
PLANT OF THE DAY! 
 
• Tamarix (salt cedar) 
•  50-60 species  
• Family Tamaricaceae 
• native to dry areas of 
Eurasia and Africa. 

• Introduced to North 
America as ornamental 
shrub in 19th century 
• Planted extensively 
during great depression 
to prevent soil erosion 

• Second worst invasive 
species in USA 
• Colonizes riparian 
habitats, displacing 
native vegetation and 
consume precious water 
resources 

• Most common invasive 
in USA is a hybrid of two 
species that do not grow 
in the same areas of Asia 



Hybridization and 
Speciation 



Big Questions 

How frequent is hybridization in plants? 
 
What is the role of hybridization in plant evolution? 
 
 

“The major point to be stressed with respect to the role of hybrids in diversity is 
that they are intermediate. . .  For this reason, the ultimate contributions to 
overall diversity made by hybrids must be small or negligible.” 

    

   Wagner (1969, p. 785) 

“. . . in such [hybridizing] populations, the raw material for evolution brought in 
by introgression must greatly exceed the new genes produced directly by 
mutation.” 

   Anderson (1949, p. 102) 



Terms 

What is hybridization? 
 
mating between different 
varieties or species 

What is Introgression? 
 
the movement of genes flow 
from one variety or species to 
another by repeated 
backcrossing 

Hybrid Oaks 

Introgression 



How frequent is hybridization? 

To determine whether families and genera behave similarly
across different regions with respect to hybridization, we
calculated Spearman rank correlation coefficients for hybridiza-
tion propensities across all possible pairwise combinations of
regions (SAS Proc Corr, SAS Institute, 2003). This resulted in 56
correlation coefficients (28 for families and 28 for genera). We
corrected for the multiplicity of tests using the Benjamini-
Hochberg (1995) method. That is, we calculated sequential
thresholds of significance as iq/m, where i is the rank of the
observed P-value (ordered from smallest to largest, 1, 2, y, m), q
is the assigned false-discovery rate (0.05), and m is number of
tests conducted (56).

Finally, we examined whether hybridization propensity shows a
phylogenetic signal in plants. For each of the 55 orders that contained
Ztwo species in our global data set, we calculated hybridization
propensity as a weighted average of the hybridization propensities of
the component genera. We mapped hybridization propensity on an
order-level tree (APGIII: Angiosperm Phylogeny Group, 2009) using
the Parsimony Ancestral States method of Mesquite v. 2.6 (Maddison
and Maddison, 2009). We then used BayesTraits (Pagel and Meade,
2009) to calculate l (Pagel, 1999; Freckleton et al., 2002), which varies
from 0 in cases of no phylogenetic signal to 1 in cases of complete
phylogenetic dependence.

Results

How common is plant hybridization, and how are recorded instances
of hybridization distributed across regions?

Across floras, we examined 282 families of vascular plants,
comprising 3212 genera and species accounts for 36,940 non-
hybrid species (the last figure is greater than the number of
unique species examined, as some species are present in multiple
floras). Regions differed substantially in recorded hybridization,
with 21–39% of families and 5–19% of genera showing evidence
of hybridization; the number of hybrids per nonhybrid species
ranged from 0.04–0.26 (Table 1). Globally, we detected hybrids in
40.4% of families and 16.2% of genera (Table 1). Note that if only
families containing Z2 species in our data set are examined
(i.e., the 47 families with no apparent opportunity for hybridiza-
tion are excluded), nearly half of families (48.5%) contain hybrids.

Similarly, if genera containing one species are excluded, 22.8% of
the remaining genera are involved in hybridization. We counted a
total of 3437 hybrids, giving an overall hybrid frequency of 0.09
hybrids per nonhybrid species (Table 1).

Hybridization of species within genera was far more common
than hybridization of species between genera. Of the 3437 hybrids
recorded, only 121 (3.5%) represented intergeneric hybrids.
Intergeneric hybridization was found in 13 families and was most
commonly noted in the Poaceae, Asteraceae and Orchidaceae.

Does the amount of observed hybridization increase with taxon
species richness and/or with study effort? After accounting for these
factors, do taxa differ in hybridization propensity?

At the levels of both families and genera, more speciose taxa
were associated with more recorded hybrids (Fig. 1; rank-
transformed data; families N=282, r=0.80, Po0.0001; genera
N=3212, r=0.52, Po0.0001). The smallest family producing
hybrids contained four nonhybrid species in our data set.
However, there was still substantial variation in hybridization
behavior not explained by species richness, especially for genera
(families r2=0.64; genera r2=0.27), which we interpret as
evidence that taxa differ in hybridization behavior.

Study effort was significant when included in the regression
models for both families and genera (P=0.0409 and Po0.0001,
respectively), but the amount of additional variation in the number of
hybrids explained was very slight (0.6% and 0.8%, respectively). For
simplicity, in the rest of the analyses we ignore study effort and define
hybridization propensity as the realized percentage of all possible
hybrid combinations in a group. To aid in future research, we
compiled graphics showing hybridization propensities of the 25
largest families in our survey, as well as the 25 families showing the
greatest hybridization propensities (Figs. 2 and 3, respectively).
Interestingly, some relatively speciose families showed no evidence
of hybridization; these included the Santalaceae, Linaceae,
Hydrocharitaceae and Urticaceae (Appendix A).

Do taxa behave consistently across regions with respect to
hybridization propensity?

The hybridization propensity of a family or a genus in one region
was generally predictive of its behavior in other regions (Table 2).

Table 1
Summary statistics on the recorded prevalence of natural hybridization in plants.

Region Families Genera Nonhybrid
Species

Hybrids

Number Number
with
hybrids

% With
Hybrids

Number Number
with
hybrids

% With
Hybrids

Number Number Number per
nonhybrid species

California, USA 171 51 29.8 1252 126 10.1 5996 389 0.065
Europe 184 58 31.5 1529 196 12.8 12,255 1340 0.109

British Isles 162 63 38.9 947 183 19.3 3009 770 0.256
Great Plains, USA 159 33 20.8 842 64 7.6 2856 153 0.054
Hawaii 164 40 24.4 715 59 8.3 1997 210 0.105
Intermountain

West, USAa
110 33 30.0 742 86 11.6 3179 204 0.064

New England,
USA

177 37 20.9 1018 54 5.3 3613 136 0.038

Victoria, Australia 177 37 20.9 1054 83 7.9 4035 235 0.058

Global totals 1304 352 27.0 8099 851 10.5 36,940 3437 0.093
Global totals

(unique taxa)
282 114 40.4 3212 521 16.2 b b b

a Flora not yet complete; numbers reflect taxa in the published volumes only.
b Because data were collected at the generic level, the numbers of unique nonhybrid species and hybrids are not estimated.

K.D. Whitney et al. / Perspectives in Plant Ecology, Evolution and Systematics 12 (2010) 175–182 177

Whitney et al. 2010 



What are the evolutionary consequences of hybridization? 

•  Merger of species (destructive role) 

•  Stable hybrid zones, balanced by selection against hybrid 
and gene flow into the zone (neutral role) 

•  The origin and transfer of adaptations (creative role) 

•  The reinforcement of reproductive barriers (creative role) 

•  The birth of new hybrid lineages (creative role) 



Merger of species (destructive role) 
 



Stable hybrid zones, balanced by selection against hybrid  
and gene flow into the zone (neutral role) 

 

Steep clines 
indicate strong 
selection against 
hybrids (Whibley et 
al. 2006) 



Senecio vulgaris  

The origin and transfer of adaptations (creative role) 



The origin and transfer of adaptations (creative role) 

Ray flowers and 
outcrossing regained 
through introgression in 
Senecio (Kim et al. 
2008) 



How does hybridization create novel or extreme phenotypes?  
 
• Natural populations of organisms often contain cryptic variation that 
cannot be predicted from the phenotype of the population. 
• Cryptic variation is released in crosses through the expression of 
extreme or “transgressive” phenotypes 

Mechanism = complementary gene action 



The reinforcement of reproductive barriers (creative role) 

Darwin - reproductive barriers 
byproduct of adaptation 
 
Wallace - selection against hybrids 
favored development of reproductive 
barriers   

New Phytologist 
Volume 197, Issue 4, pages 1095-1103, 16 JAN 2013 DOI: 10.1111/nph.12119 
http://onlinelibrary.wiley.com/doi/10.1111/nph.12119/full#nph12119-fig-0001 



Reinforcement in Phlox  

Phlox drummondii and Phlox 
cuspidata are annual herbs 
native to east and central 
Texas. 
 
Throughout most of their 
ranges, they have light-blue 
flowers characteristic of the 
Phlox clade. 
 
Where these two species co-
occur P. drummondii has dark-
red flowers 

Robin Hopkins 



Reinforcement in Sunflowers 



Dune Sunflowers from Great Sand Dunes NP, CO 

200-230 m 
mega-dunes 

Sand sheet: 
typical H. 
petiolaris 
5 km 

Non-
dune 

Dune 



Reinforcement: Estimating reproductive 
barrier strength 

Kate Ostevik 



Pollen Competition 
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Kinds of Hybrid Speciation 

Homoploid Hybrid Speciation 
• Rare 
• Reproductive isolation difficult 
to achieve  

  

2x 2x 

2x 

X 

Polyploid Hybrid Speciation 
(Allopolyploidy) 
• Common 
• Reproductive isolation 
byproduct of genome doubling 

2x 2x 

4x 

X 

reproductive isolation 

reproductive isolation 



Criteria for hybrid species 

1.  Reproductive isolation between hybrid species 
and its parents. 

2.  Evidence of hybridization (usually genetic). 

3.  Reproductive isolation derived from hybrid 
ancestry. 



Model for Homoploid Hybrid Speciation 

l  Interspecific hybridization 

l  Fertility / viability selection 

l  Stabilization of fertile & viable hybrid segregates 

l  Reproductive isolation facilitated by  
-  karyotypic divergence (recombinational model)  

-  hybrid trait causes ecological divergence  
-  hybrid trait causes assortative mating 
-  spatial isolation  



Recombinational Model 

New homokaryotype confers partial isolation with parentals 



Genetic incompatibilities model 

Schumer et al. 2015 



Hybrid speciation Hybrid Speciation Model (open habitat available for hybrids) 
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Hybrid speciation Frequency of Hybrid Speciation  
(no open habitat available for hybrids) 
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Alex  Buerkle 



CONDITIONS FAVORING HOMOPLOID HYBRID 
SPECIATION 

• Little spatial isolation between parental species, but 
substantial isolation of hybrid species. 

• Open habitat for hybrid species. 

• Strong ecological selection favoring hybrid lineage in 
new habitat. 

• Weak postzygotic isolation between parental species, 
but strong isolation of hybrid species. 

• Hybrid trait causes assortative mating 





EMPIRICAL EVIDENCE: SPATIAL ISOLATION 
(allopatric origin of oxford ragwort, Senecio squalidus (Abbott, 2000, 2002) 



Ancestry of S. squalidus
plants in UK 

Ancestry of plants along
altitude gradient, Mt Etna

2600 m

150 m

James JK, Abbott RJ (2005)
Evolution 59: 2533-2547



H. deserticola
desert floor

H 

x

Helianthus annuus 
mesic soils

H. petiolaris
          sandy
            soils

H. anomalus
sand  dune 

H. paradoxus 
salt marsh

P 

P 

H 

H 

EMPIRICAL 
EVIDENCE: 
ECOLOGICAL 
ISOLATION 

 

 

 

 

 

 

 

 

Reciprocal 
transplant 
experiments 
indicate that 
synthetic and 
natural hybrids 
favored in hybrid 
habitats. 



TESTING THE IMPORTANCE OF ECOLOGY IN HYBRID 
SPECIATION 

• Are the stabilized hybrid species ecologically 
divergent from their parents? 

• Are the hybrid species favored in the hybrid habitats? 

• Is there evidence of parallel hybrid speciation? 

YES  

YES - for Helianthus 

YES - for Argyranthemum, Helianthus, Pinus 



HYBRID TRAITS CAUSE ASSORTATIVE MATING 

Helianthus deserticola (flowering time) 
  Rieseberg 1991 

 
Heliconius heurippa (wing pattern) 

  Maverez et al. 2006 
 
Iris nelsonii (flower color) 

  Arnold 1993 
 
Penstemon clevelandii (flower color) 

  Wolf et al. 1998 
 
Xiphorus clemenciae (swordtail) 

  Meyer et al. 2006     
 

H. deserticola
desert floor

H 



WHAT HAPPENS TO THE GENOME OF HYBRID SPECIES? 

Greg Owens, unpublished 

anomalus deserticola paradoxus 



HYBRID SPECIATION APPEARS TO BE SURPRISINGLY 
REPEATABLE AT THE GENOMIC LEVEL 

Greg Owens, unpublished 
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Unanswered Questions 

•  Is hybridization an important extinction threat? 

•  Does introgression often contribute to the evolution of 
invasive species? 

•  Is reinforcement frequent?  Have we been looking at the 
wrong traits? 

•  Have most species experienced one or more episodes of 
hybridization in their evolutionary history (i.e., is strict 
allopatric speciation rare)? 


