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Light availability influences the invasion of Teline monspessulana (L.) K.
Koch in a temperate fragmented forest in Central Chile
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The Maulino forest is a temperate ecosystem of the Mediterranean zone of
Chile classified as one of the 34 biodiversity hot-spots of the world; however,
there is still limited information about the ecological factors that  make this
native forest prone to be invaded. We assess to what extent forest attributes
such  as  light  availability  and  native  species  diversity  control  the  invasion
process of  Teline monspessulana (L.) K. Koch, an aggressive weed, into the
Maulino forest, an endemic forest ecosystem of Central Chile. We examined
whether the seedling density of this exotic plant is related to forest attributes
such as cover, incoming photosynthetically active radiation, litter depth, and
native species density and richness. We found that a decrease of light avail-
ability reduces T. monspessulana invasion. No relationships were observed be-
tween native species diversity and the abundance of T. monspessulana plants.
Increasing the forest cover will recover forest structure but at the same time,
it will prevent the invasion of T. monspessulana and other exotic plants with
similar regeneration niche requirements.

Keywords:  Invasibility,  Invasiveness,  French Broom,  Genista  monspessulana,
Forest Cover, Native Species Diversity

Introduction
Which  features  makes  an  ecosystem  to

be invaded? This question has been central
in studies of invasion ecology and has ori-
ented most  of  research to elucidate  why
some natural ecosystems are more or less
prone to be invaded (Mooney et al. 1986).
The  concept  of  invasibility  is  defined  as
“the susceptibility  of  biological  communi-
ties to colonization and dominance by in-
troduced  organisms”  (Lonsdale  1999,  Al-
pert et al. 2000). It basically refers to some
intrinsic attributes of natural communities
which defines the likelihood to be invaded
(Guo et al. 2015). A set of diverse hypothe-
ses has been proposed to explain invasibil-
ity (Feng et al. 2019). Firstly, the diversity-
invasibility  hypothesis  (Elton  1958)  pro-
poses  that  alien  species  will  be  less  suc-
cessful  in  more  diverse  native  communi-

ties, because resources become limiting for
the new colonizers,  which in turn reduce
their fitness (Herbold & Moyle 1986,  Feng
et al. 2019). Secondly, the Darwin natural-
ization hypothesis proposed that alien spe-
cies  will  be  more  successful  in  a  native
community if they are phylogenetically dis-
tant from residents (Darwin 1859),  in that
phylogenetic distance reflects niche differ-
entiation which in turn implicate a reduc-
tion of interspecific competition (Violle et
al.  2011).  Thirdly,  the disturbance-invasibil-
ity  hypothesis,  states  that  disturbance re-
gime  enhances  the  likelihood  of  natural
communities to be invaded because distur-
bance  provide  new  conditions  and  re-
sources  for  alien  species  that  are  unsuit-
able  or  cannot  be  exploited  by  resident
species (Davis et al. 2000).

In  general,  undisturbed forests  are con-

sidered  resistant  to  plant  invasion;  how-
ever,  they increase their  invasibility  when
disturbances occur (Schelhas & Greenberg
1996); for instance, deforestation and frag-
mentation  induce  new  abiotic  condition
such as decreases of soil humidity and in-
creases of light availability (Kapos 1989, Ka-
pos et al. 1997), which are favorable for col-
onizer, shade-intolerant exotic plants (Lau-
rance 1997, Viana et al. 1997). On the other
hand, the edge effects (an indirect conse-
quence  of  deforestation  and  fragmenta-
tion) significantly increase forest invasibil-
ity as most alien plants which occur in the
semi-natural  matrix  colonize  edge  micro-
habitats and eventually become successful
toward the interior of forests (Saunders et
al. 1991, Murcia 1995).

The knowledge of  forest  invasibility,  be-
sides to gain an understanding about their
potential  to persist faced to species inva-
sion,  can be converted as a management
tool to prevent or control exotic species in-
vasion in native forests (Godefroid & Koe-
dam 2003). The Maulino forest is a temper-
ate ecosystem of the Mediterranean zone
in  central  Chile  (San  Martín  &  Donoso
1996).  Due  to  its  high  endemism  and  in-
tense  anthropogenic  disturbances,  it  is
classified as one of the 34 biodiversity hot-
spots of the world (Mittermeier et al. 2011,
Otavo & Echeverría 2017).  This forest har-
bors ecosystems and several plant species
listed in the IUCN Red List as  Endangered
(e.g.,  Gomortega  keule [Molina] Baill.,  Pit-
avia punctata [Ruiz & Pav.] Molina,  Notho-
fagus  alessandri [Espinosa]),  Vulnerable
(e.g.,  Nothofagus  glauca [Phil.] Krasser),
and  of  Least  Concern  (e.g.,  Nothofagus
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pumilio [Poepp. & Endl.] Krasser – Baldwin
et al. 2018). During the last centuries, this
forest has suffered dramatic deforestation
and fragmentation, which has resulted in a
significant reduction of its surface (Busta-
mante & Castor 1998), and concomitantly,
a reduction of species diversity (Echeverría
et  al.  2007).  In  the  period  between  1975
and 2000 the Maulino forest experienced a
reduction  in  natural  forest  area  of  about
67%  in  the  study  area  (Echeverría  et  al.
2007).  Lastly,  mega-fires  which  occurred
during the year 2017 have contributed with
an additional  reduction  of  forest  surface,
consuming nearly 184,000 ha of native veg-
etation in  the area  of  the Maulino  forest
(Valencia et al. 2018). Currently,  Pinus radi-
ata D. Don, Acacia dealbata Link. and Teline
monspessulana (L.) K. Koch are listed as the
most  important  woody  alien  plants  that
are colonizing this  native forest  (Aguilera
et al. 2015, Gómez et al. 2019).

T.  monspessulana (French  broom)  is  the
most widely distributed invasive species of
the Fabaceae family in central Chile (García
et al. 2007). The species has successfully in-
vaded  Australia,  New  Zealand,  and  USA
(Adams & Simmons 1994). In Chile, it has a
wide distribution reaching a latitudinal gra-
dient close to 1000 km, concentrating on
territories with Mediterranean and temper-
ate climate (Matthei  1995). The species is
frequently found within clearings or at the
edges of P. radiata and Eucalyptus globulus
Labill  plantations,  as  well  as  in  open  de-
graded areas or along roads, thus forming
extensive  and  dense  linear  shrublands
(García  et  al.  2007,  Pauchard  et  al.  2008,
Gómez et al. 2012). T. monspessulana is con-
sidered an aggressive weed (Matthei 1995)
which can compete with native species and
promote the conditions to increase wildfire
occurrence (Pauchard et al. 2008). The spe-
cies has high reproduction capacity both by
vegetative regeneration and by the forma-
tion  of  an  abundant  and  persistent  seed
bank, which persists in the soil for long pe-
riods of time, increasing the possibility to
establish after fires occurrences (García et
al. 2007, 2010).

The  rapid  spread  of  T.  monspessulana

across landscapes has converted this spe-
cies  in  a  threat  for  the  integrity  of  the
Maulino forest, which has increased its in-
vasibility due to the intense degradation by
forestry,  wildfires and the tree extraction
for firewood and charcoal production. The
reduction of canopy cover in turn, has in-
creased  light  availability  as  well  as  a  de-
crease in soil and air humidity (Foster 2001,
Milbau & Nijs  2004).  The increase in light
availability (measured as the photosynthet-
ically  active radiation,  PAR) promotes the
regeneration  of  shade-intolerant  exotic
species,  which  outcompete  native  shade-
tolerant species. In this study we aimed to
test the disturbance-invasibility hypothesis,
examining  whether  the  reduction of  can-
opy cover, and the consequent increase of
light  availability,  may affect  T.  monspessu-
lana regeneration. Given that this species is
a  colonizer,  shade-intolerant  alien  plant,
we  predict  a  negative  relationship  be-
tween  T.  monspessulana seedling  density
and canopy cover.  We also aimed to test
the diversity-invasibility  hypothesis,  exam-
ining the relationship between native spe-
cies diversity and  T. monspessulana regen-
eration. If there is some biotic resistance,
we expect a negative relationship between
T. monspessulana seedling density and na-
tive species diversity.

Materials and methods

Study site
The study area was located within native

remnants of the Maulino forest nearby the
city  of  Cauquenes,  Maule  region,  central
Chile (35° 58  12  W, 72° 21  00  S). The Mau′ ″ ′ ″ -
lino forest is a mesic forest type located in
one  of  the  global  biodiversity  hotspots
(Myers et al. 2009) and dominated by the
long-lived  and  broadleaved  caducifolious
species  N.  alessandrii and  N.  glauca.  We
worked on eight fragments dominated by
the species  N.  glauca (Gómez et  al.  2012)
and surrounded by a matrix of forest plan-
tations with the exotic P. radiata.

Sample design
During the summer period of 2011 we dis-

posed 162 sampling plots, 100 m2 each, dis-
tributed across  eight  forest  fragments  of
the  Maulino forest.  The  size  of  the  eight
fragments ranged from 3 to 152 ha; except
for fragment no. 8, the spatial distribution
of each plot was chosen to best reflect the
structure and composition of about 1-2 ha
of  the  parent forest  fragments (Tab.  1).
Within  each  plot,  we  counted  the  total
number of  T. monspessulana individuals to
estimate their density. The seedlings (up to
50 cm in height)  and the reproductive sta-
tus of the individuals was determined, re-
cording as reproductive all  those  carrying
fruits.  Additionally,  we  assessed  canopy
cover (%), litter depth (cm), and photosyn-
thetically active radiation (PAR,  μmol pho-
tons m-2 s-1). We assessed the canopy cover
using a camera 10.1 mega pixel (Sony Corp.,
Tokyo, Japan), disposed on tripod at 1.20 m
above the ground. We estimated the can-
opy cover (in percentage), with the photo-
graphs  using  the  software  SigmaScan®

(SPSS Inc., Chicago, IL, USA). We measured
PAR radiation  (average of  5  readings  per
plot)  using  a  radiometer  (model  LI-250®

Light  Meter,  LI-COR  Biosciences,  Lincoln,
NE, USA) at the ground level. We assessed
litter depth (cm) disposing a ruler 30 cm-
long  in  five  randomly  selected  points
within sampling plots, thus obtaining an av-
erage for each plot.  Within plots  we also
counted  the  number  of  different  native
species,  and  the  total  density  of  native
plants.  We estimated the Shannon-Wiener
diversity  index  (H’)  following  Magurran
(1988) as follows (eqn. 1):

(1)

where n is  the number of individuals  in a
plot, and N is the total number of individu-
als  in  the  fragment  where  that  plot  be-
longs.

Statistical analyses
The different factors  measured to check

whether they affect T. monspessulana seed-
ling density (i.e., canopy cover, litter, PAR,
plant diversity, and richness of native plant
species) were highly correlated with each
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Tab. 1 - Main characteristics of the eight forest fragments in the Maulino forest, Central Chile. Values are means ± standard devia-
tion.

Fragment
ID

Fragment
size (ha)

No. plots 
(100 m2 each)

T.
monspessulana

plants

Native
plants

PAR
(μmol photons

m-2 s-1)

Shannon
index

Species
richness

1 11 11 2.36 ± 1.18 190 ± 25 6 ± 0.9 0.21 ± 0.02 14.4 ± 0.7

2 19 15 3.20 ± 1.48 250 ± 28 730 ± 220 0.17 ± 0.01 15.0 ± 1.1

3 3 3 0.00 ± 0.00 380 ± 140 2116 ± 225 0.32 ± 0.00 13.6 ± 3.6

4 20 16 3.06 ± 2.61 208 ± 21 972 ± 202 0.17 ± 0.01 15.9 ± 0.8

5 7 7 2.00 ± 1.36 186 ± 35 1442 ± 378 0.26 ± 0.02 16.5 ± 1.3

6 70 35 18.23 ± 3.89 105 ± 10 926 ± 124 0.09 ± 0.00 9.9 ± 0.6

7 53 30 2.77 ± 2.65 144 ± 13 739 ± 117 0.11 ± 0.00 11.5 ± 0.5

8 152 45 0.78 ± 0.35 120 ± 11 626 ± 66 0.08 ± 0.00 13.6 ± 0.5

Total 332 162 - - - - -
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other. For that reason, we decided to use a
Principal Component Analysis (PCA) to re-
duce  multicollinearity  and  capture  the  in-
formation  in  orthogonal  axes.  We identi-
fied the ecological factors most contribut-
ing to the PC axes, and then we conducted
a Generalized Linear Mixed Model (GLMM)
with  T. monspessulana seedling density as
the dependent variable. The first two ordi-
nation axes were considered as the fixed
factors, whereas the eight fragments were
considered as random factors. We used a
likelihood  ratio  test  to  compare  the  full
model  (with  fixed  and  random  factors)
with  the  reduced  model  (with  only  fixed
factors). We found that the full model (AIC
= 606, BIC = 621) had a better performance
(p-value = 0.0003) than the reduced model
(AIC  =  616,  BIC  =  628).  Then,  we used  a
GLMM  with  a  negative  binomial  distribu-
tion (link function: log x). This analysis was
performed  using SPSS® v.  18  (SPSS  Inc.,
Chicago,  IL,  USA).  As  an  alternative  ap-
proach to assess the importance of factors
controlling the abundance of T. monspessu-
lana plants,  we employed a  Path analysis
aimed to  evaluate the direct  and indirect
contributions of the independent variables
(i.e., canopy cover, litter, PAR, species rich-
ness, and plant diversity) on density of  T.
monspessulana plants.  This  analysis  was
performed using INFOSTAT v. 2018 (Group
Infostat, Universidad Nacional de Córdoba,
Argentina).  All  the  analyses  were  carried
out on a plot-level basis.

Results
The  number  of  T.  monspessulana plants

recorded  in  the  eight plots  was  893,  of
which 94.5% were seedlings. The results of
the PCA indicates  that  the first  two axes
accounted for 70.5% of the total variance in

the dataset (Fig. 1). The first axis correlated
negatively  with  canopy  cover  (r  =  -0.73,
27.8% of contribution), and litter depth (r =
-0.67,  23.4%  contribution),  and  positively
with PAR radiation (r = 0.63, 21.3% contribu-
tion);  thus,  axis  1  captured indirectly  light
availability. The second axis correlated pos-
itively with Shannon-Wiener index (r = 0.81,
40.6% contribution) and species richness (r
= 0.73, 32.4% contribution); thus, axis 2 cap-
tured native plants diversity (Fig. 1). Light
availability (represented by axis 1) was pos-
itively  and  significantly  correlated with  T.

monspessulana seedling density (P = 0.002,
Fig. 2), whereas native plants diversity (rep-
resented by axis 2) was not related with T.
monspessulana seedling density (p = 0.324,
Fig. 3).

The Path analysis indicated that the vari-
able with the greatest direct effect on den-
sity of T. monspessulana was PAR, followed
by  species  richness  and  plant  diversity
(Tab. 2).  There was also a significant indi-
rect correlation between density of T. mon-
spessulana with  canopy  cover  (r  = -0.17)
which is  mainly determined by PAR as an
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Fig. 1 - Principal Component Analysis (PCA) showing the influence of different factors 
analyzed in our study in a bi-plane formed by axis 1 and axis 2.

Fig. 2 - The relationship between PC axis 1 and the density of T.
monspessulana within Maulino forest fragments, Central Chile.
Confidence  Intervals  were  obtained  using  LOESS  procedure.
Axis 1 reflects light availability. Positive values represent higher
values of light availability.

Fig. 3 - The relationship between PC axis 2 and the density of T.
monspessulana within Maulino forest fragments, Central Chile.
Confidence  Intervals  were  obtained  using  LOESS  procedure.
Axis 2 reflects native species diversity. Positive values represent
high values of native diversity.
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indirect effect. Litter depth was not corre-
lated with density of T. monspessulana, de-
spite this variable has an important contri-
bution to PC axis 1, thus the effects of litter
must be interpreted with caution (Fig. 4).

Discussion
In this study we have demonstrated that

the most important forest feature that de-
termine T. monspessulana invasion into for-
est fragments of the Maulino forest in Cen-
tral Chile is the light availability, which is as-
sociated  to  canopy  cover  and  PAR.  It
seems that the more closed the forest, the
lower the light availability and the less inva-
sion of  T. monspessulana. This  basic result
has  tremendous implications  for  the  con-
servation and management of this impor-
tant ecosystem.

Currently, native forests are submitted to
a  variety  of  anthropogenic  disturbances
such as fire, deforestation and fragmenta-
tion.  Given  that  most  exotic  species  are
shade-intolerant (Fine 2002),  these distur-

bances act favoring the arrival and estab-
lishment  of  exotic  plants  (Rejmanek  &
Richardson  1996,  Higgins  &  Richardson
1998). This is the case of  T. monspessulana
which  rarely  inhabits  environments  with
low light availability.  Light availability  and
high temperature at the ground level trig-
gers  a  massive  germination  from  seed
bank, forming the so-called “seedling gar-
dens” with thousands of individuals per m2

(García et al. 2010,  Solorza-Bejarano 2017).
Based on our results, we argue that unsuit-
able microsites for invasion of  T. monspes-
sulana are forests with closed canopy (Bus-
tamante  et  al.  2003).  However,  in  our
study, fragment 3 had high light availability
(average PAR of 2.116 μmol photons m-2 s-1),
but  absence  of  T.  monspessulana plants.
This can be explained by the presence of a
propagule source in the near area, but this
hypothesis needs further research.

A typical trait of leguminous plants (such
as  T.  monspessulana)  is  the  profuse  seed
bank that remains dormant in the ground

for a long period of time (Alexander & An-
tonio 2003). Given that just one plant can
produce  thousands  of  seeds  during  one
season (García et al. 2010, García et al. 2015,
Herrera  et  al.  2011),  it  is  highly  probable
that  T.  monspessulana be  a  successful  in-
vader only by a “mass effect”,  i.e., a high
seed rain that forms a persistent seed bank
that remains latent during long periods of
time until  light conditions are optimal for
germination. In fact,  in the absence of bi-
otic  and  abiotic  limitations,  plants  that
maintain a large seed bank will be highly in-
vasive,  following  the  propagule  pressure
hypothesis, i.e., a large number of individu-
als arriving per unit of time increases inva-
siveness (Lockwood et al. 2007, Simberloff
2009). However, there can be abiotic filters
(such  as  light  availability)  to  counterbal-
ance this potentiality,  thus arresting plant
establishment (Alpert et al. 2000).

In our study,  we detected no significant
effects of the native plant community (axis
2 of the PCA) on T. monspessulana density.
This suggests no biotic resistance (in terms
of interspecific  competition)  of  the  resi-
dent community to plant invasion. This re-
sult is of major importance because it sug-
gests  that  biotic  filters  against the  colo-
nization and establishment of  T. monspes-
sulana do not exist in the Maulino forest.
This  result  significantly  differs  from  other
similar  studies  in  forest  ecosystems  (Ri-
chardson & Bond 1991,  Higgins & Richard-
son 1998). However, the Path Analysis indi-
cated a significant though low effect of di-
versity and richness in our study. Fragment
3 (the smallest fragment with the highest
average  PAR)  had  the  highest  density  of
native plants (average of 380 plants),  but
absence of T. monspessulana plants. On the
contrary, fragment 6 had the highest abun-
dance of  T.  monspessulana plants but  the
lowest density of native plants (average of
105 plants).  This  suggests that further re-
search is needed to elucidate other micro-
site  conditions controlling the invasion of
T.  monspessulana (e.g.,  soil  humidity  and
temperature, number of reproductive indi-
viduals, presence of reproductive individu-
als, seed viability, etc). From the conserva-
tion point of view, our results suggest that
the  invasiveness  of  T.  monspessulana in
highly  valuable  ecosystems  such  as  the
Maulino forest could be reduced by means
of restoration with native plants or by re-
ducing  forest  degradation.  Both  actions
maintain higher canopy cover which in turn
will decrease light availability and will ham-
per the massive establishment of  T.  mon-
spessulana.

Conclusion
Our  results  indicate  that  the  successful

establishment  of  the  shade-intolerant  T.
monspessulana in  the  Maulino  forest  is
driven by  light  availability.  The lower  the
light availability, the less the  density of  T.
monspessulana.  This suggests that the dis-
turbance-invasibility  hypothesis  seems
more appropriate to explain the successful
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Tab. 2 - Path analysis of the relationships between density of T. monspessulana plants
and the various independent variables in each plot. (COV):  forest cover; (LIT):  litter
depth; (PAR):  photosynthetically active radiation; (DIV):  plant diversity; (RICH): rich-
ness of native plant species; (ns): non- significant; (**): p < 0.01; (*): p < 0.05. The sum
of all direct and indirect effects yields the total correlation between a causative vari-
able and the dependent variable.

Factors
Direct
effect

Indirect effect Total
correlation

(r)COV LIT PAR DIV RICH

COV -0.04 ns - -0.02 -0.12 -0.01 0.02 -0.17**

LIT -0.05 ns -0.02 - -0.08 0.03 0.05 -0.07 ns

PAR 0.26** -0.02 -0.02 - 0.01 0.01 0.27**

DIV -0.16** -0.00 0.01 0.01 - -0.02 -0.15*

RICH -0.24** 0.00 0.01 0.02 -0.01 - -0.23**

Fig. 4 - Path analysis diagram of the relationships between density (DEN) of  T. mon-
spessulana plants with COV, LIT, PAR, DIV, and RICH. Thick arrows indicate significant
direct effects (solid lines) and indirect effects (dashed lines). Over the arrows it is rep-
resented the path coefficient and its statistical significance. Below each causative vari-
able it is represented the total correlation (R2) and significance between that variable
with DEN.
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establishment of this species. The Maulino
forest  has  experienced  wildfires,  defor-
estation,  and  reduction  of  canopy  cover,
creating the conditions of light availability
suitable  to  the  invasion  by T.  monspessu-
lana.  Thus,  increasing  or  maintaining  the
canopy  cover,  together  with  an  intensive
control of T. monspessulana seems to be an
appropriate  action  to  minimize  the  inva-
sion of this aggressive weed.
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