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B STUDY SPECIES

Picconia excelsa, an important element of the laurisilva forests,
is a very elegant evergreen tree, with 10-15 (20) m tall, and characterised by

The main goal of the MACFLOR project (MAC/4.6d/190), coordinated by As part of this project, we have undertaken

Dpto. Biologia Reproductiva y Micro-Morfologia (JBCVC), is to gather in several studies on micro-morphological

o an “Atlas” the most important aspects of reproductive biology in the Flora attributes of flowers, flowering phenology and its white-grey, very rough bar. The leaves are leathery, opposite arrangement.
of Macaronesia. The knowledge generated by MACFLOR will be available sex ratio of Picconia excelsa (Ait.) DC. For more basic species information, use app: ArbolappCanarias or
macflor on a website (http://www.macflor.com). , .

This species was previously assessed as
Vulnerable (Banares et a/ 1998, Oldfield et a/.
1998), although not included in recent
versions of the Spanish Red List.

www.arbolappcanarias.es 2

P, excelsa, 2n= 46 (Briggs, 1970), has flowers with 4 (5-6) white corolla lobes (fused in the
base: inconspicuous corolla tubes), 2 (3-4) anthers and superior ovary that are joined into small
inflorescence. Their flowers have mainly enthomophily syndrome (and possibly anemophily; Pérez de
Paz et al. 2017). The fleshy fruits are drupes, up to 2 cm in length which are dispersed by barochory,
birds, endemic lizards and rats (Valido, 1999; Arteaga et a/, 2006; Traveset, 2001). Each fruit contains
a single nutlet with a seed inside, and its greenish coloration changes to purple black when ripe.

B STUDY SITE
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Traditionally, flowers of Picconia excelsa were considered strictly hermaphrodite. Nevertheless, according to our
previous study (Pérez de Paz et al, 2013, 2017), this species is one of the few cases of Androdioecy in Canary
Islands, which is in general a rare and unusual sexual system, given the improbable conditions theoretically
necessary to give rise to and maintain it. Therefore, we have detected the coexistence of two Sexual Phenotypes

Engllsh explorer, Captam .Iames Cook (1728 1779), pralsed

the verdure of the majestic crown of this tree.
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B INTRODUCTION

. Flowering Phenology.

N
AT A

o Are Sexual Phevotypes real? Or are they Phewological stage?

. P
El Hierro Fuerteventurg
Gran Canaria ' )

Picconia azorica (Tutin) Knobl. in the Azores.
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within the populations of P excelsa. i) hermaphrodite individuals, and ii) individuals with flowers apparently =

hermaphrodites but functionally male. According to Pérez de Paz et a/. (2017), The sexual system of this species O picconia (Oleaceae) is an endemic genus to the VONaz‘ura/; .;.

(Androdioecious) can be considered as a transitional pathway from hermaphroditism to dioecy, as in others 5 Macaronesian Region with only two species, lihes Deserta

genera of Oleaceae family (Wallander, 2008; Guo et a/, 2011; Hao et al, 2011; Xu et al, 2014; Song et al/, 2016). o Mmorphologically very similar: = C-05 & LIC ES7010005)’ g
E Picconia excelsa (Ait.) I;)C.,.occurring in Mad.eira 3 T?lma e : a,oe ) Cu/z‘/vc?z‘/ 7 '
O i;gzzlrr;ﬁjt all Canarian islands (as exception of . M ' ,@ r ico Can rlo (JBCVC)
() Gomera ). OR {
]

Seasonal Phenology Inflorescence Phenology

E D
f; I\;I THODS . . Our preliminar observations indicate: _ _
il easonaIPhenolagy. In TILOS de MOYA (Natural Populatlon), ) ) ) ) e On both d' and g trees, flowers in an inflorescence
< 34 different individual plants were randomly marked with labels in (IQ * Flowering I?eak period occurs mainly from Apr|l somned dimullETeeuE
o order to record monthly phenological events. i —  toMay. Occasionally, the onset of flowering was in .
W frora/ Phenoloav-In JBEVC (Cultivation A e f buds | . D March or inclusive in January. Flowering intensity is * On the inflorescences of bOffh Sexual Phenotype,
T gy:in (Cultivation Area), single tlower buds in tagge LLl,.I) variable from year to year, being eventually very the last open flowers were principally located at the
<L !nflorescence§ short before opening were .marked V\{Ith co!oured threads (2 v abundant (see right photos ) apical position. Therefore, flowers in different stage
2 inflor./tree; 4 ind.). Observations were carried on daily during 20 days. were observed at the same time on the
Flowering period, flower lifespan and timing of anther dehiscence were . ® fruiting : Sometimes, first green fruit appear in nflorescences (relative asynchronous maturation of
. recorded, in order to aid understanding of phenological patterns of Picconia April. Flowering & Fruiting periods tend to overlap , y
flowering (dichogamy) and to evaluate particularly the consistency of the in this month. Fruiting occurs mostly during dry flowers on the inflorescences -from bottom to top).
presence of two Sexual Phenotypes. season (summer time).
Floral Phenology | Stage 1: ANTHESIS FLOWER || Stage2:OPEN FLOWER, PHASEQ | i [ [
Corolla position up to a cylindrical tube. . Corolla lobes become strongly reflexed. Pistil & Stage 3: MATURE FLOWER, PHASE & | Stage 4: WILTING FLOWER ||  Stage 5: FRUIT | * Our observation confirmed that these Sexual Phenotypes
In this study, flower phenology dffSlnce the b;g];mrj[!ng o:anthfss, colout;mg g anthell's are completely visi:Ie and these (;eahch full- Mature pollen is released from the anther Empty anthers become dry. Wilting Ripe fruits become were conserved along different phenological stages
was divided into five stage . difterences on the stigmatic surtace are observed : : size along stage. Erect anthers remain indehiscent. tudi ; . Sti - i : radually to purple _ ) .
for both Sexual Phenotyges. (Brown: & Fl. & Yellowish-white: gFl)» 1°-2°days In & Fl, stigma is apparently receptivity B 3°-4°d aptl):;Lzr;gz;;uizngi:ljciznéeFI.StLgr;i_|7s°d Gcr(;re(;llz\?ar:; ?:r:wr;eil:ssii?i;veeclll f:ag);d ’ b?/ack PEr * Th's. pher)ologlca| s.tudy |nd|categl MAELE Lot &7 Ee q trees
e85 . have identical ﬂowermg pheno|og|e5_
* The anthers of ¢ flowers dehisced 5° day
|‘£ Stage 0: BUD after flower opening (anthesis), indicating
—l that these flowers are protogynous and
a MaLe with an exclusively female phase, which
I&.I , |j FLOWERS P> can extend around 2 days.
. e In @ individuals, stigma remained
with brown color along all
HERMAPHODITE phenological stages from buds stage.
FLOWERS P It was apparently non functional.

Although the stigmatic receptivity
has not been tested, gynoecium
could be considered as pistilodios in
d flowers, as it has been suggested
(Pérez de Paz et al, 2017).
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N SexRatio & Fruit set. Is this condition maivtaived in the
= natural environment?

E D Our census of sex ratios have confirmed the presence of the two sexual phenotypes
P P yp
(Pérez de Paz et al, 2017) in natural environment (see table below). g

. Which are the most relevant morphological features of
the flowers?

METHODS

Key morphological traits of flowers were measured to characterize the two Sexual Phenotypes

Male tree/hermaphrodite tree
proportion (sex ratio) of P excelsa were
calculated in TILOS de MOYA and in
JBCVC from data obtained during the
phenological survey.

Q

Each flower was observed individually under stereomicroscope and subsequently, all floral whorls were separated and arranged over a
milimetric paper in order to make subjected to morphometric evaluation. Images of them were taken with digital camera (Nikon digital DS-U1)
connected to stereomicroscope (Olympus SZ-CTV). All floral measurements were carried out using “NisElements” imaging software.

Slightly biased sex ratios were found in our preliminary prospection,
being higher the proportion of male individual in JBCVC while

hermaphrodite individuals dominated slightly in TILOS de MOYA.
These analyses included 8 male (&) and 7 hermaphrodite (¢) individuals, and at least two or three flowers per individual.

B RESULTS

Non-parametric Mann—-Whitney U-test was used in order to test possible statistical differences between Sexual Phenotypes (a = 0.05).
Statistical analysis was performed using XLSTAT.
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Population J'Ind. ' Ind. Sex Ratio

(Brownish Stigma) (Whitish Stigma)

TILOS de MOYA
(Natural Population)

JBCVC
(Cultivation area)

34 47,06% 55,88% 0,84

B RESULTS

Nineteen biometric characters were recorded for the flowers of £ excelsa (6 for size of corollas, 7 for anthers and 6 for gynoecium).
Principal morphological characteristics of the flowers are summarized for each sexual phenotype in different tables

59 59,32% 40,68%

¢ individuals borne ey — c ”
fully formed fruits Ry orolia \

with mature seeds

In the most of & individuals, a high level ovary
abortion was detected. However, some @& individuals

. f f occasionally borne greenish fruits. Occasionally, they
Los TILOS de MOYA. Location (georreference by GPS) o reached a full size before the abscission. It is

UELA P MINLE I G BURSSUIEC I CCICO I  Unknown if these fruits have a viable embryo.

There were no significant differences between & and ¢ flowers in the most morphological characters analyzed for Picconia COROLLA.
Only corolla tube width differed significantly between both sexual phenotype (see below table).

»
Length (A) | Width (B) | Length (C) | Width (D) | Length (E) | Width (F)

¢ | ““'2-.‘.1 O B S 4
25 SPLLUBIEEY . 6784042 2674012 6411042  2,6+014  177+0,07 4,83+0,14 " -4;-«1.»-1 Tl
£ (Brownish Stigma) (3,24-12,14) (159-378) (2,84-11,46) (1,13-4,17) (1,23-238) (392-6,62) 1\ B

0

" P/ORatio. Are there differences in pollen grains production?

S Wgan:
¢ Individuals g 719+031  27+009  691+03  268+011 186+007 57160, ah o aar
(Whitish Stigma) (4,4-11,38) (1,32-3,82) (4,19-10,44) (1-432) (1,11-2,78)  (3,9-6,4) IREN RS

& METHODS R i
N | | | | Mann-Whitney U-test (o) 53 14 ;85 5(2)65 :35 4802,255;7.5. 53(; 1/765 5051,358;7.5. U84(;)§%5
—1 To determinate Pollen/ovule ratio (P/O) in & and ¢ flowers, the number of pollen grains per theca (0.428) 252 (0,253) W) 10252 (0.037)
<< w im ing “NisElements” imagin ftware, and ovule numbers per flower wer n . . :
E d.as eISt . ate”d H> g. > Z © ;ES Aagh 950 .tha Ie' addﬁ Hie : 3 bﬂe > peb 3 eh el e;ofu ted D AREE S chsing A Descriptive statistics for the two sexual phenotypes of the studied population and results of Mann-Whitney U tests (0. :0,05).
L] 'reCF y (in all cases, it was 4 ovules). Anthers with closed thecae from tlower buds shortly before & Q ' Numbers indicate sample size (N: total number of flower analyzed), mean + SE and range (mm) of COROLLA size.
I<_[ opening were used for that purpose. ae:z - \§
S The P/O ratio per flower was calculated dividing the mean number of pollen grains of at least ten ‘ E"”“"' '
. flowers by their mean number of ovules ’ ‘ — And roecium ~
Sexual P Pollen/Anther | Pollen/Flower \éVIth the te)xcc;ptlon cl>f whldths of fllgments”and tEecas];.Irest of mordphﬁloglcal chalracters .analzcllzed in AhN DROfI?CIUM dlffeLeo: very Ellgnlflcantly
The amount of pollen per anther varied Phenotype (2 Thecas/Ant) (2 Ant./Fl) .etwej'en oth sexual phenotype. Generally, ant fers, |arT1ents and t ecag were longer in ¢ flowers than & flowers (see below table). _
wn : Likewise, ¢ flowers showed anther appendage biggest sizes (length & width).
= considerably between o and ¢ flowers and AN TILOS de MOYA  PET2 21951 43902 87804 21951
within each Sexual Phenotype (see left ish Sti
=S ype ( (Brownish Stigma) s | 78436 156872 30218 -- Anther |  Filament |  Thea |  Appendage
L PO ' bet 51951 and 69512 f EPNT 44992 89984 179968 44992 Length (A) | Length (B) | Width (C) | Length (D) | Width (E) | Length (F) | Width (G)
ranges between an or
oc f J Hile it varies from 27442 t JBCVC J14 69512 278048 69512 J Individuals 431+0,1  2,23+0,06 1,03+0,02 3,11+0,07 08+002  055+0,03 0,57+0,02
Jj o Mowers whileitvaries from © (Brownish Stigma) (3,51-558) (1,81-3,07) (0,81-13)  (249-38) (0,56-0,95) (0,28-0,84) (0,32-0,73)
82415. According to Cruden (1977), these JR13 56458 112916 225832 56458 F Individual
high P/O ratios detected in both Sexual ndividuals 495+0,05 2,52+0,06  1,08+0,02 3,4+0,03 0,79+0,01 0,71+0,02 0,67+0,02
gh P/ . o JiS >1807 103614 207228 51807 (Whitish Stigma) 18 3035554) (14-311) (087-138) (2,88-3,67) (0,67-094) (0,52-0,95) (0,43-0.85) Y
Phenotypes, is characteristic of SHTCIL | TILOS de MOYA PET4 49511 99022 198044 a9511 | 2mRmRRREERE s e
Xenogamous species. 171,55 25, s 383,5n.s. 267,5%* 568,5 n.s 168,5%** 220,5%**
(Whitish Stigma) - 5 - 1 1 1 1. 1 12 1o 1 1
& g JL1 ggggg 54884 109768 27442 Mann-Whitney U-test () _ 0001)  (0,001) (0,126) (0,002) (0315  (<0,0001)  (0,000)
JBCVC
‘ ' l; ‘ JR26 56735 113470 226940 56735 A Descriptive statistics for the two sexual phenotypes of the studied population and results of Mann-Whitney U tests .
‘1 JR19 82415 164830 329660 82415 (a0 :0,05). Numbers indicate sample size (N: total number of flower analyzed), mean = SE and range (mm) of ANDROECIUM size. ' ..
macflor - v
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Through the parameters analyzed in the present study, It has been possible to confirm the presence of two Sexual Phenotypes for Picconia excelsa (6 and ¢ individuals), aspect already detected in . . o .
previous works (Pérez de Paz et al., 2013, 2017), as well as to achieve a better knowledge about phenological & morphological characteristics and frequency of both Sexual Phenotypes. All morphological characters analyzed for GYNOECIUM differed very significantly between both Sexual Phenotype, being generally longer

Picconia excelsa is one of the few cases of androdioecy in Canary Islands the gynoecium (length & width) and the style in ¢ flowers than & flowers (see below table). Likewise, the stigmatic surfaces of ¢ flowers
are bigger that @ flowers ones. Moreover, ¢ flowers showed wider stigma and stigmatic papillae than & flowers.

/— Gynoecium ~N

1. Seasonal phenology (Flowering & Fructification):
= Atthe level of seasonal phenology, differences between both sexual phenotypes were not detected.
Flowering, with a duration of =2months, achieved a peak when the climatic conditions are more benevolent (in spring).

Gynoecium Stigmatic . Stigmatic
) S surface L Papillae
= Flowering intensity is variable from year to year, being eventually very abundant which supposes a punctual increase in the quantity of the floral resources available for pollinators Length (A) | Width (B) Length (C) Length (D) Width (E) Wigth P
= Fruiting are overlapping to flowering period and took place during the dry period (summer), providing large amount of food to natural dispersers (Valido, 1999; Arteaga et al., 2006; Traveset, 9

2001). O Individuals 3+0,06 1,07+003  0,7+0,02  1,14+0,04  049+0,02  0,1+0,01
2. Floral phenology (Inflorescence & flowers): (Brownish Stigma) (2,56-3,39) (0,87-1,24) (0,52-0,83) (0,88-1,46) (0,37-0,65) (0,07-0,15)
= In general, inflorescence had an acropetal maduration o
= From the beginning of bud phase, & and ¢' flowers can be morphologically distinguished by the appearance of their stigmas. ¢ Individuals 18 3454004  1,15+0,02 088+0,02 227+0,06  0,85+0,02  0,29+0,01
= Five stages have been established for the flowers of both Sexual Phenotypes. In both cases, flower lifespan was around 7days. (Whitish Stigma) (3,06-3,78) (1,07-1,32) (0,73-1,02)  (1,75-2,74) (0,73-1) (0,22-0,37)
= All hermaphrodite flowers showed a female phase (stigma attains apparently receptivity and maturation; it will be confirmed), with a duration of ~ 2 days, before the dehiscent anthers begin to .

shed theirs pollen grains (protoginous dichogamy) Mann-Whitney 17,0%** 72,0* 18,0%** 0,0%** 0,0%** 0,0%**

test (alfa: 0,05) (< 0,0001) (0,012) (<0,0001) (<0,0001) (<0,0001) (<0,0001)

3. Sex Ratio & Fruit set.

= A conservation level, this aspect (sex ratio) is very important and essential for mass propagation, multiplication and conservation of threatened plants.

= Qur sampling efforts have revealed a slight bias of the proportion of the Sex phenotype, being higher the proportion of male individual in JBCVC while hermaphrodite individuals dominated slightly
in Los TILOS de MOYA. These coincides with others Oleaceae genus with functional androdioecia, as Phillyrea, Osmanthus, Chionanthus and Fraxinus, (Dommee et al., 1999; Hao et al., 2011; Billiar
et al., 2015; Song et al., 2016; Vernet et al., 2016). It is also possible the presence of a homomorphic system of self-incompatibility (diallelic) among hermaphrodite individuals as in Phillyrea \ j
angustifolia (Samitou-Laprade et al., 2010) and the confirmation of this aspect should be a future goal for this genus.

A Descriptive statistics for the two sexual phenotypes of the studied population and results of Mann-Whitney
U-tests (o :0,05). Numbers indicate sample size (N), mean + SE and range (mm) of GYNOECIUM (pistils) size.

4. morphological features: Arteaga, M. A et al. (2006). Flora201: 642-51; = Briggs, B.G. (1970). New South Wales Natl. Herb. 4: 126-129; = Billiard, S., L. et al. (2015). Evolution 69 (3): 683-93 ; = Cruden, RW. (1977).

Evolution 31 (1): 32-46; = Dommeée, B. et al. (1999). New Phytologist 143 (2): 419-26; = Hao, R.M. et al. (2011). Journal of Plant Resources and Environment. 20: 17-24; = Lepart, J. & B., Dommee
(1992). Botanical Journal of the Linnean Society. 108: 375-387; = Pérez de Paz, J,, R. Febles, O. Fernandez-palacios Acosta & M. Olangua Corral (2013). Sexual systems in canarian flora.
Evolutionary pathways to gender dimorphism and dioecy. Proceedings of the Amurga international conferences on island biodiversity 20717. 78-89; = Pérez de Paz, J., R. Febles, O. Fernandez-
palacios Acosta & M. Olangua Corral (2017). Flores y polen. Exito reproductive de las angiospermas en Canarias. Origen, evolucién y conservacion. Rev. Acad. Canar. Cienc. Vol. XXIX, 111-202;
» Saumitoui-laprade,P. et al. (2010). Science. 302:1648-1650; = Song, J.H. et al. (2016). Flora 223: 129-37; Rivas-Martinez, 2002 = Traveset, A. (2001). Chapter /n: Ecosistemas Medliterraneos. Anélisis
Funcional 269-89. CSIC-AEET; = Valido, A. (1999). 7esis Doctoral. 320 pp. Universidad de La Laguna, Tenerife ; = VERNET, P, et al. (2016). New Phytologist, no. 13872: 10pp; = Wallander, E. (2008).
Plant Systematics and Evolution. 273 (1-2): 25-49; = Xu, Y.-C. et al. (2014). Plant Systematics and Evolution. 300: 843-49.

= |n general, all morphological features analyzed in hermaphrodite flowers (androecium and gynoecium sizes) are larger than those detected in male flowers.
= In Picconia, the putative male flowers are morphologically hermaphrodites, showing two smaller anthers compared to those of hermaphrodites flowers, and gynoecium of smallest size and with
brownish stigmatic surface (papillae), presumably non-functional (without fruit set), which is considered homologous to the “pistilodios” of their relatives (Xu et al., 2014, Pérez de Paz et al., 2017).

5. P/O Ratio.

= According to results of P/O ratios (Cruden, 1977), P. excelsa is considered Xenogamous species.
= The great number of pollen grains detected in Picconia is supported floral design (architecture and dicogamy).
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