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SOME RELATIONSHIPS IN SCIRPEAE
BEARING ON THE DELINEATION OF GENERA

ALFRED E. SCHUYLER

When one considers the Cyperaceae on a world-wide scale, particularly
with regard to Africa and South America, it is apparent that much taxono-
mic research is ahead of us. Because of the botanically unexplored nature of
these two continents, as well as their environmental diversity, I suspect there
may be hundreds of species yet undescribed by botanists. Even with this
challenge of discovery, the Cyperaceae have other offerings for the systema-
tic botanist, namely: what are the characteristics of these plants? The reduced
structure of flowers has caused us to rely on inflorescence structure to a large
extent for important characteristics. In many cases, such structure is very
useful, but, for all practical purposes, we have barely begun the search for tax-
onomically significant characteristics in this large, and somewhat neglected,
family.

My work in the Cyperaceae has dealt with a portion of the genus Scir-
pus. More than one taxonomist has pointed out that this genus is an assem-
blage of unrelated plants, and this is something I take for granted. We now
need to find characteristics which demonstrate the discontinuity and rela-
tionships that exist among groups of species in Sc/rpus.  In the following dis-
cussion I hope to contribute some preliminary bases for taxonomically delin-
cating some of the diverse groups of species in Scirpus. TFor the present, how-
ever, I urge some restraint on the part of taxonomists at the genus level un-
til a thorough systematic analysis of microscopic characteristics has been con-

ducted.
SCIRPUS SYLVATICUS AND RELATED SPECIES

This group of about 32 species has its largest concentration in eastern
North America and eastern Asia. The plants grow primarily in swamps and
marshes which are wet in the spring but gradually become drier during the
summer. Plants with flowering culms may grow in wet substrates, but the
culms are not submerged or partially submerged in water. 1In this respect
they are not true aquatics. Culm leaves are well-developed and have keeled,
broadly V-shaped, blades in transverse section (as in S. georgianus, fig. 1).
Chlorenchyma is more developed on the adaxial side than on the abaxial side
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of the blade (fig. 3), and stomates are mostly restricted to the abaxial epider-
mis. Inflorescences usually are much-branched and contain numerous spike-
lets. The styles are delicate and have rounded protrusions around them (as
in S. lineatus, iig. 17). Achenes are mostly less than 1,5 mm long and have
comparatively thin, delicate pericarps. Achene epidermal cells usually have
wavy inner cell walls, a convex or conical internal body with one nodular
peak, and ridge-like buttresses between the lateral cell walls and the body
(as in S. microcarpus, figs. 20 & 21). These latter characteristics, recently
observed with a scanning electron microscope (SCHUYLER, 1971), help con-
firm that these species compose a natural group.

The above characteristics, and others, separate this group of species from
most other species in Scirpus. Some species of Eriophorum, particularly E.
crinigerum and E. japonicum, bear a close resemblance to species in the
Scirpus sylvaticus group. However, these two species are separable from the
S. sylvaticus group on the basis of their coarser styles (as in E. crinigerum,
fig. 18) and larger achenes.

SCIRPUS LACUSTRIS AND RELATED SPECIES

This group is widely distributed around the world, and numerous spe-
cies, many undescribed, grow in Africa. The plants differ from those of the
previous group by often growing in water. Flowering culms can be initiated
under water and often protrude above the water surface at maturity. Often
the leaves are confined to basal portions of the culm, and the blades are only
short projections from the sheaths. Leaf blades are variable in transverse
section, but, most often, they are crescentform in outline and have chloren-
chyma only below the air cavities (as in S. heterochaetus, figs, 4, 5, and S.
rhodesicus fig. 6). Thin di'lphragms, as described for S. validus by Snow
(1914), frequently develop across air cavities and posslb]) have an important
role with respect to adapration to an aquatic environment. Generally, the

Figures 1—9. Transverse sections of leaf blades showing cpidermis, chlorenchyma
(short vertical lines), sclerenchyma (solid black), vascular bundles with
xylem (lined) and phloem (stippled), and air cavities (empty space sepa-
rated from other tissue). 1.Portion of blade including midrib and one
margin of S. georgianus. 2.Midrib of §. georgianus. 3. Portion ourtside
midrib of S. georgianus. 4. Mid-portion of blade of S. heterochaetus. 5.
Entire blade of S. heterochaetus. 6. Entire blade of S. rhodesicus. 7. Por-
tion of blade including midrib and one margin of S. robustus. 8. Portion
outside midrib of S. robustus. 9. Midrib of S. robustus.
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inflorescences are relatively compact and subtended by involucral bracts
which appear to be continuations of the culims. The styles are strap-like (as
in S. beterochactus, fig. 19) and lack the pronounced protrusions which occur
on styles of species in the previous group.  Achenes have comparatively hard
walls and are dark brown to black at maturity. Some species have vertical-
ly elongate achene epidermal cells with little internal differentiation of struc-
ture (as in S. smithi, fig. 22) while others have much shorter cells and much
more internal differentiation (as in S. tabernaemontanii, fig. 23). Whether or
not such characteristics will be useful in delineating groups of species (i. c.,
sections, subgenera, or genera) remains to be demonstrated.

Chromosome numbers are particularly interesting in the Cyperaceac be-
cauge they vary so much among species, and, occasionally, within species.
This variation gives botanists more taxonomic information as long as there is
a correlation between chromosome number and other characteristics.  Chro-
mosome numbers help verify relationships and determine polyploid trends
among species, and thus contribute to overall knowledge bearing on the delin-
cation of genera. Among one group of aquatic species with comparatively
open inflorescences — S. acutus, S. heterochactus, S. lacustris, S. tabernae-
montanii, S. triqueter, and S. validus — haploid numbers of 18—21 have
been determined by various authors (Hicks, 1928; O1zEN, 1962; and SmiTH,
1969). A large unit, possibly resulting from fusion of chromosomes, has been
observed in S. heterochactus (fig. 24), S. acutus (SMiTH, 1969), and plants
from Japan resembling S. lacustris (TaNaxa, 1938). The taxonomic implica-
tions of this large unit remain to be clarified but it certainly is evidence of a
close relationship among these species. In closely related species with com-
paratively compact inflorescetices — S. americanus, S. deltarum, and S. ol-
neyi — haploid numbers of 38 and 39 have been determined (Hicks, 1928;
OTZzEN, 1962; and ScHUYLER, 1970). Whether or not polyploidy is involved
here is something that may be known after more cytological investigation.

Some plants with well-developed leaves, occasionally treated generi-
cally as Bulboschoenus (Komarov, 1935), are closely related to other aquatic

Figures 10—15. Transverse sections of leaf blades showing epidermis, chlorenchyma
(short vertical lines), sclerenchyma (solid black), vascular bundles with
xylem (lined) and phloem (stippled), and air cavities (empty space sepa-
rated from other tissue). 10. Portion of blade including midrib and one
margin of S. grossus. 11. Midrib of S. grossus. 12. Portion outside midrib
of S. grossus. 13. Entire blade of S. cespitosus. 14. Portion of blade in-
cluding midrib and one margin of E. alpinum. 15. Entire blade of S. cer-
nuus.
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species of Scirpus such as S. lacustris on the basis of inflorescence and floral
morphology. The leaves of plants referred to Bulboschoenus are distinctive
because the chlorenchyma is about equally developed on the adaxial and ab-
axial side of the leaf blade (as in S. robustus, fig. 8). Furthermore, stomates
are present in about equal abundance in the adaxial and abaxial epidermis.
This type of Jeaf structure is also found in S. grossus (fig. 12), a distinctive
Asiatic species whose relationship with other species of Scirpus needs study.
Evidence of homology between these well-developed leaf blades and the more
reduced leaf blades of other aquatic species of Scirpus is provided by the
somewhat intermediate leaf blade of S. americanus (fig. 16). Near the margin
of the blade of this species, the chlorenchyma is equally developed adaxially
and abaxially, and stomates are present in the adaxial and abaxial epider-
mis. One possibility this suggests is that the well-developed leaf blades of
species such as S. robustus may represent an elaboration of the margin of
blades similar to those of S. americanus. If such is the case, the broad leaf
blades of species referred to Bulboschoenus are not as distinctive as they first
appear, but, instead, are modifications of the reduced leaf blades characteris-
tic of most other aquatic species of Scirpus.

SCIRPUS SECT. BAEOTHRYON

Plants referred to this section (Koyama, 1958, excluding ser. Anthelo-
phorum) have an inflorescence consisting of a single spikelet subtended by a
short erect involucral bract. This group does not appear to be closely rela-
ted to the aquatic species previously discussed on the basis of floral and leaf
morphology. Styles are not strap-like and the leaf blades have sclerenchyma
girders associated with at least some of the vascular bundles.

Of interest here are the plants originally described as Eriophorum alpi-
num L. In recent works (FERNALD, 1950), these plants are usually associated

Fig. 16. Transverse section of leaf blade margin of S. americanus.

Fig. 17. Style tip of S. lineatus.

Fig. 18. Style tip of E. crinigerum.

Fig. 19. Style tip of S. heterochaetus.

Fig. 20. Achene of S. microcarpus showing outer walls of epidermal cells partially
removed.

Fig. 21. Achene epidermal cells of S. microcarpus with outer walls removed.

Fig. 22. Achene epidermal cells of S. smithii with outer walls removed.

Fig. 23. Achene epidermal cells of S. tabernaemontanii with outer walls removed.

Fig. 24. Meiotic chromosomes, metaphase I, of S. heterochaetus (New York: Wash-
ington Co., ScHYLER 3988, Ph).
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with species of Scirpus in sect. Baeothryon, such as S. cespitosus, and given
the name Scirpus hudsonianus. However, there are important differences
between E. al pinum and species of sect. Bacothryon. Achene epidermal cells
of E. alpinum have broad internal platforms with more than one body and
resemble some species of Eriophorum in this respect (SCHUYLER, 1971). The
structure of such cells in species of sect. Baeothryon varies remarkably among
species but does not resemble that of E. alpinum. The chromosome number
reported for E. al pinum also indicates a closer relationship to species of Erio-
phorum. Many species of Eriophorum have 58 somatic chromosomes which
is also the number reported for E. alpinum (L6VE & RiTCHIE, 1966). In sect.
Bacothryon, 104 somatic chromosomes have been reported for S. cespitosus
(LovE & LoVE, 1966; SCHEERER, 1940) and [ have observed 42 meiotic units
in S. clintonii (New York: Warren Co., Howarp, PH) and about 46 in S. ver-
ecundus (Pennsylvania: Berks Co., ScHUYLER 3835, PH).

Leaf blade anatomy indicates that Scirpus sect. Baeothryon is an unnat-
ural group. Crescentform blades with abaxial girders and lacking bulli-
form cells have been observed in S. cespitosus (fig. 13), S. clementis, and S.
rollandii. In contrast, the V-shaped blades of S. clintonii and S. verecundus
have adaxial and abaxial girders and bulliform cells. The blade of E. alpi-
num (fig. 14) bears a close resemblance to these latter species except that it
has only abaxial girders.

SCIRPUS SECT. ISOLEPIS

These small plants have reduced structural features and it is difficult to
make statements about their relationships within sect. /solepis (as delineated
by Kovama, 1958) and to other groups (such as sect. Eleogiton) at the pres-
ent time. Embryo structure clearly distinguishes them from groups pre-
viously discussed here (vAN DER VEKEN, 1965) and also indicates a close rela-
tionship among species within sect. [solepis. Leaf blades have been exam-
ined in S. cernuus (Ag. 15), S. inundatus, S. koilolepis, and S. setaceus, and
have the same basic structure. In contrast to embryo and leaf blade structure,
however, that of achene epidermal cells is remarkably diverse among species
in this group (ScHUYLER, 1971). The horizontally elongated cells of S. se-
taceus, which lack apparent internal structure, are strikingly different from
those of S. koilolepis which have more equal dimensions and pronounced in-
ternal conical bodies with nodular peaks. Further study of African spe-
cies in this group should determine if other characteristics are correlated with
such diversity.

CONCLUDING REMARKS

In conclusion, it seems to me that we have much to do before generic
boundaries can be properly made among species of Scirpus and related gen-
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era. Not only do we have to deal with undescribed or poorly known taxa
from Africa, but also we need to systematically evaluate microscopic charac-
teristics of all taxa, including those described by Linnarus. As far as the
African flora is concerned, I think it 1s best to follow an established treat-
ment of genera until we know more about characteristics of groups on a
world-wide scale.
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