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Seed Morphology of Euphorbia Section Tith  rnalopsis (Euphorbiaceae) 
and Related Species 

Ki-Ryong Park* 
Department of Biology, Kyung-Nam University, Masan 631-701, Korea 

Light and scanning microscopies were used to evaluate the sectional boundary of 17 species included by various 
authors in Euphorbia sect. l~thymalopsis. Based on seed shape, surface ornamentation, and mucilage formation, five 
seed morphological types were recognized in North American section Tith~nalop$i$ and related species. These 
results did not provide added support for recent treatment of the sect. 7~th~cnalopsi$ s.s. However, a close relation- 
ship was suggested among species of the ~thymalopsi$ subsection Corollatae. In addition, including species from 
subsections Innocuae, Ipecacuanhae, and Sphaerorhizae within sect. T'sthymalop$i$ could not be justified, based on 
seed morphological data. 
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Euphorbia subgenus Agaloma section Tithymalopsis 
Boiss. comprises seven species of herbaceous peren- 
nials that are endemic to the southeastern USA (Park, 
1998). These species possess glabrous cyathia, no 
vestigial sepals in the pistillate flowers, rounded leaf 
apices, and cylindrical roots. They form a monophyl- 
etic group based on morphological and isozyme data 
(Park and Elisens, 1997; Park, 1998). Each is described 
by unique morphological characters, and most of the 
species occupy distinct habitats. 

Klotzsch (1859) segregated the genus Tithymalopsis 
from Euphorbia, based on its obovate, white petaloid 
appendages. It was later reduced to a sectional name 
in Euphorbia by Boissier (1862), who divided Euphor- 
bia into 26 sections in de Candolle's Prodromus. Bois- 
sier recognized eight New World species in sect. 
Tithymalopsis. 

Sectional boundaries and the number of species 
included in sect. Tithymalopsis have varied widely in 
taxonomic treatments. For example, Rafinesque 
(1836, 1840), Small (1903), Nieuwland (1912), and 
Park (1995) each restricted the section to include only 
species of the southeastern USA, and none used any 
subsectional classification. In contrast, Boissier (1862) 
and most recent authors (McVaugh, 1961; Webster, 
1967; Huff, 1979) have expanded the sectional 
boundaries to include species from the USA, Mexico, 
and western Guatemala. Webster (1967) divided 
sect. Tithymalopsis into three subsections: Corollatae, 
Innocuae, and Ipecacuanhae (Table 1 ), with Corollatae 
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mostly corresponding to Boissier's sect. Tithymalopsis. 
However, Webster suggested that several species in 
Texas and Mexico, such as E. maysillesii, E. sphaerorhiza, 
and E. wrightii, required a new subsection. Although 
Huff (1979) followed Webster's sectional delimitation, 
his intrasectional system was different. Here, much of 
Webster's subsect. Corollatae was subsumed into a 
broader subsect. Ipecacuanhae, while three species 
from subsect. Corollatae were transferred to two new 
subsections, Scoparia and Sphaerorhizae (Table 1 ). 

Scanning electron microscopes (SEM) and light 
microscopes (LM) delineate many taxonomically useful 
characters, such as testal cell ornamentation, structure 
of intercellular space, and the shape of the seed and 
caruncle (Khan, 1964; Richardson~ 1968; Ehler, 1976; 
Simon et al., 1992). The seed characteristics of 
Euphorbia have been used to recognize subgeneric 
(Webster, 1967; Carter and Radcliffe-Smith, 1988), 
sectional or subsectional (Khan, 1964; Ehler, 1976; 
Park et al., 1999), and species boundaries (Richardson, 
1968; Hassall, 1977; Simon et al., 1992). The adaptive 
significance of some seed characters of Euphorbia 
species also has been examined (Jordan et al., 1985; 
Jordan and Hayden, 1992). In the current study, seed 
morphology was used to evaluate the sectional 
boundary of Euphorbia sect. Tithymalopsis and related 
species. 

MATERIALS AND METHODS 

Seeds of 17 species that had been included in sect. 
Tithymalopsis by previous authors (Webster, 1967; Huff, 
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Table 1. A comparison of major taxonomic treatments within Euphorbia section Tithymalopsis. 

Webster (1967) Huff (1979) Park (1998) 
Subsect. Corollatae 
E. corollata 
E. curtisii 
E. discoidalis 
E. mercurialina 
E. polyphylla 
E. pubentissima 
(= E. apocynifolia) 

E. wfightii 
E. sphaerorhiza 
E. maysillesii 
Subsect. Ipecacuanhae 
E. ipecacuanhae 
E. gracilior (= E. exserta) 
Subsect. Innocuae 
E. innocua 

Subsect. Ipecacuanhae 
E. corollata 
E. curtisii 
E. discoidalis 
E. mercurialina 
E. polyphylla 
E. pubentissima 
E. ipecacuanhae 
E. gracilior (= E. exserta) 
Subsect. $coparia 
E. strictior 
E. wrightii 
Subsect. Innocuae 
E. innocua 
SubsecL Sphaerorhizae 
E. macropodoides 
E. sphaerorhizae 
E. macropus 
E. ixtlana 
E. hintonii 

E. corollata 
E. curtisii 
E. discoidalis 
E. mercurialina 
E. polyphylla 
E. pubentissima 
E. gracilior 

Table 2. Collection data an d voucher deposition for specimens of Euphorbia species used as seed sources. 

Euphorbia corollata L., Park 51 (KNUH). E. curtisii Engelm. ex Chapm., Park 63 (KNUH). E. discoidalis Chapm., Park 36 
(KNUH). E. gracilior Cronguist, Park 20 (KNUH). E. hintonii Wheeler, Hinton et al. 6257 (MICH). E. innocua Wheeler, Park 1 
(KNUH). E. ipecacuanhae L., Park 80 (KNUH). E. ixtlana Huff, Lundell 12288 (MICH). E. macropodoides Rob. & Greenm., 
Pringle 4713 (MICH). E. macropus (KI. & Garcke) Boiss., McVaugh 17112 (MICH). E. maysillesii McVaugh, Maysilles 17112 
(MICH). E. mercurialina Michix., Park 38 (KNUH). E. polyphylla Engelm. ex Holz., Park 52 (KNUH). E. pubentissima Michx., 
Park 37 (KNUH). E. sphaerorhiza Benth., Palmer 416 (MICH). E. strictior Holz., Park 25 (KNUH). E. wrightii Torr. & Gray, Park 
28 (KNUH). 

1982) were examined by light microscopy (LM) and 
scanning microscopy (SEM). Mature seeds had been 
collected in the field or obtained from herbarium 
specimens from the University of Michigan (MICH; 
Table 2). Observations and measurements at low 
magnification were made with a dissecting micro- 
scope. Production of a mucilaginous layer was tested 
using the method of Jordan and Hayden (1992). 
Seeds were placed in a moist Petri dish, hydrated in 
water for 5 min, then examined under a dissecting 
microscope for the presence of bright projections of 
mucilage. For SEM studies, seeds were affixed with 
double-sided cellophane tape to aluminum stubs, air- 
dried, sputter-coated with a gold-palladium mixture, 
and observed with an ETEC Autoscan SEM. 

RESULTS 

Seeds of sect. Tithymalopsis and related species are 
ovate, and either angular or round in cross-section. They 
vary in color from white to brown. The top (= proximal 

end of the hilum) of the seeds is narrowly acute; the 
other end (= distal end of the hilum) is round or flat- 
tened with a nipple-like structure (Figs. 1 and 2). The 
dorsal line of seeds is unclear in most species except 
E. innocua. 

All of the species examined were ecarunculate. The 
shape of the hilum was mostly triangular, and the 
region of the hilum was abruptly depressed. The 
smallest seed (1.6-1.8 mm long) was produced by E. 
macropodoides; the largest seed (3.3-3.7 mm) by E. 
strictior. Seed surfaces were pitted, smooth, or tuber- 
culate (Table 3). The surface pitting referred to circular 
depressions (e.g., Figs. 1 B, 1 H, 2G, and 2H). Smooth 
seeds lacked these depressions and tubercles. The 
testal cells usually were round, with several concentric 
circles (Fig.l, E and I), but they were elongate in E. 
ixtlana (Fig. 2E). The testal cells around the hilum 
were compactly arranged whereas the intercellular 
spaces were mostly well developed around the rest of 
the surface (Figs.1 D, 1 I, and 21). Mucilaginous seeds 
were found only in E. innocua and E. ipecacuanhae 
(Table 3). Based on seed shape, surface ornamentation, 
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Figure 1. Scanning electron micrographs of whole seeds and portions of seed coats in North American Euphorbia subg. Agaloma 
species. A, Euphorbia pubentissima; B and D, E. mercurialina; C and F, E. discoidalis; E, E. corollata; G, E. curtisii; H, E. gracilior; I, E. 
polyphylla. (Scale bar = 100 I.tm in B, C, G, H. Scale bar = 10 lim in A, D-F, I). 

and mucilage formation (Table 3), five seed morpho- 
logical types are recognized in North American sect. 
Tithymalopsis and related species: 

1 ) E. corol lata type. The seeds of this type are ovate, 

with a round cross section. Their surfaces are either 
pitted (E. corollata, E. mercurial ina, E. pubentissima, E. 
gracilior, E. strictior, and E. wrighti i), or smooth (E. cur- 
tisii, E. discoidalis, E. polyphyl la,  E. hintoni i ,  E. may- 
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Figure 2. Scanning electron micrographs of whole seeds and portions of seed coats in North American Euphorbia subg. Agaloma 
species. A and B, E. macropus; C, E. wrightii; D and E, E. ixtlana; F, E. ipecacuanhae; G and H, E. innocua; I, E. sphaerorhiza. 
(Scale bar = 100 ~tm in A, D, F-H. Scale bar = 10 I~m in B, C, E, I). 

sillesii, and E. sphaerorhiza). These seeds produce no 
mucilage. 

2) E. macropus type. Seeds are ovate, and round in 
cross-section. The proximal end of the hilum is acute. 

Tubercles consist of round testal cells (Fig. 2, A and B). 
This seed type produces no mucilage. Species include 
E. macropus and E. macropodoides, both of which 
are endemic to Mexico. 
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Table 3. Comparison of seed characters among species in section Tithymalopsis and related species. 

Taxon Length 
(ram) 

Cross- Sculpturing Testal Mucilage 
Section Pattern Cell Formation 

Section Tithymalopsis (Park 1998) 
E. corollata 2.5-3.3 round pitted round No 
E. curtisii 2.3-2.6 round smooth round No 
E. discoidalis 1.8-2.4 round smooth round No 
E. gracilior 1.9-2.4 round pitted round No 
E. rnercurialina 2.6-2.8 round pitted round No 
E. polyphylla 2.4-3.0 round smooth round No 
E. pubentissima 1.9-2.3 round pitted round No 
Related species 
E. innocua 1.7-1.8 round pitted round Yes 
E. ipecacuanhae 2.3-2.5 angular pitted round Yes 
E. ixtlana 2.5-2.8 round tuberculate elongate No 
E. hintonff 2.3 round smooth round No 
E. macropus 1.9 round tuberculate round No 
E. macropodoides 1.6-1.8 round tuberculate round No 
E. maysillesii 2.5 round smooth round No 
E. sphaerorhiza 2.5-2.8 round smooth round No 
E. strictior 3.3-3.7 round pitted round No 
E. wrightii 2.8-3.0 round pitted round No 

3) E. ixtlana type. Seeds are elliptic, and round in 
cross-section. In contrast to the E. rnacropus type, 
tubercles here consist of elongated and swollen testal 
cells (Fig. 2, D and E). Mexican endemic E. ixtlana is 
recognized only by this type. 

4) E. ipecacuanhae type. Seeds are ovate, and 
angular in cross-section, with longitudinal grooves on 
ventral surfaces (Fig. 2F). Surfaces are pitted, and the 
seeds produce mucilage. E. ipecacuanhae was the 
only species found for this type in the current study. 

5) E. innocua type. Seeds are round in cross-sec- 
tion, pitted, and mucilaginous. Prominent dorsal lines 
and mucilaginous seed coats (Fig. 2, G and H) char- 
acterize this type, of which E. innocua was the only 
member found here. 

DISCUSSION 

Park's (1998) restriction of the Euphorbia sect. Tithy- 
malopsis to seven North American species of the E. 
corollata complex is well supported by morphological 
and isozyme data (Park and Elisens, 1997; Park, 
1998). However, the seed micro-morphology of the 
17 species of Euphorbia subg. Agalorna examined 
here does not provide added confirmation to this 
treatment. Instead, the resulting data suggest a close 
relationship among the seven species Park included 
in Tithymalopsis as well as E. wrightii, E. strictior, E. 
hintonii, E. maysillesii, and E. sphaerorhiza. This agrees 
with Webster's (1967) expended sect. Tithyrnalopsis 

subsection Corollatae. 
Two subsections of sect. Tithymalopsis, Innocuae (E. 

innocua) recognized by Webster (1967) and Ipecacuan- 
hae sensu Webster (1967) (E. ipecacuanhae), show 
unique morphological characteristics that do not sup- 
port their inclusion in the section. Instead, their muci- 
laginous seeds and longitudinal grooves (in the case 
of E. innocua) suggest affinities with species in subg. 
Chamaesyce (Park, 1998). Evolutionary relationships 
within the New World Euphorbiinae group have also 
demonstrated the close association among the mem- 
bers, with a unique synapomorphy (Park, 1996). 

Three Mexican species, E. ixtlana, E. macropus, and 
E. macropodoides, differ from species of sect. Tithy- 
malopsis because of their tuberculate seeds (Park, 
1996). Huff (1979) assigned these species to subsect. 
Sphaerorhizae of sect. Tithymalopsis, along with two 
other Mexican species, E. sphaerorhiza and E. hintonii. 
However, the seed morphological data support the 
exclusion of E. ixtlana, E. macropus and E. 
macropodoides from Tithymalopsis. Previous phyloge- 
netic analysis suggests that the species of subsect. 
Sphaerorhizae are closely related with herbaceous 
members possessing tuberculate seeds, such as 
Euphorbia sect. Zygophyllidium (Park, 1996, 1998). 

ACKNOWLEDGMENTS 

I am grateful to the curator of the herbarium at the 
University of Michigan for loaning plant materials. 



Seed Morphology of Euphorbia Section Tithymalopsis 81 

Received February 3, 2000; accepted April 3, 2000. 

LITERATURE CITED 

Boissier PE (1862) Euphorbiaceae, subordo Euphorbieae, 
In A de Candolle, ed, Prodromus Systematis Naturalis 
Regni Vegitalis, Vol 15. Masson and Son, Paris, pp 3- 
188 

Carter S, Radcliffe-Smith A (1988) Euphorbiaceae, In RM 
Polhill, ed, Flora of Tropical East Africa, Balkema, Rot- 
terdam/Brookfield, pp 409-567 

Ehler N (1976) Mikromorphologie der Samenoberfl~chen 
der Gattung Euphorbia. Plant Syst Evo1126:189-207 

Hassall DC (1977) The genus Euphorbia in Australia. Aust J 
Bot 25:429-453 

Huff MJ (1979) A monograph of Euphorbia section Tithy- 
malopsis. Ph.D. dissertation. University of Michigan, 
Ann Arbor, MI 

Huff MJ (1982) A remarkable new dimorphic Euphorbia 
(Euphorbiaceae) from southern Mexico. J Arnold Arbor 
63:97-101 

Jordan LS, Jordan JL, Jordan CM (1985) Changes induced 
by water on Euphorbia supina seed coat structures. 
AmerJ Bot 72:1530-1536 

Jordan MS, Hayden WJ (1992) A survey of mucilaginous 
testa in Chamaesyce. Collectanea Botanica 21 : 79-89 

Khan MS (1964) Taxonomic revision of Euphorbia in Tur- 
key. Notes Royal Bot Gard 25:71-161 

Klotzsch F (1859) Hr. Klotzsch lass 0ber Linn~'s nat~rliche 
Pflanzenklasse Tricoccae des Berliner Herbarium's im 
Allegemeinen und die nathrliche Ordnung Euphorbi- 
aceae insbesondere. Monatsber K6nigl Preuss Akad 

Wiss Berlin 1859:236-254 
McVaugh R (1961) Euphorbiaceae novae-galicianae. Brit- 

tonia 13:145-205 
Nieuwland JA (1912) Tithymalopsis and Dichrophyllum, 

synonyms. Amer Midl Nat 2:298-300 
Park K (1995) Systematic studies of Euphorbia section Tithy- 

malopsis (Euphorbiaceae). Ph. D. thesis. University of 
Oklahoma, Norman 

Park K (1996) Phylogeny of New World subtribe Euphorbi- 
inae (Euphorbiaceae). Kor J Plant Tax 26:235-256 

Park K (1998) Monograph of Euphorbia sect. Tithymalopsis 
(Euphorbiaceae). Edinb J Bot 55:161-208 

Park K, Ahn B, Lee K (1999) Reexamination of sectional 
classification in Far Eastern Euphorbia subgenus Esula 
(Euphorbiaceae) using morphological and phenolic 
data. J Plant Biol 42:199-204 

Park K, Elisens WJ (1997) Isozyme and morphological 
divergence within Euphorbia section Tithymalopsis 
(Euphorbiaceae). Int J Plant Sci 158:465-475 

Rafinesque CS (1836) Flora Telluriana (Parts IV et UIt.), 
printed by H Probasco, Philadelphia, pp 116-117 

Rafinesque CS (1840) Autikon Botanikon, printed by 
author, Philadelphia, pp 94-96 

Richardson JW (1968) The genus Euphorbia of the High 
Plains and Prairie Plains of Kansas, Nebraska, South and 
North Dakota. University of Kansas Science Bulletin 48: 
45-112 

Simon J, Molero J, Blanche C (1992) Fruit and seed mor- 
phology of Euphorbia aggr. Flavicoma. Taxonomic impli- 
cations. Collect Bot 21 : 211-242 

Small JK (1903) Flora of the Southeastern United States, 
New York 

Webster GL (1967) The genera of Euphorbiaceae in the 
southeastern United States. J Arnold Arbor 48:303-430 




