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ABSTRACT

PERUZZI, L. & G. AQUARO (2005). Contribution to the cytotaxonomical knowledge of Gagea
Salisb. (Liliaceae). II. Further karyological studies on Italian populations. Candollea 60: 237-253.
In English, English and French abstracts.

First chromosome counts for Italian populations of Gagea lutea (L.) Ker-Gawl. (2n = 72), G. minima
(L.) Ker-Gawl. (2n = 24), G. pratensis (Pers.) Dumort. (2n = 60) and G. villosa (M. Bieb.)
Sweet (2n = 48) are provided. Gagea fragifera (Vill.) Ehr. Bayer & G. Lopez is proved to be in S.
Italy an heptaploid species (2n = 84). A closely related unit, recently described as a separate species
(G. polidorii J.-M. Tison), shows instead a caryotype of 2n = 72 chromosomes. South Italian
populations of G. chrysantha (Jan) Schult. & Schult. f. s.1. and G. granatellii (Parl.) Parl. s.l. are
confirmed to be triploid (2n = 36). Gageu foliosa (1. Presl & C. Presl) Schult. & Schult. f. (2rn = 36)
and G. mauritanica Durieu (2n = 36), also triploid, are karyologically studied for the first time.
Karyotype analysis is carried out for G. minima, G. chrysantha s.1. and G. mauritanica; A\ and Az
karyotype asymmetry indexes are calculated for these species, and compared with those of other
eleven Gagea species, whose idiograms were available in literature.

RESUME

PERUZZI, L. & G. AQUARO (2005). Contribution a la connaissance cytotaxonomique de Gagea
Salisb. (Liliaceae). II. Etudes caryologiques complémentaires de populations italiennes. Candollea
60: 237-253. En anglais, résumés en anglais et frangais.

Les premiers comptages chromosomiques de populations italiennes sont donnés de Gagea lutea (L.)
Ker-Gawl. (2n = 72), G. minima (L.) Ker-Gawl. (2n = 24), G. pratensis (Pers.) Dumort. (2n = 60)
et G. villosa (M. Bieb.) Sweet (2n = 48). Il est prouvé que Gagea firagifera (Vill.) Ehr. Bayer & G.
Lopez est une espéce heptaploide (2n = 84) en Italie du Sud. Une forme apparentée et récemment
décrite comme une espéce séparce (G. polidorii ].-M. Tison) présente a la place un caryotype 2n =
72 chromosomes. Il est confirmé que les populations sud-italiennes de G. chrysantha (Jan) Schult.
& Schult. f. s.1. and G. granatellii (Parl.) Parl. s.1. sont triploides (2n = 36). Gagea foliosa (J. Presl
& C. Presl) Schult. & Schult. f. (2rn = 36) et G. mauritanica Durieu (21 = 36), aussi triploides, sont
étudiées sous I’angle caryologique pour la premiére fois. L’analyse caryotypique de G. minima,
G. chrysantha s.|. et G. mauritanica a été faite; les index d’asymétrie caryotypique Ajand Azsont
calculés pour ces especes, et comparés avec and les index existants des autres onze especes de Gagea,
dont les idéogrammes sont connus de la littérature.
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Introduction

In a previous contribution, one of the authors presented a synthesis of the karyological data
of the genus Gagea Salisb. (PErRUZZI, 2003), summarizing 204 chromosome countings, referring
to 95 taxa. To these data, two accounts must be added today: a counting 2n = 6x = 72 for G. lutea
(L.) Ker-Gawl. collected near Wien (GREILHUBER & al., 2000) and the first chromosome counting
(2n = 16) for G. graeca (L.) A. Terracc. (KAarasa & al., 2001 ; plants coming from Greece).

The present contribution is part of a more comprehensive project for the revision of the genus
Gagea in Italy (PErUZZI & TISON, 2004a) and in the whole Mediterranean area, including studies
on nomenclature (TisoN, 2001a; TisoN & PERRET, 2004 ; PErRUzzI & TisoN, 2004b), systematics
(REYNAUD & TisoN, 1997 ; Tison, 1996a, 1996b, 1997, 1998a, 1998b, 2004a, 2004c ; PERUZZI, 2003),
reproductive strategies (GARGANO & al., 2004) and chorology (MOLINA & al., 1998; Tison, 2001b;
PeruUZzzI, 2004, 2005 ; PERUZZI & GARGANO, 2005).

Materials and methods

Plant material
Living plants of the following taxa were collected :

1. Gagea lutea (L.) Ker-Gawl.

ITALY : Calabria, Verbicaro-Orsomarso Range, Campotenese, Masistri, loc. Piano di Mezzo,
1263 m, margins of beech wood, 29.1V.2004, Peruzzi, Aquaro et Gargano (cult. Hort. Bot.
Calabria University, acc. n. 130).

2. Gagea pratensis (Pers.) Dumort.

ITALY : Calabria, Verbicaro-Orsomarso Range, Campotenese, Masistro Mountain, 1350 m,
29.1V.2004, Peruzzi, Aquaro et Gargano (cult. Hort. Bot. Calabria University, acc. n. 516).

3. Gagea minima (L.) Ker-Gawl.

ITALY : Calabria, Pollino Massif, southern slope of Mount Manfriana, 1840 m, 20.V.2004,
Peruzzi, Aquaro et Passalacqua (cult. Hort. Bot. Calabria University, acc. n. 233).

4. Gagea fragifera (Vill.) Ehr. Bayer & G. Lopez

ITALY : Calabria, Verbicaro-Orsomarso Range, Campotenese, Masistri, loc. Piano di Mezzo,
1263 m, margins of meadows, 29.1V.2004, Peruzzi, Aquaro et Gargano (cult. Hort. Bot.
Calabria University, acc. n. 669).

SICILY: Madonie, Piano Battaglia, 1650 m, grasslands, 24.1V.2004, Peruzzi et Caparelli
(cult. Hort. Bot. Calabria University, acc. n. 109).

5. Gagea polidorii J.-M. Tison

ITALY : Calabria, Verbicaro-Orsomarso Range, Campotenese, Masistri, loc. Piano di Mezzo,
1263 m, margins of meadows, 29.1V.2004, Peruzzi, Aquaro et Gargano (cult. Hort. Bot.
Calabria University, acc. n. 699).

6. Gagea chrysantha (Jan) Schult. & Schult. f. s.l.

ITALY: Calabria, Valley of Crati, San Marco Argentano (province of Cosenza), loc.
Maiolungo, 9.03.2003, Peruzzi et Caparelli (cult. Hort. Bot. Calabria University, acc. n. 353).

SICILY: Iblei, Mount Lauro, I11.2004, Tison (cult. Hort. Bot. Calabria University, acc. n. 34).
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7.  Gagea foliosa (J. Presl & C. Presl) Schult. & Schult. f.

ITALY, SICILY: Madonie, near Piano Battaglia, loc. Rifugio Marini, ca. 1600 m, 24.1V.2004,
Peruzzi et Caparelli (cult. Hort. Bot. Calabria University, acc. n. 312); near the crossroad among
Piano Zucchi, Piano Battaglia and Polizzi Generosa, eastern slope of Monte dei Cervi, ca.
1500 m, 24.1V.2004, Peruzzi et Caparelli (cult. Hort. Bot. Calabria University, acc. n. 329).

8. Gagea granatellii (Parl.) Parl. s.l.

ITALY, SICILY: Iblei, Mount Lauro, 111.2004, Tison (cult. Hort. Bot. Calabria University,
acc. n. 118).

9. Gagea mauritanica Durieu

ITALY, APULIA: Lesina (province of Foggia), Bosco Isola, loc. Acquarotta, 6.111.2004,
Peruzzi et Caparelli (cult. Hort. Bot. Calabria University, acc. n. 545).

10. Gagea villosa (M. Bieb.) Sweet

ITALY, CALABRIA: Pollino Massif, loc. Piano Bellizia, between the “Fagosa” and the
Raganello stream, cultivated areas, 19.111.2003, Peruzzi, Gargano et Tison (cult. Hort. Bot.
Calabria University, acc. n. 481).

Voucher specimens of the plants used for karyological analyses are kept in CLU.

Chromosome analysis

Squash preparations were made from young ovules of plants collected in situ, according
to the following schedule: pretreatment in 0.5% colchicine solution for 4 hours; Carnoy fixing for
at least 1 hour; hydrolisis in HC1 IN for 7 minutes at 60° C; staining with leuco-basic fuchsin
for 3 hours. Karyotype formulas and terminology are according to LEVAN & al. (1964). At least ten
plates were used in order to establish the chromosome numbers, while five plates were measured
in order to build the idiograms.

Intrachromosomal (A1) and interchromosomal (Az) asimmetry indexes were calculated accord-
ing to the methodology defined by ROMERO ZARCO (1986).

Results

Sect. Gagea
1. Gagea lutea

The chromosome complement of the studied Calabrian population has revealed to
be presumably hexaploid, with 2n = 72 chromosomes (Fig. 1A, B). Because of the average
quality of the plates and the high number of chromosomes, we were not able to build the
idiogram for this species.

2. Gagea pratensis

The chromosome complement of the studied Calabrian population has revealed to
be presumably pentaploid, with 2r» = 60 chromosomes (Fig. 2). Because of the average quality
of the plates and the high number of chromosomes, we were not able to build the idiogram for
this species.
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Sect. Minimae (Pascher) Davlian.
3. Gagea minima

The chromosome complement of the studied Calabrian population has revealed to be diploid,
with 2n = 24 chromosomes (Fig. 3A). Karyotype formula can be expressed as follows: 2n = 24 =
2x = 6st +4m + 2sm + 4m + 6sm + 2m (Table 1, Fig. 3B). The mean length of haploid idiogram
is 30.7 pm, while chromosome size ranges from 1.26 to 6.19 um.

Sect. Fistulosae (Pascher) Davlian.
4. Gagea fragifera

The chromosome complement of both Calabrian and Sicilian populations has revealed to be
presumably heptaploid, with 2r» = 84 chromosomes (Fig. 4). Other plants, in the same locality,
revealed instead a different chromosome number: 2n = 72 (Fig. 5). These latter plants are also well
morphologically distinguishable from G. fragifera s.s. and were recently described as a new species:
G. polidorii J.-M. Tison (Tison, 2004c¢). Because of the average quality of the plates and the high
number of chromosomes, we were not able to build the idiogram for these species.

Sect. Didymobulbos Koch (= Sect. Foliatae A. Terracc.)
6. Gagea chrysantha

The chromosome complement of both Calabrian and Sicilian populations has revealed to be
triploid, with 2n =36 chromosomes (Fig. 6A, B). Karyotype formula can be expressed as follows:
Ost + 12sm + 3m + 3sm + 3m + 6sm (Table 2, Fig. 6C). The mean length of haploid idiogram is 25
um, while chromosome size ranges between 1.1 and 4.13 um. In specimens of both the provenances,
we noted often terminal satellites, at least in one of the three chromosomes of the eleventh triplet.

7. Gagea foliosa

The chromosome complement of the studied Sicilian populations has revealed to be presum-
ably triploid, with 2n = 36 chromosomes (Fig. 7A, B). We were not able to build the idiogram for
this species, because we observed only one plate showing the centromeres clearly.

8. Gagea granatellii

The chromosome complement of the studied Sicilian population has revealed to be presum-
ably triploid, with 2n = 36 chromosomes.

9. Gagea mauritanica

The chromosome complement of the studied Apulian population has revealed to be triploid,
with 2n = 36 chromosomes (Fig. 8A). Karyotype formula can be expressed as follows: 2n =36 =
3x = 3sm + 6st + 3sm + 3st + 6sm + 3m + 3sm + 3m + 3st + 3sm (Table 3, Fig. 8B). The
mean length of haploid idiogram is 44.62 um, while the chromosome size ranges between 1.87 and
6.65 pum.

10. Gagea villosa

The chromosome complement of the studied Calabrian population has revealed to be presum-
ably tetraploid, with 2n = 48 chromosomes.

Karyotype asymmetry

The Aiand A; asymmetry indexes for G. minima, G. chrysantha and G. mauritanica
are reported in Table 4 and Fig. 9, together with those calculated for other 11 Gagea species from
literature, grouped according to their sections.
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Discussion

Sect. Gagea
1. Gagea lutea

Eurasiatic species (PIGNATTI, 1982), whose basionym was typified by Stearn (1983). Our result
(2n = 72) is the first for Italian plants, and agrees with the majority of countings from many
European and Asiatic countries (cf. GREILHUBER & al., 2000 ; Peruzzi, 2003). For this species are
reported also 2n = 24 chromosomes (MONTSERRAT MARTI, 1981 ; SorovAa & al., 1984) and 2n =
48 chromosomes (MESICEK & HROUDA, 1974 ; MEHRA & SACHDEVA, 1976), as well as a doubtful
counting 2n = 12 (TISCHLER, 1950: 263).

2. Gagea pratensis

European species, occurring also in Morocco (TisoN, 2004b). The studied Calabrian
plants were described by Terracciano (1896) as a special variety (G. stenopetala var. pollinensis
N. Terracc.), which today is considered fully synonymic to G. pratensis (PERUZz1 & TisoN, 2004b).
Also in this case, our result (27 = 60) is the first for Italian plants. This counting was already recorded
in plants from Slovakia (MESICEK & HROUDA, 1974), while there are at least three more ploidy
levels known for this species: 2n = 24, 2n = 36 and 2n = 48 (cf. PERUZZI, 2003).

Sect. Minimae
3. Gagea minima

Eurosiberian species (PIGNATTI, 1982), whose basionym was typified by STEARN (1983).
The studied Calabrian plants were described by TERRACCIANO (1896) as a special variety (G. min-
ima var. calabra N. Terracc.), which today is considered fully synonymic to G. minima (PERUZZI
& TisoN, 2004b). Our result (2n = 24), the first on Italian populations, confirms the diploid nature
of this species, already evidenced in plants from Czeck Republic, Denmark, Finland, Macedonia,
Norway, Poland and Slovakia (cf. PERUZZI, 2003); for this taxon is known also a “strange” 2n =
32 cytotype (STENAR, 1927 ; TISCHLER, 1934).

Sect. Fistulosae
4. Gagea fragifera

Eurasiatic species, occurring also in Morocco (TisoN, 2004b), whose basionym was recently
typified by TisoN (2001a). Both Calabrian and Sicilian populations evidenced an heptaploid
(2n = 84) chromosome complement, which is reported for the first time in this species; indeed
there is in literature only one approximate counting 2n = ca. 80 from Sweden (BiaNCHI, 1946).
For this species are quoted also 2n = 48 chromosomes for Macedonia (Sopova & al., 1984) and
2n = 60 chromosomes for India (ZEMSKOVA & LEVICHEV, 1988).

For what concerns G. polidorii, here is documented for the first time also its chromosomal
distinctiveness from G. fragifera. The former species, known until now only for S. France and Cal-
abria, is regarded to be of probable hybridogenous origin between G. fragifera and G. villosa (TISON,
2004c). Indeed, by considering the chromosome complement of G. fragifera and the existence of
a pentaploid (2n = 60) cytotype in G. villosa (see over), our counting supports this hypotesis.

Sect. Didymobulbos
6. Gagea chrysantha

Central Mediterranean species, whose name is under typification (in preparation). Our results
from Calabrian and Sicilian populations confirmed for this species a triploid (2n = 36) chromo-
some complement, already evidenced by Peruzzi (2003) in plants from a different
Calabrian locality. It is noteworthy to say that in this species we are merging at present several
microtaxa (i.e. G. longifolia Lojac., G. sicula Lojac. and G. amblyopetala var. calabra N. Terracc.).
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All these names are under study in order to clarify their real taxonomic value. The plants studied
in this paper, and those in PErRUZZI (2003 ), seem all identifiable with G. longifolia (= G. ambly-
opetala auct. F1. It.). Triploid plants erroneously called “G. foliosa” in PERUZZ1 (2003) are instead
identifiable with G. sicula (= G. amblyopetala var. calabra).

7. Gagea foliosa

Central Mediterranean species, whose basionym was typified by PASCHER (1906). This is the
first counting for this species (2n = 36), although PErUZZI (2003) quoted the same number on
Calabrian plants, that in reality fall in the cycle of G. chrysantha (see above). Indeed, at our best
knowledge, this species seems not to occur in peninsular Italy, but only in Sardinia, Sicily and
N. Algerie (TisoNn, 2004b).

8. Gagea granatellii

C.W. Mediterranean species, whose name is under typification (in preparation). Plants from
Sicily confirm the same ploidy level (2n = 36) evidenced in plants from Calabria (PErRUZZI, 2003);
for this species is reported also a 2n = 24 counting from France (T1soN, 1998a).

9. Gagea mauritanica

Central Mediterranean species (MOLINA & al., 1998), whose name is under typification (in
preparation); the studied population was quoted in FORTE & al. (2002). This is the first counting
for this species, which revealed to be triploid (2n = 36), as many representatives of the sect.
Didymobulbos. This rare species is particularly interesting, because it is the only Gagea of the
Italian flora which grows on coastal sandy grasslands.

10. Gagea villosa

Eurasiatic species (PIGNATTI, 1982), whose name was typified by Rix (1984). Our result
(2n = 48) is the first for Italian plants, and agrees with data reported from several countries
(cf. PERUZZI, 2003). For this species are reported, from Israel, also cytotypes with 2n = 60 and
72 chromosomes (HEYN & DAFNL, 1977).

Karyotype asymmetry

The sect. Gagea shows the most asymmetrical karyotypes, together with the sect. Platysper-
mum Boiss. The sect. Fistulosae (G. fragifera) and the sect. Minimae (G. minima), even if based
only on respectively one and two accounts, seem to be somewhat intermediate between the former
two sections and the sect. Didymobulbos. Moreover, G. minima shows the most variable karyotype
structure, overlapping to nearly all other considered sections. This occurrence can possibly
be related with the primitive status of this species, as supported by its almost constant diploid
level and taxonomic isolation. So, G. minima shows light chromosomal rearrangements, seemingly
avoiding polyploidy events. It is particularly interesting that this matter is in agreement with recent
molecular phylogenetic studies (PETERSON & al., 2004): in that paper, resulted a strongly supported
monophyletic clade, joining species from sections Minimae, Euspathaceae (A. Terracc.) Levichev
and Didymobulbos, sister group of sect. Gagea (no representatives of sections Platyspermum
and Fistulosae were investigated). Gagea minima occupies the most basal position in the first
group (being so the closest species to sect. Gagea). Thus, singularly, in the genus Gagea a more
asymmetrical karyotype has to be considered as a primitive feature, whereas a less asymmetrical
karyotype as a derived one. Indeed, representatives of sect. Didymobulbos clearly tend to have the
least asymmetrical karyotypes. In terms of asimmetry, within this section, G. mauritanica shows
a karyotype close to that of G. durieui Parl. and G. chrysantha. Instead, the latter species shows
a karyotype somewhat intermediate among those of G. bohemica (Zauschn.) Schult. & Schult. f.,
G. mauritanica and G. villosa. Gagea soleirolii F. W. Schultz, and especially one account of
G. bohemica, considerably deviate from the core of the section.
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Conclusions

This paper evidenced the chromosome complements of 10 Gagea representatives, from a total
of 13 S. Ttalian populations, involving three regions: Apulia, Calabria and Sicily. Among them, are
noteworthy the first accounts on G. foliosa, G. mauritanica and G. polidorii, a new species related
to G. fragifera.

Our results on karyotypes structure in the genus Gagea show how there is a tendency, for
each section, to be marked by a characteristic karyotype asymmetry. However, there are several
overlapping; G. minima and G. bohemica show remarkable variability in karyotype asymmetry.
These data, united to the fact that for several Gagea species it is often reported more than one ploidy
level, lead us to think that this genus is still under active chromosomal evolution.
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Table 4. - Asymmetry indexes calculated for 14 representatives of five Gagea sections.

Taxa Ploidy level A1 A2 Data derived from
Sectio Gagea
G. lutea (L.) Ker-Gawl. 2x 0.72 0.42 Sopova & al., 1984
6x 0.69 0.49 Soprova & al., 1984
G. pratensis (Pers.) Dumort. 2x 0.58 0.40 Sopova & al., 1984
G. pusilla (F. W. Schmidt) Sweet 2x 0.62 0.46 SopPova & al., 1984
4x 0.62 0.47 SopPova & al., 1984
5x 0.65 0.38 Soprova & al., 1984
Sectio Minimae (Pascher) Davlian.
G. minima (L.) Ker-Gawl. 2x 0.67 0.44 Sopova & al., 1984
2X 0.50 0.41 present study
Sectio Fistulosae (Pascher) Davlian.
G. fragifera (Vill.) Ehr. Bayer & G. Lépez 4x 0.57 0.41 Sopova & al., 1984
Sectio Didymobulbos Koch
G. bohemica (Zauschn.) Schult. & Schult. f. 4x 0.67 0.52 SopPova & al., 1984
4x 0.39 0.33 Peruzzi, 2003
G. chrysantha (Jan) Schult. & Schult. f. (sub “G. foliosa”) 3x 0.45 0.37 Peruzzi, 2003
3x 0.40 0.36 Peruzzi, 2003
3x 0.52 0.36 present study
G. durieui Parl. 3x 0.60 0.29 Corsi & al., 1996
G. mauritanica Durieu 3x 0.56 0.33 present study
G. soleirolii F. W. Schultz 3x 0.58 0.43 MarTiNOLI, 1950
G. villosa (M. Bieb.) Sweet 4x 0.43 0.37 Reynaup & al., 1993
Sectio Platyspermum Boiss.
G. commutata K. Koch 2x 0.67 0.51 HEeyN & DAFNI, 1971
G. procera Mouterde 3x 0.58 0.46 Hevn & Darni, 1971

G. reticulata (Pall.) Schult. & Schult. f. 2x 0.54 0.42 KouL & WakHLU, 1985
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Fig. 1. — Gagea lutea (L.) Ker-Gawl. A. metaphasic plate; B. drawing of metaphasic plate showing 2n = 72 chromosomes.
Scale bar = 5 pm.
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Fig. 2. — Gagea pratensis (Pers.) Dumort.: drawing of a metaphasic plate showing 2n = 60 chromosomes. Scale bar =5 um.
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Fig. 3. — Gagea minima (L.) Ker-Gawl. A. metaphasic plate, showing 2n = 24 chromosomes; B. haploid idiogram.
Scale bar = 5 pm.

Fig. 4. — Gagea fragifera (Vill.) Ehr. Bayer & G. Lépez: drawing of a metaphasic plate showing 2n = 84 chromosomes.
Scale bar = 5 pm.
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Fig. 5. — Gagea polidorii J.-M. Tison: drawing of a metaphasic plate showing 2n = 72 chromosomes. Scale bar = 5 um.



252 CANDOLLEA 60, 2005

Fig. 6. — Gagea chrysantha (Jan) Schult. & Schult. f. A. metaphasic plate, showing 2n = 36 chromosomes from Calabrian
plants, B. metaphasic plate, showing 2n = 36 chromosomes from Sicilian plants; C. haploid idiogram. Scale bar = 5 pm.
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Fig. 7. — Gagea foliosa (J. Presl & C. Presl) Schult. & Schult. f. A. metaphasic plate; B. drawing of the metaphasic plate
showing 2r = 36 chromosomes. Scale bar =5 um.
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Fig. 8. — Gagea mauritanica Durieu. A. metaphasic plate showing 2r = 36 chromosomes; B. haploid idiogram.

Scale bar =5 um.
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Fig. 9. — Scatter plot of the karyotype asymmetry indexes reported in Table 4. Fourteen species are represented, grouped

in 4 sections.
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