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     Mistletoes are aerial parasitic plants found in the order San-
talales (families Loranthaceae, Misodendraceae, Santalaceae, 
and Viscaceae) that are intimately dependent upon their hosts 
for water and nutrients ( Kuijt, 1969 ;  Norton and Carpenter, 
1998 ;  Mathiasen et al., 2008 ). These plants have also evolved 
complex associations with animals that pollinate their fl owers 
and disperse their seeds ( Kuijt, 1969 ;  Reid, 1991 ). Indeed, mis-
tletoes can be keystone species that determine community 
structure and diversity ( Watson, 2001 ). Therefore, understand-
ing mistletoe phylogeography will help illuminate more global 
historic processes of the community, particularly among those 
organisms closely associated with mistletoes. Although in-
traspecifi c genetic diversity has been examined in dwarf mistle-
toes ( Arceuthobium , Viscaceae) using isozymes ( Nickrent and 
Butler, 1990 ,  1991 ;  Nickrent and Stell, 1990 ;  Linhart et al., 
2003 ) and AFLPs ( Jerome and Ford, 2002a ,  b ), to date no popu-
lation genetic or phylogeographic study has been conducted us-

ing DNA sequence data, nor on Loranthaceae, the largest 
mistletoe family. 

 South America harbors several mistletoes considered relict-
ual in Loranthaceae ( Barlow, 1983 ;  Vidal-Russell and Nickrent, 
2008a ), including the genus  Tristerix , which has 11 species dis-
tributed along the Andes from Colombia to Chile. The only 
 Tristerix  present in the temperate forest biome is the austral spe-
cies  T. corymbosus , whereas other  Tristerix  species are found in 
wet or dry and/or high elevation areas ( Kuijt, 1988 ;  Amico et 
al., 2007 ).  Tristerix corymbosus  ( Fig. 1 )  is distributed from 30 °  
to 42 ° S in Chile and between 40 °  to 41 ° S in Argentina. This 
distribution spans two distinct habitats: the temperate forest of 
southern South America and the Chilean matorral. In a previous 
phylogenetic study that examined all species in the genus,  T. 
corymbosus  emerged as paraphyletic ( Amico et al., 2007 ). Spe-
cifi cally, the Chilean matorral populations were sister to a clade 
composed of the cactus mistletoe  T. aphyllus  ( Fig. 1 ), and all 
were sister to the temperate forest  T. corymbosus  populations. 
There are several morphological autapomorphies found in  T. 
aphyllus  that justify its recognition as a distinct species includ-
ing the absence of leaves, fused red cotyledons, spherical white 
fruits, red infl orescences, extensive endophytic growth, and 
erect fl owers. The phylogenetic results prompted the current in-
vestigation of the phylogeography of these species. 

  Tristerix corymbosus  has geographical variation in fruit color 
associated with the two biomes it occupies ( Fig. 1 ). All temper-
ate forest mistletoe populations produce a fruit that is green at 
maturity, whereas in the Chilean matorral populations the fruits 
are yellow ( Kuijt, 1988 ;  Amico, 2007 ;  Amico et al., 2007 ). In 
addition, the only seed disperser in the temperate forest is the 
nocturnal arboreal marsupial  Dromiciops gliroides  (Microbio-
theriidae). This mode of seed dispersal differs from the situation 
in the Chilean matorral populations of  T. corymbosus  (and most 
mistletoes) where birds serve as dispersers ( Hoffmann et al., 1986 ; 
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 The mistletoe  Tristerix corymbosus  (Loranthaceae) is present in the temperate forest and Chilean matorral biomes of Chile and 
northwest Patagonia. The closely related cactus-specifi c species,  T. aphyllus , occurs only in the matorral biome. The population 
structure of these mistletoes was examined to determine whether the distribution of haplotypes corresponds mostly to geographic 
zone, biome, or other biotic factors. Samples from 108 individuals in 26 localities of  T. corymbosus  and 13 individuals in four 
localities of  T. aphyllus  were collected. Sequences were obtained from two chloroplast genome regions: the  atpB - rbcL  spacer and 
the  trnL-F  region. Haplotypes were analyzed using parsimony and Bayesian trees as well as parsimony networks. All methods 
placed the haplotypes in four clades, one of which corresponded to  T. aphyllus  and the others to  T. corymbosus . Within  T. corym-
bosus , the different clades did not correlate with biome, geographical region, host, or any apparent morphological feature of the 
mistletoe. The morphologically distinct cactus parasite  T. aphyllus  likely arose in sympatry from an unspecialized tree parasite,  T. 
corymbosus,  after a host switch. The present day haplotype distribution is complex and resulted from post-glaciation migrations 
from multiple Pleistocene refugia. 

  Key words:   atpB-rbcL  spacer; cpDNA; glacial refugia; historical biogeography; host; Loranthaceae; parasitic plants; seed 
dispersal; South America;  Tristerix . 



1572 American Journal of Botany [Vol. 96

the two major geographical barriers, the Andean Cordillera and 
the waterway separating the Chilean mainland and Chilo é  Is-
land, structure the populations in the southern part of the geo-
graphic range of  T. corymbosus , and (4) what role did host and 
seed dispersers play in determining the genetic structure of 
these mistletoes? 

 MATERIALS AND METHODS 

 Sampling   —     Samples from 26 populations of  Tristerix corymbosus  and four 
populations of  T. aphyllus  were collected across the entire geographic range of 
these species ( Fig. 2 ,   Table 1  , Appendix 1). At each population, up to six plants 
were randomly sampled, and the host trees were recorded. Because sample 
sizes were low, we do not know whether overall genetic variability in the popu-
lation was represented. Thus, the term locality instead of population will be 
used throughout this paper. Fresh leaves or fl owers from all sampled individu-
als were dried in silica gel for later DNA isolation. Vouchers of each individual 
were deposited in the Department of Botany Herbarium, Universidad Nacional 
del Comahue, Bariloche, Argentina (BCRU). For the 26 localities of  T. corym-
bosus , 18 were from the temperate forest and eight from the Chilean matorral. 
Six of the localities within the temperate forest were located in Argentina east 
of the Andes range. All the  T. aphyllus  localities were located in the Chilean 
matorral, the biome where this species is endemic. The latitude and longitude 
of each locality was recorded using a global positioning device, and elevation 
was determined with an altimeter. 

 DNA extraction, amplifi cation, and sequencing   —     DNA was extracted from 
dried leaf or fl ower tissue using a modifi ed CTAB protocol for high carbohy-
drate plants ( Tel-Zur et al., 1999 ). A one-tenth dilution of genomic DNA was 
used for all PCR amplifi cations. Typical PCR amplifi cation reactions included 
1 ×  Promega (Madison, Wisconsin, USA) buffer (10 mM Tris HCl, 50 mM KCl, 
pH 8.3), 1.5 mM MgCl 2 , 50  µ M dNTPs, 1 unit  Taq  polymerase, 0.4  µ M of each 
primer, and ca. 30 ng of genomic DNA. 

 The  atpB - rbcL  spacer and the  trnL-trnF  region were amplifi ed and se-
quenced using the primers described in  Amico et al. (2007)  and  Taberlet et al. 
(1991) . The  atpB-rbcL  spacer sequences were obtained from 121 individuals 
from 30 localities ( Table 1 ). For the  trnL-trnF  region, which was less variable 
than  atpB-rbcL , only one individual per locality was amplifi ed (26 for  T. corym-
bosus  and four for  T. aphyllus ). 

 Amico and Aizen, 2000 ;  Amico, 2007 ). Although different seed 
dispersers occur in each biome, the major pollinator across the 
entire geographic range is the hummingbird  Sephanoides 
sephaniodes . 

 The distribution and composition of the temperate forest and 
Chilean matorral fl oras and faunas have been strongly infl u-
enced by geological and climatic events during the Tertiary 
( Hinojosa and Villagr á n, 1997 ,  2005 ;  Villagr á n and Hinojosa, 
1997 ;  Gayo et al., 2005 ;  Hinojosa et al., 2006 ). The fundamen-
tal features of these habitats were determined by the separation 
of South America from Antarctica and the uplift of the Andes. 
Between 15 and 8 million years ago (Ma) ( Reynolds et al., 
1990 ), the uplift of the Andes completely blocked the easterly 
fl ow of air masses originating in the tropics, leading to the es-
tablishment of what we now know as the mediterranean climate 
in central Chile with only one rainy season in winter and a dry 
summer ( Hinojosa and Villagr á n, 1997 ,  2005 ;  Villagr á n and 
Hinojosa, 1997 ). During the Quaternary, volcanism and glacia-
tions have also affected this area, mainly the temperate forest, 
and have determined the distribution and composition of the 
extant fl ora. Glaciations were apparently patchy ( Markgraf et 
al., 1995 ;  McCulloch et al., 2000 ), thus leaving many possible 
refugia for plants and animals. 

 In this study, we obtained chloroplast DNA (cpDNA) se-
quences and used these haplotypes to examine phylogeographic 
patterns across the entire range of  T. corymbosus  and  T. aphyl-
lus . A phylogeny of the cpDNA haplotypes was reconstructed, 
and an analysis of molecular variance (AMOVA) was employed 
to evaluate any possible geographic structure. Given the history 
of the fl ora in southern South America and the close associa-
tions between the mistletoes and their seed dispersers, we pre-
dicted fi nding unique haplotypes in the temperate forest and 
Chilean matorral biomes. Thus, this study addresses four major 
questions: (1) what is the genetic structure of these mistletoes, 
(2) does the distribution of haplotypes correspond mostly to 
biome or geographic zone (North, Central and South), (3) did 

 Fig. 1.    Tristerix aphyllus  and  T. corymbosum  morphological features. (A) Flowering individuals of  T. aphyllus  parasitizing the cactus host  Echinopsis 
chilensis . Flowers (B) and fruits (C) of  T. aphyllus . (D)  T. corymbosus  parasitic on  Maytenus boaria . (E) Flowers of  T. corymbosus . (F) Mature fruits of  T. 
corymbosus  from plants growing in the Chilean matorral, and (G) from temperate forest.   
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Sequences of each haplotype generated in this study have been deposited with 
NCBI GenBank under the following accession numbers: DQ442919 –
 DQ442923, DQ442943 – DQ442948, and EF050531 – EF050535. 

 Alignment and phylogenetic analyses   —     Sequences were aligned manually 
using the program BioEdit ( Hall, 1999 ). The alignment generated several gaps 
that were unambiguously alignable. We used maximum parsimony (MP) and 
Bayesian inference (BI) analyses to estimate evolutionary relationships among 
 atpB-rbc L spacer and  trnL-trnF  haplotypes. Gaps were considered homologous 
only when they shared identical boundaries and length and were manually 

 A touch-down PCR thermal cycle profi le was used consisting of 5 min at 
95 ° C; 5 cycles of 30 s at 94 ° C, 30 s at 52 ° C, and 1 min 72 ° C; followed by 33 
cycles of 30 s at 94 ° C, 30 s at 48 ° C, and 1 min at 72 ° C; with a fi nal extension 
of 10 min at 72 ° C. In all reactions, negative controls that lacked genomic DNA 
were run to check for DNA contamination. Cycle sequencing reactions (follow-
ing standard protocols) were performed directly on the purifi ed PCR products 
using the BigDye terminator Cycle Sequencing Ready Reaction Kit with Am-
pliTaq DNA Polymerase (Applied Biosystems, Foster City, California, USA) 
with Better Buffer (Gel Company, San Francisco, California, USA). Sequences 
were determined with an ABI 377 automated sequencer (Applied Biosystems). 

 Fig. 2.   The distribution of cpDNA haplotypes within and among localities of  Tristerix corymbosus  and  T. aphyllus . Underlined locality names are for 
 T. aphyllus . Capital letters correspond to the different haplotypes (see  Table 2  and  Fig. 3 ). The solid line is the border between Argentina and Chile, and the 
dotted line delimits the boundary between the Chilean matorral (to the North) and the temperate forest (to the South). The numbers within brackets are the 
sample sizes for each locality for the  atpB-rbcL  spacer.   
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 Analysis of molecular variance   —     Analysis of molecular variance, per-
formed only with the  atpB-rbcL  spacer data, was used to examine genetic rela-
tionships between the two mistletoe species as well as among localities of  T. 
corymbosus . The matrix of haplotype data was analyzed with the program Ar-
lequin ( Excoffi er et al., 2005 ) using the  Kimura (1980)  two-parameter distance. 
The signifi cance of the fi xation indices was tested using a nonparametric ap-
proach with 1000 permutations. 

 Haplotypes from each species were grouped to test the species designation. 
To assess the signifi cance of various factors that could affect partitioning of 
genetic variability in  T. corymbosus , localities were grouped according to two 
criteria: biome type (temperate forest and Chilean matorral) and geographic 
zone (North, Central, and South) ( Table 1 ,  Fig. 2 ). Further grouping was done 
only within the southern region, where localities were grouped based on two 
biogeographic barriers: the Andes (Southwest and Southeast) and the waterway 
separating the Chilean mainland and Chilo é  Island ( Fig. 2 ). 

 RESULTS 

 Molecular features and phylogenetic reconstruction   —      The 
 atpB-rbcL  spacer, including the outgroup, had 752 aligned posi-
tions with 35 variable sites, of which 19 were parsimony infor-
mative. Including nucleotide substitutions and coded gaps, 20 
informative sites were found for  T. corymbosus  and  T. aphyllus  
( Table 2  ). Gap sizes in this chloroplast partition ranged from 
5 – 42 nucleotides long ( Table 2 ). The  trnL-trnF  region that in-
cluded the outgroup had 612 aligned positions with 28 variable 
sites, of which 10 were parsimony informative ( Table 2 ). Con-
sidering just  T. corymbosus  and  T. aphyllus , this chloroplast 

coded as  “ A ”  or  “ T ”  for MP and as the states  “ 0 ”  or  “ 1 ”  for BI. For BI, gaps 
were treated as restriction data in a mixed matrix input fi le. Only one individual 
representing each haplotype was used to conduct MP analysis in the program 
PAUP* ( Swofford, 2002 ) and BI analysis with the program MrBayes ( Ronquist 
and Huelsenbeck, 2003 ).  Tristerix verticillatus  and  T. pendulifl orus  were used 
as outgroups because they are the closest relatives of  T. corymbosus  ( Amico et 
al., 2007 ). We executed MP using the branch and bound search option for the 
combined chloroplast regions. Nodal support was assessed using the nonpara-
metric bootstrap (BS) ( Felsenstein, 1985 ) with 1000 pseudoreplicates using a 
branch and bound search. 

 For BI, a model of sequence evolution was determined using the program 
MrModeltest ( Nylander et al., 2004 ). The hierarchical likelihood ratio test se-
lected the HKY85 ( Hasegawa et al., 1985 ) model, which was then used for BI 
analysis. We executed BI in two independent analyses, each with four chains, 
for fi ve million generations. Trees and parameters were saved every 100 gen-
erations, producing 50   000 trees. Starting model parameters were assigned a 
uniform prior probability distribution except for the base frequencies where a 
Dirichlet distribution was assigned. Parameters were estimated as part of the 
analysis, but in cases where both partitions were analyzed, the estimates be-
tween them were unlinked, thus allowing each to vary independently. The 
burn-in was determined by stationary in the  – ln likelihood score, but was ca. 
12   500 in every analysis. The split frequency (variance between the two inde-
pendent runs) in all cases was below 0.001, thus confi rming that sampling was 
from the posterior probability distribution. 

 Parsimony network   —     The haplotype network was constructed using the 
program TCS version 1.3 ( Clement et al., 2000 ). Gap size was disregarded; 
thus, each one was coded as one substitution. The network with probabilities 
above the parsimony limit (0.95) was selected. Nested clade analysis was not 
performed because of the small sample sizes, which introduce statistical infer-
ence problems. 

  Table 1.  Collection information for 26 localities of  Tristerix corymbosus  and four localities of  T .  aphyllus  sampled in this study. Only one individual per 
locality was obtained for the  trnL-trnF  region. 

Localities Latitude (S) Longitude (W) Altitude Country Geog. Biomes Samples Clades Haplotypes

 Tristerix corymbosus 
   Ovalle 30 ° 39 ′ 30 ″ 71 ° 40 ′ 53 ″ 450 CL NO CM 1 III H
   Fray Jorge 30 ° 38 ′ 27 ″ 71 ° 22 ′ 57 ″ 550 CL NO CM 5 III H
   Chinchillas 31 ° 30 ′ 15 ″ 71 ° 07 ′ 37 ″ 365 CL NO CM 1 III I
   Illapel 31 ° 46 ′ 13 ″ 71 ° 19 ′ 07 ″ 460 CL NO CM 4 III I
   San Felipe 32 ° 47 ′ 05 ″ 70 ° 51 ′ 35 ″ 460 CL NO CM 1 III I
   Yerba Loca 33 ° 20 ′ 22 ″ 70 ° 19 ′ 56 ″ 1800 CL NO CM 5 III I
   Talca 35 ° 24 ′ 32 ″ 71 ° 37 ′ 33 ″ 160 CL CE CM 5 III I
   Queules 35 ° 58 ′ 58 ″ 71 ° 41 ′ 42 ″ 250 CL CE TF 5 I  E  a 
   Los Tilos 36 ° 46 ′ 35 ″ 72 ° 18 ′ 48 ″ 100 CL CE CM 5 II F
   Chill á n 36 ° 49 ′ 44 ″ 71 ° 43 ′ 01 ″ 985 CL CE TF 5 III F
   Nahuelbuta 37 ° 49 ′ 26 ″ 71 ° 57 ′ 54 ″ 1205 CL CE TF 5 II G
   San Ram ó n 37 ° 51 ′ 01 ″ 72 ° 57 ′ 50 ″ 1023 CL CE TF 5 II F
    Ñ ielol 38 ° 44 ′ 40 ″ 72 ° 35 ′ 17 ″ 105 CL CE TF 5 II and III F (1), I (4)
   San Mart í n 39 ° 38 ′ 57 ″ 73 ° 11 ′ 23 ″ 40 CL SW TF 6 I and II C (4), F (2)
   Yuco 40 ° 09 ′ 41 ″  71 ° 31 ′ 46 ″  660 ARG SE TF 5 I A
   Pucar á 40 ° 09 ′ 55 ″ 71 ° 37 ′ 35 ″ 640 ARG SE TF 5 II F
   Ri ó  Bueno 40 ° 20 ′ 58 ″ 72 ° 55 ′ 31 ″ 450 CL SW TF 5 I A
   Puyehue 40 ° 39 ′ 51 ″ 71 ° 12 ′ 58 ″ 809 CL SW TF 5 II F
   Quetrihue 40 ° 47 ′ 59 ″ 71 ° 32 ′ 40 ″ 785 ARG SE TF 3 I A
   Isla Victoria 40 ° 57 ′ 48 ″  71 ° 31 ′ 58 ″ 790 ARG SE TF 1 I A
   Llao Llao 41 ° 03 ′ 00 ″ 71 ° 32 ′ 40 ″ 785 ARG SE TF 5 I A
   Tacul 41 ° 04 ′ 06 ″ 71 ° 32 ′ 67 ″ 780 ARG SE TF 1 I A
   Ensenada 41 ° 10 ′ 44 ″  72 ° 32 ′ 41 ″ 70 CL SW TF 5 I D
   Ancud 41 ° 58 ′ 50  ″ 73 ° 30 ′ 40 ″  20 CL SW TF 4 II F
   Linao 41 ° 59 ′ 01 ″ 73 ° 30 ′ 38 ″ 15 CL SW TF 6 I B (5), F(1)
   Huillinco 42 ° 40 ′ 45 ” 73 ° 54 ′ 21 ″ 25 CL SW TF 5 II F
 Tristerix aphyllus 
   Fray Jorge 30 ° 38 ′ 27 ” 71 ° 22 ′ 57 ” 550 CL NO CM 1 IV J
   Chinchillas 31 ° 30 ′ 15 ” 71 ° 07 ′ 37 ” 365 CL NO CM 5 IV J
   Los Andes 32 ° 50 ′ 39 ”  70 ° 31 ′ 21 ” 860 CL NO CM 4 IV J
   Campana 32 ° 55 ′ 31 ”  71 ° 05 ′ 08 ” 350 CL NO CM 3 IV K

 Notes:  Country: East and West of Andes range, CL = Chile, ARG = Argentina. Geographical region (Geog.): NO = North, CE = Central, SW = 
Southwest, SE = Southeast. Biomes: CM = Chilean matorral, TF = temperate forest.

 a  from  trnL-trnF  region
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in several ( Table 1 ,  Fig. 2 ). Haplotypes A and F are found 
mainly in the temperate forest on both sides of the Andes, and 
haplotypes I and J in the Chilean matorral. The  atpB-rbcL  
spacer data indicate that only three localities have haplotype 
diversity: haplotype F is present with B in Linao, with C in San 
Mart í n, and with H in  Ñ ielol. 

 Analysis of molecular variance   —      The AMOVA ( Table 3  ) 
for the  atpB-rbcL  spacer, showed no statistical differences be-
tween the two species,  T. corymbosus  and  T. aphyllus  ( Table 3 ). 
In this analysis, the greatest percentage of the variation was at-
tributed to within group (i.e., within each species). In the group-
ing of  T. corymbosus  by biome type, the AMOVA showed 
about the same proportion (46%) of variation among and within 
each biome. When grouping by geographical region, the major 
variation was found within each region (50%), with lesser 
amounts (40%) among groups. The AMOVA examining locali-
ties from the southern region across two potential geographical 
barriers (the Andean Cordillera and the waterway between the 
Chilean mainland and Chilo é  Island) did not reveal signifi cant 
variation between the regions. Thus, the Andes and the water 
separation did not infl uence differentiation of cpDNA haplo-
types in  T. corymbosus.  

 DISCUSSION 

 Different historical and ecological events have shaped the 
genetic structure of  Tristerix corymbosus  and  T. aphyllus  such 
that today four well-differentiated haplotype clades exist: three 
for  T. corymbosus  and one for  T. aphyllus . The phylogeographic 
history of these two species in southern South America appears 
more complex than suggested by a simple extrapolation based 
on region or biome. The phylogenetic relationships among the 
various haplotypes are not refl ected in their geographical pat-
tern. The four clades are not completely geographically segre-
gated and overlap was observed between them ( Fig. 2 ). Clade 
III of  T. corymbosus  occurs in the same area as  T. aphyllus  in 
clade IV. It has been postulated that  T. aphyllus  speciated from 
a population of  T. corymbosus  in sympatry ( Amico et al., 2007 ). 
The genetic and morphological differentiation between these 
two sister species is discussed in more detail later. 

 The geographical distribution of the haplotypes of  T. corym-
bosus  is complex, especially in the central region of Chile. In 
this area, haplotypes from each clade are present in proximal 
localities, thereby resulting in little geographical structure for 
the species. When  T. corymbosus  is grouped by geographical 
location, AMOVA shows that this factor contributes less than 
half the among-group variance. If one focuses on the northern 
and southern portions of the range for the species, geographical 
location may play some role in shaping the genetic structure of 
 T. corymbosus . Clades I and II are found mainly in the south 
and Clade III in the north; however, the observed pattern has 
likely been masked by recent migration of some haplotypes dis-
cussed later. A similar result is found when  T. corymbosus  is 
grouped by biome, where the proportion of variation among the 
temperate forest and the Chilean matorral is similar to within 
each biome, indicating that this ecological feature is not a major 
factor explaining the population genetic structure of  T. 
corymbosus . 

 The other two geographical barriers examined in the south-
ern part of the  T. corymbosus  distribution, the Andean Cordil-
lera and mainland Chile – Chilo é  Island waterway, also do not 

region contained only six informative sites, which correspond 
to three coded gaps and three nucleotide substitutions ( Table 2 ). 

 On the basis of nucleotide substitutions and coded gaps, 10 
haplotypes were recognized for  T. corymbosus  and  T. aphyllus  
for the  atpB-rbcL  spacer. In addition to these, the  trnL-trnF  re-
gion (sampled for 30 individuals) added only one new haplo-
type, corresponding to the individual from the Queules locality 
( Table 2 ). All individuals sampled from this locality (fi ve) had 
the same haplotype (A) for the  atpB-rbcL  spacer. When consid-
ering both chloroplast regions, the total number of haplotypes 
increases to 11, nine for  T. corymbosus  and two for  T. aphyllus . 

 Analyses of the combined chloroplast regions using both MP 
and BI resulted in trees with congruent topologies. Parsimony 
analysis generated one tree (length = 97, CI = 0.99, RI = 0.98) 
that contained four strongly supported clades (I – IV), the fi rst 
three of which pertain to  T. corymbosus  and the fourth to  T. 
aphyllus  ( Fig. 3  ). All clades on the BI tree had posterior proba-
bilities higher than 0.98. Clade I contained haplotypes A – E (all 
arising from a polytomy) that showed several unique changes 
with respect to the other clades ( Table 2 ). Using both MP and BI 
analyses, strong support is obtained for the paraphyly of  T. 
corymbosus  as revealed by the sister relationship between clade 
III ( T. corymbosus ) and clade IV ( Tristerix aphyllus ). 

 Haplotype network   —      The haplotype network generated by 
TCS ( Fig. 4  ) refl ected the same topological features as seen on 
the MP and BI trees ( Fig. 3 ). Clade I, with haplotypes A to E, is 
separated from the rest of the clades by several changes that 
included duplications, deletions, and substitutions ( Table 2 ). 
Within clade I, haplotype A is central, and haplotypes B and C 
differed from it by one substitution. Haplotype E differed from 
haplotype A by three changes (substitution, duplication, and 
deletion) found in the  trnL-trnF  region ( Table 2 ). Haplotype D 
differed from the others in clade I by the absence of duplica-
tions and deletions. Clade II comprised haplotypes F and G 
characterized by one substitution and one deletion. Haplotype 
G differed from F by one deletion and by the absence of a du-
plication. Within clade III, haplotype H differed from I by two 
unique substitutional changes and a unique duplication. Clade 
IV, representing  T. aphyllus , contained two haplotypes (J and 
K) that together shared a substitution with clade III. Three 
changes were synapomorphies for this clade: one substitution 
and two duplications. The insertion of two bases distinguished 
haplotypes J and K. 

 Geographical distribution of clades and haplotypes   —      After 
plotting the 11 haplotypes on the map of Chile and Argentina 
( Fig. 2 ), the geographical distribution pattern that emerges is 
complex and does not appear to correspond to relationships 
among the phylogenetic clades. Localities that are geographi-
cally proximal do not necessarily share the same haplotype or 
haplotypes from the same clade. This is especially the case in 
central Chile where overlap occurs among different haplotypes 
( Fig. 2 ). 

 Clade I (haplotypes A to E) and clade II (haplotypes F and G) 
were distributed from the central to southern part of the  T. 
corymbosus  range, whereas clade III (haplotypes H and I) was 
present mainly in the northern part. Clade IV (haplotypes J and 
K) represents the other species,  T. aphyllus , which is endemic 
to the Chilean matorral and occurs in sympatry with clade III of 
 T. corymbosus . 

 Seven haplotypes (B, C, D, E, G, H, and K) are confi ned to 
one specifi c locality, while haplotypes A, F, I, and J are found 
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contribute to the genetic structure in the species. This result 
provides evidence for gene fl ow in  T. corymbosus  between the 
two sides of the mountain range for haplotype A (clade I) and 
haplotype F (clade II). Migration between both sides of the An-
des has been suggested for other southern taxa, where the 
mountains are not very high and the forest is continuous 
( Marchelli and Gallo, 2004 ;  Palma et al., 2005 ;  Himes, et al., 
2008 ). As with the Andean Cordillera, migration between the 
mainland and Chilo é  Island has occurred in  T. corymbosus . 
During the Pleistocene, lower sea levels associated with glacial 
oscillations most likely provided opportunities for exchange 
between insular and mainland biota ( Heusser et al., 1999 ). 

 Clade and haplotype differentiation   —      The molecular phy-
logeny of the genus  Tristerix  indicates that  T. corymbosus  and 
 T. aphyllus  are the most austral species of a southern clade that 
also contains  T. verticillatus  and  T. pendulifl orus  ( Amico et al., 
2007 ). A chronogram for Santalales calibrated with fossil pol-
len from  Anacolosides  indicates that the genus  Tristerix  di-
verged in the Oligocene ~25 Ma ( Vidal-Russell and Nickrent, 
2008b ). The time of divergence of  T. corymbosus  cannot be 
determined with current data but is likely contemporaneous 
with the emergence of the Andes during the Miocene. At this 
time, the vegetation in the southern part of South America was 
dominated by a mixed and subtropical paleofl ora more similar 
to what is now seen in the southern part of the Chilean matorral. 
With the cooling of South America, the southern fl ora experi-
enced greater change than the northern fl ora, likely affecting 
the mistletoe populations by reducing population sizes and iso-
lating them from others. These two factors could be responsible 
for the differentiation of clade I from the other three clades. 
Clade I is found mainly in the south and has a large number of 
autapomorphies ( Table 2 ), possibly indicating long periods of 
isolation. Although causation is lacking, the differentiation of 
clade II from clades III/IV appears to follow a geographic pat-
tern, given that clade II is mainly southern and the others mainly 
northern. 

 Interestingly, each clade has haplotypes that are widely dis-
tributed (A for clade I, F for clade II, I for clade III, and J for 
clade IV), while other haplotypes in each clade are unique to 
one locality or to a limited area. For the widely distributed hap-
lotypes, only A and J are internal in the network, suggesting 
that these are older and had more time to disperse. Such is not 
the case for haplotypes of clades II and III. In the south, the 
higher number of rare haplotypes belonging to clade I (B, C, 
and D) suggest a complex history that can be associated with 
the last glaciations, which formed several refugia in that area. 
The southern part of the distribution of  T. corymbosus  suffered 
ice cover during the last glaciation period ( Heusser, 1984 ;  Vil-
lagr á n, 1991 ). These haplotypes (B, C, and D) are in localities 
previously identifi ed as refugia for canopy tree species ( Pre-
moli et al., 2000 ,  2002 ;  Silla et al., 2002 ;  Allnutt et al., 2003 ; 
 Marchelli and Gallo, 2004 ). 

 The other haplotypes found in unique localities in the central 
and northern regions, haplotype G (clade II) and haplotype H 
(clade III), are found in areas that have long been recognized as 
forest remnants. Nahuelbuta (haplotype G, clade II) and Queules 
(haplotype E, clade I) localities occur in an isolated mountain 
range, which contains relictual fl oristic elements ( Hinojosa et 
al., 2006 ). The Fray Jorge region, characterized by haplotype H 
(clade III), is considered to have a relictual fl ora derived from 
the mixed and subtropical fl ora of coastal Chile that was re-
duced and isolated by the end of the Tertiary ( Troncoso, et al.,   T
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they do not function as seed dispersers there because they do 
not recognize the fruits (G. Amico, unpublished data). The en-
demic marsupial  Dromiciops gliroides  does recognize the fruits 
and effectively serves as the sole disperser of  Tristerix  seeds in 
the temperate forest ( Amico and Aizen, 2000 ;  Amico, 2007 ). 
Although selection for fruit color appears to involve seed dis-
perser type, the expectation that mistletoe genetic structure was 
shaped by this selection was not supported by the results of this 
study. If genetic differentiation ever existed, it is possible that it 
has since been erased by later migrations. A recent phylogeo-
graphic study of  D. gliroides  ( Himes et al., 2008 ) showed a 
different haplotype distributional pattern as compared with the 
present mistletoe study. That study reported three major geo-
graphical groups within the temperate forest, but these are not 
concordant with the  T. corymbosus  groups. The current study 
did not reveal a common pattern as might be expected given a 
 “ comparative phylogeographic ”  approach ( Arbogast and Ke-
nagy, 2001 ). This result refl ects the fact that  Dromiciops  does 

1980 ;  Villagr á n and Armesto, 1980 ;  Hinojosa and Villagr á n, 
1997 ;  Villagr á n and Hinojosa, 1997 ). In  T. aphyllus , haplotype 
K was located on La Campana mountain, an area that harbors 
unique fl ora and fauna in the central region of Chile ( San Mar-
t í n et al., 1988 ;  Villagr á n, 1995 ;  Armesto et al., 2008) . 

 Association of ecological factors with mistletoe genetic 
structure   —      Despite its morphological distinctiveness ( Kuijt, 
1988 ),  Tristerix aphyllus  has relatively few molecular differ-
ences when compared with  T. corymbosus  ( Table 2 ). The high 
degree of genetic similarity between these two species is also 
seen in nuclear ribosomal ITS sequences ( Amico et al., 2007 ). 
For the  atptB-rbcL  region, no statistically signifi cant differ-
ences were found in the AMOVA between these species. One 
possible explanation is that the  T. aphyllus  speciation event is 
quite recent; thus, insuffi cient time has elapsed for the accumu-
lation of genetic differences. In addition, the greatest propor-
tion of variability resides within the populations of  T. 
corymbosus  and not as much within populations of  T. aphyllus . 
Although morphological differentiation between  T. corymbo-
sus  and  T. aphyllus  is apparent, no obvious differences have 
been identifi ed among the three  T. corymbosus  clades. The 
polymorphism seen in mature fruit color is not associated with 
the clades but with biome. For example, the Los Tilos locality 
of the Chilean matorral has haplotype F (clade II), and mistle-
toes here produce yellow fruits, whereas the nearby temperate 
forest locality, Las Trancas, has the same haplotype (F), but the 
fruits are green at maturity. Furthermore, locality  Ñ ielol in the 
temperate forest contains haplotypes F and I (clades II and III), 
and all individuals produce green fruits regardless of the 
haplotype. 

 Fruiting time differences are apparent between the two biome 
types: spring in the Chilean matorral and late summer in the 
temperate forest. This timing as well as fruit color differences 
could be the phenotypic expressions of environmentally con-
trolled characters. Although some of the Chilean bird species 
that disperse  Tristerix  fruits are present in the temperate forest, 

 Fig. 3.   Phylogram obtained from maximum parsimony (MP) and Bayesian inference (BI) analyses of the 11 cpDNA  atpB-rbcL  spacer and  trnL-trnF  
region haplotypes obtained from  Tristerix corymbosus  and  T. aphyllus . Roman numerals represent the clades. Numbers above branches represent MP 
bootstrap values (1000 pseudoreplicates) followed by BI posterior probabilities.   

 Fig. 4.   Parsimony haplotype network of  atpB-rbcL  spacer and  trnL-
trnF  region for  Tristerix corymbosus  and  T. aphyllus.  Identifi ed haplotypes 
are represented in capital letters, nodal circles represents haplotypes not 
sampled (or extinct). Roman numerals represent the clades shown in  Fig. 3 .   
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jor factors associated with  T. corymbosus , such as geographic 
region, biome, seed disperser, and host, were discounted. These 
factors may have played a role in the past, but the current distri-
bution of haplotypes seems to refl ect modifi cations after disper-
sal. Movement of the seed dispersers after the retreat of glacial 
ice could explain the current distribution of  Tristerix  haplo-
types. In Europe post-glacial plant movement is well docu-
mented ( Petit et al., 2002a ,  b, 2005 ;  Grivet and Petit, 2003 ; 
 Hampe et al., 2003 ), but for southern South America, there is 
little or no information of this type. The mistletoe and its dis-
persers (bird and marsupial) may have migrated from multiple 
refugia (localized in the temperate forest) or from the north 
(Chilean matorral) to areas in the south that were covered with 
ice during glaciations. Current gene fl ow via the seed disperser 
is mixing the haplotypes found in the temperate forest, thus ob-
scuring the genetic structure created before and during the gla-
cial period. The major seed disperser in the central region, 
where the most haplotype diversity for the mistletoe was 
found, is the tyrant fl ycatcher  Elaenia albiceps  ( Amico, 2007 ). 
The migrational route of this neotropical bird overlaps the dis-
tribution of  T. corymbosus , and the timing of its arrival coin-
cides with the mistletoe fruiting season. Bird migration could 
produce a strong seed rain in a north to south direction, thus 
generating the dispersal of haplotypes from the center to the 
south. This strong directional gene fl ow could have erased past 
phylogeographic pattern and generated the complex genetic 
structure found in  T. corymbosus  today. 
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2002a ,  b ).  Tristerix corymbosus  is a generalist species, parasit-
izing at least 27 different hosts in 13 families, and these typi-
cally do not occur in large monospecifi c stands ( Amico, 2007 ). 
For the 108 individuals of  T. corymbosus  sampled in this study, 
16 species of shrubs or vines from 12 families were recorded as 
hosts. The common host was  Aristotelia chilensis  (Elaeocar-
paceae), an endemic species of the temperate forest. Individuals 
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  Table 3.  Analyses of molecular variance (AMOVA) of  atpB - rbcL  spacer sequence data given various groupings of  Tristerix  localities. 

Grouping Source of variation df Sum of squares Variance components % of total variation  P 

Taxa a Among groups 1 26.0 0.27 12.4 0.144
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Total 9 198.6
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Total 55 62.0

 a   T. corymbosus  (haplotypes A – H),  T. aphyllus  (haplotypes I, J)
 b  For groupings according to biome, geographical region, Andes, and the waterway separating the Chilean mainland and Chilo é  Island ( Table 1  and 

 Fig. 2 ).



1579August 2009] Amico and Nickrent — Phylogeography of  TRISTERIXS 

vides insight into the evolution of parasitic angiosperms.    Molecular 
Ecology    11 :  387  –  405 .   

    Jerome   ,    C. A.   , and    B. A.     Ford  .  2002b .  Comparative population structure 
and genetic diversity of  Arceuthobium americanum  (Viscaceae) and 
its  Pinus  host species: Insight into host-parasite evolution in parasitic 
angiosperms.    Molecular Ecology    11 :  407  –  420 .   

    Kimura   ,    M.    1980 .  A simple method for estimating evolutionary rates 
of base substitutions through comparative studies of nucleotide se-
quences.    Journal of Molecular Evolution    16 :  111  –  120 .   

    Kuijt   ,    J.    1969 . The biology of parasitic fl owering plants. University of 
California Press, Berkeley, California, USA.  

    Kuijt   ,    J.    1988 . Revision of  Tristerix  (Loranthaceae). Systematic Botany 
Monographs no. 19, American Society of Plant Taxonomists, Ann 
Arbor, Michigan, USA.  

    Linhart   ,    Y.   ,    L.     Ellwood   ,    J.     Karron   , and    J.     Gehring  .  2003 .  Genetic dif-
ferentiation in the dwarf mistletoes  Arceuthobium vaginatum  and 
 Arceuthobium americanum  on their principal and secondary hosts.  
  International Journal of Plant Sciences    164 :  61  –  69 .   

    Marchelli   ,    P.   , and    L. A.     Gallo  .  2004 .  The combined role of glaciation 
and hybridization in shaping the distribution of genetic variation in a 
Patagonian southern beech.    Journal of Biogeography    31 :  451  –  460 .  

    Markgraf   ,    V.   ,    M.     McGlone   , and    G.     Hope  .  1995 .  Neogene paleoenvi-
ronmental and paleoclimatic change in southern temperate ecosys-
tems — A southern perspective.    Trends in Ecology  &  Evolution    10 : 
 143  –  147 .   

    Mathiasen   ,    R. L.   ,    D. L.     Nickrent   ,    D. C.     Shaw   , and    D. M.     Watson  . 
 2008 .  Mistletoes: Pathology, systematics, ecology, and management.  
  Plant Disease    92 :  988  –  1006 .   

    Mauseth   ,    J. D.   ,    G.     Montenegro   , and    A. M.     Walckowiak  .  1984 .  Studies on 
the holoparasite  Tristerix aphyllus  (Loranthaceae) infecting  Trichocereus 
chilensis  (Cactaceae) .   Canadian Journal of Botany    62 :  847  –  857 .   

    McCulloch   ,    R. D.   ,    M. J.     Bentley   ,    R. S.     Purves   ,    N. R. J.     Hulton   ,    D. E.   
  Sugden   , and    C. M.     Clapperton  .  2000 .  Climatic inferences from glacial 
and palaeoecological evidence at the last glacial termination, southern 
South America.    Journal of Quaternary Science    15 :  409  –  417 .   

    Medel   ,    R.   ,    C.     Botto-Mahan   ,    C.     Smith-Ramirez   ,    M. A.     Mendez   ,    C. G.   
  Ossa   ,    L. N.     Caputo   , and    W. L.     Gonzales  .  2002 .  Historia natural cuan-
titativa de una relaci ó n par á sito-hospedero: el sistema  Tristerix -cact á ceas 
en Chile semi á rido.    Revista Chilena de Historia Natural    75 :  127  –  140 .  

    Nickrent   ,    D. L.   , and    T. L.     Butler  .  1990 .  Allozymic relationships of 
 Arceuthobium campylopodum  and allies in California.    Biochemical 
Systematics and Ecology    18 :  253  –  265 .   

    Nickrent   ,    D. L.   , and    T. L.     Butler  .  1991 .  Genetic relationships in 
 Arceuthobium monticola  and  A. siskiyouense  (Viscaceae): New 
dwarf mistletoe species from California and Oregon.    Biochemical 
Systematics and Ecology    19 :  305  –  313 .   

    Nickrent   ,    D. L.   , and    A. L.     Stell  .  1990 .  Electrophoretic evidence for 
genetic differentiation in two host races of hemlock dwarf mistletoe 
( Arceuthobium tsugense ).    Biochemical Systematics and Ecology    18 : 
 267  –  280 .   

    Norton   ,    D. A.   , and    M. A.     Carpenter  .  1998 .  Mistletoes as parasites: Host 
specifi city and speciation.    Trends in Ecology  &  Evolution    13 :  101  –  105 .   

    Nylander   ,    J. A. A.   ,    F.     Ronquist   ,    J. P.     Huelsenbeck   , and    J. L.   
  Nieves-Aldrey  .  2004 .  Bayesian phylogenetic analysis of combined 
data.    Systematic Biology    53 :  47  –  67 .   

    Palma   ,    R. E.   ,    E.     Rivera-Milla   ,    J.     Salazar-Bravo   ,    F.     Torres-P é rez   ,  
  U. F. J.     Pardi ñ as   ,    P. A.     Marquet   ,    A. E.     Spotorno,     et al.    2005 .  Phylo-
geography of  Oligoryzomys longicaudatus  (Rodentia: Sigmodontinae) 
in temperate South America.    Journal of Mammalogy    86 :  191  –  200 .   

    Petit   ,    R. J.   ,    S.     Brewer   ,    S.     Bordacs   ,    K.     Burg   ,    R.     Cheddadi   ,    E.     Coart   ,    J.   
  Cottrell,     et al  .    2002a .  Identifi cation of refugia and post-glacial colo-
nisation routes of European white oaks based on chloroplast DNA and 
fossil pollen evidence.    Forest Ecology and Management    156 :  49  –  74 .   

    Petit   ,    R. J.   ,    U. M.     Csaikl   ,    S.     Bordacs   ,    K.     Burg   ,    E.     Coart   ,    J.     Cottrell   ,    B.   
  van Dam,     et al  .    2002b .  Chloroplast DNA variation in European white 
oaks — Phylogeography and patterns of diversity based on data from 
over 2600 populations.    Forest Ecology and Management    156 :  5  –  26 .   

    Petit   ,    R. J.   ,    A.     Hampe   , and    R.     Cheddadi  .  2005 .  Climate changes and tree 
phylogeography in the Mediterranean.    Taxon    54 :  877  –  885 .  

    Amico   ,    G. C.   , and    M. A.     Aizen  .  2000 .  Mistletoe seed dispersal by a mar-
supial.    Nature    408 :  929  –  930 .  

    Amico   ,    G. C.   ,    M. A.     Rodr í guez-Cabal   , and    M. A.     Aizen  .  2009 .  The po-
tential key seed-dispersing role of the arboreal marsupial  Dromiciops 
gliroides.     Acta Oecologica    35 :  8  –  13 .   

    Amico   ,    G. C.   ,    R.     Vidal-Russell   , and    D. L.     Nickrent  .  2007 .  Phylogenetic 
relationships and ecological speciation in the mistletoe  Tristerix  
(Loranthaceae): The infl uence of pollinators, dispersers, and hosts . 
  American Journal of Botany    94 :  558  –  567 .   

    Arbogast   ,    B. S.   , and    G. J.     Kenagy  .  2001 .  Comparative phylogeography 
as an integrative approach to historical biogeography.    Journal of 
Biogeography    28 :  819  –  825 .   

    Armesto   ,    J. J.   ,    M. T. K.     Arroyo   , and    L. F.     Hinojosa  .  2008 . The mediter-
ranean environment of central Chile.  In  T. T. Veblen, K. R. Young, 
and A. R. Orme [eds.], The physical geography of South America, 
184 – 199. Oxford University Press, New York, New York, USA.  

    Barlow   ,    B. A.    1983 . Biogeography of Loranthaceae and Viscaceae.  In  D. 
M. Calder and P. Bernhardt [eds.], The biology of mistletoes, 19 – 45. 
Academic Press, New York, New York, USA.  

    Clement   ,    M.   ,    D.     Posada   , and    K. A.     Crandall  .  2000 .  TCS: A computer 
program to estimate gene genealogies, version 1.21.    Molecular 
Ecology    9 :  1657  –  1659 .   

    Excoffier   ,    L.   ,    G.     Laval   , and    S.     Schneider  .  2005 .  Arlequin: An integrated 
software package for population genetics data analysis, version 3.11.  
  Evolutionary Bioinformatics Online    1 :  47  –  50 .  

    Felsenstein   ,    J.    1985 .  Confi dence limits on phylogenies: An approach us-
ing the bootstrap.    Evolution    39 :  783  –  791 .  

    Gayo   ,    E.   ,    L. F.     Hinojosa   , and    C.     Villagr á n  .  2005 .  On the persistence of 
tropical paleofl oras in central Chile during the early eocene.    Review of 
Palaeobotany and Palynology    137 :  41  –  50 .   

    Grivet   ,    D.   , and    R. J.     Petit  .  2003 .  Chloroplast DNA phylogeography of 
the hornbeam in Europe: Evidence for a bottleneck at the outset of 
postglacial colonization.    Conservation Genetics    4 :  47  –  56 .   

    Hall   ,    T. A.    1999 .  BioEdit: A user-friendly biological sequence alignment 
editor and analysis program for Windows 95/98/NT, version 7.0.  
  Nucleic Acids Symposium Series    41 :  95  –  98 .  

    Hampe   ,    A.   ,    J.       Arroyo   ,    P.       Jordano   , and    R. J.       Petit  .  2003 .  Rangewide phylo-
geography of a bird-dispersed Eurasian shrub: Contrasting mediterranean 
and temperate glacial refugia.    Molecular Ecology    12 :  3415  –  3426 .  

    Hasegawa   ,    M.   ,    H.     Kishino   , and    T.     Yano  .  1985 .  Dating of the human-
ape splitting by a molecular clock of mitochondrial DNA.    Journal of 
Molecular Evolution    22 :  160  –  174 .   

    Heusser   ,    C. J.    1984 .  Late glacial Holocene climate of Lake District of 
Chile.    Quaternary Research    22 :  77  –  90 .   

    Heusser   ,    C. J.   ,    L. E.     Heusser   , and    T. V.     Lowell  .  1999 . Paleoecology 
of the southern Chilean Lake District — Isla Grande de Chiloe dur-
ing middle – late Llanquihue glaciation and deglaciation.  Geografi ska 
Annaler, series A, Physical Geography  81A: 231 – 284.  

    Himes   ,    C. M. T.   ,    M. H.     Gallardo   , and    G. J.     Kenagy  .  2008 .  Historical 
biogeography and post-glacial recolonization of South American 
temperate rain forest by the relictual marsupial  Dromiciops gliroides.   
  Journal of Biogeography    35 :  1415  –  1424 .   

    Hinojosa   ,    L. F.   ,    J. J.     Armesto   , and    C.     Villagr á n  .  2006 .  Are Chilean 
coastal forests pre-Pleistocene relicts? Evidence from foliar physiog-
nomy, palaeoclimate, and phytogeography.    Journal of Biogeography   
 33 :  331  –  341 .   

    Hinojosa   ,    L. F.   , and    C.     Villagr á n  .  1997 .  Historia de los bosques del Sur 
de Sudam é rica, I: Antecedentes paleobot á nicos, geol ó gicos y clim á ti-
cos del terciario del cono sur de Am é rica.    Revista Chilena de Historia 
Natural    70 :  225  –  239 .  

    Hinojosa   ,    L. F.   , and    C.     Villagr á n  .  2005 .  Did South American mixed 
paleofl oras evolve under thermal equability or in the absence of an 
effective Andean barrier during the Cenozoic?    Palaeogeography, 
Palaeoclimatology, Palaeoecology    217 :  1  –  23 .   

    Hoffmann   ,    A. J.   ,    E. R.     Fuentes   ,    I.     Cortes   ,    F.     Liberona   , and    V.     Costa  . 
 1986 .   Tristerix tetrandrus  (Loranthaceae) and its host-plants in the 
Chilean matorral: Patterns and mechanisms.    Oecologia    69 :  202  –  206 .   

    Jerome   ,    C. A.   , and    B. A.     Ford  .  2002a .  The discovery of three genetic races 
of the dwarf mistletoe  Arceuthobium americanum  (Viscaceae) pro-



1580 American Journal of Botany

    Premoli   ,    A. C.   ,    T.     Kitzberger   , and    T. T.     Veblen  .  2000 .  Isozyme variation 
and recent biogeographical history of the long-lived conifer  Fitzroya 
cupressoides.     Journal of Biogeography    27 :  251  –  260 .   

    Premoli   ,    A. C.   ,    C. P.     Souto   ,    A. E.     Rovere   ,    T. R.     Allnut   , and    A. C.   
  Newton  .  2002 .  Patterns of isozyme variation as indicators of biogeo-
graphic history in  Pilgerodendron uviferum  (D. Don) Florin.    Diversity 
 &  Distributions    8 :  57  –  66 .   

    Reid   ,    N.    1991 .  Coevolution of mistletoes and frugivorous birds?    Australian 
Journal of Ecology    16 :  457  –  469 .   

    Reynolds   ,    J. H.   ,    T. E.     Jordan   ,    N. M.     Johnson   ,    J. F.     Damanti   , and    K. D.   
  Tabbutt  .  1990 .  Neogene deformation of the fl at-subduction segment 
of the Argentine – Chilean Andes – magnetostratigraphic constraints from 
Las Junta, La Rioja Province, Argentina.    Geological Society of America 
Bulletin    102 :  1607  –  1622 .   

    Rodr í guez-Cabal   ,    M. A.   ,    M. A.     Aizen   , and    A. J.     Novaro  .  2007 .  Habitat 
fragmentation disrupts a plant-disperser mutualism in the temperate for-
est of South America.    Biological Conservation    139 :  195  –  202 .   

    Ronquist   ,    F.   , and    J. P.     Huelsenbeck  .  2003 .  MrBayes 3: Bayesian phyloge-
netic inference under mixed models.    Bioinformatics    19 :  1572  –  1574 .   

    San Mart í n   ,    J.   ,    A.     Troncoso   , and    A.     Ramirez  .  1988 .  Estudios fi tosoci-
olog í a de los pantanosos nativos de la cordillera de la costa en Chile 
central.    Bosque    9 :  17  –  33 .  

    Silla   ,    F.   ,    S.     Fraver   ,    A.     Lara   ,    T. R.     Allnutt   , and    A.     Newton  . 
 2002 .  Regeneration and stand dynamics of  Fitzroya cupressoides  
(Cupressaceae) forests of southern Chile ’ s Central Depression.    Forest 
Ecology and Management    165 :  213  –  224 .   

    Swofford   ,    D. L.    2002 . PAUP*: Phylogenetic analysis using parsimony 
(*and other methods). Sinauer, Sunderland, Maassachusetts, USA  

    Taberlet   ,    P.   ,    L.     Gielly   ,    G.     Pautou   , and    J.     Bouvet  .  1991 .  Universal prim-
ers for amplifi cation of 3 noncoding regions of chloroplast DNA.    Plant 
Molecular Biology    17 :  1105  –  1109 .   

    Tel-Zur   ,    N.   ,    S.     Abbo   ,    D.     Myslabodski   , and    Y.     Mizrahi  .  1999 .  Modifi ed 
CTAB procedure for DNA isolation from epiphytic cacti of the gen-
era  Hylocereus  and  Selenicereus  (Cactaceae).    Plant Molecular Biology 
Reporter    17 :  249  –  254 .   

    Troncoso   ,    A.   ,    C.     Villagr á n   , and    M.     Mu ñ oz  .  1980 .  Una nueva hip ó te-
sis acerca del origen y edad del bosque de Fray Jorge (Coquimbo, 
Chile).    Bolet í n del Museo Nacional de Historia Natural de Chile    37 : 
 117  –  152 .  

    Vidal-Russell   ,    R.   , and    D. L.     Nickrent  .  2008a .  Evolutionary relationships 
in the showy mistletoe family (Loranthaceae).    American Journal of 
Botany    95 :  1015  –  1029 .   

    Vidal-Russell   ,    R.   , and    D. L.     Nickrent  .  2008b .  The fi rst mistletoes: 
Origins of aerial parasitism in Santalales.    Molecular Phylogenetics and 
Evolution    47 :  523  –  537 .   

    Villagr á n   ,    C.    1991 .  History of the temperate forests of southern Chile 
during the late-glacial and Holocene.    Revista Chilena de Historia 
Natural    64 :  447  –  460 .  

    Villagr á n   ,    C.    1995 . Quaternary history of the mediterranean vegetation of 
Chile.  In  M. T. K. Arroyo, P. H. Zedler, and M. D. Fox [eds.], Ecology 
and biogeography of mediterranean ecosystems in Chile, California and 
Australia, 3 – 20. Springer-Verlag, New York, New York, USA.  

    Villagr á n   ,    C.   , and    J. J.     Armesto  .  1980 .  Relaciones fl or í sticas entre 
las comunidades relictuales del norte chico y la zona central con el 
bosque del sur de Chile.    Bolet í n del Museo Nacional de Historia 
Natural de Chile    37 :  87  –  101 .  

    Villagr á n   ,    C.   , and    L. F.     Hinojosa  .  1997 .  Historia de los bosques del 
sur de Sudam é rica, II: An á lisis fi togeogr á fi cos.    Revista Chilena de 
Historia Natural    70 :  241  –  267 .  

    Watson   ,    D. M.    2001 .  Mistletoe — A keystone resource in forests and 
woodlands worldwide.    Annual Review of Ecology and Systematics   
 32 :  219  –  249 .             

Appendix 1. Collection information for 26 localities of  Tristerix corymbosus  and four localities of  T .  aphyllus  sampled in this study.Vouchers of each individual were 
deposited in the Department of Botany Herbarium, Universidad Nacional del Comahue, Bariloche Argentina (BCRU). All collections from the same locality 
were given a number followed by a letter for each individual (letter indicated in sample column). DNA accession number (DNA acc.) from the collection 
maintained by D. L. Nickrent at SIUC.

Locality name Location Date of collection Collector DNA acc. Samples

 Tristerix corymbosus 
   Ovalle Near Fray Jorge National Park, IV Regi ó n, Chile 20-Jan-03 G Amico 85 4595 A
   Fray Jorge Fray Jorge National Park, IV Regi ó n, Chile 7-Sep-02 G Amico 81 4572 H, J, K, L, M
   Chinchillas Chincillas National Park, IV Regi ó n, Chile 8-Sep-02 G Amico 80 4571 A
   Illapel On the way to Illapel, IV Regi ó n, Chile 11-Sep-02 G Amico 78 4569 A, B, C, D
   San Felipe San Felipe, Santiago, V Regi ó n, Chile 13-Sep-02 G Amico 82 4573 A
   Yerba Loca Yerba Loca National Park, Regi ó n Metropolitana, Chile 14-Sep-02 G Amico 77 4568 E, D, K, N, O
   Talca Route 5 near Talca, VII Regi ó n, Chile 11-Sep-02 G Amico 83 4574 A, B, C, D, F
   Queules Los Queules National Park,VII Regi ó n, Chile 4-Feb-03 G Amico 86 4596 D, G, J, H, K
   Los Tilos Route 5 near Los Tilos, VIII Regi ó n, Chile 23-Jan-03 G Amico 87 4597 A, B, C, D, E
   Chill á n On the way to Las Trancas from Chill á n, VIII Regi ó n, Chile 23-Jan-03 G Amico 88 4598 A, B, C, D, E
   Nahuelbuta Nahuelbuta National Park, VIII Regi ó n, Chile 24-Jan-03 G Amico 89 4599 A, B, C, D, E
   San Ram ó n On the way to Nahuelbuta National Park, VIII Regi ó n, Chile 25-Jan-02 G Amico 74 4508 A, B, C, D, E
    Ñ ielol  Ñ ielol National Park, IX Regi ó n, Chile 25-Jan-03 G Amico 90 4600 A, B, C, D, E
   San Mart í n Fundo San Mart í n, X Regi ó n, Chile 15-Jan-02 G Amico 75 4509 A, B, C, D, E, F
   Yuco Yuco, Lanin National Park, Neuqu é n, Argentina 18-Feb-03 G Amico 92 4602 A, B, C, D, E
   Pucar á Pucar á , Lanin National Park, Neuqu é n, Argentina 18-Feb-03 G Amico 91 4601 A, B, C, D, E
   Ri ó  Bueno Rio Bueno, X Regi ó n, Chile 26-Jan-02 G Amico 72 4506 B, C, D, E, F
   Puyehue Puyehue National Park. X Regi ó n, Chile 14-Feb-03 G Amico 93 4603 A, B, C, D, E
   Quetrihue Quetrihue Peninsula, Nahuel Huapi National Park, Argentina 18-Feb-02 G Amico 71 4505 A, D, E
   Isla Victoria Victoria Island, Nahuel Huapi National Pak, Neuqu é n, Argentina 6-Oct-02 M Nu ñ ez s.n. 4570 A
   Llao Llao Llao Llao, Bariloche, R í o Negro, Argentina 30-Aug-02 G Amico 84 4575 F, I, N, O, T
   Tacul Villa Tacul, Bariloche, R í o Negro Argentina 4-Feb-03 G Amico 94 4604 A
   Ensenada Ensenada, Perez Rosales National Park, X Regi ó n, Chile 14-Feb-03 G Amico 95 4605 A, B, C, D, E
   Ancud Near Ancud, Chilo é  Island, X Regi ó n, Chile 1-Feb-03 G Amico 98 5023 A, B, C, D
   Linao Near Linao, Chilo é  Island, X Regi ó n, Chile 13-Jan-03 G Amico 96 4606 A, B, C, D, E, F
   Huillinco On the way to Chilo é  National Park, X Regi ó n, Chile 1-Mar-02 G Amico 73 4507 A, B, C, D, F
 Tristerix aphyllus 
   Fray Jorge Fray Jorge National Park, IV Regi ó n, Chile. 20-Jan-03 G. Amico 97 4585 A
   Chinchillas Chinchillas National Park, IV Regi ó n, Chile. 3-Aug-05 L Suarez s.n. 4895 A, B, D, E., F
   Los Andes Near Los Andes, V Regi ó n, Chile. 17-Feb-05 G. Amico 166 4917 A, B, C, E
   Campana La Campana National Park, V Regi ó n, Chile. 17-Feb-05 G. Amico 162 4918 A, B, C


