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Fritillaria mughlae (Liliaceae), a new species from Turkey
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Fritillaria mughlae M. Tekşen and Aytaç sp. nova (Liliaceae) is described from Turkey 
and illustrated. It is related to F. forbesii, from which it mainly differs in the shape of 
the leaves, petal colours and divided style. In addition seed and pollen micromorphol-
ogy and karyotype of F. mughlae and F. forbesii were studied.
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The genus Fritillaria has about 165 taxa world-
wide (Rix 2001). With the new species described 
here, it is represented in Turkey by 38 species 
and six subspecies (Rix 1984, Özhatay 2000), 
27 of the species being endemic. It has 25 taxa 
in Greece (Rix 2001), 22 in Russia (Lozina-Loz-
inskaya 1968) and 18 in Iran (Rechinger 1990). 
In southwestern Turkey most species grow on 
rocky soils in Pinus forests, often in clearings, 
and also in macchia-type vegetation.

The plants reported here were collected in 
Marmaris and Datça in Muğla province and 
deposited at GAZI. They were compared with 
the specimens of the morphologically close F. 
forbesii kept in GAZI (M. Tekşen 1997, 2111) 
and K (lectotype E. Forbes 626).

Seed samples were obtained from an imma-
ture capsule and prepared for a SEM study. 
Mature seeds were transferred to stubs and 
coated with gold. The literature (Miklas et al. 
1987, Chuang & Ornduff 1992, Omer & Quasier 
1995, İlarslan & Koyuncu 1997, Membrives et 
al. 2003) was consulted when studying of seed 
surface.

Polliniferous material collected by M. Tekşen 
in Muğla was obtained from GAZI. For light 
microscopic study, pollen slides were prepared 
with the technique of Wodehouse (1935). A Prior 
microscope was used. For SEM study, dry pollen 
grains were transferred to stubs and coated with 
gold. A JEOL JSM-5600 scanning electron 
microscope was used. The terminology used is 
mainly from Faegri and Iversen (1975).

To study somatic chromosomes, root tips 
were pre-treated with α-monobromonaphtha-
lene overnight and then fixed in alcohol:acetic 
acid (3:1). Roots were hydrolysed in 1 N HCl 
at 60 °C for 12 minutes, and stained in Feulgen. 
Permanent slides were prepared in Depex. Chro-
mosomes were classified using the nomenclature 
of Levan et al. (1964). Idiograms were prepared 
in decreasing order.

Fritillaria mughlae M. Tekñen & Aytaç, sp. 
nova ( Figs. 1–6)

Affinis F. forbesi, sed caulis laevigatus (non pap-
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Fig. 1. Fritillaria mughlae (M. Tekñen 1996). Scanning 
electron micrographs of seed (SEM ¥ 250).

Fig. 2. Fritillaria mughlae (M. Tekñen 1996). Somatic 
chromosomes. Scale bar 10 µm.
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Fig. 3. Fritillaria mughlae (M. Tekñen 1996). Idiogram 
of somatic chromosomes. Scale bar 5 µm.

Fig. 4. Fritillaria mughlae (M. Tekñen 1996). Scanning 
electron micrographs of pollen. — A: Pollen grain in 
equatorial view (SEM ¥ 1800). — B: Sulcus membrane 
(SEM ¥ 8000). — C: Exine surface (SEM ¥ 8000).

illosus), folia anguste lanceolata (non linearia), 
glauca (non viride), stylus trifidus (non clavatus 
vel undivisus), pollinis grana semiprolatis (non 
prolatis).

Holotype: Turkey. C1 Muğla: Marmaris – Datça, 
between Hisarönü and Emecik, 45 km to Datça, 70–80 m, 
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rocky slopes, 01.III.2001 M. Tekşen 1996, E. Tekşen and U. 
Soydemir (GAZI; isotypes ANK, ISTF, HUB). — Paratype: 
Turkey. C2 Muğla: Marmaris to Emecik, 350 m, 25.III.1956 
D. & Pollunin 25375 (ANK!, K, E, BM).

Etymology: The species is named after the Muğla prov-
ince of Turkey.

Bulb globose, 0.8–1.2 ¥ 0.8–1.7 cm; tunica 
thin and papery. Stem erect, 7–25 cm, smooth. 
Leaves 5–12, sessile, alternate, glaucous green; 
lowest leaves 4.5–12.3 ¥ 0.5–0.8 cm, linear-lan-
ceolate to acuminate; median leaves 3.2–12.5 ¥ 
0.2–0.7 cm, linear, acuminate. Bract one, 2.8–
9.2 ¥ 0.1–0.4 cm, linear, acuminate. Flowers 
1–2, perigon narrowly campanulate, segments 
greenish-yellow, fading to brown (veined); outer 
segments 14–20 ¥ 5–6 mm, lanceolate, obtuse, 
ciliate-tufted at apex; inner segments 14–20 ¥ 
4–5 mm, obtuse, ciliate-tufted at apex. Nectaries 
lanceolate, 3–4 ¥ 1 mm, greenish-yellow, at base 
of perigon. Filaments 6.5–8 mm, broadening 
towards base, papillose, yellow; anthers 3.5–5 
mm, oblong-elliptic, yellow, basifixed. Style 6–8 
mm, trifid, branches 1–3 mm, papillose; stigma 
entire. Capsule 18–21 the 10–13 mm, oblan-
ceolate, unwinged. Seeds 3.5–6 the 3.5–5 mm, 
flat, ovate, testa pale brown, reticulate-faveolate. 
Flowering February–March.

Distribution and ecology: Fritillaria mugh-
lae grows on serpentine rocky slopes, in the 
clearings of Pinus forest and in Quercus coccif-
era scrub in SW Turkey, between 70–80 m. East 
Mediterranean element.

Seed morphology: The mature seeds of Fri-
tillaria mughlae are ovate, flattened, 3.5–6 ¥ 
3.5–5 mm and light brown. The surface is unor-
namented and rugose. The epidermal cells have 
very distinct interdigitating walls and with 1–6 
lobes, but some of them are bifurcate (Fig. 1).

Fig. 6. Fritillaria mughlae (M. Tekñen 1996). — a: 
Habit. — b: Outer segment. — c: Inner segment. — d: 
Stamen. — e: Style and ovary. — f: Capsule.

Fig. 5. Geographic distri-
bution of Fritillaria mugh-
lae () and F. forbesii 
().
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Chromosome structure: As in most other 
Fritillaria species (La Cour 1978, Zaharof 1989, 
Başak 1991, Kamari 1991, Khaniki 1995) the 
chromosome number of F. mughlae is 24. The 
karyotype is two ± symmetric (one pair meta-
centric, one pair submetacentric) chromosome 
pairs and ten asymmetric pairs (six subtelocen-
tric pairs, four telocentric pairs; Fig. 2). The 
measurements of the somatic chromosomes are 
in Table 1 and a haploid idiogram based on the 
measurements of ten metaphase plates is in Fig. 
3. The arm ratio in the metacentric chromosome 
is 1.63 and in the submetacentric chromosome 
2.05. In the subtelocentric chromosomes the 
ratio ranges from 6.59 to 6.33, and in telocentric 
chromosomes from 7.12 to 7.52. Total length of 

the haploid complement is 165.56 µm. Fritil-
laria mughlae differs from F. forbesii in having 
six subtelocentric (4, 7, 8, 9, 11 and 12 pairs) and 
four telocentric (3, 5, 6 and 10 pairs) chromo-
some pairs (Table 2).

Pollen morphology: The pollen grains 
in Fritillaria have been examined before by 
researchers such as Schulze (1980) and Kosenko 
(1991, 1992, 1999). According to those studies, 
pollen structure can be used to distinguish spe-
cies. The pollen grains of F. mughlae are mono-
sulcate, heteropolar, subprolate in shape (A/B: 
1.31), 45.35 µm in polar diameter (P) and 34.60 
µm in equatorial diameter (E), sulcus 41.56 µm 
length and 23.51 µm width; exine thickness 1.78 
µm and semitectate, intine 0.88 µm thick, exine 

Table 1. Measurements (µm) of somatic chromosomes of Fritillaria mughlae.

Chromosome	 Long arm (L)	 Short arm (S)	 Total	 Arm ratio	 Relative	C hromosome
pair no.			   length	 (L/S)	 length	 type

01	 12.08	 7.37	 19.45 ± 0.70	 1.63	 11.77	 m
02	 10.87	 5.28	 16.15 ± 0.57	 2.05	 9.77	 sm
03	 13.40	 1.80	 15.20 ± 0.73	 7.40	 9.20	 t
04	 12.98	 2.02	 15.00 ± 0.63	 6.42	 9.08	 st
05	 12.27	 1.63	 13.90 ± 0.82	 7.52	 8.41	 t
06	 11.97	 1.68	 13.65 ± 0.85	 7.12	 8.26	 t
07	 11.34	 1.72	 13.06 ± 0.84	 6.59	 7.90	 st
08	 10.89	 1.72	 12.61 ± 0.77	 6.33	 7.63	 st
09	 10.64	 1.55	 12.19 ± 0.80	 6.86	 7.38	 st
10	 10.52	 1.45	 11.97 ± 0.75	 7.25	 7.24	 t
11	 9.79	 1.71	 11.50 ± 0.72	 5.72	 6.96	 st
12	 9.01	 1.57	 10.58 ± 0.67	 5.74	 6.40	 st
Total length of haploid complement: 165.56

Table 2. Measurements (µm) of somatic chromosomes of Fritillaria forbesii.

Chromosome	 Long arm (L)	 Short arm (S)	 Total	 Arm ratio	 Relative	C hromosome
pair no.			   length	 (L/S)	 length	 type

01	 12.66	 8.87	 21.53 ± 1.08	 1.43	 11.35	 m
02	 16.83	 2.25	 19.08 ± 0.41	 7.48	 10.06	 t
03	 12.46	 5.94	 18.40 ± 0.92	 2.10	 9.70	 sm
04	 16.32	 1.52	 17.84 ± 0.48	 10.74	 9.40	 t
05	 15.54	 1.88	 16.88 ± 0.19	 9.17	 8.90	 t
06	 15.22	 1.66	 16.02 ± 0.32	 8.26	 8.44	 t
07	 14.12	 1.35	 15.47 ± 0.49	 10.46	 8.15	 t
08	 12.87	 1.52	 14.39 ± 0.34	 8.47	 7.59	 t
09	 11.79	 2.34	 14.13 ± 0.68	 5.04	 7.45	 st
10	 11.72	 1.67	 13.39 ± 0.51	 7.02	 7.06	 t
11	 10.58	 1.52	 12.10 ± 0.41	 6.96	 6.38	 st
12	 8.85	 1.61	 10.46 ± 0.40	 5.50	 5.51	 st
Total length of haploid complement: 189.69
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Fritillaria forbesii Rix (Figs. 5 and 7–10).

Seed morphology: The seed morphology is simi-
lar to that of F. mughlae (Fig. 7).

Chromosome structure: The chromosome 
number is 24. The karyotype is two ± sym-
metric (one pair metacentric, one pair submeta-
centric) chromosome pairs and ten asymmetric 
pairs (three subtelocentric pairs, seven telocen-
tric pairs; Fig. 8). The measurements of the 
somatic chromosomes are in Table 3 and a hap-
loid idiogram based on the measurements of ten 
metaphase plates is in Fig. 9. The arm ratio in 
the metacentric chromosome is 1.43, and in the 
submetacentric chromosome 2.10. In the sub-
telocentric chromosomes, the ratio ranges from 
5.04 to 6.96, and in the telocentric from 7.02 to 
10.74. The total length of the haploid comple-
ments is 189.69 µm.

Pollen morphology: The pollen grains are 
monosulcate, heteropolar, prolate in shape (A/B: 

Fig. 7. Fritillaria forbesii (M. Tekñen 1996). Scanning 
electron micrograph of seed (SEM ¥ 250).

Fig. 8. Fritillaria forbesii (M. Tekñen 1996). Somatic 
chromosomes. Scale bar 10 µm.

Fig. 9. Fritillaria forbesii (M. Tekñen 1996). Idiogram of 
somatic chromosomes. Scale bar 5 µm.

surface reticulate, muri thickness 0.43 µm thick, 
lumen 0.42 µm diameter, sulcus membrane ver-
rucate, granules composed of ectexinous ele-
ments and sulcus round at apex. Pollen grain in 
equatorial view, sulcus membrane and exine sur-
face are shown in Fig. 4. Fritillaria forbesii has 
a subprolate pollen type and the exine surface is 
reticulate.

Table 3. Diagnostic characters of Fritillaria mughlae compared with F. forbesii.

Fritillaria mughlae	 F. forbesii

Stem smooth	 Stem usually papillose around lowest leaves
	 or smooth
Leaves glaucous-green, linear-lanceolate	 Leaves green, linear
Perianth segments greenish-yellow 	 Perianth segments yellow
Style 6–8 mm, 3-fid, branches 1–3 mm	 Style 6–10.5 mm, undivided
Pollen shape subprolate	 Pollen shape prolate
Exine surface reticulate	E xine surface reticulate-fovelate
Chromosomes 2n = 2x = 2m + 2sm + 12st + 8t	C hromosomes 2n = 2x = 2m + 2sm + 6st + 14t
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1.37), 46.38 µm in polar diameter (P) and 33.90 
µm in equatorial diameter (E), sulcus 42.92 µm 
length and 20.30 µm width; exine thickness 1.79 
µm and semitectate, intine 0.92 µm thick, exine 
surface reticulate-fovelate, muri thickness 0.70 
µm thick, lumen 0.44 µm diameter, sulcus mem-
brane verrucate, granules composed of ectexi-
nous elements and sulcus round at apex. Pollen 
grain in equatorial view, sulcus membrane and 
exine surface are shown in Fig. 10.

Acknowledgements

The new species was collected during The Revision of 
Fritillaria L. Genus in Turkey Project, which is founded by 
TUBITAK (Project. no. TBAG-1961). The authors thank 
Gamze Gürsoy for the illustration.

References

Başak, N. 1991: The genus Fritillaria (Liliaceae) in Euro-
pean Turkey. — Bot. Chron. 10: 841–844.

Chuang, T. I. & Ornduff, R. 1992: Seed morphology and 
systematics of Menyanthaceae. — Am. J. Bot 79: 1396–
1406.

Faegri, K. & Iversen, J. 1975: Texbook of pollen analysis. 
— Hafner Press, New York.

İlarslan, H. & Koyuncu, M. 1997: Türkiye’de yetişen bazı 
endemik Allium (soğan) türlerinin tohum morfolojileri. 
— Ot Sistematik Botanik Dergisi 4: 99–116.

Kamari, G. 1991: The genus Fritillaria L. in Greece: tax-
onomy and karyology. — Bot. Chron. 10: 253–270.

Khaniki, G. B. 1995: Karyomorphological studies on Fritil-
laria crassifolia subsp. kurdica. — Nucleus 38: 49–55.

Kosenko, V. N. 1991: Pollen morphology in the genus Fritil-
laria (Liliaceae). — Bot. Zh. 76: 1201–1210.

Kosenko, V. N. 1992: Pollen morphology and systematic prob-
lems of the Liliaceae family. — Bot. Zh. 77: 1–15.

Kosenko, V. N. 1999: Contributions to the pollen morphology 
and taxonomy of the Liliaceae. — Grana 38: 20–30.

La Cour, L. F. 1978: The constitutive heterochromatin in 
chromosomes of Fritillaria sp., as revealed by Giemsa 
banding. — Phil. Trans. Royal Soc. London B 285: 
61–71.

Levan, A., Fredga, K. & Sandberg, A. A. 1964: Nomenclature 
for centromeric position on chromosomes. — Hereditas 
52: 201–220.

Lozina-Lozinskaya, A. S. 1968: Fritillaria L. — In: Kamarov, 
V. L. (ed.), Flora of the U.S.S.R. 4: 232–246. Israel Pro-
gram Sci. Transl., Jerusalem.

A	 B

C

Fig. 10. Fritillaria forbesii (M. Tekñen 1996). Scanning 
electron micrographs of pollen. — A: Pollen grain in 
equatorial view (SEM ¥ 2200). — B: Sulcus membrane 
(SEM ¥ 8000). — C: Exine surface (SEM ¥ 8000).



Ann. BOT. Fennici  Vol. 45  •  Fritillaria mughlae, a new species from Turkey	 147

Membrives, N., Pedrola-Monfort, J. & Caujapė-Castells, J. 
2003: Morphological seed studies of southwest African 
Androcymbium (Colchicaceae). — Bot. Macaronesica 
24: 87–106.

Miklas, P. N., Townsend, C. E. & Ladd, S. L. 1987: Seed coat 
anatomy and the scarifation of Cicer Milkvetch seed. 
— Crop Science 27: 766–772.

Omer, S. & Quasier, M. 1995: Seed morphological studies in 
the genus Gentiana L. (s.l.) (Gentianaceae) from Paki-
stan and Kashmir. — Tr. J. Bot. 19: 581–593.

Özhatay. N. 2000: Fritillaria L. — In: Güner, A., Özhatay, 
N., Ekim, T. & Başer, K. H. C. (eds.), Flora of Turkey 
and the East Aegean Islands 11: 243–246. Edinburgh 
Univ. Press, Edinburgh.

Phillips, R. & Rix, E. M. 1989: Bulbs. — Pan Books Ltd., 
England.

Rechinger, K. H. 1990: Fritillaria L. — In: Rechinger, K. 

H. (ed.), Flora Iranica 165: 61–76. Akad. Druck- u. 
Verlagsant., Graz.

Rix, E. M. 1975: Notes on Fritillaria (Liliaceae) in the 
Eastern Mediterranean Region III. — Kew Bull. 30: 
153–162.

Rix, E. M. 1984: Fritillaria L. — In: Davis, P. H. (ed.), Flora 
of The Turkey and the East Aegean Islands 8: 284–302. 
Edinburgh Univ. Press, Edinburgh.

Rix, E. M. 2001: Fritillaria: a revised classification. — Fri-
tillaria Group of the Alpine Garden Soc., Edinburgh.

Schulze, W. 1980: Beiträge zur taxonomie der Liliifloren VI. 
Der umfang der Liliaceae. — Friedrich-Schiller Univ. 
Jena. Math.-Naturw 29: 607–636.

Wodehouse, R. P. 1935: Pollen grains. — McGrew Hill 
Press, New York.

Zaharof, E. 1989: Karyological studies of twelve Fritillaria 
species from Greece. — Caryologia 42: 91–102.

This article is also available in pdf format at http://www.annbot.net


