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Localities CAPSULE VERRUCAE FURROWS
length width height  density dist. “shape ANGLE
E. angulata
Hs: Puebla Sanabria 2,73 2,93 0,53 42 2 3 140°-120°
Hs: Chana de Somoza 2,75 3,01 0,21 42 2 3 140°-120°
Hs: La Guiana 275 3,00 0,48 60 2 3 140°-120°
Hs: Cabo Oyambre 295 3,15 0,55 48 2 3 1400°-120°
Ga: Bayonne 2,65 291 0,43 24 2 3 140°-120°
2,77 3,00 0,48 43 2 3 1400-120°
E. polygalifolia subsp. polygalifolia
Hs: Corconte 2,76 3,07 0,49 162 1 5 120°-90°
Hs: Alto Campoo 3,03 3,29 0,54 204 1 5 120°-90°
Hs: Lunada 2,85 3,58 0,45 210 1 5 120°-90°
Hs: Puerto Tornos 3,19 3,46 0,47 150 1 5 1200-90°
Hs: Reinosa 2,83 3,11 0,51 156 1 5 120°-90°
Hs: Pico Cordel 2,67 2,83 0,54 150 1 5 120°-90°
Ga: Saint-Jean 3.05 3,25 0,38 168 1 3 120°-90¢°
291 3,23 0,48 171 1 5 1200-90°
E. polygalifolia subsp. hirta
Hs: Brandofas 232 2,59 0,35 144 1 6 120°-90°
Hs: Brandomil 2.31 2,83 0,55 162 1 5 120°-90°
Hs: Lamas-Zas 2,54 2,74 0,41 108 1 5 120°-90°
Hs: Cabreira 247 2,63 0,38 210 1 3 120°-90°
Hs: Vegadeo 2,28 2,52 041 180 1 5 1200-90°
2,38 2,66 0,42 160 1 5 1200-90°
E. uliginosa
Hs: Lamas-zas 2,70 2,89 0,27 162 1 5 120°-90°

Length and width are expressed as mean of the population (in mm). Shaded lines the mean of
the populations of the same taxon and the predominant character if qualitative.
Density is expressed as mean verrucae number per capsule.
() dist.= verrucae distribution on the capsule. 1.— regular; 2.— irregular.
(2 shape= shape of verrucae. 1.— crested; 2.— subhemisphaeric; 3.— subconic
4.— subpiramidal; 5.— digitates; 6.— subcilyndric.

morphology was not considered because of alterations that may have taken place in the
herbaria. 10 seeds were measured from each population.

SEM seed study restricted to the populations marked with an asterisk (*) in Table 1.
Mature seeds washed with ethanol were mounted on biadhesive belts over the stub. Electros-
tatic difficulties were again experienced and mounting on colloidal argent was necessary
although photographs were not always clear enough. Technical working conditions were as
reported for the capsules. Further research to improve mounting techniques is in progress at
the Servei de Microscopia Electronica de la Universitat de Barcelona, where the observations
were carried out. The characters considered were selected from among those chosen by
BAIGES (1989): shape and topography of episperm cells and SCI (seed cell index per surface

area geferred to a 100 x 100 ym square).
(c) Consejd Superior de Investigaciones Cientificas http://collectaneabotanica.revistas.csic.es
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Table 3.—Seed biometry

Localities SEED CARUNCLE
length  width (col. @sha. ®sur. @cha. length width Osti,

E. flavicoma subsp. flavicoma

Hs: Ossa de Montiel 291 2,23 3 2 1 2 0,47 0,81 <0,2
Hs: Sierra Bermeja 2,90 2,08 1 1 1 2 0,65 0,75 <0,2
Hs: Sierra Carrascal 2,56 2,11 2 1 1 2 0,56 0,82 <0,2
Hs: Sierra de Espuna 243 1,90 2 2 1 2 0,52 0,80 <0,2
Hs: Burol 2,77 2,03 1 1 1 2 0,73 1,07 0,2-0,4
Hs: Serra 2,77 2,13 1 1 1 2 0,65 0,85 <0,2
Hs: Eslida 2,18 1,98 3 2 1 2 0,49 0,81 <0,2
Hs: Valdelinares 2,53 1,95 1 1 1 2 0,49 0,78 0,2-0,4
Hs: Alcala de Selva 2,48 1,85 2 1 1 2 0.41 0,71 0,2-04
Hs: Castejon 2,55 2,12 2 1 1 2 0,47 0,79 0,2-0,4
Hs: Ports de Tortosa 2,66 2,03 3 1 1 2 0,76 0,54 0,2-0,4
Hs: Hostalets 2,27 1,87 2 1 1 2 043 0,62 0,2-0,4
Hs: Collbato 2,76 1,96 2 1 1 2 0,60 0,75 0,2-0,4
Hs: Baga 2,54 2,07 2 2 1 2 0,51 0,80 0,2-0,4
Hs: L’Estartit 2,31 177 2 1 1 1 0,65 0,79 0,2-0,4
Hs: La Clape 291 2,00 2 1 1 2 0,71 0,99 <02
Hs: Tauch 2,77 1,98 2 1 1 2 0,50 0,73 <0,2
Hs: Bionne 2,37 1,79 1 1 1 2 0,52 0,64 0,2-0,4
2,59 1,99 2 1 1 2 0,56 0,78 0,2-0,4
E. flavicoma subsp. occidentalis
Hs: Brandomil 2,07 1,69 2 1 1 2 0,64 0,78 0,2-0,4
Hs: Santillan 2,01 1,53 2 1 1 2 0,52 0,77 0,2-0,4
Hs: Covadonga 2,23 1,65 2 1 1 2 0,43 0,67 <0,2
Hs: Puerto de Tarna 2,53 2,00 2 1 2 2 0,55 0,82 >0,4
Hs: La Una 2,56 1,81 1 1 1 2 0,61 0,86 0,2-0,4
Hs: Puerto Vegarada 2,11 1,77 1 1 1 2 0,55 0,75 0,2-0,4
Hs: Puebla de Lillo 2,41 1,83 2 1 1 2 0,60 0,95 0,2-0,4
Hs: Piedrasluengas 2,29 1,88 3 1 1 2 0,68 0,94 <0,2
Hs: Valle de Mena 241 1,87 2 1 1 2 0,56 0,87 <0,2
Hs: Alto Estazadas 2,25 1,79 2 1 2 2 0,45 0,79 0,2-0,4
Hs: Espinama 2,29 1,77 2 1 1 2 0,65 0,94 0,2-0,4
Hs: Fuente De 2,44 1,79 2 1 2 2 0,49 0,63 0,2-0,4
Hs: Arrieta 2,18 1,73 2 1 1 2 0,62 0,82 <0,2
Hs: Arceniaga 231 1,73 2 1 1 2 0,74 0,99 0,2-0,4
Hs: Pico Serantes 2,63 2,01 2 1 1 2 0,61 1,01 0,2-0,4
2,31 1,79 2 1 1 2 0,58 0,84 0,2-0,4
E. flavicoma subsp. costeana
Ga: Firmy 2,13 1,72 2 2 1 1 0,33 0,51 0,2-0,4
E. flavicoma subsp. giselae
Ga: Paiolive 2.27 1,65 2 1 1 2 0,68 0,84 0,2-0,4
Ga: Toulon 2,43 1,96 2 2 1 2 0,51 0,65 >04
2,35 1,81 2 1 1 2 0,60 0,75 0,2-0,4
E. spinosa
Ga: Guillaumes 2,65 1,41 2 3 1 2 0,77 1,05 0,2-0,4
Ga: Levens 2,52 1,50 2 3 1 1 0,64 0,81 0,2-0,4
It: Val de Gorzenta 2:57 1,95 2 2 1 1 0,78 1,21 0,2-0,4
It: Pise 2,65 1,53 3 3 1 1 0,74 1,11 0,2-0,4
It: Stazzema 2,57 1,56 2 3 1 1 0,75 0,88 0,2-0,4
It: Morano 2,43 1,87 3 2 1 1 0,84 0,93 >04
2,57 1,64 2 3 1 1 15 1,00 0,2-0.4
(c) Consejo Superior de Investigaciones Cientificas http://collectaneabbtanica.revidtas.tsic.es
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Localities SEED CARUNCLE
length width @col. “Psha. ®sur. “cha. length width Ssti.
E. pyrenaica
Hs: Pico Fraile 3,07 2,36 4 1 1 3 1,26 1,56 <0,2
Hs: Pico Espiguete 3,78 2,52 3 1 1 3 0,93 1,48 <0,2
Hs: Rebollero 337 2,36 3 2 1 3 1,12 1,57 <0,2
Hs: Pic d’Anie 242 1,90 3 2 1 2 0,74 1,38 <0,2
Hs: Larra 2,54 2,16 2 1 1 3 1,02 1,52 <0,2
Hs: Eaux Bonnes 2,48 1.83 3 2 1 2 0,71 1,29 <0,2
Hs: Pic du Midi 2.82 232 3 2 1 2 0,73 1,22 4 2
Hs: Pic de Ger 242 1,84 3 2 1 3 0,75 1,29 <0,2
Hs: Pic de Cezy 2,62 2,03 4 2 1 2 0,64 1,24 <0,2
2,84 2:15 3 2 1 3 0,88 1,39 <0,2
E. duvalii
Ga: Bédarieux 2,02 1,61 2 2 1 2 0,54 0,87 0,2-0,4
Ga: Mont Alaric 2,62 2,07 2 1 1 2 0,69 1,19 0,2-0.4
Ga: La Boissiere 2,58 2,05 2 2 1 2 0,63 1,01 0,2-04
Ga: Saint-Enimie 2,70 2,15 2 2 1 2 0,56 1,11 0,2-0,4
Ga: Cirque Madasse 2,60 2,16 2 2 1 2 0,61 0,96 0,2-0,4
Ga: Millau 2,28 1,82 2 2 1 2 0,58 0,81 0,2-0,4
2,46 1,97 2 2 1 3 0,60 0,99 <02
E. brittingeri
Ga: Gabis 2,26 1,58 2 1 2 2 0,55 0,82 0,2-0,4
Hs: Sallent Gallego 2,21 1,77 2 1 2 2 0,58 0,89 0,2-0,4
Hs: Puente de Reina 235 1,93 3 1 2 1 0,59 0,89 >04
Hs: Castejon de Sos 2,28 1,71 2 1 2 1 0,57 0,87 >0,4
Hs: Montseny 2,23 1,78 3 2 2 2 0,68 0,87 >0,4
Hs: Sils 2,07 1,65 1 2 2 2 0,65 0,77 >04
Ga: Caussols 2,28 1,78 2 1 2 2 0,63 0,68 >04
Ga: Lopin du Pin 2,19 1,74 2 1 2 1 0,53 0,61 >04
Ga: Uriage 231 1,72 2 2 2 2 0,37 0,61 >04
Ga: Vallon d’Archan 2,08 1,73 2 2 2 2 0,34 0,56 >04
Ga: Angouléme 2,29 1,68 2 1 2 2 0,41 0,59 >04
It: Lagaccio 2,08 1,55 2 1 2 2 0,31 0,54 >04
It: Orezza 1,84 1,48 3 2 1 2 0,39 0,73 >04
It: Illusone 1,88 1,66 3 2 2 2 0,38 0,78 0,2-0,4
It: Zomeais 1,77 1,57 1 2 1 1 0,32 0,57 >04
He: La Dodle 2,14 1,58 2 1 2 2 0,38 0,62 >0,4
He: Vernier-Peney 2,14 1,75 3 2 2 2 0,36 0,59 >04
Slo: Kozina 1,92 1,58 3 2 2 2 0,51 0,76 0,2-04
Ge: Rixheim 1,86 1,41 1 1 1 2 0,39 0,63 >04
Gr: Montes Varnous 2,32 1,66 2 2 1 2 0,55 0,71 >04
2,12 1,66 2 2 2 2 0,47 0,70 >04
E. dulcis
Lu: Montalegre 2,12 1,72 2 2 1 2 0,44 0,62 0,2-0,4
Hs: Espinama 1,97 1,64 1 2 1 2 0,28 0,42 >04
Hs: Puerto de Pontén 2,26 1,54 2 2 1 2 0,41 0,47 <0,2
Hs: Luarca 2,21 1,65 1 1 1 2 0,32 0,41 0,2-0,4
Hs: Noves de Segre 241 1,79 1 2 1 2 0,63 0,79 0,2-0.4
Hs: Irati 233 1,71 1 2 1 2 0,33 0,42 0,2-04
Ga: Saint-Jean 1,85 1,62 2 2 1 2 0,54 0,63 0,2-04
Ga: Collombey 2,27 1,74 2 2 1 2 0,57 0,68 >04
Ge: Aggerhal 2,34 1,82 2 2 1 2 0,52 0,67 >04
Cz: Zavisin 2,38 1,73 2 2 1 2 0,49 0,65 0,2-0,4
2,21 1,70 2 2 1 2 0,45 0,58 0,2-0,4

(c) Consejo Superior de Investigaciones Cientificas http://collectaneabotanica.revistas.csic.es
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Localities SEED CARUNCLE
length width (col. Psha. ®sur. “cha. length width Gsti.
E. angulata
Hs: Puebla Sanabria 1,96 1,42 1 1 1 1 0,35 0,66 0,2-0,4
Hs: Chana de Somoza 1,87 1,46 1 1 1 1 0,32 0,61 0,2-0.4
Hs: La Guiana 2,03 1,58 1 1 1 2 0,36 0,58 0,2-0,4
Hs: Cabo Oyambre 222 1.5 1 2 1 1 0,39 0,54 >04
Ga: Bayonne 1,87 1,61 1 2 1 2 0,54 0,63 >0,4
1,99 1,56 1 1 1 1 0,39 0,60 0,2-0,4
E. polygalifolia subsp. polygalifolia
Hs: Corconte 1,83 1,50 3 2 1 1 0,67 0,83 <0,2
Hs: Alto Campoo 1,89 1,47 4 2 1 ] 0,41 0,67 <0,2
Hs: Lunada 1,80 131 4 2 1 1 0,45 0,52 <0,2
Hs: Puerto Tornos 2,02 1,55 3 2 1 2 0,43 0,61 <0,2
Hs: Reinosa 1,83 1,44 2 2 1 2 0,33 0,67 <0,2
Hs: Pico Cordel 1,83 1,45 4 2 1 2 0,47 0,67 <0,2
Ga: Saint-Jean 1,82 1.55 2 2 1 1 0,33 0,75 <0,2
1,86 1,50 4 2 1 1 0,44 0,67 <0,2
E. polygalifolia subsp. hirta
Hs: Brandonas 1,61 1,22 4 2 1 1 0,38 0,75 <0,2
Hs: Brandomil 1,85 1,32 4 2 1 1 0,72 0,76 <0,2
Hs: Lamas-Zas 1,71 1,24 4 2 1 1 0,59 0,74 <0,2
Hs: Cabreira 1,73 1,19 3 2 1 1 0,37 0,49 <0,2
Hs: Vegadeo 1,78 1,36 3 2 1 1 0,53 0,67 <0,2
1,74 127 4 2 1 1 0,52 0,68 <0,2
E. uliginosa
Hs: Lamas-zas 2,05 1,48 4 1 1 1 0,60 0,72 0,2-0,4

Length and width are expressed as mean of the population (in mm). Shaded lines the mean of
the populations of the same taxon and the predominant character if qualitative.
(M col.= seed color. 1.— light brown; 2.— brown; 3.— dark brown; 4.— greyish brown
@ sha.= seed shape. 1.— oval; 2.— elliptic; 3.— oblong.
®) sur.= seed surface. 1.— smooth; 2.— rough.
) cal.= chalaza evidence. 1.— little; 2.— enough; 3.— a lot of.
) sti.= stipe length (in mm).

Multivariate analysis

Global morphometric analysis of seeds and capsules was carried out through a data matrix
built from data shown in Tables 2 and 3. 105 representative specimens (OTU) spanning the
geographic area of 13 taxa (see Table 1) were scored for 16 characters. Among these
characters, 8 are qualitative while the rest are quantitative (Table 4). This choice was made
after the elimination of variables showing high correlations. The values in the data matrix are
averages of several measurements for the quantitative characters and the predominant
character for the qualitative character in each specimen. The coded data matrix is presented
inTable 5.

After a preliminary PCA approach, hierarchical cluster analysis (HCA) was developed
through the standardization proposed by ROHLF (1989) which measures dissimilarity by
average taxonomic distance and which builds clusters using their unweighted pairing group
based on arithmetic averages (UPGMA).

All the procedures were carried out using the NTSYS computer package v. 1.50 (ROHLF,
1989) with an IBM-compatible PC.

(c) Consejo Superior de Investigaciones Cientificas http://collectaneabotanica.revistas.csic.es
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Table 4.—Characters studied and state codification method.

crt 1. Seed length (in mm) crt 10. Capsule length (in mm)
crt 2. Seed width (in mm) crt 11. Capsule width (in mm)
crt 3. Seed color crt 12. Verrucae length (in mm)
(1) Ligth brown crt 13. Verrucae density per capsule
(2) Brown crt 14. Verrucae distribution
(3) Dark brown (1) regular
(4) Greyish brown (2) irregular
crt 4. Seed shape crt 15. Verrucae shape
(1) Oval (1) Crested
(2) Elliptic (2) subhemispheric
(3) Oblong (3) subconic
_ (4) subpyramidal
crt 5. Seed surface (5) digitate
(1) Smooth (6) subcylindric
(2) Rough
crt 16. Capsule furrow angle
crt 6. Chalaza evidency (1) 160-180°
(1) small (2) 140-160°
(2) much (3) 120-140°
(3) high (4) 90-120°

crt 7. Caruncle length (in mm)
crt 8. Caruncle width (in mm)
crt 9. Caruncle’s stipe length
(1) less than 0.2 mm
(2) 0.2-0.4 mm
(3) more than 0.4 mm

3. RESULTS
Capsules

Biometric data are shown in Figures 1 to 4. Capsule shape is globose to ovoid in all the taxa
studied. In polar view, however, trends from subcircular (in Euphorbia flavicoma subsp.
flavicoma) to trilobate (in E. polygalifolia) shapes can be observed, and these shapes are highly
correlated with the angle of capsule furrows (160-180° to 90-120° respectively) (see Table 2).

Capsule size varies notably, both at population and at species level. Extreme average
measures range between 4.70 x 5.19 mm (in E. pyrenaica) to 2.38 x 2.66 mm (in E. polygalifolia
subsp. hirta). E. pyrenaica is clearly separate from the remaining taxa (Figures 1 and 2).

Epicarp surface is verrucose in all cases, but the shape of emergences provides good
grouping criteria. Thus, 6 groups can be recognized: crestate, subhemispheric, subconical,
subtetrahedric, digitate and subcylindrical according to capsule emergences, as shown in
Figure 5 a,b,c, and Table 2. Density, distribution and particularly size of such emergencies are
good markers too and E. spinosa, with emergences of 1.21 mm on average, can be easily
identified (Figure 5 a). Capsule surfaces are uniformly glabrous, but small epidermal papillae

can be found in all the taxa studied, except for E. dulcis subsp. purpurata.
(c) Consejo Superior de Investigaciones Cientificas http://collectaneabotanica.revistas.csic.es
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Table 5.—Coded data matrix
POBLAC. crtl1 crt2 crt3 crtd crtScert6 crt7 cort8 crt9 crt10 crt 11 crt 12 crt 13 crt 14 crt 15 crt 16
ffl 291 223 3 4 1 3 047 081 1 391 411 0,14 104 1 3 1
fi2 290 2,08 1 1 1 3 065 075 1 4,08 430 043 14 1 4 1
3 256 211 2 1 1 3 056 08 1 411 433 026 132 1 2 1
ff4 243 1,90 2 3 1 3 052 08 1 355 38 028 180 1 3 1
ffs 2,77 2,03 1 1 1 3 073 1,01 2 415 443 021 132 1 2 1
ff6 277 213 1 1 1 3 065 08 1 38 428 031 9% 1 3 1
fi7 218 198 3 4 1 2 049 081 1 332 358 o011 132 1 2 1
18 253 19 1 2 1 3 049 078 2 311 326 017 162 1 2 1
9 248 185 2 1 1 3 041 071 2 348 354 023 144 1 2 1
ff10 255 2,12 2 1 1 3 047 079 2 381 439 061 150 1 3 1
f11 266 203 3 1 1 2 076 054 2 381 408 021 144 1 2 1
ff12 227 187 2 1 1 3 043 062 2 347 371 019 108 1 2 1
ff13 276 19% 2 2 1 3 060 075 2 369 395 025 132 1 2 1
T4 254 207 2 3 1 3 051 08 2 366 378 013 210 1 2 1
ff15 231 1,77 2 1 1 1 065 079 2 354 4112 022 102 1 2 1
16 291 200 2 1 1 3 071 099 1 422 444 022 300 1 2 1
ff17 277 198 2 1 1 3 050 073 2 397 413 031 132 1 3 1
fT18 237 1,19 1 2 1 3 052 064 2 356 371 0,18 216 1 3 1
fol 207 169 2 2 1 2 064 078 2 379 391 064 18 1 5 2
fo2 201 1,53 2 1 1 3 052 077 2 295 307 066 186 1 5 2
fo3 223 1,65 2 1 1 3 043 067 1 345 352 044 132 1 5 2
fod 253 200 2 1 2 3 055 08 3 353 381 044 228 1 5 1
fo5 256 18 1 1 1 2 061 08 2 365 38 061 210 1 5 2
fo6 2,11 1,77 1 1 1 3 055 075 2 377 407 062 162 1 5 2
fo7 241 18 2 1 1 3 060 095 2 365 38 041 228 1 5 2
fo8 229 188 3 2 1 3 o068 099 1 391 4,08 061 160 1 5 2
fo9 241 187 2 1 1 3 05 08 1 363 373 067 174 1 5 2
fol0 225 1,79 2 1 2 3 045 079 2 38 405 095 132 1 5 2
foll 229 1,77 2 1 1 3 065 094 2 389 405 095 132 1 5 2
fol2 244 1,79 2 1 2 3 049 063 2 361 371 046 150 1 5 2
fol3 2,18 1,73 2 1 1 3 062 08 1 341 347 051 198 1 5 2
fol4 231 1,73 2 1 1 3 074 09 2 381 402 058 216 1 5 2
fol5 263 200 2 1 1 3 o061 1,001 2 361 377 042 120 1 3 2
fel 213 1,72 2 3 1 1 033 051 2 28 313 026 120 1 3 1
fgl 227 1,65 2 1 1 3 068 084 2 325 354 031 208 1 3 1
fg2 243 19 2 3 1 3 051 065 3 362 406 041 180 1 3 1
spl 265 141 2 5 1 2 077 105 2 368 345 123 96 1 6 2
sp2 252 150 2 5 1 1 064 081 2 341 322 114 90 1 6 2
sp3 257 195 2 4 1 1 078 121 2 367 374 133 9% 1 6 2
spd 265 153 3 5 1 1 074 1,11 2 38 381 116 112 1 6 3
spS 2,57 156 2 5 1 1 075 088 2 398 393 128 90 1 6 2
sp6 243 1,87 3 4 1 1 084 09 3 35 357 1,09 112 1 6 3
pyl 3,07 236 4 2 1 4 1,26 1,56 1 503 534 041 18 2 1 2
py2 378 252 3 2 1 4 093 148 1 483 528 0,78 30 2 1 2
py3 337 236 3 4 1 4 1,12 1,57 1 526 542 057 60 2 1 2
py4 242 1,9 3 4 1 3 0,74 138 1 437 487 051 56 2 1 2
pys 254 216 2 2 1 4 102 152 1 433 468 056 36 2 1 2
py6 248 183 3 4 1 2 071 1,29 1 445 515 0735 24 2 1 2
py7 28 232 3 4 1 3 073 122 1 491 55 023 30 2 1 2
py8 242 1,84 3 4 1 4 075 129 1 421 498 043 48 2 1 2
py9 262 203 4 4 1 3 064 124 1 487 545 034 42 2 1 2
dvl 202 161 2 4 1 3 05 o087 2 361 397 0,79 84 1 4 2
dv2 262 207 2 1 1 3 069 1,19 2 358 372 084 9% 1 4 2
dv3 258 205 2 3 1 3 063 101 2 403 4,17 093 86 1 4 2
dv4 2,70 2,15 2 3 1 3 056 1,12 2 462 4,64 1,02 60 1 4 2
dvs 260 216 2 3 1 3 061 09 2 405 409 092 9 1 4 2
dv6 228 182 2 4 1 3 058 081 2 423 4,67 108 72 1 4 2
brl 226 158 2 1 2 3 055 08 2 343 364 043 132 1 3 2
br2 221 1,77 2 2 3 3 058 08 2 365 405 065 210 1 3 2

(c) Consejo Superior de Investigaciones Cientificas
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POBLAC., crtl crt2 cri3 crid ertScrt6 crt7 cort8 cert9 crt10 ert 11 crt 12 ert 13 crt 14 ert 15 crt 16

b3 235 193 3 2 3 1 059 08 3 352 377 047 186 1 5 2
b4 228 171 2 1 2 1 057 08 3 28 307 042 132 1 5 2
brs 223 1,78 3 3 2 2 068 08 3 324 346 042 114 1 5 2
b6 207 1,65 1 3 2 3 065 077 3 323 346 063 132 1 5 2
b7 228 178 2 1 2 3 063 068 3 329 366 041 156 1 5 2
b8 219 174 2 1 2 1 053 061 3 304 342 045 210 1 3 2
b9 231 172 2 4 2 3 037 061 3 316 326 059 15 1 5 2
bri0 208 173 2 4 2 3 034 056 3 297 287 046 18 1 3 2
bril 229 168 2 2 2 3 041 05 3 343 348 036 108 1 5 3
bri2 208 155 2 2 2 3 031 054 3 28 321 029 204 1 5 2
br1I3 1,84 148 3 4 1 3 039 073 3 336 361 047 180 1 5 2
bri4 188 166 3 4 2 3 038 078 2 345 348 046 132 1 5 2
br15 1,77 157 1 4 1 1 032 057 3 242 254 026 144 1 5 2
brl6 204 158 2 2 2 3 038 062 3 343 353 035 144 1 5 2
br17 204 175 3 4 2 3 036 05 3 348 362 051 132 1 5 2
bri8 192 158 3 4 2 3 051 076 2 341 361 046 138 1 5 2
br19 1,86 141 1 2 1 3 039 063 3 28 307 035 180 1 5 2
br20 232 166 2 4 1 3 055 071 3 325 38 041 180 1 4 2
dl1 212 1,72 2 4 1 2 044 062 2 281 29 037 24 2 3 3
di2 197 164 1 4 1 2 028 042 3 279 297 033 48 2 3 3
d3 22 154 2 4 1 3 041 047 1 302 312 021 24 2 3 3
dd 221 165 1 2 1 2 032 041 2 28 305 047 42 2 3 3
ds 241 179 1 4 1 3 063 079 2 295 313 047 18 2 3 3
d6 233 171 1 4 1 3 033 042 2 305 321 058 42 2 3 3
di7 185 162 2 4 1 3 054 063 2 28 298 051 42 2 3 3
dis 227 174 2 4 1 2 057 068 3 297 317 078 42 2 3 3
d9 234 182 2 4 1 2 05 067 3 308 329 072 42 2 3 3
dino 238 173 2 4 1 2 049 065 2 28 322 069 48 2 3 3
anl 196 142 1 2 1 1 035 066 2 273 293 053 42 2 3 3
an2 187 146 1 2 1 1 032 061 2 275 3001 021 42 2 3 3
an3 203 158 1 2 1 2 036 05 2 275 300 068 6 2 3 3
and 222 175 1 3 1 1 039 054 3 295 315 055 48 2 3 3
an5 187 161 1 4 1 2 054 063 3 265 291 043 24 2 3 3
ppl 18 150 3 4 1 1 067 08 1 276 307 049 162 1 5 4
pp2 189 147 4 4 1 1 041 067 1 303 329 054 24 1 5 4
pp3 18 151 4 4 1 1 045 052 1 28 358 045 210 1 5 4
ppd 202 155 3 4 1 2 043 061 2 319 346 047 15 1 5 4
pp5 183 144 2 3 1 3 033 067 1 28 311 051 15 1 5 4
pp6 18 145 2 3 1 3 047 067 2 267 28 054 150 1 5 4
pp7 18 155 2 4 1 1 033 075 1 305 325 038 168 1 3 4
pht 161 122 4 4 1 1 038 075 1 232 259 035 14 1 6 4
ph2 18 132 4 4 1 1 072 076 1 231 28 05 162 1 5 4
ph3 171 124 4 4 1 1 059 074 1 254 274 041 108 1 5 4
phd 173 1,19 3 3 1 1 037 049 1 247 263 038 210 1 3 4
ph5 1,8 136 3 4 1 1 053 067 1 228 252 041 180 1 5 4
ull 205 148 4 2 1 1 060 072 2 270 28 027 162 1 3 4

Seeds

After the examination of nearly 1,500 seeds, the results obtained from seed biometry are
shown in Table 3. Seed size ranges from 2.84 = 0.13 X 2.15 £ 0.11 mm (on average, in E.
pyrenaica) to 1.74 £0.1 X 1.27 £ 0.07 mm (on average, in E. polygalifolia subsp. hirta). Thus,
there is a close relationship between seed and capsule size.

Seed shape varies from oval in the E. flavicoma group, to subglobose (in E. polygalifolia, E.

dulcis and E. duvalii) to subcylindric (in E. spinosa). Chalaza evidence is very variable,
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Table 6.—Variable contributions to axis formation

AXIS (%)
CHARACTERS 1 2 3
seed length 10,47 2,12 ,49
seed width 10,47 3,96 230
seed color 0,84 6,92 11,43
seed shape 225 12,75 2,93
seed surface 2,26 .57 443
chalaza evidency 6,94 6,46 3,96
caruncle length 8,72 410 8,54
caruncle width 9.73 451 7,64
caruncle’s stipe length 423 6,20 2,40
capsule length 11,19 1,06 4,04
capsule width 11,12 0,38 2,83
verrucae length 0,59 6,33 11,05
verrucae density per capsule 4,08 11,94 9,26
verrucae distribution 315 11,20 12,94
verrucae shape 7,04 2,61 13,58
capsule furrow angle 6,83 11,89 2.13

although trends from evident chalazae (in E. pyrenaica) to low marked chalazae (in E.
polygalifolia) are observed (see Table 3 and Figure 6).

Under light stereoscope, seeds are finely punctate to smooth in all taxa, except E.
brittingeri and some populations of E. flavicoma subsp. occidentalis and subsp. costeana,
where more irregular topographies are observed, such as ondulations, roughness and protu-
berances.

SCI is very variable between species (Figure 7).

Caruncle size does not distinguish between taxa (except for E. pyrenaica). More specific is
the caruncle shape which can be arranged in 5 major groups named Type 1 to Type 5 (see
Figure 8).

Fig, 8. —Caruncles classifjcation (Types 1-5. For explanations, see text). . . )
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Licencia Creative Commons 3.0 Espafia (by-nc)




J. SIMON, J. MOLERO & C. BLANCHE 227

4. NUMERICAL TAXONOMY

From the data listed in Tables 2 to 3, the codification of characters is shown in Table 4. 105
populations (UTO) from 13 taxa are considered for 16 multistate characters and Table 5 shows
the coded data matrix.

PCA (Figures 9 and 10) clearly shows the different groups wich can be well identified by
capsule and seed characters. The two-axis ordenation contains more than the half of total
variance (53.10 %), whereas three-axis projection increases this value to 65.59 %. Factor
loadings, indicating contributions of each variable to the PCs can be seen in Table 6. Three
groups of points can be easily distinguished in this analysis (Figure 9): the first group consists
only on E. pyrenaica populations (lowermost right corner of the diagram); the second unites
the populations of E. polygalifolia, E. uliginosa, E. spinosa, E. dulcis and E. angulata (lower-
most left corner of the diagram); finaly, the third group includes the remaining species (E.
Slavicoma, E. duvalii and E. brittingeri, at the upper part of the diagram). The characters with
the highest contribution to axis formation (Table 6) are length and width of capsule and seed
(1st axis) and seed shape, emergences density in the capsule and furrow angle in the capsule
(2nd axis). The projection over the 3rd axis allows, in relation to the lowermost left cluster, toa
marked separation of two new minor groups: E. dulcis and E. angulata, on one side and E.
polygalifolia, E. uliginosa and E. spinosa, on the other (above, Figure 10). In this case, the most
contributing characters are distribution and shape of verrucose emergences of capsules.

In interpreting the dendrogram (HCA) and scatter plot (PCA) it must be remembered that
HCA is more reliable for revealing similarity towards the tips of the dendrogram (Figure 11),
whilst PCA is most useful for detecting major clusters and gradients in the data set (Figure 9).
The two techniques are used here in a complementary manner on the same data sets.

HCA (Figure 11) demonstrates that differences up to specific rank can be recognized
between all the taxa considered using the characters listed above. With the only exception of
E. uliginosa (of which species only one population has been considered), all the remaining
populations perfectly agree with the rank we assigned a priori. Thus, 5 major groups can be
distinguished (with dissimilarity values higher than 1.1).

The first group consists of the E. flavicoma and E. duvalii populations. It should be pointed
out that E. duvalii is perfectly individualized within this group and that two minor groups also
emerge from Figure 11. They correspond to the two subspecies of widest distribution area (.
Sflavicoma subsp. flavicoma and subsp. occidentalis). E. flavicoma subsp. costeana seems to be
clearly removed from the E. flavicoma center (in basis on the high taxonomic distance, higher
than 1.1) but the few materials investigated (only 1 population) advise caution. E. flavicoma
subsp. giselae is not recognizable through the characters considered.

The second group consists only of E. brittingeri. The third is composed of two units: the E.
dulcis-E. angulata group (although well differentiated among them) and the E. polygalifolia-E.
uliginosa group (this last species was not separable).

The fourth and fifth groups are monospecific and correspond to E. spinosa and E.
pyrenaica respectively.

5. DISCUSSION

The results show the real taxonomic weitht of capsule and seed characters and, at least in
our group of species, it might be possible to build a taxonomic key based on carpological
characters down to species level (see Chapter 6). Nevertheless, the grouping of OTUs shown
by the final dendrogram (Figure 11) can be regarded as a first draft of phylogenetic relations-
hip among the species dealt with here, to be completed in further contributions focused on

new characters (pollen grains, cytogenetics, anatomy, ecology, phytodermology, etc.).
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From numerical analysis of capsule and seed biometric data and from the study of Figures
1,2 and 3, E. pyrenaica is the most isolated taxon within the E. verrucosa-group and perhaps its
affinities lie nearer other orophyte species, such as E. capitulata from the Balkans, than the W.
Mediterranean ones.

Seed size and shape characters are highly variable and only some trends can be pointed
out if quantitative analysis of a number of individuals can be performed. Seed coat topography
is very homogeneous in all the taxa studied except for E. brittingeri. This particular feature of
this species has been noted previously only by EHLER (1976) and BAIGES (1989) who used
SEM to observe the rugosities of the seed surface. However, as BAIGES (l.c.) pointed out,
these rugosities could easily be confused with other minor ornamentation protrusions
(pustules, squamations, mottles) that we can find in any other taxon of this group. Even
EHLER (l.c.) published a photograph corresponding to E. brittingeri in which this kind of
artefact is confused with the true rugosities. Moreover, EHLER (l.c.) included E. brittingeri side
by side to the Euphorbia species with rough surface (E. berythea Boiss. & Blanché ex Boiss. in
DC., E. microsphaera Boiss., E. oxyodonta Boiss. & Haussk. ex Boiss. in DC., E. polychroma
Kerner and E. helioscopia L.) of Sect. Helioscopia. If it is true that the seeds of E. brittingeri do
not have smooth surface, it is also true that their surface is as far from rough surface seeds
(type E. helioscopia) as from the smooth surface ones. After having studied a large number of
seeds coming from sect. Helioscopia, E. brittingeri shows more affinities to E. hirsuta L.

KHAN (1964) discussed the evolutive position of seeds with sculptural elements in
relation to smooth seeds. This author concluded, after the study of 2 species from the 3
subsections of sect. Esula, that because of their more restricted distribution, smooth seeds
should be regarded as a more evolved character. After a survey of seed characteristics of
European, north-African and Russian taxa of subsect. Galarrhaei, we cannot agree with
Khan’s conclusions because the predominance of species with smooth seeds is much higher
than rough ones. Thus, it seems more probable that species with rough seeds might be
regarded as derivative from species with smooth seeds, the latter being much more wides-
pread than the former.

Seeds with rough surface have been found in some populations of E. flavicoma subsp.
occidentalis and E. flavicoma subsp. costeana, as shown in Table 3. This can be interpreted as a
common origin of the three taxa having rough seed coats. This common origin may be E.
Sflavicoma subsp. flavicoma, a thermo-mediterranean camephyte, manifesting this character
progressively during the process of adaptive radiation to most northern and moist areas but
without any possibility of genetic exchange due to the present geographic isolation of
derivative taxa.

The taxonomic value of SCI is of great interest for discrimination of very closely related
taxa. This idea was pointed out by EHLER (l.c.) and confirmed by BAIGES (l.c.). It permits a
clear separation of the following pairs of taxa: E. flavicoma / E. brittingeri, E. dulcis / E. angulata
and E. polygalifolia / E. uliginosa, all often confused in the herbarium label determinations we
studied. There is a high correlation between SCI data and cell size on leaves studied for
phytodermology (SIMON unpubl. data).

From a biogeographical point of view, some considerations should be made. E. pyrenaica
shows a clear disjunction for seed size between Cantabric and Pyrenaean populations, as
shown in Figure 12 and in HCA (Figure 11). This disjunction is not obviously correlated with
any other difference, either in seed or in any other plant organ, and may be considered only as
a minor differentiation caused by geographic isolation which usually is regarded as «race
locale» (JEANMONOD, 1984).

A certain polarity in the shape of seeds of E. spinosa has also been detected but, in this
case, not related to phenomena of geographic isolation. In Figure 14, we can observe that
seeds of French populations of this species are elongate (length/width ratio higher than 1.6),
whereas in Italian populations, subglobose seeds (length/width ratio lower than 1.45) are
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found together with rather longer seeds without intermediate forms. After a revision of a large
number of herbarium specimens from the whole area of distribution of E. spinosa, the
elongate seeds are predominant over the globose ones. The two kinds of seed are not found
together in the same population but there is no clear geographic boundary between the
populations, thus we cannot treat them as separate stirps since no other correlated characters
have been found.

Anticlinal wall characteristics of surface seed cells have been used as a discriminant
character by BAIGES (1989). But working with herbarium materials, the SEM characteristics
observed are very variable depending on conservation conditions, seed maturation states and
preparation procedures.

The main seed characteristics agree well with infrageneric and supraspecific divisions of
the genus Euphorbia, and caruncle or mucilages presence or absence, or intercellular spaces
with small granulate elements, very constant in subgenera and sections should be considered
as outstanding taxonomic markers (sense BARTHLOTT, 1981). In other words, caruncle is
regarded as a primitive element within the genus, as stated by BERG (1975); the mucilaginous
projections of some seeds, possibly related to dispersion syndromes (CARLQUIST, 1966) can
be considered as evolved.

In sect. Helioscopia, seeds are characterized by the presence of caruncle, absence of
mucilages and lack of intercellular spaces on the seed coat (except for E. pterococca Brot., E.
lagascae Sprengel and E. isatidifolia Lam., cf. BAIGES, l.c.). If we accept the phylogenetic value
of the characters stated above in relation to seeds, sect. Helioscopia might be regarded as one
of the most archaic within the genus. At the other extreme, much more advanced, there is the
(previously considered) subgenus Chamaesyce, now accepted as a separate genus (ORELL,
1990), with seeds ecarunculate, having mucilages and intercellular spaces with glandular
elements (see BAIGES, l.c.). Among the species considered in the scope of our work, only
minor variations at caruncle level have been observed. Following KHAN (1964), within
subsect. Galarrhaei, seeds can be carunculate, with deciduous caruncle or, in further steps,
totally ecarunculate. KHAN (l.c.) also regarded this progressive lacking of caruncles as an
evolutive trend, and he pointed out a great relation between lack of caruncle and biogeogra-
phical features (eastern mediterranean endemics). E. brittingeri shows a clear trend to the
caducity of its caruncle, and this can be interpreted as an advanced feature within the group,
which is in agreement with the roughness of its seed surface as mentioned above.

As the surface topography seems generally correlated with inner structural characteristics,
we are strongly convinced that further resarch should include anatomical studies of seeds to
provide better data with which to interprete outer seed coat diversity.

6. Dichotomous key based on fruit and seed characters

1. Capsuleslongerthan 4.3 MM : i o oo v v sae s ios 0 s boe s o tmie v orom e E. pyrenaica
— Capsules shorterthan 4.3 mm . ........ ... .. ... ... ... ... .. .. ... ...... 2
2. Capsules with digitate or subcylindric verrucae ... ........................ 3
— Capsules with other shapes of verrucae ... ............ ... ... ... .. ... .. . 5
3. Capsule with marked furrows; more than 150 verrucae per capsule; verrucae digitate

Shorther than QG MM < s v n s som 5 vea 5 5 505 75 565 & 15505 4 5678 5 ¥ b o o riare o o 4
— Capsule with scarcely marked furrows; less than 130 verrucae per capsule; cylindrical

verrucae over Immlong .. ... ... ... ... ... ... E. spinosa
4. Seeds of elliptic longitudinal shape ......................... E. polygalifolia
— Seeds of oval longitudinal shape ... ........................... E. uliginosa
5. Verruca density per capsule less than 50; capsule furrows strongly marked . . . . . . 6
— Verruca density per capsule more than 70; capsule furrows scarcely marked . ... 7
6. Seeds clear brown, with oval longitudinal shape ....... .. . .. . . . ... E. angulata
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— Seeds dark brown, with elliptic longitudinal shape .. ................. E. dulcis

7. Capsule verrucae subtriangular, more than 0.7 mm high ......... .. .. E. duvalii

— Capsule verrucae subhemisphaeric or subconical, less than 0.6 mm high . ... ... 8

8. Episperm surface rough (stereoscope!) ........................ E. brittingeri

— Episperm surface smooth .. ....... .. ... ... ... ... .. ... ... E. flavicoma
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Fig. 1.—Simpson & Roe’s Test for capsule length.
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length
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Fig. 3.—Capsules length/width ratio.
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Fig. 5.—Capsule morphology (polar and lateral view, verrucae amplification).
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E. dulcis

Fig. 5.—Capsule morphology (continuation).
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E. angulata

E. uliginosa

Fig. 5.—Capsule morphology (continuation).
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 E. polygalifolia subsp. polygalifolia -

E. uliginosa

E. polygalifolia subsp. hirta
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Licencia Creative Commons 3.0 Fﬁ&?rba__(_lyéga) morpholgy (ventral view).




J. SIMON, J. MOLERO & C. BLANCHE 237

. oy P,
E. flavicoma subsp. velutina

ol 2 &= .
' E. brittingeri

S *""_
E. polygalifolia subsp. polygalifolia

Fig. 7.—Seed coat ornamentation (SEM).
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Fig. 9.—PCA analysis. Projections over axes | and 2 of 105 populations (OTU’s).
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Fig. 10.—PCA analysis. Projections over axes 1, 2 and 3 of 105 populations (OTU’s).
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Fig. 11.-HCA dendrogram of 105 populations (OTU’s) from capsule and seed characters (UPGMA method).
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Fig. 12.—Frequency diagram of seed size of Euphorbia pyrenaica related to geographic distribution.
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Fig. 13.—Frequency diagram of length/width ratio of seeds of Euphorbia spinosa related to geographic distribution.
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