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Abstract

The common opossum (Didelphis marsupialis) is a marsupial widely distributed in the Neotropics, where it lives in
urbanized environments. The apparent scarcity and fragmentation of available habitat, and high rates of vehicle collisions,
may represent barriers to dispersal. To assess the functional connectivity of this species and its potential use as a model in
urban ecology, we evaluated the structure and genetic diversity of opossums in the metropolitan area of the Aburra Valley
(AMVA), Colombia, using sequences of the mitochondrial Cytochrome B (Cytb) gene and nine autosomal microsatellite
loci. Although Cytb presented low levels of variation, microsatellite markers revealed high genetic diversity (He =0.852
and Ho=0.698). The geographic distribution of mitochondrial lineages and a spatial principal component analysis (SPCA)
of microsatellites showed the absence of genetic structure and effective barriers to dispersal of opossums in the study area.
This scenario suggests that hostile landscapes such as those in urban environments may be suitable enough to allow the
effective connectivity of some species such as the common opossum and others with high dispersal ability in urbanized
areas. Nonetheless, it is necessary to evaluate the impact of releases of rescued fauna made by the environmental authority
on the population structure of urban opossums.
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Introduction affect species abundance, community composition, popula-

tion sizes, and ecological processes within native vegetation

Habitat loss and landscape fragmentation are major threats
to biological diversity (Huxel and Hastings 1999), leading
to loss of natural corridors and reduction of suitable habitat
patches (Herrera 2011). Habitat conversion for human use in
urban areas can lead to disturbances in (1) species movement
and dispersal, (2) available resources within the matrix, and
(3) the abiotic environment of patches (Driscoll et al. 2013).
These disturbances directly influence connectivity and can
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patches.

From an evolutionary standpoint, habitat fragmenta-
tion and degradation can alter patterns of natural selection,
modify gene flow, and reduce the effective size of popula-
tions, leading to a decrease in genetic diversity and increased
inbreeding, which may result in local extinctions (Templeton
et al. 1990; White et al. 1999; Ruell et al. 2012; Munshi-
South et al. 2013). However, some wild species can sur-
vive in urbanized environments, where they find abundant
resources throughout the year (Ives et al. 2015), and even
experience an increase in dispersal ability, thus reducing
the probability of isolation, bottlenecks, and genetic drift
(Miles et al. 2019). Likewise, transformed urban landscapes
with gardens, green and wooded areas can even promote
dispersal, eliminate possible barriers, and facilitate success
in urban species (Holderegger and Di Giulio 2010).

The common opossum, Didelphis marsupialis (Linnaeus,
1758) is a neotropical marsupial species (family Didelphi-
dae) distributed from southern Mexico to northern Argentina
(TUCN 2021) in tropical and subtropical forests, secondary

@ Springer


http://orcid.org/0000-0002-6311-8378
http://crossmark.crossref.org/dialog/?doi=10.1007/s42991-024-00434-2&domain=pdf

C.Henao-Saenz et al.

forests and near human settlements such as houses and
agricultural lands. It is a nocturnal species with high dis-
persal ability, as it does not occupy its den for more than
five days. It is an opportunistic omnivore, and its diet can
easily change depending on the availability of different food
types including anthropogenic sources (Ringier 1961). Even
though this is species is frequently observed in urbanized
areas, its abundance may show seasonal and regional vari-
ation (Adler et al. 1997; Cruz-Salazar et al. 2016), and its
distribution may be influenced by fragmentation and levels
of habitat disturbance. The common opossum is not con-
sidered a threatened species according to the IUCN (IUCN
2021), but it is a frequent victim of vehicle collisions and
acts of aggression in urban areas since it is frequently stig-
matized and viewed as a pest (Delgado 2007; Figueroa et al.
2009). For these reasons, several protection and conservation
programs for the common opossum have been proposed in
Colombia, including rescues and releases that do not take
into consideration the possible origin of these animals, the
connectivity between populations, or the existing differences
between them (Figueroa et al. 2009).

Previous population studies of this species have focused
on abundance, reproductive habits, and their parasite-host
relationship (Tyndale-Biscoe and Mackenzie 1976; Adler
et al. 1997; Ramirez and Osorio 2014; Saldaina et al. 2019).
Yet, genetic data in populations in southern Mexico have
revealed intermediate levels of genetic variation coupled
with low levels of inbreeding and an overall negative effect
of habitat fragmentation on gene flow (Cruz-Salazar et al.
2014; Cruz-Salazar and Ruiz-Montoya 2022). Given the high
prevalence of the common opossum in urban environments,
which contrasts with frequent cases of aggression and
accidents, it is important to study the composition and
connectivity of the populations of this species to understand
its use of urban environments. Here we studied the diversity
and genetic structure of the common opossum in the Aburra
Valley Metropolitan Area (AMVA), a highly populated city
in northwestern Colombia. Given the heterogeneity and
complexity of this urban matrix, we explored potential
discontinuities in the distribution of genetic variation to
recognize the existence of possible barriers to dispersal.

Materials and methods
Area description

This study was carried out in the urban area of AMVA, a
valley located in the Central Cordillera of Colombia, with
approximately 1300 m above the sea level at the lowest
points. This region is approximately 60 km long and 6—8 km
wide and it is crossed by the Medellin River from south to
north. It is shared by ten municipalities and a population of
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4.1 million people (CCM 2021). Despite its high population
density, AMVA has several protected forest areas, riparian
forest, and urban parks that are home to various species of
wildlife including common opossums. The city of Medellin
(the largest municipality) has almost 450 species of birds,
more than 90 species of wild mammals, and more than 2,600
species of vascular plants, demonstrating a shared use of
the territory by an extensive human population and a high
diversity of fauna and flora (Medellin-Alcaldia 2017).

Sampling

Since the common opossum is a synanthropic species pre-
sent in both forested urban areas, and residential areas,
this species is frequently impacted by injuries and deaths
derived from accidents and aggressions associated with
the human-animal conflict. Samples were then taken from
66 individuals rescued by the environmental authority in
urban areas of six of the ten municipalities that make up
the AMVA (Copacabana, Bello, Medellin, Envigado, Itagiii
and La Estrella; Fig. 1) between the months of September
and December 2021 (Supplementary File 1). The study sam-
ple comprised blood samples taken from six live animals
and 60 skin biopsies (ear or tail) from animals euthanized
by environmental authorities due to poor health conditions
(Table 1). The samples were stored in 96% ethanol in 1.5 pl
Eppendorf® tubes. DNA was extracted using the commercial
DNeasy Blood and Tissue kit (Qiagen, Valencia, Califor-
nia, USA) and a standard salting out method, respectively.
In cases of juvenile/infantile couples sampled on the same
day and location (potential siblings), only one member of
each couple was included in the study sample to prevent any
effect of inbreeding caused by the family structure.

Records of 642 common opossums rescued and then
released in the AMVA between 2020 and 2022 were
provided by the local environmental authority (Corantioquia)
and used to identify any overall geographical bias in the
location of released animals (Supplementary File 2).
This is important since, depending on the release areas,
translocations may alter the original genetic structure of the
studied population.

Sequencing and analysis of the mitochondrial
Cytochrome B gene

A 770 bp fragment of the Cytochrome B (Cytb) gene was
amplified and sequenced using the primers Didm1413F
(5'-AACCTATGGCATGAAAAACCACCATYG-3') and
Didm15007R (5'-AAATAGAAAATACCATTCTGGCTT
GAT-3'). These primers were designed for this study with
the Primer3 on-line software (http://primer3.ut.ee), using
reference sequences of five species of Didelphis (Acces-
sion codes 729573 and MT892661-MT892665) and other
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Table 1 Samples of Didelphis marsupialis collected and processed
for this study

Municipality N° of blood N° of tissue Total
samples samples

Copacabana 0

Bello 0 3 3
Medellin 6 47 53
Envigado 0 5 5
Itagiii 0

La Estrella 0 3 3
Total 6 60 66

sequences of Cytb of D. marsupialis available in GenBank.
DNA amplification reactions were carried out in a 15 pl final
volume, containing 2 pl of DNA, 1X Taq Buffer, 7.5 pg/pl
BSA, 0.2 mM dNTPs, 0.2 pM of each primer (F and R), 1U
of Taq polymerase and 2 mM MgCl, (Thermo Fisher Sci-
entific Ltd., Waltham, Massachusetts, USA). Amplification
was performed at 94 °C for 5 min, followed by 34 cycles
of 94 °C for 35 s, 58.3 °C for 35 s and 72 °C for 1 min,
with a final extension at 72 °C for 10 min. The amplicons
were purified with Exonuclease I and FastAP Alkaline Phos-
phatase (Thermo Fisher Scientific Ltd.) by incubating the
samples at 37 °C for 30 min and then at 95 °C for five min.
Both strands (H and L) were then sequenced in a commercial
laboratory following a standard Sanger methodology.

The sequences were edited with Geneious Prime
v2020.0.5 (https://www.geneious.com) and aligned
with ClustalW in MEGA X11 (Tamura et al. 2021). The
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alignment was then exported to DNAsp v5.1.1.1.1.8 (Librado
and Rozas 2009) to estimate the number of haplotypes (h),
number of polymorphic sites (S), haplotype diversity (Hd),
nucleotide diversity (xr) and, apply the Tajima’s D (Tajima
1989) and Fu’s F neutrality tests (Fu 1996). Hd indicates
the probability that two randomly chosen haplotypes are
different, whereas m estimates the probability that two
randomly chosen homologous sites are different (Excoffier
and Lischer 2010). D and F provide evidence of historical
demographic changes, i.e., either expansion (negative
values) or contraction (positive).

To analyze geographic distribution patterns and
relationships among the haplotypes obtained in this study,
nineteen reference sequences of D. marsupialis and three
of D. virginiana were retrieved from GenBank (Clark et al.
2016) and aligned with our sequences (Supplementary File
3). A Bayesian phylogenetic tree of 50 million steps was
then constructed in the BEAST v2.5 sampling every 1,000
steps (Bouckaert et al. 2019). Monophyly of D. marsupialis
was forced and D. virginiana was used as the outgroup. A
Yule process and a GTR mutational model selected using
JModelTest2 in CIPRES Science Gateway v3.1 (http://www.
phylo.org/) were implemented. Five thousand trees (10%)
were discarded as burn-in.

Genotyping and microsatellite analysis
Individual amplification protocols for nine microsatellite
markers previously designed for opossums (Lavergne

et al. 1999; Dias et al. 2019; Fike et al. 2009) were tested,
standardized (Supplementary File 4) and genotyped in 49
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individuals. Each 15 pl reaction contained 2 pl of DNA, 1X
Taq Buffer, 7.5 pg/pl BSA, 0.2 mM dNTPs, 0.2 pM forward
primer labeled with a fluorochrome (Tamra, Fam, or Hex),
0.2 pM reverse primer, 1U Taq polymerase and a variable
volume of MgCl, (Thermo Fisher Scientific Ltd.). PCR
conditions were 94 °C for 5 min, followed by 30 cycles of
94 °C for 35 s, alignment temperature for 30 s and 72 °C for
45 s, and a final extension step of 72 °C for 7 min. Products
from different loci were combined into three groups of
three loci. The products in each group were distinguishable
by color or allelic range. Allele sizes were identified by
capillary electrophoresis on an ABI 3730 DNA kit with a
LIZ-500 size standard.

Allele bins were delimited utilizing Geneious Prime
v2020.0.5. The subsequent analyses were performed in R
v4.2.1 (R Core Team 2023). The Probability of Identity
between unrelated (PI) and sibling pairs (PIsibs) were
calculated with 100 permutations in the PopGenUtils
package. The Polymorphic information content (PIC) as
an estimator of informativeness was computed for each
microsatellite using POLYSAT (Clark and Jasieniuk
2011). Pairwise linkage disequilibrium was assessed using
the POPPR (Kamvar et al. 2014). The influence of null
alleles was evaluated in PopGenReport package (Adamack
and Gruber 2014). The total number of alleles per locus
(Na), effective number of alleles per locus (Ne), expected
heterozygosity (He), observed heterozygosity (Ho) and
inbreeding coefficient (Fis) were calculated along with
deviation from Hardy—Weinberg equilibrium (HWE)
using the PEGAS package (Paradis 2010). Na and Ne
are estimators of polymorphism, whereas He, Ho and Fis
indicate the levels of genetic diversity and inbreeding.

Spatial genetic structure analysis

A spatial principal component analysis (sPCA) was
performed to test for either the presence of spatial groups or
clines of genetic differentiation (positive autocorrelations) as
it is typically observed within patches and islands, or local
structure where differences between close neighbors are
stronger than expected by chance (negative autocorrelations)
(Jombart et al. 2008). This analysis does not require neither
a previous definition of genetic groups nor assumptions of
Hardy—Weinberg equilibrium and Linkage Equilibrium.
Unlike conventional PCA, sPCA maximizes the genetic
variance and the spatial autocorrelation as measured by the
Moran's I. A Monte Carlo test was also applied to evaluate
local and global structures contrasting the eigen values of the
selected eigen vectors against a null distribution constructed
from 999 permutations, where the null hypothesis is that the
allele frequencies of the individuals are randomly distributed
in space. Furthermore, a Discriminant Analysis of Principal
Components (DAPC) was aimed to identify the number of
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genetically differentiated clusters, without incorporating
spatial considerations. All three analyses were carried
out with adegentet v.2.1.1 in R v4.2.1 (Jombart 2015).
The selected eigen vectors were mapped using Qgis 3.4
to visualize these patterns spatially (Neteler and Mitasova
2002). Finally, we conducted a Mantel test in ade4 package
(Dray and Dufour 2007) to assess the hypothesis of Isolation
by Distance, contrasting pairwise geographic distance vs
Euclidian genetics distances.

Results
Mitochondrial data analysis

We obtained a total of 57 mitochondrial sequences with
four distinct haplotypes in the study sample (Supplementary
File 3; GenBank accession numbers PP889393-PP889449).
These sequences present five polymorphic sites, with
low values of haplotype diversity (Hd=0.280+0.072
SD) and nucleotide diversity (x=10.0029). Neutrality
tests (D=— 1.176, F=— 0.547) yielded negative values
consistent with a population expansion process but were not
significantly different from zero (P> 0.10).

The phylogenetic tree recovered two well-supported hap-
logroups in the sampled opossums (PP > 0.99), named hap-
logroups 1 and 2 (Fig. 2). The haplogroup Hap_1 comprised
50 individuals (87.7%) from all six municipalities within
AMVA, as well as two identical sequences obtained from
the same individual in Panama (KT437726 and MG491975).
The haplogroup Hap_2 was exclusively represented by seven
specimens sampled in Medellin and Envigado. We also
identified differentiated groups geographically restricted to
Guyana (KT153570, KT153571 and KT153572), Mexico
(HM589701, HM589702 and KM659273-KM659279), Peru
(KJ129895 and AJ606420) and Brazil (group 1: JF280998-
JF281002; group 2: JF281004-JF281006, KT447521,
DQ236278, NC057518, OL800243, OL800249, OP381007
and U34665; and group 3: OL800237, OL800239,
OL800240-0OL800242, OL800244-0L800248, OL800250,
OL800252, OL800253, OL800256 and OL800258) with
high Posterior Probabilities (PP > 0. 96) (Fig. 2). However,
the statistical support of basal branches was poor and there-
fore the relationships among the identified haplogroups
remains undefined.

Microsatellite marker analysis

We identified a total of 142 alleles at nine loci with a mean
of 16.4 alleles per locus. Locus DM3 presented the highest
number of alleles (Na=25), while the lowest number was
OP48 (Na=11) (Table 2). The mean effective number of
alleles per locus (Ne) was 9.3, where loci MNUD41 and



Diversity and spatial genetic structure of the common opossum (Didelphis marsupialis) in...

] }eD.virginiana
0.87
Hap_1
0.49
0.72
0.49 ! < Hap_2
L 0.34 -
0.43 1 —1 } eGuyana
<] } e Brazil-1
0.63 0.68 —— 1 — e Brazil-2
3 ® Peru
1 0.99
® Brazil-3
1
L

Fig.2 Bayesian phylogenetic reconstruction of the mitochondrial
Cytochrome B gene of Didelphis marsupialis. Sequences retrieved
from GenBank are marked with a dot and their major groups were

collapsed for visual simplification. Due to poor probability support in
the dichotomic reticulation within the two haplogroups in the study
sample (Hap_1 and Hap_2), they were also collapsed

Table 2 Characteristics of the

: ) . A Locus N Na Ne F(Null) PIC Ho He Fis HWE

nine microsatellite loci analyzed

in Didelphis marsupialis DM1 49 11 740 0354 0.842  0.408  0.865 0530  **%]156.248
DM3 49 24 200  0.151 0.937  0.694 0950 0272  **¥362.693
DM4 49 22 137 0.097 0912 0755 0.927 0.187  *¥¥301.304
DM5 49 16 92  0.064 0872  0.776  0.891  0.131 130.349
DM9 49 12 74 0.050 0.841 0776  0.865  0.105 80.481
MNUD41 49 19 26 0.001 0.604 0612 0620 0012 201.499
OP08 49 14 9.1  0.064 0.871  0.776  0.890  0.130 #%129.619
OP19 49 13 68 0.112 0.826  0.673  0.852 0211  **%113212
OP48 49 11 73 0.035 0.839  0.796  0.863  0.078 65.346
Mean 490 158 93  0.103 0.838  0.696 0.858  0.184 119.419

N sample size, Na number of alleles, Ne effective number of alleles, F(Null) number of null alleles, PIC
polymorphic information content, Ho observed heterozygosity, He expected heterozygosity, Fis inbreeding
coefficient, HWE Hardy—Weinberg equilibrium (P <0.05%, P <0.01**, P <0.001%**)

DM3 presented the lowest (2.6) and highest (20.0) values,
respectively. The combined PI and PlIsibs were 1-49E—14
and 4.90E—-05, respectively. Polymorphic information con-
tent (PIC) was high at all loci, with locus DM3 having the
highest PIC value (0.937) and locus MNUDA41 the lowest
value (0.604). The probability of null alleles ranged from
0.001 (MNUDA41) to 0.354 (DM1). In addition, the loci pairs
DM1-DM3, DM3-DM5, and DM5-DM9 were found to be in
linkage disequilibrium. The mean observed heterozygosity
(Ho) was 0.696, ranging from 0.408 (DM1) to 0.796 (OP48).
The mean expected heterozygosity (He) was 0.858, ranging
from 0.620 (MNUD41) to 0.950 (DM3). Hardy—Weinberg

disequilibrium was significant in five loci, all with heterozy-
gosity deficit. The mean inbreeding coefficient (Fis) value
was 0.184 and ranged between 0.012 (MNUD41) to 0.530
(DM1). Due to the high chance error introduced by the ele-
vated levels of null alleles in DM 1, this locus was excluded
from subsequent analyses.

Analysis of spatial genetic structure
The spatial distribution of the observed heterozygosity levels

shows a slight trend toward higher values (Ho >0.8) toward
the north of AMVA (Fig. 3). However, the sSPCA failed to
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Fig.3 Distribution of observed heterozygosity values (Ho) in
AMVA. Release sites of individuals in AMVA are shown in dark
green
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Fig.4 Spatial genetic structure of Didelphis marsupialis individu-
als based on spatial principal component analysis (SPCA). The size
of each box represents the probability that an individual belongs to
a defined cluster. A Axis sPCA1 for global structure; B axis sSPCA48
for local structure. Green dots represent release sites of individuals in
AMVA

reveal any type of structure at the spatial level (Fig. 4). This
analysis showed that the axes 1 and 48 explain most of the
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genetic variation at the global and local levels, respectively
(Supplementary File 5); whereas the eigen value of axis 1
had the highest positive eigen value (A1 =0.121) and posi-
tive spatial autocorrelation (Moran's I=0.528), axis 48 pre-
sented the most negative eigen value (A48 =— 0.076) and
had negative spatial autocorrelation (Moran's [=— 0.343)
(Supplementary File 5). Similarly, the Monte Carlo tests did
not support the existence of any global (P=0.09) or local
(P=0.33) spatial structure as shown in Supplementary File 5
(a—d). These results were consistent with the DAPC analysis,
which revealed that the optimal number of clusters is one,
as determined through the Bayesian Information Criterion
(BIC=0.68) (Supplementary File 5). Overall, our data show
that allele frequencies are randomly distributed throughout
the urban landscape. Finally, de Mantel test of Isolation by
Distance was not significant (P=0.93) (Supplementary File
5).

Discussion

To the best of our knowledge, ours is the first study to
evaluate diversity and spatial genetic structure of D.
marsupialis in urban environments. We evaluated the
genetic characteristics of this species using mitochondrial
and nuclear markers in AMVA, a highly heterogeneous and
densely populated environment.

Despite the valuable information from mitochondrial
sequences, the low haplotype and nucleotide diversity
of Cytb contrasts with a high diversity in microsatellite
markers. Despite the reduced diversity of the Cytb
sequences in D. marsupialis, the observed variation was
sufficient to recognize two well-defined haplogroups in
AMVA (Hap_1 and Hap_2), as well as other geographically
restricted lineages in Mexico, Guyana, Peru and Brazil. The
phylogenetic analysis revealed the presence of the Hap_1
haplogroup in both AMVA and Panama, suggesting the wide
distribution of this lineage in northern South America and
the transition area to North America.

The negative values of Fu's F and Tajima's D (although
non-significant) were consistent with constant or increasing
population sizes. This is interesting because despite the high
number of records of deaths and accidents of D. marsupialis
in AMVA, the species seems to thrive with a stable
population. Future analyses might be supplemented with
other mitochondrial markers presumably more polymorphic
than Cytb such as D-loop, for deeper phylogeographic
and demographic analyses of D. marsupialis across its
distribution range.

Microsatellite loci in the urban common opossum
population of AMVA showed high levels of diversity.
Four of these markers (DM1, DM3, DM4 and DM5) were
previously evaluated in a wild population of D. marsupialis
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in French Guiana (Lavergne et al. 1999). Despite geographic
and landscape differences, this set of markers presented high
levels of expected heterozygosity (0.933 and 0.903 in French
Guiana and AMVA, respectively) and deficit of observed
heterozygosity (0.720 and 0.670) in both studies. High levels
of diversity and heterozygosity deficit were also observed
in southern Mexico (Cruz-Salazar and Ruiz-Montoya
2022). Such pattern suggests a natural trend toward high
diversity and natural levels of inbreeding in D. marsupialis,
but it must be seen with caution due to the impact of null
alleles that may lead to underestimate the observed levels
of heterozygosity in microsatellite loci as detected here in
the locus DM, but also in Mexico and Guyana using the
same locus (Lavergne et al. 1999; Cruz-Salazar and Ruiz-
Montoya 2022). The future use of this locus in population
analyses might require sequencing of this region to inspect
any mispairing between the primers and their target region
and, redesigning such primers as needed.

Both mitochondrial and nuclear markers failed to detect
any signature of genetic structure in AMVA. The wide
distribution of the two mitochondrial haplotypes in AMVA,
and all the multiple tests using microsatellite loci failed
to detect the effect of any potential barriers to dispersal
and were consistent with high genetic exchange across
AMVA. Although the home range of common opossums
is relatively small in relation to the extent of the AMVA
[0.16 km? for females and 1.23 km? for males (Sunquist
and Austad 1987)], the area that they occupy is quite
dynamic and often changes as these animals do not remain
in their dens for more than five days, thus facilitating their
dispersal and connectivity over large distances. In addition,
the opportunistic, generalist feeding behavior of common
opossums allow them to adapt to different environments,
thus being an ecologically flexible species with high
dispersal ability (Kasparian et al. 2004; Chemisquy et al.
2021). Therefore, future studies in contrasting environments
(e. g. urban vs rural) will be necessary to understand the
impact of landscape disturbance, since dispersal patterns
and inbreeding may differ in contrasting habitats as shown
in rural populations of D. marsupialis in southern Mexico
(Cruz-Salazar and Ruiz-Montoya 2022).

The lack of any population structure in both mitochondrial
and nuclear loci is also consistent with no sex-biased
dispersal, as it has also been shown in D. virginiana in
agricultural landscapes (Beatty et al. 2012). This contrasts
with male-biased dispersal documented in field studies of
both D. marsupialis and D. virginiana (Ryser 1995; Florez-
Oliveros and Vivas-Serna 2020), and future genetic analyses
aimed to assess the social structure of D. marsupialis will be
necessary to better assess this hypothesis.

Finally, the translocation of rescued animals in AMVA
may potentially promote artificial dispersal and therefore
impact on our results. Historical records reveal multiple

releases made by the environmental authority in peri-
urban and rural areas, mainly in the South and Southeast
of AMVA, which evidently can facilitate gene flow,
homogenize gene pools, and maximize genetic diversity
in the area (Crispo et al. 2011). Since released individuals
can have multiple origins, one would expect that the areas
where releases occur would exhibit the highest levels of
heterozygosity. However, the highest heterozygosity values
(Ho >0.8) do not coincide with the release sites and are
located further North. It will then be necessary to contrast
our findings with parallel studies in other urban or rural
areas where animals have not been released, to distinguish
the different factors that may be facilitating the dispersal
of this species.

Conclusions

The genetic data from this study are the first to report
spatial genetic diversity and structure for D. marsupialis in
Colombia using molecular markers. Our results showed high
levels of genetic diversity and absence of genetic structuring
of D. marsupialis in a densely populated urban matrix such
as the one in the Aburrd Valley, which is consistent with
high dispersal and lack of effective barriers to dispersal.
These results may have been influenced to some extent
by null alleles and animal translocations. Therefore, it is
necessary to design future studies to specifically identify the
effects of ecological factors on the composition and genetic
structure of D. marsupialis populations. Other species that
are not subject to translocations or releases, or species with
different dispersal abilities and levels of adaptation to habitat
disturbance could be quite useful to evaluate functional
connectivity processes in urban environments.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s42991-024-00434-2.
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