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Abstract Conyza bonariensis is an invasive weed of
increasing importance in subtropical and warm-
temperate regions worldwide, both in non-agricultural
habitats and in annual and perennial crops, especially
under no-till management. To gain insigths on basic life
cycle processes determining the demographic success of
C. bonariensis, we studied for this species during two
seasons seedling emergence patterns, survival to the
adult stage and fecundity in a ruderal Mediterranean
habitat in which C. bonariensis was a component of
the plant community. The influence of emergence date
on survival and fecundity was studied using four suc-
cessive sowing dates, i.e. cohorts, encompassing the
favorable season for plant establishment. The mean rate
of seedling emergence was 61%. Emergence patterns
were characterized by high initial emergence rates,
which were highly dependent on rainfall. The mean rate
of survival to the adult stage was 33%. Fecundity
reached a mean value of 86,066 achenes and presented
density-dependent regulation.. Plant survival and

fecundity were positively related to cohort earliness
and thus earlier cohorts should preferably be targeted
for an effective management of C. bonariensis.

Keywords Cohort . Density-dependence . Seedling
emergence . Plant fecundity . Hairy fleabane .

Survivorship . Invasive species

Introduction

Conyza bonariensis (L.) Cronquist is an annual
Asteraceae native to South America and currently dis-
tributed in tropical and warm temperate areas worldwide
(Karlsson and Milberg 2007; Prieur-Richard et al.
2000). The invasive behavior of Conyza species is con-
tributed by a very high plant fecundity and ability for
long-distance seed dispersal through wind (Dauer et al.
2007). Long-distance dispersal of seeds and pollen has
been suggested to explain the low levels of geographic
structure of the high genetic variation found in Conyza,
i.e. most of this genetic variation resides within-
populations (Ming-Xun et al. 2010). In addition,Conyza
seeds germinate easily under favorable conditions
(Nandula et al. 2006; Zambrano-Navea et al. 2013).
These traits identify C. bonariensis as a colonizer spe-
cies of transient, highly disturbed, habitats. As such, it
mainly behaves as a ruderal plant inhabiting road
verges, field boundaries and open ground. In addition,
it is considered as a weed in at least 40 crops in 70
countries (Holm et al. 1997), and it has become one of
the most difficult weeds to control in different
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agricultural systems, particularly under soil conserva-
tion management (Wu et al. 2010; Zambrano-Navea
et al. 2013). Substantial yield reduction has been report-
ed in different crops (e.g. Trezzi et al. 2015). The adop-
tion of measures to keep its populations in check is
essential to prevent serious crop losses. Population con-
trol is frequently based on herbicide treatments, but this
tactic is becoming jeopardized due to the appearance of
resistance to different active ingredients, including
glyphosate (Urbano et al. 2007).

It is widely accepted that knowledge of weed
biology is essential for setting up plans for the
integrated management of weed populations
(Cousens and Mortimer 1995). While there is con-
siderable information on the biology of the conge-
neric Conyza canadensis, little is known on demo-
graphic aspects of C. bonariensis (Shrestha et al.
2008) and most of the information available is
mainly limited to laboratory studies. For instance,
Wu et al. (2007) reported that seedling emergence
of C. bonariensis occurs only from shallow depth
and, under the seasonal climate of the study local-
ity, from autumn to earlywinter, with only a small
fraction emerging in spring. Karlsson and Milberg
(2007) and Vivian et al. (2008) estimated base,
optimum and maximum temperatures for germina-
tion at 4.2, 20 and 35 °C, respectively. Yamashita
and Guimarães (2010) found that the percentage
and rate of germination of C. bonariensis seeds
were reduced when soil water potential decreased
below −0.2 MPa.

This work was aimed to gain insights on the demo-
graphic behavior of C. bonariensis in ruderal, Mediterra-
nean habitats. Identification of particularly vulnerable life
history processes may contribute to design more rational
control strategies of populations of this weed species.

Materials and methods

Study site

The study was conducted in an experimental field
at the Instituto de Investigación y Formación
Agraria y Pesquera (IFAPA), Cordoba, southern
Spain (37° 51′ 40^ N, 4° 47′ 56^W, 117 m asl).
The climate is Mediterranean with a mean annual
rainfall of approximately 600 mm, mainly distrib-
uted from autumn to mid spring. The mean

maximum and minimum annual temperature is
27 °C and 10 °C, respectively. The soil is loamy
with a pH of 8.5 and an organic matter content of
1.1%.

Experimental design

Three field experiments were carried out between Oc-
tober and August during two consecutive seasons
(2010–2011 and 2011–2012) aimed to estimate the de-
mographic rates governing stage transitions in annual
plants, including emergence rate, survival rate to the
adult stage and fecundity.

To determine the emergence rate and the temporal
pattern of seedling emergence, at the onset of the rainy
season, in October, six microplots of 0.3 × 0.3 m were
each superficially sown with 200 achenes (hereafter
seeds) randomly selected from a single batch collected
each year from at least 30 individuals of the local
C. bonariensis population. For this purpose, the soil
was previously ploughed and, subsequently, we added
a fine layer of inert substrate (peat) with which the seeds
were lightly mixed to prevent them from being blown
away. Counts of emerged seedlings were made every
three days until end of emergence. After each count,
seedlings were removed.

A second experiment was performed with the
aim of assessing the influence of emergence timing
on survival to the adult stage and on fecundity of
surviving adults. In each study year four different
cohorts were established by sowing at four dates
evenly spaced throughout the rainy season, 20
October, 13 December, 7 February and 4 April.
At the beginning of each study season, 16 plots of
1 × 1 m were established and four plots were ran-
domly assigned to each cohort. The soil of each
plot was ploughed prior to sowing. At sowing, a
large number of C. bonariensis seeds were mixed
with peat to form a 1 cm depth layer at the soil
surface. If necessary because of lack of rain,
watering was done during 3–4 days after sowing
to promote seed germination. Once emerged, 30
seedlings were randomly selected and marked in
each plot, and any other plant was periodically
suppressed at emergence, thus maintaining low
plant density (Shrestha et al. 2010). Survival cen-
suses were made weekly until the onset of seed
production. In addition, at the onset of flowering
three plants were randomly selected in each plot.
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At fruiting, one capitulum was randomly obtained
from each plant at a stage immediately before the
beginning of seed dispersal, and the seed content
was counted. The total number of capitula pro-
duced by each plant was counted at end cycle.
Fecundity of surviving adults was estimated as
the product of the number of capitula produced
per plant by the mean seed content per capitulum.

A survival analysis based on the Log Rank test
was carried out using SIGMAPLOT v.11 to test
for cohort effects on survival to the adult stage.
Multiple pairwise comparisons among cohorts were
based on the Holm-Sidak test. The effect of cohort
on fecundity was analyzed by the non-parametric
Kruskall-Wallis test and the pairwise comparison
test using STATISTIX v.9.

To quantify the effect of intraspecific density on
fecundity seven sites forming a gradient of plant
densities were identified in May 2012, at the onset
of seed production, within the local natural popu-
lation of C. bonariensis. Density values were 1,
55, 122, 277, 555, 777 and 1111 plants m−2. For
each site, three plants were randomly selected and
the number of capitula produced per plant was
counted at end cycle. In addition, the number of
seeds per capitulum was counted in a random
sample of 10 capitula per site. Mean plant fecun-
dity in each site was estimated as above.

The functional relationship between intraspecific
density and fecundity was established through a hyper-
bolic model

Y ¼ fo
1þ aX

ð1Þ

where Y is the number of seeds produced per
p lan t , X i s the dens i ty (p l an t s m-2) o f
C. bonariensis, fo represents the number of seeds
produced per plant when the population density
approaches zero and a is a parameter measuring
the species-specific susceptibility of fecundity to
plant density. To fit the model, the non-linear
regression module of SIGMAPLOT v. 11 was
used. Goodness of fit was assessed using the root
mean square error (RMSE) and pseudoR2. Lower
RMSE values and pseudoR2 values closer to 1
indicate better model fit.

Results

Emergence rate and pattern

The average emergence rate for the two study
seasons was 0.61 ± 0.16. Figure 1 depicts the
emergence patterns of C. bonariensis in the two
years of the experiment. In 2010 (Fig. 1a) there
was a rapid emergence at the beginning of the
experiment, with 90% emergence reached 21 days
after sowing (das). In contrast, in autumn 2011,
there was a slow initial emergence (5% at 7 das),
which 50% and 90% emergence reached at 20 and
35 das, respectively (Fig. 1b). The rainfall in au-
tumn 2010 was more abundant and more regularly
distributed than in the autumn of 2011.

Survival rate to adult stage

The mean survival rate of C. bonariensis seedlings to
the adult stage over the two studied seasons was 0.30 ±
0.20.

In the 2010–2011 season, the first three cohorts
exhibited similar survival rates, with values rang-
ing between 0.34 and 0.44. In contrast, the latest
cohort showed a substantially lower survival rate
(0.13) (Table 1). The log-rank analysis confirmed a
significant effect of cohort on survival (χ2 =
10.157; gl = 3; p = 0.017; Fig. 2a), with a signifi-
cantly lower survival rate of the latest cohort com-
pared to the earliest cohort (Holm-Sidak test,
p < 0.01; Table 2).

In the 2011–2012 season, the three latest co-
horts showed similar survival rates, with values
ranging between 0.26 and 0.29, approximately half
the rate of the earliest cohort (0.53, Table 1). The
log-rank analysis indicated a significant effect of
cohort on survival (χ2 = 25.261; gl = 3; p < 0.001;
Fig. 2b), and the survival curve of the earliest
cohort was statistically different (Holm-Sidak test.
p < 0.01) from curves of the three later cohorts,
which showed non-significant differential behavior
(Table 2).

Fecundity

The number of capitula produced per plant tended
to decrease from the first to the third cohort
(Fig. 3a). Plants of the latest cohort did not reach
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the flowering stage, eventually dying in vegetative
phase, and thus this cohort was not included in
further analyses. These differences in fecundity
among the first three cohorts were statistically
significant both in 2010–2011 (Kruskal-Wallis test,
χ2 = 21.64; gl = 29; p < 0.01) and 2011–2012 sea-
sons (χ2 = 23.24; gl = 35; p < 0.01). Individual
plants of the first, second and third cohort pro-
duced 201 ± 107, 83 ± 24 and 30 ± 9 capitula,

respectively, during the first study year, and 184
± 68, 58 ± 31 and 38 ± 21, respectively, during the
second year. In both study years, a significant
difference between the first and third cohort was
found (Fig. 3a).

The mean seed content per capitulum slightly de-
creased with the lateness of the cohort, both in the first
study year (272 ± 30, 257 ± 41 and 241 ± 38 for the first,
second and third cohort, respectively) and in the second
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Fig. 1 Accumulated emergence
of Conyza bonariensis and
rainfall pattern (mm) during the
study periods in autumn 2010 (a)
and 2011 (b)
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year (273 ± 43, 247 ± 50 and 249 ± 47). Nevertheless,
these differences among cohorts were non-significant
(Kruskal-Wallis test: 2010–2011, χ2 = 1.52; gl = 29;
p = 0.46; 2011–2012, χ2 = 2.41; gl = 35; p = 0.29)
(Fig. 3b).

Fecundity of C. bonariensis plants, estimated as the
product of the number of capitula produced by individ-
ual plants by the mean seed content per capitulum, was
significantly dependent on cohort (Kruskal-Wallis test,
χ2 = 22.57; gl = 29 p < 0.01) and in 2011–2012 (χ2 =
22.99; gl = 35; p < 0.01), appearing positively related to
its earliness (Fig. 4). In the first study year, individual
plants of the first, second and third cohort produced
70,288 ± 29,651, 18,206 ± 8747 and 8218 ± 3794 seeds,
respectively, whereas in the second year they produced
51,066 ± 23,893, 14,930 ± 9305 and 9424 ± 5380 seeds
(Fig. 4). In both seasons, differences in fecundity be-
tween the first and third cohort were significant (Fig. 4).

Effect of density on fecundity

Density-dependence of fecundity was adequately ex-
plained by the hyperbolic model (Eq. 1: pseudoR2 =
0.99, RMSE = 2809.7, gl = 6) (Fig. 5). The values esti-
mated for model parameters were fo = 87,274 achenes/
plant (SE = 3300) and a = 0.06 (SE = 0.01).

Discussion

With the aim of understanding and predicting the pop-
ulation dynamics of weeds, we have to be able to relate
changes in population size with a series of demographic
variables, such as emergence, mortality and fecundity.
In the studied ruderal population of C. bonariensis the

average recruitment of seedlings was 61%, with indi-
vidual values ranging from 35% to 87%. A similar
average emergence rate of 64% has been reported for
this species in Australia (Green 2010).

Final rates and temporal patterns of seedling emer-
gence are dependent on seed distribution in the soil
profile (Gramshaw and Stern 1977). In our emergence
experiments, the seeds were shallowly buried in the soil
(<1 cm), as occurs with the natural seed bank of this
species (Wu et al. 2007). This situation promotes a
complete and rapid seedling appearance, giving rise to
high emergence rates under favorable environmental
conditions, as has been the case.

The emergence pattern of C. bonariensis was char-
acterized by high initial emergence fluxes, which appear
to be highly dependent on the amount and distribution
of rainfall (Fig. 1). The effects of seasonal distribution of
rainfall on seedling emergence patterns have been re-
ported in other weed species (Mulugeta and Stoltenberg
1997; Puricelli et al. 2002; Izquierdo et al. 2009). Seed
germination ofC. bonariensis is particularly sensitive to
scant moisture conditions, and, as no dormancy is pres-
ent, favorable environmental conditions such as rainfall
or irrigation significantly promote emergence
(Yamashita and Guimarães 2010; Nandula et al. 2006;
Wu and Walker 2004).

Seed production in Mediterranean populations of
C. bonariensis is highly protracted from early summer
up to late autumn. As a consequence, the full crop of
ready-to-germinate, non-dormant seeds gives rise to
continuous seedling cohorts potentially experiencing
contrasting environmental conditions (Mokhtassi-
Bidgol et al. 2013). To take into account the demograph-
ic consequences of this behavior, wemonitored different
sequentially established cohorts. In seasonal climates,
the influence of emergence time on seedling survival
rates has been consistently documented in different spe-
cies (Fernandez-Quintanilla et al. 1986; Verdú and Mas
2006; Borger et al. 2009). These studies have generally
shown that early emergence is associated with higher
survival rates. Our results for a ruderal population of
C. bonariensis support these findings. Across study
years, mean survival rate of the earliest cohort was
0.45 and this value progressively decreased down to
0.21 for the latest cohort.

Differences in survival rates among cohorts were sim-
ilar to those reported by Buhler and Owen (1997) and
Regehr and Bazzaz (1979) for the congeneric and eco-
logically similar species C. canadensis. These authors

Table 1 Mean survival rate up to adult stage of four cohorts of
C. bonariensis during the two seasons being studied (2010–2011
and 2011–2012)

Season Cohort Survival Standar Error

2010–2011 1 0.37 0.08

2 0.44 0.09

3 0.34 0.09

4 0.13 0.01

2011–2012 1 0.53 0.02

2 0.28 0.04

3 0.26 0.04

4 0.29 0.06
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reported survival rates of plants emerging in autumn of
over 41%, and of 36% in those emerging in the spring.

Plants of the earliest cohort consistently showed the
highest fecundity. These plants were taller and more
branched compared to later emerging plants, which
probably resulted in a higher reproductive capacity.
Similar results have been found for other weed species
in seasonal climates (Verdú andMas 2006; Kiegel 1995;
Gallart et al. 2010) and also for other populations of

C. bonariensis. For instance, Green (2010) found a
reduction of 29.6% in fecundity ofC. bonariensis plants
emerging in spring compared with plants emerging at
the end of the previous autumn. Torra and Recasens
(2008) reported a progressive reduction in fecundity of
the weed Papaver rhoeas from the earliest to the latest
cohorts. This reduction in seed production in plants of
later cohorts has been related to the smaller accumula-
tion of biomass due to a shortened period for vegetative
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growth (Bosnic and Swanton 1997; Knezevic and
Horak 1998; Norris 1996).

Plant fecundity in the studied ruderal population
ranged between 96,712 and 75,420 seeds, with an
average value of 86,066 seeds, fairly similar to the
85,074 seeds/plant found by Green (2010) for this spe-
cies in Australia. However, other studies have reported
much higher fecundities for the study species under
favorable laboratory/greenhouse conditions, with mean
values of 119,100 (Wu et al. 2007) and 266,753 seeds
(Kempen and Graf 1981). The abiotic stress mainly
resulting from water shortage during the summer, im-
posed by the Mediterranean climate, may account for
this relatively limited fecundity we have found in the
study population. Limited fecundity can result from
reduced production of capitula and/or seed content per
capitulum. The maximum number of capitula produced
per plant we have recorded for the study population is
similar to values reported for this species by Kempen
and Graf (1981) and Green (2010), who found 290 and
232 capitula per plant on average, respectively. Howev-
er, 400 capitula per plant have been reported for
C. bonariensis under laboratory conditions (Wu et al.
2007). Similarly, maximum values of seed content per
capitulum in the study population appeared to be lower
than the 366 seeds/capitulum found by Green (2010). In
general, C. bonariensis has a high reproductive capacity
which undoubtedly favours its expansion.

Regulation of population growth results from nega-
tive density-dependence of at least one demographic
rate controlling stage transition. Our results indicate a

regulatory effect of density at the level of fecundity in
C. bonariensis. This type of density-dependent regula-
tion has also been observed in different weed species
including Agrostemma githago (Firbank and Watkinson
1986) and Avena sterilis (Gonzalez-Andujar and
Fernandez-Quintanilla 1991, 1993). In C. canadensis,
Palmblad (1968) and Bhowmik and Bekech (1993)
reported reductions in fecundity of 50–68% when intra-
specific density was increased from 55 to 200 plants
m−2, in line with 65% reduction found in this work for a
similar change in plant density. With the establishment
of conservation systems in agriculture, species of the
genus Conyza have become an important weed problem

Fig. 3 Number of capitula per plant (a) and achenes/capitulum (b)
of Conyza bonariensis for each cohort (October, December and
February) in the seasons of 2010–2011 (dark colour) amd 2011–
2012 (pale colour). Bars followed by the same letter in the same
season did not present any significant differences (p < 0.05) in
agreement with the pairwise comparisons test. The vertical lines
indicate the standard error

Table 2 Results of the pairwise comparisons (Holm-Sidak test) of
seedling survival rates to the adult stage of the four sequential
cohorts of C. bonariensis studied in two seasons (2010–2011 and
2011–2012)

Season Cohort
pair

Holm-Sidak
statistic

Critical p
value

p

2010–2011 C1 vs C4 14.00 0.008* 0.0001

C2 vs C3 2.95 0.0102 0.107

C3 vs C4 2.00 0.0127 0.157

C2 vs C4 1.50 0.017 0.221

C1 vs C3 1.12 0.025 0.290

C1 vs C2 0.006 0.05 0.934

2011–2012 C1 vs C2 15.87 0.008* 0.00006

C1 vs C3 14.50 0.010* 0.0001

C1 vs C4 7.26 0.010* 0.007

C2 vs C3 1.50 0.017 0.221

C3 vs C4 0.50 0.025 0.480

C2 vs C4 0.081 0.050 0.775
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for different crops (Buhler 1995). Mediterranean woody
crops (e.g. olive orchards and fruit tree crops) are among
those most affected. Control measures are mainly based
in herbicide applications with the highest effectiveness
achieved at early growth stages. However, long-lasting
control reliance on a few active ingredients has triggered
the appearance of populations resistant to different her-
bicides (Urbano et al. 2007), so that it would be recom-
mendable to adopt integrated strategies for their man-
agement (Widderick et al. 2012). The results obtained in
this work will help to establish those strategies, for

which a thorough knowledge of the biology and demog-
raphy of the species is of major importance.

Individual plants of Conyza species produce large
numbers of wind-dispersed seeds. High ability for
long-distance dispersal through wind of this seed
(Dauer et al. 2007) indicates that effectiveness of
control measures of a within-field population of
any of these species, including herbicide-resistant
biotypes, can benefit from a landscape perspective,
such that coordinated actions of neighboring farmers
are required to limit arrival of seeds from extra-field
sources (Gonzalez-Andujar et al. 2001). These in-
clude not only populations established in adjacent
fields but also ruderal populations inhabiting field
and road margins. As our results show, plants of
C. bonariensis in Mediterranean ruderal habitats can
exhibit high fecundity. Through extensive dispersal,
produced seeds can reach adjacent or even distant
fields. Adequate management of field margins, in-
cluding increased width and reduced disturbance can
promote the establishment of species-rich, high-cover
vegetation types, corresponding to more advanced
successional stages (Marshall 1989; Schippers and
Joenje 2002), from which pioneer species, such as
Conyza spp., are competitively excluded (Thébaud et
a. 1996; Prieur-Richard et al. 2000).

In conclusion, in the Mediterranean ruderal habitat
studied earlier cohorts of C. bonariensis contributed
most to the following generation, and, therefore, they
should be preferably targeted when designing control
strategies.

Fig. 4 Mean fecundity of the different cohorts (October, Decem-
ber and February) of Conyza bonariensis in the 2010–2011 (dark
colour) and 2011–2012 seasons (pale colour). Bars followed by
the same letter in the same season do not present any statistically
significant differences (p < 0.05) in agreement with the pairwise
comparisons test. The vertical lines indicate the standard error
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