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Abstract The honey locust (Gleditsia triacanthos) is one of the most aggressive tree invaders of savannas
and grasslands worldwide. The objective of the study was to determine whether landscape elements could act as
potential determinants on honey locust invasion of woodlots of an agricultural matrix of the Pampean ecoregion.
Specifically, we assessed the effect of distance to the previously established woodlots, to corridors such as ripar-
ian habitats, railway terraces and roads, and the presence of livestock and land use through generalized linear
models. The study was carried out in a rural area of the Exaltacion de la Cruz Department of the Buenos Aires
Province (34°19’ S and 59°14° W), located in the Pampean ecoregion, in the Rolling Pampa complex, Argentina.
In each woodlot, the presence or absence of honey locust and the number of individuals intercepted along line
transects were recorded. Furthermore, the presence of cattle and the land use around the woodlot were regis-
tered. All woodlots were geo-positioned to calculate distances to landscape elements of interest. According to
our results, the colonization capacity and the abundance of honey locust increases as distance to the nearest
woodlot with the presence of the species decreases, suggesting that propagule pressure is a key factor for honey
locust invasion. Also, cattle promote the increase in the abundance of the species in woodlots of the agricultural
system studied. The probability of presence was also increased with the proximity to main roads and decreased
with the proximity to the nearest human settlement. Our results highlight the importance of reducing the abun-
dance of the species in invaded woodlots and cattle pathways and in case of moving animals from an invaded to
a non-invaded area. It is also recommended to maintain animals in quarantine before transporting them in order
to allow animals to eliminate honey locust seeds.

Key words: agroecosystems, bovine cattle, Gleditsia triacanthos, invasive woody plants, landscape elements.

INTRODUCTION

Biological invasions are viewed as a significant com-
ponent of global change (Vitousek et al. 1996), and
their impact on communities and ecosystems has
been widely recognized for decades (Sakai
er al. 2001; Vitousek er al. 1996). Nowadays, accord-
ing to IUCN (2000) biological invasions are one of
the main causes of global biodiversity loss. Among
the negative consequences of biological invasions,
displacement of native species, changes in processes
such as water and nutrient cycles, changes in the fre-
quency, intensity and type of disturbance, as well as
impacts on human health and economic costs have
been highlighted (Mack and D’Antonio 1998; Sakai
et al. 2001; Vila et al. 2011; Vitousek er al. 1997).
Biological invasions could not be approached
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exclusively as ecological processes, because they often
result from the interplay of biological and anthro-
pogenic mechanisms. Human interference may not
be ignored since human activity is a relevant driver
for invasion processes, especially through the initial
introductions of many alien species that act as an
obligatory switchpoint for the invasions that follow
(Kowarik 2003). In plant communities, invasions
from alien plant species are often triggered by
changes in land use patterns (Vitousek er al. 1997).
Changes in disturbance regimes and resource
abundance have been considered central for the
establishment and spread of woody species within
grassland matrices, and changes in climate, CO, con-
centration, livestock grazing and fire frequency have
been the particular proposed drivers (Briggs
et al. 2002). In the Pampean grasslands, many
human activities, such as zero tillage agriculture, live-
stock husbandry and forestry, have produced several
changes that favoured the establishment and invasion
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of exotic woody species, whose success was associ-
ated with the release of resources generated by the
disturbance regime, which relax the competition with
grasses (Ghersa er al. 2002; Mazia er al. 2010; Zalba
and Villamil 2002). Invasive woody plants have
increased significantly in abundance in the last
100 years in savannas and grasslands worldwide
(Briggs et al. 2002), and nowadays the landscape of
the Pampean grassland includes woodlots of exotic
and native species (Matteucci 2012), with many tree
species encroaching corridors of natural remnant
grassland, as borders of roads, streams and railways,
as well as abandoned houses, silos and stockyards
(Ghersa er al. 2002; Ghersa and Ledn 1999). In
these marginal areas, the absence of agricultural
activities and the dispersal of seeds by cattle, birds
and foxes facilitate the establishment of exotic and
native tree species (Ghersa er al. 2002; Ghersa and
Ledn 1999; Muschetto et al. 2015).

Among plant families, the Fabaceae have a high
number of invasive woody species and honey locust
(Gleditsia triacanthos) is considered a common inva-
der in abandoned fields (Burton and Bazzaz 1991;
Fernandez er al. 2017; Schnabel and Hamrick 1995)
and areas with anthropogenic land use changes, such
as pasture clearance and road construction
(Blair 1990; Fernandez et al. 2017). This species is
native from East and Central United States (Marco
and Paez 2000) and currently is an invasive species
in Argentina, Uruguay, Spain, Australia, South Africa
and in several countries of Central and Eastern Eur-
ope (Fernandez et al. 2017). The invasion of honey
locust has been probably supported by its adaptation
to temperate and subtropical climates and its toler-
ance of high temperatures and drought (Fernandez
et al. 2017). The invasiveness of the species was asso-
ciated with the absence of natural enemies, propagule
pressure, disturbance and abandonment of fields as
well as road, railway and riparian corridors, and the
spread by waterbodies and by cattle pods ingestion
(Fernandez er al. 2017; Ghersa er al. 2002; Leg-
gieri 2010). Additionally, its expansion is also
improved by the increment of germinability produced
by factors such as mechanical scarification of seeds
by soil particles, water and wind erosion, temperature
changes and the chemical scarification produced by
the passage of seeds through the digestive tract of
native and domestic fauna (Blair 1990; Ferreras and
Galetto 2010), as well as being stimulated by fire
(Moreschi er al. 2019). While it was suggested that
honey locust does not have a negative impact on bio-
diversity in Central and Eastern Europe, in Australia
and Uruguay this species competes with pastures,
replaces native vegetation, obstructs water access and
hurts livestock as a result of its spines (Fernandez
et al., 2017). In the Pampean region, woody invasion
is transforming grasslands at a level in which they
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cannot be restored without human intervention
(Ghersa et al. 2002), with the loss of many native
grasses. In north-western Buenos Aires, honey locust
is invading woodlots of Celtis tala, a native tree that
forms xeric forests named ‘talares’ (Delucchi and
Torres Robles 2006), as well as other woodlots of
native and naturalized species, as ‘ombu’, and Hum-
boldt’s willow (Salix humbeldtiana).

Previous research has focussed on the relation
between landscape elements and honey locust inva-
sion (e.g. Ghersa et al. 2002; Leggieri 2010). How-
ever, to the best of our knowledge, these studies were
mainly focussed on areas invaded by honey locust
such as roads or riparian habitats. This approach
does not allow to detect the differential effect of
landscape elements on honey locust invasion. Conse-
quently, our objective was to determine whether
landscape elements could act as potential determi-
nants (being pathways in the case of geographic ele-
ments, or drivers in case of cattle or land use effects)
on honey locust invasion in a rural matrix. Specifi-
cally, we want to assess whether the distances to
some landscape elements were associated with the
colonization capacity and with the changes in abun-
dance of honey locust.

The hypotheses being tested were:

1. The colonization of new areas and the abun-
dance of honey locust are enhanced by the prox-
imity to previously encroached woodlots and the
proximity to corridors as riparian habitats, rail-
way terraces and roads.

2. The colonization capacity and the abundance of
honey locust are enhanced by cattle pods inges-
tion.

3. The colonization of new areas and the abun-
dance of honey locust are enhanced by the prox-
imity to human settlements.

MATERIALS AND METHODS

Study site

The study was carried out in an area of 213.2 km? with its
centre located in the town of Diego Gaynor, Exaltacion de
la Cruz Department (34°19° S and 59°14° W), Buenos
Aires Province, Argentina. This area was selected due to
the presence of honey locust and different landscape ele-
ments that may be related to its presence, as well as to the
accessibility to woodlots that were placed in private lands.
The area is located in the Pampean ecoregion, in the Roll-
ing Pampa complex, which includes part of Buenos Aires,
Coérdoba and Santa Fe provinces, within banks of La Plata
and Parand rivers at north-east, Salado river and Matanza
river at south-east (Matteucci 2012). This region presents a
highly undulating topography in comparison with other
neighbour areas, forming an exoreic drain system (Bilenca

© 2022 Ecological Society of Australia.



INVASION DETERMINANTS OF HONEY LOCUST 3

and Minarro 2004). Climate is temperate oceanic, with
monthly average temperatures between 20°C in summer
and 12°C in winter (Matteucci 2012). Mean annual precip-
itation is about 1000-1200 mm in the north-east and of
800-900 mm in the south-west, with high inter-annual vari-
ability and is slightly higher in summer and autumn than in
winter (Matteucci 2012). Nevertheless, water deficit may
occur during summer, due to a high evaporation rate
(Bilenca and Minarro 2004).

Vegetation structure corresponds to a prairie during wet
years, while in dry years it corresponds to a pseudo-steppe
(Bilenca and Minarro 2004). Currently, 90% of the land is
devoted to crops, such as soybean, wheat, corn and sun-
flower (Guidobono er al. 20165 Paruelo er al. 2005; Viglizzo
et al. 2001). As a result, the landscape is a matrix of crops
and livestock fields, with patches of woodlots, poultry
farms, small towns and grassland corridors along crop
edges.

Woodlots are of about 0.5 to 2.5-ha and present exotic
species such as honey locust, chinaberry tree (Melia azedar-
ach), mulberry (Morus alba), privet (Ligustrum spp.), euca-
lyptus (Eucalyptus spp.), cottonwood (Populus spp.) and
willow (Salix spp.), among others, but there also some
native tree species such as ‘tala’ (Celris rala), Jerusalem
thorn (Parkinsonia aculeata) and ‘napinda’ (Acacia bonarien-
sis) (Ghersa et al. 2002; Guidobono et al. 2016; Mat-
teucci 2012).

Sampling design

We first identified woodlots in Google Earth (Google 2015)
images of the area, and then we confirmed the presence of
honey locust in field. Fieldworks were performed from
September 2015 to March 2016, and a total of 94 woodlots
were sampled and geo-referenced using a portable Garmin
Etrex 30 GPS device. In each woodlot, we recorded the
presence (as a proxy of their colonization) and the number
of individuals intercepted along line transect. The number
of transects varied in number and length according to the
size and shape of each woodlot. Line transects were spaced
at 10-metre intervals. The type of land use (cropfield, live-
stock and human settlements — small towns) in the sur-
roundings of each woodlot and bovine cattle presence
(independently of the land use — as cattle is sometimes
made to pasture after crops have been harvested) were also
recorded.

The following landscape variables were also taken into
account: the distance to the nearest woodlot with and with-
out the presence of honey locust, the distance to the nearest
main road, the distance to the nearest secondary road, the
distance to the nearest railway, the distance to the nearest
human settlement (small towns), the distance to the nearest
permanent watercourse (which were streams), the distance
to the nearest non-permanent watercourse (courses of run-
ning water, dry except during periods of heavy rain) and
the distance to the nearest flood area (Fig. 1). Shapefiles of
roads, railways and human settlements were drawn using
base maps from Google Earth images (Google 2019) on
QGIS desktop program (3.4.3 version, QGIS Development
Team 2019). Layers of the flood areas and watercourses
were obtained from the National Geographic Institute of
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Argentina (Instituto Geografico Nacional 2019). The dis-
tances between woodlots and landscape elements were cal-
culated using Nearest-Neighbor Join plugging on QGIS
desktop program (3.4.3 version, QGIS Development
Team 2019).

Statistical analysis

We studied the association between the landscape elements
with honey locust colonization and abundance per woodlot.
For both analyses, an information-theoretic approach was
applied for the selection of models and parameter estima-
tors (Burnham and Anderson 2002). This approach pro-
poses to fit all the possible candidate models based on the
combination of explanatory variables, including interactions
(for this purpose we wused the MuMIn package;
Bartori 2019). The number of parameters included in each
candidate model was limited by the number of cases used
for each model (Burnham and Anderson 2002). The
Akaike’s information criterion with correction for small
sample size (AICc) was used to rank the candidate models.
The best model had the smallest value of AICc, but we
considered that all models with AICc values smaller than
that of the null model (Symonds and Moussalli 2011) and
with a AAICc lower than 2 in relation to the best model
(Richards 2005) were also supported by data. Akaike
weights (wi) were also computed as the weights of evidence
in favour of model 7 being the best model in the candidate
set (Burnham and Anderson 2002). Selected models were
averaged to obtain a final model using the model averaging
function (MuMIn package; Bartonn 2019). The magnitude
of the effect of explanatory variables on each response vari-
ables was assessed through their relative importance value
(the sum of weights of the models where the variable was
included) and through the limits of the confidence intervals
of the estimators. A variable was considered to have a sig-
nificant effect if the 95% confidence interval (Clgs) of the
estimate did not include the zero. Statistical analyses were
carried out using the R statistical program (R Development
Core Team 2021).

In order to explain honey locust colonization, generalized
linear models (GLM, using the base package stars; R Devel-
opment Core Team 2021) with binomial error structure, a
logit-link function and the Laplace approximation method
(Bolker er al. 2009; Crawley 2012; Zuur ez al. 2009) were
used to fit all candidate models. The response variable was
the presence or absence of honey locust per woodlot, and
the explanatory variables were the surrounding land use,
the presence of cattle (independently of the land use) and
the distance to other landscape elements surveyed. As the
coefficient of determination (R?) is not suitable to judge the
effectiveness of models with binary response variables (Cox
and Wermuth 1992), the simplest way to express agree-
ment between data and the model predictions is through
the proportion of concordant observations, also called the
index of observed agreement or simple agreement. The
problem is that part of this agreement is due to chance.
Therefore, it is interesting to quantify the degree of agree-
ment beyond chance (Latour er al. 1997). In this sense, the
most used index is the ‘kappa index (%)’ (e.g. Casey
er al. 2009; Latour er al. 1997) proposed by Cohen (1960)
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Fig. 1. Map of the sampled area showing the disposition in the terrain of the woodlots with and without honey locust pres-

ence and the different landscape variables surveyed.

considering the labels of the relative strength of agreement
with data (k < 0.00 poor, 0.00 < k& < 0.20 slight, 0.21 < &
< 0.40 fair, 0.41 <k < 0.60 moderate, 0.61 < k < 0.80
substantial and 0.81 < & < 1.00 almost perfect) designed by
Landis and Koch (1977). The kappa index, the sensitivity
and the specificity (two estimators associated with the
kappa index) were calculated for the candidate and aver-
aged models (using the package presence-absence, Free-
man 2008).

In order to assess the effect of landscape variables on
honey locust abundance per woodlot, we used GLM (using
the package glmmTMB, Brooks et al. 2017), with a negative
binomial error structure and a logarithmic-link function
(Bolker er al. 2009; Zuur er al. 2009) to fit all candidate
models. The models were fitted using as response variable
the number of individuals per woodlot and the total length
line transects per woodlot was used as offset variable. The
explanatory variables were the same as in the case of honey
locust presence. The explained variances of the candidate
and average models were estimated by the squared correla-
tion between the number of individuals observed per wood-
lot and predicted values estimated by the model
(Faraway 2016).

To avoid redundancies, in both analyses the collinearity
between explanatory variables was estimated by the variance
inflation factor (VIF) of a saturated and additive model
(Zuur et al. 2007). According to Fox and Weisberg (2019)
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and Zuur (2010), VIF <3 indicates the absence of
collinearity. For variables that showed VIF values =3, we
conducted pairwise correlations using the package psvch
(Revelle 2021). If two or more variables were correlated,
we removed from the analysis the variable with less biologi-
cal importance.

RESULTS

Honey locust was present in 73 out of 94 woodlots
(77.63%, Fig. 1). The total sampling effort was of
38633.42 linear metres of transects, with the sam-
pling effort per woodlot varying according to its size
between 8.21 and 1573.55 linear metres of transect.
The presence of honey locust was explained by 4
candidate models with AICc values lower than the
null model (AICC ui model = 110.14) and with a
AAICc <2 with respect to the best model (AICc of
the best model was 67.8, Table 1). According to the
average model, variables with the highest relative
importance value (RVI = 1.00) were the distance to
the nearest woodlot with honey locust, the distance
to the nearest main road and the distance to the
nearest human settlement (Table 2). The increase in

© 2022 Ecological Society of Australia.
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distance of the nearest woodlot with the presence of
the species and the increase in distance to the nearest
main road had a negative effect on the probability of
presence of honey locust, while the increase in dis-
tance to nearest human settlement had a positive
effect. The cattle presence, the distance to main
roads, the distance to woodlots without the presence
of the species and the interaction between them
scored to high-medium RVI values, but had no sig-
nificant effect on honey locust presence given that
their confidence intervals included the zero value.
The distance to permanent watercourses had a low
RVI and a confidence interval that includes the zero
value (Table 2). Analysing the performance of the

average model, the strength of agreement with data
was moderate to substantial (kappa = 0.68 + 0.09),
the sensitivity was 0.93 + 0.03 and the specificity
was 0.76 £ 0.10 (Table 2). Collinearity between
variables was not detected (VIF < 3 for all explana-
tory variables).

For the abundance of honey locust per woodlot,
we decided to remove the distance to nearest human
settlement (VIF = 6.91) and the distance to the near-
est flood area (VIF =3.07). The correlation matrix
showed that both variables were correlated with 5 of
the other explanatory variables (for details see
Appendix S1). To explain the changes in abundance,
14 candidate models with AAICc <2 with respect to

Table 1. Candidate models for honey locust presence in woodlots. Explanatory variables were: distance to the nearest

woodlot with honey locust (DwHI), distance to the nearest woodlot without honey locust (Dw), cattle presence independently
of the land use (Cp), distance to the nearest permanent watercourse (DPwc), distance to the nearest main road (DMrd) and
distance to the nearest human settlement (Dhs). Table entries state the corresponding statistics: Kappa concordance index
(value + standard deviation), sensitivity index (value + standard deviation), specificity index (value + standard deviation),
Akaike’s information criterion corrected for small sample size (AICc), difference between AICc of the best model and the
AICc of model 7 (AAICc) and Akaike’s weights (Wi)

Model terms Kappa Sensitivity Specificity AICc AAICc Wi

DwHI+Dw + Cp + DMrd+Dhs + Cp:DMrd+Cp: 0.67 = 0.10 0.98 = 0.02 0.62 +£ 0.11 67.8 0.00 0.45

Dw

DwHI+Dw + Cp + DMrd+Dhs + Cp:Dw 0.62 = 0.10 0.96 +=0.02 0.62 +0.11 69.5 1.64 0.20

DwHI+Dw + Cp + DPwec+DMrd+Dhs + Cp: 0.65 £ 0.09 093 £0.03 0.71 £0.10 69.6 1.82 0.18
DMrd+Cp:Dw

DwHI+DMrd+Dhs 0.62 £ 0.10 0.96 =£0.02 0.62 £ 0.11 69.7 1.86 0.17

Null model AICc = 110.14.
Number of estimable parameters in the global model: 22.

Table 2. Average model for honey locust presence in woodlots. Explanatory variables were: distance to the nearest woodlot
with honey locust (DwHI), distance to the nearest woodlot without honey locust (Dw), cattle presence independently of the
land use (Cp), distance to the nearest permanent watercourse (DPwc), distance to the nearest main road (DMrd) and dis-
tance to the nearest human settlement (Dhs). Table entries state the corresponding statistics: estimators of the association
with the response variable, standard error of the estimator (SE), relative variable importance (RVI), Kappa concordance index
(value + standard deviation), sensitivity index (value + standard deviation) and specificity index (value + standard deviation).
Estimator values in bold implies an important explanatory variable (the CI95 of the estimator excluded zero)

CI95 — Low.- CI95 —
Model Terms Estimator SE RVI Lim Upp.Lim
(Intercept) 2.09 0.67 0.77 3.44
DwHI1 —2.06 0.40 1.00 —2.86 —1.28
Dw 0.01 0.15 0.82 —0.29 0.30
Cp —11.60 3207.00 0.82 —6828.26 6806.89
DPwc 0.14 0.13 0.18 —0.13 0.40
DMrd —0.88 0.26 1.00 —1.40 —0.37
Dhs 1.53 0.36 1.00 0.80 2.22
Cp x DMrd —52.20 6872.00 0.82 —13674.97 13570.67
Cp x Dw 110.20 10780.00 0.63 —22786.58 22981.03

Kappa index = 0.68 + 0.09.
Sensitivity = 0.93 + 0.03.
Specificity = 0.76 + 0.10.

© 2022 Ecological Society of Australia. doi:10.1111/aec.13150
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Table 3.

Candidate models for honey locust abundance in woodlots. Explanatory variables were: distance to the nearest

woodlot with honey locust (DwHI), distance to the nearest woodlot without honey locust (Dw), cattle presence independently
of the land use (Cp), distance to the nearest permanent watercourse (DPwc), distance to the nearest non-permanent water-
course (DNwc), distance to the nearest main road (DMrd). Table entries state the corresponding statistics: squared correla-
tion between the observed data and the predicted values (SqCor — a proxy of the explained variance), Akaike’s information
criterion corrected for small sample size (AICc), difference between AICc of the best model and the AICc of model 7 (AAICc)

and Akaike’s weights (Wi)

Model terms SqCor AlCc AAICc Wi
DwHI+Cp + DNwc 0.31 613.00 0.00 0.12
DwHI+Cp + DMrd 0.23 613.26 0.26 0.10
DwHI+Cp + DNwc+DMrd 0.30 613.28 0.28 0.10
DwHI+Cp 0.23 613.56 0.56 0.09
DwHI+Cp + DNwc+Cp:DwHI 0.32 613.02 0.92 0.07
DwHI+Cp + DNwc+Cp:DNwc 0.31 613.98 0.98 0.07
DwHI+Cp + DNwc+DMrd+Cp:DwHI 0.31 614.48 1.48 0.06
DwHI+Cp + DMrd+Cp:DwHI 0.23 614.53 1.53 0.06
DwHI+Cp + DwHI:Cp 0.24 614.58 1.58 0.05
DwHI+Cp + DPwc+DMrd 0.20 614.71 1.71 0.05
DwHI+Cp + DNwc+DMrd+Cp:DNwc 0.29 614.79 1.79 0.05
DwHI+Cp + DNwc+DMrd+Cp:DwHI+Cp: 0.31 614.88 1.88 0.05

DNwc
DwHI+Cp + DPwc+DNwc+DMrd 0.28 614.93 1.93 0.05
DwHI+Dw + Cp + DNwc 0.29 614.95 1.95 0.04
DwHI+Cp + DPwc+DNwc 0.30 614.98 1.98 0.04

Null model AICc = 635.53.
Number of estimable parameters in the global model: 16.

the best model were included. The AICc of the best
model was 613, while the AICc of the null model
was 635.53. The total variability explained account
for 20% to 31% (Table 3). The average model
showed the importance of the distance to the nearest
woodlot with the presence of the species and the
presence of cattle (RVI = 1.00 for both variables,
Table 4). According to these results, the abundance
of honey locust increases as distance to the nearest
woodlot with the presence of the species decreases
(Table 4). Secondly, the abundance of species also
increases with the presence of -cattle (Fig. 2).
Although the RVI suggests that the distance to non-
permanent watercourses had a medium importance
contribution, there was not a significant effect
because the confidence interval includes the zero
value. The other wvariables showed relative impor-
tance values <0.46, and their confidence intervals
included zero (Table 4).

DISCUSSION

The Pampean agroecosystems suffered great transfor-
mations that have led to the reduction in original
grasslands to relict areas such as roadsides, cropfield
and stream edges and woodlots, among others

doi:10.1111/aec.13150

(Ghersa er al. 2002; Ghersa and Leon 1999). In the
last years, practices as zero tillage and livestock hus-
bandry have also facilitated the advance of invasive
species such as honey locust (Ghersa er al. 2002;
Mazia et al. 2001; Mazia et al. 2010). Consequently,
our objective was to study the environmental deter-
minants that facilitate the invasion of the species in
Pampean agroecosystems. QOur findings suggest that
the proximity to woodlots previously colonized by
honey locust facilitates not only its colonization of
new areas, but also an increase in abundance after
colonization. This result highlights the importance of
propagule pressure as an expansion mechanism for
this species (Fernandez e al. 2017; Mazia
et al. 2001). Propagule pressure was recognized as a
main determinant of the expansion of several woody
alien species in other systems. For example, Rouget
and Richardson (2003) predicted that more than
70% of the variations in the canopy cover of the
woody invaders Acacia cyclops, Acacia saligna and
Pinus pinaster in the Agulhas Plain of South Africa
was associated with factors related to the propagule
pressure and some other environmental determi-
nants. Even in other regions of Argentina, as Sierra
Grande Mountains of Cordoba, Giorgis ez al. (2011)
concluded that propagule pressure seems to be the
main factor that favours the expansion of Betula

© 2022 Ecological Society of Australia.
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Table 4. Average model for honey locust abundance in woodlots. Explanatory variables were: distance to the nearest wood-
lot with honey locust (DwHI), distance to the nearest woodlot without honey locust (Dw), cattle presence independently of
the land use (Cp), distance to the nearest permanent watercourse (DPwec), distance to the nearest non-permanent watercourse
(DNwc), distance to the nearest main road (DMrd). Table entries state the corresponding statistics: estimators of the associa-
tion with the response variable, standard error of the estimator (SE), relative variable importance (RVI), squared correlation
between the observed data and the predicted values (SqCor — a proxy of the explaned variance) and the lower (CI95 — Low.-
Lim) and upper (CI95 — Upp.lim) limits of the 95% confidence intervals. Estimator values in bold implies an important

explanatory variable (the CI95 of the estimator excluded zero)

CI95 - Low.- CI95 —
Model Terms Estimator SE RVI Lim Upp.Lim
(Intercept) 1.87 0.29 1.26 2.47
DwHI —0.80 0.19 1.00 —1.17 —0.41
Dw 0.03 0.05 0.04 —0.07 0.13
Cp 0.79 0.36 1.00 0.05 1.57
DPwc 0.03 0.04 0.14 —0.05 0.11
DNwc 0.36 0.23 0.65 —0.10 0.84
DMrd —0.12 0.08 0.46 —0.28 0.04
Cp x DwHI —0.68 0.62 0.28 —1.91 0.56
Cp x DNwc —0.42 0.40 0.17 —1.21 0.37
SqCor = 0.30.
The inclusion of the zero in the confidence intervals
in the colonization model may have been the result
5 35 of the high standard errors of the estimates for the
§ main effect and their interactions (see Table 2). In
§ 30 this context, our findings confirm the role of cattle
5 ' promoting honey locust invasion.
S 25 Another factor that contributed to explain the colo-
g nization capacity of honey locust was the proximity
§ 20 to main roads, which may be associated with house-
@ holds of farmers, which usually are placed near main
S : roads but far from human settlements. According to
":; 1 the bibliography, the honey locust was introduced in
§ the Pampean ecoregion mainly as living hedge and as
; 10 ° a source of timber, shade or shelter beds (Hudson
2 et al. 1918; Ghersa et al. 2002; Tecco et al. 2016;
2 s o Zalba and Villamil 2002). Furthermore, the orna-
mental use of honey locust was also recognized as
0 ‘ ! the first step of its introduction in Europe (Doroftei

Absence of cattle Presence of cattle

Fig. 2. Number of honey locust individuals per 100
metre of linear transect in woodlots with or without the
presence of cattle independently of the land use. Inside
boxplots, the white points correspond to the mean values
and black lines to the median value. Black point outside
boxplots represents outliers.

pendula, Morus alba, Rosa spp., as well as other
woody alien species.

We expected that livestock enhances colonization
and increases the abundance of honey locust, mainly
by the dispersion of seeds and the facilitation of ger-
mination (Blair 1990; Ferreras and Galetto 2010). In
both models, the cattle presence had a high RVI, but
we only detected a significant effect on abundance.

© 2022 Ecological Society of Australia.

et al. 2009; Dana et al. 2001; GIiSic et al. 2014),
Australia  (Csurhes and  Kriticos 1994) and
Uruguay (WNebel and Porcile 2006), among others.
Although in such cases humans may have promoted
the establishment of honey locust, near urban areas it
was not abundant, mainly because other species,
such as eucalyptus (Eucalyptus spp.), silk-floss tree
(Cetba speciosa), ‘ceibo’ (Erythrina crista-galli) and
‘ombu’ (Phytolacca dioica), are preferred for orna-
mental purposes and as sources of shade (personal
observation).

The results of this study showed that in our system
the expansion of honey locust occurs from previously
established foci, with cattle enhancing the process of
invasion. Considering that around 77% of the sur-
veyed woodlots is already invaded, it is clear that

doi:10.1111/aec.13150
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honey locust is an aggressive invader and a consider-
able threat to grasslands and native species and the
Rolling Pampas physiognomy (Fernandez et al. 2017;
Ghersa er al. 2002) which requires urgent efforts.
These conclusions could be important to other
regions in which honey locust is used as fodder and
as an ornamental tree, and where the species became
invasive, as Europe, Australia and other South Amer-
ican countries as Uruguay (Csurhes 2004; Nebel and
Porcile 2006; Krumm and Vitkova 2016). In order
to restrict honey locust expansion, it is recommended
to reduce the abundance of the species (adults, sap-
lings and seeds) in invaded woodlots and cattle path-
ways and, in case of moving animals from an invaded
to a non-invaded area, we recommend to maintain
animals in quarantine before transporting them in
order to allow animals to eliminate honey locust
seeds.
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Appendix S1. Correlation matrix of continuous
environmental variables: Distance to the nearest
woodlot with Honey locust (DwHI), Distance to the
nearest woodlot without Honey locust (Dw), the dis-
tance to the nearest railway (Drw), distance to the
nearest flood area (Dfa), distance to nearest human
settlement (Dhs), Distance to the nearest main road
(DMrd), the distance to the nearest secondary road
(DSrd), Distance to nearest permanent watercourse
(DPwc), Distance to nearest not permanent water-
course (DNwc).
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