey)

OIWAPUD U ‘([1Ze1g ‘Aels

eIed) LAnedounw eqnyo)

(uonenqey -9BQqY 9Y) JO SBAIR JUSIAJ

uewny osreds y)im BaIe 9Y) Ul %49 -JIp UI S[RWWRW ONSIWOP

pue ‘gore patesaid oy ur %4 ‘uon pue p[im Suowre 1ZnIo

-ednooo uewny Y31y yim eare oY) ur rwosouedA1l, (€107) INV

%6 Jo saouaeaaid) asn puef Jo 23139p uasue[ ‘Sd BaIpuy,d ‘SA

ay1 01 uIpI009E APUBOYIUTIS PAISYJIP eI ‘AN BATIS ‘TN IpIey
SI0J09A 109JUI 0} 83501 Jo [enuajod oy, (S[oA9] Ajerpauwiajur ur yead) dANISOq [oA9] uonepeiSeq  uonisodwo)) aseasIp sedey) [eorndwyg [izelg -190) ‘DS Jolaey “Ty onboy 7§

9LT81

‘[ Je[RIA "BIqQUIO[OD) UI

uoneuawsely Jo sea13op

sooynbsow sajaydouy ut JUSIQJJIP YIIM SeaTe Ut

Q)BI UOTIOQJUT WNWIIUTU Y} UT 199 umo} sooymbsow pue sojewrid

aanisod e pey uonejudwsey 1Sa10) 1SIB3U A1) 0) DUBISI(] uewny-uou ur sayisered

nq ‘dHN Ul 9oud[eAdld wmipouss]q uonejuowsery WNIPOWSB[J JO 9OUIBAAIL]

10J 9AT)EOYIUSIS JOU 9IoM UMO) ISoI8oU 109139 ON jelIqey Jo saa13op (6107) D za[pzUO0n) ‘Y
9y 0] IoURISIP PUB UOHBIUAWSEI] QADISO JUSIRJJIP YIIM SANS  uonenJyuo) RLIR[RI [eotnduryg BIQUIO[OD NUry ‘D QT ‘S UOpPUOY IS

LT-#(1)6S £30

-109g parddy jo reunor

"uOTSIodSIp SNIIA T9AQJ

speoy MO[[A re)I[Ioe) saSpe

QANISOJ SBaIe 910D 15210 pue speoy (72027)

AAnEIaN $93pa 159104 *f sna( 9p SA[3L ‘L

QATISOq (suoneyuerd -dds unsody, Sue “T v1s0D)

QADISO o110X?) Seare A1SaI10,] RINOJUO BP ‘D) UTWOD)

1991J0 ON 1SI0J-UOU [RINJEN] onbLuoy ‘[ sopoyy

suonejuerd 9on pue ‘sarmnorSe QADISO 1SQI0J QATIEN] 1030y Y MorIANA BIR]

IOJRM )IM QOBJIONUT UT Uaym K[[e1o 199JJ ON ueqin 9p Y BZNOS 9P RIAI]

-ads ‘sa8pa 15210 UI pue §15310§ 0} QANISOJ Aoy ‘y Iauid ‘J] 1NN
XU SPBOI UT 9SBAIOUI YSLI JOAJJ MO[[X ADISOq I9TBA amonng I9AJJ MOJ[OX eornduwyg [zeiq AT soquiey, YJ ISUd  0S

pAINSEaW  UONBOYISSR[O

QwoanQ SLI 9SBASIP UO 109 soLow adeospue| adeospue painseaw () IseasIq Apmns jo adAg, Apns Jo Anuno) Qouayy  dl

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll


https://doi.org/10.1016/j.vetpar.2012.11.028
https://doi.org/10.1016/j.vetpar.2012.11.028
https://doi.org/10.1016/j.vetpar.2012.11.028

47

31-62

Current Landscape Ecology Reports (2024) 9

SUBWINY 0) YSLI SAIQRT
SurseaI1d9p QJIP[IM pue suewny
U0 SUIpagy Jo AOUPIOUT PASEAIIP

ANTIqe[TRAR YOO0ISIAT] ‘UOZRWIY U]

sormaw adeospue| 0) sosuodsar

JIBIDUISSOIPI MOYS UOTIOJJUIT SISOY

nq ‘yeIiqey paAIasuod jo uontodoid
)M PIsLAIOUT sSouyoLI dyisered [[eIoAQ

sjuowSeIy udam1aq AITATIOUUO0D
JO OB[ PUB UOIIBISAIOJIP YIM Paje[al
-109 ST J9A9J panods Jo YSI1I uonodJuy

s)sa10] Sunok Aq pamog

-[0j uay) pue armsed ur A[jeroadse

‘sadeospue] paqinmsip ur Ajjuanbaiy
Q10w sem swifed ur UOTIRISAJUT JOJOIA

aAneSoN.

SpI[oJ 931e[ 10} 9ANISO]

SPI[9J 231e[ J0J 2ATIBSON

sKoyuowr Jopids J0J ANISOq
SSQUUDLI

Asered [[BI9A0 0) AJUO dANISO]
SPI[o 931e[ 10J 9AT)

-150d ‘sAuow 19]MOY] 10J dATIRTON
saide) pue ‘sKayuowr

19p1ds ‘skoyyuow Io[moy I10J dATESIN

199JJ9 ON

QATISOq
aAneSoN

QADISOq
EINS L EINg

QANISOq

K)IQR[TBAR Y0O0)SOATT

(Uny) Uumo) ISATBIN

(eyyur) KJISUP JOATY

(%) pue[ssern

(%) 131QRY PAAIdSUOD)

(ey/ur) Kyisuop peoy

(eyyur) Knsuop a3pg
(%) 183

-10J ATBpUO09S 2IMBA

uoneuIWSeI) 15910,
UONOUUOD [BUOHIUN,]
10)wirad o3pg

(uy
0T PU® 7) BaIR 1SA10]

(armsed pue 150
-10J Sunok pue pjo)
uonepeISop jeiqeH

nrod

0OIXAN

[rzesg

nzexg

069¢1
“F99T-S9ET/TTTT°01/510
“1op//:sdny "88T1-08C1
1€6 ‘Joog [ddy [ ‘uorsstu
-SueI} 9SBASIP puk AFURYD
asn-puey Joj suonedrdur
renuajod :sadeospuef
OSIOATp UT sYeq ardurea jo
sao10yd Suise1oq (9107)
H[ PRSIV ‘D IPeNs LS

1SL901 ¢T0g eordonede
1/9101°01/310 10p//:5dNY
"16L°901:L€T "do1L, w0y
“S[eWwew p[im Jo suon
-e[ndod ur soyisered [eun
-sojuronses pue syeliqey
PRAISSUOD UdaM}aq UoT)
-e1008SYy :sedeospue] sno
-ouagorelay ur wisnisered
(£202) V uappays ‘I
AU ‘g BOID-OUBZIOOS 9
STO'I19102T
“eordoneloe [/9101°01/310
“10p//:sdNY "€€7—$TT991
‘doi], e1oy Tizeiq ‘uoidox
uejrjodonow oyned oes
QY ur uonejuawSery
1S9I0J UrelI ONUR[IY pue
19A9) ponods uer(izerg
JO 90U_1LIND20 AY) JO
UONEI0SSY (L10T) V
Iouig ‘4T PN “OOVD
EPEL, ‘YD IYOBUDS GG
1£0TSz02uod
“Teunol/[LE1°01/310° 10p
/150 "12025T0°:(S)9T
U SOId "eruozZzewy uId
-)sB9 Ul ‘aseasIp sedey)) Jo
SI0JOA ‘SNTUPOYY JUSPISAI
1ay) pue swied eareny
uo ﬁuuﬁv :Oﬁmumv\-mﬁog
(1202) A youelf-peqy
‘IN'T ZRdIBD) Y SOA[ESUOD)
-[o3InD) ‘SA\ SOIURS  $G

QwoANNQ

SSLI 9SBASIP UO 1O

paInseau
soLow adeospue|

uonisodwo)) saiqey eotndwyg

SLINAX0

-uedA1y, “ds ewnynyryy

‘QepAISUONSOYDII], ‘Sop

-10[A3uong ‘enowondg

‘S9p01ISA)) ‘SOPOILWAN
aImonng ‘wsnisered [e1ouaD Sur[[epoN
amonng 10A9,] panodg uerizelg reotndwryg
uonisodwo)) aseasIp sedey) reorndwyg

uoneoyIsse[d

adeospue painseaw () IseasIq Apmns jo adAg,

Apns Jo Anuno)

Qouayy  dl

(ponunuoo) | sjqey

pringer

As


https://doi.org/10.1371/journal.pone.0252071
https://doi.org/10.1371/journal.pone.0252071
https://doi.org/10.1371/journal.pone.0252071
https://doi.org/10.1016/j.actatropica.2016.11.025
https://doi.org/10.1016/j.actatropica.2016.11.025
https://doi.org/10.1016/j.actatropica.2016.11.025
https://doi.org/10.1016/j.actatropica.2022.106751
https://doi.org/10.1016/j.actatropica.2022.106751
https://doi.org/10.1111/1365-2664.12690
https://doi.org/10.1111/1365-2664.12690
https://doi.org/10.1111/1365-2664.12690

31-62

Current Landscape Ecology Reports (2024) 9

48

(snsaadspp

"7 01 K[feanisod pue vpnvoraalq 7z

01 AJ[9AIES3U) $1USPOI JUBRUTLUOP

QIOW 0M) A} JO AOUBPUNGE 0) PAIL[AI

o1qerrea Afuo oy sem odo[g “oyeurwiop

OS[e SURWINY 9IoYM ‘SBaIe JR[ Ul punoy
ppNDIIA.q "7 JO seduRpUNgR IOYSIH

QATISO{ :sMS
-12dspp T “OANRION :PPNDIIAILG 7
(w 009)
QANISO{ :snsuadspp 7T ‘([eds
w 000) 2ANESON :DpnvoIN2Lg 7
(w 009)
QANISO{ :snsuadspp 7T ‘([eds
w ()00]) 2ANRSAN PpnvI1AdLG 7
(w 009)
QANISO( :snstadspy 7T ‘(a[eds
w (00 ]) PANeSAN ppnpoI2Lq 7
(w 0O 1) 9ANESON pue (ur
00S) 2ANISOd :snstadspp T ‘(3[eds
w )00 ) ANISOJ :ppnvIIN2Lq "7
(W 00O 1) eAnESaN pue (w
00S) 2ANISOd :snsuadspp T ‘(a[eds
w 000[) QANISOJ :ppNvIIA2LqG 7
(ar 00OT) 9AnESaN pue (W
00S) 9ANISO{ :snsuadspp 7T ‘(9[eds
w ()00]) ANISOJ :DpNDIIN2LG "7
(w 009)
QANISO{ :snsuadspp 7T ‘(9[eds
w (00 ]) PANe3aN ppnvo12Lq "7
(w 00S)
QANISO{ :sns.tadspp T ([eds
w Q0 ]) 9ANeSON ppnpo1A2Lq 7
(w 009)
QANISO{ :snsadspp 7T ‘([eds
w Q0 ]) dANeSON ppnvo1aLq 7
(w 009)
QANISO{ :snsuadspp 7T ‘(9[eds
w 000) 2ANeSON :DpnvoIN2Lg 7
(w 0pOT) 2ANESAN pue (wr
00S) 2ANISOd :sns.tadspp T ‘(3[eds
w 0Q0T) PADISO :Dpn»dIAaLq 7
(w 0pOT) 2ANESON pue (ur
00S) 2ANIS0d :snstadspp 7T ‘(3[eds
w ()00]) SADISOJ :DpnpIIAdLq 7
(w0001 pue
00S) NS0 :snstadspp 7T ‘([eds
w (QQQ]) 9ANeSON ppnpo1aLq 7

ados
uawp
oe1y 0718 yojed
ueow pAYSIOM eIy
uorsuawWIp
[eloey yoyed uedjy
oner
vore—1oowId uBdIA
xopur adeys
ueaur payySom eary
xopur adeys uedj
93pa yoed ueapy
Kyisuap 23pg
a5pa w101,
as az1s yoed
QouELIBA
JO JUAIOLJR00 JZIS Yored
az1s yored ueIpoj
azis yojed ueapy

QWIOIpuAs

01-€01T:(9PL

‘3AH poN doif, [ wy
‘BUIRURJ JO R[NSUTUS]
019NZY dY) UO SEIE
Qouareaardoras Y3y ur
QOUBUIWOP SAIAdS JI0AID
-SAI SIITABJURY SUI[OPOIA!
"(9007) 1 soreX ‘g ugrury
‘H tidzy-ugzng ‘g 9orey

soyored Jo ToquinNg amonng Areuownd sniiAejueH eornduwyg eweued ‘L[ DISMOYRWIAID ‘D UpznS 8¢
pAINSeaW  UOTBOYISSB[O
QwoanQ SLI 9SBASIP UO 109 sorow adeospue| adeospue painseaw (s) ISeasIq Apmns jo adAg, Apns Jo Anuno) Qouayy  dl

(ponunuoo) | sjqey



49

31-62

Current Landscape Ecology Reports (2024) 9

J9A0D JSaI10J
1018915 0) POIR[aI SEM QOUSPIOUT BIIBTEIA!

JI9A09 1$910§ 9ATIRU YS1Y
PIM sonIfedioTUNT UT 9USIINII0
sisoruewysIaf Jo Lyiqeqoad 10ySIH

Qouepunqe J0jodA
SuISBAIOOP ‘SANIUNWIWOD A}j pues
paroaye A[anedau uonepersap jeliqey

seaIe ueqin-11od Ul )S9MO] puE ‘SAUO
paqIisip yiim paredwoo sieiqey
ounstid ur 1018913 91oM SONISIOAIP [RITA

SeaIE UoT)
-eAxasaxd 3sa10§ Juoueurtad ur Kousnb
-01j pue KJSIQAID SAI pues JoYSTH

AnISOq

QANISOq

EINSLREING

(syenqey ounstd pue

‘paqImsIp ‘ueqin-11od WOIJ) 9ANISOJ

QANISOq

JOA0D )S3I0

JOA0D UOTIEIISOA 9ATIEN

uornepeIsop jejqeH

sielqey

ueqin-r11od pue

‘SyRUURARS ‘S)SQI0]
aunstid pue paqImisiq

(Seare 18910 UIIm)
uonezIueqIn jo (oA

uonisodwo) BLIR[R]A]

uonisodwo) SISBIUBIYSIO]

uonisodwo) SISBIUBIYSIO]

uonisodwio)  SISEASIP [BITA JUIOQ JUIPOY

uonisodwo) SISEIUBUYSIOT

reorndwyg

reorndwyg

reorndwg

reorndwyg

reorndwyg

nzeig

Trzeig

¥IqUIO0D)

RURIND (OUL]

nzexg

61$L5002uod-[eunof
/ILET01/310"10p//:5dny
'61SL89 :(€)8 ANO SOId
‘uozewy Uel[izelg ay) ut
uaping BLIB[RJA 9SEaIOU]
KeJAl SMIOJF UOTBAIISUOD)
(€107) £ 1eD ‘A AIBA €9
096°8¥1:L6L
"JUQWIUOIIAUF [BI0T, Y, JO
QOURING ‘[Izelg ‘O[ned OBS
ul SISEIUBWYSIO] SNOdUERIND
puR [BISISIA 0] SI0}00]
SLI OIWOUOI0IO0S pue
[eiuswuosAug (1207) W
el ‘d 1Sd ‘HNN OR[BA 79
9Sr-1SH™(€)6€
‘K8ojoworusg [P
Jo jpuanoy “erquojo)
UWIOU}ION UT $)5210§ KIp
eordon jo (epIpoydAsq
re19)d1() deunwojoqoyd
uo uonepeIsap Jelqey Jo
wedw] (700T) [ ewio]
-eAOJUOIN ‘H BUSPRD ‘N
ouezo ‘HO WPV “1d 1ABIL 19
0691:€[ SOSNIIA "SISOH
Juapoy [eordonoaN ur
KISIOAI(] [BIIA UO JRIIqeH
Jo douanyu] oY1, (1202)
Te 19 Y duelq ‘A 91S00R]
D Iamyonog ‘g oyeuoq
‘g Astoy, op ‘S BN (9

£20°60°L10¢ eodox
e30e[/9101°01/310°10p
/sdny gp—Lg:L LT dory,
BIOY ‘[IZeIg JO uIseq
uozZewy UIdSeayInos
oY) ur 13119y BIUBWYSIO|
Kq uonoayul [eINJRU pUE
sory pues surwojoqaryd
Jo £30]009 oy} uo s30adsy
(8107) SV ozewre( ‘SH
selq ‘ad(d eAIlS ‘dsd
sojues ‘WH ANS[eYOTN
‘NAY TUOZUOIE IS SOML 6§

QwoANNQ

SSLI 9SBASIP UO 1O

paInseau
soLow adeospue|

UONBIYISSL[O
adeospue paInseaw (s) aseasi(q

Apmns jo adAg,

Apns Jo Anuno)

Qouayy  dl

(ponunuoo) | sjqey

pringer

As


https://doi.org/10.1016/j.actatropica.2017.09.023
https://doi.org/10.1016/j.actatropica.2017.09.023
https://doi.org/10.1016/j.actatropica.2017.09.023
https://doi.org/10.1371/journal.pone.0057519
https://doi.org/10.1371/journal.pone.0057519

31-62

Current Landscape Ecology Reports (2024) 9

50

11-¢ ‘(M2

QU138 pun 2u1dNpa
vardodf fo ppuinof uvd
-102UlY "UOZBWY UBIANI]
oy ur erefew winredrorey
Jo 103004 Arewrnad oy
‘13urprep sopoydouy jo
QeI Funiq-uewny Ayl uo
UONRISAIOJP JO 199JJ9

(19400 15310J JO %0L <UNM 941 (9002) VI Z1ed ‘A

SBAIR) SEAIE POISaIojop-uou o) pared ouroue)-0pauld ‘SM

-WOD UAYM SN §/ Ul el Juniq ouezoT “IN'TL SPIPIUS

18U11DP *} 9SLAIDUT (IOAOD 1SIOJ snipex ‘D) SSB[D) °f YoS[aLL,
JO %0 > YIIM SeaIe) UON)SaIofR oAnESON W[ B UII0A001sa10]  uonisodwo)) BLIR[R]A! reoudwyg n1g ‘HY UBWID AV IONIA /9

I8LT-0LLT

“($)69 ‘soseasi(q SurSrowyg
pue AIepunoqsuel], ‘[1zeig
‘UOZBWY UIAYINOS 2}

Ur 90USIOWS SNIIAOGIR
renuajod pue K)1S19A1pOIq
oymbsow Uo $)00359 asn
-pue (2z07) ¥ ‘luozuolg
STRIOJA] 9P BIIOIA % "*°

“VH OIIRIUOIA] BIIDAT[Q 9P

Aysuap 23ps 10y31y pue adeys ‘g ojorreq ediag ‘[ 1y

IR[NSILIT 2IOW [IIM SJUBULIDI 1SAIOJ JO -zsIqny] O3y ‘[ BAIIS

9ZIS [[RWIS (IIM POIRIOOSSE AI0M d0URD adeys pue az1s 159 BP RIDLID] ‘D OpIeuIdg
-unge pue SSSUYOLI SI0JOA SNIIAOGTY AANISOq  -10J ‘A)Isuap 93pa 153104  uoneInsyuo) (9BPIOIND) SISNIIAOQIY reornduwyg [1zeld  OBS IOUIS ‘dSAD BIDIA 99

1€0zn/qunsn/e601°01
/310"10p//:5d0y *LTy—pTy
(LIETT “duar3SH puv auid
-1papy (pardos] fo (ja1008
[pLoy ay1 Jo suoovsuv.]
‘[1Zelq ‘UOZBRWY 1SBIYINOS
woij sooymbsow ur

SNIIA SNAY[T JO UONIANRQ
(6100) IWAY tuozuoig
VD $1d "L AT 'SD

Seare [eImno opIeulog OBS YD deUR)

sa10ads xa[n) Aq pajeurwiop arom -113e pue sjuowdely TV AasseIN ‘SH ole1reg

SR UBQI() "SBATR 1SAI0J Ul Joy31y 15210J ‘ueqIn—sad£) S0 BALLS Y[ DISzsIqny]
Sem Qouepunge pue A)IsIoAIp o)nbsoj SBAIR 1S2I0J 10J JANISO] osn puelJudreylg  uonisoduwo)) (9BPISIND) SASNIIAOQIY reotndwryg [izeig ‘@D OpeIpUY “dS[D BILIA 69

X€Ce00L

00Z811€00S/L101°01/310
“1opy/:sdny "g6-68L1:(21
1dDYET K3oonsereq

18910} SNO ‘1zn1d ewosouedA1], £q

-nUNUO ‘sjudwel) UOTIOQJUI [BWLIRW P[IM UO

15910§ (ey O <) 951e[ pue uonejuawsely jelqey Jo

SNONUNUOJ Y] UT UBY) JelIqey] pajua (35210 snonun ‘(eq Op—(1) wnIpaw $1091 (L00T7) INV uasue[
-Seiy oy ur 10ySIy sem 90ud[eAdIdoIdg  -U0D 0) PAJUSWISRI) WOI)) IANRSIN ‘(ey Q1 >) [[ews  uoneIIYUOD IseasIp sedey) eornduwyg [1zeig ‘Sd eaIpuy,d ‘DA ZBA  $9

ﬂs
pAINSEaW  UONBOYISSR[O g
QwoanQ SLI 9SBASIP UO 109 soLow adeospue| adeospue painseaw () IseasIq Apmns jo adAg, Apns Jo Anuno) Qouayy  dl a.
)
Sl

(ponunuoo) | sjqey


https://doi.org/10.1017/S003118200700323X
https://doi.org/10.1017/S003118200700323X
https://doi.org/10.1017/S003118200700323X
https://doi.org/10.1093/trstmh/trz031
https://doi.org/10.1093/trstmh/trz031

51

31-62

Current Landscape Ecology Reports (2024) 9

(1sd10J-uoU
0] 1S3I0J WOIJ) SBAIR PAYIPOW Ut
PISBAIOUI SASED BLIB[RW JO JOQUINN

(189
-10J—S11DA1]0q SKUOUIPUDSUDL], ‘dUBD
-1e3nS—bpnnoinaiq sKuojuoposiz)
YSLI UOTIOQJUT URWINY (IIM PIRIOOSSE
SBAIE [)IM PIPIOUIOD SJUSPOI J0JIA JO
jelqey parojaid oy, (omed) sarmsed
PUE SIOALI UT SINIATIOR ‘(SaNIANOE SuId
-30[ pue Supuny) s)sa1o0j ‘(wek pue
uo[oULIdEM ‘QUBIIESNS ‘QOLT) SULIR)
M pAIeIoosse A[panisod—ATIA
*O0UQPISAI WIOLJ W ()] UIYIIM SqNIYs
Jo 2ouasaid oY) YIIm paje[a1Iod A[[es
-IOAU] *(UO[OULIDIEM PUR BABSSEO ‘QOLI)
suLIey pue (sosIoy pue 9[)ed) amjsed
YIm pareIoosse A[anisod—AQqvIN

19A02 1S310]
%07 > M SIS Ul punoj Apuanbay
JSOW AI9M JBATR[ 18UllDp Sajaydouyy

QAIRTON IAQN

(Buysy ‘Surwrey ‘Sur

-[ourl J[)1Bd) SANIANIY
sSurfomp

QADISOq uewny o) AJurxoiq
109JJ0 ON (18910 ‘SqNIYS ‘SuLIey

QAISOJ ‘armsed) ad£) jenqey
snipex
OATESON U] © UI JOAOD )SAI0

reorndwg

reorndwyg

reorndwyg

KenZered

BWRUE]

nrog

661°010C
“US/180%"01/310°10p//:sdny
"06-6L1:(D)y WieeH Jeds
-090) ‘uoneId)e druasod
-oxyyue prder SuroSropun
3510} urer [eordongns e ur
BLIR[RW PUR XOpUT UOTILID
-30A 9ouULIAYIP pIzZIeWLIOU
U29M)3q UOTIR[LIO))
(0102) DA uIpoon ‘g
ouIsno)) ‘y seury ap sefoy
‘(1 OPBUOPIEINl ‘AN JUBACA 0L

#$$+000"pud-Teumof
/ILET01/310 10p//:5dNy
"PSSP0009 :(H)OT saseasiq
[eordox], parod[3oN SO'1d
‘ewIRURd ‘udLIe( Ul Apms
[BUONOAS-SSOID) URWINH
pue saIpmi§ ISOH [enIuy
:spipeydoouy urnbyg
UB[ONZAUIA JIWAPUH [IIM
uo13ay e ur snieydooug
e3errepey Juadiowy jo
ASojorwopidy (910¢7)
‘T8 19 D zonurwo(q ‘df
RISLIR)) ‘d Z9[RZUOD)

f USIUIY AV IONIA 69
21-6:(D18 34H
poN dou, [ wy “15urprep
sojoydouy ‘103094 eLIR[RW
[edrourid oy jo jelqey
SuIpaaiq a2y} Jo UonNezLId)
-ORIBYD UOZBWY A}
ul BLIB[EW O) UOIR)SAI0JOp
Sunjury (600¢) VI zved
‘S $a10[ ‘g S0q0)-Se[es
‘AA Opauld ‘A\ ouezo|
-Z3YuES ‘L SPIPIS ‘D
SSBID ‘[ YOSPLL ‘HY

uRWID ‘M UBd AV JIONIA 89

QwoANNQ

Ppainseawr

SSLI 9SBASIP UO 1O sotnow adeospue|

uonisodwo)) BLIR[RIAl
(AFAA-sDEydaoUD
oumbo ueanzousp pue
AQVIA-SNIIA eSeLrepey)
uonisodwo)) sasnaiAeyd[e auI0q-10109A
uonisodwo)) BLIR[RIAl
uoneoyIsse[d
adeospue paInseaw (s) aseasi(q

Apmns jo adAg,

Apns Jo Anuno)

Qouayy  dl

(ponunuoo) | sjqey

pringer

As


https://doi.org/10.1371/journal.pntd.0004554
https://doi.org/10.1371/journal.pntd.0004554
https://doi.org/10.4081/gh.2010.199
https://doi.org/10.4081/gh.2010.199

31-62

Current Landscape Ecology Reports (2024) 9

52

ssauajowrar K110 Aq pajoayye Aeanisod
pue 10A00 uone)adoa Aq pajoayje AfoAn
-eJou seM SISBASIP OIJOUOOZ UBIW Y],

seaIe [eIn)
-[noTISe YIIM 90BFIAUI UT SASPI 1SA10]
£q pooudnyuUI SeM SNIIA JOAJJ MOJ[OX

so10ads 10)00A [ { JO douBpUNqE puE
SSOUUOLI PISEAIOUT PEY| SeATe AFPa 159
-10§ Jo syunowe JoyS1y yim sodeospuer|

ATISOq
aAneSoN

QANISOq

QANISOJ
EINSLREING
1093)9 ON
aAneSoN
EINSLREING

SI0100A X J0J 9ATISO]
103g59 ON
1991J0 ON
1095J0 ON
199JJ2 ON

SI0100A J X 10J 9ATIRSON

ssouojowaI A1)
19A00 UONLIIZA
[eanyeu jo uoniodoig

suorn
-ejuerd ("dds snuiq 10
smydA[eonyg) Ansaiog
(uonejagon snovoeq
-1y 1o Aysnq aAnjeU)
UOTJRULIOJ 1S9I0J-UON
BOIE URQI()
(uonejagoa-ou)
eoIe pajordun-uewinyg
IOTeA
YIM QOBJIAUT SIT
pUE UOTIBULIO 1SAI0]

AVV
pue yq usamiaq om_um—
vno
pue yq usamiaq mwﬁm
seare e
HAVVY)
BAIR JSAI0J YIIM Paje
-1008se eare ordonpuy
(VNnD)
BAIR UBQIN PARPI[OSUOD)
(VD) uon
-BAIOSUOD JO S90I130p
Y31y pue 9)eIpauLIUI
M BAIR JSAI0

uonisodwo))

2INdNNg

amponng

SOIqeI pUE ‘BLIR[RW
‘stsoaidsoydo] ‘snaraejuey
‘SISRIURWIYSII] [BISISIA PUR
urys ‘I0AdJ panods JoAdJ

MO[[oK ‘aseasIp seseyD)

JIOAQJ MOT[OX

JOAQJ MOT[OX

Sur[jopoN

reorndwyg

reorndwyg

nzerg

Tzeag

nzexg

¥LLSOqR"APRIOS
/9T11°01/310°10p//:5dny
"PLLSOGER (97)8 APY
108 Tizexg ur Qouadowd
SBISIP OIJOUOOZ JO YSII
Qy) pue AJIfIqeIaulna [ed
~150]0220120§ (2Z0T) SO
1ZZeIpuy ‘d7If OIpI0D)
‘N ogpuerqg ‘INH Te[TA
LTD 201D “Td BYooy ‘Sd
BAIPUY,(J ‘DN ouang

‘H BIIRIIS]-SOpPURUIS]

‘OTY opunwiey YO PUIM

€€€901°0T eordox
18 [/9101°01/310°10p
J7sdny g€ 901:8¢ doay,
®IOY ‘o[ned oeS Jo 9)els
AU} UI SNIIA JOAJJ MO[[oA
Jo uroned feszadsip oy
Uo 2Inonns v&.mom_uﬁ.&_
Jo ouanyur oY1, (220T)
"LIN PRI “4d 181
‘1 1N ‘70O vrode
“dV eSnoS-SOI_PIN

A eALIS-ePAIIM - TL

$8€601°020g vordoneioe
f19101°01/310 10p//25dNY
'$8€°601:70T “do1L, B0y
‘Jizeag ‘o[ned oes jo Ao
Ay} UI 1S3I04 JNUBY JO
JURULIDI B UL SI0JOIA I9AJ
MOT[A oneA[As [enuojod
JO 90UBpUNGR PUB SSIUYILL
oy} uo uoneInSyuod pue
uonisodwod adesspue|

Jo douanyur (0202) YV
BSNOS-SOIOPIIA ‘LI
T[PITRIA DAY =1endg
M JOHUIN[-RI) AT

100NIAL Y BA[IS-BPIIM

€L

IL

QwoANNQ

SSLI 9SBASIP UO 1O

paInseau
soLow adeospue|

UuonEOYISSL[d

adeospue

paInseaw (s) aseasi(q

Apmns jo adAg,

Apns Jo Anuno)

Qouayy  dl

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll


https://doi.org/10.1016/j.actatropica.2020.105385
https://doi.org/10.1016/j.actatropica.2020.105385
https://doi.org/10.1016/j.actatropica.2022.106333
https://doi.org/10.1016/j.actatropica.2022.106333
https://doi.org/10.1016/j.actatropica.2022.106333
https://doi.org/10.1126/sciadv.abo5774
https://doi.org/10.1126/sciadv.abo5774

Current Landscape Ecology Reports (2024) 9:31-62 53

(with four studies each), while rabies and leptospirosis
6.8%. Cryptosporidium, Giardia spp., Bertiella infection,
and helminths form 9% (n=35). Apparently, this bias is
related to the countries where the studies were conducted;
for instance, all of the top five most studied diseases are
common infections in Brazil, the country with the largest
number of studies.

With respect to landscape parameters, most of the knowl-
edge focuses on understanding how landscape composition
affects the transmission risk of these diseases (50.67%,
n=>56), with 19% (n = 14) of studies assessing both compo-
sition and configuration; and ~5.5% (n =4) focusing only on
the configuration of native vegetation areas.

Most of the studies found a significant relationship
between landscape aspects and disease risk, with more con-
served habitats (higher forest amounts, NDVI and connec-
tivity) showing higher pathogen and host diversity [37-39],
but with lower prevalence and infection intensities [37, 39].
Consequently, these habitats also present a low spillover risk,
which corroborates with the dilution effect hypothesis [40].
For yellow fever virus, it was also found that more conserved
areas can barrier the movement of the virus, decreasing trans-
mission risks for this disease [41]. Habitat loss was appointed
as an important driver of the Brazilian spotted fever [42],
leishmaniasis, malaria [43, 44], and Chagas disease [45].
Likewise, disturbed/impacted areas presented lower patho-
gen and host diversity, but with hosts exhibiting higher abun-
dances and pathogen prevalences and infection intensities
[37, 39] and a higher spillover risk. However, some studies
also found an opposite effect—large amounts of forest areas,
and the closer an individual is to the forest or dense vegeta-
tion areas, higher are the risk of contracting leishmaniasis
and malaria [46, 47]. However, none of these studies had
a landscape ecology design, where some of the potential
cofounding factors are controlled. In addition, none of them
(but see [48]) assessed non linear responses (i.e., for exam-
ple, leishmaniasis reaches a maximum value at intermedi-
ate levels of forest cover and then decreases as forest cover
increases [48]) and potential forest cover thresholds, where
sharp increases in transmission risk can occur when habitat
loss reaches a certain value. But in summary, with the exist-
ing knowledge to date, landscape composition has a positive
association with most of the diseases studied, with habitat
loss and degradation (i.e., urbanization, anthropogenic land
use types) presenting the greatest risk to human health.

value at intermediate levels of forest
cover and then decreases as forest

Leishmaniasis reaches a maximum
cover increases

Outcome

Effect on disease risk
Both positive and negative

Proposrtion of forest
cover

Landscape metrics

measured

classification
Composition

Landscape

Disease (s) measured

Leishmaniasis

Type of study
Empirical

Country of study

Panama

Landscape Configuration Features also Presented a Positive
Effect on the Transmission Risk of Zoonotic/Vector-Borne
Diseases, with Habitat Fragmentation and Increases in the
Amount of Forest Edges Being the Most Important Driv-
ers Habitat fragmentation has lead to an increase in the
infection rate of Anopheles mosquitoes [49], and conse-
quently boosted malaria transmission risk, especially if these

Gottdenker N, Cerezo L,
Minakawa N, Saldafia A,
Calzada JE, Chaves LF
(2016) Macroecological
patterns of American
Cutaneous Leishmaniasis
transmission across the
health areas of Panama
(1980-2012). Parasite
Epidemiol Control.
18;1(2):42-55. https://doi.
org/10.1016/j.parepi.2016.
03.003

Table 1 (continued)
74  Yamada K, Valderrama A,

ID Reference
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2023 4

2022 1

2021 1

2020 4

20194

2018 4

2017 1

2016 4

20154

2014 4

Years

2013 4

2012 4

2011 4

20104

2009 1

2008 1

2007 A

2006 A

2005 1

2002 4

0.0 25 5.0

75 10.0 12.5

Number of Studies

Fig. 1 Number of articles published per year in the Tropical America region about landscape structure and zoonotic/vector borne diseases

forest patches are immersed in an agro-pastoral matrix [50,
51]. For yellow fever virus, a similar response was observed,
with highly fragmented habitats composed by large amounts
of forest edges in interface with agricultural areas, and for-
est roads increasing the movement and potentially transmis-
sion risks [41, 52, 53]. For other diseases, like the Brazilian
spotted fever, not only habitat loss and fragmentation are
important but also isolation between these remnants [42],
while for hantavirus and leishmaniasis, an important land-
scape feature that seems to determine transmission risk is
the amount of sugarcane, coffee and maize present [54-57].

@ Springer

Despite these indications, no studies have tested effects of
habitat configuration controlling the amount of forest cover
in the landscape, which could potentially affect the results
obtained.

From 74 studies evaluated, four found no significant
relationships between landscape changes and disease risk
[58, 59]. In all of them, the effects of land use types and
degradation on arboviruses, Chagas disease, Cryptosporid-
ium, Giardia spp., and rabies risk were tested. However,
these studies did not test or control for important landscape
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factors, such as percent remaining cover between sampled
points, which may affect the observed outcomes. Never-
theless, this pattern shows that in 95% of the knowledge
found, landscape features affect the transmission risk of
diseases in the Tropical America.

Based on the knowledge compiled, we built a conceptual
model summarizing the most common relationships between
landscape change and disease risk (Fig. 3). Natural and pre-
served landscapes (box 1) can harbor a high diversity of
hosts, vectors and consequently, of pathogens. However, in
these areas the abundance of vectors and reservoirs is low,
and consequently pathogen prevalence (box 2). These fac-
tors, coupled with low human-wildlife contact rates, lead
to a decrease in spillover risk (grey arrows, box 3). When
human actions alter this natural environment through habitat
loss (box 4), two possible pathways can alter the distribution
of species and hence the risk of diseases in semi-natural and
anthropogenic landscapes—Iand use changes from natural
to urban (box 5), and from natural to agricultural environ-
ments (box 6).

tina; BR, Brazil; CO, Colombia; CR, Costa Rica; EC, Ecuador; FG,
French Guiana; GU, Guatemala; ME, Mexico; PE, Peru; PG, Para-
guay; PN, Panama; VE, Venezuela

Urbanization leads to a complete alteration of the fauna
communities through the loss of sylvatic species (i.e., spe-
cies that require natural habitats to survive; boxes 7 and 8),
and the consequent increase in the abundance of synan-
thropic species (box 9). The propensity of these species to
live exclusively or occasionally within or near human habi-
tations (synanthropy) has long been recognized to increase
the transmission risk of important zoonoses that threaten
public health [60]. Therefore, in urban environments we nor-
mally see an increase in the transmission risk (red arrow) of
zoonoses and vector-borne diseases linked to these species
(i.e., dengue, zika virus, leptospirosis). However, at the same
time, other diseases will have a reduced risk in highly urban-
ized areas (black arrow), because main hosts and vectors will
not find suitable habitat for their survival in these locations
(e.g., hantavirus, malaria, Chagas disease, leishmaniasis).

When the native vegetation loss gives space to agricul-
tural areas (box 6), such as crops and pasture, for example,
spillover risk will be dependent not only on the amount of
area lost but also on the spatial arrangement of the remaining
habitat areas (boxes 10 and 11). If vegetation loss leads to
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Fig.3 Conceptual model showing the main relationships between
landscape changes and zoonotic spillover risk based on the reviewed
data for the Tropical America. Processes that can increase or decrease

landscapes with a high fragmentation state (box 11), spillo-
ver risk can be enhanced. This may happen because special-
ist species normally are extinct in these landscapes, giving
space to generalist species, which normally act as reservoir
and hosts for zoonotic diseases. These species not only ada-
pat but also thrive in fragmented landscapes, increasing their
abundances and consequently the infection prevalence of the
pathgens they carry. In addition, highly fragmented habitats
normally have increased forest edges, which boost contact
between humans-wildlife, increasing spillover risk (red
arrow). This is a favorable context to the circulation of yel-
low fever virus, for example, as small fragments surrounded
by agro-pastoral activities may support viable populations
of non-human primates and vector species (Alouatta and
Haemagogus spp., respectively), making people who use
the vicinity of the fragments especially vulnerable [50, 61].
However, these effects may be dependent on the amount of
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spillover risk are shown as gray arrows; processes that decrease spill-
over risk are shown as black processes that increase spillover risk are
shown as red arrows. Images designed by freepik.com

habitat remaining, a factor not yet tested for zoonotic dis-
eases (see the “Future of the Disease Ecology in the Tropical
America” section for more details).

If the remaining vegetation is present in a low fragmented
state, with reduced amounts of edge density, spillover risk
can potentially decrease. This happens because in less frag-
mented landscapes the abundance of specialist species are
maintained, with a consequent reduction in the densities of
generalist species (i.e., zoonotic disease hosts and reser-
voirs, [19]), which may contribute to the reduction of con-
tact between generalist-reservoir species and humans [12]
reducing spillover risk.

Based on these findings, we also expect that when forest
restoration is promoted (box 20), it results in an increase
of native habitat amount, which decreases the amount of
edge density, and the interface between humans and wildlife
(box 21), consequently decreasing transmission risk (dashed
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grey arrow). However, there is no evidence to date to support
this hypothesis.

Future of the Disease Ecology in the Tropical
America

Based on the body of empirical evidence found through
the literature synthesis, we discuss some points that have
been little or not at all explored, and that are important to
be studied in the coming years to increase the knowledge
about processes and mechanisms relevant to the effects of
landscape structure on the emergence of zoonoses in the
Tropical America. These gaps vary from investigating the
nexus between simple landscape metrics and prevalence of
infection in hosts, to more complex investigation of mecha-
nisms associated with infectious disease emergence in socio-
ecological systems.

There are gaps in Regional and Disease Knowledge that
Should be Considered in Future Research Our results
showed that a low number of diseases comprise most of the
knowledge that exists today. Likewise, most of the countries
that compose the Tropical America region have no studies
on this topic. Given the great biodiversity of this region,
coupled with the great diversity of pathogens and the high
deforestation rates and land use change, it is essential that
these knowledge gaps are filled. Not only studies on how
landscape structure affects the risk of these diseases, but
also how host and vector populations are affected by these
changes, as well as the viral communities they carry, are
essential to form a knowledge base and prevent human
action from increasing not only the incidence of these dis-
eases but also of pandemic potential viruses.

Most Studies are Restricted to Assessing the Effects of
Land use Type, but do not Analyze the Effects of Landscape
Dynamics: Effects of Time lag on Responses of Vectors, Hosts,
and Reservoirs Many studies have demonstrated the impact
of native vegetation loss on zoonotic diseases outbreaks [6,
20]. In contrast, the effects of landscape dynamics, which
refer to the changes that occur in the landscape structure
over time, are rarely evaluated (see [62]). These changes
can include alterations in the size, shape, and connectivity
of habitat patches, as well as the fragmentation or expansion
of different land use types [63]. However, to gain a more
comprehensive understanding of which factors are leading to
an increased risk of these diseases, it is essential to analyze
the effects of landscape structure dynamics on vector, host,
and reservoir populations. In addition, it is important to con-
sider that there is a time required for these species to adjust
to the new landscape conditions. These time lag responses
refer to the delay between changes in the landscape and the

subsequent effects on disease dynamics [64]. Understand-
ing the relationship between landscape dynamics and the
time lag responses of vectors, hosts, and reservoirs is cru-
cial for predicting and managing disease outbreaks. There-
fore, we emphasize the importance of conducting long-term
studies with different landscape dynamic aspects to gain a
deeper understanding of this topic. These studies are essen-
tial for implementing appropriate land management strate-
gies that consider the potential health impacts of landscape
modifications.

Studies Evaluating Forest Gain are Completely Miss-
ing There is a substantial body of research that focuses on
the relationship between deforestation and the emergence
of zoonotic diseases. However, the impact of forest gain
or other nature-based solutions on zoonotic disease risks
in the Tropical America has not been empirically investi-
gated. Only two studies, employing modeling and review
approaches respectively, have examined this topic in this
region (see [41, 61])—while a hypothetical restoration sce-
nario presented positive effects in reducing the abundance
of hantavirus reservoir rodents [61], a recent conceptual
framework has shown that the effects of forest restoration
on zoonotic diseases may depend on the existing landscape’s
context [26]. Understanding the potential effects of forest
gain on zoonotic disease risk is crucial for the development
of effective strategies for disease prevention and control, as
well as for promoting ecosystem health, including nature-
based solutions.

Few Studies have Focused on Green Areas within Urban
Contexts Urban landscapes, with their intricate interplay of
green spaces and gray infrastructure can serve as complex
ecosystems that influence the presence and transmission of
zoonotic and vector-bone diseases. For instance, the configu-
ration and distribution of vegetation within urban areas can
directly impact the abundance and diversity of species poten-
tially acting as reservoirs or amplification hosts for zoonotic
and vector-borne. Understanding these relationships is cru-
cial for effective disease prevention and control strategies
in urban settings. Yet, current research on urban landscapes
and zoonotic and vector-borne diseases primarily focuses on
other aspects, such as social determinants of health or the
impact of natural outdoor environments on human health
[65]. Consequently, the specific influence of urban design and
landscape structure on zoonotic disease dynamics remains
largely unexplored. Moreover, the findings from these studies
could inform evidence-based urban planning and design strat-
egies aimed at reducing zoonotic disease risks. Implementing
nature-based solutions, such as strategically incorporating
green spaces and green roofs [66] could help mitigate the
transmission of zoonotic diseases. Additionally, optimizing
building designs and spatial layouts to minimize potential
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disease hotspots and enhance public health measures could
contribute to healthier urban environments.

Most Studies are Neglecting Landscape Configuration
Aspects Based on our findings, there has been limited
research assessing the impact of landscape configuration on
the transmission risk of zoonotic and vector-borne diseases.
The majority of the existing studies focus on evaluating the
effects of landscape composition, particularly forest loss or
the extent of remaining forest cover on zoonotic diseases,
while disregarding the crucial aspects, such as arrange-
ment of both habitat [67] and matrix [68]. Studies have
demonstrated that these factors have a significant impact on
landscape permeability and species interactions [69], and
they may be more important than remaining coverage [70]
particularly in disease transmission. However, the effects
of habitat configuration are landscape context-dependent
and species-specific, making predictions and generaliza-
tions difficult [71]. In relation to the landscape context, the
size, shape, and proximity of habitat patches can interact
with species traits to shape their responses to fragmentation
[71]. We emphasize the significance of studies on zoonotic
diseases, go beyond the conventional metrics of landscape
composition, and offer a more nuanced understanding of the
role of habitat configuration.

The Synergistic Relationship Between Climate Change and
Landscape Structure and its Effect on Disease Transmission Risk
has been Little Evaluated in Tropical America Regions Climate
is a key factor limiting the distribution and establishment rate
of vector populations [72], human-wildlife contact [73], and
other risk factors that can modify zoonotic risk [74]. Tempera-
ture and precipitation play a key role in limiting the distribu-
tion of vectors and hosts, with temperature increases due to
climate change creating favorable conditions for the expansion
of the distribution range of these two groups of species [75, 76].
Increases in temperature can also lead to an acceleration of the
extrinsic incubation period (i.e., time interval between infection
and the vector’s transmission capacity) [77] increasing the rate
of replication of the pathogen in the vector, which becomes
infectious more quickly, favoring prevalence and intensity of
infection [77, 78]. These conditions are exacerbated by land use
changes, and natural environment fragmentation—deforestation
can heat a local area by as much as 4.5 “C, and can even raise
temperatures in undisturbed forests up to 6 km away [79]. These
climate changes, even on a small scale, can favor the spread and
transmission of diseases, making deforested and fragmented
areas more at risk due to microclimatic conditions that favor
the infectivity of the vectors present—one study in Asia, for
example, found that the conversion from lowland rainforest to
plantations increases suitability for Aedes albopictus develop-
ment by 10.8% [80], while another one in Costa Rica found that
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the effects of the El Nifio Southern Oscillation on the incidence
of Leishmaniasis is exacerbated in places with greater defor-
estation [81]. These relationships between landscape, climate,
and diseases are still little explored, especially in the Tropical
America region, and are essential to better comprise the mecha-
nisms behind spillover risk.

Landscape Effects are Scale-Dependent and it is Essential to
Understand this in Order to Propose Appropriate Manage-
ment Strategies Both landscape composition and configura-
tion parameters have the potential to impact the dynamics of
vector-borne and zoonotic diseases. However, these effects
can be scale-dependent. A study in Southeast Asia, for
example, found distinct effects from different spatial scales
analyzed for zoonotic malaria occurrence [82]. Transmis-
sion dynamics of zoonotic malaria occurs among humans
who live in settlements in deforested sites where the malarial
parasite, Plasmodium knowlesi, is harbored by macaques
(Macaca) and transmitted by anopheline vectors. Forest
cover loss in the previous year influenced P. knowlesi occur-
rence only at small scales (within 0.5 km of households, or
0.78-km?), while fragmentation had higher levels of influ-
ence at larger scales (5 km, or 78-km2) [82]. Another study
found that temperature and human population density at 1
km scale were important drivers of Hendra virus spillover,
while forest cover and pasture were only predictors if con-
sidered in a 100-km radius scale [83]. Understanding these
dynamics and their scales of effect are essential to propose
adequate management and mitigation strategies.

There is a Large gap in Knowledge Between Trade-Offs and
Synergies of Different Zoonotic/Vector-Borne Diseases, Which
Should be Assessed Before Proposing Landscape Manage-
ment Strategies It is reasonable to assume that each vector-
borne and zoonotic disease has its own signature of scale,
composition, and configuration in the human-modified land-
scape. Therefore, a landscape that can decrease the abun-
dance of hosts and/or vectors of one pathogen may also lead
to increases in the abundance of hosts of another pathogen.
One study tried to understand these trade offs and synergies
for three different diseases (malaria, leishmaniasis, and Cha-
gas disease) in the Brazilian Amazon, using the number of
human cases as response variable. They identify that there
are trade-offs between the spatial and temporal aggregation
of these diseases, with few municipalities being considered
critical for more than one disease at the same time [84]. At
the same time synergies between landscape features that
can affect both malaria and cutaneous leishmaniasis were
found—municipalities at risk should be considered those
with more than 50% of forest cover and that are experiencing
deforestation. For Chagas disease, the at-risk landscapes have
continuous forests immersed in a matrix of non-pasture (i.e.,
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crops of Acai trees) [84]. Understanding these trade-offs are
of extreme importance to define the most cost-effective land-
scape management strategies. By knowing that a landscape
management can decrease one zoonosis risk, while increas-
ing another one, actions and control strategies that aim to
change human risk behavior can be prioritized.

Human Behavior and Socioeconomic Aspects are Important
Drivers in Determining Disease Risk and can also be Determined
by Landscape Parameters The risk of zoonotic disease transmis-
sion is dependent on interacting ecological and human behavio-
ral and socioeconomic factors [85, 86]. Humans are especially
vulnerable for zoonotic pathogens when slaughtering, butcher-
ing, or consuming raw meat from wild animals [87], for exam-
ple. In addition, human behaviors or costums that can lead to
human-wildlife interactions can also lead to an increased risk
of disease spillover, and these behaviors will change according
to the landscape features close to these populations. Hunting
is normally increased in fragmented landscapes, putting more
people at risk for zoonotic spillover if compared with intact for-
est areas. Similarly, human cases of Marburg virus in Kenya
were associated with visits to caves that house infected bats
[88], while drinking untreated water can result in exposure to
diverse pathogens, such as Leptospira leptospirosa spp. [89].
Despite its extreme importance, human risk behaviors are rarely
taken into account in landscape epidemiology studies. Similarly,
socioeconomic factors, which are also directly linked to zoonotic
emergence [90] are understudied in a landscape ecology per-
spective. The lack of access to nutritious food, for example, is
associated with an increased risk for multiple health conditions
[91], while housing conditions can also be important factors
to prevent or favor contact between humans, animal hosts, and
zoonotic pathogens [92]. Identifying populations at risk [56],
risky behaviors and customs and socioeconomic factors that
lead to increased exposure of people to pathogens, and under-
standing how landscape features affect these drivers may be a
key element in mitigating the risk of zoonotic disease transmis-
sion. Even if we manage landscapes by keeping host and vec-
tor density controlled, as well as the chance of contact between
humans and these animals, risky human behavior can lead to
the spread of pathogens and increased risk of transmission even
in low pathogenicity landscapes. For instance, effective long-
term community projects around natural areas have proven to
reduce illegal resource extraction activities inside protected areas
in Uganda through social change [93]. This type project likely
decreases the contact between people and wildlife and as a con-
sequence, reduces disease risk. At the same time, higher land-
scape accessibility (measured as combining terrain ruggedness,
elevation, friction, slope, aspect, and tree cover) lead to more
illegal resource extraction in the park, an important threat to
biodiversity conservation. This example shows how health and
biodiversity conservation is connected in fragmented landscapes
and supports the idea that the environment needs to be managed

under a One Health perspective, thinking about the intercon-
nectedness between people’s health, animal health, and environ-
mental health [94]. Therefore, it is essential to better understand
interconnectedness and behaviors and socioeconomic factors
that lead to increased disease transmission risk in order to pre-
vent spillovers from occurring in Tropical America landscapes.

Conclusions

Our synthesis has shown that the scientific production link-
ing landscape change to zoonoses in the Tropical America
still has been incipient and mainly focuses on malaria, yellow
fever, Hantavirus, and Chagas disease. There is an urgent need
for research connecting landscape ecology and disease ecol-
ogy, so stakeholders can make science-informed decisions for
land use management, and public health plans can be devel-
oped considering landscape pathogenicity. Despite significant
knowledge gaps, our results point out that landscape structure
affects dynamic processes of disease emergence, leading to con-
sequences for ecosystem services and public health. Research
on complex topics largely relies on capacity building and invest-
ment in research and development in the Tropical America and
more broadly in the Global South. We plead for the enforcement
of support in research on these topics in the Tropical America,
which can be guided through interdisciplinary approaches such
as One Health and Nature Based solutions.
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