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Non-overlap of hosts used by three congeneric and sympatric 
loranthaceous mistletoe species in an Amazonian savanna: host 

generalization to extreme specialization

RESUMO
(Não-sobreposição de hospedeiros utilizados por três espécies de ervas-de-passarinho lorantáceas congêneres e simpátricas 
em uma savana Amazônica: generalização pelo hospedeiro à extrema especialização). Duas hipóteses principais predomi-
nam na literatura sobre a especifi cidade entre ervas-de-passarinho e hospedeiros: (1) ervas-de-passarinho só poderão se 
especializar em espécies de plantas em que elas são frequentemente depositadas; e (2) compatibilidade entre as ervas-de-
passarinho e as espécies de plantas é um prerequisito para o parasitismo. Explorei estas hipóteses com o estudo dos padrões 
de deposição de sementes e a compatibilidade entre ervas-de-passarinho e hospedeiros em populações de três espécies de 
ervas-de-passarinho congenéricas e simpátricas do gênero Psittacanthus (P. biternatus, P. eucalyptifolius and P. plagiophyllus 
– Loranthaceae) e registrei a presença ou ausência destas três espécies em 15 espécies de árvores em uma mancha de savana 
na Amazônia. Entre as cinco espécies de árvores que eu encontrei infectadas, também registrei se elas possuíam pelo menos 
uma semente de erva-de-passarinho de qualquer das espécies aderida aos seus galhos. Finalmente, plantei sementes de todas 
as espécies de ervas-de-passarinho nas mesmas árvores em várias espécies de hospedeiros e não-hospedeiros e registrei a 
sobrevivência das sementes e o estabelecimento ao fi nal de 7 (P. plagiophyllus) e 12 meses (P. biternatus e P. eucalyptifolius). 
Não houve sobreposição entre as árvores utilizadas como hospedeiros pelas três espécies de Psittacanthus. As espécies de 
ervas-de-passarinho mais especializadas ocorreram em diferentes espécies de hospedeiros com baixa abundância relativa 
na área de estudo (Psittacanthus eucalyptifolius em Vatairea macrocarpa (Benth.) Ducke, e P. plagiophyllus em Anacardium 
occidentale L.). A compatibilidade entre a erva-de-passarinho e o hospedeiro, e não o padrão de deposição de sementes, foi 
o fator mais propício a explicar os padrões de uso de hospedeiros por Psittacanthus neste local. 

Palavras-chave: especifi cidade por hospedeiro; Loranthaceae; Psittacanthus; hipótese da fragmentação de recurso; 
germinação de sementes; estabelecimento de plântula
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ABSTRACT
(Non-overlap of hosts used by three congeneric and sympatric loranthaceous mistletoe species in an Amazonian 
savanna: host generalization to extreme specialization). Two main hypotheses predominate in the literature on 
mistletoe-host specifi city: (1) mistletoes are only likely to specialize on plant species on which they are frequently 
deposited; and (2) compatibility between mistletoes and plant species is a prerequisite for mistletoe-host parasitism. 
I explored these hypotheses by studying the seed deposition patterns and mistletoe-host compatibility in popula-
tions of three congeneric and sympatric mistletoe species of the genus Psittacanthus (P. biternatus, P. eucalyptifolius 
and P. plagiophyllus – Loranthaceae). I recorded the presence or absence of these mistletoe species in 15 tree species 
in a savanna patch in Amazonia. Among the fi ve tree species that I found to be potential hosts (at least one tree 
individual infected), I also recorded if they had at least one mistletoe seed of any species attached to their branches. 
Finally, I planted seeds of all mistletoe species on the same individual trees in various hosts and non-host species and 
recorded seed survivorship and seedling establishment within 7 (P. plagiophyllus) to 12 months (P. biternatus and P. 
eucalyptifolius) aft er planting. Th ere was no overlap among trees used as hosts by the three Psittacanthus species. Th e 
most specialized mistletoe species occurred in diff erent host tree species with low relative abundance at the study site 
(Psittacanthus eucalyptifolius on Vatairea macrocarpa (Benth.) Ducke, and P. plagiophyllus on Anacardium occidentale 
L.). Mistletoe-host compatibility, and not seed deposition patterns, was the factor most likely to explain patterns of 
host use by Psittacanthus species at this study site.

Key words: host specifi city; Loranthaceae; Psittacanthus; resource-fragmentation hypothesis; seed germination; 
seedling establishment
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Introduction
Mistletoes are plants that locally parasitize only a subset 

of potential hosts and, like other parasites, they frequently 
show specifi city for the most common host trees (Norton 
& Carpenter 1998, and references therein). Th is pattern is 
mostly found in less diverse forests such as in the Eucalyp-
tus forests of Australia (Barlow & Wiens 1977), and in the 
Nothofagus forests of New Zealand (Norton & De Lange 
1999), but also occurs in more diverse savannas (Arruda 
et al. 2006).

Although high specialization in some mistletoe species 
may be only the result of frequent encounters between 
mistletoe seeds and the commonest plants, a few other 
studies have argued that non-random perch preferences of 
seed dispersers are also important for shaping the patterns 
of mistletoe infection prevalence (proportion of infected) 
and, ultimately, determining host specifi city (Monteiro et 
al. 1992). Th e decisions taken by birds may either result 
in a pattern that concentrates mistletoe seeds on the most 
abundant trees (López De Buen & Ornelas 1999), or even 
on the less abundant ones (Aukema & Martinez Del Rio 
2002; Roxburgh & Nicolson 2005).

A diff erent perspective is off ered in studies that focus 
on the processes of mistletoe-host compatibility (May 1971; 
Yan & Reid 1995). Mistletoe-host compatibility is a result of 
the genetically and, perhaps, environmentally determined 
biochemical, mechanical, and physiological processes in 
the parasite and host, including mistletoe infectivity (such 
as the production of enzymes) and host susceptibility (such 
as bark and xylem resistance) (Yan 1993).  Mistletoe-host 
compatibility is a trait that may counteract or amplify the ef-
fects of seed rain on the observed distribution of mistletoes.

Few studies have disentangled the roles of tree species 
abundance, seed dispersal, and mistletoe-host compat-
ibility in determining the patterns of mistletoe infection 
prevalence among diff erent tree species, and among diff er-
ent mistletoe species (e.g. Yan 1993; Roxburgh & Nicolson 
2005). In this study, I set out to distinguish the hosts from 
non-host trees of three congeneric mistletoe species (Psit-
tacanthus biternatus, P. eucalyptifolius and P. plagiophyllus 
– Loranthaceae) while controlling for patterns of seed rain. 
I investigated three of the potential processes that deter-
mine the observed association between mistletoes and tree 
species: seed deposition, seed survivorship and seedling 
establishment. My main questions were: (i) Do mistletoes 
overlap the tree species used as hosts? (ii) What are the 
roles of seed deposition and mistletoe-host compatibility 
in determining associations between mistletoes and tree 
species? I predicted that (1) mistletoe species would special-
ize on the most common trees; further, I predicted that (2) 
mistletoes would infect the closely related trees. I explored 
these predictions by surveying for mistletoe infections on 
various species of trees and by conducting a seed inoculation 
experiment on various potential host trees.

Material and methods
Study site and species

Th is study was conducted in a patch of Amazonian 
savanna (a Cerrado like vegetation, 1 km x 1 km) on the 
right margin of the Tapajós River, near Alter do Chão vil-
lage, Santarém, Pará, Brazil (S 2º 31’, W 59º 00’). Th e study 
site is unburned for the last 10 years (Albertina Lima, pers. 
comm.). Because of this, it was chosen for the present study. 
Th ere are large clumps of fi re sensitive shrubs and at least 
22 tree species typical of South American savannas such as 
Byrsonima spp. (Malpighiaceae), Salvertia convallariodora 
and Qualea grandifl ora (Vochysiaceae), Lafoensia pacari 
(Lythraceae) and Pouteria ramifl ora (Sapotaceae), some of 
the most abundant species (Sanaiotti & Magnusson 1995). 
Canopy is discontinuous, and average tree height is only 
3.17 m (Miranda 1993). Most of the rainfall is between 
December and April. Mean annual rainfall is 2192 mm, and 
mean annual temperature is 27.5 ºC. 

Th e three mistletoe species studied were: Psittacanthus 
biternatus (Hoff manns.) G. Don, P. eucalyptifolius (Kunth) 
G. Don and P. plagiophyllus Eichler. Species are woody, aerial 
hemiparasitic shrubs, possessing a single, large haustorium 
deeply attached to their host’s branches, which provides 
them with water, minerals, and some nutrients (Marshall 
& Ehleringer 1990). Mature fruits are black pseudo-berries, 
and the single seeds are mostly dispersed by tyrant fl ycatch-
ers through regurgitation. For instance, at least P. plagio-
phyllus is mainly dispersed by the small fl ycatcher Elaenia 
cristata (Fadini et al. 2009). All mistletoe seeds are easily 
distinguishable from each other because they have diff erent 
numbers, shape, size and aspect of their cotyledons.

Mistletoe infection and seed deposition patterns

From middle August to November 2006, I quantifi ed the 
general pattern of parasitism in trees located on 16 sample 
plots randomly selected within the study site (dataset 1). 
Plots were at least 50 m apart, and all trees ≥ 2 m tall were 
counted in a circle of 10 m radius. For each tree I recorded: 
species, height, DSH (diameter at soil height), presence/
absence of mistletoe infections, and mistletoe species, if 
present. To increase the sample size, I also used a second da-
taset (dataset 2) in which I searched actively for all host trees 
infected by at least one of the three mistletoe species found 
in dataset 1 in a 4.5 ha plot (150 m x 300 m). In this second 
dataset, I also recorded the presence of mistletoe seeds on 
branches as well as the number of mistletoe infections on 
the host trees. Furthermore, to minimize the potential eff ects 
of false-absences (sensu Martin et al. 2005), two observers 
performed the sampling simultaneously. I searched for 
mistletoes from the ground using binoculars when the tree 
was large (ca. 5 to 6 m), while the second observer climbed 
the tree using an aluminum ladder. I only considered the 
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hosts actually infected by each one of the mistletoe species 
to calculate mistletoe infection prevalence. In comparisons 
involving dataset 2, I considered these fi ve tree species as 
potential hosts for the analyses of seed rain.

Seed survivorship and seedling establishment

From the end of March to mid May 2007, individuals 
of nine experimental tree species were inoculated simul-
taneously with seeds of P. biternatus and P. eucalyptifolius, 
and in September 2008 with seeds of P. plagiophyllus (Tab. 
1). I chose two groups of experimental tree species, those 
I previously knew to be infected by at least one mistletoe 
species (for which I slightly increased sample size), and 
those with high relative abundance in the study site but 
without previous information on parasitism (6 to 10 
individuals per tree species, mean = 7.1 ± 1.4) (Tab. 1). 
Experimental trees were not parasitized, were at least 2 
m tall, and appeared healthy at the beginning of the ex-
periment. Individuals were geo-referenced, marked with 
aluminum tags, and located at least 50 m from each other. 
On each tree, three branches were tagged with sequential 
numbers and measured (precision = 0.1 mm) to receive 
the respective mistletoe seeds.

Fruits were collected from mistletoes on diff erent trees 
located at least 50 m from the 150 x 300 m plot, and placed 
in separated paper bags to inoculate the seeds one day 
later. I removed the pericarp of fi ve fruits per species by 
hand and arranged seeds linearly 2 cm apart on the tagged 
horizontal branches (one branch for each species). Mistletoe 
species were inoculated on each branch at random, using 
numbered papers to sort a number from 1 to 3. I inoculated 
seeds of P. biternatus and P. eucalyptifolius in two of them. I 
returned 18 months later (September 2008) to conduct the 
same experiment with P. plagiophyllus on the remaining 
branch. Each day, mistletoe seeds were inoculated on all 
tree species simultaneously, usually one or two individuals 
per tree species per day. If seeds ended, a new batch was 
collected and inoculated in the next day. Th e proportion 
of established seedlings (presenting primordial leaves) and 
seeds that stayed alive (established seedlings + germinated 
seeds) were counted in the 12th month for P. biternatus and 
P. eucalyptifolius, and in the 7th month for P. plagiophyllus. 
All results are presented with their means ± SE.

Statistical analyses

I used chi-square to compare the expected and the ob-
served frequencies of seeds arriving at diff erent host trees for 
each mistletoe species. Th e expected frequency was based on 
the relative abundance of each host in the large plot (dataset 
2). I used ANOVA to test for diff erences in seed survival 
and seedling establishment. Finally, I used correlation tests 
to compare seed deposition, seed survival and seedling 
establishment among mistletoes whenever possible.

Results
I recorded 15 tree species in dataset 1. However, only 

four presented mistletoe infections. Among them, there 
was no overlap of hosts used by the three mistletoe species. 
I tagged 4102 tree individuals in dataset 2 and confi rmed 
the non-overlap. Finally, I showed that 17% of all experi-
mentally inoculated mistletoe seeds survived and only 5.8% 
established in the seed inoculation experiment; all were only 
able to germinate and establish on the same trees found as 
hosts in datasets 1 and 2.

Intraspecific patterns of host use, seed deposition, seed 
survivorship and seedling establishment

Psittacanthus biternatus

Th is species infected mainly the commonest tree spe-
cies in the dataset 1 (Byrsonima crassifolia, 23% of 553 
individuals), its congeneric (B. coccolobifolia, 5.2%), and 
Pouteria ramifl ora (8.5%) (Tab. 2). In dataset 2, among the 
fi ve potential host trees, Byrsonima crassifolia was also the 
most abundant, P. ramifl ora the third and B. coccolobifolia 
the fourth (Tab. 3). Patterns of infection by P. biternatus in 
dataset 2 was inversely proportional to host abundance, thus 
B. crassifolia was the most abundant host species but had the 
lowest mistletoe infection prevalence, followed by P. rami-
fl ora and B. coccolobifolia (Tab. 3). Byrsonima coccolobifolia 
and P. ramifl ora had many more infected individuals than 
expected from their relative abundance (x2 = 6.64, df = 2, P 
< 0.05), while B. crassifolia was less infected than expected.

Seeds of P. biternatus were found in only 13 trees (0.3% 
of the tagged trees) and arrived at 0.4% of its potential host 
trees in dataset 1(sum of B. crassifolia, B. coccolobifolia and 
P. ramifl ora individuals). It was unfruitful to analyze the 
seed-rain data for P. biternatus due to the low expected 
frequencies of trees receiving its seeds (Fig. 1a). Seeds 
inoculated experimentally germinate (open cotyledons) 
within a few hours aft er being released from the pericarp. 
Survivorship of seeds of P. biternatus was widespread, but 
markedly diff erent among the nine potential host trees (Fig. 
1b). Seedling establishment, on the other hand, was limited 
to three species: Byrsonima coccolobifolia, B. crassifolia and 
Pouteria ramifl ora (Fig. 1c). 6.3% of inoculated seeds estab-
lished in the fi rst year. Th e total percentage of established 
seedlings was 32% in B. coccolobifolia, 2% in B. crassifolia 
and 10% in P. ramifl ora.

Psittacanthus eucalyptifolius

Any of the tree species sampled was parasitized by P. 
eucalyptifolius in dataset 1 (Tab. 2). However, it was found 
parasitizing Vatairea macrocarpa outside the sample plots, 
and therefore, I included this species as a potential host tree 
for P. eucalyptifolius in dataset 2 (Tab. 3). Seeds of P. euca-
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Table 1. Number of individuals of nine tree species in which seeds of Psittacanthus spp. were experimentally inoculated in Alter do Chão, Pará, Brazil. Th e last line 
shows the total number of seeds inoculated on these trees for each mistletoe species.

Host species
Mistletoe species

P. biternatus P. eucalyptifolius P. plagiophyllus

Anacardium occidentale 6 6 6

Byrsonima coccolobifolia 10 8 6

Byrsonima crassifolia 10 7 6

Hymatanthus Fallax 7 7 6

Lafoensia pacari 7 7 6

Pouteria ramifl ora 10 8 6

Qualea grandifl ora 7 7 6

Salvertia convallariodora 7 7 6

Vatairea macrocarpa 7 10 6

Total number of seeds inoculatedà 355 335 270

Table 2. Tree abundance and prevalence of three mistletoe species of Psittacanthus (Loranthaceae) in 16 circular plots of savanna near Alter do Chão, Pará, Brazil 
(data from dataset 1). Host trees with at least one infected individual are in bold.

Tree species Family
Total 

abundance
Average abundance 

per plot (± SD)
No. of plots

Psittacanthus
biternatus

Psittacanthus
eucalyptifolius

Psittacanthus
plagiophyllus

Prevalence (%) Prevalence (%) Prevalence (%)

Ana  cardium occidentale* Anacardiaceae 6 0.38±0.7 4 - - 3 (50)

Xylopia aromatica Annonaceae 33 2.06±2.3 12 - - -

Hymatanthus Fallax* Apocynaceae 43 2.7±2.3 14 - - -

Tabebuia ochracea Bignoniaceae 6 0.38±0.7 4 - - -

Bowdichia virgilioides Fabaceae 10 0.63±0.8 7 - - -

Vatairea macrocarpa* Fabaceae 47 2.94±2.1 14 - - -

Sclerolobium paniculatum Fabaceae 27 1.7±3.1 8 - - -

Lafoensia pacari* Lythraceae 35 2.2±1.4 15 - - -

Byrsonima coccolobifolia* Malpighiaceae 29 1.8±1.3 13 3 (10) - -

Byrsonima crassifolia* Malpighiaceae 127 7.9±5.8 16 1 (0.8) - -

Roupala montana Proteaceae 3 0.2 ± 0.8 1 - - -

Pouteria ramifl ora* Sapotaceae 47 2.9 ± 3.5 13 1 (2) - -

Simarouba amara Simaroubaceae 8 0.5 ± 0.9 5 - - -

Qualea grandifl ora* Vochysiaceae 62 3.9 ± 2.4 16 - - -

Salvertia convallariodora* Vochysiaceae 70 4.4 ± 3.6 15 - - -

Total 553 16

*Species inoculated with mistletoe seeds

Table 3. Tree abundance, height and prevalence of three mistletoe species of Psittacanthus (Loranthaceae) in a 4.5 ha (150 m x 300 m) plot of savanna near Alter do 
Chão, Pará, Brazil (data from dataset 2). Data only include tree species parasitized with mistletoes in the dataset 1.

Tree species Total abundance Height (m) (±SD)
P. biternatus P. eucalyptifolius P. plagiophyllus

Prevalence (%) Prevalence (%) Prevalence(%)

Anacardium occidentale 122 3,3±1,6 - - 48 (39)
Byrsonima coccolobifolia 468 2,3±1,7 15 (3.2) - -
Byrsonima crassifolia 1475 2,3±1,2 6 (0.4) - -
Pouteria ramifl ora 825 3,4±1,7 14 (1.7) - -
Vatairea macrocarpa 1212 2,4±1,3 - 4.5 (55) -
Total 4102 35 (1.2)
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lyptifolius were found in 6% of the tree individuals tagged in 
dataset 2, and only 3.4% of the individuals of V. macrocarpa 
received at least one seed. Seed deposition of P. eucalypti-
folius was not proportional to relative tree abundance in 
dataset 2 (x2 = 33.4, df = 4, P < 0.001; Fig. 2a), including a 
lower than expected proportion of V. macrocarpa receiving 
their seeds.

Seeds of P. eucalyptifolius inoculated experimentally 
germinate a few days aft er being released from the pericarp. 
As in P. biternatus, seed survivorship was also widespread 
but markedly diff erent across the nine tree species (Fig. 
2b). Aft er one year, seeds of P. eucalyptifolius inoculated 
on the nine tree species had only established on V. mac-
rocarpa (Fig. 2c).

Psittacanthus plagiophyllus

Th is species was found uniquely as a parasite of the 
cashew tree, Anacardium occidentale. It is one of the trees 
with lower relative abundance at the study site and in the 
region (R. Fadini, pers. obs.), but was heavily parasitized by 
P. plagiophyllus (dataset 2, Tab. 3). 

Seeds of P. plagiophyllus were produced abundantly and 
arrived at 13.2% of the tagged trees, and in 24.6% of A. oc-
cidentale individuals in dataset 2. Seed deposition was not 
proportional to relative tree abundance in P. plagiophyllus 
(x2 = 89.9, df = 4, P < 0.001; Fig. 3a), and occurred more 
than expected in A. occidentale. However, this test rendered 
a non-signifi cant result when I removed the infected cashew 
trees from the analysis.

Although seeds of P. plagiophyllus experimentally inocu-
lated could survive up to seven months on V. macrocarpa 
(10% of the planted seeds), they only germinate when in 
contact with A. occidentale (Fig. 3b), even though it also 
takes at least one month to occur. Likewise, establishment 
is only possible in A. occidentale, where 37% of the planted 
seeds have been established aft er seven months (Fig. 3c).

Interspecifi c comparisons: seed deposition, seed survivorship 
and seedling establishment

Sixty-seven individuals (8.3% of the 801 tree individuals 
that received seeds) had seeds of both P. eucalyptifolius and 
P. plagiophyllus; fi ve individuals (0.6%) of P. biternatus and 
P. plagiophyllus; 2 individuals (0.25%) of P. biternatus and 
P. eucalyptifolius, and only one individual (0.1%) had all 
three mistletoe seeds. Th erefore, patterns of seed deposi-
tion among mistletoe species were not spatially correlated, 
since there was low overlap among individual trees receiv-
ing more than one mistletoe species. On the other hand, 
a similar proportion of each tree species received seeds of 
both P. eucalyptifolius and P. plagiophyllus (Monte Carlo 
test: r = 0.85, P = 0.03, aft er 100 randomizations), but not 
of P. plagiophyllus and P. biternatus (r = 0.15, P = 0.46), or P. 
eucalyptifolius and P. biternatus (r = 0.55, P = 0.15). 

The proportion of surviving seeds in the seed inocu-
lation experiment was, on average, 1.8 times higher on 
P. eucalyptifolius that on P. biternatus (0.26 ± 0.37 vs. 
0.14 ± 0.25, F1, 119 = 5.76, P = 0.02), differences between 
the two mistletoes depend greatly on the tree species 
considered (tree x mistletoe interaction: F8, 119 = 4.64, P 
< 0.001). P. biternatus performed better than P. eucalyp-
tifolius in five species (Fig. 1b), while Psittacanthus eu-
calyptifolius performed better than P. biternatus in four 
tree species (Fig. 2b). Additionally, there was a negative 
but not significant correlation between the proportion 
of seed survivorship of P. eucalyptifolius and P. biternatus 
(Spearman rho = - 0.57, P = 0.1). Comparisons between 
P. plagiophyllus the other two Psittacanthus species 
were not possible due to differences in environmental 
conditions during the time of seed exposure. However, 
it becomes evident from the results that P. plagiophyllus 
is highly specialized on A. occidentale.

Discussion
Th ere was no overlap among trees used as hosts by three 

Psittacanthus species occurring in an Amazonian savanna 
patch. Psittacanthus biternatus was a generalist, parasitizing 
some of the most common tree species, P. eucalyptifolius 
occurred only on Vatairea macrocarpa, while P. plagiophyl-
lus occurred on only one of the less abundant species, the 
cashew tree Anacardium occidentale. Th is contradicts the 
current ideas suggesting that when tree species have low 
relative abundance, they are unable to support specialized 
parasites (Norton & Carpenter 1998). Furthermore, this 
study highlights the importance of mistletoe-host compat-
ibility as an important determinant of host use and the 
patterns of infection prevalence in mistletoes.

Infection patterns: tree abundance

Mistletoe infection prevalence was only partially related 
to relative tree abundance in one of the three mistletoe 
species. As predicted, P. biternatus infected the commonest 
tree species, B. crassifolia, and its congener, B. coccolobifolia 
(together performing on 28.2% of tree individuals). On the 
other hand, mistletoes did not infect the second and third 
most common trees (S. convallariodora and Q. grandifl ora, 
Vochysiaceae; 23.9% of individuals) on the sample plots. 
Th is is interesting because members of this family are the 
main host trees for another Psittacanthus species (P. robus-
tus) in Central Brazilian Cerrado, and there, relative abun-
dance seems to infl uence mistletoe specifi city (Monteiro 
et al. 1992). Th e other tree species infected by P. biternatus 
was Pouteria ramifl ora. Despite being the fourth most com-
mon tree at this study site, this species corresponds to only 
8.5% of tree individuals. In sum, I have not found evidence 
to support the hypothesis that tree abundance is the main 
factor leading to infection patterns.
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In a study of plants infected by Struthanthus polyanthus 
(Loranthaceae), Arruda et al. (2006) suggest that other fac-
tors, in addition to abundance, were also responsible for 
observed patterns of infection such as the rough bark of the 
species, and the incapacity to accumulate silica on its tissues, 
that act as a physical barrier to mistletoe haustorium pen-
etration on trees. A crucial next step in this research would 
be to investigate the role of these tree traits explaining pat-
terns of mistletoe infection and mistletoe-host association.

Although P. biternatus was the most generalist mistle-
toe species, it was not totally unspecifi c with respect to 
host trees, being more prevalent than expected on B. 
coccolobifolia and on P. ramifl ora, the two least common 
hosts. It is evident that other factors, in addition to host 
abundance, are necessary to explain mistletoe infection 
prevalence for this species. A similar pattern has been 

shown for other mistletoe species, where this is probably 
related to disproportionate seed rain on some host trees 
(López De Buen & Ornelas 1999; Aukema & Martinez Del 
Rio 2002) and/or to mistletoe-host compatibility (López 
De Buen & Ornelas 2002).

Another common predicted pattern in mistletoes 
is the size-occupancy relationship wherein larger 
trees are disproportionately infected (Overton 1994). 
Roxburgh & Nicolson (2005) had extrapolated this to 
between tree species and found a significant effect of 
tree height on mistletoe prevalence for one of the two 
mistletoe species they studied. I found that the tallest 
trees in the study site (Salvertia convallariaeodora and 
Sclerolobium paniculatum) were not infected by mistle-
toes, and therefore, that host size seems not to influence 
mistletoe infection patterns. 

Figure 1. From left  to right: a) seed deposition, b) seed germination and c) seedling establishment of Psittacanthus biternatus on potential host trees in Alter do 
Chão, PA, Brazil. In a) fi lled bars represent the observed number of trees of potential host species that received at least one mistletoe seed, while open bars represent 
the expected number of trees receiving mistletoe seeds based on their relative abundance. In b) bars represent the mean number of seeds remaining one year aft er 
inoculation plus SE. In c) bars represent the mean number of seedlings establishing one year aft er inoculation plus SE.

Figure 2. Seed deposition, seed germination and seedling establishment of Psittacanthus eucalyptifolius on potential host trees in Alter do Chão, PA, Brazil. In b) 
and c): see Fig. 1 for graph specifi cations.

ACTA V_25(2)_ART09_p337a345.indd   342ACTA V_25(2)_ART09_p337a345.indd   342 04/08/11   11:01:1704/08/11   11:01:17



Acta bot. bras. 25(2): 337-345. 2011.

Non-overlap of hosts used by three congeneric and sympatric loranthaceous mistletoe species in an Amazonian savanna...

343

Figure 3. Seed deposition, seed germination and seedling establishment of Psittacanthus plagiophyllus on potential host trees in Alter do Chão, PA, Brazil. In b) and 
c): see Fig. 1 for graph specifi cations, except that the total period of the experiment is 7 months.

Seed- rain patterns

Few tree individuals shared seeds of diff erent mistletoe 
species, but the proportion of each tree individual of each 
species receiving seeds was highly correlated between P. 
eucalyptifolius and P. plagiophyllus. Despite the low number 
of seeds of P. biternatus, these results suggest that seed drop-
ping locations of seed dispersers aft er consuming mistletoe 
fruits of diff erent species were not correlated, indicating 
absence of spatial autocorrelation or that they were not 
grouped by spatial proximity, which may arise from distinct 
positions of mistletoe species within the sample plot. On 
the other hand, there was a high correlation between the 
proportion of host trees receiving seeds of either P. euca-
lyptifolius or P. plagiophyllus. As these two mistletoe species 
do not overlap fruiting periods, they could be dispersed by 
the same birds. Furthermore, because they parasitize dif-
ferent tree species, seed dispersers should play a small role 
in determining their tree specifi city. A similar approach has 
been suggested for two Australian mistletoes (Yan 1993), but 
the present study is the fi rst to provide empirical evidence 
of this mechanism (or the lack of it).

A disproportionate seed rain on tree species occurred 
for all mistletoes. Th is provides indirect evidence that birds 
visit some tree species more oft en than expected from their 
abundance. Several other studies have made observations 
of bird dispersers visiting some host trees more frequently 
than others (López De Buen & Ornelas 1999; Roxburgh 
& Nicolson 2005). In this study, I also considered other 
non-host trees in order to explain specialization. Only P. 
biternatus had a disproportionate seed rain onto one of its 
host trees. Nevertheless, seed rain does not fully predict 
the current patterns of mistletoe infection prevalence, and 
therefore, mistletoe-host compatibility may be a major fac-
tor infl uencing infection (e.g. López de Buen & Ornelas, 
2002). For P. eucalyptifolius, I found a higher proportion of 
B. crassifolia receiving mistletoe seeds than expected, but 

its unique host V. macrocarpa had a lower proportion of 
individuals receiving seeds than predicted. Finally, a much 
greater than expected proportion of P. plagiophyllus seeds 
were found on A. occidentale and P. ramifl ora. However, 
this result disappeared when I removed the infected trees 
of its own host species (A. occidentale) from the analysis. In 
summary, except for P. biternatus, seed rain patterns were 
not related to trees selected as hosts by mistletoe species, 
being more common on non-host than on host trees. Th ese 
patterns can be better understood if we take an approach 
that considers the positions of mistletoe infections, the 
relative abundance of tree species, and the movement of 
bird dispersers within the subplots. Ideally, there should be 
a combination of post-foraging observations of potential 
bird dispersers and a survey of mistletoe seeds for all tree 
species available (e.g. Medel et al. 2004).

Mistletoe-host compatibility

Seedling establishment of mistletoes on diff erent tree 
species provided unequivocal evidence that mistletoe-host 
compatibility is the main factor driving the observed pat-
tern of mistletoe specialization in Psittacanthus species. 
Additionally, the patterns of mistletoe infection prevalence 
on P. biternatus nicely match the results of the fi eld experi-
ment, suggesting that the activity of frugivorous birds is not 
required to explain the patterns found. Th e seed inoculation 
experiment revealed that: mistletoe seedlings could survive 
for one year or more without establishing on non-host 
trees (Lamont 1983); congener mistletoe species living in 
sympatry may require very diff erent host stimuli and/or 
resources to establish on unrelated host species (Yan & Reid 
1995); and some mistletoe species (P. plagiophyllus) may not 
even be able to germinate on the wrong tree species.

Several studies have found that mistletoes soon germi-
nate aft er being released from the exocarp (Lamont 1983; 
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Yan 1993). In this study, P. biternatus germinated a few hours 
aft er being released, while P. eucalyptifolius germinated in a 
few weeks. Nevertheless, mistletoe seedlings are oft en short-
lived, frequently dying within one year or less (Yan & Reid 
1995, Roxburgh & Nicolson 2005). A large proportion of 
seedlings of P. eucalyptifolius survived within one year aft er 
experimental seed inoculation on some non-host trees (e.g. 
67% on A. occidentale, and 54% on B. crassifolia, see López 
de Buen & Ornelas 2002 for a similar pattern on host trees). 
Likewise, most seedlings of P. biternatus had also survived 
on potential host trees in this period. Nonetheless, these 
seedlings all died by two years aft er inoculation (personal 
observation); some of them had, though, produced fi ssures 
on the bark of hosts and non-host trees species during the 
cotyledon phase. Th is suggests that most seeds do not recog-
nize the host but simply germinate and then suff er delayed 
mortality because of host incompatibility that occurs at the 
stage when the haustorium penetrates the host bark (Yan 
1993); or that mistletoes may not establish successfully un-
less specifi c host attractive physiological conditions are met.

Unlike seed germination, successful seedling establish-
ment frequently depends on the tree species where the 
mistletoe seed is deposited (Hoff mann et al. 1986; Yan 
1993). Calder (1983) suggested that mistletoe penetra-
tion of host tissues depends primarily on host resistance, 
and on mistletoe infectivity. Th erefore, trees with thicker 
bark may resist mistletoe penetration, while a mistletoe 
that penetrates should also produce suffi  cient enzymes to 
invade the xylem (Yan 1993b). In this study, all mistletoes 
were unable to establish on four of the nine host species; 
three have thick bark (H. sucuuba, Q. grandifl ora, and S. 
convallariodora), and one has exfoliating bark (L. pacari). 
However, it is unlikely that bark resistance was the main 
barrier to mistletoe penetration, perhaps because the 
branch thickness selected for experiments was too thin to 
prevent haustorium development (Sargent 1995). Among 
the fi ve tree species selected as hosts by mistletoe species, 
three also have thick bark (P. ramifl ora, A. occidentale, B. 
coccolobifolia), and therefore, it is more likely that a specifi c 
chemical recognition between mistletoe and host is required 
to allow haustorium penetration into the xylem, instead of 
a simple physical barrier of the bark (but see Yan 1993b 
for a diff erent conclusion). Furthermore, the presence of 
silicon and the association with ants in some host species 
such as L. pacari and Q. grandifl ora should also be evaluated 
as potential factors precluding the penetration of mistletoe 
haustorium on host tissues.

Th e strongest evidence suggesting that mistletoes re-
quire specifi c stimuli to grow on a subset of tree species 
is exemplifi ed by the relationship between P. plagiophyllus 
and A. occidentale. Seeds or seedlings of Psittacanthus 
plagiophyllus were not observed on diff erent host trees, 
neither in sample plots nor outside them. Likewise, none 
of the 240 seeds inoculated on non-host trees germi-
nated (presented cotyledon expansion). To the best of my 

knowledge there are no studies documenting this pattern 
for mistletoes.
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