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Abstract Dwarf mistletoes are widely studied because of

their significant impact on host populations; however, few

studies have focused on sympatric species. The understand-

ing of their coexistence is important because it can provide

useful knowledge for future management plans. We inves-

tigated the incidence, severity, and aggregation patterns of

Arceuthobium vaginatum and A. globosum coexisting in

Central Mexico. We estimated the correlation between both

species incidences (N = 75 plots), the incidence–severity

correlation (N = 47 plots) for each species, and the effect of

biotic (host and non-host species abundance) and abiotic

(altitude and slope) factors on the mistletoe incidence. In

addition, we compared the hierarchical aggregation among

and within plots of the two mistletoe species with a χ2 test.
There is a clear dominance of A. vaginatum in the area, and

both species incidences are negatively correlated with each

other (rs= − 0.54, P\0.05) and host abundance (r= − 0.26,

P\0.05). The remaining factors were non-significant. Both

species have a linear relationship between incidence and

severity, i.e., they show a uniform increase in severity with

incidence, which could help diagnose the degree of tree

infection from incidence measurements. The species are

aggregated within plots, but only A. globosum shows an

aggregation among plots (χ2 = 82.25, P\0.001); aggrega-

tion has not been shown previously for two sympatric dwarf

mistletoe species. Our results can improve the scientific basis

for forest management planning to control dwarf mistletoe

and maintain biodiversity.

Keywords Arceuthobium spp. · Pinus hartwegii ·
Parasitism · Biotic factors · Abiotic factors · Parasitic

interactions · Central Mexico

Introduction

Dwarf mistletoes (Arceuthobium spp., Viscaceae) are the

most important parasitic plants in the coniferous forests of

North America because their infection causes a reduction

in growth (both in height and in basal area) and fitness in

host trees (Madrigal et al. 2007; Geils and Vásquez 2002;

Cibrián et al. 2007; Shaw et al. 2008). Branch and stem

deformations are common symptoms for some host species

in addition to the reduction in water use efficiency and

higher water stress (Hawksworth and Wiens 1996; Meinzer

et al. 2004). However, dwarf mistletoes add vertical com-

plexity to the community because the clumps and

deformations offer refuge and nesting sites and nourish-

ment to different animals (Watson 2001).

Dwarf mistletoe population dynamics depend on spread

and intensification events. Spread refers to the dispersion to

new hosts (aloinfections), whereas intensification is the

increase in severity within the tree (autoinfection) (Shaw

et al. 2005). A distinctive feature of dwarf mistletoes is the
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explosive discharge of their seeds, which restricts the dis-

persal to short distances, usually not more than 14 or 15 m

(Escudero and Cibrián 1985; Robinson and Geils 2006;

Mathiasen et al. 2008). This pattern of dispersion, com-

bined with host availability, may confer an aggregated

distribution of mistletoes (Robinson and Geils 2006).

Environmental factors that influence mistletoe spread and

survival include elevation, latitude, slope, and climate

conditions (Weir 1918; Graham and Leaphart 1961; Que-

ijeiro-Bolaños et al. 2013). Host architecture is an

important factor in mistletoe establishment, affecting the

likelihood that seeds arrive at secure sites with enough light

availability (Shaw and Weiss 2000; Godfree et al. 2003;

Shaw et al. 2005).

Dwarf mistletoes are considered important species in

Mexican forests. Because 22 of the 47 known species of

Arceuthobium are distributed in Mexico, this region is con-

sidered the largest diversity center of the genus (Hawksworth

andWiens 1996); moreover, dwarf mistletoes are observed in

30 of the 32 states, primarily in the largest mountain chains

(Cibrián et al. 2007). There are two species of special con-

sideration in Mexico. Arceuthobium vaginatum subsp.

vaginatum (Willd.) is the most damaging species for forestry

and is widely distributed from Northern to Central Mexico. It

has the broadest known host range in the genus (13 species of

Mexican pines; Hawksworth andWiens 1996).Arceuthobium
globosum subsp. grandicaule (Hawks. andWiens) is the most

abundant species in Central Mexico; it is also distributed in

Central America. It has the second broadest host range (12

species ofMexican pines;Hawksworth et al. 2002).These two

species are extremely similar, except some phenotypic and

phenological differences (Table 1). The distribution of the two

species converges on the Trans-Mexican Volcanic Belt,

Central Mexico, where they are the only mistletoe species

parasitizing Pinus hartwegii (Hawksworth and Wiens 1996).

According to their distribution, the two species can coexist in

other areas where other suitable host species are present

(Hawksworth and Wiens 1996), but there are no records of a

sympatric parasitism.These species occur not only in the same

standsbut alsoon the same individual trees,where they showa

differential distribution over the tree stem (Queijeiro-Bolaños

et al. 2011). Infection process is extremely similar for both

species; they depend almost entirely on balistocoric dispersal

of the seeds, where these may travel no more than 15 m

(depending on slope and wind), and most of these (91 %) do

not travel farther than 8.7 m (Escudero and Cibrián 1985).

Although it is unknown for these two species, it has been

registered for other dwarf mistletoes that some animals, such

as squirrels and birds, may be long-distance vectors by pas-

sively taking some of the seeds on their fur and feathers

(Hawksworth andWiens 1996). These species form localized

infections and produce aerial shoots throughout the year

(Hawksworth et al. 2002).

A great deal of research has been conducted on dwarf

mistletoes, particularly on the impacts of disease on timber

production; however, few studies have looked at sympatry.

Even when the sympatry of two dwarf mistletoes has been

observed (Hawksworth and Wiens 1996), there are no

scientific reports on the incidence, severity, and aggrega-

tion patterns of two coexisting dwarf mistletoe species. The

aim of this study was to investigate the intensity (i.e.,

incidence and severity) and aggregation patterns of A.
vaginatum and A. globosum in a Natural Protected Area in

Central Mexico. Our specific objectives were to (1) assess

the incidence of both species and the correlation between

them, (2) investigate the relationship between incidence

and severity rates, (3) determine the effect of abiotic fac-

tors (altitude and slope) over the mistletoe incidence, and

(4) determine the hierarchical aggregation pattern of the

two species. This study is a preliminary step in the research

of the dwarf mistletoe associations.

Materials and methods

Study site

The study site is located in the Zoquiapan National Park

(ZNP; 19°15–29´N, 98°37–45´W), in Central Mexico. ZNP

has an area of 19,400 ha and is part of the Popocatépetl–

Table 1 Comparative description of the differential traits of study

species

Feature Arceuthobium vaginatum Arceuthobium
globosum

Shoot height 20–55 cm 18–70 cm

Shoot color Dark brown to black,

rarely reddish

Yellow–green

Shoot type Flabellate, pendulous Flabellate, erect

Anthesis March–April January–May

Fruiting August July–November

Differential

hosts

Pinus arizonica,
P. cooperi,
P. engelmannii,
P. herrerai, P. oaxacana

Pinus douglasiana,
P. maximonoi,
P. michoacana,
P. pringlei,
P. teocote

Rare hosts Pinus culminicola,
P. teocote

Possibly

Cupressus sp.

Distribution Northern to Central Mexico Central Mexico to

Guatemala

Both species have the following traits in common: dioecious; they have

sexual dimorphism: Staminate plants tend to be taller than pistillate

ones; pollination by anemophily; dispersion by explosive seed dehis-

cence mechanism; common hosts: Pinus hartwegii, P. durangensis, P.
lawsoni,P.montezumae,P. patula,P. pseudostrobus, andP. rudis; their
infection type is localized not systemic. Based on Hawksworth and

Wiens (1996), Hawksworth et al. (2002) and Cibrián et al. (2007)
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Iztaccı́huatl biological corridor (Arriaga et al. 2000). This

region is important because it comprises a significant gra-

dient of ecosystems due to the wide altitude range observed

in the area (2,850–4,150 m; Vargas 1997; Arriaga et al.

2000). The climate is classified as temperate subhumid

with the rainy season from June to September (Arriaga

et al. 2000). The mean annual temperature is 9.7 °C, and
the average annual rainfall is 941.3 mm (SMN 2010). The

vegetation of the area is classified as “temperate forests”

and is dominated by P. hartwegii, but other abundantly

represented genera include Pinus, Cupressus, Quercus,
Alnus, and Abies. The forest understory is primarily rep-

resented by tillering grasses such as Muhlenbergia
macroura and Festuca tolucencis (Obieta and Sarukhán

1981; Arriaga et al. 2000). This area can be considered as

an infection center because it accumulates the large

infection rates of A. vaginatum and A. globosum (Hawks-

worth and Wiens 1996; Queijeiro-Bolaños et al. 2013).

Data collection

In July 2009, we selected 75 plots, each 0.33 ha in size,

based on map of the area; the selected plots should

accomplish the following criteria: clear dominance of P.
hartwegii, minimum area to fit a plot, accessibility, and

non-fragmented by roads or logged areas. The plots were at

least 100 m apart, centerline to centerline. The plots varied

in altitude from 3,021 to 3,650 m and slope from relatively

flat areas to high steepness (Table 2). For each plot, we

counted the total number of pines and the number of trees

parasitized by A. globosum and/or A. vaginatum. Mistletoe

incidence was calculated as the percentage of pines

infected by each species.

In addition, we obtained the dwarf mistletoe rating

(DMR) for a subset of 47 of the 75 previously selected

plots. DMR system is a qualitative measurement of the

degree of infection per tree (Hawksworth 1977), and it is

suitable as a measure of severity, which is the quantity of

disease affecting entities within a sample unit (Seem 1984).

The DMR system rates a tree by dividing the tree into

thirds; each third is visually classified from 0 to 2, where 0

represents the absence of infection, 1 represents\50 % of

the main branches infected, and 2 represents more than

50 % of main branches infected. The DMR for each tree is

calculated as the sum of the score of the thirds. The mean

DMR for each plot was calculated as the average of the

DMRs of all trees, including infected and uninfected ones

(Hawksworth et al. 2002).

Statistical analysis

Field data were analyzed to evaluate the following:

Incidence and severity relationships

A χ2 test was completed to determine whether the frequen-

cies (number of observed infected trees) differed between

mistletoe species. To evaluate the relationship between the

incidence of one species and the incidence of the second one

(incidence–incidence relationship), a Spearman’s rank cor-

relation was computed for the plots where both species

coexisted. To know the relationship between the incidence

(percentage of infected trees) and severity of the infection

(mean DMR), we performed a linear regression for each

species. This relationship is useful to diagnose the disease

because it can predict the rate of increase in severity with

increasing incidence. Furthermore, incidence is a measure

that can be taken in an easier and precise manner, and it

would permit the estimation of severity for disease assess-

ment (Seem 1984). These analyses were carried out with

Statistica 8.0 (StatSoft Inc. 2007) software.

Factors affecting dwarf mistletoe incidence

We constructed one structural equation model (SEM) for

each mistletoe species that estimated the causal relation-

ships between the mistletoes incidence and other variables.

From a previous work (Queijeiro-Bolaños 2007), we

anticipated what causal paths may be important. For all

models, we considered plot altitude and slope to be abiotic

factors. The biotic factors we examined were abundance of

non-host species, host tree abundance, and mistletoe

incidence.

Parameters of the models were estimated using maxi-

mum likelihood, and goodness of fit was analyzed with a χ2

test. The fitted models were compared with the Akaike

information criterion (AIC). The models were performed

with the lavaan package for R (Rosseel 2011).

Aggregation

To evaluate the aggregation at two different scales, we

used the statistical method developed by Boulinier et al.

Table 2 Range of the measured parameters on the plots (N = 75)

Variable Range

Number of trees per plot 30–420

Number of pinesa per plot 16–420

A. globosumb (%) 1–61.72

A. vaginatumb (%) 1–87.7

Altitude (m) 3,021–3,650

Slope (%) 0–36

a Pinus hartwegii
b Infected plots only
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(1996) and adopted by Rist et al. (2011) for parasitic plants.

This method allows us to distinguish the aggregation at two

hierarchical levels: among plots and among trees within the

plots, testing whether the mistletoes are distributed in a

random fashion on both within- and among-plot scales

(Boulinier et al. 1996). This method was applied for the

DMR values obtained for 47 plots, for each mistletoe

species.

If mistletoes are distributed among plots in a random

fashion, according to a Poisson distribution, then

XN

j¼1

Xj � Xm

� �2.
Xm

where N is the total number of plots, Xj is the mean DMR

of plot j, and Xm is the mean DMR pooling all plots. The

degrees of freedom are calculated as N − 1. If mistletoes

were distributed within plots in a random fashion,

according to a binomial distribution, then

XNp

j¼1

Xnj

i¼1

xij � xj
� �2.

xj 1� 1=nj
� �� �

where Np is the number of plots with at least two pines and

one infected pine, nj is the number of pines in plot j, and xij
is the DMR of the pine i of the plot j. The degrees of

freedom are calculated as np − Np, where np denotes the

number of pines in Np.

To define the strength of the aggregation among and

within plots, we used the measure J, which gives the global

measure of aggregation (Boulinier et al. 1996). It is the sum

of the aggregation among plots, Jk, and within plots, Jj.
Each of these measures, Jk and Jj, gives us the contribution
to global aggregation; therefore, Jk/J equals the proportion

of aggregation due to among-plot patterns and JJ/J the

proportion due to aggregation within-plot patterns (Bouli-

nier et al. 1996).

Jk ¼ 1=n
XN

j¼1

nj Xj Xj � 1þ nj � 1=nj
� �2� �n o.

Xm Xm � 1=nð Þf g � 1

Jj ¼ 1=n
XN

j¼1

JjnjXj Xj � 1þ nj � 1
� �

=nj
� �2� �n o.

Xm Xm � 1=nð Þf g

Results

Incidence–severity relationships

Arceuthobium vaginatum was detected in 67 plots, and A.
globosum occurred in only 19 of the 75 plots (Fig. 1). Only

four plots were free of infestation, and the two species

coexisted in 15 plots. The incidences among plots were

highly variable. The maximum incidence of A. vaginatum
was 88 % of the trees infected and the minimum 1 %. In

contrast, the maximum incidence of A. globosum was 62 %

of the trees infected and the minimum 1 % (Table 2). The

prevalence, i.e., the incidence of all plots pooled, was

35.46 % (N = 11,100 trees); it was determined that 27.6 %

of the trees were infected by A. vaginatum, 6.7 % by A.
globosum, and 1.15 % by both species.

Few non-infested plots occurred, and the trees infected

by A. vaginatum were significantly more frequent than

those affected by A. globosum (χ2 = 26.8, df = 1,

P \ 0.001). In addition, in plots where both mistletoe

species were present, they had a significant negative cor-

relation (rs = − 0.54, p\ 0.05, N = 15; Fig. 2).

For the 47 plots where DMR was measured, we

observed that the most common classes of infection are the

lightest ones (1 and 2) for both species (Fig. 3). It is also

clear that A. vaginatum is considerably more abundant than

A. globosum. Mean DMR was highly variable among plots,

with A. globosum ranging from 0.002 to 1.18 and A. vag-
inatum from 0.08 to 2.05.

The two species have a clearly linear relationship between

incidence and mean DMR of the plots (Fig. 4). The regres-

sion equation for A. globosum is DMR= − 0.0014+ 0.0063

(incidence) (r= 0.99, r2= 0.97, P\0.001), where the slope

coefficient indicates the rate of increment of DMR with the

increment of incidence. The regression equation for A. vag-
inatum is DMR = − 0.0403+ 0.0073 (incidence) (r= 0.93,

r2 = 0.87, P\0.001).

Factors affecting dwarf mistletoe incidence

The SEM proposed for the two species had a good fit

[Table 3; model (a) for A. globosum and model (b) for A.
vaginatum]. Figure 5 shows the partial correlation coeffi-

cients for each path. The abundance of both mistletoe

species was negatively correlated with each other and with

the abundance of host trees. These models explained 21

and 29 percent of the variation in the incidence of A.
globosum and A. vaginatum, respectively.

Abundance of non-host species showed a negative, but

marginally significant, relationship with A. vaginatum
incidence. The abiotic factors, i.e., altitude and slope, were

not significantly correlated with the incidence of the two

mistletoe species. A full detail of path coefficients is pre-

sented in “Appendix.”

Dwarf mistletoe aggregation

Arceuthobium vaginatum exhibited an aggregated pattern

within plots (χ2 = 354,903, df = 5,938, P\ 0.0001), yet

300 Eur J Forest Res (2014) 133:297–306

123



had a random distribution among plots (χ2 = 17.67,

df = 46, P[0.05); within-plot aggregation represented the

63 % of the total aggregation. In contrast, A. globosum had

an aggregated pattern within (χ2 = 7,324, df = 1,328,

P \ 0.0001) and among plots (χ2 = 82.25, df = 46,

P\0.001); within-plot aggregation explained 55 % of the

total aggregation. Only a small number of trees had a heavy

infection (Fig. 3), which coincides with the aggregation

Fig. 1 Location and incidence of the plots (N = 75) in ZNP. On each

pie chart, white= percentage of non-infested trees, black= percentage

of Arceuthobium vaginatum, light gray = percentage of A. globosum,

and dark gray = percentage of trees infected with both species. Note

that the size of the charts does not represent the size of the plot

Fig. 2 Spearman’s rank correlation between Arceuthobium globosum
and A. vaginatum incidences in the plots where they coexisted

(N = 15). It is reported to have a negative and significant correlation

(rs = − 0.54, p\ 0.05)

Fig. 3 Frequency of pines (Pinus hartwegii) on each DMR class.

Numbers on bars indicate the number of trees
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pattern within trees. While only a few trees were infected

with classes 1–5 of A. globosum, A. vaginatum infection

was more prominent in these classes. When the two mis-

tletoes species were infecting the same tree, the DMR of

each species rarely reached a class above 3 (Table 4).

Discussion

Our study indicates that A. vaginatum is more likely to be

found in the Zoquiapan National Park than A. globosum,
revealing its clear dominance in the surveyed zone. The

overall prevalence of both species in the zone was 35 % of

the trees, which is observed within the range reported in the

literature for several mistletoe species. The prevalence

values are highly variable not only among systems, places,

and species but also within species in an area, for both

Loranthaceae and Viscaceae families. In some cases, the

incidence can range from 18.0 to 33.6 % in the same area

(A. oxycedri on Juniperus excelsa; Sarangzai et al. 2010).
Previous surveys have indicated that Arceuthobium spp.

can infest 3–77 % P. hartwegii trees in ZNP (Andrade and

Cibrián 1980; Hernández-Benı́tez et al. 2005), whereas in

Nevado de Toluca (state of Mexico), they infest up to 94 %

pines P. montezumae (Ramı́rez-Dávila and Porcayo-Cam-

argo 2009). Likewise incidence, the mean DMR of both

species is consistent with what has been found in studies

performed in other areas, where it ranges between 1 and 3

(Andrade and Cibrián 1980; Trummer et al. 1998; Sara-

ngzai et al. 2010; Maloney and Rizzo 2002).

Both species exhibited a linear relationship between

incidence and mean DMR, showing a uniform increase in

DMR with incidence. According to Seem (1984), this type

of pattern can be explained by a greater predominance of

autoinfection due to a short-range dispersal mechanism.

These species do not form a systemic infection; neverthe-

less, they have an explosive dispersal of the seeds that

allow them to spread to no more than 15 m apart. There-

fore, this species should have a slow spread and a faster

intensification. This relationship is useful to predict the

DMR on a stand from taking only measurements of inci-

dence, which simplifies the diagnosis. But these models are

only applicable to this zone because of the high variability

among areas and species.

According to our SEM models, there is a significant

relationship between the incidences of both species. The

incidence–incidence relationship between two different

species of dwarf mistletoes is a non-explored subject,

although the dual parasitism has been described in another

12 cases (Hawksworth and Wiens 1996). This kind of

Fig. 4 Incidence–mean DMR relationship of a Arceuthobium globosum and b A. vaginatum. The solid lines represent the linear regression, and
the dashed lines represent the 95 % confidence interval

Table 3 Model fit tested with a χ2 maximum likelihood ratio test and

difference models

Model Model χ2 df P AIC

A. globosum (a) 1.31 1 0.31 2,844.9

A. vaginatum (b) 1.04 1 0.31 2,844.9

For all models, N = 75

Table 4 Number of infected trees by A. globosum or A. vaginatum,
with different DMR class of the other species

DMR class A. globosum A. vaginatum

0 1,882 268

1 50 43

2 9 16

3 10 7

4 1 6

5 5 3

6 0 0
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association is infrequent for dwarf mistletoes, but is fairly

common for other species such as Phoradendron and Lo-

ranthaceae members (see, for example, Genini et al. 2012).

The sympatry of two Arceuthobium species is not unusual,

but dual parasitism (two different species parasitizing a

single host tree) is a rare event (Hawksworth and Wiens

1996). Hawksworth (1969) defined the term “competitive

host exclusion” where if an Arceuthobium species is pres-

ent in an area, other dwarf mistletoes species will rarely

infest the same host. Nevertheless, the mechanism that

controls this phenomenon has not been explained nor has

been subjected to research, as stated by Hawksworth and

Wiens (1996). In the case of A. globosum and A. vagina-
tum, they dual-parasitize P. hartwegii, a principal host for

both species. But A. globosum was observed in a lower

proportion than A. vaginatum, and the model shows that the

two species have a negative relationship, possibly depicting

some kind of host competitive exclusion process and a

differential dispersal or recruitment patterns. All of these

require further investigation. For example, when A. amer-
icanum and A. vaginatum subsp. cryptopodum are

sympatric, the first one only parasitizes 13 % trees of P.
ponderosa (secondary host) and the second one 64 % trees

(principal host) (Hawksworth 1969).

The abundance of P. hartwegii was also a significant and
negative variable, affecting the incidences of both mistle-

toe species, i.e., less hosts and more infection. Host

availability and host demography are important factors

determining the incidence of an obligate parasite (Donohue

1995). The negative correlation with host abundance has

been observed for other mistletoe species, such as Phora-
dendron pauciflorum on Abies concolor (Maloney and

Rizzo 2002). In low-density stands, the host trees have less

competition for resources and have a better performance;

thus, these stands are more appealing than the high-density

stands (Bickford and Kolb 2005). In addition, the higher

light incidence in less-dense stands favors the production

of aerial shoots of the mistletoes (Shaw and Weiss 2000;

Bickford and Kolb 2005; Robinson and Geils 2006).

Non-host species abundance is positively related to A.
vaginatum incidence, although it was only marginally

significant. This could be evidence that the non-host dis-

tribution also plays an important role in the creation of

infection centers, similar to that reported in previous

studies (Trummer et al. 1998; Maloney and Rizzo 2002),

where the non-host forms a barrier, impeding the seed

dispersal, and thus favoring the concentration of seeds

among the same trees (Trummer et al. 1998).

Altitude and slope were not observed to be significant

factors in determining the incidence of mistletoes and are,

therefore, not informative in predicting where could we

find each species or which areas are more susceptible for

infestation. Ramı́rez-Dávila and Porcayo-Camargo (2009)

reported that Arceuthobium spp. can be distributed equally

within 2,850 and 3,150 masl and with any slope percent-

age. Even though the environmental variables are

important determinants of the mistletoe species distribution

on regional scales (Hawksworth 1969; Williams et al.

1972; Smith and Wass 1979), several microclimatic aspects

should also be considered. These include the conditions

that influence seedling establishment, such as optimal

temperature, light exposure, and humidity, as shown for A.
tsugense (Deeks et al. 2001) and A. americanum (Brandt

et al. 2005).

Both species showed an aggregation pattern within trees,

which coincides with the creation of infection centers. A.
vaginatum did not show any aggregation at the plot level

and presented a random distribution among areas. The

patterns of aggregation that we observed are comparable

with other reports on parasitic plants. These studies indi-

cate that the majority of hosts are affected by a small

amount of parasites, and only a few trees bear a large load

of parasites (Norton et al. 1995; Aukema 2003; Ramı́rez-

Dávila and Porcayo-Camargo 2009; Rist et al. 2011). The

Fig. 5 Fitted paths for models

(a) and (b). Solid paths are
statistically different from 0

(P\ 0.05), whereas dashed
paths are not. Dotted paths are
marginally significant

(P\ 0.08). Path widths are

proportional to the standardized

regression coefficients. Only the

coefficients for significant paths

are shown. The R2 of the

endogenous variables are inside

the variable boxes
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seed dispersal mechanisms have a strong influence on the

spatial arrangement of parasitic plants. In case of dwarf

mistletoes, the aggregation within the host is probably the

result of the ballistic dispersal of the seeds, which promotes

the short-distance spread or intensification within the same

tree (Hawksworth and Wiens 1996). It has been reported

for other species that 40 % of dispersed seeds are inter-

cepted by trees (Hawksworth and Wiens 1996); from

experimental data, we know that for A. globosum, the

germination rate is of 55 %, and for A. vaginatum, it is
32 %, while the rest of these get desiccated. Furthermore,

of these, only 2 % are successfully established on new trees

(Queijeiro-Bolaños and Cano-Santana, unpublished data).

The latter may confer an aggregated distribution within

neighboring trees and the intensification on those already

infected. In contrast, the aggregation among plots may

have several causes, such as microhabitat preference, host

defense mechanisms, habitat heterogeneity (including local

disturbances), and biotic interactions (Medel et al. 2004). It

could be a host exclusion mechanism, indicating a local

process that reduces species overlap (Genini et al. 2012).

We have evidence from 15 plots that when the two species

do not coexist, they achieve a greater DMR rate. In con-

trast, when they share the same host, they did not

accomplish a larger infection rate (Queijeiro-Bolaños,

Cano-Santana, and Garcı́a-Guzmán, unpublished data).

The local history of the site may have a great influence

on dwarf mistletoe distribution and aggregation patterns.

ZNP is an area that suffers from several types of distur-

bance such as natural and induced fires, legal and illegal

unsustainable logging, landfill sites, and cattle grazing

(Obieta and Sarukhán 1981; Arriaga et al. 2000). Distur-

bance can have an impact on mistletoe populations, and it

is well known that fire has an influence on mistletoes

occurrence and distribution patterns (Knight 1987; Kip-

fmueller and Baker 1998; Swanson et al. 2006). Although

the present study is not addressed toward disturbance

effects, we know from previous work that there is some

evidence supporting the hypothesis that fire and logging

may favor dwarf mistletoe incidence (Queijeiro-Bolaños

2007; Queijeiro-Bolaños et al. 2013). The plots on this

work did not have evidence of logging (or this was mini-

mum); however, we do not know the historical fire regime

of the 75 plots. Nevertheless, fire in the past may have had

an influence on the aggregation patterns of these two spe-

cies, and this aspect needs further consideration.

Aggregation is a known pattern for parasitic plants, but

it has never been shown for two sympatric dwarf mistletoe

species, and this brings a new insight into dual parasitism.

There are other significant ecological factors, playing an

important role over the mistletoes incidence, such as the

host and non-host species disposition; thus, we suggest that

the study of the tree disposition (host and non-host) and

seed dispersal may be relevant. Although some authors

have modeled the ballistic and contagion of dwarf mistle-

toes (e.g., see Robinson and Geils 2006), their models did

not include two sympatric and possibly competing species.

Therefore, it is important to perform studies of distribution

patterns, spread and intensification of dwarf mistletoe

species in coexistence, and manipulative experiments that

are focused on testing competitive interactions directly to

give more insights into sympatric parasitism.
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Appendix

See Table 5.

Table 5 Coefficient values, standard errors, Z scores, and standardized path coefficients for the two fitted structural equation model

Path Estimate SE Z value P Standardized coefficients

a

A. vaginatum → A. globosum −0.394 0.097 −4.080 \0.001 −0.449

Altitude → A. globosum 0.792 2.103 0.376 0.707 0.040

Slope → A. globosum −0.130 0.092 −1.406 0.16 −0.147

Non-hosts → A. globosum −0.169 0.688 −0.245 0.806 −0.027

P. hartwegii → A. globosum −0.232 0.445 −0.521 0.603 −0.056

P. hartwegii → A. vaginatum −1.361 0.508 −2.680 0.007 −0.289

Non-hosts → A. vaginatum −1.447 0.805 −1.797 0.072 −0.200
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Anexas”, Estado de México. Acta Bot Mex 96:49–57

Queijeiro-Bolaños M, Cano-Santana Z, Castellanos-Vargas I (2013)

Does disturbance determines the prevalence of dwarf mistletoe

(Arceuthobium, Santalales: Viscaceae) in Central Mexico? Rev

Chil Hist Nat 86:181–190

Ramı́rez-Dávila JF, Porcayo-Camargo E (2009) Estudio comparativo

de la distribución espacial del muérdago enano (Arceuthobium
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