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ABSTRACT

Struthanthus flexicaulis is a hemiparasite abundant in ironstone outcrops in southeast Brazil. We evaluated its host preference
among species of the plant community, taking into account the abundance and foliage cover of the hosts. The importance of
each species in the community and the mortality caused by the parasite were assessed based on a quantitative survey in 10 strips
measuring 1m x 50m. The 10,290 individuals belonged to 42 species. Only 15 had a relative abundance in the plant community
greater than 1%, of which 12 showed vestiges of parasitism. More than 80% of deaths in the community were associated with
parasitism. Non-infected individuals had significantly less mortality rates (7%) than those infected (83%) (x°= 1102.4, df = 1,
p < 0.001). The observed infestation was different from the expected both regarding relative host abundance (y°= 714.2, df = 11,
p<0.001) and foliage cover (y°=209.2, df = 11, p<0.001). Struthanthus flexicaulis preferred Mimosa calodendron, alegume attractive
to avian seed dispersers. The interaction is maintained and intensified not only by the birds, who deposit innumerous seeds on the
hosts branches, but also very likely by the ability of M. calodendron to fix nitrogen, thereby enhancing the mistletoe’s development.
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Introduction

Parasitic plants depend on their hosts for nutrient and
water supply, and may show different degrees of specific-
ity for their hosts. This preference is related to the local
abundance and degree of constancy of plants in time and
space (Norton & Carpenter 1998; Norton & Lange 1999).
Besides resource availability (plants), the success of infec-
tion also depends on anatomic and chemical aspects that
promote host recognition and haustorium formation, a
modified root specialized in nutrient uptake (Rodl & Ward
2002; Press & Phoenix 2005; Arruda et al. 2006).

Specificity may be advantageous in homogeneous en-
vironments, where a certain plant species is predominant.
In these cases, specialist parasites could increase their

efficiency in nutrient uptake from their hosts. In New
Zealand, the mistletoes Alepis flavida, Peraxilla colensoi,
and P. tetrapetala specialize in different Nothofagus species
(Norton & Carpenter 1998). However, in heterogene-
ous environments, specialists would be in disadvantage
because of the high plant diversity (Norton & Carpenter
1998; Arruda et al. 2006), especially when potential
hosts occur in low densities. This would explain the low
specificity of species of Loranthaceae in heterogeneous
plant communities such as tropical rainforests (Norton
& Carpenter 1998) and savannas (Dzerefos et al. 2003;
Arruda et al. 2006).

The impact caused by mistletoe infection on a plant
community may vary as a function of the host plant iden-
tity and abundance. Legumes appear to be preferred hosts
of all parasitic plants on account of their nitrogen-fixation
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ability (Radomiljac et al. 1999; Bowie & Ward 2004). The
term ‘preference’ has been used in several works to indicate
the disproportional infection in relation to host availabil-
ity in the area (Aukema & Rio 2002; Dzerefos et al. 2003;
Press & Phoenix 2005; Runyon et al. 2006; Lemaitre et al.
2012). The main factors that lead to this preference are
the host spatio-temporal distribution, behavior of avian
dispersers, and parasite establishment success (Aukema &
Rio 2002; Medel et al. 2002; Roxburgh & Nicolson 2005).

Struthanthus flexicaulis is a common hemiparasite on
plant communities over ironstone outcrops in the Iron
Quadrangle region (southeast Brazil), and is known to
cause a significant reduction on the survival and fitness
of its hosts (Mourao et al. 2009). In these communities it
successfully infects more than 40 plant species (Mourio
et al. 2006), although probably with different degrees of
success among these hosts, based on the preference fac-
tors mentioned above. Previous studies suggested that
the shrub Mimosa calodendron (Fabaceae) is its preferred
host (Mourio et al. 2009; Reis et al. 2010). However, since
this species is one of the most abundant on ironstone
outcrops in the Iron Quadrangle, this perception needs
to be validated by a rigorous comparison among hosts. In
this study we evaluated the preference of S. flexicaulis to
hosts in the plant community based on their abundance
and cover, and the effect of parasitism on the mortal-
ity rate of each host species. Our hypothesis was that
M. calodendron is a preferred perching species for birds
dispersing S. flexicaulis seeds and, being a legume, a better
host for their survival and also a more resistant host to
parasitism. We predicted that M. calodendron individuals
are significantly more infected than other hosts but less
prone to death by parasitism.

Materials and Methods

We performed our survey in a plant community over
ironstone outcrop (20°03’60”S, 44°02’°00”W, 1300 m),
within the limits of the Serra do Rola Moca State Park,
a strictly protected area located in the Iron Quadrangle,
southern Espinhaco Range. The climates is mesothermic,
with mean annual rainfall between 1000 and 1500 mm, a
pronounced dry season between April and September, and
mean annual temperature of 25°C (Rizzini 1997).

The plant communities established on these outcrops
are species-rich and are home to members of 45% of the
native vascular families that occur in Brazil, including until
now 60 endemic species (Carmo & Jacobi 2012). Individu-
als are subjected to high radiation, poorly developed soils
(litholic neosols) with high heavy metals concentrations,
and low water retention (Porto & Silva 1989; Teixeira &
Lemos-Filho 2002; Jacobi et al. 2007). Given these condi-
tions, vegetation is predominantly composed of herbs and
shrubs, with few tree species. Species-rich dicotyledon
families are Asteraceae, Fabaceae and Myrtaceae; and the

main monocotyledons are Poaceae, Cyperaceae and Orchi-
daceae (Jacobiet al. 2007; Viana & Lombardi 2007). Among
parasitic plants, the genera Tripodanthus and Struthanthus
are very abundant, both belonging to Loranthaceae, the
largest mistletoe family.

To evaluate the importance of each species in the com-
munity and mortality rates associated to parasitism, we
performed a quantitative survey along ten parallel strips
(Im x 50 m), distant 10 m between each other, totaling
500 m?. Each strip was divided into 1 m? plots and indi-
viduals within them were counted and identified. Because
of the difficulty of calculating their abundance, Poaceae,
Cyperaceae, and Orchidaceae were excluded from the
analyses. Members of these families are seldom —if ever—
hosts for Loranthaceae, so analyses were not affected by
their exclusion.

In both the analyses of mortality and preference, we
only took into account the twelve species with relative
abundance > 1% in the sampled area and at least one
infected individual. Individuals were separated into four
categories, combining two binary characteristics: alive
or dead, and infected or not. This classification was pos-
sible because dry branches and haustoria of S. flexicaulis
remained clearly visible on dead infected individuals. We
used Chi-square tests to test for significant mortality dif-
ferences between infected and non-infected individuals
of each species.

To quantify the abundance of each plant species in the
sampled area we considered all individuals. Species with
clonal growth, such as Cactaceae and Velloziaceae, were
counted as one individual when distance between ramets
was less than 5 cm. For this reason the exact number of
individuals is probably overestimated in these families.
Plant cover of each individual was estimated based on the
vertical crown projection to the ground. These areas were
calculated by approximating them to regular geometric
figures.

To calculate the expected number of infected individu-
alsbased on their relative abundance we used the equation:

ni
=—Lx PtO
ntut

exp t

where P,= number of expected individuals of each host
species, n, = abundance of each host species, n_, = total
number of sampled individuals, and P.= total number of
infected individuals.

Similarly, the following equation was used for the
expected number of infected individuals based on plant
cover, substituting variables as follows:

COVl.

= x P
exp Covtot tot

where cov, = plant cover of each host species and cov, , =
total plant cover of infected individuals.
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In both cases, we performed Chi-square tests to check
if the observed distribution differed from the expected
distribution, whereby a small departure from the expected
indicates lack of preference.

Results

The 10,290 individuals in the sampled area belonged
to 24 families and 42 species (Tab. S1 in supplementary
material). The more frequent families were Asteraceae
(eight spp.), Melastomataceae (five spp.), and Velloziaceae
and Orchidaceae (four spp. each). The four more abundant
species were Cattleya caulescens (Orchidaceae, 1491 ind.),
Microstachys daphnoides (Euphorbiaceae, 1130 ind.),
M. calodendron (Fabaceae, 858 ind.) and Lychnophora
pinaster (Asteraceae, 806 ind.).

Fifteen species had a relative abundance > 1% in the
community, of which 12 had signs of parasitism (Tab. 1).
The most infected species were the shrubby eudicots
M. calodendron and L. pinaster. The monocots Cattleya
caulescens, Acianthera teres and Vellozia graminea had no
infected individuals. The proportion of non-infected
dead plants (7%) was significantly lower than that of in-
fected individuals (83%) (x*= 1102. 4, df =1, p < 0.001).
Overall, more than 80% of deaths among individuals of
the 12 host species analysed were related to parasitism.
However, the number of dead infected individuals varied
considerably among hosts. For instance, of 164 dead plants
of M. calodendron, 139 showed mistletoe vestiges, while
M. daphnoides, one of the most abundant species, had only
one dead infected individual (Tab. 1). Mimosa calodendron
had a much larger proportion of dead individuals than the

other hosts, and this was strongly associated with infec-
tion by S. flexicaulis.

The observed frequency of infected hosts was differ-
ent from the expected, both using abundance (y*= 714.2,
df = 11, p < 0.001) and plant cover (x*= 209.2, df = 11,
p < 0.001). Not all hosts contributed equally to this out-
come. Regarding relative abundance, most of the observed
infected proportions were close to the expected values,
with notable exceptions: M. calodendron was infected
249% more than expected, whereas M. daphnoides and T.
heteromalla were, respectively, 64% and 68% less infected
than expected (Fig. 1). These ‘preference’ results differed
from those of relative cover, due to the size of individual
plants, even within a single species. Consequently, when
host cover was used, the number of infected M. daphnoides
and T. heteromalla was very close to the expected, M. calo-
dendron was 89% more infected, and L. pinaster was 55%
less parasitized than expected (Fig. 2).

Discussion

The preference of S. flexicaulis for M. calodendron was
evident. The fact that M. calodendron was among the
most abundant and also occupied the largest cover in the
community indicates dominance over the other species.
Being a legume growing in a nutrient-poor environment,
this species has advantage as a competitor. It was there-
fore expected that, if only by its relative abundance, a
large number of M. calodendron plants would be infected.
Comparison with other hosts, however, showed that the
association between both species goes beyond how well
represented the legume is in the community.

Table 1. Species with relative abundance above 1% and parasitized. Columns represent the number of individuals in each category: not parasitized (NP) or
parasitized (P), dead or alive. Species were ranked according to decreasing abundance values. Cattleya caulescens, Acianthera teres (Orchidaceae), and Vellozia
graminea (Velloziaceae) had relative abundance > 1% in the plant community but were excluded from this list because they did not have parasitized individuals.

_

Microstachys daphnoides 1106
Mimosa calodendron 542
Lychnophora pinaster 696
Tibouchina heteromalla 726
Stachytarpheta glabra 357
Symphyopappus brasiliensis 363
Vellozia compacta 282
Eriope macrostachya 185
Borreria capitata 195
Baccharis reticularia 132
Croton serratoideus 133
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Figure 1. Expected and observed parasitism based on the relative abundance of each species. Bars are the 95% CI. Bca = Borreria capitata; Bre = Baccharis reti-
cularia; Cmu = Chromolaena multiflosculosa; Cse = Croton serratoideus; Ema = Eriope macrostachya; Lpi = Lychnophora pinaster; Mca = Mimosa calodendron; Mda =
Microstachys daphnoides; Sbr = Symphyopappus brasiliensis; Sgl = Stachytarpheta glabra; The = Tibouchina heteromalla; Vco = Vellozia compacta.
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Figure 2. Expected and observed parasitism based on the relative cover of each species. Bars are the 95% CI. Bca = Borreria capitata; Bre = Baccharis reticularia;
Cmu = Chromolaena multiflosculosa; Cse = Croton serratoideus; Ema = Eriope macrostachya; Lpi = Lychnophora pinaster; Mca = Mimosa calodendron; Mda = Micros-
tachys daphnoides; Sbr = Symphyopappus brasiliensis; Sgl = Stachytarpheta glabra; The = Tibouchina heteromalla; Vco = Vellozia compacta.

Other factors that may increase the strength of this
interaction are related to the two types of dispersal that
the mistletoe shows: vegetative and by birds. In the study
area M. calodendron is one of the tallest shrubs and can get
as high as 1.60 m. Its hemispherical, branched crown is
make this species one of the few suitable perching options
for the birds that disperse the mistletoe seeds. In addition,
because of its high density, the probability increases of
receiving branches of the parasite coming from neighbor
infected plants where they resume xylem-tapping (Mourio
2012). The vegetative dispersal is more successful when
hosts are close and have a similar height (Aukema 2003;
Mourao 2012).

Compared to the other 11 hosts, M calodendron was
much more parasitized than expected, whether estimating
the infection by its abundance or cover. Lychnophora pin-
aster represented the only example of less infection than
expected by its relative cover. This species has very flexible
branches that spread across the substrate and individuals
were rarely taller than 1 m, so its architecture is not suit-
able for bird perching or shelter. Because birds prefer to
perch on plants that rise above the others (Robinson &
Holmes 1984), only a handful of species would be more
frequently visited, among which M. calodendron.

Mortality of the plants in the community, particularly
in M. calodendron, was directly caused or enhanced when in
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association with S. flexicaulis. Contrary to our predictions,
the mortality rate of infected M. calodendron was the high-
estamong hosts. This suggests that besides being infected
more frequently it is likely that individuals are parasitized
with more intensity. A feasible explanation is that more
seeds are deposited on account of more frequent bird vis-
its. Additionally, because it is a high-quality resource, it
favours the parasite’s growth, as suggested by Kelly (1990).

High levels of infestation allied to edapho-climatic con-
ditions in canga outcrops may impose a severe stress on the
host, and even death (Mour&o et al. 2009). Parasitic plants
may inflict several types of damages to their hosts, notably
leaf biomass reduction (Press & Graves 1995; Cameron et
al. 2008), usually leading to decreased photosynthetic rates
(Graves et al. 1992), which may result in less flower output
(Mugabe 1983). When intensely infected, M. calodendron
loses from 75% to 95% of its foliage, followed by a steep
reduction in the number of all reproductive structures
(Mourio et al. 2009). Hence, mistletoe infection would
act as a population control mechanism of M. calodendron,
a nitrogen-fixing species with competitive advantage in
environments with serious nutritional restrictions.

The evolution of host specificity in plant communities
is highly correlated with the development of ecological
dominance (Barlow & Wiens 1977). Although M. caloden-
dron is not the most abundant species in the area, it does
have the largest foliage cover in the community, granting
the necessary proximity for the branches of the mistletoe
to reach new hosts. The marked preference of S. flexicaulis
for this host is the result of a combination of factors of
both species that increase infestation opportunities and
reinforce their interaction.
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