
Variation in Cestrum parqui floral phenotype. Are pollinators driving an intraspecific
differentiation?

Introduction
Pollinators are one of the most important selection agents among Angiosperms and are
considered the main responsible of the diversity in flower phenotype, such as size, color,
and fragrance, involved in pollinators attraction (Johnson 2010; van der Niet & Johnson
2012). Pollinator guilds that interact with a particular plant species may vary geographically
and exert contrasting selection pressures across the range of a plant species (Thompson
2005;  Gross  et  al.  2016).  Therefore,  heritable  floral  traits  could  vary  in  response  to
divergent  selection  by  geographically  varying   pollinator  guilds,  which  may  produce
different plant ecotypes and eventually species (Johnson 1997; Stökl et al. 2009; Schiestl
& Johnson 2013).  Empiric evidence of this has been observed in plant species where
visual  and olfactory flower signals,  as well  as the composition of pollinators guild vary
within and among populations (Breitkopf et al. 2013; Braunschmid et al. 2017; Gross et al.
2016; Delle-Vedove et al. 2017). However, the variation of floral traits could be also the
result of other processes such as genetic drift or phenotypic plasticity overriding selective
pressures of pollinators (Thompson 2005; Herrera et al. 2006). Genetic drift would produce
trait  variation  as  a  result  of  stochastic  events  such  as  migration.  In  this  situation,
phenotypic variation will be independent of the environment where the plants develop and
thus the pollinator guild would not have explanatory power in the divergent floral  traits
(Thompson 2005). Phenotypic plasticity refers to the ability of a genotype of expressing
different  phenotypes  under  distinct  environments  (Pigliucci  2005).  In  this  case,  trait
changes  would  be  dependent  on  the  environment  where  plants  develop,  and  the
pollinators effect in maintaining trait variation is not excluded (see Lyytinen et al. 2004;
Levis & Pfening 2016).

Speciation  can  be  defined  as  the  evolution  of  reproductive  isolation  between
populations that initially interbreeded and is subsequently maintained by genetic barriers
(Coyne and Orr 1989). Prezygotic reproductive isolation between two populations may be
caused  by  various  non-mutually  exclusive  processes:  ethological  isolation  resulting  in
differential pollinator attraction; topographic  displacement through deposition of pollen on
different  parts  of  the  pollinator  body;  geographical  isolation;  or  temporal  isolation  by
separation  in flowering times (Ayasse et al. 2011). Growing macroevolutionary  evidence
supports the hypothesis that the great diversification in animal-pollinated plants has been
promoted by divergence in pollinators (Harder & Johnson 2009; van der Niet & Johnson
2012). For instance, phylogenetic analysis of  Chiloglottis  sp. evidenced that speciation is
associated  with  pollinator  change,  at  the  same  time  creating  divergence  in  flower
fragrances chemistry (Peakall et al. 2010). However, the microevolutionary counterpart of
this macroevolutionary processes has seldom been tested in the field (Chapurlat et al.
2015; Gross et al.  2016; Wu & Li 2017). There is experimental evidence with crops or
experimental populations suggesting that this mechanism produces detectable changes in
few generations (Gervasi & Schiestl 2017). However, there is a lack of knowledge on this
particular question since few studies have analyzed the intraspecific variation of phenotype
and divergent selection with an evolutionary point of view across the geographical range of
the  species.  The study of  geographical  variation  of  the phenotype and its  causes are
crucial  to  understand the evolutionary dynamics within species and to answer whether
macroevolutionary diversification has its microevolutionary counterpart.

Cestrum  parqui  L'Herit.  (Solanaceae)  is  a  monoecious  self-incompatible  shrub
distributed from Bolivia to Rio Negro (Argentina) (Romanutti & Hunziker 1998). Floral traits
of C. parqui are highly variable, including a wide range in corolla lengths and flower colour
(yellowish, greenish, orange), flower inclination, flower opening time, and time of fragrance
emission, among others. Pollination by hawkmoths has been reported (Moré et al. 2006),
and anecdotal hummingbirds visits has been recorded.



Divergence  between  two  pollination  ecotypes  in  C.  parqui  could  represent  the
microevolutionary process of a nacesent macroevolutionary divergence that has previously
occurred within the genus  Cestrum. Indeed, the separation between two subgenera with
ornithophilous and sphingophilous phenotypes, respectively has been reported (Cocucci
1999). 

If the transition to a different pollinator guild requires changes in floral traits which
act  as  attractants,  then  it  is  required  that  phenotypic  selection  has  been  strong  and
prolonged  enough  to  promote  these  changes.  In  our  study  we  hypothesize  that  the
phenotypic variation between two floral ecotypes of  C. parqui is the result of differential
phenotypic selection mediated by locally changing pollinators guilds, and not because of
the  plastic  expression  of  different  local  phenotypes.  Our  main  goal  is  to  evaluate  the
relative influence and direction of the selective pressure exerted by two pollinator guilds
(i.e.  hawkmoths and hummingbirds)  on flower phenotype.  In  addition,  we will  evaluate
whether phenotypic plasticity has a bearing in the differentiation of flower phenotypes in C.
parqui. 
Materials and Methods
Specific objective 1. Cestrum parqui phenotype across populations

We will localize at least 20 populations of  C. parqui across its geographical range
(from eastern Bolivia to southern Argentina). In each population we will collect ten flowers
from 10 randomly chosen individuals. Scaled photographs of five flowers will be taken and
style and filament lengths will be measured from the digital images. From the remaining
five  flowers  per  individual,  the  spectral  reflectance  will  be  measured  using
spectrophotometer. Floral colour will be represented taking into account the perception of
both hawkmoths and hummingbirds as implemented in the pavo package of R (Maia et al.
2013; Arnold et al. 2009; R Core Team 2019).

In addition, we will take floral trait measurements of herbarium voucher specimens
deposited  in  different  herbaria  at  each of  the  localities.  The following herbaria  will  be
revised:  CORD  (Córdoba,  Argentina),  BAA  (Buenos  Aires,  Argentina),  MMHNSR
(Mendoza,  Argentina),  IADIZA (Mendoza,  Argentina),  CTES (Corrientes,  Argentina),  SI
and BAB (Buenos Aires, Argentina), CONC (Concepción, Chile), LPB (La Paz, Bolivia),
FCQ (San Lorenzo, Paraguay), BOLV (Cochabamba, Bolivia), HSB (Sucre, Bolivia), JUA
(Jujuy, Argentina),  MCNS (Salta,  Argentina),  LIL (Tucumán, Argentina),  MICODIF (San
Luis, Argentina).
Specific Objective 2. Phenotypic selection exerted by the two pollinator guilds 

To assess the magnitude of natural selection acting on the phenotypic traits of each
ecotype of  C. parqui,  we will  follow the standard  model  proposed by  Lande & Arnold
(1983).  In  at  least  one population per ecotype, we will  choose 60 individuals.  In  each
individual  we will  carry  out  two temporally  separated treatments  to  assess phenotypic
selection  by  diurnal  pollinators  (hummingbirds)  and  nocturnal  ones  (hawkmoths).  Two
inflorescences with closed flowers will be bagged with cloth bags. Recently opened flowers
of each inflorescence will be alternatively exposed to diurnal (unbagged from 7 until 11 hs)
and nocturnal pollinators (unbagged from 20 to 24 hs). The stigmas of the flowers exposed
will be harvested and preserved in ethanol 70% in order to quantify pollen grain load. As a
measure of pollination success, we will count the number of conspecific  pollen grains (i.e.
of  C. parqui) deposited and germinated, and the number of heterospecific ones (i.e. of
other plant species) per stigma. To this end, we will stain pollen grains on stigmas with a
mix of Calberla and aniline blue solutions (Dafni et al. 2005) and observe them under a
Zeiss Axiophot fluorescence microscope. 
Specific Objective 3. Phenotypic plasticity

To determine whether trait divergence is the result of phenotypic plasticity we will
carry  out  a  common  garden  experiment,  using  rhizomes  of  20  individuals  from  each
ecotype, that had been previously characterized under natural conditions. The plants will
be maintained under controlled conditions until flowering. Subsequently, we will collect five



flowers per individual and take colour and length measurements as explained on specific
objective 1.
Other relevant information
I have just carried out some local field trips. I have localized three populations of C. parqui
in Central Argentina. At one of the populations I have measured the frequency of visits of
hummingbirds and captured hawkmoths using light traps. I have evidenced floral visits by
both pollinator guilds which we expect are exerting divergent selection forces.
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