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Abstract
The aim of this study was to determine if the mistletoe Struthanthus aff. polyanthus shows host specificity, and if host
abundance and twig architecture influence this specificity in Cerrado (senso strictu). An area of 1.3 ha of natural
savanna was sampled for the occurrence of the mistletoe. The twigs of the hosts were classified as vertical or horizontal,
and the bark as smooth or rough. We sampled a total of 666 trees in the study site and 118 individuals (17.7%) hosted
S. aff. polyanthus. The abundance of mistletoe was significantly affected by the bark type, but not by the twigs
inclination. In the cerrado, S. aff. polyanthus seems to be a generalist, with a tendency to be more common on some
hosts (Kielmeyera coriacea, Pouteria ramiflora and Styrax ferrugineus), prefering that with rough bark type.
r 2005 Elsevier GmbH. All rights reserved.
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Introduction

The Loranthaceae family comprises approximately 70
genera and 950 species occurring mainly in tropical
regions (Ribeiro et al., 1999). These plants are popularly
known in Brazil as ‘‘erva-de-passarinho’’ (something
like ‘‘herbs’ bird’’), due to their dependence on bird
dispersal. There is only one species known to be
dispersed by another group, the marsupials (Amico
and Aizen, 2000). Loranthaceae are hemiparasitic
e front matter r 2005 Elsevier GmbH. All rights reserved.
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species living on branches, twigs or roots of other
plants, generally trees as in tropical and temperate
environments (Calder and Bernhardt, 1983; Norton and
Carpenter, 1998; Overton, 1994). These parasites invade
the host plant xylem using a special structure, the
haustorium, to obtain water and minerals (Venturelli
(1981), Venturelli and Kraus (1989), Sargent (1995), and
Calvin and Wilson (2006); similarly in related Viscaceae:
Zuber, 2004). However, in some Loranthaceae species
there is a strong reduction in the vegetative body (e.g.
Tristerix aphyllus), and host penetration occurs only in
the phloem (Martı́nez del Rio et al., 1995, 1996;
Mauseth et al., 1984, 1985; Medel et al., 2002; Silva
and Martı́nez del Rio, 1996).

Despite the fact that mistletoes photosynthesize, their
presence can cause damage to the hosts, affecting
quality and quantity of fruit production, and may cause
the death of the host plant (Reid et al., 1994; Silva and
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Martı́nez del Rio, 1996; Sinha and Bawa, 2002;
Venturelli, 1981). Mistletoes have been identified as
pests in agricultural systems world-wide (Norton and
Carpenter, 1998; Norton and Reid, 1997). However,
their impact on non-cultivated species has received little
attention (Silva and Martı́nez del Rio, 1996). Addition-
ally, several species can be considered ‘‘key species’’
(sensu Watson, 2001) for animals that feed on their
nectar and fruits (Aukema, 2003).

The mistletoe distribution on the host plant can be
determined by host specificity, distance between hosts,
environmental conditions (Garcı́a-Franco and Rico-
Gray, 1996), host plant architecture (Martı́nez del Rio
et al., 1995; Monteiro et al., 1992; Sargent, 1995),
feeding behavior and habitat selection by the dispersal
agent (Davidar, 1983; Martı́nez del Rio et al., 1996;
Monteiro et al., 1992; Murphy et al., 1993; Reid, 1989).
Some mistletoes species are classified as ‘‘specialists’’
because they are found on few host species, while others
associated with several host plants are classified as
‘‘generalists’’ (López de Buen and Ornelas, 2002;
Norton and Carpenter, 1998; Norton and De Lange,
1999).

In mistletoe plants, host specificity can be favored by
the advantages of interacting with relatively abundant
hosts (Norton and Carpenter, 1998; Norton and De
Lange, 1999). It can be advantageous to mistletoes to be
generalists in heterogeneous communities, because this
allows the plant to grow successfully on the most
potential host (Norton and De Lange, 1999). Thus, the
relative abundance of host species may also interfere in
the degree of host specificity for mistletoes (Norton and
Carpenter, 1998; Norton and De Lange, 1999).

Besides the relative abundance of host species, the size
and diameter of branches of host plants can have a
strong effect on mistletoe fixation (López de Buen and
Ornelas, 2002; Reid, 1989; Sargent, 1995; Yan and Reid,
1995). However, Lamont (1983) suggested that germina-
tion of mistletoe seeds is less influenced by substrate, for
example the type of host’s bark, than by the available
water, oxygen, temperature and light conditions.

Studies on Loranthaceae in Brazil have been predomi-
nantly related to anatomy and embryology (Venturelli,
1981, 1984a, b; Venturelli and Kraus, 1989), and little is
known about their interaction with hosts (Arruda and
Carvalho, in press; Monteiro et al., 1992). Thirty-six
species of Loranthaceae from six genera have been
described from the cerrado vegetation, and Struthanthus

is the main genus, with 16 species (Barboza, 2000). This
genus is widely distributed in Brazilian cerrado, and all
species are hemiparasites (Barboza, 2000). The main
objective of the present study was to determine whether
the Brazilian mistletoe Struthanthus aff. polyanthus Mart.
(Loranthaceae) shows host specificity in an area of cerrado
vegetation (senso strictu, Oliveira and Marquis, 2002), and
also to investigate if the abundance of hosts affects the
degree of specificity in S. aff. polyanthus. This study also
investigated whether bark type and inclination of branches
in host species influence the fixation of S. aff. polyanthus.
Methods

The study site was located in a 628 ha private reserve
of Clube de Caça e Pesca Itororó de Uberlândia
(CCPIU) in Uberlândia, Minas Gerais State (481170

W; 181580 S). Cerrado senso strictu (savanna woodland)
is the main vegetation type in the reserve (Appolinario
and Schiavini, 2002). This vegetation is dominated by
trees and shrubs often 2–4m tall and a fair amount of
herbaceous vegetation. Light and water are not restrict-
ing factors to plants in cerrado, soil nutrients are most
important (Oliveira and Marquis, 2002). Field work was
undertaken between March and September 2003. The
climate in the region is classified as Aw in the Köppen
system, with dry and rainy season well characterized
(Appolinario and Schiavini, 2002; Araújo et al., 1997).

Twenty-six transects were established perpendicular
to a road that crosses the cerrado vegetation. Each
transect was 50� 10m, with a minimum distance of
20m between transects. Only woody plants with a
minimum circumference at breast height (CBH) of 5 cm
were sampled searching for the occurrence of S. aff.
polyanthus in their trunks or stems. All the sampled
hemiparasites were adults having flowers, fruits or scars
produced in their stems by previous fructification. The
height of each tree species included in the sample and the
height at which the hemiparasite was attached to the
branch in relation to the ground and the main trunk
were determined. Stems inclined at an angle equal or
higher than 451 in relation to the main trunk were
classified as ‘‘vertical’’, and those inclined between 01
and 201 also in relation to the main trunk were classified
as ‘‘horizontal’’. We only found stems with hemipar-
asites in these two conditions. The bark rugosity of each
host was classified as smooth or rough (for details about
description of tree barks’ type see Ribeiro et al., 1999).
We also recorded the stem diameter of the three main
hosts of the species: Kielmeyera coriacea, Pouteria

ramiflora and Styrax ferrugineus. Voucher specimens
of S. aff. polyanthus and its host plants were lodged in
the Herbarium Uberlandensis (HUFU).

Two-way ANOVA (Zar, 1999) test was used to examine
differences in abundance of S. aff. polyanthus between
horizontal and vertical inclining branches and between
smooth and rough bark. All species possessing S. aff.
polyanthus were included in this analysis. Data from the
three host species K. coriacea, P. ramiflora and S.

ferrugineus from the study area that had the largest
abundance of S. aff. polyanthus were used for other
analyses. Linear regression analysis (Zar, 1999) was used
to determine if a relationship existed between the height of
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the host and the height at which the mistletoe was attached.
Differences in height of the host species with or without
mistletoes were analyzed by t-test (Zar, 1999). Differences in
diameter classes were analyzed by the ANOVA and Tukey
multiple comparisons test (Zar, 1999). The diameter class
composed of the smallest and largest diameters (respec-
tively, 0.0–1.0 and 7.1–8.0) were excluded since each of these
classes contained only one infested branch.

Results

Six hundred and sixty-six trees were sampled,
corresponding to 38 genera and 47 species. Of these,
17.7% (118 individuals, 12 species) of total trees were
infected by S. aff. polyanthus (Table 1). Most infected
individuals (91) belonged to only three species, with
rough branches: S. ferrugineus (n ¼ 38), P. ramiflora

(n ¼ 28) and K. coriacea (n ¼ 25). These three species
also represent a greater abundance of parasites (62, 40
and 27, respectively) (Table 1).

The average height of fixation of S. aff. polyanthus in
their host plants was 2.83m (minimum of 1.9 and
maximum of 4.5m) in S. ferrugineus, in K. coriacea it
was 2.65m varying from 1.9 to 5.5m, and in P. ramiflora

it was 3.22m varying from 2.0 to 6.0m. The host height
significantly affected the height of attachment of the
mistletoe in the three species (S. ferrugineus – r2 ¼ 0:45;
Po0:001; K. coriacea – r2 ¼ 0:66; Po0:001; P. ramiflora

– r2 ¼ 0:56; Po0:001) (Fig. 1).
There was no significant difference in height of the

host in the presence or absence of the mistletoe for K.

coriacea (t ¼ 1:25; P ¼ 0:216) or S. ferrugineus (t ¼ 1:71;
P ¼ 0:09) (Fig. 2). However, P. ramiflora individuals
were significantly smaller in the absence of the mistletoe
(t ¼ 3:68; Po0:001) (Fig. 2).

The number of mistletoes registered on tree branches
was significantly affected by the bark type (ANOVA;
F ¼ 5:186, df ¼ 1, P ¼ 0:029), but was not significantly
affected by branch inclination (ANOVA, F ¼ 0:118,
df ¼ 1, P ¼ 0:733) or by the interaction between these
two factors (ANOVA; F ¼ 0:003, df ¼ 1, P ¼ 0:955)
(Fig. 3).

The number of mistletoes varied between the different
classes of branch diameter for the three most infected
species (Fig. 4). The ANOVA showed a significant
difference between classes of branch diameter
(F ¼ 6:599; df ¼ 2; P ¼ 0:012). This difference is due
to the larger number of mistletoes found between 1.1
and 3.0 cm of branches diameters (Tukey test, Po0:05).
Discussion

The mistletoe S. aff. polyanthus seems to be generalist
in the cerrado. Host bark type and host abundance in
the study area seem to be important selective factors.
Arruda and Carvalho (in press) registered eight species
infested by S. polyanthus in the cerrado of the State Park
of Serra de Caldas Novas, and also in that place
K. coriacea (42.2%), S. ferrugineus (24.5%), and
P. ramiflora (14.5%) were the host species with highest
numbers of mistletoe individuals. These plants have a
rough bark; however, they are also common in the
investigated cerrados. Norton and Carpenter (1998)
suggested that variation in relative abundance of hosts
can act as a key factor in the patterns of the mistletoe
host specificity, which is further influenced by variations
in the latitudinal climate gradient from temperate to
tropical regions. This pattern is evident from loranthac-
eous mistletoes which show low host specificity in
heterogeneous tropical forests (e.g. New Guinea), and
from high host specificity in temperate forests, which are
relatively poor in species’ numbers (e.g. east Australia
and New Zealand; Norton and Carpenter, 1998). The
specialization can be advantageous for the mistletoes for
different reasons. The main reason seems to be the
resulting increase in the mistletoe’s efficiency in captur-
ing resources (Norton and Carpenter, 1998). However,
specialized mistletoes can be incapable of surviving in
environments with low relative abundance of their hosts,
so generalization can dominate these systems (Resource
Fragmentation Hypothesis – Janzen, 1981). The hosts
K. coriacea, S. ferrugineus and P. ramiflora are species
that are relatively abundant in the Cerrado domain
representing 23% of Brazilian territory (Appolinario
and Schiavini, 2002; Araújo et al., 1997; Cianciaruso et
al., 2005; Ratter et al., 2003; Silva et al., 2002). The fact
that S. aff. polyanthus was abundant in these three hosts
species suggests that a certain degree of specificity is
occurring, even though the mistletoe also occurs in other
species. The mistletoe host species in tropical forests
have low relative abundance (high woody species
richness) compared to the high relative abundance of
host species in temperate forests, due to low species
richness found there (Norton and Carpenter, 1998).
Thus, possibly other factors can be affecting the
occurrence of S. aff. polyanthus on few hosts in the
cerrado area.

K. coriacea, S. ferrugineus and P. ramiflora represent
the host plants for 13.75% of S. aff. polyanthus total
prevalence in CCPIU area. This indicates an aggrega-
tion in the mistletoe population in the study site. Usually
the distribution of the mistletoe, as well as that of other
macroparasites, is aggregated between the hosts (Auke-
ma and Martı́nez del Rio, 2002a, b). This aggregation
can occur due to the host’s distribution, but also because
of other factors, such as the host susceptibility
(Anderson and Gordon, 1982; Pacala and Dobson,
1988). Silicon is an abundant element in the cerrado and
can confer a mechanical defence against herbivory when
it is accumulated in certain vegetable parts (Datnoff
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Table 1. Prevalence, host availability, infested trees and abundance of Struthanthus aff. polyanthus (Loranthaceae) in cerrado area

of CCPIU, Brazil

Hosts Number of

trees

Number of

infested trees

Number of

mistletoes

Number of

mistletoes per

infested tree

Prevalence

Agonandra brasiliensis Miers 3 (0.004) 0 (0.000) 0 (0.000) 0 0

Annona crassiflora Mart. 34 (0.052) 0 (0.000) 0 (0.000) 0 0

Aspidosperma macrocarpon Mart. 4 (0.006) 0 (0.000) 0 (0.000) 0 0

Aspidosperma tomentosum Mart. 2 (0.003) 0 (0.000) 0 (0.000) 0 0

Austroplenckia populnea (Reissek) Lundell 6 (0.009) 0 (0.000) 0 (0.000) 0 0

Bauhinia sp. 1 (0.002) 1 (0.008) 1 (0.005) 1 0.15

Blepharocalyx salicifolius (Kunth) O. Berg 4 (0.006) 0 (0.000) 0 (0.000) 0 0

Bowdichia virgilioides Kunth 24 (0.036) 0 (0.000) 0 (0.000) 0 0

Brosimum gaudichaudii Trécul 2 (0.003) 0 (0.000) 0 (0.000) 0 0

Byrsonima basiloba A. Juss. 2 (0.003) 0 (0.000) 0 (0.000) 0 0

Byrsonima coccolobifolia Kunth 4 (0.006) 0 (0.000) 0 (0.000) 0 0

Byrsonima crassa Nied. 4 (0.006) 0 (0.000) 0 (0.000) 0 0

Cabralea canjerana (Vell.) Mart. 2 (0.003) 2 (0.017) 2 (0.011) 1 0.30

Caryocar brasiliense Cambess. 38 (0.057) 2 (0.017) 2 (0.011) 0.05 0.30

Connarus suberosos Planch. 4 (0.006) 0 (0.000) 0 (0.000) 0 0

Couepia grandiflora (Mart.) Benth. 2 (0.003) 0 (0.000) 0 (0.000) 0 0

Dalbergia violacea (Vogel) Malme 3 (0.004) 2 (0.017) 6 (0.033) 2 0.30

Dimorphandra mollis Benth. 51 (0.076) 8 (0.068) 8 (0.043) 0.16 1.20

Eriotheca gracilipes (Schum.) A. Robyns 25 (0.037) 0 (0.000) 0 (0.000) 0 0

Erythroxylum deciduum A. St.-Hil. 2 (0.003) 0 (0.000) 0 (0.000) 0 0

Erythroxylum suberosum A. St.-Hil. 2 (0.003) 0 (0.000) 0 (0.000) 0 0

Guapira graciliflora (Mart. Ex J.A. Schmidt) 2 (0.003) 0 (0.000) 0 (0.000) 0 0

Hymenaea courbaril L. 2 (0.003) 2 (0.017) 2 (0.011) 1 0.30

Kielmeyera coriacea (Spreng.) Mart. 47 (0.070) 25 (0.212) 27 (0.147) 0.57 3.75

Licania humilis Cham. & Schltdl. 6 (0.009) 0 (0.000) 0 (0.000) 0 0

Machaerium acutifolium Vogel 1 (0.002) 0 (0.000) 0 (0.000) 0 0

Machaerium opacum Vogel 4 (0.006) 0 (0.000) 0 (0.000) 0 0

Miconia pohliana Cogn. 1 (0.002) 0 (0.000) 0 (0.000) 0 0

Ouratea spectabilis (Mart.) Engl. 63 (0.094) 0 (0.000) 0 (0.000) 0 0

Piptocarpha rotundifolia (Less.) Baker 4 (0.006) 0 (0.000) 0 (0.000) 0 0

Plathymenia reticulata Benth. 10 (0.015) 8 (0.068) 22 (0.120) 2.20 1.20

Pouteria ramiflora (Mart.) Radlk. 58 (0.087) 28 (0.238) 40 (0.217) 0.69 4.20

Pouteria torta (Mart.) Radlk. 10 (0.015) 0 (0.000) 0 (0.000) 0 0

Pterodon pubescens Benth. 4(0.006) 0 (0.000) 0 (0.000) 0 0

Qualea grandiflora Mart. 2 (0.003) 0 (0.000) 0(0.000) 0 0

Qualea multiflora Mart. 12 (0.018) 0 (0.000) 0 (0.000) 0 0

Qualea parviflora Mart. 26 (0.039) 0 (0.000) 0 (0.000) 0 0

Roupala montana Aubl. 5 (0.008) 0 (0.000) 0 (0.000) 0 0

Sclerolobium aureum (Tul.) Benth. 22 (0.033) 0 (0.000) 0 (0.000) 0 0

Stryphnodendron adstringens (Mart.) Cov. 17 (0.026) 0 (0.000) 0 (0.000) 0 0

Stryphnodendron polyphyllum Mart. 10 (0.015) 0 (0.000) 0 (0.000) 0 0

Styrax ferrugineus Nees & Mart. 64 (0.096) 38 (0.322) 62 (0.337) 0.97 5.70

Tabebuia aurea Benth. & Hook.f. ex S. Moore 2 (0.003) 0 (0.000) 0 (0.000) 0 0

Vochysia cinnamomea Pohl 54 (0.081) 0 (0.000) 0 (0.000) 0 0

Vochysia rufa (C.K. Spreng.) Mart. 19 (0.028) 0 (0.000) 0 (0.000) 0 0

Leguminosa indet. 1 1 (0.002) 1 (0.008) 1 (0.005) 1 0.15

Leguminosa indet. 2 1 (0.002) 1 (0.008) 11 (0.060) 11 0.15

Total 666 (1) 118 (1) 184 (1) 17.7

Prevalence was calculated dividing the number of infested trees of a given host species by the total number of trees. Relative values are given in

parentheses.
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et al., 2001). E.g., the silicon accumulation near the walls
of soya bean cells can block parasitism by mold
(Datnoff et al., 2001). S. ferrugineus and P. ramiflora

do not accumulate silicon in their tissues (Oliveira,
2004), and we suggest that in other shoots silicon could
act also as a physical barrier against the mistletoes
haustorium penetration.

The significant increase in occurrence and attachment
position of S. aff. polyanthus with the increase in host
height may be due to the use of topmost perches by bird
dispersers. K. coriacea does not present a peculiar
structural crown complexity, except that it loses the
leaves completely in the dry season. This could be a
possible answer as to why there was no significant
difference in the host height where S. aff. polyanthus was
present or not in this species. However, there was a
significant difference for the P. ramiflora height,
depending on the absence or presence of mistletoe. This
species has a well-shaped crown, presenting the largest
structural complexity in high growing host trees, which
can interfere the way the birds use the perch. For
example, Tersina viridis (Emberezidae) shows a clear
preference for top branch perches with dense foliage
when they are flock feeding (Monteiro et al., 1992).
Although there was no significant difference to S.
ferrugineus, probably the same process may be effective
also in this species since an increasing trend in the S. aff.
polyanthus abundance with higher host sizes can be seen
(Fig. 2). S. ferrugineus presents crown features very
similar to P. ramiflora. López de Buen and Ornelas
(1999) suggest that hosts have an important function
when the birds are looking for mistletoes fruits because
the bird can recognize the host’s as well as the
mistletoe’s presence. This effect can be greater for hosts
that lost their leaves, as K. coriacea, since the mistletoes
always remain green getting increased attention by fruit-
eating birds in leafless host crowns (Aukema and
Martı́nez del Rio, 2002b; Martı́nez del Rio et al.,
1996). Host trees localized around already infected hosts
can be easily contaminated, and this can also intensify
the aggregated pattern of S. aff. polyanthus occurrences
in the CCPIU.

In this study, there was a significant difference in the
mistletoe attachment between hosts with different
branch bark types. We suggest that this results from
the fact that a bark of high roughness can facilitate
attachment of the mistletoe, while this should be more
difficult on a smoother bark. S. aff. polyanthus, in the
study area, presents fruits in the beginning of summer
(A.P.A. Oliveira, unpublished data and author’s
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personal observation), a period when precipitation is
higher (see Oliveira and Marquis, 2002). Loranthaceous
mistletoes are dispersed by birds that swallow whole
fruits and afterwards regurgitate the seeds on the plant
branches. A smooth branch has a smaller recess
quantity, and rain and wind can be more efficient in
removing the seeds than in the case on rough branches.
The occurrence of S. aff. polyanthus in plants with rough
branches suggest that host structural characteristics
represent one basic condition for a possible occurrence
of the hemiparasites. However, this still must be verified
by a specific experiment growing mistletoe seeds in
different host plants with distinct bark features and
assessing their peculiar vitality on these substrates.
Martı́nez del Rio et al. (1995) demonstrated that spines
of Eulychnia acida and Echinopsis chilensis (two species
of columnar cacti) affected the deposition of Tristerix

aphyllus (Loranthaceae). The spines can deter bird
perching and probably reduce seed deposition rates on
the cacti. Moreover, the spines may also impede contact
between the mistletoe’s radicle and the cactus epidermis
and hence reduce mistletoe establishment (Martı́nez del
Rio et al., 1995).

Branch diameters of the host plant also play an
important role for mistletoe occurrence. Sargent (1995)
verified that viscaceous mistletoes have higher seedling
survival when growing on branches with diameters
between 1.0 and 1.4 cm. These mistletoes apparently are
unable to penetrate the thicker bark of larger diameter
host stems and to tap the xylem of their hosts, because
bark thickness increased with branch diameter (Sargent,
1995). In our study, S. aff. polyanthus was rarely
observed in branches with diameters larger than
3.0 cm. In the three main hosts K. coriacea, S.

ferrugineus and P. ramiflora, S. aff. polyanthus occurred
predominantly on branches with diameters between 1.1
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and 3.0 cm that is relatively close to the diameter classes
found by Sargent (1995).

This is the first study in Brazil investigating the
interaction between a mistletoe species and its host
plants. Our results suggest that S. aff. polyanthus do not
present host specificity. Moreover, we suggest that the
mistletoe occurrence in higher abundance in three
particular host species was due to the host’s morpho-
logical and ecological characteristics – as abundance of
occurrence, roughness of bark and susceptibility. The
loranthaceous data presented here do not confirm the
suggestion that the substract has little influence in
mistletoe establishment (Lamont, 1983). The S. aff.
polyanthus–host relationship in cerrado suggests the
host specialization to be mainly related to the host bark
type. Notwithstanding, we suggest manipulative experi-
mental tests to better investigate this hypothesis in
future works.
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