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ABSTRACT 

This study evaluated the taxonomic alignment of the 

Sphaeralcea coccinea (Nutt.) Rydberg complex. The taxo

nomic history was reviewed and a statistical analysis of 

morphological characters was conducted using stepwise 

discriminant analysis. Soil moisture sampling indicated 

that one of the described varieties, var. dissecta, of 

S. coccinea was only a xeric expression of the taxon. In 

addition, plants grown in a transplant garden under uniform 

conditions resulted in similar expressions. The cyto-

genetics of the group was evaluated using root tip prepara

tions, and the chemosystematics of the group was examined 

using two dimensional paper chromatographic techniques. 

This study indicates the variety dissecta should be sub

merged into the typical ~· coccinea, whereas var. elata 

retains varietal status. 
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CHAPTER I 

INTRODUCTION 

Sphaeralcea coccinea (Nutt.) Rydberg (Malvaceae) con-

sists of three varieties: 

coccinea (Kearney, 1939). 

dissecta, elata, and the typical 

These varieties are characterized 

by different leaf and carpel morphologies. This study ques-

tioned the validity of varietal status because of overlap 

in the ranges and in the carpel and leaf characters in some 

plants. The frequent transfer of the varieties to species 

and back to varieties in the literature further complicates 

the understanding of this group. This study was conducted 

to clarify inconsistencies within the Sphaeralcea coccinea 

group. 
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CHAPTER II 

TAXONOMIC HISTORY 

In 1827, Augusto de St. Hilaire described the genus 

Sphaeralcea from a South American species, Sphaeralcea 

cisplatina. Sphaeralcea coccinea originated as a transfer 

from Malvastrum by Rydberg (1913). He transferred six 

species from Malvastrum to Sphaeralcea including Sphaeralcea 

coccinea (Nutt.) Rydb., Sphaeralcea dissecta (Nutt.) Rydb., 

and Sphaeralcea elata (E. G. Baker) Rydb. 

~alva coccinea Nutt. was first described in Fraser's 

Catalogue (1813). Pursh (1814) then transferred it to 

Cristaria coccinea. In his Flora Americae Septentrionalis 

(1814), Malva coccinea Fraser's Catalogue is cited, with 

the distribution as per Fraser's Catalogue. Because of the 

indecisiveness as to the author of Fraser's Catalogue, 

(Shinners 1956a,b; Cronquist 1956), one might have believed 

that Pursh had priority in originally describing the plant 

as Cristaria. However, because Nuttal referred to Malva 

coccinea in Fraser's Catalogue in his Genera (1818), he was 

the original author as per Art. 32, International Code of 

Botanical Nomenclature (1969). 

The incorrect nomenclature was further complicated by 

De Candolle (1824), in that he transferred Cristaria 

coccinea (Pursh) to Sida coccinea, and by Torrey and Gray 
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(1838) citing De Candolle with Sida coccinea (D. C.). Gray 

(1849) described a new genus, Malvastrum, by combining Sida 

dissecta (Nutt.) in Torrey and Gray and Sida coccinea D. C. 

with Malvastrum coccineum (Gray) as the type and one vari-

ety, dissectum. In 1913, Rydberg placed six species of 

Malvastrum in the genus Sphaeralcea, including Malvastrum 

coccineum Gray. He also corrected the nomenclatural 

problem in transferring Malvastrum coccineum Gray to 

Sphaeralcea coccinea (Nutt.) Rydberg. Kearney (1935), 

however, incorrectly cited Rydberg in his monograph of the 

genus with the citation Sphaeralcea coccinea (Pursh) 

Rydberg as does Head (1968). The correct combination 

should be Sphaeralcea coccinea (Nutt.) Rydberg. 

Sphaeralcea coccinea var. dissecta (Nutt.) Kearney 

was originally described as Sida dissecta (Nutt!mss) in 

Flora of North America by Torrey and Gray. Nuttal supplied 

the description to Torrey and Gray making it a valid publi

cation, therefore, the correct citation is Sida dissecta 

(Nutt.) in Torrey and Gray. Gray cites this publication in 

his Plantae Fendlerianae in 1849 when he put Sida dissecta 

into Malvastrum as a variety, thus Malvastrum coccineum 

3 

var. dissectum A. Gray. Harvey described a Malvastrum 

dissectum from South Africa in Flora Capensis (1860), but 

made no reference to the North American species in synonomy. 

Harvey's lack of synonomy in this description of Malvastrum 

dissectum indicated no relation of Malvastrum dissectum 



4 

Harvey with Malvastrum coccineum var. dissectum A. Gray. 

In 1900, Cockerell elevated Malvastrum coccineum var. 

dissectum to the species level, Malvastrum dissectum (Nutt.) 

Cockerell. He stated that "It is unfortunate that the use 

of the name dissectum in the specific sense will interfere 

with the South African Malvastrum dissectum Harvey . II 
• 

Aven Nelson further complicated the dissecta story in 1902. 

Nelson apparently split Sida dissecta Nutt. in Torrey and 

Gray into two groups. Nelson cited Sida dissecta for his 

new combination Malvastrum dissectum, but specifically 

stated it was not Malvastrum coccineum Gray nor Malvastrum 

dissectum (Nutt.) Cockerell. The Malvastrum dissectum 

(Nutt.) Cockerell and Malvastrum coccineum dissectum A. 

Gray, Nelson said included a "southern narrow leaved form" 

and he designated them Malvastrum cockerelli A. Nelson. 

Later, he changed :1alvastrum cockerelli A. Nelson to 

Malvastrum dissectum cockerelli A. Nelson (1909). 

Wooton and Standley (1912) described Malvastrum 

micranthum from a collection near Tiznitzen, San Juan 

County, New Mexico. Kearney (1935) illustrated a carpel 

from the type specimen of M. micranthum. This carpel was 

similar to that of variety elata, and Kearney listed M. 

micranthum as a diminutive form of variety elata. Exami-

nation of the type revealed no mature or even partially 

mature fruit. However, this plant does have highly pubes-

cent leaves that are characteristic of variety dissecta. 



For this reason, I feel Malvastrum micranthum should be 

listed in synonomy with variety dissecta and not with 

variety elata. 

As with Nalvastrum coccineum Gray, Rydberg transferred 

Malvastrum coccineum var. dissectum A. Gray to Sphaeralcea 

in 1913. Rydberg cited Sida dissecta Nutt.; Torrey and 

Gray and Malvastrum coccineum dissectum A. Gray, but none 

of Cockerell or Nelson's combinations. Rydberg elevated 

variety dissecta to the species level making it Sphaeralcea 

dissecta (Nutt.) Rydb. 

The last major worker on this group, Kearney, again 

put the dissecta group as a part of coccinea. Kearney's 

5 

new combination was Sphaeralcea coccinea subspecies dissecta 

(Nutt.) Kearney, which he later changed to variety dissecta 

(1939). Kearney stated that two of the synonyms of the 

dissecta group do not belong with it, specifically 

Malvastrum dissectum (Nutt.) Cockerell and Malvastrum 

cockerelli A. Nelson, but instead they belong to the variety 

elata group. On Malvastrum dissectum (Nutt.) Cockerell, 

Kearney quotes Cockerell concerning dissecta, " ' • • has 

two ovules in each carpel'", which is "fairly frequent in 

subspecies elata" he says, "but not observed in typical 

coccinea nor in subsp. dissecta." What he failed to include 

was the rest of Cockerell's sentence which reads, " 

but one aborts, or not rarely both", which makes it a 

• • 

synonym of the variety dissecta group. Since Malvastrum 
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cockerelli A. Nelson included Malvastrum dissectum (Nutt.) 

Cockerell in synonomy, it also belongs in the dissecta 

group. 

The variety elata has a much later origin than the 

other two varieties. Baker (1891) described the variety 

elatum as part of Malvastrum coccineum Gray. Nelson (1902) 

elevated it to the species level stating "it is so different 

from the true M. coccineum that it is less confusing to 

consider it a species." Rydberg (1913) transferred it to 

Sphaeralcea thus, Sphaeralcea elata (E. G. Baker). Kearney 

(1935) placed elata back in the coccinea group with the new 

combination Sphaeralcea coccinea subspecies elata (Baker) 

Kearney, and later changed the subspecies designation to 

variety (1939). 

In summary, the Sphaeralcea coccinea group as per 

Kearney (1939) has three varieties and the following 

synonomy. 

Sphaeralcea coccinea (Nutt.) Rydberg 1913 
Malva coccinea Nutt. 1813 
Cristaria coccinea Pursh 1814 
Malva coccinea Nutt. 1818 
Sida coccinea D. C. 1824 
Malvastrum coccineurn Gray 1849 

Sphaeralcea coccinea var. dissecta (Nutt.) Kearney 1939 
Sida dissecta Nutt., in Torrey and Gray 1838 
Malvastrum coccineum var. dissectum Gray 1849 
Malvastrum dissectum Cockerell 1900 
Malvastrum dissecturn A. Nelson 1902 
Malvastrum cockerelli A. Nelson 1902 
Malvastrum micranthum Wooton and Standley 1912 
Sphaeralcea dissecta (Nutt.) Rydberg 1913 
Sphaeralcea coccinea subsp. dissecta (Nutt.) 

Kearney 1935 



Sphaeralcea Eoccinea var. elata (E. G. Baker) Kearney 
1939 

Malvastrum coccineum var. elatum E. G. Baker 1891 
Malvastrum elatum A. Nelson 1902 
Sphaeralcea elata (E. G. Baker) Rydberg 1913 
Sphaeralcea coccinea subsp. elata (E. G. Baker) 

Kearney 1935 
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CHAPTER III 

MORPHOLOGY 

The varieties in the Sphaeralcea coccinea group have 

been distinguished from each other primarily by leaf mor

phology and carpel characters (Kearney, 1935). In variety 

elata, the primary division of the secondary lobe is less 

than two-thirds as long as the mid-lobe (Fig. 1). The 

dehiscent part of the carpel is usually ascending deltoid, 

and more or less acute, forming one-third of the whole. 

The variety dissecta and the typical coccinea have secondary 

divisions two-thirds as long or longer than the mid-lobe and 

the dehiscent part of the carpel is usually horizontal, 

irregularly quadrangular, forming less than one-third of 

the whole. Vareity dissecta is usually densely pubescent 

with narrow divisions of the leaf blades. The typical 

variety coccinea has green leaves with broad divisions and 

less pubescence. 

The similarity in leaf morphology and carpel charac

ters of varieties coccinea and dissecta indicate their 

closer relationship than either to variety elata. Nelson 

(1902) felt that the var. elatum (E. G. Baker) should be a 

species because it was so different from the true 

Malvastrum coccineum. Rydberg (1913) retained this feeling 

in his transfer of Malvastrum elatum to Sphaeralcea elata, 

8 
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but Kearney (1935, 1939) submerged it back to subspecific 

status. Cockerell (1900) said that "in Wet Mountain Valley, 

Colorado, Malvastrum dissectum was common and passed for 

Malvastrum coccineum, which was not found there." Kearney 

(1935) noted that even in an individual plant both varieties 

may be expressed: the lower part of the plant with coccinea 

type leaves, and the upper part with dissecta type leaves. 

He speculated this was caused by increasing soil moisture 

stress as the plant developed. Kearney also found plants 

of the coccinea variety growing on the southern bank and 

the dissecta variety growing on the northern bank of the 

same road cut. The latter, a south-facing slope, would 

receive more sun, and thus be more xeric. Sphaeralcea 

coccinea populations in New Mexico were observed growing on 

the immediate roadside while, if var. dissecta was present, 

it grew away from the road. The immediate roadside plants 

were more luxuriant and possibly received additional runoff 

water from the road, while those away from the road received 

only natural rainfall. 

The degree of phenetic distinctiveness of the three 

varieties first must be established. The use of carpel 

characters would only separate the varieties into two groups 

according to Kearney's key (1935). The leaf characters, 

however, will distinguish all three varieties. For this 

reason, this study pursued the use of leaf morphology as 

the characters to separate varieties. 
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The three varieties were collected in their range of 

sympatry in Texas and New Mexico in the spring of 1974 and 

1975. Leaves were removed mid-stem on the plant from these 

pressed specimens. The leaves were then moistened in 2% 

Aerosol OT until soft. Four measurements were taken on 

each leaf (Fig. 1). Although Kearney (1935) used lobe 

length ratios in delineating the varieties, direct measure

ments were taken, which enhanced the separability of the 

varieties because of the statistical inaccuracy of using 

ratios (Atchley, personal communication). 

The data were evaluated using a Stepwise Discriminant 

Analysis program, BMD 07M (Dixon, 1971). The three varie-

ties were inserted as a priori groups. The program evalu-

ated each group and classified each piece of data as to 

whether it belonged in that group or in one of the other 

groups. The output for these analyses of groups is illus-

trated in Table 1. From this output, good separation of the 

three groups is apparent. Twenty percent of the var. 

coccinea type leaves were misclassified as var. dissecta 

type leaves, and only in one plant were a majority of the 

leaves classified as dissecta type leaves. This plant con-

tained six dissecta and four coccinea type leaves. Further 

input of ungrouped data resulted in correct placement into 

groups. BMD 07M also evaluated the data for a graphic plot. 

The coefficients for canonical variables generated for this 

plot are illustrated in Table 2. Applying these generated 



variables to the a priori group data, the program computed 

group means. The graphic plot for these results are 

illustrated in Fig. 2. The distance relationships illus

trated are Mahalanobis distances which show a closer 

phenetic relation of var. coccinea and var. dissecta than 

either to var. elata, and elata's closest relative is var. 

dissecta. These data evaluations illustrate two points: 

first, the varieties are phenetically separable using leaf 

morphology and second, the varieties coccinea and dissecta 

are more closely related than either is to elata. 

1 1 

The close phenetic relationship of var. coccinea and 

var. dissecta as shown by statistical analyses confirms the 

comments of Cockerell (1900) and Kearney (1935). Field 

observations in this study suggested that differing soil 

moisture levels on roadsides affected the morphological 

expression of the two varieties. 



CHAPTER IV 

SOIL MOISTURE 

To test this soil moisture level hypothesis, in 1975 

three study sites were established in New Mexico. The 

locations of the sites were: 1.4 miles south of US 285 on 

NM 41; 8.4 miles south of US 285 on NM 41; and .4 miles 

south of NM 472 on NM 41, all in Santa Fe County. Soil 

samples were taken at these locations at four different 

times: March, April, May, and July. Cores were taken from 

each location at varying distances from the road (Fig. 3). 

Sites A and B, the first and second locations, were known 

to have the two varieties coccinea and dissecta present, 

and the third location, C, was a previously uncollected 

site with only var. dissecta present. 

Soils samples were taken using a bucket type soil 

auger. Three depths were sampled: 0-15, 15-30, and 30-45 

centimeters. Samples were placed in soil moisture cans, 

sealed and returned to the lab for weighing. Each sample 

was then opened and dried for 48 hours at 105°C to obtain 

a dry weight. The can weight was then subtracted and 

percent moisture calculated. 

The moisture levels recorded for these months are 

illustrated in Figs. 4-8. Lower moisture readings in the 

0-15 em. level at the immediate roadside at the A and C 

12 



locations may be accounted for by the presence of surface 

gravel. Scattered snow was found during the March collec-

tion at all the locations. In April most of the snow had 

melted. The May collection had a slight rise in moisture 

in certain cores, possibly due to scattered rainfall the 

13 

day before. The July collection was made after considerable 

drying in the area. 

The data gathered indicated a seasonal drying from 

March to July with the moisture in the observed root zone 

(15-45 em.) of Sphaeralcea coccinea remaining very similar 

within each site. The type of root system observed was a 

shallow tap root with laterals from about 10 em. to below 

30 em. The laterals usually formed adventitious buds and 

new plants arose from them. The percent moisture in the 

root zone averaged 16.7% for March, 16.3% for April, 15.0% 

for May, and 9.1% for July. Further, the root zone mois-

tures were very similar for cores near the road versus 

those away from the road. For example, in April at site A, 

the moisture ranged from 15.2% to 22.4% with the immediate 

roadside being only 2% higher than the farthest core from 

the road. This similarity holds for the other data. Thus, 

the sampling indicates a gradual drying as the growing 

season progressed; however, the moisture present in the 

root zone was nearly equal at the immediate roadside and 

away from it. 

In addition to soil moisture data, field observations 
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indicated leaf morphology changes. In 1974, collections of 

only var. dissecta were made 11 meters to 15 meters off the 

road at site A. In 19 7 5, var. coccinea plants were found in 

this same area. The specimens used in the Discriminate 

Analysis as the a priori var. dissecta groups (La Duke 11149) -
were taken from this location in 19 7 4. These tendencies may 

be explained by the fact that 19 74 was a very dry year 

whereas 1975 had more rainfall. Although moisture was 

probably the major influencing factor of the varietal 

expressions, other factors may be involved. The roadbed 

may influence the plants immediately adjacent to it by 

affording them better drainage and looser soil for deeper 

root penetration. Further factors that may be involved are 

the degree of slope away from the roadbed, reflected radiant 

energy from the road, and mowing of the immediate roadside. 

To further test the water stress effect on the 

phenetic relationships of the three varieties, transplants 

were placed in an outdoor study plot at The Museum, Texas 

Tech University. Both clonal material and individuals of 

each variety were established. Each plant was trimmed, 

leaving only one or two leaves. Thus, all subsequent mate-

rial on the plants was new growth. Originally, the design 

of this experiment was to grow half the plants, about 

thirty, in a water stress condition, and the other half with 

optimum water. The stressed plants were not to be artifi-

cially watered after establishment, whereas the others would 



be irrigated periodically. This seemed to be a feasible 

experiment in this geographical region because of the gen

erally dry summers. However, excessive rains in June and 

July changed the design of the experiment to one of equal 

environments. The plants were allowed to grow one month 

15 

after a period of establishment and then were retrimmed and 

pressed as herbarium specimens. As in the natural popula-

tions, the leaves at mid-stem were removed and measured as 

before. The data was applied to the BMD 07M program, using 

the three previous a priori groups, to test the three varie

ties again for separability after uniform conditions. The 

output from these computations is illustrated in Table 4. 

The leaves measured came from 17 previously dissecta type 

plants, 19 previously coccinea type, and 24 elata type. 

The dissecta group yielded 54 leaves of which nine were 

identified as dissecta, five elata, and forty as coccinea. 

Of 62 leaves from the previously coccinea plants, one was 

identified as dissecta and the remainder coccinea. The 

elata group of eighty-seven leaves contained eight that were 

identified as coccinea leaves with the remaining seventy-nine 

being elata. 

These results indicate that leaf morphology of the var. 

dissecta plants, given adequate moisture, phenetically 

resemble var. coccinea type plants. Although the previously 

var. elata plants have a number of var. coccinea type 

leaves, the carpel morphology of var. elata distinguishes 



16 

it from var. coccinea. Additionally, the distinction 

between var. coccinea and var. dissecta plants could not be 

made without checking the identification tag, whereas var. 

elata was distinct morphologically. 



CHAPTER V 

FLAVONOID CHEMISTRY 

Chemical analysis of flavonoid compounds in this group 

was also undertaken. The procedures followed were those 

as outlined in Habry et al. (1970). Two-dimensional paper 

chromatograms were run on individuals from varietal popu-

lations. The chemical spot patterns exhibited between 

individual plants in one population was as variable as those 

found between varieties. Additional chromatograms of other 

Sphaeralcea species illustrated similar chemical patterns 

to those of the Sphaeralcea coccinea group. The spot pat-

tern for the Sphaeralcea coccinea group is illustrated in 

Fig. 9. The compounds represented are those most common to 

the three varieties. Spots numbered 1, 2 are probable 

flavone or flavanol carbon glycosides; 3, 4, 5, 6, and 7 

flavanol diglycosides; and 8, 9, 10, and 11 flavanones. 

These identifications are from position and color-color 

change with ammonia vapor (Table 4). Primarily because of 

the compound variation within one population, the flavonoid 

chemistry was not further pursued. 

17 



CHAPTER VI 

CYTOGENETICS 

The literature concerning the cytogenetics of the 

Sphaeralcea alliance indicated a base number of n=S, with 

other numbers in the genus Sphaeralcea being n=10, 15, and 

25 (Bates, 1968). Reported and previously unreported counts 

for the Sphaeralcea coccinea group are presented in Table 5. 

Webber (1936) reported one count for var. elata of n=S. 

Bates (personal communication) has additional unpublished 

counts of n~S for both var. dissecta and var. elata. This 

study used root tip squashes of plants grown from seed. 

Root tips were pretreated with Paradichlorbenzene (PDB) for 

three hours and then transferred to a fixative of 4:3:1 

(chloroform:ethanol:glacial acetic acid). The stain used 

was FLP orcein (Jackson, 1973). Plants with n=S were not 

found; however, 2n=20 for var. dissecta and var. elata and 

2n-30 for var. elata were both observed. These polyploid 

numbers in the group, especially var. elata, raise further 

questions as to the actual relations in the group. These 

may be polyploids or they may be artifacts of the PDB treat-

ment. Further chromosonal studies are needed before the 

significance of chromosome numbers in the group can be 

properly evaluated. 
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CHAPTER VII 

TAXONOMIC TREATMENT 

In conclusion, the var. elata herein remains a variety 

of Sphaeralcea coccinea and var. dissecta should be sub-

merged into the typical variety coccinea for several reasons. 

Variation in edaphic conditions, primarily increased water 

availability, results in previously var. dissecta type 

plants to phenetically appear as var. coccinea type plants. 

This is sho~n by field observations at the soil moisture 

sites and the results of the transplant site experiment. 

Further, the Discriminant Analysis of the three varieties 

shows a closer phenetic relationship of var. dissecta to 

var. coccinea than either to var. elata. The var. elata, 

however, remained distinct throughout the statistical analy-

sis and transplant site study while var. dissecta type 

plants grouped with var. coccinea. For these reasons, the 

taxonomic alignment of this group is as follows: 

Sphaeralcea coccinea (Nutt.) Rydberg, Bull. Torr. Bot. 
Club, 40(2):43-74. 1913. 

Malva coccinea Nutt., Fraser's Catalogue, 1913. 
Cristaria coccinea Pursh, Fl. Am. Sept., 2:453-454. 

1814. 
Malva coccinea Nutt., Gen., 2:81-82. 1818. 
Sida coccinea D. C., Prodr., 1:465. 1824. 
Sida dissecta Nutt., in Torrey & Gray, Fl. N. Am., 

1:235. 1838. 
Malvastrum coccineum Gray, Mem. Am. Acad., n. ser., 

4:21, 24. 1849. 
Malvastrum coccineum var. dissectum Gray, Mem. Am. 

Acad., n. ser., 4:21, 24. 1849. 
Malvastrum dissectum Cockerell, Bull. Torr. Bot. 

Club, 27:87, 88. 1900. 

19 



Malvastrum dissectum A. Nelson, Bot. Gaz., 34:24. 
1902. 

Malvastrum cockerelli A. Nelson, Bot. Gaz., 34:24. 
1902. 

20 

Malvastrum micranthu~ Wooten & Standley, Contr. U.S. 
Nat. Herb., 16:147. 1912. 

Sphaeralcea dissecta (Nutt.) Rydberg, Bull. Torr. 
Bot. Club, 40(2):58. 1913. 

Sphaeralcea coccinea subsp.· dissecta (Nutt.) Kearney, 
Univ. Calif. Publ. Bot., 19:96-97. 1935. 

Sphaeralcea coccinea var. dissecta (Nutt.) Kearney, 
Jour. Wash. Acad. Sci. 29(11):486. 1939. 

This taxon is distinguished by hemispheric fruit with 

thick carpels, with the reticulate part forming two-thirds 

or more of the carpel, much wider than the dehiscent part. 

The secondary division of the leaf blades are usually two-

thirds or more the length of the primary division. The 

divisions usually range from highly dissected and heavily 

pubescent in drier regions of the southwest United States 

or under water stress conditioning, to wider, green, with 

less pubescence in the more mesic regions. 

Type Locality ---- "Dry prairies and extensive plains of 
the Missouri . . v. s. Herb. Lewis" (Kearney, 1935) 
(not seen). 

Distribution ---- From southern Alberta to Manitoba, Canada, 
south through central North and South Dakota to eastern 
Nebraska, Kansas, Oklahoma, to central west Texas, 
north through western New Mexico, eastern Arizona, 
central Utah, Idaho, to Canada (Fig. 10). 

Selected specimens examined. 
CANADA. Saskatchewan. Goodwater, Bird 44 (OKL). 
MEXICO. Chihuahua, Stewart 2381 (TEX). 
KANSAS. Ellis Co., Crockett 91 (OKL). 
NORTH DAKOTA. Billings Co., Demaree 58389 (SMU). 
NEBRASKA. Cherry Co., Isely 6061 (SMU), Cheyenne Co., 
Stephens, S. 5295 (SMU}, Custer Co., Iltis 7115 (SMU). 
COLORADO. Fremont Co., Inglis 144 (SMU). 
TEXAS. Hansford Co., Cutter 5 (OKL), Winkler Co., 
Stuessy 173 (TEX), Pecos Co. ,-Whitehouse 19727 (SMU). 



0 K LA H 0 }1 A . B e c k h am C o • , C r o o k ? 6 5 ( 0 K L ) , J a c k s o n Co . , 
Demaree 12221 (OKL). 
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NEW MEXICO. San Miguel Co., Cockerell, Aug. 1899 (NMC), 
Chaves Co., Shinners 33093 (SMU), Guadalupe Co., 
Kelting 306 (OKL), Santa Fe Co., Cockerell, Santa Fe 
1898 (NMC). 
WYOMING. Carbon Co., Reed 754 (OKL), Albany Co., Eskew 
155 (OKL). 
MONTANA. Carter Co., Demaree 58367 (SMU). 
SOUTH DAKOTA. Mellette Co., Crook 24 (OKL). 
UTAH. Duchesne Co., Graham 9292 (OKL), Wayne Co., 
McVaugh 14443 (SMU). 

Sphaeralcea coccinea var. elata (E. G. Baker) Kearney, 
Jour. Wash. Acad. Sci. 29(11):486. 1939. 

Malvastrum coccineum var. elatum E. G. Baker, Jour. 
Bot. Brit. and For. 29:171. 1891. 

Malvastrum elatum A. Nelson, Bot. Gaz., 34:25. 
1902. 

Sphaeralcea elata (E. G. Baker) Rydberg, Bull. Torr. 
Bot. Club, 40(2):58. 1913. 

Sphaeralcea coccinea subsp. elata (E. G. Baker) 
Kearney, Univ. Calif. Publ. Bot., 19:97-99. 
1935. 

This taxon differs from the typical variety by having the 

dehiscent portion of the carpel usually ascending, deltoid, 

about one-third of the whole, and the secondary leaf lobes 

usually less than two-thirds the length of the primary lobe. 

The plants are usually taller than the typical variety, and 

with more open inflorescences. 

Type Locality ---- Western Texas to El Paso. C. Wright #41, 
October, 1849. Holotype, British Museum? (Kearney, 
1935). Photo! probable isotypes MO!, US!, NY!. 

Distribution ---- Southwest Wyoming, eastern Utah, south 
through New Mexico and in west Texas, usually at 
higher elevations (Fig. 10). 



Selected specimens examined. 
TEXAS. Archer Co., NcCart 830 (SMU), Jeff Davis Co., 
Cory 52039 (SMU), Pecos Co., Warnock 13267 (TEX), 
El Paso Co., Whitehouse 8399 (TEX), Presidio Co., 
Lundell, f. L. & A. A. Lundell 14277 (TEX), Ward Co., 
Lundell, f. L. & A. A. Lundell 11383 (TEX), Brewster 
Co., Warnock 5519 (SMU). 
NEW NEXICO. Socorro Co., Herrick June, 1805 {NMC), 

22 

San Miguel Co., Standley 5039 (NMC), McKinley Co., 
Wooton 2667 (UNM), Dona Ana Co., Medler, 4-16-36 (NMC), 
Grant Co., Wooton, July, 1906 (UNM), Lincoln Co., 
Wooton & Standley, Aug., 1907 (NMC), Chaves Co., 
Christiansen 1248 (UNM), Eddy Co., Rinehart 6111 (OKL), 
Sandoval Co., Walton 8 (UNM). 

Doubtful and excluded species: 

Malvastrum dissectum Harvey, Flora Capensis 1:164. 
1859. 

This taxon was excluded because Harvey does not cite 

any North American species in synonomy and Cockerell (1900) 

states it is not related to the North American species. 



Baker, E. G. 
Halveae. 
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Figure 1. Leaf outlines of typical leaves. Measurements 
for statistical analysis were taken as illus
trated: 

MID LE~J = midlobe length 
MID WID = midlobe width 

notch 
SEC LEN = secondary lobe 
SEC WID = secondary lobe 

last notch 

A var. elata 
B var. coccinea 
C var. dissecta 

above the last 

length 
width above the 
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Figure 2. Projection of the group means onto the first 
two canonical axes. The distances between 
group means are Mahalanobis distances. 
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Figure 3. Profile of soil collection sites A, B, and C. 
The road is at the left margin and the distance 
from the road of each core is labeled in meters. 
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Figure 4. Percent soil moisture for March, April, May, 
and June at cores Al and A2. 

X = 0-15 em 
Y = 15-30 em 
Z = 30-45 em 
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Figure 5. Percent soil moisture for March, April, May, 
and June at cores A3 and A4. 

X = 0-15 em 
Y = 15-30 em 
Z = 30-45 em 
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Figure 6. Percent soil moisture for March, April, May, 
and June at cores Bl and B2. 

X = 0-15 em 
Y = 15-30 em 
Z = 30-45 em 
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Figure 7. Percent soil moisture for March, April, May, 
and June at cores B3 and C1. 

X = 0-15 em 
Y = 15-30 em 
Z = 30-45 em 
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Figure 8. Percent soil moisture for March, April, May, 
and June at cores C2 aad C3. 

X = 0-15 em 
Y = 15-30 em 
Z = 30-45 em 
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TABLE 1. Coefficients for Canonical Variables 

Original 
Variable 

1 

2 

3 

4 

1 2 

0.42514 -0.02383 

-0.56951 -1.09577 

-0.52429 0.11363 

-0.00458 -0.01487 

TABLE 2. Group Identification 

Original 
Group 

elata 

dissecta 

coccinea 

Number Identified in Each Group 
elata dissecta coccinea 

111 3 5 

0 107 13 

2 32 120 

TABLE 3. Identification of Study Site Plants 

Previous 
Identity 
and Number 
of Leaves 

elata 87 

dissecta 54 

coccinea 62 

Number Identified in Each Group 
elata dissecta coccinea 

79 0 8 

5 9 40 

0 1 61 
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TABLE 4. Sphaeralcea coccinea group Flavonoids 
Color, Rf, and Color Change 

Compound 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Rf 

.25/.21 

.37/.26 

.13/.58 

.07/.66 

.14/.70 

.32/.79 

.32/.61 

.69/.28 

.75/.34 

.69/.47 

.72/.40 

Color/UV Change/NH 3 

p y 

p y 

p y 

p y 

p y 

p y 

p y 

p y 

p YG 

p y 

p YG 

p = purple, Y = yellow, YG = yellow-green 
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Figure 9. Two dimensional paper chromatogram of the most 
frequently appearing flavonoid compounds in the 
Sphaeralcea coccinea group. 
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TABLE 5. 

Variety 

elata 

dissect a 

dissect a 

elata 

dissecta 

elata 

elata 

elata 
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Chromosome Numbers for the Sphaeralcea coccinea 
Group 

Locality and Collector Number 

Patterson, N. Mexico n=5 

New Mexico: Socorro Co.: n=5 
US 380, ca. 25 mi. east 
of Carrizozo. 10 June 
1968. D. M. Bates & 
0. J. Blanchard 2992 

New Mexico: Catron Co.: n=5 
US 60, ca. 44 mi. east 
of Springerville, 10 June 
1 9 6 8 • D • ~1 • B a t e s an d 
0. J. Blanchard 2984 

Texas: Brewster Co.: n=S 
US 90, 5. 7 mi. west of 
Alpine, 4 June 1968, 
D. H. Bates & 0. J. 
Blanchard 2914 

Lincoln Co., N. Mex. 2n=20 
2.8 mi. N of US 380 on 
US 54. June 8, 1975, 
J. C. La Duke & B. H. 
La Duke 3488 

Lincoln Co., N. Mex. 
2.8 mi. N of US 380 on 
US 54. June 8, 1975, 
J. C. La Duke & B. H. 
La Duke 348E 

Lincoln Co., N. Mex. 
5 . 7 mi . S of NM 14 of 
US 54 J. C. La Duke & 
B. H. La Duke June 8, 
1975 #356 

Eddy Co., N. Mex., 
25 mi. E of NM 13 on 
US 82, J. C. La Duke, 
B. H. La Duke #166 

2n=20 

2n=20 

2n=30 

Reported by 

Webber 

Bates* 

Bates* 

Bates* 

La Duke* 

La Duke* 

La Duke* 

La Duke* 

*Unreported counts 
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Figure 10. Distribution of Spharealcea coccinea group. 

-·-
Typical variety 
var. elata 
area of concentration for more dis
sected leaf morphology of the typical 
variety. 
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