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ABSTRACT

Daca tor 20 morphological characters tuken from recent colleccions of che Cyperus virens
group from the southeastern United States were statistically analyzed using principal componenes
analysis and discriminant analysis. Based upon resules of che analyses and recene field ob-
servations, it s concluded that Co drwmmondis and C. rvirens are distinec at the rank of spe-
cies. The taxonomy is revised accordingly. A taxonomic key, technical descriptions, diseri-
butional, and ceological data on the two species are presented.

RIESUMEN

Los daros de 20 caraceeres mortoldgicos de colecciones recientes del grupo de Cyperus
ervens delsuresee de los Estados Unidos fueron analizados escadiscicamence usando el andlisis
de componentes principales y el andlisis discriminante. En base a tos resultados de los andlisis
y de recientes observaciones de campo, se concluye que C. drmmmondii y C. virens son distineas
en el rango de especie. Se revisan de acuerdo con esto la taxonomia. Se presentan una clave

taxonémica, descripciones réonicas, datos ceologicos y sobre la distribucion de las dos especies.

INTRODUCTION

Cyperns vivens and C. drunmiondiz are closely related and belong to section
Larzuloidei and are characterized by persistent rachillas; bicarinate, decidu-
ous scales; and 1-2 stamens per florer (Kitkenchal 1935-1936; Denton 1978).
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Both taxa have sharply three-angled (triquetrous) culms, which, in combi-
nation with the characteristics listed above, easily separates them from all
other Cyperus species in the southeastern United States. Carter (1990) pro-
vides a key separating C. virens and C. drummondii from other members of
section Lusulvide.

Cyperus vivens Michx. has historically presented a taxonomic problem because
of its complex pattern of variation and wide distribution. According to Denton
(1978), C. rvivens consists of four varieties: C. virens var. vivens, C. vivens var.
drmmondii (Torr. & Hook.) Kitkenthal, C. virens var. minarum (Boeck.) Denton,
and C. virens var. montanius (Boeck.) Denton. Of chese taxa, only C. drunmiondii
and C. virens var. viveny occur in the United States. Cyperus drummondii was
first described in 1836 based upon a specimen collected in Texas by Tho-
mas Drummond (Torrey 18306). Cyperns drummondii has been treated vari-
ously since.

Chapman (1889), like Torrey (1836), recognized Cyperus drunmondii.
Subsequently, several floristic manuals include only C. virens wich no men-
tion of C. drummondii as cither a taxon or a synonym (Chapman 1897; Mohr
1901; Small 1933; Correll & Johnston 1970; Correll & Correll 1975; Godfrey
1979; Wunderlin 1982, 1998; Clewell 1985; Thomas & Allen 1993). Hatch
ctal. (1990) did not recognize C. drummondii at any rank, while Tucker (1994)
treated it as a synonym of C. vivens. Cyperus drumnondii was first treated as a
variety of C. virens by Kitkenthal (1935-1936); this view was upheld by
McGivney (1938), Denton (1978), and Adams (1994). Koyama (1970) created
C. drimmondii as a subspecies of C. rirens. Other recent authors (Bryson &
Carter 1994; Jones etal. 1997) recognized C. drunmondsi at the rank of species.

Cyperns vivens and C. drummniondii are widely distribured in the New World
and are sympatric in the coastal plain of the southeastern United States.
Alchough C. drummrondii has been known from Louisiana and Texas (Torrey
1836; McGivney 1938), it is infrequently collected elsewhere in the south-
castern United States. Recently, it was reported new from Mississippi (Bryson
& Carter 1994). Kiikenthal (1935-1936) and Denton (1978) documented
the distribution of C. drummondii outside the United Stares in Nicaragua,
Jamaica, Surinam, Ecuador (Galapagos Islands), and Brazil.

MATERTALS AND METTHODS

We examined 57 specimens of C. virens and 44 specimens of C. dummiondii.
Specimens were reproductively mature and from the southeastern Uniced
States. Initially, each specimen was identified by a unique number and at-
ter preliminary examination was assigned to C. drunimondii or C. vivens.

After a survey of the critical literature (Kitkenthal 1935-1936; Denton
1978) and a preliminary study of our collections 20 characters were selecred
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Tasie 1. List of characters used in analysis.

PPEDN number of primary peduncles

BRACNL number of primary infloresence bracts exceeding longest ray
CULML culm lengteh (cm)

BRACTL maximum primary inflorescence brace fength (em)

RAYL maximum ray lengeh (cm)

INFLW maximum inflorescence widch (cm)

SPKW maximum spike wideh (cm)

CULMW mid-culm width (mm)

BRACTW maximum mid-bract wideh (mm)

LEAPW maximum mid-teat widel (mm)

SPRITW spikelet wideh (mm)

SCALL scale length (mm)

ACHNL achene lengeh (mm)

ACHNW achene width (mm)

ANTHL anther length (mm)

SCALN scale number per spikelet

CIRAT ratio of culm lengeh to inflorescence wideh

ASRAT ratio of achene length to scale length

ACHLW ratio of achene length co wideh

BCRAT ratio of Tongese peimary inflorescence bract to culm length

for analysis. The characters are listed in Table 1, and all character states are
continuous quantitative. These data were subjected to principal components
analysis (PCA)and discriminant analysis (IDA) using Minitab© release 11.21
(Sneath & Sokal 1973; Seber 1984; Anonymous 19906). Data points plotted
using PCA were identified by specimen number and their o priovi species
categories, and cigenvectors generated from a PCA were used vo determine
which characters most accounted for the variance observed. All characters
werce analyzed using DA to determine order of reliability of characters and
which minimal combination of characters would allow classification of our
specimens into the taxonomic groups defined by PCA.

RESULTS

Results of PCA, shown in Table 2 and Figure 1, indicate the specimens form
discrece clusters corresponding with our & priori classification and that no
single characeer is outstanding 1 accounting for the variation in principle
components one and two. Variation in principal component one is prima-
rily due to SCALL, INFLW, BCRAT, BRACTW, RAYL, BRACNL, CIRAT,
ACHNL, ACHNLW, SPIKLTW, PPEDN, and ASRAT, and variation in
principle component two is primarily accounted for by CULML and CULMW.
The results of DA are used to rank individual characters (Table 3) in order of
taxonomic reliability and to determine which combinations of characters
(Table 4) best classity our specimens into their categories as determined by PCA.
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TasLe 2. Eigenvectors and cumulative variance for first six principal components in principal compo-
nents analysis.

Eigenvectors

Variable PCl1 PC2 PC3 PC4 PCS PC6
PPEDN -0.245 -0.165 -0.155 -0.061 -(.232 -0.070
BRACNL -0.254 0.102 -0.065 0.001 0.140 0.147
CULML 0.167 -0.185 0.097 -0.039 0.275 0.007
BRACTL -0,226 -0.270 -0.134 -0.081 -0.014 0.019
RAYL -0.259 -0.201 0.061 -0.012 -0.2490 -0.077
INFLW -0.269 0017 0.170 (1017 -(1.237 -0.060
SPKW -0.192 001 0.354 -0.293 -2 -0.100
CULMW -0.197 -0 0.005 0.224 0113 -0.029
BRACTW -0.258 -0.181 -0.077 0.158 0.082 -0.090
LEAFW -0.196 -0.35% -0.060 0.250 0.251 -0.054
SPKLTW -0.248 0.172 0.151 -0.017 0.296 0.168
SCALL -0.274 0.182 0.1149 0.041 0.150 0.147
ACHINL .2952 a.151 -(0.029 0.212 (3.091] 0.342
ACHINW 0.075 0.026 0115 0.700 NURSS (.272
ANTHIL -0.137 0.256 0.0514 G316 0. 101 -(.825
SCALN 0.007 -0.060 0.6706 -(0.297 0.2:19 -0.057
CIRAT (1,253 -0.190 (.033 0.0006 0318 0.016
ASRAT 0.242 -0 187 -(.212 0.110 -0.187 0.0442
ACHLW -0.2:19 0.087 -0.160 -0.181 (1.278 0.102
BCRAT -0.262 G125 -0.165 -0.019 0110 0.071
Cumulative

variance 0.5141 .09 0.728 0.785 (1.831 0.867

DISCUSSION

Kiikenthal (1935-19306) treated Cyperns drunmondii as a variety of C. vireny
with no juscification other chan briet diagnoses of the taxa. Denton
(1978), in a numerical caxonomic analysis of the Luzilae group of Cyperus,
came to the same conclusion as Kiikenthal (1935-1936). Denton (1978, p.
257) stated chat C. drmmondii and other varieties of C. vivens could not be
elevated in rank because of overlap in scale and achene dimensions in some
collections. However, Denton’s research involved little fiecldwork and in-
cluded tew C. drimmondii specimens from the southeastern Uniced States.

Our analysis included numerous recenc colleccions of Cyperus drumnrondii
from the southeastern Unired States, not seen by Denton (1978). Discrete
clusters obtained with PCA indicate our specimens can be readily idencified
as eicher C. drummondii or C. vivens based upon our character set and that C.
drinmondii and C. vivens are distinct species. Further, DA shows that six
characeers (SCALL, SPKLTW, ACHNL, ASRAT, CIRAT, BCRAT) are par-
ticularly effective in correctly classifying our specimens and chat these six
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Fii. 1. Results of principle componenes analysis of Cyperus vivens (open circles) and C. drunniondii
(closed circles).

Tami 3. Proportion of specimens correctly classificd in diseriminant analysis by individual characeers.

Propartion Proportion
Individial Correetly - Individual Correcely
Characters Classified Characrers Classilied
SCALL 0.980 BRACNI. (.85
SPRETW {168 PPEDN 0.828
ACIINL (1.953 RAYL 0.780
ASRAT 0.9146 BRACTL 0.752
BCRAT 0.019 ANTLHIL 0.726
CIRAT 0.905 SPKW (.720
ACHITW 0.885 LEARW (.69
CULML 0.875 CULMW 0.61Y
BRACTW 0.819 ACHNW 0.615
INFLA (1853 SCALN 0.518

characeers are the minimum combination required to classify all of our specimens
into the two groups defined by PCA. Our specimens were classified wich
99.3% accuracy using two combinations of four characeers each (SCALL,

SPKLTW, ACHNIL, ASRAT and SPKLTW, CIRAT, ASRAT, BCRAT), two
combinations of chree characters (SCALL, SPKLTW, ACHNL and ASRAT,
BCRAT, CIRAT), and chree combinations of two characters (SCALL, ASRAT
SCALL, CIRAT; and SCALL, BCRAT). Moreover, DA showed cthe combi-
nacion of key characters (SCALL, SPKLTW, PPEDN, RAYL, LEAFW, ASRAT)
used by Denton (1978) correctly classifying 99.1% of our specimens. Ad-
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TasLr 4. Proportion of specimens correctly classified in discriminant analysis by selected groups of
characters.

Proportion
Grouped Correctly
Characters Classified
SCALL, SPKLTW, ACHNL, ASRAT, BCRAT, CIRAT, ACHLW, BRACTW,
INFLW, BRACNL, PPEDN, RAYI, 1.000
SCALL, SPKLTW, ACHNL, ASRAT, CIRAT, BCRAT 1.000
SCALL, ACHNL, BCRAT, CIRAT, BRACTW, INFLW, BRACNL, RAYL 0.993
SCALL, SPKLTW, ACHNIL, ASRAT 0.993
SPKLTW, CIRAT, ASRAT, BCRAT 0.993
SCALL, SPKLTW, ACIINI. 0.993
ASRAT, BCRAT, CIRAT 0.993
SPKLTW, ASRA'T 0.993
SCALL, ASRAT 0.993
SCALL, CIRAT 0.993
SCALL, BCRAT 0993
SCALL, SPKLTW, ASRAT, CIRAT, BCRAT 0.986
SCALL, SPKLTW, ACHNL, BCRAT 0.986
SCALL, SPKLTW, ACIHINI, CIRAT 0.986
BCRAT, CIRAT, BRACTW, INFIW, BRACNIL, RAYI. (1.981
SPKITW, CIRAT 0.981
SPKLTW, BCRAT 0.930

ditionally, the qualitative character, scale shape, was observed to be mark-
edly and consistently different between the two taxa and is included in the
dichotomous key.

In summary, of the six key characters used by Denton (1978), we found
three (SCALL, SPKLTW, ASRAT) to be highly reliable and concur with
their relative placement in Denton’s dichotomous key. Because of substan-
tial overlap between the two taxa, Denton’s remaining chree key characrers
(PPEDN, RAYL, LEAI'W) proved to be of limited use in our study. Addi-
tionally, we have identified four other taxonomically useful characters: ACHINL,
BCRAT, CIRAT, and floral scale outline.

CONCLUSIONS

Resules of PCA and DA show six characters are taxonomically useful in
scparating Cyperus dranmmondii and C. vivens. These in ranked order as deter-
minecd by PCA and DA are SCALL, SPKLTW, ACIHINL, ASRAT, BCRAT,
and CIRAT. Additionally, we have determined chat the qualicative charac-
ter, scale outline, is useful in separating the two taxa. Furcher, the discrete
clusters obtained in PCA indicate C. virens and C. dyummondii are distinct
in the southeastern United States and support recognition of C. drimmiondii
at the rank of species as follows.
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TAXONOMIC TREATMENT
Key to Cyperus vivens and Cyperus drummondii

1. Floral scales oblanceolate, ac least 1.7 mm long; spikelets at least 2.25 mm
wide; achenes less than 0.7 times as long as subtending floral scale; achenes
1.2-1.5 mm long; longest primary inflorescence bract length at least 0.45
times as long as culm: culm less than 8 times longer than inflorescence width;
primary peduncles S=T0. . C. virens

. Floral scales ovate, less chan 1.7 mm long: spikelets less than 2.25 mm wide;
achenes at least 0.7 cimes as long as subcending floral scale; achenes 1.1-1.2
mm long; longest primary inflorescence brace less than 0.45 times as long
as culm; culm (8-)10-33 times longer than inflorescence width; primary
Peduncles 3=5. 2. C. drummondii
1. Cyperus virens Michx., FI. Bor.-Amer. 1:28. 1803. (Fig. 2). Tveu: “Caro-
lina,” Hevh. AL Michanx (novoryer: P, microfiche!).

Cespitose perennial herb. Roots fibrous, reddish brown. Culms 16-100
¢m high, 3—13 times longer than inflorescence widch, 2.4-6.9 mm wide,
triquetrous, scabrid. Leaves basal, blades 3.5-13.2 mm wide. Primary
inflorescence bracts 4--8, longest 17-75 e¢m long, up to 0.3—1.5 times as
long as culm, 2.7-13.2 mm wide. Inflorescence usually diffuse, (4.2-)7—
18.4 ¢cm wide, rays 510, longest 2.4-12 cm long. Spikes globose, 1.2-7.3
cm wide. Spikelets flattened, 1.7-3.2 mm wide. Floral scales 12-38, disti-
chous, spreading to ascending, bicarinate, oblanceolate, (1.35)1.9-2.1 mm
long, pale grayish-green, turning brown. Seamens 1-2, anthers 0.8—1.3 mm
long. Style 3-branched, exserted, deciduous. Achene oblong-ellipsoidal, 2.7—
4.1 times as long as wide, (0.9-)1.2-1.5 x 0.3-0.4 mm, trigonous, stipi-
tate, brown.

Distvibution and habitar —Widcely distributed in the New World: south-
castern United States, Caribbean, Mexico, Central America, and South America
(Denton 1978; Kiikenchal 1935—-1936). In the coastal plain of the souch-
castern United States, from Texas through Florida inco Norch Carolina (Fig.
3). Common in a variety of disturbed, low, intermittently wet habitats, such
as ditches, stream botroms, edges of ponds and lakes.

Phenology —Flowering and fruiting April through December.

Specimens examined. T1.S.AL ALABAMA. Baldwin Co.: Point Clear, 22 May 1975,
KNral 55724 (VSC; Battleship Parkway, 1.1 mi £ Mobile ciry limic, 8 Aug 1989, Carter
S100 (ctb, VSCQ). Butder Co.: SE Greenville, 12 Jul 1995, Kl 85208 (VSC). Clarke Co.:
SW Jackson, | Jun 1972, Kral 47088 (VSC). Crenshaw Co.: N Rutledge, 23 Jul 1995,
Krl 82944 (VSC). Dallas Co.: SE Sclma, 1 Oce 1994, Kral 84302 (VSC). Houston Co.:
ca. 2.5 mi SW Coctconwood, 26 Sep 1994, MacDonald 7812 (cch, VSC). Lee Co.: Uchee
Creek, 1 Aug 1960, Willy v (SWSLY; Spring Villa, 25 Jul 1977, H. Mcluryre s (VSC).
Mobile Co.: Bayou lu Batre, 7 Jun 1971, Krs/ 530560 (VSC). Montgomery Co.: WSW
Montgomery, 10 Ocr 1970, Kral 41575 (VSC). Pike Co.: 5 mi SE Troy, 12 Aug 1975,
Kl 51217 (VSC). Froripa. Alachua Co.: N Gainesville, 29 Jul 1978, Dunn 43 (crb),
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Vi, 2 Cyperus drummondiiz A Inflorescence. B, Floral scale and achene. C. Spikeler. Drawn
from Cerrter 107 38 (cth). Cyperus virens: D. Inflorescence. B Floral scale and achene. F Spikelet,
Drawn from Carrer 6961 (ctby. G. Habic: C. zirens (eft) and C. drunmmondii (righe).



