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 Uno de los hotspots de

biodiversidad mas importantes

del mundo.

 Una de las zonas que ha

experimentado la conversion
mas generalizada del habitat

natural.
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B Mexican transition zone
1 Sierra Madre Occidental province
2 Sierra Madre Oriental province
3 Transmexican Volcanic Belt province
4 Sierra Madre del Sur province
5 Chiapas Highlands province
M Antillean subregion
6 Bahama province
7 Cuban province '
8 Cayman Islands province .
9 Jamaica province
10 Hispaniola province
11 Puerto Rico province
12 Lesser Antilles province
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Mesoamerican dominion
13 Pacific Lowlands province
14 Balsas Basin province
15 Veracruzan province
16 Yucatan Peninsula province
17 Mosquito province
O Pacific dominion
18 Guatuso—Talamanca province
19 Puntarenas—Chiriqui province
20 Chocé-Darién province
21 Guajira province
22 Venezuelan province
23 Trinidad province
24 Magdalena province
25 Sabana province
26 Cauca province
27 Galdpagos Islands province
28 Western Ecuador province
29 Ecuadorian province
[ Boreal Brazilian dominion
30 Napo province
31 Imeri province
32 Guianan province
33 Guianan Lowlands province
34 Roraima province
35 Para province

[J South Brazilian dominion
36 Ucayali province
37 Madeira province
38 Rondénia province
39 Yungas province

] Chacoan subregion
Southeastern Amazonian dominion
40 Xingu-Tapajés province
@ Chacoan dominion
41 Caatinga province
42 Cerrado province
43 Chaco province
44 Pampean province
@ Parand dominion
45 Atlantic province
46 Parand Forest province
47 Araucaria Forest province

B South American transition zone
48 Paramo province
49 Desert province
50 Puna province
51 Atacama province
52 Cuyan High Andean province
53 Monte province
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Biogeographic regionalization of the Neotropical region

Morrone (2017)



Region Neotropical

e | a cantidad de datos abiertos
sobre biodiversidad en la regidon
ha aumentado notablemente en
las ultimas decadas.

e Sin embargo, los datos que
cubren grandes areas durante
periodos largos de tiempo
suelen ser escasos.
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ISDMs
}
—
 El estado latente es la distribucion real RO spatial thinning
(no observada) de las especies puede . ,
representarse con un Proceso Puntual — .
. locations of individuals observed locations
de Poisson. |
1 0
. ESta.dIStI’IbIUC.IOn verdadera se muestrea : mperfect detection !
mediante distintos procesos de 4 of individuals )
observacion, generando los datos de o - 0
sOlo presencia, abundancia y presencia- true site abundance observed site abundance
ausencia que observamos. }
. 7 Y v x v
 Como los procesos de observacion i deeatan
pueden ser imperfectos, se pueden v of species v
considerar distintos errores de X " %
observacion. true site occupancy observed site occupancy

Isaac et al. (2020)



ISDMs p

Herramientas L (T

INTRODUCTION TO

WIinBUGS
FORNECOLOGISTS

A Bayesian approach to regression, ANOVA,
mixed models and related analyses

1 r\

r-inla inlabru

o

’ @flograttarola | @ ecoevo.social/@flograttarola



ISDMs
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Yaguarundi

erpailurus yagouaroundi
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IUCN (2022) so's
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Top: observed in Argentina by hhulsberg, and bottom: in Mexico by albamaya (iNaturalist.org)
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Objetivo

 Desarrollar un modelo
integrado de distribucion de
especies (ISDM) para modelar
la dinamica temporal de toda el
area de distribucidon geografica
de Herpailurus yagouaroundl.
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Métodos
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B 'BRE BE
GitHub O

Integrating presence-only and presence—-absence data to
model changes In species geographic ranges: An example
in the Neotropics

Florencia Grattarola, Diana E. Bowler & Petr Keil

This repository includes the data, code, model and outputs for our manuscript on the use of integrated species
distribution models (IDMs) to study the change over time of the yaguarundi's geograhic distribution range.

Find here:

e Data: PA and PO data to run the model + spatial data
e Code: code for all data processing + IDM run in JAGS
e Model: model file in BUGS language

e Docs: model definitions + diagnostics + outputs + figures

https://github.com/bienflorencia/yaguarundi_IDM

’ @flograttarola | @ ecoevo.social/@flograttarola



Nuestro ISDM
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LATENT STATE

locations of individuals

!

0

true site abundance

!

v

X

true site occupancy

OBSERVATION ERROR

spatial thinning

imperfect detection
of individuals

imper. ¥ . detection
of spe + s

Isaac et al. (2020)

OBSERVED DATA

!

observed locations

0

observed site abundance

X

observed site occupancy



Nuestro ISDM

true site occupancy
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LATENT STATE

OBSERVATION ERROR

spatial thinning

OBSERVED DATA

observed locations



Nuestro ISDM

LATENT STATE

design matrix for grid-cells: an
intercept, environmental
covariates, and the spline bases

— XPO X b - X vector of

parametric effects

presence-only
linear predictor
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Nuestro ISDM

LATENT STATE

= Xpo X b

log(v)) = + log(areapro))

\ L_) area of each
grid-cell in m2

presence-only
linear predictor

the true intensity
for the species in
each grid-cell



Nuestro ISDM

OBSERVATION ERROR

LATENT STATE

neo = Xpo x b i =V, x Pret;

log(v)) = neoj + log(arearo)) \ .

thinned intensity cell- SpeCIfIC
per grid-cell | | probability of
the true intensity retaining a point

for the species Iin
each grid-cell
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Nuestro ISDM

OBSERVATION ERROR

LATENT STATE

nPO=XPOXb Aj:vjx
/ og (Vj) = lpPOj + /og(ar eapo,-) = Aocountryj X exp-alxaccej
\ random fixed slope
cell-specific intercept for for grid-cell
each country accessibility

probability of
retaining a point
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Variables observacionales

* Accesibilidad: esperamos que

, . P % —alx
las celdas mas accesibles Pretj = Qocountryj X €XP

tengan mas registros que las _ /
celdas menos accesibles. T —
Ifﬁi fixed slope
- B for grid-cell
accessibility

® © © © N N o0 o 0 a0 b~ A WO O
U o w o w 9o W 9o w o w o wu °
S & © © & © & © © © © © © o
S & & & & & &6 © o © © © o o

30°S

Weiss et al. (2020)

120°W 90°W 60°W 30°W
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Variables observacionales

* Pais de origen: diferencias en -
. . iy -= X —alxaccej
las capacidades de publicacion Pretj = Q0 exp

de datos vy los niveles de
participacion de la ciencia
comunitaria entre paises. .

random
intercept for
each country

22222

44444
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Nuestro ISDM

LATENT STATE

neo = Xpo x b

log(v)) = neoj + log(areapo))
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OBSERVATION ERROR

= V; x Pret,

Pret; - Qocountryj X exp—atxaccej

OBSERVED DATA

Yproj ~ Poisson(/))

R

the observed count data
in each j-th grid cell



Nuestro ISDM

LATENT STATE

}

X

true site occupancy
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"opscr AN ERROR.

OBSERVED DATA

X

observed site occupancy



Nuestro ISDM

LATENT STATE

presence-absence
linear predictor

.

= Xpa X b

H

vector of

design matrix for blobs: an parametric effects

iIntercept, environmental
covariates, and the spline bases
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Nuestro ISDM

LATENT STATE

= Xpa X b

cloglog(y) = + log(areapai) + B x log(effort))

2NN

presence-absence area of each sampling effort

blob-specific linear predictor blob in m2 (camera trap days)
probability of

presence



Nuestro ISDM

OBSERVED DATA

LATENT STATE

nea = Xpa x b yeai ~ Bernoulli(\)))

cloglog()) = neai + log(arearai) + B x log(effort) \

the observed presence (1) or
absence (0) value in each i-th blob
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Nuestro ISDM

vector of
parametric effects

fj

Npred = Xpo X b

/N

design matrix for grid-cells: an
Intercept, environmental
covariates, and the spline bases

linear
predictor
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Nuestro ISDM

= Xpo X b

cloglog(Pred)) = + log(arearo)

o/ \

detection
probability for
each grid-cell

linear

predictor area of each
grid-cell in m2
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Nuestro ISDM

lNpred = Xpo x b

cloglog(~red)) = npredj + loglarearo)
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Atime1 — Z
Atime2 = )

area of the species
range for the first
period

J
R

area of the species
range for the
second period



Nuestro ISDM

Nored = Xpo X b — YPred,

cloglog(Pred|) = Npreqj + log(arearoj) = ) Preq

the difference in the / AA H T
area between both

time periods
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Occurrence records Camera trap survveys

(presence-only data) (presence-absence data)
Poisson Bernoulli
Response Ypo -~ log A cloglog Y - Ypa
......................................................................................................................... ||
.. - 04 X acce
Thinning process a X eXp — Pret x v
( country )
........................................................................................................................... 1||’
Integrating Account for
area, area :
intensity over area gid + Tea +log b+ B x log _effort sampling effort
......................................................................................................................................... ||||
State model expert range €NVyrid splin€Siime periodigida H— Xpo X b X Xpa €NVpop SPliN€Sime periodibiob ~ €Xpert range
L | A _
.......................................................................................................................................... | w0000 S
estimated parameters
linear predictors data response

estimated variables



Smoothing splines

 Modelan la estructura espacial en
la distribucion que no tienen en
cuenta las covariables
ambientales.

e Usamos la funcion jagam del

paguete ‘mgcv’. El numero the
spline basis fue k =9

, @flograttarola | @ ecoevo.social/@flograttarola

30°N

20°N

10°N

10°S

20°S

30°S

40°S

50°S

- latam

-15
-10
-5

&)

120°W 90°W 60°W 30°W



Datos de la especie

presence-only data 5 presence-absence data
observed locations observed site occupancy

™ A
X ‘ﬂ\ﬂ’pp

GBIF.org (2022)

_ Nagy-Reis et al. (2020)
https://doi.org/10.15468/DL.3CU474

https://doi.org/10.1002/ecy.3128
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Datos de la especie

C o o o o
° ® ° ® ®
o © o |© o
o :. o: ® - o :. ® : ® - ~ - .
° ®
® )
® ®

presence-only grid of 100x100 km counts of records rasterisarion of

occurrence records over the study area per grid-cell 100x100 grid-cell

counts
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Datos de la especie

camera trap surveys’
locations (lat/long) of
Neotropical carnivores

buffer over survey’s
centroids with the
study size as area

, @flograttarola | @ ecoevo.social/@flograttarola

presence or absence
of the yaguarundi in
each survey

merge of the surveys into
‘blobs’ (per time period)



Datos

 PO: En el primer periodo
se detectaron 196
registros de yaguarundi y
en el segundo 234.

e PA: Se utilizaron datos de
8.346 estudios. El
yaguarundi fue registrado
en 614.

, @flograttarola | @ ecoevo.social/@flograttarola
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Elevation NPP

30°N

Variables ambientales

10°N

10°S

Usamos un conjunto de 28 covariables potenciales:
* Bioclimatic variables (WorldClim V2.1): bio1 -
bio19.

* Elevation (WorldClim V2.1 SRTM elevation data)

Temperature Annual Range Precipitation Seasonality

* Land cover (MODIS - MCD12Q1): urban, W

barren, water, savanna, wetland, grassland. F " . P
» Net Primary Production (NPP) (MODIS - ’ R
M*D17A3HGF) gy ="
0 | 2 _
* Percentage of Vegetation cover (MODIS TERRA f L 'ﬁ"‘i‘

- MOD44B): tree cover, no tree cover, non tree
vegetation cover.

20°S
30°S

40°S
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El modelo

* jags funcion del paquete
‘R2jags’ (para llamar a JAG
desde R

e 3 cadenas

100,000 iteraciones por
cadena

* 10,000 de largo de burnin
10 de thinning rate

, @flograttarola | @ ecoevo.social/@flograttarola
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had
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PRIORS
# Thinning at locations with complete accessibility in PO data

# intercept of the decay function for each country of origin.
# It needs & flat prior between @ and 1
for (c in 1:n.cntr)

alpha@[c] ~ dbeta(1, 1)

# steepness of the decaying distance-P.ret relationship in PO data
alphal ~ dgamma(®.5, @.05)

# Effect of sampling effort in PA datsa
beta ~ dnorm(®, ©.01)

# Parametric effects of environment driving the point process intensity
# (it also includes an intercept)

for (r in 1:n.par)
{

b[r]) ~ dnorm({8,08.01)
}

# Splines (imported and adjusted form output of mgcv::jagam)

tor(time)@

1:n.spl]) # gamma[1] +

1 4+ 1):(n.spl = 2)] % gamma([2]

}] ~ dmnorm(Z[(n.par+1l):(n.spl + n.par)], sigma.pre)

t . , :n.spl] % gamma[3] +
1, (n.spl + 1):(n.spl % 2)] = gamma([4]
:(n.X)] ~ dmnorm(Z[(n.X n.spl 4+ 1):(n.X)], sigma.post)

## Priors for smoothing parameter
for (f in 1:n.fac)
{

gammal[f] ~ dgamma(.5,.5)

rho[f] <~ log(gamma[f])

}
LIKELIHOOD
aE Presence~Absence (PA) data

eta.PA <~ X.PA %=% b ## linear predictor

for (1 in 1:n.PA)

1
!

— |

'~
—d

-
+ logl(area.PA[i]) + beta=log(effort[i])

# the probab
[

lity of pre
cloglog(psi[i]) et

i ) se
i < ta.PA[
# presences and absences come from a Bernoulli distribution
y.PA[1] ~ dbern(psi[i]+@.9999)

L Presence-Only (PO) data
eta.P0 <~ X.PO %% #8 linear predictor
for (3 in 1:n.PO)

# cell-specific probability o
P.ret[j] <~ alpha@lcountry[ij]

‘-
)

f retainin (observing) a point is a function of accessibilit
] = exp( (-alphal) * accelj

# true mean number (nu) of points per cell i is the true intensity multiplied by cell are
nulj] <~ area.P0[j] = expleta.P0[i])

# thinning: the true lambda
lambda[j] <= nulj] * P.ret[j]

# counts of observed points come from a Poisson distribution
y.PO[j] ~ dpois(lambda[3j])

}

PREDICTIONS
ta.pred <~ X.PO %%
or (3 in 1:n.PO)

# predicted probability of occurrence in grid cell 3
cloglog(P.pred(j]) <~ eta.pred[j] + log{area.PO[j])

DERIVED QUANTITIES

area in each time period, and temporal change of area
.pre <- sum(P.pred[1:n.P0.half])

.post <~ sum(P.pred((n.PO.half+1):n.P0J)
elta.A <~ A.post A.pre

w




Quick Model References

For more details please see here

Model L Equation
term Definition n?)tation
n.PA number of blobs for both time periods (pre and pos) Npa
i index identifying blobs iwhenei €15 np,
v.PAi] preser‘c‘e {1) or absence ul'le'.'a ue in each i-th blob (overlapping surveys' area), Vpa
can be for pre- or post- period
X.PA design matrix including vector of 1s (for intercept) and all the covariates and Xpa
spline bases for each blob, for both time periods
area.PA[i) area of i-th blob in meters for both time periods aredpp
effort[i) sampling effort for i-th blob in the given period for both time periods effortp,
n.PO number of grid-cells for both time periods concatenated (pre and pos) Npo
index identifying grid cells jubere)e
n.PO.half number of grid-cells for one time period Npoi2
yv.PO[]) count of observed points in j-th grid-cell, can be for pre- or post- period Yro
X.PO design matrix including vector of 1s (for intercept) and all the covariates and Xpo

spline bases for each grid-cell for both time periods

e jags funcion del paquete

acce(]] accessibility from urban areas based on travel time for j-th grid-cell for both time acce ;
periods

‘ R2 . , I I A === - rird_n ~th 4 = country

m country(j] country name for j-th grid-cell for both time periods i
J ag S para a ar a n.X total number of columns in X {"X.PA" or "X.PO") nx

n.cntr total number of countries Mener
d R c index identifying countries wherer g 1:n

e S e n.par number of parameters considered (intercept and covariates) M priar
r index identifying parameters raterer €1in

n.fac number of factors of time in X {"X.PA" or "X.PO") s

f index identifying factors fheref e

n.spl number of spline bases functions in in X ("X.PA" or "X.PO") el

. 3 C ad e n aS S.pre spline values for the first time period (pre) Spre
S.post spline values for the second time period (post) \.

z a vector of zeros (0) of the length of the splines Z
sigma.pre variance of splines for the first time period (pre) T pry
- - sigma.post variance of splines for the second time period (post) T poxt
. 1 O O O O O I te raC I O n e S p O r b vector of parametric effects of covariates driving the point process intensity (it b, €b
also includes an intercept)
, alpha0 intercept of the thinning process in the presence-only data Iy
d alhpat slope -steepness- of the thinning process in the presence-only data (decaying @,
C a e n a distance~P.ret relationship)
beta coefficient of the effect of sampling effort in the presence-absence data I
gamma prior for splines smoothing parameter 4
eta.PA linear predictor for presence-absence data Mea
eta.PA[I] expected presence-absence for the i-th blob TPa
. 1 I . eta.PO linear predictor for presence-only data Mro
, e a rg O e u r n I n g eta.PO[j] expected count points for the j-th grid-cell ro
psili] blob-specific probability of presence Wi
p.ret(j] ce,l-soen:,fxc probability of retéujirg {observing) a point as a function of (e
! accessibility and country of origin
- . nul(j] true mean number of points per grid-cell (the true intensity) v;

Py '1 O d e th I n n I n rate ambdall] | thineing of the true Intsnsity A
eta.pred linear predictor for the predicted probability of occurrence Npred
eta.pred|j] predicted count points for the j-th grid-cell Npred
P.pred(j) predicted probability of occurrence for the j-th grid-cell P,--.' d
A.pre range area in the first time period (pre) Apre
A.post range area in the second time period {(post) Apon

@flograttarola | @ ecoevo.social/@flograttarola e e aa




Resultados y
Discusion
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Rango de la especie RANGE{mez - RaNGyer by SD

* Retraccion del limite sur del area de
distribucion en Argentina, Uruguay y
Paraguay y del limite norte en México.

 Mantuvo su presencia en el centro y
sureste de Brasil.

« Expansion en la Amazonia brasilena y
colombiana, cerca de la region del Sertao
en el noreste de Brasil y en la frontera de
México con Guatemala.

Uncertainty (SD)

I:{angetimeZ - I:{angetimm

120°W 90°W 60°W 30°W
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Rango de la especie

a b
« Entre ambos periodos, . il
se observa un aumento g o owo|
del area de distribucion £ : '
del yaguarundi, o R
ampliando su area de s T
distribucion (numero § :
de celdas). g o
00000 — S
Atime1 Atime2 0 50 100 150 200
AArea = Aype; - Ame
Densidades posteriores del area Distribucion posterior del cambio de rango,
prevista en ambos periodos de tiempo (linea discontinua = sin cambio de rango)
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Rango de la especie

 El yaguarundi prefiere zonas con

precipitaciones estacionales (+Prec).

* Prefiere altitudes mas elevadas
(+Elev).

* Prefiere zonas verdes productivas

con buena cobertura vegetal (+NPP).

* Evita los desiertos y las zonas
semiaridas (-Temp).
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Conclusiones
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SDM integrado

El modelo

* Asumid una intensidad de patron
puntual de Poisson (libre de
escala)

* Integrd datos de camaras-
trampa con las ocurrencias
puntuales de GBIF.

 Tuvo en cuenta el esfuerzo de
muestreo y la autocorrelacion
espacial

, @flograttarola | @ ecoevo.social/@flograttarola Observed by alexcg223 (iNaturalist.org)
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SDM integrado

Cambio temporal

e Laintegracion de los datos nos
permitid aumentar el tamano de
la muestra, la extension
geografica y el scope ambiental
de cada periodo.

 Pudimos estimar el cambio
temporal en el area de
distribucion geografica de la
especie incluso en un lapso de
tiempo relativamente corto.
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SDM integrado

Solucion a la falta de datos

e |.os datos no estructurados son
cada vez mas comunes en
Ameérica Central y del Suir.

 Estos datos se han considerado
problematicos, pero utilizando
los ISDM podemos combinarlos
con datos de alta calidad para
mejorar nuestra comprension de
coOmo las especies cambian sus
areas de distribucion geografica
a lo largo del tiempo.

’ @flograttarola | @ ecoevo.social/@flograttarola Observed by drewdavis74 (iNaturalist.org)
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., Y ahora qué?
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.Y ahora que?

* Otras especies: ;Qué esta pasando con otras especies? ;Podemos detectar
areas donde se acumulan mas cambios?

e Causas: ;Podemos atribuir estos cambios a algun factor, como el cambio de
uso del suelo o el cambio climatico?

 Interaccion: ;Como modelar los efectos de la co-currencia? ;podemos
adaptar nuestro modelo para modelar conjuntamente mas de una especie?
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.Y ahora que?

« Causas: ;Podemos atribuir estos cambios a algun factor, como el cambio de
uso del suelo o el cambio climatico?

 Interaccion: ;Como modelar los efectos de la co-currencia? ;podemos
adaptar nuestro modelo para modelar conjuntamente mas de una especie?
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B

jaguarundi (Herpailurus yagouaroundi) by @hhulsberg, ocelot (Leopardus pardalis) by @cotingidae, crab-eating fox (Cerdocyon thous) by @farpost,
maned wolf (Chrysocyon brachyurus) by @constanzamcl, tayra (Eira barbara) by @christoph_moning, margay (Leopardus wiedii) by @bigsam, coati
(Nasua nasua) by @douglasmeyer, and giant river otter (Pteronura brasiliensis) by @npdowling (iNaturalist.org).



Riqueza de especies IUCN

D 8 P i
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Riqueza de especies
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Riqueza de especies
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Cambio en la riqueza de especies

D 8 P i
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Y ahora qué?

Aumentar la cantidad de datos disponibles en Ameérica Latina

* Involucrar a mas personas en la ciencia comunitaria, por ejemplo, a traves
de iNaturalist.

 Digitalizar nuevos estudios con camaras trampa, de bibliografia pero
también de iniciativas de locales de nuestra region.

Naturalista
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Pais

Pretj = Qo

X exp—a‘l Xacce|

’ @flograttarola | @ ecoevo.social/@flograttarola

Probability of retention
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Expert range map
as a covariate
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