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Annals of the Botanic Garden and Botanical Museum Berlin

LiLiana Bernardo1*, Giovanni Maiorca2, Jacopo Franzoni3, Francesco roMa-Marzio4 & 
Lorenzo peruzzi3

A morphometric and karyological study of Onobrychis calabrica (Fabaceae), a neglect-
ed species endemic to Calabria, S Italy

version of record first published online on 22 May 2020 ahead of inclusion in august 2020 issue.

Abstract: a morphometric (multivariate and univariate) and karyological study of Onobrychis calabrica Širj. (Fa-
baceae), compared to O. alba subsp. echinata (Guss.) p. W. Ball and O. supina (chaix ex vill.) dc., was carried out. 
according to our results, twelve morphological characters clearly support the distinctiveness of O. calabrica. in ad-
dition, the latter species is tetraploid with 2n = 4x = 28 chromosomes, whereas the other two taxa are diploid with 2n 
= 2x = 14 chromosomes. The names O. calabrica and O. handel-mazzettii Širj. (a heterotypic synonym of O. supina) 
are lectotypified here. Onobrychis calabrica, a narrow endemic to se calabria, s italy, is here assessed as critically 
endangered cr B1ab(iii)+B2ab(iii) following iucn red List categories and criteria.
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Introduction

The genus Onobrychis Mill. (Fabaceae) includes nearly 
170 annual and perennial species, which are distribut-
ed mainly in the n temperate regions, with the centres 
of diversity in the e Mediterranean area and sW asia 
(ranjbar & al. 2012, 2013, 2018; safaei chaei Kar & 
al. 2012; abuş & avci 2018). Based on features of in-
dumentum and corolla, supported by molecular data, the 
genus is subdivided in two subgenera: O. subg. Onobry-
chis, including two sections, and O. subg. Sisyrosema 
(Bunge ex Boiss.) Širj., including seven sections (ami-
rahmadi 2016). according to Širjaev (1925, 1926), these 

sections can be further subdivided in a total of nineteen 
subsections.

in italy, only Onobrychis subg. Onobrychis occurs, 
with 13 specific and subspecific taxa (Bartolucci & al. 
2018). Two species, included in O. sect. Lophobrychis 
Hand.-Mazz., are annual herbs: O. aequidentata (sm.) 
d’urv. and O. caput-galli (L.) Lam. all other taxa, in-
cluded in O. sect. Onobrychis, are perennials: O. alba 
(Waldst. & Kit.) desv. subsp. alba, O. alba subsp. echina-
ta (Guss.) p. W. Ball, O. alba subsp. pentelica (Hausskn.) 
nyman, O. arenaria (Kit.) dc. subsp. arenaria, O. are-
naria subsp. taurerica Hand.-Mazz., O. arenaria subsp. 
tommasinii (Jord.) asch. & Graebn., O. calabrica Širj., 
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O. montana dc. subsp. montana, O. saxatilis (L.) Lam., 
O. supina (chaix ex vill.) dc. and O. viciifolia scop.

Onobrychis handel-mazzettii Širj. was described based 
on specimens from Liguria and calabria, italy (Širjaev 
1925). it is currently considered as a heterotypic synonym 
of O. supina, a species distributed from e spain to nW it-
aly (Ball 1968). Širjaev attributed O. handel-mazzettii and 
O. supina to O. subsect. Macrosemiae Hand.-Mazz., char-
acterized by flowers in which the standard is longer than 
the keel. Later, Širjaev (1931) changed his view, restrict-
ing the application of the name O. handel-mazzettii (as O. 
supina subsp. handel-mazzettii (Širj.) Širj.) to plants from 
Liguria, while plants from calabria (collected by Huter, 
porta and rigo and identified as “O. echinata dietr.”) 
were attributed to a different species: O. calabrica Širj.

according to Širjaev (1931), Onobrychis calabrica 
has a shorter standard than other species of O. subsect. 
Macrosemiae and represents a transitional form toward 
O. subsect. Vulgatae Hand.-Mazz. Moreover, O. ca-
labrica has been treated as a heterotypic synonym of 
O. supina (Ball 1968; euro+Med 2006+; roskov & al. 
2019), although it was neglected by Greuter & al. (1989), 
conti & al. (2005) and pignatti (1982, 2017; O. supina is 
doubtfully reported from calabria). peruzzi & al. (2015) 
and Bartolucci & al. (2018) resurrected the name O. ca-
labrica as applying to a taxonomically doubtful species.

Onobrychis alba subsp. echinata, an italian endemic 
that occurs close to the locus classicus of O. calabri-
ca (Brullo & al. 2001), was included by Širjaev in O. 
 subsect. Albae Hand.-Mazz., because of the standard 
being distinctly shorter than the keel. despite this, non-
flowering plants share very similar vegetative habit and 
hair-coverage with O. calabrica. The original samples of 

O. calabrica collected by Huter, porta and rigo were at-
tributed to O. echinata by mistake likely for this reason.

The aim of the present work is to clarify the taxo-
nomic position of Onobrychis calabrica with respect to 
O. supina and to O. alba subsp. echinata, using morpho-
metric and karyological approaches.

Material and methods

The protologues of Onobrychis handel-mazzettii and O. 
calabrica and digital images of their original material (in 
Fi, Je, W and Wu; herbarium codes according to Thiers 
2019+) were studied, in order to designate nomenclatural 
types and fix the application of names.

in spring 2018, Onobrychis calabrica (Fig. 1) was col-
lected in its locus classicus (Gerace, reggio calabria, s 
italy, 38°16'n, 16°12'e), an area characterized by arena-
ceous detrital deposits at the base of calcarenitic sandstone. 
We collected 20 well-preserved individuals, complete with 
leaves, flowers and ripe pods, to represent the overall mor-
phological variation at population level. For each individ-
ual, a herbarium specimen was prepared and conserved in 
cLu. Thirteen morphological characters (Table 1) were 
measured on these herbarium specimens. all the charac-
ters were measured on dried and pressed specimens under 
a stereomicroscope, using a digital calliper with 0.1 mm 
precision. For comparative purposes, the same characters 
were measured on 20 herbarium specimens (= 20 individu-
als) of O. alba subsp. echinata from calabria, conserved in 
cLu, and on 19 herbarium specimens (= 19 individuals) 
of O. supina collected in France and Liguria (nW italy), 
conserved in Fi and pi (see appendix 1).

Table 1. comparison between Onobrychis alba subsp. echinata, O. calabrica and O. supina of characters used in the morphometric 
analyses. Quantitative numerical values are expressed as mean ± sd. character states marked by different superscript letters are 
significantly different (p < 0.01). significantly different character states among O. calabrica and the other two taxa are shown in 
bold here and in Fig. 3.

abbreviation character O. alba subsp. echinata O. calabrica O. supina

nL number of leaflets of middle cauline leaf 13.75 ± 2.19b 18.00 ± 2.10a 20.63 ± 4.58a

LL length of longest leaflets of middle cauline 
leaf (mm)

10.01 ± 1.04b 21.04 ± 2.84a 12.10 ± 5.25b

WL width of widest leaflets of middle cauline 
leaf (mm)

3.04 ± 0.83a 2.55 ± 0.54a 1.67 ± 0.52b

CL calyx length (mm) 6.43 ± 0.69b 5.77 ± 039a 5.25 ± 0.77c

LcT length of longest tooth of calyx (mm) 4.50 ± 0.58b 3.90 ± 0.49a 3.56 ± 0.68a

WCT width of longest tooth of calyx (mm) 0.95 ± 0.13b 1.24 ± 0.16a 0.48 ± 0.18c

sL standard length (mm) 9.12 ± 0.67a 8.64 ± 0.58a 9.10 ± 1.02a

KL keel length (mm) 9.44 ± 0.61b 6.48 ± 0.51a 7.50 ± 1.09c

PL pod length without spines (mm) 4.55 ± 0.34b 6.62 ± 0.53a 4.28 ± 0.73b

PW pod width without spines (mm) 3.49 ± 0.44b 4.73 ± 0.32a 3.31 ± 0.59b

NPS number of spines on pod 10.85 ± 1.56b 23.15 ± 2.85a 15.00 ± 3.80c

NSC number of spines on pod crest 4.1 ± 0.30b 6.55 ± 0.75a 5.00 ± 1.29b

LPS length of longest spine on pod crest (mm) 2.12 ± 0.36b 1.79 ± 0.41a 0.63 ± 0.36c
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The quantitative data were subjected to discriminant 
analysis after logarithmic transformation, with the in-
dividuals a priori assigned to the three taxa based on 
geographical distribution and morphological features. 
each character was also subjected to univariate analy-
sis (anova or Kruskal-Wallis test with corrections for 
multiple comparisons, Tukey Hsd test and Bonferroni, 
respectively, after checking for homoscedasticity of 
each variable). all analyses were carried out with pasT 
3.22 software (Hammer & al. 2001; Hammer 2018). 

Boxplots were built by means of plotly Technologies 
inc. (2015).

concerning karyological analysis of Onobrychis ca-
labrica (from the locus classicus) and of O. alba subsp. 
echinata (from Fiumara avena, cosenza, n calabria), 
squash preparations were made on root tips obtained from 
germinating seeds. seeds were obtained from the same 
herbarium specimens used for morphometric analyses. For 
germination, seeds were sown in 90 mm-diam. petri dish-
es containing 1 % distilled water agar and maintained in 

Fig. 1. Onobrychis calabrica on calcarenitic sandstone near the town of Gerace, se calabria, s italy. – a: flowering individual; 
B: detail of inflorescence. – photographed on 21 april 2018 by L. Bernardo.

Fig. 2. discriminant analysis based on 13 quantitative continuous characters. in blue, the relative contribution of each variable is 
reported.
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 temperature- and light-controlled incubators, using respec-
tively a 20/10°c and 12 h daily photo- and thermoperiod. 
root tips were excised when c. 5 mm long and pre-treated 
with 0.4 % colchicine at room temperature for 3 hours and 
then fixed in carnoy’s fixative solution for 1 hour. after 
hydrolysis in Hcl 1n at 60°c for 9 minutes, the tips were 
stained in leuco-basic fuchsine (sigma). For karyotype re-
construction, three or four metaphase plates from different 
seeds were photographed and then measured by means of 
the software KaryoType (altınordu & al. 2016). The same 
software was also used to estimate karyotype asymmetry 
parameters (peruzzi & eroğlu 2013). Karyotype asymme-
try parameters were also calculated for O. supina, based on 
published metaphase plate data (sacristán 1965; verlaque 
& al. 1987; Garnatje & cardona 1988).

Results

Morphometric analysis

discriminant analysis resulted in 98.31 % (jackknifed) 
correct classification of individuals, a priori attributed to 
the three taxa (Fig. 2). no overlapping among individuals 
of Onobrychis alba subsp. echinata, O. calabrica and O. 
supina was found, showing a clear distinction between 
these units. all characters except sL (loadings on both 
axes with value < ǀ0.0025ǀ) contribute neatly to the dis-
criminant function. in particular, high values of LL, pL, 
pW and nsc contribute to separate O. calabrica from 
the other two taxa. Furthermore, high values of WL, nps 
and Lps clearly separate O. calabrica from O. supina 
and low values of LcT and KL separate O. calabrica 
from O. alba subsp. echinata.

results of univariate analysis of continuous char-
acters are summarized in Table 1 and shown in Fig. 3. 
The states of five characters (cL, WcT, KL, nps and 
Lps) show significant differences among the three taxa 
(p < 0.01). in addition, the states of further four char-
acters (LL, pL, pW and nsc) are significantly different 

between Onobrychis calabrica and the other two taxa (p 
< 0.01). as mentioned above, no significant difference in 
sL was found.

Karyological analysis

Onobrychis calabrica from the locus classicus is tetra-
ploid, with 2n = 4x = 28 chromosomes, while O. alba 
subsp. echinata from Fiumara avena is diploid, with 2n 
= 2x = 14 chromosomes (Fig. 4). Total haploid chromo-
some length (THL) ranged from 9.54 – 18.36 µm in the 
former taxon, and from 10 – 15.2 µm in the latter. despite 
the difference in chromosome number, karyotype asym-
metry is more or less overlapping among the studied taxa 
(Fig. 5).

Discussion

Širjaev (1931) described Onobrychis calabrica based on 
samples collected by Huter, porta and rigo, which they 
provisionally attributed to O. echinata. However, quanti-
tative morphological comparisons show that O. calabrica 
is clearly distinct from O. echinata, especially based on 
floral and fruit features (LcT, KL, pL, nps and Lps). 
We expected this result because the two species belong 
to two different subsections basing on standard and keel 
size ratio (Handel-Mazzetti 1909; Širjaev 1925).

The discriminant analysis also highlights the differ-
ences between Onobrychis calabrica and O. supina. in 
particular, O. calabrica shows leaflets and calyx (LL and 
cL) significantly longer and pods always larger (pL and 
pW), with longer and more numerous spines (nps and 
Lps).

The relevance of fruit features went unnoticed by 
Širjaev (1931), because pods were absent from the sam-
pled specimens: “Valde doleo, quod legumina huius spe-
ciei non vidi.” [i am very sorry that i have not seen the 
pods of this species].

Fig. 3. Boxplots showing those statistically significant morphological characters less overlapping among the three taxa. character 
abbreviations follow Table 1.

Downloaded From: https://bioone.org/journals/Willdenowia on 22 Nov 2024
Terms of Use: https://bioone.org/terms-of-use



221Willdenowia 50 – 2020

Onobrychis calabrica is also clearly distinct from 
O. alba subsp. echinata and O. supina on karyologi-
cal grounds, given that the former species is polyploid 
and the others are diploid (see also sacristán 1965; ver-
laque & al. 1987; Garnatje & cardona 1988; cenci & 
al. 2000; astuti & al. 2019). However, karyotype asym-
metry highlights a general resemblance in karyotype 
structure among these species (Fig. 5). other e Medi-
terranean species belonging to the O. supina aggregate 
(Greuter & al. 1989) show a tetraploid complement with 
2n = 28 chromosomes, such as O. gracilis Besser and O. 
pindicola Hausskn. (Kozuharov & al. 1972; pogan & al. 

1980; strid 1986), but these are clearly dis-
tinct from O. calabrica on morphological 
grounds, because O. gracilis shows a gla-
brous calyx and an unarmed pod crest, and 
O. pindicola shows a pod crest with teeth to 
3.5(– 5) mm long.

accordingly, all the available morpho-
logical and karyological data concur in pro-
viding evidence that Onobrychis calabrica 
should be regarded as a good species, nar-
row endemic to se calabria, s italy.

Taxonomic treatment

Onobrychis calabrica Širj. in izv. Bulg. Bot. 
druzh. 4: 10. 1931. – Lectotype (desig-
nated here): italy, “calabria orient. i. parte 
austr occid. praeruptorum urbis Gerace, sol. 
cretaceo”, 400 m, 26 May 1877, R. Huter, 
P. Porta & G. Rigo ex itinere italico iii no. 
245 [under name O. echinata] (W-rchb. 
no. 1889-0060084! http://www.jacq.org 
/detail.php?id=507373; isolectotypes: Wu 
no. 0102743!, Fi!). – syntypes: calabria, 
prov. reggio, Gerace, in pascuis, solo cre-
taceo, 7 Jun 1898, G. Rigo, iter quartum 
anni 1898 n. 333 [under name O. echinata] 
(W no. 1898-0008811!, Wu no. 0102741!, 
Wu no. 0102744!, Wu no. 0102745!).

Description based on studied material — 
Perennials, herbaceous, (35 –)50(– 65)  cm 
tall at fruiting, grey pubescent; rootstock ± 
woody; flowering stem erect. Leaves impari-
pinnate; leaflets in 7 – 10 pairs, linear to ellip-
tic (18.3 –)21(– 26.8) × (1.5 –)2.5(– 3.2) mm, 
sericeous-pubescent. Flowers in fairly 
dense racemes. Calyx (5.1 –)5.7(– 6.3) mm 
long, hairy; teeth 2 – 3 × as long as tube, mar-
gin ciliate. Corolla pink-salmon with darker 
veins, (7.7 –)8.6(– 9.6)  mm long, glabrous; 
standard 1.2 – 1.4 × as long as keel, c. 1.5 
× as long as calyx. Pod (5.8 –)6.6(– 7.4) × 
(4.2 –)4.7(– 5.3) mm (not including spines), 

indehiscent, pubescent, with 19 – 28 spines, 5 – 8 on mar-
gin, longest one (1.3 –)1.8(– 2.6) mm long.

Phenology — Flowering in april – May, fruiting in May –
June.

Distribution — presently known from a single population 
near the town of Gerace, se calabria, s italy (38°16'n, 
16°12'e), the locus classicus of this species.

Habitat — arenaceous detrital deposits and on ledges of 
calcarenitic cliffs.

Fig. 4. Metaphase plates. – a: Onobrychis calabrica from the locus classicus, 
2n = 4x = 28. – B: Onobrychis alba subsp. echinata from Fiumara avena, ca-
labria, 2n = 2x = 14. – scale bars: a, B = 10 µm.

Fig. 5. scatter plot of cv
cL

, coefficient of variation of chromosome length 
(x  axis) over M

ca
, mean centromeric asymmetry (y axis) in karyotypes of 

Onobrychis calabrica from the locus classicus (filled circles), O. alba subsp. 
echinata from Fiumara avena (crosses) and O. supina from literature (empty 
triangles). – a = aineto, spain (data from sacristan 1965); Bdr = Bouches du 
rhône, France (data from verlaque & al. 1987); d = durro and cdB = caldes 
de Boi, spain (data from Garnatje & cardona 1988).
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Conservation status — This species is assessed here as 
critically endangered cr B1ab(iii)+B2ab(iii), accord-
ing to iucn categories and criteria (iucn 2012), be-
cause of the restricted extent of occurrence (< 100 km2), 
the small area of occupancy (< 10 km2) and the occur-
rence in a single location, which is subjected to habitat 
alteration due to coniferous afforestation, grazing and 
accidental fire.

Additional specimens examined — italy: calabria: 
Gerace, rupi del castello, su rupe arenacea esposta a 
W-sW, 425 m, 21 apr 2018, G. Maiorca & L. Bernardo 
s.n. (cLu 26259!, Herb. Maiorca-caprio 5023!); ibi-
dem, depositi detritici consolidati alla base di rupi cal-
carenitiche e arenacee, 475 m, 8 Jun 2018, G. Maiorca 
& L.  Bernardo s.n. (cLu 26260!, Herb. Maiorca-caprio 
5075!); Gerace (reggio calabria), appena fuori dalla 
zona di rimboschimento (38.275425°n, 16.212115°e), 
rupe calcarenitica con alta esposizione, 2 May 2019, J. 
Franzoni & D. Scalzo s.n. (pi 026682!). see also appen-
dix 1.

Hedysarum supinum chaix ex vill., prosp. Hist. pl. dau-
phiné: 41. 1779 ≡ Onobrychis supina (chaix ex vill.) 
dc. in Lamarck & candolle, Fl. Franç., ed. 3, 4: 612. 
1805. – original material: à Gap, à veynes, à Laric, à 
serres, s.d., [Villars] (GrM no. MHnGr.1837.28299!).
= Onobrychis handel-mazzettii Širj. in spisy přír. Fak. 

Masarykovy univ. 56: 90. 1925 ≡ Onobrychis supina 
subsp. handel-mazzettii (Širj.) Širj. in izv. Bulg. Bot. 
druzh. 4: 10. 1931. – Lectotype (designated here): 
italy, “in coll. s. angelo pr. Genuam”, 16 apr 1893, 
C. Haussknecht s.n. (Je barcode Je00024506! http://
www.jacq.org/detail.php?id=1415460; isolec totype: 
Je barcode Je00024507!). – syntypes: Genua, s.d., 
C. Haussknecht s.n. (Je barcodes Je00024508!, 
Je00024509!); Genua in campo santo, 25 Mar 1898, 
C. Haussknecht s.n. (Je barcode Je00024510!); 
Gènes (Ligurie), s.d., Miciol s.n. [under name 
O.  tommasinii] (Wu Wu-Halácsy-europaeum 
0102742!); italy, “calabria orient. i. parte austr 
occid. praeruptorum urbis Gerace, sol. cretaceo”, 
400 m, 26 May 1877, R. Huter, P. Porta & G. Rigo ex 
itinere italico iii no. 245 [under name O. echinata] 
(W-rchb. no. 1889-0060084!, Wu no. 0102743!, 
Fi!); calabria, prov. reggio, Gerace, in pascuis, 
solo cretaceo, 7 Jun 1898, G. Rigo, iter quartum anni 
1898 n. 333 [under name O. echinata] (W no. 1898-
0008811!, Wu no. 0102741!, Wu no. 0102744!, 
Wu no. 0102745!).

Note — The typification of the name Onobrychis handel-
mazzettii was crucial, because among the elements of 
original material for this name (Širjaev 1925), which 
was published six years before O. calabrica, there 
are also those specimens from calabria later used by 
Širjaev to describe the latter species, so that the name 

O. handel-mazzettii, in the absence of a proper lecto-
typification, could even apply to calabrian plants. on 
the other hand, it is clear from Širjaev (1931) that the 
author implicitly restricted the application of the name 
O. handel-mazzettii to plants from Liguria, when sepa-
rating those from calabria in a distinct species. after 
our typification, O. handel-mazzettii becomes a hetero-
typic synonym of O. supina.
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Appendix 1. Specimens seen and studied for 
the morphometric analyses

Onobrychis alba subsp. echinata (Guss.) p. W. Ball — 
italy: calabria: Montegiordano (cosenza), nei pressi di 
Monte rotondella, poco oltre contrada s. Filippo, pendio 
eroso al margine della macchia a ginepri, 600 m, 25 Jun 
2019, L. Bernardo & D. Gargano s.n. (cLu nos. 26286, 
26287, 26289, 26290, 26291, 26292, 26293, 26294, 
26295, 26296, 26297, 26298, 26299, 26300); Fiumara 
avena (albidona-amendolara, cosenza), greto ciottoloso, 
17 m, 27 May 2018, L. Bernardo & D.  Gargano s.n. (cLu 
nos. 26280, 26281, 26282, 26283, 26284, 26285).

Onobrychis calabrica Širj. — italy: calabria: Gerace, 
rupi del castello, depositi detritici consolidati alla base 
di rupi calcarenitiche e arenacee, 475 m, 8 Jun 2018, G. 
Maiorca & L. Bernardo s.n. (cLu nos. 26260, 26261, 
26262, 26263, 26264, 26265, 26266, 26267, 26268, 
26269, 26270, 26271, 26272, 26273, 26274, 26275, 
26276, 26277, 26278, 26279).

Onobrychis supina (chaix ex vill.) dc. — italy: 
 Liguria: Bordighera, 18 Jun 1897, C. Bicknell s.n. (Fi 
[2 sheets]); Bordighera, in aridis collium, 60  m., solo 
conglomeratico, 2 Jun 1912, C. Bicknell & L. Pollini s.n. 
(Fi [3 sheets]); in pascuis prope Genuam, Jun 1876, H. 
Groves s.n. (Fi [2 sheets]). — France: Frequentissima 
nei luoghi aridi di Mentone, 1851, Ardoino s.n. (Fi); 
Mentone, in aridis frequens, 1851, Ardoino s.n. (Fi); col 
de Glaise près Gap, Hautes-alpes, 12 Jul 1868, A. Burle 
s.n. (Fi [2 sheets]); aveyron, saint-paul-des-Fonts, co-
teaux, 500 m, 14 Jun 1903, H. Coste s.n. (Fi [2 sheets]); 
Hyères, prope carcassonne (Gallia mediterr.), in collibus 
incultis, 22 Mai 1876, S. Sommier s.n. (Fi); Montagnes 
du Luc, […] (var), 27 apr 1873, [without collector or 
number] (Fi); Montagne de la cisé près carcassonne, 
17 Jun 1864, Gaudesfroy s.n. (Fi); alzon (Gard), 29 
Jun 1863, Le Jolis s.n. (Fi); crest (drôme), taillis, 1 Jun 
1870, J. Hervier-Basson s.n. (pi); alzon (Gard), 29 Jun 
1863, [collector’s name illegible] s.n. (pi).
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