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FLORA OF PANAMA

Part V. Fascicle 3

LEGUMINOSAE 1

Subfamily Caesalpinoideae (Caesalpinaceae of many authors)

Trees, shrubs, or less frequently vines or herbs. Leaves usually compound,

mostly pinnate, not infrequently bipinnate or occasionally unifoliate. Inflorescence

mostly terminal or subterminal, usually racemose or paniculate of several racemes.

Flowers mostly yellow or red; calyx usually with a short tube scarcely distinguish-

able from the receptacular base, mostly polysepalous and 5-parted above, in

Swartzia rupturing irregularly; petals 5, infrequently fewer or absent, imbricate,

the uppermost within the others in bud; stamens usually 10, sometimes fewer,

rarely more numerous; filaments usually not united; ovary free or adnate to the

calyx-tube, sessile or stipitate. Legume of diverse types.

A subfamily of attractive plants well represented in the tropics, of which many

genera are of significant economic or ornamental interest. This subfamily received

considerable attention from Bentham, whose masterly comprehension of the genera

has to a great extent been accepted in later works. Britton and Rose have worked

out the "Caesalpinaceae" for the 'North American Flora', but it is difficult to

accept the multitude of segregate genera recognized by these authors, many of

which are poorly delimited and nearly impossible to locate with confidence by use

of the keys.

a. Calyx entire, closed in bud, rupturing in anthesis; petals usually 1,

sometimes lacking; leaflets 1- to 5-foliolate (in Panama), odd-pinnate

fC. „% 1. SWARTZIA
(Swartzieae) •— -••

;

"";

aa. Calyx synsepalous to polysepalous, opening normally in anthesis; petals

various but usually 5 (if lacking, leaflets even-pinnate),

b. Leaves simple, 2-lobed, or rarely 2-foliolate from an apical petiolar

callus (thus "leaflets" contiguous, epetiolulate, the leaf appearing

profoundly 2-lobed) (Bauhinieae) 2. Bauhinia

bb. Leaves pinnate, bipinnate, or obviously 2-foliolate.

c. Leaves pinnate or 2-foliolate.

d. Anthers dorsifixed, versatile, longitudinally dehiscent.

e. Calyx without thickened base, synsepalous for at least a short

distance above the receptacular portion.

f. Leaflets many, small (2 cm. or less); perfect stamens 10;

ovary short-stipitate, the stipe adnate to one side of the

calyx; legume membranaceous, indehiscent (Poeppigieae).

To be expected in Panama - 3. Poeppigia

ff. Leaflets few, large (6-18 cm.) in Panamanian species;

stamens 10, or 5 and staminodes 5; ovary sessile or nearly

so; legume woody, 2-valved.

g. Stamens 5, staminodes 5; flowers larger (about 6 mm.

long), complete (Moreae) 4. Mora

issued March 22, 1951. Continued from Ann. Mo. Bot. Gard. 37:314 (Fl. Panama 5^:300).

1950.
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gg. Stamens 10; flowers smaller (about 2.5 mm. long),
apetalous (apparently complete because of calyx-like
bracts) 8. Prioria

ee. Calyx polysepalous above a thickened reccptacular tube or
disc-like base.

f. Calyx with a short or small receptacular base; ovary es-

sentially free from the calyx or receptacle (Cynomi treak
except Nos. 5 and 21).

g. Petals 5 or 3 (see Prioria).
h. Petals 3; filaments united basally; legume winged from

upper suture; leaflets a few pairs, several cm. long
(Phyllocarpeaf)

5t Phyllocarpus
hh. Petals 5; filaments free; legume not winged; leaflets

either smaller or of a single pair.

i. Leaves mostly 6- to 8-foliolate; leaflets small, strongly
obovate; legume thin, flat (Caesalpinieae) 21. Haematoxylon

ii. Leaves 2-foliolate; leaflets larger, elliptic; legume
turSid

; 6. Cynometra
gg. Petals lacking (sepals simulating petals in Prioria).

h. Calyx 4-parted, ebracteate in anthesis; leaflets several,

smaller
- 7. Copaifera

hh. Calyx 5-parted, conspicuously bracteate; leaflets 4,
larSc 8. Prioria

ii. Calyx with a pronounced, gross, tube-like receptacular base,
to which the stipe of the ovary is variously adnate (Am-
herstieae).

g. Leaflets 1 pair (in Panama); stipe of the ovary at least

basally adnate to the stocky receptacular tube,

h. Petals 5, subequal; fertile stamens 10.

i. Stigma dilated; legume about 3 cm., 2-valved,
compressed or flattened; flowers small 9. Peltogyne

ii. Stigma small; legume large, indehiscent,

flowers large 10 . Hymenaea
hh. Upper petal large, the others rudimentary or lacking;

fertile stamens 3 H. Macrolobium
gg. Mature leaflets 2 to many pair; stipe of the ovary adnate

the length of the elongate receptacular tube,

h. Leaflets large, relatively few; inflorescence condensed,
subcapitate, sheathed by large bracts; fertile stamens
10 or more.

i. Flowers with conspicuous calycine, ensheathing bract-
lets; stamens less than 12 (in Panama) 12. Brownea

ii. Flowers without united ensheathing bractlets; sta-

mens 14-16 (in Panama) n. Browneopsis
hh. Leaflets small, many; inflorescence expanded, race-

mose; fertile stamens 3 14. Tamarindus
dd. Anthers basifixed, opening by terminal pores or slits (Cassieae).

e. Petals 1-2 and minute, or lacking 15. Dialium
ee - Petals

^
5 16 . Cassia

cc. Leaves bipinnate (Caesalpinieae).
d. Flowers very large, the petals about 6 cm. long; legume ligneous,

elongate, frequently 4-6 dm. long. Introduced ornamental 17. Delonix
dd. Flowers smaller, the petals at most about 2 cm. long; legume

scarcely ligneous, less than 1.5 dm. long.

e. Stigma peltate; legume narrowly winged on both margins;
leaves and inflorescence densely ferruginous (in Panama).
Introduced tree

1 8 . Peltophorum
ee. Stigma not peltate nor expanded; legume not winged; leaves

and inflorescence rarely ferruginous (in Panama in Cacsalpinia
eriostachys only).

f. Ovary unilaterally adnate to calyx-tube; calyx-tube appear-
ing oblique or "lop-sided"; spatulate legume samaroid with
a solitary apical seed; unarmed tree, the leaves very large. .. 19. Schizolobium
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ff. Ovary free in calyx-tube from basal insertion; calyx-tube

equilateral; legume not spatulate and samaroid with a single

apical seed; armed or unarmed tree, the leaves mostly mod-

erate.

g. Plants unarmed or armed irregularly with recurved

thorns; leaves with a conspicuous primary rachis several

cm. long; outermost calyx-lobe cucullate or subcucullate

(in Panama) 20. Caesalpinia

gg. Plants xeromorphic, usually prominently spined at the

nodes; leaves with a reduced or obsolete primary rachis;

calyx-lobes, except in Hacmatoxylon, about equal,

h. Outermost calyx-lobes cucullate; legume with a con-

spicuous excentric lateral suture; primary leaf rachis

usually obsolete 2 1 . Haematoxylon
hh. Outermost calyx-lobes about equal, not cucullate;

legume with marginal sutures; primary leaf rachis

mostly present although often modified.

i. Petiole and rachis distinct from nodal spines; rachis

of pinna terete; legume flattened, not torulose; to

be expected in Panama 22. Cercidium

ii. Petiole and rachis of leaf very short or almost ob-

solete, consisting at least in part of a prominent

spine; rachis of pinna flat; legume torulose 2 3. Parkinsonia

1. SWARTZIA Schreb.

Swartzia Schreb. Gen. Pi. 2:518. 1791, nom. conserv.

Tannatea Aubl. PI. Guian. Franc. 1:549, pi. 2lS. 1775.

Possira Aubl. loc. cit. 2:934, pi. 355. 1775.

BJttera Schreb. loc. cit. 1:364. 1789; Sw. Fl. Ind. Occ. 935, /. 16. 1800.

Hoelzelia Neck. Elem. 3:62. 1790.

Riveria HBK. Nov. Gen. & Sp. 7:266, pi. 659-. 1825.

Dithyria Benth. in Hook. Jour. Bot. 2:89. 1840.

Fairchildia Britt. & Rose, in N. Am. Fl. 23:348. 1930.

Several other synonyms have been given for Swartzia (vide Dalla Torre & Harms,

Index Kew.).

Small trees, usually glabrous and with 1- to 5-foliolate leaves (in Panama).

Smaller branches usually conspicuously lenticellate. Leaves monofoliolate or pin-

nate, stipulate, with petiole and rachis (if present) usually obsagittate-alate or at

least angled; leaflets ovate to elliptic, membranaceous to coriaceous, prominently

veined, with principal lateral veins anastomosing towards the margin; petiolules

(in Panama) short and terete. Inflorescence few- to many-flowered, bracteate;

buds diagnostic, clavate-pedicellate, globose, entire and (calyx) rupturing into

3-5 irregular sections at anthesis. Flower apetalous or 1-pctalate, petal usually

large and suborbicular, clawed; stamens usually many, generally of two sorts,

fewer (less than 15) larger and longer ones ventrally, with many smaller and

somewhat shorter ones above; anthers versatile, with conspicuous connective.

Legume 1- to few-seeded, short or elongate, subterete to flattened.

A distinctive genus among Panamanian Leguminosae, easily recognized by the

entire buds and mono- or apetalous flowers. However, specific bounds within sec-

tions of the genus have not been clear, and a number of "species" have had to be

condensed here as S. simplex.

(303)
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Fig. 105. Swartzia panamcnsis

Predominantly neotropical from Mexico to southern South America; Africa

Common in Amazon basin, especially along the upper Rio Negro.

a. Flowers apetalous; leaves large, terminal leaflet generally 15-3 cm.
long; legume elongate, slender 2. S. nuda

aa. Flowers monopetalate; leaves smaller, terminal leaflet generally 6-20
cm. long; legume short, or large and broad.

b. Inflorescence elongate, usually 20-40 cm. long, many-flowered;
legume flat, broad 1. S. panamensis

bb. Inflorescence short, usually less than 10 cm. long, few-flowered;
legume subterete, turgid.

c. Petal little if any longer than the calyx; stamens relatively few
(18-20) 3. S. ARBORESCENS

cc. Petal much longer than the calyx; stamens many.
d. At least some leaves 3-foliolate; flowers relatively less robust,
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petal usually less than 2.5 cm. wide 4. S. simplex
Var. DARIENENSIS

dd. Leaves 1-foliolate; flowers robust, petal often more than 3 cm.

wide 5. S. simplex

1. Swartzia panamensis Benth. in Mart. Fl. Bras. 15 2 :38. 1870.

Swartzia pinnata Seem. Bot. Voy. Herald, 113. 1853, nee Willd., nee Willd. ex Vog., nee

Rittera pinnata Vahl.

Tounatea panamensis (Benth.) Taub. in Bot. Centralbl. 47:392. 1891.

Faircbildia panamensis (Benth.) Britt. & Rose, in N. Am. Fl. 23:348. 1930.

Trees to 20 m. tall, branchlets glabrous, conspicuously lenticellate. Leaves

large, 5-foliolate; stipules lanceolate, 1-2 mm. long; petiole subterete to angular,

1-6 cm. long; rachis not winged, 2.5-9 cm. long; leaflets glabrous to lightly

pubescent below along chief nerves, ovate-lanceolate to elliptic-lanceolate, long

caudate-acuminate apically and broadly acute basally, 4-20 cm. long and 1.5-7

cm. broad, submembranaceous, prominently nerved beneath; petiolules gross, sul-

cate above, 3-7 mm. long. Inflorescence many-flowered, up to 40 cm. long;

peduncle lightly pubescent, somewhat angled; pedicels 1.3-2.5 cm. long; mature

buds globose, verrucose, 7-9 mm. in diameter. Flowers 1-petalate; petal yellow,

irregularly orbicular, dentate-fimbriate marginally, up to about 3.8 cm. long and

broad, claw about 7 mm. long; calyx rupturing irregularly into 3-5 reflexed lobes;

stamens many, apparently subequal, 8 or so lower filaments thicker than the rest,

up to 1.5 cm. long; anthers bilocular, apically acute-subcaudate, up to 5 mm. long

in larger anthers. Legume large, broad, flat, beaked, 2-2.5 dm. long and up to 1

dm. wide, splitting first along the ventral suture, the valves thick and somewhat

elastic; seeds few, large, flattened, oval, 6-8 cm. in diameter, exarillate.

Panama and Honduras.

canal zone: Gatun River valley, Pittier 6511; between R. Pequeni and R. Indio,

Steyermark # Allen 16786; Quebrada Ancha, Dodge & Steyermark 16786a; Trinidad

River, Pittier 4019. darien: mouth of Rio Yape, Allen 324. san blas: Puerto Obaldia,

Pittier 4324.

2. Swartzia nuda Schery, in Ann. Mo. Bot. Gard. 30:92. 1943.

Glabrous trees with terete branches. Leaves 3- to 5-foliolate; petiole (with

rachis) 10-13 cm. long, flattened above and 2-3 sulcate, swollen at the nodes;

leaflets elliptic, 14-32 cm. long, 6-13 cm. broad, acute or obtuse basally, acute and

briefly attenuate apically, with about 12-20 confluent, arcuate, scarious-pubescent,

lateral nerves; petiolules terete, canaliculate above, 4-8 mm. long. Inflorescence

axillary from non-foliate nodes, spicate, many-flowered, 5-16 cm. long, short-

pubescent; pedicels 1-1.5 cm. long; buds globular, about 6 mm. in diameter.

Flowers apetalous; calyx rupturing into 3-5 irregular lobes; stamens many, gla-

brous, in 2 series, shorter ones 1—1.5 cm. long, longer ones 1.9-2.1 cm. Ion

anthers bilocular, smaller ones 1.5-1.8 mm. long, larger ones 2-2.5 mm. long;

ovary glabrous, linear-stipitate, including the style 2-3 cm. long; ovules about 13;

style 6-7 mm. long; stigma truncate-capitate. Legume elongate, 12-20 cm. long,

subterete, stipitate, apically attenuate; loculi 1-2, 1.3-2 cm. broad, interlocular

constriction 0.2-1 cm. broad; seeds arillate, about 5 cm. long and 0.7 cm. broad.

(305)
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Fig. 106. Suartzia nuda

Northwestern Panama.

bocas del toro: Isla Colon, von Wedel 1073, II07> J - 24> Water Valley, ton Wedel

909, 957 > 1727-

3. Swartzia arborescens (Aubl.) Pittier, in Jour. Wash. Acad. 11:157. 1921.

Possira arborescens Aubl. Pi. Guian. Franc. 2:934, pi. 355. 1775.

Possira Mphylla Sw. Prodr. Veg. Ind. 82. 1788.

Rittcra

W
1800.

1800.

H 1825, fide Index Kew., Hemsley, Britton.

Toufiatea arborescens (Aubl.) Britton, in Bull. Torrey Bot. Club 16:325. 1889

Swartzia rariflora Hoehne, in Comm. Linh. Teleg

5, Bot. pt. 12:16, pi 1S8. 1922, fide Ducke.
Annexo
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Tree to 10 m., branchlets glabrous to pubescent. Leaves glabrous, 1- to 3-

foliolate; stipules setaceous; petiole with rachis 1-4 cm. long; rachis narrowly

winged, auriculate at least at articulation of terminal leaflet; leaflets ovate to ovate-

elliptic, rounded or cuneate at the base, obtusely short-acuminate, subcoriaceous,

lustrous, the terminal leaflet 5-10 cm. long. Inflorescence axillary or terminal;

the short slender, glabrous peduncles with 2-4 flowers; pedicels filiform, 1-1.5 cm.

long; bracts small, setaceous; buds glabrous, subglobose, hardly 4 mm. in diameter.

Flowers 1-petalate; petal orbicular, unguiculate, a little longer than the calyx;

stamens 18-20, almost all equal, twice longer than the calyx; anthers ovate; ovary

stipitate, narrow, glabrous, 5- to 6-ovulate, attenuate to a short style; stipe a little

shorter than the calyx. Legume short-stipitate, obliquely ovoid, long-acuminate,

4-5 cm. long, thick and carnose; seed obliquely ovoid, the aril lacerate.

Panama (fide Seemann) ; northern South America from Colombia to Brazil.

No Panamanian specimen of S. arborescent has come to our notice. Possibly

the species was incorrectly reported from Panama by Seemann (Bot. Voy. Herald,

112. 1853), as S. triphylk, and does not really exist there. The above description

is after Pittier (in Jour. Wash. Acad. 11:157. 1921).

4. Swartzia simplex (Sw.) Spreng. var. darienensis (Pittier) Schery, comb.

nov.

Swartzia dariencmis Pittier, in Jour. Wash. Acad. 11:159. 1921.

Swartzia myrtifolia Pittier, loc. cit. 158. 1921 (in part), not S. myrtifolia J. E. Smith, in

Rees, Cycl. 34:no. 5. 1819, fide Britton.

?Swartzia trifolia Pittier, loc. cit. 158. 1921.

Tounatea snbeoriacea Britt. in N. Am. Fl. 23:345. 1930.

Tounatea cuneata Britt. loc. cit. 346. 1930.

Trees 15 m. tall, upper branches glabrous, prominently lenticellate-dotted.

Leaves glabrous, 1- to 5-foliolate; stipules linear, 1-5 mm. long; petiole narrowly

obsagittate-winged, 0.5-3 cm. long, gross and terete near the axil, wing expanded

,md auriculue at insertion of petiolule(s) ; rachis, if present, similarly alate and

more prominently so, wing at juncture of terminal leaflet 1.5-3 mm. wide, auricled;

leaflets elliptic, abruptly acute or bluntly acuminate apically, cuneate to subobtuse

basally, membranaceous or submembranaceous, prominently reticulate-veined;

lateral leaflets (if present) usually about 4-8 cm. long and 2-5 cm. broad; terminal

leaflet 6-20 cm. long and 3-7 cm. broad; petiolules 2 mm. or less long, terete. In-

florescence 3- to 8 -flowered, bracteate, axillary or (less often) terminal on upper

branchlets; bracts bidentate, dentae linear-lanceolate, about 1 mm. long; peduncles

1-6 cm. long, subterete, lightly pubescent; pedicels glabrous, 0.5-1.5 cm. long;

buds globose, up to 8 mm. in diameter. Flowers 1-petalate, petal yellow, cordate-

suborbicular, about 23 mm. wide; calyx splitting into 3-4 irregularly ovate sec-

tions up to 1 cm. long, scurfy within, glabrous without; stamens many; anthers

bilocular, basally versatile, larger ones about 2 mm. long, with conspicuous dark

connective; filaments glabrous, about 10 of them grosser and longer than the

others, up to 2 cm. long; ovary stipitate, stipe 4-7 mm. long, up to 13-ovulate;

(307)
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style glabrous, about 6 mm. long; stigma obscurely bilobate. Legume glabrous,

obliquely ovoid, caudate-beaked, apparently 2-valved, about 3.2 cm. long, 1.6-1.8

cm. broad and 1.2-1.6 cm. thick; seed 1, reniform, conspicuously arillate, about

2.5 cm. long.

Endemic to Panama.

canal zone: Mamei Hill, Pit tier 3800 (type), darien: vicinity of La Palma,
Pittier 6676; near mouth of Rio Yape, Allen 323. Panama: vicinity of Campana, Allen
2145; Taboga Island, Macbride 2801. pearl islands: Trapicho Island, Allen 2621.

pi so interpreted

from description analysis evaluated in the light of study of what specimens are

rtifoliavaiilable.

group appears to be, it seems unjustifiable to base specific delimitation upon char-

acters of rachis-wing venation, minor differences in leaf size and shape, distinction

between subcoriaceous and membranaceous leaves, etc. Specimens seen show inter-

gradation on all such characters, often on the same sheet.

Possibly complete monographic study would show S. simplex var. darienensis

to be synonymous with some other name, perhaps older than the Pittier publication

of S. darienensis. However, for the present there seems no practical alternative

but to accept the Pittier name, reduced to varietal status, as inclusive of several

newer Britton species, as well as (doubtfully) Pittier's S. trifolia. It is probable

that S. trifolia should be listed as a separate variety of S. simplex, but inasmuch as

the type is without flowers no such step is here taken. A clear-cut delimitation

between S. simplex var. darienensis and S. simplex is virtually impossible.

5. Swartzia simplex (Sw.) Spreng. Syst. Veg. 2:567. 1825.

Possira simplex Sw. Prodr. Veg. Ind. 82. 1788.
Rittera simplex (Sw.) Vahl, Symb. 2:60. 1791.
Rittera grandiflora Vahl, Eclog. 2:37. 1798 (see Excluded Species).

Swartzia simplicifolia Willd. Sp. Pi. 2:1219. 1800.
Swartzia grandiflora (Vahl) Willd. Sp. Pi. 2:1220. 1800 (see Excluded Species).
Tounatea simplex (Sw.) Taub., in Bot. Centralb. 47:391. 1891.
Tounatea penomenensis Britt. N. Am. Fl. 23:343. 1930.
Tounatea Pittieri Britt. loc. cit. 344. 1930.
Tounatea gatunensis Britt. loc. cit. 344. 1930.
Tounatea Williamsii Britt. loc. cit. 345. 1930.
Tounatea Hayesii Britt. loc. cit. 345. 193 0.

Small tree to 10 m. tall, branchlets glabrous. Leaves 1-foliolate, stipulate,

glabrous; petiole 2-20 mm. long, terete (especially basally) to narrowly alate-

auriculate (especially apically) ; leaflet usually subcoriaceous, elliptic to ovate-

lanceolate, bluntly acute to acuminate apically, rounded to cuneate basally, 4-20

cm. long, 2-8 cm. broad, with chief lateral nerves subparallel but confluent mar-

ginally; petiolule about 1 mm. or less long, terete. Inflorescence 2- to 6-flowered,

axillary or terminal, up to 10 cm. long, with axis lightly pubescent to glabrous;

pedicels 5-20 mm. long, bearing globose buds about 8 mm. in diameter. Flower

yellow, 1-petalate; petal irregularly orbicular, usually about 3 cm. tall and at least
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Fig. 107. Swartzia simplex

as broad, claw about 5 mm. long; stamens of 2 types, 8-12 larger longer ones at

least 2 cm. long, and many shorter smaller ones less than 1.5 cm. long; anthers

oblong, truncate, basally versatile, larger ones about 2 mm. long, smaller ones

about 1 mm. long; ovary arcuate, long-stipitate, glabrous. Legume sigmoid-ovoid

to asymmetrically oblongoid, subterete, up to 6 cm. long, attenuate-beaked, usually

1 -seeded; seed prominently arillate, oblong-ovoid.

Central America and West Indies.

bocas del toro: Chiriqui Lagoon, von Wedel 1400. canal zone: Ancon, Piper

60241 Barro Colorado Island, Shattuck 808, Standley 41013, 40839; Fort Kobe Road, Allen

1888 • Victoria Fill, Allen 1710. cocle: Penonome, Williams 39^>- colon: Tumba Vicja,

Dodge, Steyermark & Allen 16925. darien: Marraganti, Williams 995- Panama: Pacora,

Bro. Paul 333; Chepo, Kluge 2. san blas: Perme, Cooper 650.

This species is listed as S. simplex following more or less the concept of Pittier

(in Jour. Wash. Acad. 11:157. 1921). Several of the Britton species are listed as

synonyms following Pittier and from description analysis, without the types having

been seen. Again S. simplex may not be the correct name, but serves as a con-

venient catch-all until monographic study can determine more precisely the specific

limits of certain ill-defined sections of the genus. The species as here considered

(309)
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encompasses a number of intergrading and indefinite forms. It likewise grades
into S. simplex var. darienensis, and some names and specimens that possibly could
refer to the latter are included here.

EXCLUDED OR DUBIOUS SPECIES

SVARTZIA MYRTIFOLIA J. E. Smith in Rees, Cycl. 34:no. 5. 1819, was con-
sidered by Pitticr (Jour. Wash. Acad. 11:158. 1921) as occurring in Panama.
Britton, however, believed plants referred by Pittier to this name to be a new
species (Tounatea enneata), which is here treated as a synonym of S. simplex var.

darienensis. On the basis of plants seen and Britton's conclusion that the
rtifol

true

West Indian S. tnyrfif

W. lid. Sp. PL 2:1220. 1800, is referred to by Hemsley
(Biol. Centr.-Am. Bot. 1:322. 1879-88) as occurring in Panama. However,
neither Pittier (in Jour. Wash. Acad. 11:155-60. 1921) nor Britton and Rose (N.
Am. Fl. 23:342-49. 1930) mention this name, even as a synonym, and Britton
and Killip (in Ann. N. Y. Acad. Sci. 35:192. 1936) record it by name doubtfully
in Colombia. 'Index Kewensis' (after? Benth. in Marthas, Fl. Bras. 15 2

:18. 1870)
regards S. simplex to a synonym of S. grand,flora, and Vahl's description (as Rittera

(iflora) notes the great similarity of R. grancfiflora and R. simplicifolia
(= S. simplex). There seems little doubt but that S. grot,

sidered a synonym of S. simplex.

lifl

2. BAUHINIA L.

Bauhinia [Plum.] L. Sp. PL 374. 1753 (originally in L. Gen. ed. 1:126. 1737).

Paulctia Cav. Ic. 5:5, /. 40Q, 410. 1799.
Anniria Minis ex Caldas, in Seman. Nuov. Rein. Gran. 2:2 5. 1810.
Scbnella Raddi, in Mem. Soc. Ital. Modena 18:411. 1820.
Lacara Sprene. Neue Entdeck. 3:56. 1822.
Casparea HBK. Nov. Gen. & Sp. 6:317. 1823.
Caulatretns Rich, ex Spreng. Syst. 4:Cur. Post. 406. 1827.
Perlcbia Mart. Reise 2:555. 1828.
Binaria Raf. Sylva Tellur. 122. 1838.
Alvem Welw. Apont. (587:n. 47. 1858), fide Ind. Kew.
Caspareopsis Britt. & Rose, in N. Am. Fl. 23:217. 1930.

Other synonyms occur for Baubmia.

Shrubs or small trees, or more generally vine-like and climbing, supported b\
other vegetation, unarmed or less frequently armed; trunk or stemoften flattened,
usually with hard wood and longitudinally striate bark. Branchlets with con-
spicuous alternate nodes, often appearing somewhat zigzag-jointed, sometimes
tendriled. Leaves diagnostic, inconspicuously caducous-stipulate, petiolate, simple
but usually profoundly 2-lobed or sometimes 2-foliolate, rounded to cordate basalh
conspicuously callused at insertion of leaf and petiole, bilobed apically, lobes mor
or less lanceolate. Inflorescence terminal or axillary near end of the branchlets,
few- to many-flowered. Flowers usually whitish, conspicuous; calyx 5 -parted!
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with a short or long conspicuous tube, the limb often spathaceous; petals 5, free,

small or large, mostly unequal, clawed; fertile stamens 10 or 5 or in introduced

species 1 or 3; anthers versatile or subversatile, usually sagittate basally; ovary

usually stipitate or substipitate; legume compressed, elastically dehiscent.

Old and New World tropics.

a. Leaves very large, 20-30 cm. long; inflorescence not known 13. B. manca

aa. Leaves small to large, usually 5-15 cm. long.

b. Calyx elongate-tubular, limb subspathaceous or with elongate reflexed

lobes in anthesis.

c. At least 5 stamens antheriferous; native plants,

d. Petals linear-filamentous.

e. Plants armed; leaves small, with rounded lobes; calyx in bud

very narrow-tubular, less than 4 mm. wide in the upper

portion
;

• I- B.Pauletia

ee. Plants unarmed; leaves larger, with acute lobes; calyx in

mature bud stockier, at least 4 mm. wide in upper portion 2. B. ungulata

dd. Petals broader, elliptic to spatulate.

e. Twigs armed; leaves small, moderately cleft, 7- to 9-nerved.... 3. B. emarginata

ee. Twigs unarmed; leaves larger, shallowly cleft, 11- to 13-

nerved 4. B. LIGULATA

cc. One or 3 stamens antheriferous; introduced cultivated plants.

d. Flower with 3 antheriferous stamens 5. B. purpurea

dd. Flower with 1 antheriferous stamen 6. B. monandra

bb. Calyx campanulate to oblongoid, not spathaceous but toothed or

truncate in anthesis.

c. Flowers small, calyx never over 1 cm. long; leaves entire but

shallowly to deeply cleft.

d. Calyx teeth prominent, erect, lanceolate to subulate.

e. Leaves dull, often appressed-pubescent above, the lobes blunt;

young twigs puberulent to subtomentose 7. B. STANDLEYJ

ee. Leaves shiny-glabrous above, the lobes acute; young twigs

rufous-subhirsute or almost glabrous,

f. Leaves deeply cleft; calyx about 8 mm. long or longer;

young twigs pubescent to glabrate 8. B. cumanensis

ff. Leaves cleft only l/4 their length; calyx about 6 mm. long;

young twigs rufous-subhirsute 9. B. Storkii

dd. Calyx teeth reflexed, expanded (obovate), or minute.

e. Calyx teeth rigidly reflexed, 5 mm. long, obovate-attenuate;

branchlets and petioles dark red, subhirsute 10. B. Reflexa

ee. Calyx teeth not reflexed, obovate or minute; branchlets and

petioles rusty, short-haired to subglabrous.

f. Calyx teeth manifest, obovate 11. B. obovata

ff. Calyx teeth minute, calyx undulate to subtruncate 12. B. excisa

cc. Flowers large, calyx 1.5 cm. long or longer; leaves essentially

2-foliolate.

d. Mature pedicels longer than 1 cm.; antheriferous stamens 10 14. B. eucosma

dd. Mature pedicels shorter than 1 cm.; antheriferous stamens 5 15. B. hymeneaefolia

1. Bauhinia Pauletia Pers. Syn. PL 1:455. 1805.

Pauletia aculeata Cav. 1c. 5:6, pi 410. 1799.

Bauhinia spbiosa Poir. in Lam. Encycl. Suppl. 1:599. 1810.

Bauhinia panamensis Spreng. Syst. Veg. 2:334. 1825.

Bauhinia parvifolia Seem. Bot. Voy. Herald, 113. 1852-7, non Hochst., fide Ind. Kew.

Bauhinia chlorantha Brandeg. in Zoe 5:200. 1905.

Bauhinia Iongiflora Rose, in Contr. U. 5. Nat. Herb. 10:97. 1906.

Shrub or small tree to 6 m. tall, branchlets pubescent, armed with stout prickles

at the base of the petioles. Leaves ovate-orbicular, up to 6 cm. long and broad,

pubescent to glabrous (especially above), rounded to truncate basally, cleft apically
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Fig. 108. Hauhhtia Vaulctia

up to Yz the length of the leaf, lobes rounded-obtuse; petioles short, pubescent,

about 1 cm. long, callused at insertion of leaf; stipules linear. Inflorescence

terminal, racemose, up to 2 5 cm. long. Flower large, greenish, up to 10 cm. long;

calyx elongated spathaceous, tube about 1.5 cm. long; petals linear-elongated, up
to 10? cm. long; fertile stamens 5, about 10 cm. long, with 5 smaller, narrower

staminodes alternate with them; anthers linear, subbasally attached, sagittate

basally, short-acuminate apically, about 2.5 cm. long or longer; ovary stipitate,

pubescent; legume linear, compressed, long-stipitate, pubescent, up to 25 cm. long

and 1.5 cm. wide.
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Mexico to northern South America.

canal zone: vicinity of Miraflores Lake, Pittier 2202, P. White 268. herrera:

vicinity of Chitre, Allen 1086. Panama: Juan Diaz, Standby 30498; Las Sabanas,

Standby 25841, 3180I; Matias Hernandez, Vittier 6801, Standby 28914. prov. un-

n: without locality, Seemann 223.

1

2. Bauhinia ungulata L. Sp. Pi. 374. 1753.

Paubtia inermis Cav. Ic. 5:6, pi. 4^9- 1799.

Bauhinia inermis (Cav.) Pers. Syn. Pi. 1:455. 1805.

Bauhinia Cavanillei Millsp. in Field Mus. Publ. Bot. 1:364. 1898.

Unarmed shrub or small tree to 7 m. tall, branchlets brown-pubescent when

young. Leaves ovate, glabrous above and pubescent below, conspicuously 9- to

11 -nerved, up to 12 cm. long and almost as broad, cleft apically up to l/2 their

length, basally rounded to subcordate, lobes lanceolate, acute; petiole about 2 cm.

long, calloused basally and at insertion of the blade. Inflorescence a terminal

raceme up to 10 cm. long or longer, rufous-pubescent, with pedicels up to 2 cm.

long. Flowers whitish, about 4.5 cm. long; calyx elongated, about 4.5 cm. long,

subregular, tube about 1 cm. long; petals linear, elongated, about 3 cm. long;

fertile stamens 10, up to 4 cm. long, in 2 series; anthers linear, basally sagittate,

about 1 cm. long in bud; ovary stipitate, pubescent. Legume linear, lightly

pubescent, stipitate, up to 20 cm. long and 1 cm. wide.

Mexico to northern South America.

chiriqui: Gualaca, Allen 5061; San Felix, Vittier 5281, veraguas: headwaters Rio

Canazas, Allen 181.

3. Bauhinia emarginata Mill. Gard. Diet. ed. 8, no. 5. 1768.

?Baubinia rotundata Mill. Gard. Diet. ed. 8, no. 7. 1768, fide Britt. & Killip.

Bauhinia mollicella Blake, Contr. Gray Herb. 53:32. 1918, fide Britt. & Killip.

Bauhinia mollifolia Pittier, Arbol. & Arbust. Venez. Dec. 6-8:88. 1927, fide Britt. &

Killip.

Prominently armed shrub or small tree, with young branchlets pubescent.

Leaves small, orbicular-oblong, up to 6 cm. long and about as wide, more or less

glabrous above, pubescent below, 7- to 9-nerved, truncate-subcordate basally, cleft

apically about % their length, lobes ovate, blunt, rounded, more or less spreading,

with a subulate apicule at the base of the cleft; petiole pubescent, up to 1.5 cm.

long, callused only at insertion of the leaf; stipules linear, caducous. Inflorescence

terminal or subterminal, pubescent, with stout buds on short pedicels. Flowers

conspicuous, white; calyx-tube about 5 mm. long, limb spathaceous, up to 3 cm.

long; petals obovate-spatulate, clawed, pinnate-nerved, 3-4.5 cm. long, up to 1.5

cm. broad; fertile stamens 10, about 3-4 cm. long, the alternating ones somewhat

shorter; anthers linear, basally subsagittate, 6-7 mm. long; ovary stipitate, hirsute,

with elongated style and truncate-capitate stigma. Legume not seen.
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Panama and northern South America.

cocle: La Venta, Muemchcr 16319. Panama: Pacora, Woodson, Allen c* Scihcrt

735 bis.

Considerable uncertainty was experienced in selecting the name for the speci-

mens cited. In general appearance they are much like B. albiflora Britt. & Rose of

Salvador, but possess 10 fertile stamens whereas B. albiflora is described as with
only 5. B. Sc/ndtzei Harms, of Colombia, is very similar but seems to have a more
deeply cleft differing leaf. The older name, B. emarginata, was finally selected

after comparison with some South American material, in the belief that this species

in its broader sense would include the Panama specimens. Britton and Rose (N.
Am. Fl. 23:203. 1930) do not list B. cmarginata as occurring in Central America.

4. Bauhinia ligulata Pittier, in Contr. U. S. Nat. Herb. 20:112. 1918.

A large tree with unarmed, glabrate twigs. Leaves broadly ovate, 4-10 cm.
long and 4-7.5 cm. broad, glabrous and somewhat shining above, pale and puberu-
lent beneath, coriaceous, prominently 1 1- to 13-nerved, basally subcordate, apically

cleft for only about % their length; petioles about 2 cm. long, sulcate; stipules

minute, caducous. Inflorescence terminal or axillary-subterminal, racemose to

somewhat paniculate, with ferruginous-pubescent buds. Flowers lilac, about 3

cm. long, with ferruginous-pubescent pedicels 2-6 mm. long; calyx-tube- (and

bo er-

mg into 5 narrow, reflexed lobes about 14 mm. long, often more or less adnate;
petals 5, ovate-elliptic, apically acute, basally attenuate, about 3 cm. long and 6

mm. broad, short-clawed, sinuate-margined; fertile stamens 10, 5 long and 5 short,

free, glabrous; filaments incurved, up to 25 mm. long; anthers ovate-elliptic, about

5 mm. long; ovary essentially glabrous, stipitate, basally adnate to tube of recep-
tacle and surrounded by 2 spathaceous ligules, 5- to 6-ovulate; style thick, the
stigma papillose and somewhat 3- to 5-lobed.

Panama.

san blas: near Puerto Obaldia, Pittier 4334.

Known only from the type (Pittier 4334) from the San Bias coast of Panama.
Remarkable for its size, reported as a large tree up to 40 m. high and 80 cm. in
trunk diameter. Named for the unusual ligules surrounding the base of the pistil.

5. Bauhinia purpurea L. Sp. PI. 375. 1753.

Bauhinia retusa Poir. in Lam. Encycl. Suppl. 1:599. 1810, fide Spreng.
Bauhinia triandra Roxb. Fl. Ind. 2:320. 1832, fide Ind. Kew.
Bauhinia platyphylla Zipp. ex Span, in Linnaea 15:201. 1841.

Introduced, unarmed, ornamental shrub, branchlets glabrous to lightly pubes-
cent. Leaves broadly orbicular, cordate to truncate basally, usually prominently
9-veined, glabrous to lightly pubescent below, up to 13 cm. long and 16 cm. broad,
shallowly cleft apically, lobes obtuse, rounded; petiole angled, callous-swoll
apically and basally, up to 4 cm. long. Inflorescence terminal or subterminal,
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Fig. 109. Bauhinia Standleyi

several- to many-flowered. Flowers conspicuous, 3-4 cm. long; calyx scarcely

spathaceous, tube up to 1 cm. long, limb up to 2.5 cm. long; petals clawed,

spatulate-obovate, about 3.5 cm. long; fertile stamens 3, glabrous; anthers linear-

oblong, versatile, 7 mm. long in bud; ovary long-stipitate, densely pubescent, with

a truncate stigma. Legume smooth, linear, up to bo

Wo

CANjal zone: Balboa, Steyermark s.n. (Jan. 7, 193 5) ; Barro Colorado Island, Shattuck

1/6.

6. Bauhinia monandra Kurz, in Jour. Asiat. Soc. Bengal 42 2
:73. 1873.

Bauhinia Kappleri Sagot, in Ann. Sci. Nat. Bot. VI, 13:317. 1882.

Bauhinia Krugii Urban, in Ber. Deut. Bot. Ges. 3:83. 188 5.

Caspareopsis monandra (Kurz) Britt. & Rose, in N. Am. Fl. 23:217. 1930.

Small cultivated tree with young branches lightly pubescent. Leaves ovate-

orbicular, up to 20 cm. long and almost as wide, chartaceous to subcoriaceous,

glabrous above, pubescent on veins below, basally cordate to truncate, apically

cleft up to % the length of the leaf, lobes blunt, rounded; petiole lightly pubescent,

up to 6 cm. long, with bilobate callus at insertion of the leaf. Inflorescence a

terminal few-flowered raceme. Flowers large, showy; calyx about 3 cm. long,
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spathaceous, pubescent without, tube (including pedicellar part) slender, 2-2.5

cm. long; petals obovate-oblanceolate, 4-5 cm. long, uppermost maculate; fertile

stamen 1, arcuate, about 4 cm. long, other stamens rudimentary; anther linear,

versatile, sagittate, about 5 mm. long; fruit reported linear, flat, up to 22 cm. Ion-.

Naturalized in the West Indies and northern South America; native to India.

No specimens are recorded from Panama; the plant is reported in Colombia .\nd

likely may be cultivated in Panama as well.

7. Bauhinia Standleyi Rose, in Jour. Wash. Acad. 17:166. 1927.

Schnella Standleyi (Rose) Britt. & Rose, in N. Am. Fl. 23:206. 1930.

Large tendrilled vine, sometimes armed basally, with pubescent branchlets.

Leaves broadly ovate, 3-9 cm. long and broad, prominently 9-nerved, lightly

appressed-pubescent above and more heavily so below, subcordate basally, notched
apically for about 1

;

;- ,

2 their length, with a subulate apicule at the base of the

notch, both inner and outer margins of the lobes rounded; petiole terete, pubescent,

2-4 cm. long, callused at insertion of leaf, caducous-stipulate. Inflorescence

terminal or subterminal, up to 10 cm. long, pubescent, linear-bracteate. Flowers
whitish, 15-17 cm. long; calyx pubescent, more or less bilabiate, subulate teeth

(2 above, 3 below), about 2.5 mm. long, tube 4-6 mm. long; petals oblanceolate,

up to 17 mm. long and 7 mm. wide, hirsute within basally, smaller petal maculate;

fertile stamens 10, glabrous, alternate ones longer (6 mm. long) and with thicker

filaments; anthers ovate, versatile; ovary setose-hirsute. Legume spatulate, 6-7
cm. long.

Panama and Costa Rica.

canal zone: Miraflores Lake, P. White 2(h); Palo Seco, Allen 2896; Victoria Fill near
Miraflores Locks, Allen 1711; without locality, Scemann 222. cocle: Penonome, Williams
T34. Panama: vicinity of Pacora, Allen 1 125; near Panama, Standley 26*76; near Punta
Paitilla, Standlcy 26247; Taboga Island, Macbride 2800.

This species apparently differs little from B. cumancmh HBK. (?B. glabra

Jacq.).

8. Bauhinia cumanensis HBK. Nov. Gen. & Sp. 6:321. 1824.

Bauhinia columbiensis Vogel, in Linnaea 13:313. 1839, fide Bentham.
Scbnella brachystachya Benth. in Hook. Jour. Bot. 2:98. 1840.
Bauhinia brachystachya Walp. Rep. 1:852. 1842.
Schnella columbiensis (Vo^el) Benth. Bot. Voy. Sulphur, 89. 1844.
?Schnella beteropbylla Benth., Griscb. Cat. Pi. Cub. 81. 1866, non B. heterophylla HBK.

A scandent, usually tendrilled vine, the twigs pubescent to glabrate. Leaves
ovate-orbicular, cordate, deeply lobed apically, 2-12 cm. long and almost as wide,
glabrous and shining above, puberulent and pallid below, the lobes acutish, spread-

ing; petioles up to 6 cm. long, glabrous. Inflorescence terminal, racemose, several-

flowered, linear-bracteate. Flowers whitish; calyx pubescent, the tube about S

mm. long, 10-ridgcd, the teeth linear, 4-6 mm. long; petals oblanceolate, 16-2 5

mm. long, rounded at apex, pubescent without; stamens up to 12 mm. long in 2
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series; ovary densely brown-lanate; style short, glabrous; legume broadly oblong,

6-10 cm. long, 2-2.5 cm. wide, glabrate, short-stipitate, few-seeded.

Panama and northern South America to Venezuela and the Guianas; West

Indiles.

Hemsley (Biol. Cent.-Am. Bot.) records the species (as B. columbievsis) from

Coiba Island, Panama; Seemann (Bot. Voy. Herald) records it (as S. columbiemis)

from "mouth of the Rio Grande de Panama"; Bentham (Bot. Voy. Sulphur) lists

it by the same name from "Panama." Neither authentic specimens of B. cuman-

ensis nor B. columbiemis have been seen. Bentham's judgment (Martius, Fl. Bras.

15-:212. 1874) that B. columbiemis is synonymous with B. cumanensis is accepted

for convenience, even though Britton and Killip (Ann. N. Y. Acad. Sci. 35:163.

1936) consider it distinct, although possibly the same as B. glabra Jacq. B.

cumanensis is included in this Flora only upon the basis of the references cited,

and whether or not it really occurs in Panama as B. cumanensis, is impossible to say

at this time. The above description is taken from the original and that appearing

in the 'North American Flora.'

9. Bauhinia Storkii (Rose) Schery, comb. nov.

Scbnella Storkii Rose, in N. Am. Fl. 23:206. 1930.

Tendrilled vine, branchlets densely rufous-pubescent. Leaves ovate-orbicular,

4-9 cm. long and 4-8 cm. broad, glabrous above, pubescent beneath, especially

along the nerves, prominently 11 -nerved, deeply cordate basally, obcuneate-notched

apically for not more than '/4 the length, with a subulate apicule about 5 mm. long

at base of the notch; lobes bounding notch cuneate-lanceolate to bluntly obtuse,

rounded on outer margin, straighter on inner margin; petiole terete, rufous-tomen-

tose, 2-3 cm. long, with a bilobate callus at insertion of the leaf; stipules linear,

caducous. Inflorescence a terminal, several-flowered raceme, 2-6 cm. long, linear-

bracteate, rufous-tomentosc. Flowers pale pink, 12-15 mm. long; calyx pubescent

without, more or less bilabiate, lower 3 and upper 2 dentae subulate, about 1.5 mm.

long, tube 4-5 mm. long; petals linear-oblanceolate, 1.2-1.5 cm. long, up to 4 mm.

wide, hirsute basally within, uppermost linear, smaller, maculate; stamens 10, all

fertile alternate ones longer, 5 mm. vs. 4 mm. long; alternate filaments wider;

anthers ovate-orbicular, versatile, bilocular; ovary setose-hirsute, short.

Western Panama.

bocas del toro: H. von Wedel 48/. prov. unknown: "western Panama", Stork

140.

10. Bauhinia reflexa Schery, sp. nov.

Frutex scandens inermis ramulis rufo-hirsutis; foliis orbicularibus usque ad 12

cm. longis latisque, 1 1-13-nervatis supra glabris subtus appresso-pubescentibus,

base cordatis apice lobatis ad xA~ xh longitudinem folium, lobis margine exteriore

rotundatis margine interiore rectis apice brevi-acuminatis inflexis; petiolis sub-

hirsutis 3-7 cm. longis; inflorescentiis racemosis terminalibus dense pubescentibus,

rachibus conspicue bracteatis, bracteis linearibus acuminato-attenuatis ca. 1 cm.
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longis; calyce campanulato exteriore dense pubescente 15-nervato coriaceo, ca. 8

mm. longo latoque, dentibus ligulato-oblanceolatis reflexis valde coriaceis, ca. 5

mm. longis, terminaliter attenuatis; petalis obovatis ca. 2 cm. longis, exteriore

setoso-pubescentibus, base carnosis angustatis prominence biauriculatis, auriculis

1.5 mm. longis; staminibus fertilibus 10, 5-6 mm. longis, filamentis glabris,

antheris 1-1.5 mm. longis; ovario sessili setoso-hirsuto

obliquo.
P i-ovulato, stigmate

Fig. 110. Bauhinia reflexa

Unarmed woody vine, with subhirsute (young) branchlets. Leaves orbicular,

5-12 cm. long and broad, prominently 11- to 13 -nerved, glabrous above and con-
spicuously reticulate, somewhat appressed-pubescent below (hirsute on principal

veins), cordate basally, lobed apically for about l/4-% their length, with a minute
caudiform apicule 2-3 mm. long at base of the cleft, lobes rounded on the outer
margin, straight on the interior, with acute to short-acuminate tips somewhat in-

flexed; petiole subhirsute, 3-7 cm. long, inconspicuously callous-rugose apically and
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basally, with a typical bilobate callus at insertion of the leaf; stipules caducous.

Inflorescence a terminal raceme, densely pubescent, rachis conspicuously bracteate,

bracts subpersistent, linear, attenuate-acuminate, about 1 cm. long, lightly pubes-

cent. Flowers pink, small, congested; calyx campanulate, densely pubescent with-

out and very dark-hirsute-setose at insertion of pedicel and on main longitudinal

ridges, glabrous within except at the base, thickly coriaceous, 15-ridged, about 8

mm. tall and broad, sinuately 5-lobed, each lobe about 1.5 mm. long and bearing

a conspicuous reflexed fleshy tooth about 5 mm. long, the teeth pubescent, ligulate-

oblanceolate, attenuate apically, about 2 mm. broad at insertion with lobe and

bearing there on each margin a conspicuous fleshy horn about 0.5 mm. long; petals

obovate, about 2 cm. long, densely setose without, especially laterally and near the

middle, within only on the claw, claw thick-fleshy, linear, about 9 mm. long and

2 mm. wide, internally densely brown-setose on the margin and thus ridged down

the middle, glabrous at the base, with a fleshy ridge towards either margin sur-

mounted by a prominent brown-setose auricle about 1.5 mm. long; stamens 10,

all antheriferous, those opposite the petals smaller, about 5 mm. long, those alter-

nate with the petals larger, about 6 mm. long; filaments fleshy, glabrous; anthers

small, bilocular, ovate-lanceolate, about 1.5 mm. long on larger stamens and 1 mm.

long on smaller stamens; ovary sessile, setose-hirsute, few-ovulate, with an oblique,

cleft, more or less sessile stigma. Legume unknown.

This species is especially marked by the leaf characters; the condensed, promi-

nently bracteate inflorescence; the unusual calyx teeth; the auricled petal-claw;

the subsessile ovary and stigma; and the long red-brown general pubescence. It is

close to B. Storkii and B. obovata.

Panama.

canal zone: Barro Colorado Island, Kenoyer 377, Salvoza QQ4, Woodworth & Vestal

515; vicinity Salamanca Hydrographic Station, Woodson, Allen & Seibert 1623 (Missouri

Bot. Gard., type) ; ?Rio Chagres between Rio Indio & Rio Pequeni, Steyer?nark & Allen

16782 (sterile).

11. Bauhinia obovata Blake, in Jour. Wash. Acad. 14:286. 1924.

Schnella obovata (Blake) Britt. & Rose, in N. Am. Fl. 23:207. 1930.

Unarmed vine, branchlets rufous-puberulous, soon glabrous. Leaves broadly

ovate, up to 8 cm. long and as broad or broader, appressed-pubescent below, gla-

brous above, subcoriaceous, prominently 9- to 11 -nerved, subcordate, bilobed for

about % their length, with a minute apicule at base of cleft, lobes lanceolate,

shortly acuminate-tipped, tips incurved; petioles up to 4 cm. long, pubescent,

somewhat rugose-calloused apically and basally, with a prominent callus at insertion

of leaf. Inflorescence racemose, dense, many-flowered, rufid-puberulous, up to 8

cm. long; bracts obovate, about 4 mm. long. Flowers with bibracteate pedicels

6-9 mm. long; calyx campanulate, densely pubescent, up to 10 mm. long, teeth

obovate, about 3.5 mm. long; petals obovate, clawed, rufous-pilose without, about
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12 mm. long; antheriferous stamens 10, unequal; filaments glabrous; ovary sessile,

densely rufous-pilose; stigma small, oblique.

Panama.

darien: Sambu River, Pit tier 5j68.

12. Bauhinta exctsa (Griseb.) Hemsl. Biol. Centr.-Am. Bot. 1:337, 1880.

Schnella excisa Griseb. Fl. Brit. W. Ind. 214. 1860.

Bauhinia Thompson** Johnston, in Sargentia 8:140. 1949.

A glabrcsccnt vine, the old stem often flattened and perforated, branchlets

puberulous. Leaves subcoriaceous, ovate-orbicular, up to 20 cm. long and almost

as wide, glabrous above, minutely pubescent below, basally shallowly cordate,

apically cleft to !

/4 or more the length of the leaf, with a small apicule at base of

the cleft, lobes bluntly acuminate-acute, the tips somewhat incurved; petiole up

to 6 cm. long, basally and apically swollen and callous-rugose, with a bilobate

callus at insertion of the leaf. Inflorescence racemose, many-flowered, with pedicels

1-4 mm. long. Flowers moderate; calyx pubescent, campanulate, ventricose in

bud, subtruncate or broadly undulate, 5-6 mm. long and as broad, with 5 minute

or shallow teeth; petals short, oblong, obtuse, 15 mm. long, externally villous;

stamens 10, almost 1 cm. long; anthers about 1 mm. long; ovary sessile, villous;

legume 6-7 cm. long, 2-2.5 cm. wide, apiculate, short-stipitate, compressed,

arcuate.

Panama; Trinidad.

bocas del toro: ?Changuinola Valley, Dunlap JJ7 (mutilated: fruit only), canai
zone: Balboa, Gillcspre P-26. darien: La Palma, Pittier SjOO. pearl islands: San

Jose, Anderson s. n. (1852).

Exact application of this name (from Trinidad type) to Panamanian material

awaits monographic study. Dr. I. M. Johnston is certain that the name B. excisa

does not apply to the Panamanian citations, and indeed comparison with the orig-

inal description of Grisebach would tend to support this view. Dr. Johnston has

proposed the name B. Thornpsonii to include the Panamanian entity. However,

Broadway 22l8, from Trinidad, is almost identical with the Panamanian material.

Other specimens, likewise nearly identical, including some from Panama, have in

the past been determined at various herbaria as B. excisa. Very similar also are

B. platycalyx Benth. (to judge from herbarium material so determined), B. umbri-

ana Britt. & Killip, B. brciiloba Ducke (which is very similar to Panamanian

material), and B. scricclla Standi. In Johnston's several collections from San Jose

Island of the Pearl Islands of Panama, considerable variation has been noted in the

depth of the terminal notch or split of the leaf in what are obviously plants of the

same species. Likewise leaves from the same plant may have differing numbers of

prominent veins (i.e., either 9 or 11). Also variation in floral and leaf pubescence

and in other floral characters can be noted. Perhaps Grisebach, in writing his

original description, siezed upon a rather atypical form for the type. He did men-

tion with the original description that the same species was known from Panama.
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Until examination of the type is possible, along with abundant material from

northern South America where the complex including the Panamanian entity seems

to center, it is perhaps wisest to retain the name B. excise.

13. Bau ia manca Standi, in Field Mus. Nat. Hist. Bot. 18:511. 1937.

Unarmed, cirriferous, climbing vine, branchlets more or less angled and pubes-

cent. Leaves very large, to 30 cm. long, prominently 11- to 13 -nerved, glabrous

or pubescent below, subcoriaceous, when dry greenish above and brownish below,

basally rounded-subcordate, deeply bilobed or essentially 2-foliolate, lobes lanceo-

late, up to 12 cm. wide, typically long-acuminate apically but often otherwise on

same plant; petiole angled, about 12 cm. long, callous-thickened apically and

basally. Inflorescence unknown.

Costa Rica and Panama.

Standley has described this species on vegetative characters alone, listing Frost

112 and Bailey 278 of Barro Colorado Island, Canal Zone, as probably conspecific

with it. The species is distinct in the unusually large leaves, but exact specific

delimitation and relationship is still in doubt.

Fig. 111. Bauhinia cncosma

14. Bauhinia eucosma Blake, in Jour. Wash. Acad. 14:286. 1924.

Schnella eucosma (Blake) Britt. & Rose, in N. Am. Fl. 23:207. 1930.

Large tendrilled vine, with terete, glabrous stems. Leaves so profoundly bi-

lobed as to be 2-foliolate, subchartaceous, glabrous except occasionally strigose

below especially on veins, lobes ovate-lanceolate, up to 10 cm. long and 4.5 cm.

wide, prominently 5-nerved, rounded basally, bluntly acute or obtuse apically, basal
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sinus deep and narrow, apical sinus with a subulate apicule at base extending from

the lower surface of the petiole and leaflets; petiole slender, glabrous, 3-6 cm.

long, callous-rugose at base; stipules caducous. Inflorescence terminal, racemose,

glabrous to lightly strigose, up to 10 cm. long or longer, bibracteate at base of

pedicels. Flower white, fragrant; calyx large, campanulate, prominently longi-

tudinally (15) ridged, 2-2.5 cm. long, with subulate teeth 3-4 mm. long; petals

large, obovate, short-clawed, up to 5 cm. long, strigose without and on the claw

within; antheriferous stamens 10, in 2 series, about 15 mm. long. Legume sessile,

oblong to oblong-obovate, lightly strigose, up to 13 cm. long and 4 cm. wide.

Panama.

canal zone: vicinity Miraflores Lake, G. White /50. Panama: Casa Larga, Allen
2Q6S; Matias Hernandez, Pittitr 6/82.

15. Bauhinia hymeneaeiolia Triana, Hemsl. Diag. PI. Nov. 48. 1S80.

Scbnella hyvienaefolia (Triana) Britt. & Rose, N. Am. Fl. 23:208. 1930.

An unarmed vine, young branchlets puberulent. Leaves bifoliolate, the leaflets

ovate to oblong, oblique, coriaceous, 5-7.5 cm. long, obtuse, glabrate, 5-nerved;

petiole slender, glabrous, about 6 cm. long. Inflorescence racemose, terminal or

lateral, few-flowered; pedicels short. Flowers large, white; calyx broad, 15 mm.
long, 15-ridged, puberulent, lobes small, ovate-oblong; petals 3.5 cm. long, short-

clawed, densely pubescent without; antheriferous stamens 5, free, alternating with

5 sterile ones; filaments glabrous; anthers barbate; ovary sessile, densely hirsute.

Panama and Colombia?

This species was described at Kew from the S. Hayes 635 specimens from
Panama, a photograph of which has been examined. No other Panamanian speci-

mens representing this species have been seen. Thus its separation from the pre-

ceding species is maintained on the basis of its description, in which the species is

listed as having only 5 antheriferous stamens.

SPECIES OF DOUBTFUL OCCURRENCE IN PANAMA

Bauhinia splendens HBK. Nov. Gen. & Sp. 6:321. 1824.

Bauhinia suaveolens HBK. loc. cit. 320. 1824.

Both are South American species, listed by Hemsley (Biol. Centr.-Am. Bot.

1:340) as occurring in Panama from reference to specimens in the Kew Herbarium.
Not listed in more modern works as occurring in Central America nor Colombia.

Several sterile specimens, evidently Bauhinia, have been collected in Panama.
On vegetative characters alone these appear different from any of the species here

listed. Probably several additional species will eventually be known from Panama.

3. POEPPIGIA Presl

Poeppigia Presl, Symb. Bot. 1:15. 183 0.

This genus, as represented by P. procera Presl, loc. cit., has not yet been re-

ported from Panama, but is to be expected there. It is known from Colombia,
Venezuela, Peru, Brazil, Cuba, northern Central America and Mexico.
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4. MORA Schomb.

Mora Schomb. ex Benth. in Trans. Linn. Soc. 18:210, /. l6. 1839.

Unarmed, gregarious trees of low swampy areas. Young stems lenticellate.

Leaves (in Panamanian species) simply conjugate-pinnate, short-petiolate, incon-

spicuously or not stipulate, with few, large, coriaceous leaflets. Inflorescence

spicate, dense. Flowers small; the calyx campanulate, with a short tube and

spreading 5-lobed limb; petals 5, small, subequal, imbricate; stamens 5, opposite

the petals, free, equal, alternating with 5 apically dilated staminodes; anthers ob-

long, longitudinally dehiscent; ovary subsessile, free, few-ovulate, with a short

style and small terminal stigma. Legume coriaceous to ligneous, compressed, 2-

valved, with a large suborbicular seed.

This genus has been conservatively listed under Dimorphandra (Schott, in

Spreng. Syst. 4, Cur. Post. 404. 1827). However, most modern treatments of

the Leguminosae consider it sufficiently distinct (chiefly on the basis of simply

pinnate leaves and large seed) to merit separate generic rank, based on Bentham's

well-described type Mora exceha.

A single species is known from Panama.

1. Mora oleii era (Triana) Ducke, in Arch. Jard. Bot. Rio de Janeiro 4:45.

1925

Dimorphandra olcifcra Triana ex Hemsl. Bot. Voy. Challenger 3:301. 1885.

Dimorphandra megistosperma Pittier, in Jour. Wash. Acad. 5:472. 1915.

Mora megistospeima (Pittier) Britt. & Rose, in N. Am. Fl. 23:218. 1930.

Erect tree to 45 m. high, with brown, glabrous branches. Leaves simply pin-

nate, bijugatc; petioles and petiolules rugose-verrucose, the former 2-5 cm. long,

the latter about 3 mm. long; rachis more or less plane above, terete below, 2.5-9.5

cm. long, glabrous; leaflets opposite, asymmetrically ovate to oblong-acuminate,

6-18 cm. long, 4-7 cm. wide, apically obtuse or acute, basally somewhat inequi-

lateral, coriaceous, glabrous, reticulate, dull below. Inflorescence terminal or sub-

terminal, densely spicate, 8-10 cm. long. Flowers white, sessile; calyx glabrous,

with a short tube, the lobes orbicular, ciliate, unequal, 3-4 mm. long; petals

oblong, attenuate basally, rounded-emarginate apically, about 6 mm. long and

2.5-3 mm. wide, marginally scarious-ciliate; fertile stamens 5, 7-8 mm. long, with

thick filaments, the anthers lanose-barbate apically; ovary subsessile, lanose, 2- to

3 -ovulate; style glabrous. Legume monoseminate, up to 25 cm. long and 13 cm.

broad, glabrous, woody-coriaceous, dehiscent; seed up to 18 cm. long and 12 cm.

broad.

Panama and Colombia.

darien: Sumacate, Pittier 65Q3. Panama: La Capitana, Pittier 45$2 -

An interesting species producing one of the largest Dicotyledonous seeds known.

The ripe pods are said to twist open on the tree, letting the enormous seeds fall to

the boggy soil below where they germinate almost immediately. Many trees have
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huge, buttressed trunks, with flat primary roots extending outward on top of the

ground for as much as 15 m. The species was originally described from a Pana-
manian collection of S. Hayes.

5. PHYLLOCARPUS Riedel

Phyllocarpus Riedel, Endl. Gen. Suppl. 2:97. 1842.

Large, unarmed trees. Leaves once-pinnate; petiole and rachis eglandular;

leaflets a few pairs, moderately large; stipules conspicuous, caducous. Inflorescence

of several to many condensed racemes clustered on older branches. Flowers con-

spicuous, prominently pedicellate; calyx 4-parted, polysepalous above the short

receptacular base, strongly imbricate; petals 3, imbricate, the uppermost smaller

and obscured; stamens 10, diadelphous by basal fusion of (9) filaments, the fila-

ments free above; anthers versatile, longitudinally dehiscent; ovary free from the

calyx; style expanded or clavate apically. Legume flattened, winged along upper
suture, indehiscent.

Northern Central America and Amazonia.

A single species is found in Panama, sometimes cultivated but according to

Paul H. Allen definitely indigenous to the Madden Lake forests.

1. Phyllocarpus septentrionalis Donn. Sm. in Bot. Gaz. 55:433. 1913.

Tree, the branchlets puberulent and often verrucose when older. Leaves mod-
erate; petiole usually 1-2 cm. long, callous basally, canaliculate above, puberulent;

rachis several cm. long, similar to petiole; stipules narrowly lanceolate-falcate,

about 7 mm. long; leaflets 4-6 pairs, elliptic, mostly 6-8 cm. long and almost 3

cm. wide, acute (and tip blunt) or obtuse apically, rounded and inequilateral

basally, glossy above, puberulent below especially on veins and marginally, finely

reticulate. Racemes few-flowered, 2-3 cm. long, clustered on older wood; pedicels

about 1 cm. long, bibracteate basally. Flowers red; calyx with a very short recep-

tacular tube less than 1 mm. long; calyx-lobes 4, elliptic, about 8 mm. long,

glabrous except ciliate marginally, coriaceous; petals 3, about as long as the sepals;

stamens 10, long-exserted; filaments as much as 2.3 cm. long, the lowermost united
basally for about % their length; anthers oblong, about 1 mm. long, bilocular;

ovary short-stipitate, free, glabrous; style (with ovary) about 2 cm. long, clavate

apically; stigma terminal. Legume (reported) oblong, 12-17 cm. loi

cm. wide, thin, 1- to 2-seeded, the wing from the upper suture about 1 cm. wide.

Guatemala and Honduras? to Panama; introduced into Florida, the Canal Zone
and elsewhere.

canal zone: Summit (cultivated), Allen 2053; Tumba Vieja, Steyermark & Allen
16/42; without locality, Higgins 259.

Reported to be an attractive ornamental, the abundant scarlet flowers rivaling

in showiness those of the Royal Poinciana (Delonix regia). Paul H. Allen has the

following to say about the occurence of this species in Panama: 'The collection

cited from Tumba Vieja was from wild trees which are quite common there in

g and 4.0-4
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areas of climax rain forest. They average about 90 feet in height, and are very

conspicuous in December when they are in flower. The Allen and Higgins col-

lections are from cultivated plants."

6. CYNOMETRA L.

(Reviewed by John D. Dwyer, Union University)

Cynometra L. Sp. Pi. 382. 1753.

lripa Adans. Fam. 2:508. 1763.

There occur two additional synonyms not concerning the genus in Central America.

Unarmed forest trees. Leaves evenly pinnate; leaflets a single pair (in Ameri-

can species), oblique, subcoriaceous, eglandular. Inflorescence racemose to fascicu-

late, axillary. Flowers small; calyx essentially polysepalous, the 3-5 lobes reflexcd

from a small, central, disc-like receptacle and often caducous, imbricate in bud;

petals 5, subequal to somewhat unequal, inserted with the stamens upon the recep-

tacle; stamens 10, free, the filaments glabrous; anthers small; ovary sessile to short -

stipitate, mostly free, 1- to 2-ovulate; style filiform; stigma terminal, truncate or

capitate. Legume rather small, usually oblique or curved, coriaceous, swollen;

seeds arillate.

West Indies; So

and Pacific islands.

Only a single species has been reported from Panama, unconfirmed by recent

listings or specimens.

1. Cynometra bauhiniaefolia Benth. in Hook. Jour. Bot. 2:99. 1840.

Cynometra crassifolia Benth. loc. cit. 100. 1840.

Tree with slender puberulent branches. Leaves 1-jugate, short-petiolate; leaf-

lets 2, subovate, 2.5-4 cm. long, up to 2 cm. wide, glabrous, submembranaceous,

obtuse, somewhat inequilateral, 2- to 3 -nervate, pubescent on the nerves. In-

florescence fasciculate, axillary, short-pedunculate; bracts about 1 mm. long.

Flowers pedicellate; pedicels pubescent, about 8 mm. long, ovate-bracteate basally;

sepals 4, about 3 mm. long, membranaceous, deciduous; petals 5, contracted basally,

unequal, inserted upon the disc-like receptacle; ovary pubescent; style glabrous,

inflexed; stigma capitate. Legume small, plane-convex, fleshy, verrucose and

pubescent without.

Panama?; Guianas to Colombia and Peru, Brazil and Argentina.

This species from a British Guiana type is reported by Hemsley (Biol. Centr.-

Am. Bot. 1:342) as occurring in Panama, based upon a specimen (S. Hayes 2Q)

at the Kew Herbarium. The genus is to be expected in Panama, having been re-

ported from both Colombia and Costa Rica, but whether the name listed by

Hemsley is strictly accurate is doubtful. The more recent 'North American Flora'

gives no Cynometra from Panama, and C. bauhiniaefolia is neither listed from Costa

Rica nor Colombia. No specimens of Cynometra from Panama nor of C. bauhiniae-

folia have been examined, and the above description is taken from the original.
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7. COPAIFERA L.

(Reviewed by John D. Dwyer, Union University)

Copaifera L. Sp. PI. ed. 2, 5 57. 1762, nom. conserv.

Copaiva Jacq. Enum. PI. Carib. 65. 1760.
Copaiba Adans. lam. Pi. 2:341. 1763.

There also exist three African synonyms for Copaifera.

Unarmed trees up to 30 m. high, with glabrescent, distinctly lenticellate

branchlets. Leaves simply pinnate, the petiole and rachis usually glabrous; leaflets

one to many pairs, usually alternate except terminally, small, coriaceous to charta-

ceous, more or less inequilateral and falcate, commonly glabrous, reticulate,

frequently punctate, short-petiolulate. Inflorescence a terminal or subtcrminal
panicle of multiflowered spikes, the axis minutely caducous-bracteate. Flowers
small, apetalous, reportedly yellow-white; calyx 4-parted, polysepalous, basally

somewhat disc-like, subvalvate in bud, subtending bracts caducous except in very
young bud; petals lacking; stamens usually 10, free, glabrous; anthers relatively

large, bilocular; ovary free, substipitate, biovulate. Legume short, somewhat
oblique, compressed to turgid, 2-valved, 1 -seeded; seed large, arillate.

Panama, West Indies, South America; Africa. Center of New World distribu-
tion in Amazon valley of Brazil.

a. Leaflets generally 3-5 cm. long, short-acuminate; legume usually less
than 2 cm. lone , r* _.„

aa. Leaflets averaging larger (about 7 cm. long), long-acuminate; legume
3 cm. long or longer

2< Q ARQJMATICA

1. Copaiiera panamensis (Britt.) Standi, in Trop. Woods 34:41. 1933.

Copaiva panamensis Britt. in N. Am. Fl. 23:222. 1930.

Unarmed trees, with lenticellate, glabrous branchlets. Leaves essentially

glabrous, 6- to 12 (generally 6- to 8) -foliolate; petiole short; leaflets obliquely
ovate or ovate-elliptic, 3-5 cm. long, short-acuminate apicaliy, obtuse or rounded
basally, coriaceous, markedly reticulate, with a prominent midvein and many con-
spicuous lateral veins, usually alternate except terminally on leaf; pctiolules flat-

tened, rugose when dry. Inflorescence of many small flowers, as described for the
genus. Flowers apetalous; calyx-lobes 4, narrowly ovate to elliptic or lanceolate,
about 3 mm. long, subhirsute within, glabrous without, spreading; stamens usually
10, 7-8 mm. long; filaments slender, glabrous; anthers versatile, oblong, almost 2
mm. long; ovary suborbicular, flattened, hirsute marginally; style arcuate, up to

5 mm. lung, bearing a capitate stigma. Legume orbicular or broadly ellipsoid,
about 15 mm. broad, glabrous; seed almost enclosed by the aril.

Panama.

CANA,i zone: vicinity of Miraflores Lake, P. White 257; R. Chagres, Steyermark **
Allen 16791. cocle: Nata, Allen 816; El Valle dc Anton, Allen 2005; Penonome Wil-
liams SO; La Pintada, Allen 3605.

The species constitutes a source of the oleoresin "copaiba balsam", used medic-
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inally and in the manufacture of varnishes. It is readily confused with C. officinalis,

but has narrow-elliptic leaflets in 3-6 pairs, whereas the latter has wide-ovate

leaflets in 2-4 pairs.

Woods 83:15. 1945.

Tree to 30 m. tall, with aromatic bark. Leaves 10-30 cm. long, with glabrous

petioles; leaflets 8-12, alternate or opposite, distinctly inequilateral, narrowly

ovate-oblong or broadly oblong, 2.5-9 cm. long, 1.3-3.5 cm. broad, falcate-

acuminate, apically attenuate and minutely retuse, basally obtuse or cuneate, gla-

brous, often punctate, principal veins somewhat pubescent below. Flowers

unknown. Legume (immature) obovate-rotund, about 3 cm. long and broad,

w

obtuse apically and basally; seed obovate-oblong, 1.5 cm. long and 1.1 cm. broad,

invested by a dark-red aril 1.7 cm. long.

Panama.

chiriqui': Horconcitos, Pittier 51 18; San Felix, Pittier 5263. darien: Pinogana,

Pittier 6989. Panama: Bella Vista, Macbride 2755. veraguas: Karszenhz s. n.

This species was described from fruiting (immature) material, and perhaps

hen flowering material becomes available specific delimitation will be more precise.

Apparently it is intermediate between South American species (C. guianensis) and

C. panamensis.

NAMES OF UNCERTAIN APPLICATION

Whether the name C. officinalis L., type for the genus, is at all applicable to

Panamanian species of Copaifera cannot be stated certainly. Standley (Contr. U. S.

Nat. Herb. 27:203. 1928) listed it (as Copaiva officinalis) as occurring in the

Canal Zone, but other works tend to regard C. officinalis as restricted to the

Antilles? and northern South America (although Britton & Killip, Ann. N. Y.

Acad. 35:165. 1936 do not list it from Colombia).

Dr. Dwyer believes that two Standley specimens (2618s, 30608), both sterile,

from Panama, are C guianensis Desf. He states: "The leaflets of ... . these col-

lections .... are typically those of C. guianensis. From the labels, however, one

learns that both specimens were taken from 'vines'. As all of the Copaiferas range

in size from small to very large trees, this notation is certainly of great interest."

We must thus regard the occurrence of C. guianensis in Panama as yet highly

uncertain.

8. PRIORIA Griseb.

Prioria Griseb. Fl. Brit. W. Ind. 215. 1860.

Large unarmed tree, with glabrate to lightly pubescent branchlets. Leaves

simply pinnate, bijugate except occasionally monojugate, short-petiolate; leaflets

pellucid-punctate, coriaceous to submembranaceous, arcuate-oblique and thus some-

what asymmetrical, reticulate, glabrous; petiole and rachis lenticellate; petiolules

short, callous-rugose. Inflorescence a terminal panicle of multitudinous spicate

flowers. Flowers small, apetalous, apparently with petals (calyx-lobes) if sub-

tending bracts are regarded as part of the perianth; calyx bibracteate (bracts some-

times lobed and simulating a calyx), essentially polysepalous but basally more or
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less disciferous, the sepals 5, orbicular, imbricated in bud; stamens 10, free, sub-

equal; ovary subsessile, 1- to 2-ovulate. Legume flattened verrucose, ligneous,

tardily 2-valved, monoseminate.

The genus consists of a single species.

% '

l

it l

Fig. 112. Prioria Copdifera

1. Prioria Copaifera Griseb. Fl. Brit. W. Ind. 215. 1860.

Trees up to 40 m. high, with spreading crown and large trunk. Leaves 4- (2)-

foliolate; petioles about 1-2 cm. long, basally callous-rffgose; leaflets elliptic-

lanceolate, 6-16 cm. long, 4-8 cm. wide, rounded-obtuse and somewhat unequal
basally, bluntly short-acuminate apically; rachis 2-5 cm. long; petiolules 2-6 mm.
long. Inflorescence a panicle of many flower-bearing spikes each up to 10 cm. long.

Flowers white-yellow, basally bibracteate; bracts broadly orbicular, about 1.5 mm.
long, ensheathing the disciferous part of the calyx, often lobed and simulating a

calyx; sepals scarious-margined, ciliate, about 2.5 mm. long; petals lacking; stamens

10, about 5 mm. long; filaments basally and internally lightly lanose; anthers or-
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bicular, bilocular, loculi markedly separated by the connective; ovary subsessile,

lightly lanose marginally, with a short attenuate style and inconspicuous stigma.

Legume suborbicular, up to 10 cm. long and almost as wide, prominently veined,

verrucose, lepidote at least in youth; single seed large, flat, almost filling the pod.

Panama to Nicaragua; Colombia; West Indies.

del toro: Changuinola Valley, Cooper 6 Slater III. canal zone: Barro

Colorado Island, Bangbam 324, Salvoza 943 ; Chagres River, Allen <><><); Trinidad River,

Pittier 39?I. darien: vicinity of Pinogana, Allen 2JJ, 932.

The species is a source of "Copaiba balsam", used medicinally and pharmaco-

logically. With some specimens it is stretching the imagination to regard the

flowers as apetalous, so much do the bracts simulate a calyx and the calyx a corolla.

9. PELTOGYNE Vogel

Peltogyne Vogel, in Linnaea 11:410. 1837.

Unarmed trees, the branchlets terete. Leaves simply pinnate, short-petiolate;

leaflets one pair, coriaceous, punctate, short-petiolulate to subsessile, inequilateral.

Inflorescence racemose, terminal or subterminal, few- to many-flowered. Flowers

small, whitish; calyx receptacular and disc-like basally, the lobes 4, imbricate in

bud; petals 5, sessile, punctate, subequal; stamens 10, free, glabrous; ovary few-

ovulate, short-stipitate the stipe adnate to the receptacular portion of the calyx;

style slender, with a peltate-capitate stigma. Legume 2-valved, flat.

Primarily a South American genus centered in northern Brazil.

A single species is known from Panama.

1. Peltogyne purpurea Pittier, in Jour. Wash. Acad. 5:471. 1915.

A tall forest tree with slender, glabrous branchlets and hard wood, usually

found in localities with a dry season. Leaves deciduous, glabrous, reported with

caducous, membranaceous, acuminate stipules about 1 cm. long; petiole to 2 cm.

long; leaflets 2, 5-7 cm. long and 2-3 cm. broad, markedly reticulate, subfalcate,

inequilateral, acuminate, obliquely rounded or obtuse basally, short-petiolulate, the

petiolules 3-4 mm. long. Inflorescence as described for genus. Flowers not de-

scribed nor examined. Legume pedicellate (about 8 mm.), broadly obovate, about

3 cm. long and 1.6 cm. broad, flattened, glabrous, verrucose-reticulate with narrow

sutures, apically mucronulate, slightly arcuate above, rounded below, 1 -seeded;

seed almost 2 cm. long, obliquely ovate, depressed, persistent on the dehisced fruit

hanging by the funicle; funicle dilated into a narrow, cupuliform aril.

Southern Darien, Panama; Costa Rica?

darien: La Palma, Pittier 6621 (sterile); Patino, Pittier 5708, 66lO; Yaviza, Pittier

6386 (srerile).

As is common for the "purple heart" genus, the wood is very hard, with white

sapwood and beautiful purple heartwood, valuable in various uses. Until recently

the species has not been known in flower, and its exact placement and affinities un-

firmed. Paul H. Allen states that he has collected abundant flowering materialconnrme

(329)



[Vol. 38

30 ANNALS OF THE MISSOURI BOTANICAL GARDEN

of presumably the same species from Costa Rica, but I have not had opportunity

to examine these collections.

10. HYMENAEA L.

Hymenaea L. Sp. PI. 1192. 1753.

Courbari Adans. Fam. 2:317. 1763.

Hemenaea Scop. Introd. Hist. Nat. 296. 1777.

Courbaril Plum, ex Endl. Gen. 1317. 1841?.

Hymertia Griff. Notul. 4:449. 18 54, fide Dalla Torre & Harms.
Tanroiqou (Juss. Gen. 3 51. 1789) has also been given as a synonym for Hymenaea,

referring to a Madagascar fruit.

Unarmed resinous trees, with spreading crown. Leaves 1 -jugate, petiolate;

leaflets 2, obliquely asymmetric, coriaceous, glandular-punctate, short-petiolulate to

subsessile. Inflorescence terminal, short, subcorymbose. Flowers moderately large,

with a short, gross, pedicel and thick receptacle; calyx 4-parted, the lobes imbri-

cate; petals 5, slightly unequal, sessile, glandular; stamens 10, free, glabrous;

anthers longitudinally dehiscent; ovary few-ovulate, short-stipitate, the stipe adnate

to the receptacular portion of the calyx; style slender; stigma terminal. Legume
ligneous, thick, indehiscent, few-seeded; seeds exarillate.

A neotropical genus, best represented in the Amazon valley.

A single species is known from Panama.

1. Hymenaea Courbaril L. Sp. Pi. 1192. 1753.

Hymenaea resinifera Salisb. Prodr. 327. 1796.
Hymenaea animifera Stokes, Bot. Mat. Med. 2:449. 1812, fide Index Kew.
Hymenaea Candolleana HBK. Nov. Gen. & Sp. 6:323, /. 566. 1824.
Hymenaea retusa Willd. ex Hayne, Darst. u. Beschreib. Arzneigew. 1 1 :sub, t. 12.

lng* megacarpa (M. E. Jones, Contr. West. Bot. 15:140. 1929) is listed in the 'North
American Flora' as a synonym of this species. Jones' description would preclude this pos-
sibility, but if Britton had reference to the actual type perhaps the description was incor-
rectly drawn by Jones. Description of the fruit would match //. Courbaril, but description
of the leaves would not.

Tree to 30 m. tall, with smooth bark, the trunk to 2 m. in diameter, the wood
hard and reasonably durable, the branchlets glabrous. Leaves glabrous; petiole

about 1-2 cm. long, moderately thick, rugose when dry; stipules caducous; leaflets

2, narrowly oblong to elliptic-lanceolate, 4-10 cm. long, 2-5 cm. wide, obliquely

asymmetric, the outer portion broadly rounded basally and without, the inner por-

tion narrow and only slightly rounded, apically short-acuminate, subsessile,

coriaceous, punctate, dull below, shiny above, with midvein very prominent below.

Inflorescence articulate, several-flowered, the pedicels puberulent, the bracts

caducous. Flowers whitish, gross, the receptacular portion (of calyx) about 8

mm. long; calyx-lobes ovate to oblong, about 15 mm. long, densely puberulent,

verrucose, coriaceous, easily caducous; petals elliptic, up to 2 cm. long, mem-
branaceous; stamens about 3 cm. long; anthers elliptic, versatile, bilocular; ovary
elliptic, oblong or obovate, compressed, glandular, dark; style up to 2.5 cm. long,

glandular. Legume oblong, turgid-compressed, 5-15 cm. long, few-seeded.

1856.
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Fig. 113. Hymcnaea Courbavil

Mexico through Central America; West Indies; northeastern South America.

chiriqui: Caldcra, Pittiev 3351. cocle: vicinity of El Valle, Allen 1/66; Penonome,

Williams IQj, veraguas: headwaters Rio Canazas, Allen JpQ.

The species is of economic importance, both as timber and as a source of the

resin "South American copal." The pulp of the fruit is edible. The strong, heavy

wood is emploAed in various kinds of construction. The resinous exudation from

the trunks is of use medicinally, in varnish manufacture, and as an incense. Indians

are reported eating the fruit pulp, and using the bark in making canoes.

11. MACROLOBIUM Schreb.

Macrolobium Schreb. Gen. 1:30. 1789, nom. conscrv.

Vouapa Aubl. Hist. PL Guian. Franc. 1:25, /. /\ 1775.

Outea Aubl. loc. cit. 28, /. Q. 1775.

Kruegeria Scop. Introd. Hist. Nat. 314. 1777.

Antbonatha Bcauv. FI. d'Oware 1:70, /. 42. 1805, fide Dalla Torre & Harms.

Ufea J. St.-Hil. Expos. Fam. 2:203. 1805.

Vuapa Ktze. Rev. Gen. 1:212. 1891

Pseudoionapa Britt. & Killip, in Ann, N. Y. Acad. 35:166. 1936.
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Unarmed trees, of small or moderate size. Leaves pinnate, generally caducous-

stipulate, with 2 to many leaflets (in Panamanian species a single pair) ; leaflets

small or large, coriaceous or almost so, often unequal basally. Inflorescence usually

racemose, terminal to axillary on older wood, bracteate but the bracts generally

caducous. Flowers small to moderate, ensheathed to a greater or lesser extent by

the (2) fused bracteoles, this bracteolar sheath cleft on one side; receptacuLr por-

tion of calyx short; calyx-lobes 4 or rarely 5, slender, imbricate; visible petal 1,

large, clawed to subsessile, folded-cucullate in bud, other petals squamiform or

lacking; perfect stamens 3, elongate, free, in some species with up to 7 accompany-

ing staminodia; ovary 2- to many-ovulate, subsessile to stipitate, the stipe or base

of ovary adnate to the receptacle on one side; style slender, with a terminal small

or capitate stigma. Legume flattened, 2-valved, small, orbicular to oblong; seeds

1 to few, large, ovate to orbicular.

Pan:

Africa.

ama; South America, most abundant in the Amazon section of Brazil;

a. Petal about 1.3 cm. long 1. M. modicopetalum
aa. Petal about 4 cm. long 2. M. Pittifri

Fig. 114. Macrolobium modicopetalum

1. Macrolobium modicopetalum Schery, in Ann. Mo. Bot. Gard. 30:88. 1943.

Tree with subglabrous to glabrous branchlets. Leaves glabrous, 1 -jugate;

petiole short, terete, deeply canaliculate; leaflets subsessile, coriaceous, elliptic,

basally unequal and subacute, apically short-attenuate and obtusely mucronate,
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12-23 cm. long and 4-9 cm. wide, the veins prominent beneath and laterally con-

fluent. Inflorescence spicate, glabrous or very short-pubescent, bracteate, arising

laterally or subterminally from the branchlets. Flowers narrow-pedicellate; the

sheath (fused bracteoles) obovate, about 7-9 mm. long, bilobate, the lobes about

4 mm. broad; sepals 4, oblong, about 6-7 mm. long and 2.5-4 mm. wide, obtuse,

glabrous; petal 1, white, ovate-lanceolate, 12-13 mm. long and 6-8 mm. wide,

concave, undulate-margined, briefly unguiculate; stamens 3, the filaments linear,

11-19 mm. long, the anthers ovate, about 3 mm. long; ovary compressed, mar-

ginally pubescent, substipitate, 4-ovulate; style glabrous, with the ovary up to

20 mm. long.

Northwestern Panama.

bocas del toro: Fish Creek, von Wedcl 220Q, 2226, 22QI, 2399.

2. Macrolobium Pittieri (Rose) Schery, comb. nov.

Vouapa Pittieri Rose, in N. Am. Fl. 23:226. 1930.

Small tree. Leaves 2-foliolate, subsessile; leaflets broadly oblanceolate, 3-3.5

dm. long, sometimes 1 dm. broad, chartaceous, basally oblique, apically acute or

acuminate. Inflorescence lateral, borne on older branches, 3-5 cm. long, short-

pedunculate. Flowers pedicellate, the pedicels 4-6 mm. long, glabrous; sheath

(fused bracteoles) 9-11 mm. long, glabrous, cleft for half its length; calyx gla-

brous, the lobes imbricate in bud, linear-oblong to linear-obovate and about 2 cm.

long in anthesis; petal 1, elliptic, about 4 cm. long and 13 mm. wide, thin, erose-

undulate margined, glabrous, short-clawed; ovary lightly pubescent on margins,

the style glabrous; legume oblong, 15 cm. long and 5 cm. wide, glabrous, the

valves twisting in age; seed oblong, 2 cm. long, flattened, rugose.

Northeastern Panama.

san blas: Puerto Obaldia, Pittier 4355-

12. BROWNEA Jacq.

Brownea Jacq. Enum. Pi. Carib. 6. 1760 (as Browneae) , nom. conserv.

Her?nesias Loefl. Iter Hisp. 278. 1758, hyponym.

Shrubs or trees, branchlets pubescent or glabrous. Leaves large, simply pinnate,

few- to many-foliolate; leaflets in pairs, opposite to subalternate, large, entire,

short-petiolulate. Inflorescence capitate to short-racemose, terminal to cauliflorous,

bracteate, the bracts often colored and caducous. Flowers large, showy, ensheathed

basally by the coalesced bractlets; calyx 4- to 5-parted, submembranaceous, with

an elongate, thickened receptacular base; petals 4-5, membranaceous, clawed;

stamens 10-15, basally connate. Ovary stipitate, the stipe adnate the whole length

of the receptacular tube. Legume flat, 2-valved.

We
Venezuela.
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This striking genus is apparently in need of specific condensation. Plants from

different localities (bearing different names) appear highly similar in the herbarium,

and specific limits are poorly defined. The specimens are usually bulky and incom-

plete on herbarium sheets,—the sheets often being without reference to location

of inflorescence or other so-called key characters, and with parts of the large in-

florescence or flowers missing or caducous. The plants themselves are extremely

variable in the number of leaflets on various leaves of the same plant. The specific

names listed must temporarily serve until monographic study can determine their

true reference and complete synonymy.

a. Leaflets elliptic to ovate, usually rounded or obtuse basally, essentially

glabrous below; floral sheath mostly rusty-comentose or tomentulose
and scarcely 3 cm. long 1. B. Rosa-de-monte

aa. Leaflets narrowly elliptic, usually cuneate basally or narrowing below
the middle, pubescent below, at least along the midvein; floral sheath
canescent-tomentosc, usually about 3.5 cm. long 2. B. macrophylla

1. Brownea Rosa-de-monti; Berg, in Phil. Trans. Roy. Soc. London 63:174,

pis. 8 & Q. 1773.

Brownea Rosa Pers. Syn. Pi. 2:237. 1807.

Broicttea rosea Otto, in Otto & Dietr. Allg. Gartenzeit. 23:147. 1855, tide Index Kew.
Brownea Princess Linden ex Otto, in Otto & Dictr. loc. cit. 1855, equals B. Ariza, tide

Index Kew.
?Brownea Ariza Benth. Pi. Hartw. 171. 18 57.

Brownea speciosa Rchb., Griseb. Fl. Brit. W. Ind. 212. 1860. (DC. Prodr. 2:477. 1825),
Brownea coccinea Locfl. ex Griseb. loc. cit. 1860, non B. coccinea Jacq.
Hertnesias Rosa O. Ktze. Rev. Gen. 191. 1891.

Brownea rosa-month Pittier, in Contr. U.S. Nat. Herb. 18:156. 1916.

Small tree, with lenticellatc, glabrous (in Panama?) branchlets. Leaves few-

to several-jugate, glabrous, short-petiolate; the rachis stout, lenticellate, up to 40

cm. long or longer; leaflets elliptic (lowermost on leaf usually ovate or subovate),

up to 20 cm. long or longer, 2-9 cm. wide, dull, apically attenuate-cuspidate,

basally obtuse to rounded, with a gland below to one side on base of the midrib;

petiolules stout, 3-6 mm. long. Inflorescence on older branchlets, condensed,

bracteate, the bracts puberulent, broadly ovate to linear, several cm. long; com-
mon peduncle 2-3 cm. long, tomentose; pedicels about 3-5 mm. long, pubescent.

Flowers conspicuous, scarlet-red; bracteolar sheath relatively small, usually 2.5-3.0

cm. long, bilobed, tomentulose to tomentose, usually ferruginous; sepals (i.e. lobes)

4-5?, oblong to linear, up to 25 mm. long and 13 mm. wide, subglabrous, free,

often caducous; petals 5, usually oblong, about 4 cm. long and 1-1.5 cm. wide,

glabrous, clawed, claw about 1 cm. long; stamens 10-11, about 8 cm. long, gla-

brous, connate below for about 2 cm.; ovary tomentose, stipitate, with style about

8 cm. long.

Costa Rica to Northern South America and Trinidad.

canal zone: Ancon, Pittier 2/22; R. Boqueron, Steyennark tf Allen IJ226; R. Indio,

Dodge tf Allen I73°9- darien: El Real, Allen Q45. san blas: Puerto Obaldia, Pittier

4408.
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bract

Fig. 115. Brownea Kosa-dc-monte

Intergradation occurs between this and B. macrophylla. Intensive study of the

genus in northern South America may show the differences to be of subspecific

value only. B. Ariza (B. Princeps, fide Index Kew.) is tentatively listed as a

synonym on what evidence can be ascertained from examination of Panamanian

and South American specimens and its own brief description, but the type has not

been seen. Standley (Contr. U.S. Nat. Herb. 27:202. 1928) and Pittier (Contr.

U. S. Nat. Herb. 18:153? 1916) both list B. Ariza as occurring in Panama as a

distinct species.

2. Brownea macrophylla Linden, Cat. no. 18:11. 1863; Mast, in Gard. Chron.

777, fig. 149. 1873.

Brownea antioquensis Linden loc. cit. no. 23:3. 1869.
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Small tree, the branchlets generally tomentulose. Leaves few- to several-jugate;

the petiole stout, to 10 cm. long; the rachis puberulent to glabrous, elongate;

leaflets narrowly elliptic to elliptic-oblanceolate (sometimes more or less ovate in

basal pair), up to 30 cm. long and 9 cm. wide, apically long attenuate-cuspidate,

basally acute to cuncate (infrequently obtuse or rounded), pubescent at least

along the midvein below, dull, with a basal gland; petiolules to 5 mm. long, callous

and often tomentose. Inflorescence axillary on older stems to subterminal,

bracteate; the bracts to 7 cm. long, glabrous to lightly pubescent; common

peduncle about 3 cm. long, tomentose, many-flowered; pedicels 4-7 mm. long,

pubescent. Flowers large, red; bracteolar sheath about 3.5 cm. long, spathaceous

and bilobate, usually canescent-tomentose; calyx-lobes 5, lincar-oblanceolate to

narrowly elliptic, 2.5-3.5 cm. long, up to 8 mm. wide, glabrous; petals 5, rounded

apically, up to 4 cm. long, the claw about 1 cm. long; stamens 10-11, glabrous,

basally connate, usually 8-9 cm. long; ovary narrow, stipitate, tomentose, in-

cluding style about 10 cm. long.

Northern South America and Panama.

canal zonk: Fort Randolph, Standley 28731 ; Fort Sherman, Standley 31005; France

Field, Stevens q8~; between France Field and Catival, StanJley 3OI9> colon: Porto

Hello, Peterson 6522. darien: Boca de Pauarando, Pit tier 55QI ; Cerro Pirre, Pit tier 6Q/J;
Pinogana, Pittier 6$Jl . Panama: Juan Diaz, Hunter & Allen 931.

The original "description" and 'Gardeners' Chronicle' figure of B. macrophylla

are nearly useless in determining correct application of this name. Inasmuch as

the type specimen was not seen, 1 have followed generally Pittier's interpretation

of the species (Contr. U. S. Nat. Herb. 18:155. 1916), except for Peterson 6522

which seemed to have more affinities here than with B. Rosa-de-motite.

13. BROWNEOPSIS Huber

Brow neopsis Huber, in Bol. Mus. Goeldi 4:565. 1906.

Tree to 30 or more meters. Leaves even-pinnate, short-petiolate, the rachis

extended, the leaflets subopposite in pairs. Inflorescence terminal to cauliflorous,

congested, in more or less conspicuously bracteate heads. Flowers ebracteolatc,

sessile; calyx with a thick basal, obconic, angular, receptacular portion, and 4-

parted limb, 3 sepals similar, the fourth different, frequently circumscissile; petals 3

or 4, rudimentary to partially petaloid-expanded; stamens 12-16, the filaments

connate below for about half their length, somewhat unequal; ovary slender,

stipitate, the stipe completely adnatc to the receptacular tube; .style elongate, with

1 capitate stigma. Legume large, flat, 2-valved.

Panama to Brazil.

A genus allied to Brownea, in a section of the Leguminosae where generic limits

are often difficult to determine. Broivneopsis is separated from Brownea primarily

because of the lack of a bracteolar sheath in the flowers of the former. Macbride

(Field Mus. Bot. Ser. 13^:13 5. 1943) has referred the species back to Brownci.

A single species is known from Panama.
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1. Browneopsis excelsa Pittier, in Contr. U.S. Nat. Herb. 18:157, pi. 63. 1916.

Brou/nea excelsa (Pittier) Macbride, in Field Mus. Bot. Ser. 13 8 :135« 1943.

Large unarmed tree, with terete, glabrous, lenticellate branchlets. Leaves 4-

to 6-foliolate; petiole short, gross basally, with rachis up to 10 cm. long; rachis

flattened and usually 1-sulcate above, glabrous; leaflets ovate to lanceolate or ob-

long, 5-11 cm. long, 2-5 cm. wide, apically usually very long-acuminate, basally

ite to obtuse to cuneatc, elabrous, dull, chartaceous, minutely reticulate;trunc

petiolules about 6 mm. long. Inflorescence a condensed, short-peduncled, few-

flowered, cone -like "head", terminal or axillary and subterminal; bracts broadly

ovate, to 3.5 cm. long, ciliate, somewhat puberulent, longitudinally rugose, over-

lapping. Flowers cream to pinkish, showy; calyx with a thick basal receptacular

portion about 8 mm. long, the 4 petaloid sepals (lobes) elliptic, one shorter than

the other 3, to 2.5 cm. long, often caducous; petals 3 or 4, 2? of them narrcwlv

elongate-obovate, about 3 cm. long, clawed, glabrous; stamens 14-16, mona-

delphous, glabrous, up to 3.5 cm. long; anthers linear-oblong, up to 1 cm. long,

versatile, bilocular; ovary narrow, stipitate, densely pubescent, with style up to 4

cm. long or longer; style glabrous; stigma terminal, rounded. Legume linear-

oblong, 15-20 cm. long, 3-4 cm. wide, thin and flattened, densely puberulent,

obliquely attenuate-mucronate apically, long-stipitate basally, few-seeded.

Darien, Panama.

darien: Garachine, Pittier 55II; Marraganti, Williams IOII; between Pinogana and

Yavisa, Allen 261 ; El Real, Allen 946.

14. TAMARINDUS L.

Tamarindus L. Sp. Pi. 34. 1753.

Medium-sized trees of lower elevations. Leaves evenly pinnate, moderate-sized,

short-petiolate; stipules minute, caducous; leaflets small, numerous, sessile, paired.

Inflorescence short, usually terminal, few-flowered, racemose. Flowers moderately

large, attractive; calyx 4-parted, the lobes reflexed above the receptacular base,

imbricate in bud; petals very unequal, the 3 uppermost expanded and the 2 lower-

most rudimentary; stamens 3, monadelphous; staminodia minute; anthers longi-

tudinally dehiscent; ovary stipitate, the stipe adnate to the receptacular tube; style

elongate, with a terminal subcapitate stigma. Legume linear-oblong, curved, thick,

indehiscent, septate between the obovate-orbicular seeds.

Native to the Far East but planted and naturalized throughout the world

tropics.

The genus is monotypic.

1. Tamarindus indica L. Sp. PI. 34. 1753.

Tamarindus Occidentalis Gaertn. Fruct. 2:310, /. 146. 1791.

Tamarindus umbrosa Salisb. Prodr. 323. 1796.

Tamarindus officinalis Curt. Bot. Mag. />/. 45^3- 1851.
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Fig. 116. Tatnarindus indsca

Unarmed, naturalized trees, with puberulent to glabrous branchlets, spreading

crown, and rough, brown bark. Leaves 6-12 cm. long, glabrous or nearly so;

leaflets 6-18 pairs, oblong, 1-2.5 cm. long, rounded to retuse apically, obliquel)

obtuse to subtruncate basally, chartaceous, reticulate. Inflorescence as described

for the genus; pedicels slender, 6-10 mm. long. Flowers yellow striped with red;

sepals 5, elliptic-lanceolate, 6-10 mm. long; larger petals 3, obovate, 8-12 mm.

long, subfimbriate; stamens arcuate, investing rhe ovary below, up to 14 mm.

long; anthers oblong, about 2 mm. long; ovary somewhat pubescent basally.

Legume 5-15 cm. long, about 2 cm. thick, lepidcte, with an acid pulp surrounding

the seeds; seeds about 1 cm. wide.

World tropics.

Panama: Taboga, Hayes 2QI.

The species is commonly cultivated. The pulp of the fruit, said to be rich in

formic and butyric acids, is used in preparation of a refreshing drink. The fruit

is also reported to have medicinal properties, used as a laxative and in preparation

of a gargle.

15. DIALIUM L.

Dialium L. Mant. 1:3. 1767.

Arouna Aubl. Pi. Guian. Franc. 1:16, /. 5. 1775.

Aruna Schreb. Gen. PI. 1:26. 1789.

Cleyria Neck. Elem. 2:183. 1790.

Codarium Sol. ex Vahl, Enum. 1:302. 1805.
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Unarmed trees, usually large. Leaves once-pinnate; leaflets few, moderately

large, mostly alternate, coriaceous to submembranacecus; stipules caducous. In-

florescence paniculate, axillary or terminal. Flowers small, caducous-bracteate;

calyx 5 (rarely 4)-lobed, the lobes imbricate, the receptacular portion short, thick;

petals 1-2 and minute, or lacking; stamens 2 or rarely 3, distinct, with short fila-

ments; anthers cblong, basifixed, erect, dehiscent by slits; ovary sessile or sub-

sessile, generally 2-ovulate; style short, with terminal stigma. Legume subglobose

to ellipsoid, sparingly fleshy, indehiscent; seed usually 1, somewhat compressed.

Essentially a ;;enus of the Old World tropics; with a single species in the New

World, ranging from Guatemala to eastern Brazil.

1. Dialium guianense (Aubl.) Sandwith, in Lloydia 2:184. 1939.

Arouna guianensis Aubl. Pi. Guian. Franc. 1:16, /, 5« 1775.

Aruna divaricata Willd. Sp. PL 1:156. 1798.

Dialium divaricatum Vahl, Enum. 1:303. 1805.

Dialium acuminatum Spruce ex Williams, in Field Mus. Publ. Bot. 15:201. 1936.

Tall tree, with glabrous or puberulent branchlets. Leaves mostly 5- to 7-

foliolate, caducous-stipulate, short-petiolate; rachis about 5-8 cm. long, often

puberulent; leaflets ovate to elliptic-lanceolate, apically attenuate, basally rounded

to cuneate, 3-12 cm. long, 1.5-4 cm. wide, glabrous, conspicuously reticulate,

alternate or subopposite; petiolules about 3 mm. long, flattened or sulcate above,

somewhat callous. Inflorescence an extended, branching panicle, terminal or sub-

terminal, puberulent to glabrous; bracts caducous; pedicels very short. Flowers

small, inconspicuous, ppetalous; calyx pubescent without, densely so in bud, the

receptacular portion short and stocky, the 5 lobes expanded, imbricate, obtuse, up

to 3 mm. long; petals lacking; stamens 2, short; anthers bilocular, erect and basi-

fixed, dehiscing by slits from the apex, the connective conspicuous; ovary sessile

or subsessile, pubescent, 2-ovulate; style short, with a small terminal stigma.

Legume subglobose to ellipsoid, up to 2.5 cm. long, very short-stipitate, with a

fragile exocarp and somewhat fleshy endocarp.

Central and South America, from Guatemala to Peru and Brazil.

darien: vicinity of La Palma, Pittier 5486. san blas: Perme, Cooper 240.

The species furnishes a very heavy, durable, brownish wood, used in construc-

tion and for posts, but difficult to work because of its hardness. The fruit is

edible, and is often consumed by various animals.

At least one additional species of Dialium, presumably exotic (Steyermark s. n.)
s

is in cultivation at the Summit Plant Introduction Garden, Canal Zone.

16. CASSIA (Tourn.) L.

Cassia (Tourn.) L. Sp. Pi. 376. 1753.

Setnia (Tourn.) Mill. Gard. Diet. ed. 4. 1754.

Chamaecrista Moench, Mcth. 272. 1794.

Cathartocarpus Pers. Syn. Pi. 1:459. 1805.

Grimaldia Schrank, in Denkschr. Akad. Miinchen, 103. 1808
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Bactyrilobium Willd. Enum. Hort. Berol. 1:439. 1809.

Cassiana Raf. in Am. Monthly Mag. 2:266. 1818.

Cbamaccassia Link, Handb. 2:139. 1831.

Cbamacfistula G. Don, Gen. Hist. Dichl. Pi. 2:451. 1832.

Adipcra Raf. Sylva Tellur. 129. 183 8.

Dialanthera Raf. loc. cit. 127. 183 8.

Diallobus Raf. loc. cit. 128. 183 8.

Distercpta Raf. loc. cit. 126. 1838.

Diplotax Raf. loc. cit. 129. 1838.

Ditrcmexa Raf. loc. cit. 127. 1838.

Emclista Raf. loc. cit. 183 8.

Heptcireca Raf. loc. cit. 126. 183 8.

Herpetica Raf. loc. cit. 123. 1838.

handrina Raf. loc. cit. 126. 183 8.

Nictitella Raf. loc. cit. 128. 183 8.

Octelhia Raf. loc. cit. 129. 183 8.

Opbiocaulon Raf. loc. cit. 183 8.

Vanish Raf. loc. cit. 128. 1838.

Peiranisia Raf. loc. cit. 127. 183 8.

Scolodia Raf. loc. cit. 128. 1838.

Tagcra Raf. loc. cit. 129. 1838.

Xamacrista Raf. loc. cit. 127. 183 8.

Mac-Lcayia Montr, in Mem. Acad. Lyon 10:198. 1860.

Cbamaesenna Raf.; Pittier, Arbol. & Arbust. Legum. 130. 1928.

Cowellocassia Britt. in N. Am. Fl. 23:251. 1930.

Desmodiocassia Britt. & Rose, loc. cit. 244. 1930.

Earleocassia Britt. loc. cit. 247. 1930.

Ecbinocassia Britt. & Rose, loc. cit. 251. 193 0.

Gaumerocassia Britt. loc. cit. 2 52. 1930.

Leonocassia Britt. loc. cit. 268. 1930.

Palmerocassia Britt. loc. cit. 2 5 3. 1930.

Pbragmocassia Britt. & Rose, loc. cit. 245. 1930.

Pseudocassia Britt. & Rose, loc. cit. 230. 1930.

Psihrbegma (Benth.) Britt. & Rose, loc. cit. 255. 1930.

Pterocassia Britt. & Rose, loc. cit. 243. 1930.

Sciacassia Britt. loc. cit. 252. 1930.

Sericeocassia Britt. loc. cit. 246. 1930.

Tbarpia Britt. & Rose, loc. cit. 1930.

Vogclocassia Britt. loc. cit. 258. 1930.

Xerocassia Britt. & Rose, loc. cit. 246. 1930.

Trees, shrubs or herbs, or sometimes vine-like. Leaves pinnate, 2- to many-

foliolate or occasionally aphyllous, often with petiolar or rachial glands; leaflets

entire, often inequilateral. Inflorescence bracteate, axillary or terminal, racemose

or paniculate or the flowers rarely subsolitary. Flowers usually yellow, conspicuous;

calyx with a disc-like base and 5 usually imbricate sepals; petals 5, distinct, ex-

panded, often unequal; stamens 10-4, the 3 uppermost usually rudimentary or

lacking, the 4 median similar, usually intermediate in size, often conspicuously

rostrate; the 3 lowermost similar or dissimilar, rarely lacking, variously modified

but usually rostrate, usually larger than the median stamens; anthers dehiscent by

terminal or basal pores or sometimes (in addition) lateral slits, basifixed and erect;

ovary sessile or stipitate, several- to many-ovulate. Legume dehiscent or sometimes

indehiscent, terete or more often compressed or flattened, the seeds often horizontal,

the funicle filiform to very short.
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A very large natural genus of world-wide distribution, common mostly to the

tropics and subtropics; very abundant in the Americas.

a. Leaves without petiolar or rachial glands.

b. Leaves normally multifoliolate, with 4 (very infrequently) or more

pairs of leaflets.

c. Three lowermost stamens with slender filaments at least 5 times

the length of the ovate anthers; anthers dehiscent basally as well as

apically.

d. Leaflets 8 or less pairs, large, 8-20 cm. long; flowers about 4 cm.

broad; introduced tree *• C. Fistula

dd. Leaflets up to 20 pairs, small, 6 cm. or less long; flowers about

2 cm. broad.

e. Calyx canescent-tomentulose without; median stamens 5, sub-

equal, the anthers lightly pilose; ovary tomentose; flowers

pink or white - 2 - C. grandis

ee. Calyx puberulent to subglabrous without; median stamens

4, the anthers glabrous; ovary essentially glabrous; flowers

yellow^ 3 -
C

'
MOSCHATA

cc. Lowermost stamens mostly with the oblong anthers longer than

the filaments, but in no case the filaments more than about twice

as long as the anther; anthers dehiscent apically.

d. Three lowermost anthers very long-rostrate; leaflets normally

12-40 pairs, smaller (1-4 cm. long); unusual in Panama 29. C. multijuga

dd. Lowermost anthers short-rostrate; leaflets normally 6-15 pairs,

larger (3-15 cm. long),

e. Bracts of inflorescence small and narrow or caducous, not en-

sheathing the upper buds; lowermost lateral anthers about 7

. long, only slightly exceeding the median anthers; legume

either turgid-quadrangular or, if flattened, relatively few-
mm

septate and undulate medianly.

f. Leaflets ovate-oblong, blunt apically, minutely puberulent

below; some filaments longer than the anther; ovary pubes-

cent; legume flattened; introduced tree 4. C. siamea

ff. Leaflets lanceolate, acute apically, lightly pubescent below;

filaments shorter than the anthers; ovary glabrous; legume

turgid-quadrangular "« C« spectabilis

ee. Raceme with large, subovate bracts (mostly 1-2.5 cm. long)

ensheathing the buds; 2 lowermost lateral anthers 11 mm.
long or longer, greatly exceeding the median anthers; legume

flat (but winged laterally in C. alata), multiseptate.

f. Leaflets narrowly elliptic or oblong, mostly less than 2 cm.

wide, acute (occasionally obtuse) and markedly mucro-

nate apically; stipules in native species foliaceous, obliquely

reniform, about 3 cm. long.

g. Leaflets pubescent; ovary tomentose; introduced 6. C. didymobotrya

gg. Leaflets glabrous; ovary glabrous 7. C. nicaraguensis

ff. Leaflets oblong to obovate, mostly 2-8 cm. wide, rounded

and blunt apically, sometimes mucronulate; stipules inequi-

laterally lanceolate, about 1 cm. long,

g. Leaflets conspicuously tomentulose below, especially on

the veins; legume not alate 8 - C. reticulata

gg. Leaflets glabrous or nearly so; legume winged 9. C. alata

bb. Leaves normally 4- or 2-foliolate (occasional leaves up to 10-foliolate

in C. emarginata),

c. Shrub or small tree; mature leaf larger, most leaflets 3-8 cm. long;

legume elongate, at least 15 cm. long; to be expected in Panama.... 10. C. emarginata

cc. Herbaceous or trailing; leaf smaller, the leaflets 0.5-3 cm. long;

legume shorter, less than 8 cm. long,

d. Leaflets normally 4; flowers in short terminal racemes; stipules

minute.

e. Leaves and flowers larger (sepals mostly 8 mm. long or

longer); leaflets essentially glabrous below 11. C. hispidula
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ee. Leaves and flowers smaller (sepals mostly 7 mm, long or
shorter); leaflets more or less setulose or pubescent below 11a. C. HISPIDULA var.

. Kii.lipii
dd. Leaflets normally 2; flowers 1-2 from the axils; stipules about

as long ai the petioles 12. C rotundifolia
aa. At least most leaves with glands on petiole or rachis.

b. Glands borne on the petiole (below lowermost pair of leaflets).

c. Stamens similar (although unequal), the anthers erostrate and
with a puberulent longitudinal ridge laterally; glands concave
apically (stipitate or sessile), borne on mid or upper petiole; leaf-
lets mostly 0.5-2.5 cm. long; "Cbamaecrista".
d. Leaflets 1-3 pairs; stipules cordate-lanceolate.

e. Leaflets a single pair
l3< Qimphviia

ee. Leaflets 2—3 pairs.

f. Plant mostly prostrate; petiolar gland stipitate; flower small,
scarcely

1 cm. wide; legume small, about 1 cm. long . 14. C. TAGERA
ft. Plant shrub-like; petiolar gland sessile; flower larger, at

least 2 cm. wide; legume larger, about 3 cm. long..... 15. Q BREVIPES
dd. leaflets many pairs; stipules linear-lanceolate.

e. Flowers borne from the leal' axils; stems fldUOUS 16. C. i i.i-XUOsa
ee. Flowers borne from the internode; stems scarcely flexuous.

f. Petiolar glands stipitate; stems usually pilose (in Panama),
the long hairs spreading, at right-angles to the stem.
g. Flowers smaller (about 6 mm. long); largest anth.

about 4 mm. long; ovary villous-pilose \7 . C. STENOCARPa
gg. Flowers largei (normally l cm. long or longer); largest

anthers 7-12 mm. long; ovary strigose-pilose or tomen-
tose.

h. Flowers scarcely more than 1 cm. Ions;; longer anthers
about 7 mm. long; petiolar gland usually short-stipitate
or Sickened X7z. C stenocarpa var.

,
. _, STENCK ARPOTD1 S

hh. Flowers mostly 12-15 mm. long; longer anthers
usually 11-12 mm. long; petiolar gland usually slen-
derly stipitate iq ( rxxK?Wl , K . A

tr. letiolar glands sessile, patelliform; stem pubescence of
mostly shorter, ascending hairs.

g. Leaflets pubescent, the surface (in dried material) ap-
pearing verrucose with the pustuliform hair bases; stem
pubescence ascending 19 . c PATELLARIA

gg. Leaflets glabrous, the surface more or less smooth; stem
pubescence appressed-ascending 20. C simplex

CC. Stamens dissimilar, the anthers short-rostrate and glabrous; glands
convex, usually borne close to petiolar insertion- leaflets mostly
2—10 cm. long.

d. Plant pubescent to hirsute; legume elongate And very narrow,
about 4 mm. wide *> i r> t , ^

- 1 • Liii'kk ARPA var.

J I nl it t i ,
HIRSUTA

dd. Plant glabrous or puberulent; legume shorter and broader, about
(> mm. wide.

e. Petiolar gland globose; leaflets averaging slightly larger (2-10
cm. long) .

"
-,-, ,.ft/ 22. C. 0< CIDI xi m is

.. d-*.: i i j i i- i • » „ (including C. sophera)ee. Petiolar gland elongate cylindnc; leaflets averaging slightly

UU r\ /r Ucr (L5r6cm-
lo?& •

-
- 23. Cligustrina

bo. Ulands borne on the rachis between the lowermost pair or pairs of
leaflets or their scars.

c. Leaflets 3 or more pairs.

d. Leaflets only 3 pairs, pubescent below; legume usually strongly
arcuate or falcate-curved.

e. Flowers larger, petal about 20-2 5 mm. long; at least some
stamens elongate, with anthers 8-10 mm. long; legume
flattened

l

-, c ^
c| ,,

25. C. LEIOPHYLLA
ee. Flowers smaller, petals up to 12 mm. long; all stamens short,

the anthers 2-4 mm. long; legume subterete 26. C. Tor/a
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dd. At least some leaves with more than 3 pairs of leaflets, mostly

subglabrous or glaucous below (C. bicapsularis, occasionally with

only 3 pairs of leaflets, has a broader legume usually 1 cm. or

more wide; C. laevigata, with either 3 or 4 pairs of leaflets, has

these glabrous); legume straight or inconstantly arcuate,

e. Upper stem usually hirsute with hairs about 8 mm. long;

rachial glands long-stipitate; leaflets 3 or more pairs, linear

(mostly 1.5-3.0 mm. wide) 28. C Williamsd

ee. Upper stem when pubescent with hairs about 1 mm. long;

rachial glands short-stipitate to subsessile; leaflets fewer

(except often in C. multijuga) , mostly oblong or wider (at

least 5 mm. wide)

.

f. Leaflets normally 12-40 pairs, the rachis 10-25 cm. long;

legume flat, about 15 mm. wide 29. C. multijuga

ff. Leaflets 10 or fewer pairs, the rachis 1-14 cm. long; legume

if flat not over 5 mm. wide, otherwise subtercte.

g. Flowers borne in pairs on filiform pedicels from an

axillary peduncle; lowermost anthers very long-rostrate;

legume 5 mm. or less wide, flat 30. C. biflora

gg. Flowers racemose; lowermost anthers mostly moderately

rostrate; legume 8 mm. or more wide, subteretc.

h. Upper stems and lower surface of leaflets puberulent;

lowermost lateral anthers long-rostrate 31a. C. bicapsularis

var. pubi sclns

hh. Upper stems and lower surface of leaflets glabrous;

lowermost lateral anthers short-rostrate,

i. Leaflets obovate, rounded to subtruncate apically,

mostly 3 cm. or less long; larger anthers conspicu-

ously rostrate - 3 1. C. bicapsularis

ii. L2aflets ovate, acute-acuminate, mostly 3— 10 cm.

long; anthers scarcely rostrate 24. C. laevigata

cc. Leaflets only 2 pairs.

d. Typically herbaceous; legume very slender, only 3-4 mm. wide;

pubescence of long hairs 27. C. piliflra

dd. Trees or shrubs; legume 6-20 mm. wide; pubescence, if any, of

short haii s. "Chamaefistula
e. Large subfoliaceous bracts (and stipules) persistent; leaflets

small (not over 4 cm. wide), inequilaterally subfalcate and

acuminate.

f. Floral bracts about 2 mm. long 32. C. unica

ff. Floral bracts about 8 mm. long or longer 33. C. undulata

ee. Bract- (and stipules) mostly caducous (if occasionally pei-

sistent in C. Maxonii, smaller and not foliaceous) ; leaflets

with various but not all of the 3 characters listed above (e).

f. Leaflets enly slightly inequilateral, acute, tomentulcse be-

low with raised haiis and prominent brownish veins.

g. Fertile stamens only 4 34. C. Maxonii

^. Fertile stamens more than 4 35. C. oxyphylla var.

DARIENS1S

{{. Leaflets if acute markedly inequilateral, otherwise acumi-

nate or caudate, puberulent below with very shoit or

appressed hairs or glabrous; fertile stamens usually 7.

g. Leaflets markedly inequilateral, acute; lower 3 anthers

dehiscent by a single terminal pore 36. C. fruticosa

gg. Leaflets not or but slightly inequilateral; ail anthers

dehiscent by paired terminal pores (although the pores

often somewhat confluent in lower 3 anthers).

h. Leaflets acuminate; petioles short, usually about 3 cm.

long; 3 lowermost anthers shorter than 4 median ones;

lower leaf surface puberulous 36a. C. fruticosa var.

gatunfnsis

hh. Leaflets caudate; petioles almost 10 cm. long; 3 lower-

most anthers longer than the 4 median ones; lower

leaf surface glabrous 37. C. caudata
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Fig. 117. Cassia Fistula

1. Cassia Fistula L. Sp. PL 377. 1753.

Cathartocarpus Fistula (L.) Pers. Syn. 1:459. 1805.
Bactyrilobium Fistula (L.) Willd. Enum. Hort. Berol. 1:440. 1809.
Cassia fistuloides Collad. Hist. Cass. 87, t. I. 1816, fide Benth.
Cassia excelsa HBK. Nov. Gen. & Sp. 6:339. 1824, fide Benth.
Cassia BwplanJiana DC. Prodr. 2:490. 1825, fide Benth.
Cassia rlxtmbifolia Roxb. Fl. Ind. 2:334. 1832, fide Benth.
Cathartocarpus excelsus (HBK.) G. Don, Gen. Hist. Dichl. Pi. 2:453. 1832.

fi

h 1832.

1832.

Tree up to 20 m., usually glabrous. Leaves large, several-foliolatc; petiole

about 5 cm. long, glabrous, eglandular; rachis usually 2-4 dm. long, like the

petiole; stipules small, caducous; leaflets normally 4-8 pairs, large, 8-20 cm. long

and up to 8 cm. wide, ovate to lanceolate, acute apically, very obtuse basally,
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puberulent to glabrous above, lightly pubescent below; petiolules up to 1 cm. long.

Inflorescence a large, graceful, pendent, many-flowered raceme; pedicels slender,

usually 3-4 cm. long. Flowers large, showy, yellow; sepals 5, comparatively small

(usually about 6 mm. long), ovate or oblong, puberulent; petals 5, large, about

2 cm. long or longer, ovate-orbicular, short-clawed, venose; stamens 3-morphic;

the 3 lowermost almost 3 cm. long, the anthers ovate-oblong, 4-5 mm. long,

glabrous, dehiscent apically and basally; the 4 median stamens about 1 cm. long,

the anther ovate-oblong, sagittate, about 4 mm. long, dehiscent from the basal

lobes (and apical pores); 3 uppermost stamens shorter and smaller, somewhat

unequal, the anthers similar to the median ones; ovary slender, lightly pubescent.

Legume (reported) cylindric, about 50 cm. long, indehiscent, with horizontal seeds.

Central America; West Indies; northern South America: native to Asia.

canal zone: Ancon, Zetek 10; Balboa, Standlcy 30847 (sterile).

The tree, indigenous to Asia, is planted extensively as an ornamental in tropical

America. The pulp of the fruit is sweetish, and is said to be useful as a purgative

or laxative.

2, Cassia grandis L. f. Suppl. Pi. 230. 1781.

Cassia brasiliana Lam. Encycl. 1:649. 1785.

Cassia mollis Vahl, Symb. 3:57. 1794, fide Benth.

Cathartocarpus grandis Pers. Syn. Pi. 1:459. 1805.

Cathartocarpus brasilianus Jacq. Fragm. 58, t. 8j f fig. J. 1809.

Bactyrilobium molle Schrad. in Gott. Gelehr. Anz. 713. 1821, fide Benth.

Cassia regia Standi, in Contr. U. S. Nat. Herb. 18:103. 1916.

Tree to 3 m., the branchlets pubescent towards the tip, later glabrous. Leaves

large, many-foliolate; petiole short, eglandular, tomentose, canaliculate above;

rachis up to 30 cm. long, like the petiole; stipules small, linear, caducous; leaflets

up to 20 pair, oblong, 3-6 cm. long and up to 1.5 cm. wide, rounded or obtuse

apically and basally, somewhat inequilateral basally, entire, tomentose below, more

lightly pubescent and darker above, with about 20 pairs of lateral veins; petiolules

tomentose, 1-2 mm. long. Inflorescence of several- to many-flowered racemes,

axillary from older wood to subterminal; racemes to 20 cm. long, tomentose, the

bracts caducous; pedicels slender, about 2 cm. long in lower flowers. Flowers showy,

reported pink to white; sepals 5, unequal, oblong, the larger about 8 mm. long and

5 mm. wide, rounded apically, canescent-tomentulose without; petals ovate-orbic-

ular, to 12 mm. long, short-clawed, glabrous; stamens 3-morphic, the anthers

lightly pilose, the filaments glabrous; 3 lowermost stamens about 2 cm. long, the

filaments gracefully arcuate and thickened towards the middle, the anthers basi-

fixed, short-oblong, about 3 mm. long and 2 mm. wide, subsagittate below, de-

hiscent both apically and basally; 5 median stamens about 1 cm. long, the filaments

linear, the anthers ovate-orbicular, about 1.5 mm. long, more or less versatile and

dehiscing basally; remaining 2 stamens rudimentary or obsolete; ovary linear,

arcuate, tomentose. Legume very large, up to several dm. long and 5 cm. broad,

subterete but margined, indehiscent, ligneous, transversely rugose.
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Fig. 1 18. Cassia grandis

(346)



1951]

flora of Panama (Leguminosae) 47

Mexico to northern South America; West Indies.

bocas del toro: Changuinola Valley, Cooper 6 Slater 133. canal zone: Gatun-

cillo, Piper 512/; Miraflores Lake, P. White 75a '> New Frijoles, Christopherson 131; Paraiso,

Pittier 2532; near Vigia, Dodge
9
Steyermark # Allen 16576. cocle: El Valle, Allen

4471. darien: Marraganti, Williams 643. Panama: Chepo, Kluge 46; Chorrera, Allen

4262; Taboga Island, Macbride 280J.

Cassia regia Standlcy is included as a synonym of C. grandis, although differing

in degree of pubescence and certain other minor ways. Examination of the type

number (Pittier 2532) indicates gradation towards C. moschctfa, and Standley's

type may have been a hybrid between C. grandis and C. moschata, a putative

hybridization that seemingly has not again occurred (i.e. not represented by a

second collection).

3. Cassia moschata HBK. Nov. Gen. & Sp. 6:338. 1824.

Fig. 119. Cassia moschata
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Catbartocarpus moscbatus G. Don, Gen. Hist. Dichl. Pi. 2:453. 1832.

Tree to 12 m., the young branchlets puberulent, longitudinally ridged. Leaves

Luge, many-foliolate; petiole short, eglandular, puberulent; rachis up to 30 cm.

long, like petiole; stipules triangular-bilobed, caducous; leaflets up to 20 pairs,

oblong, 4-5 cm. long and up to 1.5 cm. wide, obtuse apically, rounded and unequal

basally, puberulent below and above (more lightly so above), dull below, with

about 20 pairs of lateral veins. Inflorescence terminal or axillary from u

branches; bracts caducous; pedicels 1-2 cm. long, lightly puberulent. Flowers

yellow; sepals ovate to orbicular, about 7 mm. long, puberulent to glabrate, re-

flexed, dark; petals obovate to orbicular, up to 1.5 cm. long, short-clawed, some-

what venose; stamens 4-morphic, glabrous; the 3 lowermost gross, their anthers

ovate-orbicular, 3-4 mm. long, with terminal pores; the 4 median anthers oblong,

sagittate, 2-3 mm. long, with basal pores; 2 smaller, orbicular anthers less than

1 mm. long; and 1 stamen rudimentary; ovary essentially glabrous. Legume terete,

elongate, up to 5 dm. long and 2 cm. wide, septate, glabrous.

Central America to British Guiana.

canal zone: Chivi-chivi Trail, Piper SI37s JObansen l6; Mojinga Sw.imp, Allen QTO.
Panama: vicinity of Chorrera, Allen l6Q7; Rio Tapia, Standley 2S14S.

This species differs from C. grandis in the much more slender fruits, in the

lesser degree of pubescence in both flower and vegetative parts, and in the longer,

pendulous racemes of differing colored flowers.

4. Cassia siamea Lam. Encycl. 1:648. 1785.

Cassia florida Vahl, Symb. 3:57. 1794.

Cassia sumatrana Roxb. Hort. Beng, 31. 1814, fide Bentli.

Cassia gigantea Bert. DC. Prodr. 2:492. 1825.

Senna sumatrana Roxb. Fl. Ind. 2:347. 1832.

Chamaefistula gigantea (DC.) G. Don, Gen. Hist. Dichl. Pi. 2:452. 1832.
Cassia arborea Macfad. Fl. Jam. 1:343. 1837.

Sciacassia siamea (Lam.) Britt. in N. Am. Fl. 23:252. 1930.

A moderate-size tree, the branchlets puberulent. Leaves moderately lar^e, with

several to many pairs of leaflets; petiole short, eglandular, puberulent; rachis

eglandular, flattened and sulcate above, somewhat nodose and cross-partitioned at

insertion of the petiolules; stipules small, caducous; up to 30 leaflets, ovate-oblong

to oblong, usually about 6 cm. long and 2 cm. wide when well-developed, obtuse

to rounded-subtruncate and slightly emarginate apically, obtuse basally, minutely

puberulent below, lustrous above; petiolules about 3 mm. long. Inflorescence

usually a terminal panicle of short racemes. Flowers rather short-pedicellate,

yellow; sepals suborbicular, up to 6 mm. long, puberulent; petals up to 15 mm.
long, clawed, glabrous; stamens 10, only 7 fertile, dehiscent by terminal pores,

the pores somewhat confluent; 3 lowermost stamens larger (the center one some-
what smaller), the anthers up to 7 mm. long, short-rostrate apically, sagittate

basally; 4 median stamens shorter, the anthers 5-6 mm. long, less noticably

trate; 3 uppermost stamens small, the anthers up to 3 mm. long, apparentlv non-

ros-
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functional; ovary pubescent. Legume linear, 2-3 dm. long and about 12 mm.

wide, flattened, puberulent, undulate between the margins, dehiscent.

Native to East Indies; planted in American tropics.

canal zone: Balboa, Allen 4555, Standley 30822; "Canal Zone," Johansen JO.

darien: Cana, Williams 948.

Fig. 120. Cassia spectabilis

5. Cassia spectabilis DC. Cat. Hort. Monsp. 90. 1813.

Cassia speciosa HBK. Nov. Gen. & Sp. 6:338. 1824; non Schrad., fide Benth.

Cassia Humboldtiana DC. Prodr. 2:489. 1825.

Cathartocarpus Humboldtianus Loud. Hort. Brit. 167. 18 32.

Cathartocarpus speciosns G. Don, Gen. Hist. Dichl. Pi. 2:45 3. 18 32.

Cathartocarpus Trinitatis G. Don, loc. cit. 1832.

Cassia Trinitatis Reichb. in Sieb. PI. Trin. Exs. n. 57; Vogel, Syn. Cass. 46. 1837?, fide

Benth.

Pseudocassia spectabilis (DC.) Britt. & Rose, in N. Am. FI. 23:230. 1930.

Tree to 10 or more m. high, the branchlets usually tomentose when young.

Leaves moderately large, an average leaf about 20-foliolate; petiole short, pubescent,

eglandular; rachis usually about 2 dm. long, eglandular and otherwise like the
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petiole; leaflets several to many pairs, lanceolate, 3-8 cm. long and usually about

2 cm. wide, acute apically, obtuse basally, pubescent below, especially along the

veins, puberulent to subglabrous above and less dull than below, opposite on the

rachis, with 10 or more pairs of prominent lateral veins; petiolules 2-3 mm. long,

pubescent. Inflorescence of several terminal or subterminal several-flowered

racemes; bracts lanceolate, a few mm. long, caducous. Flowers yellow; sepals 5,

obovate-orbicular, markedly unequal, up to 1 cm. long and broad, glabrous to

lightly puberulent; petals 5, mostly obovate, markedly unequal, up to 2.5 cm.

long and 1.5 cm. broad, subglabrous, venose, short-clawed; stamens 10, 3-morphic;

the 3 lowermost the largest, their anthers oblong, about 7 mm. long, short-rostrate

apically and dehiscent by terminal pores, the loculi somewhat converging termi-

nally; anthers of 4 median stamens 5-6 mm. long, similar to the 3 lowermost

except the rostrum reflexed and the loculi divergent terminally; 3 uppermost

stamens markedly dissimilar, more or less rudimentary, the anthers distinctly

bilobed, each lobe reniform and dehiscent the length of its outer margin; ovary

linear, glabrous. Legume linear, turgid-quadrangular, up to 2 dm. long and 1 cm.

wide, transversely multiseptate, tardily dehiscent along one margin.

Mexico to northern South America; West Indies.

chiriqui': San Felix, Pitticr J/JJ.

The tree is often planted in sections of the American tropics.

6. Cassia didymobotrya Fresen. in Flora 22 1
:53. 18 39.

Shrub or small tree, the branchlets puberulent. Leaves several- to many-

foliolate, up to 3.5 cm. long; petiole about 3 cm. long, puberulent, eglandular;

rachis similar to petiole; stipules ovate-rotund, acuminate, up to 12 mm. long;

leaflets normally 8-16 pairs, oblong or elliptic, up to 5 cm. long and almost 2 cm.

wide, basally inequilaterally obtuse, apically obtuse or acute and mucronate, sub-

sessile, lightly pubescent, the hairs from a pustuliform base in dried material. In-

florescence of a few subterminal racemes up to 3 dm. long, the buds approximate

and ensheathed by ovate bracts about 12 mm. long. Flower yellow; sepals elliptic,

imbricate, sessile, about 15 mm. long; petals obovate to elliptic, up to 2 cm. long,

markedly venose, short-clawed; stamens 4-morphic; anther of lowermost center

stamen about 7 mm. long, with terminal pores and lateral slits, prominently

hastate basally, this anther bounded on either side by a stamen with a large anther

about 12 mm. long, similarly dehiscent, sagittate basally, arcuate; anthers of 4

median stamens subequal, about 5 mm. long, long-rostrate, sagittate, dehiscent as

the lowermost; uppermost 2-3 stamens rudimentary, distorted; ovary tomentose.

Legume broadly linear, up to about 10 cm. long and 1.5 cm. wide, flat, dehiscent,

multiseptate; seeds transverse.

Native to northern Africa; introduced into American tropics, Hawaii, and

lsewhere.

canal zone: in cultivation at summit, ]ohansen s.ti.
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If the Johansen specimen typifies the species, it is very little different from

C. nicaraguensis. It differs chiefly in pubescence characters and in having smaller,

different-shaped stipules. The plant is reported to emit an unpleasant odor when

bruised.

Fig. 121. Cassia nicaraguensis

7. Cassia nicaraguensis Benth. in Trans. Linn. Soc. 27:552. 1871.

Cassia Seleriana Harms, in Bull. Herb. Boiss. 7:551. 1899, fide Britt. & Rose.

Chamacscnna nicaraguensis (Benth.) Britt. & Rose, in N. Am. Fl. 23:250. 1930.

Small, glabrous tree. Leaves many-foliolate, usually 20-3 cm. long; petiole

elongate, basally rugose-callous; rachis flattened above, eglandular; stipules foli-

aceous, about 3 cm. long, rounded apically, acuminate-attenuate basally, indented

on inner side at insertion, deciduous from older leaves; leaflets 5-20 pairs, oblong

or elliptic, usually about 6 cm. long and 2 cm. wide, basally obtuse, apically obtuse

or acute and mucronate, dull below, markedly reticulate; petiolules about 1 mm.

long. Inflorescence of several racemes terminal or axillary from the upper petioles;

bracts large, caducous; pedicels 1-2 cm. long. Flowers showy, yellow; sepals 5,
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obovate to orbicular, up to 2 cm. long, imbricate, sessile, venose; petals obovate

to elliptic, up to 2.5 cm. long, very short-clawed, strikingly venose, the veins very

dark; stamens with short filaments, 4-morphic; the anther of the lowermost cen-

ter stamen about 5 mm. long, with terminal pores and lateral slits, prominently

hastate basally, this anther bounded on either side by a stamen with a very large

anther about 1.5 cm. long, similarly dehiscent, basally unequally sagittate, the

larger lobe on the inner side; 4 median stamens moderate, the anthers dehiscent by

terminal pores and lateral slits, apically long-rostrate, basally briefly sagittate;

uppermost stamens 2—3, rudimentary, distorted, about 3 mm. long; ovary linear,

glabrous. Legume flat, broadly linear, margined, septate, up to 12 cm. long and 1.5

cm. \viide.

Mexico and Central America.

canal zone: vicinity of Miraflores Lake, G. White igo
y P. & G. White 43; R. Azote

Caballo, Dodge, Steyermark & Allen 16823. Panama: Alhajuela, Pittier 2363; vicinity

of Arraijan, Allen 162j. veraguas: vicinity of Santiago, Allen 1076.

8. Cassia reticulata Willd. Enum. Hort. Berol. 1:443. 1809.

Cassia strobilacea HBK. Nov. Gen. & Sp. 6:347. 1824, fide Benth.

Cassia Tarantan HBK. loc. cit. 348. 1824, fide Britt. & Rose.

Cassia Jumetoriim Bert.; DC. Prodr. 2:499. 182 5.

Cbarnaesenna reticulata (Willd.) Pittier, in Trab. Mus. Com. Venez. 3:160. 1928.

Small tree, the branchlets puberulent, terete, stout, with a large pith. Leaves

large, up to 24-foliolate; petioles relatively short, similar to the rachis; rachis up

to 3 dm. long or longer, puberulent, flattened and longitudinally margined above,

somewhat nodose and subseptate between insertion of the leaflets, eglandular;

stipules lanceolate, up to 1 cm. long, spreading at the base and subauriculate by

oblique insertion, puberulent, subpersistent; leaflets 8—12 pairs, oblong to obovate

(uppermost), up to 10 cm. long and 5 cm. wide, apically rounded to subtruncate

and mucronulate; basally rounded or obtuse and somewhat inequilateral, tomentu-

lose below, puberulent above, dull, reticulate; pctiolule about 1 mm. long. In-

florescence terminal or axillary from the upper nodes, puberulent or tomentulose,

racemose, condensed above, the pedicels short; bracts persistent until anthesis,

ovate-orbicular, up to 2 cm. long, usually cuspidate apically, finely reticulate, more

or less imbricate and ensheathing the buds of the apical portion of the raceme.

Flowers yellow, moderately large; sepals elliptic, up to 13 mm. long, delicately

veined, the veins mostly longitudinal and subparallel; petals elliptic-orbicular,

16-17 mm. long, clawed, conspicuously dark-veined, glabrous; fertile stamens 6

(4 others present but rudimentary) ; the lowermost center one with a long filament

(about 4 mm. long), its anther markedly sagittate, about 3 mm. long; anthers

of the 2 lowermost lateral ones large, linear-elliptic, falcate, about 1 1 mm. long,

dehiscent by a pair of terminal pores, apically short-rostrate and acute, basally

unequally sagittate; 4 median anthers oblong, about 4 mm. long, prominently

rostrate apically, dehiscent by a pair of terminal pores, basally sagittate; 3 upper-

most stamens rudimentary, the anthers 2—3 mm. long; ovary linear, tomentulose.
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Legume linear-oblong, up to 15 cm. long and 2 cm. wide, thin, septate, glabrous,

short-stipitate, margined but not alate; seeds transverse linear.

Mexico to Brazil and Bolivia; Trinidad.

bocas del toro: Changuinola River, Dunlap 2pj; Old Bank Island, von Wedel
1862, Iq88; Water Valley, H. von Wedel 1626, 1757. canal zone: Ancon, Mason 6;

"Chagres", Fendler Q$; Gatiin, Maxon 4791 ; Miraflores, P. & G. White 44. cocle:

Penonome, Williams 364. darien: Garachine, Pittier 55°9- Panama: Juan Diaz,

Standley 30482; R. Tapia, Standley 28304; Las Sabanas, Standley 25833.

9. Cassia alata L. Sp. PI. 378. 1753.

Cassia herpetlea Jacq. Obs. Bot. 2:24, /. 45, fig. 2. 1767.

Cassia bracteata L. f. Suppl. 23 2. 1781, fide Benth.

Senna alata Roxb. Fl. Ind. 2:349. 18 32.

Herpetica alata (L.) Raf. Sylva Tellur. 123. 183 8.

Shrub to 3 m. tall, the branchlets minutely puberulent to subglabrous, stout,

terete. Leaves large, up to 28-foliolate; petioles relatively short, like the rachis;

rachis elongate, up to 3 or more dm. long, flattened and margined above, somewhat

nodose and septate between the insertions of the paired leaflets, minutely puber-

ulent, eglandular; stipules lanceolate-subulate, usually about 1 cm. long, basally

subauriculate by oblique insertion; leaflets 5-14 pairs, oblong to obovate or the

lowermost sometimes ovate, up to 17 cm. long and 9 cm. wide, the uppermost

largest, apically rounded and mucronulate (occasionally subretuse) , basally rounded-

subtruncate and obliquely inequilateral, subglabrous above and below, dull below,

chartaceous, reticulate; petiolules 1-2 mm. long. Inflorescence terminal or sub-

terminal, the many-flowered raceme appearing spike-like because of the short

pedicels; bracts foliaceous, ovate or oblong, up to 2.5 cm. long and 2 cm. wide,

persistent until anthesis and ensheathing the upper raceme, minutely puberulent,

imbricate. Flowers yellow, conspicuous; sepals oblong, up to 15 mm. long and 8

mm. wide, delicately reticulate-venose, minutely puberulent or subglabrous; petals

obovate to orbicular, up to 2 cm. long and 12 mm. wide, prominently dark-veined,

clawed; stamens 10, 4-morphic; center stamen of the 3 lowermost with an elongate

filament 6-7 mm. long, the anther small (about 4 mm. long), obliquely rostrate

and dehiscent by 2 terminal pores, subsagittate basally; 2 lateral stamens of the

lowermost group large, falcate, the filaments 2-3 mm. long, the anthers 11—12

mm. long, unequally bilocular, apically obliquely short-rostrate and dehiscent by

a pair of terminal pores, basally each loculus prolonged as a subulate tip; 4 median

stamens with filaments about 2 mm. long, the anthers 3-4 mm. long and similar

to that of the lowermost center stamen; upper 3 stamens minute, non-functional,

twisted, about 2 mm. long; ovary densely puberulent, arcuate. Legume broadly

linear, about 15 cm. long and 1.5 cm. wide, longitudinally alate from the middle

of each valve (the wing about 5 mm. wide), dehiscent, septate, straight, charta-

ceous; seeds transverse, compressed, rhombic.

Mexico to Paraguay; Old World tropics.
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canal ZONE: France Field, Standley 30438. cocle: Ola, Pittkr 50S8. Panama:

between Panama and Chepo, Dodge, Hunter, Steyermark <5 Allen 16646; Rio Tecumen,

Standley 266//; Taboga Island, Macbride 2?g4. vfraguas: Sona, Allen 10/ 5.

Distinguished by the alate legume, foliaceous bracts, large lateral anthers,

venose perianth, and the many subseptate, eglandular rachial (foliolar) nodes.

10. Cassia emarginata L. Sp. PI. 376. 1753.

Cassia atomaria L. Mant. 68. 1767, fide N. Am. Fl.

Cassia arborescens Mill. Gard. Diet. ed. 8, no. 15. 1768, fide N. Am. Fl.

Cassia elliptica HBK. Nov. Gen. & Sp. 6:356. 1824.

Cassia canescens HBK. loc. cit. 3 57. 1824, fide Benth.

Isandrina arborescens Raf. Sylva Tellur. 126. 1838.

Cassia grisea A. Rich, in Sagra, Hist. Cuba Bot. 1:493. 1845, ex char., fide Benth.

Cassia chrysophylla A. Rich. loc. cit. 500. 1845, ex char., fide Benth.

Cassia emarginata subnnijuga Robin. & Bartl. Proc. Am. Acad. 43:53. 1907, fide N- Am. Fl.

Isandrina emarginata (L.) Britt. & Rose; Britt. & W
Virgin Isls. 5:374. 1924.

Shrub or small tree, the branchlets pubescent. Leaves small or moderate,

usually 4-foliolate, petioles relatively long, up to 6 cm., more or less terete,

tomentulose; rachis shorter than petiole (occasionally absent in 1 -jugate leaves),

up to 3 cm. long, similar to petiole, eglandular; stipules small, linear-lanceolate

or subulate, 2-3 mm. long; leaflets ovate, obovate or elliptic, up to 10 cm. long

and 5 cm. wide (but usually smaller), 1-5 pairs, apically rounded or obtuse and

usually retuse or emarginate and mucronulatc, basally rounded or obtuse, puberu-

lent above, tomentulose beneath, secondary veins prominent and subparallel;

petiolules 2-5 mm. long. Inflorescence racemose, axillary or subfasciculate from

the upper nodes, short, few-flowered, pubescent; pedicels up to 3 cm. long; bracts

lanceolate, about 3 mm. long, caducous. Flowers small, yellow; sepals ovate-

orbicular, markedly unequal, the largest about 6-7 mm. long and 5 mm. broad;

petals mostly elliptic or obovate, unequal, up to 15 mm. long and 1 cm. wide,

glabrous; fertile stamens 7, similar but somewhat unequal; anthers usually 4-5

mm. long, linear-oblong, erostrate and subtruncate apically or essentially so, de-

hiscent by a pair of terminal pores; 3 uppermost stamens modified as staminodes

or rudimentary, flat, about 2 mm. long, with lateral slits; ovary linear, subglabrous.

Legume up to 3.5 dm. long and about 1 cm. wide, linear, straight or only slightly

curved, glabrous, flattened, not impressed but the margins often undulate, in-

dehiscent.

Mexico; Central America; West Indies; Colombia and Venezuela.

This species has not to my knowledge been collected in Panama, but certainly

is to be expected there. It is found in the lowlands in both Costa Rica and

Colombia.

11. Cassia hispidula Vahl, Eclog. 3:10. 1807.

Cassia procumbens Mill. Gard. Diet. ed. 8, no. 20. 1768, non L. Sp. Pi. 1753, fide N.

Am. Fl.
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Cassia hispida Collad. Hist. Cass. 118. 1816, fide Benth.

Cassia tetrapbylla Collad. loc. cit. 130. 1816, non Desv. 1814, fide N. Am. Fl.

\fl 1824, fide N. Am. Fl.

Cassia lotoides HBK. loc. cit. 361. 1824, fide Benth.

Cassia fagonioides Vogcl, Syn. Gen. Cass. 50. 1837, fide Benth.

Cassia leiantha Benth. in Hook. Jour. Bot. 2:78. 1840, fide Benth.

Grimaldia bispidula (Vahl) Britt. & Rose, in N. Am. Fl. 23:299. 1930.

Semiprostrate herb from a woody rootstock, the slender, frequently elongate

branches viscid-pubescent, usually with both long and short hairs. Leaves small,

typically 4-foliolate; petioles elongate, longer than the leaflets, 2-3 cm. long,

pubescent like the stem but otherwise eglandular; rachis short, less than 1 cm.

long, similar to the petiole although less pubescent; stipules linear-lanceolate,

minute; leaflets ovate-orbicular to obovate-orbicular, up to 2 cm. long and almost

as broad, obtuse or rounded both apically and basally, essentially glabrous, short -

petiolulatc. Inflorescence usually a few-flowered terminal raceme; the pedicels

slender, pubescent like the stem, minutely bibracteate. Flowers yellow-orange,

fairly conspicuous, about 2 cm. wide, borne in few-flowered terminal racemes;

sepals ovate to ovate-lanceolate, about 1 cm. long, frequently setose without;

petals obovate, 1.5-2 cm. long, rounded apically, subcuneate basally and narrowed

into a claw-like base; stamens 10, all similar and subequal, the anthers linear, 5-7

mm. long, longitudinally pubescent laterally, dehiscent by paired terminal pores;

ovary pilose, short. Legume linear or linear-oblong, 3-5 cm. long and about 7

mm. wide, flat, setose-hirsute, elastically dehiscent, the seeds obliquely transverse.

Mexico to Brazil and northern South America; West Indies.

The species is reported from Panama, and a specimen from Costa Rica has been

examined.

11a. Cassia hispidula Vahl var. Killipii (Rose) Schery, comb. nov.

Cassia Killipii Rose, in Jour. Wash. Acad. 17:167. 1927.

Grimaldia Killipii (Rose) Britt. & Rose, in N. Am. Fl. 23:301. 1930.

Generally of smaller proportions than the species, the flower scarcely 1.5 cm.

broad and the leaflets mostly 1 cm. or less in length. The leaflets are more or less

pubescent or setulose below, the key character used by Britton & Rose (N. Am.

Fl. 23:299. 1930) i pit from G. hispidula. This char-

acter alone seems to show some intergradation and lack of correlation with other

characters, necessitating, in the author's opinion, reduction of Cassia Killipii to

varietal status. Possibly C. fagonioides Vog., listed among synonyms for the

species, is synonymous with this variety, being described as pubescent by Bentham.

British Honduras, Panama, Colombia.

cocle: La Pintada, Hunter & Allen $21; Nata, Allen 813; Ola, Pittier 5014; Penonome,

Williams 104. Panama: Pacora, Paul 258; Rio Tapia, Killip 3281, Standley 28186, 30656.
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12. Cassia rotundifolia Pers. Syn. PL 1:456. 1805.

Cassia bifoliata DC; Collad. Hist. Cass. 120. 1816.
Cassia fabaginifolia HBK. Nov. Gen. & Sp. 6:363. 1824.
Cassia monopbylU Veil. Fl. Flum. Ic. 4:/. 6l. 1827, fide Benth.
Cbamaecrista rotundifolia (Pers.) Greene, in Pittonia 4:31. 1899.

Additional synonyms are given by Bentham, especially for his South American varieties
baubiniaefolia and grandiflora.

Semiprostratc herb, normally of savanna habitat, the stems pubescent to sub-

glabrous. Leaves bifoliolate, small; petiole short, not exceeding the stipules, egland-

ular, pubescent like the stem; stipules lanceolate-cordate, ciliate or glabrous, up to

about 1 cm. long; leaflets 2, asymmetrically subrotund to broadly obovate, rounded
apically, 0.5-3 cm. long, sometimes ciliate, epetiolulate. Flowers 1-2 from the

axils, small, yellow, the pedicel more or less filiform; sepals lanceolate, usually

ciliate, up to 5 mm. long; petals obovate, about 6 mm. long, glabrous, sessile;

fertile stamens apparently 5, all similar although somewhat unequal, the filaments

very short; the anthers linear-oblong, up to 2 mm. long, essentially glabrous and
erostrate, dehiscent by paired terminal pores; ovary pubescent. Legume linear,

1.5-4 cm. long and 3-5 mm. wide, flat, elastically dehiscent, the seeds obliquely

transverse.

Mexico; southern Central America; northern South America; West Indies.

chiriqui: Boquctc, Davidson 700, Maxon 5/J J, Pittier 331 1; Gualaca, Allen 5044.

Possibly the Boquete specimens cited represent an undescribed variety of the

species, all of them being more pilose, with smaller leaflets, and with shorter pods

(fewer loculi) than is normal for South American, West Indian and Mexican
specimens. Bentham, however, considered plants of larger proportions as varieties

of the species, and it would perhaps be presumptuous to describe the Panamanian
plants as a new variety without first comparing them with additional and more
representative (European) material than is here available. Apparently the species,

considered in its broadest sense, is quite variable.

13. Cassia dipkylla L. Sp. Pi. 376. 1753.

Cbamaecrista dipbylla (L.) Greene, in Pittonia 4:28. 1899.

Distinctive annual or perennial herb of open or seasonally dry areas such as

savannas, the stems glabrous. Leaves small, bifoliolate, glabrous; petiole 5-6 mm.
long, bearing 1-2 subcupuliform glands on the upper side towards the middle;

stipules large, lanceolate-cordate, up to 15 or more mm. long, foliaceous and sub-

ensheathing the stems, membranaceous; leaflets asymmetrically obovate, usually

about 2 cm. long and 1 cm. broad, the conspicuous veins subparallel, epetiolulate,

with a broad (about 2 mm.), callous insertion. Flowers yellow, borne singly

from the axils on elongate petioles, the petioles up to 5 cm. long; sepals 5, gluma-

ceous, unequal, up to 1 cm. long and 1-2 mm. wide, glabrous, apiculate, the

prominent veins subparallel; petals obovate, about as long as the sepals, glabrous to

puberulent, sessile; stamens 10, all similar, the anthers linear although somewhat
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Fig. 122. Cassia cliphylla

wider basally than apically, truncate, dehiscent by paired terminal pores, sub-

glabrous; ovary pilose, short. Legume linear, up to 9 cm. long and about 6 mm.

wide, flat, oblique apically and basally, lightly pilose, dehiscent.

Mexico; Central America; West Indies; northern and eastern South America.

cocle: Nata, Allen 815. Panama: R. Azote Caballo, Dodge, Steyermark tf Allen

16845; El Vigia, Pit tier 2391; Taboga Island, Allen IOQ.

A species very different from the tree forms of Cassia, easily distinguished by

characteristic leaves and stipules and glumaceous sepals. It is similar in habit and

generally savanna habitat to C. breripes, C. Tagera, and C. rotnndifolia.

14. Cassia Tagera L. Sp. PI. 376. 1753.

Cassia ciliaris Collad. Hist. Cass. 98. 1816.

Cassia Kunthiana Cham. & Schlecht. in Linnaea 5:598. 1830, fide Benth.

Tagera filiformh Raf. Sylva Tellur. 129. 1838.

Chamaecrista Tagera Standi, in Contr. U. S. Nat. Herb. 18:104. 1916.

Prostrate herb or subshrub, the branchlets somewhat pubescent, at least near

the tips. Leaves very small, the leaflets 2-3 pairs; petiole 5 mm. or less long,

bearing a stipitate gland above the middle, usually pubescent or ciliate above;

rachis about 2 mm. long, mucronulate apically; stipules lanceolate-cordate, 4-10

mm. long, subensheathing the stem, glabrous to ciliate; leaflets very small, at most

10 mm. long and 5 mm. wide, asymmetrically obovate or obcuneate, subglabrous

primary ryto ciliate, epetiolulate, with 2-3 prominent

from the axils, the pedicels usually exceeding the leaf; sepals 5, narrowly ovate-
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lanceolate, about 3 mm. long and 1 mm. wide, unequal, acuminate; petals 5,

obovate, up to 5 mm. long, glabrous or lightly ciliate; stamens 7 or less (usually

only 4 or only 4 larger and fertile), unequal but similar, the anthers linear, up to

2 mm. long, truncate apicaliy and dehiscent by paired terminal pores; ovary pilose,

short. Legume oblong, scarcely 1 cm. long and 4 mm. wide, oblique apicaliy and

basally, flat, strigose, pubescent, 1- to 4-seeded, evidently dehiscent.

Mexico to northern South America.

canal zone: Las Cruces trail, Hunter & Allen 754. cocle: A^uadulce, Pittier

4S54; Pcnonomc, Williams 105. Panama: Capira-Potrero, Dodge & Hunter 8606; sabanas

near Chepo, Hunter & Allen 18; Hacienda La Joya, Dodge, Hunter, Steyermark # Allen

16QII; Pacora, Killip 3243- veraguas: Sona, Allen 104Q.

Panama plants of this species seem to have a consistently smaller legume than

is common for plants from northern Central America.

15. Cassia brevipes DC; Collad. Hist. Cass. 119. 1816.

Chamaecrhta brevipes (DC.) Greene, in Pittonia 4:31. 1899.

A shrub of open, seasonally dry places, the branchlets usually pilose-tomentose.

Leaves small, bijugate; petiole about 5 mm. long, pubescent, bearing a sessile,

cupuliform gland in the upper portion; rachis shorter than the petiole; stipules

lanceolate-cordate, up to 1 cm. long, subensheathing the stem, venose with promi-

nent subparallel veins; leaflets 4, asymmetrically obovate or obovate-elliptic, up to

2 cm. long and 5-10 mm. wide, subcoriaceous, glabrous to lightly pubescent, the

prominent veins subparallel. Flowers arising singly from the axils, yellow, usually

short-pedicellate; sepals 5, unequal, narrowly lanceolate, up to 1.5 cm. long and

5 mm. wide, scarious-coriaceous or almost glumaceous, the veins subparallel; petals

5, obovate, up to 2 3 mm. long and 13 mm. wide, glabrous, membranaceous; fertile

stamens evidently 10 all similar, the anthers linear, 7-9 mm. long, puberulent

laterally along the margins, dehiscent by paired terminal pores; ovary pilose, short.

Legume oblong, up to 3.5 cm. long and 1.2 cm. wide, oblique apicaliy and basally,

flat, pilose, elastically dehiscent, the seeds transverse, linear.

Central America and northern South America.

cocle : Ola, Pit tier joij; Pcnonome, Williams 126.

16. Cassia 1 lexuosa L. Sp. Pi. 379. 1753.

Cassia arenaria HBK. Nov. Gen. & Sp. 6:370. 1824, fide Benth.

/ 1899.

Chamaecrhta am plistipulata Rose, Contr. U. S. Nat. Herb. 12:267. 1909, fide N. Am. Fl.

Cassia picachensis Brandg. in Univ. Calif. Publ. Bot. 6:180. 1915, fide N. Am. Fl.

Small perennials of open slopes or moist savannas, erect from a woody root,

the stems flexuous, glabrous or pubescent. Leaves moderate, multifoliolate;

petioles short, scarcely 5 mm. long, usually pubescent above and bearing 1-2

glands, the glands sessile to stipitate, terete, expanded apicaliy, concave at the

apex; rachis up to 8 cm. long, flattened and somewhat sulcate above, more or less

(^8)



flora of Panama (Legumitiosae) 59

cross-partitioned at insertion of the leaflets; stipules obliquely cordate, lanceolate,

up to 1 cm. long and 5 mm. wide, erect, longitudinally venose; leaflets up to 50

pairs, linear, up to 1 cm. long and 1.5 mm. wide, inequilateral basally, obliquely

mucronulate apically, with 2-3 prominent subparallel veins. Flowers mostly

solitary from the axils, slender-pedicellate, yellow; sepals ovate-lanceolate, about

8 mm. long and 3 mm. wide, acute or acuminate apically; petals up to almost

twice as long as the sepals, obovate, scarcely clawed; stamens 10, unequal but all

apparently fertile; the anthers linear (although narrower apically), about 8 mm.

long in the largest and scarcely 3 mm. long in the smallest, subsessile, dehiscent

by paired terminal pores; ovary pubescent, linear. Legume linear, about 5 cm.

long and 4-5 mm. wide, flat, scarcely stipitate, elastically dehiscent, transversely

(obliquely so) several-seeded.

We

cocle: Penonome, WiHia?ns 114-

17. Cassia stenocarpa Vogel, Syn. Cass. 68. 1837.

Chamaecrista stenocarpa (Vogel) Standi, in Contr. U. S. Nat. Herb. 18:104. 1916.

Cassia Broughtonii Fawc. & Rend, in Jour. Bot. 55:37. 1917.

Chamaecrista riparia Britton, in Bull. Torrey Bot. Club. 44:11, in part. 1917, not Cassia

riparia HBK. 1824.

A more or less erect annual or subperennial up to about 1 m. high, the branch-

lets pilose or subpilose with long spreading hairs. Leaves moderately small, multi-

foliolate; petiole short, usually 3-4 mm. long, pubescent, bearing on the upper

side above the middle 1 (sometimes 2) gland, the glands stipitate, expanded or

flaring and concave at the apex; rachis pubescent, sulcate above, more or less cross-

partiticned at insertion of the petiolules; stipules lanceolate, up to 14 mm. long

and scarcely 2 mm. wide, erect, acuminate apically, somewhat oblique basally;

leaflets up to 25 pairs, linear-oblong, usually about 12 mm. long and 2-3 mm.

wide, lightly pubescent or ciliate, the midvein excentric, mucronate apically, in-

equilateral basally, sessile. Peduncles short, 1- to 3 -flowered, borne on the inter-

node a short distance above the axils; pedicels about 15 mm. long, bibracteate.

Flowers yellow, rather inconspicuous; sepals 5, ovate-lanceolate, about 7 mm. long,

ciliate-pubescent, acuminate-attenuate; petals obovate, 6-7 mm. long, sessile;

stamens evidently 10, similar although markedly unequal; the anthers linear, up

to 4 mm. long, dehiscent by paired terminal pores; ovary linear, pilose. Legume

linear, up to 6 cm. long and about 4 mm. wide, flat, lightly pubescent, elastically

dehiscent, the seeds obliquely transverse.

Mexico to northern South America; West Indies.

canal zone: Balboa, Standley 25231, 27142, 2Q239; Cerro Gordo, Standley 26031;

Culebra, Pittier 2104; Frijoles, Pittier 6332, Standley 27657; Gamboa, Standley 28337.

Panama: Chepo, Pittier 4749; Matias Hernandez, Pittier 6874; R. Teciimen, Standley

29475-

The entity here considered as C. stenocarpa is scarcely distinct from many

allied "species" of Central America, South America and the West Indies. For
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example, no definite delimitation seems possible between specimens of C. stcnocarpa

compared with C. riparia (of HBK.), C. glandulosa, C. Chamaecrista and a num-
ber of Bntton & Rose segregates as they are found in the herbaria. To avoid further

confusion, most of these various species are here regarded as distinct as they are

found in Panama; however, it is recognized that reference to types and intergrading

forms from all of tropical America would likely necessitate extensive condensation

and reduction. The name C. glandulosa L. or C. Chamaecrista L. might well

profitably apply to this whole complex of similar forms, with a few varietal names

maintained for certain localized "species."

»» "*^ * . ",> jf

i.r* FT*

Fig. 12 3. Cassia stcnocarpa var. stenocarpoiJc*

17a. Cassia stenocarpa Vog. var. stenocarpoides (Britt.) Schery, comb. nov.

Chamaecrista stenocarpoides Britt. in N. Am. Fl. 23:293. 1930.
Cassia stenocarpoides (Britt.) Lundell, in Phytologia 1:215. 1937.

Vegetative characters and inflorescence as described for C. stenocarpa, except

the petiolar glands usually shorter or thicker. Flowers larger than in the species;

sepals ovate-lanceolate, about 8 mm. long and 2-4 mm. wide; petals obovate, the
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larger about 1 cm. long; stamens apparently 10, the filaments almost obsolete, the

anthers all similar but markedly unequal; largest anthers about 7 mm. long, de-

hiscent by terminal pores and longitudinally pubescent-ridged laterally; ovary

usually strigose-pilose. Legume as described for the species.

Costa Rica and Panama; probably northern Central America and northern

South America as well.

chiriqui': R. Chiriqui Viejo, Peggy White 36.

As stated in discussion of C. stcnocarpa, correct application of the specific name

cannot be certain without reference to types and additional collections not here

available. While this variety seems fairly distinct in Costa Rica, both to the north

and in South America various "species" appear doubtfully different.

18. Cassia ilavicoma HBK. Nov. Gen. & Sp. 6:366. 1824.

Cassia stipulata G. Don, Gen. Hist. Dichl. PL 2:448. 1832, fide Benth.

Chamaecrista chirtquensis Britt. & Rose, in N. Am. Fl. 23:287. 1930.

Small suflfrutescent shrub, the branchlets usually pilose with prominent yellow

hairs. Leaves moderate, multifoliolate; petioles about 5 mm. long, heavily pubes-

cent, bearing a solitary, stipitate, subpeltate gland above the middle; rachis usually

5-7 cm. long, pubescent like the petiole; stipules narrowly lanceolate, 1 cm. long

or longer, acuminate, ciliate-margined; leaflets up to 30 pairs, linear, up to 18 mm.

long and 2-3 mm. wide, membranous, glabrous or nearly so above, appressed-

pubescent below, rounded and mucronate apically, inequilateral basally, the veins

faint. Inflorescence borne from the internode, 1- to few-flowered, the peduncle

very short; pedicels almost 1 cm. long, pubescent, bibracteolate above the middle.

Flowers yellow, usually 12 or more mm. long; sepals ovate-lanceolate, 9-12 mm.

long and mostly 1-2 mm. broad, strigose; petals obovate, unequal, up to 14 mm.

long and 10 mm. broad; stamens 10, all similar but markedly unequal, the fila-

ments essentially obsolete, the anthers dehiscent by paired terminal pores and with

lateral pubescnt ridges; 3 longest anthers 11-12 mm. long, linear, strongly arcuate;

remaining anthers 2-5 mm. long; ovary about 4 mm. long, subtomentose. Legume

linear, about 5 cm. long and 6 mm. wide, dehiscent, oblique basally and apically,

lightly pubescent to subglabrous on the valves; seeds obliquely transverse.

Mexico, Panama, South America, West Indies.

chiriqui: San Felix, Pitticr 5216.

The single specimen known from Panama is the type for Chamaecrista chiri-

quensis Britt. & Rose. There seems to be no definite, tangible difference between

it and Mexican, West Indian and South American specimens listed in herbaria as

Cassia flavicoma, C. glandulosa and C. riparia. In the absence of types, C. flavi-

conha is chosen as the name most appropriate to the specimen in question; but, as

mentioned in discussion of C. stetiocarpa, monographic work would perhaps show

this to be best treated as a variety of some earlier name such as C. glandulosa.
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19. Cassia patellaria DC; Collad. Hist. Cass. 125. 1816.

Cbamaecrista patellaria (DC.) Greene, Pittonia 4:32. 1899.

An herbaceous perennial (or annual?), erect, to a few dm. tall, the branchlets

densely pubescent with ascending hairs. Leaves moderately small, multifoliolate;

petiole short, 2-7 mm. long, pubescent, bearing on the upper side 1-2 sessile,

patelliform glands about 1 mm. long; rachis usually 4-5 cm. long, sulcate above,

more or less cross-partitioned at insertion of the petiolules; stipules linear-lanceolate,

up to 13 mm. long, oblique basally, attenuate-acuminate apically, ciliate; leaflets

25 or fewer pairs, linear-oblong, up to 16 mm. long and 3 mm. wide, inequilateral

basally, mucronate apically by extension of the midvein, strigose-pubescent, the

hairs from a pustuliform base (in dried material), the midvein excentric. Flowers

1-4 from the internodes, yellow, the common peduncle very short, the pedicels at

most 1 cm. long, bracteate; sepals ovate-lanceolate, about 5 mm. long, pubescent;

petals obovate, up to 11? mm. long (usually about 5 mm. in Panama), glabrous,

sessile; stamens usually 8-10, all similar although markedly unequal, the anthers

linear or linear-oblong, 1-3.5 mm. long, longitudinally pubescent laterally, de-

hiscent by paired terminal pores; ovary densely pubescent. Legume linear, up to

5 cm. long and 5 mm. wide, flat, pubescent, elastically dehiscent, the seeds ob-

liquely transverse.

Mexico to northern South America; West Indies.

canal zone: Balboa, Standley 26437, 32154; Corozal, Standley 2J3QO; Culebra,

Pit tier 4828; Summit, Standley 3°°53- Panama: Camino de las Sabanas, Bro. Heriberto

260; Corozal road, Standley 26yg8.

The species is very similar to C. simplex, differing chiefly in the pronounced

leaf pubescence.

20. Cassia simplex (Standi.) Standi, in Contr. U. S. Nat. Herb. 27:199. 1928.

Chamaecrista simplex Standi, in Contr. U. S. Nat. Herb. 18:103. 1916.

Cbamaccrista Browniana Britt. & Rose, in N. Am. Fl. 23:293. 1930.

An erect annual (or perennial?) to several dm. tall, the stems appressed-

pubescent with short, incurved hairs. Leaves moderate, multifoliolate; petiole

about 5 mm. long, pubescent like the stem, bearing on the upper side 1-2 sessile,

patelliform glands about 1 mm. long; rachis similar to petiole, up to about 10 cm.

long, more or less cross-partitioned at insertion of the petiolules; stipules linear-

lanceolate, up to 15 mm. long, oblique basally, attenuate-acuminate apically,

ciliate; leaflets up to 2 5 or more pairs, linear-oblong, usually about 8 mm. long and

scarcely 2 mm. wide, glabrous, mucronate apically by extension of the excentric

midvein, inequilateral basally. Flowers usually 2-3 from the internodes, yellow,

the common peduncle very short, the pedicels up to 4 mm. long, bibracteate; sepals

ovate-lanceolate, 5-9 mm. long, lightly pubescent; petals obovate, up to about 1

cm. long, sessile, glabrous; stamens 10 (sometimes less?), markedly unequal, all

similar, the anthers linear, 2-5 mm. long, longitudinally puberulent laterally, de-
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hiscent by paired terminal pores; ovary pilose. Legume linear, 3-4 cm. long and

up to 5 mm. wide, flat, elastically dehiscent, pubescent, the seeds obliquely trans-

verse.

Guatemala, Panama and Colombia.

canal zone: Ancon, Killip 3023; Standley 25194, 26342. Panama: Dormisolo,

Pittier 4655; Hacienda La Joya, Dodge, Hunter, Steyermark & Allen 16895; Is' a Taboi;a,

Woodson, Allen <3 Seibert 1439; Standley 28014; between Pacora and Chepo, Woodson,

Allen 6 Seibert 1659; Pacora, Killip 3324; R. Tccumen, Standley 22660.

The species is very similar to C. patellar/a, differing in having glabrous leaves

and more appressed stem pubescence. Judging from material seen, these differ-

ences are constant and without significant intergradation. The Dodge, Hunter,

Steyermark d Allen l68gj specimen cited differs from most specimens in havin

larger, more abundant leaflets and the petiolar glands more or less oblong. It thus

could be regarded as Chamaecrista (Cassia) Broivniana Britt. & Rose, were that

species to be considered valid. However, the only distinguishing feature of

Chamaecrista Browniana seems to be the larger longitudinal proportions of the

petiolar gland, a character scarcely of specific weight in a group where petiolar

glands are notably variable. Unless further collections can prove the contrary, it

would seem wise to include Chamaecrista Browniana as but a variation of Cassia

simplex.

21. Cassia leptocarpa var. hirsuta Benth. in Trans. Linn. Soc. 27:531. 1871.

Ditremexa leptocarpa (Benth.) Britt. & Rose, in N. Am. Fl. 23:256. 1930 (in part).

Shrub to 2 m., with pubescent branchlets. Leaves pubescent (in Panama),

several-foliolate; petiole up to 10 cm. long, angled, with a conspicuous basal gland

about 6 mm. above the insertion; rachis lightly pubescent to hirsute; stipules linear,

about 1 cm. long, caducous; leaflets usually about 5 pairs, ovate to ovate-lanceolate,

acute and somewhat acuminate apically, obtuse to acute basally, 3—10 cm. long

and up to 3.5 cm. wide. Inflorescence a terminal or axillary, several-flowered,

condensed raceme; pedicels usually about 1.5 cm. long, pubescent. Flowers yellow;

sepals elliptic to suborbicular, 6—8 mm. long, the outermost densely pubescent;

petals obovate to suborbicular, up to 14 mm. long, venose, short-clawed; stamens

4-morphic, all dehiscent by apical pores, 7 fertile; the lowermost with a slender

filament, with the anther oblong, about 3 mm. long, briefly sagittate basally,

bounded on each side by a large stamen with a thick filament, with the anther 6-7

mm. long, very briefly sagittate basally, apically with an erect orbicular rostrum

above the pores; 4 median stamens similar to large ones but their anthers 4—5 mm.
long; 3 upper stamens non-functional, the anthers flat, orbicular-oblong, about 2

mm. long; ovary setose-hirsute; the style short. Legume linear, up to 30 cm. long

and 3-4 mm. wide, thin, flattened, pubescent (in Panama), the margins ridged.

Mexico; Central America; West Indies; South America to Paraguay.
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Fig. 124. Cassia leptocarpa var. hirsnta

bocas del toro: Carreters, von Wedel Ij; vicinity of Chiriqui Lagoon, von Wcdel
I333> J 73^* Chorrera, Porterfirld s. n.

Bentham's variety hirsnta is not recognized by Britton & Rose in the 'North

American Flora.'

22. Cassia occidentals L. Sp. PL 377. 1753. 1

Cassia falcata L. loc. cit. 1753.

Cassia planisiliqua L. loc. cit. 1753, ex parte, fide Benth.

Cassia Sophcra L. loc. cit. 379. 1753.

Cassia frutescens Mill. Gard. Diet. ed. 8, no. 2. 1768, fide Britt. & Rose

Cassia longisiliqua L. f. Suppl. 23 0. 1781.

Cassia caroliniana Walt. Fl. Car. 134. 178 8, fide Britt. & Rose.

Cassia linearis Michx. Fl. Bor. Am. 1:261. 1803.

1 Britton and Rose (N. Am. Fl.) regarded C. Sophcra as distinct from C. occidentalis. How-
ever, the specimens from Panama which they considered to be C. Sophcra are scarcely different from
the typical C. occidentalism Indeed, comparison of West Indian material of ''Cassia Sophcra" with

C. occidcntalis (especially Fendler 8$, cited by Benthem) would indicate that these two species arc
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Cassia foetida Pers. Syn. PL 1:457 (sub C. occidentalis) .

Cassia ciliata Raf. Fl. Ludovic. 100. 1817, fide Britt. & Rose.

1805, fide Benth.

Benth.

fl

if

1819, fide Benth.

1822, ex char., fide

Senna occidentalis Link, Handb. 2:140. 1831.

Ditremexa occidentalis (L.) Britt. & Rose ex Britt. & Wilson, Scientif. Surv. Porto Rico &
Virgin Isls. 5:372. 1924.

Glabrous shrub or herb to 2 m. tall. Leaves moderate, generally 10-foliolate;

petiole 2-5 cm. long, somewhat flattened and sulcate, bearing a dark, sessile, globose

gland a few mm. from the base; rachis up to 15 cm. long, sulcate, eglandular;

stipules ovate to narrowly lanceolate, caducous; leaflets normally 4-6 pairs, ovate

or ovate-lanceolate, up to 10 cm. long and 3 cm. wide, apically acuminate, basally

rounded or obtuse and somewhat oblique, glabrous, obscurely reticulate, dull,

membranaceous; petiolules about 2 mm. long, with a few short, curved hairs above.

not specifically distinct, and that C. Sophera (with its multitudinous synonyms) probably should

be included among the synonyms of C. occidentalis, or at most merely as a variety of that species

(into which Fendler $5 and Hayes 88o specimens would then seem to fall). As a variety, C.

Sophera would be expected to have proportionally shorter, more turgid fruit; less coarseness; smaller

average leaflet; and possibly smaller, narrower bracts of the inflorescence. There is, however,

no good distributional tie-in with this separation. It would thus seem best to regard C. Sophera and

C. occidentalis as conspecific until intensive subspecific research can indicate accurately if and how

any further taxonomic breakdown may occur. Cassia Sophera carries with it a great number of

synonyms not listed above. Included are Senna Sophera (L.) Roxb. Fl. Ind. 2:347. 1832, Cassia

proboscidea Pollard, Bull. Torr. Club 23:381. 1896, and Ditremexa Sophera (L.) Britt. & Rose in

Britt. & Wilson, Scientif. Surv. Porto Rico and Virgin Isls. 5:372. 1924. Bentham, in Trans Linn

Soc. 27:532. 1871, further lists the following synonyms:

Cassia ruscifolia Jacq. Ic. PL Rar. 1, /. 71. 1781-86, ex icone.

Cassia Canca Cav. Descr. PL 13 2. 1802, ex char.

Cassia aegyptiaca Willd. Enum. Hort. Berol. 442. 1809, ex char.

Cassia robinioides Willd. loc. cit. 1809.

Cassia esculenta Roxb. Hort. Beng. 31. 1814.

Cassia sopheroides Collad. Hist. Cass. 13 3. 1816.

Cassia Barelayana Sweet, Fl. Austral. /. 32. 1828.

Chamaefistula Sophera G. Don, Gen. Hist. Dichl. PL 2:452. 1832.

Senna esculenta Roxb. Fl. Ind. 2:346. 1832.

Cassia schinifolia DC. in Mem. Soc. Phys. Geneve 7:299. 1836.

Cassia atroviridis? Span, in Linnaea 15:201. 1841, ex char.

Cassia lanceolata Forsk. Fl. Aegypt.-arab., ex parte; Bisch. in Bot. Zeit. 897, /. IO. 1850, non

aliorum.

Cassia li&ustrina Forsk., in Herb. Mus. Brit.

For var. torulosa:
Cassia chinensis Jacq. Collect. 1:64. 1786.

Cassia torosa Cav. Descr. 131. 1802, ex char.

Cassia indica Poir. in Lam. Encycl. Meth. Suppl. 2:127. 1811.

Cassia torulosa Poir. loc. cit. 126. 1811.

Chamaefistula chinensis G. Don, Gen. Hist. Dichl. PL 2:452. 1832.

Chamaefistula torosa G. Don, loc. cit. 1832.

For var. ltgustrinoides:

Cassia frutescens Mill. Diet. ed. 8, n. 2. 1768.

Cassia patula Ait. Hort. Kew. ed. 1, 2:51. 1789.

Cassia coromandeliana Jacq. Fragm. Bot. 67, t. IOOO. 1809, ex char.

Chamaefistula Coromandeliana G. Don, Gen. Hist. Dichl. PL 2:452. 183 2.

For var. purpurea:
Cassia purpurea Roxb. Hort. Beng. 31. 1814.

Senna purpurea Roxb. Fl. Ind. 2:342. 1832.

Senna Sophera var. purpurascens Roxb. loc. cit. 347. 18 32.
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Fig. 12 5. Cassia Occidentalts

Inflorescence terminal to axillary in lower leaves, few- to several-flowered, race-

mose or sometimes paniculate; bracts lanceolate, about 1 cm. long, caducous;

pedicels rather short. Flowers yellow; sepals ovate to obovate, up to 9 mm. long,

glabrous, imbricate; petals oblong or obovate, up to 15 mm. long, short-clawed,

glabrous, venose, the veins scarcely reticulate; stamens 4-morphic, 6-7 of them

fertile and dehiscent by a pair of approximate, oblique, apical pores; lowermost

center stamen with a relatively long filament and small rostrate anther, the anther

usually rudimentary; 2 lowermost lateral stamens with stout filaments, the anthers

elliptic-subfalcate, about 7 mm. long, rostrate; 4 median anthers oblong, 4-5 mm.
long, short-rostrate; uppermost 3 stamens rudimentary, represented by flattened,

clawed, subspatulate staminodes; ovary linear, pubescent. Legume linear-oblong,

up to 15 cm. long and 9 mm. wide, glabrous, flattened, margined, scarcely stipitate,

septate, slightly curved; seeds transverse.

Southern United States to Paraguay; Old World tropics.

bocas del toro: ion WeJel 269; Isla Colon, von Wedel 478; "western Panama",
Stork 74. canal zone: "Chagres", Fendler 8j; Matachin, Pittier 4055. chiriqui:

Boquete, Davidson 7Q4; Puerto Armuelles, Woodson & Schery 834. Panama: Chepo,
Pittier 4456; Juan Franco race track, Standley 27746; Las Sabanas, Standley 25847;
Taboga Island, Standley 27861; R. Tapia, Standley 282 1 J.

(366)



1951]

flora of Panama (Legnminosae) 67

23. Cassia ligustrina L. Sp. Pi. 378. 1753.

Cassia occidentalis var. glabra Stahl in Est. Puerto Rico 3:112. 1885, not DC., fide N.
Am. Fl.

Ditremexa ligustrina (L.) Britt. & Rose, in Britt. & Wilson, Scientif. Surv. Porto Rico and
Virgin Isls. 5:372. 1924.

Herb or subshrub to 2 m. high, the branchlets sparsely puberulent to glabrous.

Leaves moderate, 8- to 18-foliolate; petiole up to 5 cm. long, somewhat flattened

and sulcate above, bearing near the middle or base a slender elongate-cylindric

gland 1-3 mm. long; rachis up to 15 cm. long, eglandular, similar to the petiole;

stipules ovate or lanceolate, caducous; leaflets mostly about 7-8 pairs, narrowly

ovate or lanceolate, 1.5-6 cm. long, up to 1.5 cm. wide, apically acuminate, basally

rounded or obtuse and somewhat oblique, glabrous or often ciliolate, obscurely

reticulate, dull, membranaceous or submembranaceous; petiolules mostly about 1

mm. long, puberulent above. Inflorescence terminal or axillary in upper leaves,

several-flowered, paniculate (of several racemes) ; bracts ovate-lanceolate, about 5

mm. long, caducous; pedicels in age as long as the flowers. Flowers yellow; sepals

ovate or oblong, about 7 mm. long and 5 mm. wide, subglabrous; petals oblong-

obovate, 12-16 mm. long and up to 1 cm. wide, scarcely clawed, subglabrous,

venose; stamens 4-morphic, 6-7 of them fertile, the anthers dehiscent by a pair of

approximate, oblique, terminal pores; lowermost center stamen with a relatively

long filament and small, short-rostrate, rudimentary? anther; 2 lowermost lateral

stamens with stout filaments about as long as the anther, the anther subfalcate,

about 6 mm. long, short-rostrate; 4 median anthers oblong, 4-5 mm. long, short-

rostrate; uppermost 3 stamens rudimentary, represented by flattened, clawed, sub-

spatulate staminodes; ovary pubescent. Legume linear, about 10 cm. long and

6-7 mm. wide, glabrous, flattened, margined, short-stipitate, septate, slightly

curved, the seeds obliquely transverse.

Panama and West Indies.

bocas del toro: Isla Colon, von Wedel jl/.

The species is very similar to C. occidentalis (including C. Sophera) and C.

leptocarpa. It differs primarily in the shape of the petiolar gland, a character which

in final analysis may not be of specific value.

24. Cassia laevigata Willd. Sp. PI. 441. 1809.

Adipera laevigata (Willd.) Britt. & Rose, ex Britt. & Wilson, Scientif. Surv. Porto Rico &
Virgin Isls. 5:371. 1924.

Additional synonyms listed by Bentham (Trans. Linn. Soc. 27:527. 1871) include:

Cassia aurata Roxb., Cassia corymbosa Ort. (not Lam.), Cassia elegans HBK., Cassia flori-

bunda Cav., in part, not Collad., Cassia grandiflora Desf., Cassia Herbertiana Lindl.,

Cassia hybrida Ten., Cassia quadrangidaris Zolling, Cassia septentrionalis Zucc. ex Collad.,

Cassia tropica Veil., Cassia vernicosa Closs, ex char., Cbamaefistula floribunda (Cav.) G.
Don, Chamaefist ula Herbertiana (Lindl.) G. Don, Cbamaefistula laevigata (Willd.) G.
Don, Senna aurata Roxb.
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Small tree to subherbaceous, usually shrub-like, the branchlets terete, glabrous,

unarmed. Leaves moderately large, once-pinnate; petioles mostly 3-6 cm. long,

glabrous, eglandular, sulcate above, callous basally; rachis somewhat longer than

the petiole, glabrous, bearing dark, conical-cylindric glands just above insertion of

each pair of leaflets (occasionally lacking at terminal pair) ; opposite leaflets 6 or 8,

ovate-lanceolate, 3-10 (mostly 5-6) cm. long and 1—3 cm. wide, pronouncedly

acute-acuminate apically, cuneate to rounded basally, entire, glabrous, dull, short-

petiolulate; stipules linear, caducous. Inflorescence of axillary and terminal short

corymbose racemes; peduncle shorter than the leaves, usually about 5 cm. long,

glabrous, the bracts caducous; pedicels about 2 cm. long in basal flowers, glabrous.

Flowers yellow, conspicuous; sepals 5, free, ovate to obovate, very unequal, up to

1 cm. long, glabrous; petals 5, free, mostly obovate, up to 15 mm. long, con-

spicuously reticulate-venose; stamens 7 (plus 3 small staminodcs), trimorphic;

lower center stamen moderately fi lamented, the anther moderate; 2 lower lateral

stamens long-filamentcd, large-anthered, the filament gross, about 12 mm. long,

the anther about 8 mm. long, basifixed, dehiscing by confluent terminal pores; 4

central stamens short, the filaments 1-2 mm. long, the anthers about 5 mm. long,

dehiscing by paired terminal pores; all anthers scarcely rostrate; staminodes orbicu-

lar, 1-2 mm. long; ovary slender, glabrous, the stigma obliquely terminal. Legume

linear, 6—9 cm. long and at maturity about 1 cm. wide, turgid-terete, pulpy,

glabrous, more or less bordered marginally, the seeds many, transverse.

Mexico to South America; West Indies. Introduced throughout World tropics.

Panama: "Island in Gulf of Panama, Wellesley Hills", Purilic s. n. (1887).

As far as is known, the sole record for the species in Panama consists of the

cited specimen, from uncertain location. The species exhibits moderate variability,

but is readily distinguished from other species of Cassia in Panama, particularly by

the glabrous, few-foliolate leaves, without petiolar glands. In many places the

species is a common weed of disturbed or cultivated ground. Standley and Steyer-

mark report the seeds used as a substitute for coffee in Guatemala.

25. Cassia leiophylla Vogel, Syn. Cass. 25. 1837.

Cassia bumilh Mart. & Gal. in Bull. Acad. Brux. 10 L> :307. 1843, non Collad. 1816, fide

N. Am. Fl.

Cassia pumila Mart. &: Gal. loc. cit., non DC, fide Bcntham.
Vogelocassia leiophylla (Vogcl) Britt., in N. Am. Fl. 23:259. 1930.

Herbs or herbaceous shrubs or small trees up to a few m. tall, the branchlets

glabrate to pubescent. Leaves small, normally 6-foliolate; petioles about 2 cm.

long, ridged, usually somewhat pubescent; rachis up to 4 cm. long, glanduliferous

between lower 2 pairs of leaflets; stipules linear, about 1 cm. long; leaflets obovate,

up to 7 cm. long and 3.5 cm. wide, but usually 3-4 cm. long, rounded or obtuse

and sometimes mucronulate apically, basally acute to irregularly rounded, dull,

usually pubescent; petiolules 1—2 mm. long. Inflorescence few-flowered, usually

axillary from the terminal leaves or upper branchlets, the short peduncles often
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with only 1-2 flowers on slender, pubescent pedicels 1-3 cm. long. Flowers yellow;

sepals unequal, ovate to obovate, up to about 1 cm. long; petals obovate, rounded,

about 2-2.5 cm. long, short-clawed, venose; fertile stamens 7 (the others rudi-

mentary), 2-morphic, glabrous, dehiscent by terminal pores; the 3 lowermost with

linear-oblong anthers 8-10 mm. long, markedly rostrate; the 4 median stamens

with short-beaked anthers about 6 mm. long; ovary linear, pubescent. Legume

linear-falcate, up to 15 cm. long and 4 mm. wide, flattened, somewhat pubescent,

the margins conspicuously ridged; the seeds oblique, prominent.

Mexico; Central America; South America to Peru and Brazil.

bocas del toro: Talamanca Valley, Carleton III. canal zone: Las Cruces Trail,

Hunter G> Allen 714. darien: between Pinogana and Yavisa, Allen 275. Panama:

between Capira and Potrero, Dodge & Hunter 8600; Juan Diaz, Standley 30945; Matias

Hernandez, Standley 28/65; Panama, Standley 26831. veraguas: Sona, Allen 1 058.

26. Cassia Tora L. Sp. Pi. 376. 1753.

Cassia obtusifolia L. loc. cit. 377. 1753.

Cassia pentagonia Mill. Gard. Diet. ed. 8, no. 18. 1768.

Cassia Sunsub Forsk. Fl. Aegypt.-arab. 86. 1775, fide Benth.

Cassia Tagera Lam. Encycl. Meth. 1:643. 1783, fide Benth., non L.

Cassia foetida Salisb. Prodr. 325. 1796, fide Benth.

Cassia Tata Dcsv. in Jour. Bot. 3:73. 1814.

Cassia toroides Roxb. Hort. Beng. 31. 1814, fide Benth.

Cassia bum His Col lad. Hist. Cass. 96. 1816.

Cassia gallinaria Collad. loc. cit. 1816, fide Benth.

Chaynaefistula contorta G. Don, Gen. Hist. Dichl. Pi. 2:452. 18 32, fide Benth.

Senna toroides Roxb. Fl. Ind. 2:341. 1832, fide Benth.

Senna Tora (L.) Roxb. loc. cit. 340. 1832.

Cassia contorta (Don) Vogel, Syn. Cass. 20. 1837, fide Benth.

Diallobus falcatus Raf. Sylva Tellur. 128. 1838.

Diallobus uniflorus Raf. loc. cit. 1838.

Cassia candenatensis Dennst. in Stcud. Nom. Bot. ed. 2, 304. 1841, ex ic. cit., fide Benth.

W
Isls. 5:371. 1924.

Annual herb or small shrub up to about 1 m. tall, the branches glabrous or

nearly so. Leaves moderately small, normally 6-foliolate; petiole angled, sub-

glabrous, flattened or sulcate above, 1-3 cm. long; rachis similar and about as long,

bearing between the lowermost pair of leaflets a linear-subulate gland about 2 mm.

long; stipules linear-subulate, about 1 cm. long, caducous in age; leaflets obovate,

up to 4 cm. long and 2 cm. wide, apically obtuse to rounded or subtruncate and

usually mucronulate, basally obtuse to subcuneate and unequal, glabrous above,

glaucous and somewhat appressed-pubescent below, membranaceous, obscurely

reticulate; petiolule about 1 mm. long. Inflorescence of 1-2 flowers from (each)

upper nodes. Flowers yellow, moderate; sepals ovate to oblong, up to 8 mm. long

and 4 mm. wide, unequal, scatteringly pubescent with few long hairs; petals ovate

to obovate, up to 12 mm. long, venose, glabrous; fertile stamens 7, all dehiscent

by a single terminal pore; anthers of the 3 lowermost rostrate, about 4 mm. long,

with short filaments; anthers of the 4 median ones oblong, truncate, 2-3 mm. long,
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with filaments only slightly shorter than in the lowermost stamens; ovary linear,

pubescent. Legume linear, usually about 15 cm. long and 4 mm. wide, arcuate,

subglabrous, dehiscent, margined-subtcrete; seeds obliquely longitudinal, shiny.

Cosmopolitan in world tropics and warmer temperate sections; native to India.

bocas DEL TORO: Isla Colon, von Wedel 5/. canal zone: "Chagrcs", Fendler Q2;
Culebra, Pit tier 21 16, Standley 26041 ; Summit, Standley 27310. Panama: Bella Vista,

Standley 231j; between Panama and Chepo, Dodge, Hunter, Steyennark & Allen 16627;
Panama, Bro. Paul 580; Rio Tapia, Standley 28070. veraguas: Sona, Allen 1 060.

27. Cassia pilii i;ra Vogel, Syn. Cass. 23. 1837.

?Cassia cubemis Hoffmansegg, Pfl. Verz. 1:209. 1824.

Cassia marit'nna Willd. in Vogel, loc. cit. 1837, fide Benth.

Emelista pilifera (Vog.) Pittier, in Jour. Wash. Acad. 19:176. 1929.

Shrub or large herb, the branchlets pilose or setose. Leaves moderate, normally

4-folioIate; petioles up to 4 cm. long, loosely pilose; rachis much shorter than the

petiole, up to 1 cm. long, normally bearing between both pairs of leaflets a linear-

subulate gland 3-4 mm. long; stipules linear-filiform, usually about 1 cm. long,

pilose like the rachis and branches; leaflets elliptic to obovate, up to 6 cm. long and

3.5 cm. wide, apically narrowly rounded to obtuse or subacute, basally unequal

and oblique, pubescent above and below, dull above and somewhat glaucous below,

obscurely reticulate, membranaceous; petiolules 1-2 mm. long, pubescent like the

petiole. Inflorescence of few axillary, subterminal flowers, often umbellate (up to

4-flowered) from a common peduncle in the lower axils. Flowers yellow, large;

sepals relatively small, ovate to lanceolate, up to 9 mm. long and 4 mm. wide, very

unequal, sparingly long-pubescent; petals ovate or suborbicular, up to 2.3 cm. long

and almost as wide, clawed, venose, lightly pubescent to glabrous in age; fertile

stamens 7, dehiscent by a pair of approximate terminal pores, the 3 lowermost un-

equal, linear-oblong, rostrate, arcuate, the anther of the largest about 1 cm. long

with an elongate filament; 4 median stamens unequal, short-rostrate (the rostrum

strongly reflexed), the largest anther about 5-6 mm. long; ovary linear, pubescent.

Legume up to 16 cm. long while only 3-4 mm. wide, subquadrate, margined, de-

hiscent, arcuate, tomentulose to pilose; seeds longitudinal, rectangular, about 3

mm. long.

Mexico to Argentina; Cuba.

canal zone: Balboa, Standley 26057, 27118, 2Q303; Las Cruces Trail, Standley 2QOIO.
Panama; Alhajuela, Pittier 2367; between Capira and Potrero, Dodge & Hunter 86lO;
Chepo, Mell s.n.; Corozal road, Standley 26880; Matias Hernandez, Standley 28QIQ, 31Q17.

28. Cassia Williamsii (Britt. & Rose) Standi. Field Mus. Bot. Ser. [Fl. Costa

Rica] 18:519. 1937.

Peiranisia Wiliumsit Britt. & Rose, in N. Am. Fl. 23:265. 1930.

Shrub or small tree to 3 m., the branchlets hirsute or pilose (the long hairs

occasionally deciduous or lacking). Leaves elongate, multifoliolate; petioles short,

glabrous below, puberulent and somewhat flattened above; rachis up to 20 or more
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Fig. 126. Cassia Willtarn sii

cm. long, subglabrous, bearing between the lowermost (and usually second) pair of

leaflets a prominent, stalked, clavatc gland 4-5 mm. long, and between all or

many of the remaining pairs of leaflets thin acicular glands; stipules linear-falcate,

about 8 mm. long, caducous; leaflets 30-60 pairs, small, narrowly oblong, up to

15 mm. long and 3 mm. wide, apically rounded, basally inequilateral, few-veined,

glabrous; petiolules less than 1 mm. long. Inflorescence axillary from the terminal

or subterminal axils, few-flowered; peduncle up to 4 cm. long, subglabrous; pedi-

cels (usually 3-4) up to 3 cm. long, condensed or subumbellate from the upper

peduncle; bracts lanceolate, about 3 mm. long. Flowers large, yellow; sepals very

unequal, ovate to obovate, the largest about 15 mm. long, glabrous, membranaceous,

somewhat maculate especially basally; petals oblong-obovate to orbicular, unequal,
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about 3 cm. long and (the largest) almost 2.5 cm. wide, glabrous, short-clawed;

fertile stamens 7, with short filaments; anthers of the 3 lowermost linear-oblong,

falcate, about 7 mm. long, long-rostrate and dehiscent by a pair of approximate

terminal pores; anther of 4 median stamens about 6 mm. long, subtruncate apically

by oblique reflexion of a short rostrum, dehiscent by a pair of terminal pores;

uppermost 3 staminodes flat, 2-3 mm. long, clawed; ovary linear, arcuate, pubes-

cent. Legume linear, about 14 cm. long and 4-5 mm. wide, glabrate, stipitate,

septate between the seeds; seeds transverse, rhombic, 2—3 mm. long.

Panama and Costa Rica.

chiriqui: Boquete, Davidson 845; Hato del Jobo, Pit tier 5406, 540J. cocle: Bismark,

Williams 567; El Valle, Allen 11$, 1 180, Hunter & Allen 301.

Cassia Williamsii is closely related to C. Mutisiana of Colombia, which species,

however, has the leaflets pubescent below.

29. Cassia multijuga Rich, in Act. Soc. d'Hist. Nat. Paris 1:108. 1792.

Cassia calliantha G.F.W. Mey. Prim. Fl. Esseq. 169. 1818, fide Benth.

Cassia RicharJiana Kunth, Mim. 139, /. 42. 1819, fide Benth.

Fig. 127. Cassia multijuga
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Cassia semifalcata Veil. Fl. Flum. Ic. A:t. 68. 1827, fide Benth.

Cassia Selloi G. Don, Gen. Hist. Dichl. PL 2:442. 1832, fide Benth.

Cassia ampliflora Steud. in Flora 26:760. 1843, fide Benth.

Additional synonyms are given by Bentham.

Small tree, the branchlets puberulent or subglabrous. Leaves moderately large,

multijugate; petiole relatively short, 1-2 cm. long, subsulcate above except base-

ward where more or less terete and callous; rachis 10-25 cm. long, sulcate above

and cross-partitioned at insertion of the petiolules, usually puberulent marginally,

bearing in most cases a prominent, elongate, cylindric-subconic gland between the

lowermost pair of leaflets; stipules linear-acuminate, caducous; leaflets (on at least

most leaves) 12-40 pairs, linear-oblong or oblong, 1-4 cm. long and up to 1 cm.

wide, rounded and mucronulate apically, obtuse or rounded and slightly inequi-

lateral basally, dull but conspicuously lighter below, glabrous or puberulent;

petiolule about 2 mm. long. Inflorescence terminal or subterminal, paniculate of

several racemes; bracts like the stipules, caducous; pedicels in age as long as 2.5

cm. Flowers yellow, showy; sepals ovate, up to 7 mm. long and 5 mm. wide, sub-

glabrous; petals ovate to obovate or suborbicular, very unequal but the largest

about 2 cm. long, clawed, glabrous or subglabrous; fertile stamens 7, of 2 sorts; 3

lowermost up to 13 mm. long, the anther linear-oblong, 7-10 mm. long, falcate,

long-rostrate, dehiscent by paired terminal pores; 4 median anthers oblong, 5-6

mm. long, short-reflexed-rostrate, subsessile; 3 uppermost stamens rudimentary or

lacking; ovary glabrous or nearly so. Legume broadly linear, up to 20 cm. long

and about 1.5 cm. wide, flat, septate, shiny, short-stipitate, the seeds transverse.

Brazil, Peru, the Guianas; Colombia, Mexico and West Indies? fide Bentham,

but not listed there in recent floras.

canal zone: Balboa, Mell 12.

This is apparently a new record for Panama. The specimen cited was likely

from an introduced plant, having been collected in a populated area (Balboa). It

had been determined incorrectly as C. moschata, and the label used had been de-

signed originally for "Plants of Mexico." The species is rather widely planted as

an ornamental.

3 0. Cassia biflora L. Sp. Pi. 378. 1753.

Cassia icuuissima L. loc. cit. 1753, fide N. Am. Fl.

Cassia gale gifolia L. Syst. Nat. ed. 10, 1017. 1759, fide Benth.

Cassia Marimari Aubl. Pi. Guian. Franc. 3 82. 1775, ex ic. Plumieri cit., fide Benth.

Cassia crista Jacq. Icon. Pi. Rar. 1:8, t. 74. 1781-86, fide Benth.

Cassia frondosa Ait. Hort. Kew. ed. 1, 2:53. 1789, fide Benth.

Cassia pallida Vahl, Eclog. 3:12. 1807, fide N. Am. Fl.

Cassia semperflorens DC. Cat. Hort. Monsp. 90. 1813, fide N. Am. Fl.

Cassia geminiflora Moc. & Sesse; Collad. Hist. Cass. 103, /. J. 1816, fide N. Am. Fl.

Cassia nemorosa HBK. Nov. Gen. & Sp. 6:3 5 3. 1824, fide N. Am. Fl.

Cassia acapulcensis HBK. loc. cit. 1824, fide N. Am. Fl.

Cassia vcnustula HBK. loc. cit. 3 52. 1824, fide Benth.

Cassia biflora var. semperflorens DC. Prodr. 2:496. 182 5, fide N. Am. FL

Cassia Berteriana Balb. in DC. loc. cit. 1825, fide Benth.
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Cassia oxyadena DC. loc. cit. 495. 1825, excl. syn. Desv. & Mill., tide Benth.
Cassia fitlgens Macfad. Fl. Jam. 1:342. 1837, fide Benth.
Panisia biflora Raf. Sylva fellur. 129. 183 8.

?Cassia xipbioidea Bertol. Fl. Guatemal. 15. 1840, ex descr., fide Benth.
Cassia biflora angustisiliqua Griseb. Fl. Brit. W. Ind. 208. 1860.
Cassia pallidior Rose, in Jour. Wash. Acad. 17:167. 1927.
Peiranisia biflora (L.) Pitticr, in Trab. Mus. Com. Venez. 158. 1928.

Small shrub to about 2 m., the branchlets lightly pubescent to glabrous.

Leaves moderate, up to about 20-foliolate; petiole relatively short, usually lightly

pubescent, flattened above, somewhat margined; rachis elongate, usually about 10

cm. long, similar to the petiole, nodose at insertion of the leaflets, bearing a promi-

nent obovoid or clavate gland 2-3 mm. long between lowermost pair of leaflets,

and a small, linear, terminal process; stipules linear-subulate, almost 1 cm. long;

leaflets 4-10 pairs, mostly elliptic or oblong, up to 3.5 cm. long and 14 mm. wide,

apically rounded and mucronulate, basally subcuneate and somewhat unequal, sub-

glabrous, glaucous below, dull above; petiolules lightly pubescent, 1-2 mm. long.

Inflorescence mostly axillary, the slender peduncle commonly divided into 2 fili-

form pedicels about 2 cm. long, frequently bearing 1-2 glands between the pedi-

cels; bracts small, caducous. Flowers large, showy, yellow; sepals ovate to

orbicular, up to 9 mm. long and broad, unequal, glabrous; petals ovate or obovate,

2-3 cm. long, short-clawed, glabrous, inconspicuously veined; fertile stamens 7,

2-morphic; anthers of the 3 lowermost oblong-falcate, 8-10 mm. long, very long-

rostrate, the cylindric rostrum about 3 mm. long and dehiscent terminally by a

pair of subconfluent pores; 4 median anthers oblong-subfalcate, 4-5 mm. long,

apically obliquely truncate by strong reflexion and adnation of a short 2-pored

rostrum; other stamens rudimentary or lacking; ovary linear, tomentose. Legume
linear, 5-15 cm. long and 5 mm. wide, lightly margined, flat and very thin, im-

pressed between the seeds, lightly pubescent to glabrous.

Mexico; Central America; West Indies; northern South America.

cocle: Aguadulce, Allen 4031. herrera: Chitre, Allen logj. Panama: Alhajuela,
Pit tier 2343, 3465. veraguas: Santa Fe, Allen 4426.

The species is quite variable and undoubtedly subspecific entities could be es-

tablished. Such variation is especially noticeable in vegetative characters. The
specimens cited, for example, differ markedly in leaflet pubescence, the Allen IOQJ
collection having quite pubescent leaflets tending towards the condition found in

C. velutina Britt. & Killip, while the Pittier specimens have essentially glabrous

leaflets (= C. pallidior Rose).

31. Cassia bicapsularis L. Sp. PI. 376. 1753.

Cassia sennoides Jacq. Collect. 1:74. 1786.

Cassia coluteoides Collad. Hist. Cass. 102, t. 12. 1816.

Senna bicapsularis Roxb. Fl. Ind. 2:342. 1832.

Cassia Augusti Harms, in Fedde Rep. Sp. Nov. 18:93. 1922, fide Macbridc.
Adipera bicapsularis (L.) Britt. & Rose, in Britt. & Wilson, Scientif. Surv. Porto Rico and

Virgin Isls. 5:370. 1924.
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In addition the following synonyms are apparently correctly given by Bentham in his

classical work, Revision of the genus Cassia, in Trans. Linn. Soc. 27:503. 1871:

Cassia limcnsis Lam. Encycl. Meth. 1:643. 1783.

Cassia Chinensis Lam. loc. cit. 644. 1783, ex parte?

Cassia pendula Willd. Enum. Hort. Berol. 440. 1809.

Cassia alcaparillo HBK. Nov. Gen. et Sp. 6:355. 1824.

Cassia Bcrterii Colla, Hort. Ripul. 30, t. 24. 1824.

Cassia inflata Spreng. Syst. Veg. 2:336. 182 5.

Cassia dormiens Veil. Fl. Flum. Ic. 4:/. 67. 1827.

Cassia Collar G. Don, Gen. Hist. Dichl. PI. 2:442. 18 32.

Chamaefistula inflata G. Don, loc. cit. 451. 1832.

Chamaefistula pendula G. Don, loc. cit. 1832.

Cassia chrysoloma DeNot. Ind. Sem. Hort. Bot. R. Arch. Gen. 1840 (ex Linnaea 15:Litt.

Ber. 92. 1841, ex char.).

Cassia crassiscpala Benth. in Linnaea 22:527. 1849.

Cassia glandulifera Reinw. in Blume, Cat. Hort. Bog. 68, ex Miq. Fl. Ind. Bat. 1
1
:92. 1855.

Cassia Keinwardtii Hassk. Hort. Bog. (286. 1844), in Ann. Sci. Nat. Bot. II, 14:58. 1840,

ex Miq. loc. cit. 1855.

Shrub or small tree, mostly glabrous throughout. Leaves moderately small, 6-

to 10-foliolate; petiole up to 3 cm. long; rachis up to 4 cm. long, somewhat flat-

tened or sulcate above, bearing between the lowermost pair of leaflets a stocky

clavate gland 1-2 mm. long; stipules caducous; leaflets obovate, up to 3 cm. long

and 1.5 cm. wide, the terminal pair largest, apically rounded to subtruncate, basally

cuneate (upper pairs) to obtuse (lower pairs) and somewhat unequal, subsessile,

glaucous below, dull above, obscurely reticulate. Inflorescence terminal to axillary

from the upper leaves, the individual racemes several-flowered; bracts small, lanceo-

late, about 1 mm. long when caducous; pedicels about 1 cm. long at anthesis.

Flowers yellow; sepals obovate to ovate or lanceolate, up to 12 mm. long, imbri-

cate, unequal, greenish; petals oblong or obovate, up to 16 mm. long and 9 mm.

wide, imbricate, glabrous, venose, sessile; fertile stamens 7, trimorphic; staminodes

3, flat, cuneate-deltoid, 4-5 mm. long, clawed, apically truncate; the lowermost-

center anther linear, about 8 mm. long, apically rostrate and dehiscent by a single

terminal pore, its filament about 4 mm. long; the two marginal anthers (of lower-

most stamens) similar to the center one but more robust, with stout filaments up

to 1 cm. long; 4 median anthers linear-oblong, about 5 mm. long, short-rostrate

and dehiscent by 2 terminal pores, with short filaments; ovary linear, glabrous or

pubescent, sessile. Legume linear-cylindric, about 12-15 cm. long and usually

1-1.3 cm. wide when mature, glabrous, dehiscent into 2 septate halves, stipitate,

straight or only slightly curved.

Mexico to Paraguay and introduced into Old World tropics.

canal zone?: without locality, Hayes 746, Seemann 529. cocle: Aguadulce, Pittier

31a. Cassia bicapsularis L. var. pubescens Benth. in Trans. Linn. Soc. 27:525.

1871.

Cassia indecora HBK. Nov. Gen. & Sp. 6:344. 1824.

Chamaefistida indecora G. Don, Gen. Hist. Dichl. Pi. 2:452. 1832.

Cassia ad vena Willd. Herb, ex Vogel, Syn. Cass. 18. 1837.
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Cassia ovaltfolia Mart. & Gal. in Bull. Acad. Brux. 10 1 :305. 1843.

Cassia manzanilloana Rose in Contr. U. S. Nat. Herb. 1:325. 1895.

Cassia bicapsularis var. indecora Urban, Symb. Ant. 2:268. 1900.

Ailipera nulecora (HBK.) Britt. & Rose, in N. Am. Fl. 23:239. 1930.

The variety differs from the species in being more pubescent (upper twigs and

lower leaflet surface usually pubcrulent) and in having the lowermost lateral sta-

mens long-rostrate (beak 1-2 mm. long vs. 1 mm. or less in the species). While

at their extremes the species and the variety are quite distinct in these character-

istics, intermediacy on both the staminal and pubescence characters is not in-

frequent in northern Central America and Mexico. Furthermore, correlation

between these two characters is imperfect. Thus it would seem wise to follow

Bentham and Urban in considering the pubescent forms as of varietal rank (C.

bicajnidaris L. var. pubescens Benth.), and not of specific

Rose (C indecora HBK.).

Mexico to northern South America: West Indies.

rank as do Britton and

canal zone: Summit, Standley 3000Q. cocle: El Valle, Hunter & Allen 337.

3 2. Cassfa unica Schery, nom. nov.

Cassia falcinella Standley, in Contr. U. S. Nat. Herb. 18:102. 1916, non Oliver.

Chamaefistula falcinella (Standi.) Britt. & Rose, in N. Am. Fl. 23:238. 1930.

Shrub with terete or obscurely angled, cinereous-puberulent stems. Leaves 4-

foliolate, small to moderate; petiole about 2.5 cm. long; rachis about 1 cm. long,

usually subulate-tipped, bearing between each pair of leaflets a slender-cylindric,

acute, black gland; stipules linear-falcate, about 1 cm. long and 1 mm. wide,

cinereous-puberulent or subglabrous; leaflets oblong-obovate to elliptic-oblong, up

to 9 cm. long and 4 cm. wide, abruptly long-acuminate apically, the tip up to 14

mm. long, acute, basally obtuse or rounded and unequal, chartaceous, glabrous,

lustrous above. Inflorescence dense, many-flowered, paniculate, densely cinereous-

puberulent; bracts small, about 2 mm. long, linear-lanceolate and not falcate.

Flowers yellow; sepals oblong-ovate, up to 5 mm. long, obtuse, subequal, pubescent

with short appresscd, curved, yellow hairs; petals oblong, about 13 mm. long,

obtuse, clawed, puberulent without; fertile stamens 7, anthers of the 3 lowermost

slightly smaller, 5-7 mm. long, somewhat rostrate, dehiscent by a pair of sub-

confluent terminal pores; 4 median anthers oblong, about 8 mm. long, obliquely

very short-rostrate and subtruncate, dehiscent by a pair of terminal pores; upper-

most 3 stamens minute and rudimentary; ovary linear, arcuate, tomentose; stigma

and upper style as wide or wider than the ovary, oblique. Legume not known.

Western Panama.

CHiRiQUi: vicinity of San Felix, Pitticr SJ 47-

Unfortunately it has been necessary to provide a new name, C. unica, to C.

falcinella Standley, in that a previous African species had been described as C.

falcinella by Oliver (Fl. Trop. Afr. 2:281. 1871). Perhaps our species should

not be distinct from Cassia undidata, although it is here listed separately because
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C. undulata constantly has larger bracts. It would appear as though a minor

variation were superimposed upon the "undulata complex", a variation that likely

has not been able to perpetuate itself, in that no second collection of C. nnica has

appeared (type collected 1911).

3 3. Cassia undulata Benth. in Hook. Jour. Bot. 2:76. 1840.

Chamaefistula undulata (Benth.) Pittier, in Trab. Mus. Com. Venez. 3:151. 1928.

Small shrub, often vine-like, the older branchlets glabrous. Leaves small to

moderate, 4-foliolate; petioles elongate, up to 5 cm. long, glabrous or very lightly

pubescent; rachis somewhat angled, up to 3 cm. long, bearing a subconic gland

between each pair of leaflets; stipules linear-falcate to lanceolate-falcate, about 7

mm. long, subpersistent; leaflets lanceolate-subfalcate, up to 11 cm. long and 3.5

cm. wide, inequilateral, apically usually attenuate-acuminate, basally obtuse or

rounded, the margins somewhat undulate, glabrous, shiny above, not conspicuously

reticulate; pctiolules short, callous. Inflorescence racemose-paniculate, terminal or

subterminal, several-flowered, puberulent; pedicels up to 2 cm. long; bracts ovate-

lanceolate, about 8 mm. long, mucronate, persistent. Flowers yellow; sepals

elliptic to obovate, 7-8 mm. long, puberulent; petals elliptic to obovate, up to 15

mm. long, puberulent, venose; stamens 7, of 2 sizes, essentially similar; anthers

oblong, somewhat curved, glabrous, basally rounded-subtruncate, apically truncate

but with oblique rostrate or subrostrate pores to one side, larger (4) anthers about

8 mm. long, smaller (3) anthers 4-5 mm. long; ovary appressed-tomentose, style

short. Legume 10-20 cm. long, about 1 cm. thick, turgid, glabrous, basally obtuse.

Southern Mexico; Central America; Trinidad; northern South America.

canal zone: Ancon Hill, Pittier 1724, Williams 15; Bellavista, Macbride 2/34, Piper

$132; "Chagres" Fcndler 86; Culebra, Pittier 2096; Empire to Mandinga, Piper 5T3^>

5141; Frijoles, Maxon 4704, Pittier 2688; Las Cruces trail, Standby 29231. Panama:

Bismark, Williams 596; Juan Diaz, Standby 3°572 ; Panama City, Macbride 2734; Tumba

Muerto road, Standley 29704. veraguas: west of Sona, Allen 1043.

34. Cassia Maxonii (Britt. & Rose) Schery, comb. nov.

Chamaefistula Maxonii Britt. & Rose, in N. Am. Fl. 23:234. 1930.

Chamaefistula Hayesiana Britt. & Rose, loc. cit. 235. 1930.

Chamaefistula anconis Britt. & Rose, loc. cit. 2 36. 193 0.

Chamaefistula Williamsii Britt. & Rose, loc. cit. 236. 1930.

Small to moderate trees, the branchlets puberulent to glabrous. Leaves nor-

mally 4-foliolate, moderately large; petiole 2-4 cm. long, stout, puberulent to

glabrous, somewhat sulcate above; rachis similar, usually about 3 cm. long, with

a prominent subconic gland between the lower pair of leaflets and generally a

smaller gland or protuberance apically; stipules linear-lanceolate, curved, about

1 cm. long; leaflets ovate to elliptic, up to 15 cm. long and 7 cm. wide, acute to

acuminate apically, obtuse or rounded and slightly inequilateral basally, glabrous

above, puberulent-tomentulose and with raised prominent veins below, the veins

brown against a dull-green background. Inflorescence terminal or subterminal, of
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1 to few usually flexuous racemes or panicles, puberulent; bracts linear-lanceolate,

caducous; pedicels generally 2-3 cm. long. Flowers yellow, showy; sepals oblong

to narrowly ovate, less than 8 mm. long, rounded apically, puberulent; petals

larger, obovate, up to about 2 cm. long and 1.5 cm. broad, lightly puberulent;

fertile stamens 4 (the median ones), all similar, the others more or less abortive

or reduced or caducous; anthers oblong, about 8 mm. long, somewhat curved,

apically short-rostrate, basally rounded-subtruncate, dehiscent by terminal pores;

ovary linear, densely pubescent. Legume linear, anglcd-subterete, up to 25 cm.

long and about 2 cm. wide, straight, smooth; seeds transverse.

Mexico; Central America; northern South America.

canal zonk: Ancon, Bro. Heriberto 38, Killip 12055, Williams 9; Balboa, Standley
25532 > 26447> 28492; Bellavista, Macbride 2750, Piper 5357, Standley 25346; near Culebra,
Pittier 23 1 2, Standley 25957; Empire to Mandinga, Piper 5 1 42. cocle: between Las
Margaritas and El Valle, Woodson, Allen 6 Scibert 1766; Penonome, Williams 135.
Panama: Matias Hernandez, Standley 28060; between Panama and Chepo, Dodge, Hunter,
Steyermark & Allen 16647; near Panama, Standley 26844, 27766; Rio Tapia, Standley
28183; Rio Teciimen, Standley 26568; Taboga Island, Standley 270(H), 27986. san blas:
Puerto Obaldia, Pit tier 4405. unknown: "Panama", Seetnann 225.

Central American specimens with only 4 large functional stamens are found

distributed now and then as C. bacillaris (= C. fruticosa) and very frequently

as C. oxyphylla. Drawing from specimens distributed under these two species

(along with many specimens undetermined to species), markedly inequilateral

leaves, usually larger buds and perianth parts, and appressed lower leaflet pubescence

seem linked with a 7-stamen characteristic. Such characters would determine

C. fruticosa, while C. Maxonii (often found in herbaria as C. oxyphylla) would

then be distinguished by the reduced functional stamen number, the less inequi-

lateral leaves, generally smaller petals and sepals, narrower buds, more tomentulose

raised pubescence of lower surface of the leaflet, etc.

C. Maxonii seems to differ from C. oxyphylla of South America only in pos-

sessing 4 rather than 7 functional stamens. The writer was tempted to list C.

Maxonii as a variety of C. oxyphylla, under the descriptive varietal name of

quadristaminea, but refrained from so doing because: (1) the staminal difference

would appear without intermediacy, and (2) the "tail would then wag the dog",

the 4-stamen entity having been accumulated in the herbaria in a near absolute

majority for Central America for almost a century (as C. oxyphylla following

Bentham, or undetermined to species).

Unfortunately, on priority grounds the name C. Maxonii must be given this

species, although C. Maxonii was described (as Chamaefistnla Maxonii) inade-

quately and apparently without comprehension of the staminal difference separating

it from C. oxyphylla. It thus may be more useful in analyzing the entity here

resolved as C. Maxonii to refer to my description rather than to the original, and

to regard most of the specimens cited as more "typical" of the entity than is the

type (Maxon & Harvey 6611). At an opposite extremity of "untypicalness" from

"Chamaefistnla Maxonii", but connected by intergradation within the entity, is
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"Chamaefistula anconh Britt. & Rose". The latter was not selected as name-

bringing synonym since its type is in fruit only. For the same reason, although

more "typical" in foliage characters, "Chamacfistula Willianisii Britt. " was not

chosen. Another synonym, "Chamae'fistula Hayesiana Britt. & Rose", was rejected

because of poor condition of the type and "untypical" leaflet pubescence approach-

ing that of C. frnticosa var. dariensh. Possibly monographic study will some day

indicate an earlier name for this species, but inasmuch as most older descriptions,

the types for which are not available to us, fail to stress the staminal character-

istics, I am unable to list with certainty any name taking precedence over C.

Maxonii.

3 5. Cassia oxyphylla Kunth. var. dariensis (Britt. & Rose) Schery, comb. nov.

fi
1930.

Small or large trees, the branchlets usually puberulent. Leaves moderately

large, 4-foliolate; petioles about 1-2 cm. long, puberulent, subterete; rachis similar,

up to 4 cm. long, with a prominent subcylindric gland about 2 mm. long between

lower pair of leaflets; stipules linear, caducous; leaflets ovate to elliptic, up to 15

cm. long and 7 cm. broad, acuminate apically, basally inequilaterally acute to

obtuse, membranaceous, prominently reticulate, essentially glabrate above, pubes-

cent and dull below; petiolules terete, about 3 mm. long, puberulent. Inflorescence

a generally flexuous, terminal or subterminal, few- to several-flowered raceme or

panicle; pedicels 1-2.5 cm. long, densely puberulent; bracts linear, small, caducous.

Flower yellow; sepals relatively small, oblong to narrowly ovate, 5-8 mm. long,

puberulent, reflexed in fruit; petals relatively large, oblong to ovate, up to 2.3

cm. long and 1 cm. wide, markedly venose with 3 prominent longitudinal veins,

puberulent, very short-clawed; fertile stamens 7; anthers of the 3 lowermost

smaller, oblong-falcate, about 6 mm. long, apically long-rostrate, dehiscent by 2

terminal pores, glabrous; anthers of the 4 median ones about 8 mm. long, ob-

liquely rostrate apically but otherwise subtruncate and similar to the lowermost;

ovary linear, tomentose, arcuate, the style thick and short. Legume (immature)

tetragonal, rufous-puberulent, about 15? cm. long and 6? mm. wide, arcuate, not

constricted, the seeds transverse.

Panama.

darien: Boca de Cupe, Allen QIO; Pinogana, Pittier 6579; Rio Yape, Allen 327.

Panama: Rio Tatarc, Woodson & Schery IOI2.

The Britton and Rose species, here reduced to a variety of C. oxyphylla, may

not be, in final analysis, distinct from C. oxyphylla. The type of C- oxyphylla is

not available for examination, but the original description with plate (Kunth,

Mim. 129, /. 39. 1819) is excellent. Comparison of C. oxyphylla var. dariensh

with it shows the variety to differ principally in having longer, narrower petals

and broader leaflets than the species—characters which may not be beyond the

range of variability of the species.
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36. Cassia fruticosa Mill. Gard. Diet. ed. 8, no. 10. 1768; Vogcl, in Linnaea

15:67. 1841.

?Mimosa nodosa L. Sp. PI. 516. 175 3, fide Benth.

Cassia bacillaris L. f. Suppl. 231. 1781, fide Benth.

Cathartocarpus Bacillus Vers. Syn. Pi. 1:459. 1805.

?lnga nodosa Willd. Sp. PI. 4:1016. 1806, fide Benth.

Bactyrilobium bacillare Hornem. Hort. Bot. Hafn. 1:392. 1813.

Cassia puberula HBK. Nov. Gen. & Sp. 6:341. 1824, fide Benth.

Chamaeftstula bacillaris (L. f.) G. Don, Gen. Hist. Dichl. PL 2:451. 1832.

Cham acfistula puberula (HBK.) G. Don, loc. cit. 18 32.

Cassia carthaginensis Willd. Herb, ex Steud. Nom. Bot. ed. 2, 304. 1841.

Cassia Fockeana Miq. in Linnaea 18:579. 1844, fide Benth.

Chamaefistula fruticosa (Mill.) Pittier in Trab. Mus. Com. Venez. 3:152. 1928.

Chamacfistula Valerioi Britt. & Rose, in N. Am. Fl. 23:236. 1930, fide Standi.

Slirub or small tree up to 10 m. tall, the branchlets usually glabrous. Leaves

large, 4-foliolate; petiole longer than the rachis, 2-6 cm. long, terete to somewhat

angled or flattened above; rachis 1-4 cm. long, usually glabrous, bearing between

the lower leaflets an oblong-conic gland; stipules linear, early caducous; leaflets

large, inequilateral (the apical ones pronouncedly so), ovate to elliptic-lanceolate,

up to 18 cm. long and 9 cm. wide, usually glabrous above and lightly short-

puberulent below, acute and somewhat acuminate apically, obliquely rounded to

obtuse basally, the veins prominent above and below, more or less concolorous with

the background; petiolules stout, 3-4 mm. long. Inflorescence terminal or sub-

terminal, paniculate or of several racemes from the upper axils, puberulent; bracts

caducous; pedicels up to 4 cm. long, puberulent. Flowers yellow; sepals large,

more or less oblong, up to 13 mm. long and 7 mm. wide, appressed-pubescent,

persistent; petals oblong to obovate-orbicular, up to 3 cm. long and 2 cm. wide,

short-clawed, puberulent, lightly venose; functional stamens normally 7, bi-

morphic; the 3 lowermost anthers conspicuously rostrate, falcate, 8-9 mm. long,

the beak about 2 mm. long and dehiscent by a single upward-directed terminal

pore; the 4 median anthers less curved, oblong, about 9 mm. long, subtruncatc

apically and basally, the short beak oblique and dehiscent by 2 terminal pores;

other stamens rudimentary; ovary linear, sessile, tomentose. Legume elongate,

linear, up to 30 cm. long and 1 cm. wide, terete or subterete, straight, glabrous,

minutely verrucose; seeds transverse.

Tropical America from Mexico to Brazil.

bocas del toro: Chan^uinola Valley, Cooper & Slater IOQ
y 130; Darkland, ion Wedel

2626; Isla Colon, von Wedel 93; Shepherd Island, von Wedel 2730; Water Valley, von
Wedel 613. canal zone: Barro Colorado Island, Sbattuck 54; Bellavista, Piper 5131;
"Chagfes" Fendler 87; Fort Randolph, Standley 286/1, 28697; Gatun, Hayes 360, 369.
chiriqui': San Felix, Pittier 5146. cocle: Bismarck, Williams 560. Panama: Alhajuela,
Pittier 2319; between Capira and Potrero, Dodge & Hunter 8609; Juan Diaz, Standley

30546; Pacora, Allen 1119; Q. Tranquilla, Hunter & Steycrmark 17213; Rio Teciimen,
Hunter & Allen 236, Standley 26757, 29459. unknown: "western Panama", Stork 21?.
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Fig. 12 8. Cassia fruticosa

This species is more commonly located in the herbaria and literature under the

name C. bacillaris, a name which it would be well to conserve were there any

provision to do so in the international rules.

36a. Cassia fruticosa Mill. var. gatunensis (Britt.) Schery, comb. nov.

Chamaefistula gatunensis Britt. in N. Am. Fl. 23:234. 1930.

Small viney tree, the branchlets puberulent. Leaves moderate to large, 4-

foliolate; petioles about 3 cm. long, the rachis similar and only slightly longer;

gland between lowermost pair of leaflets cylindric-subconic, about 3 mm. long;
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leaflets elliptic, only slightly inequilateral and differing from the species in this

respect, puberulent below, more so and with slightly longer hairs than in the

species, glabrous above and otherwise much as in the species. Inflorescence several-

to many-flowered, puberulent; flowers moderately large, yellow; sepals oblong to

elliptic-ovate, somewhat unequal, up to 1 cm. long; petals elliptic to obovate, up

to 2.5 cm. long, tomentulose; functional stamens 7, the three lowermost smaller,

about 8 mm. long, and more markedly rostrate, dehiscent by paired terminal pores;

the 4 uppermost subtruncate, about 1 cm. long, dehiscent by paired terminal

pores from a short, sharply reflexed rostrum; ovary linear, tomentose; fruit pos-

sibly somewhat broader than typical for the species.

Panama and Colombia?

canal zone: Barro Colorado Island, Baugham 603, Kenoyer 381 ; Gatun, Hayes v/^-

colon: Rio Indio do Fato, Pit tier 4253.

This variety approaches C. oxyphylla var. dariensis, from which it may be

distinguished in having the "fruticosa" lower leaf pubescence (shorter, more ap-

pressed hairs), while C. oxyphylla var. dariensis has the more tomentulose, raised-

hair pubescence characteristic of C. Maxonii in Panama.

37. Cassia caudata Standi, in Contr. U. S. Nat. Herb. 18:102. 1916.

Chamaefist ula caudata (Standi.) Britt. & Rose, in N. Am. Fl. 23:237. 1930.

Shrub or small tree, the branchlets terete, glabrous. Leaves large, 4-foliolate;

petioles elongate, about 10 cm. long, subterete, glabrous; rachis like petiole, about

7 cm. long, bearing a prominent subconic gland between the basal leaflets and a

smaller apical gland or protuberance; stipules linear, caducous; leaflets ovate to

elliptic, up to 25 cm. long and 7 cm. wide, obtuse or rounded basally, acuminate

apically into a caudate tip about 3 cm. long, glabrous above and below; petiolules

about 5 mm. long, dark, rugose. Inflorescence axillary or terminal, paniculate,

several-flowered, puberulent; bracts linear, inconspicuous, about 2 mm. long;

pedicels slender, up to 4 cm. long. Flowers yellow, large and showy; sepals un-

equal, ovate to oblong-orbicular, up to 9 mm. long and 7 mm. wide, blunt or

rounded, puberulent; petals mostly obovate, up to 3 cm. long and 17 mm. wide,

venose, puberulent on the veins; fertile stamens 7; the 3 lowermost with large,

oblong, markedly falcate anthers almost 1 cm. long, apically long-rostrate and

dehiscent by a pair of terminal pores; 4 median anthers oblong, about 7 mm. long,

only slightly falcate, short-rostrate, dehiscent by a pair of terminal pores; ovary

linear, tomentose. Legume not known in maturity; seeds transverse.

Panama and Costa Rica.

Panama: upper Mamoni River, Pit tier 440* -

NAMES OF UNCERTAIN APPLICATION TO CASSIA IN PANAMA

C. confusa Rose, Apparently no description of this species ever appeared,

although it is listed in the key in Standley's 'Flora of Panama Canal Zone' (Contr.
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U. S. Nat. Herb. 27:199. 1928). The position in Standley's key might indicate

the plant in mind to have been C. leptocarpa var. hirsuta, although this variety has

not to our knowledge yet been reported from the Canal Zone. In any event, the

specific name "confusa" would be untenable due to prior use in Cassia.

C. tristicula HBK. (Nov. Gen. & Sp. 6:367. 1824). Hemsley reports this

species from Panama, but no specimen so identified has come to my attention.

Without reference to type material or without Hemsley's cited specimen, it is im-

possible to be certain whether or not the name has any reference to Panamanian

se. Judj

tcuocarp

pat

P<

17. DELONIX Raf.

Delonix Raf. Fl. Tellur. 2:92. 1836.

Moderate, unarmed trees. Leaves twice-pinnate, the pinnae several pairs and

opposite on the rachis, each pinna with numerous opposite leaflets; petiole mod-

erately short, expanded basally, eglandular; rachis elongate, flattened above, egland-

ular; stipules caducous; ultimate leaflets small, short-petiolulate. Inflorescence

terminal or axillary, subcorymbose (of 1 to several racemes). Flowers showy;

calyx-tube short; calyx-lobes subequal, much exceeding the tube, valvate; petals

separate and spreading, long-clawed; stamens 10, subdeclinate, free, the anthers

versatile and longitudinally dehiscent; ovary scarcely stipitate; style slender; stigma

truncate. Legume thick-flattened, dehiscent, the valves ligneous; seeds transverse.

Africa and Madagascar.

1. Delonix regia (Bojer) Raf. Fl. Tellur. 2:92. 1836.

Poificiana regia Bojer in Hook. Bot. Mag. pi. 2884. 1829.

Spreading tree, the branchlets subglabrous, lenticellate, corky in age. Leaves

large; petiole usually about 10 cm. long, flattened and somewhat sulcate above,

swollen basally; rachis up to 5 dm. long, somewhat nodose and cross-partitioned at

insertion of the pinnae, tomentulose or puberulent; stipules sagittate-bifurcate (the

lobes frequently dissected), caducous; pinnae up to about 20 pairs, spreading, the

rachis about 12 cm. long, tomentulose; ultimate leaflets up to 40 pairs, oblong,

usually nearly 1 cm. long and 3—4 mm. wide, inequilateral basally, rounded or

obtuse apically, usually tomentulose or puberulent above and below especially along

the veins, lighter below. Inflorescence as described for the genus; bracts ovate-

lanceolate, about 6 mm. long; pedicels up to 10 or more cm. long in lowermost

flowers. Flower red, very ornamental; calyx-tube from pedicellar articulation

about 7 mm. tall, shallow within; calyx-lobes spatulate-lanceolate, 2.5—3 cm. long,

valvate in bud, reflexed in age; petals large, about 6 cm. long, spreading, the claw

about 3 cm. long, expanding apically, tomentulose within, the blade suborbicular,
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usually 3—3.5 cm. wide, glabrous; stamens about 4 cm. long, tomentose basally;

anthers ovate, 4—5 mm. long, bilocular; ovary linear, 1 cm. long or longer, lightly

hirsute; style about 3 cm. long, glabrous; stigma terminal, pubescent, unexpanded.

Legume broadly linear, frequently 4-6 dm. long and 5-7 cm. wide, scarcely

curved, compressed, 2-valved, the valves ligneous; seeds oblong, transverse.

Native to Madagascar, introduced into world tropics and subtropics; commonly

planted in Central America, West Indies and South America.

canal zone: Balboa, Standley 30821; Bellavista, Macbride 2764.

This colorful tree, the "Royal Poinciana" or "Flamboyant," is one of the most

frequently planted tropical ornamentals. Its brilliance during the relatively short

flowering season offers Temperate Zone visitors a taste of the expected but often

lacking "floral splendor of the tropics."

18. PELTOPHORUM Walp.

Peltophorum (Vogel) Walp. Rep. 1:811. 1842, nom. conserv.

Baryxylum Lour. Fl. Cochinch. 266. 1790.

Unarmed spreading trees. Leaves twice-pinnate; petiole and rachis eglandular;

stipules small, caducous; pinnae several; ultimate leaflets numerous, relatively small.

Inflorescence terminal, of few to several racemes. Flowers yellow; calyx-tube short,

patelliform; calyx-lobes 5, imbricate, subequal; petals 5, spreading, subequal;

stamens 10, inserted with petals on calyx-tube, similar; filaments free, pubescent

basally; anthers versatile, longitudinally dehiscent, ovary free, usually stipitate;

style elongate; stigma expanded, peltate. Legume indehiscent, winged on both

margins, few-seeded.

West Indies, South America, Africa, eastern Asia, East Indies, and Pacific

islands. A Far Eastern species has been introduced into Panama.

1. Peltophorum inerme (Roxb.) Naves, ex Villar in Blanco, Fl. Filip. Nov.

App. 69, t. 335. 1880.

Caesalpinia inermis Roxb. Fl. Ind. 2:367. 1832.

Caesalpinia ferruginea Decne. in Nouv. Ann. Mus. d'Hist. Nat. Paris 2:462. 1833; Miq.

Fl. Ind. Bat. 1:111. 1855.

Caesalpinia arborea Zoll. in Nat. en Geneesk. Archief 3:65. 1846; Miq. loc. cit. 112.

1855, fide Villar in Blanco, loc. cit. 1880.

Peltophorum ferrugineum Benth. Fl. Austral. 2:279. 1864.

Tall tree, the branchlets puberulent to glabrous in age. Leaves large; petiole

about 5 cm. long, ferruginous-tomentulose; rachis similar, up to 2 or more dm.

long; pinnae several pairs, opposite, borne from flattened upper surface of rachis;

ultimate leaflets several to many pairs to the pinna, oblong, about 15 mm. long and

6 mm. wide, markedly inequilateral basally, rounded-subtruncate apically, glabrous

and darker above, ferruginous-puberulent to subglabrous below; stipules bifurcate,

early caducous. Inflorescence densely ferruginous-tomentose, a terminal panicle

of racemes up to a few dm. long, or the racemes axillary and subterminal; pedicels
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less than 1 cm. long; buds globular. Flowers yellow; calyx-lobes elliptic, almost

1 cm. long, ferruginous-tomentulose without, glabrous within, imbricate; petals

obovate, about 1.5 cm. long, contracted basally into a ferruginous-hirsute claw;

stamens free, about 1 cm. long, the filaments densely pubescent basally, the anthers

about 3 mm. long; ovary ferruginous-pubescent; stigma terminal, light in color,

expanded and peltate. Legume narrowly elliptic, about 10 cm. long and 2 cm.

wide, flat, indehiscent, longitudinally venose, with an undulate marginal wing 2—3

mm. wide; seeds longitudinal.

Endemic to Malayan area; introduced into New World tropics.

canal zone: Balboa, Allen 4468\ Standley 30852; without locality, Johanscn 27.

This ornamental shade tree is reported fairly common in the Canal Zone.

Fig. 129. Peltophorum inerme
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19. SCHIZOLOBIUM Vogcl

Schizolobium Vogel, in Linnaea 11:399. 18 37.

Tall, unarmed trees, the leaves large, bipinnate, with numerous, small leaflets.

Inflorescence axillary or terminal, racemose, or paniculate of several racemes; bracts

small. Flowers yellow, perfect; calyx with a short, somewhat inequilateral tube,

the lobes imbricate, longer than the tube, reflexed in anthesis; petals separate, im-

bricate, narrowed baseward, subequal; stamens 10, free, subdeclinate, inserted with

the petals on upper portion of calyx-tube; the anthers all similar, small, bilocular,

versatile, dehiscent by longitudinal slits; ovary stocky, tomentose, short-stipitate,

affixed basally on lower side to the calyx-tube; style about twice as long as the

ovary; stigma terminal, minute. Legume flattened, coriaceous, tardily dehiscent,

bearing a single seed in the expanded apical portion.

The genus seemingly consists of a single species.

£//. //oeschnrr

v

Fig. 130. Schizolobium parahybum
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1. Schizolobium parahybum (Veil.) Blake, in Contr. U. S. Nat. Herb. 20:240.

1919.

Cassia parahyba Veil. Fl. Flum. 168. 1825; Ic. 4:/. 71. 1827.

Schizolobium excelsum Vogel, in Linnaea 11:399. 1837.

Schizolobium gluiinosum Tul. in Archiv. Mus. d'Hist. Nat. Paris 4:157. 1844.

Caesalpinia parahyba Allem. Trab. Soc. Veil. 1:56. 18 52.

Schizolobium Kellermannii Pittier, in Contr. U. S. Nat. Herb. 18:232. 1917.

A tall, buttressed tree to 25 m. or more, the branchlets subglabrous. Leaves

very large, twice-pinnate, multifoliolate; petiole stout, 1 dm. or more long, evi-

dently eglandular, glabrous or somewhat viscid, slightly flattened or sulcate above;

secondary petioles similar, about 1 cm. long, callous basally; rachis several dm.

long, eglandular, flattened and margined above, the pinnae (several to many)

arising opposite in pairs on the upper side; stipules apparently small, caducous;

leaflets several to many pairs on each pinna, oblong or linear-oblong, 1.5-3 cm.

long, 4-7 mm. wide, rounded apically and basally, dark and puberulent to glabrous

above, lighter and appressed-pubescent below, subcoriaceous, the midvein very

prominent, the lateral veins obscure; ultimate petiolules about 1 mm. long. In-

florescence multiflorate, as described for the genus; bracts lanceolate, scarcely 2

mm. long; pedicels up to 1 cm. long in age, articulate above the middle. Flowers

attractive, yellow; calyx-tube turbinate, 2-3 mm. long, dark and usually tomentu-

lose without; calyx-lobes ovate-elliptic, about 6 mm. long and 3 mm. wide, puberu-

lent; petals obovate-spatulate, almost 2 cm. long and usually 4-6 mm. wide, sub-

glabrous, obscurely veined; stamens 10, as described for the genus, about as long

as the petals, the filaments broader and scurfy basally, the anthers broadly elliptic,

about 2 mm. long; ovary subfalcate, about 5 mm. long and 2 mm. broad, hispid-

tomentose with dark hairs, few-ovulate. Legume obovate-spatulate, narrowed

baseward, about 10 cm. long and 2.5-5 cm. wide, glabrous, bearing the solitary

seed apically; seed flattened-ovoid, up to 2 cm. long.

Mexico; Central America; South America.

canal zone: along R. Chagres, Steyermark & Allen 16785. Panama: Chorrera,

Allen IS99-

20. CAESALPINIA L.

Caesalpinia L. Sp. Pi. 380. 1753.

Poinciana L. loc. cit. 380. 1753.

Guilandina L. loc. cit. 381. 1753.

Bonduc Adans. Fam. 2:318. 1763.

Hoffmanseggia Cav. Ic. 4:63, /. J£2. 1797.

Libidibia Schlecht. in Linnaea 5:192. 1830.

Poincianella Britt. & Rose, in N. Am. Fl. 23:327. 1930.

Many other synonyms can be found for Caesalpinia considered in its broad sense. Some

that have been so included, in addition to the ones cited above, are: Adenocalyx Bert.;

Balsamocarpon Clos; Biancaea Todaro; Brasilettia (DC.) Kuntze; Campecia Adans.;

Cinclidocarpus Zoll.; Cladotrichum Vog.; Conzattia Rose; Coulteria HBK.; Erythrostemon

Link; Guaymasia Britt. & Rose; Guilandia P. Br.; Larrea Ortega; Lebidibia Griseb.; Melano-

sticta DC; Moparia Britt. & Rose; Nicarago Britt. & Rose; Pomaria Cav.; Pseudosantalum
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Mill.; Russellodcndron Britt. & Rose; Scbrammia Britt. & Rose; Tara Molino; Ticanto
Adans. Granting that several of the synonyms can be segregated fairly distinctly, there
nevertheless seems little advantage in so doing. Certainly such segregations intergrade
sufficiently to warrant inclusion in one genus, while if considered as separate genera they
cause in the herbarium considerable confusion and obscuring of the species, to say nothing
of difficulties involved then in the almost impossible task of organizing a usable generic
key. Thus, for purposes of the 'Flora of Panama,' Caesalpinia is regarded in its broader
sense, essentially following Bentham.

Trees, shrubs or sometimes vine-like or subherbaceous, armed or unarmed.

Leaves twice-pinnate; petioles and rachis eglandular, glabrous or variously pubes-

cent; pinnae usually several and opposite or subopposite on the rachis; ultimate

leaflets few to many, opposite in pairs, or less frequently alternate, in the pinna.

Inflorescence mostly racemose, variously pubescent; bracts normally caducous.

Flowers yellowish or less commonly pinkish; calyx with a conspicuous tube and 5

imbricate lobes, the outermost lobe more or less cucullate and enclosing the bud;

petals free, nearly equal, inserted upon the upper calyx-tube; stamens normally 10,

free, inserted with the petals on the calyx-tube, usually subdeclinate; filaments

mostly pubescent, often glandular; anthers small, bilocular, longitudinally de-

hiscent, versatile; ovary free, sessile or short-stipitate, inserted at base of calyx-

tube; stigma terminal, usually not dilated. Legume compressed or flattened, usually

unarmed and dehiscent; seeds transverse.

Widely distributed, in tropics and subtropics of both hemispheres.

a. Shrubs or trees, lightly armed or unarmed; bracts of inflorescence in-

conspicuous or missing; legume unarmed, flattened or coiled,

b. Inflorescence glabrous, large and showy; pedicels elongate, frequently
7-8 cm. long; stamens long-exserted, about 5 cm. long; plant often
inconspicuously armed 1. Q pulcherrima

bb. Inflorescence puberulent to tomentose, smaller; pedicels less than 2

cm. long; stamens short, less than 1.5 cm. long; plant unarmed,
c. Racemes elongate, mostly 10 or more cm. long, with a ferruginous-

stellate tomentum; flowers larger, 2-3 cm. wide; legume flat.

(valves may coil after dehiscence) 2. C. eriostachys
cc. Racemes condensed, mostly less than 4 cm. long, lightly pubescent

or puberulent; flowers small, less than 8 mm. wide; legume coiled.. 3. C. coriaria
aa. Vine-like shrub of sea beaches, the stem and rachis heavily armed with

recurved thorns; bracts of inflorescence about 1 cm. long, persistent at

least until anthesis; legume armed, compressed, but not flat 4. C. crista

1. Caesalpinia pulcherrima (L.) Sw. Obs. 166. 1791.

Pobiciana pulcherrima L. Sp. Pi. 380. 1753.
Voinciana bi)uga Lour. Fl. Cochinch. 260. 1790, non L.

Voinciana data Lour. loc. cit. 261. 1790.

Lightly or scarcely armed shrub or small tree, the branchlets glabrous. Leaves

moderately large, twice-pinnate; petiole 2-8 cm. long, terete, eglandular, glabrous;

rachis like petiole, up to 2 or more dm. long; stipules lanceolate, minute, caducous;

pinnae up to 8 or more pairs, opposite on the rachis; leaflets about 10 pairs to the

pinna, subopposite, mostly oblong, 10-23 mm. long and 5-10 mm. wide, rounded

apically, obtuse and somewhat inequilateral basally, glabrous, membranaceous,

petiolulate. Inflorescence usually terminal, a corymbose raceme, several- to many-
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flowered; bracts similar to stipules, caducous; lower pedicels elongate, not uncom-

monly 7-8 cm. long, glabrous. Flowers ornamental, red to yellow; calyx-tube

narrowly turbinate, 3-4 mm. long, the pedicellar stalk subarticulate a few mm.

below the tube; mature calyx-lobes ovate or lanceolate to obovate, about 1 cm.

long, glabrous, imbricate in bud, the outer calyx-lobe cucullate and somewhat

larger; petals free, obovate, about 2 cm. long, glabrous, clawed; stamens 10, in-

serted with petals on rim of calyx-tube, strongly exserted; filaments free, about 5

cm. long, glabrous except basally where viscid-pubescent; anthers ovate, 1-2 mm.

long, versatile, bilocular, longitudinally dehiscent; ovary linear, glabrous, stipitate

from base of calyx-tube. Legume linear-oblong, up to 12 cm. long, usually some-

what wider apically than basally, obliquely acute both apically and basally, short-

stipitate, flattened, glabrous, elastically dehiscent; seeds ovate, transverse.

Widely cultivated or escaped throughout world tropics; probably native in

northern Central America.

bocas del toro: Changuinola Valley, Dunlap 423; Old Bank Island, van Wedel i860.

canal zone: Balboa, Standley 30834; Paraiso, Standley 300OQ. Panama: Taboga Island,

Bro. Celestine pi.

An attractive ornamental frequently seen in cultivation in the Canal Zone and

other tropical regions. The legume is reported to contain abundant tannin, but it

is not a recognized article of commerce as is the "divi-divi" (legume of Caesalpinia

coriaria) . The leaves have been reported used for fish poison.

2. Caesalpinia eriostachys Benth. Bot. Voy. Sulphur, 88. 1844.

Schizolobium Covilleanum Pittier, in Contr. U. S. Nat. Herb. 18:231. 1917.

Poincianella eriostachys (Benth.) Britt. & Rose, in N. Am. Fl. 23:3 32. 1930.

A small or moderate, unarmed tree of the Pacific slope, the branchlets usually

stellate-pubescent. Leaves moderately large, twice-pinnate; petioles somewhat flat-

tened above, up to 2 cm. long, ferruginous-stellate-pubescent and also with some

lighter, simple hairs, eglandular; rachis 10-20 or more cm. long, similar to the

petiole, usually bearing 11-21 pinnae; stipules oblong, about 6 mm. long, rounded

at the apex, caducous; pinnae usually subopposite on the rachis, up to 8 cm. long;

ultimate leaflets 14-29 to the pinna, alternate, more or less oblong, 5-10 mm. long

and 3-5 mm. broad, strongly inequilateral basally, rounded apically, sessile, darker,

and usually subglabrous above, pubescent with simple hairs or subglabrous below.

Inflorescence terminal or subterminal, consisting of a number of several-flowered

racemes, the peduncle and pedicels densely ferruginous-stellate-pubescent; bracts

similar to stipules; mature pedicels 1-2 cm. long. Flowers yellow, ornamental,

often appearing before the leaves; calyx-tube cupulate, 5-6 mm. long, densely

ferruginous-stellate-pubescent; calyx-lobes ovate-elliptic, about 8 mm. long and

3-5 mm. broad, imbricate and outer one subcucullate in bud, ferruginous-stellate-

pubescent without, light-tomentose within; petals suborbicular, up to 14 mm.

long and 12 mm. broad, clawed, dark-dotted towards the middle, pubescent base-

ward on the claw; stamens 10, free, inserted with petals on the calyx-tube; fila-
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Fig. 131. Caesalpinia criostaebys

ments about 12 mm. long, more or less glandular-pubescent, densely pubescent

basally; anthers ovate, 1-2 mm. long, longitudinally dehiscent, bilocular; ovary

sessile from base of calyx-tube, short, pubescent, few-ovulite; style elongate;

obo 3 cm.stigma terminal, small. Legume linear

broad, flattened, elastically dehiscent, obliquely beaked apically, short-stipitate,

puberulent or tomentulose; seeds few, oval, about 12 mm. long, obliquely transverse.

Northern Mexico to Panama; Cuba.

cocle: Aguadulce, Pittier 5IO$; R. Mata Ahogado, Allen iji. Panama: Matlas
Hernandez, Pittier 6gi6; San Jose Island, Johnston 565.

3. Caesalpinia coriaria (Jacq.) Willd. Sp. Pi. 2:532. 1799.

Poinciana coriaria Jacq. Select. Stirp. Am. 123. 1763.

Caesalpinia thotnaea Spreng. Syst. 2:343. 1825, fide N. Am. Fl.

Libidibia coriaria Schlecht. in Linnaea 5:193. 1830.

An unarmed, low, crooked, much-branching tree, the branchlets glabrous.

Leaves moderate, twice-pinnate; petiole rather stout, usually 1-2 cm. long, lightly

pubescent, eglanduhr, terete but somewhat flattened above, callous and expanded

basally; rachis similar, nodose at insertion of the pinnae, eglandular; stipules cadu-
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cous; pinnae usually about 15, 3-5 cm. long, opposite or subopposite on the rachis

except for the (odd) terminal one; ultimate leaflets as many as 3 5 pairs to the

pinna, linear-oblong, 3-9 mm. long and up to 2 mm. wide, rounded apically, in-

equilateral and subcordate basally, glabrous. Inflorescence a cluster or panicle of

a few condensed racemes, the racemes several- to many-flowered, not exceeding

the leaves; bracts caducous; pedicels scarcely 3 mm. long. Flowers small, yellow,

fragrant; calyx-tube turbinate, about 2 mm. long, glabrous; calyx-lobes ovate,

about 3 mm. long, imbricate and somewhat contorted in bud; petals suborbicular,

3-4 mm. long, short-clawed, glabrous; stamens 10, about 6 mm. long, inserted

with petals on rim of calyx-tube; filaments expanded and pubescent basally; anthers

ovate, scarcely 1 mm. long, bilocular, longitudinally dehiscent, versatile; ovary

sublinear, glabrous, scarcely stipitate, inserted on base of calyx-tube; style glabrous,

scarcely longer than the ovary; stigma truncate. Legume oblong, up to 6 cm. long

and 2 cm. wide, flattened, thick, much coiled in age, apparently indehiscent.

Mexico to Panama; West Indies; northern South America.

canal zone: Exp. Gardens, Lindsay 2jj; Summit, Mell IT. cocle: Aguadulce,

Pittier 4974.

pod

edly having as much as 30 per cent tannin content. Besides being utilized locally

in the preparation of dyes and inks, the pods are an item of considerable export

interest from the tropical countries, especially the north coast of South America.

The matured pods usually appear in the trade under the name "divi-divi," a com-

mercial source of tannin for many years.

4. Caesalpinia crista L. Sp. Pi. 3 80. 1753.2

Guilandina Bofulucella L. Sp. PL ed. 2, 545. 1762 (in part).

Guilandina semina Lour. Fl. Cochinch. 265. 1790.

?Caesalpinia Bomlucella (L.) Fleming, Asiat. Res. 11:159. 1810 (= C. Bonduc, fide

Macbride).

Guilandina Bonduc var. minus DC. Prodr. 2:480. 1825.

Guilandina crista (L.) Small, Fl. Southeast. U. S. 591. 1903.

Vine-like shrub of sea beaches, heavily armed with recurved thorns and forming

impenetrable thickets above tide level, the branchlets pubescent. Leaves large,

twice-pinnate; petiole usually 5-10 cm. long, subterete except basally where

swollen and flattened above, tomentose, armed like the stems; rachis 2 or more dm.

long, eglandular, tomentose and armed like the petiole; stipules foliaceous, usually

of 2 "leaflets" a few cm. long; pinnae about 7 pairs, up to 15 cm. long, opposite

2 Dandy and Exell (Jour. Bot. 76:175-180. 1938) show that the name C. crista as commonly

applied should refer to 3 different, smooth-fruited species. It should then be correctly replaced by

C. Bonduc (L.) Roxb., and the species in recent times generally regarded as C. Bonduc should

become C. major (Medic.) Dandy & Exell. Thus our gray-seeded, armed-fruited species here listed

as C. crista, and so regarded in most 20th-century literature and in herbaria, is probably in reality

C. Bonduc, while the C. Bonduc of 20th-century literature and most herbaria is C. major. Thus

the names C. crista and C. Bonduc will both be found applying to either of two different species.

I have followed here the established (incorrect, fide Dandy & Exell) practice of listing the gray-

seeded nickar-nut as C. crista.
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Fig. 132. Caesalpinia crista

from the upper surface of the rachis, armed, tomentose; ultimate leaflets about 8

pairs to the pinna, ovate-elliptic, 2-6 cm. long and 1-2.5 cm. wide, obtuse and

veins and margins In-mucronulate apically, rounded basally, puberulent on

florescence axillary or subaxillary, racemose, several- to many-flowered, the peduncle

armed:; bracts linear-acuminate, about 1 cm. long, subpersistent, reflexed, tomen-
tose; pedicels about 4 mm. long, rufous-tomentose. Flowers moderately small,

mm

.

1°ngbrowmsh-yellow; calyx-tube broadly turbinate or subcupulate, 2-3

rufous-tomentose without; calyx-lobes ovate to obovate-elliptic, 5-8 mm. long,

imbricate in bud, the outermost subcucullate, rufous-tomentose; petals narrowly
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oblong, scarcely longer than the calyx-lobes, subglabrous, clawed; stamens 10, free,

inserted with petals on rim of calyx-tube; filaments about 7 mm. long, pubescent;

anthers ovate, about 1 mm. long, versatile, bilocular, longitudinally dehiscent;

ovary ovate-oblong, stipitate from base of calyx-tube, pubescent, the style short,

the stigma small. Legume oblong-orbicular, usually 5-6 cm. long and about 4

cm. wide, compressed, short-stipitate, densely covered with sharp prickles, tardily

dehiscent; seeds usually 2, ovoid, about 2 cm. long, grayish.

Widely distributed in world tropics, apparently native to eastern Asiatic region.

canal zone: Fort Sherman, Standley 31213. chiriqui: San Bartolome, Woodson

& Schery 943. cocle: Santa Clara beach, Woodson, Allen & Seibert 1703. colon:

Fato, Pittier 3938. Panama: Bella Vista, Killip 12005, Standley 25310; San Jose Island

of Pearl Islands, Johnston J22,

A very distinctive plant, easily distinguished from all other species in Central

America except C. Bonduc (= C. major) by its strand habitat, dense armament,

and characteristic legume. It often forms impassible thickets on the Pacific shores

of Panama, where it is studiously avoided by the passer-by.

Caesalpinia urophylla (Donn. Smith) Standi. (C. bonducclla var. tiro-

phylla Donn. Sm.; Gnilandina urophylla Britt. & Rose), armed much as is Caesal-

pinia crista L. of the coastal areas, has been found at high elevations in Costa Rica.

Possibly this unusual vine will be found in western Panama also.

21. HAEMATOXYLON L.

Haematoxylon L. Sp. PL 3 84. 1753.

Haematoxyllum Scop. Introd. Hist. Nat. 225. 1777.

Haematoxylon Brasiletto Karst. (Fl. Colomb. 2:27, pi. 114. 1862) is reported

from both Costa Rica and Colombia, and is to be expected in Panama. It is a small

armed tree, with leaves of about 3 pairs of obovate-cuneate, glabrous leaflets; small,

yellow, long-pedicellate, short-racemose flowers; and a flat, thin, oblong legume.

The wood is said to be employed for the same purposes as true logwood, H.

campechianiim. H. boreale S. Wats, is apparently a synonym of H. Brasiletto.

22. CERCIDIUM Tul.

The genus Cercidium Tul. (Arch. Mus. d'Hist. Nat. Paris 4:13 3. 1844)

(Rhetinophloenm Karst.), as represented by C praecox (R. & P.) Harms, may

eventually be found in Panama. It has been collected in Colombia and other

American localities, and in Mexico. The plant is similar to Parkinsonia, but bears

the small bipinnate leaves distinct from the spines. The rachis of the pinna is

terete and less than 4 cm. long. The inflorescence is a short corymb scarcely ex-

ceeding 3 cm., and the calyx-lobes are valvate or induplicate-valvate.

23. PARKINSONIA L.

Parkinsonia L. Sp. PL 375. 1753.

Small trees or shrubs, the branches prominently armed. Leaves twice-pinnate,

South
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although sometimes not obviously so because of (1) frequent fall of ultimate

leaflets from flattened secondary rachis, and (2) extreme condensation of the

primary rachis; pinnae few, approximate, almost "axillary" from the upper surface

of a stout spine (spine= at least partially the modified petiole and primary rachis)
;

stipules apparently modified as small lateral thorns from base of larger spine; leaf-

lets of the pinna many, minute, often caducous; rachis of pinna flattened, green,

eglandular. Inflorescence racemose, several-flowered, arising from the axils.
*

Flowers moderate; calyx with a short, turbinate tube, the lobes imbricate, a few

times longer than the tube; petals free, clawed, subequal; stamens 10, free, the

anthers versatile and longitudinally dehiscent; ovary essentially free, straight,

slender, subterete, scarcely stipitate. Legume tardily dehiscent, subterete and

swollen at point of seed development, constricted and flattened betv/een the seeds;

seeds few, longitudinal.

American tropics and subtropics; Africa.

1. Parkinsonia aculeata L. Sp. PL 375. 1753.

Parkimonia Thombcri M. E. Jones, Contr. West. Bot. 12:12. 1908, fide I. M. Johnston.

Xerophytic shrubs or small trees to several m. tall, the branchlets subglabrous,

more or less flexuous and gnarled. Leaves multifoliolate, twice compound as de-

scribed for the genus; petiole and rachis modified into a spine 5-15 mm. long,

bearing from the upper side 1-3 pairs of pinnae; pinnae multifoliolate, the rachi

linear, 2-3 dm. long and 1-2 mm. wide, flattened, green; ultimate leaflets about

2 5 pairs, linear-oblong, 2-8 mm. long and up to 2 mm. wide, often caducous.

Racemes up to 2 dm. long, subglabrous; bracts lanceolate, about 1 mm. long;

pedicels slender, 1-2 cm. long in age. Flowers yellow; calyx-tube turbinate,

scarcely 2 mm. long; calyx-lobes ovate-lanceolate, 6-7 mm. long and about 3 mm.
wide, subglabrous; petals 5, about 13 mm. long, the blade suborbicular. about 8

mm. long, claw pubescent at base, about 5 mm. long; stamens 8-9 mm. long,

pubescent basally; ovary linear-oblong, about 4 mm. long, hispid; style linear,

about equalling the stamens, glabrous; stigma terminal, minute. Legume linear,

up to about 15 cm. long, nodose by constriction between the seeds, glabrous,

striate -nerved; seeds about 1 cm. long.

Found escaped or planted in the Americas from southern United States to

Indies; from uncertain (American: Mexican?) origin. The
species has been reported from Panama, although no specimens collected there have
yet come to our attention.

s

West

(Legumwosae to be continued in Part V, Fasc. 4)
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iends of Dr. J. M. Greenman were saddened by his death on

J

J

ty, Pennsylvania, the son of James William and Clarissa (More) Greenman.

Entering the University of Pennsylvania in 1888, he served successively as assistant

(1890-92) and as instructor (1893-94) in botany, graduating in 1893 with the

degree of Bachelor of Science. In 1894 he transferred to Harvard University

where he was assistant in the Gray Herbarium until 1899, when he was awarded

the degree of Master of Science.

It was during these years at the Gray Herbarium that he became associated

with the late Benjamin Lincoln Robinson and was a fellow student with the late

Merritt Lyndon Fernald. At that time botanists of the United States were only

beginning to appreciate fully the rich opportunities in the floristics of tropical

America, and particularly of Mexico. Following the example of his illustrious

predecessors at the Gray Herbarium, Robinson plunged into the determination of

J ^

Nelson, and others. In this he was aided materially by Greenman and to a lesser

extent by Fernald (whose real interests already were in the flora of the north-

eastern seaboard).

In these years Robinson evidently became a model for the somewhat younger

Greenman, both professionally and personally, and the fancied emulation has been

apparent to many of the friends and students of both men, amongst whom the

writer of this notice is fortunate to be included. Both could be recognized in-

stantly as "gentlemen of the Old School": courtly and immaculate, soft-spoken

and deliberate in word and action; innately conservative and studied, perhaps, to

most of their younger contemporaries. In the case of Robinson, lightened daily

by a characteristic humane warmth and tolerance even in his declining ye."rs, the

(95)



96
[Vol. 38

MISSOURI

total effect possibly was more original to those who knew them both. In Green-

man, it has long appeared to the writer of this notice that the true man lay some-

what deeper beneath the surface, and was only occasionally evident in delightful

flecks of Barriesque humor which his friends will always cherish.

The parallelism of Robinson and Greenman is striking in their professional

careers: while Robinson elected the vast genus Eupatorium as a life work, Green-

man chose the even more appalling genus Scnccio. Neither lived to complete his

task. While Robinson went to the University of Strasbourg to receive his doctor-

ate of philosophy under De Bary, Greenman went as a Kirkland Fellow (1899-

1901) to study under Adolf Engler at the University of Berlin, which conferred

upon him the Ph.D. in 1901. Returning to Harvard in 1902, he married Anne
Louise Turner and resumed his duties as assistant at the Gray Herbarium, having

also been appointed instructor in botany (1902-05) at the same time that Fernald

saw in

received a similar promotion. Greenman's teaching assignment, interestingly, was
to conduct a class in plant geography; Fernald, with only his B.S. from Harvard
College, was to conduct an elementary class. (Robinson, save for "research in-

struction," never taught a formal class during his entire career at Harvard!)

In my mind's eye I have long projected a fancied crisis in the little group of

botanists at the Gray Herbarium in the year 1905. In that year there developed

the possibility for a promotion to assistant professor at Harvard for one of the two
younger men; there also came a request from the Field Columbian Museum of

Chicago for an applicant for the post of assistant curator of botany under the late

Charles F. Millspaugh. I have long taken it as a fitting tribute to the perception

and moral strength of Robinson that he chose Fernald to remain with him at Har-
vard rather than Greenman, with whom he had so much more in common. The
decision may have reflected the needs of the forthcoming seventh edition of 'Gray's

Manual' (published in 1908), but I am inclined to believe that Robinson
Greenman too much of himself for the best interests of the Gray Herbarium. I

am sure that the decision was a bitter disappointment to Greenman; but his ad-

miration for Robinson was never dimmed. Both he and Mrs. Greenman long half-

expected their eventual return to Cambridge, which they loved so well.

Greenman took up his duties as assistant curator at Chicago in 1905. In 1908,

perhaps to offset the defection-from-the-ranks of taxonomy by the late John Merle
Coulter, he was appointed assistant professor at the University of Chicago, teaching
taxonomy and plant geography. I suspect that working conditions at the Field

Museum were none too pleasant for all concerned, and also that the emphasis placed

upon morphology and Coulter's later contempt for taxonomy (which seems to

continue at that University to this day) were rather discouraging to a young
botanist in the tradition of Engler, Robinson, Watson, and Gray. At any rate,

when he was invited to join the staff of the Missouri Botanical Garden and the

Shaw School of Botany of Washington University in 1913, Greenman was quick
to accept. With him to St. Louis came the Senecios which were to be his com-
panions until his death.
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I believe that the Greenmans discovered in St. Louis at least partial consolation

for the loss of Cambridge. At the Missouri Botanical Garden the new director,

George T. Moore (an old friend from Harvard days), had gathered together a

small group of other former Harvard associates which could compare in brilliance

and accomplishment with the botanical staff of their old alma mater herself. With

its almost unexcelled botanical library, its large herbarium of unplumbed value

("unplumbed" because it was so disorganized!), its new and modern physiological

laboratories, its greenhouses, its newly launched Annals, and perhaps above all its

Lackland Fellowships sagaciously maneuvered by Dr. Moore from his Board of

Trustees, the Missouri Botanical Garden and the Shaw School of Botany achieved

national, if not international, significance almost over night.

Dr. Greenman became curator of the herbarium of the Missouri Botanical

Garden and associate professor of botany at Washington University in 1913; in

1917 he was promoted to full professor at the University. At the Garden, he

found an Augean stable in the herbarium. Founded by the purchase of the per-

sonal collection of Bernhardi in 18 57 and the bequest of that of Engelmann in

1884, it had been augmented copiously but indiscriminatingly and presided over

rather casually in the succeeding years. No detailed inventory of its contents

existed. Greenman estimated the total number of specimens at 614,660, and began

a painstaking system of accession records. Then began the almost hopeless task

of orderly arrangement of this considerable museum, the laborious identification of

the extremely valuable historical material from the scrappy bits of evidence ac-

companying them (particularly in the Bernhardi herbarium), and of course the

never-ending struggle to keep abreast of current accessions as well—all virtually

single-handed. With his rather stern sense of duty as he saw it, it was inevitable

that his own research should be thrust almost out of sight into the background.

There can be little doubt that Greenman's new role as a teacher in the Shaw

School of Botany utilized his character and training most advantageously. He was

a willing, thorough, and patient teacher. Where, in his day (or in ours?) could

one find another prepared (or even interested) to offer courses of graduate level

in bryophytes, pteridophytes, gymnosperms, angiosperms, and plant geography?

Neither was he averse to undergraduate instruction, and for a number of years

conducted the beginning course in botany in addition to his other duties.

Although not an original lecturer, Greenman's gentle courtliness everlastingly

endeared him to all his students at Washington University. It was not so much

what he said as the way that he said it; a rather pedantic reference to dichotomy

could be accompanied by a glance that would warm his hearer with ill-defined

pleasure. But at once the most cultivated and gracious of men, he could be the

most punctilious and unyielding.

Organizational activities were attractive to Greenman, and he was in frequent

attendance at scientific conventions. He was a member of the Botanical Society

of America, the Ecological Society of America, the American Society of Natural-

ists, the New England Botanical Club, the Germanistic Society of St. Louis, the

American Association of University Professors, the New York, the Illinois, and
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the St. Louis academies of science, and the honorary societies of Phi Beta Kappa,

Sigma Xi, and Phi Sigma; he was a corresponding member of the Academy of

Natural Sciences of Philadelphia, an honorary chairman of the University of Penn-

sylvania Bicentennial Committee, a fellow of the American Association for the

Advancement of Science (chairman of Section G in 1936-37), and president of

the American Society of Plant Taxonomists for 1938. His social clubs included

Sigma Alpha Epsilon fraternity, the University and the Harvard clubs of St. Louis,

Washington University. He was a Democrat and

nominal Presbyterian.

Although socially gifted and inclined, Dr. Greenman's herbarium, his students,

and his Senecios more and more circumscribed his life. Except for short vacations

during the lifetime of Mrs. Greenman and for a collecting expedition of three

months to Central America with his younger son, Milton T. Greenman, in 1922,

all his waking hours seemed to be spent in the big brick building on Tower Grove
Avenue. Apparently never a strong man, a series of severe illnesses beginning in

192 5 took their toll of him. In 1936 Mrs. Greenman died, leaving him without
the care with which she had attended him; but his steely determination carried

him on.

In 1945 Dr. Greenman was the victim of a cerebral hemorrhage. Upon his

partial recovery he was appointed professor emeritus by the University, and in

1948 as curator emeritus by the Garden. Now that it was too late, he was given
eave to return to his Senecios as he had planned in his youth. Walking daily from
his home on Magnolia Avenue to the Garden, he pursued his remaining joy. For
one who had suffered for so long, the end was a gentle withdrawal.

The fame of some men rests not so much upon what they have done of them-
selves as upon what they have done through others. So it is with Jesse More Green-
man. It may be said with little dispute that his impress upon American taxonomy,
through his students, is second to none in America. The reverence and aflf

in which they will always hold him is still reflected in the salutation of th

ection

;

//

birth:

Dear Dr. Greenman:
December 27, 1937.

We
t

your pupils, have gathered today to greet you and to celebrate your academic
festival. To commemorate the day, some of us have brought to the feast table these con-
tributions. Singly, and of themselves, they are not of great significance. They are impressive
because of the composite evidence they offer of the degree to which your scholarship has
beer, projected into the second generation and beyond. They are the fruits of your teaching

A number of years ago, one of us, in talking with your own teacher, Professor Englcr,
referred to himself as an academic grandchild, much to Engler's interest and amusement
Engler's generation is passed now, and you have become the dean. Your own academic
grandchildren are beginning to carry forward into another generation the essence of scholar-
ship which you have given us.

We are deeply grateful for this gift of yours, for with it we have found inspiration to
emulate you. And so we come to you now, in the full fruition of your years and labor,
seated in the herbarium which your effort and will have created. May these contributions
speak of our appreciation, our respect, and our affection; for they recall vividly to us : it
tolerance and unassailable kindliness which guided us ... .

3 Ann. Mo. Bot. Gard. 25:1-453. 1938.



1951]

WOODSON JESSE MORE GREENMAN 99

CHRONOLOGICAL LIST OF PUBLICATIONS OF JESSE MORE GREENMAN

Robinson, B. L., and J. M. Greenman. Further new and imperfectly known plants collected in
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CHROMOSOME NUMBERS OF CALIFORNIAN DELPHINIUMS

AND THEIR GEOGRAPHICAL OCCURRENCE 1

HARLAN LEWIS*, CARL EPLING*, GUSTAV A. L. MEHLQUISTt AND C. G. WYCKOFF*

The genus Delphinium is represented in California by about twenty-six species.

Several of horticultural interest have been studied by Mehlquist; others have been

studied extensively with respect to their interfertility and evolutionary relation-

ships by Lewis and Epling. In the course of these investigations most of the

California species of Delphinium have been examined cytologically and a summary

of our combined observations on chromosome numbers (Table I) and cytological

behavior is presented here.

The materials used were either squash preparations of buds fixed in 1:3 acetic

alcohol and stained in aceto-orcein or sectioned root tips fixed in CRAF and stained

in safranin-gentian violet. These buds and roots were collected in the field or

were taken from wild transplants grown in the garden.

CYTOLOGICAL OBSERVATIONS

The basic haploid chromosome number in the genus Delphinium is 8 (Darling-

ton & Janaki-Ammal, 1945). We have found no deviations from this basic num-

ber although three of the species examined, D. variegatum, D. hanseni, and D.

gypsopMum, have tetraploid races (Table I). The karyotypes of Delphinium

species are morphologically very similar (Langlet, 1927; Tjebbes, 1927; Lewitsky,

1931; Lawrence, 1936; Gregory, 1941). Each genome has two long chromosomes,

four of intermediate length and two quite short ones. The centromeres of the

lone chromosomes are submedian; those of the remainder, subterminal. The rela-

tive lengths at mitotic metaphase of each chromosome and the positions of their

centromeres are shown diagramatically in fig. 1A. This diagram is based upon

measurements from root tips of D. hanseni, D. parishii, D. hesperium, D. varie-

gatum, D. parryi, D. gypsophilum, and D. rectirvatum. Chromosomes a and b

are readily distinguishable during mitosis or meiosis by the relative lengths of their

two arms. Chromosomes c, d, and / are difficult to distinguish from each other in

mitotic divisions and are indistinguishable in meiosis. Chromosome e can usually

be recognized in somatic divisions by the presence of a small satellite at the end

nearest the centromere but usually can not be told from c, (I, and / during meiosis.

The two short chromosomes can usually be recognized by their small size but can-

not always be distinguished from each other.

* University of California, Los Angeles.

t Missouri Botanical Garden.

:£ Formerly University of California, Los Angeles.

1 This paper represents a report of two largely separate studies, one by Mehlquist and Wyckoff

order to provide in one place more complete data than would otherwise have been possible. Mchl-

while at the University of California, and one by Lewis and Epling. The combination was made in

quist and Wyckoff are largely responsible for the mitotic counts on the accessions credited to

Mehlquist alone or Mehlquist and others. Lewis and Epling are responsible for the remainder of

the cytological data and all systematic determinations.
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The tctraploid races of D. variegaturn, D. hanseni and D. gypsophihim have

indistinguishable karyotypes and differ from the diploids only in the doubl

number.

Meiosis has been studied in pollen mother cells of 45 diploid transplants and 36

tetraploids as follows:

Diploids

D. gypsophihim (I

)

D. hanseni (20)

D. hesperhint (4)

D. inopinum (3

)

D. parishii ( 1

)

D. parryi (6)

D. recurvatum (3 )

D. umbraculorum (})
D. i aricgatum (4)

Tetraploids

D. gypsophihim (4)

D. hanseni (22)
D. vartegatum (10)

TABLE I

D. andersoni Gray
D. californicum T. & G.

*D. cardinale Hook.
D. decorum Fisch. & Mey. ssp. Tracyi Ewan
D. glaucum Wats.
D. gradientinn Greene

D. gypsophihim Ewan

D. hanseni Greene

D. hesperil/ m Gray
D. hesperium f. pallescens Ewan
D. hesperium var. cuyamacae (Abrams) Jcps
D. inopinum

fD. ttudicaule T. & G.
D. tt'tttallianum Pritz.

D. parishii Gray
D. parryi Gray
D. parryi ssp. seditiosum (Jcps.) Ewan
D. parryi var. blochmanae (Greene) Jeps.

D. patens Benth.

D. polycladon Eastw.

D. purpusii Brandg.
D. recur \ at inn Greene
D. trolliifolium Gray
D. uliginosum Curran
D. umbrae ulorum
D. variegatum T. & G.

^Previously reported by Mehlquist et al. (1943)
fPreviously reported by Gregory (1941).

2n

1chromosome
number

16

16

16

16

16

16

16

32

16

32

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

32

Number
of

populations

3

2

6

14

1

3

7

1

25

32

11

4

11

1

3

3

5

1

8

(22
) 6

Tot. 301

Number
of

plants

71

9

6

26

5

65

104

21

24

29

1

9

17

10

10

22

99

28

Tot. 160 3
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Fig. 1. A, diagram of the relative lengths of mitotic metaphase chromosomes representative of

a species complex referred to in the text. B, representative meiotic metaphase I of a diploid

(D. parishit). C, anaphase I of a diploid showing a bridge and fragment (f). The bridge involves

chromosomes a or b (D. parryi). D, anaphase I of a tetraploid showing delayed separation of

chromosomes a or b (D. gypsophilntn) . E, representative metaphase I of a tetraploid showing 12

bivalents, 1 quadrivalent ring, and 1 quadrivalent chain (D. vartegatum).
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Chiasma frequencies observed at diplotene are nearly constant for all the species

examined and agree with those previously reported for D. cardmale (Mehlquist

et al., 1943). The longest chromosome, a, has a chiasma frequency close to 1.0

for each arm. However, a chiasma in only one arm is sometimes found and a

second chiasma may occasionally occur in one or both arms. More than two
chiasmata per arm have not been observed. Chromosome b has a chiasma fre-

quency close to 1.0 in the longer arm; one is usually present in the shorter arm
but its precise frequency has not been determined. Chromosomes c, d

y
e, /, g and

h generally have but one chiasma per bivalent, which is in the long arm, although
an additional chiasma may rarely occur in the short arm.

Eight bivalcnts occur regularly in the diploids at metaphase I, but quadrivalents

are frequent in the tetraploids. In 418 tetraploid cells, 183 (44 per cent) had
1 quadrivalent, 144 (34 per cent) had two quadrivalents, and no cells had more
than two. The quadrivalents were confined to the two long chromosomes a and b,

the former being quadrivalent in 70 per cent of the cells examined and the latter

in 44.5 per cent. Of the possible quadrivalent types (Darlington, 1937) only a

simple ring of four or a chain of four has been found (fig. IE).

Disjunction of the quadrivalents at anaphase may result in either adjacent or

alternate chromosome separation (fig. IE). However, configurations indicating

alternate separation are about twice as numerous as those indicating adjacent sep-

aration. Either type of separation produces nearly 100 per cent visibly good pollen

and the plants concerned are fully fertile. Trivalents have rarely been observed
between any of the chromosomes.

The shortest chromosomes frequently separate precociously and can often be
seen as univalents at diakinesis, indicating either that no chiasmata were formed or

that terminalization and separation occurred during prophase. Segregation of

these chromosomes is usually equal, although it is occasionally 3 and 1 in the tetra-

ploids. Diploid gametes carrying an extra short chromosome can function, for at

least one plant grown in the greenhouse had an extra h chromosome. Unequal
segregation of this pair in diploids apparently results in non-functional gametes.

Terminalization of chiasmata is usually complete in the six shorter pairs at

metaphase I but is often incomplete in one or both arms of chromosomes a and b
(fig. IB). Sometimes separation of these chromosomes is greatly delayed at ana-

phase I in both diploids and tetraploids (fig. ID). In this case the unseparated
ends of the chromosomes remain on the equator until after the centromeres have
reached their respective poles. The chromosomes are stretched thin and are ob-
viously under tension, but there is no evidence in subsequent stages that breakage
or abnormal separation occurs. It has been shown on a number of occasions that
terminalization of chiasmata is arrested by changes in homology (Sansome, 1932;
Catcheside, 1932; Darlington, 1937) and, further, that such an arrest need not
lead to breakage of chromatids (Darlington, 1931). Stretched chromosomes
showing delayed separation have recently been found by Marta Walters (1950)
in the hybrid Browns triniiXB. maritimus where she has suggested that the dclaved
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separations may be due to changes in homology of the chromosomes. In the

present instance the anaphase stretching may result from the formation of chias-

mata in inversion heterozygotes, but proximal to the inversions. This is further

suggested by the fact that the delayed separations are often observed in the same

plants that show inversion bridges.

Pachytene has been difficult to study in our preparations. Our observations

on the occurrence of inversions is accordingly based upon the anaphase. Bearing

this in mind, it would seem that most of the inversion bridges apparently involve

the longer chromosomes, but it has not been possible to determine either the num-

ber of inversions or the particular chromosomes in which they occur.

Anaphase bridges characteristic of those produced by crossing over within an

inversion were found in 10 (22 per cent) of the diploids examined and 25 (70

per cent) of the tetraploids. In many instances the accompanying fragment was

clearly visible (fig. 1C) ; in others it may have been obscured by other chromo-

somes. It is probable that inversions were present in more plants than is indicated

inasmuch as bridges in plants where they did occur were seen in only 0.8-1.7

per cent of the anaphase and telophase cells examined. The possibility of inversions

passing unnoticed if a limited number of cells can be examined is, therefore, very

great.

In view of the high frequency of inversion heterozygotes found in them the

tetraploids may carry still other inversions than those of their corresponding

diploids. However, even if the diploids and tetraploids do not differ in the par-

ticular inversions which they carry, the chances of a tetraploid with 4 homologous

chromosomes being heterozygous for any given inversion is materially increased.

More than one bridge has not been observed in the same cell, which might sug-

gest that but a single inversion is involved in all of the plants. However, the

frequency of bridges is so low that the chances of observing two bridges in a

single cell from crossing over in two inversions would be very small indeed.

All of the species in which inversion bridges have been found are interfertile to

some extent, and several of them grow in close proximity to one another or even

together. The inversion heterozygotes referred to may therefore be the result

of interspecific hybridization.

GEOGRAPHICAL DISTRIBUTION

The geographical distribution of the colonies in which chromosome counts were

made, including their precise locations, are indicated in the following list, together

with label data which will identify the vouchers on file in the herbarium of the

University of California, Los Angeles. The number of plants at each locality of

which the chromosome number was determined is shown in parentheses. In some

cases two collections from the same colony are combined. The species concerned

are listed alphabetically.
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Delphinium andersoni Gray (2n = 16)

lassen co.: 3.3 mi. n. of Ravendale, Mehlquht & Jenkins 380 (3).
modoc co.: west cinder-slope of Sconchin Butte, Lava Beds Natl Mon., Mehlquht ti

Jenkins 377 (3); n. base of Caldwell Butte, Lava Beds Nat'l. Mon., Mehlquht tj Jenkins
378 (2).

Delphinium californicum T. & G. (2n = 16)

contra costa co.: near Juniper Camp, Mt. Diablo, Mehlquist & Com fiton 30$ (5).
Monterey co.: near Aromas, Mehlquist 300 (5).

Delphinium cardinale Hook. (2n = 16)

los angeles co.: Sepulveda Canyon, Santa Monica Mts., Mehlquist & Compton 30

1

(6); San Antonio Wash near Claremont, Mehlquist & Compton 2()6 (5).
san Bernardino co.: 2 mi. e. of Upland on Highland Ave., Mehlquht 3Q6 (11).
san diego co.: near Banner, Mehlquht 6 Gehsman 404 (4).
santa Barbara co.: near Lompoc, Mehlquht 20 (5) ; 3 mi. s. of Lompoc on the Santa

Rosa Rd., Mehlquist 2Q5 (yellow-flowered) (5).

Delphinium decorum Fisch. & Mey. subsp. tracyi Ewan (2n = 16)

humboldt co.: 2 mi. s. of Kneeland on the rd. to Bridgeville, Mehlquist & Jenkins
368 (4); South Fork of Van Duzen R., Mehlquist tf Jenkins 374 (4).

Delphinium glaucum Wats. (2n = 16)

san Bernardino co.: Dobb's Cabin, San Bernardino Mts., Mehlquht tf Compton
302 (6).

Lewis

Delphinium gracilentum Greene (2n = 16)

butte co.: 2.5 mi. n. of Little Butte Creek bridge on the Paradise to De Sabla Rd.,
May 25, 1941, Lewis & Epling (1).

Delphinium gypsophilum Ewan, Diploid (2n = 16) (Fig. 2)

co.: 1 mi. s. w. of Poso Creek on the Bakersfield to Woody Rd., April 14, 1944,
Lewis tf Epling (15); U. S. Hwy. 466, 4.2 mi. n. of the w. rd. to. Caliente, April 22,'

1943, Lewis & Epling (15); 1.5 mi. n. of McKittrick on Hwy. 33, Mehlquist 411, April
23, 1943, Lewis & Epling (19); 5.0 mi. s. w. of Maricopa on U. S. Hwy. 399,
Epling 531, Epling tf Miles 545 (47).

Monterey co.: 2.4 mi. w. of the jtn. at Pleyto, Lewis tf Epling 6q7 (1); 3.0 mi. w.
of the jtn. at Pleyto, Lewis tf Epling 657, 699 (1); 4 mi. w. of the jtn. at Pleyto, Lewis
$ Epling 698 (8) ; 6.2 mi. e. of King City on the rd. to Hollister, Lewis tf Mehlquist 4 V
(1); Bradley to Jolon rd. at jtn. with rd. to Pleyto, Lewis # Epling 694, 782 (9).

san benito co.: 0.8 mi. w. of Bitterwater, Lewis & Epling 820 (1).
san Luis obispo co.: 2.9 mi. w. of U. S. Hwy. 101 on rd. to Cambria from Templeton,

Lewis & Epling 664 (4); 1.5 mi. s. of Klau, Lewis tf Epling 661, 689 (13); 0.6 mi. w. of
Hwy. 41 on the Hillman to Estrella rd., Epling 735 (6); 6.1 mi. s. of U. S. Hwy. 466 on
the rd. to Simmler, Lewis tf Epling 715 (3); near Adelaida, Lewis & Epling 692 (9).

Delphinium gypsophilum Ewan, Tetraploid (2n = 32) (Fig. 2)

1 RESNO co.: 5.5 mi. n. of Coalinga on Hwy. 33, Lewis & Mehlquist 451 (3); 7.2 mi.
n. of Coalinga on Hwy. 33, Lewis '3 Epling 537, Lewis & Mehlquist 453 (9); 13.6 mi. n!
of Coalinga on Hwy. 33, Mehlquist 41 4, Lewis & Mehlquist 4^4 (5); 14.9 mi. n. of
Coalinga on Hwy. 33, Lewis & Epling 530 (38); 5.2 mi. w. of Coalinga on Hwy. 198
I ewis 6 Mehlquist 441 (48).
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Fig. 2. Distribution of D. gypsophilnm showing stations from which plants have been

examined cytologically.

kern co.: about 2 mi. e. of McKittrick, Mehlquist & Wyckoff 332 (4) ; 8.7 mi. w. of

McKittrick, Apr. 23, 1943, Lewis & Epling (25); Cottonwood Pass on Hwy. 41, 0.6 mi.

e. of the San Luis Obispo Co. line, Apr. 24, 1943, Lewis & Epling (13); 0.4 mi. e. of

Caliente R. R. Station, Lewis & Epling 493 (5); 1 mi. w. of Caliente R. R. Station, Lewis

& Epling 494, Epling 585 (20); 4.2 mi. w. of Caliente R. R. Station, Apr. 22, 1943,

Lewis & Epling (6);U. S. Hwy. 466, 0.4 mi. n. of the w. rd. to Caliente, Apr. 22, 1943,

Lewis & Epling (6); U. S. Hwy. 466, 0.9 mi. n. of the w. rd. to Caliente, Apr. 22, 1943,

Lewis & Epling (4) ; U. S. Hwy. 466, 1.0 mi. n. of the w. rd. to Caliente, Lewis # Epling

529 (10); U. S. Hwy. 466, 2.9 mi. n. of the w. rd. to Caliente, Apr. 22, 1943, Lewis &
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Epling (3); U. S. Hwy. 466, 3.0 mi. n. of the w. rd. to Caliente, Apr. 22, 1943, Lewis tf
Eplmg (12); U. S. Hwy. 466, 4.2 mi. n. of the w. rd. to Caliente, Lewis, Eplinv & Mehl-
quist 438 (9).

kings co.: hills e. of Avenal, Mehlquist & Blodgett 331 (6).
san Joaquin co.: 1 mi. e. of Midway, Lewis & Mehlquist 452, Epling & Miles 5./? (4).
san luis obispo co.: 2.8 mi. e. of the jtn. of U. S. Hwy. 466 and Hwy. 41 near

Cholame, Apr. 24, 1943, Lewis tf Epling (31); U. S. Hwy. 466, 1.4 mi. e. of jtn of

to Simmler, Lewis & Epling 715 (1) ; 5.1 mi. n. e. of Creston on the rd. to Shandon, Lewis
did (1); 5.2 mi. s.w. of U. S. Hwy. 41 on the Shandon to Creston rd., Leivh & Eblins
821 (1).

Delphinium hanseni Greene, Diploid (2n = 16) (Fig. 3)

amador co.: 2.6 mi. n. of Jackson, May 20, 1945, Epling (1); 3.5 mi. s. of Jackson
on Hwy. 49, Epling 584 (3) ; 3.7 mi. s. of Jackson on Hwy. 49, May 20, 1945, Epling (6).

butte co.: 2.5 mi. e. of Oroville city limits, Epling 666 (I).
contra costa co.: Marsh Creek Rd., 5.8 mi. e. of the Curry Creek Park Rd., Lewis

tf Epling 703 ( 3 )

.

eldorado co.: 0.5 mi. w. of Garden Valley, May 26, 1941, Lewis & Epling (1).
kfrn co.: 10 mi. e. of Hwy. 65 on the rd. to Woody, Epling tfo (1); 1.9 mi sw of

Woody, Mehlquist 338 (I); 3.1 mi. s.w. of Woody, May 18, 1945, Epling (9) ; 3 6 mi s w
of Woody, Lewis tf Epling 528 (9); 5.3 mi. s.w. of Woody, May 18, 1945, Eplmg (7) •

5.5 mi. 5. w. of Woody, May 18, 1945, Epling (5); 3.7 mi. s. of White River, Epling 0/
(6 ;

Glennvilie Church, Mehlquist e? Wyckoff 327 (3); 1.2 mi. e. of Glennville, Lewis,
Eplmg d Mehlquist 469 (5); 2 mi. e. of Onyx, Lewis & Epling 484 (16); 3.7 mi e of
mouth of Kern River Canyon, Mehlquist tf Wyckoff 323 (3) ; about 5 mi. e. of the mouth
of the Kern River Canyon, Mehlquist tf Wyckoff 322 (3); 6.1 mi. e. of the mouth of
the Kern River, Mehlquist 337, Lewis (3 Mehlquist 465 (6); 1.0 mi. w. of Bodfish, Apr.
30, 1946, Lewis & Epling (1); 3.6 mi. s. of Bodfish, Lewis & Epling 485 (16)- 10 1 mi
s. of Bodfish, Lewis & Epling 487 (16); 12.5 mi. s. of Bodfish, May 24, 1943, lewis
Epitng © Mehlquist (13); 1.3 mi. e. of the cemetery, Walker Basin, Lewis & Eplmg 488
(30); Oler Canyon Rd., 3.5 mi. s. of the jtn. at the s.w. margin of Walker Basin, Lewis
tf Eplmg 4*9(14); Oiler Canyon Rd., 6.5 mi. s. of the jtn. at the s. w. margin of Walker

e
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Lewts, Epling & Mehlquist 459, 461 (21); U. S. Hwy. 466, 4.1 mi. e. of the w. rd. to
Caliente, Lewis o Epling SOO (13).

MADERA co.: Madera to Raymond Rd., 1.1 mi. c. of the jtn. with the Chowch.lla Rd..
Eplmg 5O4 (4) ; Raymond to Coarsegold Rd., 4.9 mi. c. of the jtn. to Knowles, Epling 568
(1)5 1.0 mi. s. of Raymond, Epling 567 (2); 1.4 mi. s. of Raymond, Epling 566 m : 1 6
mi. s. of Raymond, Epling 565 (2).

mariposa co.: 6.8 mi. s. of Mariposa, Mehlquist 346 (4); Hwy. 140, 15 mi. e. of the
rd. to LeGrand, Epling 570 (1); 8.1 mi. s. of Coultervillc, Mehlquist U7 (3)- Merced
River, 1.3 mi. s. of El Portal, Lewis 761 (2).
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Fig. 3. Distribution of D. burnetii showing stations from which plants have been examined

cytologically.

tulare co.: Kern River near Durrwood, Lewis, Epling & Mehlquist S°9 (5); Kern

River at Welch (near Fairview), May 24, 1943, Lewis, Epling 2? Mehlquist (2); 1.9 mi.

e. of Lemon Cove, May 18, 1945, Epling (2) ; 4.2 mi. e. of Lemon Cove, Epling 5<5j_ (5) ;

0.3 mi. n. of White River, Lewis, Epling (3 Mehlquist 4-70 (1) ; 0.7 mi. n. of Wh'
Wyckoff 3

White River, Mehlquist & Wyckoff 330 (3) ; 1.9 mi. n. of Wh
idnv <4\: 2.6 mi. n. of White River. Lewis, Ebling & Mehlqu

473 (1).
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tuolumne co.: 4.8 mi. e. of Mather Ranger Station, Epling 770 (6); 5.9 mi. e. of
Mather Ranger Station, Epling 77* (4); Jacksonville, 0.6 mi. w. of the jtn. of Hwy. 49
and Hwy. 120, Epling 579 (2).

yolo co.: 3.8 mi. w. of Winters, Mehlquist tf Baker 3 1 4, Lewis tf Epling 606 (5).
ylba co.: 3.4 mi. e. of Oregon House P. O., Lewis 764 (3).

Delphinium hanseni Greene, Tetraploid (2n = 32) (Fig. 3)

amador co.: 2.6 mi. n. of Jackson, May 20, 1945, Epling (4).
Calaveras co.: 1.6 mi. n. of Copperopolis Ranger Station on Hwy. 4, Epling 382 (4) ;

4.5 mi. n. of Hwy. 120 on the rd. to Copperopolis, Epling 581 (4).
kern co.: U. S. Hwy. 466, 4.2 mi. n. of the w. rd. to Caliente, Mehlquist & Lewis

425, 426, 427, 460 (81).

madera co.: Coarsegold to Madera Rd., 0.6 mi. s. of Raymond Rd., Epling 369 (2);
Madera to Raymond Rd., 1.1 mi. e. of jtn. with Chowchilla Rd., Epling 564 (2); 1.7 mi.
n. of the viaduct over the Fresno River at Madera, Epling & Miles 544 (1) ; 4.7 mi. n. of
Madera, Mehlquist 345A (5); 5 mi. n. of Madera, Lewis tf Mehlquist 438 (3); 10 mi. n.
of Madera, Lewis tf Mehlquist 432, 433 (4); 13 mi. n. of Madera, Mehlquist 343B (3).

tulare CO.: 1.6 mi. n.e. of Rich grove, Lewis, Epling tf Mehlquist 475, Epling & Miles
540 (1 ) ; 0.7 mi. n. of White River, Mehlquist 6 Wyckoff 328, Lewis, Epling & Mehlquist
471 (20); 2.6 mi. n. of White River, Lewis, Epling 6 Mehlquist 474 (4).

tuolumne co.: Jacksonville, 0.6 mi. w. of the jtn. of Hwy. 49 and Hwy. 120, Epling
578 (4); 0.5 mi. n.w. of Jamestown on the Tuttletown Rd., Epling 723 (1).

Delphinium hesperium Gray (2n = 16) (Fig. 4)

lake co.: 5 mi. e. of the Lake Co. line on the Lakeport to Hopland Rd., Lewis. Eplinv
& Stebbins 516 (4).

Mendocino co.: 9.6 mi. s. of Rock Creek, Mehlquist & Jenkins 366 (2).
napa co.: 6 mi. s. of Monticello on the rd. to Napa, Mehlquist 355 (3); 6.8 mi. s. of

Monticello on the rd. to Napa, Mehlquist & Paddock 308, Mehlquist 356 (4) ; 7 mi. s. of
Monticello on the rd. to Napa, Mehlquist 357 (2); 8.4 mi. s. of Monticello on the rd. to
Napa, Mehlquist 358 (2); Wooden Valley, Mehlquist 400 (1).

san matlo co.: Page Mill Rd., near Stanford Univ., Lewis & Epling 436 (3).
santa clara co.: Uvas Creek, Lewis & Epling 433 (2).
SONOMA co.:

Mehlquist tf Jenkins 362 (5).

We

Delphinium hesperium Gray forma pallescens Ewan (2n = 16) (Fig. 4)

This entity, described by Ewan (1945) as D. hesperium forma pallescens, is most con-
spicuously distinguished from the typical form by its white or pinkish flowers and is a

readily recognized geographical race of the drier more interior foothills of the Coast
Ranges (fig. 4). In our opinion it unquestionably warrants subspecific status. The com-
bination required will be made in another publication.

contra costa co.: Marsh Creek Rd., 1 mi. w. of Curry Creek Park Rd., Lewis &
Epling 702 (1); rd. to Livermore, 0.1 mi. s. of the Marsh Creek Rd., Lewis & Mehlquist
444 (3); Beck Rd. (to Livermore), 1.0 mi. s. of the Marsh Creek Rd., Lewis tf Epling
$89 (22); Beck Rd. (to Livermore), 1.2 mi. s. of the Marsh Creek Rd., May 6, 1944,
Lewis & Epling (5); rd. to Antioch, 4.5 mi. n. of the Marsh Creek Rd., Lewis & Mehl-
quist 44.6 (5) ; Antioch Golf Course, Lewis & Mehlquist 443 (5).

lake co.: 2.7 mi. n. of Clear Lake on rd. to Stubbs, Mehlquist & Jenkins 364 (1).
napa co.: 2 mi. n. of Knoxville on the rd. to Reiff, Mehlquist tf Paddock ^<)Q, Mehl-

quist tf Baker 319 (5); 4.6 mi. s. of Monticello on Napa Rd., Mehlquist 334 (3).
san benito co.: 0.5 mi. s. of Paicines, Lewis & Mehlquist 450 (4); 2.8 mi. s. of the

entrance to the Pinnacles, Lewis 6 Mehlquist 440 (3); 4.1 mi. s. of Pinnacles P. O.,
Mehlquist 386 (6); 9.9 mi. s. of Paicines, Lewis & Epling 70Q (4).
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Fig. 4. Distribution of D. hespcrium showing stations from which plants have been examined

cytologically.

yolo co.: Putah Creek Canyon, 8 mi. w. of Winters, Mehlquist & Baker 315 (4).

Delphinium hesperium Gray var. cuyamacae (Abrams) Jeps. (2n = 16) (Fig. 4)

san Diego co.: Cuyamaca Lake, Mehlquist & Geissman 40J, Ensign & McClintock

554 (9).
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Delphinium inopinum (2n = 16)

We have evidence to indicate that D. partshH var. inopinum Jeps. represents a good
species. The new combination required will be made elsewhere.

ventura co.: 1.0 mi. w. of Chuchupate Ranger Station, Ball 807, Lewis 630 (3);
13.2 mi. s. of Ozena on U. S. Hwy. 399, Lewis & Epling 753 (1); 13.6 mi. s. of Ozena
on U. S. Hwy. 399, Lewis & Epling 756 (2).

Delphinium nudicaule T. & G. (2n = 16)

humboldt co.: S. Fork Van Duzen Rd., Meblquist & Jenkins 375 (3).
modoc co.: s. slope of Caldwell Butte, Lava Beds Nat'l. Mon., Meblquist & Jenkins

379 (5).

napa co.: 12 mi. n. of Monticello on rd. to Knoxville, Meblquist 6 Baker 318 (3);
11 mi. n. of Monticello on rd. to Knoxville, Meblquist 350 (3); 16.5 mi. s. of Monticello
on rd. to Napa, Meblquist 359 (4); Nuns Canyon, Meblquist & Baker 321, Meblquist &
Jenkins 361 (5).

santa cruz co.: 0.9 mi. n. of Brookdale Resort, Santa Cruz Mts., Meblquist 383 (3).

Delphinium nuttallianum Pritz. (2n = 16)

Nevada co.: Soda Springs Hotel, Meblquht & Jenkins 381 (5).

Delphinium parishii Gray (2n = 16) (Fig. 5)

inyo co.: Westgaard Pass, Bohart 4IQ (1); Canyon near Hells Gate, Death Valley
Nat'l. Mon., Lewis '6 Lone 682 (3); Emigrant Canyon, Death Valley Nat'l. Mon., Lewis
& Lowe 68 r (4).

kern co.: road to Cuddy Valley, 0.1 mi. n. of the Cuyama Valley Rd., Lewis g Dunn
47^ (6) ; 1.0 mi. w. of Chuchupate Ranger Station, Lewis 749 (1) ; 1 mi. e. of the summit
of Walker Pass, Lewis, Epling tf Meblquist 467 (2) ; Summit of Walker Pass, Lewis, Epling
& Meblquist 466 (2); 7.1 mi. w. of the summit of Walker Pass, Lewis, Epling & Meblquist
468 (1).

los angeles co.: Palmdale, Epling 743 (2); 23.5 mi. e. of Palmdale, Apr. 17, 1941,
Lewis & Epling (1); near Lancaster, Meblquist (5).

riverside CO.: Palm Springs, mouth of Tahquitz Canyon, Lewis 8II (1).
san Bernardino co.: 4.9 mi. n. of the jtn. of the Mojave River and Deep Creek,

Apr. 25, 1941, Lewis & Epling (1); Morongo Valley, Apr. 27, 1941, Lewis 6 Epling (1);
grade between Morongo Valley and Yucca Valley, Meblquist 333, Lewis # Epling 508
(15); 4.8 mi. s. of Barstow on the rd. to Stoddard Well, Apr. 27, 1941, Lewis & Epling

(1); 8.2 mi. s. of Barstow on the rd. to Stoddard Well, Apr. 27, 1941, Lewis & Epling
(I); the Mojave River Narrows at Victorville, Apr. 27, 1941, Lewis & Epling (1); near
Baldwin Lake, Meblquist 421, 422, 424 (6); Holcomb Valley, Meblquist 420 (1); Ava-
watz Y s., C. Wolf (Meblquist 303) (1).

san DIEGO co.: 1.2 mi. w. of bridge in Sentenac Canyon, Meblquist & Geissman 407
(2); 1A _- .. -

eissm

Meblquist tf Geissman 40Q (2); mouth of Borego Palm Canyon, Meblquist ti Gehsman
4lO (2)

Delphinium parryi Gray (2n = 16) (Fig. 5)

inyo co.: Sherman Hills above Paradise Camp, n. of Bishop, Bobart 419 (2).
los angeles co.: Santa Catalina Island, west end of Whitley Ave., Avalon, Lewis 63

1

(1); Mulholland Drive e. of Topanga Canyon Rd., Meblquist & Wyckoff 301 , 392 (5);
Lopez Canyon, Meblquist 312, 40016 (9).

Monterey co.: 1.0 mi. w. of the jtn. at Plcyto, Lewis & Epling 693 (4); 1.5 mi. w.
of the jtn. at Pleyto, Lewis & Epling 696 (2); Bradley to Jolon Rd., at jtn. with Pleyto
Rd., Lcvine 774 (1 ).

RIVERSIDE CO.: Santa Rosa Summit, Lewis PJ Epling 482 (1); 3 mi. s. of Banning on
the rd. to Idyllwild, Meblquist 334 (3).
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Fig. 5. Distribution of D. />drr3'/* and D. parhhii showing stations from which plants have

been examined cytologically.

san Bernardino co.: Cedar Springs, Lewis & Epling S34 (1); 5 mi. n. of Verdemont,

Apr. 1944, Lewis (1); near the Zanja, Mentone, Apr. 20, 1946, Lewis (1).

san diego co.: Lakeside Park, Froelich 313 (4); Ramona, Mcblquist 3°7 (4) ; near

Fallbrook, Mehlquist e? Eggers 393 (2).

san luis obispo co.: 1.9 mi. w. of Pozo, May 24, 1941, Lewis & Epling (1); 6.1 mi.

s. of U. S. Hwy. 466 on rd. to Simmler, Lewis 6 Epling 714 (2) ; 7.1 mi. w. of Simmler,

Lewis & Epling 501 (7); 4.1 mi. s. and 1.1 mi. e. of Atascadero, Dunn & Brown 2383

(1); 1.5 mi. s. of Klau, Lewis ti Epling 662 (3); 8.5 mi. n.w. of Adelaida Cemetery,

Lewis d Epling 6jQ (2) ; 9.3 mi. n.w. of Adelaida Cemetery, Lewis & Epling 658 (3) ;
9.9
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mi. w. of U. S. Hwy. 101 on the n. rd. to Adelaida, Lewis & Epling 687 (2); 3.5 mi. e.

of Santa Margarita on the rd. to Creston, Lewis & Epling 653 (2); Santa Margarita, Mehl-
quist 389 (5); rd to Creston, 4.2 mi. n. of Santa Margarita to Pozo Rd., Ball 802 (3).

santa Barbara co.: Davy Brown Camp, Figueroa Mt., Epling 477 (12); 0.8 mi. s.

of Davy Brown Camp, Figueroa Mt., Lewis 720 (7); 1.1 mi. n. of Red Rock Mine on the

Santa Inez Valley to Davy Brown Rd., Lewis 722 (3); Lompoc, Mehlquist 399, 481 (3).

ventura co.: Ojai, 1942, Mehlquist (1); U. S. Hwy. 399, 9 mi. s. of jtn. with Mt.
Pinos Rd., Lewis tf Epling 754 (6).

Delphinium parryi ssp. seditiosum (Jeps.) Ewan (2n = 16) (Fig. 5)

fresno co.: 6 mi. w. of Coalinga, Lewis tf Mehlquist 434 (2); 7.6 mi. w. of jtn. of
the Los Gatos Creek Rd. and the rd. to Coalinga, Lewis & Epling 628 (1); 10.9 mi. w. of
jtn. of the Los Gatos Creek Rd. and the rd. to Coalinga, Lewis & Epling 624 (1).

san benito co.: 0.4 mi. n. of the entrance to the Pinnacles, Lewis # Mehlquist 456
(2); 9.4 mi. s. of Pinnacles P. O., Mehlquist 388 (4); 2.9 mi. n. of Pinnacles P. O., Mehl-
quist 385 (2); 6.7 mi. n. of Pinnacles P. O., Mehlquist 384 (3); 5.1 mi. s. of Pinnacles

P. O., Mehlquist 387 (2).

santa clara co.: Livermore-Mt. Hamilton Rd., 0.9 mi. n. of Del Puerto Rd. to

Patterson, Lewis 6 Epling 6lO (2) ; Livermore-Mt. Hamilton Rd., 1.8 mi. n. of Del Puerto
Rd. to Patterson, Lewis tf Epling 609 (1); Livermore-Mt. Hamilton Rd., 1.3 mi. s. of

Del Puerto Rd. to Patterson, Lewis tf Epling 615 (1).

Delphinium parryi Gray var. blochmanae (Greene) Jeps. (2n = 16) (Fig. 5)

san luis obispo co.: 5.5 mi. n. of Guadalupe, Mehlquist $1$ (3); dunes to the w. of
the Nipomo to Guadalupe Rd., Lewis 6 Epling 504 (9); 5.3 mi. n. of Veterans Memorial
in Guadalupe, Lewis & Epling 685 (4); U. S. Hwy. 101, 11.1 mi. n. of Los Alamos, Lewis
tf Epling 505 ( 8 )

.

Delphinium patens Benth. (2n = 16)

kern co.: 6.5 mi. s. of Walker Basin on the Oiler Canyon Rd., Lewis & Epling 491
(1); Kern River Canyon, about 5 mi. e. of mouth, Mehlquist & Wyckoff 326 (3).

los angeles co.: Pacoima Canyon, San Gabriel Mts., Mehlquist ti froelich 306 (5);
near Mt. Wilson Toll Rd., Mehlquist 398 (2).

Monterey co.: near Priest Valley, Mehlquist 298 (2); near Aromas, Mehlquist 299
(2).

napa co.: 11 mi. n. of Monticello, on the rd. to Knoxville, Mehlquist 316A (1).

riverside co.: about 15 mi. s. of Banning on the Idyllwild Rd., Mehlquist 335 (5).

san Diego co.: Banner Grade, Mehlquist & Geissman 405 (3); 406 (2).

santa Barbara co.: San Marcos Pass Rd., 5 mi. n. of San Marcos Ranch, Mehlquist

390 (3).

ventura co.: Mt. Pinos Public Camp, Lewis # Dunn 480 (1).

Delphinium polycladon Eastw. (2n = 16)

Mariposa co.: e. end of Lake Teneya, Aug. 22, 1941, Lewis (1).

Delphinium purpusii Brandg. (2n = 16)

kern co.: about 2 mi. e. of the mouth of the Kern River Canyon, Mehlquist &
Wyckoff 324 (3); 5.0 mi. e. of the mouth, Lewis, Epling & Mehlquist 464 (1); 3.7 mi. e.

of the mouth, Mehlquist 336 (5).

Delphinium recurvatum Greene (2n = 16)

contra costa co.: 0.5 mi. w. of Hwy. 120 on the Byron Hot Springs Rd., Epling 6
Miles 542 (3).

FRESNO co.: 7.2 mi. n. of Coalinga on Hwy. 33, Mehlquist 412 (3); 13.6 mi. n. of
Coalinga on Hwy. 3 3, Mehlquist 413, Lewis & Mehlquist 453 (11).
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Delphinium trolliifolium Gray (2n = 16)

humboldt co.: 1.5 mi. n. of Kneeland, Meblquist & Jenkins 367 (3); Yager Creek,

Mehlquist # Jenkins 370 (3); Yager Creek bridge, 8 mi. n. of Bridgeville, Meblquist &
Jenkins 371 (2); 16.2 mi. n. of Bridgeville, Meblquist & Jenkins 372 (1); 1.1 mi. w. of

South Fork Van Duzen Rd. on rd. to Dinsmore, Mehlquist & Jenkins 373 ( 1 )

.

Delphinium uliginosum Curran (2n =16)

lake co.: 2.7 mi. e. of Middletown on rd. to Lower Lake, Meblquist & Baker 320,

Meblquist & Jenkins 363 (10).

Delphinium umbraculorum (2n = 16)

Delphinium umbraculorum is an undescribed species. A formal taxonomic description

will be presented elsewhere.

san luis obispo CO.: 3.7-4.0 mi. s. of Klau, Lewis & Epling 663, 691 (3) ; King City

to Jolon Rd., 1.2 mi. n. of Avila, Lewis & Epling 701, 781 (1); Santa Margarita-Pozo

Rd., 10.6 mi. e. of rd. to Creston, Lewis 813 (1).

santa Barbara co.: San Rafael Mts., Davy Brown Camp Ground, Lewis 7J7 (3);

0.8 mi. n. of Davy Brown Camp Ground, Lewis & Matbias 791 (1); 1.4 mi. n. of Davy
Brown Camp Ground, Lewis 718, Lewis & Matbias 792 (3) ; about 5 mi. w. of Las Cruces-

Lompoc Rd. on the rd. to Jalama, Mehlquist 512 ( 2 ); 0-3 mi. w. of Las Cruces-Lompoc

Rd. on rd. to Jalama, Lewis 767 (8).

Delphinium variegatum T. & G., Diploid (2n = 16) (Fig. 6)

alameda co.: 10.7 mi. s. of Livermore P. O. on the Tesla-Corral Hollow Rd., Lewis

& Epling 608 (15).

calaveras co.: 7.8 mi. s. of Mokelumne Hill, Epling 583 (4); 4.5 mi. n. of Hwy.
120 on the rd. to Copperopolis, Epling 580 (1).

contra costa CO.: rd. to Livermore, 0.1 mi. s. of the Marsh Creek Rd., Lewis &
Mehlquist 443 (6); 1.0 mi. s. of the Marsh Creek Rd. on the Beck Rd. to Livermore,

Lewis & Epling 589 ( 5 )

.

lake co.: Lake-Napa County line, rd. Knoxville to Reiff, Mehlquist & Paddock

3" (5).

mariposa co.: 3.8 mi. n. of Bagby, Epling 572 (3); Hwy. 140, 16 mi. e. of the rd.

to Le Grand, Epling 571 (5).

Mendocino co.: 5.2 mi. s. of Willits on U. S. Hwy. 101, Mehlquist & Jenkins 365 (2).

napa co.: 16.2 mi. n. of Monticello, Mehlquist & Baker 318, Mehlquist 351 (9); 2

mi. n. of Knoxville, Mehlquist & Paddock 309 (5); 6.8 mi. n. of Monticello on rd. to

Knoxville, Mehlquist & Baker 316 (3); 0.7 mi. s. of Nuns Canyon, Mehlquist & Jenkins

360 (3).

san luis obispo co.: 2.9 mi. w. of Pozo, Lewis & Epling 502 (12); 7.8 mi. w. of

Pozo, Apr. 24, 1943, Lewis & Epling (10) ; near Santa Margarita, Lewis & Epling 503 (6).

santa clara co.: Mt. Hamilton, Paddock 402 (3); Livermore to Mt. Hamilton Rd.,

0.2 mi. w. of Mines Rd., Lewis & Epling 6ll (1); Livermore to Mt. Hamilton Rd. at jtn.

with Del Puerto Rd. to Patterson, Lewis & Epling 613 (2).

Tulare co.: Pleasant Valley (near Springville), Lewis & Epling 526 (1).

Tuolumne CO.: 5.5 mi. e. of Hangman's Tree, Bret Harte, Epling 730 (1) ; Hwy. 108

at jtn. with rd. to Soulsbyville, Epling 576 (3).

placer co.: Weimar, Mehlquist & Jenkins 382 (5).

Delphinium variegatum T. & G., Tetraploid (2n = 32) (Fig. 6)

eldorado co.: 0.5 mi. w. of Garden Valley, Lewis & Epling 442 (2).
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Fig. 6. Distribution of D. variegatum showing stations from which plants have been ex-

amined cytologically.

madera CO.: 0.5 mi. n. of the n. end of the bridge over the Fresno R. at Madera,
Epling d Miles 541 (2); 10 mi. n. of Madera, Lewis 6 Mchlqnist 433 (3); 21.8 mi. s. of

Merced, Lewis & Mehiquist 447 (7).

merced co.: Pacheco Pass, Mehlquisl 416, 417 (9).
tuolumne cc: Hwy. 108, 0.7 mi. e. of the rd. to Sou!sbyvilk\ Epling 375 (5).
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STUDIES IN THE APOCYNACEAE. VIII 1

An Interim Revision of the Genus Aspidosperma Mart. & Zucc.

ROBERT E. WOODSON, JR.

Contemporary systematic botany in South America has attained to such a high

degree of proficiency and eminence that a word of apology, at least, becomes the

outland botanist who undertakes a taxonomic revision of an almost wholly South

American genus. I am able to make excuse with a whole heart for attempting a

revision of the apocynaceous genus Aspidosperma, for I had truly hoped never to

feel called upon to do so. There are numerous South American botanists, par-

ticularly in Brazil, who could present a much more detailed picture of the variation

and system of the genus than I.

The species of Aspidosperma are very widespread and frequent trees in tropical

America; and since I am regarded in certain quarters as something of an authority

on the Apocynaceae, many specimens of the genus have been submitted to me for

naming over a period of years. From the very first I was vexed by the lack of

decisive criteria in the literature and baffled by discordant specimens filed under

the same name in our herbaria. I soon became aware that I, myself, was contrib-

uting to the confusion in both respects. The need for a revision was all too

apparent.

The publication of this study of the genus, and at this time, has a rather

fortuitous history. One day in the year 1938, I was writing to Dr. K. H. Rechin-

ger, of Vienna, in connection with a loan of Apocynaceae which was being returned

to him. After telling him how greatly I had profited from his kindness, I re-

marked wistfully that "someday" I hoped to request the loan of his Aspidospermas

which I knew would be rich in the older types required by a monographic study.

Out of the goodness of his heart, Dr. Rechinger must have misunderstood my in-

tentions, for, to my consternation, all of the Aspidospermas in the Naturhistorisches

Museum descended upon me by return mail! Since I was already engrossed in

another major project at the time and needed encouragement for an additional task,

I wrote for counsel from my old friend, Dr. Friedrich Markgraf. To my relief,

he replied that Dr. J. G. Kuhlmann, of Rio de Janeiro, was already engaged in a

study of Aspidosperma: professional ethics appeared to have furnished me an alibi,

and I could return the Aspidospermas to Vienna with a clear conscience! I there-

upon relinquished the loan to my herbarium superior for the required "official

transmittal."

Within three months central Europe was in turmoil; but for me, fresh horror

was added when I learned that my loan had not been forwarded, as I had trusted,

and could not then be sent with safety. Unstudied, yet, the Viennese Aspido-

spermas reposed first in neutral and later in "enemy" internment for nearly ten

years l

issued June 18, 1951.

(119)
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All this time unnamed Aspidospermas continued to arrive, and I continued to

make my haphazard way amongst them with increasing misgivings. Finally I

wrote to Dr. Kuhlmann in desperation for news of the long-awaited revision, but

without reply. After a second and a third unanswered inquiry, my impulse toward

revising Aspidosperma, chiefly for my own use, could be repressed no longer, and

the Vienna loan with its precious types was unpacked again and put to tardy use;

at length being returned to Dr. Rechinger in 1949. Later, Dr. Kuhlmann re-

sponded by forwarding to me generous portions from the types of several of his

species of Aspidosperma. These specimens, not represented in any North American

or European herbarium, have been invaluable to me.

P As a matter of

fact, not even a complete presentation of the literature alone has been prepared

since the publication of A. de Candolle's treatment for the Trodromus' in 1844.

Probably well over 100 species have been described since that time. Jean Mueller's

account for 'Flora Brasiliensis' in 1860 is roughly in synoptic form and deals with

46 names applied to the Brazilian species; but today species of Aspidosperma are

known from every country of continental Latin America except El Salvador and

Chile, as well as from Hispaniola and Trinidad.

Since Mueller's time, studies of three small groups of species have been pub-

lished by Markgraf (in Notizbl. Bot. Gart. Berlin 12:553. 1935; 13:464. 1937).

Pichon's perspective of the genus (in Bull. Mus. Nat. d'Hist. Nat. ser. 2, 19:362.

1947) provides a detailed analysis of a dozen more or less natural sections with

enumerations of representative species for each, but without keys to the species

and without synonymy; however, it is such a major contribution toward alleviation

of the chaos that the need for my own study is greatly reduced. Finally, even with

this present study which has occupied so much of my attention for several months,

tropical American dendrology still requires the field observations of Dr. Kuhl-

mann, and the appearance of his investigations of Aspidosperma will be awaited

by no one more eagerly than me.

General Morphology

Habit.—The species of Aspidosperma are trees from 2 to 60 m. in height,

growing in a variety
/

Paraguay, and Argentina, to the inundated river margins of the Amazon valley,

and at elevations from a few meters above sea level to approximately 2000 m. in

eastern Peru and Bolivia. The largest and most distinctive trees are found in my
series Nitida, where heights of 40 m. are common, frequently with boles over

1 mm. in diameter b. h. The boles of this series, also, are characterized within

the genus by very striking buttresses or lamellations which are frequently noted

by collectors of botanical specimens. Thickness and texture of the bark vary
considerably and apparently without phylogenetic significance except in the series

Nobiles, where, with the exception of Aspidosperma decussatum, obvious lenticels

in the leafy twigs are absent. Probably similar environmental conditions have
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resulted in very thick, corky periderm and disproportionally shortened internodes

folim

respectively. P

P

colla, or apparently evergreen, as in the remaining series. It is obviously difficult

to ascertain vernation habits of the species without extensive field experience; my

own observations are based only upon a limited number of herbarium specimens.

Nevertheless, it is obvious that species of Macrocarpa bloom frequently upon

leafless twigs or together with early leaves only. Twigs of these species have more

or less obvious seasonal articulations; although the rounded terminal buds are ap-

parently naked, the terminal internodes are conspicuously foreshortened—protec-

tion possibly being furnished in this way in lieu of bud scales. In series Pyricolla,

however, not only are the terminal internodes shortened, but the terminal buds are

protected by strongly imbricate scales. In this series, consequently, the young

twigs bear conspicuous seasonal articulations. Terminal buds of series Ramiflora

and Polyneura are essentially similar to those of Macrocarpa (although those

of the latter apparently produce scales at times): in all four series, the bud is

obviously terminal, with the subtending internode conspicuously thicker than the

terminal leaf petiole.

In series Nitida, Stegomeria, and Nobiles, however, the buds are naked and

consist of a few leaf initials as the terminal internodes are not sensibly foreshort-

ened. Since in these series the internode subtending the terminal bud is only of

about the same thickness as that of the terminal leaf petiole, the terminal bud

appears pushed to one side in a pseudo-lateral position recalling that of many species

of fig, and this aspect is of aid in the casual assignment of specimens to their series.

Twigs of the Quebrachines are notable within the genus in producing a char-

acteristic bushy growth through the use of abundant axillary buds with closely

imbricate scales. The twigs, however, are not conspicuously articulated.

Latex bears interesting correlation with floral and fruit characters in Aspido-

sperma: in series Nobiles the latex apparently usually is reddish, although in some

parts of the plant, as in the stem, it may be white although red in the inflorescence

and fruit for example. Traces of the red latex may frequently be found upon

herbarium specimens. In species of Polyneura the latex appears generally to be

colorless or opalescent and more scanty than in the other series, to judge from the

notes of collectors. In the remaining series the latex is milky. The latex of no

species seems to have suggested economic use, and I am not aware of any special

studv of it.
V

The wood of very many Aspidospermas appears to be tough and strong, and an

important local source of structural timber. Other woods or bark are used as

sources of tannin, or even as a substitute for quinine, due to the astringent crystal-

line inclusions. A special study of the wood anatomy of 29 species of Aspidosprrma

was published by Milanez (in Physis 15:428. 1939) and will be discussed more

fully in succeeding paragraphs. It may be noted here, nevertheless, that Milanez



[Vol. 38

122 ANNALS OF THE MISSOURI BOTANICAL GARDEN

generally found annual rings in the wood of species with scaley buds, or in those

with naked buds but with congested upper internodes and blooming before or

with production of young leaves: "annual rings" were absent or inconspicuous in

other species. A general account of the woods of Aspidosperma, including their

economic uses, will be found in Record and Mell's Timbers of Tropical America',

pp. 507-515 (Yale University Press, 1924).

Leaves.—The leaves of AspidOSperma frequently aid in the assignment of speci-

mens to series, although less often to species. Phyllotaxy is alternate or approxi-

mate typically, except in A. decussatum of the Nobiles, which has broad decussate

foliage, and in the two species of series Quebrachines in which the small spine-

tipped leaves are opposite or ternate apparently rather indiscriminately. Extremely

useful in the separation of many species of Nitida are the peculiar leaves with

margins more or less conspicuously auriculate-revolute at the base: many species

of the same series are without this character, however. Leaves of Nitida, Que-
brachines, and Nobiles habitually are of coriaceous texture and those of the

other series membranaceous.

Leaf venation always is pennate: In Nobiles the secondary veins are nearly

perpendicular to the midrib and appear to continue without dichotomy to the

margin. In Polyneura and Nitida the secondary veins are more arcuate and

dichotomize to form a rather definite marginal vein close to the leaf margin; in

the other series, particularly in Pyricolla, the broadly arcuate secondaries dicho-

tomize and anastomose to form the marginal vein farther from the leaf margin.

My series Polyneura coincides essentially with Pichon's section Reticulata,
which bears an appropriate name recalling the very dense and conspicuous tertiary

reticulation of the habitually rather thin, pale foliage.

// pidosp

arate study of considerable morphological interest because of its wide range of

modification and close correlation with other morphological criteria used in the

delimitation of series and species. Although the structure is basically cymose
tnrougnout, it snows aennite tendencies toward indeterminate composition, par-

ticularly the thyrse.

In series Macrocarpa and Stegomeria the inflorescence probably shows its

most simple, if not primitive structure. Here it is a terminal or, more usually, a

subterminal cyme of relatively few flowers, without obvious bracts and lacking

the determinate flower, at least in the lower dichotomies. The primary peduncles

very frequently are attached to the stem some distance above the "subtending"
leaf which bears an axillary, vegetative bud: this prompts the interpretation of

the inflorescence as morphologically a determinate axis as is shown more clearly

in the interpetiolar cymes of Asclepiadaceae.

Although in Macrocarpa and Stegomeria, which are without well-defined

seasonal growth, the lateral inflorescences are spaced at moderate distances, in

species of Pyricolla, where flowering occurs at or near the greatly condensed
terminal nodes at the beginning of the season, the inflorescences (also dichotomous
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cymes) become congested into a corymbiform mass. In one species of the latter

series, namely A. pyrifolium, it is helpful to observe that the determinate flowers

occur at every dichotomy to the base; this quite possibly is the original design for

the "empty" dichotomies produced by other species of the genus. In the closely

related A. multiflorum, determinate flowers may occur at the upper dichotomies

although absent at the lower.

Although inflorescences of the genus habitually are terminal or subterminal

upon the younger branches, in the series Ramiflora and Stegomeria the lateral

inflorescences are produced much farther below the apical meristem, very fre-

quently upon completely suberized stems, and are described as "cauliflorous" in

this study.

In the series Nitida, the rather numerous species may have either of two types

of inflorescence: laterally subterminal and dichotomously cymbiform, as in Pyri-

colla, but with more or less obvious and irregularly placed but persistent bracts;

or terminal and thyrsiform, also with similar bracts. The latter type, although

appearing thyrsiform, actually is of the type of cyme which has been called the

on, in Ann. Missouri Bot. Gard. 22:1. 1935).

Since the ultimate terminal and lateral branches of the thyrsiform type cor-

respond closely to the cymiform structure of the first type, the two appear to be

correlated. However, whether the thyrsiform type represents a condensation of

a shoot apex bearing several cymiform branches, with resultant reduction of the

foliage, or whether the more simple type is a simplification of the thyrsiform, is

difficult to decide. I am somewhat of the opinion that the first view is more

plausible. A rather similar situation exists in the four species of series Polyneura,

with A. dispermnm and A. cylindrocarpon representing the cymiform subterminal

type, A. enspa the thyrsiform terminal type, and A. polyneuron occupying an

intermediate position.

In series Nobiles the case in favor of inflorescence condensation may be fol-

lowed somewhat more clearly. In what I believe to be the most "primitive" type

of inflorescence, shown by that of A. verruculosum, the flowering axis is terminal

and bears few or several alternate, rather distantly and uniformly spaced flowering

branches with congested determinate divisions. In the remaining species of the

series, however, the inflorescence is of a very characteristic type: terminal or sub-

terminal with a more or less elongate naked primary peduncle, at the tip of which

are borne the flowering peduncles in a congested more or less umbelliform false

whorl. The degree of compounding and congestion of these varies even upon a

single individual, and it is very easy to visualize the primitive condition as being

that similar to A. verruculomm. Here in Nobiles one may observe the more or

less obvious and irregularly placed bracts, such as those of Nitida, very conspicuous

in some species and quite obscure in others.

A type of inflorescence which appears to have been reduced from that of

Nobiles is found in the Quebrachines. Here the inflorescences are produced

very abundantly in an axillary position as a rule. The axes are reduced to rela-
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tively few flowers each so that the whole appears racemiform in fact; but it is

interesting to observe that the branches are opposite or ternate, as are the foliage

leaves. Here, although bracts are produced, they are small and caducous.

Having already written more fully concerning the inflorescence of Aspido-

sperma than my comprehension of it warrants, perhaps, I can end only in stating

that while I believe there to be evidence to interpret the thyrsiform aggregate

dichasium as derived from the bracteate, cymiform structures in such series as

Nitida, Polyneura, and Quebrachines, the phylogenetic relationship of these

to the lateral, ebracteate cymes of Pyricolla, Macrocarpa, and Stegomeria
certainly is less than clear.

Flowers.—The calyx of AspiJosperma typically consists of five imbricate, equal

or subequal segments which are free to the receptacle. They always are destitute

of internal glandular squamellae. In the more advanced series, however, there is

a pronounced tendency for the outermost pair of calyx lobes to be larger than the

inner three. This tendency is particularly strong in certain species of series Nitida,

as in A. discolor, in which the innermost segment may be entirely suppressed. The
climax is reached in the species of Stegomeria, in which the two outer lobes

become connivent for about half their length (except in A. illustre) and com-
pletely enclose the two inner lobes which are much smaller and arc free. This very

unusual calyx prompted me some years ago to erect a distinct genus, Cufodontia,
for the single species then known (C. stegomcris Woods.). Discovery of the fruit

of Cufodontia and appreciation of the tendency to zygomorphy of the calyx in

many Aspidospermas renders the genus untenable in my opinion.

Aspidosp salverform with reflexed

limb and tube constricted at the orifice as in series Macrocarpa, Ramiflora, and
Pyricolla, and tubular or tubular-salverform with erect or laxly ascending limb

respectively, and unconstricted tube, as in the remaining series save one. The most
specialized of the latter type are found in series Nobiles. Here, with the excep-
tion of A. Fendleri, the lobes are abruptly caudate-acuminate and nearly filiform

from near the base; they are very tightly contorted spirally in the bud, spreading

horizontally as they unroll, and become erect at full anthesis. An intermediate

type is found in A. rigidtim, which comprises the series Rigida, in which the

corolla lobes are reflexed, although the throat is not constricted.

A peculiar characteristic of the corolla which has been ignored generally is the
series of longitudinal clefts or fissures which occur behind the stamens. These
clefts originate as external invaginations of the corolla tube at the place of attach-
ment of the epipetalous staminal filaments, eventually passing around the base of
the filaments, as is shown diagrammatically in fig. 1 ; they may be reclosed almost
immediately, or may continue some distance toward the corolla throat. Photo-
micrographs to illustrate the clefts in representative series are provided in pi. 1;

these were prepared from microtome sections obtained from herbarium specimens,
and tissue distortion caused by desiccation is apparent. Although I have found no
verbal reference to the clefts, their use in dissections is shown by the very neat
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c!rawings prepared both by Dr. Kuhlmann and by Sr. David de Azambuja. both

of the Jardim Botanico of Rio de Janeiro.

The corolline clefts, in fact, seem to provide a rather precise morphological

criterion to separate Aspidosperma from other closely related genera, for I have

found them in all species of that genus, and quite absent in such relatives as

plumeria, Geis sos

p

Diplorhynchns. A photomicrograph illus-

trating staminal insertion in Diplorhynchus is included in pi. 1. What the function

of the corolline clefts of Aspidosperma may be is quite obscure to me: if the

corollas were only larger, they might possibly be construed as "short cuts" for a

pollinating proboscis, or even to drain excess water; but their very small size would

appear to preclude these.

Fig. 1. Anatomy of the corolla in Aspidosperma: diagrams from serial microtome sections

showing origin cf the fissures. Explanation in the text.

Instead of functional innovations, it seems more likely that the epistaminal

slits of Aspidosperma actually may be an atavism. In his study of the development

of the perianth in Vinca [Lochnera] rosea, Boke 1 found that the upper corolla

tube (i. e. above the insertion of the stamens) is formed by the ontogenetic union

of the bases of the "petals", with the united epidermal layers remaining distinct

as late as the organization of the staminal archesporium although lost at maturity.

Subtle differences of texture of the corolla of Aspidosperma have been quite

noticeable to me, but I have found them difficult to convey to others and have

omitted them from my keys. In the species of Macrocarpa and Ramiflora the

texture appears rather thickly membranaceous, and more delicately so in Pyricolla

and Stegomeria; dried corollas of these series imbibe water very freely and section

in paraffin very readily, as the photomicrographs of pi. 1 show. In Nobiles,

Nitida, Quebrachines, and most Polyneura, on the other hand, the texture

appears to be subcoriaceous or at least pergamentaceous; corollas of Nitida contain

many cells packed with tannin and crystalline inclusions, and those of Noptles

are heavily suberized: this renders them very much more difficult to section, as

the photomicrographs also testify.

iRoke, N. H. Amer. Jour. Bot. 35:413. 1948.
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fertile to the base and free from the stigmatic clavuncle, as in most other

Plumeroideae. The outer locule of either theca is slightly longer than the inner,

under the base of which it tends to incurve. This tendency varies amongst the

species and I have tried to use it as a supporting character for the series, but with-

out success. The pollen is granular.

The stamens of the genus may be uniform amongst themselves or more or less

dissimilar in size of anther and length and relative height of insertion within the

corolla tube. This tendency is rather more marked and variable in the Nitida
than in the other series. Here, too, the tendency does not appear to be of sufficient

uniformity to use as a "key character" even for the Nitida.

Botanists who follow the literature of Apocynaceae will notice that my descrip-

tion of the thecae of Aspidospcrma coincides with that of Pichon (in Mem. Mus.
Nat. Hist. Nat. n. s. 27:183, 196. 1948) for the African genus Diplorbyncbus:
Pichon, in fact, distinguishes Aspidospcrma and Diplorbyncbus upon the characters

of "antheres a sacs polliniques egaux . . ." and "antheres a sacs polliniques exterieurs

depassant les interieurs . . .", in part, respectively. However, it will become ap-

parent to any one carefully examining a series of dissections that the pollen sacs

of Aspidospcrn

Diplorbyncbus.

with Pichon's description for

D//
study, namely D. condylocarpon (Muell. Arg.) M. Pichon, I have found th
staminal filaments to bear a small laminate appendage at their insertion to the
corolla tube, these resembling the filament appendages of my subgenus Ptcrantbera
of the South American genus Forstcronia which are borne higher on the filament.

Pichon does not mention these appendages, if indeed they occur in the other species

of Diplorbyncbus, but perhaps his description of the filaments as keeled ("carenes")
may be intended to refer to them somewhat obliquely.

The pistil always is bicarpellary and the ovaries are free essentially from the
receptacle to the common style, or somewhat united at the base. The ovules are

peltate and borne upon a binate ventral placenta, the number of rows upon each
placenta-half varying from one to six. In Polyneura the number of ovules is

characteristically smaller than in the other series, being reduced to two in A.
dispcrmum.

The stigmatic clavuncle is relatively simple and small, and from capitate to
fusiform in shape (occasionally somewhat umbraculiform) and bluntly or sharply
apiculate. It has not appeared sufficiently useful to be employed systematically.

It has become habitual to describe the pistil of Aspidospcrma as possessing an
annular nectary or "discus", and amongst such authors I must include myself (in
N. Amer. Flora 29 2

:119. po
of the ovary is irregularly tumid and glandular toward the base, and that this
region certainly represents a strongly adnate nectary; but in the remaining species
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even such evidence of a nectary is wholly lacking. It surely is indicative of the

prevalent ignorance of the genus that so many authors, including myself, have

actually distinguished Aspidospcrma from related genera by invoking this essen-

tially imaginary structure whose rather variable appearance in one or two species

certainly is of phylogenetic rather than of diagnostic importance.

Fruit.—The fruit of Aspidospcrma is a dry, dehiscent, more or less woody

follicle containing few or numerous, large, papery-winged seeds from which the

generic name is derived. The follicles are strongly compressed, as a rule, but may

be nearly cylindric normally, as in A. cylindrocarpon, or as apparently individual

or racial anomalies in such species as A. qncbracho-blanco. The size varies greatly,

the smallest (2-4 cm. long) in A. dispcrmum and A. cuspa of the Polyneura, and

the largest (9-15 cm. long) in A. macrocarpon and A. vcrbascifolium of the

Macrocarpa.

The shape of the follicle generally is broadly rounded and may be seen to con-

sist of several types as expressed roughly in degrees of curvature of the placental

margin, which always occupies the greater arc. The shape is simplest in the

Nobiles, where the margins are more or less equally biconvex with resultant ellip-

tical or circular configuration: the placenta may be described in this series as

rotating about 120°-180°. In the series Nitida and Stegomeria the follicle is

nearly circular for quite another reason, for the placental margin may rotate as

much as 300° and the shape is more accurately defined as very unequally convex-

concave or convex-plane and very broadly dolabriform. In all three of these series

the seeds are nearly circular with the embryo more or less central.

In Macrocarpa and particularly in Pyricolla the follicle is pyriform and

unequally biconvex with the placental margin the greater (180°-225°), and grad-

ually attenuated to a basal stipe. Although the seeds of Macrocarpa are nearly

circular, those of Pyricolla are ovate and acute at the base. In Polymera

(except A. dispermum) the follicles are falciform to clavate-subcylindric and the

seeds are very distinctive, bearing a much reduced basal wing quite excentric to

the embryo; this tendency is climaxed in A. cuspa, in which the cotyledons are

asymmetric as well, with one cordate lobe shorter than the other. In A. cuspa,

also, the wings of the seed appear as alternately basal and apical as seen in the

opened follicle, although all are chalazal, and therefore basal as determined by the

position of the embryo: these fruits correspond almost exactly to those of the

African genus Diplorhyncfms.

Additional useful characters of the fruits of Aspidosperma are found in the

relative development or suppression of a basal stipe, the presence or absence of

obvious lenticels, quality or absence of indument, etc. Particularly useful in the

recognition of species of the Nitida are the warty or spiny excrescences of the

pericarp.
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Phylogeny of the Series

P rma (in Bull. Mus. Nat. d'Hist. Nat. ser. 2,

19:362. 1947) is based almost entirely on relative dimensions of the corolla tube

and lobes, and results in the erection of 12 major divisions which he called
M
series,

"

but the names of which are constructed as recommended for sections by the Inter-

national Rules and which furthermore are preceded by the sign (§) ordinarily

reserved to designate sections. I am referring to these categories as sections in

this discussion. Two of Pichon's sections consist of species which I am excluding

from Aspidospcrma; otherwise, the enumeration of his sections are as provided

below, each preceded by an alphabetical index for use in our further discussion:

(a) Tetrasticha

(b) Glabriflora

(c) PlLIFLORA

(d) Macroloba

(e) Macrantha

(f) Laevifolia

(g) MlCROLOBA

(h) Reticulata

(i) Crassituba

(j) PUNGENTIA

My own major divisions coincide with the sections of Pichon essentially only

where Pichon's are not based upon relative dimensions of the corolla tube and lobe

(i. e. in his sections Crassituba, Pungentia, and in part Reticulata). This is

my major reason for adopting an entirely different nomenclature as being less

liable to confusion with his. Whether an intrageneric group is to be designated

as a section or as a series, of course, is not entirely a matter of convenience how-
ever weighty that argument may be; in addition, my groups, although I believe

them to be quite natural, lack the distinction which I should prefer sections to

have. The tendencies themselves may well lead in time to the definition of fully

formed genera in fact, but at the present time they are too fluid. At any rate,

my series are as follows. For sake of contrast with Pichon's sections, I h

appended to the name of my series a sequence of letters to stand for Pichon's

placement of species with reference to the enumeration of his series in the pre-

ceding paragraph. The actual names of the species would make the list too

cumbersome.

ave

( 1
) Macrocarpa—c, c

(;

(2) Ra.miflora—

e

(3) Pyricolla—a, b2 , c
7 , d„ e, f, g,,

(4) Polyneura—

a

L,,
b, d, hn

(5) Rigida—a, b, c

(6) NlTIDA
i e> f n

(7) Stegomeria—

e

(8) Qui brachines—

j

2

(9) Nobiles- *12

Without attempting a mathematical analysis, the degree of correlation may
be envisaged by means of a scatter diagram (text-fig. 2).

For many years I have looked forward to the opportunity of comparing two
independent taxonomic studies, such as this. The opportunity is greater yet, since

there exists a recent "monograph" of Aspidosperma by Milanez (in Physis 15:429.

1939) which is based upon wood anatomy instead of organography. Mil

able to examine material of 29 species of Aspidosperma (a thirtieth, A. qnadri-

anez was
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Fig. 2. Correlation of Pichon's sections and Woodson's series of AspiJospcrma. Explanation

in the text.

ovulatum Pittier, actually being a species of Ranwolfia and is excluded from this

discussion). As a result of his investigations Milanez was able to distinguish four

"sections" based upon the position of the wood parenchyma: whether terminal,

diffuse, metatracheal, or paratracheal, representing what he believed to be a phylo-

genetic sequence following Jeffrey. An interesting contrast of Pichon's system

and my own is obtained by regression of either upon that of Milanez, whose

sections are indicated by Roman numerals consecutively in the appended scatter

diagrams (text-fig. 3).

Milanez' System / Pichon's

I. c,, d, e, go

II. a, c, e, ga , h 4

III. e>, f3 , h,
j

IV. e8 , i4

Milanez' System / Woodson's

I. 1, 3 5

II. 2, 3 4 ,4 4

III. 4, 6 4 , 7 2 , 8

IV. 1 2 , 9 4
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IV

III

II

I

a 1) c a e f £ h i J Pichon

«D

a
as

•H

IV

ill

II

I

l 2 3 4 5 6 7 8 9 Woodson

Fig. 3. Comparison of Milanez' system of AspiJospcrma with those of Pichon and Woodson,
respectively. Explanation in the text.

It will be noticed that Pichon's system and mine agree in one very important

detail, and that is lack of agreement with Milanez in the disposition of two of his

species in Section IV. These species are cited by him as "A. LeCoititci" and A.
Duckei. The first is cited in Tndex Kewensis' as a typographical error for the

second! It appears almost certain that the material which Milanez studied was
misdetermined. Since it apparently was a large-flowered species, upon the basis of

our very close agreement, I suspect that his trees may actually have been of one
of the large-flowered species of my series Nitida (VI), which bear a superficial
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resemblance to those of my Macrocarpa (I). I have tried to locate herbarium

specimens to accompany Milanez' wood samples, both at the Yale School of Forestry

and at the Jardim Botanico of Rio de Janeiro, but without success. In view of

their dubious identification, I have drawn a line to separate their scores upon the

scatter diagrams.

The reticulate nature of phylogeny and the barriers to adequate serial presenta-

tion are so familiar to every evolutionary biologist that it scarcely is necessary to

point out that perfect correlation of two or more independent systems of any

group of organisms is almost impossible of fulfillment.

Speciation

The persistent doubt in the minds of some well-informed persons, even amongst

biologists, whether, upon describing a new species, a systematist is describing only

a single organism (his type specimen) or a population, never ceases to amaze me.

One would suppose it beyond the limits of profitable discussion to question whether,

in erecting a species even upon the basis of a single specimen, a systematist visual-

izes himself as expressing at least the approximate mode of a population frequency

distribution. This should be evident in the invariable expression "species nova",

since a species is a concept of natural populations.

Undeniably it happens all too frequently that a type specimen of an author may

be found later not to represent the mode of a distinct natural population but

actually, say, a certain quartile or decile (or whatever) of a frequency distribution

previously envisaged by another author: his species name thereupon becomes a

synonym of the aggregate. This, essentially, is the function of monographic study,

/. e. to establish the frequency distributions of natural populations and also to

position

tions.

In 1936 R. A. Fisher (in Ann. Eugenics 7:179. 1936) published his process

of "discriminate functions" by which it is possible to demonstrate mathematically

the reality of two or more natural populations. There can be little doubt that in

defining his systematic categories a systematist operates in a closely analogous man-

ner more or less subconsciously, by seeking the ratio of the difference between

the means of a compound measurement to its standard error. This, of course, is

what we mean by the need of a systematist for experience and judgment: experi-

ence in the degrees of variance of the organisms which he studies, and judgment

of their values relative to others. I am convinced that the contours of the normal

distribution are quite as deeply impressed in the minds of the best of our system-

atists as they are amongst statisticians in general. The lot of the systematist, how-

ever, deserves the sympathetic commiseration of all professional statisticians because

of his usual lack of linear series and the general paucity of his samples.



[Vol. 38

132 ANNALS OF THE MISSOURI BOTANICAL GARDEN

Adequate samples are as desirable to a systematist as to a mathematical statis-

tician. But whilst a mathematician would seldom attempt to find a frequency

distribution from a single case, a systematist is called upon to do so quite regularly:

he seeks to do this approximately by extrapolation from his experience with other

related organisms: systematic biology would as surely be thrown into confusion

if he did not do so, as mathematics would be if mathematicians were to follow suit.

I have found Du Rietz's definition of taxonomic categories (in Svensk Bot.

Tidskr. 24, H. 3:333. 1930) very stimulating and helpful, although certainly

idealistic and occasionally difficult to satisfy in many problems. As we have

noticed already, an experienced taxonomist usually will be able to distinguish a

species from a single specimen. In the case of a subspecies this usually will be

impossible, if we are to keep the subspecies in its geographic or ecologic connotation

which I feel to be a sine qua non. I personally can see little value in the concept

of variety as a non-geographic or non-ecologic variant: perhaps it might be used

as a provisional status where the habitat factor is yet to be demonstrated fully. I

have not considered my present data sufficient to warrant the establishment of

infra-specific categories in Aspidosperma.

Nowadays the imaginations of plant systematists may be somewhat over-

stimulated in the detection of hybrids; but in Aspidosperma it appears to mc that

there are two very obvious instances of it: perhaps the simpler case occurs in

northeastern South America. There are three species of the series Nobiles: Aspido-

sperma album, A. Spruceamtm, and A. Fendleru The first is the most widespread,

ranging from the Magdalena River in Colombia to the lower Amazon in Brazil. It

has very distinctive inflorescence structure of a peculiar scorpioid aspect, and nar-

rowly stipitate follicles which are almost exactly circular in outline and with a

relatively thin, minutely yellowish-pulverulent pericarp; the leaves of specimens

to the extreme north and south of its distribution are wholly or essentially glabrous.

Both A. Spruceanum and A. Fendleri have corymbiform inflorescences, leaves which

are white-tomentulose beneath, and much more woody follicles which are sessile

or very shortly stipitate; the former is found in the upper Amazon and Rio Negro

basins, and the latter in Venezuela. The two species have several differentia, but

the chief is found in the corolla lobes: whether narrowly caudate-acuminate and

tightly spiral in the bud (A. Spruceanum), or rather broadly ovate and acute, and

scarcely spiral in the bud (A. Fendleri).

It so happens that in much of the Guianas, Venezuela, and the middle Amazon,

many specimens with inflorescences and pods characteristic of A. album are found

with leaves more or less white-tomentulose beneath (such, in fact, are the type

specimens not only of A. album but of all its synonyms—the populations which I

consider as genetically most pure are without separate nomenclatural designation),

or again, with inflorescences midway between scorpioid and corymbiform, or, vet

again, with woody, sessile follicles with the indument as for A. album. It seems

more than likely that such variation, in the light of the specific characters of the

geographically neighboring species, may be taken as evidence, /';/ herbario (!), of
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hybridization. sp

and Fendleri are involved as well, or only the former, is not so clear—but all of

the putative hybrids collected in flower show the attenuate and tightly rolled

corolla lobes, so that I am inclined to think the former the more likely comple-

mentary parent if but one is to be selected.

No less than ten species names have been proposed in the past to describe indi-

vidual variants of the populations of which I speak, and each one could be repre-

sented in a key which might be adequate to distinguish the specimens presently at

hand but which would cause increasing difficulty as each additional specimen

accrued to our collections. This would be natural to expect as the result of random

segregation of multiple factors in two or more interbreeding populations. Since

these species of Aspidosperma occupy rather distinct geographical ranges, the

genetic intergrades may be found to compose a geographical gradient or genocline.

In a well-known floristic region, such as the eastern United States, it might be

possible, with hundreds or thousands of herbarium specimens, extensive field ob-

servation, and by dint of several years of exhaustive study, to establish the contours

of such a eenocline if such it is. Contemporary systematic botany cannot wait

for such minutiae for many genera and species, quite obviously. Unless utter cnaos

is to result, the major emphasis of plant systematists must continue to be spent on

the "exploratory" phase, guided by more occasional excursions into the "experi-

mental" phases; until, in fact, there is nothing left to "explore", and that will

not be for some time to come.

If I knew as much about each of the 52 species of Aspidosperma as I do about

two of the subspecies of Asclepias tuberosa after six precious years of study (cf.

Ann. Missouri Bot. Gard. 34:353. 1947), or as Professor Babcock knows about

Crepis after almost a lifetime of study, I might map the various clines with con-

siderable precision. Then I might be able to designate a certain specimen, for

instance, as
rrAspidosperma album X Spruceanum (Fi)

ff

s
or go into detail if a

backcross. As it is, some complicated backcrosses are apt to appear pretty

homozygous to me; what am I to do?

I believe that, as a systematic "explorer", what should be done is to con-

struct my keys to species elastically enough to include genetic variants with the

species most cognate to them, even at the expense of verbal contrast, giving warn-

ing in a footnote if hybridization is suspect. I should consider myself insincere to

attempt unreserved specific segregations if the slightest evidence of hybridization

(or areal or ecological clines) were manifest. That has been my guide in this

study of Aspidosperma, which probably recognizes fewer species than some readers

will expect. My chief fear is that there still may be too many.

At the other end of South America, in the campos of southern Brazil and

adjacent Paraguay, Argentina, and Bolivia, a fascinating pattern of variation, pos-

sibly the result of multiple-factor recombination following hybridization, is found

to connect no less than four species of series Pyricolla: A. tomentosum, A.

amtrale* A. subincanum, and A. parvifoUum. These species all inhabit the same
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general range, and all are represented in our herbaria by copious specimens in which

the various characters of habit, type of bark, size and shape of leaf and flower, and

particularly peculiar indument are strongly and positively correlated.

These are the most frequently collected of Aspidospermas, and amongst the

several scores of specimens in our museums there are sufficient to testify to the

absence of absolute pollination and genetic barriers between them. The species,

per se, are so distinctive that a tremendous range of recombination patterns is

produced, and these are well represented in the specimens cited in the following

taxonomic section. I have attempted to arrange the specimens into eight groups

as a very rough estimate of this putative hybridization:

GROUP I. ("Pure" tomentosum) : Thick, heavily corky stems; large sessile

leaves; long corolla lobes; inflorescence very condensed; follicles without a

definite midrib—all very densely yellow-tomentose.

GROUP II. ("Pure" australc): Slender stems with thin bark at least on

upper branches; smaller, long-petiolate, glabrous leaves; short corolla lobes;

inflorescence diffuse; follicles without a definite midrib or indefinitely

striate.

GROUP III. ("Pure" subincanum): Slender stems with thin bark; rather

large, sessile leaves finely white-sericeous beneath and glabrous above; inter-

mediate corolla lobes; inflorescence diffuse; follicles with a prominent mid-

rib.

GROUP IV. ("Pure" parvifolium) : Slender stems with thin bark; small,

moderately petiolate leaves; short corolla lobes; inflorescence few-flowered;

follicles with a very prominent midrib—all densely reddish-tomentellous.

GROUP V. (Gomczianum, etc.) : Rather slender, thinly rimose stems; rather

large, sessile or short-petiolate leaves nearly or quite glabrous; intermediate

corolla lobes; inflorescence much branched from the base, finely puberulent;

glabrous follicles without definite midrib, (tomentosum X australc?).

GROUP VI. (Cbodaiii): More slender, thinly rimose stems; large, long-

petiolate leaves finely canescent to glabrate; long corolla lobes; inflorescence

fairly long-pedunculate, finely puberulent to glabrate; follicles with a prom-

inently elevated midrib, (tomentosum X subincanum ?).

GROUP VII. (camporum, Warm'in^ii, etc.): More slender, thinly rimose

stems; small or medium-sized, short-petiolate leaves; shorter corolla lobes;

shortly pedunculate inflorescences

—

all very densely orange-tomentellous;

follicles with a prominent midrib, (tomentosum X pari jfolium ?). It

seems significant that this group is found in the southern coastal Brazilian

states.

GROUP VIII. (various backcrosses to fomentlosum ?) : Much as in Group I,

but stems somewhat more slender and with less corky bark.

The enumeration of such groups could be subdivided almost indefinitely to

indicate accessory hybridizations particularly of australc with closely neighborin
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species (vide infra). The collections which my friend Senhor Amaro Macedo has

sent me for study are helpful in this connection, since he has found trees of four

of these groups, I, VI, VII, and VIII, within a single day's collecting in the vicinity

of Ituiutaba, Minas Gerais. I hope that this problem will not escape the attention

of Brazilian botanists who are interested in natural hybridization in their rich flora.

Another type of difficulty is represented in series Pyricolla by the group of

species comprising A. australe, A. pyricollum, A. Ulei, and A. Vargasii, enumerated

in their approximate geographic sequence from south to north in eastern South

America. As reference to the key to species will show, the morphological criteria

characterizing these species are of a somewhat different character, and are generally

more difficult to analyze than is true in the genus as a whole.

They are capable of recognition, however, and the rather unsatisfactory morph-

ological differentia appear to be reinforced by distinctive geographical ranges.

Hybridization also may appear to be the agency in producing morphological blur-

ring at the boundaries of the ranges. Such being the case, I suspect that the units

which I am designating as closely knit species may, upon more adequate materials

for study, prove to be geographic subspecies. I hesitate to change their presently

accepted status because my rather paradoxical feeling is that the recognition of

subspecies requires more detailed study than for species! But I believe that this

viewpoint is easily defensible.

A knotty problem of nomenclature which will have to be tackled sooner or

later concerns type specimens which are shown to be heterozygous. An instance

in point is the type specimen of Aspidospcr??ta album (Richard s. n. in Herb.

Haun.), which has the peculiar inflorescence and leaf outline of supposedly

homozygous A. album as defined in this paper, but with the leaves white-tomentu-

lose beneath as in A. Spruceanum. Should a "neotype" be selected from the

homozygous populations and the historical holotype disqualified as heterozygous?

Opinion may sanction that at length, but I believe that few contemporary botanists

would allow a policy so gravid with confusion; for type specimens of incalculable

number would be subject to change from the time of Linnaeus. The inference

which I draw is that type specimens will be but of casual interest, once the ''explor-

atory" period of plant systematics is ended; until then, our "higher criticism" of

them must be held in check.

Economic Uses and Vernacular Names

Notes on the economic uses of Aspidospcrma as reported by plant collectors

are scattered throughout the following text, under the appropriate species. Detailed

information on the timbers of various species will be found in Record & Hess,

Timbers of the New World', pp. 107-115 (Yale University Press, 1943).

The trees are so familiar to the local inhabitants that vernacular names are

legion. These are noted for each species, when reported by collectors of the speci-
v^

mens cited, and are gathered together in a special index preceding the taxonomi

index.
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Study Material

I have been privileged to study herbarium specimens from the following insti-

tutions, to the curators of which I am greatly indebted. I have used the symbols

advocated by Lanjouw (in Chron. Bot. 5:143. 1939) in citing the specimens:

C—Botanisk Museum, Copenhagen.

F—Chicago Natural History [formerly Field] Museum, Chicago.

G—Conservatoire Botanique, Geneva.

GH—Gray Herbarium, Cambridge, Mass.

K—Royal Botanic Gardens, Kew.
MO—Missouri Botanical Garden, St. Louis.

NY—New York Botanical Garden.

P—Museum National d'Histoire Naturelle, Paris.

S—Naturhistoriska Riksmuseet, Stockholm.

US—U. S. National Herbarium, Washington.

U—Botanisch Museum en Herbarium, Utrecht.

W—Naturhistorisches Museum, Vienna.

COL

—

Instituto de Ciencias Naturales, Bogota.

R—Museu Nacional, Rio de Janeiro.

Taxonomy

AsriDOSPERMA Mart. & Zucc. in Mart. Nov. Gen. & Sp. 1:57. 1824; K. Sch. in

Engl. & Prantl, Nat. Pflanzenfam. 4": 141. 1895; M. Pichon, in Bull. Mus.

Nat. Hist. Nat. II, 19:362. 1947, nom. conserv. (T.: A. tomentosum Mart.).

Macaglia Rich, ex Vahl, in Skrivt. Nat. Selsk. Kjoebenh. 6:107. 1810. (T.: M. alba Vahl).

Pcltospermum DC. in Bibl. Univ. Geneve 17:133. 1838. (T.: P. Patrisii DC).
Ostreocarpus Rich, ex Endl. Gen. Pi. 1396. 1840, nom. muL in synon.

Tbyroma Miers, Apoc. So. Am. 22. 1878. (T.: 77;. scssiliflora (Muell. Arg.) Miers).

CufoJotitia Woodson, in Archivio Bot. Sist. Fitogeogr. cv Genet. 10:39. 1934. (T.: C.
stegomeris Woodson).

Coutinia Veil. Quinogr. Portug. 166, pi. 10. 1799. (T.: C. illustris Veil.).

Trees, rarely shrubby, usually with milky or reddish latex. Leaves usually

alternate or approximate, rarely decussate or ternate, estipulate, penninerved. In-

florescence terminal or axillary, occasionally extra-axillary, determinate, dichasially

cymose (frequently with the determinate flower suppressed) to aggregate-dichasial

and thyrsiform, the secondary peduncles frequently fasciculate in umbelliform

manner, bracts persistent, caducous, or suppressed; calyx usually of 5 free, equal

to strongly unequal lobes, rarely 4 with the 2 outermost larger and strongly con-

nate with the 2 inner and free lobes wholly included, always eglindular within;

corolla salverform to tubular-salverform or tubular, the tube cylindrical to ampuli-

form and constricted or not constricted at the orifice, fissured behind the anthers,

the lobes sinistrorsely contorted in aestivation, reflexed to erect in anthesis; stamens

inserted midway or higher within the corolla tube, filamented, the anthers minutely

mucronulate, of 2 uniformly fertile thecae, each 2-!oculate, the outer loculus some-

\ hat longer than the inner and usually somewhat inflexed at the base, the pollen
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granular; pistil superior, 2-carpellate, the carpels essentially free from the style to

the receptacle, sometimes apparently glandular toward the base but without a

distinct disc, bearing 2-32 peltate 2-6-seriate ovules upon a thin ventral placenta,

the stigma variously clavate to subcapitate upon a more or less elongate common

style. Fruit follicular, usually strongly compressed and more or less woody, more

or less assymetrical from nearly circular to falciform or dolabriform, the seeds

peltate, exalbuminous, greatly compressed, with a flat, papery, concentric or

strongly excentric wing.

KEY TO THE SERIES

a. Corolla typically salverform, the lobes reflexed or horizontally spread-

ing, the tube constricted at the orifice; bracts wholly suppressed (ex-

cept in A. ramiflorum) .

b. Corolla 1.2-2.5 cm. long, of relatively thick texture.

c. Inflorescence terminal or subterminal, pedunculate; follicles broadly

dolabriform, subplano-convex, the placenta rotating about 225°,

gradually narrowed to a conspicuous stipe, minutely papillate to

essentially glabrous, without obvious lenticels, unusually large;

seeds with a nearly circular concentric wing I. Macrocarpa (p. 138)

cc. Inflorescence cauliflcrous, sessile; follicles broadly dolabriform,

plano-convex, the placenta rotating about 270 , sessile, minutely

papillate to essentially glabrous, very conspicuously lenticellate,

moderately large; seeds with a nearly circular concentric wing II. Ramiflora (p. 142)

bb. Corolla 0.4-0.8 cm. long, or if longer (A. pyrifolium) of delicate

texture; follicles pyriform, unequally bi-convex, the placenta rotat-

ing about 180°, gradually narrowed to a conspicuous stipe, minutely

papillate to essentially glabrous (densely yellow-tomentose in A.

tomcntosum) , conspicuously lenticellate; seeds with a concentric,

ovate wing acute at the base III. Pyricolla (p. 144)

aa. Corolla tubular or tubular-salverform, the lobes erect or slightly spread-

ing at anthesis (salverform with reflexed lobes in A. rigidum), the

tube not constricted at the orifice; bracts usually manifest and per-

sistent, occasionally wanting (caducous in Quebrachines).

b. Corolla tube essentially terete, the lobes not abruptly caudate-acumi-

nate, erect or loosely spiral in the bud; inflorescence neither whorled

nor fastigiate.

c. Leaves alternate or irregularly approximate, not spine-tipped,

d. Calyx lobes 5, abnormally 4, distinct or barely united at the

base, equal to more or less unequal.

e. Corolla glabrous without (occasionally velutinous-papillate

toward the tip in Polyneura).

f. Corolla tubular or tubular-salverform, the lobes erect or

slightly spreading; ovary essentially terete; follicles falci-

form to subcylindric, somewhat concave- to somewhat bi-

convex, the placenta rotating about 45°-13 5 , sessile,

essentially glabrous, conspicuously lenticellate; seeds with a

narrow, strongly eccentric basal wing (except in A.

dispcrmum) IV. Polyneura (p. 157)

ff. Corolla salverform, the lobes reflexed at anthesis; ovary

polygonally angulate; follicles very broadly dolabriform,

concave-convex, the placenta rotating about 300°, smooth,

with or without a midrib, sessile; seeds with a concentric

circular wing V. Rigida (p. 164)

ec. Corolla densely sericeous without; ovary polygonally angulate

or sulcate; follicles very broadly dolabriform, concave-convex

to very unequally bi-convex, the placenta rotating about

225°-300°, warty or spiny, sessile or very abruptly and short-

ly stipitate; seeds with a concentric circular wing VI. Nitida (p. 166)
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dd. Calyx lobes 4, abnormally 5, the outer pair much larger and
strongly connate (except in A. illustre), completely including
the inner pair which are separate and much smaller; follicles

very broadly dolabriform, piano- to concave-convex, the placenta
rotating about 275°-300°, sessile or shortly stipitate, with a

loose, wrinkled, more or less lenticellate periderm; seeds with
a concentric circular wing VII. Stegomeria (p. 176)

cc. Leaves opposite or ternate, spine-tipped; follicles broadly oval to

subcylindric, almost equally bi-convex, the placenta rotating about
45 -13 5°, minutely papillate to essentially glabrous, obviously
lenticellate, sessile or very shortly stipitate (A. horco-quebracho)

;

seeds with a nearly circular concentric wing VIII. Quebrachines (p. 180)
bb. Corolla tube strongly callose-angulate, the lobes strongly caudate-

acuminate and very tightly spiral-contorted in the bud (except in

A. Fendleri) ; primary branches of the inflorescence usually whorled
or fastigiate; follicles somewhat pyriform to nearly circular or sub-
cylindric, almost equally bi-convex, the placenta rotating about
120 -180

, stipitate to sessile, densely tomentellous, not obviously
lenticellate; seeds with a concentric, nearly circular wing IX. Nobiles (p. 183)

Series I. Macrocarpa Woodson, n. scr.

§ Macrantha M. Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:364. 1947, in part.

Trees with milky latex, apparently deciduous, with thick corky, or thin rimose

bark, not conspicuously lenticellate. Branches with naked, rounded buds, the sub-

tending internode definitely thicker than the terminal petiole, without definite

seasonal articulations, but with internodes greatly shortened toward the tip of the

branch. Leaves alternate, rather broad and subcoriaceous, with widely arcuate

secondary veins reticulating distally and with apparent reticulate tertiary venation

on the lower surface. Inflorescence terminal or subterminal, cymiform, without

obvious bracts; corolla typically salverform, the lobes reflexed or horizontally

spreading, the tube constricted at the orifice, relatively large and of thick texture,

densely tomentose or tomentellous without. Follicles unusually large, broadly

dolabriform, subplano-convex, the placenta rotating about 225°, gradually nar-

rowed to a conspicuous stipe, minutely papillate to essentially glabrous, without

obvious lenticels; seeds with a nearly circular, concentric wing.

Species 1-2 Figure 4.

KEY TO THE SPECIES

a. Flowering branches relatively slender, the internodes not greatly con-
densed, the periderm thin and rimose; leaves of moderate size, abruptly
produced into rather slender petioles, inconspicuously pubescent to
glabrous; corolla appressed-sericeous without, the tube conspicuously
fissured 1, a. macrocarpon

aa. Flowering branches very stout, the internodes greatly condensed, the
periderm very thick and suberose; leaves very large, decurrent to short
stout petioles, densely tomentose to glabrate in age; corolla densely tom-
entose, the tube inconspicuously fissured 2. A. verbascifolium

(A. macrocarpum and A. rcrbascifolium appear to hybridize freely)

1. Aspidosperma macrocarpon Mart. Nov. Gen. & Sp. 1:59. 1824; M. Pichon,

in Bull. Mus. Nat. Hist. Nat. II, 19:364. 1947. (T.: Martins s.n.)

Aspidosperma platypbyllum Muell. Arg. in Mart. Fl. Bras. 6 1 :46. 1860; M. Pichon, loc.

cit. 1947. (T.: St. Hilaire 844).
Aspidosperma macrocarpum (sic!) Mart. a. normale Muell. Arg. loc. cit. 47. 1860. (A.

macrocarpon Mart., var. typ.).
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Fig. 4. Aspidcspervia macrocarpon Mart.: Flowering branch, bud, dissected flower, fruit,

and seed.

Aspidosperma macrocarpum Mart. p. glabratum Muell. Arg. loc. cit. 1860. (T.: Riedel

540).
Aspidosperma macrocarpum Mart. 7. macrothyrsum Muell. Arg. loc. cit. 1860. (T.:

Riedel 27/0).
Aspidosperma macrocarpum Mart. 5. lanatum Muell. Arg. loc. cit. 1860. (T.: Riedel 475).

Aspidosperma Gardneri Muell. Arg. loc. cit 1860; M. Pichon, loc. cit. 1947. (T.: Gard-

ner 26661).

Aspidosperma Gardneri Muell. Arg. a. ovaturn Muell. Arg. loc. cit. 48. 1860. (A. Gard-

neri var. typ.).

Aspidosperma Gardneri Muell. Arg. P. ellipticum Muell. Arg. loc. cit. 1860. (T.: Weddell

24701).
Macaglia platyphylla (Muell. Arg.) O. Ktze. Rev. Gen. 2:416. 1891.

Macaglia macrocarpa (Mart.) O. Ktze. loc. cit. 18.91.

Macaglia Gardneri (Muell. Arg.) O. Ktze. loc. cit. 1891.

Aspidosperma Ducket Huber, in Archiv. Jard. Bot. Rio. Jan. 3:244. 1922. (T.: Ducke

21,040!).

Aspidosperma Snethlagei Mgf. in Notizbl. 10:118. 1927. (T.: Sncthlage 676!).

LeCo 1939.
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Trees 3-25 m. tall, the branches relatively slender, with thin, rimose bark.

Leaves elliptic, obtuse at base and apex, about 10-17 cm. long and 5-8 cm. broad,

firmly membranaceous, wholly glabrous to variously yellow-pubescent; petioles

about 1-4 cm. long. Inflorescences clustered subterminally at the uppermost nodes,

subumbelliform, several-flowered, densely and minutely ferruginous-tomentellous

to yellow-tomentose; primary peduncle about 1-3 cm. long, the secondary pedun-

cles obsolete or nearly so; pedicels 1-2 mm. long. Calyx lobes ovate, acuminate,

2-4 mm. long, nearly equal, appressed-tomentellous to tomentose. Corolla white,

densely appressed-sericeous to yellow-tomentose without, the tube 6-7 mm. long,

about 2 mm. in diameter at the insertion of the stamens, somewhat constricted at

the base and at the orifice, deeply fissured, nearly glabrous within, the lobes oblong-

elliptic, 7-9 mm. long. Stamens inserted at about midway within the corolhi tube,

the anthers about 1.5 mm. long. Ovary ovoid, about 1.5 mm. long, wholly gla-

brous or tomentellous; stigma narrowly ovoid to subfusiform. Follicles semi-

circular or dolabriform, 9-14 cm. long, 8-12 cm. broad, the stipe about 3 cm. long,

very stout, pericarp dark brown to black, irregularly striate, minutely tomentellous;

seeds circular, about 8 cm. in diameter.

Central Brazil and adjacent Venezuela, Bolivia, and Paraguay; savannas and

gallery forests; flowering chiefly from August until September.

Vernacular names: Platanote (Venezuela—Ll. Williams); Muirajussara (Brazil

•A. Ducke)

.

Venezuela: amazonas: El Raton, alt. 100 m., Williams 1322J (F).

Brazil: acre: near mouth of Rio Macauhan (tributary of Rio Yaco), Krukoff 5682
(K, MO, U, US), amazonas: Parintins, Ducke 24574 (K, US), goiaz: Riedel s.n.

(GH, W)> 277° (U). maranhao: Grajahii, Lisbon 2344 (US), mato grosso: Kuntze
s.n. (NY), minas gerais: St.-Hilaire 1770 (P). para: Obidos, Ducke 11040 (G, P,

US), 1 1402 (K, U); Rio Tapajoz, Bella Vista, Ducke 1648Q (G, US); haut Ariramba
(Trombetas), Ducke 14889 (G) ; bords du Rio Tocantins, WedJell 24JO (P). piauhy:
S. Filomena, Snethlage 676 (F) ; Gardner 2666 (P, US, W).

Paraguay: Sierra de Amambay, Hassler 10575 (MO, P, W), 10895 (w ).

Bolivia: la paz: San Bartolome (near Calisaya), Krukoff 10108 (MO, U, US),
10108a (MO); Tuiri (near Mapiri), Krukoff 10892 (MO, U); Tumupasa, Cardenas 1985
(K,NY).

Asphlosperma macrocarpon is a rather uniform population with glabrous, long-

petioled leaves and appressed ferruginous-tomentellous inflorescences borne upon
leafless twigs in the extreme northern and western portions of its range. In the

central range and in the south, however, it becomes more variable, the leaves

tending to be increasingly shorter-petioled and the inflorescences borne with the

new foliage, both being more and more yellow-tomentose. Since these tendencies

approach the characters of A. verbascifolhim, which is indigenous to southern

Brazil, I assume that the two species hybridize.

The most complete field notes on A. macrocarpon, unfortunately, are those by
Ll. Williams accompanying the single, completely sterile specimen from Venezuela

which is cited above: "N. v.: Platanote—Arbol de 20-22 m. de altura, lactifero;



1951]

WOODSON STUDIES IN THE APOCYNACEAE. VIII 141

copa angosta de pocas ramas crectas; el tronco es redondo, derecho, sin estribos, 2 5

cm. de diametro, sin ramas par 9-10 m.; la corteza es aspera, gris claro y el liber

rojo rosado exuda en abundancia un latex pegajoso; la madera es de color claro; las

flores son terminales, de petalos blancos; el fruto es dehiscente; en la margen entre

la sabana y la selva de galeria." In Bolivia, Cardenas notes (sub 1985 in hb.

N. Y.) : "Big tree with very hard wood."

2. Aspidosperma verbascifolium Muell. Arg. in Mart. Fl. Bras. 6
!
:46. 18 60;

M. Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:364. 1947. (T.: St. Hilaire

Macaglia verbascifolia (Muell. Arg.) O. Ktze. Rev. Gen. 2:416. 1891.

Macaglia lanata O. Ktze. loc. cit. 3
2 :197. 1898. (T.: Kuntze s. n.l).

Aspidosperma lanatum (O. Ktze.) Malme, in Arkiv. Bot. 21A, no. 6:20. 1927.

Apparently rather small trees, the branches disproportionally stout, with greatly

condensed internodes and very thick periderm, yellow-tomentose to glabrate.

Leaves broadly elliptic to elliptic-obovate, apex broadly obtuse to rounded, broadly

decurrent to the petiole, about 10-30 cm. long and 7-16 cm. broad, firmly mem-

branaceous, densely yellow-tomentose on both faces to glabrate or glabrous above;

petioles about 1-2 cm. long. Inflorescences clustered subterminally at the upper-

most nodes, corymbiform to subumbelliform, densely yellow-tomentose, 5-3 cm.

long, the dichotomously branching secondary peduncles about equalling the

primary, to more or less suppressed, the pedicels 3-5 mm. long. Calyx lobes ovate

to ovate-lanceolate, acute, 3-4 mm. long, nearly equal, densely yellow-tomentose.

Corolla white, densely yellow-tomentose without, the tube 6-7 mm. long, about

2.5 mm. in diameter at the insertion of the stamens, somewhat constricted at the

base and at the orifice, slightly fissured behind the anthers, essentially glabrous

within, the lobes oblong-elliptic, 9-10 mm. long. Stamens inserted about midway

within the corolla tube, the anthers about 1.7 mm. long. Ovary ovoid, about 1.5

mm. long, glabrous or papillate; stigma subglobose. Follicles semicircular or

broadly dolabriform, about 15 cm. long and 10 cm. broad, rather abruptly pro-

duced to a stipe about 6 cm. long, deep brown, irregularly striate and minutely

velutinous-papillate; seeds circular, about 8 cm. in diameter.

South-central Brazil, in "cerrados"; flowering from August to October.

Vernacular names: Panaceia; Peroba do campo (Oliveira) ; Moela de enter

(A. Macedo) ; Peroba amarga (Duarte).

Brazil: goiaz: St.-Hilaire 825 (P); entre Diviza et Ponte Laurada, Glaziou 21741

(C, F, P). mato grosso: Kuntze s.n. (W), Smith s. n. (R) ; Cuiaba, Kuhlmann I22J

(R). minas gerais: Uberava, Regnell 871 (F, US) ; Ituiutaba, Macedo 542 (MO) ; Patos

de Minas, carmo do Paranaiba, Oliveira 1339 (MO); Serra de Catiara, Duarte 2938 (MO).

Very little is known about this species, which appears to hybridize with the

preceding (vide ante). Glaziou (sub n. 21741 in Hb. Par.) describes the plant

as "arbuste torteux"; Macedo (sub n. 542 *n Hb. Mo. Bot. Gard.) describes it

merely as "tree".
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Series IL Ramiflora Woodson, n. ser.

Ser. Macrolobii K. Sch. in Engl. & Prantl, Nat. Pflanzenfam. 4 2 :141. 1895, in part;

§ Macrantha M. Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:364. 1947, in part.

Trees with milky latex, apparently evergreen, with rather thin, somewhat loose

bark, rather inconspicuously lenticellate. Branches with naked, acuminate buds,

the subtending internode definitely thicker than the terminal petiole, without

definite seasonal articulations, but with internodes greatly shortened toward the

tip of the branch, the two uppermost leaves appearing opposite as a rule. Leaves

alternate, membranaceous, large, with widely arcuate secondary veins reticulating

distally and with very apparent reticulate tertiary venation upon both surfaces.

Inflorescence cauliflorous some distance from the tip of the branch, sessile, few-

flowered, with persistent, evident bracts; corolla typically salverform, the lobes

reflexed or horizontally spreading, the tube constricted at the orifice, relatively

large and of thick texture, densely tomentellous without. Follicles rather large,

broadly dolabriform, plano-convex, the placenta rotating about 270°, indefinitely

papillate to essentially glabrous, very conspicuously lenticellate; seeds with a nearly

circular, concentric wing.

Species J Figure 5.

3. Aspidosperma ramiflorum Muell. Arg. in Mart. Fl. Bras. 6*:55. 1860; M.
Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:364. 1947. (T.: Selloiv 1651!).

Geissosperm urn ? ratniflorum Mart, ex Muell. Arg. loc. cit. 1860, nam. nud. in synon.;
Miers, Apoc. So. Am. 85. 1878.

Trees 12-30 m. tall, with close, relatively thin bark. Leaves oblong to oblong-

elliptic, acute at base and apex, about 9-20 cm. long and 4-8 cm. broad, mem-
branaceous, glabrous; petioles 1-2 cm. long. Inflorescences sessile, few-flowered,

cauliflorous on the younger branches several nodes below the tip. Calyx lobes

ovate, acute, nearly equal, about 2 mm. long, densely ferruginous-tomentellous

without. Corolla densely ferruginous-tomentellous without, the tube 7-10 mm.
long, about 2 mm. in diameter at the insertion of the stamens, constricted at the

thickened orifice and near the base, the lobes broadly oval to oblong-elliptic, obtuse

to rounded, 6-12 mm. long. Stamens inserted about midway or slightly higher

within the corolla tube, the anthers 1.0-1.5 mm. long. Ovary oblong-ovoid, about

1.5 mm. long, glabrous or somewhat ferruginous-pilose; stigma fusiform. Follicles

obliquely oval, sessile or very shortly stipitate, 6-9 cm. long and 5-7 cm. broad,

essentially glabrous, nearly covered with whitish lenticels; seeds broadly oval, about

6 cm. long and 4.5-5.0 cm. broad.

South-eastern Brazil and eastern Bolivia; dense forests; flowering from May
until October.

Vernacular names: Peroba amarella (Brazil—Servi^o Florestal do Brasil)

;

Tambu (Brazil—Mexia).
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Fig. 5. Aspidospcrma ramiflatum Muell. Arg.: Flowering branch, dissected flower, fruit,

and seed.

Brazil: Sellout 1651 (W) ; Schuch s. n. (F, GH, W). minas gerais: Fazenda de

Aguada, Mcxia 5054 (G, GH, K, MO, NY, S, U, US). Rio de Janeiro: Serra de Cinque,

Glazioii 9509 (C, P) ; S. Christorao, Morrada Telegrapho, Glaziou 6636 (C, F, P); Corco-

vado a Lagoa de Freitos, Glaziou 17132 (C,-P) ; ad urbem in silvis montis Corcovado, Kuhl-

mann 16366 (U, US); Matta da Fabrica Carioca, Servigo Florestal 105 (MO).

Bolivia: la paz: Guanai, Kusby 2649 (GH, NY, US); Huachi, White 1018 (NY).

White (sub no. 1018) describes the wood as hard and white; Mrs. Mexia (sub

no. 5°54) notes that the trunks are straight and slender, with hard wood, and

producing good lumber. An attempt was made to distinguish the Brazilian popu-

lation from the Bolivian upon morphological grounds, but without success.
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Series III. Pyricolla Woodson, n. ser.

Ser. Macrolobii K. Sch. in Engl. & Prantl, Nat. Pflanzenfam. 4 2 :141. 1895, in part; Ser.

Microlobii K. Sch. loc. cit. 142. 1895, in part; § Tctrasticha M. Pichon, in Bull. Mus.
Nat. Hist. Nat. II, 19:363. 1947, in part; § Glabriflora M. Pichon, loc. cit. 1947, in

part; § Piliflora M. Pichon, loc. cit. 364. 1947, in part; § Macroloba M. Pichon, loc.

cit. 1947; § Microloba K. Sch. ex M. Pichon, loc. cit. 366. 1947.

Trees, occasionally shrubs, with milky latex, deciduous, with moderately thin

rimose bark, conspicuously lenticellate. Branches with scaly buds, with definite

seasonal articulations and with the leaves rather crowded toward the tips. Leaves

alternate or irregularly approximate, membranaceous to subcoriaceous, moderately

large to rather small, with widely arcuate secondary veins reticulating distally.

Inflorescence terminal or subterminal, pedunculate, many- or few-flowered, with-

out evident bracts; corolla typically salverform, relatively small, or if larger of

delicately membranaceous texture. Follicles pyriform, unequally bi-convex, the

placenta rotating about 180°, gradually narrowed to a conspicuous stipe, indefi-

nitely papillate to essentially glabrous (densely yellow-tomentose in A. foment-

osum), conspicuously lenticellate; seeds with a concentric, ovate wing acute at

the base.

Species 4-14 Figure 6.

KEY TO THE SPECIES

a. Corolla lobes twice as long as the tube or somewhat longer.

b. Flowers relatively small, about 7 mm. long, glabrous; inflorescence

many-flowered, dichotomous with the terminal flowers absent at

least below 4. A. multiflorum
bb. Flowers relatively large, about 1.5 cm. long, glabrous or somewhat

appresscd-sericeous without; inflorescence few-flowered, regularly

dichasial, the terminal flower always present; follicles nearly circular,

conspicuously lenticellate, with or without an indistinct midrib 5. A. pyrifolium
aa. Corolla lobes much shorter than the tube, or about as long,

b. Corolla lobes about as long as the tube.

c. Small-leaved shrub, glabrous throughout; flowers solitary in the

upper leaf axils 6. A. oliganthum
cc. Large-leaved trees, the foliage and inflorescence densely yellow-

tomentose; inflorescence many-flowered; follicles densely yellow-

tomentose (leaves smaller and glabrate, follicles essentially glabrous

in putative hybrids) 7. A. tomf.ntosum
bb. Corolla lobes half as long as the tube or shorter,

c. Inflorescence many- or several-flowered.

d. Corolla lobes lanceolate, acuminate, about half as long as the

tube; follicles usually about twice as long as broad, essentially

glabrous, with a conspicuously elevated midrib on both faces,

brown, conspicuously lenticellate 8. A. subincanum
dd. Corolla lobes ovate to reniform, obtuse to rounded, one-third

to one-quarter as long as the tube.

e. Corolla lobes reniform, about one-quarter as long as the tube;

inflorescence very densely red-tomentellous; follicles sub-
elliptical, usually about three times as long as broad, with a

conspicuously elevated midrib on both faces, prominently
lenticellate, reddish-brown, finely red-tomentellous to glabrate.. 9. A. parvffolium

ee. Corolla lobes ovate, about one-third as long as the tube.

f. Corolla tube relatively narrow, about one-fourth or less

as wide as long; inflorescence white-, yellow-, or yellowish

gray-pubescent.

g. Inflorescence somewhat shorter than the subtending peti-

oles, white-sericeous; corolla 6.5-8.0 mm. lorn;; follicles



1951]

WOODSON STUDIES IN THE APOCYNACEAE. VIII 145

nearly circular, grayish when dry, without a prominent

midrib 10. A. australe

gg. Inflorescence somewhat longer than the subtending peti-

oles; follicles subelliptic, less than about half as broad

as long, brown when dry, midrib rather indefinite and

inequally manifest on either face.

h. Inflorescence rather loose, the axes yellow-pubescent to

glabrate; corollas 6.5—7.0 mm. long; leaves oblanceolate

to obovate, rounded to obtusish 11. A. pyricollum

hh. Inflorescence quite dense, the axes densely yellowish

gray-puberulent; corollas 5.0—5.5 mm. long; leaves

elliptic, acute to acuminate 12. A. Vargasii

ff. Corolla tube relatively broad, about half as broad as long;

inflorescence yellow-pubescent; corolla about 4 mm. long;

follicles subelliptic, about as long as broad, with a very

prominently elevated midrib on both faces, yellowish or

reddish-brown 13. A. Ulei

cc. Inflorescence of solitary flowers in the upper leaf axils; corolla

4.0-4.5 mm. long, the lobes about half as long as the tube 14. A. reductum

4. Aspidosperma multiflorum A.DC. in DC. Prodr. 8:397. 1844; M. Pichon,

in Bull. Mus. Nat. Hist. Nat. II, 19:363. 1947. (T.: Blanchet 2806I).

Macaglia multiflora (A.DC.) O. Ktze. Rev. Gen. 2:416. 1891.

Aspidosperma Monteroi Standi, ex Record & Hess, Timbers of the New World, 61. 1943;

Record, in Trop. Woods 80:1. 1944, nom. nud.

Small to medium-sized trees with rather thin, reddish bark, glabrous through-

out. Leaves elliptic, apex shortly and obtusely acuminate, base broadly obtuse to

rounded, 5—11 cm. long, 3-6 cm. broad, membranaceous; petioles 1.5-2.5 cm.

long. Inflorescences clustered subterminally at the uppermost nodes, 3-5 cm.

long, the peduncles slender, 3—4 times dichotomous with the terminal flowers ab-

sent at the lower dichotomies, many-flowered. Calyx lobes ovate, acuminate,

essentially equal, about 1.5 mm. long, scatteringly ciliolate. Corolla greenish

white, glabrous without, the tube about 2 mm. long, about 0.7 mm. in diameter

at the insertion of the stamens, somewhat constricted at the orifice and at the base,

the lobes about 5 mm. long, narrowly oblong-ellipic. Stamens inserted at about

midway within the corolla tube, the anthers 0.5—1.0 mm. long. Ovary ovoid,

about 0.5 mm. long, glabrous, the stigma ovoid. Follicles compressed-pyriform,

about 5 cm. long and 2.5 cm. broad, rather gradually narrowed to a stipe about

1 cm. long, with many conspicuous lenticels of varying size, with an indistinct

midrib.

Eastern and southern Brazil; in savannas; flowering in October.

Brazil: baia: in certam fluvii S. Francisci, Blanchet 2806 (C, F, P, W). mato
grosso: Salto Belo, Rio Sacre, Baldwin 31 15 (MO, US), para: Campina do Jupiry

prope lacum Faro, Ducke 21801 (MO, US).

The description of the fruit is drawn from Ducke 2l8oi
9 which has been

named A. multiflorum by my friend Dr. Markgraf. I am a bit doubtful of its

1 identity but do not know of a more sure disposition of it. I believe that A.

multiflorum may hybridize with the A. tomentosum complex in Minas Gerais; this

possibility will be discussed following the account of the latter species.
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5. Aspidosperma pyrifolium Mart. Nov. Gen. & Sp. 1:60. 1824; M. Pichon,

in Bull. Mus. Nat. Hist. Nat. II, 19:364. 1947. (T.: Martins $. n.!).

5. «./).

'fractum Mart. loc. cit. 1824; M. Pichon, loc. cit. 1947. (T.: Martins

Aspidosperma bicolor Mart. loc. cit. 1824. (T.: Martins s. ;/./)

Hf
(T.: Gardner 2664!).

1844; M. Pichon, loc. cit. 1947.

Aspidosperma Martii Manso, ex Mucll. Arg. in Mart. Fl. Bras. 6 1
:48. 1860; M. Pichon,

loc. cit. 1947. (T.: Martins 485I).

Aspidosperma pyrifolium Mart. p. molle Muell. Arg. loc. cit. 54. 1860. (T.: Martins s.n.!).

Thyroma bicolor (Mart.) Miers, Apoc. So. Am. 25. 1878.

fracta

1891.

1891.

Macaglia bicolor (Mart.) O. Ktze. loc. cit. 1891.

'fol 1891.

Macaglia Martii (Manso) O. Ktzc. loc. cit. 1891.

Aspidosperma guaranticum Malme, in K. Sv. Vet. Akad. Handl. Bihang, 24, afd. 3, no.

fig 1947. (T.: Malme 1006!).

Small to medium-sized trees 2-14 m. tall, usually with brittle, jointed, rimose

branches, finely appressed-puberulent to glabrous when young. Leaves elliptic to

ovate, frequently somewhat pandurate, apex acuminate to obtuse, base obtuse to

rounded, 2-12 cm. long, 2-6 cm. broad, membranaceous, finely puberulent to

glabrous; petioles 1—3 cm. long. Inflorescences borne with the young leaves, 2—5

cm. long, few- to several-flowered, regularly dichasial, the terminal flowers always

present; pedicels 2-5 mm. long, minutely puberulent to glabrous. Calyx lobes

ovate to ovate-lanceolate, acuminate, 2—3 mm. long, sparsely pilosulose. Corolla

white, very fragrant, finely appressed-puberulent to essentially glabrous without,

the tube 4-6 mm. long, about 1.5 mm. in diameter at the insertion of the stamens,

the orifice constricted and thickened, the lobes lanceolate, narrowly acuminate,

1-2 cm. long. Stamens inserted in the upper third of the corolla tube, the anthers

about 1 mm. long. Ovary ovoid, about 1 mm. long, glabrous; stigma subglobose,

minutely pilosulose. Follicles nearly circular, shortly stipitate, the body 4-5 cm.

long and 3—5 cm. broad, yellowish brown, conspicuously lenticellate, with or with-

out an indistinct midrib, the stipe 0.5—1.0 cm. long; seeds broadly ovate, 5-6 cm.

long and 3—4 cm. broad.

Widely distributed in eastern and southern Brazil and adjacent Paraguay; in

dry scrub, thickets, and woodland (caatinga and varzca) ; flowering chiefly from

September to January.

Vernacular names: Pereiro (Brazil—Luetzelburg) ; Pereiro preto (Brazil

Lisboa) ; Pcroba paulista (Brazil—Macedo) ; Ivahay, Palo de rosa (Paraguay

Malme)

.

Brazil: alagoas: Paulo Affonso Falls, Chase 7821 (F, GH, MO, US), baia: Caiete

et pracdium Maracas, Martins s. v. (W) ; in silvis catingas, Martins s.11. (W); Gcremoabo,
Schery 487 (MO); Calderao, Ule 7054 (K). ceara: Sao Estevam, Lofgren 770 (R)

;

Sobral, Dablgren Q28 (F, MO); Rio Pacoty at Fortaleza-Recife road, Dronct 2719 (F,

GH, MO), 2724 (F, GH, MO) ; locality lacking, Allemao 967 (MO, P, R) ; Gardner 1753
(GH, P, US, W). mato grosso: Cujaba, Martins 585 (W). minas gerais: Ituiutaba,
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Macedo 2020 (MO), 202J (MO), para: Vigosa, Lisbon 2435 (US), parahyba: San

Gongalo, Luetzelburg 26800 (F, MO); Serra Borborema, Luetzelburg 12356 (F, US).
pernambuco: locality lacking, Picket 3497 (GH, F). piauhy: locality lacking, Gardner

2664 (P, US, W). Rio de janiero (?): locality lacking, Glaziou 11184 (C).

Paraguay: Concepcion, Hassler 728J (MO, P, W), 7287a (MO); Colonia Risso pr.

Rio Apa, Malme 1006 (R, S, US).

The type specimen of Aspidosperma Martii may represent a hybrid between

A. pyrifolium and A. macrocarpon. It consists of both fruits and flowers with

foliage: the leaves and fruits can be referred to A. pyrifolium without difficulty,

but the flowers are rather densely tomentellous and the lobes are slightly shorter

than the tube and are somewhat too broad for true A. pyrifolium. In the original

description Mueller suggested an affinity with A. macrocarpon.

Flowers and foliage of A. pyrifolium appear to be somewhat more pubescent

in its southern range than in the north, but I see no indications to suggest that

this variation may be due to hybridization, although Sr. Macedo's specimens from

Minas somewhat suggest A. stibincanum, which occurs in the immediate vicinity.

6. Aspidosperma oliganthum Woodson, spec. nov.

Frutex parvus ut dicitur ramulis fragilibus geniculatis tenue rimosis glabris.

Folia obovata apice rotundata basi cuneata ca. 1 cm. longa 5-8 mm. lata mem-

branacea glabra opaca; petiolis ca. 2-3 mm. longis. Flores in axillis folium

superiorum solitarii; pedicellis 2—5 mm. longis tenuissimis glabris. Calycis laciniae

ovato-lanceolatae anguste acuminatae ca. 1.5 mm. longae glabrae. Corollae extus

glabrae tubo ca. 2.5—3.0 mm. longo ca. 1 mm. diam. lobis anguste lanceolatis

acuminatis 3.0—3.5 mm. longis. Stamina in tubo corollae medio inserta antheris

ca. 0.5 mm. longis. Ovarii carpella depresse ovoidea truncata ca. 0.2 5 mm. alta

glabra ovulis 2 (vel 4 ?) ; stigmate sessili fusiformi ca. 0.3 mm. longo.

Brazil: bai'a: in der Catinga bei Taidbury, October, 1906, Ule 72QO (K, type).

A most peculiar reduced form recalling A. reductum of Paraguay, but ap-

parently most closely related to A. pyrifolhim. Beside the tiny, solitary flowers

and small foliage, the form of the ovary is remarkable.

7. Aspidosperma tomentosum Mart. Nov. Gen. & Sp. 1:58, /. 34. 1824; M.

Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:364. 1947. (T.: Martius s.n.!).

Aspidosperma dasycarpon A.DC. in DC. Prodr. 8:396. 1844; M. Pichon, loc. cit. 1947.

(T.: Claussen 346!).

Aspidosperma Gomezianum A.DC. loc. cit. 397. 1844; M. Pichon, loc. cit. 1947. (T.:

Gardner 835!).
Aspidosperma velutinum Fisch. ex Muell. Arg. in Mart. Fl. Bras. 6 1 :45. 1860, nom nud.

in synon.

Aspidosberma tomentosum Mart. /3. velutinum Muell. Arg. loc. cit. 1860. (T.: Riedel

628].

Aspidosperma tomentosttm Mart. 7. angustifolhim Muell. Arg. loc. cit. 1860. (T.: Riedel

67I

!

)

.
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Aspidospcrma obscurum Muell. Arg. loc. cit. 48. 1860; M. Pichon, loc. cit. 1947. (T.:

Pohl 4314!).
Aspidospcrma camporum Muell. Arg. loc. cit. 49. 1860; M. Pichon, loc. cit. 1947. (T.:

Kit del 586).

Aspidospcrma Hilarianum Muell. Arg. loc. cit. 50. 1860; M. Pichon, loc. cit. 1947. (T.:

St.-Hilaire s. n.!).

Aspidospcrma Warmingii Muell. Arg. in Kjoeb. Vidensk. Meddel. 101. 1869; M. Pichon,

loc. cit. 366. 1947. (T.: Warming s.n.l).

Aspidospcrma pallidiflorum Muell. Arg. loc. cit. 1869; M. Pichon, loc. cit. 364. 1947.

(T.: Warming s. «./).

Macaglia tomcntosa (Mart.) O. Ktze. Rev. Gen. 2:416. 1891.

Macaglia dasycarpa (A.DC.) O. Ktze. loc. cit. 1891.

Macaglia Comcziana (A.DC.) O. Ktze. loc. cit. 1891.

Macaglia obscura (Muell. Arg.) O. Ktze. loc. cit. 1891.

Macaglia camporum (Muell. Arg.) O. Ktze. loc. cit. 1891.

Macaglia Hilariana (Muell. Arg.) O. Ktze. loc. cit. 1891.

Aspidospcrma Rojasii Hassl. in Fedde, Repert. 12:257. 1913; M. Pichon, loc. cit. 363.

1947. (T.: Hassler [Rojas] 10629!).
Aspidospcrma Quirandy Hassl. var. angnstifolium Hassl. loc. cit. 260. 1913. (T.: Ficbrig

42921).

Aspidospcrma Chodatii Hassl. ex Mgf. in Notizbl. 8:427. 1923; M. Pichon, loc. cit. 366.

1947. (T.: Hassler [Rojas] J0647!).

Trees 4-25 m. tall, with disproportionally thick, heavily subcrized branches

with greatly condensed internodes (more slender and thinly rimosc in putative

hybrids). Leaves condensed at the tips of the flowering branches, sessile, ob-

lanceolatc to obovate, apex acute to rounded, base narrowly cuneate, 10-30 cm.

long, 4-12 cm. broad, membranaceous, densely yellow-tomentose on both faces

or glabrate above (smaller, petiolate, and wholly glabrous in putative hybrids).

Inflorescences clustered subterminally in the axils of the upper leaves, 4-10 cm.

long, densely yellow-tomentose, the flowers sessile or subsessile at the tips of the

dichotomous peduncles. Calyx lobes narrowly ovate to lanceolate, acuminate to

acute, 3-6 mm. long, densely yellow-tomentose. Corolla white to yellow, yellow-

tomentellous without, the tube 3-5 mm. long, about 1 mm. in diameter at the

insertion of the stamens, the lobes lanceolate, acuminate, 4-5 mm. long. Stamens

inserted at about the upper third of the corolla tube, the anthers about 1 mm. long

cr somewhat less. Ovary ovoid, about 0.5 mm. long, glabrous; stigma fusiform,

about 0.5 mm. long. Follicles broadly obovate, 5-6 cm. long and 3.0-3.5 cm.

broad, shortly stipitate, densely yellow-tomentose, without a distinct midrib (gla-

brate and with or without a midrib in putative hybrids) ; seeds ovate, about 4 cm.

long and 3 cm. broad.

Southern Brazil and adjacent Paraguay and Bolivia; in savannas and dry wood-

lands (campos, cerrados) ; flowering from July to November.

Vernacular names (Brazil): Pcrciro do campo (Martius) ; Parobi, Pcquia

(Gardner); Pdo pcrcira do campo (Warming); Tambii (Mexia) ; Guatambu,

Gucitambti do cerrado (Macedo) ; Pcquia dc pedra (Servi^o Florestal).

Brazil: baia: Caete, Ricdcl 6~i (W). mato grosso: Fazenda das Mogas, Campo
Grande, Archer tf Gehrt 135 (US); locality lacking, Kuntze s. n. (NY); Cuiaba, Kuhl-
mann 1230 (R). goiaz: Anapolis, Oliieira 1342 (MO); Alexandre, Glaziou 21J40 (P).
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minas germs: Ituiutaba, Maccdo 520 (MO), 536 (MO), 71 1 (MO), 7/2 (MO), 737
(MO); Serra da Caraga, Glaziou 1521 1 (F, P); Serra do Lenheiro, pres S. Joao d'El Rei,

Glaziou 17133 (C, P) ; Serra de Ouro Branco, Glaziou 12949 (C, P) ; Lagoa Santa, Warm-
ing s.n. (C, NY), Engle s.n. (C) ; Bello Horizonte, Mello Barreto 300 (F), 9222 (F>

MO) ; Lagoa Santa, Mello Barreto 9213 (F, MO) ; Uberava, Regnell 871 bis (US) ; Fazenda

do Diamante, base of Serra do Angico, Mexia 5669 (GH, MO, U, US) ; Patos de Minas,

Duarte 3294 (MO). Parana: Jaguariahyva, Dusen 13116 (F, GH, MO, US), 18022

(US); Itarare, Dusen 16514 (GH, MO), s.n. (GH, MO, NY, US); Patrimonio, Dusen

16780 (US); Cachoeirinha, Wbitford & Siheira 126 (F, GH, US). Rio de janiero:

Serra dos Orgaos, Gardner 835 (GH, NY, P, US); Ipanema, Harshberger 842 (US);

locality lacking, Wilkes Exped. s.n. (US), sta. catharina: locality lacking, Mueller

170 (K). sao paulo: Araruguara, Lofgren 936 (C). data lacking: Sello 49 (U);

(G), J2d (P), 327 (F, P), 346 (G).

(W)

W), 10647 (MO, W
W), /ofeo* (MO, W), 10601 (MO, W)

W)
4^

W)

This is the most frequently collected as well as the most variable species of

Aspidospcrma. I strongly suspect the hybridization of it with three other species

of the same area: A. subincanum, A. australe, and A. parvifolinm. The four

species are so distinctive in the characteristics of their stems, leaves, flowers, and

fruits, as well as in their peculiar induments, that a tremendous range of recom-

bination patterns is available, and these are well represented in the specimens cited

above. I have attempted to arrange the specimens into five groups as a very rough

estimate of this putative hybridization. I hope that this problem will not escape

the attention of some Brazilian botanist who is interested in natural hybridization.

GROUP I. ("Pure" fomentosum) : Thick, heavily corky stems; large sessile

leaves; long corolla lobes; inflorescence very condensed; follicles without a

definite midrib—all densely yellow-tomentose.

GROUP II. (Gomezianum, etc.) : More slender, thinly rimose stems; smaller,

sessile or shortly petiolate, nearly or quite glabrous leaves; shorter corolla

lobes; inflorescence much branched from near the base, finely puberulent;

glabrous follicles without a definite midrib, (tomentosum X australe ?).

GROUP III. (Chodatii): More slender, thinly rimose stems; large, long-

petiolate leaves finely canescent or glabrate; long corolla lobes; inflorescence

fairly long-pedunculate, finely puberulent to glabrate; follicles with a prom-

inently elevated midrib, (tomentosum X subincamtm ?).

GROUP IV. {camporum, Warmingii, etc.): More slender, thinly rimose

stems; small or medium-sized, shortly petiolate leaves; shorter corolla lobes;

shortly pedunculate inflorescences—all very densely orange-tomentellous;

follicles with a prominent midrib, (tomentosum X parvifolinm ?). It

seems significant that this group is found in the southern coastal Brazilian

states.

GROUP V. (backcrosses to tomentosum ?) : Much as in Group I, but stems

somewhat more slender and with less corky bark.
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The collections which my friend Sr. Macedo has sent me for study are helpful

in this connection, since he has found trees of three of these groups, I, II, and V,

within a single day's collecting, in the vicinity of Ituiutaba, Minas Gerais.

8. Aspidosperma subincanum Mart, ex A.DC. in DC. Prodr. 8:397. 1844; M.

Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:366. 1947. (T.: Martins 262!).

Aspidosperma subincanum Mart. /3. tomentosum Muell. Arg. in Mart. Fl. Bras. 6
1 :50.

1860. (T.: Claussen $. n.l).

Macaglia subincana (Mart.) O. Ktze. Rev. Gen. 2:416. 1891.

Tree as much as 25 m. tall, with moderately stout, knotty, thinly rimose

branches. Leaves broadly elliptic, abruptly acuminate, broadly decurrent to the

petiole, 9-18 cm. long, 4-11 cm. broad, thinly membranaceous, finely and densely

cinereous-puberulent to glabrous beneath, glabrous above. Inflorescences in the

uppermost leaf axils, 3-8 cm. long, many-flowered, conspicuously pedunculate,

densely cinereous-puberulent; pedicels 1-3 mm. long. Calyx lobes ovate-lanceolate,

acuminate, about 2 mm. long, densely cinereous-pilosulose. Corolla yellow, finely

pilosulose without, the tube about 4 mm. long and 1 mm. in diameter at the in-

sertion of the stamens, constricted at the orifice and above the base, the lobes

elliptic-lanceolate, obtusely acuminate, 2.0-2.5 mm. long. Stamens inserted in

the upper third of the corolla tube, the anthers about 1 mm. long. Ovary ovoid,

about 1 mm. long, minutely puberulent; stigma fusiform, about 0.5 mm. long.

Follicles obovate, shortly stipitate, 3-4 cm. long and 2—3 cm. broad, with a prom-

inent midrib, conspicuously lenticellate, essentially glabrous; seeds ovate, about

3.5 cm. long and 2.5 cm. broad.

Southern Brazil; forests and woodlands (cajwes, capeiras, ccrradas); flowering

from September until November.

Vernacular names: Pdo pcrcira do mato (Warming) ; Guatambu (Macedo) ;

Carrasco (Krukoflf).

Brazil: goiaz: near Coco, upper Rio Tocantins, Krukoff 2067 (K, NY, U, US);
Goiaz, Burchell 6591 (K), 7305 (K). minas gerais: Ituiutaba, Macedo 2021 (MO),
2025 (MO) ; Uberava, Regnell 868 (C, F, R, US) ; Lagoa Santa, Warming %. n. (C, NY)

;

Bello Horizonte, Magalhaes 652 (MO); locality lacking, Claussen s.n. (G), 328 (C, F,

GH, NY, P, US); St.-Hilaire s.n. (P) ; Sebastianopolis, Pohl 2185 (W). mato grosso:
Cuyaba, Martins 262 (MO, P, W), Malme 1640 (R). sao paulo: Araruguara, Lofgren

972 (C).

The possibility of hybridization of this species with A. tomentosa has been

discussed under the latter; the unusually large leaves and longer pedunculate in-

florescences of a specimen of A. pyrifolium collected at Ituiutaba by Sr. Macedo

suggest possible hybridization with that species as well.

9. Aspidosperma parvifolium A.DC. in DC. Prodr. 8:398. 1844; M. Pichon,

in Bull. Mus. Nat. Hist. Nat. II, 19:366. 1947. (T.: Guilltmin 604!).

Thyroma pari/folia (A.DC.) Miers, Apoc. So. Am. 25. 1878.

Aspidosperma ingratum K. Sch. in Engl. Bot. Jahrb. 30, Beibl. 67:30. 1901; M. Pichon,

loc. cit. 1947. (T.: Glaziou 17697!).



1951]

WOODSON STUDIES IN THE APOCYNACEAE. VIII 151

Small or medium-sized trees, the branches somewhat stout, densely reddish-

tomentellous when young, becoming glabrate. Leaves obovate-elliptic, acute to

rounded, 4-10 cm. long and 1-4 cm. broad, firmly membranaceous, densely

reddish-tomentellous to glabrate or glabrous beneath, glabrous above; petioles 1-2

cm. long. Inflorescences subterminal at the upper nodes, densely reddish-tomentel-

lous, 2-4 cm. long, loosely or densely flowered; pedicels 1-2 mm. long. Calyx

lobes ovate, acute to obtusish, 1.5-2.0 mm. long, densely reddish-tomentellous.

Corolla greenish, densely reddish-tomentellous without, the tube 4-5 mm. long,

1.0-1.5 mm. in diameter at the insertion of the stamens, the lobes ovatc-reniform,

1.0-1.5 mm. long. Stamens inserted at the upper third within the corolla tube,

the anthers about 1 mm. long. Ovary ovoid, about 1 mm. long, densely and

minutely reddish-puberulent, the stigma ovoid, about 0.5 mm. long. Follicles sub-

elliptical, about 5-6 cm. long and 2.5-4.0 cm. broad, gradually narrowed to a

stipe 1.5-2.0 cm. long, reddish brown, with a prominently elevated midrib; seeds

oval, about 5 cm. long and 3 cm. broad.

Eastern Brazil; in woodlands; flowering from January to July.

Vernacular names: Piquia (Guillemin) ; Tambu cafe (Mello Barreto).

Brazil: bai'a: Machado Portello, Rose & Russell 1994* (NY, US), minas gerais:

Fazenda da Cachoeira, Tombos, Mello Barreto 1393 (F), Oliveira 325 (MO). Rio de

Janeiro: Sumare, Kuhlmann 4373 (U, US); Alto Macahe, Glaziou 12075 (C, P), 17131

(P), 17697 (P), 18366 (C, P). sao paulo: Ubatuba, Guillemin 604 (G) ; locality lack-

W), Pohl s.n. (W)

parvifi

dize with others growing within pollinating distance. I interpret in this way the

somewhat variable color and abundance of the characteristic indument as well as

variability in leaf size and shape. The tendencies of this variation rather suggest

A. pyricollum as a hybridizing agent.

10. Aspidosperma australe Muell. Arg. in Mart. Fl. Bras. 6 1
:58. 1860; M.

Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:366. 1947. (T.: Seltow s. »./).

Aspidosperma argentcum Muell. Arg. in Kjocb. Vidensk. Meddel. 104. 1869; M. Pichon,

loc. cit. 363. 1947. (T.: Warming s.n.!).

Macaglia australis (Muell. Arg.) O. Ktze. Rev. Gen. 2:416. 1891.

Aspidosperma Quirandy Hassl. in Fedde, Repert. 12:259. 1913; M. Pichon, loc. cit. 366.

1947. (T.: Hassler 2329!).

Aspidosperma Quirandy Hassl. var. campestre Hassl. loc. cit. 1913. (T.: Hassler 7*99'-)-

Aspidosperma Quirandy Hassl. var. silvaticum Hassl. loc. cit. 1913. (T.: Hassler 1060H).

Aspidosperma australe Muell. Arg. var. estrellense Hassl. loc. cit. 263. 1913. (T.: Hassler

10651!).

Aspidosperma australe Muell. Arg. var. erythroxylum Hassl. Addenda Pi. Hassl. 12. 1917,

nom. mid.

Aspidosperma australe Muell. Arg. var. longepetiolatum Hassl. loc. cit. 1913, nom. nud.

Aspidosperma occidental Malme, Arkiv Bot. 21A 6 :10. 1927; M. Pichon, loc. cit. 366.

1947, non Mgf. (T.: Malme 2732!).

Aspidosperma missionum Spcg. in Physis 3:336. 1917. (T.: Spegazzini 12685—photo US!).

Trees 3-20 m. tall, the trunk with suberized bark, the branches rather slender

and thinly rimose. Leaves ovate- to narrowly oblong-elliptic, apex obtuse to
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acuminate, base obtusely cuneate to rounded, 5-12 cm. long, 1.5-5.0 cm. broad,

firmly membranaceous, glabrous or inconspicuously pilosulose beneath when young;
petioles 1.5-5.0 cm. long. Inflorescence densely clustered subterminally at the

upper nodes, divaricately branched from near the base, 2-4 cm. long, densely

appressed-puberulent; pedicels 2-3 mm. long. Calyx lobes ovate, acute, 1.5-2.0

mm. long, appressed-puberulent. Corolla greenish or yellowish, very densely white-

sericeous without, the tube 5-6 mm. long, about 1.5 mm. in diameter at th

insertion of the stamens, the lobes ovate, 1.5-2.0 mm. long. Stamens inserted at

the upper third within the corolla tube, the anthers about 1 mm. long or somewhat
less. Ovary broadly ovoid, about 1 mm. long, densely sericeous, the stigma ob-

longoid, about 1 mm. long. Follicles nearly circular, 3-4 cm. long and 2.5-3.0 cm.
broad, without a midrib or indefinitely striate, essentially glabrous, usually grayish,

the stipe 0.5-1.5 cm. long; seeds ovate, about 3.5 cm. long and 2.5 cm. broad.

Southern Brazil and adjacent Paraguay, Argentina, and Bolivia; in light woods;
flowering in September and October.

Vernacular names: Tambu verde (Brazil—Magalhaes) ; Tambu canudo (Brazil

Magalhaes, Oliveira).

Brazil: mato grosso: Corumbao, Malmc 2732 (S). minas gerais: Belo Horizonte,
Magalhaes 378 (MO), 689 (MO); Oliveira, Magalhaes 4447 (MO); Sta. Luzia, Magalfaes
4446 (MO); Betim, Magalhaes 612 (MO); Araxa, Oliveira 1345 (MO); Arcos, Oliveira
252 (MO); Lagoa Santa, Warming s. n. (C), Engel 1056 (C). Rio grande do sul: Sao
Leopoldo, Leite 2327 (GH); Sao Leopoldo, Dntra 772 (R). sao paulo: locality lacking,
Mosen 2532 (C, P, R). data lacking: "Brasilia mcridionalis", Selfow s. n. (W).

Paraguay: Villa Rica, Jdrgensen 3690 (C, F, GH, MO, US); Gran Chaco, Hauler
2329 (K, MO, W); Estrclla, Hassler [Rojas] 10651 (MO, W) ; Sierra de Amambay,
Hassler [Rojas] 10755 (K, W).

Bolivia: cochabamba: between Vila-Vila and Misquc, Cardenas 2146 (MO, US).
sta. cruz: Cercado, Steinbach 6394 (K); locality lacking, Herzog 16S2 (G).

Argentina: misiones: "in Hort. Agron. La Plata (ex Misiones), ejemplares tipicos
por

The Hauman sheet was received without a name, and may represent A. mis-

sion?!m Speg., since it corresponds well with the photograph of the type specimen.

Aspidospenna australe is a very well-marked species, but appears to hybridize
with both A. foment sum and A. pyricollum.

11. ASPIDOSPERMA pyricollum Muell. Arg. in Mart. Fl. Bras. 6
1

:58. 1860; M.
Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:366. 1947. (T.: Weddell 445!).

Aspidospenna Riedelii Muell. Arg. loc. cit. 56. 1860; M. Pichon, loc. cit 1947 (T •

Riedel 277H).
Aspidospenna Sellowii Muell. Arg. loc. cit. 1860; M. Pichon, loc. cit. 1947. (T.: Sellow

s. 71.!).

Aspidospenna olivaceum Muell. Arg. loc. cit. 57. 1860; M. Pichon, loc. cit. 1947. (T.:
Sellow s. 11.I) .

Aspidospenna olivaceum Muell. Arg. £. obtusifolium Muell. Arg. loc. cit. 58. 1860. (T.:
Sellow s. w./).

Aspidospenna pyricollum Muell. Arg. 7. obovatum Muell. Arg. loc. cit. 1860. (T.: Sellow
s. ;;./)

.

Thyroma Riedelii (Muell. Arg.) Miers, Apoc. So. Am. 26. 1878.
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Thyroma Sellowii (Muell. Arg.) Miers, loc. cit. 24. 1878.

Macaglia olivacea (Muell. Arg.) O. Ktze. Rev. Gen. 2:416. 1891.

Macaglia pyricolla (Muell. Arg.) O. Ktze. loc. cit. 1891.

Aspidospcrma Riedelii Muell. Arg. var. genuinum Hassl. in Fedde, Repert. 12:262. 1913.

Aspidosperma Riedelii Muell. Arg. var. genuinum Hassl. forma micropbyllum Hassl. loc.

cit. 1913. (T.: Balansa 1344)-
Aspidosperma Sellowii Muell. Arg. var. genuinum Hassl. loc. cit. 263. 1913.

Aspidosperma Sellowii Muell. Arg. var. collinum Hassl. loc. cit. 1913. (T.: Hassler 4°44)-

Aspidosperma bello-hovizontinum A. Silv. in Arch. Mus. Nac. Rio Jan. 23:159, pi. /.

1921; M. Pichon, loc. cit. 1947. (T.: Silveira 570).

Aspidosperma longipctiolatum Kuhlm. in Anais Prim. Reun. Sul-Am. Bot. 3:86, /. 15.

1940. (7.: Kuhlmann 29793).

Trees 3-10 m. tall, the branches relatively slender, thinly rimose. Leaves ob-

lanceolate to broadly oval-obovate, acute to rounded at the tip, base acutely

cuneate, rarely broadly obtuse, 3-10 cm. long, 1-6 cm. broad, firmly membra-

naceous, glabrous; petioles 1-2 cm. long. Inflorescence subterminal at one or more

of the upper nodes, 2-5 cm. long, distinctly pedunculate, very inconspicuously

yellow-puberulent to essentially glabrous; pedicels 1-2 mm. long. Calyx lobes ovate

to ovate-lanceolate, acute to obtuse, 1-2 mm. long, inconspicuously pilosulose to

essentially glabrous. Corolla greenish or yellowish, finely pilosulose or papillate

without, the tube 5.0-5.5 mm. long and about 1.5 mm. in diameter at the insertion

of the stamens, the lobes ovate, acute to obtuse, 1.5-2.0 mm. long. Stamens in-

serted at about the upper third within the corolla tube, the anthers 1-2 mm. long.

Ovary ovoid, about 1 mm. long, sparsely pilosulose, the stigma fusiform, about

1 mm. long. Follicles elliptic-pyriform, the body 4—6 cm. long and 2.5-3.0 cm.

broad, with a more or less definite midrib, brown, gradually narrowed to a stipe

1.0-1.5 cm. long; seeds oval, 3—4 cm. long and about 2.5 cm. broad.

Southern Brazil; in woodlands (restingas) ; flowering from October to

December.

Vernacular names (Brazil): Guatarnbu (Servigo Florestal, Magalhaes, Malme)
;

Pequia da restinga (Servico Florestal); Amarcllao (Ducke) ; Pcquia (Glaziou).

Brazil: acre: Rio Acre, Ducke 207 (US), minas gerais: Caldas, Nova Ponte,

Magalhaes 203 (MO); Limo Duarte, Magalhaes 480 (MO); Regnell 869 (C, F, GH, P,

R, U, US) ; Serra do Cipo, Duarte 2257 (MO), paraiba: Areia, Vascoficellos 243 (MO).
Rio de Janeiro: Tejuco, Pobl 4315 (W) ; Corcovado, Gardner S542 (K), Ducke &
Kuhlman n 15387 (MO); Serra dos orgaos, Barbosa s.n. (MO); Praia do Pinto, Con-
stantino 2170 (U); horto botanico cultum, Constantino 7825 (U, US); Recreo

dos Bandeirantes, Lutz 547 (F, R, US); Mundo Novo, Kuhlmann 15346 (U, US);
restinga da Copacabana, Glaziou JjOOO (C), Raben s.n. (C) ; montem Dois Crimaos,

Warming s.n. (C) ; Ipanema, Riedel 2771 (W), Setviqo Florestal 109 (MO); environs

de Rio-Janeiro, Weddel 445 (P, W) ; Horto Florestal 108 (MO); St. Louis, Glaziou 4079
(C, F, P); Alto Macahe de N. Friburgo, Glaziou 18364 (C, P), 19630 (C, P) ; Carahy,

Engle s.n. (C) ; Corcovado, Ducke & Kuhlmann I53$7 (MO), sta. catarina: Itajai,

Mutter 121 (R). sao paulo: Jardim Botanico, Hoehne 28344 (F, GH, MO); locality

lacking, Lund s.n. (C). data lacking: Glaziou 636 (C), 637 (C), 1586 (C), 2923
(C), 5933 (C), 18365 (C) ; Scllow s. n. (U, W) ; Riedel s. n. (GH, U, W).

This species is a bit difficult to distinguish from A. australe at times, but

usually may be told by the nearly glabrous inflorescence which appears to be rather

flat-topped, while it seems to be almost spherical in A. australe. The fruits, of
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course, are quite different. I think it possible that A. pyricollum may hybridize

with A. australe to the south and with A. Ulei to the north, while the plants usually

referred to A. Scllowii show some indications of A. parvifolium.

12. Aspidosperma Vargasii A.DC. in DC. Prodr. 8:399. 1844; M. Pichon, in

Bull. Mus. Nat. Hist. Nat. II, 19:366. 1947. (T.: Vargas s.n.!).

Macaglia Vargasii (A.DC.) O. Ktze. Rev. Gen. 2:416. 1891.

Trees 3-20 m. tall, the branches relatively slender, with close thin bark.

Leaves elliptic to obovate, shortly acuminate, obtusely to acutely cuneate, 5-12

cm. long, 3-6 cm. broad, firmly membranaceous, glabrous; petioles 1.0-1.5 cm.

long. Inflorescences clustered subterminally at the uppermost nodes, densely flow-

ered, densely puberulent, 2-5 cm. long; pedicels about 1 mm. long. Calyx lobes

ovate, acute, about 2 mm. long, minutely pilosulose. Corolla white, densely

pilosulose without, the tube 3.5-4.0 mm. long, about 1 mm. in diameter at the

insertion of the stamens, the lobes ovate, about 1.5 mm. long. Stamens inserted

in the upper third of the corolla tube, the anthers about 1 mm. long. Ovary ovoid,

about 1 mm. long, densely puberulent; stigma ovoid, about 0.5 mm. long. Follicles

pyriform, about 4-5 cm. long and 2.5-3.0 cm. broad, gradually narrowed to a

stipe 0.5-1.0 cm. long, with a definite midrib; seeds ovate, about 4 cm. long and

2.5 cm. broad.

Venezuela and adjacent Colombia and Guiana; rocky arid slopes and transition

forest; flowering from June to September.

Vernacular names: Amarillo (Venezuela—Curran & Haman); Ycma dc huevo

(Venezuela—Steyermark, Ll. Williams); Walababadan (Surinam—Boschwezen ) ;

Ouillo bordon (Peru—Woytkowski).

Colombia: data lacking, Mittis 5216 (US).
Venezuela: aragua: Parque Nacional, Ll Williams 10125 (F). bolivar: La

Prision, Medio Caura, Ll. Williams 11712 (F, K, MO, US); Guayapo, Bajo Caura, Ll.

Williams 11829 (F, MO, US), distrito federal: Antlmano, Pittier 13381 (F, MO,
NY, US); between La Guaira and Rio Grande, Curran & Haman 973 (GH, US); Curu-
cuti, Pittier 7773 (GH, US), 9851 (GH, US); between Caracas and La Guaira, Pittier

51 (GH, US), 8695 (GH, US), IO380 (GH, NY, US), 11888 (F, G, MO, NY, US),
Delgado 194 (F), Rose 21912 (GH, US), Fendler 1290 (GH—in part, K); Caracas,
Vargas s.n. (G). Sucre: Cerro Imposible, Steyermark 62923 (MO, US); Rio Guagua,
Steyermark 62786 (MO), tachira: San Cristobal, Archer 3201 (US).

Surinam: Sectie O, Wood Herbarium, Surinam 323 (K, U).
Peru: huanuco: Shapajilla, Woytkowski 26 (F, MO), san martin: Tarapoto,

Ll Williams 6231 (F, MO, US).

The timber is said to be rather hard, yellow, and with a bitter taste. Possible

hybridization of A. Vargasii and A. Ulei is discussed briefly under the latter species.

13. Aspidosperma Ulei Mgf. in Notizblatt 9:78. 1924. (T.: Ule $453, photo.

MO!).

Aspidosperma occidental Mgf. loc. cit. 15:133. 1940, non Malme. (T.: Ule 9700!).

Trees 3-40 m. tall, with relatively slender, thinly rimose branches. Leaves

obovate to obovate-elliptic, obtuse or rounded to acute, base narrowly or broadl T f

J



1951]

WOODSON STUDIES IN THE APOCYNACEAE. VIII 155

Fig. 6. Aspidospcrma Ulci Mgf
and split fruit showing seed.

Flowering branch, entire and dissected flowers, entire

cuneate, 4-10 cm. long, 2-5 cm. broad, membranaceous, glabrous above, densely

yellow-puberulent to glabrate beneath; petioles 1-2 cm. long. Inflorescences one

to several at the upper nodes, densely yellow-puberulent, 3-5 cm. long, relatively

lax and long-pedunculate; pedicels about 1 mm. long. Calyx lobes ovate, acute,

1-2 mm. long, minutely yellow-puberulent. Corolla greenish white to yellow,

densely yellow-puberulent without, the tube about 3 mm. long and 1.5 mm. in

diameter, the lobes ovate, about 1 mm. long. Stamens inserted at the upper third

within the corolla tube, the anthers somewhat less than 1 mm. long. Ovary ovoid,

about 1 mm. long, densely and minutely puberulent, the stigma ovoid, less than

0.5 mm. long. Follicles pyriform, about 4 cm. long and 3-4 cm. broad, rather

abruptly narrowed to a stipe about 1 cm. long, with a prominently elevated midrib;

seeds ovate, about 4 cm. long and 3 cm. broad.

Northern Brazil and adjacent Venezuela; in mixed low bush and transitional

forest; flowering from October to June.
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Venezuela: guarico: between Ortiz and Guarico Bridge, Pittier 12225 (NY, US);
near Para Para, Archer 3022 (US).

British Guiana: Kumuparu, Demerara River, Forest Dept. 2536 (K) ; Kanuku
Mountains, Takutu River, A. C, Smith 3151 (MO, U, US), 3389 (MO, U, US).

Brazil: acre: Rio Acre, Die 9700 (K). amazonas: Surumu, Rio Branco, Ulc 8451
(G, U); Serra Grande, Rio Branco, Ducke 34947 (U, US), baia: Bonfim, Curran 148
(GH, MO, US), pernambuco: Tapera, Pickel 2994 (F, GH).

Markgraf cited both Ule 8452 and 8453; the latter was photographed by Mac-
bride and prints are distributed in many herbaria. As far as I can learn, both

sheets were lost in the destruction of the herbarium at Berlin-Dahlem, and I have

been unable to find duplicates. However, Ule 8451 was collected at the same
locality and on the same date as the type specimens and corresponds very closely

with the photograph of Ule 8453.

Aspidosperma Ulei appears to hybridize with both A. Vargasii and A. pyri-

collum, to judge from our meagre herbarium representation: the specimens from
British Guiana tend to glabrate foliage, and the fruits from Venezuela have in-

definite midribs; the small, obovate-oblong leaves of the specimen from Pernambuco
are very suggestive of those of pyricollum, although the fragments of inflorescence

show the characteristically dense, yellow pubescence of A. Ulei.

I feel myself fortunate in having discovered the isotype of A. occidental Mgf.
non Malme (Ule 9700) amongst the undetermined specimens from Kew. It is

flowering, and almost unquestionably referable to A. Ule Mgf. Before finding this

specimen, the only one which I had to represent A. occidental was Krukoff 5470,
cited by Markgraf as a paratype and seen by me amongst the specimens at Geneva,

Stockholm, and Washington.

The difficulty lay in the fact that the specimen was in fruit, and that Markgraf

did not describe fruit for A. occidentals Furthermore, the fruits are of a type

which is unfamiliar to me otherwise: it is strongly unequal-biconvex, about 5 cm.
long and 4 cm. broad, apparently sessile, quite woody, dark brown with prominent

lenticels. The whole suggests the fruits of A. rami]forum to me, although it is

not that species. It most definitely is not the fruit of A. Ulei, and may represent

a new species, perhaps a second for the ramiflora. However, this study has

impressed upon me the dangers of describing new species of AspiJosperma from
fruit alone, and I shall forbear in this case.

14. Aspidosperma reductum (Hassl.) Woods., stat. nov.

Aspidosperwa Riedelii Muell. Arg. ssp. reductum Hassl. in Fedde, Repert. 12:262. 1913.
(T.: Fiebrig337l).

Small tree with relatively slender, gnarled, loosely rimose branches. Leaves

obovate-spatulate, apex broadly rounded, narrowly cuneate to a subpetiolar base,

1.5-2.5 cm. long, 4-9 mm. broad, wholly glabrous. Flowers borne singly in the

axils of the uppermost leaves; pedicels 2-3 mm. long, glabrous. Calyx lobes

oblong-spatulate, obtuse or rounded, 2.5-3.0 mm. long, glabrous. Corolla appar-
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ently greenish-white, glabrous or indefinitely papillate without, the tube about

3 mm. long, about 1 mm. in diameter at the insertion of the stamens, the lobes

obovate-oblong, about 1.5 mm. long. Stamens inserted at about the upper third

within the corolla tube, the anthers somewhat less than 1 mm. long. Ovary ovoid,

about 0.5 mm. long, minutely sericeous, the stigma about 0.25 mm. long.

Paraguay: Cordillera de Altos, Fiebrig 337 (F, G).

Like many other small-leaved specimens of the series Pyricolla, particularly

if sterile, this plant was associated with A. Riedelii by Dr. Hassler. The peculiar

calyx lobes of this plant, however, are quite unlike those of any other of the genus

which I have examined. A close parallel is found in the uniflorous A. oliganthum

of northern Brazil, but the flowers of the two species are quite different.

Series IV. Polyneura Woodson, n. ser.

Ser. Macrolobii K. Sch. in Engl. & Prantl, Nat. Pflanzcnfam. 4 2 :141. 1895, in part; Ser.

Microlobii K. Sch. loc. cit. 142. 1895, in part; § Tetrasticba M. Pichon, in Bull. Mus.

Nat. Hist. ser. 2, 19:363. 1947, in part; § Reticulata M. Pichon, loc. cit. 366. 1947.

Trees or shrubs with rather scanty colorless or milky latex, apparently ever-

green, with rather close, thin, conspicuously lenticellate bark. Branches with

naked or scaly (A. polyneuron) > acuminate buds, the subtending internode defi-

nitely thicker (or scarcely thicker in A. cmspa) than the terminal petiole, with

(A. polyneuron) or without definite seasonal articulations. Leaves alternate,

firmly membranaceous, rather small to moderately large, with prominent reticulate

venation upon both surfaces, the secondary veins widely arcuate. Inflorescence

terminal or subterminal, thyrsiform to cymiform, with persistent but irregularly

disposed and frequently obscure bracts; corolla tubular or tubular-salverform,

rather coriaceous, glabrous without (but more or less puberulent-papillate toward

the upper tube and lobes in A. polyneuron and A. dtspermum) ; ovary essentially

terete. Follicles falciform to subcylindric, somewhat concave- to somewhat bi-

convex, the placenta rotating about 45°-135°, sessile, essentially glabrous, con-

spicuously lenticellate; seeds with a narrow, strongly excentric basal wing (con-

centric in A. dtspermum).

cies IS-18 Figure 7.Sp

KEY TO THE SPECIES

a. Inflorescences clustered subterminally in the uppermost leaf axils,

dichasial, the bracts inconspicuous or caducous, the flowers definitely

pedicellate; seeds with an excentric or concentric wing, the embryo

bilaterally symmetric.

b. Corolla more or less puberulent without, the lobes about half as long

as the tube; inflorescence more or less densely puberulent.

c. Inflorescence relatively lax, white-puberulent; leaves broadly ellip-

tic to ovate-elliptic, the reticulate tertiary venation emersed;

follicles broadly elliptic, not obviously lenticellate, the seeds with a

narrow, concentric wing 15. A. dispermum

cc. Inflorescence relatively dense, gray-puberulent; leaves obovate- to

oblong-elliptic, the reticulate tertiary venation very prominent on

both surfaces; follicles clavate-oblong, very conspicuously lenti-

cellate, the seeds with an elongate, obtuse, basal wing 16. A. polyneuron
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bb. Corolla glabrous without, the lobes about twice as long as the tube;

inflorescence very lax, glabrous or rarely somewhat puberulent; leaves

ovate-elliptic, the reticulate tertiary venation emersed; follicles stout-

ly clavate-oblong, very conspicuously lenticellate, the seeds with a

short, acute, basal wing 17. A. cylindrocarpon
aa. Inflorescence solitary, usually terminal, monochasial, the bracts per-

sistent, relatively conspicuous, the flowers sessile; follicles subreniform,
obviously lenticellate, the seeds with an excentric, elongate, obtuse,

basal wing, the embryo bilaterally asymmetric 18. A. cuspa

15. Aspidosperma dispermum Muell. Arg. in Mart. Fl. Bras. 6
1

:60. 1860; M.

Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:366. 1947. (T.: Riedcl WQl!).

Macaglia disperma (Muell. Arg.) O. Ktze. Rev. Gen. 2:416. 1891.

Trees about 6 m. tall, the branches relatively slender, minutely puberulent

when young, glabrate and thinly rimose at maturity. Leaves broadly elliptic to

ovate-elliptic, the apex abruptly and shortly acuminate to obtuse, the base broadly

obtuse, 5-12 cm. long, 2-7 cm. broad, firmly membranaceous, the reticulate

tertiary venation emersed, glabrous; petioles 2-3 cm. long. Inflorescences clustered

subterminally in the uppermost leaf axils, dichotomously dichasial, 2-5 cm. long,

the peduncles and pedicels densely white-puberulent, the bracts very minute;

pedicels about 1 mm. long. Calyx lobes broadly ovate-trigonal, acute to obtuse,

about 0.5 mm. long, densely white-puberulent. Corolla greenish, the tube about

2.5 mm. long and 1 mm. in diameter, glabrous without, the lobes oblong, rounded,

about 1.5 mm. long, sparsely appressed-pilosulosc without. Stamens inserted some-

what above midway within the corolla tube, the anthers about 0.7 mm. long.

Ovary ovoid, glabrous, about 0.5 mm. long, the stigma subcapitate. Follicles

broadly elliptic, acuminate, 2-3 cm. long, 1-2 cm. broad, sessile, with a prominent

midrib, not obviously lenticellate; seeds 2, oval, about 2 cm. long and 1.0-1.5 cm.

broad, with a narrow concentric wing and a bilaterally symmetric embryo.

Southeastern Brazil on rocky hillsides and cavrascos.

Vernacular name: Pcreiro da serra (Mello Barreto).

Brazil: minas gerais: Serra da Lappa, Riedcl IOQI (G, NY, U, W) ; Diamantina,
Mello Barreto $861 (F).

Although transitional to the species of series Pyricolla in the concentrically

winged seeds, the reduction of the seed number to two is the most advanced of

that tendency in the series Polyneura. It is odd that this species has not been

collected more frequently, since Mello Barreto reports that it is very abundant in

the municipality of Diamantina. Nevertheless, A. dispermum must be of relatively

limited distribution; specimens from eastern Peru which have been referred to it

clearly represent A. polyncuron.

16. Aspidosperma polyneuron Muell. Arg. in Mart. Fl. Bras. 6 !
:57. 1860;

M. Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:366. 1947. (T.iRjedel 2332!) .

Aspidosperma Peroba All. ex Said. Config. & Descr. Madeiras Rio Jan. 9, 104. 1865. (T.:
Beaurepaire s. nJ)

Aspidosperma venosnm Muell. Arg. in Kjoeb. Vidensk. Meddel. 103. 1869. (T.: Warming
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Thyroma polyneura (Muell. Arg.) Miers, Apoc. So. Am. 24. 1878.

Aspidcsperma polyneuron Muell. Arg. var. genuinum Hassl. in Fedde, Repert. 12:260.

1913.

Aspidosperma polyneuron Muell. Arg. var. Iongifolium Hassl. loc. cit. 1913. (T.: Hassler

10408a!).

Aspidosperma Dugandii Standi, in Trop. Woods 36:15. 193 3. (T.: Dugand 355-) •

Trees 8-20 m. tall, the trunk as much as 80 cm. thick, the branches relatively

slender, glabrous, thinly rimose. Leaves oblong- to obovate-elliptic, shortly and

abruptly acuminate to obtuse or rounded at the apex, base acutely cuneate to

obtuse, 4-12 cm. long, 1-4 cm. broad, firmly membranaceous, the reticulate

tertiary venation very prominent on both surfaces, glabrous; petioles 1.0-1.5 cm.

long or somewhat less. Inflorescences clustered subterminally in the uppermost

leaf axils, dichasial, relatively dense, gray-puberulent, 1-3 cm. long, the pedicels

about 1 mm. long, the bracts minute. Calyx lobes broadly ovate, acute to rounded,

0.5-1.0 mm. long, appressed-pilosulose without. Corolla whitish or yellowish,

densely appressed-puberulent to nearly glabrous without, the tube 2.5-3.0 mm.

long, about 1 mm. broad at the insertion of the stamens, the lobes ovate, 0.5—1.5

mm. long. Stamens inserted somewhat above midway within the corolla tube, the

anthers about 0.5 mm. long. Ovary ovoid, about 0.5 mm. long, densely puberu-

lent. Follicles clavate-oblong, 3-6 cm. long and 1.0-1.5 cm. broad, very con-

spicuously lenticellate, the seeds 2—3.5 cm. long, the obtuse, basal wing about as

long as the radially symmetric cotyledons.

Northern Colombia to Paraguay and northern Argentina and eastern Peru, in

forests and thickets from approximately 25 to 1000 m. elev.; flowering from

February to June in the north and from November to March in the south.

Vernacular names: Carreto (Colombia—Dugand) ; Comuld or Camilla

(Colombia—Killip et al.); Paroba and Paroba mirim (Brazil—Warming); Peroba

rosa (Brazil—Whitford & Silveira) ; Pcrobinha (Brazil—Whitford & Silveira)

;

Peroba and Palo rosa (Argentina—Denis).

Colombia: atlantico: Luruaco, Dugand 582 (COL), Elias 1597 (F> MO); near

Barranquilla, Dugand 42$ (F) \ Arroyo de Caria, Dugand & Jaramillo 27QO (COL),
Dugand 355 (F, US), 208 (F) ; alrededores de Galapa y Baranoa, Dugand & Jaramillo

3442 (COL), bolivar: Rio Sinu, Verken & Cambourg s.n. (P). cundinamarca:
Tocaima, Arbeldez 4689 (COL, US); Chucunda-Tocaima, Garcia 3083 (COL, US); east

of Apulo, along trail to Anapoima, Killip, Dugand & Jaramillo 3$I3 I (COL, US) ; Hacienda

El Cucharo, between Tocaima and Pubenza, Killip
9
Dugand & Jaramillo 38280 (COL, MO,

US), Jaramillo & Mejia 233 (COL), magdalena: Tocaima, Triana s.n. (COL); near

Fonseca, Haught 4007 (COL, US); Procedencia Fundacion, Nunez Bossio 541 (COL);
Rio Tucurinca, Dugand IO24 (COL, F) ; Don Jaca, Santa Marta Region, Record 66 (F).

Brazil: espirito santo: Collantina, Whitford & Silveira 62 (F, GH, US), minas
gerais: Lagoa Santa, Warming s.n. (C, NY); locality lacking, Regncll 8jO (F, NY).
Parana: Cachoerinha, Whitford & Silveira 125 (F, GH, US); Patrimonio, Dusen 16781
(GH, MO, NY, US); Jaguariahyva, Dusen s.n. (F, MO); Volta Grande, Dusen s.n.

(GH). Rio de Janeiro: Morro Azul, Riedel 2332 (F, GH, NY, P, U, W) ; Floresta da

Upica, Glaziou Ul8g (C, P) ; Botanical Gardens, Whitford 12 (GH, US); Mundo Novo,
Kuhlmann 15344 (U, US) ; Matta da Fabrica Alianca, Serviqo Florestal 103 (MO) ;Avelar,

Nufics g (R). sao paulo: Jardim Botanico, Hoehne 2866Q (NY); Rio Claro, Lofgren

673 (C); Sao Paulo, Beaurepaire s.n. (R); locality lacking, Lofgren 32 (C), Lund s.n.
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Paraguay: Sierra de Amambay, Hassler 10408 (W), 10408a (W).
Argentina: misiones: Puerto Bertoni, Denis 3578 (MO).
Peru: cajamarca: Prov. Jaen, near Las Huertas, Weberbauer 71 15 (GH, US).

Professor Dugand, who has been particularly interested in this species, reports

that it produces excellent structural timber, the heartwood being handsome pink

or orange in color and the sapwood dull gray-white. From the reports of collectors,

the trees appear to be evergreen, with rather scanty, watery sap and not milky.

The leaves of specimens currently assigned to A. Dugandii appear to be somewhat

larger than strictly typical A. polyneuron, and the corolla lobes may average a bit

longer, but I do not consider these slight differences to be of specific importance.

17. Aspidosperma cylindrocarpon Muell. Arg. in Mart. Fl. Bras. 6
!
:54. 1860;

M. Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:366. 1947. (T.: Sella s. »./).

Aspidosperma lagoense Muell. Arg. in Kjoeb. Vidensk. Meddel. 102. 1869. (T.: Warming
s. n.t).

Aspidosperma brevifolia Rusby, in Bull. N. Y. Bot. Gard. 8:113. 1912. (T.: R. S. Williams

255!)-
Aspidosperma cylindrocarpon Muell. Arg. var. genuinutn Hassl. in Fedde, Repert. 12:260.

1913.

Aspidosperma cylindrocarpon Muell. Arg. var. longepetiolatum Hassl. loc. cit. 261. 1913.

(T.: Hassler 120681).

Aspidosperma cylindrocarpon Muell. Arg. var. macropbyllum Hassl. loc. cit. 1913. (T.:

Hassler 1 1422).

Trees 4-12 m. tall, the branches relatively slender, glabrous or irregularly

puberulent when very young, thinly rimose at maturity. Leaves ovate- to lance-

elliptic, acutely acuminate to obtuse, base obtuse to acute, 5-12 cm. long, 1.5-6.0

cm. broad, firmly membranaceous, lustrous, the reticulate tertiary venation emersed,

glabrous; petioles 2.0—2.5 cm. long. Inflorescences clustered subterminally in the

uppermost leaf axils, dichotomously dichasial, very lax, 2-7 cm. long, glabrous or

rarely irregularly puberulent, the pedicels 1-3 mm. long, the bracts minutely

lanceolate, caducous. Calyx lobes ovate, acute, 1 mm. long, glabrous or minutely

ciliolate. Corolla white, glabrous or rarely indefinitely puberulent-papillate with-

out, the tube 2-3 mm. long, about 1 mm. wide at the insertion of the stamens, the

lobes narrowly oblong, 5-8 mm. long. Stamens inserted about midway within

the corolla tube, the anthers about 0.5 mm. long. Ovary ovoid, about 0.5 mm.
long, glabrous, the stigma subglobose. Follicles stoutly clavate-oblong, 6-8 cm.

long and 2.0-2.5 cm. broad, very conspicuously lenticellate, the seeds 3-5 cm.

long, the acute basal wing somewhat shorter than the bilaterally symmetric coty-

ledons or about as long.

Southern Brazil and adjacent Paraguay and Bolivia, in woodlands and balcony

forests of plains; flowering from September to November.

Vernacular name: Carapanhuba (Brazil—Ducke).

Brazil: mato grosso: Caceres, Hoehne 4444 (MO), 5034 (R). minas gfrais:

entre Sitio & Barbacena, Glaziou 12948 (C, P) ; Arcos, Oliveira 211 (MO); Bello Hon-
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Fig. 7. Aspidosperma cylindrocarpon Muell. Arg. (upper figures): Flowering branch, entire

and dissected flowers; Aspidosperma cmpa (HBK.) S. F. Blake (lower figures): Flowering branch,

entire and split fruit showing seed.

zonte, Magalhdes 620 (MO); Lagoa Santa, Warming s.n. (C, F, W) ; Santa Luzia, Mello

Barreto 3189 (F) ; Caldas, Regncll 870 bis (C, F, GH, K, NY, R, U, US) ; locality lacking,

Kegnell s.n. (F), Sello s.n. (P, W). Parana: Jaguariahyva, ad marginem silvulae,

Dusen 16071 (F, GH, MO, NY, US), ibid, in campo rupestre, Dusen s.n. (F, GH, MO).
Rio de janiero: Aldeia de Sao Pedro, Glaziou 12952 (C, K, MO, P, R) ; Sao Pedro da

Aldeia, Vie s. n. (R). sao paulo: Loreto, Vecchi 264 (R).

Paraguay: Sierra de Amambay, Hassler [Rojas] IOjQO (MO, W).

Bolivia: santa cruz: Tarochito, Steinbach 814.4. (K, U) ; Rio San Juan, R. S.

Williams 255 (NY).

Although the inflorescence of this species typically is glabrous, occasional

pubescence, combined with somewhat shortening of the corolla lobes, might be
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interpreted as evidence of occasional hybridization with A. polyncuron. This is

particularly noticeable in the Bolivian specimen cited above.

18. Aspidosperma cuspa (HBK.) S. F. Blake, ex Pittier, Man. Pi. Us. Venez.

110. 1926.

Conoria ? Cuspa HBK. Nov. Gen. & Sp. 7:242. 1825. (T.: Humboldt tf Bonpland s.n.9

photo. GH!).
Ahodeia Cuspa (HBK.) Spreng. Syst. 4:Cur. Post. 99. 1827.

Aspidosperma Lhotzkianum Muell. Arg. in Mart. Fl. Bras. 6 1 :60. 1860; M. Pichon, in

Bull. Mus. Nat. Hist. Nat. II, 19:366. 1947. (T.: Lhotzky s. »., photo. MO!).
Aspidosperma decipiens Muell. Arg. in Linnaea 30:398. 1860; M. Pichon, loc. cit. 1947.

(T.: Spruce 3617!).

Aspidosperma sessiliflorum Muell. Arg. loc. cit. 399. 1860. (T.: Sieber, Fl. Trin. 33!).

Thyroma sessiliflorum (Muell. Arg.) Miers, Apoc. So. Am. 23. 1878.

Thyroma decipiens (Muell. Arg.) Miers, loc. cit. 24. 1878.

Thyroma Lhotzkiana (Muell. Arg.) Miers, loc. cit. 25. 1878.

Macaglia decipiens (Muell. Arg.) O. Ktze. Rev. Gen. 2:416. 1891.

Aspidosperma domingense Urb. Symb. Ant. 5:460. 1908. (T.: Eggers 234Q).
Aspidosperma lucentinervium S. F. Blake, in Contr. Gray Herb. n. s. 5 3:46. 1918. (T.:

Curran & Haman 970!).

Aspidosperma elliptica Rusby, Descr. So. Am. PI. 82. 1920; M. Pichon, loc. cit. 1947.

(T.: H. H.Smith 836!).

Aspidosperma Lhotzkianum Muell. Arg. var. hypoplasium Malme, in Arkiv Bot. 21A tl

:ll.

1927. (T.: Malme 2745!).

Aspidosperma Woronorii Standi, in Field Mus. Publ. Bot. 8:34. 1930. (T.: Woronov
7075!)-

Shrubs or trees 3-8 m. tall, the branches relatively slender, glabrous, or in-

frequently densely puberulent, thinly rimose at maturity. Leaves narrowly oblong-

elliptic to broadly oval or ovate, apex obtuse or rounded, base broadly obtuse or

rounded, 2—13 cm. long, 0.8-8.0 cm. broad, firmly membranaceous, yellowish-

green, above glabrous, opaque or lustrous, beneath more or less glaucous, glabrous

or infrequently more or less densely puberulent, the tertiary reticulate venation

very prominent on both surfaces; petioles 2—9 mm. long. Inflorescences solitary,

monochasial and rather thyrsiform, densely papillate or puberulent, 1-3 cm. Ion

terminal or less frequently apparently lateral and axillary or extra-axillary, the

flowers sessile, the bracts 1—3 mm. long or less, persistent. Calyx lobes broadly

ovate, obtuse, about 1 mm. long, papillate or minutely puberulent. Corolla greenish

yellow or white, glabrous without, the tube 2.5-3.0 mm. long, about 1.5 mm. in

diameter at the insertion of the stamens, the lobes broadly ovate, obtuse, about

1.0-1.5 mm. long. Stamens inserted somewhat above midway within the corolla

tube, the anthers about 1 mm. long. Ovary ovoid, about 0.5 mm. long, glabrous,

the stigma fusiform, about 0.3 mm. long. Follicles broadly or narrowly subreni-

form, acute or rounded at the tip, with a prominent midrib, 2—4 cm. long and

1-2 cm. broad, obviously lenticellatc, glabrous or minutely papillate; seeds 2.0-3.5

cm. long and 1.0-1.5 cm. broad, the obtuse basal wing about as long as the bilat-

erally asymmetric cotyledons.

cr
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Colombia to southern Brazil; eastern Ecuador; Hispaniola and Trinidad. In

arid thickets, light woodlands, and savannas; flowering intermittently throughout

the year.

Vernacular names: Carreto, Amurgo (Colombia—Dugand) ; Vara de piedra

(Colombia—Bro. Elias) ; Cuspa (Venezuela—Humboldt, Steyermark) ; Cuspa

negra (Venezuela—Steyermark); Amargoso (Venezuela—Curran & Haman).

Haiti: vicinity of Jean Rabel, Leonard # Leonard 12646 (MO, US); vicinity of Mole
St. Nicolas, Leonard & Leonard 13351 (GH, NY, US) ; Massif des Mathieux, Ekman 6643
(US), 988 (US).

Trinidad: Pointe Gourde, Britton tf Broadway 2648 (GH, NY, US) ; Gasparee Island,

Broadway 9426 (U) ; Camaronaro, Danouse 6979 (MO, NY, US); locality lacking, Sieber

?? (MO, W).
Colombia: atlantico: Barranquilla, Elias 1419 (F, MO), Dugand 37 (F), 3138

(COL); Puerto Colombia, Dugand 632 (F, NY), Dugand tf Jaramillo 3229 (COL,
US), cundinamarca: Apulo, trail to Anapoima, Killip, Dugand & Jaramillo 38169
(COL, MO, US), goajira: Carraipia, Haught 4212 (US), huila: Quebrada de
Angeles to Rio Cabrara, Rusby & Pennell 335 (GH)

; Quebrada de Mambuca, Woronow
7°75 (F). magdalena: Santa Marta, H. H. Smith 836 (F, GH, MO, NY, U, US),
Espina 28 (F, MO), Record 66 bis (GH, NY), 81 (F) ; Bonda, Castaneda 135 (COL,
MO); Municipio Baraya, Caicedo 12434 (COL).

Venezuela: amazonas: W). anzoategui: Guanta,
Curran ef Haman 121 1 (GH, NY, US), aragua: Maracay, Pittier 1 1362 (G, GH, NY,
US), carabobo: Valencia, Pittier 9042 (GH, NY, US), 8708 (GH, NY, US), distrito
federal: between La Guaira and Rio Grande, Curran & Haman 970 (GH, NY); La
Guaira, Curran & Haman 840 (US), 938 (US); Curucuti, Pittier 10214 (GH, NY, US).
falcon: Paraguana Pen., Curran & Haman 586 (F, GH, MO, NY, US), merida:
Colonia Tovar, Fendler 1299 (GH—in part, K). sucre: southern slopes of Cerro Im-
posible, Steyermark 62819 (F, MO, NY, US); La Toma, Steyermark 62849 (F, MO).
state unknown: Cabo Blanco, Curran & Haman 907 (GH, US), 938 (GH), 940 (GH,
NY, US), 954 (GH), 955 (GH, NY); Camburi Chiquito, Curran tf Haman 840 (GH,
NY, US), 923 (GH, US); Rio Caribe, Curran tf Haman 1260 (GH, NY, US); Cristobal
Colon, Broadway 62 (GH, NY, US), 962 (NY, US).

Brazil: baia: locality lacking, Luetzelburg 209 (NY), ceara: locality lacking,
Lund s. ;/. (C) , Allemdo 968 (MO, P, R) . goiaz: Goiaz, Burchell 7348 (K) . mato grosso:
Corumba, Malme 2745 (G, S, US), 2745a (S, US); Cuyaba, Malme 2567 (NY, US).
parahyba: S. Gongalo, Leutzelburg 26959 (NY), rio de Janeiro: Cabo Frio, Glaziou
11185 (C,P).

Ecuador: el oro: between Portovelo and Rio Cabra, Steyermark 54085 (F, MO,
NY).

This is an extremely distinctive species which shows no indications of inter-

gradation with its congeners. At the same time, it is extremely variable, par-

ticularly in leaf size, color, and indument or lack of it. The most outstanding

of these variants are A. Woronowii (densely puberulent), A. domingense (unusually

small leaves of rather heavy texture), and A. Lhotzkiana (inflorescences axillary

or extra-axillary some distance from the apical meristem). These variants inter-

grade, however, and I do not believe that our present knowledge is sufficient even

to recognize them as varieties.

An interesting aspect of A. cuspa is shown by the Luetzelburg specimen from
Baia and the Burchell specimen from Goiaz, which show the juniper-like deforma-
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tion of the inflorescence so common in species of Series Nitida. Burchell explains

this by the remark "insectis dcformat". I am inclined to interpret this abnormality

as a physiological character supporting the morphological affinity of Series Poly-

neura and Nitida which I first assumed from morphological grounds.

Series V. Rigida Woodson, n. ser.

§ Tetrasticha M. Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:363. 1947, in part;

§ Glabriflora M. Pichon, loc. cit. 1947, in part; § Piliflara M. Pichon, loc. cit. 364.

1947, in part.

Tall trees, apparently evergreen, with rather close, thin, conspicuously lenti-

cellate bark. Branches with naked, obtuse buds, the subtending internode some-

what thicker than the terminal petiole, without definite seasonal articulations.

Leaves alternate, firmly membranaceous, moderately large, with rather indistinct,

widely arcuate secondary venation. Inflorescence subterminal, dichotomously

cymose, with persistent but irregularly disposed and frequently obscure bracts;

corolla salverform, the lobes reflexed but the tube not definitely constricted at the

orifice, somewhat coriaceous, glabrous without; ovary polygonally angulate. Fol-

licles very broadly dolabriform, nearly circular, the placenta rotating about 300°,

sessile, smooth, with or without a prominent midrib, glabrous, inconspicuously

lenticellate; seeds with a concentric, nearly circular wing.

Species IQ Figure 8.

19. Aspidosperma rigidum Rusby, in Mem. N. Y. Bot. Gard. 7:323. 1927 (as

rigida). (T.: Rusby 5PJ/).

Aspidosperma rauwolfioides Mgf. in Notizbl. 12:300. 1935. (T.: Steinbach 8l2p!).

Aspidosperma acreanum Mgf. loc. cit. 15:133. 1940. (T.: Ule 970l! )-

Aspidosperma laxiflorum Kuhlm. in Anais Prim. Reun. Sul-Am. Bot. 3:88, /. IJ. 1940.

(T.: Ducke 22438!).

Aspidosperma subumbellatum Kuhlm. loc. cit. 1940. (T.: Ducke 24577!).

Trees 8-40 m. tall, the branches relatively slender, glabrous. Leaves ovate- to

oblong-elliptic, apex subcaudate-acuminate, base broadly decurrent to the petiole,

6-15 cm. long, 2-6 cm. broad, firmly membranaceous, opaque, glabrous; petioles

0.5-1.5 cm. long. Inflorescence either terminal or lateral to the leafy branches, or

both, 3-4 cm. long, dichotomously cymose, more or less appressed-pilosulose, in-

conspicuously bracteate, the pedicels 2—3 mm. long. Calyx lobes ovate, acute to

obtuse, 1.0-1.5 mm. long, minutely tomentellous without. Corolla greenish-white,

wholly glabrous without, the tube 2-3 mm. long, the lobes reflexed, oblong-elliptic,

5-7 mm. long. Stamens inserted about midway within the corolla tube, the

anthers somewhat less than 1 mm. long. Ovary oblongoid, glabrous, about 1 mm.

long, the stigma minutely capitate. Follicles nearly circular, 3.0-4.5 cm. in

diameter, sessile or very shortly stipitate, smooth, glabrous, with a very excentric

midrib; seeds circular or broadly oval, about 4 cm. in diameter.
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Fig. 8. Aspidospcrma rigidum Rusby: Flowering branch, bud, dissected flower, and fruit.

Eastern Bolivia and neighboring Brazil, in forests (varzea and terra fa ma) ;

flowering from July to October.

Vernacular name: Carapanalmba (Brazil—Krukoff, Ducke).

Brazil: amazonas: near mouth of Rio Embira, Krukoff 5172 (G, MO, S, U, US);

Municip. Humayta, Krukoff 6224 (MO, U, US), 6398 (MO, U, US); Rio Solimocs,

em frente als. Paulo de Olivenga, Ducke 24577 (MO), acre: near mouth of Rio

Macauhan, Krukoff 5642 (MO); Seringal Oriente, Kuhlmann 498 (US); Seringal

Monte Mo, Vie 9701 (K). para: Rio Tapajos, Ducke 22438 (MO).
Bolivia: la paz: Bopi River valley, Rusby S93 (NY); Province of S. Yungas, basin

of Rio Bopi, Krukoff 10148 (M
Steinbach 8129 (F, GH, K, S).

santa cruZ: Jorochito,

Krukoff reports that the timber of this species is of excellent quality.
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Series VI. Nitida Woodson, n. ser.

Ser. Macrolobii K. Sch. in Engl. & Prantl, Nat. Pflanzenfam. 4 2
: 141. 1895, in part;

Ser. Microlobii K. Sch. loc. cit. 142. 1895, in part; § Piliflora M. Pichon, in Bull. Mus.
Nat. Hist. Nat. II, 19:364. 1947, in part; § Macrantha M. Pichon, loc. cit. 1947, in

part; § Laevifolia M. Pichon, loc. cit. 365. 1947.

Trees with milky latex and conspicuously sulcate or lamellate boles, apparently

evergreen, with tight dense bark but usually conspicuously lenticellate. Branches

with naked, acuminate buds, the subtending internode scarcely thicker than the

terminal petiole and the bud thus appearing pseudo-lateral, without definite seasonal

articulations and with the uppermost internodes not definitely shortened. Leaves

alternate, usually more or less coriaceous, frequently revolute-auriculate at the

base. Inflorescence terminal or subterminal, thyrsiform or cymiform, with per-

sistent but irregularly disposed and more or less evident bracts; corolla tubular or

rubular-salverform, rather coriaceous, densely sericeous without, the lobes erect or

ascending at anthesis, the tube not constricted at the orifice; ovary glabrous or

sericeous, polygonally angulate or sulcate; calyx lobes 5, abnormally 4, distinct or

barely united at the base, equally or very strongly unequal. Follicles very broadly

dolabriform, concave-convex to very unequally bi-convex, the placenta rotating

about 22 5°-300°, broadly warty to spiny, sessile or very abruptly and shortly

stipitate; seeds with a concentric circular wing.

Species 20-33 Figure 9.

KEY TO THE SPECIES

a. Corolla about 1.0—2.5 cm. long.

b. Corolla lobes 2—3 rimes as long as the tube.

c. Corolla about 2.5 cm. long; inflorescence conspicuously bracteate,

densely brown-tomentellous; leaves moderately coriaceous, the sec-

ondary venation obvious 20. A. inundatum
cc. Corolla about 1.3 cm. long; inflorescence inconspicuously bracteate,

finely sulphur-tomentellous; leaves very heavily coriaceous, the

secondary venation almost completely immersed 21. A. Schultf.sii

bb. Corolla lobes about as long as the tube to about half as long or less.

c. Corolla lobes oblong, about as long as the tube; leaves oblong to

obovate-oblong, broadly rounded at the base, gray-papillate beneath.

d. Leaves heavily coriaceous, highly lustrous above; inflorescence

terminal; corolla 1.5-1.6 cm. long 22. A. megaphyllum
dd. Leaves membranaceous or chartaceous, opaque above; inflores-

cence lateral; corolla about 1.2 cm. long 23. A. myiusticti olium
cc. Corolla lobes ovate, about half as long as the tube or somewhat

less; leaves elliptic, acute to obtuse at the base, yellow-tomentellous

beneath 24. A. carapanauba
aa. Corolla 0.3-0.8 cm. long.

b. Inflorescence terminal to the leafy shoot.

c. Leaves not conspicuously revolute-auriculate at the base.

d. Leaves usually broadest at about the middle or below, obtuse
or rounded at the base, the secondary veins of about 14—20
pairs, relatively distant.

e. Leaves ovate- to oblong-elliptic, acute to obtuse at the tip,

opaque or slightly lustrous above, microscopically papillate to

essentially glabrous beneath; flowers immediately subtended by
bracteoles; follicles abruptly constricted to a short stipe 25. A. Marcgravs anum

ec. Leaves broadly oval or ovate, rounded to emarginate at the

tip, highly lustrous above, densely velutinous-papillate beneath;
flowers distinctly pedicellate; follicles sessile 26. A. EXCELSUM

dd. Leaves usually broadest above the middle, narrowly cuneate at
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the base, highly lustrous above, the secondary veins almost in-

numerable and closely crowded; flowers distinctly pedicellate 27. A. eburneum

cc. Leaves conspicuously revolute-auriculate at the base.

d. Inflorescence dichotomously cymose, the peduncles shorter than

the subtending petioles or scarcely longer; leaves rather narrowly

oblong-elliptic; indument gray 28. A. oblongum

dd. Inflorescence thyrsiform, the peduncles much longer than the

subtending petioles.

e. Leaves broadly elliptic to oval, 4-8 cm. long, broadly obtuse

to rounded at the tip; calyx lobes very unequal; indument

gray 29. A. discolor

ee. Leaves elliptic-ovate to lanceolate, 6-12 cm. long, acute to

acuminate at the tip; calyx lobes equal to somewhat unequal;

indument brown 30. A. salgadense

bb. Inflorescence lateral to the leafy shoot.

c. Leaves oval to broadly elliptic, the tip obtuse to abruptly and

shortly acuminate.

d. Leaves not revolute-auriculate at the base; inflorescence greatly

condensed, the primary peduncle much shorter than the sub-

tending petiole 31. A. nitiduj

dd. Leaves revolute-auriculate at the base; inflorescence rather lax,

the primary peduncle about as long as the subtending petioles

or somewhat longer 32. A. auriculatum

cc. Leaves narrowly elliptic to elliptic-lanceolate, gradually and acute-

ly subcaudate-acuminate, revolute into a narrowly cuneate base 3 3. A. Pichonianum

20. Aspidosperma inundatum Ducke, in Archiv. Jard. Bot. Rio Janeiro 3:245.

1922; M. Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:364. 1947. (T.: Ducke

Aspidosperma acantbocarpum Mgf. in Notizbl. 14:128. 1938. (T.: Ducke 24569I).

Trees of moderate height, the branches rather stout, densely ferruginous-

tomentellous when young, becoming glabrate. Leaves ovate to broadly oblong-

elliptic, apex broadly acute to shortly acuminate, base obtuse, 7-16 cm. long,

2.5-7 cm. broad, glabrous and somewhat lustrous above, densely and minutely

brown-tomentellous beneath; petioles 1.5-2.0 cm. long. Inflorescence both termi-

nal and lateral to the leafy branches, stout, corymbose-thyrsiform, 4-9 cm. long,

conspicuously bracteate, densely brown-tomentellous, the pedicels about 2 mm.

long. Calyx lobes broadly ovate, acute, 2.5-3.0 mm. long, densely and minutely

brown-tomentellous without. Corolla white, densely tomentellous without, the

tube about 9 mm. long and 2.5 mm. thick at the insertion of the stamens, the lobes

narrowly lanceolate-elliptic, 1.5-1.6 cm. long. Stamens inserted somewhat above

midway within the corolla tube, the anthers about 2 mm. long. Ovary ovoid,

about 2 mm. long, densely tomentellous, the stigma narrowly cylindric. Follicles

nearly circular, 3.5-4.0 cm. in diameter, with a short stout stipe about 0.5 cm.

long, densely and stoutly spinose; seeds circular, 3-4 cm. in diameter.

Amazon valley, in forests; flowering during August and September.

Vernacular names: Carapanauba and Maparand (Ducke).
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Brazil: para: Gurupa, silva ab Amazonum fluvio inundata, Ducke 17195 (P, U,
US); ad orientem lacus Salgado prope flumen Trombetas, Ducke 21808 (P, U, US);
Gurupa, Ducke 158*4 (MO), amazonas: Sao Paulo de Oliven^a, Rio Solimoes, Ducke
24569 (U, US).

It is somewhat doubtful whether A. inundation and A. acanthocarpum actually

are conspecific. Ducke 2456Q, which bears stoutly spiny fruits, also bears stout

inflorescences which clearly indicate the plant to be of this affinity; however, they

are much too young to show floral structure. In describing A. inundatum, Ducke
describes the fruit in detail, but does not mention them as being spiny; a fruit

which accompanies Ducke 17*95 *n the United States National Herbarium is too

old and badly decomposed for accurate analysis.

21. Aspidosperma Schultesii Woodson, spec. nov.

Arbor alta; ramulis crassiusculis nigris juventate minute pilosulis tandem gla-

bratis. Folia alternata longissime petiolata lamina elliptica vel oblongo-elliptica

apice obtusiuscula basi et in petiolo late decurrente 12-15 cm. longa 5-6 cm. lata

rigidissime coriacea supra illustri venis secundariis emersis subtus pallida et minute

denseque sulfureo- vel griseo-tomentella; petiolis crassiusculis nigris ca. 4 cm. longis.

Inflorescentiae terminales vel subterminales dichotome cymosae ca. 6 cm. longae

minute sulfureo-puberulae; pedunculis graciliusculis; bracteis vix bene visis; pedi-

cellis ca. 1 mm. longis. Calycis laciniae subaequales late ovatae acutae 1.5-2.0 mm.
longae extus minute sulfureo-tomentellae. Corolla lutea extus plus minusve sul-

fureo-pilosa; tubo ca. 3 mm. longo ca. 1.5 mm. diam.; lobis oblongo-lanceolatis ca.

10 mm. longis. Antherae ca. 0.6 mm. longae. Ovarium depresse sphaericum

longitudinaliter sulcatum ca. 0.5 mm. longum dense tomentellum; stigmate ovoideo

apiculato. Fructus ignoti.

Brazil: amazonas: path between headwaters of Ira-Igarape and headwaters of
Igarapi Abhi, affluent of Rio Taraira, July 4-6, 1948, R. E. Schultes & F. Lopez 10178
(MO, holotype).

This is such an unusual species that it is indeed unfortunate that the fruit is

not known. The flowering specimen somewhat suggests the series Nobiles in the

black, obscurely lenticellate branches, heavily coriaceous leaves, and somewhat

fastigiate inflorescences. To judge from stains upon the leaves, I suspect that the

latex may be red, as well; although Dr. Schultes states that it is white.

22. Aspidosperma megaphyllum Woodson, spec. nov.

Arbor ca. 15 m. alta; ramulis crassiusculis juventate dense ferrugineo-papillatis

mox glabratis cortice saturate fusco firmo striato haud evidenter lenticellato. Folia

magna rigide coriacea lamina late oblonga apice latissime obtusa vel rotundata basi

late rotundata 15-25 cm. longa 9-15 cm. lata supra valde illustri subtus pallida et

dense griseo-papillata; petiolo nigro glabro 1.5-2.0 cm. longo. Inflorescentia

terminalis dichotome cymosa repetite ramosa ca. 7-8 cm. longa dense ferrugineo-

papillata; pedunculis crassiusculis; bracteis inconspicuis; pedicellis ca. 2 mm. longis.

Calycis laciniae 4 (vel 5?), valde imbricatae inaequales exteriores late subreni-

formes rotundatae 4.0-4.5 mm. longae 5-6 mm. latae, interiorcs suborbiculares
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ca. 4 mm. diam., omnes dense ferrugineo-papillatae. Corolla extus dense ferrugineo-

tomentella; tubo ca. 7-8 mm. longo 3.5-4.0 mm. lato; lobis late oblongo-ellipticis

ca. 8 mm. longis. Antherae ca. 2 mm. longae. Ovarium depresse subsphaericum

ca. 1.5 mm. altum dense ferrugineo-hirtellum. Fructus ignoti.

Brazil: acre: near mouth of Rio Macauhan, tributary of Rio Yaco, on terra firma,

koff

Geissosp pidosp

panauba M. Pichon) by Markgraf, and undoi

that the two species are sufficiently distinct.

soon

23. Aspidosperma myristicifolium (Mgf.) Woodson, comb. nov.

Geissospermum (?) myristicifolium Mgf. in Notizbl. 11:787. 1933. (T.: Ruiz 6 Pavon,

s. «./).

Aspidosperma elatum E. L. Little, in Jour. Wash. Acad. Sci. 38:105, fig. 19. 1948. (T.:

Utile 6517!).

Trees up to 3 5 m. tall, with sulcate trunks as much as 1 m. in diameter, the

branches relatively slender, very minutely appressed brown-pilosulose when young,

becoming glabrate and rather conspicuously lenticellate. Leaves obovate-

oblong, apex obtuse to shortly acute, base rounded to subtruncate, 20-25 cm. long

and 7-10 cm. broad, firmly membranaceous, essentially glabrous, opaque above,

beneath paler and with the relatively distant secondary veins very prominent, the

tertiary venation immersed; petioles rather stout, 1.0-1.5 cm. long. Inflorescence

axillary, dichasial, many-flowered, brown-tomentellous. Calyx lobes orbicular,

about 2 mm. long, brown-tomentellous. Corolla densely brown-tomentellous with-

out, the tube about 6 mm. long and 2 mm. broad, the lobes oblong, about 6 mm.

long and 2 mm. broad. Stamens inserted about midway within the corolla tube,

the anthers somewhat more than 0.5 mm. long. Ovary globose, about 1 mm. long,

densely white-pilosulose. Follicles very broadly dolabriform, subplano-convex,

sessile, about 11-12 cm. long and broad, very densely brown-velutinous; seeds with

a circular concentric wing about 10 cm. in diameter.

Western Ecuador, in forests.

Vernacular names: Naranjo (Ruiz & Pavon) ; Naranjo de monte (E. L. Little).

Ecuador: guayas: Guayaquil, Ruiz & Pavon s.n. (MO), los rios: Pichilingue,

E. L. Little 6517 (MO, US).

The discovery of the fruits and seeds of this species by Dr. Little verifies

Pichon's opinion of its systematic position (in Bull. Mus. Nat. Hist. Nat. II,

19:368. 1947).

24. Aspidosperma carapanauba M. Pichon, in Bull. Mus. Nat. Hist. Nat. II,

19:365. 1948. (Based on the succeeding:)

Geissospermum excclsum Kuhlm. in Archiv. Inst. Biol. Veg. Rio Jan. 2:89, pi. 7. 1935,

non Aspidosperma excelsum Benth. (T.: Ducke 24471!).
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Large trees, the branches relatively stout, dark brown to black, minutely

ferruginous-papillate when young, becoming glabrate with a close bark without

mm.

apparent lenticels. Leaves broadly elliptic to oblong-elliptic, obtuse to abruptly

and shortly acuminate, base acute to obtuse, 10-20 cm. long, 4-8 cm. broad,

coriaceous, above minutely yellow-papillate to glabrate and lustrous, densely and
minutely yellow-tomentellous beneath; petioles 1.5-2.0 cm. long. Inflorescence

lateral to the young leafy shoots, dichotomously cymose, 5-6 cm. long, densely

yellow-tomentellous, the peduncles rather stout, the bracts inconspicuous, the pedi-

cels about 1 mm. long. Calyx lobes 5, broadly ovate, broadly acute to obtuse,

2.5-3.0 mm. long, densely and minutely yellow-tomentellous. Corolla white,

densely yellow-tomentellous without, the tube 7.5-8.0 mm. long, about

broad, the lobes ovate, about 3 mm. long. Stamens inserted within the upper
third of the corolla tube, the anthers about 1.3 mm. long. Ovary broadly oblong-

ovoid, densely yellow-tomentellous, about 2 mm. long. Fruits unknown.
Central Amazon valley, in forests of high land; flowering in September.

Vernacular name: Carapanauba (Ducke).

Brazil: amazonas: circa lacum Uaicurapa, prope Parintins, Ducke 244/1 (P, U).

Ducke cites the type specimen as no. 24491, apparently a typographical error.

25. Aspidosperma Marcgravianum Woodson, spec. nov.

Arbor magna 20-60 m. alta; ramulis graciliusculis glabris cortice fusco valde

lenticellato. Folia ovato- vel oblongo-elliptica apice acuta vel obtusa basi late

obtusa vel rotundata 6-14 cm. longa 2-5 cm. lata crasse membranacea supra opaca
glabra subtus minutissime papillata vel glabra; petiolis 0.8-2.0 cm. longis. In-

florescentiae terminales thyrsiformes 3-6 cm. longae minute puberulae; pedunculis
graciliusculis; bracteis minimis; floribus sessilibus. Calycis laciniae inaequales

ovatae vel late oblongo-ovatae obtusae 2-3 mm. longae extus minute tomentelbe
bracteolis minimis 2-3 subtendentibus. Corolla virescens extus minute appresso-

tomentella; tubo ca. 5 mm. Iongo ca. 1.5 mm. lato; lobis ovatis acutis ca. 1.5 mm.
longis. Antherae prope ostio corollae tubae insertae ca. 0.6 mm. longae. Ovarium
ovoideum longitudinaliter sulcatum ca. 1 mm. longum glabrum; stigmate fusiformi
ca. 1 mm. Iongo. Folliculi fere orbiculares breviter stipitati 4-6 cm. diam. valde
verrucosi, stipite ca. 0.5-1.5 cm. Iongo; scminibus 4-6 cm. diam.

Surinam and northern Brazil to eastern Bolivia; forests in terra firma: flowerin°-

from August to October.

Witte p Bosch-
/' Cipoal (Brazil—Krukoff).

Surinam: K.iboeric, Boscbwezcn 5060 (NY, U, US); Brownsberg, Bosclnvczen 1751
(U); Sanderij F, van NicI 6224 (U), Boscbuezen 1424 (U), Archer 2775 (US); Sectie
O, Boscbwezcn 1354 (U), 6305 (U, US).

Brazil: amazonas: Municip. Humayta, near Livramento, Krukoff 6841 (MO, US),
7207 (K, MO); Municip. Sao Paulo de Olivenga, basin of Rio Solimoes, Krukoff 121 ,"0

(NY, US); Manaos, Ducke 1163 (MO, NY, US), para: Belem, Bosque Municipal,
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Ducke 1263 (MO. holotype, US); Haut Ariramba (Trombetas) , Duckc 14900 (US);

Krukoff
Gurupo, Ducke J7224 (US).

Bolivia: la paz: Province of Larecaja, Tuiri, near Mapiri,

10872 (MO, U, US); Tumupasa, Cardenas 1980 (K, NY).

The majority of these specimens have been referred to previously as A. mtidnm.

Not only the position, but also the relative size of the inflorescences, as well as the

shape, size, and general aspect of the foliage, however, demonstrate that A. Marc-

gravianum is abundantly distinct from A. nitidum.

The inflorescences of many of the specimens cited above have been deformed,

perhaps by insects, into an enlarged witches-broom affair in which all the flora]

parts have become calyx-like: the whole resembling a small branch of juniper.

This disease also was noted in two specimens of A. cuspa.

26. Aspidosperma excelsum Benth. in Hook. Jour. Bot. 3:245. 1841; M.

Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:365. 1947. (T.: Schomburgk

4.681).

Macaglia excelsa (Benth.) O. Ktze. Rev. Gen. 2:416. 1891.

Trees 15-3 5 m. tall, the branches moderately stout, essentially glabrous, at

maturity with dark, rather indefinitely lenticellate bark. Leaves broadly oval to

ovate, the tip broadly rounded to emarginate, base broadly obtuse to rounded, 7-12

cm. long, 3.5-7 cm. broad, heavily coriaceous, glabrous and highly lustrous above,

pale and densely velutinous-papillate beneath; petioles 1-2 cm. long. Inflorescence

terminal, corymbi-thyrsiform, about 5 cm. long, inconspicuously puberulent-

papillate, the peduncles rather stout, branching repeatedly, the bracts rather incon-

spicuous, the pedicels 2-3 mm. long. Calyx lobes subequal, broadly ovate, obtuse

to broadly acute, about 2 mm. long, densely tomentellous-papillate. Corolla

greenish-white, tomentellous-papillate without, the tube about 3 mm. long and

1.5 mm. broad, the lobes ovate, acute, about 1.5 mm. long. Anthers about 0.6

mm. long. Ovary ovoid, sulcate, about 1 mm. long, glabrous. Follicles broadly

oval strongly spinose-verrucose, 5.5-9.0 cm. long and 5-6 cm. broad, sessile.

British Guiana and Surinam, in "various types of forest [Sandwith]"; flowering

from June to September.

Vernacular names: Paddlewood (British Guiana—Schomburgk, Archer)
;

Yaruru (British Guiana—Tutin) ; Wit parelhout (Surinam—Boschwezen).

British Guiana: Moraballi Creek near Bartica, Sandwith 321 (NY, U) ; Tuicama

Suri, Laekie 2037 (F) ; upper Mazaruni River, Leng 270 (NY); Bartica-Potaro Road,

Tutin 233 (US); Macouri Creek, Essequibo River, Archer 2483 (US); locality lacking,

Schomburgk 468 (W).
Surinam: fluv. Maratakka, Stahel & Gonggrijp 944 (U).

Schomburgk noted that the narrow buttresses of this species prevented use of

the timber for most purposes except the making of paddles; Tutin and Sandwith

note that this practice is continued to the present day.
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27. Aspidosperma eburneum F. Allem. ex Said, in Ann. Sci. Nat. V, 19:213.

1874; M. Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:365. 1947. (T.: Glaziou

6046!).

Aspidosperma pruinosum Mgf. in Notizbl. 15:133. 1940. (T.: Glaziou 12076I).

Aspidosperma compactinervium Kuhlm. in Anais Prim. Reun. Sul-Am. Rot. 3:87, /. 16.

1940. (T.: Machado Nutles 26972).

Tall trees about 20 m. in height, the branches relatively slender, essentially

glabrous, with reddish-brown, clearly lenticellate bark. Leaves narrowly elliptic to

elliptic-obovate, apex shortly subcaudate-acuminate to acute or rounded, base rather

narrowly cuneate, 6-8 cm. long, 1.5-3.5 cm. broad, moderately coriaceous, olive-

green and highly lustrous above with almost innumerable, ascending, closely

crowded secondary veins, paler and minutely papillate beneath; petioles about 1

mm. long. Inflorescence terminal, thyrsiform, 2-3 cm. long, inconspicuously

appressed-pilosulose, the peduncles rather slender, the bracts inconspicuous, the

pedicels about 1 mm. long. Calyx lobes more or less unequal, ovate, acute, about

2 mm. long, tomentellous-papillate. Corolla greenish-white, minutely tomentellous

without, the tube about 4 mm. long and 1.5 mm. broad, the lobes oblong-ovate,

about 3 mm. long. Anthers about 1 mm. long, inserted at about midway within

the corolla tube. Ovary ovoid, sulcate, about 0.7 mm. long, glabrous. Follicles

nearly circular, about 3.0—3.5 cm. in diameter, with a stipe about 0.5 cm. long,

with rather low, widely spaced warts.

Southeastern Brazil in forests; flowering from August to October.

Vernacular names: Pequia-marfim (Glaziou, Saldanha) ; Vequia amarella

(Saldanha) ; Peroba de gomo (Mello Barreto).

Brazil: distrito federal: Rio de Janeiro, Glaziou 638 (C, P). Rio de Janeiro:

floresta de la Tijuca, Glaziou 6046 (C, P), 12076 (C, P). minas gerais: Belo Horizonte,

Mello Barreto IOO05 (F); Avellar, Kuhlmann 37745 (MO).

Saldanha cited no specimens in describing A. eburneum, but gave the locality

as "montagne de Tijuco". The original label of Glaziou 6046 bears the pencilled

note "Tijuco" and the date 1870, and for this reason I have chosen that specimen

as the provisional lectotype.

28. Aspidosperma oblongum A.DC. in DC. Prodr. 8:399. 1844; M. Pichon,

in Bull. Mus. Nat. Hist. Nat. II, 19:365. 1947. (T.: Martin s.n.!).

Macaglia oblonga (A.DC.) O. Ktze. Rev. Gen. 2:416. 1891.

Aspidosperma Kuhlmannii Mgf. in Notizbl. 12:555. 1935. (T.: Kuhlmann 22453).

Trees as much as 3 5 m. tall, with rather slender branches closely yellowish-gray

puberulent when young, soon becoming glabrate with a close black, conspicuously

lenticellate bark. Leaves narrowly oblong to rather broadly elliptic-oblong, apex

acute to rather shortly and obtusely acuminate, base subtruncate and conspicuously

revolute-auriculate, 7-14 cm. long and 2-4 cm. broad, firmly membranaceous,

above opaque to somewhat lustrous, glabrous or glabrate at maturity, beneath pale
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and minutely gray-papillate; petioles 0.5-2.0 cm. long. Inflorescence terminal,

dichotomously cymose, 2-3 cm. long, densely gray-puberulent, conspicuously

bracteate, the pedicels about 1 mm. long. Calyx lobes subequal, ovate, obtuse,

about 1 mm. long, grayish tomentellous-papillate. Corolla greenish-white, densely

and finely gray-tomentellous without, the tube about 3 mm. long, the lobes oblong-

ovate, about 1.5 mm. long. Anthers about 1 mm. long, inserted about midway

within the corolla tube. Ovary ovoid, tomentellous, about 1 mm. long. Follicles

broadly oval to nearly circular, 4-6 cm. long, 3.5-5.0 cm. broad, verrucose, with

a stipe about 0.5 cm. long.

Guiana (and western Brazil?), in mora and mixed forest; flowering in Septem-

ber and October.

Vernacular names: Zwart parelhout and Jaroro kharemeroe (Surinam—Bosch-

wezen).

British Guiana: Kamuni Creek, Groete Creek, Essequibo River, Maguire & Fanshawe

22832 (F, GH, MO, NY, U, US).
Surinam: Sectie O, Boschwezen 4830 (NY, U, US), Stahel 70 (U).

Guiane Francaise: Maroni, Wackenheim 133 (P) ; locality lacking, Poiteau s.n.

(G, GH, W), Martin s.n. (P), Benoht 963 (P).

I have not seen the type specimen of A. Kuhlmannii, but the description of

the fruiting branches contains nothing which does not apply to A. oblongum.

Kuhlmann 22453 was collected in western Mato Grosso near the Bolivian border,

however, and would thus enlarge the known distribution of the collective species

greatly. Without inflorescence final disposition of A. Kuhlmannii is impossible.

29. Aspidosperma discolor A.DC. in DC. Prodr. 8:398. 1844; M. Pichon, in

Bull. Mus. Nat. Hist. Nat. II, 19:365. 1947. (T.-.Blanchet 3388I).

Aspidosperma Francisii A.DC. loc. cit. 1844. (T.: Blanchet 2859I).

Aspidosperma discolor A.DC. p. parvifolium Muell. Arg. in Mart. Fl. Bras. 6 1 :60. 1860.

(T.: Blanchet 2859!).

Macaglia discolor (A.DC) O. Ktze. Rev. Gen. 2:416. 1891.

Trees as much as 20 m. tall, the branches moderately slender, minutely gray-

papillate when young, soon becoming glabrate and with dark brown, irregularly

lenticellate bark. Leaves broadly elliptic to oval, apex obtuse to rounded, base

broadly rounded or abruptly cuneate and revolute-auriculate, 4-8 cm. long and

2-3 cm. broad, firmly membranaceous to moderately coriaceous, glabrous and olive-

green above, pale and densely gray-papillate beneath; petioles 0.7-1.0 cm. long.

Inflorescence terminal, corymbi-thyrsiform, 5-7 cm. long, the peduncles minutely

puberulent-papillate, branching repeatedly, the bracts rather conspicuous, the pedi-

eels about 1 mm. long. Calyx lobes very strongly unequal, 2.0-3.5 mm. long,

tomentellous-papillate. Corolla greenish-white, densely tomentellous without, the

tube about 4-5 mm. long and 2 mm. broad, the lobes ovate, about 3 mm. long.

Anthers about 1.5 mm. long, inserted within the upper third of the corolla. Ovary

ovoid, about 1.5 mm. long, hirtellous. Follicles broadly oval, about 6 cm. long

and 4 cm. broad, spiny-verrucose.
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Eastern Brazil, in forests.

Vernacular names: Quina dc rego (Froes) ; Cabo de machado (Ducke).

Brazil: baia: Igreja Velha, Blancbet 3388 (NY, W); Serra Acurua, Blancbet 2859
PI R-(NY, W); Jacobina, Blancbet 3761 (P) ; Ibyguara, Serra Sincora, Froes 4 (NY).

nambuco: Recife, Ducke 2230 (MO).

Froes reports that the bark is very bitter and is used in treatment of malaria.

30. AspmosPERMA salgadense Mgf. in Notizbl. 12:554. 1935. (T.: Duck

22456!).

Trees as much as 30 m. tall, the branches relatively slender, densely grayish

yellow-papillate when young, becoming glabrate and with dark brown, conspicu-

ously lenticellate bark at maturity. Leaves ovate- to lanceolate-oblong, apex ob-

tuse to abruptly acute, base broadly obtuse and revolute-auriculate, 6-12 cm. long

and 2-5 cm. broad, moderately coriaceous, glabrate and rather lustrous above,

densely yellowish gray-papillate beneath; petioles 0.5-1.5 cm. long. Inflorescence

thyrsiform, 5-6 cm. long, densely yellowish gray-papillate, the peduncles rather

stout, branching repeatedly and monochasially, the bracts conspicuous, the pedicels

about 1 mm. long. Calyx lobes more or less unequal, broadly ovate, obtuse, 1.5-2.0

mm. long, grayish tomentellous-papillate without. Corolla white, densely tomen-

tellous without, the tube about 4 mm. long and 1.5 mm. broad, the lobes ovate,

about 1.5 mm. long. Anthers inserted about midway within the corolla tube,

about 1 mm. long. Ovary ovoid, sulcate, glabrous, about 1.5 mm. long.

Lower Amazon valley, in forests on terra firma; flowering from August to

October.

Vernacular name: Carapanauba (Capucho).

Brazil: para: Lago Salgado, Rio Trombetas infer., Ducke 22456 (K, U, US); Boa
Vista, Tapajos region, Capucho 457 (F).

31. Aspidosperma nitidum Benth. ex Muell. Arg. in Mart. Fl. Bras. 6
!
:59. 1860;

M. Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:365. 1947. (T.: Spruce 1651!).

Thyroma fiitida (Benth.) Miers, Apoc. So. Am. 24. 1878.

Aspidosperma aquaticum Ducke, in Archiv. Inst. Biol. Veg. Rio Jan. 4:59, pi. J, fig. g.

193 8. (T.: Ducke 24570!).

Small trees with slender glabrous branches with dark brown, conspicuously

lenticellate bark. Leaves broadly elliptic to oval, apex broadly obtuse or rounded,

base obtuse, not revolute-auriculate, 5-15 cm. long and 2.5-7.0 cm. broad, rather

thinly coriaceous, glabrous and rather lustrous above, beneath glabrous or indefi-

nitely papillate; petioles 1.0-1.5 cm. long. Inflorescence dichotomously cymose,

lateral toward the tip of the leafy branches, 1.5-3.0 cm. long, rather few-flowered

and indefinitely congested, puberulent-papillate, the bracts inconspicuous, th

pedicels about 1 mm. long. Calyx lobes somewhat unequal, ovate, obtuse, 1.0-1.5

mm. long, grayish tomentellous-papillate. Corolla greenish, minutely tomentellous-

papillate without, the tube about 3 mm. long, the lobes ovate, about 0.5 mm. long.

Anthers inserted within the upper third of the corolla tube, about 0.5 mm. long.
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Fig. 9. Aspidosperma nitidum Benth.: Flowering branch, dissected flower, and fruit;

Aspidospertna oblongum A. DC. (lower left): lower face of leaf.

Ovary ovoid, sulcate, glabrous, about 0.5 mm. long. Follicles broadly obovate cr

oval, about 4 cm. long and 2.5-3.0 cm. broad, prominently verrucose.

Upper Amazon valley, in inundated forests; flowering intermittently.

Vernacular name: Carapanauba (Ducke).

Brazil: amazonas: Manaos, Ducke 24570 (G, K, MO, NY, U, US), 660 (F, MO, NY,
US) , 624 (F, MO, NY, US) , 309 (F) ; Barro do Rio Negro, Spruce 1651 (GH, NY, P, W)

.

32. Aspidosperma auriculatum Mgf. in Notizbl. 12:299. 1935; M. Pichon,

in Bull. Mus. Nat. Hist. Nat. II, 19:365. 1947. (T.: Ducke 22450!).

Large trees; branches relatively slender, inconspicuously puberulent-papillate

when young, soon glabrate and with dark brown, inconspicuously lenticellate bark.
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Leaves broadly oval, apex broadly rounded, base broadly obtuse and rather incon-

spicuously revolute-auriculate, 8-12 cm. long and 4.0-6.5 cm. broad, moderately

coriaceous, glabrous and opaque above, paler and very minutely papillate beneath;

petioles 1.0-1.5 cm. long. Inflorescences lateral toward the tip of the leaf branches,

about 4-6 cm. long, relatively lax, the peduncle inconspicuously puberulent-papil-

late and several times dichotomous, the bracts inconspicuous, the pedicels about 1

mm. long. Calyx lobes nearly equal, ovate, acute, about 2 mm. long, pale yellowish

tomentellous-papillate without. Corolla minutely yellowish tomentellous-papillatc

without, greenish white, the tube about 3 mm. long, the lobes ovate, about 1 mm.
long. Anthers inserted within the upper third of the corolla tube, about 1 mm.
long. Ovary ovoid, sulcate, glabrous, about 0.5 mm. long. Fruits unknown.

Lower Amazon valley in forests on terra firma; flowering in January.

Vernacular name: Carapanauba (Ducke).

Brazil: para: Belem, inter locos Catu et Providencia, Ducke 22450 (MO, P, U, US).

3 3. Aspidosperma Pichonianum Woodson, spec. nov.

Arbores ca. 15—3 m. altae; ramulis graciliusculis juventate minute denseque

luteo-papillatis maturitate fuscis et vix lenticellatis. Folia anguste elliptica vel

elliptico-lanceolata apice gradatim acuteque acuminata basi anguste cuneata ibique

margine revoluta 5—11 cm. longa 1.5—4.0 cm. lata moderate coriacea supra glabra

illustria subtus pallidiora et minute griseo-papillata; petiolis ca. 1 cm. longis. In-

florescentiae cincinnatc laterales cymosae multiflorae 2-3 cm. longae hemisphaericae

dense cinereo-puberulae; pedunculis repetite ramosis; bracteis vix manifestis; pedi-

cellis ca. 1 mm. longis. Calycis laciniae plus minusve inaequales ovatae late

obtusae 1.5—2.0 mm. longae extus dense griseo-Iuteae tomentello-papillatae. Corolla

virescens extus luteo-tomentclla; tubo ca. 3 mm. longo; lobis late ovatis ca. 1 mm.
longis. Antherae ca. 1 mm. longae. Ovarium ovoideum ca. 1 mm. longum dense

tomentello-papillatum. Fructus ignoti.

Eastern Venezuela, in forested slopes; flowering in November.

Vernacular names: Poretay-yck, Cabo de hacba (Steyermark)

.

Venezuela: bolivar: wooded slopes of Quebrada O-paru-ma between Sta. Teresita

de Kavanayen and Rio Pacairo (tributary of Rio Mouak), alt. 1065-1220 m., November
20-21, 1944, /. A. Steyermark 60378 (F, MO, holotype).

A very unusual plant particularly because of the numerous, cincinnately

arranged inflorescences. Dr. Steyermark reports that the sap in the leaves and

stems is milky, and that the wood is very strong, being used for ax-handles and

other implements. The species commemorates my friend M. Marcel Pichon, of

the Museum National d'Histoire Naturelle.

Series VII. Stegomeria Woodson, n. ser.

Trees with milky latex, apparently evergreen, with moderately thin rimose

bark, conspicuously lenticellate. Branches with naked acuminate buds, the sub-

tending internode scarcely thicker than the terminal petiole and the bud thus ap-

pearing pseudo-lateral, without definite seasonal articulations. Inflorescence sub-
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terminal and usually extra-axillary, pedunculate or cauliflorous, without evident

bracts; calyx lobes 4, abnormally 5, the outer pair much larger and strongly con-

nate (except in A. illustre) , completely enclosing the inner pair which are separate

and much smaller; corolla tubular-salverform, submembranaceous, the lobes as-

cending, the tube not constricted at the orifice, sericeous without; ovary essentially

terete. Follicles very broadly dolabriform, piano- to concave-convex, the placenta

rotating about 275°-300°, sessile or shortly stipitate, with a loose, wrinkled, and

more or less lenticellate periderm; seeds with a concentric circular wing.

Species 34-36 Figure 10.

KEY TO THE SPECIES

a. Corolla 2.6-2.8 cm. long; outer calyx lobes about 1.5 cm. long, free

to the base or nearly so; leaves revolute-auriculate at the base 34. A. illustre

aa. Corolla about 0.9—1.2 cm. long; outer calyx lobes 2—6 mm. long, con-

nate about half their length; leaves not revolute-auriculate.

b. Inflorescence with an obvious, once- to thrice-dichotomous peduncle

1—2 cm. long; follicles indefinitely papillate to essentially glabrous,

conspicuously lenticellate 3 5. A. stegomeris

bb. Inflorescence virtually sessile, the obscure peduncle about 1—3 mm.
long; follicles densely velutinous-papillate, not obviously lenticellate.. 3 6. A. Curranii

34. Aspidosperma illustre (Veil.) Kuhlm. & Piraja, in Arch. Jard. Bot. Rio

Jan. 4:375, pi. 35. 1925.

Continia Mustris Veil. Quinogr. Portug. 166, pi. 10. 1799.

Tail trees with sulcate trunks 2-3 dm. in diameter, the branches rather stout,

essentially glabrous, conspicuously lenticellate. Leaves oblong-elliptic, apex obtuse

to broadly acute, base rounded and revolute-auriculate, 5-12 cm. long and 2—5

cm. broad, subcoriaceous, lustrous above, paler and submicroscopically papillate

beneath; petioles 1.5-2.0 cm. long. Inflorescence terminal or subterminal, thyrsi-

form, few- to several-flowered, somewhat shorter than the subtending leaves, con-

spicuously bracteate, the pedicels about 1.5 cm. long. Calyx lobes very unequal,

essentially free, the outer pair much the larger, broadly oval, rounded, about 1.5

cm. long, the inner much smaller, ovate, acute to acuminate, 2-5 mm. long.

Corolla wholly glabrous without, pilosulose within, the tube 1.2-1.3 cm. long, the

lobes broadly elliptic, 1.4-1.5 cm. long. Stamens inserted above midway within

the corolla tube, the anthers about 3 mm. long. Ovary oblongoid, about 1.5 mm.

long, glabrous. Follicles very broadly dolabriform, abruptly narrowed to a short

ooth

nearly circular wing about 7 cm. in diameter.

Eastern Brazil, in forests.

Vernacular names: Tambu peroba, Ouina de camamu (Servi^o Florestal;

Limeira)

.

Brazil: baia: Mattas do Gronogogy, Limeira 17935 (MO), Curran 41 (GH, US).

minas gerais: Caratinga, Servigo Florestal 10/ (MO).

Before having seen the flowers of this species, generously given me by Dr. Kuhl-

mann, I had placed this species in the series Nitida because of the revolute-auricu-
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late leaf bases. And that character of A. illustre, together with the separate outer

calyx lobes, certainly must be very significant in providing a link between series

Nitida and Stegomeria. The follicles of A. illustre, however, are very typical

of Stegomeria; furthermore, although there is a strong tendency toward inequality

in the calyx lobes of Nitida (cf. A. discolor), it is nowhere as marked as in A.

illustre.

3 5. Aspidosperma stegomeris (Woodson) Woodson, comb. nov.

1934; N. Am. Fl. 29 2 :123.

1934; N. Am. Fl. 29~:124.

Cufodontia stegomeris Woodson, in Archivio Bot. 10:39.

1938. (T.: Cufodontis 220l).

Cufodontia Lundelliana Woodson, in Archivio Bot. 10:40,

1938. (T.: Lundell 3408 1).

Cufodontia arborea Woodson, in Ann. Missouri Bot. Gard. 21:617. 1934; N. Am. Fl.

29 2 :123. 1938. (T.: Morton & Makrinius 2692!).

Woodson, in Am. Jour. Bot. 22:684. 1935; N. Am. Fl.

29 2 :120. 1938. (T.: Lundell 1284!).

fodontia escuintlensis Matuda, in Madn 1950. (T.: Matuda 16978!).

Trees as much as 33 m. in height, the branches rather slender, indefinitely

puberulent-papillate when very young, soon becoming glabrate and with a thin,

striate, conspicuously lenticellate, yellowish-gray bark. Leaves alternate, rather

narrowly elliptic-oblong to broadly oval, apex shortly acuminate to broadly

rounded, base broadly obtuse to rounded, 6-16 cm. long and 2.5-7.0 cm. broad,

firmly membranaceous to subcoriaceous, above dark green, glabrous, and somewhat

lustrous, beneath paler and indefinitely papillate to essentially glabrous; petioles

0.7-1.5 cm. long. Inflorescences lateral and extra-axillary near the tips of the

leafy branches, cymose, several-flowered, more or less densely yellow-papillate, the

peduncle once- to thrice-dichotomous and about 1-2 cm. long; bracts extremely

inconspicuous or absent; pedicels 1-5 mm. long. Outer calyx lobes 3-6 mm.
long, more or less densely yellow-papillate. Corolla yellowish-white, the tube 4-6

mm. long, about 1.5 mm. broad, densely and appressed velutinous-papillate with-

out, the lobes oblong-elliptic, 5—6 mm. long, essentially glabrous without. Stamens

inserted about midway within the corolla tube, the anthers about 1.2 mm. long.

Ovary ovoid, glabrous, about 1 mm. long. Follicles broadly subreniform to nearly

circular, 7—11 cm. long and 6.5-8.0 cm. broad, sessile, indefinitely papillate to

essentially glabrous, covered with small lenticels.

Southern Mexico to Costa Rica, in various types of forest; flowering from

February to July.

Vernacular names: Chichi bianco (Chiapas—Matuda) ; Pcchrnax, Vcchnox

(Yucatan—Flores) ; Malady bianco, Peechmaax (Lundell—British Honduras);

Chichica (Standley—Guatemala)

.

Mexico: campeche: Tuxpena, Lundell 1284 (F, GH, MO, NY, US), chiapas:

Cacaluta, Matuda 16978 (F); Esperanza, Matuda 17538 (F).

British Honduras: El Cayo District, Lundell 6220 (MO), 6360 (MO).
Guatemala: peten: La Libertad, Lundell 3408 (MO); Carmelita, Egler 42-320

(MO); Vaxactun, Bartlett 12660 (F, MO, NY, S, US), retalhuleu: vicinity of Retal-

huleu, Standley 88803 (F, MO).
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Fig. 10. Aspidosperma stegomeris (Woodson) Woodson: Flowering branch, entire and

dissected flower, dissected calyx, and fruit.

Costa Rica: puntarenas: Jimenez, Cufodontis 220 (W).

The embarrassing synonymy of this species is largely due to my failure, on the

one hand, to associate the peculiar flowering specimen of Cufodontia stegomeris

with the fruit of Aspidosperma Lundellianum, and to appreciate the variability of

the species, upon the other. The circumstances have been discussed by Mr. Matuda

(loc. cit. 1950).

Standley reports that in Guatemala the species is a common and important

lumber tree; Matuda reports that in Chiapas it has no use as timber, but can be

used for firewood. Matuda also says that the bark is used to make a bitter con-

coction for the treatment of malaria.

36. Aspidosperma Curranii Standi, in Trop. Woods 36:14. 1933. (T.: Cttrran

294!),

Trees as much as 30 m. tall, the branches relatively slender, glabrous, with

rather thin, striate, yellowish brown, inconspicuously lenticellate bark at maturity.

Leaves narrowly oblong-elliptic, apex acutely acuminate, base rather narrowly
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attenuate to the petiole, 7-15 cm. long and 2.5-3.5 cm. broad, firmly membra-

naceous, glabrous; petioles 0.5-1.0 cm. long. Inflorescences lateral and extra-

axillary somewhat below the tip of the leafy stems, virtually sessile, the obscure

peduncle about 1-3 mm. long, bearing 2-5 sessile, greenish-yellow flowers. Outer

calyx lobes about 2 mm. long, densely yellow-papillate. Corollas not seen (color

from Castafieda). Follicles very broadly subreniform to nearly circular, about

6 cm. in diameter, densely velutinous-papillate, not obviously lenticellate.

Northern Colombia, in lowland forests; flowering in April.

Vernacular names: Carreto (Whitford & Pinzon) ; Caretillo (Castafieda).

Colombia: bolivar: vicinity of Estrella, Curran 2Q4 (GH). caldas: Buenavista,

Whitford & Pinzon 2 (F, GH, K, NY, US), magdalena: Tucurinca, Castafieda 636
(MO); Pinijay, Castafieda 1105 (MO).

Series VIII. Quebrachines Woodson, n. ser.

Ser. Macrolobii K. Sch. in Engl. & Prantl, Nat. Pflanzenfam. 4*: 141. 1895; § Pungentia

M. Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:368. 1947.

Trees with thin, yellowish-gray, rimose bark, apparently evergreen. Branches

with small scaly buds, but without definite seasonal articulations, the nodes knobby.

Leaves opposite or ternate, small and narrow, spine-tipped, coriaceous (firmly mem-
branaceous in A. horco-kebracho) , the veins more or less immersed but crowded

and sharply ascending. Inflorescences chiefly axillary at the upper nodes, thyrsi-

form, usually rather few-flowered, with small caducous bracts; corolla tubular-

salverform, glabrous or indefinitely papillate, somewhat coriaceous, the lobes nar-

row and ascending, the tube not constricted at the orifice. Follicles broadly oval

to subcylindric, almost equally bi-convex, the placenta rotating about 45°-13 5°,

indistinctly papillate to essentially glabrous, more or less obviously lenticellate,

sessile but with the pedicel conspicuously accrescent in A. quebracho-bianco

shortly stipitate and the pedicel not accrescent in A. horco-kebracho; seeds with a

nearly circular concentric wing.

Figure 11.Species 37-3$

KEY TO THE SPECIES

a. Leaves coriaceous, with 20-3 pairs of closely crowded secondary veins;

inflorescences several- to many-flowered, usually densely canescent;

follicles woody, sessile but the fruiting pedicel accrescent to form a

false stipe 37. A. quebracho-blan
aa. Leaves firmly membranaceous to subcoriaceous, with about 10 pairs of

more distant secondary veins; inflorescences few-flowered, glabrous;

follicles coriaceous, abruptly constricted to a short, narrow stipe, the

fruiting pedicel not greatly accrescent 3 8. A. HORCO-KEBRACHO

37. Aspidosperma quebracho-blanco Schlecht. in Bot. Zeit. 19:137. 1861;

M. Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:368. 1947. (T.: Burmeister

s. w.)

Macaglia Quebracho O. Ktze. Rev. Gen. 2:416. 1891. (Based upon A. quebracho-blanco
Schlecht.).

Macaglia quebracho-blanco (Schlecht.) Lyons, Pi. Names Sci. & Pop. ed. 2, 286. 1907.
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1913. (T.: Hassler 12003).
f

Aspidosperma chakensis Speg. in Physis 3:333. 1917. (T.: Spegazzini s. n.).

Aspidosperma crotalorum Speg. loc. cit. 334. 1917. (T.: Spegazzini $.»., photo. US!).

Aspidospcrma quebracho-bianco Schlecht. var. ellipticum Mgf. in Notizbl. 12:300. 1935.

(T.: Rojas J4268).

Aspidosperma quebracho-bianco Schlecht. forma Schlechtendaliana Mgf. loc. cit. 13:467.

1937. (A. quebracho-bianco form. typ.).

Aspidosperma quebracho-bianco Schlecht. forma Malmeana Mgf. loc. cit. 1937. (T.:

Malme s. n.) .

Aspidosperma quebracho-bianco Schlecht. forma Spegazziniana Mgf. loc. cit. 1937. (Based

on A. crotalorum Speg.)

Trees 5-20 m. tall, the branches slender, minutely papillate when young, soon

becoming glabrate and with thin, orange-brown bark. Leaves opposite or ternate,

narrowly oblong-elliptic to obovate or oblanceolate, apex gradually narrowed to a

sharp spine, base gradually attenuate to a subpetiolar base, 3-5 cm. long and 0.5-1.5

cm. broad, coriaceous, light, frequently yellowish-green, glabrous or minutely

papillate when young, the sharply ascending secondary veins of about 20-30 pairs

closely crowded and more or less immersed within the thick mesophyll. Inflor-

escences opposite or ternate in the upper leaf axils, thyrsiform, densely cinereous-

papillate to nearly glabrous, several- to many-flowered, 1-3 cm. long, the bracts

minute, caducous, the pedicels 2-3 mm. long. Calyx lobes ovate, obtuse, nearly

equal, 1-2 mm. long, indefinitely papillate. Corolla white, yellow, or yellowish

green, glabrous to indefinitely papillate without, the tube 3-5 mm. long, about

1.5 mm. broad, the lobes narrowly oblong-lanceolate, 6-7 mm. long. Stamens

inserted about midway within the corolla tube, the anthers about 1 mm. long.

Ovary ovoid, glabrous, about 1 mm. long. Follicles very variable, subcylindric to

broadly oval, 4-10 cm. long and 1-7 cm. broad, very woody, minutely verrucose,

with or without a midrib, indefinitely papillate, sessile, but the fruiting pedicel

conspicuously accrescent.

So

00Paraguay and Uruguay, from 15 to 1800 m. elev., in xerophilous m

flowering intermittently, but chiefly from October to February.

Vernacular names: Quebracho bianco (Schlectendal et al.) ; Ubird-ro-puiitd

(Argentina—Spegazzini); Kacha-kacka (Bolivia—Cardenas).

Paraguay: zwischen Rio Apa und Rio Aquidaban, Centurion, Fiebrig 4259 (GH,

US); Pilcomayo River, Morong 900 (F, GH, MO, NY, US); locality lacking, Balansa

4.644. (C, NY, P, US), E. Palmer s.n. (US).

Uruguay: Sta. Solfia, orillas del Rio Uruguay, Rosengurtt B-3240 (MO, US).

Bolivia: cochabamba: Misque, Cardenas 2144 (GH). sta. cruz: Mairana, Stein-

bach 8278 (F, GH).
Argentina: catamarca: Capital, Castillon 1569 (GH). chaco: Taco Pozo, Cab-

rera 3168 (NY); Fontana, Meyer IQ (NY); Barranqueras, Curran 12 (US), 39 (US),

43 (GH, NY, US) ; locality lacking, Curran 653 (F, NY), cordoba: Estancia Germanin,

Lorentz s.n. (GH) ; Cordoba, Hieronymus s.n. (F, US); Quilino, Curran 129 (US);

Serrezuela, Bartlett 19236 (US); Las Tapas, Bartlett 20640 (GH, US); Capillo del Monte.

Kurtz 6631 (NY). 242
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Fig. 11. Aspidospcrma quebracho-bianco Schlecht.:

sected flower, fruit, and seed.

Flowering branch, entire and dis-

12085 (GH). entre rios: Gualeguaychii, Serie & Migoya 673 (MO). Formosa: Pozo
del Tigre, Parodi 8504 (GH) ; Pironi, Morel 982 (F); locality illegible, Jorgensen 1958
(GH, MO, US), jujuy: San Pedro de Jujuy, Eyerdam & Beetle 22511 (GH). la rioja:
Milagro, Varela 777 (US) ; Capital, Giocomelli s. n. (MO) ; Gral. Roca, Gomez 771 (MO).
mendoza: Alto Pencoso, Jorgensen 193 (C).
(MO) ; Sierra de la Candelaria, Venturi 9791 (GH, MO, NY)

;
Quebrachal, Castellanos

1748 (MO), san luis: Sierra Varela, Castellanos 2908 (MO)
;
Quines, Castellanos 882

(MO); Larca, Castellanos 2634 (MO); Sierras de La Quijadas, Castellanos 2238 (MO).
sta. fe: Lanteri, Job 1 180

salta: Sierra Sta. Barbara, Schnel 47

(NY); Mocovi, Venturi 7 (MO); Dpto. Gral Obligado,
Ragonese 31 II (MO); Dpto. San Justo, Ragonese 2734 (MO). Santiago del estero:
San Sebastian, Gramajo 10 (US); El Charco, Schreiter s.n. (GH). tucuman: Vipos,
Venturi 1373 (F, GH, MO, US); Burroyaco, Venturi 7479 (F, US); Tapia, Rodriguez
195 (MO).
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Admittedly, A, quebracho-bianco is a variable species, but no more so, probably,

than most other species of this genus or many others. Most variable, in this, is

the type of fruit, which forms the basis for Markgraf's definition of forms. With-

out personal experience in the field, I am hesitant to adopt these, for I think it very

probable that the fruit types are not actually of three discontinuous sorts but

rather form a continuous series which would prove embarrassing to one attempting

infra-specific classification. This surely has been the case in the systematics of the

North American forest flora.

A. quebracho-bianco is a well-known timber tree of Argentina and Paraguay.

Spegazzini reports that its bitter bark is used also as a treatment for malaria and

other fevers.

38. Aspidosperma horco-kebracho Speg. in Speg. & Girola, Descr. Maderas,

380. 1910; in Physis 3:335. 1917. (T.: Spegazzini 1602, photo. US!)

.

Trees as much as 25 m. tall, the branches relatively slender, glabrous, with

rather thin, orange-brown bark at maturity. Leaves opposite or ternate, elliptic-

to oblanceolate-oblong, apex acute to obtuse with a rather short spine at the tip,

base acutely to obtusely cuneate to the subpetiolar base, 2—4 cm. long and 0.5—1.0

cm. broad, glabrous, firmly membranaceous to subcoriaceous, the secondary veins

of about 10 pairs, relatively distant and plainly evident upon either surface. In-

florescences opposite or ternate in the upper leaf axils, reduced to an umbelliform

cluster of 2-4 flowers, occasionally 1 -flowered, glabrous, the peduncles 2—4 mm.

long, the bracts minute, apparently persistent, the pedicels 1—2 mm. long. Calyx

lobes ovate, acute, about 1 mm. long, glabrous. Corolla reddish (Spegazzini),

glabrous without, the tube about 4 mm. long and 1 mm. broad, the lobes narrowly

oblong-lanceolate, about 3 mm. long. Anthers somewhat less than 1 mm. long,

inserted about midway within the corolla tube. Ovary ovoid, about 1 mm. long,

glabrous. Follicles broadly obovate to nearly circular, 3-5 cm. in diameter, cori-

aceous, glabrous, not obviously lenticellate, with a more or less conspicuous mid-

rib, abruptly constricted to a narrow stipe about 0.5 cm. long.

Northern Argentina, in dry mountain forests; flowering from November to

February.

Vernacular names: Horco-kebracho (Spegazzini); Quebracho-bianco (Curran).

Argentina: chaco: Barranqueras, Curran 86 (F, GH, NY, US); Fontana, Meyer 7
(NY), sta. fe: Depto. Gral Obligado, Ragonese 3645 (MO).

Spegazzini reports that the timber of this species is as desirable as that of A.

quebracho-bianco.

Series IX. Nobiles Woodson, n. ser.

Ser. Macrolobii K. Sch. in Engl. & Prantl, Nat. Pflanzenfam. 4 2 :141. 1895, in part;

§ Crassituba M. Pichon, in Bull. Mas. Nat. Hist. Nat. II, 19:367. 1947.

Trees with red or milky latex, apparently evergreen, with close hard bark,

not obviously lenticellate (except A. decussatum) . Branches with naked acuminate
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buds, the subtending internode definitely thicker than the terminal petiole, without

definite seasonal articulations and with the leaves not definitely crowded toward

the tips. Leaves alternate (opposite in A. dccussatum)
y
usually rather rigidly

coriaceous, the secondary veins usually sharply ascending or horizontal and not

forking toward the margin. Inflorescence variously thyrsiform, the primary

branches usually whorled or fastigiate, terminal or subterminal, usually many-

flowered, with persistent but irregularly disposed bracts; corolla tubular-salver-

form, glabrous or essentially so, subcoriaceous, the lobes usually lance-linear and

abruptly caudate-acuminate from near the base (except in A. Fcndlcri), tightly

spiral-convolute in aestivation (except A. Fanlleri), erect at anthesis, the tube not

constricted at the orifice, longitudinally callose-angulate. Follicles somewhat

pyriform to nearly circular or subcylindric, almost equally bi-convex, the placenta

rotating about 120°-180°, stipitate to sessile, densely tomentellous, not obviously

lenticellate; seeds with a concentric nearly circular wing.

Species 39~52 Figure 12.

KEY TO THE SPECIES

a. Inflorescence of thyrsiform or corymbiform aspect, the determinate

branches about as long as the ascending lateral branches, the flowers

borne at about a common rounded or flat-topped level,

b. Corolla lobes about as long as the tube or somewhat longer.

c. Corolla lobes ovate to ovate-lanceolate, acute, scarcely contorted

in aestivation; inflorescence black- or dark gray-tomentellous;

leaves oblong-obovate, 6-11 cm. long, white-tomentellous beneath;

follicles oval to ovoid, sessile or subsessile, black- to dark brown-
tomentellous, 7-12 cm. long 39. A. Fendleri

cc. Corolla lobes lanceolate-linear, abruptly caudate-acuminate from
the base, strongly spiral-contorted in aestivation.

d. Pedicels about twice as long as the calyx lobes at anthesis; in-

florescence white or light gray-tomentellous; leaves elliptic-

obovate, 10-20 cm. long, white- or light gray-tomentellous be-

neath; follicles ellipsoid, broadly stipitate, dark brown-tomen-
tellous, 10-11 cm. long 40. A. Spruceanum

dd. Pedicels about as long as the calyx lobes to somewhat shorter.

e. Calyx lobes foliaceous, about 5 mm. long, as long as the

corolla tube or slightly longer; inflorescence grayish yellow-

tomentellous; leaves oval-obovate, rigidly coriaceous, 8— 13 cm.

long, yellow-tomentellous beneath 41. A. Steyermarku
ee. Calyx lobes subfoliaceaus, about 2—3 mm. long, about half as

long as the corolla tube or somewhat less.

f. Stems with a thick corky periderm below the inflorescence;

leaves obovate to broadly oblong, rounded or very broadly

obtuse at the tip, 8-3 cm. long, persistently golden-

tomentellous beneath; inflorescence brown-tomentellous;

follicles elliptic, narrowly stipitate, black-tomentellous 42. A. NOBILE
ff. Stems without a corky periderm.

g. Inflorescences umbelliform or corymbiform, aggregated

terminally and subterminally.

h. Inflorescences many, gray-tomentellous; calyx lobes

about half as long as the corolla tube; leaves charta-

ceous, narrowly oblong to elliptic-oblong, 8—17 cm.
long, acute to obtuse, prominently veined on both sur-

faces, essentially glabrous; follicles nearly circular, 6—9

cm. in diameter, narrowly stipitate, black-tomen-

tellous — 43. A. Steinbachii
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A. DECUSSATUM

hh. Inflorescences few, brown-tomentellous; calyx lobes

less than half as long as the corolla tube; leaves cori-

aceous, oblong-elliptic, obtuse to acute, 6-15 cm. long,

glabrous, the venation obscure on both surfaces; fol-

licles nearly circular, rather broadly stipitate, 7-8 cm.

in diameter, white-tomentellous 44. A. obscurinervium

g^. Inflorescences solitary and terminal or in the uppermost

leaf axils, paniculiform, the branches relatively distant

and alternate, white-tomentellous; leaves elliptic-oblong,

subcaudate-acuminate, 8-16 cm. long, minutely white-

tomentellous beneath^ the venation prominent upon both

surfaces; follicles oval, 4-7 cm. long, narrowly stipitate,

brown-tomentellous 45. A. verruculosum

bb. Corolla lobes half as long as the corolla tube or less.

c. Leaves opposite, broadly obovate, 2-5 cm. long, obscurely yellow-

puberulent beneath 46.

cc. Leaves alternate or irregularly approximate.

d. Leaves persistently tomcntellous-papillate beneath.

e. Inflorescence black- or brown-tomentellous; corolla glabrous;

leaves narrowly oblong-elliptic, acute to subcaudate-acuminate,

4-13 cm. long, yellow-tomentellous beneath, becoming gray

in age; follicles oval, 8-10 cm. long, rather stoutly stipitate,

black-tomentellous 47. A. melanocalyx

ee. Inflorescence yellowish gray-tomentellous; corolla lobes in-

conspicuously barbate at the tips; leaves broadly ovate-oblong,

rounded or broadly obtuse at base and tip, 7-20 cm. long,

gray-tomentellous beneath 48. A. ETEanum

dd. Leaves essentially glabrous beneath, or inconspicuously pilosulose

when very young,

e. Inflorescence brown-tomentellous, relatively short-pedunculate;

leaves oblong, obtuse to broadly acute, 5-25 cm. long; follicles

broadly oval, 8-15 cm. long, rather stoutly stipitate, sordid

brown-tomentellous 49. A. megalocarpon

ee. Inflorescence pale orange-tomentellous, relatively long-pedunc-

ulate; leaves oblong-elliptic, acutely acuminate, 7-15 cm.

long 50. A. leucocymosum

aa. Inflorescence of distinctly cymose aspect, the determinate branches sub-

sessile and much shorter than the divaricate, frequently scorpioid lateral

branches, the flowers thus borne at diverse levels.

b. Leaves elliptic-obovate, 7-15 cm. long, typically glabrous beneath and

with crowded secondary venation, infrequently minutely white-

tomentellous beneath with more distant venation; follicles nearly

circular, narrowly stipitate, about 6-9 cm. in diameter, light brown-

pulverulent »— -
51. A. album

bb. Leaves elliptic to oblong-elliptic, 12-25 cm. long, light brown-tom-

entellous beneath and with rather distant secondary venation 52. A. Sandwithianum

39. Aspidosperma Fendleri Woodson, spec. nov.

Arbores usque ca. 25 m. altae; ramulis sat crassiusculis juventate minute albo-

puberulis tandem glabratis cortice atro-fusco vix perspicue lenticellato. Folia

alternata vel approximata lamina late obovato-oblonga apice rotundata saepe emar-

ginata basi obtuse cuneata vel rotundata 6-11 cm. longa 3-6 cm. lata coriacea

supra nitida venis secundariis vix visis subtus minute denseque albo-velutina

venis secundariis subprominulis utroque latere ca. 12-16 subarcuatis; petiolo ca.

1-2 cm. longo. Inflorescentia terminalis thyrsiformis valde plano-corymbiformis

multiflora ca. 4-9 cm. longa, bracteis vix bene visis; pedicellis 1-4 mm. longis atro-

griseo-tomentellis (pilis albis et nigris interspersis) . Calycis laciniae ovato-Ianceo-

latae acutae 3-4 mm. longae atro-griseo-tomentellae. Corolla extus glabra; tubo

valde angulato ca. 3-5 mm. longo et 1.5 mm. lato; lobis anguste ovatis vel ovato-
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lanceolatis acutis nee caudato-acuminatis nee alabastro valde spiraliter contorto more
specierum propinquorum. Antherae in medio tubi corollae insertae ca. 1 mm.
longae. Ovarium globosum ca. 1 mm. altum glabrum. Folliculi plus minusve
compresse ellipsoidei sessiles vel subsessilcs 7-12 cm. longi 5-7 cm. lati plus minusve
lignosi atro- vel griseo-tomentelli; seminibus late ovalibus ca. 6 cm. longis 5 cm.

latis.

Venezuela and British Guiana, in forests.

Vernacular name: Karuad-pali (British Guiana—A. C. Smith).

Venezuela: aragua: La Mesa, Parque Nacional, Pittier 15231 (US), Pittier &
Naksschetwvich 15346 (US), 15397 (US), distrito federal: Macarao Valley, DelgaJo
297 (F, MO, US); Caracas, Karsten s. n. (W). merida: Tovar, Femller 781 (G, GH, K,
MO, holotype, US), 316 (GH, K).

British Guiana: Isherton, basin of Rupununi River, A. C Smith 241 ? (F, G, NY.
MO,S, U, US).

This species is quite unique amongst Nobiles because of the broad, loosely

contorted corolla lobes. The general relationship of the species appears to b

most close to A. Spmceamim, which has considerably larger, obovate leaves and
longer-pedunculate inflorescences tending to appear in the upper leaf axils, in addi-

tion to the common caudate-acuminate, tightly spiral corolla lobes. The likelihood

of hybridization of A. Fendleri and A. album will be discussed briefly under the

latter species.

40. Aspidosperma Spruceanum Benth. ex Muell. Arg. in Mart. Fl. Bras. 6
1
:52.

1860; M. Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:367. 1947 (as A.
album). (T.: Spruce 2265!)

.

Macaglia Spruceana (Benth.) O. Ktze. Rev. Gen. 2:416. 1891.
Aspidosperma igapoanum Mgf. in Notizbl. 12:298. 193 5. (T.: Ducke 24568!).

Rather small trees ("parva" et "vix mediocris", fide Ducke), with rather stout,

sulcate branches densely white-tomentellous when young, developing a tight, dark

brown bark without obvious lenticels at maturity. Leaves alternate or approxi-

mate, broadly obovate to oblong-obovate, rounded at the tip, rounded or broadly

cuneate at the base, 10-20 cm. long, 4-11 cm. broad, coriaceous and slightly revo-

lute, above lustrous and glabrous with the secondary and tertiary veins rather

apparent, beneath densely white-velutinous with 25-30 subhorizontal secondary

veins quite apparent; petioles about 1.5 cm. long. Inflorescences terminal and
solitary in the uppermost leaf axils, 12-18 cm. long, corymbosely thyrsiform, the

long primary peduncles with several secondary peduncles umbellately fasciculate

at the tip, the bracts obvious; pedicels about 4 mm. long, all densely and minutely
white-velutinous with few interspersed black hairs. Calyx lobes ovate, acuminate,

about 2 mm. long, white- or pale grey-velutinous. Corolla pale yellow or white,

glabrous without, the tube about 3 mm. long, the lobes ovate-linear, tightly spiral

in the bud, about as long as the tube. Anthers inserted above midway within the

corolla tube, about 0.7 mm. long. Ovary glabrous, about 0.5 mm. long. Follicles

broadly ellipsoid, 10-11 cm. long and 5-6 cm. broad, woody, densely brown-
tomentellous, with a short broad stipe 1.0-1.5 cm. long.
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Northern Brazil, in periodically inundated forests; flowering in June.

Brazil: amazonas: Santa Izabel, Rio Negro, Ducke 511 (F, MO, NY, US), 24568

(U, US) ; San Gabriel do Cachoeiras ad Rio Negro, Spruce 2265 (C, F, GH, NY, W).

The flat-topped, mostly axillary inflorescences and large obovate leaves of this

species help in its identification, since the characteristic pedicels are not fully

elongate until anthesis. As a rule, the species of Nitida growing on inundated

lands appear to be smaller trees than those growing on terra firma.

41. Aspidosperma Steyermarkii Woodson, spec. nov.

Arbores ca. 8-10 m. altae laticem sanguineum exudentes; ramulis crassiusculis

juventate minute sulfureo-velutinis mox glabratis cortice atro-fusco valde com-

presso. Folia alternata vel approximata late obovata vel elliptico-obovata apice

latissime rotundata basi obtuse cuneata ca. 8-13 cm. longa 4.5-8 cm. lata rigide

coriacea margine valde revoluta supra illustria venis leviter ascendentibus 25-30

numquam manifestis subtus dense fusco-tomentella venis satius visis; petiolo crasso

ca. 2 cm. longo. Inflorescentiae dense corymboso-thyrsiformes multiflorae floribus

valde congestis dense fusco-sulfureo-tomentellae ad apicem ramulorum fasciculatim

aggregatae ca. 6-10 cm. longae, bracteis vix bene visis; pedicellis ca. 1 mm. longis.

Calycis laciniae ovato-lanceolatae acuminatae ca. 5 mm. longae aliquando foliaceae

extus fusco-sulfureo-tomentellae (pilis sulfureis et nigris interspersis) . Corollae

gilvae extus glaberrimae tubo valde calloso-angulato ca. 3.5 mm. longo; lobis ovato-

linearibus valde caudato-acuminatis ca. 4 mm. longis in alabastro valde spiraliter

contortis. Antherae in medio corollae tubo insertae ca. 1 mm. longae. Folliculi

ignoti.

Venezuela: bolivar: Ptari-tepui, steep forested slopes at base of first line of sand-

stone bluffs, on south-facing part, east of "Cave Rock", alt. 2130 m., November 4, 1944,

/. A. Steyermark 59858 (F, MO, holotype, NY).

This species is so distinct that its relationships are conjectural wholly. Its habit

suggests an affinity with A. nobile.

42. Aspidosperma nobile Muell. Arg. in Mart. Fl. Bras. 61 :44. 1860; M. Pichon,

in Bull. Mus. Nat. Hist. Nat. II, 19:367. 1947. (T.: St.-Hilaire 760!).

Aspidosperma Pohlianum Muell. Arg. loc. cit. 1860. (T.: Pohl 1229I).

Macaglia nobilis (Muell. Arg.) O. Ktze. Rev. Gen. 2:416. 1891.

Macaglia Pohliana (Muell. Arg.) O. Ktze. loc. cit. 1891.

Trees about 4 m. tall, the branches disproportionally stout, densely golden-

tomentellous when young, covered with a thick corky bark at maturity. Leaves

closely crowded, broadly oblong to obovate, rounded or broadly obtuse at the tip,

broadly cuneate to rounded at the base, 8-30 cm. long and 3-11 cm. broad, heavily

coriaceous, densely golden-tomentellous upon both surfaces when young, becoming

glabrate and lustrous above at maturity, pale olive-green, the secondary veins about

40 pairs, broadly ascending, rather indistinct upon both surfaces; petioles 1.5-3.0

cm. long, stout. Inflorescences terminal and axillary at the uppermost nodes,



188
[Vol. 38

MISSOURI

densely golden-tomentellous, 6-12 cm. long, the primary peduncle relatively short

with several secondary peduncles corymbosely or umbellately crowded at the tip,

the bracts evident; pedicels about 1 mm. long. Calyx lobes ovate-elliptic, acute,

about 3 mm. long, golden-velutinous. Corolla yellow, glabrous, the tube callose-

angulate, about 4-5 mm. long, the lobes ovate-linear, caudate-acuminate and

tightly spiral in the bud, 5-6 mm. long. Anthers inserted about midway within

the corolla tube, about 1 mm. long. Ovary globose, glabrous. Young follicles

rather narrowly ellipsoid, with a conspicuous stipe, densely black- or dark gray-

tomentellous, not known at maturity.

p

to August.

Brazil: goiaz: entre Bernardo Lobo et Jaragua, Glaziou 21742 (C, P) ; Salinas,

Wcddell 2001 (F, P); locality lacking, St.-Hilaire 760 (F, NY, P, US); ad viam a Brejao

ad Rio Bonaventura et ad Lavrinhas, Pohl I22Q (W) ; locality lacking, Pobl 18J5 (K, W).
mato grosso: Cuyaba, Malme s. n. (R, US) ; locality lacking, Kuntze s. //. (NY) ; Bun lull

7505 <K).

This utterly distinctive species forms an interesting parallel with A. icrbasci-

folium, a geographical relative, because of its thick corky bark.

43. Aspidosperma Steinbachii Mgf. in Notizbl. 9:1158. 1927. (T.: Steinhach

7261!).

Trees as much as 20 m. tall, the branches somewhat thick, essentially glabrous,

developing a tight, black bark without evident lenticels at maturity. Leaves

broadly ovate-oblong to narrowly oblong-elliptic, apex obtuse or rounded to shortly

and obtusely acuminate, base rounded to narrowly cuneate, 8-17 cm. long and 2-7

cm. broad, firmly membranaceous or pergamentaceous, wholly glabrous or in-

definitely papillate beneath when very young, lustrous above and somewhat paler

beneath, the crowded, almost innumerable secondary and tertiary veins evident

upon both surfaces; petioles 2-3 cm. long. Inflorescences crowded subterminally,

densely grayish brown-tomentellous, broadly corymbose, 12-15 cm. long, the sec-

ondary peduncles umbellated congested, the bracts fairly conspicuous; pedicels

about 1 mm. long. Calyx lobes ovate-elliptic, acute, somewhat unequal, about 3

mm. long, densely grayish brown-tomentellous without. Corolla glabrous with-

out, the tube callose-angulate, about 4.0-4.5 mm. long, the lobes ovate-linear,

caudate-acuminate, tightly spiral in the bud, about 4 mm. long. Anthers inserted

about midway within the corolla tube, about 1 mm. long. Ovary about 1 mm.
long, glabrous. Follicles broadly elliptic to nearly circular, 7-10 cm. long and

6-9 cm. broad, abruptly narrowed to a slender stipe 4-5 cm. long, densely black-

tomentellous; seeds broadly oval or circular, 6-9 cm. in diameter.

Eastern Peru and Bolivia, in forests; flowering from July to November.

Vernacular names: Pincbi-caspi (Peru—LI. Williams;) Gavctillo (Bolivia

Steinbach).
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Peru: san martin: Tarapoto, Ll. Williams j8l6 (F, MO, US).

Bolivia: sta. cruz: Buenavista, Prov. Sara, Steinbach 7261 (F, GH, MO, NY, U),

7356 (F, GH, MO, NY, U). la paz: San Bartolome, near Calisaya, Prov. S. Yungas,

Krukoff J02QO (F, MO, U, US).

Although not conveyed by the key, I believe that A. Steinbachii is closely related

to A. melanocalyx of eastern Brazil, largely because of the similar shape and in-

dument of the fruits, although the leaves and indument of the inflorescence may

ally it more directly to A. megalocarpon of Colombia and Central America.

44. Aspidosperma obscurinervium Azambuja, in Rodriguesia 9:51, pi. /. 1947.

(T.: Dueke 931!).

Tall trees with relatively slender branches inconspicuously gray-pilosulose when

young, soon becoming glabrate and with a tight, blackish brown bark. Leaves

broadly oblong-elliptic, obtuse to broadly acute at the tip, the base broadly obtuse,

6-15 cm. long, 2.5-5.0 cm. broad, coriaceous, the venation obscure on both sur-

faces, glabrous and lustrous above, paler and submicroscopically papillate beneath;

petioles 1-2 cm. long. Inflorescence terminal and few in the uppermost leaf axils,

corymbose-thyrsiform, about 2-8 cm. long, the secondary peduncles more or less

umbellately fasciculate at the tip of the primary peduncle, brown-tomentellous, the

bracts inconspicuous; pedicels about 1 mm. long. Calyx lobes rather unequal,

ovate, acute, somewhat less than 2 mm. long, gray-tomentellous without. Corolla

yellow, glabrous without, the tube callose-angulate, about 3 mm. long, the lobes

ovate-linear, caudate-acuminate, tightly spiral in the bud, about 3 mm. long.

Anthers inserted about midway within the corolla tube, about 0.7 mm. long.

Follicles nearly circular, 7-8 cm. in diameter, woody, densely white-tomentellous,

with a rather broad stipe about 1-2 cm. long; seeds circular, about 7 cm. in

diameter.

Upper Amazon valley, in highland forests; flowering in May.

Brazil: amazonas: Manaos, ultra Flores, Ducke 93 1 (F> MO, NY, US), 1 156 (MO,

NY, US).

Outstanding, particularly by reason of the white-tomentellous fruits.

45. Aspidosperma verruculosum Muell. Arg. in Mart. Fl. Bras. 6 :51. 1860.

(T.: Spruce 3328!).

Macaglia verruculosa (Muell. Arg.) O. Ktze. Rev. Gen. 2:416. 1891.

Aspidosperma paniculatum Azambuja, in Rodriguesia 10:117, pi I. 1948. (T.: Ducke

J168!).

Rather small trees (fide Ducke), the branches rather slender, inconspicuously

white-papillate when young, glabrate and developing a tight blackish brown bark

at maturity. Leaves alternate, rather distant, narrowly elliptic-oblong to oblong-

obovate, apex abruptly and shortly obtuse-acuminate, base obtuse to acutely

cuneate, 8-16 cm. long and 2.5-6.0 cm. broad, subcoriaceous, the secondary veins

almost innumerable, subhorizontal, crowded and apparent on both surfaces, above

glabrous, olive-green and lustrous, beneath paler and microscopically white-
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papillate; petioles 1.0-2.5 cm. long. Inflorescence solitary and frequently axillary

at the upper nodes, paniculiform, the branches alternate and relatively distant,

5-17 cm. long, the branches progressively shorter to the subsessile flowers, densely

white-papillate, the bracts obscure; pedicels about 1 mm. long or somewhat less.

Calyx lobes rather strongly unequal, ovate, acute, about 1 mm. long, densely and

minutely white-tomentellous. Corolla white, glabrous without, the tube callose-

angulate, about 3 mm. long, the lobes ovate-linear, caudate-acuminate and tightly

spiral in the bud, 2.5-3.0 mm. long. Anthers inserted at about midway within

the corolla tube, about 0.7 mm. long. Ovary glabrous, about 0.5 mm. long.

Follicles elliptic or oval, 4-7 mm. long and 4-5 mm. broad, narrowed to a stipe

0.7-1.5 cm. long, finely brown-tomentellous.

Northern Brazil, in sandy savannas; flowering from March to June.

Brazil: amazonas: Manaos, Rio Taruma-miry, Ducke 918 (F, MO, NY, US), 1168
(MO, NY, US), 1419 (US); ad fl. Casiquari, Vasiva et Pacimoni, Spruce 3328 (G, GH,
NY, P, W) ; between headwaters of Ira-Igarape and Igarape-Abiu, affluent of Rio Taraira,
Schultes tf Lopez IOI90 (US).

Azambuja's name for this species is so appropriate that it is rather a pity to

have to discard it in favor of Mueller's. However, it appears quite unavoidable,

since the foliage of Spruce's specimen corresponds so closely to that of Ducke's

specimens. Spruce's fruits are somewhat smaller and have somewhat more slender

stipes than those of Ducke, but I believe that this is due to their relative im-
maturity.

46. Aspidosperma decussatum Woodson, spec. nov.

Arbusculae vel frutices ca. 3 m. alti laticem lacteum exudentes; ramulis sat

crassiusculis juventate minutissime gilvo-pilosulis numquam ancipitis maturitate

glabratis et cortice fusco-brunneo paulo lenticellato acutis. Folia opposita decus-

sata brevissime petiolata lamina late obovata apice rotundata basi obtuse cuneata
2-5 cm. longa 1.5-3.0 cm. lata rigide coriacea venis secundariis numerosis recte

ascendentibus congestis utrimque prominentibus supra olivacea nitida subtus sub-

concolore et obscure minuteque luteo-pilosula; petiolo ca. 0.5 cm. longo. Inflores-

centia terminalis corymboso-thyrsiformis pauciflora breviter pedunculata ca. 2-4
cm. longa omnino fulvide gilvo-tomentella, bracteis vix bene visis; pedicellis ca. 1

mm. longis. Calycis laciniae subaequales ovali-ovatae acutae ca. 3.0-3.5

longae dense gilvo-tomentellae. Corolla albida extus glabra odora, tubo calloso-

angulato ca. 3.5-4.0 mm. longo, lobis ovato-linearibus in alabastro valde spiraliter

contortis ca. 2.0-2.5 mm. longis. Antherae in medio tubi corollae insertae ca. 0.7

mm. longae. Ovarium late ovoideum ca. 1 mm. altum glabrum. Folliculi ignoti.

Venezuela: bolivar: Ptari-tcpui, on forested south-facing slopes overlying sand-
stone, on "Cave Rock" above "Cave Camp", alt. 1810 m., October 29, 1944, /. A. Sfryer

-

mark 595°6 (F, MO, holotype, NY).

Distinct, except for the Quebrachines with which it is not likely to be con-
fused, because of the decussate leaves of most unusual form for the genus.

mm.
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47. Aspidosperma melanocalyx Muell. Arg. in Mart. Fl. Bras. 6 1
:52. 1860;

M. Pichon, in Bull Mus. Nat. Hist. Nat. II, 19:367. 1947. (T.: St.-Hilaire

5. If./).

Aspidosperma leucomelanum Muell. Arg. in Kjocb. Vidensk. Meddel. 105. 1869; M.

Pichon, Ioc. cit. 1947. (T.: Warming s. »./).

Macaglia melanocalyx (Muell. Arg.) O. Ktze. Rev. Gen. 2:416. 1891.

Large or small trees (8 m. tall, fide Ducke), the branches relatively slender,

compressed-angulate, densely golden-papillate when young, glabrate and developing

a tight gray-black bark without evident lenticels at maturity. Leaves narrowly

oblong-elliptic, acute to subcaudate-acuminate, the base acutely cuneate to rounded,

4-13 cm. long and 1-5 cm. broad, subcoriaceous, the numerous broadly ascending

secondary veins obvious upon both faces, olive-green and lustrous above, densely

golden-tomentellous beneath when young, becoming gray-papillate in age; petioles

1.0-2.5 cm. long. Inflorescences terminal and axillary at the uppermost nodes,

very densely corymbose-thyrsiform, very many-flowered, shortly pedunculate, 3-6

cm. long, black- or dark brown-tomentellous throughout, the bracts inconspicuous;

pedicels about 1 mm. long or less. Calyx lobes 2-3 mm. long, ovate, blackish

brown-tomentellous. Corolla yellow, glabrous without, the tube about 4.5 mm.

long, callose-angulate, the lobes ovate-linear, caudate-acuminate, tightly spiral-

contorted in the bud, 2.0-2.5 mm. long. Anthers inserted about midway within

the corolla tube, about 1 mm. long. Ovary about 0.5 mm. long, glabrous. Follicles

oval, 8-10 cm. long and 6-7 cm. broad, woody, densely black-tomentellous,

abruptly constricted to a stipe 2.0-2.5 cm. long.

Eastern Brazil, in forests; flowering from February to April.

Brazil: distrito federal: Rio de Janeiro, Glaziou 204.14. (C, F, MO, NY, P, US);

ad urbem loco Sumare, Kuhlmann 19397 (P, U, US), minas gerais: Lagoa Santa,

Warming s.n. (C, NY); Estagao Experimental, Mello Barreto 8794 (F, MO), 8795 (F,

MO); locality lacking, St.-Hilaire s. «. (P).

Well characterized by the very dense, shortly pedunculate, black-tomentellous

inflorescences and small, narrow leaves. The leaves of the type of A. leucomclamim

are somewhat larger and the inflorescence indument somewhat lighter in color than

those of the type of A. melanocalyx, but I can observe no more important dif-

ferences.

i

Mello Barreto's flowering specimen deserves special mention: the inflorescence

is rather loose and the corolla lobes somewhat longer than is typical of the other

specimens cited. After dissection of several flowers, I have found the number of

stamens to vary from 3 to the normal 5 and their position within the same corolla

to vary, as well as their size. There is indeed a slight tendency for the anthers to

vary in size within single flowers of both the Nobiles and the Nitida, but it is so

marked in the case of this specimen that I must interpret it as an abnormality.
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48. Aspidosperma eteanum Mgf. in Notizbl. 12:297. 1935; M. Pichon, in Bull.

Mus. Nat. Hist. Nat. II, 19:367. 1947. (T.: Ducke 22445!).

Trees as much as 20 m. tall, the branches rather stout, densely yellowish gray-

tomentellous when young, glabrate and developing a rather rimose brown bark

without evident lenticels at maturity. Leaves alternate or approximate, broadly

ovate-oblong, broadly rounded at the tip and at the base, 6-20 cm. long and 3-8

cm. broad, rigidly coriaceous, the numerous and dense secondary veins rather ob-

scure, olive-green and highly lustrous above, pale gray-papillate beneath; petioles

1-2 cm. long. Inflorescences densely crowded terminally and subterminally, very

broadly corymbose-thyrsiform, very many-flowered, shortly pedunculate, 9-15 cm.

long and about as broad, densely pale yellowish gray-tomentellous, the bracts in-

conspicuous, the pedicels about 1 mm. long. Calyx lobes ovate-reniform, rounded,

about 2 mm. long, pale yellowish gray-tomentellous. Corolla yellowish, the tube

glabrous, callose-angulate, 4-5 mm. long, the lobes ovate-linear, caudate-acuminate

and tightly spiral in the bud, inconspicuously barbate, about 2 mm. long. Anthers

inserted about midway within the corolla tube, about 1 mm. long. Follicles un-

itnown.

Northeastern Brazil, on terra firma and hillside forests; flowering from August
to October.

Vernacular name: Muirapyranga (Capucho).

Brazil: amazonas: Parintins, Ducke 138 (F). para: Oriximina, Rio Trombetas
infer., Ducke 22443 (US); Serra de Almeirim, Ducke 22445 (P. U, US); Boa Vista,
region de Tapajos, Capucho 432 (F).

49. Aspidosperma megalocarpon Muell. Arg. in Linnaea 30:400. 1860; M.
Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:367. 1947. (T.: Karwbisk)

1348).

Macaglia megalocarpa (Muell. Arg.) O. Ktze. Rev. Gen. 2:416. 1891.
Aspidosperma cruentum Woods, in Amer. Jour. Bot. 22:684. 193 5 (as crucnta) (T

Bart left 12570!).
Aspidosperma sanguineum H. H. Bartlett, in Publ. Carnegie Inst. Wash. 461:16. 1935,

nom. Tiud.

Aspidosperma sanguinale H. H. Bartlett, loc. cit. 22. 193 5, nam. nud.
Aspidosperma Matudai Lundell, in Phytologia 1:339. 1939. (T.: Matuda 2030!).
Aspidosperma chiapense Matuda, in Madrono 10:172. 1950. (T.: Matuda I(>]6l!).
Aspidosperma chiapense Matuda forma tenax Matuda, loc. cit. 173. 1950. (T : Matuda

17386).

Trees 7-3 m. tall, the trunk 2-8 dm. in diameter and with whitish, rough
bark; branches minutely gray-pilosulose when young, soon glabrate and developing

a blackish bark without apparent lenticels. Leaves alternate, elliptic-obovate to

narrowly oblong, apex acute to broadly obtuse, base acutely or obtusely cuneate,

5-2 5 cm. long, 2-9 cm. broad, firmly membranaceous to subcoriaceous, wholly
glabrous, highly lustrous above, somewhat paler beneath, the secondary veins

broadly ascending to subhorizontal, very numerous and crowded; petioles 1-3 cm.
long. Inflorescences terminal and axillary at the uppermost nodes, broadly corym-
bose-thyrsiform, shortly pedunculate, many-flowered, sordid brown-tomentellous

>
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the bracts suppressed; pedicels about 1 mm. long or shorter. Calyx lobes somewhat

unequal, ovate, acute to obtusish, about 2 mm. long, densely sordid brown-

tomentellous without. Corolla yellowish white, glabrous without, the tube callose-

angulate, 3-4 mm. long, the lobes ovate-linear, caudate-acuminate, strongly spiral

in the bud, about 1.5-2.0 mm. long. Anthers inserted about midway within the

corolla tube, about 1 mm. long. Ovary globose, glabrous, about 0.7 mm. long.

Follicles broadly oval to nearly circular, 8-15 cm. long and 6-11 cm. broad, woody,

brown-tomentellous, with a rather broad stipe 1-3 cm. long.

Southeastern Mexico to Colombia and British Guiana, chiefly in dense, rather

bo to

August.

Vernacular names: Chichi, Chichi Colorado, Chichi prieto, Chichi amarillo

(Mexico—Matuda); Colorado (Mexico—Ll. Williams); Volador (Mexico-Kar-

winsky); My lady (British Honduras—Lundell, Burns, and Record); Red and

White malady (British Honduras—Gentle) ; Chichique (Guatemala—J. D. Smith)

;

Chaperno (Honduras—Standley) ; Caney, Mamey (Colombia—Castaneda) ; Shi-

badan (British Guiana—Forest Dept.).

Mexico: chiapas: Escuintla, Matuda 2030 (F, GH, NY, US), 16361 (US), oaxaca:

Ubero, Ll. Williams Q504 (F, MO). Veracruz: Fortuno, Coatzacoalcos River, Ll. Williams

8729 (F, MO).
British Honduras: Stann Creek, Gentle 2800 (MO, NY, US), 2801 (F), 2855 (F,

K, MO, NY), 3271 (F, MO); El Cayo, Lundell 6326 (GH, MO, NY).
Guatemala: alta verapaz: Cubilgiiitz, Steyermark 4452° (F, MO); between Trece

Aguas and Cacao, Cook & Doyle 47 (US), escuintla: Escuintla, /. D. Smith 2475 (F,

GH, US), peten: Vaxactun, Bartlett 12570 (MO, NY, US), 12663 (MO, US); La

Libertad, Lundell 3398 (F) ; locality lacking, Walker 1076 (F, GH, US), quezal-

tenango: Rio Ocosito, /. D. Smith 2477 (US), retalhuleu: Rio Samala, Shannon

209 (F, US); Mazatenango, Bernoulli & Cario 1836 (K, S). suchitepequez: Rio Sis,

. 47690
Honduras: atlantida: Lancetilla Valley, Standley 53992 (F, US).

Costa Rica: limon: Pozo Azul, Lankester s. n. (US).

Panama: canal zone: Barro Colorado Island, Kenoyer 681 (US).

Colombia: magdalena: Caracolicito, region de Sta. Marta, Castan 96 (COL);

entre Tucurinca y Fundacion, Castaneda & Gonzalez R 365 (COL, MO); Tucurinca,

Castaneda 620 (MO) ; Peten, Dugand 821 (F).

Venezuela: amazonas: San Carlos de Rio Negro, L/. Williams I4519a (F, US).

British Guiana: bawe

This species is obviously one of the most widespread as well as most frequently

collected of the genus. Although segregates have been proposed, they are based

upon minor variants which appear more or less throughout the entire range and

are of little biological significance. Llewellyn Williams reports

ood

bole. He also

reports that although the wood frequently is attacked by white ants, it is tough

and difficult to split and is used frequently for house construction, beams, and

railroad ties in Mexico. Matuda states that the timber is esteemed by lumbermen

of Chiapas, and "is so hard when cured that it is impossible to drive a nail into

it." (Madrono 10:173. 1950).
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50. Aspidosperma leucocymosum Kuhlm. in Archiv. Inst. Biol. Veg. Rio Jan.

2:88, pi. 6. 1935; M. Pichon, in Bull. Mus. Nat. Hist. Nat. II, 19:367. 1947.

(T.: Ducke 24472!).

Aspidosperma leucostachys Kuhlm. ex Mgf. in Notizbl. 12:558. 1935. (T.-.Duckc 24472!).

Moderate-sized tree (fide Ducke) with rather slender branches inconspicuously

white-papillate when young but soon developing a dark brown bark without evi-

dent lenticels. Leaves alternate or approximate, oblong-elliptic, acutely acuminate,

the base obtusely cuneate, 7-15 cm. long and 2.5-5.0 cm. broad, subcoriaceous,

the veins rather inconspicuous upon both surfaces, rather pale olive-green and

wholly glabrous, lustrous above; petioles 1.5-2.5 cm. long. Inflorescences corym-

bose-thyrsiform, 4-9 cm. long, rather few-flowered individually but rather densely

clustered terminally and at the congested upper nodes, pale orange-tomentellous, the

bracts rather inconspicuous; pedicels about 2 mm. long. Calyx lobes ovate, broadly

obtuse to rounded, about 2 mm. long, densely white-tomentellous without. Corolla

creamy white, glabrous without, the tube callose-angulate, about 5 mm. long, the

lobes ovate-linear, caudate-acuminate and tightly spiral-contorted in the bud, about

2.5-3.0 mm. long. Anthers inserted about midway within the corolla tube, about

1 mm. long. Follicles unknown.

Northern Brazil; flowering in December.

Brazil: amazonas: ad ripas altas flum. Curicuriary (affl. Rio Negro super.), Ducke
24472 (K, MO, P, U, US).

51. Aspidosperma album (Vahl) R. Ben. ex M. Pichon, in Bull. Mus. Nat. Hist.

Nat. II, 19:367. 1947 (as to basinym).

Macaglia alba Vahl, Skrivt. Nat. Selsk. Kjoebenh. 6:107. 1810. (T.: in Hb. Vahl., comm.
Richard!).

Bignonia latisiliqua Poir. Encycl. Suppl. 1:632. 1810. (T.: Patris s.n.!).

Aspidosperma latisiliquum (Poir.) A.DC. in DC. Prodr. S-.676. 1844 (as latisiliqua).

Peltospermum latisiliquum (Poir.) DC. ex A.DC. loc. cit. 1844, nom nud. in synon,
Peltospermum Patrisii DC. ex A.DC. loc. cit. 1844, nom. mid. in synon.
Aspidosperma pachypterum Muell. Arg. in Mart. Fl. Bras. 6 ! :51. 1860. (T.: Spruce

3345') •

Aspidosperma desmanthum Benth. ex Muell. Arg. loc. cit. 52. 1860; M. Pichon, in Bull.
Mus. Nat. Hist. Nat. II, 19:367. 1947. (T.: Spruce 2618I).

Macaglia pachyptera (Muell. Arg.) O. Ktze. Rev. Gen. 2:416. 1891.
Macaglia desmantha (Benth.) O. Ktze. loc. cit. 1891.
Aspidosperma Woodsonianum Mgf. in Notizbl. 12:559. 1935. (T.: Boschwezen 2330!).
Aspidosperma centrale Mgf. loc. cit. 560. 193 5. (T.: Ducke 21593!).

Trees 10-3 m. tall, with trunks 3-6 dm. in diameter; branches slender to

rather stout, indistinctly papillate when young, soon developing a light brown or

blackish bark without evident lenticels. Leaves alternate or approximate, obovate

to oblong-elliptic, rounded to shortly acute at the tip, the base obtusely cuneate,

7-15 cm. long and 3-7 cm. broad, coriaceous or subcoriaceous, the secondary

typically rather numerous and crowded, typically evident on both surfaces together

with the reticulate tertiary venation, occasionally more or less immersed, glabrous
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Fig. 12. AspiJosperma album (Vahl) R. Ben.: Flowering branch, entire opening bud,

dissected fully opened flower, fruit, and seed; Aspidosperwa Spruccanum Benth.: Inflorescence.

on both surfaces typically, or more or less pruinose beneath, rather lustrous; petioles

2-3 cm. long. Inflorescences typically somewhat congested terminally and in the

uppermost leaf axils, 3-12 cm. long, rather long-pedunculate, more or less white-

or yellowish-tomentellous, of distinctly cymose aspect, the determinate branches

subsessile and much shorter than the divaricate, frequently scorpioid lateral

branches, the flowers nearly sessile. Calyx lobes more or less unequal, ovate, 1.5-2.0

mm. long, white- or yellowish-tomentellous. Corolla yellowish green, glabrous

without, the tube callose-angulate, 2-3 mm. long, the lobes ovate-linear, caudatr-

acuminate, tightly spiral in the bud, about 3.5 mm. long. Anthers inserted about

midway within the corolla tube, 0.5-0.7 mm. long. Ovary about 0.5 mm. high,
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glabrous. Follicles nearly circular, less woody than in other species, 6-9 cm. long

and 5-8 cm. broad, rather thinly yellowish brown-puberulent, contracted to a

rather slender stipe 1-4 cm. long.

Northeastern Colombia to the Amazon valley, in highland forest (Mora and

Wallaba forest in British Guiana) ; flowering from April to November.

Vernacular names: Tnn-yck (Venezuela—Steyermark) ; Guabadaro (Venezu-

ela—Ll. Williams) ; Siba-danni and Shibadan (British Guiana—Forest Department) ;

Siferoc adda
y
Mantjotjo, and Bitterbark (Surinam—Boschwezen) ; Picjuia-marfiti,

Pdo amarello, and Ararauba (Brazil—Ducke) ; Araracanga (Brazil—Huber)

:

Ararahuba (Brazil—Capucho).

Colombia: magdalena: Salotal, Castaneda 1131 (MO).
Venezuela: amazonas: San Carlos, Rio Negro, Ll. Williams 14510 (F, MO, US).

bolivar: Ptari-tepui, Steyermark 60644 (F, MO).
British Guiana: Christianburg, Anderson 125 (K); Essequibo, Tapakuma Lake,

Anderson 337 (K); Simuni Creek, Rupununi River, Davis 2I0Q (K); Mazaruni Station,

Fanshawe 5275 (K, U).
Surinam: Brownsberg, Boscfmezen 1704 (U), 1708 (U); Sectie O, Stahel 121 (U),

Boschwezen 163 (U), 2330 (U, US), 2726 (U) ; Zanderij I, Stahel 77 (U), Bosclnvezen

2251 (U), 2389 (U), 2525 (K, U), 2636 (NY, U), 2674 (NY, US).
French Guiana: Cayenne, Patris s.n. (G); locality lacking, Richard s.n. (C),

Martin s. n. (MO).
Brazil: amazonas: prope Panurc, ad Rio Vaupes, Spruce 2618 (C, GH, NY, P) ; ad fl.

Casiquiari, Vasiva, et Pacimoni, Spruce 3345 (C, G, GH, P) ; Manaos, Ducke 7a (F), 536
(F, MO, NY, US); Serra de Parintins, Ducke 21593 (U, US); Manaos, Ducke 24576
(U, US); Sao Paulo de Oliven^a, Ducke 22415 (MO), para: Mosqueiro, Ducke 786 (F,

MO, NY, US); Belem, Huber 3848 (P, US); Collares, Ducke 12632 (US); Boa Vista,

Tapajos, Capucho 573 (F).

Aspidospcrma album is a very variable species. In the lower Amazon valley

the leaves are more thin in texture and are nearly glabrous beneath, with promi-

nently reticulate tertiary and secondary venation upon both surfaces, and these

characters also are shown by the one specimen to the extreme north of its range

in Colombia, and by most specimens from British Guiana. On the other hand,

most specimens from the central part of the specific range, in the upper Amazon
and in the Guianas and Venezuela, show more coriaceous leaves with less prominent

venation and with more or less of a white-tomentellous or pruinose indument on

the lower surface; the peduncles also appear to be somewhat stouter, more yellowish

in color, and less strongly cymose.

I suspect that this variability may be due to hybridization with either A.

Spmccanum or A. Fendleri; I am rather inclined to interpret the immature but

sessile follicles of the type specimen of A. pachypterum (Spruce 3345) as sug-

gesting the latter species.

Whatever may be responsible for the variability, I am not prepared to attempt

resolving it by the labored recognition of several intergrading entities. Unfor-

tunately, the type specimens of all the published species names enumerated at the

head of this discussion are of "intermediate" aspect, while the more "pure" popu-

lations of Para and Magdalena are without a segregate name.
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The combination A. album (Vahl) R. Ben. ex M. Pichon was made to super-

cede M. Spruceanum: however, examination of the type specimen of Macaglia

alba in Vahl's herbarium at Copenhagen discloses the divaricate inflorescences which

support Maine's observation "Secundum specimen in Mus. Haun. asservatum

Macaglia alba Vahl est Aspidospermatis species, A. desmantho Benth. peraffinis."

(in Arkiv Bot. 21 A, no. 6:7. 1927).

52. Aspidosperma Sandwithianum Mgf. in Notizbl. 12:561. 1935. (T.: Forest

Dept. 2108!).

Trees as much as 30 m. tall, the branches relatively slender, densely yellowish

brown-tomentellous when young. Leaves evidently alternate or approximate, ellip-

tic to oblong-elliptic, apex rather broadly acute to obtuse, base obtusely cuneate,

12-25 cm. long and 4.5-7.5 cm. broad, coriaceous, the approximately 20 pairs of

secondary veins impressed within the essentially glabrous, lustrous upper-surface

and prominently elevated upon the light brown-tomentellous lower surface; petioles

2.5-4.0 cm. long. Inflorescence clustered terminally and subterminally, rather

long-pedunculate, 4-14 cm. long, densely yellowish brown-tomentellous, of dis-

tinctly cymose aspect, the determinate branches subsessile and much shorter than

the divaricate, more or less scorpioid lateral branches, the flowers nearly sessile.

Calyx lobes rather unequal, oblong-ovate, obtusish, about 2 mm. long, densely

yellowish white-tomentellous without. Corolla pale yellowish green, glabrous with-

out, the tube callose-angulate, about 3 mm. long, the lobes ovate-linear, caudate-

acuminate and tightly spiral in the bud, about 7 mm. long. Stamens inserted above

midway within the corolla tube, the anthers about 0.5 mm. long. Ovary globose,

about 0.5 mm. long, glabrous. Follicles unknown.

British Guiana, in high "miscellaneous forest"; flowering in August.

British Guiana: Simuni Creek, Rupununi River, Forest Dept. 2lo8 (K).

Perhaps too closely allied to A. album, but with strikingly different leaves and

indument, and with unusually long corolla lobes.

EXCLUDED SPECIES

Aspidosperma anomalum Muell. Arg. in Mart. Fl. Bras. 6
1
:6l. 1860 = Micro-

plumeria anomala (Muell. Arg.) Mgf. in Notizbl. 13:458. 1937.

Aspidosperma clerceanum Iljin & Kraschen, in Index Kew. Suppl. 7:21. 1929,

splahn. = Astragalus Clerceanus Iljin & Kraschen, in Acta Hort. Bet.

Acad. Sci. (#*/* Ptetrop.) 43:591. 1931.

Aspidosperma condylocarpon Muell. Arg. in Mart. Fl. Bras. 6
1
:55. 1860 =

Diplorhynchus condylocarpon (Muell. Arg.) M. Pichon, in Bull. Mus.

Nat. Hist. II, 19:368. 1947.

Aspidosperma macrophylhim Muell. Arg. in Linnaea 3 0:397. 1860 = Paralyxia

macrophylla (Muell. Arg.) Mgf. in Notizbl. 13:458. 1937.

Aspidosperma quadriovulatum Pittier, in Bol. Cient. & Teen. Mus. Com. Vcnez.

1:66. 1925 = Rauwolfia sp.
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AspidOSperma qucbracho-colorado Schlccht. in Bot. Zeit. 19:137. 1861 =Schinoi>-

sis quebracho-colorado (Schlecht.) Bark. & Meyer, in Bol. Soc. Arg. Bot.

3:156. 1950.

Aspidosperm* sessilis Huber, in Bull. Soc. Bot. Geneve, II, 6:200, fig. JJ. 1915

= Microplumeria anomala (Mucll. Arg.) Mgf. in Notizbl. 13:458. 1937.

Aspidosperma tuberculatum (Vahl) R. Ben. ex Pichon, in Bull. Mus. Nat. Hist.

Nat. II, 19:369. 1947

cit. 1947.

Ochrosia tuberculata (Vahl) M. Pichon, loe.

Index to Exsiccatae

Italicized numerals refer to collectors' numbers, s. n. (sine numero) to unnumbered
collections; parenthetical numerals refer to the numerals of the species conserved in this
revision.

Allemao, F. 067 (5); 968 (18).

Anderson, C. W. 125, 337 (51).

Arbclaez, E. P. 4689 (16).

Archer, W. A. 2483 (26); 2775 (25); Constantino, D. 2170, 7825 (11).

Chase, A. 782 1 (5).
Claussen, P. s. ;/. (7, 8); J2<5, 327 (7);
328 (8); 346 (7).

3022 (13); 3201 (12).

Archer, W. A. & A. Gehrt. J35 (7).

Balansa, B. 1346 (7); 4644 (37).

Baldwin, A. A. 3113 (4).

Barbosa, A. s. n. (11).

Bartlett, H. H. 12570 (49); 12660 (35);
12663 (49); 19236,20640 (37).

Cook, O. F. & C. B. Doyle.

Cufodontis, G.
47 (49).

Curran, H. M.
86

220 (35).

(37);

12, 39 (37); 41 (34); 43
(38); I2Q (37); 14S

Beaurepaire, S. n. (16)

.

Benoist, R. 963 (28).

Bcrnouilli, G. & R. Cario. 1836 (49).

Blanchet, J. S. 2770 (5) ; 2806 (4) ; 2859,
3388, 3761 (29).

Boschwezen. 163 (51); 1354, 1424 (25); Denis, F.

(13);
235,242 (}7);2Q4 (}6);6S3 (37).

Curran, H. M. & M. Haman. $86, 840,
907, 923 (is); 938, 940, 954,955, 070
(18); 973 (12); 1211, 1260 (18).

Dahlgren, B. E. 928 (5).
Danouse, I. 6979 (18).
Davis, —. 2109 (51).
Delgado, L. G. 194 (12); 297 (39).

337$ (16).
1704, 1708(51); 1751 (25); 2251,2330, Drouct, F. 27/p (5); 2727 (5).
2,\SV,, 2525, 263d, 2674, 2726(51) ; #JO Duarte, A. P. 2938 (2) ; .,V^ (7) ; 2257
(28); 5<X)p, 6395 (25).

Britton, N. L. & W. E. Broadway. 2(5^
(18).

Broadway, W. E. 62, 962, 9426 (18).

Burchell, W. J. 6591, 7305 (8); 73^
(18); 7503 (42).

Cabrera, A. L. 3168 (37).

Caicedo, — . 12434(1%).
432 (48); 457 (30); 573Capucho, —

.

(51).

Cardenas, M. 1980 (25); 1985 (1); 2144
(37); 2746 (10).

Castaficda, R. R. 96 (49); 735 (18); 620
(49); 636, 1 105 (36); 7/3/ (51).

Castaneda, R. R. & — Gonzales R.

(49).

Castellanos, A.

2008 (37).

(11).

Ducke, A. 7a (51); 73c? (48); 207 (11);
3^0 (31); 577 (40) ; 536 (51 ); 624,600
(31); 7<?f5 (51); p/<? (45); 9?/, 775<5

(44); 77f>3(25); 77d<?(45)j 72^3 (25);

/ /^2
i4<)oo

'7105
21801

22438
(32)

(50)

1419 (45); 2230 (29); IW40,
(1); 726J2 (51); 7^(? (1);
(25); 15814 (20); 7^<?9 (1);
(20); 77224 (25); 21593 (51);
(4); 2l8o8 (20); 22475 (51);
(19); 22443, 22445 (48); 224^0
22456 (30); 24477 (24); 24472

365

24568 (40); 24569 (20); 24570 (31)
24574 (1); 24576 (51); 24577 (19)

54047 (13).
Ducke, A. & J. G. Kuhlmann. 7 1387 (11).

882, 1748, 2238, 2634, Dugand, A. 37 (18); 208, 355, 428, 582

Castillon, L. 1569 (37).

(16); 632 (18); c?27 (49); IO24 (16);
3138 (18)-
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Dugand, A. & R. Jaramillo. 2790 (16); Jorgensen, P. 193,1958 (37); 3690 (10).

3229 (18); 3442 (16).

Dusen, P. s.n. (7, 16, 17); 13116 (7);

J6071 (17); 16514, 16780 (7); 16781

(16); 18022 (7).

Dutra, J. 772 (10).

Egler, F. E. 42-320 (35).

E. L. 988, 6643 (18).Ekman
Elias, Bro.

Engel,

Engle,

1419 (18); 1597 (16).

7056 (10).

j. n. (7, 11).

Espina, R. 2<? (18).

W & A. A. Beetle. 225//

(37).

Fanshawe, D. F.I226 (49); 5275 (51).

Fendler, A. 7<?7 (39); 1229 in part (12);

1299 in part (18); 7J/6 (39).

Fiebrig, K. 337 (14); 4^59 (37); ^2p2

(7).

Karsten, H. s.n. (39).

Kenoyer, L. H. 681 (49).

Killip, E. P., A. P. Dugand & R. Jaramillo.

38131 (16); 38169 (18); 38280 (16).

Krukoff, B. A. 2067 (8); 5/72 (19)

.0Jp (22);5642 (19); 5682 (1); 6224
6j9<? (19); 6843, 7202 (25); 7070<?

10108a ( 1 ) ; 10148, IOI70 (19); 70290

(43); 70c?JJ, 706'72 (25); 10892 (1)

72750 (25).

Kuhlmann, J. G. 498 (19); 4375 (9)

72JO (7); 1227 (2); 15334 (16); I534&

(11); 76>56' (3); 70J97 (47); 37745
(27).

Kuntze, O. s. n. (1, 2, 7, 42).

Kurtz, F. 6631 (37).

Laekie, J. 2037 (26).

Lankester, C. H. s.n. (49).

Forest Department (British Guiana). 2108 Leitc
<
O 2327(10).

(5);

(52); 2556 (13).

Froes, J. 4 (29).

Garcia-B., H. 3083 (16).

Gardner, G. 835 (7); 7755, 2664
2666 (1); 5542 (11).

Gentle, P. 2800, 2801, 2855, 3271 (49).

Giocomelli, — . s.n. (37).

Glaziou, A. 636, 637 (11); 638 (27);

75<?6, 2923, 4079, 5000, 5933 (11); 6046

(27); 6656,0500(3); IIl84(5); II 185

(18); 7/7<?0 (16); 72075 (9); 12076

(27); 12948 (17); 720#? (7); 72p52

(17); 15211(7); 17131(9); 17132O);
17*33 (7); '7^67 (9); 7c??64, 7^565

7#?66 (9); 79650 (11); 20414

Leng, H. 279 (26).

Leonard, E. C. & G. M. Leonard. 12646,
I335I (18).

Limeira, 17935 (34).

(ii);

(47); 27740 (7); 2774/ (2); 21742

(42).

Gomes, R. 777 (37).

Grimajo, — . 70 (37).

Guillemin, A. 604 (9).

Harshberger, J. W. 842 (7).

Hassler, E. 2329 (10); 7*99, 7*99" (7);

7287, 7287a (5); 10408, 10408a (16);

IO575 (1); 10590 (17); 70607, 70629,

Lisboa, A. 2344 (1); 2455 (5).

Little, E. L. 6577 (23).

Lofgren, A. 32,673 (16); 770 (5); 936
(7); 972 (8).

Lorentz, P. G. s. n. (57).
Luetzelburg, P. 209 (18); 12356, 26800

(5); 2695P (18).

Lund, P. W. s.n. (11, 16, 18).
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Systematic Index

Roman type indicates accepted, preexisting names; italics indicates synonyms; bold
face indicates new species or combinations.
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acreanum Mgf. 164
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carapanauba M. Pichon _ 169

cent rale Mgf. 194

cbakenis Speg 1 81

cbiapense Matuda 192
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Cbodatii Hassl. 148

clerceanum lljin & Kraschen 197
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cruentum Woods. __ 192

Curranii Standi. 179

cuspa (HBK.) S. F. Blake 162
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dasycarpon A.DC. 147

dedpiens Muell. Arg _. 162
decussatum Woods. 190
desmanthum Benth. 194
discolor A.DC. 173

var. 0, pari ifolium Muell. Arg. ... 173
dispermum Muell. Arg. 158
domingense Urlx 162
Duchei Huber .... ._ 139

Dugandii Standi 159
eburneum F. Allem. 172
elatum E. L. Little 169
elliptica Rusby ... 162
eteanum Mgf. .... .... 192
excelsum Benth 171
Fendleri Woods. 185
Francisii A.DC .... .... 173
Gardner* Muell. Arg. ..... 139

jrt. ellipticnm Muell. Arg. ..... ..... 139
«. ox '.itum Muell. Arg. 139

Gomezianum A.DC. 147
guaranticum Malme 146
Hilarianum Muell. Arg. 148

horco-kebracho Speg. .... _ 133

igapoanum Mgf

.

... ... . 186
ingratnm K. Sch 150
illustre (Veil.) Kuhlm. & Piraja 177
inundatum Ducke _ .... 167

Kuhlmannii Mgf. 172
lagoense Muell. Arg. 160
lanatum (O. Ktze.) Malme _. 141

latisi'.iquum (Poir.) A.DC. 194
laxiflorum Kuhlm 164
LeCointei auct. ..... 139
leucocymosum Kuhlm ..... 194
leucostacbys Kuhlm. 194

leucomelanum Muell. Arg 191

Lhotzkianum Muell. Arg. 162

var. hypoplanum Malme 162

longipetiolatum Kuhlm. 153

lucentinervium Blake ... 162
Lundcllianum Woods 178

macrocarpon Mart. 13S

P. glabratum Muell. Arg. 139
5. lanatum Muell. Arg. 13

7. macrothyrsum Muell. Arg. ..... 139
a. normale Muell. Arg. ..... 138

macropbyllum Muell. Arg 197
Marcgraviamim Woods. 170
Martii Manso 146

MatuJai Lundell .... 192
megaphyllum Woods. 16S

megalocarpon Muell. Arg. 192

melanocalyx Muell. Arg. ... 191

missionum Speg. .... 151

Monteroi Standi. 145

multiflorum A.DC. 145
myristicifolium (Mgf.) Woods. 169
nitidum Benth 174
nobile Muell. Arg. ... 187
oblongum A.DC. 172

obscurinervium Azambuja - 189
obscurum Muell. Arg. 14

Occidentale Malme ~ 151

occidentale Mgf . - _ 154
oliganthum Woods. ... 147
olnaceum Muell. Arg. .„ 152

P. obtusifolium Muell. Arg. .... 152

pachypterum Muell. Arg. 194

pallidiflorum Muell. Arg. . 148
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paniculatum Azambuja 189

parvifolium A.DC. 150

Pcroba F. Allem. 158

Pichonianum Woods. 176

platyphyHum Muell. Arg. 138

Pohlianum Muell. Arg. 187

polyneuron Muell. Arg. - 158

var. genuinutn Hassl 159

longifolium Hassl 159

populifolium A.DC 146

pruinosum Mgf - 172

pyricollum Muell. Arg. 152

7. obovatum Muell. Arg. - — 152

pyrifolium Mart. 146

/3. molle Muell. Arg 146

quadri-ovitlatum Pittier 197

quebracho-bianco Schlecht. 180

forma Malmeana Mgf. 181

Schlechtendaliana Mgf. —

.

181

Spegazziniana Mgf 181

var. cllipticum Mgf 181

ssp. brevifolium Hassl. 181

quebracho-colorado Schlecht. 198

Quirandy Hassl. . 148

var. angustifolium Hassl. 148

campestre Hassl. — 157

sihaticum Hassl. 151

ramiflorum Muell. Arg. 142

rauwolfioides Mgf. 164

reductum (Hassl.) Woods. — — 156

refractum Mart. 146

Riedelii Muell. Arg. 152

var. genuinum Hassl. — 153

forma microphylhim Hassl 153

ssp. reductum Hassl 156

rigidum Rusby „ 164

Rojasii Hassl. 148

salgadense Mgf. - 174

sanguinale H. H. Bartl 192

sanguineum H. H. Bartl. 192

Sandwithianum Mgf. 197
Schultesii Woods. 168

Sellowii Muell. Arg. 152

var. collinum Hassl. — 153

genuinum Hassl. 153

sessiliflorum Muell. Arg. 162

sessilis Huber 198

Snethlagei Mgf. 139

Spruceanum Benth — 186

stegomeris (Woods.) Woods. 178

Steinbachii Mgf. — 188

Steyermarkii Woods. 187

subincanum Mart. — 150

P. tomentosum Muell. Arg. 150

subumbellatum Kuhlm. 164

tomentosum Mart. — 147

7. angustifolium Muell. Arg. 147

/3. velutinum Muell. Arg. 147

tuberculatum (Vahl) R. Ben. 198

Ulei Mgf 154

Vargasii A.DC. 154

velutinum Fisch. - 147

venosum Muell. Arg. — 158

verbascifolium Muell. Arg. — 141

verruculosum Muell. Arg. 189

Warmingii Muell. Arg. 148

Woodsonianum Mgf. 194

Woronovii Standi. — 162

Astragalus Clerceanus lljin & Kraschen 197

Bignouia latisiliqua Poir. — 194

Conoria ? Cuspa HBK. 162

Coutinia Veil. — 136

illustris Veil 177

Cufodontia Woods. _ 136

arborea Woods. — 178

escuintlensis Matuda —- 178

Lundelliana Woods. — 178

stegomeris Woods — — 178

Diplorhynchus condylocarpon (Muell.

Arg.) M. Pichon 197

Geissospermum

excelsum Kuhlm. — 169

myristicifolium Mgf. - 169

ramiflorum Mart 142

Macaglia Rich. 136

alba Vahl 194

australis (Muell. Arg.) O. Ktze 151

bicolor (Mart.) O. Ktze. - 146

camporum (<Muell. Arg.) O. Ktze.— 148

dasycarpa (A.DC.) O. Ktze. 148

decipiens (Muell. Arg.) O. Ktze..— 162

desmantha (Benth.) O. Ktze — 194

discolor (A.DC.) O. Ktze 173

disperma (Muell. Arg.) O. Ktze 158

excelsa (Benth.) O. Ktze — 171

Gardneri (Muell. Arg.) O. Ktze..- 139

Gomeziana (A.DC.) O. Ktze 148

Hilariana (Muell. Arg.) O. Ktze.— 148

lanata O. Ktze 141

macrocarpa (Mart.) O. Ktze 139

M*r//7 (\Manso) O. Ktze - 146

megalocarpa (Muell. Arg.) O. Ktze. 192

melanocalyx (Muell. Arg.) O. Ktze. 191

multiflora (A.DC.) O. Ktze - 145

nobilis (Muell. Arg.) O. Ktze 187

oblonga (A.DC.) O. Ktze- — 172

obscura (Muell. Arg.) O. Ktze 148

olivacea (Muell. Arg.) O. Ktze 153

pachyptera (Muell. Arg.) O. Ktze. 194

platyphylla (Muell. Arg.) O. Ktze.- 139

Pohliana (Muell. Arg.) O. Ktze 187

populifolia (A.DC.) O. Ktze 146
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pyricolla (Muell. Arg.) O. Ktze 153

pyrifolia (Mart.) O. Ktze. — 146

Quebracho O. Ktze. 180

qucbracho-blanco (Schlecht.) Lyons 180

refracta (Mart.) O. Ktze 146

Spruceana (Benth.) O. Ktze 186

subincana (Mart.) O. Ktze. 150

tomentosa (Mart.) O. Ktze 148

Vargasii (A.DC.) O. Ktze. 154

verbascifolia (Muell. Arg.) O. Ktze. 141

verruculosa (Muell. Arg.) O. Ktze... 189

Microplumeria anomala (Muell. Arg.)

Mgf 197, 198

Ochrosia tuberculata (Vahl) iM. Pichon 198

Ostreocarpus Rich. ._ 136

Paralyxia macrophylla (iMuell. Arg.)

Mgf 197

Peltospermum DC. 136

latisiliquum (Poir.) DC 194

PatrisiiDC. 194

Schinopsis quebracho-colorado

(Schlecht.) Bark. & Meyer.- 198

Tbyrotna Miers 136
bicolor (Mart.) Miers ... 146

decipiem (Muell. Arg.) Miers . 162

Lhotzkiana (Muell. Arg.) Miers 162

nitida (Benth.) Miers 174

parvifolia (A.DC.) Miers _- 150

polyneura (Muell. Arg.) Miers 159

Riedelii (Muell. Arg.) Miers . 152

Selhwii (Muell. Arg.) Miers ^ 153

sessiliflora (Muell. Arg.) Miers 162
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PLATE 1

Anatomy of the corolla in Aspidospcrma (all figures X 115)

Fig. 1. A macrocarpon Mart.: Origin of fissure at the insertion of the filament.

Fig. 2. A. macrocarpon Mart.: Fissure at level of anther.

Fig. 3. A. Stcinbachii Mgf.

Fig. 4. A. pyrifolium Mart.

Fig. 5. A. stegomcris (Woodson) Woodson.

Fig. 6. A. Schultesii Woodson.

Fig. 7. A. polyneuroti Muell. Arg.

Fig. 8. Diplorbynchus condylocarpon (Muell. Arg.) M. Pichon: Absence of fissures.
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NEW WOK
DAVID JAMES ROGERS**

Three previous treatments of the genus Stillingia (Baillon
1

, Mueller2 , Pax &

Hoffman3
) have done much to clarify the systematics of this group. However,

these studies are based upon few specimens, little distribution data, and practically

no habitat information. As a result, the species have remained conglomerate or

split into ill-defined groups. An examination of annotations borne by herbarium

specimens demonstrates the confusion concerning the identity of any one species.

Furthermore, a clear differentiation has never been made between Stillingia and the

closely neighboring genus Sapiu?n> so that specimens collected without mature

fruit can be assigned to neither with certainty.

Pax and Hoffmann*'* have described twenty-six species of Stillingia; thirteen in

North and Central America, nine in South America, three in Madagascar, and one

in the Fiji Islands of the southern Pacific. The present revision undertakes to re-

examine the American species with the purpose of effecting a natural organization.

The standard methods of the herbarium systematist have been employed for in-

terpretation of the species, amplified by special field studies for two of the species

of the southeastern United States. A conservative concept of species is adopted,

and no infra-specific entities are recognized where there are insufficient data for

delimitation and description of the variants. Since none of the species of Stillingia

are pantropic in distribution, no artificial separation is made by the omission of the

species of the Eastern Hemisphere.

The great reduction of the floral organs not only in Stillingia, but in most

genera of the Euphorbiaceae, limit* the amount of emphasis which may be placed

on the structures of the pistillate and staminate flowers for delimitation of the

1 Baillon, Etud. Gen. Euphorb. 510. 1858, ex parte.
2 Muell. Arg. in DC. Prodr. 15

2 :1155. 1866.
3 Pax & Hoffmann, in Engler, Pflanzenr. IV. Fam. 147. V:180. 1912.

*An investigation carried out in the graduate laboratory of the Henry Shaw School of Botany of

Washington University and submitted as a thesis in partial fulfillment of the requirements for the

degree of Doctor of Philosophy.

** Allegheny College, Meadvillc, Pennsylvania.

Issued October 5, 1951.
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species. This condition necessitates what may seem an over-emphasis on vegetative

characters and differences of habitat and distribution. However, correlation of all

factors demonstrates that those characters other than of the flower are of sufficient

stability to justify their use in separation of species.

History

Stillingia was named by Garden4
in honor of Benjamin Stillingfleet, an English

botanist who lived from 1702 to 1771. Endlicher r>

first placed Stillingia in the

Euphorbiaccae as a member of the tribe Euphorbieac.

J. F. Klotzsch*' placed the genus in the tribe Hippomaneae. His work included

a study of South American representatives of several genera of Hippomaneae for

which he gave a short description, usually followed by a list of species belonging

to the genus. Klotzsch followed Endlicher in uniting Sapium and Stillingia, with

Sapium as a section, maintaining Stillingia as the generic epithet. He gave a short

description of Stillingia, followed by diagnoses of the sections eustii i ingia and

sapium, but he listed no species for the genus.

Baillon's7 systematic studies on the Euphorbiaccae employed such a broad in-

terpretation of genera allied to Stillingia that most of those genera of the presently

recognized tribe Hippomaneae appeared as sections of Stillingia. In this work, he

actually made no formal transfers, but merely listed the genera under the heading

Stillingia. He apparently realized later
8

that the names in his 'fitude General des

Euphorbiacccs' were not effectively transferred to Stillingia and tried to correct

this situation in several volumes of 'Adansonia', in which he made the formal trans-

fers, listed the basinyms, and cited specimens for each of his entities.

Mueller* reseparated Stillingia and Sapium, and established Gynnwstillingia as

a sep irate genus, based on S. acutifolia. Later10 he reduced Sapium to the status

of section in Excoecaria, but maintained both Stillingia and Gymnosfillingia as

separate genera.

Bentham 11 placed Gymnostillingia without rank within the genus Stillingia,

recognizing for the first time that the gynobase is the most important generic

character. Mueller10 had previously noted the occurrence of this structure, but

failed to appreciate its importance as a linking character between Stillingia and

Gymnostillingia. S. Watson 12 placed the herbaceous species of the southwestern

United States and northern Mexico within the genus Stillingia, allied to S. acuti-

folia, but he did not definitely state whether these species should be treated as a

section or as a subgenus. Pax and Hoffman 13
established a new section, i.epto-

4 Garden ex L. Mant. 19. 1767.
5 Endlicher, Gen. Pi. 2:1110. 1836-1840, ex parte.
fl Klotzsch, in Wicgm. (Erichs.) Arch. 7:187. 1841.
7
Baillon, Etud. Gen. Euphorb. 510. 1858, ex parte.

8 Baillon in Adansonia 1:350. 1861; 2:27. 1861; 3:162. 1862; 5:320. 1865.
°Mucll. Arg. in Linnaea 32:87. 1863.
10

Mueller, in DC. Prodr. 15~:1155. 1866.
11 Bentham in Bcnth. & Hook. f. Gen. Pi. 3:334. 1880.
13 Pax and Hoffmann, in Engler, Pflanzcnr. IV. Fam. 147. V:194. 1912.
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stachyae, for these four species.

Pax and Hoffman 14 were the first to divide the tribe Hippomaneae; Stillingia

appears as a member of the subtribe Stillingiinae. These authors have given the

limits of the genus as it is known today, dividing it into six sections based largely

on vegetative characters.

I have not altered the generic limits of Stillingia since there is no confusion

with the allied genera. Within the genus, however, new subgeneric categories

are employed to emphasize the relationships and differences between the species

groups. The subgenus is used in order to demonstrate a wide morphological diver-

gence of two large species groups, and the series is used in an effort to show that

boundaries between the groups within the subgenus are not distinct, and are at

best tendencies toward morphological divergences. This seems to be a more logical

division than to place all of the species groups on one level (as sections), indicating

nothing of the stages of differentiation on a scale above the species.

Generic Relationships

Within the tribe Hippomaneae, Sebastiania, Excoecaria, Maprounea, and Sapium

are the genera which have been most frequently confused with, and seem to be

the most closely related to Stillingia. I am not prepared to comment upon the

correct phylogenetic sequence of these genera, nor upon the position of Stillingia

with reference to them. The genus Sapium has the closest morphological re-

semblance to Stillingia, and there has been some confusion in the past concerning

the characters which separate these two genera. In Stillingia, an abscission layer

forms above the base of each of the cocci so that after dehiscence, a three- or two-

rayed hardened portion of the pericarp remains attached to the pedicel. The hard-

ened portion of the pericarp, called the gynobase in this study, is the most promi-

nent distinguishing feature of Stillingia. None of the other genera have this

structure.

Sap

specimens without mature fruits are available. The following list of characters

will serve to differentiate the two genera with ease when all of the characters are

considered together (cf. fig. 1). Any one of these may fail if taken individually:

Stillingia Sapium

Pistillate Flower

Sepals separate (except in S. saxatilis) , Sepals united.

or absent.

Seed

Testa hardened, smooth to rugulose, not Testa arillate in American species.

arillate.

Vegetative Characters

Herbs, shrubs, or occasionally small trees. Large trees, infrequently subshrubs.

Glands at base of leaf present or absent, Glands at base of leaf mostly present, mostly

rarely elongate, cyathiform or scutelli- elongate, tubiform or urceolate, the opening

form, the opening of the glands wide, constricted, usually opposite, more a part of

irregularly to regularly spaced. the petiole than of the leaf blade.

14 Pax and Hoffmann, loc. cit. 180. 1912.
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The three remaining genera are easily distinguished from Stillingia: Sebastians*

and Excoccaria by the three to several stamens of the staminate flower, pistillate

flower long-pedicellate, sepals united, gynobase absent; Maprounea by its compact
inflorescence which appears almost as a capitulum, pistillate flower long-pedicellate,

without gynobase.
,

The following is a synopsis of Stillingia in the Western Hemisphere, as pro-

jected in this study.

Subg. Stillingia

Subg. Gymnostillingia

Scries

OPPOSITII OLIAI-

Scries

IMC HOTOMAI

Scries

SYLVATICAE

Series

ACUTIFOLIAE

Series

TRECULIANAE

1.

2.

3.

4.

5.

6.

7.

8.

S.

S,

s.

s.

s.

s.

s.

s.

oppositifolia Baill. ex Mucll. Arg.

Bodenbenderi (O. Kt/e.) D. J. Rogers

peruviana 1). J. Rogers

sanguinolenta Muell. Arg.

microsperma Pax & Hotfm.
diphtberitia D. J. Rogers

bicarpellarts S. Wats
aqua tii a Chapm.

S.

s.

s.

s.

s.

s.

s.

.s.

s.

s.

C//cv///a Pax & HofTm.

trapezoidea Ule

dichotoma Muell. Arg.

saxafilis Muell. Arg.

salpingadenia (Mucll. Arg.) Hubcr
scutellifera D. J. Rogers

Duscnii Pax & HofTm.

zelayemis (HBK.) Muell. Arg.

tcxatia I. M. Johnst.

syhatica Garden ex L.

19. S. acutifolia (Bcnth.) Benth. ex Hemsl.

S.

S.

S.

S.

Trcculiatia (Muell. Arg.) I. M. Johnst

paucidctitata S. Wats.

spinulosa Torr.

lincarifolia S. Wats.

Systematic Criteria

The genus Stillingia is a diverse group of perennial herbs, subshrubs, shrubs,

and small trees. The tree habit is rare in the American species: S. acutifolia, of

southern Mexico and Guatemala, and S. Oppositifolia, of southeastern Brazil, are

the only species which have sufficient height and diameter of trunk to be called

trees.

Stems of the species of all scries except sylvaticae arise directly from a tap

root. Although seldom found on herbarium specimens, the woody root crown or

rhizomes of species of sylvaticae are, nevertheless, of diagnostic value. The ad-

ventitious roots of S. sylvatica and S. aquatica are distinctive, those of the former

being stoutly elongate-fusiform, arising at wide intervals along the rhizome, and

those of the latter filiform and very closely set on the primary root.

The branching systems are opposite, alternate, approximate, or fascicled, the

latter being a result of shortened internodes subtending the inflorescence and thus

presenting a somewhat whorled appearance. The fascicled branching pattern gives

the upper portions of the plant a corymbiform appearance. The bark of the
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Fie. 1. Illustrations of taxonomic criteria for Stillingia and Sapium.
S

See(j: a—Stillingia scutellifera, testa hardened; b

—

Sapium baematospermum, testa arillate.

Pistillate flower: c

—

Sapium marginatum, the sepals united; d

—

Stillingia salpingailcnia, the sepals

separate.

Pedicel after dehiscence of fruit: e

—

Stillingia sylvatica ssp. sylvatica, the gynobasc present;

f

—

Sapium scbifrrum, without gynobase.

Lea f. g
—Stillingia scutellifera, with 2 basal scutelliform or cyathiform glands; h

—

Stillingia

aquatica> without glands at base of blade; i

—

Sapium pcdiccllatum, with 2 basal, tubular glands.
t

shrubby species is lenticcllate in varying degrees, with the exception of those of

series dichotomae, whose succulent species have no lenticels. S. sangninolenta

has an unusually rough bark due to the presence of a large number of lenticels.

Succulence of stem and leaf is a definitive character of the species of series

DICHOTOMAE.

The leaves are widely spaced on the stem, except in S. Bodenbenderi and S.

peruviana. In these species the leaves may be widely spaced but frequently they

may arise in groups on peg-like short shoots. The outline, margin, venation, and

texture of the leaves are important key characters. The leaves of the Mexican,

Central and South American species of the subgenus Stillingia, with few excep-

tions, are provided with two to several cup- or boat-shaped glands at the base of

the blade. This is not a constant feature of each leaf, but generally more than one

leaf of a standard herbarium specimen will have these modified serrations. The

types of leaf texture occurring in Stillingia are: thin to firmly membranaceous,

definitely coriaceous, and succulent or fleshy. These conditions are usually char-

acteristic of whole groups of species, but S. dipbthernia is the only known species

with coriaceous leaves.
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The organization of the inflorescence, a spiciform thyrse, is essentially the same

throughout the genus. The flowers are monoecious, with the pistillate flowers

always solitary in the cymule, but the number of staminate flowers in a cymule
varies. The pistillate flowers are attached toward the base of the peduncle and

either immediately subjacent to the lowest staminate cymule or with a distinct

space on the peduncle separating the pistillate and staminate cymules. The in-

florescence may be pedunculate below the point of insertion of the lowest pistillate

flower, or sessile.

Both the pistillate and the staminate cymules are subtended by a bract the shape

in species differentiation. The bracts are squa-

maceous in all species except S. Dtisenii, in which the bract of the pistillate cymule

The bracts are subtended by two patelliform,

cyathiform, tubiform, or urceolate marginal glands. Generally, these glands are

importance

seems

[tpositif* These

glands are considered as homologues of the cup-shaped serrations at the base of

the leaves of several species. The staminate flowers are borne in groups of 3 to 13,

or singly in the axil of a bract toward the apex of the inflorescence.

This inflorescence structure is assumed to be derived from a more primitive

type by reduction. The inflorescence structure of Heiea, for example, with several

pistillate flowers on the primary and secondary axes, might represent a more primi-

tive condition than that observed in Stillingia where the pistillate flowers are single

in the cymules. A further reduction series is evident within the genus Stillingia in

the staminate cymule structure. The species of subgenus Stillingia are char-

acterized by three to many staminate flowers in each cymule, but the subgenus

Gymnostillingia has only one staminate flower for each cymule.

A strengthening feature for the distinction between the two subgenera is

found in the sepals of the pistillate flower. All of the species of subgenus Stillingia

have three (or two in S. bkarpellaris) sepals which are distinct, or fused into a

truncate annulus in S. saxatilis, and the remnants of these are occasionally apparent

at the base of the gynobase even at maturity of the fruit. The name gymno-
stillingia is derived from the absence of a calyx, and all species of the subgenus

tifolia acutifol

in this respect, with very small and fugacious sepals.

No primary systematic importance has been attached to the staminate flowers

since they are rather uniform and present no readily observed differences. On the

other hand, relative congestion of the staminate cymules and the total number of

staminate flowers of an individual cymule are used in the diagnostic treatment. The
pollen grains are spheroid or nearly so, with three pores, except in species of series

dichotomae in which they are ellipsoid with one lateral pore.

The mature fruit of Stillingia affords the most striking feature of generic dis-

tinction, but presents few characters for species diagnosis. The gynobase (described



» ir>

1^51]

ROGERS REVISION OF STILLINGIA ZU

in the section on Generic Relationships) is a constant feature of all species of

Stillingia. The lobe length of the mature gynobase is consistently given in the

descriptions, being measured from the central column to the apex of the lobe. Th

variability of this character within a species prevents inclusion as a key character.

Seed size, contour, and surface are constant within the species, for the most

part. Again, variation occurs notably in the extreme southeastern part of the

range of S. sylvatica where introgression with S. aquatica is reflected in the vari-

ability of the seed. The presence or absence of the caruncle is one of the best

supporting characters for the division of the genus Stillingia into two subgenera.

Subgenus Stillingia is characterized by the presence of a well-defined caruncle in

all species. Subgenus Gymnostillingia is not completely without this body, how-

ever, and a very definite caruncle appears in S. Trccitliana. Stillingia acutifolia, S.

spimilosa, and S. linearifolia are ecarunculate; S. pauciJentata is a transitional

species in this respect, with a very minute and fugacious, but nevertheless definite

caruncle.

Attempts to count the somatic chromosomes of S. sylvatica using Perry's

techniques were not particularly successful, but were sufficiently good to show

that a number in excess of that reported by Perry (2n = 36) were present in the

specimens examined. Since this might indicate a polyploid race within the species

S. sylvatica, an effort to correlate pollen grain size with polyploidy was made.

Although there was some variability in pollen grain dimensions, there was no indi-

cation of two different races, the range of variation being continuous.

SUBGENERIC CATEGORIES

The subgenus Stillingia includes those species with 3 to 13 staminate flowers

in a cymule, 3 to 2 definite sepals in the pistillate flowers, and a well-defined car-

uncle on the seed. Species with a single staminate flower in a cymule, sepals and

caruncle absent, are referred ro subgenus Gymnostillingia. There is a sufficient

overlap of characters between the two subgenera, however, to prevent the estab-

lishment of distinct genera.

The series within both subgenera are divided largely on vegetative characters

with only a few correlating floral characters. In subgenus Stillingia the first and

most primitive series, oppositifoliae, is a group of woody shrubs or small trees

with membranaceous or coriaceous leaves and spheroid pollen grains. The indi-

vidual species of this series are quite distinct morphologically.

Series dichotomae, a group of four shrubby species, is characterized by mostly

succulent stems and leaves, and by ellipsoid pollen grains with one pore. This

interesting group is poorly known and infrequently collected. Stillingia Uleana

seems to be the connecting species between the species of series dichotomae and

those of oppositifoliae. Further collections from eastern Brazil, to which region

this group is confined, may throw more light on the inter-relations of these species.

15 Perry, in Am. Jour. Bot. 30:527. 1943.
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Fig. 2. Inflorescence and flower structure of Stillmgia zelayemis, typic.il of subgenus Sin i inc.ia

Fig. 3. Inflorescence and flower structure of Stillmgia paucidentata, typical of
Gymnosiii.i.incia.

subgenus

The third scries of subgenus Stii lingia, sylvaticae, is composed of the best

known and most extensively collected group of species within the genus Stillmgia.

This series represents a different type of specialization from that of series diciio-

tomae. All of the species are suffruticose, but their floral structure is very similar

to that of the less specialized species of oppositifoliae, from which this group
seems to be derived. Although the species are very closely related, they seem to

have diverged and stabilized themselves sufficiently to be called species rather than
subspecies of one large "cenospecies". Evidence of their close relation is seen not
only in morphological characters, but also in the fact that they have apparently
erected none or few genetic barriers to prevent rather free hybridization where
their geographic margins overlap. Because of these putative hybrids, many names
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have been applied previously without any thought as to the explanation of the

phenomenon, nor of the ensuing confusion.

The three South American representatives of sylvaticae, S. sdpingadenia, S.

scutellifera, and S. Duscnii, are widely separated geographically from the three

North American species. Although easily distinguished morphologically from S.

sylvatica of the southern United States, S. sen tellifera resembles the Texan repre-

sentative of the former in many particulars, both ecologically and morphologically.

In only one case have I seen fit to designate a subspecies in this scries, that of

S. sylvatica ssp. tenuis, which occurs only in extreme southeastern Florida. Suf-

ficient material, together with personal knowledge of the habitat through field

studies, makes this possible. There seems little doubt, however, that at least one

species in South America, S. scutellifera, has a closely related form, exemplified by

Hassler 5612 and called saxatills var. salicifolia by Chodat and Hass!er 1(
\ which

possibly could be designated as a subspecies. Lack of sufficient knowledge makes

such a step premature.

There seems to be little or no genetic barrier between S. aquatica of Series

oppositifoltae and S. sylvatica of Series sylvaticae. In the spring of 1950 local

population samples were made at several points in Florida to determine the possi-

bility of hybridization between such widely differentiated species. The assembled

specimens were studied and indexed according to techniques used by Anderson 17
.

Although larger samples would have been desirable, those actually made give rather

positive evidence that free hybridization does occur.

The subgenus Gymnostilltngia is composed of two series which arc widely

differentiated. Series acutifoijae has one shrubby species, S. acntifolia, with

broad, thinly membranaceous leaves. The second series, treculianae, is a group

of perennial herbs with a compact growth habit and for the most part very small,

narrow leaves. There seems little doubt that the four species of this series form a

natural group of plants which have become adapted to the extreme environmental

conditions under which they exist.

Geography

In the accompanying maps (figs. 4 and 5) are shown the known areas of distri-

bution of the species of Stillingia in the New World. In general, the North Ameri-

can material has been sufficiently ample to plot distributions with some accuracy,

but there are still many gaps and disjunctions which may be filled with further col-

lecting, particularly in Central and South America.

For the most part, the species of Stillingia are limited to are;is of temperate or

subtropical climate, those occurring closest to the equator being at higher altitudes.

In South America, S. Bodenbenderi reaches farthest south, in the Sierra de Cordoba

in Argentina; S. sylvatica is the most northern species in North America, reaching

the 3 8th parallel in southern Kansas.

lfi Cbodat & Hassler, in Bull. Herb. Boiss. II, 5:676. 1905.
17 Anderson, Edgar. Introgressive Hybridization. New York. 1949.
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Fig. 4. Ranges in Stillingia.

Although the series oppositifoliae is very widely distributed in both conti-

nents, the individual species normally occupy small ranges. With the exception

of S. aquatica the species of this scries are found in mountainous regions in meso-

phytic habitats, mostly at altitudes above 500 meters. They generally occupy

land masses of both continents which have been the longest exposed and the longest

continuously available for plant growth (Weeks18
, Schuchert 11

*). Stillingia

aquatica, on the other hand, is the only species of the genus found in marshy or

swampy habitats only a few meters above sea level in a region of relatively recent

origin.

18 Weeks, in Bull. Geol. Soc. Am. 59:249. 1948.
I5'Schuchert, Historical Geology of the Antillean-Caribbean Region. New York. 193 5
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SERIES 4.
ACUTIFOLIAE

Fig. 5. Ranges in Stillingia.

The species of Series dichotomae are found only in the dry, upland regions of

eastern Brazil. Their areas of derstood

Stillingia. At least one species, S. trapezoidea, occurs in the caatinga, or open scrub

forest of southern Piauhy, Brazil. The exact type of habitat is not known for

the other three species of this series, but their adaptation to a dry habitat is shown

in succulence of stem and leaf; this, together with their locality, marks them as a

derived group.

With the exception of S. zelayemh of the Mexican and Central American high-

lands, species of the series sylvaticae are found in regions of lower elevation than
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those of scries OPPOSITIFOLIAE, generally from near sea level to altitudes of 300-500
m. Stillmgia zelayemh, however, is confined to upland regions, from 1200 to

2800 m., mostly in open pine forests. The greatest distribution areas of the species

of this series arc in regions which were inundated by Cretaceous seas, and which
today are mostly covered with open forests or savannas in North and Soutl

America.
i

til C only species of scries acutii-oliae, occupies a small

ss

area in southern Mexico and Guatemala. It occurs in the mountainous regions,

within a definite mesophytic habitat. The four species of series trecui ianai are

rather narrow endemics in the arid desert or semi-desert regions of the south-
western United States and northern Mexico.

Study Material

The herbaria where specimens have been obtained for study, together with the

symbols'- employed in their citation, are as follows:

A—Arnold Arboretum of Harvard University, Jamaica Plain, Ma
AN—Colegio Anchieta, Porto Alegre, Brazil.

RR—Jardin Botanique dc PEtat, Bruxelles.

C—Universitetes Botanisk Museum, Copenhagen.

F—Chicago Natural History Museum (Field Museum).
FLAS—Agricultural Experiment Station Herbarium, University of Florida,

Gainesville.

G—Institut de Botanique Systcmatique de FUniversite, Geneve.

GH—Gray Herbarium of Harvard University, Cambridge, Muss.

K—Royal Botanic Gardens, Kew.

LIL—Instituto Miguel Lillo, Tucuman, Argentina.

MICH—University of Michigan, Ann Arbor.

MO—Missouri Botanical Garden, St. Louis.

NY—New York Botanical Garden.

OKL—Bebb Herbarium, University of Oklahoma, Norman.
P—Museum National d'Histoire Naturelle, Paris.

S—Naturhistoriska Riksmuseet, Stockholm.

TEX—University of Texas, Austin.

UC—University of California, Berkeley.

US—

u

Herbarium, Smithsonian \V

ington, D. C.

I wish to acknowledge my indebtedness to the curators of these institutions.

and to the Director and Staff of the Missouri Botanical Garden where this

was ma de.

study

20 The symbols used are as su^ested by Lanjouw in Chron. Bot. 5:143. 1939
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Taxonomy

Stillingia Garden, ex L. Main. 19. 1767; Baillon, Etud. Gen. Euphorb. 510.

1858, ex parte; Muell. Arg. in DC. Prodr. 1

5

L>

: 1 1 5 5 . 1866; Bcnth. in Benth.

& Hook. f. Gen. Pi. 3:334. 1880; Pax, in Engl. & Prantl, Nat. Pflanzenf. Ill,

5:96. 1890; Pax & Hoflfm. in Engl. Pflanzcnr. IV, I'am. 147. V: 180. 1912.

Seborium Raf. Sylva Tcllur. 63. 1838.

Ditrisynia Raf. !oc. cit. 64. 183 8.

Glabrous perennial herbs, shrubs, or small trees. Leaves simple, alternate,

opposite, or verticillate, usually with 2 to several filiform, glandular stipules, en-

tire to serrate, with or without 2-3 cyathiform or scutelliform glands at base of

blade, the serrations glandular or occasionally the glands in the sinuses of the serra-

tions. Inflorescence a terminal, spiciform thyrse, the cymules bracteate, the bracts

with 2 marginal glands; flowers monoecious, monochlamydeous or naked. Pistillate

flowers solitary, borne toward the base of the peduncle; sepals 3, rarely 2, mostly

separate, infrequently united into a truncate annulus, imbricate, or the sepals ab-

sent; ovary superior, 3- to 2-celled, a single pendulous, anatropous ovule in each

cell; stigmas 3, rarely 2, recurved, more or less coalescent at the base into a single

style. Staminate flowers solitary or 3—1 3 in a cymule, occupying the upper por-

tion of peduncle, the 2-lobed calyx always present; stamens 2, exserted, the fila-

ments coalescent at the base, the 2 thecae adnate, cxtrorse, longitudinally dehiscent;

pollen spheroid to ellipsoid, with 1-3 pores, the exine reticulate, granular, or punc-

tate. Fruit a 3- to 2-celled, dry, septicidally dehiscent capsule, the accrescent

gynobase 3- to 2-lobed, hardened and persistent after dehiscence of carpels; seeds

1 in each carpel, with or without a micropylar caruncle, the embryo central, the

cotyledons broad and flattened, the endosperm mealy.

Standard species: Stillingia sylvatica Garden, ex L. Mant. 19. 1767.

KEY TO THE SUBGENERA AND SERIES

A. Staminate flowers in clusters of 3 or more; sepals of pistillate flowers

present, persistent; caruncle present Subgcn. I. Stillingia (p. 220)

B. Shrubs or small trees arising from a tap root; stems perennial,

woody or succulent, older parts gray-brown and frequently some-

what blackened, lenticcls frequently obvious.

C. Stems woody; leaves membranaceous or coriaceous; pollen spheroid,

with 3 pores; tropical and subtropical Americas, exclusive of

eastern and northeastern Brazil Ser. 1. OPPOSIT1FOLIAE (p. 220)

CC. Stems mostly succulent; leaves succulent; pollen ellipsoid, with

1 lateral pore; eastern and northeastern Brazil Ser. 2. dichotomal (p. 230)

BB. Subshrubs arising from an enlarged woody base; stems mostly annual

or biennial, herbaceous or subherbaceous, green to reddish-brown,

usuallv without lenticcls ,., Ser. 3. sylvaticae (p. 23 3)

AA. Staminate flowers single; sepals of pistillate flowers absent, or minute

and fugacious; caruncle absent (except in S. Trcculiana and S.

pancidentata) Subgcn. II. Gymnostiliingia (p. 243)

D. Shrubs or small trees, leaves distinctly petiolate, the pin-

nate venation prominent; mesophytic habitats, Central

America Ser. 4. acutifoliae (p. 243)

DD. Perennial herbs; leaves sessile to subsessile, the venation not

prominent (except S. sphtulosa with palmate venation); xero-

phytic habitats, southwestern United States and northwestern

Mexico Ser. 5. treculianae (p. 245)
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Subgenus I. Stillingia

§ Eustillingia Kl. in Wiegm. (Erichs.) Arch. 7:187. 1841; emend. Muell. Arc. in Linnaea
32:87. 1863.

Series 1. oppositifoliae D. J. Rogers, ser. nov.

§ Fruticosae Pax & Hoffm. in Engl. Pflanzenr. IV, Fam. 147, V:186. 1912.

Caules lignosi; folia membranacea vel coriacea; pollen sphaeroideum, foramini-
bus 3. Americae tropicae et subtropicae Brasilia orientali excepta.

KEY TO THE SPECIES

A. Leaves usually broadest at the middle or above; secondary roots widely
spaced on the primary, not thickly set; seeds ellipsoid to ovoid, 3-6
mm. long, rugulose or smooth; tropical and subtropical America, ex-
clusive of the United States, on well-drained soils.

B. Pistils 3-carpeIlate; leaves narrowly to broadly elliptic; seeds rela-
tively small, 5 mm. long or less.

C. Inflorescence sessile below the lowest pistillate cymule, the cymules
decussate; glands of pistillate bracts frequently trifurcate; leaf
margins finely to coarsely serrate; branches strictly dichotomous,
never fascicled; southeastern Brazil i. S. oppositifolia

CC. Inflorescence pedunculate below the lowest pistillate cymule, the
cymules spiral; glands of pistillate bracts simple; leaf margins
finely and evenly serrulate; branches not always strictly dicho-
tomous, sometimes fascicled.

D. Leaves arising in groups on peg-like short shoots, or alternate
if solitary; South America.

E. Leaves short-petiolate to subsessile; bracts of staminate
cymules without mucro; Argentina and Biazil 2. S. Bodenbcnderi

EE. Leaves relatively long-pctiolate; bracts of staminate cymules
mucronulate; Peru

y w j /,

DD. Leaves solitary and opposite, arising on main axis; Mexico and
Central America.

eruvtana

F. Bark densely lenticellate; branches opposite or occasionally
approximate, never fascicled; fruit deeply 3-lobed; Mexico.. 4. S. songuinolenta

FF. Bark sparsely lenticellate; branches frequently fascicled;
fruit shallowly 3-lobed; Central America.
G. Leaves acuminate, membranaceous, 8-13 cm. long, 2-4

cm. broad; petioles 0.5-1.0 cm. long; inflorescence
crowded, the cymules congested, relatively many-
flowered

5< s> microspermaGG. Leaves acute, coriaceous, 1.8-3.5 cm. long, 0.5-2.0 cm.
broad; petioles short, 0.1-0.3 cm. long; inflorescence

__ °Pcn '
the cymules distant, relatively few-flowered 6. S. diphthcrina

BB. Pistils 2-, rarely 3-carpellate; leaves linear-lanceolate; seeds larger,
6 mm. long.. 7 s bicarpellaris

AA. Leaves usually broadest toward the base; secondary roots closely set
on the primary, forming a dense mat; seeds subspherical, 2-3 mm. in
diameter, rugose; Georgia and Florida, in swampy places or shallow
intermittent ponds

8> S- ,.,,

1.

& How
DC. Prodr. 15 2 :1160. 1866.

Shrubs or small trees 1-5 m. tall; stems woody, frequently branched, the
branches opposite, terete, slender, sparsely lenticellate, gray-brown, frequently
somewhat blackened on older parts. Leaves decussate, widely spaced, petiolate,
membranaceous, yellowish-green, elliptic or spathulate to narrowly rhombic, 3-9
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cm. long, 1-5 cm. broad, apex rounded to acute or acuminate, base acute, cyathi-

form glands infrequent, finely to coarsely serrate, the midrib prominent, secondary

venation not obvious; petiole 0.3-1.2 cm. long, sulcate above. Inflorescence 1-2

cm. long, usually sessile below the lowest pistillate cymule, the upper staminate and

lower pistillate cymules decussate, crowded, distinctly separate upon the peduncle;

bracts of pistillate cymule caudate-acuminate, the staminate broadly rhombic, with

3 mucros, the glands urceolate, the pistillate frequently trifurcate. Sepals of

pistillate flower 3, linear-lanceolate, 2 mm. long or less; ovary sessile, 3-carpellate;

styles 2-3 mm. long. Staminate cymules 3- to 5-flowered, the flowers subsessile,

about 1-2 mm. long; calyx shallowly 2-lobed, the lobes entire; pollen spheroid,

with 3 pores, the exine coarsely reticulate. Fruit deeply 3-lobed, about 5-6 mm.

wide, the lobes of the gynobasc 2-3 mm. long, seed not seen.

A common shrub in Araucaria woods, between 600 and 1000 m. alt., with

average rainfall of 1750 to 2500 mm., 15-17° C. average temperature, with oc-

casional snowfall and —5° C. during winter. Flowers and fruits from October

to March.

Brazil: minas gerais: ad Lagoa Santa in silvis super rupes calcar., Warming 1525

(C, G, GH). Rio grande do sul: Montenegro, S. Salvador, FricJricbs 3293$ (LH-> S);

San Francisco de Paula, Rambo 2278 (LIL), Kambo 44828, 46236 (AN) ; Kappesberg, pr.

Montenegro, S. Salvador, in silva, Rambo 2278 (AN, LIL), Rambo 43828 (AN); Passo

do Inferno, pr. San Francisco dc Paula, Rambo 4818, 4824 (AN); Nova Pctropolis, pr.

Cai, Rambo 6575 (AN); Nonoae ad fl. Uruguay superius, ad araucarietum, Rambo 28353

(AN, MO) ; Caracol, pr. Canela, Rambo 2880Q (AN) ; San Francisco de Paula, Vila Oliva,

in silva, Rambo 31144 (LIL); Bom Jesus, Facenda Bernardo Velho, in silva campestri,

Rambo 34775 (AN, LIL, S) ; Vila Oliva pr. Caxias, Rambo 43136 (AN); Gramado, pr.

Canela, Rambo 44985 (AN), without locality: "Brasilia meridionali", Sellow (Scllo)

4985 (G, K, P).

I am indebted to Fr. Rambo for his data on the habitat and distribution of

this species.

Baillon
21 published Stillingia oppositifolia Kl. as a nomen nudum, apparently

taking this name from a specimen in the Berlin Herbarium annotated Sapium

oppositifolium by Klotzsch. In the Atlas published with his Etud. Gen. Euphorb.,

Baillon designates the illustrations of Plate V, figs. 24 and 25 as Stillingia (Sapium)

oppositifolia Kl. However, in the text (p. 513) he lists S. oppositifolium Kl. to-

gether with ten other species in which the "S" clearly stands for Sapium, since the

endings of the specific epithets agree with the endings of the neuter noun Sapiuvi

and not with the feminine Stillingia. Of the ten other species listed on page 513

lated in the Atlas as Sapium. Baillon's taxonomy in-

cludes all of these species under Stilliugia, but he apparently did not make the

ppositifol

by Muell. Arg. in DC. Prodr. 15
2 :1160. 1866.

21 Baillon, Etud. Gen. Euphorb. 513. 1858.
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2. Stii.lingia Bodenbenderi ((). Ktze.) D. J. Rogers, comb. nov.

Sapium Bodenbenderi O. Ktzc. Rev. Gen. 3-:292. 1898. (T.: Boden bonier 6g02l).
Excoecari* Bodenbenderi (O. Ktze.) K. Schum. in Just's Bot. Jahresb. 2<.':349. 1898.
Sapium subsessile Hemsl. in Hook. Icon. Pi. t. 2684. 1901. (T.: Weir 315).

Shrubs or small trees; stems woody, frequently branched, the branches alter-

nate, opposite or approximate, sometimes fascicled, terete, slender, moderately

lcntieellate, gray or slightly reddish-brown. Leaves clustered on short side branches,

alternate if single, crowded, subsessile, stiffly membranaceous, elliptic to obovate,

0.8-3.0 cm. long, 0.5-1.3 cm. broad, apex acute to rounded, base acute, usually

with 2 cyathiform glands, callose-serrulate, the midrib prominent, the secondary

venation obscure. Inflorescence 1-2 cm. long, slightly flexuose, the peduncle
elongate below the lowest pistillate cymule, the upper staminate and lower pistill it<

cymules spiral, widely spaced, not distinctly separate upon the peduncle; bracts of

the pistillate cymule elliptic, mucronatc, the staminate elliptic to ovate, rounded
to acute, the glands patelliform. Sepals of pistillate flower 3, elliptic, mucronate;
ovary sessile, 3-carpellate; styles unknown. Staminate cymules 5- to 9-flowercd,

the flowers subsessile; calyx shallowly 2-lobed, the lobes serrulate; pollen irregu-

larly ovoid, with 3 pores, the exine reticulate to granular. Lobes of the gynoba c

2-3 mm. lon£. Fruit and seed not seen.

Ak<;i ntina: CORDOBA: Sierra de Cordoba, Sept., Bodenbender 6Q02 (NY, photo ii

F)j Dept. de las Min.is, Cuesta de las Chacras, Jan. 14, Hieronymus 817 (G, NY, US).

Hemsley's failure to recognize the affinities of his Sapium subsessile with Sapium
Bodenbenderi O. Ktze. probably is due to the fragmentary nature of Bodcnbendcr's
specimens. The plate of Sapium subsessile (in Hook. Icon. PI. /. 2684. 1901),
however, indicates that Hemsley's species is synonymous with Sapium Bodenbenderi

ermore the specimen is Stillingia, not Sapium. TT
show a calyx of three separate sepals and a leaf base with cyathiform glands, both
of which are characteristic of Stillingia rather than Sapium. In addition, the col-

lection of Hieronymus (no. 817), referred by Hcmslcy to Sapium suhsrssile, pos-

sesses a gynobasc, one of the best morphological distinctions of Stillingia, Huber,
in an appendaged note in Bull. Herb. Boiss. II, 5:452. 1906, first noted the affini-

ties of Hems'cv's species to Stillingia, but he did not make a formal transfer. It is

difficult to understand why Pax and Hoffmann failed to make the transfer to

H'll

Hemsl.

I have not seen Weir 315 (the specimen at Kew having been temporarily mis-
placed), and the wide geographic separation of this specimen (collected in the
state of Sao Paulo, Brazil) from those of Bodenbender and Hieronymus (State of
Cordoba, Argentina) is hard to explain. This may be a relict species on the old
land masses of southern Brazil and in the Sierra de Cordoba, Argentina.
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Fig. 6. Stilliii&ia peruviana

3. Stillingia peruviana D. J. Roger*, spec. nov. (T.: Stork & llorlon iOQidl),

Frutices 2 m. alti, caulibus lignosis saepe ramosis; rami approximnti vcl fascicu-

lar tcrctes graciles, cortice parce lcnticellato cincraceo-brunneo, succo lactco.

Folia in ramulis perbrevibus congesta aut alternata si singularia pctiolata mem-

branacca angustc clliptica vel lanceolata apice bascque acutis, 2.0-3.5 cm. longa,

0.5-0.8 cm. lata, subtilitcr serrulata vel crcnulata, basi glandulis 2 minutis cyathi-

formibus vel nullis, nervo medio prominenti venis secundariis in supcrficie inferiore

manifestos, pctiolis gracilibus 2-4 mm. longis supra sulcatis. Inflorcscentia ca. 2.5

cm. longa constanter fusco-rubra sub cymula pistillata ima pedunculata, regione

superiore staminali ab inferiore pistillato in pedunculo non distincte separato,

cymulis pistillatis remotis staminalibus congestis, bracteae cymularum pistillatarum

caudato-acuminatae marginibus saepe invoiutis, bracteae cymularum staminalium
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late rhombeae mucronulatae, glandibus disciformibus scssilibus simplicibus. Sepala

floris pistillati tria 1 mm. longa minusve. Ovarium sessile 3-carpellatum, stylis 3

mm. longis. Cymulae staminales 5- vel 7-florae; floribus subsessilibus ca. 1-2

mm. longis, calyce tenuiter 2-lobato, lobis serrulatis; pollen sphaeroideum foramini-

bus 3 exosporiis granularibus. Fructus profunde 3-lobatus ca. 5 mm. latus, lobis

gynobasis ca. 2 mm. longis; seminibus ellipsoideis vel ovoideis ca. 3 mm. longis 2.5

mm. latis lacvibus pallide brunneis, caruncula parva sub micropylo aflfixo.

Fairly common in shrubland along rivers at altitudes from 2500 to 2900 m.
Fruit said to be edible.

Peru: huancavelica: Prov. Tayacaja, Mantaro Valley, near La Mejorada, rainy
green shrubwood, Mar. 21, Weberbaucr 7605 (GH) ; 4 km. south of Mejorada, Mar. 14,
Stork & Horton IOQ18 (F, holotype).

The nearest relatives of S. peruviana occur in the Sierra de Cordoba, Argentina,

and in southern Mexico and Central America. In evolutionary sequence, it prob-

ably is a connecting link between the more primitive shrubby species of the moun-
tains of southern Brazil and the more advanced shrubs of the mountains of Central

America and Mexico.

The distinctive features of this species are its narrowly elliptic to lanceolate

leaves, frequently grouped on short side branches, and its deep red, slender

inflorescence.

Vernacular name: Cabra-cabra (Peru).

4. Stillingia sanguinolenta Muell. Arg. in Linnaea 32:88. 1863. (T.: Ehreu-

bcrg 5. ;/.).

Stillingia sangumolenta a. hmceoUta Muell. Arg. loc. cit. 1863. (T.: ibid.).
Stillingia sanguinolenta p. ongustifolia Muell. Arg. loc. cit. 1863. (T.: Schicdc? [Ebren-

berg] 1245).

Shrubs 1-3 m. tall; stems woody, frequently branched, the branches opposite

to approximate, terete, slender, the lenticellate bark roughened, the sap milky.

Leaves opposite, widely spaced, pctiolate, membranaceous, narrowly to broadly

elliptic, 1.7-8.6 cm. long, 1.0-2.6 cm. wide, apex acuminate to acute, base acute,

usually with two cyathiform glands, serrulate, the midrib and secondary venation

prominent; petiole 0.2-1.0 cm. long. Inflorescence 3.0-6.3 cm. long, shortly

pedunculate below the lowest pistillate cymule, the upper staminate and lower
pistillate cymules spiral, widely spaced, not distinctly separate upon the peduncle;

bracts of the pistillate and staminate cymules cuspidate, about 1.5-2.0 mm. long,

the cyathiform glands sessile. Sepals of the pistillate flower 3, cuneate, serrulate,

bout Staminate
cymules 7- to 9-flowered, the flowers subsessile, about 2 mm. long; calyx shallowly

2-lobed, the lobes serrulate; pollen ellipsoid, circular in cross-section, with 3 pores,

the exine reticulate to coarsely punctate. Fruit deeply 3-lobed, 6-8 mm. wide,

the lobes of the gynobase 3-4 mm. long; seeds ellipsoid, about 4.5-5.0 mm. long,

4 mm. wide, the testa slightly rugulose, the base flattened, the caruncle small.
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Fig. 7. Stillingia sanguinolenta. Fig. 8. Stillingia microsperma.

In deep leaf mold, among rocks

wooded

regions

Is of canyon floor, openly

and occasionally in desert

at altitudes from 500 to 1000 m. Flowers from about the middle of

l June, sometimes to October, and fruits from about the first of

June through the last of August.

Mexico: tamaulipas: Sierra de San Carlos, vie. of San Miguel, Bartlett 10570 (F,

US) • Sierra de San Carlos, vie. of El Milagro, Bartlett 11025 (F, GH, US), nuevo leon:

Municipio de Villa Santiago, Mueller 2026 (F, MICH, MO, TEX) ;
Canyon Diente, near

Monterrey, Mueller 2668 (GH, UC) ; on Pan American Highway, Monterrey, Frye 8

Frye 2493 (GH, MO, NY, US); Montemorelos, Nelson 6695 (GH, US); Sierra Madre,

Monterrey, C. H. 8 H. T. Mueller 467 (F, TEX); Guajuco, 27 mi. s. e. of Monterrey, E,

Palmer 1255 (GH, US) ; hills near Monterrey, Pringle 2070 (F, GH) ; river gravel near

Monterrey, Pringle 13756 (GH, MICH, US) ; river gravel, Monterrey, Pringle 2534 (BR,

F GH MO, NY, UC, US), san luis potosi: Guascama, Purpus 4980 (F, GH, MO,

UC, US) ; Sierra Tablon, Purpus 5464 (F, GH, MO, NY, UC, US) ;
Alvarez, E. Palmer

234 (GH, NY, US), hidalgo: Zimapan, Kenoyer s.n. (MICH, MO); foot of Chipique

(Hidalgo?), Kenoyer 266 (F). chiapas: Comitan, Goldman 902 (US), puebla: vie

of San Luis Tultitlanapa, Puebla, near Oaxaca, Purpus 3523 (UC). state and locality

unknown: Coulter 1502 (GH) ; Pavon s.n. (D).

The identity of the collector of the type specimen of S. sanguinolenta /?.

angustifolia is doubtful. Mueller cites "Scbiede? 1245", but Pax in Engl. Pflanzenr.

IV, Fam. 147, V:191. 1912, cites Ehrenberg 1245, with the same locality as

Since this specimen was in the Berlin Herbarium, it is safe to assume
cr s.Muell

that Pax cited the correct collector.

/?. angustifol.

it is evident from his descriptions that the varieties are based on leaf variations.

In the material available for this monograph are specimens which show that there

is no definite break from the smallest to the largest leaf, and no geographical basis
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for separating the varieties from the parent species. In addition, the floral struc-

ture is rather stable in all specimens examined, without sufficient evidence for

maintaining any subsidiary entities.

5. Stillingia MICROSPERMA Pax & Hoffm. in Engl. Pflan/cnr. IV, lam. 147,

V : 1 8 7. 1912. ( T. : Hcydc & Lux 4265!

)

.

Open shrubs 1.0-2.5 m. tall; stems woody, sparsely branched, the branches

opposite to fascicled, terete, slender, sparsely lenticell.ue, the sap milky. Leaves
opposite to approximate, widely spaced, petiolate, membranaceous, elliptic, 7.5-12.8

cm. long, 2.3-4.0 cm. wide, apex acuminate to acute, base broadly acute to obtuse,

usually with 2 cyathiform glands, finely serrate, the midrib and secondary venation
prominent; petiole 0.4-1.1 cm. long, pale green above, paler beneath. Inflorescence

3.0-8.7 cm. long, pedunculate and somewhat thickened below the lowest pistillate

cymulc, the upper staminate and lower pistillate cymulcs spiral, not distinctly

separate upon the peduncle, the pistillate distant, the staminate overlapping; bracts

of pistillate and staminate cymules elliptic, mucronulate, about 1.5 mm. long.

Sepals of the pistillate flower 3, elliptic; ovary sessile, 3-carpellate; styles about 2

mm. long. Staminate cymules 7- to 9-flov, cred, the flowers subscssile, about 1.5

mm. long; calyx deeply 2-lobcd, the lobes serrulate; pollen spheroid to ellipsoid,

circular in cross-section, with three pores, the exinc finely punctate. Fruit about

8 mm. wide, globular, not deeply 3-lobed, the lobes of the gynobase about 4 mm.
long; seeds ellipsoid, about 5 mm. long, 4 mm. wide, 5

the micropylar end slightly flattened, the caruncle small.

In open creek beds, oak woods, mountains, at altitudes from 1400 to 3000 m.
on south-facing slopes, scrub-oak hillsides. Flowers from July through August,
and fruits from August through November, and the first of January. Shrub said

to have a disagreeable odor.

British Honduras: El Cayo District, in open creek bed, San Augustin, Lnndetl 67.10
(C, F, GH, MICH, NY, S, TEX, US).

Guatimai a: huehuetenango: along Aguacatan road cast of Huehuetenango at km.
13-14, Standlcy 82033 (F); Cumbre Papal, on south-facing slopes between Cuilco ami
Ixmoqui Stcycrmark 50QIO (F). jalapa: La I.aguna, at base of Volcan Jumav, 1 mi.
north of Jalapa, Stcycrmark 32201 (F) ; mountains along the road between Jalapa ami
Paraiso, Stavdlcy 77230 (F); no locality, Rtuwo 1358 (F). santa rosa: Santa Rosa,
Heyde & Lux 4265 (GH, US).

6. Stillingia diphthenna D. J. Rogers, spec. nov. (T.: Williams & Molina
10603!).

Frutices diffusi 1-2 m. alti, caulibus Iignosis saepe ramosis; rami oppositi vel

fasciculati tcretes graciles rividi, cortice moderate lenticcllato cineraceo saepe nigro.
Folia opposita brevitcr petiolata lanceolata vel anguste elliptic.! coriacca pallide
viridia, odore resinae, 1.8-3.5 cm. longa 0.6-1.8 cm. lata, apice acuto vel rotundato
base anguste obtuso, margine crenulato base glandulis 2 cyathiformibus, nervio
medio promincnti, venis secundums obscuris, pctiolo 1-2 mm. longo. Inflorcsccnti .

3-5 cm. longa parcc flexuosa, pedunculo elongato sub cymula pistillata im.i

n00
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Fig, 9. Stillingia diphthcrina.

aliquando crassato, cymulis superioribus staminalibus et cymulis inferioribus pistil-

latis spiralibus remotis; bractcae late cllipticae mucronulatac integrae, glandibus

patclliformibus brevitcr pedicellatis. Scpala floris pistillati 3 late clliptica ca. 1

mm. longa subtiliter serrulata. Ovarium sessile 3-carpellatum, stylis ignotis.

Cymulae staminales 7- vel 9-florae, tenuitcr 2-lobatae lobis serrulatis; pollen

sphacroideum, foraminibus 3 exosporiis granularibus. Fructus ignotus. Lobi gyno-

basis 3—4 mm. longi; semina ellipsoidca vel ovoidea ca. 4 mm. longa 3 mm. lata

extremo micropylari parce complanato testa laevi basi rotundata caruncula parva.

In barrancos in pine barrens, rocky limestone slopes at altitudes from 800 to

1400 m. Flowers in July, and fruits from August to the first of October.
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Guatemala: huehuetenango: between Nenton and Las Palmas, via Yalisjao, Rin-

con Chiquite, Chiaquial, Guaxacana, in Sierra de los Cuchumatanes, Steyermark 51648
(F). quiche: without locality, Aguilar 760 (F), II06 (F).

Honduras: morazan: west of Guinope, Williams $ Molina 10603 (F, MO holo-
type, UC); Tanque, Valerio 860 (F) ; Zamorano, Valerio 2158 (F) ; San Antonio de

Oriente, Valerio 3130 (F, MO).

This species is most closely related to S. tnicrosperma, from which it may easily

be distinguished by its small, leathery, short-petiolate leaves, the slender open

inflorescence, and the stiff terete branches. Although none of the specimens cited

have an attached fruit, it is apparent from the fragments contained in packets

that the fruit is shallowly 3-lobed.

Fig. 10. Stillingia diphtherina. Fig. 11. Stillingia bicarpellaris.

7. Stillingia bicarpellaris S. Wats, in Proc. Am. Acad. 21:45 5. 1886. (T.:

Pringlc 128!).

Shrubs 1.5-3.0 m. tall; stems woody, profusely branched, the branches alter-

nate to approximate, terete, the bark slightly roughened, sparsely lenticellate, leaf

scars prominent. Leaves alternate, closely spaced, shortly petiolate to subsessile,

membranaceous, lanceolate to linear, 1.7-5.5 cm. long, 0.2-0.8 cm. wide, apex

acute, the base acute, with occasional cyathiform glands, irregularly serrulate to

entire, the midrib prominent, the secondary venation obscure; petiole about 1

Inflorescence 1.5-2.9 cm. long, sessile below the lowest pistillate

cymule, the upper staminate and lower pistillate cymules spiral, crowded, not dis-

tinctly separate upon the peduncle; bracts of pistillate and staminate cymules

broadly elliptic, serrulate, mucronulate, the glands cyathiform, sessile. Sepals of

pistillate flower 2, rarely 3, broadly cuneate to rhombic, serrulate; ovary sessile,

2-, rarely 3-carpellate; stigmas 2, rarely 3, style and stigma about 2-3 mm. long.

Staminate cymules 6- to 7-flowered, the flowers subsessile, about 1 mm. long; calyx

mm. long.
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deeply 2-lobed, the lobes entire, mucronulate; pollen nearly spheroid, with 3 seg-

ments, 3 pores, the exine granular to reticulate. Fruit slightly 2-, rarely 3-lobed,

6-8 mm. wide, the lobes of the gynobase 3-5 mm. long; seeds nearly spheroid,

about 6 mm. long, 5.5 mm. wide, the testa smooth, shiny, the micropylar end very

slightly flattened, the base rounded, the caruncle small.

Thick underbrush in woodland associations of pines, oaks, and junipers, in

mountains at altitudes up to 3100 m. Flowers and fruits from the last of June

through October.

Mexico: coahuila: summit of Mt. Jimulco, 13 kilo, east of Jimulco, Stanford,

Retherford & Nortbcraft 94 (MO, NY, UC) ; mountains, Jimulco, Pringle 128 (A, BR,

F, GH holotype, NY), hidalgo: near Ixmiquilpan, Rose, Painter & Rose 8953 (US);

Ixmiquilpan, Purpus 1454 (F, GH, MO, NY, UC). Guanajuato: "sur la montagne

pres de Guanajuato," Duges 242 (F, US), puebla: rocky places, Tehuacan, Purpus

1320 (UC).

If the dimerous structures of the pistillate flowers of S. bharpellaris were con-

stant features, a third subgenus might well be established for this species. Since,

however, both dimerous and trimerous pistillate flowers are found on the same

plant, I have not considered this procedure to be advisable.

8. Stillingia aquatica Chapm. Fl. South. U. S. 405. 1865. (T.: Chapman s. n.

lectotype, US!).

Erect shrubs 5.0-11.6 dm. tall. Primary root very short, the secondary fili-

form, closely set on primary, forming a dense mat. Stems single, terete, tapering

radually from the base, leafless below the branches, the bark lenticellate, light

gray to brown, the wood very light, the branches fascicled or dichotomous near

the apex of the main axis, the leaf scars prominent on the older branches. Leaves

alternate, crowded, mostly confined to the branch apices, petiolate, membranaceous,

lanceolate to linear, 3.5-8.5 cm. long, 0.4-1.7 cm. wide, apex acuminate to acute,

base narrowly obtuse, without cyathiform glands, irregularly crenulate to serrulate,

venation obscure; petiole 0.1—0.6 cm. long.

Inflorescence 3.0-3.8 cm. long, sessile below the lowest pistillate cymule, the upper

staminate and lower pistillate cymules spiral, crowded, distinctly separate upon the

peduncle; bracts of pistillate and staminate cymules entire, sharply cuspidate, about

2 mm. long, the crateriform glands shortly pedicellate. Sepals of pistillate flower

3, rounded, slightly crenulate; ovary sessile, 3-carpellate; styles and stigmas about

4 mm. long. Staminate flowers 11-13 in a cymule, subsessile, about 1.0 mm. long;

calyx shallowly 2-lobed, the lobes entire; pollen ellipsoid to ovoid, with 3 pores,

the exine coarsely punctate. Fruit deeply 3-lobed, 5-6 mm. wide, the lobes of the

gynobase 2.5-3.0 mm. long; seeds spheroid, 2-3 mm. in diameter, testa strongly

rugose, the flattened micropylar end hippocrepiform, the base rounded, the caruncle

small.

ft

ary

ood

wet sandy soils, moist ditches, in the Everglades.
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I ig. 12. Stillingia aquatic a.

United States: Georgia: Sumter Co., : Brevard, Collier, Dade, Franklin,

Gadsden, Hendry, Lee, Palm Beach, Wakulla, and Washington counties.

No doubt many of the specimens examined from Florida are of hybrid origin, but since

these specimens were not included in my study of the process of introgressive hybridiza-
tion between S. aquatica and S. sylvatica, I have not indicated their hybrid nature by an-
notation of the specimen. The following specimens of my own collection of S. aquatica
showing introgression with S. sylvatica are conserved in the herbarium of the Missouri
Botanical Garden:

United States: Florida: hendry co.: between LaBelle and Immokalee, in edge of
cypress swamp, Rogers 8; near Immokalee, large population, cypress swamp, Rogers y.
COLLIER CO.: 3 mi. se. of Naples, Rogers IO. palm beach co.: 15 mi. sw. of Lake

h in small cypress pond, Rogers 14-2, 14.-4. martin co.: 1 mi. s. of Stuart, in

cypress pond, Rogers I5-4, 15-8, 15-Q. (See also specimen citations of S. sylvatica ssp.

syli atica, p. 241 )

.

Wor

Vernacular name: Corkwood.

Series 2. dichotomae D. J. Rogers, ser. nov.

§ ?achycladat Pax & HofTm. in Engl. Pflanzenr. IV. Fam. 147. V:186. 1912.

Frutices; caules plerumque succulenti; folia succulcnta; pollen ellipsoideum,

foramine uno lateralis Braziliae oricntali.

A.

KEY TO THE SPECIES

Stems woody, leaves crowded, spiral, with 2 cyathiform glands at

base; staminate cymules 7- to 9-flowered
th

9. S. Vicana
A A. Stems succulent; leaves widely spaced, or whorled when closely set,



1951]

ROGERS REVISION OF STILLINGIA 231

I

without glands, or the glands scutelliform at base of leaf; staminate

cymules 3- to 7-flowered.

B. Branches alternate or fascicled; leaves long-petiolate, mostly alter-

nate, trapezoid - •-- 10. S. trapezoidca

BB. Branches opposite; leaves short-petiolate, opposite or verticillate,

narrowly to broadly elliptic or spathulate.

C. Stems enlarged at the nodes, opaque; leaves broadly elliptic, with-

out glands; sepals distinct .11. S. dichotoma

CC. Stems not enlarged at the nodes, vernicosc; leaves narrowly elliptic

to spathulate, with 2 basal scutelliform glands; sepals united into

a truncate annulus 12. S. saxaHits

9. Stillingia Uleana Pax & Hoflfm. in Engl. Pflanzenr. IV, Fam. 147, V:187.

1912. (T.: Ule 7*35!)-

Shrubs 2-6 m. tall; stems woody, branches infrequent, fascicled, slender, terete,

sparsely lenticellate, opaque, gray-brown, frequently blackened. Leaves alternate,

crowded, petiolate, succulent, elliptic to spathulate, 4-5 cm. long, 1.2—1.5 cm.

broad, apex acute, base narrowly acute, crenulate, with 2 basal scutelliform glands

and infrequent, irregularly spaced elongate-crateriform glands toward the tips

the midrib prominent, the secondary venation sunk in the fleshy tissue; petiole

about 0.3-0.5 cm. long. Inflorescence 5-7 cm. long, slightly flexuose, pedunculate

below the lowest pistillate cymule, the upper staminate and lower pistillate regions

distinctly separate upon the peduncle, the cymules spiral, crowded, bracts of pistil-

late cymule unknown, the staminate broadly cuneate to rhombic, entire, the glands

elliptic, flattened, tightly clasping the peduncle. Sepals of pistillate flower un-

known; ovary sessile, 3-carpellate; styles unknown. Staminate cymules 7- to 9-

flowered, the flowers subsessile, about 2-3 mm. long; calyx shallowly 2-lobed, the

lobes entire; pollen grains ellipsoid, with 1 pore, the exine coarsely reticulate.

Lobes of the gynobase about 3 mm. long. Fruit and seed not seen.

Brazil: bahia: Sincora, Serra de Vendinha, 800 m., Ule 7135 (K, photos in F, GH,

MO, US).

10. Stillingia trapezoidea Ule, in Engl. Bot. Jahrb. 42:233. 1908. (T.: Ule

7160I).

Shrubs 1-4 m. tall; stems succulent, angular, infrequently branched, the

branches alternate or fascicled, slender, sparsely lenticellate, light gray- to reddish-

brown. Leaves alternate, scattered, or crowded near insertion of inflorescence,

petiolate, succulent, elliptic-trapezoid, 3-4 cm. long, 1-2 cm. broad, apex abruptly

acuminate, base narrowly acute, without cyathiform glands, crenulate, the midrib

and secondary venation immersed in the fleshy tissue; petiole 0.5-1.0 cm. long.

Inflorescence 1.2-2.0 cm. long, slender, pedunculate below the lowest pistillate

cymule, the cymules spiral; bracts of the pistillate cymules broadly elliptic,

mucronulate, concave, the staminate broadly caudate-acuminate; the glands elliptic,

convex. Sepals of pistillate flower 3, broadly elliptic to obovate, serrulate; ovary

sessile, 3-carpellate; styles 2-3 mm. long. Staminate cymules 3- to 5 -flowered,

the flowers subsessile; calyx 2-lobed. Fruit about 7 mm. broad, deeply 3-lobed.

Seed not seen.
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Details of the staminate flower have been taken from the descriptions given by

Ule and Pax & Hoffmann. The specimen from Kew had no mature staminate

flowers.

Brazil: piauhy: in der catingit" in der Serra Branca, Jan., 1907, Ule 7160 (K, photos

in F, GH, MO, US).

11. Stillingia dichotoma Muell. Arg. in Linnaea 32:88. 1863. (T.: Riedel

185!).

Shrubs to 1 m. tall; stems succulent, thickened, enlarged at the nodes, leaf

scars prominent, branches opposite, without lenticcls, opaque, gray- to reddish-

brown, frequently blackened. Leaves verticillate, succulent, petiolate, broadly

elliptic, 5-12 cm. long, 3-5 cm. broad, apex acute to shortly acuminate, ba.«

broadly acute, without cyachiform glands, serrulate to crenul.ite, the midrib prom-

inent, the secondary veins obscure; petiole 0.5-1.5 cm long. Inflorescence 4—8

cm. long, slightly flexuose, pedunculate below the lowest pistillate cymule, the

upper staminate and lower pistillate regions distinctly separate upon the peduncle,

the cymules widely spaced, spiral; bracts of pistillate and staminate cymules con-

cave, obovate, truncate, mucronulate; the glands patelliform, somewhat auriculate.

Sepals of pistillate flowers 3, about 2 mm. long; ovary pedicellate, exserted beyond

the bract and sepals, 3-carpellate; styles about 3 mm. long. Staminate cymules 10-

to 12-flowered, the flowers subsessile, about 1.5-2.0 mm. long; calyx shallowly 2-

lobed, the lobes serrulate; pollen ellipsoid, triangular in cross-section, with 1 lateral

pore, the exine finely to coarsely punctate. Fruit deeply 3-lobed; lobes of the gy no-

base about 3 mm. long; seeds ovoid to slightly ellipsoid, about 4 mm. long, 3.5

mm. wide, tubcrculate-striate, gray-brown, the caruncle small.

Brazil: rio de janliro: Forterepe du Pic de Sta. Crus pros de Rio de Janeiro,
Glaziou 6126 (C, G, S); in montosis saxosis prope Rio de Janeiro, BJedel l8$ (C, I\ (,

iioi.oTYPE, GH, NY).

12. Stillingia saxatilis Muell. Arg. in Mart. Fl. Bras. II 2
: 5 3 9. 1874. (T.:

Kiedcl J 1 72!).

Gyninostillingia lorantbacea Muell. Arg, in Mart. Fl. Bras. 11
L> :541. 1874. (T.: Blancbet

271 1).

Stillingia lorantbacea (Muell. Arg.) Pax & Hoffm. in Engl. Pflanzenr. IV. Fam. 147.

V:185. 1912.

Shrubs to 1.2 m. tall; stems succulent, infrequently branched, the branches

opposite, thickened, leaf scars prominent, without lenticels, vernicose, red-brown

to frequently blackened. Leaves alternate, crowded, sessile to petiolate, somewhat

succulent, elliptic to spathulate or oblanceolate, 3-6 cm. long, 0.8-2.3 cm. broad,

apex acute to acuminate, base narrowly acute with 2 suborbicular inset glands,

irregularly serrulate to serrate, with frequent irregularly spaced scutelliform glands

toward the tip, the midrib prominent, secondary venation immersed in the fleshy

22 'Catinga" refers to a region of open scrub forest, with mostly deciduous species and very low
rainfall.
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tissue; sessile or the petiole 0.1-0.8 cm. long. Inflorescence 2.5-6.4 cm. long,

slightly flexuose, pedunculate below the lowest pistillate cymule, the upper stam-

inate and lower pistillate regions distinctly separate upon the peduncle, the cymules

widely spaced, spiral; bracts of pistillate and staminate cymules concave, obovate,

truncate, mucronulate, the glands flattened, auriculate. Sepals of pistillate flower

united into a truncate annulus, or greatly reduced; ovary subsessile, 3-carpellate;

styles about 3 mm. long. Staminate cymules 5- to 7-flowered, the flowers sub-

sessile, about 1.5 mm. long; calyx very shallowly 2-lobed, the lobes unevenly ser-

rulate; pollen ellipsoid, with one lateral pore, the exine granular. Fruit deeply

3-lobed; lobes of the gynobase 3-4 mm. long; seeds ellipsoid, about 3.5 mm. long,

2.5 mm. wide, smooth, brown, the caruncle small.

In rocky, hilly areas. J

Brazil: bahia: Blanchet 2?I (G, photos F, MO); Serra das Almas, 1700 m., Luet-

zelburg 172 (NY), minas gerais: Serra da Lapa, Riedel 1172 (G, photos F, MO);

Municipio Diamantina, Bom Successo, Barreto 9675 (F). without locality: Glaziou

19852 (C).

The only known specimen of S. loranthacca, Blanchet 271, is a mere fragment

on which no pistillate flowers are present. However, the great similarity of vege-

tative and floral characters, including the morphology of the pollen grain, leads

me to the conclusion that the Blanchet specimen is but a variant of the species

S. saxatilis.

Series 3. sylvaticae (Pax & Hoflfm.) D. J. Rogers, stat. nov.

§ Sylvaticae Pax & Hoffm. in Engl. Pflanzenr. IV. Fam. 147. V:191. 1912.

Subshrubs arising from a woody underground base; stems herbaceous or sub-

herbaceous, green to reddish-brown, without lenticels.

KEY TO THE SPECIES AND SUBSPECIES

A. Glands of the subtending bracts of the cymules elongate, tubiform or

urceolate; leaf margins with a broad callus; Paraguay, Argentina and

Bolivia.

B. Leaves generally narrowly elliptic to linear, without glands at base

of the blade; pistillate bracts broadly rhombic; caruncle hippocrepi-

form, attached below the micropyle 13. S. salpingadcnia

BB. Leaves generally elliptic to broadly elliptic, with 2 scutelliform or

cyathiform glands at base of the blade; pistillate bracts elliptic to

obovate; caruncle rhombic, surrounding the micropyle 14. S. scutellifcra

AA. Glands of the subtending bracts of the cymules flattened, disciform,

patelliform or cyathiform; leaf margins with a narrow callus or only

the serrulations callose; Brazil, Mexico, Central and North America.

C. Inflorescence pedunculate below the lowest pistillate cymule; leaves

usually with 2 or more cyathiform glands at base of blade, nar-

rowly callose, serrulate; Brazil, Central America and Mexico.

D. Leaves sessile, usually 2 cm. long or less; staminate cymules

10- to 12-flowered, the flowers pedicellate; Brazil 15. S. Dusenii

DD. Leaves petiolate, usually 3 cm. long or longer; staminate

cymules 3- to 5-flowered, the flowers subsessile; Mexico and

Central America 16. S. zelayensis

CC. Inflorescence sessile below the lowest pistillate cymule; leaves

without glands at base of the blade; United States and extreme

northeastern Mexico.
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E. Leaves linear; seeds truncate at base; secondary roots fibri-

form; southern Oklahoma, through central Texas to north-
eastern Mexico, in limestone soils 17, <J f texana

IK. Lcavei elliptic, or spathulate to obovatc (except ssp, tonus,
with very narrowly elliptic to linear leaves); seeds rounded
at the base; secondary roots fusiform; southern Virginia to
Florida to Texas and New Mexico, mostly on sands 18. S. syliatica

F. Leaves elliptic, spathulate or obovate; southern Virginia
to Florida to Texas and New Mexico, exclusive of extreme
southeastern Florida, in sands 1 s.i. S. syliatica

ssp. syliatica
IF. Leaves very narrowly elliptic to linear; extreme south-

eastern Florida, on lime tone outcrops isb. S. syliatica

ssp. tenuis

13. Stilungia salpinx adenia (Muell. Arg.) Huber, in Hull. Herb. Boiss. II,

6:452. 1906.

Sapium salpingadenium Muell. Arg. in Linnaea 32:121. 1863. (T.: D'Orlrigny 91SI).
Vxcoccaria mlpingadenia (Muell. Arg.) Muell. Arg. in DC. Prodr. 15

2
:1209. 1866.

Sapium baemataspermum sensu Chodat, in Hull. Herb. BoLss. II, 1:399. 1901, non Muell.
Arg. in Linnaea 34:217. 1865.

Sapium cupulifcrum Hemsl. in Hook. Icon. Pi. 28:/. 26yg. 1901. (T,: Hagenkeck *,;/.),
Sapium salpingadenium Muell. Arg. var. salicina Chodat & Hassler, in Hull. Herb Boiss

II, 5:677. 1905. (T.: Hassler 6346!).
Stilling** salpingadenia (Muell. Arg.) Huber, ssp. modem Pax & Hoffm. in Engl. Pflan^enr.

IV. Fam. 147. V:190. 1912. (No type cited).

Stillin^ia salpingadenia ssp. anadena var. 5. cupulifera (Hemsl.) Pax & Hoffm. loc. cit
1912.

Stillingia salpingai/enia ssp. anadena var. e, salicina (Chodat & Hassler) Pax & Hoffm. loc
cit. 1912.

Subshrubs 3-10 dm. tall; stems subherbaceous, woody toward the base, in-

frequently branched, the branches alternate to approximate, leaf scars on older

parts prominent, sparsely lenticellate to clenticellate, reddish- to gray-brown.
Leaves alternate to approximate, subsessile to pctiolate, membranaceous, narrowly
elliptic to slightly lanceolate, 4-7 cm. long, 0.8-2.5 cm. broad, apex acuminate,

mucronulate, base acute, without cyathiform or scutelliform glands, the margin
serrulate, broadly callose, the midrib prominent, secondary venation obvious, not
prominent; petiole 0.1-0.4 cm. long. Inflorescence 3.5-8.5 cm. long, sessile or

shortly pedunculate below the lowest pistillate cymule, the upper staminate and
lower pistillate cymules spiral, not distinctly separate upon the peduncle, the pistil-

late cymules widely spaced, the staminate crowded; bracts of pistillate and stam-
inate cymules broadly rhombic, mucronulate, the glands tubiform to urceolate,

about 2.5 mm. long. Sepals of pistillate flower 3, elliptic, mucronulate; ovary
sessile, 3-carpeIlate; styles about 4-5 mm. long. Staminate cymules 7- to 9-

flowered, the flowers subsessile, about 2 mm. long; calyx shallowly 2-lobed, the
lobes entire to slightly serrulate; pollen ovoid to ellipsoid, with 3 pores, the exine
unevenly striate to granular. Fruit not seen. Lobes of the gynobasc 3-4 mm.
long; seeds ellipsoid, 6 mm. long, 4.5 mm. wide, slightly rugulose, light gray, the
caruncle small, hippocrepiform, attached below the micropyle.
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In rocky areas, hill regions, high plains above flowing rivers, generally below

1000 m. alt. Flowers from September through December and fruits from October

through February.

Bolivia: santa cruz: Chiquitos, D'Orbigny Qi8 (F, P, photos F, US).

Paraguay: Cordillera dc Altos, Viebrig oob (A, F, G, GH, LIL), same locality,

Ilasslcr 2110 (G) (fasciatcd), Hassler 3394 (A, F, G); Fort Lopez, Hassler 888 (G)

;

Cerros de Tobaty, Hassler 6346 (A, F, G, K); in regione cursus superioris fluminis Apa,

Hassler 7782 (G).

14. Stillingia scutellifera D. J. Rogers, nom. nov.

Stillingia saxatilis sensu Chodat & Hassler, in Bull. Herb. Boiss. II, 5:676. 1905, non Muell.

Arg. in Mart. Fl. Bras. 11
L':539. 1874.

Stillingia saxatilis var. salicijolia Chodat & Hassler, loc. cit. 1905. (T.: Hassler 436o! )>

non S. salicijolia (Torr.) Raf.

Stillingia saxatilis var. salicijolia f. latior Chodat & Hassler, loc. cit. 1905. (T.: ibid.).

Stillingia saxatilis var. salicijolia f. angustior Chodat & Hassler, loc. cit. 1905. (T.:

Hassler 4424).
Stillingia saxatilis var. grandifolia Chodat & Hassler, loc. cit. 1905. (T.: Hassler 47940-

Stillingia salpingadenia (Muell. Arg.) Huber ssp. saxatilis (Chodat & Hassler) Pax &
Hoflfm. in Engl. Pflanzenr. IV. Fam. 147. V:189. 1912.

Stillingia salpingadenia ssp. saxatilis var. a. etUptica Pax & Hoflfm. loc. cit. 1912. (T.:

Hassler 6700!).

Stillingia salpingadenia ssp. saxatilis var. P. grandijolia (Chodat & Hassler) Pax & Hoflfm.,

loc. cit. 190. 1912.

Stillingia salpingadenia ssp. saxatilis var. 7. angustior (Chodat & Hassler) Pax & Hoflfm.,

loc. cit. 1912.

Subshrubs 3-7 dm. tall; stems herbaceous, arising from a perennial, woody

underground base, single or several together, unbranched, or, if branched, the

branches alternate to fascicled, leafy to the base, without lenticels, red-brown.

Leaves alternate to approximate, subsessile to shortly petiolate, stiffly membrana-

ceous, broadly to narrowly elliptic, 3-8 cm. long, 1-3 cm. broad, apex acute,

mucronulate, base acute, with 2 scutelliform or cyathiform glands, the margin

serrulate, broadly callose, the midrib and secondary venation prominent; petiole

0.1-0.7 cm. long. Inflorescence 2.8-11.8 cm. long, sessile to shortly pedunculate

below the lowest pistillate cymule, the upper staminate and lower pistillate cymulcs

relatively widely spaced, the staminate crowded, bracts of pistillate and staminate

cymules elliptic to broadly rhombic, serrulate, sharply mucronulate, the glands

infundibuliform, 2-3 mm. long. Sepals of pistillate flower 3, rhombic, serrulate,

bluntly mucronulate; ovary subsessile, 3-carpellate; styles about 3-5 mm. long.

Staminate cymules 3- to 5 -flowered, the flowers shortly pedicellate, about 3 mm.

long; calyx deeply 2-lobed, the lobes serrulate; pollen spheroid with 3 pores, the

exinc granular. Fruit not seen. Lobes of the gynobase 4-5 mm. long; seeds ovoid

to slightly ellipsoid, about 5 mm. long, 5 mm. wide, slightly rugulose to smooth,

dark gray, the caruncle large, waxy, rhombic, surrounding the micropyle.

Grassy campos, near margins of forest, high campos, in river regions at altitudes

usually below 500 m., but occasionally to 1000 m. Flowers from October to

February and fruits from November through March.
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Argentina: misiones: Dept. Cainqua, Campo Grande, Pierotti 5365 (LIL), 5384
(LIL)

;
Dept. Candelaria, Santa Ana, Schwarz 3520 (LIL) ; Dept. San Ignacio, El Dcsticrro,

Sclnvarz 1354 (LIL); Zob. Roca, Schwarz 5195 (LIL); Santa Maria, Schwarz 2518
(LIL); Maria Antonia, Sclnvarz 8391 (LIL); Posadas, Ekman 506 (S, US).

Paraguay: Pirayu, Balansa 1708 (K); Gtangu, pres de Villa-Rica, dans les prairies,

Balansa 1711 (G); Cordillera de Altos, Ficbrig 99a (A); Dept. Piribebuy, Colonia Pedro
P. Caballero, Rojas A956? (LIL) ; Villa Rica, Jorgensen 3985 (A, C, F, LIL, MO, S, US)

;

Sierra de Maracayu, in regione fluminis Tapiraguay, Hauler 4360 (F, GH, S) ; in regione
fluminis Capibary, Hassler 4446 (G, S) ; in regione fluminis Corrientes, Hassler 4494 (G);
in regione vicine "Igatimi", Hassler 4794 (G), 5612 (G); Cordillera Centralis, in regione
cursus superioris fluminis Y-aca, Hassler 6790 (G); in campo montano pro. Cholola
(Chulolo), Hassler 6790 (G) ; auf nasse Stellen, Arecipe, Rio Apa, Anisits 24^5 (S).

Ih
'f

It is apparent, however,

that rather free hybridization is taking place between the two species, with the

result of confusion when an effort is made to key some of the individuals of either

species.

15. Stillingia Dusenii Pax & Hoffm. in Engl. Pflanzenr. IV, Fam. 147,

XVII:202. 1924. (T.: Dmett 10440!)

.

Subshrubs 1-3 dm. tall; stems herbaceous, arising from a perennial, woody,

underground base, single or several together, unbranched, or, if branched, the

branches alternate to fascicled, leafy to the base, without lenticels, red-brown.

Leaves alternate to approximate, widely to closely set, sessile, membranaceous,
ovate to elliptic, 1.0-2.5 cm. long, 0.5-1.3 cm. broad, apex acute to rounded, base

obtuse to broadly acute, with 2 cyathiform to patelliform glands, the margin serru-

late, narrowly callose, the midrib prominent, the secondary venation obscure. In-

florescence 8-12 cm. long, pedunculate below the lowest pistillate cymulc, th

upper staminate and lower pistillate regions spiral, distinctly separate upon the

peduncle, the cymules relatively widely spaced; bracts of the pistillate cymules
foliaceous, linear, about 5 mm. long, acute, the base auriculate, serrulate, the stam-
inate squamaceous, ovate to broadly elliptic, serrulate, mucronulate, the gland
circular, flattened. Sepals of pistillate flower 3, broadly triangular, serrulate, with-
out mucro; ovary sessile, 3 -carpcllate ; styles unknown. Staminate cymules 10- to

12-flowercd, the flowers pedicellate, the pedicels about 2 mm. long; calyx shallowly

2-lobed, the lobes serrulate; pollen irregularly spheroid, with 3 pores, the cxinc
granular to coarsely punctate. Mature fruit and seed not seen.

Brazil: Parana: Jaguariahyva, in campo, Oct. 25, Dusen 10440 (MO, S) ; Villa
Velha, Jan. 25, Onsen 9143 (S) ; in campo Iimpo, Oct. 11, Dusen 13179 (G, GH, S); in
campo, 740 m., fonsson 294a (A).

16. Stillingia zelayensis (HBK.) Muell. Arg. in Linnaea 32:87. 1863.

Sapium zelayense HBK. Nov. Gen. ct Spec. 2:51. 1817. (T.: Humboldt tf Bonfland s. «.).

Erect to spreading subshrubs 5-15 dm. tall; stems subherbaceous, arising from
a perennial, woody, underground base, terete, older parts hollow, woody, the sec-

ondary branches opposite or fascicled, solid or with a small pith, without lenticels,
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green- to reddish-brown. Leaves petiolate, membranaceous, elliptic to oblanceolate

to spathulate, 2.8-12.5 cm. long, 1.2-4.0 cm. wide, apex acute to acuminate, base

acute, usually with 2 cyathiform glands, the margin serrulate, narrowly callose,

the midrib and secondary venation prominent; petiole 1-9 mm. long. Inflorescence

5.0-16.0 cm. long, pedunculate and somewhat thickened below the lowest pistillate

cymule, the upper staminate and lower pistillate cymules spiral, distinctly separate

upon the peduncle, the pistillate cymules distant, the staminate crowded; bracts of

the pistillate and staminate cymules broadly elliptic, mucronulate, serrulate, the

glands patelliform, sessile. Sepals of pistillate flower 3, narrowly elliptic, about

3 mm. long, mucronulate, serrulate; ovary sessile, 3-carpellate; styles about 3 mm.

long. Staminate cymules 3- to 5-flowered, the flowers sessile, about 3 mm. long;

;alyx deeply 2-lobed, the lobes serrulate; pollen spheroid, with 3 pores, the exine

reticulate. Fruits shallowly 3-lobed, 0.6-1.8 cm. wide, the lobes of the gynobase

3-9 mm. long; seeds nearly spheroid, about 5.5-6.5 mm. long, 5.5-7.0 mm. wide,

testa smooth, shiny, flattened at the micropylar end, the basal end rounded to

slightly flattened, the caruncle small.

Pine woods and barrancas, rocky hills, shady open slopes on edges of cultivated

areas, from about 1200 to 2800 m. altitude. Flowering mostly from about the

last of March through the last of August, but occasionally in January and in

October, and fruiting from June through October and occasionally in January.

Mexico: chiapas: Hacienda Monscrrate, Purpus 9174 (F, GH, MO, NY, UC, US),

9323 (UC); without locality, Purpus s.n. (US); pine and oak forest, Fenix (Chiapas?),

Purpus 10334 (NY), distrito federal: east of Transfiguracion, Russell 6 Souviron

205 (US). Jalisco: Santa Cruz, M. E. Janes 22 (MO, US); Rio Blanco, E. Palmer 73

(NY, US); near Guadalajara, Pringle s.n. (C, F, LIL). Mexico: Dist. Temascaltepec,

Penon, Hinton 4409 (GH) ; Dist. Temascaltepec, Temascaltepec, Hinton 1127 (F, GH,

NY, US), morelos: rocky hill near El Mirador, road from Cuernavaca to Mexico,

Williams 3814 (GH); Valle del Tepeite, Lyonnet 988 (US); barranco near Cuernavaca,

Pringle 7244 (GH); pine woods about Cuernavaca, Pringle 6886 (BR, F, GH, MO, NY,

UC, US), michoacan: vie. of Morelia, Arsene 6679 (MO, US); vie. of Morelia, Arsene

5236 (GH, MO, US); Tancitaro region, above Acahuaato, Munic. Apatzingan, Leaven-

worth # Hoogstraal 1821 (F, GH) ; hills near Tepitenga, between Tolura and Morelia,

Gregg 727 (MO), puebla: Cerro Tcpoxuchil, pres Pucbla, Nicolas s.n. (LIL, NY);

vie. of Puebla, Cerro Tcpoxuchil, Arsene 1400 (GH, MO, US); Rancho Losada, vie. of

Puebla, Arsene & Nicolas 282 (F). san luis potosi: 22° n. lat., alt. 6000-8000 ft.,

Parry & Palmer 823 (GH, MO, US), tlaxcala: Huamantla, alt. 8500 ft., Balls B.5640

(A), state and locality unknown: Pavon s.n. (G, photos in F, GH).

Guatemala: Guatemala: without locality, Aguilar 93 (F). quiche: without

locality, Aguilar 1314 (F). santa rosa: Zamorora, Heyde & Lux 4579 (US); without

locality, Deam 6074 (F, GH, MICH, MO, NY, US).

Panama: chiriqui: Boqucte Distr., savannah, alt. 4000 ft., Davidson 750 (A, P,

MO, US).

The type specimen of Stillingia zclayensis, collected by Humboldt & Bonpland,

was labelled for locality "prope Zelaya". The actual locality is Celaya, Guanajuato,

Mexico.
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Fi^. 13. Stillingia xelayensh Fig. 14. Stillingia tcxana.

17. Stillingia tkxana I. M. Johnston, in Contr. Gray Herb. n. s. 68:91. 1923.

Safuum sylvaticum var. linearifolium Torr. in Emory, Rcpt. U. S. & Mcx. Bound. Surv.
2:201. 1859. (T.: Schott s. //./).

Stillingia sylrafica <5. lincarifolia (Torr.) Mucll. Arg. in DC. Prodr. 15 L> :1158. 1866.

Stillingia angiistifolia (Mucll Arg.) Engclm. ex S. Wats, in Proc. Am. Acad. 18:154.
1883, as to specimen cited, not as to basinym.

Stillingia lintartfolia (Torr.) Small, Fl. S. E. United States, 704. 1903; not S. Wats, in

Proc. Am. Acad. 14:297. 1879.

Stillingia tcxana var. tyfrica Waterfall, in Rhodora 50:95. 1948.
Stillingia tcxana var. latifolia Waterfall, loc. cit. 1948. (T.: Waterfall 652;?/).

Loose erect subshrubs, 2.5-6.0 dm. tall; roots fibriform; stems herbaceous,

arising from an enlarged woody root crown, terete or slightly striate, unbranched,

or, if branched, the branches fascicled near the apex of the main axis, without

lenticels, light green or brown. Leaves alternate, sessile, membranaceous, linear

to slightly lanceolate, 1-7 cm. long, 0.3-1.0 cm. wide, apex acute, base narrowly

obtuse, without cyathiform glands, serrulate to crenulate, the midrib prominent,

slightly decurrent. Inflorescence 3.0-8.0 cm. long, sessile below the lowest pistil-

late cymule, the upper staminate and lower pistillate cymules spiral, not distinctly

separated on the peduncle; bracts of pistillate and staminate cymules narrowly

elliptic, mucronulatc, sharply denticulate, the patclliform glands sessile. Sepals of

pistillate flower 3, elliptic, serrulate; ovary sessile, 3-carpellate; styles about 3 mm.
long. Staminate cymules 3- to 5-flowered, the flowers subscssile, about 2.5 mm.
long; calyx deeply 2-lobed, the lobes slightly serrulate; pollen mostly spheroid, with

3 pores, the cxine granular to reticulate. Fruits shallowly 3-lobcd, 4-6 mm. wide,

the lobes of the gynobase 2-3 mm. long; seeds mostly ellipsoid, 3-5 mm. long,

2.5-4.0 mm. wide, testa slightly rugulose, with a very slight depression at the

micropylar end, the base truncate, the caruncle small.

On limestone soils, mostly in open prairie lands, occasionally on loamy black

soils, in rolling country. Flowers from about the last of April through the middle
of July, and fruits from the first of June through September.
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United States: Oklahoma: Murray Co. Texas: Bell, Bexar, Bosque, Burnet,

Comal, Conche, Erath, Fort Bend, Gillespie, Hays, Kendal, Kerr, Lampasas, Mills, Nolan;

Parker, Real, Schackclford, Tarrant, Taylor, Travis, Washington, Williamson, Wilson,

and Valverde counties.

Mexico: coaiiuila: Munic. de Muzquiz, near Puerto Santa Ana, Wynd » Mueller 225

(GH, MO, NY, US); Hacienda San Rafael, along the Sabinas River, Wynd 705 (MO,

NY, US); Muzquiz, Marsh So (F, TEX); Muzquiz, Yerda Spring, Marsh 291 (TEX).

One specimen was collected by C. Wright in New Mexico, without locality.

f'f

stif J

1
w

a new combination and the name must apply to the Florida plant (Mueller's type)

not, as was done for many years, to the Texan plant. Since no other name was

available, Johnston renamed the species, basing it upon var. lineatifolia Torr.

18. Stillingia sylvatica Garden, ex L. Mant. 19. 1767. (T.: Garden s. //.).

Erect or semi-erect subshrubs 2-12 dm. tall; roots fusiform; stems herbaceous

to subherbaceous, arising singly or several together from a woody rhizome, terete,

unbranched, or, if branched, the secondary branches dichotomous, approximate or

fascicled near the apex of the main axis, without lcnticels, bark of older parts

frequently with transverse and longitudinal cracks, red to reddish-brown or mottled

gray and reddish-brown. Leaves alternate, sessile or pctiolate, membranaceous,

green or sometimes bright red, narrowly elliptic, elliptic, obovate, spathulate or

oblanceolate, 2-12 cm. long, 0.3-4.8 cm. wide, apex acute, rounded or cmarginate,

base narrowly acute to narrowly obtuse, without cyathiform glands, serrulate to

crenulate, the midrib prominent, secondary venation obscure; petiole when present

0.1-0.8 cm. long. Inflorescence 2.5-13.0 cm. long, slender or stout, sessile below

the lowest pistillate cymulc, the upper staminate and lower pistillate cymules spiral,

not distinctly separate upon the peduncle; bracts of the pistillate cymulc caudate-

acuminate to broadly elliptic, serrulate, mucronulate, the staminate broadly elliptic,

mucronulate, the glands patelliform or cyathiform, sessile; peduncle and bracts red

or yellow-green. Sepals of pistillate flower 3, elliptic, slightly cuspidate, serrulate,

-3 mm. long; ovary sessile, 3-carpellate; styles about 2-5 mm. long. Staminate

cymules 5- to 13-flowered, the flowers subsessile, about 1.5-2 mm. long; enly*

shallowly 2-lobcd, the lobes entire to slightly serrulate; pollen ellipsoid to spheroid,

with 3 pores, the exine reticulate to granular. Fruit shallowly 3-lobcd, 0.6-1.2

cm. wide, the lobes of the gynobase 3-6 mm. long; seed ellipsoid 4-8 mm. long,

3-7 mm. wide, testa rugose, the micropylar end flattened, the base rounded, mottled

dark gray, the caruncle large, waxy.

18a. Stillingia sylvatica Garden ssp. sylvatica.

Stillingia sylvatica var. salicifolia Torr. in Ann. Lye. N. Y. 2:245. 1826. (T,: James 5, //./),

Stillingia salicifolia (Torr.) Raf. in Atl. Jour. 1:146. 1832.

Stillingia lanccolata Nutt. in Trans. Am. Phil. Soc. n. s. 5:176. 1837. (T,: Pitcher s. //,/).

Stillingia sylvatica a. spathulate Muell. Arg. in DC. Prodr. 15 2 :1158. 1866. (T.: Bosc 5.;/.),

Stillingia sylvatica 0. genuina Muell. Arg. loc. cit. 1866.

Stillingia sylvatica 7. angustifolia Muell. Arg. loc. cit. 1866. (T.: Mitchell s.n>),
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Fig. 15. StUlingk syliafira

1 (Muell. Arg.)
1883, .is to basinym, not as to specimen cited.

Wat 18:154,

Stilhngia spatbuUta (Muell. Arg.) Small, Fl. S. E. United States, 704. 1903.
SttUmgia salicifolia Small, loc. cit. 1903 (no type cited), non S, talicifolia (Torn) Ra£.
SttUtngta Smallti Wooton & Standley, in Contr. U. S. Nat. Herb. 19:405. 1915. (Based on

the preceding).

Leaves elliptic, spathulate or obovatc, 3.2-11.5 cm. long, 0.3-4.8 cm. wide,
apex acute, rounded or emarginate. Bracts of the pistillate cymule elliptic.

Coastal plain, except extreme southeastern Florida, well-drained sands, in open

ilroad

banks,

tember.

ds and sometimes on limestone, occasionally on roadsides and

J

ra i lro

United States: Virginia: Isle of Wight, Nanwmond, Sussex, and Southampton
counties, north Carolina: Buncombe, Harnett, Iredell, Moore, Richmond, and Scotland
counties, south caromna: Aiken, Beaufort, Berkeley, Charleston, Clarendon, Georgetown,
Hampton, Horry, and Lancaster counties. GEORGIA: Bullock, Columbia, Gwinnett, Haber-
sham, Jasper, Macon, Meriwether, Richmond, and Wayne counties. Florida: Alachua
Baker, Bradford Brevard, Broward, Charlotte, Citrus, Clay, Columbia, Dade. DeSoto,
Dixie, Duval, Flagler, Gadsden, Gilchrist, Hardee, Hendry, Hernando, Highlands, Hills-
borough, Jefferson, Lafayette, Lake, Lee, Leon, Levy, Liberty, Manatee, Marion, Monroe,
Nassau, Orange Palm Beach Pa.sco, Pinellas, Polk, Putnam, St. John's, Sumter, Suwance,
Walton, Wakulla, Union, and Volusia counties. ALABAMA: Dale, Henry, Lee, and Mobile
counties. Louisiana: Natchitoches, and Rapides parishes. Mississippi: Holmes Co
TEXAS: Anderson Angelina, Aransas, Austin, Bailey, Bastrop, Bexar, Brazos, Caldwell,
Childress, Dal as, Denton, DcWitt, Dimmit, Erath, Fayette, Fort Bend, Goliad, Gonzales,
Gregg, Guadalupe, Hardin, Hemphill, Houston, Hutchinson, Jackson, Jefferson, Kendall
Kenedy, Lamb, Lee, Leon, Lubbock, Medina, Montgomery, Nacogdoches, Newton, Nueces

Walker, Waller, Washington. W son.
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and Wood counties. Arkansas: Crawford, Jefferson, and Miller counties. Kansas:

Cowley, Harper, Montgomery, Morton, Sedgwick, and Stafford count.es. Oklahoma:

Beaver, Beckham, Blaine, Caddo, Comanche, Cleveland, Ellis, Greer, Kingfisher, Kiowa,

Logan, McClain, McCurtain, Muskogee, Oklahoma, Osage, Payne, and Roger Mills counties.

new Mexico: Chaves, Harding, and Roosevelt counties.

The taxonomic confusion concerning S. sylvatica has resulted in part from the

lack of knowledge of habitat and in part from a failure to recognize that some of

the variability possibly is due to hybridization. The narrow-leaved specimens from

Arkansas, Oklahoma, Texas and New Mexico, to which the epithets S. sylvatica

var. salicifolia or S. salicifolia previously have been applied, is thought to be due

to the influence of hybridization with S. texana, and as a result no nomenclatural

status has been given them. The typical subspecies is largely confined to sandy

areas within the coastal plain of the southern United States. It occurs only on

limestone as a result of its putative hybridization with S. texana, and its occurrence

on limestone soils is rather infrequent. Stillingia sylvatica ssp. tenuis, on the other

hand, has become a stable entity on the limestone outcrops of extreme southeastern

Florida.

Hybridization of S. sylvatica ssp. sylvatica with S. aquatica has been discussed

under the heading of Subgeneric Categories. The following specimens of S. sylvatica

in the herbarium of the Missouri Botanical Garden demonstrate the influence of

introgressive hybridization with S. aquatica.

United States: Florida: osceola county: 5 mi. s.w. of Kissimec, dry sandy

pineland, Rogers 4. highlands county: n. of Highland, Hammock State Park, dry

sands, Rogers 5; Vz mi. c. of Sebring, sandy flats, cleared field, Rogers 6; 2-3 mi. s.e. of

Sebring, near shallow, marshy pond, Rogers 7. palm beach county: 15 mi. s.w. of

Lake Worth, sands near cypress swamp, Rogers 14-I, 14-3. martin county: 1 mi. s. of

Stuart, 100-200 yards from cypress pond, on a low sandy ridge, Rogers 15-1,15-2, 15-3,

!5-5> J5-7' I5- I°y I5~11 ' (See also specimen citations of S. aquatica showing introgression

with S. sylvatica, p. 230.)

eport

root

used by physicians and laymen in South Carolina particularly, in the treatment of

syphilis, in cutaneous diseases, chronic hepatic infections and in the composition

of diet drinks.
23

. As late as 194424
, this plant was mentioned as of minor drug

importance, particularly as a sialagogue and expectorant.

Queen's Delight, Queen's Root

roo

18b. Stillingia sylvatica Garden, ex L. ssp. tenuis (Small) D. J. Rogers, stat.

nov.

Stillingia tenuis Small in Bull. N. Y. Bot. Gard. 3:429. 1905. (T.: Small # Wilson 1580!).

Leaves very narrowly elliptic to linear, 2-10 cm. long, 0.3-1.0 cm. wide, apex

acute. Bracts of the pistillate cymule caudate-acuminate.

23 Millspaugh, C. F. Medicinal Plants 1:151. 1892.

24 Allport, Noel L. The Chemistry and Pharmacy of Vegetable Drugs, p. 235, Tab. XV/7. 1944.
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I ig. 16. Stilliti&ia sylra/ica ssp. tenuis
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Confined to the extreme southeastern coast of Florida, usually growing only

where limestone outcrops occur at the surface, with none or only a very slight

amount of sandy soil mantle. Flowers from January to May or June, and fruits

from March through June.

United States: Florida: Dade Co.

The subspecies occupies a distinct geographical and ecological region from its

closest relative S. sylvatica ssp. sylvatica, but it has not sufficiently diverged to

make it a separate species. This is perhaps due to the fact either that there is little

possibility of further migration, it being limited to a very narrow strip on the

southeast coast of Florida, or that insufficient time has elapsed since its formation.

This part of Florida is one of the most recently exposed land masses on this

continent.

Subgen. II. Gymnostillingia (Muell. Arg.) D. J. Rogers, stat. nov.

Gymnostillingia Muell. Arg. in Linnaea 32:89. 1863, as genus.

Series 4. acutifoliae D. J. Rogers, ser. nov.

§ Gymnostillingia (Muell. Arg.) Pax & Hoffm. in Engl. Pflanzenr. IV. Fam. 147. V:193,

1912.

Frutices aut arbores parvi; sepala floris pistillati minuta vel inchoata; flores

staminales in cymula solitaria, polline sphaeroideo vel ellipsoideo; semina ccaruncu-

lata. Mexico australi et Guatemalae.

19. Stilltngia acutii olta (Benth.) Benth. ex Flemsl. Biol. Centr.-Amer. Bot.

3:135. 1883.

Saphim acutijoYium Benth. PL Hartweg. 90. 1842. (T.: Hartweg 614!).

HCHtif 1863.

Gymnostillitigia macrantha Muell. Arg. loc. cit. 1863. (T.: Pawn s. ;/.),

Stillingia macrantha (Muell. Arg.) Benth. ex Hemsl. Biol. Centr.-Amer. Bot. 3:135. 1883,

Stillingia propria Brandg. in Univ. Cal. Publ. Bot. 6:185. 1915. (T.: Purpus 7343 ! )<

Compact shrubs or small trees 1-7 m. tall; trunk to 12.5 cm. diameter below

the lowest branches, the branches alternate to fascicled, terete below, angled

above, the older branches sparsely lenticellate, the sap milky. Leaves alternate,

petiolate, thinly membranaceous, dark green above, paler beneath, ovate, lanceolate,

or elliptic, 2.8-15.0 cm. long, 1.0-4.3 cm. broad, acuminate, base acute, without

cyathiform glands, the midrib and secondary venation prominent; petiole 2-5 mm.

long. Inflorescence 2.5-4.2 cm. long, sessile below the lowest pistillate cymulc,

the upper staminate and lower pistillate cymules spiral, crowded, not distinctly

separate upon the peduncle; bracts of the pistillate and staminate cymules elliptic,

cuspidate, about 1.5 mm. long, the glands patclliform, sessile. Sepals of the pis-

tillate flower 3, minute or rudimentary; ovary sessile, 3-carpellate; styles about 2

mm. long. Staminate flowers solitary, very shortly pedicellate, about 2 mm. long,

the calyx lobes entire; pollen ellipsoid to spheroid, triangular in cross-section with
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3 pores, the exine finely punctate. Fruit 3-4 mm. wide, deeply 3-lobed, the lobes

of the gynobase 1.5-2.0 mm. long; seeds about 3.5 mm. long, 2.5-3.0 mm. wide,

with a slight depression on each side of the raphe at micropylar end, the base

rounded, the testa smooth, the caruncle absent.

Mountainous regions of Chiapas and Guatemala in damp wooded regions, open

banks, barrancas in pine forests, white sand slopes, at altitudes from 1400 to 3000

m. Flowers from late June to the first of September, and fruits from the first of

August to the last of December.

Mexico: CHIAPAS: Cerro del Boqueron, Purpus 7343 (F, GH, MO, NY); Siltepec
Matuda 1683 (A, MICH, NY).

GUATEMALA: chimaltenango: Volcan Acatenango, Kellerman 6576 (F) ; Chichavac,
Skutcb 2<) (US), 554 (A) ; west of Patzun, Williams 6 Molina 1 1844 (F, MO) ; Alameda,
/. /*. Johnston 951 (F, NY); near Rio Pixcayo, between Chimaltenango and San Martin
Jilotepeque, Standley 64330 (F); Barranco de La Sierra, southeast of Patzun, Standley
61510 (A, F, NY); near Parramos, Standley 59879 (A), 59880 (F) ; region of Los
Positos, above Las Calderas, region of Las Calderas, Standley 57803 (A, F), 60018 (F),
80138 (A). Guatemala: Ruano U56 (F); Aguilar 220 (F).' HUEHUETENANCO: Todos
Santos, Melhus tf Goodman 3617 (F) ; San Juan Atitlan, Skutcb 1 165 (A, F, US), jalapa:
between Jalapa and Montana Miramundo, Steyermark 32895 (F). qui zaltenango: Aguas
Calientes, Seler 2741 (A, GH, NY, US); Cumbre de Tuilacan, s. w. of San Martin Chile
Verde, Standley 67787 (F); region of Boxantin, s. e. of San Martin Chile Verde, Standley
83827 (F)- sacatepequez: along Rio Guacalate, on road between Antigua and Chimal-
tenango, Standley 81010 (F). san marcos: mountains along the road between San
Marcos and Serchil, Standley 85327 (F) ; El Boqueron, near border of Dept. Quezaltenango,
Standley 66284 (F) ; El Boqueron, in the mountains at the summit of the road between
San Antonio Sacatepequez and Palestina, Standley 85280 (F) ; roadside, above Rio Tacana,
near San Antonio, Standley 66165 (F). santa rosa: Santa Rosa, Heyde tf Lux 347]
(F, GH, NY, US), soloia: Encuentros, L. O. Williams 13150 (F); Los Encuentms,
Seler 2381 (GH, US), totonicapan: along road between San Francisco El Alto and
Momostenango, Standley 84033 (F). a/.catepeque: Bernoulli & Cairo 2499 (K, S).
Dept. unknown, Hacienda de An;ucta, flartweg 614 (F, K).

According to information from a labeled specimen, the acrid milky sap of

S. aeutifolia is used as a caustic in the treatment of sores and boils.

Fig. 17. Stillingia aeutifolia. Fig. 18. Stillingia Tnculiana.
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Series 5. treculianae D. J. Rogers, ser. nov.

§ Leptostachyae Pax & Hoffm. in Engl. Pflanzenr. IV. Fam. 147. V:194. 1912.

§ Gymnostillingia Wats, in Pax & Hoffm., loc. cit. 1912, in synonymy.

Herbae perennes; flores pistillati sine sepalis (S. Trecnliana excepta sepalis

minutis et fagaceis); flores staminales in cymula solitaria, polline sphaeroideo seg-

mentis 3 foraminibus 3 ; semina aut ecarunculata aut carunculis minutis et fugaceis.

KEY TO THE SPECIES

A. Caruncle present; glands of pistillate bracts nearly sessile.

B. Leaves obovate-spathulatc, rounded or broadly acute, coarsely in-

cised-dentate; sepals minute, fugacious; styles about 1 mm. lung 20. S. Trecnliana

BB. Leaves linear, acuminate or acute, sparsely setulose-denticulate;

sepals absent; styles about 4 mm. long 21. S. paucwentata

A A. Caruncle absent; glands of pistillate bracts long-pedicellate.

C. Leaves elliptic-spathulate, apex acuminate, finely callose-dentate,

conspicuously 3-costate; stems striate 22. S. sprnulosa

CC. Leaves linear, apex acute, entire or sparsely denticulate, venation

not prominent; stems terete 23. S. Uncarifolia

20. Stillingia Treculiana (Muell. Arg.) I. M. Johnston, in Contr. Gray Herb,

n. s. 67:91. 1923.

Sapium annuum var. dentatum Torr. in Emory, Rept. U. S. & Mex. Bound. Surv. 2:201,

18 59. (T.: Bigclow S.n.l).

Gymnanthes Treculiana Muell. Arg. in Linnaea 34:216. 1865. (T.: Trend H581 )-

Sebastiania Treculiana (Muell. Arg.) Muell. Arg. in DC. Prodr. 15 2 :1160. 1866,

Stillingia Torreyana S. Wats, in Proc. Am. Acad. 14:298. 1879. (Based on Sapium

annuum var. dentatum Torr.).

Stillingia dentata (Torr.) Britt. & Rusby, in Trans. N. Y. Acad. 7:14. 1887.

Spreading perennial herbs 1.0-4.5 dm. tall; elongate tap root woody; fascicled

branches arising from the ground level, striate, green. Leaves alternate, sessile,

membranaceous, obovate-spathulatc, 1.0-3.8 cm. long, 0.6-1.5 cm. wide, apex

ded to broadly acute, base narrowly cuneate, without cyathiform glands,

coarsely incised-dentate, the midvein prominent, secondary venation obscure. In-

florescence 2.5-7.0 cm. long, pedunculate below the lowest pistillate cymule, the

upper staminate and lower pistillate cymules spiral, crowded, not distinctly sep-

arate upon the peduncle; bracts of the pistillate and staminate cymules elliptic or

cuneate, concave, with 1-3 mucros, the patelliform glands nearly sessile. Pistillate

flowers solitary, sepals minute, fugacious; ovary sessile, 3-carpellate; styles about

1 mm. long. Staminate flowers solitary, subsessile, about 1.5 mm. long; calyx

deeply 2-lobed, the margins involute, entire; pollen spheroid, deeply 3-segmented,

with 3 pores, the exine coarsely punctate. Fruit deeply 3-lobed, the lobes of the

gynobase 0.8-1.0 mm. long; seeds about 2.5 mm. long, 1.5-2.0 mm. wide, with a

slight depression on each side of the raphe at the micropylar end, the base rounded,

the testa smooth or slightly rugulose, the caruncle present.

Sandy soils with limestone base, gravel, on hills, mesas, grasslands, along rail-

roads and roadsides in southwestern Texas and northeastern Mexico. Flowers from

the last of February to the first of June, and fruits from the last of March through

the first of August.

roun
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Unhid States: Texas: Bexar, Cameron, Concho, Crockett, Presidio, Star, Tom
Green, Val Verde, and Webb counties.

Mexico: coaiiuila: Allende, Marsh 1768 (F); Muzquiz, Marsh 1 1 16 (F) ; Cuatro
Cienegas, Shreie 8454 (UC); Sabinas, M. /;'. Jones 29115 (MO, UC). nuevo LEON-
Mesas, Garcia, Pringle 2504 (F, GH, MO, NY, UC, US); 100 kilo. s. of Nuevo Laredo,
on road to Monterrey, Frye & Frye 2375 (GH, MO, NY, US) ; near Santa Catarina,
Ahnts, Johnson (J BurkUy 15189M (F, GH, MO, TEX); 23 mi. n. of Sabinas Hidalgo,

44
4~\53

Rancho Re.sendez, I .unpazos, Edwards 389 (F, MO, TEX, UC) ; Monterrey, /:. Palmer
1256 (GH, US), tamaui.ipas: San Miguel, Prmgle 2071 (F). Mexico oriental; ad Rio
Bravo del Norte, Trecul 1458 (MO, P).

There has boon some confusion as to whether S. Trccitliana is an annual or

perennial. This confusion arose from the original description of Saphm annuum
var. dentatutn nr.uk by Toncy. He could easily have called this plant an annual
since the specimen used as a type was a small fragment, without roots. Mueller,

however, definitely states in his description of Gymnantbes Treculiana that this is

a perennial species. Examination of material from several herbaria amply cor-
roborates his observation.

Vernacular name: Yerba del Sapo (Mexico).

21. Stlllingia PAUCIDENTATA S. Wats, in Proc. Am. Acad. 14:298. 1879. (T.:

E. Palmer 517!).

Stillingia linearifciia var. paucidentata (S. Wats.) Jepson, Fl. Cal. 2':422. 193,

Compact, erect perennial herbs 2.5-3.5 dm. tall; elongate tap root woody; the
fascicled branches arising from ground level, secondary branches alternate to ap-
proximate. Leaves alternate to approximate, sessile, crowded, membranaceous,
linear, 2-4 cm. long, 0.1-0.3 cm. wide, acuminate or acute, not narrowed at the
base, without cyathii'orm glands, sparsely setulose-denticulate to entire, the mid-
vein prominent, decurrent, secondary venation obscure. Inflorescence 2.3-7.0
cm. long, usually sessile below the lowest pistillate cymule, the upper staminate
and lower pistillate cymules spiral, crowded, not distinctly separate upon the
peduncle; bracts of the pistillate and staminate cymules elliptic or cuneate,

mucronulatc, the patelliform glands short-pedicellate (less than 1 mm.). Pistillate

flowers solitary; sepals absent; ovary sessile, 3-carpellate; styles about 4 mm. long.

Staminate flowers solitary, subsessile, about 1.5 mm. long; calyx shallowly 2-lobed,
the lobes slightly serrulate; pollen spheroid, shallowly 3-scgmcnted, with 3 pores,

the exine coarsely punctate. Fruit deeply 3-Iobed, the lobes of the gynobasc 1.5-2.0

mm. long; seeds about 3 mm. long, 2 mm. wide, testa smooth, the caruncle small.

In sandy washes, plains, bare arid hills and gravel, up to 4000 ft. altitude.

Flowers from the first of April through the end of May, and fruits about the first

of May through the middle of June.

Uniti i> States: California: Kern, Los Angeles, and San Bernardino counties.



1951]

ROGERS REVISION OF STILLINGIA 247

Fig. 19. Stillingia paucidentata. Fig. 20. Stillingia spinulosa.

22. Stillingia spinulosa Torr. in Emory, Notes Milit. Rcc. 151. 134S. ( I\:

Emory s. n.l) .

Sapium annuum Torr. in Emory, Rept. U. S. & Mex. Bound. Surv. 2:201. 1859. (Based

on S. spinulosa).

Stillingia annua (Torr.) Mucll. Arg. in DC. Prodr. 1

5

L>
:1 160. 1866.

Compact perennial herbs 0.5-2.0 dm. tall; elongate tap root woody, the fas-

cicled branches arising from ground level, the secondary branches opposite or ap-

proximate. Leaves opposite or approximate, sessile, crowded, membranaceous,

elliptic-spathulatc, 1.5-4.0 cm. long, 0.5-1.7 cm. wide, apex acuminate, base nar-

rowly cuneate, without cyathiform glands, finely callose-demate, decurrent, promi-

nently 3-costate. Inflorescence 1.2-2.0 cm. long, usually sessile below the lowest

pistillate cymule, the upper staminate and lower pistillate cymules spiral, crowded,

not distinctly separate upon the peduncle; bracts of pistillate and staminate cymules

broadly elliptic, concave, cuspidate, somewhat 3-lobed, about 1 mm. long, the

patelliform glands pedicellate, 1.5-2.0 mm. long. Pistillate flowers solitary, sepals

absent; ovary sessile, 3-carpellate; styles about 3 mm. long. Staminate flowers

solitary, subsessile, about 1.5 mm. long; calyx shallowly 2-lobed, the lobes entire;

pollen ellipsoid, triangular in cross-section, with 3 pores, the cxine finely to coarsely

punctate. Fruit deeply 3-lobed, the lobes of the gynobasc about 2 mm. long;

seeds 3.0-3.5 mm. long, the testa

Sandy open desert. Flowers from late December to late March, and fruits

from March to June.

United States: Arizona: Yuma Co. California: San Diego, Riverside, Imperial,

and San Bernardino counties.

smoo
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Mexico: baja California: mesa near Cerro Breto, Cucapa Mts., MacDougal 206
(NY), sonora: Colonia Lerdo, MacDougal s. n. (NY); Buena Mesa near Col. Riv.,
MacDougal s.n. (NY); Pimeria Alta, Schott s.n. (NY).

Torrey described Stillingia Spinulosa in 1848, but changed the name in 18 59

to Sapium anmium, using the same specimens. No explanation was given for this

change.

23. STILLINGIA LINEARIFOLIA S. Wats, in Proc. Am. Acad. 14:297. 1879. (T.:

£. Palmer 44Q!).

Stillingia gymnogym Pax & Hoffm. in Engl Pflanzenr. IV. Fam. 147. V:196. 1912.
(Based on S. linearifolia S. Wats.).

Diffuse perennial herbs 1.5-9.0 dm. tall; elongate tap root woody, the fascicled

branches arising from ground level, the secondary branches alternate, approximate,

or fascicled. Leaves alternate or approximate, sessile, membranaceous, linear, 1.2-3.2

cm. long, 0.1-0.3 cm. wide, apex acute, the base narrowly acute, without cyathi-

form glands, entire or sparsely denticulate, shortly decurrent, the venation not

prominent. Inflorescence 1.6-7.0 cm. long, sessile or shortly pedunculate below

the lowest pistillate cymule, the upper staminate and lower pistillate cymules spiral,

scattered, not distinctly separate upon the peduncle; bracts of the pistillate and

staminate cymules rhombic or cuneate, mucronulate, flattened, about 1 mm. long,

the cyathiform glands pedicellate, about 1 mm. long. Pistillate flowers solitary;

sepals absent; ovary sessile, 3-carpellate; styles about 2 mm. long. Staminate

flowers solitary, subscssile, about 1 mm. long; calyx shallowly 2-Iobed, the lobes

entire or slightly serrulate; pollen spheroid to irregularly ellipsoid, broadly triang-

ular in cross-section, with 3 pores, the exinc finely punctate. Fruit deeply 3-lobed,

the lobes of the gynobnse about 1 mm. long; seeds about 1.8-2.5 mm. long, 1.5-1.8

mm. wide; testa smooth, sometimes mottled, the caruncle absent.

Desert sands, lava rocks, chaparral, dry sandy washes, and sandy roadsides.

Flowers from the first of March to the end of April, and fruits from the middle

of March to the middle of June.

United States: California: Imperial, Los Angeles, Riverside, San Bernardino, and
San Diego counties. NEVADA: Clark Co.

Mexico: baja California: sandy arroyo margin, San Augustin, Gentry 4004 (Gil,
MO, UC) ; 11 km. s.e. of San Augustin on road to Catavina, Carter, Alexander & Kellogg
l877 (MO); lagoon head, Guadaloupe Island, E. Palmer 783 (F, GH, US); 37 mi. s. of
Pozo Aleman, Sbreir 701S (F, MICH, US); sandy plains, Calmalli, Purpus 23 (F, US);
Yecate, Orcutt s. n. (F, MO), Socorri, Orcutt s. n. (F, MO); coast near Ascension Island,
Brandegee s. n. (UC) ; Cordon Grande, Brandegee s. n. (F, GH) ; lava rocks, San Quintin,
Epling tf Stewart s.n. (F, US); south slope 8 mi. from Rosario on road to El Marmol,
Wiggins 4337 (GH, US); sandy wash at junction of El Marmol and S.in Fernando roads,
25 mi. from Fl Marmol, Wiggins 433./ (GH, MICH, NY, UC, US); sandy flats 32 mi. s.

of Pozo Aleman, Wiggins 7S80 (F, MICH, NY, UC, US); sandy wash 11 mi. e. of San
Ignacio, Wiggins 7913 (F, MICH, NY, UC, US); along Rio Santo Domingo about 4 mile
above the Mission, Wiggins & Demaree 4778 (F, GH, MICH, NY, UC, US), sonora: 30
mi. s. w. of Sonoyta on road to Punta Penasca, Shreve 7391 (F, MICH, MO, US); llano
30 mi. from Sonoyta, Wiggins 8339 (MICH, UC, US); 28 mi. s. of Sonoyta on road to
Punta Penasco, Keck 4183 (NY).
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Fig. 21. S/illingia lincarifolia.

DOUBTFUL SPECIES

Stillingia cruenla Standi. & Steyerm. in Field Mus. Publ. Bot. 23:125. 1944. (T.:

Standley 91207!).

Without exception, the available specimens of this species are sterile. It will

be impossible to assign the plant to a genus until flowering or fruiting specimens

are avaiilable.

EXCLUDED SPECIES

In the following list, the species marked with an exclamation point (!) have

been verified by examination either of the type specimen or of a photograph of

the type, but those without an exclamation point are excluded only on the authority

cf Pax and Hoffmann in Engl. Pflanzenr. IV, Fam. 147, V:197. 1912. Only

those species found in the Americas are considered here. Old World species have

not been included. No reference is made to Baillon's 'Etud. Gen. Euphorb.' 1858,

since Baillon rarely made formal transfers, although his taxonomy included many

genera under Stillingia.

S. appendiculata Muell. Arg. in Linnaea 32:87. 1863 = Sapium appendiculatum

(Muell. Arg.) Pax & Hoffm. in Engl. Pflanzenr. IV, Fam. 147, V:214. 1912!

S. arborea Pav. ex Huber in synon. = Sapium pedicellatum Huber, in Bull. Herb.

Boiss. II, 6:352, /. 9. 1906.
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S. arborescent Pittier, Contr. Fl. Vencz. 9. 1921 = Sebastiania granatensis (Muell.
Arg.) Mucll. Arg. in DC. Prodr. 15-:1189. 1866! {Gymnantbes granatensis Mucll. Arg.
in Linnaea 32:107. 1863).

S. bahknm (Mucll. Arg.) Baill. in Adanscmia 5:329. 1865 (Gymnantbes bahiemh
Mucll. Arg. in Linnaea 32:102. 1863) = Sebastiania bahii nsis (Muell. Arg.) Mucll.
Arg. in DC. Prodr. 15 2 :1183. 1866!

S. bidentata (Mart.) Baill. in Adansonia 5:324. 1865 {Cnemidostacbys bidentata Mart.
Nov. Gen. & Sp. 1:69, /. ./,. 1824) = Sebastiania bidentata (Mart.) Pax in Engl.
Pflanzenr. IV, Fam. 147, V: 1 1 3. 1912.

S. bigUndulosa (L.) Baill. in Adansonia 5:320. 1865 (Hippomane biglandulosa L Sp
PI. ed. 2, 1431. 1763) \V
18 18.

S. briisiii.'Hsis (Spreng.) Baill, in Adansonia 5:328. 1865 = SEBASTIANIA BRASILIENSIS
Spreng. Neue Entdcck. 2:118, /. j. 1821.

S. brevifolia (Kl. ex Mucll. Arg.) Baill. in Adansonia 5:328. 1865 {Gymnantbes
breiifolia Kl. ex Mucll. Arg. in Linnaea 32:104. 1863) = SEBASTIANIA BREVIFOLIA (Kl.
ex Muell. Arg.) Muell. Arg. in DC. Prodr. 15 L':1186. 1866.

S. Connncrwniana Baill. in Adansonia 5:330. 1865 = Sebastiania KLOTZSCHIANA
(Muell. Arg.) Mucll. Arg. in DC. Prodr. 1

5 - : 1 1 Z 8 . 1866 {Gymnantbes Klotzschiana
Mucll. Arg. in Linnaea 32:98. 1863).

S. concolor (Sprcng.) Baill. in Adansonia 5:327. 1865 (Gussonia concolor Spreng.
Neue Entdcck. 2:120, /. 2. 1821) = Actinosti mon concolor (Sprcng.) Mucll. Arg.
var. k. GENUINUS Muell. Arg. in Mart. Fl. Bras. ll 2 :595, t. tyf, f, ll[ 1874,

S. coriacea (Mart.) Baill. in Adansonia 5:323. 1865 (Cnemidostacbys coriacea Mart.
Nov. Gen. & Sp. 1:71. 1824) = Sebastiania marcinata (Mart.) Muell. Arg in DC
Prodr. 15~:1166. 1866.

S. corniculata (Vahl) Baill. Etud. Gen. Fuph. Atlas, pi 8, fig. I-I2. 1858 (Tragia
corniculata Vahl, Eclog. Amer. 2:55, /. iq. 1789) = Sebastiania corniculata (Vahl)
Pax in Engl. Pflanzenr. IV, Fam. 147, V:96. 1912, Sebastiania CLANDUIX>SA (Mart.)
Pax, loc. cit. 100. 1912, Sebastiania hispida (Mart.) Pax, loc. cit. 105. 1912.

S. cremostachya Baill. in Adansonia 5:322. 1865 = Sapium Ki.ot/schianum (Muell.
Arg.) Huber, in Bull. Herb. Boiss. II, 6:438, /. 30. 1906 {Sapium bigland ulosnn? var. r.

Klotzscbianum Muell. Arg. in Linnaea 32:117. 1863).
S. dapbnipbylla Baill. in Adansonia 5:326. 1865 = Sibastiania daphnipiiyi i a

(Baill.) Muell. Arg. in DC. Prodr. 1 5
L'

: 1 1 8 0. 1866.
S. discolor (Spreng.) Bail), in Adansonia 5:327. 1S65 {Gussonia discolor Sprcng. Neue

Entdcck. 2:119, /. J, /. j-10. 1821) = Sibastiania discoiok (Sprcng.) Mucll. "in DC
Prodr. 1

5 " : 1 1 8 5 . 1866!

S. diiarlcata Kl. ex Pax & I Ioffm. in synon. in Engl. Pflanzenr. IV, Fam. 147, V:230.
19 12 = Sapium Moiut/ianum Kl. in Seem. Bot. Voy. Herald, 100. 1852.

S. dracunculoides Baill. in Adansonia 5:321. 1865 = Excoecaria bigeandueosa var
p. dracuncueoides (Baill.) Muell. Arg. in DC. Prodr. 15-:1207. 1866.

<S. eglanduhsa Rich, in Sagra, Hist. lis. Cuba 11:202. 1850 = Grimmeodendron
EGLANDULOSUM (Rich.) Urb. Symb. Antill. 5:398. 1<)08!

S. frutescens Bosc. ex Steud. Nomenel. Bot. 1:815. 1821 = Sebastiania eruticosa
(Bartr.) Fern, in Rhodora 46:45. 1944.

S. fruticosa Michx. ex Sprcng. Syst. 3:805. 1826 = Sebastiania eruticosa (Bartr.)
Fern, in Rhodora 46:45. 1944.

S. Gaudichaudii (Muell. Arg.) Baill. in Adansonia 5:332. 1865 = Sebastiania
Gaudiciiaudii (Muell. Arg.) Muell. Arg. in DC. Prodr. 15 2

:1 177. 1866!
S. glabrata (Mart.) Baill. Etud. Gen. Euphorb. Atl. I7

y pi. 8
3 figs J^-i6

% 1858
(Cnemidostacbys glabrata Mart. Nov. Gen. & Sp. 1:70. 1824) = Sibastiania MULTI-
ramea (Kl.) Muell. Arg. var. ft geabrata (Mart.) Pax in Engl. Pflanzenr IV I am
147, V:120. 1912!

* '

S. ghmdulosa Dombey ex Juss. in Ann. Sci. Nat. Bot. 25:24. 1832 = Adenopi 1 ns
coliicuava Bert, ex Juss. loc. cit. 18 32.
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S. guianensis (Aubl.) Baill. in Adansonia 5:332. 1865 = Maprounea guiani nsis

Aubl. Hist. P!. Guian. 2:895, /. 342. 1775.

S. baematantba Standi, in Ann. Mo. Bot. Gard. 27:314. 1940 = Sapium Moritzianum

Kl. in Seem. Bot. Voy. Herald, 100. 1852!

S. bastata Kl. ex Baill. in Adansonia 5:324. 1865 = SEBASTIANIA ditassoides

(Didrichs.) Muell. Arg. var. p. glabpata Muell. Arg. in DC, Prodr, 15": 1174, 1866!

S. heterodoxa Muell. Arg. in Linnaea 32:89. 1863 = Sebastiania heterodoxa (Muell.

Arg.) Benth. in Benth. & Hook. f. Gen. Pi. 3:334. 1880!

S. Hilariana Baill. in Adansonia 5:332. 1865 = Maprounea brash ii nsis St. Hil. PL

Usuel. Bresil, /. 6$. 1824-1828.

S. bypoleuca (Benth.) Baill. in Adansonia 5:330. 1865 = GYMNANTHES HYPOLEUCA

Benth. in Hook. Jour. Bot. 6:325. 1854!

S. jacobinensis (Muell. Arg.) Baill. in Adansonia 5:329. 1865 = Sebastiania

jacobinensis (Muell. Arg.) Muell. Arg. in DC. Prodr. 1

5

L>

: 1 18 8. 1866.

S. !aureola Baill. in Adansonia 5:327. 1865 = Sebastiania LAUREOLA (Bail!.) Muell.

Arg. in DC. Prodr. 15 2 :1180. 1866.

S. laurifolia Rich, in Sagra, Hist. Fis. Cuba 11:201, pi 69. 1850 = Sapium jamaicensi

Swartz, Adnot. Bot. 62. 1829.

S. ligustrina Michx. Fl. Bor. Amcr. 2:213. 1803 = Sebastiania 1 ruticosa (Bartr.)

Fern, in Rhodora 46:45. 1944.

S. marginata (Muell. Arg.) Baill. in Adansonia 5:321. 1865 = Sapium marginatum

var. a. lanci-olatum Muell. Arg. in Linnaea 32:120. 1863!

S. multiramea (Kl.) Baill. in Adansonia 5:325. 1865 (Sarotbrostacbys multivalued Kl.

in Wiegm. (Erichs.) Arch. 7:185. 1841) = Sebastiania multiramea (Kl.) Muell. Arg.

var. /3/glabrata (Baill.) Pax in Engl. Pflanzenr. IV, Fam. 147, V:120. 1912!

S. myrtilloides (Mart.) Baill. in Adansonia 5:323. 1865 (Cnemidostachys myrtilloides

Mart. Nov. Gen. & Sp. 1:67, /. 40. 1824) = Sebastiania MYRTILLOIDES (Mart.) Pax in

Engl. Pflanzenr. IV, Fam. 147, V:93. 1912, Sebastiania oeeoides (Mart.) Muell. Arg. in

Mart. Fl. Bras. 11 2 :548. 1874!

S. nervosa (Muell. Arg.) Baill. in Adansonia 5:328. 1865 (Gymnantbes nervosa Muell.

Arg. in Linnaea 32:102. 1863) = Sebastiania nervosa (Muell. Arg.) Muell. Arg. in

DC. Prodr. 1 5
2

: 1 1 8 3 . 1866!

S. obovata (Kl. ex Muell. Arg.) Baill. in Adansonia 5:321. 1865 = Sapium obovatum

Kl. ex Muell. Arg. in Linnaea 32:120. 1863.

S. pachystacbya (Kl.) Baill. in Adansonia 5:330. 1865 {Adenogyne pacbystachys Kl.

in Wiegm. (Erichs.) Arch. 7:184. 1841) = Sebastiania PACHYSTACHYS (Kl.) Muell.

Arg. in DC. Prodr. 15 2 :1182. 1866!

S. patagonica (Spegazz.) Pax & Hoffm. in Engl. Pflanzenr. IV, Fam. 147, V: 18 8. 1912

(Colliguaya patagonica Spegazz. in Revist. Facult. Agron. y Veter. La Plata 3:572. 1907)

Sapium patagonicum (Spegazz.) D. J. Rogers, comb. nov.

This species has very few affinities with any other known species of Sapium, Stillingia

or Colliguaya. However, the absence of a gynobasc, the axillary inflorescence, the struc-

ture of the staminate flower, the shape of the glands at the base of the leaf blade all point

to characters of Sapium, not Stillingia. In one character, the texture of the seed coat,

this species shows no affinities with the American species of Sapium. All of the new world

species of Sapium have an arillate seed coat, but S. patagonicum has a firm, hardened

testa, without evidence of an aril.

S. pbyllantbiformis Baill. in Adansonia 5:331. 1865 = Sebastiania Schottiana Muell.

Arg. var. 0. phyllanthiformis (Baill.) Pax & Hoffm. in Engl. Pflanzenr. IV, Fam. 147,

V:127. 1912.

S. pro-rata (Mart.) Baill. in Adansonia 5:324. 1865 (Cnemidostacbys pro-rata Mart.

Nov. Gen. & Sp. 1:70. 1824) = Sebastiania corniculata (Vahl) Pax, var. w. prostrata

(Mart.) Muell. Arg. in DC. Prodr. 15~:1172. 1866!, Sebastiania geandulosa (Mart.)

Pax, in Engl. Pflanzenr. IV, Fam. 147, V:100. 1912, and Sebastiania hispida (Mart.)

Pax, loc. cit. 105. 1912.
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S. pteroclada (Mucll. An;.) Baill. in Adansonia 5:329. 1865 (Gymnanthcs ptcroclada
Muell. Arg. in Linnaea 32:107. 1863) = Sebastiania pteroclada (Mucll. Arg.) Muell.
Arg. in DC. Prodr. 15 2 :1190. 1866!

S. ramosissima (St. Hil.) Baill. in Adansonia 5:328. 1865 {Microstachys ramosissima
St. Hil. Hist. PI. Rcmarq. Bresil. 242. 1824) ;= Sebastiania brasiliensis Sprcng. Ncuc
Entdeck. 2:118, /. J. 1821.

S. rigida (Mucll. Arg.) Baill. in Adansonia 5:330. 1865 (Gymnanthcs rigida Mucll.
Sebastiania rigida (Muell. Arg.) Muell. Arg. in DC.Arg. in Linnaea 32:99.

Prodr. 15 2 :1180. 1866.

1863)

V:212. 1912

fescens Moritz ex Pax & Hoflfm. in synon. in Engl. Pflanzenr. IV, Fam. 147,
= Sapium stvlare Mucll. Arg. in Linnaea 32:119. 1863.

S. salicifolia Kl. ex Baill. in Adansonia 5:320. 1865 = Sapium haematospermum
Muell. Arg. in Linnaea 34:217. 1865.

S. Schottiana (Muell. Arg.) Baill. in Adansonia 5:331. 1865 {Gymnanthcs Schottiana
Mucll. Arg. in Linnaea 32:96. 1863)
Arg. in DC. Prodr. 15 2

: 1176. 1866!

Sebastiania Schottiana (Muell. Arg.) Muell.

'+
1

1004. 1753) = Sapium si bii i rum (L.) Roxb. Fl. Ind. 3:693. 1832.
S. scrrata Kl. ex Baill. in Adansonia 5:329. 1865

Baill.) Muell. Arg. in Mart. Fl. Bras. 11 2 :576. 1874.

Sebastiania serrata (Kl. ex

a. k

S. serrulaU (Mart.) Baill. in Adansonia 5:324. 1865 (Cncmidostachys serrulata Mart.
~

" '42* 1824 = Sebastiania serrulata (Mart.) Muell. Are. var.
'.schiana Mucll. Arg. in DC. Prodr. 15 2 :1167. 1866!

S. Stipulacea (Kl. ex Mucll. Arg.) Baill. in Adansonia 5:325. 1865 (Gymnanthcs
stipulacea Kl. ex Muell. Arg. in Linnaea 32:96. 1863) = Sebastiania stipulacea (Kl. ex
Muell. Arg.) Muell. Arg. in DC. Prodr. 15 2 :1176. 1866!

S. syhatica Garden var. paragnaycnsis Morong, in Ann. N. Y. Acad. 7:226. 1893
apium haematospermum Muell. Arg. in Linnaea 34:217. 1865!

S. trincnia (Muell. Arg.) Baill. in Adansonia 5:328. 1865 (Gymnanthcs trincnia
Muell. Arg. in Linnaea 32:101. 1863) = Sebastiania trini rvia (Mucll. Arg.) Mucll.
Arg. in DC. Prodr. 15 2 :1182. 1866!

S. Wcddclliana Baill. in Adansonia 5:329. 1865
Muell. Arg. in DC. Prodr. 15 2 :1188. 1866.

Weddeli

S. Widgreni (Mucll. Arg.) Baill. in Adansonia 5:326. 1865 (Gymnanthcs Widgreni
Muell. Arg. in Linnaea 32:97. 1863)

;. in DC. Prodr. 15 2 :1178. 1866.

S. ypanemensis (Muell. Arg.) Baill. in Adansonia 5:330.

Widgreni (Mucll. Arg.) Mucll.

mensis Mucll. Arg. in Linnaea 32:100. 1863)
Muell. Arg. in DC. Prodr. 15 2 :1179. 1866!

1865 (Gymnanthcs ypanc-
Sebastiania ypanemensis (Mucll. Arg.)
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Index to Scientific Names

In the following index, names which are recognized

synonyms are in italics; new names or combinations and

erences are in bold face type.

as valid are in Roman type;
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bahiensis

209

250

bidentata 250

brasiliensis 2 50, 252

brevifolia 250

corniculat a - 250

var. prostrata 251

daphniphylla 250

discolor 250

ditassoides var. glabrata 251

fruticosa 250, 251

Gaudichaudii 250

glandulosa 250, 251

250

251

250, 251

251

250

laureola 251

250

251

granatensis

heterodoxa

hispida

jacobinensis

Klotzschiana

marginata

multiramea var. glabrata 250,

myrtilloides 2 51

251

2 5

1

nervosa

oleoides

pachystachys 251

pteroclada 252
252

: 2 5 2

rigida

Schottiana ...

cupuliferum 234

var. phyllanthiformia - 251

252

2 52

252

245

252

serrata

serrulata var. Klotzschiana

stipulacea

Treculiana

tnnervia
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Weddelliana 252
Widgreni 2 52

ypancmensis 252
Seborium 219
Stillingia _. 207, 219

acutifolia 208, 212, 218, 243, 244
Acutiioliae (series) 210, 215,217,218,

243

angustifolia 23 8, 240
annua 247
appendiculata 249
aquatica 211, 213, 215, 216, 229, 241
arborca ..... 249
arborescens 250
bahiensis 250
bicarpellaris ... 212, 228
bidentata 2 50
biglandulosa 250
Bodenbenderi 2 11 215 222

laureola 251

250

250

brasilicnsis

b re vifolia

Commersoniana 250
concolor ___ 250
coriacca 250
corniculata ______ .... 250
cremostachya 2 50
cvucnta 249
daphniphylla 250
dentata 245
dichotoma 232
Dichotomae (series) 210, 212, 213, 216,

2 1 7, 230

diphtherina 211, 226, 227, 228
discolor 250
di / aricata 2 50
dracunculoides 250
Dusenii 212, 215, 236
eglandulosa _____ 250
Eustillingia (section) 220
frutescens 250
fruticosa 250
Fruticosae (section) 220
Gaudichaudii 250
glabrata 2 50
glandulosa 250
guiancnsis 251
gymnogyna 248
Gymnostillingia (subgenus) 210,

212, 213, 214, 215, 243

Gymnostillingia (section) 243, 245
hacmatantha 251
hastata —,.-, 251
heterodoxa 2 51

Hilariana 2 51
hypoleuca 251
jacobincnsis 251
lanceolata 239

laurifolia 251

Leptostachyae (section) ___

ligustrina

lincarifolia ..

245

251

lincarifolia

var. paucidcntata

loranthacea —

213, 218, 24<>

_ ._ 23 8_ 246

232
macrantha _. 243
marginata ...

microsperma - 225,
multiramea

251

226

251
myrtilloides 25 1

nervosa 2 5

1

obovata 251

oppositifolia 210, 212, 220

240

2\\

Oppositifoliae (series) 210, 213, 215,

216, 218, 220

Pachycladae (section) ._ _____ 23

pachystachya 251

patagonica _ 25 1

paucidentata 213, 214, 246, 247
peruviana 21 1 223

phyllanthiformis ___ 25 1

propria ... _ 24^
prostrata ___ 251
ptcroclada ___ 2 52

ramosissima 2 52

rigida _.. _____ 2 52

rufescens 2 52

salicifolia 235,
salicifolia . 239, 240, 252
salpingadenia 211, 215,

salpingadenia

ssp. anadena 234
var. cupulifera 234
var. salicina 2 34

ssp. saxatilis 23 5

var. angustior 23

S

var. clliptica 23 5

var. grandifolia 23 5

sanguinolenta 211, 224, 225
var. angustifolia 224
var. lanceolata 224

saxatilis „. 212, 232

saxatilis 23 5

var. grandifolia 23 5

var. salicifolia ___ ... 215, 23 5

f. angustior ..„.. 23 5

f. latior _ 23 5

Schottiana ... 2 5

scutellifera 2 11, 215, 235
sebifera 2 52
serrata __. 252
serrulata .... ____ _ _ ___. 252
Smallii 240
spathulata 240
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spinulosa

Stillingia (subgenus) —-210, 212,

214, 220

stipulacea

sylvatica 213, 215, 219, 239,

ssp. sylvatica 211,

ssp. tenuis 215, 241,

sylvatica

var. angustifolia

213, 247

213,

252

240
239

242

var. genuina —
lincarifoliavar.

239

239

23 8

25 2

2 39

239

Syliaticae (section) 23 3

var. paragiiayensis

var. salicifolia —
spathutatavar.

tenuis

texana

var.

- 241
238

la tifolia 23 8

var. typica 23 8

Torreyana 245

trapezoidea 217, 231

Treculiana 244, 245

Treculianae (series) 210, 215, 217,

218, 245

trinervia 252

Uleana - 213,231

Weddelliana 252

Widgrcni 252

ypanemensis — 252

zelayensis 214, 217, 218, 236, 238

Sylvaticae (series)

233

210, 214, 215, 217, Stillingiinae — 209

Tragia corniculata 250



THE RECENT INTRUSION OF FORESTS IN THE OZARKS

AUGUST P. BEILMANN* and LOUIS G. BRENNER**

Introduction

Scanlan (1950), in writing of American forests, says: "The lumber barons

began to despoil and they did an excellent job." This statement might correctly

be applied to a specific region but a lumber baron could not operate in a prairie

region. Seemingly, it cannot be applied at all to the eastern and northern portions

of the Ozarks. Within historic times this vast region was a prairie, or at least

park-like in that the trees were widely spaced and confined to the water-courses

and drainage-ways. The logging operations which are now so much a part of the

industry of the Ozark region are but little more than a century old. The loggers

have been, and still are, cutting the first crop of trees to mature there. In some

sections any tree large enough to yield a 2 x 4 is cut; and the region will be scoured

again and again for more trees of that size. However, there is evidence to show

that insufficient time has elapsed to develop a mature second growth of either pine

or hardwoods.

During a study of the flora of the northeastern edge of the Ozark Uplift an

effort was made to visualize the steps which are supposed to precede the formation

of a mature forest—the "climax" of the ecologist. This time-elapse study of only

twelve years revealed a speeding succession of plant species not at all approaching

the accepted trial-and-error elimination which is supposed to set the pattern for

our forest areas. In an effort to reconstruct the Ozark forest before the advent of

the white settlements and before logging had progressed very far, a search was

made for old trees. After considerable difficulty many old trees were found which

bridged the gap between grassland and forests. In one detailed study of a relic

(Beilmann, 1943), a ring count gave an estimated age of 327 years. This was a

"wolf" tree with heavy lateral branches whose tips touched the ground; it had

grown as an isolated specimen and only recently had it any neighbors.

ECOLOGY

Steyermark (1940) made the first critical study of plant successions in the

Ozarks. He found and described 164 examples of "large-scale natural plots."

According to him, the classical Maple-Beech Climax, as proposed by Clements and

Weaver (1929) on the basis of climatic conditions, does not hold in this area. For

this he would substitute five edaphic associations based on the physical, chemical,

and local moisture conditions. It would seem to be quite difficult to find such

vast variation in soils that one might find 164 "associations" based on edaphic

conditions alone, unless a certain immaturity was a characteristic of the forest

aspect. Steyermark devotes one chapter to "variations induced by burning, logging,

Manager, Missouri Botanical Garden Arboretum.

** Assistant Manager, Missouri Botanical Garden Arboretum.
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clearing, and other unnatural causes." For centuries, burning, aggravated by re-

duced precipitation, governed the distribution of forests. As the area became
settled, the decrease in wild fires and the increase in rainfall reduced the loss by
hrc. Logging and clearing followed, but logging reached its peak in 1900. There-
fore, the unnatural causes listed by Steyernv.rk, together with cdaphic adaptations,
;overn the distribution of species in the Ozarks. The writings of the earii

travelers indicate that not nearly enough time has elapsed for the development of
either a monoclimax or a polyclimax forest, unless we are prepared to call any
jroup of plants a climax, regardless of how ephemeral the association may prove
to be. An ecological study of the Ozark forest must not overlook the short time
which h.>s elapsed since the area was either "sterile" or grassland.

HISTORICAL ACCOUNT Ol Till! OZARKS VIX,F.TATIONAL ASPI CT

The Ozark Highlands of Missouri is unique as one of the oldest land-masses of
the North American continent. Here on a land of archaic plains, deeply dis-
sected by rivers entrenched in ancient meandering courses, erosion has carved in
high relief, the land of rugged beauty we know today. It is only fitting, then, that
rooted into a land having such a singular geologic background we find a flora
equally interesting. In the Cambrian and Ordovician rocks, which comprise the
greater part of the Ozark highlands, the history of the area may be read, and
there is little evidence today of the varied floral aspects presented by Ozark. a in
times past. However, turning to the diaries and journals kept by early explorers
and travelers there is considerable evidence that the vegetational aspect of Ozarkia
has never been static, and the rich hardwood forests which today add so much to
the beauty of the Ozark mountain region are of relatively recent development.

The early Spanish and French discoverers in the Mississippi and Missouri River
Valleys give us the first accounts of the early aspects of the Ozark region. Bearing
in mind that the primary interest of those adventuring soldier explorers was the
discovery of land rich in precious metals for the crown and that they were inter-
ested more in fruits and edible herbs, wood for fuel, and the construction of boats
and simple fortifications than in botany, it is understandable that only a scant
record was made of the native vegetation. The general structure of the Ozarks js

of Cambrian and Ordovician rocks of more or less uniform composition, and a
general habit for the whole region may be assumed on the basis of material reported
from relatively localized areas, except where special modifications due to sod and
water are noted.

The Ozark area was discovered by Ferdinand DeSoto in 1541 and included in
the region then know, as Florida. Houck (1908) believes DeSoto entered Missouri
from Arkansas and, because of the numerous swamps of the region, took advantage
of the highland now known as Crowley's Ridge. It was from here that the hearts
of the travel-weary soldiers of DeSoto were lightened by the sight of the village
of the Casquins. We arc told that the fields upon the rich alluvial bottoms were
planted in maize, and the pecan, plums, and mulberry trees were abundant. That
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it was possible to sec the distant village can only have meant that the soldiers were

in an open, very park-like country unlike the dense forest of hardwoods that cloak

this region today.

In the narrative of GarcilassO de la Vega, chronicler of the DeSoto expedition,

we learn that DeSoto sent two of his men, accompanied by Indian guides, forty

leagues to the north seeking salt and precious metals. The men returned ele\ en

(iays later laden with salt and copper, but spent and famished. They reported

that the country, indicated by Houck to have been the highlands and headwaters

of the St. Francis River, was sterile and thinly populated. Indians of that region

informed them that the country farther north was almost uninhabited, and that

the interior of the Ozarks was even more sterile. Leaving the land of the Cas-

quins, DeSoto marched southwest into the bottoms of the Little River. Here the

gentleman of Elvas, also a chronicler of the DeSoto expedition, tells us of a land

"full of good meadows on the river;' from which only recently a vast forest h;

been removed. Quitting the swampy lowlands country in tireless quest of gold,

DeSoto and his men marched northward toward Caligoa, believed by Houck and

supported by Nuttal and Schoolcraft to have been the elevated highlands between

the Black and St. Francis rivers, and at that time a land devoid of timber

where herds of buffalo roamed. In the swampy lowlands and on the loessial hills

bordering the Mississippi River, a more park-like aspect prevailed, as indicated by

Garcilasso's description of the country of the Casquins.

Coronado, in 1541, is believed to have reached the southwestern portion of

Missouri (Houck, 1908). The prairie aspect is indicated there by his notation of

a rolling grassland, well watered with many rivers, and Osage Indians hunting

among the vast herds of buffalo.

After DeSoto and Coronado, a period of French explorations begins. Enter-

ing the Mississippi Valley from the Great Lakes Region and seeking a water route

to the Vermillion or Indian Ocean, the explorers travelled chiefly in bark canoes

upon the rivers, and acquired little knowledge of the interiors. Father Mernbre,

accompanying LaSalle down the Mississippi in 1683, has pointed out that the groves

were so open and unobstructed one could ride through them on horseback. But

even in those early years the appearance of Ozarkia was changing rapidly. Joutel,

writing of the vicinity of Saline Creek in 1687, s?ys: "The country was full of

hillocks, covered with Oak and Walnut trees, and an abundance of Plum trees . .

."

(Houck, 1908). Already we see indications of the encroaching forest. How-

ever, the forest was still conspicuously park-like, pnd Father Vivier in 1750 writes:

Both banks of the Mississippi arc bordered throughout the whole of its course by two

strips of dense forests, the depth of which varies, more or less, from half a league to four

leagues. Behind these forests the country is more elevated, and is intersected by plains and

groves, wherein trees are almost as thinly scattered as in our public promenades. This is

partly' due to the fact that the savages set fire to the prairies toward the end of autumn,

when the grass is dry; the fire spreads everywhere and destroys most of the young trees.

This does not happen in places nearer the river, because the land being lower and conse-

quently more watery the grass remains green longer and less susceptible to the attack of

fire. (Houck, 1908).
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As late as 1789 Forman was told by Captain Foucher, Spanish Commandant at
New Madrid, that he could drive a coach-and-four through the open woods from
New Madrid to St. Louis. It was inevitable that a resident population be attracted
first to the eastern border of the Ozark region, and it was about 1704 that the first

settlers made their home in the vicinity of Ste. Genevieve (Saucr, 1920). Here,
conveniently located to Indian tribes and the fur trade, with an abundance of salt

close at hand, and with the Arcadian abundance of the land, they had an easy exist-
ence. Trading in furs and mining for lead occupied most of their attention, but
of this period we have only scattering impressions of the aspect of Ozarkia.

It was not until the cession of the Louisiana Territory to the United States in

1803 that any real consideration was paid to the resources of the area. Then, as in
earlier years, an "open aspect" of the Ozarks predominated. The uplands in the
interior were a rich grassland and supported numerous species of the "broad
leaved" herbaceous plants. Numerous barrens were found in the dolomitic and
porphy At this time trees were, for
the most part, found only at wide intervals bordering the water courses, in deeper
and richer soils of the uplands as isolated specimens, or occasionally in small park-
Uke groves. In a sketch of the Louisiana territory, Major Amos Stoddard, who had
accepted the land in the name of the United States in 1803, writes: "The highlands
are seldom so thickly covered with wood as to prevent the growth of grass." The\
exhibit more an appearance of extensive meadows than of rude and gloomy forests."

In 1819 Schoolcraft, who toured the Ozark region on foot studying the mine
country, was also impressed with the openness of the area, and observed:

The general aspect of the country i, sterile Respecting the botanical character
of the mineral sou, .t may be further observed that although it yields but few forest treesand they are not of .Ytgorou, growth, yet a botanist might find his labors well rewarded bythe profus.on of shrubs and w.ldflowers winch are everywhere found on the barrens.

In regard to the region between Herculaneum and the Meramec River, which
today supports notable timbered lands, Schoolcraft (1819) noted:

Our road this day has lain across a sterile tract of country, consisting of a succession of
lulls of moderate elevation, covered chiefly by oaks and without underbrush. A tall thickand rank growth of wdd grass, covers the whole country, in which the oaks are Endingnterspersed, hke fru.t trees ,n some well cultivated orchard, and giving to the scenery themost novel, pleasing, and picturesque appearance.

And this was a genera! condition, for he describes the country in the vicinity
of Bourbon thus:

Our route this day has been over barrens and prairies, with occasional forests of oak thesod poor and covered with grass, and very little underbrush. As evening approached weentered the valley of the Merrimack, which we followed up for several miles, and encamp!,ma prune near us source Some good bottom lands are found on its banks, but the ad-jo.nmg lulls are stony and barren, covered with little timber and high grass. (Schoolcraft,

Bradbury, who traveled the Ozarks concurrently with Schoolcraft, wrote:
The general character of this country is that of prairie, with scattered trees and inter-S,ie
r
Sed C 7P

K
Th

,

C tMCt °f C°Untry Which C0" tainS thc mi™ is very un ven c ,
-sung of high narrow ndges separated from each other by deep craggy glens; the rid, shave a peculiarly bald and arid appearance (Bradbury, 1819).
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The exploring expeditions sent out after the Louisiana Purchase were bound for

West

information of the Ozark country. However, Dr. Baldwin, accompanying the

Long Expedition as Botanist on its western explorations in 1820, has left some

impressions of the country in the vicinity of St. Louis. Collecting plants in the

region of the mouth of the Meramec River, Dr. Baldwin found a typical prairie

flora, and noted: "The grassy plains to the west of St. Louis are ornamented with

many beautifully flowering herbaceous plants .... The borders of this plain

'in to be overrun with a humble growth of Black-jack and Witch Hazel."
begin to be overrun with a humble

(Baldwin, 1823).

Twenty years later we find the openness of the Ozarks still prevalent, as

Davenport (1842) tells us: "There is no part of the globe, in a state of nature

where greater extents of country can be traversed more easily, and in any direc-

tion, by carriages of any description." Featherstonhaugh (1844) describes the

region near Herculaneum after climbing a rugged hill: ".
. . . at the top of which

we found ourselves in extensive barrens containing straggling trees."

During a period of settlement in the Ozark area, indicated by Sauer to be about

1820-1850, we find indications of the forest slowly and surely encroaching upon

the prairie grasses dominant for so long a time. Settlement and the reduction of

prairie fires favored the development of a forest flora as Swallow (1859) points out:

The slopes and some of the highlands are covered with heavy forests of nearly all the

trees found in the bottoms But a still larger part is sparsely timbered
. . . . :

forming the beautiful oak openings. This stunted growth is not, however, due to the poverty

of the soil, but to the fires which have annually overrun this country since the earliest dates

of the Indian traditions.

Jewett (1866), reporting on the agriculture of Jefferson County, writes: "The

country is entirely covered with timber, except where improved .... the Oaks

and Hickory predominating." Elsewhere woody growth was seen invading the

prairies. Broadhead (1873) reports on Barton County: "The first signs of a

growth of timber on the prairies is the appearance of small Persimmon bushes.

They are common nearly everywhere"; and, "In southern Missouri open prairies

are rare, but in their stead are occasional large tracts of barrens, or hilly districts

covered with tall grass, on which are scattering stunted Oaks . . .
." Sargent, in

1884, notes: "A gratifying improvement in the condition of the forest in the

parts of the state first settled has followed the enactment of a fence law pre-

venting the general ranging of stock through the timber land."

Toward the close of the nineteenth century we find growing concern over
M 1 1 1 I
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ties for a rapidly expanding railroad system was making noticeable reductions upon

a forest which was still somewhat open. However, Shepard (1898) reporting on

the geology of Greene County writes:

It is a mistaken idea that the supply of timber in this region is decreasing; on the con-

trary it is largely increasing. Attention was first called to this fact by Mr. J. W. Blankin-

ship who has given a great deal of study to the flora of the region. He learned from the

testimony of old settlers that seventy years ago there was probably not one-half the timber

in the country that there now is It has probably increased one-third within the last

forty years.
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When Henry Shaw first visited the area which is now the Missouri Botanical
Garden in 1820, he observed that "for a distance of two miles no trees were gro*
mg

. . . . The prairie was grown over with a tall, natural grass." (Shaw, 18S0).

Thus we see that the encroachment of forest upon the ancient prairies lias

been rapid indeed and that our forests as we know them today are of relativel)

recent origin. The barrens which were conspicuous in earlier times in their paucin
of vegetation have remained as "islands" included within the forests, and
observed as botanical and geologic oddities.

PRESI NT IOREST RESOURCES

King, Roberts, and Winters (1949) point out that "Missouri's forests are

largely composed of immature stands" and that only 14 per cent of the "land
earing or capable of bearing commercial timber" supports stands of saw-timber

value. In a summary they state that 43 per cent is in pole timber, 32 per cent in

seedlings and saplings, and 12 per cent is poorly stocked. Thus, nearly 90 pet-

cent of the commercial forest land is in immature stands. The saw-timber average
only 789 bd. ft. per acre; 5 per cent of the forest land supports 3,000 ft. per acre;

and an additional 10 per cent, 2,000 ft. per acre. Thev also point out that one-
third of the gross value is in cull trees and unmerchantable species. In addition,

the net growth per acre is estimated at 3 8 bd. ft. in the Ozark region and reaches
only 59 bd. ft. in the river-border region. They suggest that the commercial
forest land might ultimately produce three times the present value of grow th under
good management.

The Ozarks as a forest region is disregarded by Cheyney (1942), and the specie

of trees growing there are included among those of the forests of the Lake state

and of the Atlantic and the Gulf Coastal Plains. Apparently, the bd. ft.-produc-
tion per acre is so low that logging has not developed to the magnitude found in

other areas. Even today, it is a region from which much of the output of the
saw-mill goes into specialized products. Logging is reported to have reached its

peak in Missouri about 1900, when 1,169 saw-mills produced three-quarter billion

board feet of lumber, and approximately three million cross-ties. From such figures

it is apparent that within the space of fifty years most of the merchantable timber
in the state was logged. At present, the net growth of the growing stock exceeds
the cutting drain by only 1.8 per cent annually. At this rate, it would take 225
years to support five times the present volume of saw-timber. The logging in-
dustry revolves around a vast number of small mills operating seasonally. There
is no evidence that the type of logging has changed greatly in the last fifty years.
The backbone of the lumber industry at present is the 1,585 mills or 56 per cent
of the total in the state, which produce 68 per cent of the total lumber. Many of
these are under-powered and poorly equipped. Their annual cut ranges from 50, 0(H)
to 500,000 bd. ft. each, and there are only 45 mills which cut more than a milium
board feet annually.
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The complete picture of the saw-milling operation in Missouri does not convey

the impression that the O/.arks were once stocked with magnificent forests. Only

fifty years have elapsed since saw-milling reached its peak, and less than 150 years

since the first logging camps were established on the headwaters of the Gasconade

River. Due to the transportation difficulties before the advent of the railroads

and to an uncertain market, the earliest lumber operations largely served a local

territory. These factors would have tended to conserve the resources in the early

stages. Later, of course, improved transportation made the products of the Ozark
.* -j m — fc m t • 11 1 I _____!_

West. This would also have favored an

increase in the annual cut which reached a peak 50 years ago and was not ap-

proached even during the favorable years of 1940 to 1946.

THE RED CHDAR

At one time the scarcity of fencing material was considered a handicap to the

settlement of the western country. Since such huge quantities of cedar posts are

ilable and are so generally used in fencing today, we may wonder what position
a v a i

the Red Cedar (Juniperus virgrniarta) occupied in the early forests. Stoddard

(1812) found, "it in plenty on the banks of the Mississippi and some other rivers

above the mouth of the Illinois." Brackenridge (1817) found it on the Mcramcc,

St. Francis, Missouri, and the Mississippi—"some very large islands on the Missouri

are covered with this tree." It is very likely, however, that the "cedar" of Brack-

enridge was the Bald Cypress (Taxodium dhtichum) and not the Red Cedar

(Juniperus virginiam). Bradbury (1819) found it along the Gasconade and Mis-

souri River bluffs and mentions "that the tops are crowned with Cedars." Swallow

(18 55) places its habitat as the "dry limestone bluffs." Broadhead (1874),

writing of Madison County, said that "Cedar Creek contained some of the finest

groves in the state." He also mentions that great quantities have been cut for

fence posts from the vicinity of Leatherwood Creek and Gray's Mountain.

Between the time when fencing material was scarce to the time of Broadhead's

observations, there are not many references to this tree. From this we might infer

that the species was not nearly so conspicuous as it is today. It would have been

impossible for it to have escaped the attention of Featherstonhaugh. Today

Juniperus virgmiana is one of the most common trees in the Ozarks, and on the

northern edge it has taken over the role of pioneer and invader. It very often

precedes the elm, persimmon, and sassafras trees which Swallow (1855) reported

as "not common." The Red Cedar is quite shade-tolerant and will persist in grass-

land until a favorable opportunity for rapid growth arrives. It is one of the major

competitors of old established trees. The seeds, voided by birds, germinate in all

fence corners, open fields, and in the soil beneath the branches of any tree under

which they happen to fall.

This vigorous encroachment on fields and timber land by the Red Cedar appears

to result from the control of fires. There are few species of trees more susceptible

to fire injury than this tree. The annual burning of fields and woods which was
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so very common until just recently would have kept it within bounds. Beccher
(1950) writes that the junipers (Red Cedars) were hardly known in Franklin
County in 1900, and that when needed for Christmas decoration it was necessary

J

on the grasslands in Callaway County. Unless burning is practiced, the Red Cedar
has demonstrated that it can, in a short time, become the dominant tree in the
entire Ozark region.

SOILS AND EROSION

Extraordinary efforts are being made throughout the country to prevent erosion
and retain the topsoil. It is stated again and again that the early settlers "mined"
the soil and then moved on to new land to repeat the process. However, travelers
have left a description of the original Ozark soil, and it appears to have changed
very little. Schoolcraft (1819), in his 'Tour of the Mine Country,' reported the
"soil as a reddish coloured clay, stiff and hard, and full of fragments' of flinty stone,
quartz, and gravel: this extends to a depth of 10 to 20 feet, and is bottomed on
limestone rock." Bradbury (1819), traveling through the Missouri Territory,
noted that "the stratum immediately below the vegetable soil is almost universally
a very tenacious clay and extremely well calculated to form a material for bricks."
His prediction is borne out by the extensive clay-products industry which has
developed through central and eastern Missouri. James (1823) described the
Loutre and Grand prairies in Warren and Montgomery counties as having a soil
which "wns not very good; but mixed at the surface with so much vegetable mat-
ter, accumulated by the successive growth and decomposition of the yearly prod-
ucts, as to give it the aspect of fertility." This observation is especially interesting,
since these counties are still predominantly grasslands.

Obviously there has never been a deep, rich topsoil capable of supporting an
intensive kind of agriculture in the Ozarks. Nor, can any evidence be found to
indicate that these soils ever approached typical forest soils—the podsolic soils of
the north on which good forests are found. Rather these soils approach the Grood
soils, the nut-structured Pr.arie-Forest soils (Wilde, 1946), or the "Lime Prairies"
(Hilgard, 1906), described as a clay soil overlaying weathered limestone. W
po

grass and trees and that "this struggle does not end even when the forest canopy
is closed over the prairie soil." He further states that the struggle "involves not
only plants, but animals and lower organisms as well."

Although it appears that the Ozark soil has always been much like the soil we
know today, erosion may have increased in the past few years, if we recall Seay's
(1866) observation on the absence of ditches in Crawford County. Perhaps the
"newness" of erosion as a possible factor in Ozark land use is best illustrated by
the numerous earth mounds thrown up by the Mound Builders. Houck (1908)
was able to locate 28,000 mounds in Missouri. These earthworks, laboriously con-
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structed by a prehistoric people, required the moving of millions of cubic yards

of soil. To have succeeded in such a gigantic undertaking, each basket of soil

carried to the top must have remained in place. The mounds could not have been

built during a period of rapid erosion. The years during which they have been

exposed to all weathering agencies is indicated by Houck, who states that the

Indians found by the first white explorers did not recognize the mounds as their

property nor did they use them or have any traditions concerning their origin.

Stoddard (1812) says that they "have endured for centuries,

ramparts .... indicate an age of more than four hundred years." Pustmueller

(1950), describing Monks Mound, states that "most of the trees have grown

large in recent years, for at one time it was nearly bare." Only lately have the

members of the St. Louis Archaelogical Society been concerned over the destructive

action of erosion, although the mounds have been a part of the Ozark landscape

(Walker and Adams, 1946) for centuries. Now, after eight centuries, Monks

Mound, rising over 100 feet above the adjoining country, is being slowly destroyed

by gullies.

Th

FIRES

Few travellers have written as vividly about Ozark fires as Featherstonhaugh

(1844), who measured the progress of a fire at a camp eight miles from the Cur-

rent River. He mentions that hunters used fire to drive game, and that in conse-

quence of camp fires being left burning, "many thousands of acres were burnt

over." In approaching Little Rock he expressed concern lest he be caught crossing

a valley in which a fire was raging. Certainly, these fires have been common in

the whole region from the earliest times. Swallow (1859), in his report following

a railroad survey, describes central and southwestern Missouri as "in large part

sparsely timbered, forming the beautiful oak-openings. This stunted growth is

not, however, due to the poverty of the soil, but to the fires which have annually

overrun this country since the earliest dates of the Indian traditions." Annual

burning would have given the grasses and herbaceous plants every advantage by

destroying the woody plants as well as the seedlings. Featherstonhaugh expressed

the opinion "of Mr. Jefferson and others that all prairies have been produced by

the Indian practice of firing annually, and thus destroying the grown timber as

well as inferior plants."

Fires are probably an extremely important factor in the maintenance of the

openness of the country, and may have aided indirectly in the production of tre-

mendous quantities of seeds and fruits. Later, as the country became populated

and the settler had much more to lose, the practice of burning annually was

frowned on. A fire advancing on a homestead, as described by Featherstonhaugh,

could destroy the cabin, whatever stock of grain the settler had, and, by destroy-

ing his fences, leave the fields open to the roving game and cattle. Even today

the burning of woods is carried on only in those "backwood" areas where a kind

of subsistence farming exists.
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Officials charged with fire control have long since learned that the native back-
woodsman considers burning the woods his prerogative, and he cannot be convinced
that he is doing harm. When apprehended he is able to offer only a few "lame"
excuses; among them, he wishes "to increase the grass" or "destroy the insects."
When we consider that these people, the direct descendants of the first white
settlers, are almost inarticulate with strangers, and especially in a court of law, it

may not seem so extraordinary that they arc unable to convey their knowledge
handed down through the years, of the openness of the timber and the grazing
which was once available to cattle. Their insistence that they can "improve the
grass" is not without foundation, since they alone have more than an academic
connection with the past. There are no fires in the sections where farming ha
developed sufficient stability, and where there are only remote or no ancestral
connections with the past.

Swallow (1859) clearly indicates that a reduction in fire would result in an
increase in timber. Sauer, illustrating the early opinion that fires checked tree

growth, quotes the refusal by the United States of a grant of land to raise timber,
on the ground that "it is only necessary to keep out the fires to cover the prairies

with timber by the operations of nature." Along the northern edge of the O/ irks,

fire protection favors the woody plants to such an extent that fields are completed
reseeded in just a few years. The American Elm (Uhnns amcricaua) , Red Cedar
(funiperus vtrginiana)

, Soft Maple (Acer saccharmum) , and locally the persimmon
(Diospyros vh^iniana), and sassafras (Sassafras albhlum) are all invaders of
abandoned fields which have been given fire protection. These species can main-
tain themselves after gaining a foothold, but can be seriously injured and set back
by fires at any time in their early years. Jf fire is allowed to enter such a field the
reduction in growth rate follows a pattern so frequently described in present-day
conservation literature. It is noteworthy that the light-seeded trees are the in-
vaders of open -round, and not the oaks whose heavier seeds are probably planted
by the smaller animals. If the oaks were the dominant trees of the area, and thev
are so described by both Swallow and Featherstonhaugh, they would spread rather
slowly from the parent trees. This would indicate that the invasion rate a century
ago was very much slower than it is today where fruiting specimens of light-seede I

trees can be found in every dit« h row, and where protection from fire favors their
rapid ^pie^d.

RAINFAI L AND SALINFS

The early travelers spoke very highly of the healthful Missouri climate, but it

Weath
any major change in the last century and a half. The records of the St. Louis
office go back to 18 37, but they do not show any pattern in the distribution of
rainfall. For instance, in November, 1865, not a drop of rain fell, while the maxi
mum for November is 8.63 inches in 1847. December records show as little

as .18 inches of rain and as much as 10.90 inches. July and August are usuallv
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drier with a j ily and .07 inches for August. The

and 9.50 inches for July 1875. This

wide variation in precipitation serves only to demonstrate the limited value of

precipitation records in so far as plant growth is concerned, and all efforts to dis-

cover trends toward an improvement or deterioration in climate have been unsuc-

cessful.

There must have been an appreciable increase in annual rainfall to have favored

the explosive invasion of the grassland by the trees. Much less rainfall is needed

to grow good grass than trees, and it is only necessary to observe the area 400 miles

west of St. Louis to see a first-hand struggle between grass and trees for the avail-

able moisture. Raup (1937) is convinced that the prairies at one time extended

as far east as the Hudson Valley.

If there has been a great increase in precipitation, it probably occurred just

before the establishment of Spanish colonies in the Mississippi Valley. Of Mar-

quette's description of the Mississippi in the vicinity of Grand Tower, Houck

(1908) writes:

It is quite evident that Marquette here refers to the stretch of river about Grand Tower,

although it does not exactly describe the present condition. But 225 years will effect great

changes, and that the river has widened in that period and that some rocky obstacles have

been washed away is also certain.

The seasons at that time appear to have become wetter. Since precipitation

records are of no value in furnishing the needed information, it becomes necessary

to rely on the early writers for proof. Featherstonhaugh (1844) wrote that "at

one time voices could be heard across the Mississippi at St. Louis"—a far smaller

stream than the Mississippi of today!

One of the important occupations of all settlers and travelers was the procure-

ment of salt. From the time DeSoto sent some of his party north for this purpose

until almost two centuries later, when Moses Austin (1797) reported that the salt

works, "when extended, might furnish all the upper settlements on the Mississippi,"

the evaporation of salt was a major project. In 1799, the works on Saline Creek

in Ste. Genevieve County, produced 956 bushels of salt. Daniel Boone operated

a salt lick which became sufficiently famous to lend its name to a major highway

•Boone's Lick Road. The fastidious Featherstonhaugh often refused the

rough fare made available to travelers because much of the salt in use was gathered

with a spade from a "lick," and both the salt and the soil was added to the cooking.

Schoolcraft reports a salt lick near the present site of Fenton and two salt-manu-

facturing operations nine miles from Herculaneum. He mentions another salt-lick

in the Bellevue Valley, and he describes a buffalo lick called Bates' Lick covering

about twelve acres and worn by game to a depth of ten or twelve feet.

Although modern industry has supplanted the old iron kettle and evaporating

pans and now supplies a very high-grade salt, the "licks" have vanished. It would

seem that there are only two possible causes for their disappearance: (1) The

rainfall may have increased so much that the brackish water is being diluted, and

west
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the water of today could not be used in the crude evaporating pans; (2) The
growth of timber has greatly reduced the flow fiom springs, with the result that
those which were used as sources of salt have now dried up or flow intermittent!
only during wet weather when the "salty" character woulJ go undetected. The
smaller springs, perhaps flowing seasonally, furnished the supply ,,f salt for th
"licks" used by both the game and the travelers.

It is well known that the maximum amount of percolation occurs on a good
sod where run-off is reduced to a minimum, while a very appreciable part of the
rainfall striking the forest cover is cvapo.ued. Edward Clark, in a personal com-
munication, expressed the thought that the disappearance of the salt licks might
be partly due to increased precipitation. Wolff (1948), working in the dri
climate of Oklahoma, has shown that restoration of grass cover increased the £1

of springs which had been checked by the advancing timber line.

ner

ov

In his work
with "cedar brakes" on the Edwards Plateau he was able to restore int mittent
springs to full-time flowage by removing the cedars from the watershed and re-
seeding to grass.

It would seem that a climatic change tending toward increased precipitation
has occurred in the Mississippi Valley and the near-by Ozark highlands. In a

leport on Crawford County, Seay (1866) states:

The valleys arc frequently wide, scarcely ever rocky, covered with gran or hazel,
with a deep, loose, sandy sod, and generally no definite channel to them. The wucr if it
accumulates rapidly, washes over the whole ground, but hardly ever so as to do any serious
damage; and [m] an ordinary wet spell the water never finds its way out, but sinks.

It would hardly seem necessary to point out that there are few if any valleys
in Crawford County today that arc not bisected by a drainage-way in the form
of a fast eroding ditch. The salt "licks" have disappeared and the forest has in-
vaded the grass land. The additional rainfall may have been all that was needed
to support trees. It has been demonstrated (Wolff, 1948) that a tree cover re-
duces percolation and reduces the flow of springs, while a grass cover, checkin
run-off, favors percolation and ground storage of water.

SEED PRODUCTION

Assuming that the Ozark highland experienced less rainfall two centuries a
;

than today, the leaching of soluble plant food would have been reduced to
minimum. This would have assisted in maintaining fertility at a fairly high level,

which could be expected to stimulate seed production. Foresters have long been
familiar with the "good" seed years which follow a severe drought. Kraus w\
Kraybill (1918) have shown that fruit production is co; ate! with the carbo-
hydrate-nitrogen ratio. Klebs (1918) points out that during a hot, dry imme
there is an excess production of carbohydrates in relation to the nutrient salts.

This "in turn increases the probability of flower formation." Hcyv ard and Bar-
nette (1934), investigating the effect of fires on the chemical composition of
forest soils, stated:
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The soils subjected to frequent fires were found to be consistently less acid, and to have

higher percentages of replaceable calcium and total nitrogen An indication was found that

these burned soils were also characterized by larger quant.t.cs of organ.c matter as judged

by loss on ignition.

The above investigations would serve to show the seed production potential of

the Ozark area. With the trees widely scattered, a reduced precipitation, a mini-

mum of leaching—all factors favoring flower formation—the stage was set for

the production of heavy seed crops. That seed production was very heavy is con-

vincingly shown in the early records. Audubon (Wilson and Bonapart, 1831)

observing a flight of Passenger Pigeons, estimated that they consumed more than

17 million bushels of grain daily.

In 1700 Father Gravier (Houck, 1908) killed two bears in Scott County and

saw fifty more cross the Mississippi River during one day. In the first statistical

report of the Spanish settlement at St. Louis and Ste. Genevieve, Piernas (Houck,

1908) , in 1772, listed 905 packs of furs shipped to New Orleans. These few cita-

tions, among many, indicate that the game "carrying capacity" of the region was

tremendous. It follows, then, that the production of food must have been in

keeping with the needs of the game, also that a vast assortment of food was avail-

able. Few of these game birds and animals can be found in the wooded Ozarks

today. Not even the turkey, when given full protection, has staged a comeback.

Even though the Ozark woodland is rated as "understocked," we find trees

growing so close together that very few individuals produce a crop of seed. Th

plum thickets at the edge of the woodlot and some of the smaller shrubby plants

may seed annually, but the heavy production of mast on which the pioneers

fattened their hogs is a thing of the past. Only those oaks which are growing as

isolated individuals bear seed with any degree of regularity. Lawn trees and scat-

tered oaks near the Arboretum nursery mature seed quite regularly, some indi-

viduals bearing heavy crops in alternate years. Many oaks in the forested areas

have not produced seed in ten years, although they have been carefully watched

since seed collections were needed to complete certain taxonomic work. Most of

the trees submerged in the Ozark forest bear very infrequently, and some indi-

viduals apparently never set fruit. This would appear to be in contrast to the

behavior of these same species a century or more ago. In a region of reduced

rainfall and no leaching, one would expect a favorable balance of carbohydrate to

nitrogen. Annual burning would have made plant food readily available. Widely

spaced trees would have produced a maximum crop of fruit.

Tree fruits were not the only source of food. Many of the larger animals

oor

as do the deer today. This would suggest that the grassland contained a vast

variety of species other than the Gramineae. Probably many of these were legumes

stimulated by the same conditions which produced heavy "mast" yields from the

scattered trees which were the early forests.
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BEES

Sol

Mcgacbilc, Nomia, Osmia, Andrew, and Bomhus must have been present from
the earliest times until destroyed by modern agriculture. However, Bradbury

(Apis mellil River
in 1797 and moved westward 600 miles in the succeeding fourteen years. Accord-
ins to him, this "extraordinary progress in these parts is probably owing to a por-
tion of the country being prairie, therefore yielding a succession of flowers during
the whole summer which is not the case in forests." He points out that the Indian

bel
The flora of the prairie must have contained many kinds of plants other than

the grasses to have favored the astonishing increase and progress of the bee. Grass
alone would not have supported the bee, nor would a forested region have furnished
more than suitable colony sites. The vast quantities of game, both animals and
birds, indicate that there was a heavy production of fruits and seeds. ,™ullll
beekeeping depends very largely upon the legumes as a source of nectar. To have
produced the vast quantities of high protein foods required by the game, the
country could not have been heavily forested, and the legumes must have made
up a very appreciable part of the flora.

Mod

HISTORIC FLORA

Much has been written of the early vegetational aspects of the Ozark area but
there is only a scant record of specific plant material. However, the material
available substantiates the vegetational aspect recorded of that time. For earliest
records we must lean heavily upon Schoolcraft (1819, 1821) and Bradbury (1817)
whose interests in natural history enabled them to record many valuable observa-
tions.

j
westbound exploring parties, have left valuable notes on this early flora. How-
ever, as their route of travel lay along the Missouri River, they recorded little of
the interior of the Ozarks. Tracy (1886) wrote the first flora of Missouri but
admitted that, due to difficulties of travel and lack of sufficient field material, he
had not included all the plants which probably grew in Missouri.

Naturally the attentions of the first travelers were attracted to the arboreal
flora, for in a region of extensive prairies the presence or absence of trees for fuel
and lumber was a deciding factor in the settlement of the region. Stoddard (1812)
pointed out that the city of St. Louis may never grow to the west because the ex-
panse of prairie there did not provide enough wood for fuel and fencing. Al-
though the composition of the forest flora has not changed to any great extent
change is noted in a greater number of trees. Early travelers found nut-bearing
trees and hardwoods on the ridges and prairies where the heavy growth disfavored
the light-seeded trees. In the lowlands, rich alluvium and inundation permitted
the growth of light-seeded trees. Bradbury (1817) found:
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On the summits of the ridges, the timber is generally red cedar; on the prairie, post oak,

black-jack oak, black walnut and shell bark hickory. The alluvion of the rivers contains a

great variety, of which the principal are cotton wood, sycamore, over-cup oak, nettle tree,

hoop ash, honey locust, black locust, coffee tree, pecan, and many of the trees common in

the states east of the Alleghanies.

Stoddard (1812) found the Sugar Maple abundant near Cape Girardeau and

the people making large quantities of sugar from the trees. He observed persimmon,

mulberry, chestnut oak, iron wood, and crabapple growing on the "high ground''

and noted: "Common to both the high and low grounds are sugar trees in abun-

dance, several kinds of walnuts, several kinds of hackberry, cherry, buckeye, black

and honey locust, three kinds of elm, gum tree, lyn, sassafras, nine bark, spice and

leatherwood, two kinds of ash, and the coffee tree."

All the early settlers agreed that the Post Oak (Ouercus stellata) was the most

common tree scattered about the prairies. Schoolcraft (1819) writes of the Post

Oak: "They are seldom found to grow higher than 30 feet, and 40 is the highest,

seldom exceed a foot in diameter, and stand scattering." The Black-jack and

Shingle Oak also seem to have been common trees of the uplands.

Wild plums in thickets were common and prized for their fruit, as Bracken-

ridge (IS 17) noted:

Amongst the wild fruits of Louisiana, the plum has been celebrated there is

none more interesting than the prairie plum, Prunus Chickasa [probably today our Prurtus

angustsfolia], which literally covers tracts of ground of many acres in extent, and produces

fruit so abundantly as to bend down to the earth with its weight.

Frequent references to the crabapple and hawthorns are to be found. As late

as 1908 Sargent found the Ozark region a rich field in which to work as he mono-

graphed the genus Crataegus. These plants are not so conspicuous today and the

recent invasion of the Red Cedar may be a factor in the failure of this genus so

susceptible to the cedar rusts.

Wild grapes were common everywhere, and the vines were far larger than any

we know today. Swallow (18 59) measured vines from 22 to 27 inches in circum-

ference, and 55 to 120 feet in length. Bradbury (1817) found a vine, near the

Meramec River, 37 inches in circumference.

The rich prairie flora drew little comment from the earliest travelers. School-

raft (1819), however, remarks: ".
. . . a botanist might find his labours well

rewarded by the profusion of shrubs and wild flowers which are everywhere found

on the barrens. " He was impressed with "sensitive brier," probably Schrankia

Nuttalii, and mentions the peterswort, upland dock, and smartweed. Bradbury's

list of plants found in the lead mine country included 75 species (Bradbury, 1817),

and Thomas Nuttall was introducing "interesting plants" to Fraser's Nursery out

of the Upper Louisiana Territory in 1813. Baldwin's (1823) notes are among

the earliest specific references to the flora of the region, and he collected near

the mouth of the Meramec: "Rudbeckia hirta, and R. purpurea, a small white

flowering species of Houstonia, Galium tinctorium, Smyrnium aureum, a Phlox, a

new species of Potentilla, a Conyza, the Trifolium reflexum, .... Campanula
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perfoliate, Diospyros virginiana, Rhus glabra, and many others." On the grassy

plains west of St. Louis Dr. Baldwin observed "Aristolochia Sipho, Sypripcdium

spectabile, Lilium catesbeiana, Bartsia coccinea, Triostcum perfoliatum, Cistus

canadensis, Clematis viorna, and Tradescantia virginica." A notable feature of

these early lists of plants is the consistent inclusion of the Leguminosae. Consid-

ering the great abundance of wildlife dependent on plants of this family for food,

and the rapidity with which the Honey Bee spread, it is believed that the legumes

were an important constituent of the early prairie flora, as they are today in most

successful range growths.

Swampy lowlands of the southern Ozarks supported the impenetrable "brakes"

of the giant cane (Arundinaria macrosperma)
,
popular retreat of game of all sorts.

Featherstonhaugh found it to be one of the favored haunts of the black bear. The

settlers generally thought that the tender new spring shoots of the cane formed

a superior pasture for livestock. (Schoolcraft, 1821; Featherstonhaugh, 1844). The

cane has a very limited distribution today.

The joint-reed or rush (Equisetum hyemale) was common in the more northern

parts of the Ozarks. Bradbury (1817) observed of it:

The rushes, Equisetum hyonale, were so thick and tall that it was both painful and
difficult to walk along, even at a very slow pace the rushes are valuable,

affording to the first settler winter food for his cattle for several years, after which they
perish, being destroyed if icd on during the winter.

The tall, lush grasses of the prairies were impressive to all the travelers. School-

craft described them as "often as tall as a man on a horse," yet we find few records

of their identity. Tracy (1886) wrote: "When the state was organized, our hills

and prairies produced an abundant growth of buffalo grass which soon gave place

to the blue joint which is, in turn, being driven out by the more valuable blue

grass." It is significant that the buffalo grass is not listed in Tracy's flora, though

C. S. Jeffries (1888), in a letter to Dr. G. Hardeman of Gray Summit, states that

it was common in the area about 1876. Broadhead (1873) points out that the

blue grass "grew well after the prairies have been grazed down."

GAME BIRDS AND ANIMALS

The open and park-like aspect of the Ozark region was further evidenced by

the great herds of buffalo, elk, deer, and the flocks of turkeys, grouse and quails

which the area supported. Certainly this was an important factor in the early

settlement of the region, for nowhere in the middle-western country was a human
existence made easier than here in the abundance of game, wild fruits, and clear

springs and streams. These habitants of a prairie or park-like region bear vivid

testimony of its high virginal fertility and productivity—a striking contrast to

the low-carrying capacity we experience today.

That the wildlife was one of the dominant features of this region is indicated

in some of the earliest writings. Garcilasso (Houck, 1908), recording the DeSoto
expedition in 1541, tells us that in the Ozark country the buffalo were so num-
erous that the Indians did not cultivate corn but rather lived upon game. Con-
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sidering the crude hunting arms of that time, game must have been abundant.

Father Membre, accompanying LaSallc, wrote of this area: "The fields are full of

all kinds of game, wild cattle, stags, does, deer, bears, turkeys, partridges, parrots,

quails, woodcock, wild pigeons, and ringdoves/' (Houck, 1908). In 1710 Father

Vivier writes of the game, "the plains and forests contain wild cattle, which are

found in herds; deer, elk, and bear .... Nowhere is game more abundant; from

mid-October to the end of March the people live almost entirely en game, especially

on wild ox and deer." (Houck, 1908). The "fields" of Father Membre, and the

"plains" of Father Vivier clearly reflect the close relation of these vast animal

numbers to the prairie habitat.

The very important part that trade in furs played in the economics of the earlv

colonies may further illustrate the ease with which pelts were secured. Piernas,

in his first and third Detailed Statistical P^eports for St. Louis and Ste. Genevieve,

reported 914 packs of furs in 1772, and 2,888 packs in 1774, sent to the capital,

then at New Orleans. (Houck, 1908). Nor was game pursued for furs alone;

much of the meat was "salted down" in the centers of large canoes, then known as

"pettyaugers," hollowed from large cottonwood trees and often 50 feet long. Much

meat was supplied to New Orleans in this manner (Houck, 1908). Birds, too,

were present in overwhelming abundance. Bossu traveled in the neighborhood of

the St. Francis River in 1764 (Houck, 1908) and found it difficult to sleep at

night on account of the noise made by the great numbers of ducks, geese, swans,

and cranes in these marshy areas. Perhaps no wildlife spectacle has ever equalled

the prodigious numbers of the passenger pigeon described by Bcssu as often eclipsing

the sun. Audubon reckoned the number of passenger pigeons in one flock to be

1,115,136,000 (Wilson and Bonapart, 1831). Featherstonhaugh (1844) remarks

about the ".
. . . whirring and croaking of tens of thousands of cranes . . .

." on

a sandbar in the Mississippi River near Herculaneum. Townsend (1839), travel-

ing westward toward the Rocky Mountains in 18 34, noticed on the prairies near

St. Charles,
tf

. . . . thousands of golden plovers; the ground was often literally

covered with them for acres."

With an apparently unending supply of game on every hand it was inevitable

that much needless waste and slaughter of animals and birds took place. Indeed,

the effects were noticed at an early date. Houck reports that the reduction of

game in lower Louisiana was conspicuous as early as 1750. This condition became

general as the area became more populated with settlers. James (1823) wrote of

his journey across the prairie west of St. Louis in 1820: "The elk, the deer, and

the bison, the indigenous inhabitants of these delightful meadows, had long since

been driven away by the incursions of the white settlers . .
." Audubon (Audubon

& Bachman, 1851), in his travels up the Missouri River in 1843, did not come

upen the elk and buffalo until he was a great distance up the river. The settlers

and the trader-trappers have always been pointed out as the cause of this great

waste. Much of this opinion is doubtless justified. However, in the light of the
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current importance given to habitat in relation to animal populations, cannot
similar principles be applied, in part, to the great historic reductions of wildlife?

Vegetational aspect is the direct expression of geo-, climato-, and bio-relations,

and conspicuous changes in floral aspect necessarily are the index of alteration of

the habitat. We have noted already that the encroachment of white settlements

upon the prairie lands was concurrently accompanied by the reduction of annual
burning of the prairies which permitted the establishment of forest trees. A
general reduction in fertility and productivity of principal game food sources has

also been pointed out and together present such marked changes in the prairie

habitat as to reduce seriously the carrying capacity of the area. Reduced in num-
bers by a decadent habitat, the extinction of major game animals and birds by an
ever-increasing settler population was inevitable.

DISCUSSION

An attempt to apply conservation measures of any sort to the Ozarks must
take into account that the transition from grassland to trees has been achieved in

less than a century and a half. We cannot hope to develop a Bunyanesque kind of

forestry in the region so recently invaded by trees. The failure to recognize the

non-forest character of the area can only result, as Wilde (1946) indicates, in "a

struggle that does not end even when the forest canopy is closed over the prairie

soil." It is possible that many of our epidemic tree diseases may stem directly

from their growing on a prairie and not a forest soil.

Forestry in the Ozarks can look forward to a multiplicity of problems until

adequate time for trial-and-error selection points the way to dependable practices.

The successful forestry project will be one which recognizes the fluid conditions

prevailing, and is geared to profit by each and every advantage—no matter how
unorthodox.

Laws have been enacted which make the firing of timber a criminal action.

Fire, perhaps more than any other factor, maintained the prairie and park-like

aspect of the Ozarks. But to be effective, the fire season must be long and dry.

An increase in precipitation would lessen the effectiveness of fire, and the ad-

vancing tree line would suffer fewer disastrous burns. With the advent of white
settlements, more and more portions of the area were protected from fire and
these in turn furnished a haven for the advancing woodland. During every step

of the invasion an increase in precipitation served to reduce the incidence and the

damage which fire might cause.

The native backwoodsman runners, "brush apes
9>

etc.), who seti the woods ablaze, is a direct descendant of the first white settler.

Withou

Is it wise to attempt commercial forestry in an area that averages less than 800
bd. ft. per acre, and when only 10 per cent of the forest supports 2,000 bd. ft.

per acre—especially when at least one-third of this forest is in cull trees and trees

of non-commercial species? Perhaps a large part of the Ozarks should remain in

grass.

\
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The earth works of the Mound Builders have demonstrated the absence of

erosion through as much as eight centuries. They were reported at first as almost

without trees, then supporting trees, and now in serious danger from erosion. The

rainfall which was adequate for grass has increased to the point required by trees.

Conservation programs of any character, whether engineering works designed to

control floods, efforts to increase game, or simply to farm on a more even keel,

cannot ignore the fact that the Ozarks are becoming milder and wetter. No flood-

control project can succeed if it does not recognize this climatic change. Major

floods in the Mississippi River occur with increasing regularity. The river at St.

Louis is much wider than a century ago, and it may be significant that the spring

floods in 1950 occurred on a north-to-south line from the Dakotas to Oklahoma.

The loss of life and the property damage were aggravated by the fact that this

area, without a history of heavy precipitation, was completely unprepared for the

heavy rainfall.

An ecological study has shown clearly that the Ozark flora is immature, with

the observed associations changing quite rapidly. In addition, the historical ac-

counts of the vegetational character of the area bear out the contention that this

is a young and vigorous flora not easily classified. Perhaps many species have dis-

appeared, but one, the Red Cedar, has become more conspicuous by its aggressive

pioneering in old fields.

The encroaching forest sounded the death knell of the big game and the game

birds. Regardless of hunting pressure, the habitat had deteriorated so rapidly that

the herds of game and flocks of birds were doomed. Gun pressure admittedly has

increased from the day of the first white settlement. The hunter appeared on

the scene and added just the necessary weight to force the game from a habitat

which was rapidly becoming untenable. Game management, whether aimed at the

increase of deer or the improvement of turkey or quail range, will always be con-

fronted with the present instability of the Ozark weather as expressed by its effect

on the vegetational cover. The "Aux Arcs" Mountains, once the habitat of buffalo,

elk, and bear, cannot now support turkey under complete protection. A com-

pletely stocked forest of pole timber, which makes up 8 5 per cent of the forest

area, is not a habitat for big game or game birds. From a mechanical standpoint,

it isn't suitable even for buck deer; a buck with a trophy head will range in the

pole timber only under fear and compulsion.

SUMMARY

An imposing list of writings, dating from the earliest travelers, clearly shows

the predominance of grass in the Ozark landscape. Featherstonhaugh traveled by

horse and buggy from St. Louis to Hot Springs, Arkansas, and the border of

Mexico (now Texas). Today such a trip would be impossible except over estab-

lished highways.

Insufficient time has elapsed to permit any plant association to be termed a

climax.
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A study of forest resources indicates that today's lumber production, in a

favorable market, is far less than the peak which was reached in 1900. Eighty-
five per cent of the commercial forest land is classified as "immature," and there
is little likelihood of an increase in production in the foreseeable future.

Although very little information is available from Weather Bureau records,

some pertinent observations are included which indicate that the Ozarks toda)
enjoy a much milder and wetter climate. The disappearance of salt licks is deemed
of considerable significance.

Apparently all factors favoring heavy seed production were present—

h

seed production is not of common occurrence today.

eavv

Sufficient information has been gathered to show the extremely important role

of fire in the perpetuation of the grassland at the expense of the trees. As earlv
as 1830 the United States Government recognized that the control of fires woul I

clothe the prairies with trees.

The Red Cedar (Juniperus virginiana) has shown itself to be a most aggressive
invader of the grassland and run-down fields. The beginning of its explosive
invasion coincides roughly with reduced burning as a result of an increased popu-
lation.

Bradbury's observations concerning the Honey Bee leaves little doubt of the
open aspect of the country, with the legumes occupying an important position in

the flora.

The tremendous quantity of game, osily exceeding that of the domestic cattle

food

Typical podosoli/cd soils, deemed to be characteristic of forest areas, are un-
known in the Ozarks.

Soil erosion, rated as the worst enemy of fertility in the Ozarks, has only
recently become important. Ninety years ago the fields in Crawford Countv
were without gulleys. The Indian Mounds stood for centuries before showin
signs of erosion.
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THE CHANGING FOREST ELORA OF THE OZARKS

AUGUST P. BEILMANN* and LOUIS G. BRENNER**

In this work the first time-lapse study on the forest flora of the northern Ozarks

is reported. Brenner (1942) has shown the influence of the soils and the under-

lying rock strata upon the forest flora within a portion of the area covered, but

the present study includes additional plant habitats and may be more representa-

Rccently the current associations were compared with those of an earlier

map (Anderson, 1938), and the observed changes are here recorded.

tive.

GEOLOGY OF THE AREA

The area under discussion consists of about 650 acres in the Arboretum of the

Missouri Botanical Garden at Gray Summit, Franklin County, R. 2 E., T. 43 N.,

Mo. It is a rectangular area lying within the rugged hills bordering the Meramec

River, in the northern limits of the Ozark uplift, a region of dolomitic limestones

weathered into a topography of moderate relief. A correlation of the logs from

deep wells on the area has placed the underlying rocks in the Jefferson City, Cotter,

and Powell formations of the Canadian Scries, in the lower Ordovician Period

(fig. 1.).

SCALE IN fEET

500 IOOO

CONTQUQ INTERVAL 20 FEET

V^^A Dofomjtic Limestone — Powell Formation

Dolomitic Limestone 1

r

E3
2

Cotton Qock " Cotter Formation

Sandstone

Dolomitic Limestone ~ JeFferson Citq Formation

h'ff

Fig. 1. The rocks underlying the Forest Preserve of the Arboretum.

This formation forms the lowest outcrop to be

found in the area, arid is represented by a phase of dense gray-brown, oolitic, dolo-

mitic iimestone. This stratum outcrops at comparatively low elevations, and the

* Manager, Missouri Botanical Garden Arboretum.

^'Assistant Manager, Missouri Botanical Garden Arboretum.

(283)
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greater portions of it are covered with talus debris, considered to have only a small

influence on the forest cover.

Cotter formation.—The Cotter, lying unconformably upon the Jefferson City

formation, is composed primarily of dolomitic limestones with sandstone phases

of one to several feet in thickness, and thin shale lenses. The base of this formation

is a gray-brown sandstone, 37 feet in thickness, and of interest because several

perennial springs have tl eir origin in this stratum. The sandstone is succeeded by
a phase of dense, massive, slightly dolomitic limestone, 34 feet in thickness. Th
remaining 91 feet is composed of succeeding strata of medium-grained, loosely

cemented sandstones; dense, oolitic, slightly dolomitic limestones; and relatively

thin jtrata of pure dolomite, locally known as "cotton rock." In chemical content

(a double carbonate of magnesium and calcium), in high porosity, and in degree

of fractibility, the cotton rock may have a more direct influence upon the flora

than any other stratum. The occurrence and distribution of glade floras have
been shown to be directly related to these cotton-rock strata (Erickson, Brenner,

Wraight, 1942).

Powell Formation.—The Powell is represented by somewhat thinly bedded

str.H a of limestone, chert, dolomite, and sandstone. There arc but few outcrop-

pings, since the formation is almost completely overlain by the mantle of Union
Silt Loam. The predominance of cotton rocks which permit the rapid percolation

of water creates a "dry" appearance in the forest during most of the growing

season. The ease with which water moves through these rocks is shown by the

numerous springs, and by the great amount of seepage water to be found in the

valleys in wet seasons. This rapid percolation of ground water does not encourage

the deep penetration of tree roots into the rocks in search of water. The influence

of the rocks is further reflected in the slow growth of the trees. The dolomitic

rocks, because of their slow rate of decomposition (Hilgard, 1910; Lutz and

Chandler, 1947), offer only small quantities of the minerals necessary for the

growth of plants. Feeding roots seem to be concentrated primarily in the shallow

soil mantle, where the decomposing organic matter offers greater quantities of

nutrients. The effect of these two factors is evidenced in the glades which arc

devoid of forest trees.

SOILS OF THE AREA

The rocks, high relief, and the various exposures and angles of slopes, together

with the pattern of land use, present a complexity of factors reflected in an equally

complex "soil picture." Based on local peculiarities, the soils are divisible into

two major groups: residual and alluvial. Because of the "upland" nature of the

area, the alluvial soils arc of relatively little importance and will be treated only

briefly (fig. 2).

Union Silt Loam.—The Union Silt Lo^rn represents the most important soil

group by reason of its greater areal extent and its ability to support the better

timber types at considerably faster growth rates. The soil is a brown to grayish-
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500 1000

CONTOUR INTCOVAL 20 ff€T

\ Undifferentiated Forest Soit

nUTI Talus Sot/

Glede 5 orI

v I Huntmqton Sift Loam
* i *

Elk Silt Loam

Fig. 2. Principal soil types of the Forest Preserve of the Arboretum.

brown, mellow silt loam, 6-8 inches deep, grading into a light brown or yellow-

ish-brown, friable, silty clay of crumb-like structure, with a nut-like subsoil at

greater depths. The fine silty nature of this soil and its great angle of slope make

it an easy prey to erosion, which, however, can be controlled by planned forest

management.

The Union Silt Loam in its typical form is apparent as the mantle covering the

ridges. On some steeper slopes and small localized areas the soil is of a cherty

nature and should be classed as Clarksville Stony Loam. However, because of the

localized nature of this cherty soil and the history of land use of the area, the

authors believe that it represents subsoil of the Union Silt Loam, exposed through

erosion induced by early land use.

Rough Stony Land.—Extensive areas of the Arboretum have a soil generally

referred to in soil surveys as Rough Stony Land (Vanatta and Lewis, 1911). The

forest types found here have suggested the advisability of further division of this

soil into four subtypes based upon site and mode of origin: Undifferentiated Forest

Soil, Talus Soil, Glade Soil, and Alluvial Soil. The group is represented by soils

which, because of direction and steepness of slope, have been retarded in develop-

ment. Shallow, rocky, and of high organic content, they are entirely without

distinguishable horizons.

The Undifferentiated Forest Soil is found chiefly on south and western hill-

sides, and may be from a fraction of an inch to several inches in depth. Tne soil

mantle lies immediately upon the bed rock, has a high organic content, and con-

tains an abundance of rock fragments. Exposure of these slopes to sere late sum-
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mer winds has discouraged herbaceous vegetation. This, together with the high
angle of slope, has caused excessive erosion, resulting in an almost permanent
juvenile state. The forest type listed as "Transitional" is almost entirely confined
to this soil.

The Talus Soil is practically identical with the Undifferentiated Forest Soil in

composition, but differs in its greater depth and in the constant movement of the
mass through settling. These differences, along with a relatively low water table

good

So

dolomitic rocks. The soil has a high organic content, but the underlying highly
porou

during the summer and extended periods of drought. Trees have found it difficult

to invade glade areas and a flora typical of rocky prairies is found there.

Alluvial Soils.—As previously stated, the alluvial soils are of minor importance
in this survey. Small areas of the "first bottom," assigned to the Huntington Silt

Loam, are included as well as the Elk Silt Loam which forms the soil of the ancient
Meramec River terraces. Although those soils are not of sufficient extent to in-

the complex picture of the soils of the area.

type

LAND USE

be
land since 1850, when the first titles were granted. Certain portions show evi-
dence of early timber cutting, at least for local use, and certainly quantities of
firewood were also cut. Some hilltops have been clear-cut with the expectation of
farming. All the area must have been heavily pastured by open-range cattle. In
more recent years more intense utilization followed the fencing of pastures and the
change from open-range conditions. It is not possible to furnish dates at which
certain areas were pastured or cut over. On the whole, the history has been one
of intense usage. Very few mature, sound trees can be found, and it is assumed
that many have been cut. Usually, following such operations the land was grazed
and quite frequently it was burned.

The extent and purpose of the timber cutting depended largely upon th.
topography of the area. The valleys and the more gently sloping hillsides were
within the capacity of the equipment available to the early settlers. One area is

reported to have been a sawmill site, and the condition of the adjacent timber indi-
cates that it may have been clear-cut (indicated on fig. 3 as "Logged more than
fifty years ago"). A number of older trees escaped the axe, probably because of
their low value. Some of the high hill land may have been clear-cut "Less than
fifty years ago." The areas so designated are without old trees, and much of the
younger growth appears to have originated from stump sprouts. One fairly large
valley was cultivated prior to 192 5, when the area was acquired by the Missouri
Botanical Garden, and a similar area is to be found near one of the ridge tops.
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t=3 Cut over

Loqqed more than SOyrs. aqo

Loqqed less than 50urs. sqo

Cultivated prior to 1924

Fig. 3. History of land use of the Forest Preserve of the Arboretum.

The presence or absence of old trees may prove misleading when used as a

measure of logging practices and land use. A few scattered old trees may indicate

either that "selective" logging had been practiced—selective in the sense that the

early settler cut certain trees for specific purposes—or merely that tremendous

changes have occurred in the arboreal flora of the Ozarks in the last hundred years.

Apparently, the Ozark forest today is more heavily stocked than it was a century

ago, and the few relic trees to be found are those left from what was a park-like

prairie (Schoolcraft, 1819) which seems to have been the outstanding character-

istic of the region before 18 50.

DEVELOPMENT OF TREE ASSOCIES DURING A TEN YEAR PERIOD

Anderson's forest-tree classification (1938) has been modified to conform to

present usage (fig. 4). The tree species involved in each association were covered

by Brenner (1942). The extent and location of the present forest tree associations

are shown in fig. 5.

Post Oak-Black J Q Association.

This association is limited to isolated stations on the ridges and to the Union Silt

Loam, and appears to be highly unstable. The decadent nature of this association

bee

kory

croaching upon the early prairie associations.

Whit (Q Association.—Dis-

tribution of the Sugar Maple appears to be controlled by the presence of old fruit-

ing trees, and definite edaphic relations of this member of the association are not
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(222 Post Oak / Black Jack Oak

E=H Oak /Hickory

White Osk Coppice

White Oak / Sugar Maple

ES3 Brush

SOO 1090
CONTOUD IN7COVAL 20Tf£T

I *

Qed Cedar / Chinquapin Oak

Glade

L_LJ Transitional Forest

Fig. 4. Principal tree associations in 193 8, Forest Preserve of the Arboretum.
(From an unpublished field survey in 1938 by Edgar Anderson.)

i

SOO 1000

COntouk intcival 20 riLJ

X//A Post Oak / Mack Jack Oak

Oak / H ckoru

v Oak / Suqar Maple

Qed Cedar/ Chinquapin Osk

Glade

Transitional Forest

Fig. 5. Principal tree associations in 1948, Forest Preserve of the Arboretum.
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shown. The rapid and widespread regeneration of the Sugar Maple in the deep

moist valleys is apparently conditioned by the more favorable microclimate of

those sites. In 193 8 this association included several valleys where some selective

cutting had been done in the last fifty years, but no clear-cutting for at least a

hundred years. Such cutting and the resultant openings in the forest favored the

rapid growth of the Sugar Maple. At present, however, it is losing its position as

a codominant and may eventually disappear from this association. Above the

floo The Suear Maple in the Wh
Sugar Maple Association of 193 8 has been succeeded by hickory, and these areas

are now classed as belonging to the Oak-Hickory Association.

Oak-Hickory (Qttercus alba, Q. borealis, Q. stellata-Carya ovalis, C. ovata,

C. tomentosa, C. Buckleyi) Association.—The high commercial value of

these species, their rapid regeneration, and good annual increment make this forest

association particularly important to foresters. The marked adaptibility of these

trees permits almost cosmopolitan distribution, for little preference is shown toward

rock, soil, or direction of slope. However, the association has been most consist-

ently mapped on areas of the Union Silt Loam where greater depth of soil and

concurrent fertility have favored rapid growth and excellent regeneration. Perhaps

no other tree association has had more continual exploitation. There is ample evi-

dence that the trees have long been regarded as a source of firewood, rough lum-

ber, and railroad ties, and such great use was made of them that in 1938 the Oak-

Hickory Association was one of the least extensive in the area. However, it is

becoming increasingly vigorous under the present system of land management and

at present about 60 per cent of the area falls in this class. The Red Oak (Quercus

borealis) and the important Shumard Red Oak (Q. Shurnardi) are invading these

associations and are becoming codominant with the White Oak.

White Oak Coppice (Quercus alba).—The White Oak Coppice is shown on

the early map to cover about 20 per cent of the area. Nearly all of this is now

included in the Oak-Hickory Association, with the Red Oak an important tree of

the understory.

Red Ceday -Chinquapin Oak (Juniperus virginiana-Quercus Muhlenbergii) As-

sociation.—This association is unique in being the only one of the area which is

closely correlated with the underlying rock strata. On the accompanying maps

(figs. 1, 4, 5) the Red Cedar-Chinquapin Oak Association is seen immediately

bordering the cotton rock both above and below its extensive outcroppings on the

western slopes. In this narrow belt, often a mere rod or two broad, the influence

of the cotton rock still excludes other forest types. This association is shown to

be more extensive on the map for 193 8, since at that time accelerated erosion in-

duced by earlier logging and pasturing only served to cause a more widespread

effect of the conditions induced by the cotton rock. Rapid growth of the Red

Cedar and its remarkable powers of regeneration have caused it to be exploited
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greatly as a source of fence posts and telephone poles within the past fifty years.

Today the association has a more limited distribution, and the Oak-Hickory and

White Oak-Sugar Maple associations have apparently invaded much of its outlying

portions.

Glade Association.—Here the inherent properties of the cotton rock in con-

junction with a western exposure of slope have combined to form a critical zone

for the growth of trees. Trees are conspicuously absent, an herbaceous, prairie-like

flora prevailing.

Transitional Forest.—Because of its heterogenous composition and lack of aged

specimens, the Transitional Forest is considered to be in a state of flux. Intensive

exploitation of these sites through pasturing and logging has created a long-

enduring juvenile state where the soil mantle is poorly defined. Comparison of the

maps of early and present tree associations (figs. 4, 5), and the soil map (fig. 2)

shows this association to be closely correlated with the Undifferentiated Forest

Soil. Recent survey of the area shows the invasion of the Transitional Forest by
Oak-Hickory and White Oak-Sugar Maple associations as the site matures and a

deeper soil mantle protected by a layer of forest litter is developed.

Brush.—Several small areas classed as "Brush" in 1938 are now included in the

White Oak-Sugar Maple Association. In 1938 those areas contained much sassafras

(Sassafras albidum), elm (Ulmus sp.) } and sumac (Rhus copallina), and were

considered as not likely to persist. They are now stocked with some of the best

young timber.

SUMMARY

Because studies in the natural succession of forest trees in the Ozark region of

Missouri have been based largely upon site-to-site comparisons it is felt that this

work, founded upon actual observations of the same area over a ten-year period,

will give a better understanding of forest tree succession in the northern Ozarks
region. Considerable attention has been given to both the rocks and the soils, since

these have been observed to play important roles in the distribution of certain

tree associations which may obtain only in similar areas. The history of land use

of the area is reviewed, since the activities of man, in his pursuit of a livelihood in

forestry and agriculture, may have altered the natural succession of forest trees.

This time-lapse study indicates a rapid invasion of valuable timber species such
as Red Oak, White Oak, and White Hickory. The Black Jack Oak-Post Oak, and
White Oak-Sugar Maple associations have been invaded by these vigorous species

and will be dominated by them, indicating a future invaluable source of high-

grade timber species in this area.
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HOW KENTUCKY BLUEGRASS GROWS*

ALFRED GORDON ETTER**

Introduction

Human cultures of widely varying origin have been treading sods of Poa

pratensis for thousands of years, long before it became known as Kentucky blue-

grass. Indifference to the plant's personality has been bred by this long familiarity,

with the result that while bluegrass may often be thought of in terms of sod, turf,

herbage, forage, or just plain grass, it is only rarely considered in terms of an indi-

vidual plant. It is the purpose of this paper to describe in simple words what a

bluegrass plant looks like and how it grows. In general, only that part of the

organization and development will be considered which can be seen with the naked

eye or low-power binocular microscope.

The importance of understanding the structure of a plant has become especially

apparent in crop plants such as maize where solutions to practical problems

picking, detasseling, cultivating, spraying, cutting, and prevention of lodging

depend for their success on a knowledge of the manner in which the plant is put

together. Anderson (1949) has stressed the need for this knowledge in maize and

has raised many pertinent questions concerning the maize plant of the future.

Bonnett (193 5, 1940), in describing the development of the flowering head in

barley and maize, has suggested the practical applications of such studies.

In spite of the ever-increasing number of grass farms and suburban homes with

ample lawns, little effort has so far been made to relate developmental and morpho-

logical studies of forage and turf grasses to practical problems. Knowledge of the

individual plant is fundamental to proper analysis of variation in any species, and

consequently to the proper appreciation of its genetic possibilities; successful

prediction and selection of strains to fit specific environmental conditions depend

on such knowledge. Lawn and pasture species are constantly being subjected to

management practices of various sorts. An understanding of the basic pattern of

development of the plants involved is essential to any attempt to discern the effects

of such treatment. Proper statistical planning and analysis of forage production

and plot tests must necessarily be based on an appreciation of the variables in-

volved in the normal growth processes of the individual plant. The widely varying

and inconsistent results which are frequently obtained in pasture and turf research

are probably partly due to the lack of information available on grass mechanics.

* The work reported in this paper was carried on while the author held a special fellowship

under a bequest of the late Dr. Malvern B. Clopton. The field work was done at Brookhill Farm,

Clarksville, Mo., Dr. Clopton's former estate, and the laboratory work in the Henry Shaw School

of Botany of Washington University. It seemed a peculiarly appropriate project, since it concerned

the bluegrass pastures at Brookhill which Dr. Clopton knew and loved so well. Grateful acknowl-

edgment is made to Chancellor Compton and to members of the Brookhill Committee for making

available this unusual opportunity and to the staff of the Doane Agricultural Service for friendly

cooperation in the field. This investigation was submitted to the Board of Graduate Studies in

partial fulfillment of the requirements for the degree of Doctor of Philosophy at Washington

University.

**New Mexico Military Institute, Roswell, N. M.
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Methods

Problems Involved.—Shortage of data devoted to growth of sod grasses may
reflect the subtle difficulties involved in the measurement and description of their

growth. Analysis of a wild population of grass is complicated by the fact that

plants of different strains and different ages are all mixed up and growing together.

Study of these grasses in the laboratory, greenhouse, or even the nursery plot,

involves the introduction of artificial conditions which have been shown in several

studies (Musgrave, 1940; Ahlgren, et al, 1945) to influence strongly the growth
characteristics of the plants. Direct measurement of growing parts can scarcely

be accomplished without damaging or removing protecting organs or soil, and

consequent introduction of complicating factors. Indirect measurement of growth
by examination of a number of plants in a developmental series is based on a

number of assumptions which may be difficult to prove. (See van de Sande-

Bakhuyzen, 1937).

Preliminary Studies.—Observations on bluegrass growth and morphology were

made over a period of two years to provide a general understanding of the problem

and the plant. Sods were occasionally dug up, washed, and studied and diagram-

med in detail. Special effort was made to discern seasonal trends. From these

preliminary investigations sufficient familiarity with the plant was acquired to

allow plot tests or laboratory experiments to be made on a small scale. Although
the anticipated results were not always obtained, every new condition to which
bluegrass was subjected yielded information of some sort. For example, in the

course of measuring leaf growth on bluegrass grown in nutrient solutions, it be-

came apparent that all plants of the same origin under the same conditions produced

leaves at practically the same rate. Plants could thus be roughly arranged as to

time of origin by referring to the number of leaves they bore. Specific periods in

the life of a plant could be identified, since each plant that lived through the

winter had one leaf shorter than all the rest of the leaves; also certain types of

shoots were limited to the cool fall and winter period, while summer buds fre-

quently remained dormant.

It soon became apparent that while the chief concern of the study was to shed

light on problems of pasture and lawn, such places were not the best for studying

bluegrass behaviour, for an excessive number of complicating factors were in-

volved. Constant cutting maintains the plant in a vegetative condition and
seasonal activity is not clearly defined. It was found that the most favorable

place to study basic behaviour was in a relatively unproductive old meadow where
mowing, treading, and fertilizing were minimum complications and where the

grass could be expected to respond only to the strongest seasonal stimuli.

Measurement of Meadow Populations.—A project was then begun on which
most of the conclusions in the following work are based. It was decided to measure
periodically the last completely exserted leaf on ten plants with respect to blade

length, sheath length, and blade width (measured 5 mm. above the ligule). Other
data which later came to be recorded in detail included the lengths of the inter-
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nodes and panicles on the flowering shoot, the number of leaves which were green,

the nodes which bore roots, and the number of tillers and rhizomes. Measurements

were begun in early March of 1949 and extended to the following March. During

the spring measurements were made weekly, while during the summer, fall, and

winter they were made bi-weekly or monthly. Dissection of plants under a binoc-

ular microscope was necessary to provide much of this data. To obtain the

necessary rhizome material, blocks of sod were subjected to water under moderate

pressure until the soil was washed away.

In order to gain preliminary information on variation with habitat, identical

studies were made of grass in four situations: the unmowed meadow; a closely

grazed pasture; a meter-square plot of meadow grass which had been burned over

in mid-February; and a similar-sized plot which had been cleared of all surface

vegetation with a sharp hoe while the ground was frozen in February. Although

information on all of these plots is not included in the present study, an under-

standing of the basic trends was facilitated by these measurements and observations.

Supplementary Observations.—Data obtained from the above measurements

were supplemented in several ways. Exclosures 1 were placed in pastures being

grazed at various times of the year to determine the repercussions of different types

of grazing management. Also, a special box was made which had glass sides that

could be darkened by inserting a tight-fitting panel. This box was filled with

dirt and several plants of bluegrass were placed against the glass. By removing

the panel their underground activity could be watched throughout the year.

Information has also been derived from examination of grass plants growing

under unique environmental conditions. Plants that grew in soil on which urine

or manure had fallen, or that sent rhizomes into mole tunnels, or which had been

grazed closely by mice in their winter pathways, or had been covered with

alluvium, or grew in deep shade or in very dry or wet localities, have all con-

tributed small bits of important data.

Laboratory Investigations.—In general, laboratory experiments were designed

with the idea of finding out how rhizomes grow and what makes them turn up.

Some data on leaf growth were also obtained in connection with this work. Blue-

grass rhizomes were grown in two ways: separated from the parent plant and

grown in water or various solutions in test tubes or Petri dishes; or left attached

to the plant and allowed to develop in a natural manner except that they were

enclosed in glass tubes so that they could be measured, protected, and identified.

Some experiments were made in which these tubes were filled with nitrogen, water,

or air.

To obtain as much control over bluegrass plants as possible, some were grown

in bottles containing nutrient solution. These were kept under constant light and

temperature conditions. In nature, the base of the bluegrass plant, together with

its roots and rhizomes, is underground and thus invisible. In searching for some

*An exclosure is a part of an experimental area which is fenced to eliminate the influence of

certain animals, in this case livestock.
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too

natural relationships it was discovered that ordinary "Even-Flow" baby bottles

had peculiar possibilities. The nutrient solution could be placed in the bottle and

the plant could be held in place above by inserting it through a slightly enlarged

hole in the nipple (pi. 2, fig. 1). This would allow the basal part of the plant to

be within the nipple and thus protected from desiccation. At the same time, by
coating the nipple with opaque paint the inside was kept quite dark, thus simulating

soil conditions. The roots could extend into the nutrient solution below and the

leaves into the light above.

Rhizome growth was provided for by making five perforations at the base of

Vi

Vi

7 inches long, with a 1-hole stopper in the end (pi. 2, fig. 2). As a bud on the

basal part of the grass plant was seen to be developing into a rhizome it could be

guided into the small glass tube and then would grow out into the larger tube

where various experiments and observations could be conveniently made. A per-

foration was made down through the cap and nipple so that an air-supplying tube

could be inserted into the bottle. Saturated air under low pressure was bubbled

into the nutrient solution through a fine glass capillary. This air, in escaping,

root

and served to keep the water aerated and the atmosphere in the tubes moist at all

times. A light-tight box high enough to accommodate the bottles was then con-

structed and in the top surface were cut twelve holes spaced on a 9-inch grid

(pi. 2, fig. 3). These holes were just large enough to receive the bottle caps.

One side of the box was removable so that bottles full of nutrient solution could

be inserted into the openings from underneath. The height was made just suffi-

cient so that when the cap was screwed on the bottle, the rhizome tubes inserted

into the nipple would rest on the top surface of the box (pi. 2, figs. 2-4).

New rhizomes which had been good
leaves and several roots were obtained from a single clone of blucgrass and were
inserted into the nipples in such a way that their roots contacted the solution

while the bud region of the plant was in the air opposite the openings for rhizomes.

In order to keep light away from any rhizomes which might develop, it was neces-

sary to construct a false top of removable panels (pi. 2, figs. 4-5). By loosening

a thumb screw these panels could be removed so that access could be had to the

rhizome tubes and bottle caps. A fluorescent fixture containing six 15-watt tubes

was placed at a height of 30" above the plants (pi. 2, fig. 3).

This battery of bottles was kept first at a constant temperature averaging 70°,

and then later at 40°. Variation was not ordinarily more than 5° in either direc-

tion. Day length was fourteen hours during most of the experiment but was
reduced to twelve hours during the last three weeks of the 40° temperature.

The nutrient solution used was that given in Meyer and Anderson (1941), and
was changed every two weeks. A 5 per cent iron solution, made up of equal
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quantities of FeCl3 and tartaric acid, was added weekly. No difficulty was

had in getting plants to grow, though the light intensity was apparently insuffi-

cient for normal growth, and the leaves were rather lax. The low light intensity

at the 70° temperature was not conducive to elongation of buds or roots, while

at 40° roots grew well but budding was largely restricted to aerial shoots instead

of rhizomes. There was no opportunity for further experiments under more

optimum conditions for rhizome production.

Literature

The importance of Kentucky bluegrass as a lawn and pasture grass in northern

Europe (especially in Germany and Sweden) and in the northeastern part of the

United States has led to many studies on various aspects of the plant. Most of

this research has been concerned with seed and forage yields and chemical content

under different treatments and seasons. A great deal of intensive genetic work

(see Brittingham, 1943) and histological work (see Nielsen, 1946) has been done

in connection with its apomictic method of reproduction. Considerable research

on bluegrass variation (Smith et al., 1946), taxonomy (Mecenovic, 1939), and

germination (Gassner, 1930) has also been published.

Somewhat less information is available on the life history of the plant, its

seasonal activities, and its manner of growth. Nishimura (1923), in a compara-

W

tive study of the morphology and development of Poa pratensis, Vhletim pratensh

(timothy), and Setaria italica (millet), anticipated by many years subsequent

work on the species. Close observation and detailed drawings of the seedlings, the

basal region of the plant and of the developing inflorescences were made. Some

discussion of germination and roots and the first mention of polyembryony were

also included.

Wieland (1926), in connection with an intensive study of variation, neces-

sarily devoted some attention to the gross morphology of the grass, but was not

concerned with how it got that way nor how it changed with the season.

Brown (1940), also dealing with variation in the species, traced the seasonal

development of two strains from March to October.

Musgrave (1940), in an unpublished thesis on the life history of bluegrass,

discussed various aspects of germination, leaf, shoot, rhizome, and inflorescence

development, also differences between plants grown as spaced seedlings and in un-

disturbed sod. Evans (1949) discussed his investigations on bluegrass over a long

period of years, including various aspects of its life history and of the influence

of environmental factors on its growth. He summarizes information on rhizomes,

roots, inflorescences, photoperiodic relationships, and annual cycles of growth,

development and reproduction.

Work

Phillips (1943), Darrow (1939), Naylor (1939), and others.

Loomis (1949),

Practically no information exists on the developmental anatomy of bluegrass.
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The best work of this sort has been done by Sharman on maize (1942) and on
Agropyron re{mis (1945 and 1947). He has given close attention to the relation-

ship between the progress of anatomical and morphological events, has emphasized

the existence of a common fundamental ground plan in grasses, and has shown
how slight changes can produce plants which appear wholly different. McCall
(1934) has discussed the developmental anatomy and homologies of various struc-

tures in wheat with special reference to the seedling.

Evans and Grover (1940) reviewed much of the literature on the develop-

mental morphology of grass and discussed terminology and general concepts of

growth with special reference to the inflorescence in a number of species. Bonnett

(1935, '36, '37, '40) and Noguchi (1929) have described and illustrated various

aspects of the development of the inflorescences of the small grains and maize.

Prat (1934, '35) examined the anatomy and morphology of the grass culm and
discussed certain theoretical aspects of its growth. He expressed various correla-

tions, and discussed maturation of tissues.

Certain aspects of the developmental physiology of grass growth have been
discussed by such workers as De Ropp (1946), Weintraub and Price (1947), and
van de Sande-Bakhuyzen (1937). Important life histories of grass plants include
those of Percival (1921) on wheat, Weatherwax (1923) on maize, and Evans
(1927) on timothy.

Bluegrass in Simplest Terms

The Sod.—When we look down at the leaves of grass they merge into a con-
fusion of green (pi. 3, fig. 6). What does an individual bluegrass plant really

look like? If we take up a 6-inch square piece of sod the question remains un-
answered, for, even after the dirt has been washed away, there is left a confusion
of roots and strong wiry underground stems that criss-cross in every direction

(pi. 3, fig. 7). These stems seem to connect the various aerial leafy shoots in a

haphazard manner. Occasionally they are seen to branch, and some may be white
at the tip, showing that they are still pursuing their subterranean destinations.

These wiry interwoven stems are called rhizomes, and they are one of the reasons
why sod can be rolled up in a ball. They are also one of the reasons why studying
an individual bluegrass plant is difficult.

A Single Plant.—If we start with a seedling the problem is simple, but even-
tually we shall have to deal with the vegetatively spread individual. For our
purpose only the gross features of the seedling are significant. Pull a six-weeks-
old plant from the soil. It is about as simple as bluegrass ever gets (text-fig. 1A).
It has a beginning and an end; it has shed its nourishing grain and become auton-
omous. It will have four or five narrow spreading leaves which are bundled
together toward the base for about one-half of their length. At the bottom of
the bundle are roots. If we are used to plants which have stems we shall be dis-
appointed when we pull the leaves apart, for they enclose only the bases of other
leaves. At the center of the bundle, at its base, with its tip barely visible, is a
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BUNDLE

NUBBIN (CROWN

ROOTS

YOUNGEST LEAP

GROWING POINT

RIMOROIAL
LEAVES

AXILLARY
BUD

NODE
1NTERNODE

PRIMARY ROO

ADVENTITIOUS
ROOT

Fig. 1. A six-weeks-old bluegrass plant—about as simple as

bluegrass ever gets: A, seedling, X2; B, crown, X 13.

young, rather yellowish green leaf which is in the process of growing out into the

light. Its tip is darker green but it is not yet bent outward as are the other

1eaves. W.

length and inside of it is the minute youngest leaf which protects the nested

primordia of two or three future leaves. At the center of this nest is the small

bulbous growing point of undifferentiated cells, from which the primordia arise.

These structures are shown in detail in text-fig. IB.

The only stem the plant possesses is the nubbin of solid material to which the

leaves, the growing point, and the roots attach. This nubbin, or crown, as it

will be called, may be only a millimeter or two in length. Under magnification

it is found to be a systematically organized structure with bilateral symmetry,

holding alternate leaves and enclosing at the base of all but the lowest one an

axillary bud (text-fig. IB). These leaves and buds seem to arise from successive

horizontal partitions on the crown which are termed the nodes. Separating the

nodes are the internodes, sections of stem which, while sometimes much elongated,

here are scarcely distinguishable.

From each of the lower two or three nodes a pair of roots arises, one root on

each side of the axillary bud. These are the adventitious roots which play a major

role in feeding and anchoring the plant. In all young seedlings there is also a

primary root, the first root of the newly germinated seed, which persists for a short

time at the basal tip. In many species of plants this primary seedling root develops
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spot. But blue-

aproot

liberated stem can develop roots wherever an axillary bud exists, and can thu
'7 DOS

INTRAVAGINAL
SHOOT

Fig. 2. A -spring seedling in its first fall: A, the plant, X \:\\

B, crown, X about 5.

The Appearance of Branches.—When we examine the spring seedling late in

the fall of the same year (text-fig. 2A and B), we find that the story has begun
to be a little more complicated. The apical growing point is no longer the only

active one. Some of the axillary buds, of which there may be 10 or 12 by now,
have begun to grow. Thus blucgrass, like most plants, produces branches. A bud
has a choice of two destinies. Which it follows depends upon where it is situated.

In the fall those buds which are enclosed at the base of the most recent two or

three green leaves will send up vertical leafy shoots within the secrecy of the re-

taining leaves of the parent plant. A few of the lower, older buds borne in the

axils of leaves which are dead will develop, or may already have developed, into

non-leafy horizontal shoots. The upward-growing branches, or tillers, are some-
times called "intravaginal" shoots because they arise within the confi

sheathing base of living leaves. The horizontal shoots are "extravaginal" and pro-
trude through the base of the dead sheathing leaf if it is still attached. Th
the rhizomes which, as we have seen, grow underground. Sooner or later they
turn up to form new plants quite similar to the parent.

The differences between tillers and rhizomes are easily seen. One rises in

e axil of a green, living leaf, one in the axil of a dead or dying leaf. The most

nes of tl

ese are

th
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distinguishing feature of the rhizome is that it has short colorless scale-like leaves

and has a distinct stem made up of a series of fairly long internodes, while the

upright intravaginal shoot, or tiller, bears normal green leaves and has a very much

condensed stem or crown, just as did the parent plant which it resembles in almost

every respect.

The end result of this system of branching is that the slender static seedling

becomes a mobile plant, capable both of increasing its number of leafy shoots and

of extending itself over considerable area, sometimes as much as two square meters

in two years time under ideal conditions. (Kannenberg and Wrede, 1934). Th

intravaginal shoots thicken the plant by making available more new leaf-producing

places, often as many as 10, sometimes up to 50 in a season when there is very

active secondary and tertiary branching. Rhizomes spread the plant horizontally,

and for all practical purposes once a rhizome has turned up and developed a new

leafy shoot it can be considered a new individual, even though genetically it is

identical with the parent plant. It may remain attached to the parent for a con-

siderable period, though apparently it derives practically no nourishment from it.

An interesting demonstration of this independence was provided by an experi-

ment primarily designed for other purposes (pi. 4, fig. 8). A flower pot was filled

to capacity with soil. A bluegrass plant with long, well-developed roots was

placed in the pot so that the roots were covered by the soil but the crown area was

left above the surface. A shallow tray with a hole in the center was placed on top

of the pot, the leaves of the grass plant being arranged so that they stuck up

through the hole. The tray was then filled with vermiculite, a micaceous cutting

medium with practically no nutrient value. The buds on the crown were thus

surrounded by mica. The soil was kept moist by setting the pot in a shallow

dish of water. The mica was watered separately. After the plant became estab-

lished, rhizomes began to grow out into the vermiculite and turn up along the

edges of the tray. It was consistently noticed that after turning up, these new

plants grew only very weakly and their leaves were very short, yellowish, and

narrow. The parent plant, in the meantime, was deep green, long-leaved, and

healthy. Eventually most of the offspring in the tray succumbed. There was no

evidence that the vigor of the parent could be conveyed to the second vegetative

generation through the rhizome, once it had turned up.

Flowers Develop.—Some time during winter, after intravaginal shoots have

been initiated, metabolic changes occasioned by cool weather and short days in-

duce "mature" growing points to begin a process of proliferation which eventually

ends up in the appearance of a flowering head. This is a slow sequence of events

which begins with a slight elongation of the growing point, the suppression of

leaf development, and formation of many small buds which don't elongate (pi. 4,

fig. 9). This is the secret winter beginning of the seed-bearing "panicle" which

becomes so prominent a feature of bluegrass during the month of May. With the

advent of longer days and warmer weather multiplication of panicle buds ceases,

flower development begins at the end of each bud, and elongation of the panicle
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branches takes place. When this is finished, the whole panicle is thrust out of its

retaining leaves atop a flowering stalk (pi. 4, fig. 10). This stalk is called a "culm"
and is part of the main axis which has become greatly elongated. Finally the

plant has achieved a conspicuous stem, but only at the price of its own future,

since the panicle terminates the growth of the crown's growing point. A plant

in its second spring will thus be slightly more complicated than its fall progenitor,

because, besides having attached to it various satellite plants in the form of tillers

and rhizomes, it will be developing a flowering shoot. The mature individual can
thus be said to show three types of shoots: the fall rhizome, the tiller, and a central

culm, topped with a panicle (text-fig. 3). All these derive from the basal nubbin
of telescoped internodes, the crown. After the inflorescence dies down, the
rhizomes and tillers assume the role of perpetuating the plant. Each of these pur-
sues an essentially independent course from then on, and eventually are separated

by the decay of the parent.

The Structural Units

Leaves.—The leaves of the bluegrass plant have been described as narrow and
spreading, but bundled together toward the base. It is useful to distinguish the
green spreading parts as the blades (or laminae) from the lower colorless sheaths

which in clasping each other form the bundle. The sheaths are slightly compressed
lubes, while the blades arc flat or folded straps. Successive sheaths enclose each
other, but the blades bend outward at their junction with the sheath (pi. 5,

fig. 11). A characteristic structure called the little, a membranous, valve-like

flap of tissue, is found at this union and looks like a brief continuation of the
sheath beyond the base of the blade (pi. 5, fig. 12).

There are no obvious anatomical differences between sheath and leaf, although,
according to Sharman (1942), there is some consolidation of the many small
(basipetal) strands of the blade at the ligule and consequently fewer strands in

the sheath. In general, however, he minimizes the differences between the two
parts. Prat (1935), on the other hand, states that the epidermis of the sheath is

more differentiated than that of the blade, and that there is a striking similarity
between the epidermis of the sheath and of the internode. In any case, it is ap-

parent that the blade is the primary photosynthetic organ and is always green,
while usually the sheath is green only in the vicinity of the veins, if at all.

Just how such a structure as a leaf arises and becomes differentiated into
sheath and blade has been well told in detail by Sharman (1945). Although his

A
with that of bluegrass given by Musgrave (1940). Mention has been made of
the nest of leaf primordia and the central growing point which lie hidden and
protected within enclosing leaves at the apex of the bluegrass crown. The activ-

correctly the growth of the plant as a whole.

ood

The bulbous, translucent growing point (pi. 5, fig. 13) is the source of life,



1951]

ETTER HOW KENTUCKY BLUEGRASS GROWS 303

INFLORESCENCE
(PANICLE)

Fig. 3. A mature bluegrass plant showing the three types of shoots which develop

from the crown.
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the source of new undifferentiated cells from which the plant is fashioned. The
first evidence of differentiation occurs when the leaf primordium begins to develop.

This starts out as a number of localized cell divisions on one side of the growing

point. These divisions produce a small protuberance which soon spreads out

laterally, eventually becoming a crescent and finally a complete collar around the

growing point. Two of these primordial leaves can be seen in pi. 5, fig. 13. Since

the first formed midsection of the collar is able to maintain its advantage over

the wings, the collar has an eccentric appearance with the midsection somewhat
higher. This incipient leaf grows primarily by cell division at its base and to some
extent by a short-lived meristematic band along its tip. As growth continues the

collar soon forms a sort of loose-fitting, parka-like hood or cowl over the apex

(pi. 5, fig. 14). Through the face opening of this parka the growing point can
be seen, and by this time it will have given rise to one or two new crescents. This
opening is at first quite minute, .2 mm. or less, just large enough to allow the

collar to slip over the growing point. At about this time the leaf is supplied with

its primary vascular bundle, and the thin fold of epidermis, the ligule, first makes
its appearance at the junction of leaf and crown, thus indicating that sheath

tissue is beginning to develop.

Growth of the leaf blade (the part above the ligule) soon becomes very rapid.

The face opening of the hood is so stretched out as the blade elongates that it

becomes unrecognizable in the mature leaf. Between the time that active elon-

gation begins and the leaf grows to maturity only two or three new leaf primordia

develop. 2 Since the hood stage itself represents about the third primordium in a

series it is evident that under ordinary vegetative conditions there are about five

or six leaves in various stages of development from the newest collar to the newly
matured leaf. These leaves would measure roughly about .1 mm. (crescent), .2

mm. (collar), 1 mm. (hood), 4 mm. (blade beginning to elongate), 50 mm.
(sheath beginning to elongate), and 120 mm. (mature). The last two measure-
ments are given only for easy comparison and might be much longer. The first

three leaves are waiting in line while the fourth and fifth elongate. The blade and
sheath of the sixth have fully matured.

De Ropp (1946), in an analysis of the growth of the first blade and sheath of

a rye seedling divided the very young leaf, while it was still in the embryo, into

equal sections by marking them with a mixture of lamp black and vaseline. He
then made daily measurements of each section for a period of a week. His data
showed very well how sheath-growth was delayed until leaf-growth had begun to
slow down. It was apparent, however, that the change from leaf-growth to sheath-
growth was not an abrupt one, and the growth curve of the entire leaf remained
relatively unaffected. This growth was primarily one of cell elongation, since no
new cell division was noted after the third day. De Ropp concludes that ultimate
leaf length depends on the activity of the basal meristem during the first three

2 The interval between the appearance of successive leaf primordia is commonly termed a
"plastochrone."
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days. This period of cell division undoubtedly varies greatly with species, environ-

ment, and season. De Ropp has also called attention to the difference between

the manner of elongation of the blade and the sheath. In the sheath it was found

that each marked segment contributed about equally to the mature organ. In the

blade, however, the basal fourth of the marked primordium contributed three-

fourths of the total growth, while the tip segment scarcely enlarged. This may in

part demonstrate why the tip of grass leaves is frequently slightly boat-shaped.

Apparently, the primordial hood elongates so slightly that its original structure

is more or less preserved.

A mature vegetative leaf is thus the product of two growth processes, the

elongation of blades and elongation of sheaths. The two processes do not happen

to the same leaf at the same time. What actually happens is that an elongating

blade (leaf No. 4, for example,) and the sheath of the enclosing older leaf (leaf

No. 5) elongate simultaneously and at the same rate so that there is no necessity

for the tender young blade point to push up alone through the close confines of

the sheath bundle. Instead, the two grow up together. Upon dissection of leafy

oots

the ligule of the preceding leaf. This is additional testimony to the essentially

similar growth rate of blade and sheath. But the sheath does not grow as long

as the enclosed blade, and consequently as the sheath matures and its growth stops,

the blade within continues its growth alone out into the light. It often happens

that the tender new blade is not strong enough to start pushing out of the orifice

of the ligule, and the tip of the leaf becomes cramped and crinkled into one or more

small folds. These folds remain impressed in the leaf after exsertion and are com-

monly seen on rank-growing bluegrass.

Under vegetative conditions no blade-sheath pair begins to elongate until the

previous blade has stopped growing. This has some significant repercussions which

will be discussed in detail later.

Phytomers.—Bluegrass is not built of leaves alone. A leaf is only the most

obvious part of a more fundamental structural unit called a phytomer? or plant

segment. This unit consists of a piece of stem with a leaf on the upper end and

a potential bud or shoot at the lower end. If the leaf is on the left side of the

stem at the top, then the bud will be on the right side at the base. There are

complementary sections with the leaf on the right and the bud on the left. The

two types of sections alternate with each other and produce the characteristic

bilateral symmetry of the grass plant (text-fig. 4A and B). Another result of

this alternation is that the bud of the segment above rests within the concavity

of the leaf below, just above the point where the leaf is attached. This concavity

is called the axil of the leaf and the bud is therefore commonly called an axillary

bud. Though this name is a convenient one, it encourages the idea that a leaf

3 Pby' to mer, a term according to Evans and Grover (1940) used as early as 1879 by Asa Gray

to designate a structure which, when produced in a series, makes a plant of a higher grade. The

term was also employed and described by Weatherwax (1923).



306
[Vol. 38

ANNALS OF THE MISSOURI BOTANICAL GARDEN

and its axillary bud are closely related, when actually from an anatomical and

physiological standpoint the association between a bud and the leaf above, on

the opposite side, is much closer. Sharman (1942) has provided anatomical evi-

dence supporting this.

Fig. 4. A and B, complementary phytomcrs or grass-building units, A,
from a vegetative crown, B, from a rhizome; C, the hood leaf which protects
the growing point.

Wh re two phytomcrs join together a node is formed. The phytomer axis thus

becomes an internode which may be long or almost undiscernible. Each phytomer,
in addition to its leaf, internode, and bud, is theoretically capable of producing
root

Phytomers have their beginning at the growing point. A leaf primordium is

the first visible evidence that a new phytomer is forming. The small hood leaf

which has been described is not just a shell of tissue tacked on the apex but actually

bot

e newundifferentiated cells produced by the growing point. Inside this kettl

phytomers continue to begin their differentiation as cells in the meristematic point

(text-fig. 4C). The course of differentiation and maturation in a phytomer, as

Sharman (1942) has shown, is a diagonal one which begins with the development
of the leaf at one side at the top, then proceeds to the internode, and passes on to

the bud on the opposite side at the base. When roots are present they are the last

organs to be formed (text-fig. 5). This course of phytomer development has its

basis in the maturation of various anatomical units, especially the vascular system.
By the time one phytomer has matured, several others will have begun their dif-
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»

* I *

BLADE

SHEATH

INTERNODE

ROOTS

Fig. 5. Diagram illustrating the wave of elongation and maturation passing

down the blade, sheath, and associated internode in lea Mays. Solid black

indicates the more actively dividing tissues. (From Sharman, 1942).

Wh

ferentiation. The exact number depends on the stage of maturity of the plant.

Plants ready for flower initiation may have as many as eight or nine segments in

various stages of elaboration, while, as we have seen, a vegetative plant may have

only five or six readily discernible.

The diagonal course of development is outwardly apparent when we measure

the elongation of the different phytomer elements, as van de Sande-Bakhuyzen

(1937) has done for wheat. It has been said that the blade elongates first, and

is followed by its sheath. In text-fig. 6 the whole leaf has been measured as a unit;

consequently successive leaves overlap (or would overlap if the growth curve were

extended to its origin). This overlap represents that period of time when a sheath

and the new blade which it encloses are growing up together,

overlap, the leaf has grown out of the sheath and continued its growth alone.

The internode may or may not elongate, depending on where it is located on

the plant. If it does elongate, it does so only after the leaf has matured. Under

vegetative conditions, as in the rhizome, and in the early reproductive phase as

shown in text-fig. 6, only one internode grows at once. Under the influence of

the inflorescence, however, there is a tendency for some overlap of elongation in

those internodes just below the flower head. In bluegrass the last three internodes

elongate more or less simultaneously. An overlap has also been recorded by Shar-

man for maize (1942) and Agropyron (1947), by Prat for rye (1935), and is

suggested in the last two nodes of wheat (text-fig. 6).

A grass plant thus develops by virtue of its ability to produce new phytomers

and to elaborate the plastic organs situated thereon. The remarkable plasticity and

independence of these units make possible the varied appearance of different

grasses and the different parts of the same grass. This will become apparent with

i-Vip following dpscrintinn of the three main shoot tVDes in bluegrass.
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360
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sheaths
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320
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240 -
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440

Fig. 6. Growth in length of leaves and internodes of wheat. (From
H. L. van de Sande-Bakhuy/.en, "Studies on Wheat Grown Under Constant

Conditions." Food Res. Inst. Misc. Pub. No. 8, p. 102. Stanford University,

Calif., March 1937).

The Rhizome

What Does It Look Like?—A rhizome is by definition an underground stem.

In bluegrass this means from a few millimeters to several centimeters underground.

It may grow horizontally below the surface for 6-12 inches; it may merely swing

out and up in a short inverted arch; or occasionally it may turn up abruptly with-

out making any lateral growth, in which case it should probably be considered

merely an extra-vaginal shoot. Plate 6, fig. 15, shows rhizomes of these three types

on a single plant. The fact that the rhizome is a stem imposes upon it certain re-

sponsibilities. It cannot pursue its underground path by simply adding cells at its

tip as does a root. Its growing point is obliged to produce phytomers, which in

turn produce leaves, internodes, nodes, buds, and roots. The rhizome thus becomes

a jointed structure with various appendages rising from the vicinity of its nodes.

Internally the separate phytomers are bound together by a complicated vascular

system.

The most prominent parts of the rhizome are the elongate white internodes,

which, in series, make up the axis. These average 1 or 2 cm. in length, are solid,

and are frequently rather flattened in cross-section. The tip of this underground

stem is like a sharp white awl and is well suited for penetrating soil (pi. 6, fig. 16).

This tip is actually a much-reduced leaf which has no blade. It is essentially a

closed tube although a minute pore is present at the tip. It serves well as a sort

of caisson within which the subterranean growing point can work to lay down
building material and elaborate new structures. When a new rhizome leaf has

been fashioned inside, it penetrates the caisson, which then splits and dries up. On
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the older parts of the rhizome these leaves hang loosely at each node and become

weak brown remnants scarcely recognizable as foliar structures. They are given

the special name of catapbylls, or scale leaves. These cataphylls are arranged on

opposite sides at successive nodes, and partially conceal the internode of the next

phytomer (text-fig. 7). In the axil of most cataphylls is an axillary bud, though

occasionally no such structure can be found, especially at the first few nodes. A

pair of roots usually appears at each node, one root on either side of the bud.

The first two or three internodes nearest to the parent plant are quite short,

less than 1 or 2 mm. The next few are intermediate in length, while subsequent

ones may range from 1 to 30 mm., apparently depending largely on the amount

of water available to the plant. The sequence of cataphyll lengths is essentially

similar to that of internodes. At the junction of the main shoot and the rhizome

is found the first scale leaf, if such it may be called (text-fig. 8). It has only two

prominent veins and arises from the upper side of the rhizome with its back to

the crown. It is minute, less than 1 mm. in length, and slightly heart-shaped

when it has been broken open. Presumably, it is the undeveloped prophyll which

will be more completely discussed with reference to intravaginal shoots. The next

scale leaf is a short structure, about 2 mm. in length, and is the first true cataphyll.

It is well supplied with vascular strands as any legitimate leaf should be. This

cataphyll and its axillary bud are not located on the opposite side of the rhizome

from the prophyll but are turned only one-fourth of the way around so they are

the side instead of underneath (text-fig. 9). Succeeding cataphylls then

alternate first on one side of the rhizome axis and then on the other. If this

quarter-twist were not put into effect the axillary buds on the rhizome would

point up in the air or straight down in the soil. The first few cataphylls are rather

short, but later ones average just slightly longer than their internodes. Cataphylls

do not vary nearly so much in length as do the internodes, nor do they appear to

be so sensitive to water shortages.

How Does the Rhizome Grow?—The scale leaves are produced from the grow-

ing point of the rhizome in the same manner as described for ordinary leaves, except

that blades do not develop. When a crown bud has been stimulated to grow into

a rhizome, the small enclosing prophyll is broken and successive cataphylls elongate,

though only one at a time. Each new scale leaf is a whitish cylinder which tapers

to a strongly pointed tip. Since the new cataphyll develops within the previous

one (text-fig. 10) there comes a time when penetration must occur. Consequently,

the retaining point of the rhizome is broken open at the tip permitting the next

cataphyll to appear.

Two main processes occur on every phytomer: one is leaf growth, one is inter-

node growth. On the rhizome, elongation takes place first in the cataphyll, then

in the stem behind it, thus following the pattern described for phytomers in gen-

eral. The scale leaf is extended not only by its own growth but by that of the

internode below. It can be seen, therefore, that the penetration of one cataphyll

by another is not simply a matter of one leaf growing up inside the other but is

the product of two separate forces, leaf elongation and stem elongation.

on
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BLADE

SHEATH

OLD CATAPHYLL GROWING POINT MATURE CATAPHYLL

ELONGATING INTERNODE ELONGATING CATAPHYLL

FIG. 10

Fig. 7. A rhizome, X 4%. Fig. 8. First leaves of the rhizome, X 4% (P, prophyll).
Fig. 9. Showing the arrangement of branches and buds on the bluegrass plant. Fig. 10. Diagram
of a rhizome tip. Fig. 11. Diagram of a rhizome tip which has begun to produce cataphylls tipped
with blades and is turning up.
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One might describe the growth of the cataphyll as the forging of a steel tip.

Once the tip is forged the developing internode serves as a shaft by which the tip

is pushed out of the old cataphyll and through the soil. While this is g

point Sooner or

later the tips of the cataphylls become more delicate, a little less conical and a

little more flattened. Upon close examination it will be seen that the point (only

1 or 2 mm. in length) is no longer a complete cone with a small pore, but is slit

down one side (pi. 6, fig. 17). Furthermore, if we open this slit carefully we will

find the slit point is separated from the rest of the cataphyll by a thin perforated

membranous diaphragm which is the ligule. This new, longer, open point thus

represents the first beginning of a leaf blade on the cataphyll. It is common to

find many cataphyll leaves tipped with very short blades, but wherever this tip,

by virtue of the removal of some physiological block, is allowed to reach a length

of 4 or 5 mm. it is apt to be associated with a curving up of the rhizome and with

its prompt appearance at the soil surface (pi. 6, fig. 18).

How Does It Turn Up?—In many respects we should not speak of a rhizome's

turning up at all, for very little, if any, bending originates in the internodes, nodes,

or cataphylls of that structure, even though they may become secondarily curved

by playing follow-the-leader with the new blade (text-fig. 11). This blade, in

soon

as it has exceeded the limitations of its enclosing cataphyll it shows this prejudice

by striving to reach upward to the soil surface. This change from no blade to a

fairly long blade (several cm.) is sometimes a sudden one, in which event only

one leaf is required to make the break. The fact that the longer blade is usually

associated with a longer sheath makes this a possibility. On the other hand, progress

toward a long blade is sometimes slow, and two or three leaves may be involved

in the effort to reach above ground.

Once a bladed leaf reaches the light, no elongation of the internode beneath

ordinarily takes place. Light, working through the blade, prevents internode

growth. Weintraub and Price (1947) investigated the physiological basis of such

inhibition in the oat seedling and showed which wave lengths of light cause the

inhibition, but they did not isolate the photo-receptive substance. If blade-tipped

cataphylls do not reach light, the associated internode will elongate,

with a long well-developed blade is prevented from reaching the light by being

covered with soil, manure, or other debris the internode will become abnormally

long (text-fig. 34). Where the transition from cataphyll to aerial leaf is abrupt,

the rhizome shoot has a characteristic abrupt right-angled appearance, but where

the transition is slow and internode growth takes place within the upbending leaf,

the rhizome is gracefully curved. The manner of turning up, which varies greatly

with habitat and strain, has a distinct influence on the depth and angle at which

the crown of the subsequent shoot comes to rest.

Every aerial leaf which develops from the underground growing point follows

the course of the transitional leaves, since each new leaf blade arises within the

Wh
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previous sheath. Successive leaves increase in length, and later development of

the crown is similar to that already described for the seedling. In pi. 6, fig. 18,

the last roots on the top rhizome indicate the position of the growing point within

enclosing sheaths.

The most important result of this turning-up process is that the growing point

of the shoot is usually left submerged in the soil to a depth of 1-3 cm. This is of

great value to a pasture and lawn plant which must withstand close grazing, tread-

ing, and mowing. Of significance also is the accumulation of a well-protected

reservoir of subterranean buds in the crown area which can provide new rhizomes

on a minute's notice. It will be noted in text-fig. 11 that usually the rhizome

axis remains essentially horizontal and its buds point in the same direction as the

rhizome. This exerts a directional influence on new rhizomes which develop. It

explains in part the maintenance of a general similarity of direction from one gen-

eration of underground shoots to the next. As the shoot becomes older the crown

becomes more vertical and the buds more crowded; new shoots then develop in

almost any direction.

Why Does the Rhizome Turn Up?—The turning-up of a rhizome is usually

not due to the influence of the environment on the rhizome itself, although

mechanical obstruction sometimes plays a small part. Instead, turning-up seems

to be correlated with some physiological development within the parent plant.

Sharman (1947) has mentioned the fact that light reaching the rhizome was not

the deciding factor in Agropyron repens, for rhizomes of that species will continue

to grow horizontally (though they turn green) when the soil around them is re-

moved. Similarly, above-ground stolons of many grasses and rhizomes of other

plants such as the common Sansevieria have reduced leaves and remain prostrate

regardless of their being exposed to light.

With bluegrass, rhizomes artificially exposed usually begin to form blades and

shorter internodes, and soon turn up. The number of transitional leaves, however,

may vary considerably. That the rhizomatous habit in this species apparently

hangs in a fairly delicate balance is suggested by various experimental results and

observations. Harrison (1934) has found that rhizomes tend to be much shorter

when grown in a high nitrogen medium. Brown (1939) has presented data that

show decreasing rhizome length above a temperature of 70° F. and below 60° F.

Heavy clipping and grazing also reduce rhizome length. In early spring and early

fall, when above-ground growth becomes more proteinaceous and darker green

and when carbohydrate reserves are drawn on heavily, practically all rhizomes

below the ground begin to appear at the surface.

Laboratory Experiments.—In a series of experiments, the growth of rhizomes

was studied under controlled conditions. The rhizomes were separated from the

parent plant and placed upright in test-tubes containing a little water, or in Petri

dishes on blotter paper. These were then grown in the dark, and were subjected

to the following treatments with the results indicated:
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TABLE I. GROWTH OF RHIZOMES SEPARATED FROM PARENT PLANT

Aver. %
m

Number initial Grown Temp. Days Treatment increase

of

rhizomes

length

(cm.)

in (°C.) in

length

4

•

3 Tubes 70 14 Tube filled with water
1

4 3 Tubes 70 14 Tube filled with nitrogen

4 3 Tubes 70 14 Tube filled with air 50

5 6.4 P. dish 40 14 Distilled water 24

5 6.0 P. dish 40 14 Auxin, 1 mg./liter 20

5 6.1 P. dish 40 14 Auxin, 10 mg. /liter 32

5 5.6 P. dish 40 14 Auxin, 50 mg. /liter 28

5 5.4 P. dish 40 14 Distilled water 33

5 5.7 P. dish 40 14 Iodoacetate, .00001 m. 19

5 6.4 P. dish 40 14 Iodoacetate, .0001 m. 10

5 6.0 P. dish 40 14 Iodoacetate, .0005 m. 15

5 6.2 P. dish 40 14 Iodoacetate, .001 m. 19

9 5.0 P. dish 40 38 Distilled water 34

18 5.0 P. dish 40 38 Glucose, 1% 88

While in general the numbers of rhizomes used were insufficient to lend sig-

nificance to the small differences indicated above, the response to glucose is clear,

and a slight inhibiting effect of iodoacetate is strongly suggested. All rhizomes

which made any growth showed a distinct tendency to turn up. Glucose rhizomes

continued alive for 3/2 months and eventually increased on an average of 125 per

cent in length, while the distilled water controls showed almost no growth after

two weeks, and were obviously dead after one month. Figure 19 of pi. 6 shows

control and glucose rhizomes removed from the Petri dish for comparison.

Another group of experiments utilized the rhizome while it remained attached

to the parent plant. In this group test-tubes were supplied with rubber stoppers

in which there were three holes. Into two of these holes right-angled glass vent

tubes were inserted. The rhizome of a bluegrass plant was inserted into the test-

tube through the third smaller hole and was then sealed in with a little cotton

saturated with lanoline paste. The entire plant could thus be conveniently held

in place by fixing it between the vent tubes. The test-tubes with their respective

plants were then placed in a flat and covered with vermiculite so that no light

could reach the rhizomes. The plants were in a perfectly normal position and

could produce leaves and roots in their usual manner. The bent glass tubes en-

abled the rhizome chamber to be filled with air, nitrogen, or water. Three tubes

were left with free access to air; three were filled with distilled water and corked

up; and three were flushed with gaseous nitrogen for ten minutes each week and

were then sealed.

All rhizomes grew well, though all showed development of leaf blades and a

concomitant effort to turn up. In some cases later leaf blades became much shorter

and practically scale-like after the parents became well established. Growth aver-

ages of the rhizomes in each treatment over a period of four weeks were as follows:
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Tube filled with Total growth

Air 7 cm.

Nitrogen 6.5 cm.

Water cm.

new

Two of the air rhizomes continued to grow for six weeks longer, increasing in

length by 23 and 29 cm. There were approximately 15 phytomers on each of

these, produced over a total period of ten weeks. This average of one
phytomer every four to five days is somewhat less than that achieved under com-
pletely natural conditions. In this experiment the vermiculite medium was sterile

and not favorable for perfect development.

These experiments were not designed with any idea of statistical demonstration

of facts, but were rather trial runs to perfect techniques. The indications are

fairly clear, however, that while isolated rhizomes apparently will not grow in

water or nitrogen they will grow to some extent in air, and will remain alive longer

and grow more when supplied with sterile glucose than with distilled water only.

In every case where growth occurred rhizomes began to turn up. No treatment

prevented this.

Rhizomes remaining on the parent plant were able to grow equally well in

gaseous nitrogen, distilled water, or air, and it happened that those in air outlived

those in other media. In these rhizomes there was a strong tendency at first for
leaves to develop, and for the tips to turn up. Later leaves, however, were much
reduced. It is apparent that the rhizome has distinct possibilities in the field of

experimental growth study, especially because of its natural independence of light.

With the use of a complete nutrient solution and various hormones and inhibitors

information might well be obtained on controlling factors in leaf differentiation

and geotropic responses.

Internode Lengths.—The internodes of rhizomes are delicate recording devices.

Their lengths are highly variable and apparently indicative of some fairly funda-
mental condition in the parent plant. A considerable number of rhizomes were
dug up occasionally during several summers and each one was plotted on a graph
on the basis of its sequence. In a given year a remarkable similarity of pattern

was found to prevail in rhizomes from different plants and habitats.

Text-fig. 12 shows diagrams of a few of these underground shoots dug from
several localities during July, 1948. Not only is there a similarity of pattern, but
also a strong correlation of phytomer numbers. The consistent reduction in inter-

J

evidently indicative of a period

June. In rhizomes dug up in

length played a part was thus eliminated. The rainfall records given in text-fig. 12

show that there was no shortage of moisture in 1949.

The conclusion that dry soil results in short internodes agrees with the observa-
tion that excessively drained sites showed shorter average internode lengths (text-

fig. 13). The data of Phillippe (1943) are significant here in that they show no
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Fig. 13. The number of internodes of given lengths on rhizomes collected from
two good soils, one of which was excessively drained.

correlation between internode lengths and various levels of potassium, nitrogen,

or phosphorous in his nutrient solution cultures of bluegrass.

By matching and superimposing the patterns of a series of rhizomes dug up at

different intervals during a year, a complete sequence of rhizome growth from
some time in late May up to fall could be prepared. The sensitivity and uniformity

of rhizome growth would seem to offer some interesting possibilities in interpreting

the past history of a sod and related environmental and climatic conditions.

When Do Rhizomes Grow?—A seasonal interpretation of rhizome growth is

not simple. About the only time that one cannot find a few rhizomes still pursuing

their underground path is in late winter and early spring, and there are even some
exceptions to this. Wherever rich soil is kept warm and moist during winter by
circumstances such as proximity to heat pipes and buildings, or in alluvial soils

close to the water table, rhizomes which are especially thick and white can usually

be found. Even these, however, ordinarily turn up with the advent of spring.

There is one period when rhizomes are almost always found just beginning to

grow, and that is when inflorescence elongation begins. From that time on through

the rest of the summer rhizomes appear from subterranean axillary buds and grow
at length through the soil. By late August most of these have turned up. At this

time there is frequently a very brief flush of new short sprout-like rhizomes which
are described in detail in the following section. For a few weeks in late Septem-
ber or early October, when the leafy tops are growing rapidly, there will usually

be a second period when few new rhizomes can be found still underground. A
great deal depends on just how rapid the fall flush of growth is. In dry years

greening may be so slow that cessation of rhizome growth is not very abrupt, and
possibly may not occur at all.
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Production of rhizomes in late fall depends again on seasonal conditions and

habitat. It is highly variable, but in general some buds do develop and grow a

few inches. These late rhizomes are often caught underground, or just at the

surface when the soil freezes. They then wait for spring thaws, as do the under-

ground parts of many early-developing spring plants.

Rhizome Types.—Rhizomes are not all the same. Some turn up almost im-

mediately without ever making a long internode and look much more like intra-

vaginal shoots except that they do not develop inside a living leaf of the parent

plant (pi. 6, fig. 15). Under a few conditions rhizomes are inclined to be stolon-

iferous; that is, instead of growing underground they grow along the surface of

the soil and usually bear well-developed leaves instead of cataphylls. Those rhizomes

which grow underground are also of various types. Some, such as those grown in

the box, grow down and then up in a broad curve, while others grow

horizontally just below the soil surface. Some are delicate and wiry, others fat,

white, and flattened on the side.

Rhizomes differ greatly in their tendency to branch. Generally, in established

sods axillary buds are suppressed. If the terminal bud is injured, however, then

one or more of these rhizome buds develop. Under especially favorable growing

conditions vigorous rhizomes will branch voluntarily (pi. 7, figs. 20 and 21, left).

Evans and Ely (1935) found that in spaced plants grown in a nursery plot about

10 per cent of the rhizomes showed some branching, and that as a result of branch-

ing some clones or plants of bluegrass gave rise to as many as six vegetative genera-

tions a year. Branching also occurs when an actively growing rhizome is exposed

to bright sunlight accidentally, before it is prepared to turn up. In this case

branching is limited to the last few nodes, and the branches do not have long white

internodes but turn green and bend upward immediately. The development of

branches apparently depends on some critical balance which can be altered by en-

vironmental conditions. As with every other characteristic of the bluegrass plant

variation with strain is also evident.

There are also some fairly striking seasonal differences in rhizomes. In general,

summer rhizomes pursue a deliberate underground course, extending the plant to

some distance. These mieht well be called extensor rhizomes. They result when

a developing bud feels some distinct obligation to remain underground and not to

produce leaf blades except as a last resort. Figure 21 of pi. 7 shows examples of

this type. Other rhizomes might well be termed sprout rhizomes, for they seem

to be a response to a different combination of conditions in the parent plant. They

represent a sort of desperate effort to perpetuate the parent plant in the face of

some adverse condition. Such rhizomes are short and are characteristically found

on plants which have been injured in some manner. They may arise from a crown

or from another rhizome. Plate 6, fig. 19, shows the extreme type of sprout, de-

veloped from a separate rhizome very short on food reserves. Harrison (1934)

shows similar sprouts from rhizomes of plants which were injured by high tem-

peratures. During a brief interval from late August to early September, just be-
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fore rapid fall growth begins, many short sprout rhizomes appear from the crowns

of plants which have been burned, grazed, or mowed too close, or, weakened by

rank growth, allowed to accumulate on the sod. Such sprout rhizomes play a very

essential part in the perpetuation of rank meadow bluegrass, and are especially

common on those plants which have bloomed during the previous spring (pi. 7,

fig. 22).

While rhizomes may be given names they themselves are not cognizant of any

classification and may be intermediate in length, function, and appearance. Thus
a pasture which has been grazed throughout the summer seldom contains any long

extensor rhizomes. They are usually a sort of half-breed type, and are produced

all summer long and well into fall.

The Tiller

The tiller resembles a seedling or a turned-up rhizome in having green leaves

and a nubbin of short root-bearing internodes at the base (pi. 7, fig. 23). This

shoot arises, however, directly from an axillary bud (text-fig. 2; pi. 7, fig. 24)

and not from a seed or from the tip of a subterranean stem. As pointed out

earlier it develops in the axil of a living leaf.

MAIN
SHOOT

ROOT
BUD-

FIRST LEAF

2ND TO
LAST
LEAF

NEXT TO
LAST LEAF

LAST LEAF

TILLER 2

growing:

BLADE

SHEATH

PROPHYLL

TILLER I

Fig. 14. The first organized structure

to develop from an axillary bud is the
prophyll. It sheathes the first leaf.

Fig. 15. The parts of the plant which
grow at the same time during the fall

"shooting season." See Table II.
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The Prophyll.—Morphologically the tiller is distinctive only in the possession of

a well-developed prophyll, or pre-leaf (text-fig. 14; pi. 7, fig. 25). This small

insignificant structure is seldom seen or examined closely, for its life is short and

its purpose quickly served. It is the first organized structure which develops from

an axillary bud (Sharman, 1945). It does not look like an ordinary leaf for it has

no blade. It is a semi-membranous sleeve, about 2 to 3 cm. long, which is flat or

somewhat grooved down the side nearest the main shoot. In cross-section it is

semi-circular or somewhat crescent-shaped, and at each edge of the crescent is a

prominent vascular strand which extends from the base of the prophyll to its tip.

Very small strands may be visible along the outer rounded edge. The prophyll is

a completely closed tube except for a small pore at its tip which represents the

opening left when the primordial prophyll slipped over the growing point. In this

and many other respects it is similar to the cataphyll of the rhizome.

The prophyll, although the first structure to appear on the axillary growing

point, does not elongate up through the confining base of its axillant leaf alone,

but instead waits for the first true leaf which grows up within it. Measurements

of a typical plant in process of elongating its shoots will show this synchronization.

TABLE IT. PARTS OF A PLANT WHICH CROW AT THE SAME TIME

Position Length in cm. of blade, sheaith

of leaf

and sheath
Parent plant Tiller sheath 1 Tiller sheath 2

Blade Sheath Blade | Sheath Blade Sheath

Last leaf 1.2* .5* .4*

Next to last 4.7 .9* 2.0 .5* (prophyll .4*)

2nd to last 2.7 6.0 (prophyll 2.5)

* Indicates organs in process of elongating.

Here we see a repetition of a pattern of growth already discussed: that is, the

simultaneous growth of a blade and its enclosing sheath. Although the prophyll

does not exactly look like a sheath it seems to behave like one in most respects.

It also bears a striking resemblance to the coleoptile or pre-leaf of a grass seedling

(pi. 7, fig. 26) which accompanies the first true leaf of the germinating plant up

through the soil and into the light. Both structures have two prominent veins

and a pore at the top, are membranous, cylindrical, and have no blade. McCall

(1934) has discussed this similarity in detail and has supplied anatomical evidence

in support of the idea that the two organs are homologous.

Since no studies of the course of prophyll growth have been made and in view

of the evidence that coleoptile and prophyll are basically similar, a growth curve

(text-fig. 16) is reproduced from Weintraub and Price (1947) which probably
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HOURS

Fig. 16. Growth curves of the parts of a new oat seedling, in darkness

at approximately 25° C. (From Weintraub and Price, 1947).

expresses fairly well the relationship of the pre-leaf and its enclosed true leaf. This

curve represents the growth of the oat coleoptile and first leaf in the dark. It is

observed that both structures have the same growth rate, and also that as soon as

coleoptile growth stops, the leaf emerges. One must assume, therefore, that both

structures began growing at approximately the same time unless some drastic

change of leaf growth rate occurred, which is improbable. While this curve per-

tains specifically to the oat coleoptile, it undoubtedly applies roughly to the growth

of the prophyll and the first leaf of an axillary bluegrass shoot.

It may be interesting to explain the presence of the third curve, labeled

"mesocotyl" (text-fig. 16). The mesocotyl is an internode of the oat seedling

which elongates upon germination and sends the growing point and the immature

coleoptile up toward the soil surface. The curve shows this internode elongating

before any of the leaves, which is not in keeping with previous statements to the

effect that internodes elongate only after their associated leaf is fully developed.

However, McCall (1934) in his examination of the oat seedling has shown that

the so-called mesocotyl is the first internode and that another very short internode,

the second, separates it from the coleoptile which can be thus considered the second

leaf. The second internode does not elongate. Since the mesocotyl belongs to

the first phytomer, it is under no obligation to wait for the coleoptile to elongate.

The leaf of the first phytomer is minute and not readily visible. The basic system

of phytomer development thus holds as true in the earliest stages of seedling growth

as in more mature plants.
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owth of Table II and text-fig. 15 show very well the

interrelations between the parent shoot and the development of intravaginal

branches. On a given phytomer the bud does not begin to grow into a tiller until

the phytomer leaf has matured its blade and begun its sheath. Then four organs

grow at the same time, the main sheath and the next main blade, the prophyll, and

the first shoot leaf.

Since the prophyll and the shoot are thus synchronized, succeeding branch

shoots are also synchronized. This accounts for the observation that in a sequence

of intravaginal shoots on a plant, from the oldest to the youngest each shoot has

one less leaf (text-fig. 17). There are exceptions to this of course. No one

PARENT TILLERS-* I 2 3

Fig. 17. On a plant which produces numerous tillers, each younger tiller is one

leaf behind. W is short winter leaf.

phytomer seems to be wholly compelled to operate strictly in agreement at all times

with its neighbors, though for shoots produced during the optimum tillering period

in fall, under good conditions, such agreement seems commonly to exist. Under

less favorable situations it is only reasonable to expect that a bud might hover

between the decision to grow now and become a tiller or wait and grow up to

be a rhizome. The indecisive individuals explain transitional types which are not

strictly synchronized.

The prophyll may be longer but it is usually shorter than the leaf blade it en-

closes. In any case, the first sheath raises the first leaf out of the prophyll and

exposes it to light. Other leaves of the shoot follow in the usual sequence, and

the tiller becomes a new plant. Its own axillary buds can develop into other shoots

in the same fall provided shooting starts early enough. Three generations are not

uncommon and four or five are possible (pi. 9, fig. 28). Roots grow out from

each mature node of the tiller crown and give it some measure of independence.

In late spring any spare buds may develop into rhizomes. An inflorescence may

appear the first spring though it is usually shorter and bears fewer leaves and

spikelets than an inflorescence of the main axis. An intravaginal shoot with as

few as two leaves can produce a panicle, while a rhizome with less than seven or

eight leaves seldom flowers. This is in agreement with the observations of Cooper
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and Saecd (1949) on ryegrass where a minimum of eight leaves are required before

the main shoot will flower, while some tillers flower with only a prophyll.

Shoot is. Leaf Width.—The above facts indicate that the flowering stimulus,

once developed, can be transmitted from the main shoot to its tillers. To what

extent other aspects of the growth of tiller and main shoot are interrelated is dif-

ficult to tell. Von Octtingen (1930), in a study of bluegrass leaf widths, stated

that on rhizomes which have turned up there is usually a gradual increase in leaf

blade width up to a certain point. Wherever an intravaginal shoot appeared, how-

ever, he found the leaf above to be abnormally narrow. This he attributed to a

drain on the food resources of the main shoot by the branch. There are several

rea

so much with the idea of disproving his idea that the following discussion is

presented as it is to demonstrate how information such as that included in this

study may apply to a specific problem.

In the first place, as we have seen, the leaf blade on the main axis above a new
tiller has practically reached its full development by the time the prophyll and the

first leaf of the tiller start their elongation, so that one would expect any competi-

tion for food to influence the sheath above instead of the blade. It might also be

added that bluegrass is an extraordinarily efficient plant and only a small amount
of leaf would need be exposed to light for it to attain its independence. The en-

ery

oot

ery

not consume extensive reserves in reaching its full extension. The efficiency of

bluegrass in making maximum growth with a minimum of leaf and minimum con-

sumption of stored carbohydrates or of accumulation of carbohydrates on a mini-

mum of leaf has been suggested by data in Smelow (1937), Klapp (1938), Peter-

son (1946), and Harrison and Hodgson (1939) among many others.

Von Octtingen himself has indicated that reduced width is not correlated with

a reduced number of vascular strands. In tillering varieties of sweet corn it has

been shown that so-called suckers contribute to, rather than drain, food supplies

of the parent (Jones et al, 1935). The explanation of Von Oettingen's observat-

ion is probably much more simple and points out the need for understanding not

only the course of anatomical maturation but also the seasonal sequence of develop-

ment of a plant to which statistical and taxonomic techniques are to be applied.

The comparison made by Von Oettingen involved rhizomes which had no shoots

and those which had only one or two. As a general rule, any rhizome which
appears in fall will develop at least one or two side shoots, but those appearing in

winter and spring are not apt to have any such shoots. The plants with branches

thus go through a winter, and during that time leaf width of short-leaved plants

decreases naturally (text-fig. 18). It is on these one or two late fall and winter

phytomers that most of the branch shoots appear, and they are thus automatically

associated with narrow leaves. Spring leaves are longer and wider and thus the

contrast is accentuated. If, then, plants are later pulled up in summer at random
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and the leaf widths examined, the significance of the narrowness of leaves asso-

ciated with intravaginal shoots is not apparent.

Even the observation of a correlation between shoots and narrow leaves is open

to some criticism. According to text-fig. 18, the relationship is actually just the

reverse in rank meadow grass, where fall leaves increase in width while shoots

increase in number. In grazed grass the early fall leaves increase in width while

winter leaves become narrower. Shoots, meanwhile, increase in number all winter

long, and virtually every new bud develops into a tiller. Therefore if the shoot

had any effect on the leaf width it should show up in the average.

TILLERS LEAF LEAF

(NO) LENGTH WIDTH

(CM) (MM.)

4 AO 32

3.5 35

30

£5 25

20

1.5 15

I 10

TILLERS, GRAZED

LEAF WIDTH, UNGRAZED

LEAF WIDTH, GRAZED

TILLERS, UNGRAZED

LEAF LENGTH, UNGRAZED

LEAF LENGTH. GRAZED

AUG 28 SEPT. 19 OCT. 18 NOV. 7 NOV 27 DEC.27 .IAN 24 MAR 5

Fig. 18. Relationship of tillering, leaf length, and leaf width in meadow and pasture bluegrass

in fall.

There are also indications that the severity of the winter and the seasonal

development of available nitrogen in the soil influence the sequence of leaf widths.

If the soil is frozen much of the winter, leaves will be deprived of water and will

be narrower as a result. In mild winters such as that of 1949-1950, when the

leaves were measured (text-fig. 18), very little freezing weather was encountered.

One might thus expect that midwinter leaves of bluegrass grown in northern

localities would consistently be narrower than those of southern-grown plants.

Shoot vs. Leaf Length.—While the relationship between leaf width and the

presence of shoots does not seem to be constant, there is one correlation which

seems to be rather consistent under normal cultural conditions: that is, the asso-

ciation of short leaf length with much tillering. This association is suggested in

many ways. It is quite noticeable that mowing or grazing rank grass in early

fall causes a great increase in the number of tillers. On unmown grass develop-
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ment of shoots is weak and delayed until late fall or early winter. This difference

is expressed the following spring in a much larger number of panicles in the mown
grass (Spencer, 1949) and in the thickening of the early spring stand.

Some preliminary measurements of leaves on plants examined in late spring

gave the following results:

Blade length

13-30 cm.

12—3 cm.

Number with shoots

3

Number without shoots

12

27 5

More detailed data taken on grazed and ungrazed sods in fall and winter are

compiled and presented in text-fig. 18, which shows clearly the delay of branching

characteristic of ungrazed grass. This delay amounts to nearly two months, and
the critical leaf length would seem to be around 10 or 12 cm., which is in keeping

with the above figures. On grazed grass, however, leaves average under 12 cm.

-s until September. Leaf lengthooting

seem

alone is therefore not the deciding factor. We have thus defined tl

and obligatory limits of shoot development. They can develop as early as late

August, but seldom appear in quantity until October. By Decembi
more or less obliged to appear.

The association between short blades and intravaginal shoots is further reflected

by results obtained in some fertilization experiments made during different seasons.

The fertilizer used was undiluted horse urine applied at the rate of two gallons to

a square meter. Urine was used because of its quick action and its natural impli-

cations. The results are shown in the following table:

TABLE III

LEAF LENGTH AND NUMBER OF INTRAVAGINAL SHOOTS AS RELATED TO TIME
FERTILIZATION. (FIGURES REPRESENT AVERAGES OF 10 PLANTS

MEASURED ON JUNE 4, 1949)

OF

Fertilizer applied Number of

branches

Late August
Late September

Late October
Early January
Early April

Control (no fert.)

Leaf length of

last complete leaf (cm.)

5.8 6.5

10.0 21.2

8.1 33.2

3.7 55.7

3.1 33.7

3.6 15.0

Plants typical of the above experiment are shown in pi. 9, fig. 29. With a fall

application a decided increase in shooting was observed so that in spring a large

number of panicles were seen, but the numerous leaves were abnormally short.

Winter applications yielded only slight increase in shoots and inflorescences, but
the leaf was exceptionally long. The data for August show that again shortness

of leaf is not infallibly followed by prolific branching. It emphasizes, instead,

that probably no correlation holds true except under specific seasonal and environ-
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mental conditions. The rhythm of the plant itself must be considered in in-

terpreting measurements of this sort. In August, day length, soil moisture, and

temperature are all quite different from those of September or October, and as

already shown the plant is essentially incapable of forming shoots during that

period. It is not strange that its response then should differ considerably from that

a month or two later. There was little carry-over effect of the August application

of urine because of a hot dry period during which much of the nitrogen was ap-

parently lost. The extreme shortness of leaf in the August plants is not readily

explainable, except for the possibility that the slight burning effect which the

urine had on that occasion may have depleted the plants' reserves at a critical time.

It has been observed that very close cutting or stripping of top growth at this

period results in weak short-leaved plants.

Tillering in bluegrass has been shown to depend to some extent on day length

(Evans, 1949; Harrison, 1934). Temperatures may also be a determining factor,

for in the laboratory cultures with baby bottles it was found that while no shoots

were produced with a 14-hour day at temperature of 70° F., at 40° numerous

shoots appeared.

Shooting is thus seen to be a complicated activity. It depends on day length,

temperature, nutrition, stage of development of the plant, and is associated with

short leaves, though all short leaves do not produce shoots. Leaf width bears little

if any relationship to shooting, except coincidentally.

/ There is strong evidence that the parent plant may control

the destiny of the tiller at certain critical points of development. This begins to

be obvious at the time of elongation of the panicle, about the 10th to 20th of

April in central Missouri (Table IV).

TABLE IV. DEATH OF INTRAVAGINAL SHOOTS IN SPRING

Date Number of

shoots examined

Number
dead

March 19 12

April 2 13

April 17 19

April 24 15

May 1 16

May 7 17

May 14 16

May 23 19

May 31 26

Per cent

dead

6

4

2

9

8

8

11

32

27

13

33

50

42

42

espe

which has not been grazed or mown, though it is probably also a common event

wherever conditions are not ideal.

Death of some branches is a necessity in a sod which maintains a more or less

even density from year to year, even though the average number of new vege-



[Vol. 38

326 ANNALS OF THE MISSOURI BOTANICAL GARDEN

hoo The main shoot dies after bearing

an inflorescence. Of the two tillers, one is generally dead before flowering is com-
pleted (Table IV). Perpetuation of the grass through the rest of the season is

thus left up to the one remaining intravaginal shoot and whatever rhizomes de-

velop during summer or fall. By early winter, however, practically all the original

tillers have died, and it can be seen that maintenance of the population from one
year to the next under meadow conditions is primarily dependent on the production
of rhizomes. Rhizomes which develop in summer are primarily responsible for the

inflorescences of the following year.

That the apparent detrimental effect which blooming has on the tiller may be

related to water shortage is suggested by Sharman's statement (1947), that when
the apices of the blind shoots (non-blooming tillers) of AgropyroH repens are dis-

sected during the flowering season they are "pliant and do not cut crisply, as

though they were suffering from lack of water." As in bluegrass, these shoots of

by It is also well known that

grass crops such as maize require especially large quantities of water during the

period of elongation of culms.

It would seem to be to the grazer's advantage to keep these tillers alive since

they provide much of the summer's forage. By mowing at the proper time (about
the third week in April) and by cutting low enough to catch the flowering head,
blooming can be prevented and the vigor of the tillers might well be maintained.
Unless these tillers live into the summer there may be a considerable loss of forage

or sufficient thinning of the stand to permit invasion by weeds. Mowing at this

stage of growth is not common in the United States, but Hamilton (1942) has
mentioned that it is a practice on the intensively farmed ryegrass pastures of New
Zealand, and suggests that were more power-mowing equipment available it might
be profitably practiced more widely. Grazing at the proper time might also be
used to serve the same purpose. Ryegrass, as Cooper and Saeed (1949) point out,

is more of a problem, for usually a single cutting is not sufficient to prevent later

flowering. Since bluegrass can only become "ripe to flower" during winter, one
cutting is all that is necessary in that species.

Ahlgren (1938) has made tests simulating three conditions of spring-grazing,

the first cutting of bluegrass being made: (1) to a 1 /2 -inch level at a grass height
of 4-5 inches; (2) when the head had just appeared; (3) after the head was
mature. His data seem to substantiate the above conclusions, for making the
cutting at the 4- to 5-inch height for a period of six years gave a progressively

greater yield each year. Cutting at the time of appearance of the panicle was also

consistently better than cutting at maturity. The data are reproduced below:
The 4- to 5-inch height just about coincides with the period when the panicle

is starting to elongate. The specific time for mowing to best advantage can be
determined by examining the heights of a few panicles while they arc within the
sheaths to see if the mower will cut them. It is quite possible that one of the more

•
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subtle benefits of grazing a pasture involves the prevention of heading at an early

stage, and thus the encouragement of the tillers which must take the plant through

the summer.

TABLE V

PERCENTAGE YIELD OF KENTUCKY BLUEGRASS FROM PLATS GIVEN VARIOUS
CUTTING AND FERTILIZATION TREATMENTS. (FROM AHLGREN, 1938)

Complete fertilization No fertilization

Fully Fully

Year 4-5 Early headed 4-5 Early headed

inches heading to mature inches heading to mature

% % % % % %

1932 79 123 100 71 93 100

1933 92 97 100 74 81 100

1934 113 103 100 108 101 100

1935 108.2 108.2 100 118.8 110.8 100

1936 143.6 105.4 100 189.8 136.7 100

The Flowering Shoot

Purpose and Design.—Bluegrass must be appreciated more for the delicate and

effective way in which it presents its small flowers to the wind than for the beauty

of the individual flower. There may be from 100 to 1000 flowers, or florets as

they are called in grasses, on each flowering shoot. Considering that the plant has

only the phytomer to build with, it does a very efficient job of display. By elimina-

tion or reduction of all unnecessary structures including blades, sheaths, roots, and

some buds, a flowering shoot of quite simple design is achieved. This shoot con-

sists of a main stem or culm which holds a branched pyramidal inflorescence or

p
Clusters of florets (called

spikelets) depend from the tips of the panicle branches. The average culm is

merely a portion of the vegetative axis which has been obliged, because of the

initiation of an inflorescence at its growing point, to follow a course of develop-

oots

long internodes, reduced leaves, no buds or roots, and a hollow stem, all of which

indicate the strong economies of material put into force when the plant is called

upon to flower.

The average culm consists of a series of 3, 4, or 5 phytomers, with each higher

one being less like the normal vegetative ones at the base of the plant. For con-

venience the standard number of phytomers will be considered as 4, and v

be numbered from the lowest, least elongate (1) up to the highest and longest (4).

Actually there is no specific phytomer at the base which one can designate as

belonging to the flowering shoot rather than to the vegetative shoot from which

ill
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MISSOURI

SHEATH

FLOWERING SHOOT

FIG.I9A FIG. 21

FIG. 20

Fig. 19. Diagram of a typical flowering shoot (A), and one of its tillers (B).
Fig. 20. Bluegrass plant from an old meadow showing an average flowering shoot.

Fig. 21. A fallen flowering shoot is straightened by the development of tissue on
side of the enclosing sheath.

the 1ower
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it springs, for the transition is not always abrupt. Each of these culm phytomers

is a distinctive combination of different internode, blade, and sheath lengths (text-

fig. 19A). In an old unmowed, ungrazed, unfertilized, unirrigated, unshaded

stand of Missouri bluegrass the lengths of successive internodes will increase toward

the panicle in a rough ratio of 1, 4, 12, 30. The panicle on top would then be

about 9 cm. Each of these internodes, except the last, bears a sheath at its top

which in turn bears a blade. The average sheath lengths in centimeters would be

about 9, 12, 13 and 0. The leaf blade lengths are in reverse order to the internodes

for they average 13, 9, 4 and 0. We thus can draw the following thumbnail

arithmetical sketch of the flowering shoot:

TABLE VI

COMPARISON OF LENGTHS (IN CM.) OF FOUR SUCCESSIVE CULM PHYTOMERS
WITH THOSE ON A SUCCESSION OF FOUR VEGETATIVE PHYTOMERS ON

ASSOCIATED TILLERS. (SEE TEXT-FIG. 19 A & B)

Culm phytomer Vegetative phytomer

Pan-

1 2 3 4 icle 1 2 3

^ — *~p~

4

Internodes 1 4 12 30 9 * —
Sheaths 9 12 13 8 6 5 6

Blades 13 9 4 12 20 24 30

Total leaf 22 21 17 20 26 29 36

Date leaf completed Apr. Apr. Apr. Apr. Apr. May June

12 17 26 12 26 16 15

* Vegetative internodes too small to be measured.

The last sheath immediately below the panicle may appear as a small hook or

scale at the top of the last phytomer. Rarely a complete leaf may be found. These

figures give only a general picture of the culm, and it is not intended to suggest

that they pertain to other strains or plants from other habitats. The first phytomer

is seen to have a very short internode and a long leaf blade while the last phytomer

has a long internode and no leaf at all. The first leaf is not greatly different so far

as blade and sheath length are concerned from its vegetative contemporaries (text-

fig. 19B, No. 1). With the second blade, however, the influence of the developing

panicle is evident, for comparable vegetative blades average 10 cm. longer than

those on flowering shoots.

Culm leaves are consistently broader than the contemporary leaves of associated

vegetative shoots. Thus measurements of the last leaves on 48 plants, 24 with

inflorescences and 24 without, showed on April 21 average widths of 3.4 and 2.3

mm. respectively. On May 1, after the last culm leaf had appeared the difference

was 2.7 and 2.3 respectively. This indicates that the last culm leaf is less wide

than its predecessors. In general, there is little difference in the width of the

first two culm leaves.

The internodes of the bluegrass culm are rather delicate structures which would

soon fall to the ground were they not partly encased by strengthening sheaths.
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Fig. 22. A bluegrass panicle, X %. Fig. 23. A bluegrass spikclct, X 16.

The lowest two internodes are usually completely hidden from view while the

third generally shows only a few centimeters at the top. The last internode is

sheathed about half way up. The degree of overlap varies radically from plant

to plant.

In case the bluegrass culm, while elongating, happens to fall to the ground as

a result of wind, rain, or trampling, a rapid reaction takes place in the vicinity of

one or more of the nodes causing development of tissue on the lower side of the

culm which gradually restores at least a part of its perpendicularity. On close ex-

amination it will be found that in bluegrass the actual growth and straightening

process depends more on the basal part of the sheath than on the internode (text-

fig. 21). This sheath builds up a wedge-shaped accumulation of tissue around its

lower side, which as it bends up, forces the delicate culm within to raise also.

Arber (1934) states that in other species of grass such straightening may involve

only the sheath, as in bluegrass, or both sheath and internode, or internode alone.

The bluegrass internode, whether on the culm or the rhizome, apparently has very
little to say about what position it will assume.

The Panicle.—At the summit of the culm is the panicle or inflorescence (text-

fig. 22). The branches of this panicle, which arise at nodes, are grouped together

in successive fan-shaped tiers inserted alternately on the panicle axis. Since the

branches of the lower tiers are longer than those of the upper ones the outline of

the inflorescence is somewhat pyramidal. There are from three to five branches
at each of the lower three or four nodes, and these are almost perpendicular to the

main axis at flowering time though in some strains they may droop or be appressed

to the panicle axis. The spikelets, or flower clusters of the grass, are borne at the

tips of these branches and of their subsidiaries.
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The panicle axis, or rachh as it is sometimes called, is a continuation of the

culm. It is composed of some eight or more internodes, only the lower ones being

very prominent. This contrasts with the culm internodes which decrease in length

toward the base of the plant. There are no leaves on the rachis phytomers.

Beginnings of the Vloxvering Shoot.—A flowering shoot is a sudden, striking

thing and seems so different that it sometimes prevents us from understanding

its relation to the course of development in the rest of the plant. In bluegrass the

initiation of the flower takes place in the cold weather of late fall and early winter,

and thus development is slow and goes unnoticed. In spite of its early start, blue-

grass does not display its flowers until mid-May in Missouri,

short days have no magic in themselves, and can work only through the physio-

logical systems of the plant. Under fall conditions it has been shown (Buckner

and Henry, 1945; Peterson, 1946) that bluegrass carbohydrate reserves rapidly

reach a peak. In general, such accumulation of carbohydrates seems to be one of

the significant factors leading to the "ripe to flower" condition in grasses. That

other systems play a part goes without saying, but no effort will be made here to

fathom the chemical complexities associated with the inception of flowering shoots.

To trace the development of a vegetative shoot into an inflorescence we shall

have to go back to the growing point, for that is the beginning of everything.

Musgrave (1940), Nishimura (1923), and Evans (1949) have given good ac-

counts of this process. The following description attempts to synthesize the work

of these three authors.

The vegetative growing point runs on a rather close margin. It commonly has

only three or four phytomer primordia differentiated and available for use (see

pi. 5, fig. 13). As the plant approaches fall, however, either the phytomer organs

differentiate less rapidly, or else new primordia are cut off from the growing point

at an increasing rate, or both, for incipient phytomers begin to accumulate and as

a result the blunt rounded vegetative growing tip of the youthful shoot becomes a

longer, rather conical, wrinkled, translucent point (pi. 8A). This is a tendency

which precedes inflorescence development in practically all grasses, although the

number of phytomers accumulated on the point and its actual length may vary

greatly with different species.

Protuberances Appear.—-The lower, old phytomers of this new cone appear

normal enough, and bear the usual leaf primordium at their upper end, but toward

the point, on the younger primordia, there may be only a faint ridge or no sign of

a potential leaf. Then something happens. The deadline is up, and all phytomers

which have not formed leaf primordia are obliged to get along without them, for

the reproductive phase has begun. The first visible sign of this event on the

growing point is the appearance of small knobby protuberances which, though

arising in a similar alternate manner, are obviously different in origin from the

crescentic ridges from which leaves arise (text-fig. 24A; pi. 8B). These shining

protuberances appear first on those phytomers which have only the faintest trace

of a leaf ridge, then soon both below and above. The protuberance is a rather
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hig. 24. Drawings from Nishimura (1923) showing details of panicle and spikelet development:
A, the elongate growing point which anticipates panicle development; B, small ridges begin to appear
on the advanced protuberances and foretell development of glumes; C, a panicle branch holding
several developing sp.kelcts; D, a much-enlarged individual spikelet with glumes removed and
showing beginning of development of florets and reproductive parts; p r

, protuberance; I, I' I"
successive leaf pnmordiaj g, glume; //, f2 , etc., successive florets; an, stamen primordium; f>i, pistil
pnmordium; r, rachilla; />', palea; la, lodicule; s, stamen.

unique development for, although it obviously represents a branch of the main
axis, it is the only time during the growth of a grass that a growing point is not
encased in its own sheathing cone of leaves. Here is a phytomer which consists of
nothing but stem. Through continued cell division it grows very slowly, almost
as though it were a root. The one phytomeric function which it seems to retain

is the ability to branch. Thus after about a month secondary protuberances arise

(pi. 8C), and in another month tertiary ones appear. By this time most of the
winter has passed, and in late March the growing point may still be only about 1.5

mm. long and yet will contain practically all the cells necessary to build the entire
skeleton of the mature panicle.

pment of In April on all the naked ends of protuberances
of all orders small crescentric ridges begin to appear (text-fig. 24B). J
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the main vegetative point, these ridges are alternately arranged and later develop

into minute leaf-like structures. Thus the conventional phytomer consisting of a

leaf and an internode is reestablished. This is the beginning of the bluegrass spike-

let, or flower cluster (pi. 8D; text-fig. 24C). The first signs of spikelet develop-

ment appear on those protuberances located somewhere between the middle and

main

before those on subsidiary branches.

The first two leaf-like structures which develop from these primordia are called

glumes. They are only 2 or 3 mm. in length when mature, and completely enclose

the growing point and its developing structures. Once conceived, the two glumes

elongate more or less simultaneously, which is not exactly in keeping with the

usual sequence of phytomer development. As shown in text-fig. 26, the last two

blades and then the last two sheaths of the culm elongate simultaneously, so that

apparently when the growing point is going into or coming out of the phase of

panicle formation the normal sequence of elongation is somewhat altered.

Before the glumes close over the growing point a series of 3-5 phytomers with

leaf primordia have begun to form (text-fig. 24C; pi. 8E). These primordia

elongate gradually after the glumes enclose them. They are called lemmas, and

they are distinguished from the lower glumes because they bear, in their axils, an

axillary bud which will soon develop into that long-waited-for phenomenon, the

floret (text-fig. 24D).4 Differentiation of successive lemmas and florets progresses

from the base of the spikelet toward the tip.

As with most axillary buds, the first structure produced from the floret bud

is a membranous, two-veined, compressed sheath-like organ which, though not

called a prophyll any longer, very much resembles one. It is dignified by the

name palea. The growing point of the floret bud (text-fig. 24D), then proceeds

with the differentiation of the critical flower parts, producing in turn three stamens

from small papillae just below the growing point, the pistil from a crescentic pro-

tuberance very much resembling a leaf primordium, and finally the two styles and

stigmas from papillae on the pistil (text-fig. 25). The ovule or egg sac, which is

perhaps the final leaf primordium, remains short inside the pistil after that struc-

ture has closed around it. Within it will develop the egg cell, which would appear

to be the arrested growing point.

From four to seven phytomers are ordinarily found in a bluegrass spikelet.

Their leaves are the glumes and lemmas, their axillary buds are the florets, and

their minute internodes join together to form the spikelet axis or rachilla (text-

fig. 25). The transition toward termination of the growth of this axis is usually

expressed in the form of a final much-reduced phytomer which consists of a fragile

internode and a minute lemma, the so-called sterile floret.

4 By following the phytomer concept to the end and assuming that the glumes are homologous

with sheaths or blades, we should, in reality, recognize the first three leaves (two glumes and the

first lemma) as glumes instead of just the first two, since the first floret is a bud at the base of the

fourth spikelet phytomer, and thus belongs to the fourth leaf, not the third, which is therefore

"sterile." This is a technicality of no great importance to the matter at hand, and might cause

considerable confusion among grass taxonomists. That there are no hard-and-fast rules m this

respect is illustrated by the observations of Sharman (1947) that florets are sometimes found in

the axils of the glumes.
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A, flower
U, lemma

; pa. palea ; H.
diagram.

of a Brass (schematic); to. lodicules; r , rach.lla

:

longitudinal diagram of flower; C\ ipikelet; D t florai

Fig. 25. A diagrammatic sketch of a typical grass flower.
(From fig. 429, on p. 627, of Johnson's "Taxonomy of the
Flowering Plants," 1931. Reproduced by permission of the
Century Co., Publishers).

-/ As the process of spikclet differentiation

ic

proceeds in early April, it seems to send a pulse of life down through all the phyto-
mers which have been biding their time since being inhibited when the proliferating
urge assumed control months before. Their internodes begin to elongate. Tl
actual processes involved in this revival of growth are shown in text-fig. 26. Tl
initial quickening is limited to the panicle proper. Growth is slow at first, less than
1 cm. between March 27 and April 12, then it increases rapidly during the next
ten days to full length. It may not be altogether a coincidence that this panicle
elongation comes immediately after the first and second leaves of the culm have
matured. It suggests that some inhibition may be involved.

Not until the panicle has reached its mature length do the internodes of the
culm begin to elongate to any extent. An exception to this is the first short inter-
node, which begins to lengthen several weeks before the panicle matures. Thi
course of growth seems slightly different from that characteristic of wheat
shown in text-fig. 6. In wheat the growing point at the beginning of the pro-
tuberance stage lias had more phytomers and culm development is more drawn out
and deliberate, with each successive internode behaving as an individual. The
result is a culm with more joints of more nearly equal length. Maize is a more
extreme example of this same situation. Bluegrass with its short growing point
presents only four internodes, only three of which reach any considerable length.

IS

as



1951]

ETTER HOW KENTUCKY BLUEGRASS GROWS 335

It is a common observation that in wheat, corn (Sharman, 1942), and rye (Prat,

1935) the last two internodes elongate at the same time. Prat attributed this to

the fact that there is no leaf on the last phytomer, therefore, the internode does

not have to wait to begin its growth. The fact that in the bluegrass strain ex-

amined here the last three internodes grow at the same time is probably related to

the absence of the last blade and the shortness of the third one.

Culm Leaves.—While it is usually considered that the bluegrass plant lies

dormant during winter except for inflorescence initiation, it is actually producing

a certain amount of leaf growth. On shoots destined to flower, no new leaf

primordia are produced once proliferation takes place, but those primordia already

completely formed do follow a normal course of development within the limits of

environmental factors. The number of leaves which thus develop during the

coldest weather is usually only two or three and these are very short (text-fig

26WB). The internodes below these winter leaves do not elongate, for they are

apparently mature by the time spikelets begin to differentiate in spring. Thes

leaves differ little, if at all, from comparable leaves on vegetative plants or on

tillers of the same plant.

MAR. 15 APR. I APR. 15 MAY I MAY 15 JUNE JUNE 15

Fig. 26. Curves of growth made by various organs of meadow bluegrass during the period of

flower-shoot development in spring.
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With the approach of warmer weather in late March leaf growth receives an

impetus and new leaves grow longer. The last true winter leaf and the first culm

blade apparently respond, rather abruptly, to the rise in temperature. (See sheath

WS and blade WB and B-l in text-fig. 26.) The first blade on the culm continues

elongating. By early April it is joined by leaf blades 2 and J and sheath /, which

elongate at the same time. When these mature, sheaths 2 and J and the panicle

elongate almost simultaneously. Immediately upon their maturation, internodes

2 y 5, and 4 begin to grow. This rush of growth is in decided contrast to the

deliberate growth of phytomers on vegetative shoots of the same plant where only

one blade and one sheath elongate at the same time and the internodes do not

elongate at all. This speeding up of the development of phytomers immediately

below the inflorescence has been noticed by Sharman in maize (1942) and in

quack grass (1947) and is suggested by data of Prat (1935) for rye. This is one

of the factors involved in the rapid appearance, in spring, of a large number of

leaves in a very short time. The more flower shoots there are the more vigorous

this spring flush will be.

There is an interesting contrast between culm and vegetative leaves with re-

spect to final length and rate of growth. Up until about the last of March the

growth rate of the two types of leaves is very similar. After that each successive

culm leaf elongates less rapidly and is successively shorter (text-fig. 26, leaves B-l,

B-2 and B-3). Tiller leaves (T-l to T-4), on the contrary, elongate somewhat
more rapidly, and become successively longer even though on the same plant. This

would suggest that if the developing panicle has any effect on leaf growth, it is

not transmitted to the leaves of intravaginal shoots as the stimulus for flowering

apparently can be. More probably, the shortening of culm leaves is not an in-

hibitory effect at all, but dates back to the time when the growing point first

changed in the direction of flowering. Leaf primordia were stopped in their

tracks and consequently when an opportunity came the following spring to

elongate there were successively fewer cells in each younger primordium available

for elongation.

The absence of buds on the culm is also probably due in part to the fact that

their formation was interrupted by the inception of panicle development. Sharman

(1947) commented on the absence of buds on the culm of certain species, stating

that microdissection showed that early stages of bud formation did take place.

The failure of the bud to develop further he attributed to the effect of elongation

in pulling the tissues of the bud apart. This seems improbable in view of the

presence of well-developed buds on the phytomers of rhizomes which have long

internodes. The influence of the developing panicle in suppressing further growth

is probably of more significance.

The reason for suppression of roots on culm phytomers is even less clear. In

part, it may merely be that the culm internodes do not come close enough to an

adequate rooting medium. Roots have been seen on culm phytomers as far ad-
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Fig. 27. The relationship between length of phytomer internode and phytomer leaf on the culm

of bluegrass. Plants were from various meadow habitats.

vanced as No. 3, under conditions where the nodal region was exposed to moisture

and darkness.
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culm is apparently more than mere coincidence. Although the shortness of the

leaf may be explained on a historical basis, the long internode probably involves

other factors. It has been mentioned in connection with the rhizome that the

internodes of phytomers whose leaves turn up and reach the light are inhibited.

If the leaf does not reach the light then the internode elongates. Many other

observations indicate that the bright light inhibits the elongation of internodes,

while in the dark or shade elongation can take place. It is probable that the short-

ness of the culm leaves reduces their inhibiting action at the same time that the

developing inflorescence is producing auxin in quantity (Prat, 1935). Thus

both conditions appear to favor increased internode length. The relationship

between leaf and internode length on the culms of bluegrass from a variety of

habitats is shown in text-fig. 27. As further evidence for the validity of this

relationship, it has already been mentioned that the last internode, devoid of any

leaf, is by far the longest. Also suggestive is the fact that very little elongation

of the second, third, and fourth internodes takes place until the last leaf has reached

almost its full extension. Unfortunately, the panicle reaches its final length about

the same time, so that there is no way of determining which is the more significant

releasing factor.
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Leaf Growth in Relation to Season and Environment

Day Length, Temperature, and Growth Kate.—The casual observer probably

realizes that bluegrass begins to green up in early spring, blooms in May, and gets

tall and somewhat brownish in summer, then greens again in early fall and turns

brown again in December. This sequence of events seems quite regular year after

year. Weather variations induce only moderate fluctuations. One would gather

from this that the bluegrass plant has a way of knowing what time of the year it is.

Apparently that knowledge is conveyed largely through the medium of day length

and temperature.

Evans and Watkins (1939), Evans (1949), and Peterson and Loomis (1949)

have described the influence of various changes of day length on bluegrass. The

chief conclusions reached are that leaf length and tillering can be controlled by day

length, though temperature may affect the leaf length to some extent at any

given day length. The results of Peterson and Loomis' experiments are indicated

below:

AVERAGE LEAF LENGTHS

Temperature Day length

11 hrs. 19 hrs.

56° -65° F.

61°-75° F.

9 cm.

16 cm.
15 cm.

25 cm.

Day length has been widely studied because its control is so easy under experi-

mental conditions, but it is only one factor among many which affect the effi-

ciency and consequently the behaviour of bluegrass. Over its full range, tempera-

ture can exert just as profound an influence. Thus Darrow (1939) has found

that "plants grown at temperatures of 59° F., 77° F., and 95° F. produced at

59 a tall succulent bushy top growth with many leaves and at 95° an erect, non-

succulent, short top growth with few leaves." Brown (1939) found that under

controlled conditions maximum top growth was produced at temperatures between

80 and 90° F. when plants were clipped monthly. He also found that 50 degrees

was the critical mean below which very little top growth took place in established

sod, but that in new seedlings production was large at an average soil temperature

of only 44° F.

In the series of experiments where bluegrass was grown in baby-bottles, the

plants were first placed under temperatures ranging from 70° to 75° F. They
were later moved to a room kept at 40° F. In the beginning the day length was

14 hours; the humidity was not controlled. Measurements of the growth of indi-

vidual leaves were made weekly. Average growth rates and leaf lengths are

recorded in Table VII.
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TABLE VII

Month

Nov.

Period Growth
per day

in cm.

Dec.

Jan.

Feb.

25

30-

7

15

25

3

30

7

15

25

• 3

12

12- 3

3- 9

9-16

16-22

22- 1

Mar.
1-15

15-22

22-29

29- 5

Apr. 5-12

12-19

Length of youngest

mature leaf in cm.

(Average of 12 plants for two periods)

7.5

15.0 >•

27.0

14hrsat70° F.

Av. = 1.78 cm.

23.0

25.5

15.0

14 hrs. at 40° F.

Av. = .42 cm.

9.0

12 hrs. at 40° F.

7.9
Av. .34 cm.

8.2

Temperature up to

70° F. on the 17th

It can be seen that the growth rate became much slower and the leaves grad-

ually much shorter after the plants were placed under the low temperatures. In

general, the growing period of a given leaf remained about the same and conse-

quently initiation of new leaves was not greatly retarded. Tillers were not found

on any of the plants while they were kept at the high temperatures, but when

plants were transferred to low temperatures tillers soon appeared and the leaves

became a deeper green. These are changes very similar to those occasioned by

growing bluegrass under long and then short day-lengths. Five weeks before the

end of the experiment the day length was changed to 12 hours while the tempera-

ture remained at 40° F. This change had only a slight effect on succeeding growth

rates. During the final week, through failure of the cooling equipment, the

temperature went up to 70° F., and did not come down for several days. This

resulted in a striking increase in growth rate for that week.

•Approximate growth rates of bluegrass leaves

under natural conditions throughout the year were calculated from two sources

of data. For vegetative leaves appearing in March, April, and May, data collected

in connection with the development of the tillers on the flowering shoot have

been used. Since all tillers produce very short winter leaves, and then begin with

surprising coordination to produce longer spring leaves about the same time, and

at the same rate, successive leaves fall into definite length classes which remain

fairly distinct for the first 4 or 5 leaves of new growth. It is frcm averages of

10 leaves of the same class that the curves are made. Dissection of the shoot was

Growth Rat
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Fig. 28. Growth rates of bluegrass leaves at various times of the year. (Data for leaves 5-12
from Evans, 1949).

necessary in order to measure growth of the young leaves. This method has the

advantage over measurement of individual leaves on the same plant, that curves

on the entire leaf can be obtained (text-fig. 28, leaves 1-4).

Growth rates for summer and fall leaves (text-fig. 28, leaves 5-12) were

drawn from data in Evans (1949). He recorded the date on which each new leaf

appeared above the previous sheath on three individual plants. Each of these plants

happened to produce 14 leaves during a period of one year so that an average date

of appearance could be figured, and from that the interval between the appearance

of successive leaves. This recorded interval was not the elongating period of a

specific leaf, however, because the first observation that a leaf was growing came

after it had already arisen from the growing point and extended itself up

through the previous sheath past the ligule. About the first fifth of the growth

of the blade thus takes place before its existence is recognized. The remaining

% then goes on to mature. Then there is a delay until the next leaf is recorded,

because it has to make the % of its growth up through the sheaths just as did the

previous leaf. This growth begins when the previous blade matures. Not until

the new leaf is exserted does the interval recorded by Evans end. His average

interval between the appearance of each new leaf is therefore a composite figure,

and instead of pertaining to the whole growth of one leaf it includes % of the

growth of one blade and % of the growth of the succeeding blade. The exact

proportions will vary somewhat with variation in sheath and blade length.

Evans has included the average final length of each blade in his data. If we
use this information carefully we can arrive at an approximate blade growth rate

for the intervals of time between leaf appearance. The recorded interval pertains

one specific leaf.

% of one, l/
s

% of the length of one leaf and Vr.

the next we shall have the actual growth which occurred during a known period
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of time and therefore be able to compute a growth rate. This has been done for

the summer and fall leaves measured by Evans, and these rates are plotted in text-

fig. 28, leaves 5-10. Since the fall leaf blades are proportionately shorter than

their enclosing sheaths, the ratio of observed to hidden growth would change, and

would be closer to 3/4 visible and l/4 within the sheath. This correction has been

applied to the last two leaves.

The following shows the way in which these rates were computed: If we assume

that one leaf blade when full grown was 5 inches and the next one 3 inches and

the time interval between the appearance of each one at the orifice of the sheath

was 10 days, the actual growth during that time must have been % of 5 inches

(4 inches) plus % of 3 inches (.6 inches). Total growth would be 4.6 inches

in a period of 10 days, which is a rate of .46 inches per day. There will always

be some error involved in such a method but the results are so compatible between

leaves measured for this study and those measured by Evans that they are con-

sidered to be reasonably accurate for the present purpose. They do not agree with

the data obtained in the nutrient solution experiments, where the growth rate was

somewhat more than twice the natural rate at comparable temperatures. This

discrepancy is probably related to the fairly high nitrogen concentration in the

nutrient plus the low intensity of the light source. The complete data of text-

fig. 28 do not necessarily hold for any other localities than those where the

measured plants grew (Missouri and Ohio) nor to any other years than 1939 and

1949.

Periods of Rapid Growth.—Growth rate is slow in late fall, very slow in mid-

winter, and sometimes rather rapid, sometimes slow in mid-summer. Most rapid

growth takes place in early spring and in early fall. The spring and fall seasons

have much in common for they represent a time of vigorous growth at the expense

of the plant's reserves. It was first realized how definite and how similar these

two periods were when rhizomes were being collected for the culture experiments

described in an earlier section. Rhizomes needed in early October and March and

April could never be found. They had all turned up in a flush of green growth

which had involved the whole plant. At such times there is a tendency for sods

to weaken and fall apart as the reserves are drawn out of old rhizomes and roots.

New roots develop rapidly at these times and are short, thick, and white, in con-

trast to the long, thin, brownish ones of summer.

The period of rapid growth in the spring lasts from March to late April, while

the fall rush is limited to a few weeks and depends to a great extent on when fall

rains come. Recovery in each case is marked by the beginning of new rhizome

production, but, as indicated elsewhere, the late fall rhizomes are shorter than

those of summer. Though these periods have much in common, they are neces-

sarily different, for while the carbohydrate reserves of the spring plant are greater

to begin with, the progressive increase in day length and higher temperatures, to-

gether with a supply of nitrogen accumulated in the soil during cool periods, favors

a prolonged period of rapid growth. During fall, on the other hand, reserves are
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Fig. 29. Prevailing leaf-length through a period of a year under four conditions.
Undisturbed grass was in an old meadow. A plot of this grass was burned in early
February. Another plot was cleaned of all surface material with a sharp hoe at the
same time of year. The grazed grass was in a heavily grazed barnyard area immedi-
ately adjacent to the meadow.

low following the heat of midsummer, and day length and temperatures favor a

rapid accumulation of carbohydrates which is associated with slow growth. Also
during summer there is apt to be considerably less accumulation of nitrogen in th
soil due to bacterial fixation.

In addition to day length and temperature, there are other factors which exert
considerable influence on leaf growth, either directly or indirectly. Shade increases

leaf length (Watkins, 1940), though not indefinitely, since increase in length
ultimately depends on amount of reserves available. Nitrogen fertilization makes
leaves longer, the extent of lengthening depending on a complex of factors, among
them especially time of application, type of nitrate ion (NH4 or NO

:! ) and pre-
vailing pH of the growing medium (Darrow, 1939).

Availability of water plays a part, especially in fall and winter. It has been
mentioned that plants growing in soils which are prevented from freezing in winter
but which are provided with adequate moisture produce very vigorous thick

i
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rhizomes. Plants arising from these rhizomes develop remarkably fast in spring

and produce exceptionally vigorous and tall plants. The relationship between fall

mowing and grazing and the production of many tillers and consequent shortening

of leaves has been discussed elsewhere. Denudation of soil during the period of

late winter by skinning all grass from the surface of the frozen soil has been found

to have a very strong effect on resulting growth of grass plants. Throughout the

succeeding year leaves remain short and narrow, and lack the necessary vigor to

compete with weeds. Recovery of such skinned plots is very slow. A similar

effect results from skinning in August.

In text-fig. 29 a complete record of bluegrass leaf lengths throughout the year

in several habitats is presented. The leaf measured was the last mature one on any

given date, and 10 individual leaves were measured in each habitat. A certain

amount of lag existed between the actual time of leaf growth and the time when

the leaf became mature enough to measure, so that the curves do not express

exactly the correlation with day length and temperature that they should. They

serve, however, to give comparative results and to show the pattern of effective

leaf length at any time of year.

Text-figure 28 gives a rough idea of the number of leaves produced during a

year, though some allowance must be made for the fact that one or two winter

production varied from one every

fall and spring to one every 6 to 10 weeks in late fall and winter. prod

varies greatly with habitat. On a group of plants from different locations ex-

ibe

;hoot

TABLE VIII

NUMBER OF LEAVES PRODUCED ON PLANTS FROM VARIOUS HABITATS, COUNTED
FROM LAST INTRAVAGINAL SHOOT TO LAST MATURE LEAF ON AUGUST 30, 1949

Closely Old Dry sterile Dry shady

grazed meadow meadow
-

hill

11 10 9 5

10 11 9 6

10 12 7 5

11 7 8 5

14 9 8 5

16 9 8 6

10 9 8 5

12 12 10 7

12 14 10 5

10 9 9 6

Av. 11.6 10.2 8.6 5.5

Watkins (1940) has indicated that nitrogen fertilization increases the rate ot

leaf initiation in Bromus inermis.

The number of leaves which are green at any one time also varies. Thus, on

March 8, 1949, plants growing in a seepy place showed development of 4 or 5 green
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winter leaves while on adjacent pasture areas where the ground had remained

oots had more than 2 green leaves.

Evans' (1949) table showing the number of green leaves per shoot from the spring

of 1939, when growth began, until the spring of 1940, when an inflorescence was
produced, is presented below:

TABLE IX

AVERAGE NUMBER OF GREEN LEAVES PER SHOOT IN NON-FERTILIZED PLOTS
ON 7 SHOOTS, EACH OF WHICH HAD A TOTAL OF EITHER 17 OR 18 LEAVES

Average number of green leaves

Year Month* vU 1

Entirely Partially

green
w

green Total

1939 May 18 2.0 .6 2.6

June 2 1.9 .7 2.6

June 17 1.3 1.4 2.7

July 2 1.7 1.9 3.6

July 17 2.0 2.0 4.0

August 1 1.9 2.6 4.5

August 16 2.0 2.7 4.7

September 3 1.7 2.1 3.8

September 1 8 2.0 2.3 4.3

October 1 1.6 2.3 3.9

October 18 1.9 2.0 3.9

November 7-14 1.7 1.9 3.6

1940 April 1-2 1.1 1.6 2.7

April 15-16 2.1 1.6 3.7

May 4 3.0 1.1 4.1

May 17 2.6 1.4 4.0

June 3 1.3 .9 2.2

June 17 .3 .3

Midsummer Depression.—Shortage of water is probably partly responsible for

periods of slow growth of leaves during midsummer. Brown (1943) has shown

that irrigation during periods of drought or low soil moisture helped considerably to

increase yields. Ahlgren (1938) stated that moisture, more than any other factor,

limited forage production. While summer irrigation may maintain yields, summer
growth is made at the expense of stored reserves and may reduce the competitive

ability of bluegrass against weeds (Brown, 1943). Irrigation during midsummer
is probably less important than during a dry fall Brown found fall droughts to

have a decided adverse effect on bluegrass yields. Irrigation during fall and early

winter is not commonly practiced, but the indications are that it would encourage

root growth and tillering and thus greatly aid the grass in its competition with
annual weeds.

Numerous studies have shown that peak yields of forage occur twice during

the year, usually in late spring and in late August or early September (Brown,
1943). Examination of series of leaves produced by various individual plants
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show that usually the midsummer leaf is slightly shorter than those immediately

preceding or following it (text-fig. 29). This may be connected with the period

of maximum summer temperatures which commonly occur in July. Both Harrison

(1934) and Darrow (1939) have shown shortness of leaf to result at temperatures

ranging between 95 and 100 F.

Since irrigation did not completely eliminate a midsummer depression of yield,

Brown (1939) attributed part of the reduction to supra-optimal temperatures.

Wheth

cannot be said. tood

of factors including inflorescence development, high available nitrogen, and plenty

of water, but the late August peak is more difficult to explain, unless we merely

assume it indicates a return of more nearly optimum conditions.

Buds on the Crown

The Number of Buds Produced.—In a given habitat individual bluegrass plants

will produce new leaves at almost the same rate, and at the end of the year will all

have about the same number of leaves (table VII). In a meadow this number

averages about 12-14; in a very dry shady locality, 7-9; while in a well-watered

pasture it may well be as high as 18. Since under ordinary growing conditions

only a single leaf blade grows at once, the longer the leaf the fewer will be the

number of leaves in a given season. This accounts in part for the low number of

leaves in dry shady places, for there the leaves are very long and growth is slow.

In grazed places, leaves are short and the soil usually well fertilized so that growth

is rapid. Consequently more leaves than normal appear. Such factors as this

play an important role in the ultimate appearance and behaviour of a plant.

The number of leaves reflects the number of phytomers formed during a given

period and consequently the number of buds available for rhizomes and tillers. It

is very uncommon to find that all the buds on a crown have matured into new

shoots, for the buds of midsummer phytomers frequently remain dormant in-

definitely, thus limiting branching to the fall and winter and early spring buds.

This is especially true in the case of old meadow plants.

A Conservative Crown.—Instead of speaking in abstract terms, it would be

well to examine some actual plants. Text-figure 30 shows a diagram of an ex-

tremely conservative three-year-old specimen from an old meadow in early Novem-

ber of 1948. A photograph of the basal part of a very similar plant is shown in

pi. 9, fig. 30, although only a single year's growth is included. It can be seen that

lioo

text-fig. 30 two generations of inflorescences are shown, one for 1948 (I 48) and

one for 1947 (I 47). On the basis of these facts, it is simple enough to put to-

gether the history of this plant. It had its beginning probably as an intravaginal

shoot from some plant now long since dead. That was in the fall of 1945. During

the summer of 1946 no buds developed into rhizomes, but in the fall three intra-

vaginal shoots developed from the last three buds of the year, the 14th, 15th, and
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I 48
UPPER LEFT

DEAD

KICHT

Fig. 3 0. Diagram of a conservative old meadow bluegrass plant. Very little branching
occurred during its three years of growth. There are few tillers, few rhizomes and most of
growing points have terminated in inflorescences. Sheath and blade, X Vl\ crown, X 3%.

has

the

16th. ped

should properly be considered part of the following year's growth. Thiis main
stem ended its terminal growth by developing into an inflorescence in the summer
of 1947.

hoots we find that each of them
pursued a somewhat similar course, at least to the extent that in 1948 they all

terminated in a flowering shoot. There were, however, some interesting differences.

did not produce any branches from its
oot

13 buds in 1947 and thus died. The next to last shoot (right) produced 13 buds
also, the last two of which developed into tillers in the fall of 1947. One of these

shoots died at an early stage. In the meantime the first original shoot (lower left)

produced only 10 buds of which one developed into an intravaginal shoot in the
fall of 1947, and another produced a rhizome in the following summer. It will
be noticed that this 1948 rhizome developed from a bud just a little below the
tiller of the fall of 1947; this is the usual place of origin of most summer rhizomes
when only a few develop. This rhizome is easily identified as having been produced
in summer because of its length and Unm nnmKnr nf \nt»m^Aa r
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If we follow the history of this plant into the third (1948) generation we

find that there are only three living descendants, two shoots and a rhizome. The

surviving tiller on the right had produced 10 buds in 1948 up to the time it was

dug up. The tiller on the left side produced only 6 buds. If we assume that only

one more bud would have been added during the remainder of 1948, then the

following numbers of buds were produced in each of the three years on the

respective shoots:

Main shoot,

Tillers,

Tillers,

1946

1947

1948

Upper left

16

13

(died)

Right Lower left

13

11

10

7

These data strongly suggest that the longer a plant lives by intravaginal shooting

only, the fewer leaves are produced each year. It is also striking that over a period

of three years one growing point has only increased to three new growing points,

of which one is a rhizome, and two are relatively unproductive tillers.

The existence of such a conservative plant is a very precarious one. It rep-

resents the bluegrass plant at its minimum, with 1 rhizome, 4 inflorescences, and

be

of 74 buds.

sp In decided contrast to this old meadow bluegrass plant

is the closely grazed pasture plant shown in text-fig. 31, which was also dug up

in early November, 1948. Here the basic seasonal pattern is all but obscured.

The main stem of 16 buds is much exaggerated in the drawing so that all the

branching could be included. This stem developed during the year of 1947. In

the fall of that year it gave rise to six branches, of which two have been broken

off. Of the remaining four, the lower two, arising from buds 8 and 10, became

short rhizomes, and the upper two, from buds 15 and 16, are intravaginal shoots.

This main stem terminated its growth by flowering in 1948. During the spring

and summer of 1948, when livestock were put on the pasture, considerable late-

summer rhizome development resulted (branches A-H) and some fall rhizomes

are present (I-K). The two can be distinguished because fall tillers have appeared

only on the summer rhizomes; also the fall rhizomes have only one or two leaves.

L and M are intermediate types. When the plant was dug up it was busy producing

tillers in the axils of new fall leaves. Some branches show as many as four such

tillers, and in branch F some of the tillers have already produced secondary shoots.

Figure 31 (pi. 9) is a photograph of a crown region from a plant which was

similar in all respects to the one shown in text-fig. 31. It bears an especially close

similarity to the shoot just to the left of the 1948 inflorescence.
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RHIZOME

LEAF

CROWN

NEW TILLERS

Fig. 31. Diagram of a vigorous pasture plant. Considerable development of both tillers and
rhizomes has taken place during a year and a half of growth. Rhizome, X 4

/">; leaf, X lA\ crown,

To recapitulate, from a single plant in 1947, six shoots developed, two of which
were broken off. Summer and fall rhizoming in 1948 increased the number of
growing points by 13, and intravaginal shooting added 28 more to make a total
of 45 active growing points out of a total of 138 buds. The net results of less

than two years growth were: 15 rhizomes, 30 shoots and 1 inflorescence.

A Hypothetical Individual.—After examining these typical plants we may be
a little closer to discerning the basic bluegrass theme together with its variations.
Perhaps we can now draw a hypothetical average plant if we limit ourselves to
generalities. Let us begin with a rhizome which appears at the surface of the soil
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sometime in late winter or early spring as rhizomes frequently do (text-fig.

32 A-D). Such a plant will not develop any tillers. Instead, its winter and early

spring buds will lie dormant while rapid leaf growth takes place. About mid-

April these buds will start to swell and develop into new rhizomes. The first new

rhizome will probably be short; the next ones longer; and some may grow under-

ground for several summer months. Most of the winter and spring buds will be

thus consumed in the production of rhizomes, while the late spring and early

summer buds of the parent plant are gradually suppressed so that no new branch-

ing takes place. The suppression of these buds is probably related to the cessation

initiation which Sprague (1933) has shown to take place early in May.

Nishimura (1923) has indicated that no vegetative bud elongates until a root is

produced. If this is true, summer dormancy is inevitable.

The sprout-like rhizomes previously mentioned as appearing in late August

under rank meadow conditions would be most apt to occur on old crowns, especially

on those which bloomed in spring. Rhizomes of the year, such as the one we are

describing, would not commonly show them.

The change which comes over bluegrass in early fall brings with it shorter,

greener leaves and white, short roots. The late summer buds, instead of remaining

small, discolored and dormant, become increasingly white and well developed, but

they do not usually produce rhizomes immediately. Instead, they are transitional

in nature and anticipate the appearance of tillers from fall buds (pi. 9, fig. 32).

Short fall rhizomes may, however, appear after several tillers have begun to func-

tion efficiently. Frequently no rhizoming at all takes place in the autumn, and

the buds are thus conserved for a rapid development of rhizomes the following

spring about the time the inflorescences begin to appear.

There is a conflict between rhizome and shoots for the buds of fall. Since the

intravaginal shoot arises almost as soon as the bud is formed it has first choice. If

conditions are right, practically all fall buds may become tillers, and thus only one

or two buds will remain on the main stem from which rhizomes may appear the

following spring. Where only the latest fall buds develop into tillers there is room

for three or four rhizomes preceding them. If we pull these plants from the soil

in late May, the former will be found to have many short leaves, and, at the most,

one rhizome, and the latter will have a few long leaves and quite a few rhizomes.

All rhizomes, however, do not turn up in early spring as did our hypothetical one.

Some turn up throughout the summer, others in the fall. A rhizome turned up in

fall is shown in text-fig. 3 3 A-C, for the sake of contrast. This plant begins lif

by tillering instead of rhizoming. Every bud at first is taken up by tillers, with

the frequent exception of the lowest bud on the crown which usually remains

available for production of a rhizome in the spring. In a pasture grazed closely

here

spring
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Fig. 32. A, a rhizome turning up in the spring will look like this in the fall.

Summer rhizomes have turned up and formed new plants. A single short fall rhizome
is developing, X %. B, the crown of this same plant, showing upper buds develop-
ing into tillers, X 2%. C, the crown in the spring just after having turned up,
X 2%. D, above, the turned-up rhizome.

Fig. 3 3. A, a spring plant derived from a fall rhizome, with three tillers and
short winter leaves, X M\> B, the crown in spring, with only a single rhizome at
the base, the remaining buds occupied by tillers, X 2. C, the crown in fall shortly
after having turned up, X2.
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Some Practical Considerations.—While the seasonal effect is more or less the

same, the record of events as recorded by various generations of rhizomes will be

slightly different. The proportion of rhizomes of a given vintage in a sod or a

nursery plot may change considerably depending on the age of the stand, the treat-

ment it receives, or on the weather. Evans and Ely (193 5) have presented figures

which show the extent of such variation within two successive years:

TABLE X
AVERAGE NUMBER OF NEW RHIZOMES PER PLANT IN DIFFERENT MONTHS IN 1932

AND 1933 ON PLANTS TRANSPLANTED ON MAY 18, 1931, TO CULTIVATED
ROW PLATS. (THE PLANTS WERE NOT CLIPPED AT ALL.)

Month 1932 1933

April 0.0

May 0.3

June 15.5 5.3

July 18.3 2.0

August 3.3 21.0

September 0.3 6.0

October 2.3 0.5

November 3.0

Wherever studies of bluegrass are made, the sequence of events and their pos-

sible variation must be kept in mind. Undoubtedly, elaborate quantitative tests of

rhizome production, top production, or other aspects of the plants' growth have

failed to obtain consistent or statistically significant results because of the failure

to reckon with the flexible nature of the species. In pot experiments with nutrient

solution it is doubly important to know the kind of material being grown in the

pots. Such factors as the number of buds available on a transplanted rhizome or

crown, the time of year such buds developed, the length of the associated leaf, and

whether the rhizome is from a turf or a nursery row will all have repercussions on

the results.

Designing a Bluegrass Plant

THE SPECIFICATIONS

How we manage bluegrass will depend on how we intend to use it. Bluegrass

is called upon to serve many purposes, including the following:

Pasture

Alternating

Continuous

Dairy
Fattening

Subsistence

With

Range

Winter
Summer
Breeding

Meadow

Hay
Silage

Conservation

Sod run-off strips

Terrace plantings

Roadsides

Turf

Lawns
Greens

Fairways

Playing fields

Landing fields

type of use, a blueprint could be drawn showing the specifications of the plant

ded. There would always be some conflicts. It might be a simple matter tonee
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design a plant for yield in one year, but consideration would have to be given the

repercussions of management techniques on future production. There is a strong

likelihood that the most efficient treatment of a bluegrass stand might involve

making different use of it in successive years. Under some conditions this is not

feasible so a compromise must be made.

THE MATERIALS AND THE LABOR

We
destiny, while in part controlled by inaccessible aspects of its environment, can
also be molded by specific practices. Once the requirements are known, we can

choose from the following alternatives:

1. Many vs. Few Buds.—The highest production of buds comes with short

leaves, moist, nitrogen-rich soil, and sunny conditions. Where intensive manage-
ment is necessary, usually the more buds the better. If long leaves are desirable

then some sacrifice of buds is inevitable.

2. Dormant vs. Sprouted Buds.—Greatest sprouting of buds occurs in good

soil with plenty of aeration and little competition, and seems to be aided by high

organic-matter content and adequate water supply. (It is just such requirements

which Percival (1921) specifies as necessary for maximum development of tillers

in the wheat plant.) It is generally desirable to have a large proportion of the

buds on a plant develop. This can be carried to extremes, however, as discussed

in the next section. If the need is for a tight sod, then competition among indi-

viduals will necessarily follow, and some loss of sprouting ability will be

encountered.

j. ruwzomcs vs. l /iters.— mier production is encouraged by provision of good
soil conditions as described above. Treatments which specifically favor tillers

include fall grazing or mowing, fall nitrogen fertilization, removal of all shading

growth snd dead weeds, and in dry falls the addition of moisture. Maximum
tillering may not always be desirable. It can result in what one might call an
excessive investment in growing points, considering the amount of capital (soil,

oxygen, water, and nutrients) which the plant has within reach. Ideal conditions

are necessary to support large numbers of closely packed shoots even though they

are capable of forming their own adventitious roots. When such plants are sub-

jected to excessive mowing or grazing or treading their reserves can be very rapidly

depleted. This is especially true since strongly tillering plants seldom have very
extensive underground parts. In general, it should be stressed that if shooting is

to be encouraged in fall, then adequate provision should be made to provide opti-

mum conditions for growth in the following spring, especially through nitrogen

and potassium fertilization.

Rhizome development depends in part on how extensive the fall tillering

process has been. If most of the fall and winter buds have been used up, rhizomes
are apt to be uncommon. The same ideal soil conditions which encourage sprouting
of other buds favor the production of rhizomes. Plants which grow in open soil
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as spaced seedlings or shoots in nursery plots are abnormally productive. Balanced

fertilization in winter, spring, or summer favors increased rhizoming. Phillippe

(1943) found that in nutrient culture, maximum rhizome production occurred

under conditions of moderate nitrogen concentration (17 to 57 PPM) and by

fairly high potassium concentrations (41 to 162 PPM). High nitrogen content

has been found by numerous investigators to reduce rhizome production in pot and

nutrient experiments. Brown (1943) has stated that summer irrigation leads to

the death of many summer rhizomes, and Harrison (1934) found combinations of

close clipping and temperatures around 100° F. to be fatal. This coincides with

observations of Wilkins (1935) that over-grazing during drought periods when

temperatures were around 100° F. reduced bluegrass recovery the following fall

by 75-99 per cent.

To some extent rhizome production is self-regulatory. Usually whenever high

production is a possibility, as in new seedlings or broken sods, some benefit may be

derived from much rhizome growth. When sods are tight, then fewer buds sprout.

Under an old sod, rhizome production apparently reaches an approximate equilib-

rium with the available soil nutrients, especially nitrogen, There is adequate de-

composition of a certain amount of dead rhizome matter plus just sufficiently

vigorous growth of the plant itself, so that no more rhizomes will be added to the

soil that can be broken down the following year. Some fluctuations in this cycle

will occur with weather variations.

A certain amount of rhizome production is essential under most conditions

because intravaginal shoots seldom persist for more than a year. It is also important,

of the many advantages of rhizome herbage production, such as th

broader, more vigorous leaves, more even distribution of roots, growing point well

below the soil, shorter sheaths, and leaves close to the soil, that plants are not

completely defoliated by grazing. There is little doubt, however, that too high

a proportion of rhizomes in the stand may lead to low herbage productivity, for

they respire and consume soil oxygen, and sooner or later die, and the micro-

organisms which break them down compete with the grass itself for soil nutrients.

This is especially true since rhizomes are high in carbohydrates and low in nitrogen.

It is commonly found that where fields or plats are mowed during the summer

for a period of years, total forage production falls off. Ahlgren (1938) states:

"The data show that with the exception of 1933 (the second year) there was a

progressive and significant decrease in the yield of bluegrass on all plats, regardless

of the cutting or fertilizer treatment used during the period 193 2-193 6 inclusive."

His data follow:

in view
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Year
4-inc h cut Hay cut

No fertilizer Fertilizer No fertilizer Fertilizer

1932

1933

1934

1935

19 3 6

1,619

2,153

1,817

1,520

826

3,1 13

4,295

2,114

1,932

1,703

2,050

2,977

1,681

1,279

435

3,957

4,579

2,046

1,785

1,617

(This test was bc^un on old sod.

sequent cuts were made to 1 'V level

per acre.)

The first cuts were made as above, to a level of 1
l/2 ". Sub-

when the grass reached a height of 4-5". Figures arc pounds

The cause of this progressive decrease in production has not been adequately

explained, but there is a strong possibility that the accumulation of rhizomes in

the soil may be involved. That such accumulations occur are well shown by data

from Brown (1943) :

Herbage yields Root Yield?» Rhizome Yields
Year

1" lYi" Hay 1" 2 y2
"

Hay 1" 2 J4" Hay

1937 2833 2254 5857 1927 2049 1922 122 122 108
1938 508 310 1280 1897 2137 2210 372 478 505
1939 3 82 141 501 1979 2289 2281 398 519 507
I940t 1286 900 1601 1946 2088 2455 660 817 1071

fNaNOa added 100 lbs. per acre March
April to June 15 and from Aug. 15 to Sept.

are lbs./acre. \
x

/z- and 2}4-inch cuts were
at end of growing season.

15 and semi-monthly at rate of 50 lbs. per acre from
30. These test plots were seeded in Sept., 1936. Figures
made semi-monthly. Hay cuts made at full bloom and

The same progressive decrease in yields of herbage are apparent here. In both
of these experiments, the removal of clippings from the plats probably exerted

some influence on total yields. It is clear, however, that reduction in yield paral-

led an accumulation of rhizomes. Brown has stated that death of rhizomes began
in the second year, and in the fall of the third year there were so many dead ones
that they were separated from the live ones and not included in the data. There-
fore the figures above do not show the total accumulation of rhizome material in

the soil. The data would have been even more striking had all dead material been
included.

Typically, maximum herbage yields were secured the first year after seeding.

In that year the rhizome dry matter in the soil was less than 5 per cent of the total

dry weight of the herbage and rhizomes together. By the third year herbage yields

had dropped from eight to sixteen times, but rhizome weight had increased from
three to five times. Rhizomes had come to make up 50 per cent or more of the total
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dry weight exclusive of roots (which had a remarkably constant dry weight

throughout the tests). Significantly, the least amount of rhizome dry weight was

produced when the grass was mowed semi-monthly to a 1-inch level. Most of this

difference probably involved rhizome length rather than number.

In the fourth year heavy nitrogen fertilization in spring and summer increased

herbage yields from three to six times but at the same time the rhizome dry matter

was nearly doubled. Addition of nitrogen in both Ahlgren's and Brown's tests

increased yields but did not completely restore productivity to its former level.

According to the data above, rhizome production was greatly increased by fertiliza-

tion in spring and summer, and the sod-bound condition could be expected to

become worse the following year.

Moderate mowing of pastures in early spring through summer apparently will

increase the rhizomes in the soil in proportion to the amount of tops above ground,

even when mowing may be semi-weekly to a height of 1 inch. Increase of rhizomes

goes on until the stand is almost devoid of herbage value. Rhizomes do eventually

turn up and add to the herbage total, but there is considerable delay and wasted

energy in getting top production through rhizomatous plants alone. Not only

that, but at the most an ordinary plant cannot be expected to bear more than four

or five rhizomes while its potential of new tillers is considerably greater when

properly managed.

The 2 J/2 -inch height such as that advised for most lawn mowing resulted, in

Brown's experiments, in the highest proportion of rhizomes to tops. This would

give a tough sod, but relatively little top growth, unless some counteracting

practice designed to stimulate intravaginal shooting and long leaf growth were used.

Kentucky bluegrass is really a plant with a split personality. It is trying to

be rhizomatous, as is its relative, Canada bluegrass, and upright, as is Poa triviaiis.

It actually can assume either role, and it is up to the pasture or turf manager to

decide which personality or complex he prefers.

It is not surprising that to some extent bluegrass has lost some ground in the

field of intensive pasturing to non-rhizomatous grasses and legumes, for these

species do not waste energy and nitrogen on non-leafy production. Admittedly,

bluegrass cannot compete with such productive non-rhizomatous types as alfalfa,

perennial ryegrass, orchard grass, and ladino clover, but its quick adaptability and

persistent nature are indispensable attributes under many conditions. To make

maximum use of the species, however, close attention must be paid to its seasonal

rhythm and its system of bud economy.

4. Long vs. Short Rhizomes.—Summer rhizomes are long, and fall rhizomes

are short, but close and continuous grazing leads to short rhizomes at any time.

In pot cultures Harrison (1934) found that high nitrogen content encourages

short rhizomes. Length of internode has little or no relation to ultimate length of

the rhizome. Dry periods shorten internodes but variation in nutrient balances

has been shown by Phillippe (1943) to have no significant effect.
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Short rhizomes are desirable in some cases, long ones in others. If a tight sod is

required, rhizomes of moderate length must be encouraged. Stands which have

only short and shallow rhizomes will have little protection under very hot and dry

conditions. If properly managed, however, short as opposed to long rhizomes

could be counted on to increase the efficiency of a pasture or lawn.

5. Branched vs. Unbranched Rhizomes.—Branching of rhizomes is encouraged

by those conditions which favor the development and sprouting of buds. Damage
to the initial growing point stimulates axillary buds to develop, and wherever

summer sods are burned or mistreated, or submerged by dense weed growth or by
alluvium, the ability of rhizomes to sprout in early fall from their axillary buds is

of great importance to the survival of the plant. The vigor of the rhizome deter-

mines how many buds develop, and whether they will form strong rhizome-like

branches or merely delicate vertical shoots. For those strains of grass which are

primarily rhizomatous, thickness of the stand is almost completely dependent on

the ability of the rhizome to produce branches.

6. Vegetative vs. Reproductive Shoots.—The number of reproductive shoots

produced in May depends on two things, the number of plants which are adequately

mature and vigorous enough to undergo flower initiation in the previous fall, and

the number of tillers which these plants produce. Plants which are mature and
vigorous in fall will have come largely from rhizomes turned up during the previous

fall, spring, and early summer. Some perennial tillers will contribute to the cause.

Ultimately then, to influence the potential seed crop it is necessary to start work
a year and a half ahead of harvest time. Encouragement of rhizomes, followed by
encouragement of tillering, followed by encouragement of long leaves and full

panicles as described below, should give maximum seed yields. This would leave

the soil full of old rhizomes, and unless steps were promptly taken to deplete their

reserve carbohydrates through grazing and encouragement of tillering the follow-

ing fall, subsequent yields would suffer. A complete management plan would be

more complex than this, but these are the main considerations. Such a plan might

also provide high yields of hay or silage, but maximum development of inflorescence

may not always be desirable. Limitation of flowering can be accomplished through

heavy grazing in late summer and fall, and by grazing or mowing in spring when
the panicles are exserting. Encouragement of a vegetative condition in bluegrass

holds back the spring flush of growth which accompanies the development of the

flowering shoot. It also holds the protein content of the grass at a fairly high level,

while the carbohydrates are kept low (Woodman ct al., 1928; Hein, 1937). This

would limit the gaining of weight by fattening animals in preparation for fall

markets or over-wintering. It would, on the other hand, encourage summer milk

production in a dairy or breeding herd.

7. Short and Wide vs. Long and Narrow Leaves.—Short, wide leaves and ex-

cessive tillering often go together. Long leaves are encouraged by winter and spring

fertilization. When heavilv tillered nlants .iro ferrWWpA in winter in^ «,»^«,> ^ M«~.
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dense, moderately long and wide-leaved blue-green plant is produced which is

highly productive. It combines the advantages of the other types.

Constant grazing or mowing keeps grass leaves short, probably for two main

reasons. First, without the over-burden of shading tops, the blades reach the light

rapidly and do not become attenuated. Second, such treatment encourages the

production of many short rhizomes the early leaves of which are commonly some-

what abbreviated. Infrequent mowing or grazing has little effect on leaf length.

While long-leaved plants are commonly considered more productive of herbage,

the fact remains that short, wide-leaved foliage is more palatable to livestock. They

will barely consider the rank growth of mid-summer meadows.

8. Heavy Seed Production vs. Little Seed.—There is a complex relationship

between number of panicles and number of seed produced. In general, number of

panicles is increased by mowing or high nitrogen fertilization in fall (Spencer et al.,

1949; Nillson-Leissner, 1937). This treatment, however, usually reduces the

panicle length and the culm length and reduces the number of seed set per panicle

when compared to spring fertilization (Phillippe, 1943; Spencer et al., 1949; Nill-

son-Leissner, 1937). Winter or very early spring fertilization tends to give tall

panicles and inflorescences, but does not increase the number significantly. Seed

production is generally good. Late spring applications in April, when the panicle

is growing, tends to encourage leaf growth rather than inflorescence development,

and results in a weakening of the culm and reduction in quality of the seed.

9. Sod vs. Open Growth.—Bluegrass, like most other plants, grows most pro-

fusely when grown alone. When it is allowed to sod over, then we inevitably lose

production, whether it be of forage or seed. In this respect it is significant that

bluegrass plants growing in alluvium produce by far the greatest amount of seed

per panicle, bear a goodly number of panicles, have large seeds, and long and wide

leaves. A year-round supply of water, rich soil, and sun combine to produce

maximum yields. Inevitably in a sod we have to sacrifice some greenness, some

vigor, some thickness of stand. From a productivity standpoint the best that can

be done is to provide management practices which make the sod-grass think it is

down by the river. Discing and harrowing aid in this simulation by providing

loosened and bare soil areas. To avoid weediness treatment should be done only in

fairly late fall when tillering, rooting, and fall rhizoming together can recover the

vacant areas while weed growth is at a minimum. Another way of getting the

productivity of the river bottom up on the pasture is by using alluvial ecotypes

for seed. This process is going on more or less unconsciously in many grass-breeding

experiments. So-called high-producing strains of many species invariably bear a

striking resemblance to river-bottom types.
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The Parts of the Bluegrass Plant Compared5

WHERE DO THEY ORIGINATE?

Rhizome.—From underground, axillary, mature buds whose subtending leaves are dead, or
dying. April-May extension type predominantly from buds of early fall and early spring. August
sprout type from spring and summer buds, and fall rhizomes from early fall buds.

Crown.—From underground terminal buds of rhizomes, seedlings, or intravaginal shoots. May
sometimes be above ground, especially in seedlings and shaded shoots.

Tiller.—From axillary buds below or above ground on late fall and early winter phytomers.
Culm.—From terminal bud of crowns of sufficient maturity. If from a rhizome, the crown

will not have less than 6-8 leaves; if a tiller may have only 2.

Panicle.—Main axis or rachis is continuation of culm. Side branches arise as secondary, tertiary,
and quartcrnary protuberances from this rachis.

Spikelet.—Some time in April.

WHEN DO THEY BEGIN TO FORM?

Rhizome.—Principally early May, concomitant with flowering, but to some extent throughout
early summer; also in fall, early or late, depending on condition of grass. Sprout type in late
August or early September on rank meadow type or burned or damaged areas. In closely grazed
places on good soil almost all year except late winter.

Crown.—When rhizome turns up, especially late summer and early fall, and late fall and
early spring. From tillers in late fall and winter and from seedlings in fall and spring.

Tiller.—Early fall to late winter, principally late fall.

Culm.—Internodes develop in late fall and winter following initiation of intravaginal shoots.
Panicle.—Winter and early spring; may not form until early March (Musgrave, 1940).
Spikelet.—Some time in April.

NUMBER ON A PLANT OF 16 PHYTOMERS PER YEAR

Rhizome.—Varies greatly, 0-8, average probably 2, but including secondary and tertiary plants
may be 4-6.

Crown.—Main crown, plus average number of turned-up rhizomes (2) plus average number
of tillers (3, see below) gives average of 6; may be greatly amplified by secondary and tertiary
budding.

Tiller.—Average around 3, less than 1 or more than 10 infrequent; with secondary branching
may reach 50.

Culm.—Usually 1 on main axis and 1 on each of 1 or 2 tillers. May be up to 12 per plant
with multiple tillering.

Panicle.—One per culm; number of protuberances may vary greatly; average 3-5 at each node
of rachis. There are from 5-10 rachis nodes, therefore 15-40 branches on main axis. Secondary
and tertiary tillers have fewer.

Spikelet.—Average number not counted. Secondary and tertiary tillers have fewer.

TO WHAT EXTENT DO THE PARTS BRANCH?

Rhizome.—Usually limited; can be extensive.

Crown.—Branching includes rhizomes or tillers. Of 16 buds, not more than half usually
develop.

Tiller.—Branches as does crown; may form rhizomes or secondary tillers, but only the latter
in first fall and winter. Rhizomes rarely appear until following May, from any left-over buds.

Culm.—Does not branch (no buds present).

Panicle.—Almost all buds develop.

SM^'.^Basal phytomers including the two glumes and lowest lemma do not usually bear
branches. Upper phytomers bear florets.

•* These data are a composite of information from authors previously credited, and from observa-
tions made in the course of the present study. They are in most cases very approximate, and
variation could not always be taken into consideration due to lack of data. Most of the data pertain
to bluegrass growing in Missouri.
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THE LENGTH OF THE INTERNODES

Rhizome.—Highly variable in length, 1-50 mm., average 10-15. Shorter in dry soils or dry

periods.

Crown.—Minute, somewhat less than 1 mm.; individual internodes can be induced to elongate

by shading or covering plant with soil.

Tiller.—Same as for crown.

Culm.—Gradational, the first a few mm., the last up to 30 cm. or more. Successive internodes

plotted on a logarithmic scale fall on a straight line, under normal conditions. (See Prat, 1934.)

Panicle.—Gradational on rachis, in reverse order to internodes of culm. Range from 3 to

2 mm., but do not form a straight line on either natural or logarithmic scale.

Spikelet.—Longest below first glume, 1-3 mm.; rest are minute.

THE NUMBER OF INTERNODES

Rhizome.—Many in summer extensor rhizomes—may be up to 30. Fall rhizomes seldom show

as many as 10, usually 5 or 6.

Crown.—Depends on habitat and season. From 7 to 1 8 a year.

Tiller.—Same as for crown, but few tillers persist for a whole year. If they do, there tend

to be fewer phytomers each year.

Culm.—3—5, usually 4, rarely 6.

Panicle.—Rachis 5—10, main branches about the same, branches of lower order successively

fewer.

Spikelet.—Averages 6, varies from 4—10 (includes 3 sterile and 3 or more fertile).

HOW FAST DO ITS INTERNODES ELONGATE?

Rhizome.—2-5 mm. per day.

Crown.—No elongation.

Tiller.—No elongation.

Culm.—Varies with the internode number. Internode 1, 0.5 mm. per day; Internode 2 and 3,

4 mm. per day; Internode 4, 7.5 mm. per day.

Panicle.—7 mm. per day for rachis as a whole.

Spikelet.—Very little if any elongation.

THE SHAPE OF THE INTERNODE; IS IT SOLID OR HOLLOW?

Rhizome.—Compressed dorsoventrally, solid.

Crown.—Round, solid.

Tiller.—Round, solid.

Culm.—Round, hollow.

Panicle.—Round, somewhat ribbed and grooved at extremities; hollow, solid at extremities.

Spikelet.—Not examined.

WHAT KIND OF LEAVES, IF ANY, DOES IT BEAR?

Rhizome.—Cataphylls only; very short blades may appear (up to 2 or 3 mm.) without

turning up.

Crown.—First leaves with fairly short blade, shorter than sheath; later, blade is longer.

Tiller.—Leaves as for crown, but first leaf is enclosed in prophyll.

Culm.—Normal leaf at base, upper leaf has very short blade and long sheath. Others tran-

sitional. No leaf on last internode.

Panicle.—No leaves.

Spikelet.—Presumably glumes are sheath part of leaf; palea is prophyll of the shoot which
becomes the floret.

WHAT POSITION DOES EACH PART ASSUME?

Rhizome.—Horizontal, inverted arch, almost upright, or may show some geotropism at first.

Crown.—Horizontal to vertical.

Tiller.—Nearly prostrate to erect.

Culm.—Usually vertical, though under special conditions may be prostrate or procumbent.
Panicle.—Attitude of rachis same as culm. Branches may be appressed to drooping, though

usually at right angles.

Spikelet.—Florets usually fairly closely appressed.
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WHAT IS THE NORMAL LIFE OF EACH PART?

Rhizome.—May turn up within a few days after it begins to grow, or may stay underground
60 days or more in summer. During cold weather remains underground while soil is frozen.

Crown.—Matures with development of flowering shoot; shortest period is on fall intravaginal

shoots, only 6-7 months. Rhizomes which turn up in late summer may bloom in 9 or 10 months,
and intravaginal shoots which do not bloom first year may bloom in 1 year and 6 months. Fall

seedlings take 1 year and 8 months and spring seedlings 1 year and 3 months.
Tiller.—6 months, or 1 year and 6 months.
Culm.—Initiation of the phytomers involved takes only a short time in late fall; elongation in

spring takes about 1 month. Total life is about 6 months.
Panicle.—5 months for elaboration of branching system, 9 or 10 days for elongation of t he

panicle proper, and 45 days for its complete exsertion including culm elongation.

Spikelet.—First spikelet starts to form when panicle is about l/4 inch long. At 1 inch there
are at least 3 rudimentary florets. Glumes enclose entire spikelet at l

l/2 inches (Musgrave, 1940).
This would be 5-7 days. Total maturity time, to exsertion of anthers, about 5-6 weeks.

HOW FAST ARE NEW PHYTOMERS INITIATED?

Rhizome.—Rapidly, averaging nearly one every two days during summer.
Crown.—Average around 13-14 a year, exclusive of inflorescence. Slow in winter and hot or

dry periods of summer; rapid in spring and for a brief period in early fall. A new leaf every
15-20 days in spring and early fall; every 30 to 50 days in summer and late fall; and every 60
days or more in winter.

Tiller.—Same as for crown.

Culm.—4 phytomers of the culm produced some time in late fall but rate not known.
Panicle.—Assuming 8 internodes on each rachis in period January 1 to April 1, rate is ak>ut

1 phytomer every 11 days. Comparable rate on vegetative part is 1 about every 60 days. Rate of
branching is different, depending on strain and time of year; averages about one new generation
every 40 days according to data in Evans (1949).

Spikelet.—A spikelet with 3 rudimentary florets develops in about 6 days (Musgrave, 1940);
including glumes this is about 1 phytomer per day.

THE FREEDOM OF THE PHYTOMER

A grass plant is a community of phytomers. No phytomer exists autonomously,

but is necessarily involved in the total effort of the plant. At the same time, in

its extreme youth an individual phytomer is quite plastic and may, as it ages,

develop into any one of a number of things. It may or may not take full advantage

of its potentialities to produce leaf blade and sheath, internode, root, and bud. It

may consist only of an internode, as in the case of the last phytomer of the culm.

It may be only an internode with a branch as in the panicle. It may be an inter-

node and a sheath and blade, as in the lower culm internodes, or an internode,

sheath, bud, and root, as in the rhizome. Sometimes, there is no well developed

internode, and only the sheath, blade, bud, and root are prominent. Rarely, an

internode, sheath, blade, root, and bud arc all present as in stoloniferous shoots. Wc
can summarize the various main combinations of the five structural elements on
phytomers of various parts of the plant as follows:

Phytomer
location

4th culm
Lower culm
Panicle

Spikelet

Crown
Rhizome

Internode

Long
Medium
Medium
Minute
Minute
Medium

Sheatl

Medium

Short

Medium
Medium

-long

Blade Bud Root

Medium
Usual

No floret

Short to long Usual Usual
to minute Usual Usual
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Fig. 34. In fall and spring when vegetative shoots are covered over by alluvium

or manure, or by soil excavated by gophers, the internodes on the phytomers which

are just maturing will develop long internodes such as A, B, C, and D, even though

the leaf blades of the phytomers (LL) are long; OC, the old crown, now buried;

NC, the new crown.

Intermediate combinations of the above structures may occur under special cir-

cumstances or in areas transitional between different parts of the plant. A dis-

tinctly different ratio exists between the three prominent features of phytomers

(blades, sheaths, and internodes) when they are located on a rhizome, flowering

shoot, and vegetative crown. Under certain circumstances these ratios can be

altered by subjecting the plant to changed external conditions. If the plant is

shaded, internodes will elongate in spite of the presence of leaves. This occurs in

vegetative shoots which are shaded by heavy mown grass or covered by soil, as

often happens around gopher mounds (text-fig. 34). Where such growth follows

mowing, the growing point is raised out of the ground with the result that it is

easily killed by drought, cold, or trampling.

A somewhat similar departure from normal behaviour can be noticed on

rhizomes grown under special conditions. We have discussed the fact that rhizomes

turn up when leaves begin to develop. If the rhizome is enclosed in a glass tube
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Fig. 3 5. A rhizome was prevented from turning up by directing it

into a glass tube buried in vermiculite. The rhizome grew for several
months, and was then removed and its phytomer parts measured. These
measurements are shown above in the form of curves of growth.

and its leaves prevented from reaching the light, as was done in an experiment

(see pi. 2), the sheaths and internodes become abnormally long. Such a rhizome
is illustrated in text-fig. 3 5. From this diagram it can be seen that the response of

the blade, sheath, and intcrnode to the stimuli coming from the parent plant are

different. While the internodes tend to respond with considerable sensitivity to

prevailing conditions, the leaf blades increase in length only when the stimulus
passes a certain threshhold. Sheaths as usual appear to be somewhat intermediate
in their reaction, embodying features of the two other organs.

The physiological basis of this manner of growth was not investigated, but
the data indicate, in part, how correlations between plant parts can appear to exist

at particular times and at other times to have no apparent basis in fact. It also

shows that a process which normally seems irreversible can be reversed upon oc-
casion. The trend from rhizome to shoot is commonly observed. Th

ble. The reversal of differentiation in
more advanced parts of the plant, as in the development of so-called viviparous
shoots in the spikelet or in the appearance of leaves on the panicle, has been dis-

cussed by Sharman (1947). The mere appearance of glumes and lemmas after
all leaf forms had been suppressed is also a form of reversal.

The development of any given phytomer apparently is a complicated matter
which involves a great many variables operating on the plant through its physio-

e reverse

poss
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logical systems. While phytomers are plastic and can be affected by environmental

factors, they nevertheless eventually resolve themselves into a consistent pattern

which becomes the mature plant of the proper species. This argues for some sort

of internal control. Such control, however, must be of a secondary nature, since

the achievement of such features of the mature plant as the inflorescence ultimately

depend on environmental factors. Thus while the development of a panicle on a

growing point undoubtedly affects the internode beneath it, the panicle would

never have developed at all had it not been for the fact that the plant had been

exposed to a certain combination of environmental conditions. Also the panicle's

effect will depend on conditions of the moment and the habitat. There are thus

primary environmental influences and secondary internal situations which affect

the fate of a given phytomer, but they do not operate independently. Just what

role the genetic material of the plant plays in this connection is not clear.

In general, it would appear that the independence of the individual structures

on the grass phytomer and of the principal plant parts is more imposing than any

correlations which might exist between them. Hardly any correlation can be

found which can be shown to hold up under all conditions of environment. Men-

tion has already been made of the lack of relation between leaf width and the

presence of shoots. Brown (1940) found a relation between leaf width and num-

ber of rhizomes, but he sampled only two strains. The correlation of short leaves

and many tillers is not dependable beyond the limits of normal domestic types.

Even the correlation between culm blade length and internode length (text-fig.

27) would break down if more extreme habitat types were included. The im-

portance of this independence of the phytomer to variation in bluegrass cannot be

exaggerated. It permits a given plant or group of plants to record, in detail, the

variations in its environment. It leads to an inevitable confusion in field and

herbarium between induced variants and ecotypes. It likewise greatly increases

the problem of recognizing and classifying strains and varieties. So-called clonal

differences frequently reflect different treatment rather than different inheritance.

It is especially striking, and in the author's opinion not at all accidental, that

the criteria, or combinations of criteria, which differentiate one strain or ecotype

from another appear to be the very ones which are included in the repertoire of

characters which can be produced by environmental manipulation or variation.

The important question is why, in one case, these characters should be stable enough

to be passed on to offspring, while, in the other, the same characters are theoretic-

ally only temporary. How is stability achieved?

It does not seem reasonable that this thoroughgoing similarity of induced and

inherited characters should be the result of two entirely different causes. It seems

more likely that morphological (and therefore physiological) response to environ-

ment and genetic change are inextricably bound together in higher plants just as

they appear to be in simpler forms of life, and that drawing a line between in-

heritance and environment at the finer taxonomic levels is impossible.
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Summary

A three-year study of Kentucky bluegrass has been made with emphasis placed

on the morphology and growth of the individual plant and its variation with season

and environment. In addition to extensive field observations and tests, laboratory

experiments and micro-dissections have been made. Previously published and un-

published work has been synthesized with these investigations in an attempt to

produce as complete and readable an account of the life history of the grass plant

as possible.

A grass plant is built of morphological units called phytomers. These units

arc produced from the growing point. They potentially consist of a leaf blade

and sheath, and the internode, bud, and pair of roots immediately below this leaf.

Only infrequently are all structures present and fully developed. In various

combinations they unite to produce the characteristic parts of the mature plant.

Ultimate simplicity is achieved in the flowering shoot where the last phytomer of

the culm consists only of a much-attenuated internode.

Just as the form of the plant depends on which phytomer structures are present,

so also does its growth depend on the sequence of maturation and elongation of the

phytomer parts. This sequence begins with the rise of the leaf blade from the

growing point, and its subsequent elongation. The leaf sheath follows, and then

the internode may elongate or remain much compressed. The bud may begin to

appear when the blade matures, and may develop into a shoot while the sheath is

elongating or remain dormant indefinitely. Roots are usually the last structures to

develop.

While the individual parts of the phytomer, and the phytomers as a whole,

show considerable originality and variation, they characteristically tend to organize

into three main types of shoots—the rhizome, the tiller, and the flowering shoot.

These structures are analyzed with respect to their morphology and manner of

growth. The basic phytomer patterns are found to hold with few exceptions.

The critical region of the bluegrass pl;int is the nubbin of short internodes just

beneath the soil surface, to which the leaves attach and from which the three shoot

types arise. This area contains the reserve supply of buds, the suppression or

development of which determines what the plant will look like and what it will do.

A bluegrass plant can be interpreted on a seasonal basis, just as though it were

a winter twig or a pine bough. This requires careful study of the crown area and

a knowledge of progress of basic seasonal events such as flowering, tillering, and
dormancy. By examining the number of phytomers, length of leaves, whether the

buds develop, the position of these buds and the kind of shoots they produce, a

complete picture of the year's activity can be drawn. Such a study can be used

to provide an understanding of the type of plant to be expected in a given locality

or habitat, under different management regimes, or in specific seasons. The struc-

ture of the crown region is of great importance in experimental tests, both labora-

tory and field, and statistical planning and analyses for the response obtained under
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any situation will vary greatly depending on what type of plant is dominant in

the experimental material.

A plan of practical management of bluegrass must first take into account to

what use we intend to put it, so that we can decide what kind of a plant we need.

The effects of

various environmental factors and treatments on grass plants have been discussed

in detail with reference to their influence on specific parts of the plant.

From a taxonomic and genetic point of view it cannot be emphasized too

strongly that bluegrass is flexible and that its final form is largely the result of

specific environmental influences which are often brief in duration, rather remote

in time, casual in distribution, and specific in effect. While under certain limited

conditions correlations between various organs of the plant may exist, if popula-

tions from sufficiently diverse habitats are examined most correlations will be

considerably altered and may break down completely. A study on variation in

bluegrass with reference to this situation is in progress at the present time.
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Explanation oi Plate

PLATE 2

Fig. 1. Baby bottles made it possible to watch how bluegrass grows. (Some of the
nutrient solution was removed to show roots and capillary tube supplying air.)

Fig. 2. Close-up of the top assembly with rhizome chamber attached and a rhizome
extending into it.

Fig. 3. The bottles were placed in a light-tight box, provided with air bubbled under
pressure, and the rhizome chambers concealed beneath a series of panels.

Fig. 4. One of the panels removed exposing rhizome tubes.

Fig. 5. View of the plants with panel in place.
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Explanation of Plate

PLATE 3

Fig, 6. A confusion of long green midsummer leaves trodden into disarray by cattle.

Fig. 7. Underneath the summer grass is an equally confusing tangle of wiry stems,

the rhizomes. The soil has been washed away under a stream of water.
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Explanation -

o\ Pi ait

PI.ATK 4

Fig. 8. A bluegr;vs.s phut and its undernourished offspring. Large parent plant has
its roots in a pot of soil underneath the tr.iy. Small plants along the left edge are turned-
up rhizomes having only sterile "vermiculite" to feed on.

Fig. 9. An early stage in the development of a flowering shoot. Half of the "younger"
leaf (the handed leaf in back) has been removed, showing the youngest or "hood" leaf
within, and the proliferating growing point protruding through the hood. (Photo by
Or. O. T. Bonnett, of the Agronomy Department, University of Illinois.)

Fig. 10. A young flowering .shoot with the panicle just appearing from its enclosing
sheaths.
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Explanation oi Plate

PLATE 5

Fig. 11. Successive sheaths enclose each other, but the blades bend outward at their

junction with the sheath. The lowest leaf on the right clasps an intravaginal shoot with

one leaf bent to the left. The prophyll marked Pr is still visible between them.

Fig. 12. Looking down on a bluegrass leaf. The blade is clipped with a thumb-tack,

and the ligule is marked LI and the new blade coming up through it is NL.

Fig. 13. The bulbous translucent growing point of bluegrass, and two leaf primordia

(Photo by Dr. O. T. Bonnett, University of Illinois).

Fig. 14. Young leaves rising from the stem apex. Hood leaf is indicated by HL
(From Musgrave, 1940).



372 ANNALS OF THE MISSOURI
[Vol. 38, 1Q51 |

Explanation of Plati

PLATE 6

Fig. 15. An August plant, showing rhizomes of extreme types. Left, a very abrupt,

almost tiller-like shoot; right, below, a long rhizome not yet turned up. Right, above, a

short arched rhizome.

Fig. 16. The tip oi a rhizome. The cataphylls bend back slightly at the tip showing
beginning of a very short blade.

Fg. 17. Left, the conical point of a very young cataphyll; right, the conical point

ha.s narrowed and become slit, indicating blade development has begun (X 80). (From
Musgrave, 1940).

Fig. 18. A series of rhizomes in various stages of turning up. Upper rhizome has

formed a single tiller on the right. The crown and growing point are located just above
the last roots.

Fig. 19. Rhizomes were grown in Petri dishes, some with water only (on the right),
some with 1 per cent glucos, (center and left). The center one died at the .\pc\ and a

sprout developed from an axillary bud.
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Explanation of Plati

PLATE 7

Fig. 20. Close-up of an old branched rhizome.

Fig. 21. Branched and unbranched rhizomes. The three on the left are from spaced

plants in a nurs-ry, the four on the right from a dense .sod. (From Musgrave, 1940).

Fig. 22. Sprout rhizomes produced in August on rank meadow plant which had

bloomed the previous May. FS is old flowering shoot.

Fig. 2 3. A bluegrass plant with five primary tillers. The main shoot is in the cen-

ter. Lowest tiller on the left has given rise to a secondary shoot. The lower leaves and

prophylls have been removed.

Fig. 24. Tillers arise from axillary buds. This plant shows a new tiller (NT), an

old tiller of a year ago (OT), and a fairly recent short rhizome (R).

Fig. 25. The first leaf of a tiller is called the prophyll (p). It has no blade. (From

Musgrave, 1940) .

Fig. 26. Oat seedling showing the first green leaf after it has grown out of the

sheathing coleoptile (C) at its base. The plant on the right shows a somewhat broken

mesocotyl (M) between the grain and the first minute root.
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Exi>] a nation of Plate

PI. ATI 8

Fii;- 27. Successive stages nf panicle development in bluei;rass. (Photos by Dr. O,
I. Bonnett, of the Agronomy Department, University of Illinois).

A. The growing point elongates. (From Musi;rave, 1940—compare with pi. 5,

ig. 13).

B. Proliferation begins with protuberances appearing on the growing point.

C. I he primary protuberances branch and the panicle grows very slightly

D. Spikelets have begun to develop.

P. Glumes of spikelets have begun to envelop the growing points
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Explanation oi Plate

PLATE 9

Fig. 28. Bluegrass plants showing various degrees of tillering. Meadow plant at right

shows two primary tillers. Pasture plant at left has several secondary shoots. The plant

in the center was taken from a wet spot over a buried steam pipe and has produced tillers

all winter. They total about 50, and there are many of the second and third generation

and a few of the fourth. Upper left, a much-tillered lawn plant with very short leaves.

Fig. 29. Plants fertilized at different times of the year with horse urine (see Table

ITT). Upper left, control; lower left, late August; center, late October; right, January

—

note exsertion of panicle beginning in January plant. Difference in intensity of color is

also apparent in the photograph, and is true to life. Control and August plants were very

pale green.

Fig. 30. Enlarged crown (X 3
1
/:<) of a conservative meadow plant in fall with only

three buds developed in a period of a year.

Fig. 31. Crown of a more active plant from a pasture in fall showing rhizomes and

tillers from late summer and fall buds.

Fig. 3 2. A crown with late summer and fall buds swelling in preparation for develop-

ment of rhizomes the following spring. A pair of tillers at the top.
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The present treatment is the first taxonomic revision covering the North

American and West Indian species of Valeriana since that of Hock 1 (1882). The

taxa within this geographical province have not suffered from lack of recognition,

as may be witnessed by the rather copious synonymy, but rather from the want

of a general re-evaluation of these past efforts in an attempt to bring a semblance

of order and utility to the natural populations of North American Valeriana.

Taxonomically, the genus as a whole remains poorly known. The European

species are more often studied, although for the most part floristically. Valeriana

officinalis and V. Vim, amongst others, are known from antiquity especially for

the medicinal properties of their fetid "valerian root". The most recent work on

American Valeriana is that of Borsini2 who treated the Argentine species.

Valeriana occurs in all the continents with the exception of Australia, and in

number of species, totaling perhaps 200, the genus compares with those genera

largest amongst flowering plants. In the western hemisphere, Valeriana attains its

greatest complexity in the South American mountains where the largest number

of species is concentrated. Hock's treatment 1 accounted for 155 species of

Valeriana world-wide, of which 30 were of North America and the West Indies.

His disposition of the North American species was limited by a paucity of material,

and, while conservative, it hardly fulfilled the need of a detailed account based

upon abundant field data and herbarium specimens. In the decades that followed,

an increasing number of names appeared in the literature, and with well over 100

specific epithets with which to deal at the beginning of the present study, there

was an urgent need for an account of the North American and West Indian

1 Engl. Bot. Jahrb. 3:1-73. 1882.
2 Gen. et Sp. Plant. Argent. 2:275. 1944.

* An investigation carried out in the graduate laboratory of the Henry Shaw School of Botany

of Washington University and submitted as a thesis in partial fulfillment of the requirements for

the degree of Doctor of Philosophy, June 1949.
** Missouri Botanical Garden, St. Louis, Mo.
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species as a whole. A monograph covering a selected geographical area, such as

the present, limits the interpretation of extra-territorial distributions, but this

method is the only means open for a full-fledged evaluation of the relationships of

taxa within a natural taxonomic system.

One of the results of the present study has been the determination of extra-

North American affinities, and I have discovered, for instance, that nearly one-

fourth of the species also occur outside the geographical limits of this paper, five

extending to South America and two to Asia and Europe. The interpretation of

taxa has been solely on the basis of comparative morphology, and 30 indigenous

North American and West Indian species are listed in the treatment that follows.

Historical Review

The name Valeriana is derived allegedly from the Latin valere, to be strong, or

from Valerius, a Roman family name, or from Valerus, the name of a Roman king.

In Greece the plants of this assemblage were known as Phon (</>on).

Valeriana as a generic epithet appears in the works of Theophrastus, Dioscorides,

and Plinius. To them this plant was important largely because of its medicinal

qualities, and to this day Valeriana officinalis is listed in the United States

Pharmacopoeia for use in mild cardiac therapy. The history of its medicinal use

is correlated with the advance of botanical knowledge, and some of the earliest

incunabula illustrate Valeriana. We find an interesting but stylized black and

white wood-block print of Valeriana in the 'Herbarius Latinus', printed at Mainz

in 1484, and a hand-colored print in 'Gart der Gesundheit' of 1487, printed in

Augsburg by Hannsen Schonsperger.

Valeriana found its place in the tomes of all the early sixteenth century herb-

alists, and Ccsalpino3
, the Italian physician, placed Valeriana with those plants

having a solitary, single-seeded fruit. But these renaissance classifications con-

tributed little new information, and not until 1700 did Valeriana rise as a result

of Tournefort's more modern approach. Tournefort4
, in his re-evaluation of earlier

classifications, incorporated Valeriana and the newly erected Valerianella in his

Class II, Section III, with flowers gamopetalous, infundibuliform and rotate, with

the calyx unfurled in fruit. This interpretation was a major advance, and Linnaeus,

in the 1753 edition of 'Species Plantarum' recognized 16 species of Valeriana in

the genus with the "Triandria Monogynia". His interpretation was conservative

and in his list were included species of Valerianella, Fedia, and Centrantlms, which
have since been recognized as separate genera of Valerianaceae. In Linnaeus' second

edition (1762), the number of species reached 18, and V. scandens was described

as the first American species.

Jussieu
r> made no attempt to alter Linnaeus' concept of Valeriana although he

placed the genus in his newly erected family Dipsaceae. Necker first devised the

:: Dc Plantis. p. 147. 1583.
4
Inst. Rci Herb. 1:13 1. 1700.

5 Gen. PI. p. 195. 1789.
6 Elem. Bot. 1:123. 1791.
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Valerianaceae and recognized five genera: Valeriana, Centranthus, Mitrop/wra,

Odontocarpon, and Mouffetta.

A. P. DeCandolle7 proposed 11 genera of Valerianaceae in its first world-wide

treatment. For Valeriana 82 species were recognized of which 10 were North

American, and he placed the family between the Rubiaceae and Dipsaceae which

is essentially the same disposition as the most recent one by Hock8
.

Endlicher (1836-40) failed to treat the genus, although the Valerianaceae

were placed between the Plumbagineae and the Dipsaceae. Bentham and Hooker10
,

like DeCandolle, placed the Valerianaceae between the Rubiaceae and the Dipsaceae.

Hock's 11 (1882) monograph is the last disposition of the species for North Amer-

ica, and his treatment was later included in Engler and Prantl's
12 'Die Naturlichen

Pflanzenfamilien\

paucifl

West

half the known species from this geographical area had been recorded, mainly as a

result of botanical expeditions—Humboldt and Bonpland, Galeotti, and Hartweg,

in Mexico; and Nuttall, Douglas, and Richardson, in western United States and

Canada. Asa Gray's13 treatment of Valeriana was the last to list the species north

of Mexico.

General Morphology

Habit:—The North American species of Valeriana are hollow-stemmed peren-

nial or annual herbs, ranging in size from that of the often diminutive napiform-

rooted species, such as V. densiflora, sometimes no more than six inches tall, to

that of the voluble V. scandens with branches up to twenty feet long. The erect

perennial and annual species normally flower and fruit in response to seasonal

fluctuations of climate, but the voluble V. clematith and V. scandens are mostly

everblooming and evergreen over much of their distribution in the warmer sections

of tropical and subtropical America.

The underground parts are useful for series designation and the species fall

tap

omes (Fig. 1).

1. roots

namely: (a) those with conical tap-roots, and (b) those with napiform to fusi-

root

(a) Conical tap-roots

species in series Edules.

7 Prod. 4:623. 1830.
8 Bot. Jahrb. 31:405. 1902.

"Gen. PI. p. 350. 1836-40.
10 Gen. PI. 2:151. 1873.
ll

/. r., p. 1. 1882.
12 Nat. Pflanzenfam. 44:178. 1897.
13 Syn. Fl. N. Am. pp. 42-44. 1886.



380 MISSOURI
[Vol. 38

Fig 1. (X %)• A, branched tap-root of V.cJulh, characteristic of the species in series Edules-
R\ napiform tap-root of V. dcnsiflora Jensiflora, characteristic of the species in series SORBIFOLIAE;
C, rhizomes of V. capitata acutiloba, characteristic of the species in series OFFICINALES; D fusi-
form tap-root of V. Jemiflova barbae folia; E, conical tap-root of V. albo-ncrxata, characteristic
of the snecies in srrirs Cfr atmpwvt t ai:of the species in series Cera iophyllai .
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(b) Napiform to fusiform tap-roots are characteristic in series Cera-

tophyllae, Clematites, Densiflorae, Sorbifoliae, and Pratenses.

The distinctions between the perennial and annual habit in the napiform-

rooted species are based primarily upon the relative differences in the degree

of swelling, which perforce does not always delimit annuals from perennials

satisfactorily. For instance, several of the species in series Densiflorae,

Clematites, and Sorbifoliae manifest transitional forms from well-devel-

oped napiform tap-roots to those in which the swelling is often quite

rudimentary as in V. densiflora, apiifolia, Sclcrorum, and urticaefolia. The

Mexican and Central American species with napiform tap-roots often occur

in areas of seasonal drought, and it is conceivable that the annual or

perennial habit may be linked to the severe conditions of an arid habitat.

2. The rhizomatous species are included almost wholly in series Officinales

in which the often much-ramified and branched rhizomes are diagnostic. In series

Sorbifoliae, rhizomes occur in V. domingensis, and dubiously so in V. clematitis

and V. scandens
y in which the underground portion is rarely preserved in herbarium

material.

Leaves:—The leaves in all the species are opposite and decussate, and the spatu-

late leaf epitomizes the basic leaf type in North American Valeriana, The leaf of

V. ednlis is the best example of this shape, and the pinnate, pinnatifid or bipinna-

tifid leaf are modifications of this basic form. The leaves are the most variable of

all the taxonomic criteria, although the characteristic variational pattern is often

diagnostic for species determination.

Undivided leaves are predominant in series Edules and Clematites, but the

leaves in series Officinales, Ceratophyllae, Densiflorae, Sorbifoliae, and

Pratenses are more frequently pinnate to pinnatifid. The leaves in V. apiifolia

and V. robcrtianifolia are bipinnatifid, and the laciniate leaves in the species of

series Ceratophyllae are the most divided of the North American species.

Indument:—The kinds of pubescence, whether of the hirtellous, pilosulous,

sericeous or puberulent types, offer a useful means for characterizing the series.

The nodes of most species are consistently puberulent or pilosulous, and in six of

the seven series, the throat of the corolla is pilosulous, but in series Ceratophyllae

the corolla-throat is densely short-sericeous, a character which readily marks this

group of species.

The disposition of the indument often contributes to the diagnostic features of

the achene. In the series Officinales, Edules, Densiflorae, and Pratenses

the achenes are glabrous or pubescent on the adaxial and abaxial sides, but in series

Ceratophyllae, Clematites, and Sorbifoliae the achenes are more often

pubescent on the adaxial and glabrous on the abaxial surface.

Inflorescence:—The compound inflorescence of Valeriana has been interpreted

as a thyrse, and Philipson (Ann. Bot. n. s. 11:409. 1947), on anatomical grounds,

finds the thyrse in V. officinalis considerably modified as a result of arrested growth

patterns of the apical meristem. This conclusion bears out my observations that
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the inflorescence in Valeriana is probably not a true thyrse of the mixed type but

merely thyrsoid and actually determinate throughout. The inflorescence in North

American species is manifestly of the V. officinalis type. Two forms may be rec-

ognized: (1) An aggregate dicbasium1*, which is initially more or less pyramidal.

This type predominates in the North American species and is apparently produced

through the reduction of decussate leafy branches from a falsely monopodial cen-

tral axis; (2) A compound dicbasium, which is dichotomous, with the ultimate-

dichotomies closely aggregated and more or less flat-topped in anthesis, although

later becoming diffuse and somewhat more elongated. The compound dichasium

is found consistently in V. deltoidea, tanacetifolia, and pra/ensis. The terminal

cymes are scorpioid, and the ultimate branches form the cincinnus. In most species

the cincinni are not evident until maturity, although the heliciform branches of

V. apiifolia and urticaefolia are well developed even in immature plants.

Corolla:—Relative lengths of the corolla tube in North American Valeriana

contribute an outstanding character for both series and species delimitation. The

corolla may be: (1) infundibuliform to subsalverform with the tube usually twice

as long as the lobes and gibbous at the base (except in series Pratenses it is some-

times indistinctly gibbous towards the middle), or (2) rotate, with the tube

straight and much abbreviated and the lobes usually as long or longer than the

tube. Modifications of these types occur in V. pauciflora, columbiana, and nrticae-

folia, with subsalverform corollas, and in series Sorbifoliae, with campanulate-

infundibuliform corollas. The corollas of V. pauciflora and V. Columbiana are the

longest, to 20 mm., of the North American species. Rotate corollas occur in V.

occidentalis and V. dioica in series Officinales and in most species in series

Edules and Ceratophyllae. The five corolla lobes are imbricate in bud and at

anthesis they expand at right angles or frequently they arc recurved, rarely erect.

The flowers with infundibuliform corollas are more or less asymmetrical. Rotate

corollas, on the other hand, are usually symmetrical.

The presence of unisexual as well as perfect flowers in many species of Valeriana

is expressed differentially in the length of the corolla. Unisexual flowers, for in-

stance, are invariably reduced in length by at least half that of the perfect flowers.

Sexual polymorphism occurs in several ways; the flowers may be completely

hermaphroditic, polygamous, dioecious or polygamo-dioecious, with dioecism the

least common of these sexual anomalies. Most of the species are characteristic for

one or more of these sexual traits; for instance, the flowers of V. edulis are predomi-

nantly polygamo-dioecious, while those of V. sitcbensis are consistently hermaph-

roditic.

The methods of pollination are as yet unknown, although my observations on

several species in western United States indicate that small insects, of undetermined

kind, assist in this process.

14 Woodson, Ann. Mo. Bot. Card. 22:4. 193 5.
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A B C D

Fig. 2. Anthers: A and B, 4-lobed type, X 10; C and D, 2-lobed type, X 8-

Stamens:—The versatile anthers in North American species of Valeriana, while

consistently 4-loculate, are of two distinctive types, viz. 2-lobed or 4-lobed;

illustrated in fig. 2.

In the 2-lobed and more common type, the anther thecae usually are somewhat

lunate and opposed, with the 4-loculae equal in length. This anther type occurs

in the North American series Ceratophyllae, Clematites, Densiflorae,

Sorbifoliae, and Pratenses, which include Mexican, Central American and West

Indian species. The material studied for comparison shows that most of the South

American species also have anthers of the 2-lobed type.

In the 4-lobed type, the anther thecae are sulcate, with the ventral loculae of

each theca slightly longer than the dorsal and essentially parallel. This type occurs

in series Officinales and Edules, and was also seen in material from certain

South American species and in all the European and Asian species examined.

While these anther characters have no value for species distinctions, the 2- or 4-

lobed anthers have been most useful for series designation.

The stamens of most species are exserted and longer than the corolla lobes,

although in series Sorbifoliae the stamens are mostly included and essentially

sessile at the summit of the throat of the corolla.

Achenes:—The inferior cypselate achene of Valeriana, with its epigynous setose

calyx-limb and single fertile carpel, represents a reduction from a basically 3-

pell On the abaxial side, the vestigial carpels are seen as two often

indistinct protuberances near the apex of the achene, and the accompanying vascu-

lar traces occur as two submedian ribs adjacent to the abaxial midrib. Variations

in the length, the shape, and the indument are the most useful achene characters

for species diagnosis (fig. 3).

Calyx-limb:—The modified setose calyx of Valeriana is referred to as the calyx-

limb. This structure is apparently derived through the progressive dividing of

calyx bundle traces in the normal development of the epigynous calyx. The setose

calyx-limb in Valeriana is allegedly homologous with the pappus in Compositae,

although at present we lack information concerning this alleged relationship.
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Fig. 3. Achenes: A and B, V. cucurbitifolni (A, abaxial side, B, adaxial side), X 6; C
V.scandens (abaxial side), X 7; D, V. pauciflora (abaxial side), X 6; E, V. pulchclla (abaxial
side), X 4; F and G, V. Selerorum (F, adaxial side, G, abaxial side), X 4; H and I, V. clematUh
(H, abaxial side, I, adaxial side), X 8; J, V. pratensis (abaxial side), X 4; K, V. Pahncri (adaxial
side), X 6.



1951]

MEYER VALERIANA IN NORTH AMERICA 385

During anthesis the calyx-limb and plumose segments are tightly inrolled, while at

maturity they unfurl, the divided limb usually displaying 6-23 segments. In

V. apiifolia, pulchclla, and deltoidea, the calyx-limb may be either setose or merely

dentate. In V. pratensis, it is consistently dentate. Graebner15 (1906), in his

classification of Valeriana, rightly discredited the value of the setose calyx-limb

as a generic or subgeneric character, although Hock (1882) and his predecessors

ascribed considerable importance to this character, first for generic and later for

series designation. In the North American species, the presence or absence of the

setose calyx-limb is diagnostic only in combination with other characters.

Geographical Distribution

The international boundary between the United States and Mexico marks an

obvious discontinuity for the distributions of the North American species.

Northern Province:—Within this area occur the species in series Officinales

and Edules. pitata cap

in Asia and Europe as well as in America, series Officinales includes a host of

European and Asiatic species. The species in series Edules are wholly American.

Southern Province:—This region includes Mexico, Central America, and the

West Indies, in which occur the series Ceratophyllae, Clematites, Densi-

florae, Sorbifoliae, and Pratenses. These series manifest an affinity with

South American Valeriana, and V. clematitis, urticaefolia, scandens, robertianifolia,

'/

Classification

No up-to-date general classification exists for the genus Valeriana, although

the family was last treated on a world-wide basis by H6ck 1(J
in 18 82. P. Graebner17

began an extensive monograph of the family which covered mostly the South

American species.

Valeriana is one of seven to nine genera of Valerianaceae. The various genera

are distinguished principally on the basis of stamen number as a reduction series

from a basically 5-merous whorl: Nardostachys, an Asian genus, has 4 stamens,

Valeriana 3, and Ccntranthus and Fedia, both Mediterranean genera, each have 2

stamens.

The species of Valeriana covered in the present treatment are included in seven

series, five of which are used for the first time and two being upheld from Hock's

earlier classification. The synopsis that follows is a summary of the genus cover-

ing the North American and West Indian species as interpreted by me.

15 Engl. Bot. Jahrb. 37:464. 1906.
16 Engl. Bot. Jahrb. 3:1-73. 1882.
17

/. c. 37:464. 1906.

;
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V. pratensis

Economic Importance

Valeriana is of economic importance principally for the medicinal properties

in the root, sometimes as an aromatic perfume, less frequently as a culinary herb

(Valeriana edulis). The medicinal properties of Valeriana have long been recog-

nized. The species most used commercially has been the European Valeriana

officinalis, although other European and Asian species have been used at intervals.

The strong fetid and aromatic odor so characteristic of V. officinalis is common
to many North American species, especially in the series Officinales and Edules,

although none of the American species are used medicinally, so far as known.

The "fetid roots", according to Lindley18
, bring on, "as is well known a kind

of intoxication in cats, and in large doses occasioning in man scintillations, agita-

tion, and even convulsions". The therapeutic value of Valerian root has a reputa-

tion of long standing. It has been used externally for epilepsy and is purported to

have cured this disease in Fabius Columna, a well-known herbalist of the 17th

century. Barton 111 claims that Valeriana is very efficacious in epilepsy produced

,s
Pickering, Chron. Hist. Pi. p. 518. 1879.

1!,
British Fl. Med. p. 391. 1877.
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by anger and fear. It has also been used for nervousness, suffocation, asphyxiation,

migraine, menopause, fevers, and parasites. Allport20 lists its uses as a nervine

stimulant to the digestive organs.

The culinary properties of Valeriana remain improperly known, although V.

edulis in western United States has been used for food. This plant, with its usually

large fleshy roots, is still used in this way by certain Indian tribes of northwestern

United States. On his visits with these Indians in the 1820's, David Douglas

recorded the following data about V. edulis (Patrinia ceratophylla)

:

The roots, during the spring months, are collected by the Indians, baked on heated stones,

and used as an article of winter or spring food. From a bitter and seemingly pernicious

substance, it is thus converted into a soft and pulpy mass, which has a sweet taste, resem-

bling that of treacle, and is apparently not unwholesome.21

The only species with any current commercial use in the United States is

Valeriana officinalis, and in addition to its medicinal properties, this species is still

used in gardens for its ornamental value.

To my knowledge, the indigenous North American species are seldom cultivated,

although V. arizonica was known to European gardens at least fifty years ago.

Several western American species, such as V. sitchensis and V. columbiana, should

tantalize the efforts of gardeners in northern climates to grow them for their neat

appearance and large showy flowers. Valeriana columbiana is a worthy rock-garden

subject, while V. sitchensis would succeed well in a woodland or moist perennial

border.

Study Material

In the citation of specimens, I have, wherever possible, used the symbols for

herbaria as advocated by Lanjouw (in Chron. Bot. 5:143. 1939).

ARIZ—University of Arizona, Tucson.

BH—Bailey Hortorium, Ithaca, N. Y.

BRY—Brigham Young University, Provo, Utah.

G—Boissier Herbarium, Geneve.

GG—Barbey-Boissier Herbarium, Geneve.

BR—Jardin Botanique de l'Etat, Bruxelles.

CAS—California Academy of Sciences, San Francisco.

CGE—Botanical Museum and Herbarium, Cambridge, England.

F—Chicago Natural History [Field] Museum, Chicago.

CA—Colorado Agricultural and Mechanical College, Ft. Collins.

D—Delessert Herbarium, Geneve.

E—Royal Botanic Garden, Edinburgh.

FI—Istituto Botanico dell'Universita, Firenze.

GT—Gentry Herbarium, Los Angeles.

GH—Gray Herbarium, Cambridge, Mass.

K—-Royal Botanic Gardens, Kew.

M—Botanische Staatssammlung, Munchen.

MAT—Matuda Herbarium, Mexico City.

MSC—Michigan State College, East Lansing.

20 Chem. & Phar. Veg. Drugs, p. 159. 1944.
21 In Hooker, W. J. Fl. Bor. Am. 1:291. 1834.
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MU—University of Michigan, Ann Arbor.
MO—Missouri Botanical Garden, St. Louis.

MIN—University of Minnesota, Minneapolis.

OTB—Division of Botany, Dept. of Agriculture, Ottawa.
OXF—Oxford University, Oxford.
OS—Sherard Herbarium, Oxford University.

NY—New York Botanical Garden.
P—Museum National d'Histoire Naturclle, Paris.

TO—Pomona College, Claremont, California.

WYO—University of Wyoming, Laramie.

S—Naturhistoriska Riksmuseet, Stockholm.
T—Escuela Agricultura Pan Americana, Tegucigalpa, Honduras.
US—United States National Herbarium, Washington.
UC—University of California, Berkeley.

W—Naturhistorisches Museum, Vienna.
WTC—Washington State College, Pullman.
STR—Institut Botanique de PUniversite, Strasbourg.

WILLU—Willamette University, Salem, Oregon.
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Herbs, perennial or annual from rhizomes or tap-roots. Stem subscapose or

leafy, fistulous, terete or occasionally more or less quadrangular. Leaves decussate,

basal and cauline, spatulate and undivided or pinnate to pinnatifid or rarely bi-

pinnatifid, frequently more or less decurrent on the subpetiolar and more or less

clasping-patelliform base, serrate, crenate, dentate, repand, or entire, membranous

/'. aggregate-dichasial and thyrsioid or

cymes compound, dense and more or less scorpioid, bracteate; flowers hermaph-

roditic, gynodioecious or polygamo-dioecious. Corolla infundibuliform, subcam-

panulate, or rotate, the tube gibbous or straight, usually more or less hairy on the

throat, the 5 lobes equal or subequal. Stamens 3, rarely 4, adnate on the throat,

anthers essentially sessile and included, or filamentous and exserted, alternate with

the corolla lobes; anthers 4-loculate, introrse, 2-lobed, the thecae more or less

lunate and opposed, the 4 loculae equal in length, or 4-lobed, the anther thecae

sulcate, the ventral loculae longer than the dorsal and parallel. Pistil inferior,

ovary basically 3-carpellate, maturing 1 -fertile adaxial carpel, ovule 1, pendulous,

anatropous, exalbuminous, ventral raphe united; vestigal abaxial carpels 2. Style 1,

the stigma 3-Iobed, included or exserted. Fruit a cypselate achene, adaxial veins

1 -median, 2-peripheral, abaxial veins 3, oriented more or less in the median plane.

Calyx initially involute, later spreading, the sessile limb concrescent and short-

patelliform, hyaline and membranaceous, becoming setose in mid-plane, the setae

plumose, or the limb short-cupuliform and more or less irregularly toothed or

lobed.

Species, 30.

KEY TO THE SERIES22

A. Plants rhizomatous or from conical tap-roots. Anthers distinctly 4-

lobed, the thecae sulcate with the ventral loculae slightly longer than

the dorsal and essentially parallel.

B. Plants from rhizomes or stolons. Leaves mostly pinnate to pinnati-

fid, petiolate, and the blades of the undivided leaves more or less

abruptly expanding. Corolla infundibuliform to subsalverform (es-

sentially rotate in V. occidentalis and V. dioica sylvatica) , the tube

gibbous. Achenes smooth, more or less plane adaxially. Flowers

hermaphroditic or gynodioecious I. Officinales (p. 390)

BB. Plants from conical tap-roots. Leaves mostly lingulate-spatulate,

gradually decurrent to the subpetiolar and clasping base, the cauline

frequently pinnate to pinnatifid and more or less decurrent. Corolla

essentially rotate. Achenes transversely rugulose or smooth, adaxial

ribs relatively prominent. Flowers polygamo-dioecious II. Edules (p. 420)

AA. Plants from napiform to fusiform tap-roots (although usually poorly

developed in the annual species), apparently more or less rhizomatous

in V. clcmatifis, domingensh, and scandens. Anthers distinctly 2-

lobed, the thecae usually somewhat lunate and opposed, the loculae

equal in length.

C. Indument uniformly spreading or nearly wanting. Rhachis of

the divided leaves terete (although usually winged in V. Palmeri).

Corolla gibbous or the tube straight.

D. Stamens exserted. Corolla (1.8—) 2.3-6.0 mm. long.

22 Dimensions and descriptions of the corolla apply to perfect flowers; unisexual flowers are reduced

to approximately half the length of the perfect flowers.
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E. Corolla subrotate, the lobes at least equaling or sometimes
exceeding the tube length, the throat manifestly clothed

with stiffish hairs, rarely only pilosulous within. Leaves

divided, the lateral lobes more or less laciniate or palmately
3- to 7-lobed. Achenes with the abaxial ribs usually rela-

tively prominent III. Ceratophyi i ai (p. 430)
11". Corolla Infundibuliform to campanulate-infundibuliform,

the lobes usually not exceeding half the tube length, the

throat scattered-pilosulous within. Leaves undivided or pin-

nate to pinnatifid or bipinnatifid, the lateral lobes broader,

crenate to dentate or irregularly cleft to entire. Achenes
with the abaxial ribs not prominent.

F. Leaves predominantly undivided or sometimes with 1 pair

of lateral lobes. Achenes frequently more or less arcuate,

linear- to ovate-oblong, rarely suborbicular, pubescent on
the adaxial side or glabrous IV. Clematitis (p. 437)

FF. Leaves predominantly pinnate to pinnatifid or bipinnatifid

(much reduced and essentially bracteate in V. laginata),

prevailingly with more than 1 pair of lateral lobes, rarely

undivided. Achenes essentially plane, suborbicular to

ovate-oblong, sometimes more or less ovoid, uniformly
dense-pilosulous or glabrous V. Denmflorae (p. 448)

DD. Stamens included (slightly exserted in V. robertiani) olm) ,

Corolla 0.5-3.0 mm. long VI. SORBIFOLIAE (p. 461)
CC Indument usually retrorsely disposed on the veins and stems, the

leaves asccnding-ciliolate. Rhachis of the divided leaves more
or less winged. Corolla gibbous towards the middle of the

tube VII. PRATENSES (p. 479)

Series I. Officinales Hock,23
in Engl. Bot. Jahrb. 3:41. 1882.

Perennials from rhizomes. Stem unbranched to the inflorescence. Leaves basal

and caulinc, elliptic- to obovate-spatulate, pinnate to pinnatifid or sometimes un-

divided, petiolate, dentate to repand or entire. Inflorescence a compound dichasium,

more or less flat-topped in anthesis; flowers hermaphroditic or sometimes gyno-

dioecious. Corolla infundibuliform to subsalverform or rotate. Stamens and style

exserted, anthers distinctly 4-lobed, the thecae sulcate with the ventral loculae

longer than the dorsal. Calyx-limb 9- to 2 3 -fid. Species, 8.

Type Species: Valeriana officinalis L.

Series Officinales includes eight closely related species in North America, all

north of Mexico. In distribution, the series is circumboreal and includes many of

the Valerianas in both Europe and Asia. It stands apart in being the only as-

semblage of truly rhizomatous Valerianas in North America. The 4-lobed char-

acter of the anthers, the usually well-developed pinnate to pinnatifid leaves, and

the more or less flat-topped inflorescence are characters which combine to distin-

guish the species in series Officinales.

KEY TO THE SPECIES

A. Corolla infundibuliform to subsalverform, 3-19 mm. long, the tube
distinctly gibbous. Leaves more often ovate to spatulatc.

B. Stamens exserted, longer than the corolla lobes. Corolla lobes less

than half the tube length. Achenes 2.0-6.5 mm. long.

C Plants without stolons. Corolla white or pink, 3-9 (-15) mm.
long. Achenes unwinged, narrowly to broadly ovate, oblong to

oblong-linear.

-' The epithet for this series was originally used by Hock in the singular number as "Oi FICINai is.

The change to plural number is essential under Series designation.

M
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D. Leaves uniformly ascending-ciliate, the terminal lobe linear to

elliptic or oblanceolate, 2.0-5.5 cm. long, 0.4-3.0 cm. wide,

the lateral lobes sometimes falcate, simulating the terminal

lobe. Lateral lobes of the basal leaves 8-12 pairs. Corolla 3-5

mm. long. Achenes 2.5-3.0 mm. long. Adventive from

Europe - » V
'
officinalis

DD. Leaves glabrous or pubescence spreading.

E. Leaves predominantly cauline and ovate or basal and mostly

spatulate. Stem sometimes finely pubescent or glabrous.

Corolla to 9 mm. long.

F. Plants relatively robust, 3-10 dm. tall. Cauline leaves evi-

dently petiolate, at least the lower, glabrous or essentially

so. Alaska, British Columbia, northwestern and north-

eastern United States 2. V. sitchcnm

FF. Plants relatively slender, 1-6 dm. tall. Cauline leaves

essentially sessile and glabrous or the stem and/or the

leaves puberulent. Northwestern Arctic America; western

United States >• V. capitata

EE. Leaves predominantly basal and ovate. Stem glabrous.

Corolla to 15 mm. long. Southern Colorado, New Mexico,

and Arizona 4 -
V -

^izonica

CC. Plants with stolons. Corolla blue to pinkish, 13-19 mm. long.

Achenes narrowly winged. Southern Illinois, Ohio Valley to

Maryland 5. V. pauciflora

BB. Stamens included, shorter than the corolla lobes. Corolla lobes 3-6

mm. long, about half the tube length. Achenes 5-7 mm. long.

Wenatchee Mountains, Washington - *- V- columbiana

AA. Corolla subrotate to rotate, 2.0-3.5 mm. long, the tube indistinctly

gibbous or straight. Leaves predominantly oblong.

G. Plants (3-) 4.5-9.0 dm. tall, leafy, robust. Achenes

linear- to ovate-oblong, sparsely to densely pilosulous,

rarely glabrous. North-central Idaho to northern

Nevada and northeastern California; southwestern

Montana to Colorado 7. V. occidental

GG. Plants 1.5-3.0 (-4.5) dm. tall, slender, somewhat sub-

scapose and considerably less leafy. Achenes ovate to

ovate-oblong, glabrous. Northern Rocky Mountains in

the United States; northern British Columbia south-

eastward to Newfoundland 8. V'. dioica sylvatica

1. Valeriana officinalis L. Sp. Pi. 1:31. 1753.

Perennials 5-10 dm. tall, robust, from an abbreviated rhizome, 0.5-1.0 cm.

thick, bearing numerous caudical rootlets. Stem leafy, 0.5-1.0 cm. in diameter,

pilosulous to short-pilose towards the base, glabrescent above, the nodes densely

pilosulous. Leaves predominantly cauline, 4-5 pairs, petiolate below, becoming

sessile above, oblong to oblong-ovate, pinnate to pinnatifid, 9-3 5 cm. long, gla-

brous or pilosulous to short-pilose, predominantly on the veins beneath, glabrous

above, uniformly ascending-ciliate, the lateral lobes 5-8 pairs, distinct or more or

less decurrent on the rhachis, linear to oblanceolate, acute, sometimes more or less

falcate, 2.0-7.5 cm. long, 0.4 %
wide as the lateral lobes; basal leaves loosely tufted, 15-30 cm. long, simulating

the cauline. Inflorescence 2-11 cm. wide in anthesis, later diffuse, 10-18 cm.

long, 10-15 cm. wide; bracts 2-3 mm. long, relatively long-ciliate, short-apicu-

late, the nodes often densely pilosulous; flowers hermaphroditic. Corolla infundi-

buliform, 3-5 mm. long, white, glabrous without, the lobes half as long as the

tube the throat sparsely puberulent towards the base within. Stamens and style
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exserted. Acbenes lanceolate- to ovate-oblong, 2.5-3.0 mm. long, glabrous or

pilosulous, tawny or rubiginose, abaxial ribs evident. Calyx-limb 10- to 12-nd.
Type Locality: Europe.

Distribution: Introduced into gardens in the United States and Canada.
Established as a garden escape from New Brunswick westward to Minnesota and
*

">' apparently rarely an escape elsewhere. Flowering and fruiting MayWash

J

Canada: nw drunswick: Fredericton, Grob j. n. (OTB). nova scotia: Grind
Pre, Groh s. n. (OTB)

;
Kings Co., Centrevillc, McLcllan 718 (OTB). ONTARIO: Carlcton

Co., Nepcan Twp., Brittania, Cody & Caller 594 (OTB); Frontcn.ic Co., Battersea
Edmonton s. n. (NY); Carleton Place, Groh j. «. (OTB); Pickering, Haigbt s. n. (OTB);
Colborne, Northumberland, Victoria, Germain, Dominique 4620c; (GH, OTB, WYO)'
Quebec: near St. Clements, Montgomery qqq (OTB); La Malbaie, Marie -Anselme 165
(OTB)

;
Pontiac Co., Bristol Twp., Lindsay 6 Mulligan 135 (OTB); Saint-Mathias, comte

de Rouville, Victorin & Germain 46630 (OTB).
United States:

Connecticut: Hartford Co., Southington, Bissell s. n. (MO).
Michigan: Cheboygan Co., Mackinaw City, Dodge s. n. (MU); Emmet Co., Carp

Lake, Gates 15821 (US); Presque Isle Co., Rogers, Dodge s. n. (MU).

W W
new jersey: Hudson Co., Hoboken, Schrenk s.n. (MO); Hunterdon Co., Califon,

itsher s. ti. (MO).
new york: Albany Co.; Tompkins Co., Ithaca, Roulee s.n. (MO); Warren Co

Oueensbury, House 28755 (MO).
Vermont: Caledonia Co., Pcacham, Blanchard s.n. (MO); Franklin Co., east Berk-

shire, Clausen s. n. (MO); Windsor Co., Rochester, Dutton s.n. (MO).
/

#•

past in Europe, and it has been growing in American gardens for at least 150 yens,
without doubt since colonial times but a definite record of this is lackine. Thi6- US
species is listed in the United States Pharmaecopoeia as an adulterant in certain

I
* 1 *

cardiac remedies.

2. Valeriana sitchensis Bong, in Mem. Acad. St. Petersb. 2
,!

:145. 183 3. T.:
Mertens s. n.i (D, GH, OXF, P, W).

3-10 dm. tall, from relatively stout rhizomes 2-7 mm. thicl

Stem 0.5-1.0 cm. in diameter, glabrescent, the nodes 2-5, densely puberulent or

rentiia

oose
pilosulous. Leans basal and/or cauline; the basal relatively few
tufted with the several adventitious shoots, or essentially wanting, petiolate, un-
divided or pinnate to pinnatifid, ovate to ovate-oblong or suborbicular and more
or less cordate, 10-3 5 cm. long, dentate to repand or entire, glabrous or pilosulous
on the veins below, sometimes spreading-ciliate; cauline leaves 2-5 pairs, simulating
the basal, pinnate to pinnatifid, 3-20 cm. long, the lateral lobes 1-6 pairs, shorter
than the terminal lobe, grading smaller. Inflorescence in anthesis 2-8 cm. wide,
later diffuse, 10-12 cm. long, 6-9 cm. wide, the nodes pilosulous; bracts 5.0-5.5
mm. long, glabrous or sparsely spreading-ciliate; flowers hermaphroditic or rarely
gynodioecious. Corolla infundibuliform, 4.5-9.0 mm. long, white to pinkish,
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L&M).

Fig. 4. Valeriana sitchensis ssp. sitchensis: Habit X %', entire and dissected flowers, and achene

(abaxial side), X 5.

glabrous or sometimes pilosulous towards the base of the tube without, the limb

less than half as long as the gibbous tube, rarely l/2 as long, the throat sparsely

to somewhat densely pilosulous within. Stamens and style exserted. Achenes

linear- to ovate-oblong, 3-6 mm. long, glabrous. Calyx-limb 11- to 23-fid.
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as early as 18 37 when Shuttleworth in his description of V. Hookeri distinguished

two distinct taxa under this name—the Rocky Mountain form merely as "in sylvis

ad Montes Scopulorum", and the Pacific coast populations as var. /? foliolis tub-

inte«eris from the Columbia River. It is clear, however, that the Rocky Mountain
plant conforms to Boneard's earlier description of this plant from Sitka as V.

sitchensis, which in the present treatment applies to V. s. sitchensis. Under var. /?,

however, Shuttleworth clearly delimits, although not by name, V. sitchensis ssp.

Scouleri, as may be easily interpreted from the type specimen. In north-central

United States there occurs a third taxon, V. s. uligitiosa.

KEY TO THE SUBSPECIES

A. Cauline leaves with 1—3 (—4 ) pairs of lateral lobes, the terminal lobe
obovate, ovate-rhombic to suborbicular, acute or obtuse.

B. Plants robust, to 12 dm. tall. Leaves predominantly cauline, crenate
to irregularly repand-dentate to entire or essentially so, firmly
membranaceous, glabrous or hirtellous on the veins, the terminal
lobe 1.5-6.3 cm. wide. Corolla 4.5-7.0 mm. long, white, frequently
pilosulous towards the base of the tube without. Achenes mostly
ovate to oblong-ovate, 3-6 mm. Ions, about 2 mm. wide, tawny to
purpurascent, frequently purple-maculate. Subalpine from the Kenai
Peninsula and the coastal mountains of Alaska to east-central and
southern British Columbia; Idaho and western Montana; Washing-
ton to the Siskiyou Mountains, California 2a. V. s. sitchensis

BB. Plants slender, to 7 dm. tall. Leaves predominantly basal, entire or
essentially so, thinly membranaceous, glabrous, the terminal lobe
0.9-3.8 cm. wide. Corolla 5-9 mm. long, pinkish-white, glabrous
without. Achenes mostly oblong-linear, 5-6 mm. long, 1-2 mm.
wide, tawny to rubiginose, rarely purpurascent. Southwestern
British Columbia to Mendocmo Co., Calif., from sea-level to about
4000 feet altitude, west of the Cascade Mountains 2b. V. s. Scouleri

AA. Cauline leaves with (3-) 4-6 pairs of lateral lobes, the terminal lobe
lanceolate to elliptic, acute to acuminate, 0.9-2.5 cm. wide. Corolla
5-6 mm. long, glabrous without. Michigan to Ohio, New York, north
to New Brunswick 2c. V. 5. ulightOSS

2a. Valeriana sttchensis Bong. ssp. sitchensis.

Valeriana Hooker! Shuttl. in Flora 20 2 :450. 1837. T.: Drummond s. n.! (GH, K, NY).
Valeriana capitata Pall, ex Link p Hookeri Torr. & Gray, Fl. N. Am. 2:48. 1841, as to

specimens cited in part.

Valeriana frigidorum Gdgr. in Bull. Soc. Bot. Fr. 65:37. 1918. T.-.Cusick 1715! (E, K,
MIN, MO, UC, US, WTC).

Valeriana Suksdorfii Gdgr. 1. c. 36. 1918. T.: Suksdorf 6060! (WTC).
Valeriana anomala Eastw. in Leafl. West. Bot. 3:22. 1941. T.: Howell 15162! (CAS).

Perennials 3.5-12.0 dm. tall, robust. Stem leafy. Leaves predominantly

cauline, 10-20 cm. long, pinnate to pinnatifid, the lobes crenate to irregularly

repand-dentate or essentially entire, membranaceous, glabrous or occasionally

spreading-ciliate to somewhat strongly hirtellous, the terminal lobe obovate, ovate-

rhombic to suborbicular, 2.5-4.5 cm. wide, acute or obtuse, the lateral lobes 1-4

pairs; basal leaves petiolate, ovate-elliptic to obovate, 11-40 cm. long, glabrous,
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Fig. 5. Distribution of V. sitcb-

ensis ssp. sitcbensis.

Fig. 6. Distribution of V. sitcb-

ensis ssp. Seouleri.

Fig. 7. Distribution of V. sitcbensis ssp. uliginosa.

the terminal lobe 5-10 cm. long, 2-5 cm. wide. Corolla 4.5-7.0 mm. long, fre-

quently somewhat pilosulous towards the base of the tube without. Achenes ovate

to oblong-ovate, 3-6 mm. long, 2.0-2.1 mm. wide, tawny or purpurascent, fre-

quently purple-maculate. Calyx-limb 12- to 20-fid.

Type Locality: "Habitat in montanis, Plsle Sitka" [now Baranof Island],

Alaska.

Distribution: Subalpine meadows and open woodlands in the mountains from

about 4000 feet altitude (rarely lower) in the southern part and above 1800 feet

altitude in the northern part of the range. Kenai Peninsula, southward in the
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Alaska coastal mountains to cast-central and southern British Columbia to south-

central Idaho and western Montana; Washington and Oregon to the Siskiyou

Mountains, California. Flowering and fruiting June to September.

Alaska: Talkeetna Mts., Anderson R1024 (S); Thompson Pass, Anderson 1924 (S);

WYO
WYO)

56 (NY, US); Glacier Bay, Covillc & Kearney 764 (US); Egg Island, Disenchantment
Bay, Coville tf Kearney 1037 (BM, US); Yakutat Bay, Coville & Kearney II59 (US);
Chugash Mts., Anchorage, Dutilly, LePage, O'Neill 20530 (S); Mt. Verstonia, Emmons
s. n. (US); White Pass, Enander s. n. (S) ; Knight Island, Prince William Sound, Eyerdatn
3521 (MO); Evans Island, Eyerdam 5953 (OTB) ; Mtn. #1, Yes Bay, Gorman 93 (K,
NY, US); Montagne Isl., Prince William Sound, Heller 28 (UC) ; Short Bay, Howell 1631
(MIN, MO, NY, UC, US); Seward, Hultcn 7924 (S); Yoho Pass Trail & Hoho Valley,
Longfteld & Blezard s.n. (BM) ; 20 mi. nw. Hyder, McCabe 8416 (UC) ; Deer Mt.,

McCabe
W)

(WYO)
(WTC)

Ub); headwaters of Saskatchewan & Athabasca Rivers, Brown 1450 (GH) ; Jasper Hou.se,

Burke s.n. (K); Banff, Dirhl s.n. (BRY) ; head of Smoky River, Hollister Q (US);
Pyramid Peak, near Henry House, Hollister 59 (US); Lake Louise, Hunnewell ^84^
(GH); Mt. Edith Cavell, McCabe 8343 (UC) ; Mt. Paget, Macoun 65383 (GH, NY);
Bertha Lake, Waterton Nat. Park, Moss 476 (GH, OTB); Jasper, Moss 2675 (GH); Mt.
Quincy, Ostbermer 88 (GH). British Columbia: Mt. Cheam, Anderson 814^/2 (OTB);
Mt. Garibaldi, Bennett s.n. (E, K) ; Asulkan Valley, Glacier, Brown 230 (GH, MO);
Burgess Trail, Field, Brown 375 (GH, MO, NY, US); Cougar Mt., Butters, Holway,
Rosendabl 588 (MIN) ; Yoho Valley, Butters tf Holway s. n. (MIN) ; McGillivray, Crows-
nest Pass, Eastham 15774 (OTB); White Pass, Eastwood 897 (GH, US); Mission, Fletcher

814V2 (OTB); Yale, Fletcher 952 (BM); Stanley, Eraser s.n. (NY); Summit Lake, Fyles
s. n. (OTB); Vancouver Island, Forbidden Plateau, Greig s.n. (MBG); coast range, Van-
couver, Henry s.n. (CGE); Falkland, Hitchcock tf Martin 7529 (UC) ; Moraine Lake,
Hollis 6206 (MO); Moose Pass, Hollister 101 (US); Sumas, Lyall s.n. (K, P) ; 25 mi.

44
McCab

n. Vancouver, McCabe 2744
McCabe d7dO (UC) : 5 mi. n

mi. s. Flathead Summit, McCabe 4942 (UC) ; Mt. Revelstoke, McCabe 5403 (UC) ; Marble
Canyon near Vermilion Pass, McCabe 6180 (UC) ; Mt. Whymper, Vermilion Creek, Mc-
Cabe 6351 (UC); 20 mi. n. Takla Landing, McCabe 8083 (UC) ; 9-Mile Mt., ne. Hazel-
ton, McCabe 8146 (UC); 15 mi. sw. Telegraph Creek, McCabe 8900 (UC) ; between N.
Thompson & Bonaparte rivers, Macoun s.n. (GH, US); Skagit Valley, between 49° and
49°15'N, and 121° and 121°20'W, Macoun 72799 (NY); Cassiar Dist., near head Tset-
ce-yeh River, branch of Klappan River, Preble # Mixter 646 (US); Mt. Selwyn, about
56°1'N., 123°39'W., Raup tf Abbe 4179 (GH, S) ; Cameron River Valley, Vancouver
Island, RosenJahi 1990 (CGE, K, MIN, MO); Toquin Valley, Jasper Park, Sanson 909
(NY); Great Northern Mt., Scheuber s.n. (US); Big Bend Dist., about 118°20'W.,
51°45'N., Shaw 033 (GH, MIN, MO, NY, US); Bluster Mt., Marble Mts., Thompson &
Thompson 410 (US); between Mt. Field & Mt. Wapta, Walcott s.n. (US); 27 mi. n.
Natal, Weber 2282 (GH, NY, UC). northwest territories: near the Yukon border
about 62°30'N., 129°W.. Goodwin 26 CKY)

United States:

Howell
Co

idaho: Adams Co., between Meadows and McCall, Rollins II44 (GH, MO, NY);
Blaine Co., Alturas Lake, Cronquist 2578 (MO); Boise Co., Quartzburg, Mulford s.n.
(GH, MO, NY); Bonner Co., Priest River Exp. Station, Eplinz 6204 (MO): Clearwater
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Co., divide between St. Joe and Clearwater River, Leiberg 1249 (ARIZ, GH, K, MO, NY,
UC US, WYO); Custer Co., 25 mi. nw. Stanley, Cronquist 2772 (MO); Elmore Co., 20

mi. n. Pine, Meyer & Meyer 2359 (MO) ; Idaho Co., Hibbs Cow Camp, Dry Diggins,

T23N, R2W, Packard 335 (UC); Kootenai Co., Wiessner's Peak, Sandberg, MacDougal,

Heller 587 (BM, CA, D, GH, K, MO, NY, US) ; Lemhi Co., Mt. Baldy, Salmon, Payson

tf Payson 1848 (GH, MO, NY, WYO) ; Shoshone Co., Forks of St. Mary's River, Leiberg

1335 (ARIZ, GH, MO, NY, UC, US, WYO); Valley Co., Sawtooth Mts., Thompson

*3793 (D > GH, MO, NY, UC, US) ; Washington Co., Cuddy Mts., Jones s. n. (PO).
Montana: Beaverhead Co., Bitter Root Range, 3 mi. above O'Neill's Sawmill, Hitch-

cock & Muhlick 12645 (GH, MO, S, UC, WYO); Clark Co., Helena, Starz s. n. (MO);
Deerlodge Co., Anaconda Mts., shore of Storm Lake, Hitchcock & Muhlick 14865 (MO)

;

Flathead Co., Columbian Mt., Rogers & Rogers 1164 (MO, NY) ; Glacier National Park,

Osterhout s. n. (MO) ; Granite Co., 2 mi. w. Skalkaho rd. summit, Hitchcock & Muhlick

14484 (MO, UC) ; Lake Co., Mission Range, se. McDonald Lake, Hitchcock 18281 (UC)

;

Madison Co., Tobacco Mts., Hitchcock 17048 (WTC) ; Meahger Co., Little Belt Mts.,

Flodman 804 (MIN, MO, NY, US); Missoula Co., Flathead Range, near Upper Holland

Lake. Hitchcock 18440 (UC) ; Powell Co., Gordon Mt., 6 mi. s. Big Prairie Ranger
Station, Hitchcock 18842 (UC).

Oregon: Baker Co., Anthony Lake, Blue Mts., Maguire # Holmgren 26915 (NY,
UC, US); Crater Lake National Park, Heller 12956 (D, GH, MO, NY, UC, US); Crook

Co., along a brook, Whited 648 (GH, K, MO, NY) ; Grant Co., Strawberry Mt., Hender-

son 5688 (GH, MO); Hood River Co., Elk River, Mt. Hood, Benson 2540 (MO, NY,
US); Jackson Co., Huckleberry Mt., Coville 8 Applegate 371 (NY, US); Jefferson Co.,

4 mi. s. Mt. Jefferson, Nelson 2813 (GH) ; Josephine Co., Siskiyou Mts., Whittaker 55IOO

(WTC); Klamath Co., Union Peak, Applegate 4770 (WILLU); Lane Co., McKenzie

Pass, 5 mi. w. summit, Peck 9799 (GH, MO, WILLU); Marion Co., Jefferson Park, TlOS,

R8E, Sec. 11, Peters 179 (MO) ; Umatilla Co., near Langdon Lake, Peck 22281 (WILLU)

;

Union Co., Wenaha National Forest, Bone Springs, Lawrence 208 (ARIZ, US) ; Wallowa
Co., Buckhorn Springs, Peck 18315 (WILLU).

Washington: Asotin Co., Blue Mts., near Big Butte, 9 mi. se. Anatone, Meyer 4I4
(MO); Chelan Co., Mt. Stuart, Whited 774 (US); Clallam Co., Deer Lake, Meyer 1042

(MO); Columbia Co., Blue Mts., Goodman Springs, Constance, Clarke, Staats, Van Vleet

1163 (MIN, MO, P, WYO); Ferry Co., Graves Lookout, R35E, T36N, Boner & Weldert

234 (GH, MO, NY, UC, WYO); Garfield Co., Stentz Spring, T9N, R42E, Constance tf

Clements 1735 (MO) ; Grays Harbor Co., trail to Mt. Colonel Bob, Meyer 999 (GH,
MO); Jefferson Co., Constance Ridge, Meyer 710 (MO); Kittitas Co., Table Mt., Meyer

& Meyer 2234 (MO); Mason Co., Mt. Ellinor, Eyerdam 1262 (BM, D, MO); Okanogan

Co., Big Craggy, Thompson 10851 (MO, NY) ; Pend Oreille Co., Pass Creek Pass, Laskey

5. n. (WTC) ; Pierce Co., Chinook Pass, Eyerdam 5. n. (MO) ; Mt. Rainier National Park,

Paradise Valley, Meyer & Meyer 2240 (MO) ; Skagit Co., Mt. Baker Forest, Neff 506
(WTC); Skamania Co., Mt. St. Helens, Coville 762 (US); Snohomish Co., alpine meadows

of Mt. Dickerman, Thompson 8875 (MO) ; Spokane Co., Mica Peak, Suksdorf 8817
(WTC); Thurston Co., Black Hills, Meyer 1637 (GH, MO, OTB) ; Walla Walla Co.,

Blue Mts., Piper s. n. (WTC) ; Whatcom Co., Mt. Baker Lodge, Heller 14751 (D, MO,
NY, US); Yakima Co., Mt. Adams, Suksdorf 6060 (WTC).

Shuttleworth quite adequately recognized in his original description of V.

Hookeri two categories which are in the present treatment recognized as subspecies

under V. sitebensis. The synoptial chart below reveals the salient characters that

distinguish these taxa:

V. s. sitchensis

Habitat: subalpine, on relatively deep soil

in meadows, open or sometimes dense

coniferous woods; flowering in summer.

Habit: robust, 3.5-12.0 dm. tall.

Leaves: predominantly cauline, crenate to

irregularly repand-dentate.

Achenes: ovate to oblong-ovate.

V. s. Scouleri

low altitude, 0-4000 ft., on basalt bluffs along

streams; flowering in spring.

slender, 3.5—7.0 dm. tall.

predominantly basal, entire or essentially so.

oblong-linear.
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Valeriana s. sitehensh is one of the conspicuous and quite attractive subalpine

plants, especially in the Olympic and Cascade mountains of Washington state

where it is commonly referred to as "Mountain Heliotrope".

2b. Valeriana sitchensis Bong. ssp. Scouleri (Rydb.) F. G. Mey., stat nov.

Valeriana Hookeri var. £ Shuttl. in Flora 202 :450. 1837. T.: Seouler s. n.l (E, NY).
Valeriana capitata Pall, ex Link Hookeri Torr. & Gray, Fl. N. Am. 2:48. 1841. T.:

Douglas s.n.l (BM, K).

Valeriana Scouleri Rydb. in Mem. N. Y. Bot. Gard. 1:377. 1900. T.: based on V. Hookeri
var. p Shuttl.

Valeriana sitchensis Scouleri (Rydb.) Piper, in Contr. U. S. Nat. Herb. 11:533. 1906,

W
1334! (CAS).

Valeriana Follettiana Eastw. /. c. 197. 1937. T.: Follett s.n.l (CAS).
Valeriana humboldtiana Eastw. /. c. 198. 1939. T.: Eastwood 6 Howell 4868! (CAS).

Perennials 3.5-7.0 dm. tall, slender. Stem sparsely leafy. Leaves predomi-

nantly basal, 3-10 cm. long, pinnate to pinnatifid or undivided, the lobes entire

or essentially so, thinly membranaceous, glabrous, the terminal lobe of the divided

leaves and blade of the undivided leaves obovate, ovate-rhombic to suborbicular,

0.9-3.0 cm. wide, the lateral lobes 2-5 pairs. Corolla 5.0-8.8 mm. long, glabrous

without. Achenes oblong-linear, 5-6 mm. long, 0.9-1.8 mm. wide, tawny to

rubiginose, rarely purplish. Calyx-limb 12- to 18-fid.

Type Locality: "On moist rock and islands of the Columbia River near

Oak Point".

Distribution: Sea-level to about 4000 feet altitude on bluffs along forest

streams west of the Cascade Mts. from southwestern British Columbia to Mendo-

cino Co., Calif. Flowering and fruiting March to July.

Canada: British Columbia: between Alexandra Bridge and Yale, McCabe 2504
(UC); Doyle Island, Gordon Channel, McCabe 7122 (UC) ; Yale, Macoun s.n. (NY);
Chilliwack Valley, 49°-49 u

10'N., 121°25'-122°W., Macoun 64902 (NY); Skagit Valley,

49°-49°15'N., 121°-12l°20'W., Macoun 72796 (NY); Vancouver Island, vicinity of

Nanaimo, Macoun 88005 (NY); Vancouver Island, vicinity of Ucleulet, Mr. Fraser's

garden, Macoun 88006 (NY); exposed cliffs along Cameron Lake, Vancouver Island,

Meyer & Meyer 2246 (MO); Vancouver Island, Sookes River area, Nelson & Nelson 716
(MO, WYO) ; banks of Gordon River, Vancouver Island, Kosendahl & Brand s. n. (MIN)

;

Port Renfrew, Vancouver Island, Kosendahl 1744 (MIN); Fraser River Canyon near Yale,

Thompson & Thompson 10 (MO, NY, UC, US).

United States:

California: Del Norte Co., Mary Adams Peacock Bridge, along Smith River, East-

wood & Howell 1334 (CAS) ; Humboldt Co., 5 mi. e. Berry Summit, Eastwood & Howell
4808 (CAS) ; Mendocino Co., along the creek at Elk, Follett s. n. (CAS).

Oregon: Columbia Co., rocky bluffs below Clatskanie, Thompson 2450 (MO);
Clackamas Co., Clackamas Lake, Peck 15850 (WILLU) ; Coos Co., Middle Fork Coquille

River, Detling 4087 (UC) ; Curry Co., shady bank of Rogue River near Gold Beach,

Peck 8695 (WILLU); Douglas Co., west fork Cow Creek Canyon, Peck 7424 (WILLU);
Hood River Co., Cascades, Harford & Dunn 359 (MO) ; Jackson Co., Rogue River, Wood-
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ville, Peck 7423 (WILLU) ; Josephine Co., woods near Savage Rapids, 6 mi. from Grants

Pass, Henderson 6058 (MO, WYO) ; Lane Co., Castle Rock Trail, Detling 2818 (UC)

;

Lincoln Co., cliff above the sea, Otter Crest, Peck 16333 (UC, WILLU) ; Linn Co., Willa-

mette watershed, Cusick 4545 (WTC); Multnomah Co., Warrendale, Thompson 11870

(MO, NY); Polk Co., Mill Creek, 4 mi. sw. Buell, Peck 16221 (WILLU); Tillamook

Co., Tillamook, Ferguson s. n. (WILLU).
Washington: Clallam Co., lower slopes of Mt. Angeles, Thompson 7574 (GH, K,

MO, UC) ; Grays Harbor Co., Montesano, Heller & Heller 3937 (E, GG, GH, MO, NY,
P» US) ; Jefferson Co., moist woods along Dosewallops River, Thompson 6351 (K, MO,
NY, US) ; King Co., Green River Canon, Mosier s. n. (US) ; Klickitat Co., Larm River,

Suksdorf s. n. (BM, D, E, GH, MO, P, US) ; Mason Co., Hoodsport, Otis 2359 (WTC)

;

Pierce Co., Eatonville, Flett 2204 (WTC); Skamania Co., Chenowith, Suksdorf 1658

(WTC) ; Snohomish Co., Perry Creek Trail, Thompson 14526 (GH, MIN, MO, NY, S,

UC, US) ; Thurston Co., Tumwater, Townsend s. n. (MO, UC, WTC) ; Wahkiakum Co.,

Skamokawa, St. John 8748 (GH, MO, UC) ; Whatcom Co., trail from Glacier to Mt.

Baker, Mason 3894 (UC).

The subspecies Scouleri is a low-altitude forest plant of the moist Pacific

coastal climate west of the Cascade Mountains from British Columbia to

northern California where it prefers Middle Tertiary basalt or sedimentary bluff

habitats principally along forest streams from the sea-coast to the foot-hills of

the Cascades. These specialized habitats occur, for the most part, locally through-

out the distribution of the subspecies. The facies of these bluffs consist of masses

of bare-faced or sparsely wooded rock cliffs, with a thin soil cover and accompany-

ing conditions of reduced water supply—semi-drought in mid-summer. Under

these specially provided conditions these bluffs support a characteristic "bluff flora"

be

belt throughout the area where this plant occurs. Although

the distribution of V. s. sitchensis lies within the realm of V. s. Scouleri west

of the Cascade Mountains, these taxa remain effectively isolated from each other

by marked habitat and altitudinal discontinuities. The ecological barriers ef-

fectively isolate these subspecies so that interbreeding between them can be virtually

ruled out; differences in flowering time increase the difficulty in this respect. At

least I have seen no material that would suggest hybridization between these taxa.

2c. Valeriana sitchensis Bong. ssp. uliginosa (Torr. & Gray) F. G. Mey.,

stat. nov.

Valeriana sylvatica jS uliginosa Torr. & Gray, Fl. N. Am. 2:47. 1841. T.: Sartwell s.n.I

(BM, GH, NY).
Valeriana uliginosa (Torr. & Gray) Rydb. ex Britton, Man. 878. 1901.

Valeriana dubiosa Gdgr. in Bull. Soc. Bot. Fr. 65:37. 1918. T.: heal s.n.

Perennials 3-10 dm. tall, relatively slender. Stem leafy. Leaves predominantly

cauline, pinnate to pinnatifid, 5.5-21.0 cm. long, the lobes dentate to repand or

entire, membranaceous, spreading-ciliate, glabrous or sparsely pilosulous below, the

terminal lobe lanceolate to elliptic, acute to acuminate, 0.9-2.5 cm. wide, the

lateral lobes 5-6 pairs; basal leaves 20-3 5 cm. long, petiolate, undivided or with

1 pair of lateral lobes, ovate-elliptic to obovate, dentate to repand or entire, the

blades and terminal lobe of the divided leaves 6.5-14.5 cm. long, 3.5-6.0 cm.
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wide. Corolla 5-6 mm. long, glabrous without. Achcnes lanceolate, elliptic to

ovate-oblong, 3-4 mm. long, glabrous. Calyx-limb (11-) 15- to 2 3 -fid.

Type Locality: Lake Ontario, Wayne Co., N. Y.

Distribution: Marshy meadows, swamps, and bogs, Michigan, northern Ohio,

New York and adjoining Canada, northward to Vermont and New Brunswick.

Flowering and fruiting end of May through August.

Canada: new Brunswick: Gloucester Co., Petit Rocher, Blake 5502 (GH, K, NY,
P, US); Restigouche Co., Dalhousie, Turesson 6 Aim 175 (S). Ontario: Proton, Quinn
s. n. (OTB). Quebec: Bonaventure Co., New Richmond, Chrysler 1264 (US); Rimouski
Co., Bic, Forbes s.n. (GH, WYO) ; St. Fabren, Williamson 1376 (NY); Lower Canada,
Somerset, Brunet s. n. (GH).

United States:

maine: Aroostook Co., Perham, Steinmetz 782 (US); Penobscot Co., Staceyville,

Allard 7210 (GH, US).
Michigan: Charlevoix Co., ne. Clarion, McVaugb 9409 (MU) ; Chippewa Co., Ecker-

man, Dodge s.n. (MU) ; Eaton Co., Olivet, herb. Coville (US); Emmet Co., Carp Lake,

Gates 15431 (US); Genesee Co., Flint, Trench s.n. (MU); Ionia Co., Hubbardston,
Wheeler s. n. (GH, MSC, US); Kent Co., Grand Rapids, Sones s.n. (MU); Jackson Co.,

Jackson, Dodge s.n. (MU); Lapeer Co., Lang Lake, Dodge s.n. (MU); Livingston Co.,

Whitmore Lake, Ehlers 4747 (US); Luce Co., Lake ManLstique, Hermann 8303 (MU,
NY); Mackinac Co., Naubinway, McVaugb 10928 (MU) ; Marquette Co., Negaunee,
Rydberg s.n. (NY); Montcalm Co., Cedar Lake, Davis s.n. (MU) ; Oakland Co., n.

Pontiac, Chandler s.n. (MSC, US); Otsego Co., 5 mi. e. Vanderbilt, McVaugb 10890
(MU); Schoolcraft Co., near Seul Choix, Pease # Bean 26347 (GH) ; Washtenaw Co.,

Dexter, Hermann 9455 (GH, US).
new york: Columbia Co., Ancram, McVaugb 31 18 (GH); Dutchess Co., Pine Plains,

Hoysradt s. n. (GH, NY, UC, US) ; Genesee Co., Bergen Swamp, near Byron, Jofynson

4078 (US); Herkimer Co., Jordanville, Habcrer 402 (GH, K, MO, NY); Madison Co.,

Syracuse, Sheldon 1144 (NY); Monroe Co., Mendon, Metcalf 8872 (GH) ; Wayne Co.,

Butler, Wiegand & Wright 7208 (GH); Yates Co., Sartwell s. n. (BM, GH, NY).
ohio: Stark Co., Canton, Steele 2 (MO, US).
Vermont: Fairhaven, Eggleston 1275 (BM > K , MIN, MO, NY, P).

Subspecies uliginosa prefers wet meadows and swampy areas in the deciduous

forest regions north of the southern extent of Pleistocene glaciation. The broad

(about 1200 miles) discontinuity that separates ssp. sitcbensis and ssp. uliginosa

may be likened to the distributions of other species in Hulten24
, such as Scheuch-

zeria palustris, Festuca rubra, Equisetum scirpohles, and Gnapbalium uliginosum

among others. Hulten attempts to outline a history of the modern distribution

of these species on the assumption that the pre-Pleistocene distribution was con-

tinuous and by the onset of the Wisconsin phase of the Pleistocene epoch the

distributions became disjunct. Thus, many widely distributed species were left

as remnants of the former distribution as modern inhabitants in western and

eastern North America. Hulten essentially accepts the view that refuge areas

existed within the glaciated regions of northeastern United States; or perhaps these

species existed to the south of the glaciated areas and moved northward in

post-glacial times. Modern glacial geologists do not give very much support to

the refugia concept, and Flint25 does not locate any large refuge areas in north-

~ 4 Outline of the History of Arctic and Boreal Biota during the Quartenary Period, p. 123. 1937.
"'Glacial Geology and the Pleistocene Epoch. 1947.
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eastern United States. The modern distribution of V. s. uliginosa is entirely within

glaciated areas. Perhaps V. s. uliginosa sought its way to northeastern United

States and adjoining Canada from western America contemporaneously with the

final stages of Wisconsin glaciation.

Subspecies uliginosa and sitchensis may be distinguished as follows:

V. s. uliginosa

Cauline leaves with (3-) 4-6 pairs of lateral

lobes; terminal lobe lanceolate to elliptic,

acute to acuminate.

V. 5. sitchensis

Cauline leaves with 1-3 (-4) pairs of lateral

lobes; terminal lobe obovate, ovate-rhombic

to suborbicular, acute or obtuse.

3. Valeriana capitata Pallas, ex Link, Jahrb. d. Gewachsk. 1*:66. 1820. T.:

Pallas 789 (in hb. Willd., photo in hb. MO).

Perennials 1-6 dm. tall, from slender to relatively stout rhizomes 1-6 mm.

thick. Stem leafy to more or less subscapose, 1-6 mm. thick, glabrous to uniformly

pilosulous, the nodes consistently pilosulous. Leaves forming a loosely tufted

rosette with the several adventitious shoots at the base, or obsolete, undivided,

ovate to obovate-spatulate, 2-20 cm. long, 0.6-3.0 cm. wide, acute or obtuse,

irregularly dentate to entire or essentially so, glabrous to puberulent; cauline leaves

3-5 pairs, undivided or pinnate to pinnatifid, ovate- to oblong-oblanceolate or

obovate-spatulate, the uppermost much reduced, becoming bract-like, the blades

and terminal lobe of the divided leaves ovate to elliptic or suborbicular, 1-5 cm.

long, 1.0-2.6 cm. wide, acute to obtuse, the lateral lobes 1-5 pairs, less than half

as long as the terminal lobe, grading smaller, the petioles to 4 cm. long, grading

shorter to nearly obsolete, more often spreading-ciliate towards the base. In-

florescence dense in anthesis, 1.5—5.0 cm. wide, later diffuse, 3-14 cm. long, 3-9

cm. wide, nodes and internodes pilosulous or glabrous; bracts glabrous to sparsely

spreading-ciliate; flowers hermaphroditic. Corolla infundibuliform, 3—8 mm. long,

white to pinkish, glabrous to pilosulous without, the lobes half as long as the gib-

bous tube, the throat sparsely pilosulous within. Stamens and style longer than

the corolla limb. Achates ovate, oblong to oblong-linear, 3.0—6.5 mm. long,

glabrous or pilosulous, smooth, tawny, rubiginose, or purpurascent, often purple-

maculate, abaxial ribs evident. Calyx-limb 10-17-fid.

The modern distribution of Valeriana capitata is marked by a series of discon-

tinuous distributions. With this as a basis, I have recognized four subspecies in

the present interpretation of V. capitata, with V. c. capitata in the Arctic north

of 60°, and three subspecies in western United States, V. c. acutiloba, californica,

and pubic arpa.

Hulten in his critical work on Arctic plants lists certain species in western

America with disjunct distributions essentially like V. capitata. He mentions

Anemone Drummondii, Potentilia rubricaulis, Thlaspi alpestre purpurescens, and

Carex nudata in this category. An explanation is sought by suggesting for these

species a former continuous distribution which extended from unglaciated areas,

particularly in northern and central Alaska, through western Canada to areas in

western United States that fall south of the maximum effect of Pleistocene glaci-
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ation. The present disjunct distribution is thought to have been brought about

during the maximum thrust of the continental ice mass which completely covered

western Canada. Mint's26 map offers further evidence that during the maximum
extent of glaciation in western Canada the Pleistocene ice field engulfed the whole

of western Canada with the exception of the extreme northwest. The present

distribution of V. capitata coincides adequately with geological data.

KEY TO THE SUBSPECIES

A. Leaves glabrous, predominantly ovate and cauline, frequently more or
less acuminate, irregularly dentate or toothed. Basal leaves few,
mostly from lateral offshoots. Rhizome slender, 1-3 mm. thick,
rarely branched. Kodiak Island, Unalaska, islands of the Bering Sea;
interior Alaska to the Yukon Territory north of 60°; also in Arctic
Asia to the Kola Peninsula, Scandinavia 3a. V. c. capitata

AA. Leaves puberulent or glabrous, predominantly spatulate (sometimes
ovate in V. c. pubicarpa), basal and cauline. Rhizome stouter, 3-7
mm. thick, often much branched.

B. Whole plant or the stem only puberulent. Leaves more often
broadly ovate- to obovate-spatulate or sometimes ovate, obtuse, ap-
proximately half as broad as long. Lateral lobes of the divided
leaves 1—4 pairs.

C. Plants short-puberulcnt to glabrescent. Undivided leaves and
terminal lobe of the divided leaves more often truncate or
retuse, regularly 3- to 7-toothed or entire. Achenes 4.0-6.5 mm.
long. Southern Oregon and the Sierra Nevada mountains of
California to Tulare Co.; also in adjoining Nevada 3b. V. c. californica

CC. Stem puberulent, leaves essentially glabrous. Undivided leaves
and terminal lobes mostly entire. Achenes 3.5-5.5 mm. long.
Southwestern Montana, western Wyoming, central Idaho to
northern Utah; southeastern Oregon to the Charleston Moun-
tains, Nevada 3c§ y. c. pubicarpa

BB. Whole plant essentially glabrous. Leaves more often oblanceolate-
spatulate, twice to several times as long as broad, acute to more or
less apiculate. Lateral lobes of the divided leaves 2-5 pairs, much
reduced, long-acuminate 3(j. y. c.acutiloba

3a. Valeriana capitata Pall, ex Link ssp. capitata.

Valeriana bracteosa Britt. in Bull. N.Y. Bot. Gard. 2:183. 1901, non Philippi. T.: Williams
s.n.! (NY).

Valeriana capitata Pall, ex Link var. bracteosa (Britt.) Hult. Fl. Alaska & Yukon, pt.
9:1453. 1949.

Perennial 1-6 dm. tall. Rhizome slender, 1-3 mm. thick. Stem glabrous or

pilosulous towards the base, glabrescent above. Leaves predominantly cauline,

3.0-5.5 cm. long, 1.3-5.0 cm. wide, ovate to obovate, acuminate, the lowermost
pair more often undivided, petiolate or subsessile, obtuse, pinnate above, sessile or
subsessile, lateral lobes 1-2 pairs, usually much reduced, sharply and irregularly

dentate or essentially entire, glabrous, the terminal lobe ovate to suborbicular,

1.5-6.0 cm. long, 1.0-2.6 cm. wide, the lateral lobes less than twice as small,

grading smaller; petiole 0.5-1.5 cm. long or nearly obsolete. Inflorescence 1.5-3.5

cm. wide in anthesis, subglobose; bracts exserted midst the flowers and fruits,

LMi
Flint, R. F. 1. c. p. 23.
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filiform to linear, glabrous, usually purpurascent. Corolla 5-7 mm. long, glabrous

without. Achenes ovate- to elliptic-oblong, 3-4 mm. long, 1.5-2.5 mm. wide,

glabrous, rubiginose or purpurascent. Calyx-limb 12- to 15-fid.

Type Locality: "vom hochsten Gipfel der Sajanischen Alpen."

I was unable to locate the Sajanischen Alpen on Pallas's maps27 to his
f

Rcise\

but the name "Sajan Mountains" still exists for a mountain range separating

Tannu Tuva and Siberia in lat. 52*-54°N., long. 100°E.

Fig. 8. Distribution of V. capitata ssp. capitata.

Distribution: ood

part of the range. Islands of the Bering Sea and the whole of Alaska, except the

outer Aleutian Islands and southeastern Alaska; Yukon Territory to the Mac-

kenzie River and north of 60°. This plant occurs across Arctic Asia to the Kola

Peninsula, Scandinavia. Flowering and fruiting J

Alaska: Humbold (US);

erson

Bannister s. n. (GH, US) ; Kodiak Island, Bean s. n. (US) ; Agiapok River, Bird s.n. (NY)

;

Cape Nome, Blaisdell s. n. (GH, NY); between Cook Inlet and Rampart City, Brooks tf

Prindle s.n. (US); Teller, Campbell 71 (US); St. Lawrence Island, Chambers 35 (US);

Upper Matanuska Valley, Chaney go (MO); Anvik, Chapman 65 (GH, NY); York,

2T Reise durch verschiedene Russischen Reiche. St. Petersburg. 1771.
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Seward Peninsula, Coats I (US); Chunik, Seward Peninsula, Collier s.n. (US); Eagle,
Collier 37 (US); Nunivak Island, Collins s.n. (US); Port Clarence, Coiille & Kearney
1QOO (US); Hall Island, Coiille & Kearney 202Q (US); Mt. McKinley National Park,
Dixon 57 (UC, US); Glen road, mile 124, Dutilly, LePage, O'Neill 20423 (OTB) ; so.

Anchorage, Dutilly, LePage, O'Neill 20727 (OTB) ; White River valley, Eaton s. n. (US)

;

Ladue Valley, Eaton s.n. (US); no. Mt. St. Elias, Eaton 40 (US); Kussiloff, Evans 631
(US); Fox Bay, Evermann s.n, (US); St. Paul Island, Evermann 84 (US); St. George
Island, Evermann IOI (US); King Cove, Alaska Pen., EyerJam 1730 (BM, K, NY); Coal
Creek Hill, Yukon River, Funston 98 (US); Nelson Island, Gabrielson s.n. (GH); St.

Matthew, Gabrielson s. n. (GH); Kenai Lake, Gabrielson s.n. (GH) ; Unga, Golder 87
(US); Uiamna River, Gorman 37 (P, US); Katmai Region, Hagelbarger 77 (US); Good-
news Bay, Harrington 34 (US); Skumagin Island, Harrington s.n. (MO); Ft. Gibbon,
Heideman 31 (US); .Copper Center, Heideman 84 (US); Koyukuk, Hihman s.n. (US);
Karluk, Home s.n. (NY); Seward, Hutchison 86 (BM) ; Unimak Island, Hutchison tfj
(BM); Wiseman, Jordal 2078 (US); Bcttles, Jordal 2454 (US); Popof Island, Kincaid
s.n. (US); Kotzebue Sound, Lay & Collie s.n. (BM); McGrath, Layden 16 (US);
Norton Sound, MacGrcgor s.n. (UC); Nushagak, McKay s.n. (US); Kowak River,
McLercgan s.n. (US); Cape Lisburne, Mason s.n. (GH, K, UC) ; Beaver City, Menden-
hall s.n. (US); Sheenjek Valley, Mertie s.n. (US); 65°-65°30 ,

N., 141°-142°W., Mertie
IIQ (US); 59°-60°N., 158°-159°W., Mertie 199 (US); Pastolik, Miller 79-C (US);
Point Barrow, Murdoch, s.n. (US); Nelson Island, Palmer 183 (US); Ft. Hamlin, Piper
s.n. (US); 141st Meridian, 3 mi. from Arctic Ocean, Pope 3 (US); Little Diomede
Island, Porsild 1719 (GH, US); between Point Barrow and Mackenzie River, Pullen s.n.
(CGE); Rampart, Rader 83 (US); Yukon Delta, Russell s.n, (US); Kuskokwim Basin,
Sargent 6 Smith 17 (US); 109 mi. n. Fairbanks, Scamman 3609 (GH) ; Kotzebue, Scam-
man 4073 (GH); Glen Highway, mile 128, Scamman 4560 (GH) ; Upper Chignik Lake,
Schmitt 44 (US); St. Michael, Setchell s.n. (UC); Putnam River, Stoney s.n. (US);
Piels River, Taylor s.n. (US); 68°50'-69°15'N., 160°-161°10'W., Thompson s.n. (US);
Porcupine River, Turner s. n. (UC); Point Hope, White s.n. (US).

Canada: northwest territories: Arctic Red River, Taklovik, Gates & Mellenby
s. n. (K); MacPherson, Smith 103 (K). yukon territory: King Point, Anderson s. n.

(NY) ; Dawson, Eastwood 315 (GH, UC, US) ; Moosehide, Eastwood 488 (GH, UC, US) ;

63°57'N., 135°10'W., Gdlctt & Calder 4324 (OTB); Herschell Island, Lindstrum s.n.
(NY); Colorado Pup, Macoun 9*474 (NY); Ft. Selkirk, Tarleton Wla (NY); Dawson,
Williams s.n. (NY).

Valeriana c. capitata is wholly arctic or subarctic in distribution, occurring

in the most northerly latitudes of any member of the genus. This taxon

may be readily distinguished by its nearly sessile leaves, comparatively slender habit,

and showy white flowers. Its distribution includes the whole of Arctic Asia, but

in North America I have seen no material from the glaciated region east of the

Mackenzie River delta, although it is apparently quite common over the whole of

Arctic Alaska. This subspecies is separated by a geographical discontinuity of

nearly 1500 miles from V. capitata in western United States where the history of

the intermediate area is most intimately associated with Pleistocene glaciation. No
collections of V. capitata from the intermediate area are known at this time.

3b. Valeriana capitata Pall, ex Link ssp. californica (Heller) F. G. Mey.,
stat. nov.

Valeriana californica Heller, in Muhlenbergia 1:60. 1904. T.: Heller 71^6* (BM D I

GH, K, MO, NY, P, S, UC, US)

.

11.
Valeriana pubcrula Piper, in Smiths. Miscel. Coll. 50:202. 1907. T.: Coiille & Ahblcvatc

340! (GH, MO, US).
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W
i486! (K, NY, US).

Valeriana sylvatica Banks var. glabra Jepson, Man. Fl. PL Calif. 970. 1925. T.: Culbert-

son 4376I (GH, K, MO, NY, UC).
Valeriana Whiltonae Eastw. in Leafl. West. Bot. 3:24. 1941. T.: Winblad s.nj (CAS),

'Perennials 2-6 dm. tall. Rhizome relatively stout, 3-7 mm. thick. Stem

uniformly puberulent to pilosulous towards the base, glabrescent above. Leaves

predominantly basal, usually forming a rather loosely tufted rosette with the

adventitious offshoots, mostly undivided or pinnate to pinnatifid, oblanceolate- to

obovate-spatulate, 4.5-15.0 cm. long, 0.8-2.5 cm. wide, truncate or retuse at the

tip, frequently 3- to 7-toothed or essentially entire, acute, firmly membranaceous,

uniformly puberulent, or merely ciliate or glabrous, the lateral lobes of the divided

leaves 1-4 pairs; cauline leaves petiolate, pinnate to pinnatifid, 2.5-8.0 cm. long,

rarely simple; petioles (1.5>-)2-4 cm. long. Inflorescence 1.5-2.5 cm. wide in

anthesis; bracts sometimes sparsely ciliate. Corolla 3.0-5.5 mm. long, glabrous or

sometimes pilosulous towards the base of the tube without. Achenes elliptic to

ovate-oblong, 4.0-6.5 mm. long, 2.<>-2.8 mm. wide, glabrous or pilosulous. Calyx-

limb 12- to 17-fid.

Type Locality: "Ridge south of Donner Pass at 8500 ft., August 12, 1903",

Nevada Co., Calif.

asp.

asp*

sap*

oalifornic

pubicarpa
acutiloba

Fig. 9. Distribution of the subspecies of V. cantata in western United States.
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Distribution: Subalpine slopes, meadows, and along creek banks, also in conif-

erous woods, 5000-10400 ft. alt. Southern Oregon and the Sierra Nevada Mts. of

California to Tulare Co.; also in adjoining Nevada. Flowering and fruiting June
to August.

United States:

California: Alpine Co., Hansen 7^5 (BM, D, GG, K, MO, NY, P, US);
Butte Co., Jonesville, Copeland 481 (ARIZ, BM, D, GH, K, MIN, MO, NY, P, UC,

W)
Hall & Chandler 413 Co

Co.. n. end W
(UC, US)

; Mono Co., Tioga Grade, Winblad s. n. (CAS, MO photo) ; Nevada Co., Donner
Co

Lincoln, Heller 12928 (D, GH, MO, NY, UC, US); Shasta Co., Lassens Peak, Austin 40Q
Co

(D, GH, MO, NY, US); Tulare Co., between Mineral King and Farewell Gap, Coville &
Funston i486 (K, MO photo, NY, US) ; Tuolumne Co., Bridgeport, Hawbecker s.n. (UC)

;

Yosemite National Park, Schreiber 1874 (UC).

(GH, MO, NY, UC, US).

Spooner, Baker 1146 (D, GH, MO, NY, UC, US, W
1281 (NY, UC): Washoe Co.. so. Slide Mountain hi*

: Crater Lake National Park, Coville & Applegate 340 (GH, MO, US); Jack-

WILLU)
(WTC)

calif

leaves usually obovate-truncatc to retuse and frequently 3- to 7-toothed. These
haracters, along with the geographical discontinuity, sharply distinguish th

Sierran subspecies, and the Californian populations mieht well be

full specific rank, but to do this would obscure the natural relationships of the

Californian, the Rocky Mountain, and the Arctic elements of V. capitata.

3c. Valeriana capitata Pall, ex Link ssp. pubicarpa (Rydb.) F. G. Mey.,

stat. nov.

Valeriana pubicarpa Rydb. in Bull. Torr. Bot. Club 36:697. 1909. T.: Rydberg & Carlton
7717! (NY, US, WYO).

Valeriana puberulenta Rydb. /. c. 1909. T.: Rydberg & Carlton 7065/ (GH, MIN, NY,

Valeriana Cusickii Gdgr. in Bull. Soc. Bot. Fr. 65:36. 1918. T.: Cusick 21 v! (D, E, GH,
K, MIN, MO, P, UC, US, WTC).

Valeriana utahensis Gdgr. /. c. 37. 1918. T.: Linford s. w,

Valeriana maculata Eastw. in Leafl. West. Bot. 3:23. 1941. T.: Alexander 6lOc! (CAS,
UC).

Perennials 1.5-5.4 dm. tall. Rhizome relatively stout, 2-6 mm. thick. Stem
puberulent to densely pilosulous or glabrescent. Leaves predominantly basal, un-
divided or rarely divided, ovate or oblong to obovate-spatulate, 3-21 cm. long,

0.6-3.0 cm. wide, acute or obtuse, essentially entire, glabrous or sometimes spread-

ing-ciliate towards the subpetiolar base; cauline leaves petiolate, the lowermost
undivided those above pinnate to pinnatifid, 4.2-10.0 cm. long, the lateral lobes

1-3 pairs, lanceolate to elliptic, to 8 mm. wide; petioles about 0.4-3.0 cm. long.

Inflorescence 1.5-5.0 cm. wide in anthesis; bracts glabrous, sometimes purpur-
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ascent. Corolla 4-7 mm. long, the tube mostly pilosulous, rarely glabrous without.

Achenes linear- to lanceolate-oblong, 3.5-5.5 mm. long, 1.5-2.0 mm. wide,

pilosulous or glabrous, frequently purple-maculate. Calyx-limb 11- to 17-fid.

Type Locality: Mount Nebo, Utah. August 15, 1905.

Distribution: On limestone granitic soils, stony sagebrush slopes or beneath

pines and on talus slopes in the mountains, 6200-11800 ft. alt. Southwestern

Montana, western Wyoming, central Idaho to northern Utah; southeastern Oregon

to the Charleston Mts., Nevada. Flowering and fruiting June to August.

Colorado: Hohus Peak, Tweedy 4555 (NY, US).

idaho: Blaine Co., Lost River Mts., Macbride & Payson 3 T54 (GH, MO, NY, US,

WYO) ; Bonneville Co., Caribou Mt., Payson tf Armstrong 3512 (GH, MO, WTO) ; Clark

Co., Kileore, Cronquist 1428 (MO) ; Custer Co., Mackay, Nelson # Macbride 1495 (GH.
MIN, MO, WYO); Fremont Co., Henry Lake, Payson & Payson ip88 (GH, MO, NY,
WYO); Lemhi Co., Eighteenmile Peak, Davis TOQ4 (UC) ; Owyhee Co., Silver City, Mac-

bride 932 (D, E, GH, MIN, MO, NY, UC, US, WYO).
Montana: Beaverhead Co., Lima, Rydberg 2794 (NY); Madison Co., Midway Station,

Nelson tf Nelson 5455 (MO, NY).
Nevada: Clark Co., Charleston Mts., Lee Canyon, Clokey 7734 (ARIZ, BM, BRY,

CA, GH, MAT, MIN, MO, NY, OTB, US) ; Elko Co., Jarbridgc, Nelson & Macbride 1946

(GH, MIN, MO, NY, S, US, WYO); Esmeralda Co., David Davis Ranch, Sbockley 518

(GH); Eureka Co., Eureka, Train 255 (US); Lander Co., Toiyabe Range, Kennedy 4182

(MO) ; Nye Co., Toiyabe Range, Maguire & Holmgren 25976 (ARIZ, GH, NY, UC, US)

;

White Pine Co., Ruby Range, Hitchcock & Martin 5662 (NY, UC, US).

Oregon: Crook Co., Ochoco Forest, Peck 17181 (WILLU); Harney Co., Steens Mts.,

Cusick 2131 (D, E, GH, K, MIN, MO, P, UC, US, WTC).
utah: Cache Co., w. ridge Spring Hollow, Maguire T3803 (GH, NY); Juab Co.,

Deep Creek Range, Holmgren 37446 (NY); Piute Co., Marysvale, Rydberg # Carlton

7065 (GH, MIN,^ NY, US) ; Salt Lake Co., Sunset Mts., Maguire 17441 (NY) ; Utah Co.,

Mt. Timpanogos, Harrison 9358 (MO) ; Wasatch Co., Provo, Goodding 1148 (D, GG, GH,
MO, NY, P, UC, US, WYO).

Wyoming: Lincoln Co., Afton, Payson tf Armstrong 3339 (GH, MO, WYO); Sub-

lette Co., Gros Ventre Mts., Payson & Payson 3026 (GH, MO, NY, UC, US, WYO);
Teton Co., Teton Pass, Hall 11469 (UC).

Valeriana c. fnibicarpa may be distinguished by its uniformly puberulent stem

and predominantly entire and glabrous leaves. It is confined to the mountains of

the Great Basin of the intermountain region west of the Continental Divide. On

its western perimeter ssp. pubicarpa nearly makes contact with V. c. californica,

and the following variant bears mention:

(Syn. V. maculata Eastw. in Leafl. West. Bot. 3:23. 1941). Plants depauperate, 1.5-

2.5 dm. tall; leaves mostly undivided, 3.5-9.0 cm. long, 0.6-1.1 cm. wide, Charleston

Mts. and Toiyabe Range, Nevada.

3d. Valeriana capitata Pall, ex Link ssp. acutiloba (Rydb.) F. G. Mey., stat.

nov.

Valeriana acutiloba Rydb. in Bull. Torn Bot. Club 28:24. 1901. T.: Rydberg & Vreeland

5576I (NY).
Valeriana Crandallii Gdgr. in Bull. Soc. Bot. Fr. 65:36. 1918. T.: Crandall 2080I (CA,

MO photo, NY, US, WYO).
Valeriana glacialis Gdgr. I.e. 1918. T.: Crandall s. n.l = n. 2076 (CA, NY, US).
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Perennials 1.5-6.0 dm. tall Rhizome relatively stout, 2-4 mm. thick. Stem

glabrous or glabrescent. Leaves predominantly basal, more often numerous and

forming a rather loosely tufted rosette, undivided or rarely divided, predomi-

nantly oblong-, oblanceolate- to obovate-spatulate, 3.5-36.0 cm. long, 1.2-2.3

cm. wide, short-acuminate or acute to more or less apiculate, glabrous or some-

times spreading-ciliate towards the subpetiolar base; cauline leaves essentially sessile,

pinnate to pinnatifid, the lowermost sometimes undivided, 1.5-7.0 (-12) cm. long,

the lateral lobes 2-5 pairs, linear to oblong-linear, grading smaller, becoming more
or less filiform, 1-3 mm. wide, petioles obscure. Inflorescence 1.5-3.5 cm. wide

in anthesis; bracts glabrous. Corolla 4-8 mm. long, glabrous or sometimes pilosu-

lous towards the base of the tube without. Achenes ovate to oblong-lanceolate,

2.5-5.0 mm. long, 1.5-2.0 mm. wide, glabrous, frequently purple-maculate.

Calyx-limb 10- to 14-fid.

Type Locality: Colorado: Near Gray-Back Mining camps and Placer

Gulch, Sangre de Cristo Range, Custer Co., 2600-2800 m. alt. June 25-27, 1900.

Distribution: Wet meadows, open woods, along stream sides, grassy and

rocky slopes, 8000-13000 ft. alt. Southeastern Wyoming, Colorado, New Mexico

and Arizona. Flowering and fruiting May to August.

Arizona: Apache Co., White Mts., Phillips tf Phillips 326Q (ARIZ); Coconino Co.,
San Francisco Mts., Peebles & Smith 135Q6 (NY, US).

coi orado: Boulder Co., Fourth July Valley, Ewan 12154 (UC) ; Chaffee Co., 5 mi.
above St. Elmo, Rollins 1371 (D, GH, MO, NY); Clear Creek Co., Brookvale, Chnirchill
s. n. (GH, MO); Costilla Co., near Veta Pass, Rydbcrg & Vreeland 5575 (NY); EI Paso
Co., Pikes Peak road, Wiegand & Upton 4345 (MO); Fremont Co., Sierra Sangre dc
Cristo, Brandegec 7QO (NY, UC) ; Garfield Co., near Trappers Lake, Hanna 1422 (MO);
Gilpin Co., James Peak, Cox 302 (MO); Gunnison Co., Carson, Baker ?J? (D, E, GH,
MIN, MO, US) ; Lake Co., Mt. Elbert, Clokey 3581 (GH, MO, NY, S, UC, US, WYO)

;

Mineral Co., Rio Grande National Forest, Murdoch 4618 (MO, NY, UC, US) ; Montezumn
Co., Mt. Hesperus, Baker, Earlc tf Tracy 258 (BM, D, E, GH, K, MIN, MO, NY, US,
W, WYO); Park Co., Eleven-Mile Canyon, Killih 16AII

WYO)
WYO)

(MO, US); Routt Co., Anita

NY, UC).
new Mexico: Catron Co., 18 mi. e. Mogollon, Meyer & Meyer 2201 (MO); county

unknown, Pecos Baldy, Bailey $6g (US); county unknown, Pecos River National Forest,
Standley 4182 (US).

Wyoming: Albany Co., Laramie Mts., Porter 1062 (MO).

Valeriana c. acutiloba is most easily distinguished by its leaves, which are

oblong-, oblanceolate- to obovate-spatulate, short-acuminate or acute to apiculate.

This is the only subspecies of V. capitata in which lanceolate leaves predominate.

Leaf shape, which basically offers the best character for subspecies differentiation

in V. capitata, is summarized as follows:

V. c. capitata V. r. pubicarpa V. r. califarnica V. r. acutiloba

Ovate to obovatc
t

Ovate or oblong to Obovate- or oblanceo- Oblong- to oblanceo-

obovate-spatulate late-spatulate late-spatulate
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4. Valeriana arizonica Gray, in Proc. Am. Acad. 19:81. 1884. T.: Palmer s.n.l

(GH, MO).

Valeriana ovata Rydb. in Bull. Torr. Bot. Club 31:645. 1904. T.: Clements & Clements

241! (E, GH, MIN, MO, NY, OXF, US, WYO).
Valeriana acutiloba Rydb. var. ovata (Rydb.) A. Nels. Man. Bat. 476. 1909,

Perennials 1-3 dm. tall, from rather slender rhizomes 1-4 mm. thick. Stem

2-5 mm. in diameter, glabrous, the nodes puberulent. Leaves predominantly basal,

forming a loosely tufted rosette with the several adventitious shoots, petiolate, un-

divided or sometimes pinnate, ovate to suborbicular, rarely subcordate, 2.5-17.0

cm. long, entire or essentially so, glabrous, acute or obtuse, the blades and terminal

lobe of the divided leaves 0.8-6.5 cm. long, 1.5-3.0 cm. wide, the lateral lobes 1-3

pairs, distinct, grading smaller, the petioles 1.5-5.5 cm. long; cauline leaves 2-3

pairs, pinnate to pinnatifid, 2.0-4.6 cm. long, sessile, the uppermost much reduced,

the terminal lobe elliptic, oblanceolate to obovate, acute to subobtuse, 1.2-3.2 cm.

long, 0.9-1.9 cm. wide, the lateral lobes 1-3 pairs, grading smaller. Inflorescence

dense in anthesis, 2.5-3.0 cm. wide, later expanding to about 5 cm. wide; bracts

5-7 mm. long, glabrous; flowers hermaphroditic or rarely gynodioecious. Corolla

infundibuliform, 5-15 mm. long, white to pinkish, glabrous without, the tube

ibbous, the lobes 2.0-2.5 mm. long, the throat sparsely pilosulous towards the

Stamens and style exserted. Achenes ovate to oblong-lanceolate, 2-5
g 1

b;ase witnin.ithi

mm. long, glabrous, tawny or purpurascent. Calyx-limb 10-12-fid.

Fig. 10. Distribution of V. arizonica.
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Type Locality: Mountains near Prescott, Arizona. April 20, 1876.

Distribution: Dry rocky ravines or shady damp banks in the mountains,

5400-9000 ft. alt. Southern Colorado, New Mexico to Arizona; also in northern

Chihuahua, Mexico.

United States:

Arizona: Cochise Co., Chiricahua Kits., Goodman 6 Hitchcock 1183 (MO, NY,
WYO); Coconino Co., San Francisco Mts., Purpus 7056 (UC, US); Gila Co., MatUtZtl
Mts., Collom 257 (ARIZ, E, GH, MO, NY, US); Graham Co., Graham Mts., WieganJ &
Wiegand 2264 (GH) ; Greenlee Co., 3 5 mi. n. Clifton, Maguire, Richards, Mocller 11891
(GH. NY); Maricopa Co., mts. near Phoenix, Noriille s. n. (MO); Navajo Co., between
Carrizo and Showlow, Foster & Arnold 280 (GH, MO, US) ; Pima Co., Santa Catalina

Mts., Shrere 5428 (ARIZ, GH, UC) ; Yavapai Co., Prescott, Palmer s.n. (GH, MO).
Colorado: Fremont Co., between Canon City and Cripple Creek, Wiegand & Wiegand

2265 (GH); Huerfano Co., Cameron's Cone, Clements & Clements 241 (E, GH, MIN,
MO, NY, OXF, US, WYO); Las Animas Co., Stonewall, Johnston 826 (GH, WYO).

new Mexico: Catron Co., Mogollon Mts., Meyer 6 Meyer 2201 p. p. (MO); Colfax
Co., Raton, St. John s.n. (GH) ; Dona Ana Co., Organ Mts., Wooton j. n

y (US); Grant
Co., 5 mi. n. Pinos Altos, McVaugh 8054 (MU) ; Hidalgo Co., Animas Mts., McVaugh
8093 (MU); Lincoln Co., Eagle Creek, Wooton s. n. (US); Otero Co., Ruidosa, Hinckley
S.n. (GH); Sandoval Co., Pueblo Canyon near Los Alamos School, Egglcston 20049
(NY); Sante Fc Co., Santa Fe, Heller tf Heller 3613 (BM, E, GG, GH, K, MIN, MO,
NY, P, US); San Miguel Co., Pecos Valley, Eggleston 19998 (GH, MO, NY, US); Sierra

Co., Kingston, Metcalfe 158Q (MO); Socorro Co., Mogollon Mts., Wooton s.n. (US);
Valencia Co., San Mateo Mts., Herrick 532 (US).

Mexico: chihuahua: Sierra Madre, Towmend & Barber s.n. (US).

Valeriana arizonica may be distinguished essentially on the basis of the ovate

leaves and the deep pink corolla which may attain a length up to 15 mm. This

species has been much confused with V. capitata acut/loba, but these taxa may be

consistently distinguished by leaf shape. The populations of V. arizonica in Colo-

rado and New Mexico consistently maintain a corolla length of 5-8 mm., and this

form was described by Rydberg as V. ovata. This variant also occurs in Arizona,

but there it has corollas 11-15 mm. long. This form includes the type of V.

arizonica.

5. Valeriana pauciflora Michx. Fl. Bor. Am. 1:18. 1803. T.: Michaux s.n.!

(MO photo, P).

Perennials 5-10 dm. tali, from an abbreviated rhizome 2-5 mm. thick; stolons

2-3, radiating from the caudex, 3-7 dm. long. Stem leafy, 2-5 mm. in diameter,

glabrescent, the nodes sparsely pilosulous. Leaves predominantly cauline, 4-6 pairs,

petiolate towards the base, sessile towards the inflorescence, pinnate, ovate to ovate-

cordate, 5-18 cm. long, the segments crenate- to serrate-dentate to repand or

essentially entire, spreading-ciliate or scattered-pilosulous, the terminal lobe ovate

to suborbicular, short-acuminate, cuneate to subcordate, 1.5-5.5 cm. wide, the

lateral lobes distinct, more or less rhombic, 1-4 pairs, 1.8-5.5 cm. long, 0.7-2.7

cm. wide, grading smaller towards the internodes; leaves of the stolons undivided,

ovate-cordate or pinnate and obovate, 2-25 cm. long, crenate-dentate, sometimes

scattered-pilosulous or merely spreading-ciliate. Inflorescence 2.5-5.0 cm. wide

in anthesis, later diffuse, 3-10 cm. long, 4-6 cm. wide, the nodes densely tufted-
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pilosulous; bracts 5-7 mm. long, relatively long spreading-ciliate; flowers hermaph-

roditic. Corolla subsalverform, 13-19 mm. long, more or less filiform towards the

base of the tube, bluish-pink, glabrous without, the tube gibbous, the limb 2.0-2.5

mm. long, the throat sparsely pilosulous within. Stamens and style exserted.

Achenes elliptic to ovate-oblong, about 5 mm. long, 2.0-2.5 mm. wide, tawny,

sparsely pilosulous on the midveins, the margins narrow-winged, abaxial ribs evi-

dent. Calyx-limb 14- to 15 -fid.

Type Locality: "in montosis nemoralis Tennessee prope Flinn-Creek. Junio

florens".

Distribution: Moist rich woods along streams and in river flats in alluvial

soil or rich wooded hillsides. Southern Illinois eastward to the Ohio Valley, Ken-

tucky, Tennessee, Pennsylvania, Virginia, and Maryland. Flowering and fruiting

April to June.

Fig. 11. Distribution of V. pauciflora.

United States: %

district of Columbia: banks of the Potomac, Morong s.n. (MO).
Illinois: Johnson Co., Tunnel Hill, Palmer 15158 (MO); Richland Co., Ridgway

1598 (MO, US); Union Co., Meyer 2171 (MO); Vermillion Co., Danville, Gleason s.n.

(D, GH); Wayne Co., Hilgard s.n. (MO).
Indiana: Allen Co., St. Mary's River, Deam 1017 (E, MIN) ; Decatur Co., Greens-

burg, Graver s.n. (MIN); Jefferson Co., Madison, Barnes s.n. (GH); Knox Co., Vin-

cennes, Ridgway 731 (GH, K, P) ; Lawrence Co., Oolitic, thinners 1572 (UC, WYO);
Marion Co., Brendonwood, Friesner 18852.2 (GH, UC) ; Montgomery Co., Crawfordsville,

Evans s. n. (MIN) ; Morgan Co., Bradford Farm, Wynn 20 (MIN) ; Orange Co., Orange-

ville, Deam 43180 (MIN); Putnam Co., Bainbridge, Dawson 1261 (MIN); Tippecanoe

W_ 7 r — _

Deam S3807 (MIN).
Kentucky: Carter Co., Tygart's River, Gilbert 964 (GH); Hardin Co., Fort Knox,

Wadmond 7337 (MIN) ; Laurel Co., Mershons, McFarland 88 (GH, MIN, MO, UC, US)

;

Mammoth Cave National Park, Lix 212 (US); Meade Co., Tioga Springs, Curry s.n.

(GH) ; Powell Co., Natural Bridge, Anderson 113 (GH) ; Warren Co., Barren River,

Price [drawing] (MO).
Maryland: Cecil Co., Octoraro Station, Tatnall 4515 (GH) ; Montgomery Co., Glen

Echo, Painter 1331 (MO, WYO).
ohio: Belmont Co., Barnesville, Laughlin 967 (GH) ; Champaign Co., Urbana, collec-

tor unknown (MO); Clermont Co., Loveland, lames s.n. (NY, UC) ; Hamilton Co.,
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Fig. 12. Valeriana pavciflora: Habit. X V&\ inflorescence, X 7
/t\ single flower, X l

l
/i.

Cincinnati, Lloyd s. n. (FI, GH, MO, NY, P, \V); Lorain Co., Oberlin, Dick s. n. (GH);
Meigs Co., Jones s. n. (NY) ; Scioto Co., Otway, Demaree 10646 (GH, MIN, MO, UC,
US).

'f

W
Bright 18598 (UC).

Virginia: Fairfax Co., Scott's Run, Maxon 6321 (US); Loudoun Co., Short Hill,
Freeman .v. n. (US)

.

WEST Virginia: Monongalia Co., Morgantown, Myers s. n. (MIN, NY, UC) ; Ohio Co.,
Wheeling, Mertz s. n. (US).
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Valeriana pauciflora is the only blue-flowered stoloniferous Valeriana in North

America, and the corolla is the longest, 13-19 mm., of any of the North American

species. In general habit and leaf shape, V. pauciflora manifests closest affinities

with V. sitcbensis. The modern distribution of V. pauciflora lies over a relatively

broad east-west contour from southern Illinois to Maryland where the populations

occur more or less locally at rather widely separated localities. However, the mode

of variation does not suggest subspecific differentiation, the populations as a whole

remaining quite homogeneous. Curiously, I have seen no modern material of this

species from Tennessee, although Michaux first collected it in that state at the end

of the 18th century.

6. Valeriana columbiana Piper, in Bot. Gaz. 22:489. 1896. T.: Wbited 140!

(US).

Perennials 0.8—3.0 dm. tall, from stout rhizomes 3-7 mm. thick. Stem leafy,

2-4 mm. in diameter, uniformly puberulent below, glabrescent above. Leaves

basal and cauline; the basal imbricate, forming a loosely tufted rosette with the

several adventitious shoots, petiolate, undivided, broadly ovate to ovate-oblong or

sometimes suborbicular, 6-15 cm. long, irregularly dentate, sinuolate to entire or

essentially so, glabrous or the veins sometimes pilosulous, the blades 2.5-5.5 cm.

long, 1.3—3.6 cm. wide, obtuse, the petioles 2.0—6.5 cm. long, spreading-ciliatc

towards the base or uniformly pilosulous; cauline leaves 1-4 pairs, 4-12 cm. long,

the lowermost petiolate, the uppermost sessile and much reduced, pinnate to

pinnatifid, acute, irregularly repand-dentate or essentially entire, the terminal

lobe oblong to oblanceolate or obovate, 2.2—6.2 cm. long, 1.1—2.7 cm. wide,

occasionally 3-lobed, the lateral lobes 1—2 pairs, sometimes equalling the

terminal lobe in length or grading smaller. Inflorescence 3-6 cm. wide in an-

thesis, corymbose, later diffuse, 7.5-15.0 cm. long, 5.5—10.0 cm. wide, internodes

sometimes sparsely pilosulous; bracts 8—10 mm. long, glabrous, reduced above;

flowers hermaphroditic. Corolla infundibuliform to subsalverform, 11-18 mm.
long, white, glabrous without, the tube gibbous, the lobes 3-6 mm. long, the

throat densely pilosulous especially towards the base within. Stamens and style

shorter than the corolla lobes. Achenes oblong-linear, 5-7 mm. long, 1.5-2.0 mm.
wide, tawny, smooth, sometimes purple-maculate, abaxial ribs meagre. Calyx-

limb 11- to 16-fid.

Type Locality: "Side hill above Farwell's house west of Wenatchee [Wash-

ington], June 9, 1896".

Distribution: Open to forested rocky slopes in the mountains, 2500-6000

ft. alt. Flowering and fruiting May to July.

United States: Washington: Chelan Co., Lookout Mt. near Leavenworth, Thomp-
son 6530 (GH, MO); Kittitas Co., Table Mt., Thompson p2/j (MO, NY); Okanogan
Co., Little Slate Creek, branch Twisp River, Edwards 2/8 (WTC).
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Fig. 13. Valeriana Columbians: Habit, X %; flower and achene, X 10

Valeriana Columbiana is an endemic species to the Wcnatchee Mountains o!

north-central Washington, and is distinguished by the large, showy, corolla. This

is the only North American species in series Officinales with stamens shorter

than the corolla lobes. It is most closely related to V. sitebensis.
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7. Valeriana occidentals Heller, in Bull. Torr. Bot. Club 25:269. 1898.

T.: Heller 3353! (D, E, GG, G, MIN, MO, NY, P, UC, US, WTC).

Valeriana micrantha E. Nels. in Erythea 7:166. 1899. T.: Nelson 793! (E, GH, MIN,

MO, NY, US, WYO).

Perennials (3-) 4.5-9.0 dm. tall, relatively robust, from stoutish rhizomes,

3-6 mm. thick. Stem 3-6 mm. in diameter, glabrous or glabrescent, the nodes

consistently white tufted-pilosulous. Leaves at the base forming a loosely tufted

rosette with the several adventitious shoots, petiolate, undivided or pinnate to

pinnatifid, oblong to narrowly ovate or more or less spatulate, rarely suborbicular,

12-30 cm. long, petiolate, entire or essentially so, glabrous, the blades and terminal

lobe of the divided leaves 2-10 cm. long, 1.3-6.0 cm. wide, short-acuminate or

obtuse, the lateral lobes 1-2 pairs, grading smaller; petiole 1-1 Yi times the blade

length, spreading-ciliate towards the base, sometimes spreading to the blade and

lateral lobes; cauline leaves 2-4 pairs, the lowermost short-petiolate, pinnate to

pinnatifid or sometimes undivided, 4.5-14.5 cm. long, the uppermost much reduced

and sessile, the terminal lobe oblong-linear, ovate to obovate, 1.9-6.8 cm. long,

0.9-4.0 cm. wide, acute or obtuse, the lateral lobes 1-6 pairs, grading smaller.

Inflorescence 3.5-5.0 cm. wide in anthesis, later diffuse, 8-60 cm. long, 4.5-15.0

cm. wide, nodes pilosulous, internodes glabrous or sometimes scattered-pilosulous;

bracts 5-6 mm. long, glabrous; flowers gynodioecious. Corolla rotate to subrotate,

3.0-3.5 mm. long, white, glabrous without, the throat scattered-pilosulous within.

Stamens and style exserted. Achenes linear- to ovate-oblong, 3-5 mm. long, 1-2

Fig. 14. Distribution of V. occidentalis.
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mm. wide, sparsely to densely pilosulous or glabrous, tawny, abaxial ribs often

rather prominent. Calyx-limb 11- to 16-fid.

Type Locality: "Near western end of the Craig Mt. Plateau above Lake

Waha, Nez Perce County [Idaho], alt. 3 500 ft. July 2, 1896".

Distribution: Aspen glens and yellow pine woods, wet meadows or grassy

places among willows, in rich loam or on open rocky hillsides in the mountains,

4700-11000 ft. alt. Montana to Nevada and Utah; Wyoming and Colorado; also

in the Black Hills of South Dakota. Flowering and fruiting May to September.

United States:

Arizona: Grand Canyon National Park, Neal Springs, north rim, Collom 1036 (G).
California: Modoc Co., Willow Creek, Austin $. n. (BM, UC, US).

Colorado: Delta Co., Hotchkiss, Cowen s.n. (US); Eagle Co., Pando, McDonald
C289 (US); Garfield Co., Trappers Lake, Hermann 3431 (MO); Gilpin Co., Tolland,
Palmer 31300 (MO); Grand Co., Tabernash, Whitehouse I9OO3 (US); Gunnison Co.,

Mt. Carbon, Egglestou 5884 (US); Larimer Co., Rabbit Lars, Goodding 1360 (D, E, Gil,

MO, NY, UC, US, WYO) ; Montezuma Co., West Mancos Canon, Baker, Earle, Tracy 120
(BM, D, GH, K, MIN, MO, NY, US, W, WYO); Montrose Co., above Cimarron, Bake,

136 (D, E, GH, K, MO, NY, UC, US, WYO); Summit Co., Brcckenridge, Mackenzie
151 (MO, WYO).

Idaho: Bannock Co., Pocatello, Cronquist 2300 (MO); Benewah Co., De Smet Mis-
sion, Leiberg WW (ARIZ, GH, K, MO, UC, WYO) ; Clark Co., Spencer, Rust 2jQ (US)

;

Fremont Co., Henry Lake, Payson & Payson IQ07 (GH, MO, NY, UC, WYO); Kootenai
Co., Coeur d'Alcne, Rust 239 (US); Lewis Co., Winchester, Meyer 1448 (MO); Nez
Perce Co., Craig Mts., Henderson 2658 (GH, US); Twin Falls Co., Shoshone Falls,

Garst s.n. (WTC).
Montana: Flathead Co., Columbia Falls, Williams 103 (MIN, NY, US); Gallatin

Co., Bridger Mts., Jones s. u. (MO, UC, US, WYO); Fergus Co., Big Snowy Mts., Hitch-
cock 16003 (WTC); Madison Co., Taylor Mts., Hitchcock & Muhlick 15209 (MO);
Mineral Co., Savenac Creek, Moore 308 (GH, MO, US); Park Co., Elton, Eggleston 700O
(US); Sweet Grass Co., MacLeod, Pope s. n. (NY).

Nevada: Elko Co., Jarbridge Mts., Train 603 (ARIZ, MO, NY).
Oregon: Deschutes Co., Lapine, Peck 9606 (GH, MO); Grant Co., Austin, Hender-

son 5523 (GH, MO); Harney Co., Myrtle Park, Peck 21028 (WILLU); Jefferson Co.,

Camp Sherman, Peck 19754 (WILLU); Klamath Co., Johnson Prairie, A^degate 246S
(US).

south Dakota: Lawrence Co., Dumont, Over I50OI (US); Meade Co., Piedmont,
Pratt s.n. (MIN); Pennington Co., Oroville, Rydberg 752 (GH, NY, US).

utah: Beaver Co., Beaver, Palmer 189 (GH, NY); Cache Co., Mt. Naomi Region,

Maguire, Hobson, Maguire 14029 (NY); Carbon Co., 10 mi. e. Sunnyside, Graham 9604
(GH, MO) ; Grand Co., La Sal Mts., Maguire & Maguire 21708 (NY) ; Iron Co., 10 mi. e.

Cedar City, Graham 8653 (MO); Juab Co., Mt. Nebo, Harris C2877 (MIN, MO); Piute

Co., Marysvale, Jones 5366 (GG, MO, NY, UC, US); Salt Lake Co., Red Butte Canyon,
Clemens s.n. (D, E, GH, MO); San Juan Co., Abajo Mts., Rydberg d Garrett 0724
(NY, WYO); San Pete Co., Ephraim Plateau, Harris C27707 (MIN, MO); Uintah Co.,

Little Brush Creek, Harrison & Larsen 7794 (BRY, MO, WYO); Utah Co., n. Fork
Provo Canyon, Harrison 7244 (BRY, MO); Wasatch Co., Wolf Creek Pass, Graham 8142
(MO, US); Wayne Co., La Sal Mts., Rydberg & Garrett 8716 (GH, NY, US, WYO).

Wyoming: Albany Co., Centennial, Nelson 8716 (D, GH, MO, P, US, WYO); Bi

Horn Co., Worthley 15 (US) ; Carbon Co., T. B. Ranch, Goodding 71 (D, GG, GH, M( ),

NY, P, UC, US, WYO) ; Fremont Co., Wind River, Nelson 793 (E, GH, MIN, MO, NY,
US, WYO); Lincoln Co., Afton, Payson & Armstrong 3306 (GH, MO, WYO); Sheridan
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Mcrna, Payson & Payson 2786

WYO)
WYO)

Canyon, Williams tf Pierson 656 (GH, MO, NY, S, WYO); Uinta Co., La Barge, Steven-

son 36 (US) ; Yellowstone National Park, Mammoth Hot Springs, Burglehaus s. n. (MIN).

Inasmuch as Valeriana occidentalis and the next species, V. dioica sylvatica,

have been perennially confused in herbaria and in the field, I had hoped for con-

siderable respite in the present treatment. However, even with the large suite of

study specimens, it has not been possible to eradicate all the attendant difficulties.

The distributions of V. occidentalis and V. d. sylvatica overlap on their peripheries

in western Montana, central Idaho, northern Wyoming and the Black Hills of

South Dakota, and it becomes practically impossible to distinguish these taxa in

this tension zone. Very frequently the differences are subtle ones and it is difficult

to assign names to fit the variants, although these taxa may be easily distinguished

outside the area where their distributions overlap.

V. dioica sylvatica

relatively slender, to 4.5 dm. tall, less leafy,

glabrous, 2.8-5.2 mm. long.

ssoutheast to north-central Canada, western

Montana, central Idaho, northern Wyoming.

V. occidentalis

Habit: relatively vigorous, to 9 dm. tall,

and leafy.

Achenes: sparsely to densely pilosulous or

glabrous, 3—5 mm. long.

Distribution: Wyoming, Utah, eastern

Oregon, northern Nevada, Colorado.

8. Valeriana dioica L. ssp. sylvatica- 8
(Sol. ex Richards.) F. G. Mey., stat. nov.

Valeriana sylvatica Sol. ex Richards, in Frankl. 1st Jour. App. 7:730. 1823. T.: Richard-

son s. n.l (BM, CGE, MO photo).

Valeriana dioica var. sylvatica (Sol. ex Richards.) Gray, in Proc. Acad. Phila. 63. 1863,

Valeriana wyomingensis E. Nels. in Erythea 7:167. 1899. T.: A. tf E. Nelson 5^86!

(BM, D, E, GH, K, MIN, MO, P, UC, US, WYO).
Valeriana septentrionalis Rydb. in Mem. N. Y. Bot. Gard. 1:376. 1900. T.: Drummond

s.n.l (GH, K, NY).
Valeriana micrantha E. Nels. var. wyomingensis (E. Nels.) A. Nels. in Coult. & Nels. Man.

Bot. Rocky Mts. 476. 1909.

Valeriana psilodes Gdgr. in Bull. Soc. Bot. Fr. 65:37. 1918. T.: Kydberg ti Bessey 5001I

(D, E, GG, GH, K, NY, WYO).

Perennials 1.5-3.0 (-4.5) dm. tall, relatively slender, from slimmish rhizomes

about 5 mm. thick. Stem sparsely to moderately leafy, 2-4 mm. in diameter,

glabrous to glabrescent, more often pilosulous in a line decurrent from the nodes.

Leaves at the base sometimes forming a loosely tufted rosette with the several ad-

ventitious shoots, petiolate, undivided, oblong, ovate-oblong, or spatulate, rarely

suborbicular, 3-27 cm. long, entire or essentially so, the blades 1.5-8.0 cm. long,

0.7-2.9 cm. wide, short-acuminate, acute or obtuse; petioles 1-1 ^ (-3) times as

long as the blades, spreading-ciliate towards the base; cauline leaves 3-4 pairs, the

lowermost short-petiolate, pinnate to pinnatifid, rarely undivided, becoming sessile

and much reduced above, oblong, ovate to ovate-oblong, 2.7-11.5 cm. long, gla-

en, "ex28 In the Sherardian herbarium at Oxford University a specimen collected by Mr. Tild

Hudsoniana, 1728" [Hudson's Bay Region] is the oldest collection of Valeriana known from North

America.
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Fig. 15. Distribution of V. dio'ica ssp. syliatica.

brous, the terminal lobe linear- to ovate-oblong, acute or short-acuminate, 1.1-5.1

cm. long, 0.2-2.4 cm. wide, the lateral lobes 1-7 pairs, grading smaller. Inflores-

cence 1.5-3.0 cm. wide in anthesis, later diffuse, 5-18 cm. long, 3.5-10.0 cm.

wide, the nodes pilosulous, internodes glabrous or sometimes scattered-pilosulous;

bracts 5-6 mm. long, glabrous, flowers gynodioecious. Corolla rotate to subrotate,

2-3 mm. long, white, glabrous without, the throat scattered-pilosulous within.

Stamens and style exserted. AcJxncs ovate to ovate-oblong, 3-5 mm. long, gla-

brous, tawny to rubiginose, abaxial ribs evident. Calyx-limb 9- to 15-fid.

On the Clearwater River", [about 56.5 N., 1 1 0°-l 1 1

°Type Locality:
< <

W., Alberta]. July, 1820.

Distribution: Meadowlands, moist wooded hillsides in rocky duflf-covered

clay soil or on talus slopes in broken limestone or granite; Newfoundland north-

westerly across Canada to the Rocky Mountains thence southward to Yellowstone

National Park and central Idaho; 600-3400 ft. alt. in eastern Canada, and 3300-

9500 ft. alt. in the Rocky Mountains. Flowering and fruiting May to August.

Canada: alberta: Kananaskis River, Bourgcau s. n. (GH, P) ; Waterton Lakes Nat.
Park, Dore tf Breitung (OTB) ; Atauwan River, Brinkman 4.251 (US); Pipestone Valley,
Brown 426 (GH, MO, US); Cataract Pass, Brown 1054 (GH, MO, NY); Peace River,
Goodc 145JBM); Edson, Groh s.n. (OTB); Beaverlodge, Jenkins 431 (OTB); Lake

6343 (UC); Dry Fork, Macleod s. n. (OBT) ; Jumping Pound Creek,McCabe
W

Raup 3049 (GH) ; Wood Buffalo Park, Raup 3050 (GH, NY, UC, US) ; Edmonton, Smith
103 (K); Fort Saskatchewan, Turner s. n. (OTB); Pigeon Lake, Turner 5481 (OTB).
British Columbia: Quesnel, Dawson s. n. (US); Lake Atlin, Eastwood s.n. (GH, US);
about 13 mi. s. Savona, 50°32'N., 120°52'W., Hitchcock tf Martin 7418 (GH, NY, UC,
WYO); 25 mi. ne. Barkcrville, McCabe 336 (UC) ; 15 mi. e. 100-Mile House, McCabe
1070 (UC); Pinantan, McCabe 2383 (UC); Flathead summit, McCabe 4985 (UC) ;

Kimberlcy, McCabe 6160 (UC) ; between Burton and Fauquier, McCabe 662^ (UC) ; 13
mi. e. Burns Lake, McCabe 7041 (UC); 30 mi. n. Ft. St. James, McCabe 7552 (UC);
Chilliwack Valley, Macoun 64001 (NY); Fort St. John, Moss 8159 (OTB); Hudson
Hope, Raup & Abbe 3675 (MIN, NY, P, S) ; between Midway and Lake Osoyoos, Spread-
borough 72795 (NY); Relowna, Warren s.n. (K) ; 34 mi. n. Natal, Weber 2]II (GH,
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MO, NY, UC). Manitoba: Brandon, Hales s.n. (OTB) ; Teulon, Hunter s. n. (OTB);

Riding Mountain National Park, Rowe 101 (OTB). Newfoundland: Croque, Banks

s. n. (BM, MO photo) ; Table Mountain, Fernald & St. John 10864 (BM, GH, K, NY,

P, US, W); Birchy Cove, Fernald & Wiegand 4064 (GH) ; Harry's River, Fernald &

Wiegand 4.066 (GH) ; Harrys Brook at Dump Pool, Kennedy 909 (GH) ; Port a Port,

Mackenzie & Griscom 10449 (GH) ; Cape St. George, Mackenzie & Griscom 11019 (GH).

Ontario: Attawapiskat, James Bay, Dutilly & Lepage 15657 (OTB); Fort Albany,

Hutchinson s. n. (BM, MO photo); Gray Station (mile 229), Pease 18066 (GH) ;
Eckwan

River, James Bay, Smith 145 (US). Quebec: Ungava, 56°N., 75°20'-76°10'W
;

,
Dutilly

6 Lepage 14303 (OTB) ; Gaspe County, Grand River, Fernald s. n. (GH) ; Gaspe County,

Table-Top Mountain, Fernald & Collins 249 (GG, GH, K, MIN, NY, US) ; Lac a Claude,

Louis-Marie et al. 34235 (GH); Riviere Galiote, Victorin tf Germain 25084 (GH);

Anticosti, Crique de la Chaloupe, Victorin tf Germain (GH) ; Lac Mistassini, Rousseau

& Rouleau ujl (GH). Saskatchewan: Bjorkdale, Blaricam s.n. (OTB); Wallwort,

Breitung I (NY); McKague, Breitung 1018 (MO, OTB, UC) ; Emma Lake, Russell s.n.

(OTB).
United States:

idaho: Custer Co., Bonanza, Macbride tf Payson, 3404 (GH, K, MO, NY, UC, US,

WYO); Lemhi Co., Salmon, Payson tf Payson 1798 (GH, MO, NY, UC, WYO).
Montana: Beaverhead Co., Pioneer Range, Hitchcock 6 Muhlick 12932 (MO);

Carbon Co., Red Lodge, Rose 14 (GH, NY, US); Gallatin Co., Bridger Mts., Rydberg tf

Bessey 5001 (D, E, GG, GH, K, NY, WYO); Glacier National Park, Standley 15009

(US); Granite Co., 15 mi. n. Philipburg, Hitchcock 6 Muhlick 9133 (NY); Lewis and

Clark Co., Danaher Ranger Station, Hitchcock 18713 (UC) ; Madison Co., Madison Range,

Flodman 802 (MIN, MO, NY, US); Meagher Co., Little Belt Mts., Flodman 801 (NY,

US); Missoula Co., Bonner, Hitchcock & Muhlick 11431 (MO, UC, WYO); Powell Co.,

Flathead National Forest, Hitchcock 18636 (UC) ; Stillwater Co., Beartooth Mts., Kemp

16 (NY).
Washington: Okanogan Co., 1 mi. e. Crawfish Lake, Fiker 2417 (WTC); Pend

Oreille Co., 5 mi. n. lone, St. John 6358 (MO, WTC).
Wyoming: Big Horn Co., Worthley 20 (US, WYO); Park Co., Shoshone National

Forest, Williams tf Williams 3542 (GH, MO, NY); Sheridan Co., Big Horn Mts., Tweedy

2059 (NY); Yellowstone National Park, Undine Falls, Nelson & Nelson 5686 (BM, D, E,

GH, K, MIN, MO, P, UC, US, WYO).

Valeriana d. sylvatica throughout its Canadian distribution is practically in-

distinguishable from V. dioica in western Europe. The modern distribution of

V. dioica is like that of several other plants listed by Hulten as "amphi-atlantic,"

or species with an eastern American and western European distribution and with-

out an intermediate station in Asia. Among the amphi-atlantic species listed are

Milium effusum, Liparis Loeselii and Arenaria humifusa.

The following variation pattern of V. d. sylvatica bears mention as follows:

The populations of V. d. sylvatica on the edge of the distribution in Montana, Idaho,

Wyoming and the Black Hills come into contact with V. occidentalis, and in this

peripheral zone the collections cannot be reliably determined. The most aberrant popu-

lations within this zone manifest the following general characteristics:

Plants more leafy than typical V. d. sylvatica, especially at the base. Leaves broader,

to 2 cm. Inflorescence more often paniculate from the start. Achenes more often 5

mm. long, lance-linear. Representative specimens: idaho: Custer Co., Bonanza, Mac-

bride & Payson 3404. Montana: Gallatin Co., Bridger Mts., Rydberg & Bessey 500J.

Wyoming: Yellowstone National Park, Undine Falls, Nelson & Nelson 5686.
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Series 2. Edules F. G. Mey., n. ser.

Perennials erect, from stout, conical, multicipital, fleshy to semi-ligneous tap-

roots 0.8-3.0 cm. thick; caudex clothed with numerous imbricate, marcescent,

brownish to chartaceous leaf bases of previous seasons. Stem subscapose, erect,

unbranched to the inflorescence, terete or sometimes flattened and alate, glabrous

or pubescent. Leaves predominantly basal, mostly undivided, rarely pinnate,

lingulate-spatulate, the subpetiolar base more or less broadly clasping-patelliform,

membranaceous to subcarnosc, glabrous or pubescent and usually spreading-ciliate;

cauline leaves simulating the basal although reduced. Inflorescence an aggregate
dichasium; flowers polygamo-dioecious. Corolla rotate. Stamens and style ex-

serted, anthers distinctly 4-lobed, the thecae sulcate, with the ventral locul

longer than the dorsal. Acbenes linear- to ovate-oblong or oval, smooth or often
transversely rugulose, glabrous or densely pilosulous to subcanescent. Calyx-limb
6- to 13 -fid. Species, 3.

Type Species: Valeriana edulis Nutt. ex Torr. & Gray.

Distribution: Western and north-central United States and adjoining Canada;
Mexico to Costa Rica.

The stout fleshy conical tap-roots and the leaves, which are mostly lingulate-

spatulate and undivided, are the most salient characters that mark the species

included within scries Edules.

ae

KEY TO THE SPECIES

A. Leaves undivided.

B. Leaves glabrous, entire. Plants 1.0-2.5 dm. tall. Achenes oblong to
oblong-linear, smooth, glabrous. Calyx-limb 6- to 8-fid. Guadalupe
Mountains of Texas and New Mexico 9, y, texana

BB. Leaves sparsely puberulent, serrate to serrate-dentate and notched,
the sinuses barbellate. Plants 1.0-8.5 dm. tall. Achenes ovate to
ovate-oblong, often transversely rugulose, glabrous or densely
pilosulous. Calyx-limb 9- to 11 -fid. Southern Chiapas to Costa
RiCa

"j'*"-V 10 - V. prionophylla
AA. Leaves divided and undivided, somewhat repand to undulate-lamellate

or entire, uniformly spreading-ciliate. Calyx-limb 8- to 13-fld.
Western and north-central United States; also in Mexico 11. V. edulis

9. Valeriana texana Steyermark, in Ann. Mo. Bot. Gard. 19:393. 1932. T.J

Moore tf Steyermark 3528! (GH, MIN, MO, NY, UC).
Perennials 1.0-2.5 dm. tall, from stout multicipital caudex and forked conical

tap-roots 0.8-2.0 cm. thick, rugose and much contorted in age. Stem subscapose,

somewhat flattened and narrowly alate, glabrous, the nodes sometimes sparsely

pilosulous. Leaves predominantly basal, undivided, elliptic- to obovate-spatulate,
acute, 5.5-15.0 cm. long, 1.0-2.5 cm. wide, gradually tapering to the subpetiolar
base, firmly membranaceous, often with hyaline margins, glabrous; cauline leaves

1-2 pairs, 2-5 cm. long, simulating the basal, becoming bract-like above, some-
times spreading-ciliate on the subpetiolar base. Inflorescence 2-6 cm. long in

anthesis, later diffuse, 3.5-12.0 cm. long, 2.6-7.0 cm. wide, the internodes gla-

brous or sometimes scattered-pilosulous; bracts 3-4 mm. long, reduced above,
glabrous or pilosulous to spreading-ciliate. Corolla rotate, 2.5-3.0 mm. long,
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Fig. 16. Valeriana texana: Habit, X %i achene; staminate and dissected pistillate flower, X 10.

white, pilosulous towards the base of the tube without, the lobes half as long 3s

to equaling the length of the straight tube, the throat sparsely pilosulous within.

Stamens and style exserted. Achenes oblong to oblong-linear, about 2 mm. long

and 1 mm. wide, smooth, brownish, more or less keeled abaxially, glabrous, adaxial

ribs evident. Calyx-limb 6- to 8 -fid.

Type Locality: "On boulders in creek, Upper McKittrick Canyon, Guada-

lupe Mts., Culberson Co., Texas, alt. 2000 m., July 21, 1931".

Distribution: On limestone outcrops in the Guadalupe Mountains in western

Texas and adjoining New Mexico, 6000-7000 ft. alt. Flowering and fruiting

April to July.

United States:

new Mexico: Eddy Co., Guadalupe Mts., Lee s. n. (US).

Texas: Culberson Co., McKittrick Canyon, Guadalupe Mts., Meyer & Meyer 2177

(MO).
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Valeriana tcxana may be consistently distinguished from V. edulis, to which it

is most closely related, by the oblong, glabrous and abaxially keeled achencs and

the 6- to 8-fid calyx-limb. Valeriana te.xana is endemic to the Guadalupe Moun-
tains of Texas and New Mexico, for which reason it has come to the attention of

botanists only recently. The Guadalupe Mountains consist of Permian limestone

of the Capitan formation, and this relatively small area is known to support a host

of endemic species in other families.

10. Valeriana prionophylla Standi, in Field Mus. Publ. Bot. 18:1384. 1938.

T.: Stork 3040! (F).

Valeriana Skutehii Standi. I.e. 22:59. 1940. T.: Skuteh 1240! (F, GH).
Valeriana pumilio Standi. & L. Wms. in Ceiba 1:253. 1951. T.: Williams l6j2Q\ (MO

photo, T).

Perennials 1.0-8.5 dm. tall, from forked conical tap-roots 0.8-2.5 cm. thick,

rugose and verrucosc in age. Stem subscapose, scattered-pilosulous or glabrous, the

nodes consistently pilosulous. Leaves predominantly basal, imbricate, loosely or

often densely tufted, undivided, oblong-linear or oblanceolate- to lingulate-spatu-

late, subacute to obtuse, 2.5-3 5 cm. long, 0.6-3.0 cm. wide, gradually tapering to

the subpetiolar base, firmly membranaceous, serrate to serrate-dentate and notched,

spreading-ciliate, glabrous to uniformly pilosulous, the sinuses densely barbellate;

cauline leaves 2-3 pairs, 2-2 5 cm. long, 0.6-3.0 cm. wide, simulating the basal,

mostly sessile, or the petioles short. Infloreseence 2-6 cm. wide in anthesis, later

diffuse, 15-50 cm. long, 8-12 cm. wide, the nodes tufted-pilosulous, the inter-

nodes sometimes scattered-pilosulous; flower-bracts 3-4 mm. long, reduced above,

glabrous. Corolla rotate, 1.5-3.0 mm. long, white to pink or pale violet, glabrous

without, the lobes 1 to 1 Vi times the length of the indistinctly gibbous or straight

tube, the throat glabrous within. Stamens and style exserted. Acbenes ovate to

oblong-ovate, 2-3 mm. long, 1.5-2.0 mm. wide, often somewhat keeled abaxullv,

transversely rugulose or smooth, glabrous to densely pilosulous, sometimes purple-

maculate, adaxial ribs evident. Calyx-limb 9- to 11-fid.

Type Locality: costa rica: "Cerro de la Muerte, 3000 meters, in swampy
places beside streams, June 27, 1932".

Distribution: Near the summit of the Sierras from southern Chiapas to Costa
Rica, 6000-12000 ft. alt., on open limestone slopes, paramos, sphagnum bogs, or

in pine woods. Flowering and fruiting intermittently throughout the year.

Mexico: chiapas: Ghirsbreght 801 (BM, F, G, K, MO); Mt. Male, near Porvenir,
Matuda 4638 (MAT, MO, NY).

Guatemala: chimaltenango: region of Los Positos, above Las Calderas, StandUj
80143 (F). huehui-tenango: Sierra Cuchumatanes, Skuteh 1240 (GH, F, MO photo)

;

iy2 mi. e. San Mateo Ixtatlan, Sierra de los Cuchumatanes, Steyermark 4Q882 (F) ; Cumbre
Papal, between summit and La Libertad, Steyermark 5OQ32 (F). quezaltenango:
Volcan Santa Maria, Skuteh 853 (F, GH) ; Volcan Zunil, Steyermark 34863 (F, NY).
sacatepequez: Volcan de Agua, Standley 65155 (F). san marcos: between San
Sebastian and summit of Volcan Tajumulco, Steyermark 35551 (F). SOLOLA: Volcan
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Fig. 17. Distribution of V. prionophylla.

Santa Clara, Steyermark 46936 (F). Without definite locality: Antigua, Kellerman

4562 (US).

Costa Rica: cartago: Millsville, Holm # JWj 540 (MO); Volcan de Turrialba,

Standley 35260 (US); Irazu, S/or& 2897 (F) ; Cerro de la Muerte, Stork 3040 (F),

Williams 16/29 (MO photo, T).

Valeriana prionophylla may be distinguished by its undivided linear- to ob-

lanceolate-spatulate leaves, which are serrate to serrate-dentate with the angle at

the base of the dentations barbellate. Until recently this species was barely known,

although Standley and his colleagues over the past 25-30 years have added greatly

to the knowledge about V. prionophylla. Variation extremes:

1. Plants robust, up to 10 dm. tall; leaves to 35 cm. long, 1.5-3.0 cm. wide, sharply

serrate-dentate, glabrescent. Costa Rica: cartago: Cerro de la Muerte, Holm & litis

468; same locality, Stork 3040 (Type of V. prionophylla)

.

2. Plants slender, 1-5 dm. tall; leaves 2.5-10.0 cm. long, 0.6-1.6 cm, wide, dentate,

uniformly puberulent. Mexico: chiapas: Mt. Male, Matuda 4638. Guatemala:

huehuetenango: Sierra Cuchumatanes, Skutcb 1240. Costa Rica: cartago: Cerro

de la Muerte, Holm & litis 466; same locality, Williams 16729. These populations include

V. Skutchii Standi, and V. pumilio Standi. & L. Wms.

11. Valeriana edulis Nutt. ex Torr. & Gray, Fl. N. Am. 2:48. 1841. T.:

Nuttall s. n.l (BM, MO photo).

Perennials 1-12 dm. tall, robust, from conical, often forked tap-roots 0.8-3.0

cm. thick, becoming semi-ligneous, rugose and verrucose in age; multicipital caudex

covered by numerous imbricate, marcescent, brownish to blackish leaf bases of

previous seasons. Stein subscapose, 2-10 mm. thick, mostly glabrous or occasion-

ally appressed-pubcrulent, the nodes minutely puberulent. Leaves predominantly

basal, imbricate, sometimes forming a rather loose rosette, linear or oblong- to

obovate-spatulate, undivided or pinnate to pinnatifid, subacute to obtuse, (6-) 10-

40 cm. long, 0.3-4.2 (-6.5) cm. wide, gradually tapering to the subpetiolar base,

membranaceous to subcarnose, more or less repand to undulate-lamellate or entire,

spreading-ciliate, uniformly pilosulous to appressed white-puberulent or glabrous,
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or the veins only puberulent; the lateral lobes of the divided leaves 1-4 pairs,

distinct or more or less decurrent on the winged rhachis; cauline leaves 2-6 pairs,

pinnate to pinnatifid, rarely undivided, short-petiolate or sessile below, much re-

duced and bract-like above, 3 '//'

cence 10-45 (-75) cm. long, 2-14 cm. wide in anthcsis, later diffuse, 14-65 cm.

long, 2.5-17.0 cm. wide, the internodes glabrous or pilosulous; flower-bracts 3-4

mm. long, reduced above, glabrous to pilosulous or spreading-ciliate. Corolla

rotate, that of the pistillate flower minute, about 0.5 mm. long, of the staminate

flower 2.5-3.5 mm. long, white, glabrous or pilosulous towards the base of the

tube without, the lobes half as long as to equaling the straight tube, the throat

scattered-pilosulous or glabrous within. Stamens and style exserted. Achenes

broadly ovate to ovate-oblong or oval, 1.8-4.5 mm. long, 1.5-3.0 mm. wide, gla-

(X>

or purple-maculate, margins flat or abaxially involute, abaxial ribs prominent.

Calyx-limb 8- to 13 -fid.

Valeriana edulis is a polytypic assemblage of three geographically disjunct sub-

species: V. e. edulis in western United States and northern Mexico; V. e. ciliata

in north-central United States and adjoining Canada; and V. e. procera in Mexico.

Torrey & Gray20 cite the name Pbyllaciis obovata Nutt.80 [Valeriana obovata

(Nutt.) Roem. & Schult.] as a possible synonym of V. edulis Nutt. ex T. & G.
NuttalFs name has never been generally followed, although it has a priority of 2 3

years. Torrey & Gray29 remark: "Phyllactis obovata is omitted having been de-

scribed from a plant of the Upper Missouri, not yet in flower, perhaps an unde-
veloped V. edulis." In his description, Nuttall admits the plants were immature
with the "flowers collected together in involucrate umbclls" and with the leaves

"hirsutely-pilose". This description certainly does not apply to Valeriana edulis,

and I am convinced, not to Valeriana at all I have made an exhaustive search for

NuttalPs type of Pbyllaciis obovata but without avail. Furthermore, I have seen

no material of V. edulis from the plains of north-central South Dakota where
Nuttall

9

! specimens allegedly came, e. g. "around the Arikaree village", although
V. edulis occurs as near as the Black Hills. I concur fully with Torrey and Gray's
doubts about Pbyllaciis obovata, and it is presently referred to under excluded
species (p. 483).

KEY TO THE SUBSPECIES

A. Leaves thinly membranaceous, the cauline more or less regularly pin-
nate, less often pinnatifid, the lateral lobes narrow, 3-4 distinct pairs,

or narrowly decurrent, uniformly spreading-ciliate. Achenes 2.5-4.5
mm. long, glabrous or hirtellous.

B. Leaves more often glabrous. Wet meadows and on steep mountain
slopes; western United States to Chihuahua, Mexico H a . V. c. edulis

BB. Leaves more often pilosulous. Marly bogs, swamps and marshes;
southeastern Canada, north-central United States lib. V. c. ciliata

29H. N. Am. 2:48. 1841.
30 Gen. N. Am. Pi. 1:21. 1818.
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AA. Leaves firmly membranaceous, the cauline more or less irregularly

pinnatifid, less often pinnate, the lateral lobes broad, indistinct, parted

nearly to the rhachis above, broadly decurrent on the winged rhachis

below, sparsely spreading-ciliate. Achenes 1.8-3.0 mm. long, densely

hirtellous to occasionally short-canesccnt. Durango to the state of

Mexico He V. e. procera

Fig. 18. Distribution of the subspecies of Valeriana edulis.

1 la. Valeriana edulis Nutt. ex Torrey & Gray ssp. edulis

Patrinia ceratophylla Hook. Fl. Bor. Am. 1:290. 1834. T.: Douglas s.nj (BM, CGE, P).

furf
(K, MO, NY, US).

1901. T.: Nelson 7381!

Valeriana trachycarpa Rydb. ibid. 31:645. 1904. T.: Underwood & Selby 352! (NY).

Valeriana ceratophylla (Hook.) Piper, Contr. U. S. Nat. Herb. 11:532. 1906, non HBK,
a*t. W
WTC)

1937, T.:

Valeriana LeSueurii Stand!, in Field Mus. Publ. Bot. 22:59. 1940. T.: LeSueur IOJp. (F),

Perennials 1-12 dm. tall, robust. Leaves usually numerous, the lateral lobes of

the divided leaves mostly distinct or sometimes narrowly decurrent, terminal lobe

4.5-9.0 cm. long, 0.7-2.0 cm. wide, cauline leaves 2-3 well-developed pairs.
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Corolla of the perfect and staminate flower 3.0-3.5 mm. long, of the pistillate

minute, 0.5 mm. long, the throat scattered-pilosulous within. Acbenes 2.5-4.5

mm. long, glabrous to densely hirsutulous. Calyx-limb 9- to 1 3 -fid.

Type Locality: Walla Walla, Washing

Distribution: bottoms

sagebrush plains, limestone cliffs, and subalpine parks, 5500-11000 ft. alt., southern
British Columbia, western United States (except California) to northwestern
Mexico. Flowering and fruiting May to September.

Canada: British Columbia: w. of Midway, Macoun 79447 (E, NY).
United States:

Arizona: Apache Co., White Mountains, Gould & Robinson 5002 (ARIZ, UC)

;

Cochise Co., Chiricahua Mts., Blumer 1353 (ARIZ, E, GH, K, MIN, MO, NY, US,
WYO); Coconino Co., Williams, Lemmon s.n. (BM, D, P, UC, US); Gila Co., Sierra
Ancha Mts., Gould & Hudson 3785 (ARIZ, UC) ; Graham Co., Pinaleno Mts., Darrou;
PbiUtps d Pultz 1 1 19 (ARIZ) ; Grand Canyon National Park, Collom 1324 (ARIZ, US)

;

Navajo Co., Showlow, Hough IO (US); Yavapai Co., Prescott s.n. (ARIZ, UC).'
Colorado: Carbon Co., Clear Creek, Parker, McClintock & Robbins 6366 (ARIZ,

WTC)
;
Clear Creek Co., Empire, Engelman n s. n. (MO) ; Costilla Co., Veta Pass. Ownbev

WYO

Co
Co

Co., Leadville, Engelmann s. n. (MO) ; La Plata Co., Durango, Tweedy 520 (US) ; Larimer
Co., Estes Park, Churchill s.n. (MO); Montezuma Co., La Plata Mts., Baker, Earle 6
Tracy 847 (D, GH, MIN, MO, NY, UC, US) ; Park Co., Eleven-Mile Canyon, Killip
36424 (MO, US); Pitkin Co., Mann s.n. (MO); Rio Blanco Co., Meeker, Hanna 1334
(MO); Rocky Mountain National Park, Long's Peak, Holm s.n. (MO, S) ; Routt Co.,
Rabbit Ears Pass, Meyer & Meyer 2470 (MO) ; Saguache Co., Saguache Park, Rollins 1322
(MO, NY); San Miguel Co., Trout Lake, Payson tf Payson 4130 (GH, WYO); Summit
Co., Breckenridge, Mackenzie 288 (MO); Teller Co., Florissant, Letterman s.n. (MO).

idaho: Bannock Co., Marsh Valley Station, Muenscher & Maguire 2442 (GH, MO,
UC, WYO); Blaine Co., 10 mi. n. Ketchum, Cronquist 2534 (MO); Butte Co., 14 mi n'
Leslie, Hitchcock (3 Muhlick 8835 (WTC) 5 Fremont Co., Idaho-Wyoming border, Cron-
quist 1705 (MO); Idaho Co., White Bird Summit, Davis 3288 (WTC); Latah Co., Mos-
cow Mts., Epling & Hauch [Houck] (MO) ; Nez Perce Co., Lake Waha, Heller & Heller
3160 (E, MIN, MO, NY, P, UC, US) 5 Teton Co., Driggs, Cronquist tf Davis 2097 (MO)

;

Valley Co., 5 mi. w. McCall, Hitchcock tf Muhlick (MO);
Jones s.n. (PO).

Montana: Beaverhead Co., Armstead, Payson # Payson 1 750 (GH, MO, NY, WYO)
~"5 (WTC); Fergus Co., Big Snow

Washington Co

WYO)
s.n. (MU); Lewis and Clark Co., Helena, Sfarz s.n. (MO); Madison Co., Taylor Mts.,
Hitchcock d Muhlick 1521 1 (MO) ; Meagher Co., Little Belt Mts., Hitchcock tf Muhlick
12241 (MO, WYO); Park Co., Cooke City, Hitchcock tf Muhlick 13600 (MO, WYO).

Nevada: Elko Co., Ruby Lake, Mason 4665 (UC) ; Humboldt' Co., Summit Lake
Indian Reservation, Train 3054 (NY, UC) ; Washoe Co., 2 mi. w. Vya, Train 2835 (NY).

new Mexico: Catron Co., 18 mi. e. Mogollon, Meyer # Meyer 2202 (MO); Colfax
Co., Utc Park, Standley 13625 (US) ; Grant Co., Hillsboro Peak, Metcalfe 1194 (BM, D,

WYO)
White Mts., Wooton

Co., Mcscalero Indian Reservation, Wolf 2863 (ARIZ, GH) ; Rio Arriba Co., Ensenada,
Standley & Bolivian 11090 (US); San Miguel Co., Las Vegas, Studhalter & Cox 41^7
(US); Socorro Co., west fork Gila River, Metcalfe 31 1 (ARIZ, BM, D, E, GH, K, MIN,
MO, NY, P, UC, US)

; Taos Co., near Taos, Mathias 570 (MO) ; Union Co., Sierra Grande!
Standley 0149 (US).
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Oregon: Baker Co., Hereford, Jones 25251 (MO); Crook Co., Ochoco Ranger

tion, Peck 16000 (WILLU) ; Grant Co., Austin, Henderson 5525 (GH, MO) ; Harney

, Narrows, Peck 13984 (WILLU) ; Klamath Co., Klamath Lake, Peck 15147 (WILLU)

;

heur Co., 24 mi. sw. Rome, Peck 21775 (WILLU) ; Wallowa Co., Crow Creek, Sheldon

I (MO, NY, US, WYO); Wheeler Co., Ochoco Nat. For., Weber 291 1 (WTC).

south Dakota: Custer Co., Mayo, Over 1791 (US); Pennington Co., Hill City,

Palmer 37476 (GH, MO, NY).
son

^^^ ^^ ^^ —• » ^ — . » — — — — — r ^ «- ^- — — — -

Logan, Maguire 21703 (NY); Carbon Co., Willow Springs, Graham 9541 (MO, US);

Daggett Co., Uintah Mts., Williams 573 (MO, NY, WYO) ; Duchesne Co., Moon Lake,

Graham 9327 (MO) ; Grand Co., La Sal Mts., Payson & Payson 4102 (GH, MO, WYO)

;

Morgan Co., Echo, Janes s. n. (GG, MO, UC, US) ; Salt Lake Co., Salt Lake City, Clemens

s. n. (D, E, GH, MO) ; San Juan Co., Abajo Mts., Maguire d Redd 2136 (GH, MO)

;

San Pete Co., Fairview, Jones 5552 (GG, MO, NY, P, UC, US, WYO); Sevier Co., 40

mi. ne. Fremont, Harrison 7359 (MO) ; Summit Co., Bear River Valley, Hermann 5857

(GH, MO) ; Uintah Co., Trout Creek Ranger Station, Graham 8200 (GH, MO) ; Utah

Co., Provo Canon, Palmer 3811a (GH, MO).
Washington: Ferry Co., Republic, Thompson 11691 (GH, MO, NY, US); Grant

Co., Grand Coulee, St. John 7656 (CA, MO); Kittitas Co., Ellensburg, Whited 60 (US);

Lincoln Co.. Soraeue. Henderson s. n. (WTC) ; Okanagan Co., Wauconda summit, Piker

me Co., Medical Lake, Sandberg & Leiberg 53 (GH, NY, US);7^1 (MO, US); Spok

Stevens Co., Colville, Sharsmith 4041 (WTC) ; Wh
WTC)

(D,

Wyoming: Albany Co., s. Sybille, Nelson 7381 (K, MO, NY, US); Lincoln Co., near

WYO
Williams & Williams 3730 (D, GH, MO, NY, WYO); Sheridan Co., Big Horn Mts.,

Tweedy 2061 (NY) ; Sublette Co., Fremont Lake, Payson & Payson 2861 (GH, MO, NY,

: Sweetwater Co., Granger, Ward s. n. (US) ; Teton Co., Two-gwo-teeJS, WYO); Sweetwater Co., Grange

Williams 949 (MO, NY, S, WYO)
WYO)

Mexico: chihuahua: Memelichi, Rio Mayo, Gentry 2739 (ARIZ, F, GH, GT, K,

MO, S, UC); Mesa Correo, LeSueur 1077 (F) ; Salto de Babicora, LeSueur 1418 (ARIZ,

F, GH); Sierra Madre, Nelson 6098 (K, US), Pringle 1257 (E, F, GG, K, NY, US);

Colonia Garcia, Townsend & Barber 143 (BM, D, E, F, GG, K, MO, MU, NY, US, WYO)

.

nuevo leon: Municipio de Galeana, Cerro Potosi, Schneider 964 (ARIZ, F, G, MO, NY).

Valeriana e. edulh may be distinguished by the more or less regularly divided

leaves with the lateral lobes mostly obtuse and distinct to the rhachis, and the

achenes 2.5-4.5 mm. long, rugulose or smooth and glabrous to densely hirsutulous.

This subspecies has been described under several binomials, but it seems wholly

unnecessary to distinguish more than one taxon under V. edulh in western United

States. The populations in the northern part of the range, north of Colorado and

Utah, are more often glabrous and with broader leaves and generally of more vig-

orous habit. Nuttall's original collection from the Walla Walla region of south-

eastern Washington typifies quite adequately V. e. edulh from the northern portion

of the distribution.

The populations in the southern part of the distribution, particularly in New

Mexico, southern Arizona, and northwestern Mexico, grow under conditions of

increased aridity, and have narrower and considerably more pubescent leaves. Th

collections described as V. trachycarpa and V. LeSueurii typify the population

from the southern part of the distribution.
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lib. Valeriana edulis Nutt. ex Torr. & Gray, ssp. ciliata (Torr. & Gray)
F. G. Mey., stat. nov.

Patrinia longtfolia Macnab, in Edinb. N. Phil. Jour. 19:59. 1835. T.: Macnab !•#.,
non V. longtfolia HBK.

Valeriana ciliata Torr. & Gray, Fl. N. Am. 2:49. 1841. T.: Samples 14Q! (NY).

Perennials 3-10 dm. tall, relatively slender to robust. Leaves few to numerous,
the lateral lobes of the divided leaves mostly distinct or sometimes narrowly de-

current, terminal lobe 2.3-6.8 cm. long, 0.7-1.1 cm. wide; cauline leaves 2-3

well-developed pairs. Corolla of the perfect and staminate flowers 2.8-3.2 mm.
long, of the pistillate about 0.5 mm. long, the throat scattered-pilosulous within.

Acbenes 3-4 mm. long, glabrous. Gdyx-Umb 9- to 13-fid.

Type Locality: Urbana, Ohio.

Distribution: In low peaty hummocks, marly bogs, prairies and tamarack
swamps or wooded hillsides. Minnesota to Illinois, Michigan to Ohio. Flowering
and fruiting May to October.

Canada: Ontario: London, Saunders s. n. (OTB) ; Godcrich, Victoria, Germain &
Dominique 45980 (GH, OTB).

United States:

Illinois: Cook Co., Chicago, Babcock s.n. (FI, MO, P, US); Henry Co., Gcncsco,
Dobbs 20 (GH); Kane Co., Aurora, collector unknown, (GH) ; Lake Co., Sand
Barren Beach, Gates 1666.3 (GH) ; McHenry Co., Fox River Grove, Benke 6473 (GH);
Stephenson Co., Frcerort, Johnson s.n. (MIN, US).

Indiana: Cass Co., Hoovers, Friesner 20607 (GH, MO, S).
iowa: Clayton Co., Edgewood, Shimek s.n. (MIN); Black Hawk Co., low prairie,

Burk 274 (MO); Fayette Co., link s.n. (GH, MIN, US); Floyd Co., Nora Springs,
Shimek s. n. (MIN); Winneshiek Co., Dccorah Twp., Sec. 26, Tolstead s. n. (UC),

Michigan: Kalamazoo Co., Pawpaw Lake, Haines 447 (GH); Oakland Co., Rochester,
Chandler $. n. (MSC, US); Washtenaw Co., Ann Arbor, Almendinger s. n. (MU).

Minnesota: Dakota Co., Nicols, Moore, Butters # Jenkins 15116 (MIN); Fillmore
Co., Etna, Moore tf Phinney 12485 (MIN); Goodhue Co., Cannon Falls, Sandberg 34$
(US)

;
Hennepin Co., Fort Snclling, Meams 426 (US) ; Houston Co., Spring Grove, Rosen-

dahl 275 (GH, MIN); Mower Co., Austin, Moore tf Phinney 124.57 (MIN); Todd Co.,
Round Prairie Landing, Parry s.n. (MO); Waseca Co., Wilton, SheIdon 638 (MIN);
Winona Co., Winona, Holzinger s.n. (MIN, US).

ohio: Champaign Co., cedar swamp, Hartley & Pontius 812 (NY, US); Franklin Co.,
Columbus, Sullivant s. n. (G, GH, MO, OXF).

Wisconsin: Columbia Co., 5 mi. e. Portage, Wadmond s.n. (MIN); Dane Co.,
Madison, Hermann 8058 (NY); Grant Co., Lancaster, Pringle s.n. (GH) ; Iowa Co.,
Barnwcld, Fassett 8120 (MIN); La Crosse Co., La Crosse, collector unknown (MO);
Racine Co., Racine, Dai is s. n. (MO) ; Walworth Co., Bloomficld, Wadmond 4226 (MIN).

Valeriana edulis is essentially a western American species, tbe modern distribu-

tion of which may have developed its pattern in close association with the effects

of Pleistocene glaciation. At the present time, however, the western and eastern

populations are completely out of contact, so that interbreeding between these

taxa is quite impossible. Purely on a morphological basis, the populations in the

West and those in the Fast arc barely distinguishable, but I am convinced of the

intrinsic value of the ecologic factors as a basis for distinguishing these taxa.

Valeriana e. ciliata is essentially a plant of bogs and swamps throughout the dis-

tribution where it occurs wholly within glaciated areas, except in the driftless area

in Wisconsin.
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Fig. 19. Valeriana edulis ssp. ciliata: Habit, X Y%\ pistillate and staminate flower, X 7;

achene (abaxial side), X 4.
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lie. Valeriana edulis Nutt. ex Torr. & Gray ssp. procera (HBK.) F. G.

Mey., stat. nov.

Valeriana procera HBK. Nov. Gen. et Sp. 3:329. 1819. T.: Humboldt & Bonpland s.n.!

(P).

Valeriana knautioides Graebn. in Engl. Bot. Jahrb. 26:427. 1899. T.: Ehrenberg 172.

Perennials 3-10 dm. tall. Leaves predominantly basal, few, the lateral lobes

mostly distinct above, broadly decurrent on the rhachis below, the terminal lobe

( 1.2—) 1.4 (—5.0 ) cm. wide; cauline leaves 3-6 well developed pairs. Corolla of

the staminate flower 2.5-3.0 mm. long, of the pistillate about 0.5 mm. long,

the throat glabrous within. Achenes 1.8-3.0 mm. long, densely hirtellous to short-

canesccnt. Calyx-limb 8- to 12 -fid.

Type Locality: near Pazcuaro, at 6000-7000 ft., Mexico.

Distribution: Open rocky slopes, oak-pine forest, moist sandy soil, 8000-

10400 ft. alt. Durango to Puebla. Flowering and fruiting July to September.

Mexico: durango: 5 mi. n. Coyotes, 45 mi. w. C. Durango, Maysilles 7146 (MO,
MU); near El Salto, Nelson 4539 (NY, US), 4581 (S, US); C. Durango, Palmer 609
(BM, E, F, GG, GH, K, MO, NY, UC, US) ; Otinapa, Palmer 380 (F, GH, K, MO, NY,
UC, US), hidalco: Regla, Galeotti 2550 (BR) 5 El Chico, Lyonnet 1042 (F, US) ; Tula,

Rose, Painter & Rose 8331 (US). Mexico: Comunidad Temascaltepcc, Hin ton 505 (K)

;

Meson Veijo, Temascaltepec, Hinton 1319 (GH, K) ; Valley of Toluca, Pringle 4206 (D,

F, GH, MO, NY, S, UC, US); Vallee de Mexico, Schaffner 193 (MO, P); Llano Grande
above Rio Frio 54 km. from Mexico City, Sharp 4468 (MO), michoacan: Pazcuaro,

Humboldt & Bonpland s.n. (MO photo, P). morelos: road to Cuernavaca, Kenoyer
A416 (F, MO), puebla: vicinity of Puebla, Mayorazgo sur PAtoyac, Arsene 1044 (US);
entre les haciendas Sta. Barbara et Cristo sur l'Alseseca, Arsene 1363 (P, US) ; Esperanza,

Purpus 2741 (F, MO, NY, UC, US), sonora: Cerro Saguarivo, east of San Bernardo,

Pennell 19592 (US).

Valeriana e. procera may be recognized by the leaves, the lateral lobes of which

are broadly decurrent on the rhachis. This is in contrast to V. e. edulis with the

lateral lobes more often distinct or when pinnatifid not apparently decurrent.

Series III. Ceratophyllae Hock, in Engl. Bot. Jahrb. 3:52. 1882.

Perennials from napiform or fusiform tap-roots, to 5.5 cm. thick. Stem

subscapose to leafy, branched or unbranched, glabrous or puberulent to pilosulous.

Leaves basal or cauline, petiolace, pinnate to bipinnatifid, elliptic- to obovate-

spatulate, glabrous or hirtellous on the veins, the lateral lobes distinct, 2-10 pairs,

laciniate or sometimes palmately lobed. Inflorescence a compound or aggregate

dichasium; flowers hermaphroditic or gynodioecious. Corolla subrotate, 3-4 mm.
long, the lobes usually equalling the length of the gibbous or nearly straight tube,

the throat short-sericeous or scattered-pilosulous within. Stamens and style ex-

serted, the anthers distinctly 2-lobed, thecae entire, the loculae equal in length.

Achenes elliptic to ovate-oblong, 2.0—6.5 mm. long, abaxial ribs becoming carinate

or at least relatively prominent. Calyx-limb 9- to 20-fid. Species, 3.

Type Species: Valeriana ceratopbylla HBK.
Distribution: Mexico.
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The napiform roots, the laciniate leaves, the corolla with sericeous throat, and

the achenes usually with carinate ribs combine to distinguish this series.

KEY TO THE SPECIES

A. Lateral leaf segments trigonal in outline, 2-9 cm. long, 0.2-5.0 cm.

wide, most frequently long-Iaciniate, associated on the rhachis with

1-3 ligular appendages. East-central to south-central Mexico 12. V. laciniosa

AA. Lateral leaf segments without ligular appendages.

B. Stem simple. Leaf segments palmately 3- to 7-lobed or cleft,

3.0-4.5 cm. long, 2.5-5.5 cm. wide, obtuse, spreading-ciliate, the

veins often hirtellous, mostly below. Achenes glabrous. Calyx-limb

14- to 20-fid. Northeast to south-central Mexico 13. V. albo-nervata

BB. Stem branched. Leaf segments short-laciniate, 0.8-2.0 cm. long,

0.1-0.5 cm. wide, acute, glabrous. Achenes densely hirtellous to

short-sericeous. Calyx-limb 11- to 13-fid. South-central Mexico.... 14. V. ceratophylla

12. Valeriana laciniosa Mart. & Gal. in Bull. Acad. Brux. II
1

: 121. 1844.

T.: Galeotti 2548! (BR, K, MO photo, P).

Valeriana calcicola Greenm. in Proc. Am. Acad. 41:252. 1905. T.: Pringle 9622! (GH).

Valeriana macropoda Greenm. /. c. 1905. T.: Pringle 8998! (BM, E, F, FI, GG, GH, MIN,

MO, NY, P, S, UC, US).

Valeriana Nelsanii Greenm. /. c. 253. 1905. T.: Nelson 4574! (GH, US).

Perennials 1.5-8.5 dm. tall, slender, sometimes divaricate at the base, from

roots 1-4 cm. thick, rugose to somewhat

verrucose; caudex covered with a succession of marcescent, brownish, chartaceous

leaf bases. Stem subscapose, unbranched to the inflorescence, 1-5 mm. in diameter,

glabrous or scattered-pilosulous, the nodes consistently pilosulous. Leaves pre-

dominantly basal, imbricate, forming a loosely tufted rosette, petiolate, pinnate-

bipinnatifid, elliptic- to oblanceolate-spatulate, 9-40 cm. long, 3-8 cm. wide,

glabrous or hirtellous, especially below; lateral lobes approximately 6-10 distinct

pairs, irregularly disposed, relatively long-laciniate, 1- to 8-cleft, or dilated and

somewhat trigonal towards the tip, acute or apiculate, the divisions ascending or

divaricate, frequentiy recurved, 2.2-9.0 cm. long, 0.2-5.0 cm. wide, usually asso-

ciated at the rhachis with 1-3 ligular appendages, rudimentary or equalling the

lateral segments, also similarly cleft, or absent, the terminal lobe simulating the

lateral lobes, 1.1-10.0 cm. long, 0.1-0.3 cm. wide; petioles grading to the rhachis,

sparsely hirtellous to papillate or glabrescent, spreading-ciliate towards the sub-

petiolar base; cauline leaves 1-2 pairs, simulating the basal, or bract-like. Inflores-

cence an aggregate dichasium, 1.5-36.0 cm. long in anthesis, later diffuse, 2-27

cm. long, 2-14 cm. wide, the nodes often tufted-pilosulous, internodes glabrous,

or pilosulous; bracts 2.0-3.5 mm. long, reduced

flowers hermaphroditic or gynodioecious. Corolla subrotate, that of the perfect

flowers 3-4 mm. long, of the pistillate 1.0-1.1 mm. long, white to pink, glabrous

without, the lobes nearly as long as the gibbous tube, the throat densely white-

sericeous or scattered-pilosulous within. Stamens and style exserted. Achenes

ovate to ovate-oblong, 4.0-6.5 mm. long, 2.5-3.5 mm. wide, glabrous or uniformly

bove
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Fig. 20. Distribution of V. lariniosa.

pilosulous sometimes only on the adaxial side, abaxial ribs more or less carinate.

Calyx-limb 9- to 20-fid.

Type Locality: Santa-Maria, pres de Morelia de Michoacan, 6500-7000
pieds, Mexico.

DISTRIBUTION: Fields, limestone hills in cut-over oak woods on mountain sides

among rocks, 4500-6000 ft. alt. Durango and Hidalgo to Puebla. Flowering and
fruiting June to August.

Mexico: durango: without locality, Garcia 317 (US); El Oro to Guanacevi, Nelson
4744 (GH, US); EI Salto, Nelson 4574 (GH, US), hidalgo: mountain side among
rocks, Chase 7346 (F); Ixmiquilpan, Purpus s. n. (UC) ; Dist. Jacala, between Jacala and
Zimapan, Moore d Wood 3023 (BH); Dist. Atotonilco el Grande, Cerro Colorado, Moore
& Wood 4176 (MO); Dist. Zimapan, Moore tf Wood 4274 (BH). Mexico: Lecheria
Station, Pringle 8998 (BM, E, F, FI, GG, GH, MIN, MO, NY, P, S, UC, US).
Morelia, La Huerta, Arscue s. n. (D, F) ; Morelia, Galeotti 2548 (BR, K, L,. - _..
Mitla, Andrieux 326 (D, K, P). puebla: Tehuacan, Pringle 9622 (GH); Esperanza,
Pin pus s. n. (UC). san luis potosi: without definite locality, Virler 1813 (P).

Valeriana lariniosa is clearly related to V. cerafopbylla, but V. lariniosa may be

readily distinguished by its subscapose, unbranched stem and relatively long-

laciniate leaves which are subtended by ligular appendages.

With a paucity of study material, leaf variation in V. lariniosa was difficult to

interpret, and the collection of Andrieux 326 from Oaxaca exhibits much broader

to more or less trigonal and apiculate leaves. This suggests the polymorphic tend-

encies of V. lariniosa, and with more copious material it is likely that subspecific

MICHOACAN:
OAXACA:

taxa under this species would become evident.
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Fig. 21. Valeriana laciniosa: Habit, X %i achene and flower, X 7.
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Fig. 22. Valeriana albo-ncrvata: Habit, X Y\; dissected and entire flower, X 10.

13. Valeriana albo-nervata Robins, in Proc. Am. Acad. 27:170. 1893. T.:

Pringlc 3612! (F, GH, US).

Perennials 6-11 dm. tall, slender, from napiform to more or less fusiform,

often forked tap-roots 2.0-5.5 cm. thick, transversely rugose to verrucose; caudex
2-6 cm. long, clothed with few marcescent, chartaceous leaf bases. Stem sub-

scapose, 3-6 cm. in diameter, uniformly pilosulous or puberulent mostly on the
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Leavesupper portion, or glabrescent, the nodes consistently puberulent.

nantly basal, rather closely imbricate and often loosely tufted, petiolate, pinnately

divided, elliptic- to oblanceolate-spatulate, 12-40 cm. long, 4.5-13.0 cm. wide,

spreading-ciliate, the veins hirtellous, sometimes glabrous above, the lateral lobes

5-8 pairs, distinct, irregularly disposed, 3.0-4.5 cm. long, 2.5-5.5 cm. wide,

palmately 3- to 7-lobed or cleft, obtuse and often again short-cleft; petioles grading

to the rhachis, sparsely to densely hirtellous, spreading-ciliate towards the base;

cauline leaves 1-2 pairs, simulating the basal, 2.5-23.0 cm. long, the uppermost

much reduced. //

the terminal dichotomies 3.0-3.5 cm. wide in anthesis, later diffuse, 7-30 cm. long,

3.5-21.0 cm. wide, the nodes often tufted-pilosulous, internodes glabrous or

pilosulous; bracts 2-4 mm. long, reduced above, glabrous, papillate-ciliate; flowers

hermaphroditic. Corolla subrotate, 3.0-3.5 mm. long, white, glabrous without,

the lobes half as long as to equalling the gibbous tube, the throat densely white-

sericeous within. Stamens and style exserted. Achenes ovate to ovate-oblong,

3.5-6.0 mm. long, 2-3 mm. wide, glabrous, abaxial ribs subcarinate. Calyx-limb

14- to 20-fid.

Type Locality: Hillsides, San Jose Pass, San Luis Potosi, Mexico. July 12,

1890.

Distribution: On open oak-studded limestone slopes, 2300-6000 ft. alt.

Sierra Madre Oriental of Mexico. Flowering and fruiting March to July.

Fig. 23. Distribution of V. albo-nervata and V. ceratophylla
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Mexico: nuevo leon: Dist. Aramberri, Dulces Nombrcs, Meyer 6 Rogers (K, MO);
Monterrey, Orcutt 371 (US), san luis potosi: San Jose Pass, Pringle 3612 (F, GH,
US), tamaulipas: Jaumave Rd. 13 mi. sw. C. Victoria, McVaugh 9853 (MO); Jaumave!
Kunyon 36 (US); Huisachal, Stanford, Lauber tf Taylor 2095 (US); Miquihuana, Stan-
ford Lauber tf Taylor 2437 (US); between Marcella and Hcrmosa, Stanford, Lauber tf
Taylor 2437a (US).

Valeriana albo-nervata is one of the most distinctive of Mexican Valerianas. It

may be easily recognized by the leaves, the lateral lobes of which are palmately 3-

to 7-lobcd or cleft, and with the veins white-hirtellous. Until recently this species

remained very imperfectly known, although I found it abundant over a rather
wide area in the Sierras of Tamaulipas and Nuevo Leon.

14. Valeriana ceratophylla HBK. Nov. Gen. et Sp. 3:33 3. 1819. T.: Hum-
boldt tf Bonpland s.n.! (MO photo, P), non V. ceratophylla (Hook.) Piper
(Patrinia ceratophylla Hook.).

Valeriana Napus Lindl. in Bot. Reg. Misc. 76. 1840. T.: Hartweg s.n. (CGE, K).
Valeriana ramosissima Mart. & Gal. in Bull. Acad. Brux. 11 1 :122. 1844. T- Galeotti

2352! (BR, MO photo, P).

Perennials 1.7-5.7 dm. tall, slender, from napiform to somewhat fusiform,
often forked tap-roots 1.5-3.0 cm. thick, transversely rugose to verrucose; caudcx
2-4 cm. long, covered with a succession of imbricate, marcescent, brownish,
chartaceous leaf bases and dried broken stems from previous seasons. Stem branched,
1-3 mm. in diameter, glabrous, the nodes minutely papillate to pilosulous. Leaves
predominantly basal, rather closely imbricate, often loosely tufted with the several
basal shoots, petiolate, bipinnate-pinnatifid, elliptic- to oblanceolate-spatulate, 8-30
cm. long, 1.0-3.8 cm. wide, glabrous, the lateral lobes 5-8 distinct pairs, irregularly
disposed, 0.8-2.0 cm. long, 0.1-0.5 cm. wide, rather abruptly dilated towards the
tip, short Iaciniate, 1- to 3-lobed or cleft, and again short-cleft, mucronate, the
terminal lobe similar; petioles grading to the rhachis, sparsely hirtellous; cauline
leaves 1-3 pairs, simulating the basal but smaller, 5.0-11.2 cm. long, the upper-
most much reduced. Inflorescence an aggregate or compound dichasium, the
terminal dichotomies 1.4-2.8 cm. wide in anthesis, later slightly diffuse, 1.0-3.5
cm. long, 1.4-3.5 cm. wide, the internodes densely puberulent in a shallow groove
decurrent from the nodes; bracts 2.0-2.5 mm. long, somewhat erose, reduced
above, spreading-ciliate, frequently scattered-hirtcllous; flowers hermaphroditic.
Corolla subrotate, 3.5-4.0 mm. long, white to pinkish, sparsely to rather densely
pilosulous without, the lobes half as long as to exceeding the length of the gibbous
or straight tube, the throat densely white-sericeous. Stamens and style exserted.
Achenes elliptic to ovate-oblong, 2-5 mm. long, 1.5-2.0 mm. wide, densely hirtel-
lous to short-sericeous, abaxial ribs prominent, subcarinate. Calyx-limb 11- to
13 -fid.

Type Locality: Chapoltepcc, 7000 ft., Mexico.

Distribution: Dry rocky hills, 8000-8500 ft. alt. Sierra Madre Oriental, San
Luis Potosi and Hidalgo to Puebla. Flowering June to September.
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Mexico: hidalgo: Cerro Ventosa, between Pachuca and Real del Monte, Galeotti 2552

(BR, MO photo, P) ; Metepec Station, Pringle 13020 (ARIZ, F, GH, K, US) ; Ixmiquilpan,

Purpus 5. «. (US); Pachuca, Purptts 401 (UC, US). Mexico: forets a la desierta Nieja,

Bourgeau s. n. (P) ; Chapoltepec, Humboldt # Bonpland s.n. (MO photo, P). michoacan:

Morelia, Loma, Arscne s. n. (E). puebla: San Luis Tultitlanapa, Purpus 3338 (F, G,

MO, NY, UC, US); between Tepeaca and Santa Rosa, Rose & Hough 4736 (US), san

luis potosi: without definite locality, Wirier 180Q (P).

Valeriana ccratophylla may be readily distinguished by its profusely branched

stems, narrow unsubtended laciniate leaf lobes, and hirtellous flowers, fruits, and

bracts.

Series IV. Clematites F. G. Mey., n. ser.

Perennials or annuals, voluble or erect, from subnapiform to fusiform tap-roots.

Stem leafy, branched or unbranched, terete or sometimes quadrangular, glabrous or

pubescent. Leaves cauline or basal, petiolate, undivided or 3 -parted, elliptic, ovate

or suborbicular, cordate to reniform or palmately lobed, irregularly dentate to

repand or entire, sparsely to densely spreading-hirtellous or pubescence restricted

to the veins. Inflorescence an aggregate or compound dichasium; flowers hermaph-

roditic or gynodioecious. Corolla infundibuliform, the tube gibbous, the throat

scattered to densely pilosulous within. Stamens and style exserted; anthers 2-lobed,

the thecae entire, the loculae equal in length. Achencs linear- to ovate-oblong,

usually somewhat falcate to more or less ampulliform, 2-4 mm. long, 0.9-1.5 mm.

wide, glabrous or sometimes pilosulous on the adaxial side. Calyx-limb 11- to 14-

fid. Species, 5.

Type Species: Valeriana clematitis HBK.

Distribution: Mexico, except V. urticaefolia which occurs throughout Cen-

tral America and at least to Peru in the Andes.

The undivided leaves and the more or less arcuate and linear- to ovate-oblong

achenes are the predominant characters that mark the species of this series.

KEY TO THE SPECIES

A. Plants voluble or clambering, rarely erect. Leaves 2-3 times as long

as wide, ovate to elliptic or suborbicular, acuminate to subcaudate,

entire or slightly dentate, the petioles mostly shorter than the blades.

Northeastern Mexico to Central America; also in Colombia 15. V. clematitis

AA. Plants erect. Leaves about as long as wide, acute to obtuse, serrate to

irregularly repand-dentate or palmately lobed, or essentially entire.

B. Leaves ovate to suborbicular, undivided. Annuals, slender and mostly

unbranched at the base.

C. Leaves mostly suborbicular and cordate, petioles usually longer

than the blades. Stem manifesting pubescence in a line on the

upper portion, diminishing below. Achenes ampulliform, the ab-

axial veins more or less submedian. Corolla campanulate-infundi-

buliform. Central Mexico 16. V.Selerorum

CC. Leaves mostly ovate and truncate at the base, petioles usually

shorter than the blades. Stem uniformly pubescent or glabrous.

Achenes fabriliform (bellows-shaped), the abaxial veins more or

less peripheral. Corolla infundibuliform to subsalverform. Mexico

to Panama 17 - v - urticaefolia
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BB. Leaves reniform-cordate to palmately-lobed, undivided or with 1

pair of lateral lobes. Perennials from a thickened branched caudex.

D. Plants 6.8-13.0 dm. tall, robust. Leaves reniform-cordate,
5-15 cm. wide, irregularly and often deeply dentate to repand-
dentate. Chiapas and Guatemala 18. V. cucurbitifolia

DD. Plants 1.5-2.7 dm. tall, slender. Leaves palmately 5- to 7-

lobed, more or less hastate to cordate 19. V. palmatiloba

15. Valeriana clematitis HBK. Nov. Gen. et Sp. 3:327. 1819. T.: Humboldt
tf Bonpiand (P).

Valeriana laurifolia HBK. /. c. 328. 1819. T.: Humboldt & Bonpland! (MO photo, P).
Valeriana subincisa Benth. PI. Hartw. 39. 1839. T.: Hartweg 303! (CGE, D, K, NY).
Valeriana Pavonii Poepp. & Endl. Nov. Gen. et Sp. 3:16, /. 21 5. 1845. T.: Poeppig s.n.!

(MO, W).
Valeriana hispida Turcz. in Bull. Soc. Nat. Mosc. 25 2 :172. 1852. T.: Jameson 7QA! (BM,

CGE, D, FI, K, MO).
Valeriana Pavonii Poepp. & Endl. var. yungasensis Briq. in Ann. Conserv. & Jard. Bot.

Geneve 17:337. 1913. T.: Bang 298! (D, MO).
Valeriana Ghiesbrechtii Briq. I.e. 17:345. 1914. T.: Chiesbreght s.n,! (D, K, MO, P),
Valeriana laxissima Standi. & L. Wms. in Ceiba 1:252. 1951. T.: Williams & Allen

16524! (T).

Perennials voluble to clambering or erect, 3.5-12.0 dm. tall, from a short

rhizome. Stem leafy, often profusely branched, rarely unbranched, terete or some-

times quadrangular, becoming suberous or subligneous in age, 2-6 mm. thick,

scattered-hirtellous, the nodes more densely so, the young lateral branches hoary-

puberulent, soon glabrate. Leaves cauline, petiolate, undivided, elliptic to ovate or

suborbicular, usually somewhat truncate at the base, acute to acuminate or sub-

caudate, 4-12 cm. long, entire or slightly dentate, sparsely to densely pilosulous or

subcanescent, especially below, the blades abruptly expanding, 3.0-10.5 cm. long,

1.4-4.8 cm. wide; petioles rarely equaling the blades, 1.0-5.6 cm. long, sparsely

to densely pilosulous or subcanescent. Inflorescence an aggregate or compound
dichasium, terminal branches 2.6-20.0 cm. long, 4.5-16.0 cm. wide in anthesis,

later diffuse, 8.5-5 3.0 cm. long, 7.5-30 cm. wide, nodes and internodes glabrous

or spreading-pilosulous; bracts 1.5-4.0 mm. long, reduced above, glabrous or hir-

tellous; flowers gynodioecious. Corolla infundibuliform, that of the perfect flower

2.0-5.5 mm. long, of the pistillate 0.9-3.0 mm. long, white to pale lavender, gla-

brous or hirtellous towards the base of the tube without, the lobes half as long as

the gibbous tube, the throat sparsely pilosulous within. Stamens and style exserted.

Achenes linear-oblong, somewhat falcate, 2.0-3.5 mm. long, 0.9-1.2 mm. wide,

glabrous, smooth, tawny to rubiginose or purpurascent, abaxial ribs evident. Calyx-
limb 10- to 12-fid.

Type Locality: Colombia: paramo de Saraguru.

Distribution: Thickets, damp moist woods in rocky soil, often in cloud-

shrouded mountain summits, 3600-13000 ft. alt. Northeastern Mexico to Guate-
mala; also in Colombia. Flowering and fruiting throughout the year.

Mexico: chiapas: Volcan Tacana, Matuda 2892 (F, K, MAT, MO, MU, NY).
federal district: desierto dc Los Leones, Balls 4059 (BM); Eslava, Pringle 8qoi (F, GH,
MO, MU, NY, S, US); Valle de Mexico, Schaffner s.n. (MO, P). hidalgo: Banco!
Hartweg 303 Kenoyer s. n. (MO) ; Dist. Zimapan,
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Fig. 24. Distribution of V. clematitis.

Barranca de las Verduras, Moore & Wood 4498 (MO), jalisco: nw. slopes Nevado de

Colima, McVaugh 10063 (MO); Volcano of Colima, Vringle 4390 (BM, E, F, GG, GH,
K, MIN, MO, NY, P, S, UC, US, WYO). Mexico: ca. Tolucam, Andrieux 323 (D, P)

;

Popocateptl, Balls 4217 (BM); foret de la Desierta Nieja, Bourgeau 1064 (D, GH, P, S,

US) ; Dist. Temascaltepec, Meson Viejo, Hinton 2732 (D, GH, MO, NY) ; Dist. Temascal-

tepec, Cumbre-Cruz, Hinton 8981 (GH) ; Canada de San Rafael, Lyonnet & Elcoro 1927

(US); Mt. Ajusco, between Mexico City and Cuernavaca, Mexia s.n. (UC) ; Ixtaccihuatl,

Purpus 1782 (F, G, MO, NY, UC, US), michoacan: Morelia, Cerro Azul, Arsene s.n.

(D); n. nw. C. Hidalgo, ca. 19°48'N„ 100°40'W., McVaugh 9953 (MO), oaxaca:

Zempoaltepetl, top of mountain, Camp 2623 (NY) ; Zempoaltepec, Liebmann 10825 (US)

;

se. Miahuatlan, Nelson 2533 (US); Alvarez, Palmer 581 (F, GH, MO, NY, US).

tamaulipas: 7 km. sw. Miqulhuana, Stanford, Retherford, Northcraft 702 (GH, MO,
NY, UC); Pena Nevada, Stanford, Lauber, Taylor 2548 (US), vera cruz: Orizaba,

Liebmann 10820, 10821, 10822 (US) ; Maltrata, Matida 1349 (MAT, MO, MU) ; Yavezia,

Galeotti2683 (US, W).
Guatemala: chimaltenango: Santa Elena, Skutch 150 (GH, MU, S, US); Cerro

61048 el progreso: between

Calera and summit Volcan Siglo, Steyermark 43090 (F). huehuetenango: Cruz de

Limon, between San Mateo Ixtatan and Nuca, Sierra de los Cuchumatanes, Steyermark

49854 (F). quezaltenango: mts. se. Palestina, Standley 66331 (F); Volcan de Santa

Maria, above Palojunoj, Standley 67577, 67591, 67629 (F). san marcos: between San

Marcos and Serchil, Standley 85436 (F) ; between San Sebastian at km. 21 and km. 8,

8-18 mi. nw. San Marcos, Steyermark 35628 (F, NY), solola: Volcan Atitlan, Keller-

man 5839 (US); Volcan Santa Clara, Steyermark 46995 (F). totonicapan: region of

Chiu Jolom, mts. above Totonicapan, on road to De5consuelo, Standley 84476 (F).

Costa Rica: cartago:

16524 (T).

Copey, Williams & Allen

Panama: without definite locality, Seemann 2133 (BM, K).
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Fig. 25. Valeriana clematitis: Habit, X %; staminate and pistillate flower, X 7.

The voluble and clambering habit, and the undivided, elliptic to ovate or sub-

orbicular leaves are the most useful characters upon which to distinguish V.

clematitis. This species stands apart from the remaining four species in series
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clematites, and to interpret variation is a matter of giving the proper weight to

infraspecific variants. The variability is not difficult to interpret when this taxon

is viewed over its total distribution. The names in synonymy include essentially

several of the biotypes which occur within the normal variation pattern of this

taxon. For instance, V. laurifolia of Kunth is a common form with glabrous and

thicker leaves than typical V. clematitis from northern South America. In central

America this form was recently described as V. laxissima by Standley and Williams.

Variation in V. clematitis concerns, for the most part, differences in leaf texture,

degree of pubescence, and the variable aspect of the ovate-acuminate leaf.

16. Valeriana Selerorum Graebn. & Loesn. in Verhandl. Bot. Ver. Branden-

burg 53:86. 1912. T.: Seler 1335! (F, MO photo).

Valeriana Arsenei Briq. in Ann. Conserv. & Jard. Bot. Geneve 17:340. 1914. T.: Arsene

s.n.l (D, F, MO photo).

Annuals 2.6-10.0 dm. tall, slender, from subnapiform tap-roots 3-7 mm. thick.

Stem moderately leafy, 0.2-1.0 cm. in diameter, glabrous or scattered-pilose,

pilosulous in a line on the upper portion, diminishing below. Leaves cauline, 2-7

pairs, undivided, 4.5-24.0 cm. long, the petioles generally exceeding the

length of the blade, 2.5-17.0 cm. long, spreading-ciliate, the uppermost sessile, the

blades 2-7 cm. long, 2.9-8.5 cm. wide, broadly ovate to suborbicular, cordate,

obtuse, 3.6-23.0 cm. long, crcnate to dentate or essentially entire, light green to

somewhat glaucous below, green above, uniformly spreading-hirtellous especially

above, more or less restricted to the veins below, the margins often opaque, spread-

'//
3.2

cm. wide in anthesis, later diffuse and 6-10 cm. wide, the nodes and internodes

glabrous, sometimes densely pilosulous in a line; bracts 5-6 mm. long, reduced

above, glabrous or occasionally spreading-ciliate; flowers hermaphroditic. Corolla

campanulate-infundibuliform, 2.8-3.5 mm. long, lavender, glabrous without, the

lobes less than half the length of the gibbous tube, the throat sparsely pilosulous

ithin. Stamens and style exserted. Achencs oblong-linear, ampulliform and un-

dulate-falcate, truncate at the base, 2.9-3.5 mm. long, 1.1-1.5 mm. wide, glabrous

on the abaxial, pilosulous in 2 lines adjacent the midrib on the adaxial side. Calyx-

limb 10- to 12 -fid.

Type Locality: Michoacan, Dist. Patzcuaro, Mexico.

Distribution: South-central Mexico, 6200-8200 feet altitude. Flowering and

fruiting August and September.

Mixico: durango: Coyotes Hacienda, 63 mi. w.sw. C. Durango, Maysilles 7481a

(MU). Mexico: Dist. Temascaltepec, Tequesquipan, Hinton 1342 (GH, K, US); Dist.

Temascaltepec, Rincon, Hinton 4646 (K, MO) ; Dist. Temascaltepec, Nanchititla, Hinton

4JI2 (GH, K). michoacan: vicinity of Morelia, Cerro Azul, Arsene 2455 (MO, S,

US); vicinity of Morelia, Rincon, Arsene 5482 (MO > US ) ?
Morelia road, Kenoyer A359

(F); Ignatio, Seler 1335 (F, MO photo).
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Fig. 26. Distribution of V. Seleronim.

Valeriana Seleronim may be distinguished by the pubescence on the stem, which
is disposed in a line on the upper portion, the broadly ovate to suborbicular and
cordate leaves, the campanulate-infundibuliform corolla, the oblong-linear, ampulli-
form and undulate-falcate achenes, and the compound dichasial inflorescence. This
species is most closely related to V. urticaefolia, with which it is most frequently
confused, mainly on the similarity of leaf shape. However, V. Seleronim may be

acters alone.

'/

17. Valeriana urticaefolia HBK. Nov. Gen. et Sp. 3:330. 1819. T.: Hnm-
boldt d Bonplmd 2093! (MO, P).

Valeriana SCOrphides DC. Prod. 4:635. 1830. T.: Rerlandier II33! (BM, D, G, MO).
Valeriana erysimoidet Poepp. & I'ndl. Nov. Gen. et Sp. 3:16. 1844. T.: Poeppfe 1670!

(MO photo, W).
Valeriana rhomboidea Greene, Pittonia. 1:154. 1888. T.: Yorrer s. >/..' (F, GH, NY UC

US).

Valeriana Sallei Briq. in Ann. Conserv. & Jard. Bot. Geneve 17:339. 1914. T.: Salle 71

'

(D).

Annuals 1.3-7.5 dm. tall, slender, from subnapiform tap-roots 3^—8 mm. thick.

Stem moderately leafy, unbranched or sometimes branched, 0.5-4.0 mm. thick,

minutely puberulent to densely spreading-pilosulous towards the base, glabrcscent
above. Leaves cauline, 3-7 pairs, sessile or short-pctiolate, undivided, ovate to

oblong-elliptic to suborbicular, sometimes more or less flabclliform, acute to obtuse,
O.V-9.2 em. long, serrate to crenate, dentate to repand or essentially entire, uni-
formly sprcading-pilosulous especially above, sometimes more or less restricted to
the veins belcw, blades more or less abruptly expanded, 0.7-5.0 cm. long, 0.7-4.5
cm. wide; petioles 0.2-6.0 cm. long or obsolete, rarely exceeding the blades in

length, uniformly sprcading-pilosulous. Inflorescence an aggregate or sometimes
compound dichasium, 2-2 8 cm. long in anthesis, later diffuse and 13-60 cm. long,
7-28 cm. wide, the terminal scorpioid sympodia 2-6 cm. long, bracts 1-2 mm.
long, glabrous; flowers hermaphroditic. Corolla infundibuliform to subsalverform,
1.8-5.0 mm. long, white to pinkish, glabrous without, the tube abruptly narrow-
ing and often somewhat filiform towards the base, the lobes less than half the
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length of the gibbous tube, the throat sparsely pilosulous without. Stamens and

style exserted. Achates oval to suborbicular, somewhat fabriliform (bellows-

shaped), with 2 peripheral and 1 median abaxial vein, subarcuate, minutely papil-

late, yellowish to purplish maculate, 1.2-2.0 mm. long, 0.9-1.1 mm. wide, glabrous

!y hirtellous on the adaxial side, glabrous on the abaxial side,
or sometimes dense

the midribs prominent. Calyx-limb 10- to 13 -fid.

Valeriana urticaefolia: Flower, X 5; achene with plumose calyx segments, X 7;Fig. 27.

achene (abaxial view), X 14.

Type Locality: "Crescit in frigidis Novo-Granatensium, prope Almaguer

et convallem Guaytarensem; item juxta urbem Loxae Peruvianorum, alt. 1000-1200

he>

Distribution: Open oak or pine woods, dry sunny hillsides, grassy slopes and

fields in loose granitic conglomerate or calcareous soil, 2600-10000 ft. alt. Mexico

to Panama; also in the Andes to Peru and Argentina.

Mexico: chiapas: Mt. Ovando, Matuda 2187 (MU) ; Mt. Tacana, Matucla 2491 (F,

G, MO, MU, NY) ; Siltepec, Matuda 4106 (GH, MU, NY) ; Hacienda Monserrate, Purpus

g'165 (GH, MO, NY, UC, US), chihuahua: 65 mi. e. Batopilas, Goldman 187 (GH,

NY, US), durango: Sierra Madre w. Durango, Forrer s.n. (F, GH, NY, UC, US);

El Salto, Vennell 18337 (US), federal district: Canada de Eslava, Lyonnet 357 (GH,

MO, NY, US); Cerro Magdalena, Serrania de Ajusco, Lyonnet & Elcoro 1906 (US);

Eslava, Prinze 9365 (GH, NY, US); Tlalpam, Salazar s.n. (US). Guerrero: Dist.

Mina, Mancnon-Arroyo Hondo, Hhiton 94*2 (GH) ; Dist. Mina, Chiriagua, Binton 9846

(GH); Dist. Mina, Pilas, Hinton 10701 (GH) ; Dist. Mina, Campo Morado, Hinton 1 1167

(GH); Dist. Montes de Oca, Vallecites, Hinton 1 1335 (GH) ; Dist. Galeana, Plan del

Carrizo, Hinton 14664 (F, GH, MO, NY); Dist. Mina, Petlacala, Mexia 8978 (F, GH,

MO, NY, S, US); ne. Chilpancingo on road to Chilapa, Moore tf Wood 4658 (MO).

hidalgo: Real del Monte, Berlatulier 494 (D). Jalisco: e. San Sebastian, Arroyo de

c—. n-~+*„AU Mo*;,, tzt? (V HH. MO. Mil. NY. UC): W. Bolanos. Rose 2061 (US):
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Fig. 28. Distribution of V. urlicacfolhi.

Etzatlan, Rose tf Painter 7556 (US). Mexico: Volcan Toluca, Heller 438 (P, STR, W)

;

Dist. Tcmascaltcpec, Cucha, Hinton 1677 (D, GH, MO, NY, US) ; Dist. Tcmascal'tepec',
Pantoja, Hinton 2849 (D, GH, NY); Flor de Maria, Pringle 3234 (BM, E, F, GG, GH,
K MO, NY, P, S, UC, US, W); Ixtaccihuatl, Purpus 1781 (F, GH, MO, NY, UC, US);
Vallee de Mexico, Schaffner 194 (P). michoacan: vicinity of Morclia, Cerro Azul,
Arsene 2458 (K, NY, P) ; vicinity of Morclia, Cerro de las Nalgas, Arsene 2563 (MO,
NY, S, US)

; vicinity of Morclia, Ravin Santa Maria, Arsene 3105 (MO, NY, S, US)

;

v.cinity of Morelia, Cerro San Miguel, Arsene 5208 (MO, US) ; vicinity of Morelia', Loma
S.inta Maria, Arsene 5424 (GH, MO, NY, S, US); vicinity of Morelia, Ouest del Zapote,
Arsene 9396 (MO); Anganguio, Hartweg 300 (CGE, FI, G, K, NY, OXF, P, W); Dist.
Coalcoman, Pte. Las Cruces, Hinton 12189 (GH, K); Dist. Coalcoman, Pto. Zarsamora,
Hinton 13040 (GH, NY); Dist. Coalcoman, Sierra Torricillas, Hinton 15269 (GH, NY);
Dist. Uruapan, Tancitaro, Hinton 15550 (F, GH, MO, MU, NY); Morelia, Kenoyer
A338 (ARIZ, F); 7 mi. sw. Uruapan, Leavenworth & Hoogstraal 1254 (F) ; Patzcuaro,
Reiche 141 (M). MORELOSi Vallee del Tepeite, Lyonnet & Elcoro 1839 (US); km!
56-57, road to Cuernavaca, Moore 120 (GH) ; Alarcon, Orcntt 3871 (F, MO, US); n.
Cuernavaca, Russell # Souviron 232 (US), nayarit: vicinity of Jalisco, Ferris 8019
(US); road from Tepic to Jalcojotan, Mexia 602 (D, GH, MO, MU, NY, UC, US);
Tepic, Pennell 19815 (US); between Aguacata and Dolores, Rose 3358 (US),
mts. above Cuicatlan, Pringle 5630 (F) ; near Oaxaca, Pringle 5630a (US).
Puente del Empcrador, La Venta, Sharp 44540 (MO), sinaloa: Sierra Surotato, Ocurahui,
Gentry 6251 (GH, GENT, MO, MU, NY); El Batel to Pico del Aquila, Mexia 461 (F,
MO, UC); Cerro de las Cruces, San Ignacio, Monies & Salazar 103 (US); Santa Lucia!
east of Panuco, Pennell 20023 (US) ; Cerro Quemado, ne. of Panuco, Pennell 20143 (US)!
vi ka cruz: La Joya, Balls 55*5 (BM) ; Orizaba, Botteri 578 (P), 796 (GH, US);
d'Orizaba Escamella, Bourgeau 2945 (D, GH, NY, S, US); Amatlan, Liebmann s.n. (S)!

Guatemala: alta vera paz: Santa Cruz bei Coban, Seler 24^8 (GH, NY, US) •

Tactic, Tucrckhehn 1570 (BR, F, GH, MO, NY, US), chimaltenango': Alameda'
Johnston 753, 945, 974 (F); plains near Tecpam, Skutcb 579 (MU, US); near Finca La'
Alameda, near Chimaltenango, Standley 59121 (F, NY); barranco de la Sierra, se. Patzum,
StanJley 61654 (F, NY), chiquimula: Caracol Mountain, near Quezaltepeque, Sfeyer'-

oaxaca:
pui-bi.a:
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mark 31383 (F). Guatemala: Volcan de Pacaya, above Las Calderas, Standley 5^344
(F). huehuetenango: e. San Sebastian, Standley 81456 (F) ; Cerro Jolomtac, Sierra

de los Cuchumatanes, Steyermark 49496 (F); between San Sebastian H. and large penasco

above town, Steyermark 50492 (F). jalapa: vicinity of Jalapa, Standley 76543 (F)

;

between Jalapa and Paraiso, Standley 77366 (F) ; between Guiziltepeque and Potrero

Carillo, Steyermark 33083 (F). sacatepequez: near Antigua, Standley 58636 (F).

santa rosa: Estanzuela, Heyde & Lux 3969 (GH, NY, US), solola: Rio Bravo, slopes

of Volcan Atitlan, Steyermark 47972 (F, UC). zacapa: Sierra de las Minas, between

Rio Hondo and summit of mt. at Finca Alejandria, Steyermark 29646 (F) ; along Rillito

del Volcan de Monos, Steyermark 42307 (F).

Honduras: comayagua: vicinity of 42 (F).

gracias: without definite locality, HjaJmarson s. n. (S). morazan: Santa Ines, Valeria

452 (F); Uyuca, Valerio 575, 649, 744, 936, 1492, 2153 (F) ; Piedra Herrada,

Cerro de Uyuca, Standley 11988 (F); vicinity Hoya Grande, Williams & Molina IOI79

(F); La Montanita, Williams & Molina IO553 (F, MO, UC) ; near Siguatepeque, Yuncker,

Dawson, Youse 5857 (F, GH, MO, MU, NY, S, US).

Costa Rica: alajuela: San Piedades near San Ramon, Brenes 4434 (F) ; Cerros de

San Rafael de San Ramon, Brenes 5897 (F); alto de Acosta de San Ramon, Brenes 16667

(F); Palmira, region of Zarcero, Smith 270 (F); Palmira, Alfaro Ruiz, Smith 1294 (F,

NY), cartago: Las Concavas near Cartago, Cooper 65 (F); chemin a Cartago, Tonduz

2930 (US), san jose: Cerro de Piedra Blanca, above Escasii, Standley 32613 (US);

between Aserri and Tarbaca, Standley 34077 (US) ;
plantations de cafe d'Aserri, Tonduz

1273 (US).

Panama: chiriqui: Bajo Mona, Boquete Dist., Terry 1300 (F, GH, MO).

Valeriana urticaefolia exhibits relatively little variation throughout the distribu-

tion, being readily distinguished by the undivided leaves, oval to suborbicular and

somewhat fabriliform (bellows-shaped) achenes, and the narrowly infundibuliform

corolla. These characters consistently mark V. urticaefolia, and it docs not seem

likely that subspecific taxa exist within V. urticaefolia, at least in Mexico and

Central America. I have not studied the South American material of this species

to any extent, but the specimens from Ecuador and Peru match those from North

America very satisfactorily.

18. Valeriana cucurbitifolia Standi, in Field Mus. Publ. Bot. 22:58. 1940.

T.: Matiufa 1709! (F, GH, MAT, MO photo, MU, NY).

Valeriana cacalioides Standi. I.e. 125. 1940. T.: Matuda 1812! (F, GH, K, MAT, MO
photo, MU, NY).

Perennials 6.8-13.0 dm. tall, robust, from stout, more or less elongated roots

at least 1.3-1.5 cm. thick, lower portion unknown; caudex covered with a suc-

cession of imbricate, marcescent, brownish and chartaceous leaf bases and petioles

of previous seasons. Stem moderately leafy, 2-9 mm. in diameter, glabrous or

spreading-pilosulous throughout, the nodes consistently pilosulous. Leaves pre-

dominantly basal, 25-30 cm. long, rather closely imbricate, forming a loosely tufted

rosette, petiolate, undivided or sometimes with 1 pair of lateral lobes, the blades

and terminal lobe of the divided leaves abruptly expanded, rcniform-cordate to

cordate, 5-15 cm. wide, irregularly and often deeply dentate to repand-dentate,
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Fig. 29. Valeriana cucurbitifolta: Habit, X \\\\ flower, X 8.
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light green to somewhat glaucous below, green above, uniformly spreading-

pilosulous or more or less restricted to the veins above and below, spreading-ciliate,

the lateral lobes petiolate, simulating the terminal lobe, somewhat smaller, 3-18

cm. long, 2-12 cm. wide; petioles usually exceeding the length of the blades, 19-40

cm. long, more or less conduplicate, glabrous to uniformly pilosulous or pubescent

on the concave ventral side; cauline leaves 2-4 pairs, simulating the basal, usually

smaller, 10-15 cm. long, 5.8-9.0 cm. wide, petiolate towards the base, the upper-

most sessile and much reduced. Inflorescence a compound or rarely an aggregate

dichasium, the terminal dichotomies 1.5-3.5 cm. wide in anthesis, diffuse at

maturity, 7.5-15.0 cm. wide, the nodes and internodes hirtellous; bracts 6-9 mm.

long, reduced above, glabrous or occasionally spreading-ciliate; flowers hermaph-

roditic. Corolla infundibuliform, 4.0-5.5 mm. long, white, glabrous without, the

lobes less than half the length of the gibbous tube, the throat sparsely pilosulous

within. Stamens and style exserted. Achenes linear- to ovate-oblong, somewhat

falcate, 2-4 mm. long, 1.1-1.5 mm. wide, sometimes scattered brownish-maculate,

glabrous on the abaxial, uniformly short-hirtellous on the adaxial side, abaxial ribs

rather prominent. Calyx-limb 10- to 14-fid.

Type Locality: Tobias, Siltepec, Chiapas, Mexico. August 8, 1937.

Distribution: On limestone outcrops and bluffs, 6000-10000 ft. alt., southern

Chiapas to Guatemala. Flowering and fruiting April to August.

Mexico: chiapas: Tobias, Siltepec, Matilda I/OQ (F, GH, MAT, MO photo, MU,
NY); Mt Ovando, Matuda 1812 (F, GH, K, MAT, MO photo, MU, NY); Ventana, near

Siltepec, Matuda 4539 (MAT, NY); Mt. Male, near Porvenir, Matuda 4.602 (F, G, MAT,
MO, NY).

Guatemala: huehuetenango: Cumbre Papal, on bluffs between summit and La
Libertad, Steyermark 50966 (F).

Valeriana cucurbitifolia has only been known for little over a dozen years,

although it is so distinctive there should be no mistaking its identity. This species

stands apart from its congenors in series Clematites by the large reniform to

cordate leaves which are from 5—15 cm. wide. Its relationship would appear to

be closest to V. palmatiloba.

v. cucurbitifolia

V. palmatiloba

Fig. 30. Distribution of V. cucurbitifolia and V. palmatiloba.
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19. Valeriana palmatiloba F. G. Mey., spec, now
Planta pcrennis 1.5-2.7 dm. alta tenuis erecta, radice ignota. Caudex usque

ad 1.4 cm. diam. Caules moderate foliacei 1-2 mm. diam. sive glabri sive patenti-

pilosuli, nodis pilosulis. Folia basilaria pierumque petiolata simplicia vel 3-partita,

laminis simplicium et lobis terminalibus ternatorum 5- vel 7-lobatis acutis aliquid

hastatis vel cordatis 2.0-7.5 cm. longis 1.8-3.4 latis parce dentatis patenti-hirtellis

praecipue ad venas restrictis patenti-ciliatis, lobis lateralibus distinctis quam lobo

tcrminali multo brevioribus 1.0-1.7 cm. longis brevi-petiolatis; petiolis 3.6 cm.

longis, foliis caulinis 2-3 jugis folia basilaria simulantibus 3-5 cm. longis petiolatis

supcrne multo reductis sessilibusque. Infloresccntia aggregatum aut compositum
dichasium 1.5 cm. lata in anthesim nodis et internodiis hirtellis, bracteis 4-6 mm.
longis superne reductis glabris aut aliquid patenti-ciliatis, floribus hermaphroditicis.

Corolla infundibuliformis usque ad 4 mm. longa alba extra glabra, tubo gibbo

lobis duplo vel plus longiori, faucibus intus parce vel dense pilosulis. Staminae et

styla exserti. Achaeniae latere abaxiali glabrae latere adaxiali brevi-hirtellae.

Calycis limbus in specimine nostro immaturus.

Known only from the type collection. Flowering in May.

Mexico: chiapas: open forest, mountains near Fenia, Purpus 4IQ (US, holotypi;).

Although the type specimen is immature, it is sufficiently well developed to

indicate its distinctness from V. cucurbitifolia, to which it is related. V. palmati-

loba is distinguished by the palmately 5- to 7-lobed and pubescent leaves. This

species occurs within the range of V. cucurbitifolia, and additional material of both

species would be very helpful in clearing up the relationships of these taxa.

Series V. Densiflorae F. G. Mey., n. ser.

Perennials or annuals from napiform to fusiform tap-roots. Stem leafy or

subscapose, unbranched to the inflorescence, glabrous or uniformly pubescent.

Leaves cauline or basal, petiolate, pinnate to pinnatifid or bipinnatifid, rarely un-

divided, elliptic- or oblanceolate- to obovate-spatulate, or ovate-cordate, (bract-

like in V. vagmata), serrate to dentate or repand, entire or essentially so, glabrous

or spreading-pilosulous, especially on the veins. Inflorescence an aggregate or

compound dichasium; flowers hermaphroditic, polygamo-dioecious or dioecious.

Corolla infundibuliform, glabrous or spreading-pilosulous without, the tube gibbous,

the throat scattered-pilosulous within. Stamens and style exserted, anthers 2-lobcd,

the thecae entire, the loculae equal in length. Achcnes predominantly suborbicular

or ovate-oblong, sometimes more or less ovoid, uniformly dense-pilosulous to short-

sericeous or glabrous, abaxial side convex or strongly keeled. Calyx-limb 6- to

12-fid or obsolete. Species, 5.

Type Species: Valeriana densiflora Benth.

Distribution: Mexico, except V. \mlchclla which occurs also in Costa Rica

and Panama.

The species of this assemblage usually possess well-developed napiform tap-

roots. The leaves are usually pinnate to pinnatifid. The achenes are often densely

hirtellous to subsericeous.
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Fie. 31. Valeriana palmatiloba: Habic, X Vz\ flower, X 5. Drawn from type specimen.



450
[Vol. 38

MISSOURI

KEY TO THE SPECIES

A. Inflorescence an aggregate dichasium, paniculiform. Achenes merely
convex abaxially.

B. Leaves pinnate-bipinnttifid. Inflorescence bracts spreading-ciliate.
Achenes suborbicular to subovoid, 0.7-1.0 mm. Ion-, spreadillg-
pihmilous. Calyx-limb 5- to 6-fid or obsolete. Sonora and
Chihuahua to Jalisco 20. V. apiifolia

BB. Leaves pinnate to pinnatifid or much reduced. Inflorescence bracts
glabrous. Achenes oblong-ovate to oval, 1.4-3.5 mm. long, densely
hinellous to sericeous. Calyx-limb II- to 1 2 -fid.

C. Leaves much reduced, bract-like, the basal vaginate to sub-
spathiform, the caulincclasping-patelliform. Hidalgo, Guanajuato
to Mexico 21. V. vaginata

CC. Leaves well developed, elliptic- or oblanceolate- to obovate-
spatulate, pinnate to pinnatifid or sometimes undivided. San Luis
Potosi to Puebla and Guerrero 22. V. Jrnsiflora

AA. Inflorescence a compound dichasium, dichotomous throughout.
Achenes more or less strongly carinate abaxially.

D. Leaves cauline, 2 pairs. Achenes oblong-elliptic, often rather
strongly keeled, glabrous, abaxial ribs indistinct. Calyx-limb
8-fid or obsolete. Durango and Sinaloa 23. V. deltoidca

DD. Leaves predominantly basal, more numerous. Achenes oblong
to broadly ovate, merely turgid or less strongly carinate, gla-
brous or hirtellous, abaxial ribs evident. Calyx-limb 11- to
12-fld or obsolete. Oaxaca to Panama 24. V. pulcbella

20. Valeriana aptii olia Gray, in Proc. Am. Acad. 22:417. 1886. T.: Palmer

564! (BM, GG, GH, K, MO, NY, P).

Astrephia mexicana Hook. & Arn. Bot. Beechey's Voy. 431. 1841. T.: Lay unj (K),
Phyllactis mexicana (Hook. & Arn.) Benth. & Hook. Gen. Pi. 2:154. 1873.

Annuals 2.3 roots

sometimes forked. Stem leafy, 0.5-2.0 mm. in diameter, minutely pubcrulent

throughout. Leaves cauline, 4-6 pairs, disposed mostly on the lower half of the

stem, petiolatc, pinnate-bipinnatifid, rarely undivided, ovate, usually more or less

ovate-cordate, acuminate, 2.0-7.5 cm. long, 1.4-5.9 cm. wide, glabrous or some-

times spreading-pilosulous mostly above, glabrescent below, the lateral lobes 3-5

pairs, the longest pair distinct, short-petiolate, abruptly expanded, acuminate,

rather deeply lobed or cleft, the succeeding lobes more or less decurrent on the

rhachis, ultimately 3- to 5-cleft; petioles 1.3-4.0 cm. long, more or less condupli-

c.ne, glabrous or pilosulous to minutely puberulent, frequently restricted to the

concavity. Inflorescence an aggregate dichasium, 15-45 cm. long, more or less

heliciform in anthesis, the terminal scorpioid branches later 1.0-2.7 dm. long,

bracts 1.0-1.2 mm. long, relatively long spreading-ciliate; flowers polygamo-
dioecious. Corolla infundibuliform, of the perfect and staminate flower 2.5-4.0 mm.
long, of the pistillate 0.9-1.5 mm. long, white, glabrous or spreading-pilosulous

without, the lobes less than half the length of the gibbous tube, the throat sparsely

pilosulous within. Stamens and style exserted. Achenes suborbicular to subovoid,

0.7-1.0 mm. long, tawny or becoming brownish maculate, spreading-pilosulous.

Calyx-limb 5- to 6-fid or obsolete.

Type Locality: Rio Blanco, 10 mi. west by north of Guadalajara, Jalisco,

Mexico.
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Valeriana apiifolia: Habit, X W> mature achenes (adaxial side),

segments below, X 13; flower and scorpioid
Fig. 32.

calyx above, those with plumose

florescence, X 5.
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Distribution: Moist shady oak or pine-covered mountain sides, canyon slopes,

3 500-5500 ft. alt. Sonora, Chihuahua to Jalisco, Mexico. Flowering and fruiting

September to January.

Mexico: chihuahua: Sierra Charuco, Rio Fuerte, Gentry 1757 (F, GENT, GH,
MO, UC); Guicorichi, Rio Mayo, Gentry 1976 (F, GENT, MO, US); near Bato-
pilas, Goldman 231 (GH, NY, US). durango: Sierra Tres Picos, Gentry 5318
(GENT, GH, MO, MU, NY, US); Sianori, Ortega 5326 (US). jalisco: Rio
Blanco, Palmer 564 (GH, MO, NY) ; near Guadalajara, Pringlc 1768 (D, F, GH, NY,
UC, US), nayarit: Topic and San Bias, Lay s. n. (K). sinaloa: Quebrado de
Mansana, Sierra Surotato, Gentry 6363 (GENT, GH, MU); Balboa, Ortega 5016 (US).
sonora: Sagauribo, Rio Mayo, Gentry 2105 (F, GENT, GH, MO, UC, US), sonora-
chihuahua boundary: La Mesa Colorado, Gentry 332m (MU); Canon de Rasnos, Gentry
597m (MU).

Valeriana apiifolia may be readily distinguished by the cordate, ovate-acuminate,

pinnate to bipinnatiiid leaves, and small, 0.7-1.0 mm. long, subovoid achenes with

the calyx-limb 5- to 6-fid or merely dentate. The heliciform inflorescence and

bipinnatifid leaves further distinguish this species from all others in series Densi-
l LORAE.

lig. 3 3. Distribution of V. apiifolia and V. vaginata.

21. Valeriana vaginata HBK. Nov. Gen. et Sp. 3:331. 1819. T.: Humboldt
& Bonpland s. //./ (MO photo, P).

Valeriana denudata Benth. PL Hartw. 20. 1839. T.: Hartwes 150! (BM, CGE, G, GH
K,NY, P, W).

Perennials 0.6-5.0 dm. tall, from smooth to verrucose napiform tap-roots 1-4

cm. thick; caudex covered with a succession of imbricate, marccscent, brownish,

chartaceous leaf bases of previous seasons. Stem subscapose, unbranched to the
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Fig. 34. Valeriana vaginata: Habit and single inflorescence, X J4» flower, X 8; achene (abaxial

side), X 7.

inflorescence, 1.0-3.5 mm. in diameter towards the base, glabrous. Leaves much

reduced, bract-like, the basal 1- to several, rather closely imbricate, vaginate to

subspathiform, more or less conduplicate, obtuse or acuminate, 1.3-6.0 cm. long,



454 ANNALS OF THE MISSOURI BOTANICAL GARDEN
[Vol. 38

glabrous; cauline leaves clasping-patelliform, 1.3-3.5 cm. long, 2- to 4-parted, the

divisions 0.6-1.5 cm. long, glabrous without, spreading-ciliate towards the base of

the sinus, sometimes hirtellous within. Inflorescence an aggregate dichasium,

1.0-2.8 cm. long, 1.3-2.0 cm. wide in anthesis, later diffuse, 3-15 cm. long, 3-6

cm. wide, the nodes puberulent, the internodes glabrous; bracts 5-7 mm. long,

reduced above, glabrous; flowers hermaphroditic. Corolla infundibuliform, 3-6

mm. long, white to pinkish, glabrous without, the lobes approximately half the

length of the gibbous tube, the throat sparsely pilosulous within. Stamen's and style

exserted. Achenes ovate-oblong to suborbicular, 2.2-3.3 mm. long, 1.5-2.0 mm.
wide, uniformly hirtellous to short-sericeous. Calyx-limb 11 -fid.

Type Locality: "Crescit locis humidis Regni Novae Hispaniae, prope Real

del Monte [Hidalgo], alt. 1430 hex. Floret Majo." The locality on the type speci-

men is, "Moran". In his resume of the Mexican journey of Humboldt, Spraguc

(Kew Bull. 20-27. 1924) relates, "Moran (Real de Moran) el. 7986 ft. May-June
1803—between Mexico City and Actopan in the State of Hidalgo".

Distribution: Dry grassy hills, Sierra Madre Oriental, 8 000-10000 ft. alt.

Flowering and fruiting April and May.

Mexico: fedi ral district: Serrania dc Ajusco, Pringle 68^8 (BM, D, E, F, GG,
GH, K, MO, NY, P, UC, US, W, WYO). guadalajara: Ferreria, Tapalpa, Jones v. n.

(POM). Guanajuato: Uartweg ISO (BM, CGE, G, GH, K, NY, P, W). midaigo:
Moran (Real de Moran), between Mexico City and Actopan, Humboldt tf Bon planJ s. n.

(MO photo, P); El Chico, Lyonnet 731 (GH, MO, NY, US); Trinidad, PnnK lc T3479
(US), mi-xico: Dist. Temascaltepec, Las Cruces, Hintan 608 (GH). michoacan:
Morelia, Ccrro Azul, Arsene s. ??. (D).

Valeriana vaginata may be readily distinguished by the nearly naked stem and

the much-abbreviated vaginate to subspathiform leaves. The vaginate leaves are

the most reduced of any North American species of Valeriana.

22. Valeriana densiflora Benth. Pi. Hartw. 39. 1839. T.: Hartweg 301!

(CGE, D, FI, K, NY, OXF, P, W).

Perennials 1.1-9.0 dm. tall; tap-roots simple or forked, napiform or fusi-

form, 0.6-3.5 cm. thick, subligneous to somewhat fleshy, smooth or becoming

transversely rugose in age. Stem subscapose or leafy, 1-6 mm. in diameter, sparse!

v

pilosulous to short-pilose especially towards the base, or glabrous, the nodes consist-

ently pilosulous; subterranean stem 1-17 cm. long or obsolete. Leaves basal or

cauline, the basal sometimes forming a loose rosette with the foreshortened intei

nodes, petiolate, pinnate to pinnatifid or sometimes undivided, elliptic-, oblanccolate-

to obovate-spatulatc, 4-26 cm. long, irregularly dentate to repand, entire or es-

sentially so, glabrous, the terminal lobe oval to suborbicular, 1.1-5.0 cm. long,

0.5-4.7 cm. wide, acute or obtuse, the lateral lobes 1-6 pairs or obsolete, distinct or

somewhat decurrent on the rhachis, simulating the terminal lobe, grading smaller;

petioles 2.5-11.5 cm. long, glabrous or sprcading-ciliate; cauline leaves 2-4 pairs,

the lowermost petiolate, pinnate to pinnatifid, elliptic- to obovate-spatulate, 2.5-

12.5 cm. long, the terminal lobe linear, elliptic to suborbicular, acute or obtuse,
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1.2-5.0 cm. long, 0.5-4.7 cm. wide, serrate to dentate or entire or essentially so,

glabrous or spreading-hirtellous or more or less restricted to the veins, the lateral

lobes 2-5 pairs, distinct or somewhat decurrent on the rhachis, simulating the

terminal lobe, grading smaller; petiole 1-3 cm. long, glabrous, or occasionally

spreading-ciliate towards the base, or uniformly spreading-puberulent. Inflorescence

an aggregate or compound dichasium, the terminal dichotomies 1-4 cm. wide in

anthesis, later diffuse, 1.3-70.0 cm. long, 2.5-20.0 cm. wide, the nodes uniformly

tufted-pilosulous, spreading to the internodes or glabrous; bracts 0.5-1.4 cm. long,

reduced above, glabrous; flowers hermaphroditic, gynodioecious or dioecious.

Corolla infundibuliform, those of the perfect flower 2.3-6.0 mm. long, of the

staminate 1.8-3.0 mm. long, of the pistillate 1.2-1.5 mm. long, white to pink,

glabrous without, the lobes usually less than half the length of the gibbous tube,

the throat pilosulous within. Stamens and style exserted. Acheves linear- to

ovate-oblong or oval, 1.4-3.0 mm. long, 0.9-1.8 mm. wide, uniformly hirtellous

to subsericeous or glabrous, sometimes brownish-maculate, abaxial ribs indistinct

or evident. Calyx-limb 11- to 12-fid.

Valeriana Jensiflora is interpreted as a polytypic complex, and despite the efforts

to pigeon-hole the several classes of variants, the only logical recourse, in view of

the restrictions imposed by a paucity of material, has been to group the variants

into two varieties, dens/flora and affinis. As used here, this category is provisional,

and its chief usefulness lies in pointing out segregating and more or less independent

units of variation where genetic and geographic barriers may be acting potentially

as the isolating mechanisms.

KEY TO THE VARIETIES

A. Leaves predominantly cauline. Flowers hermaphroditic or gyno-

dioecious. Tap-root napiform, usually simple, 0.8-2.0 cm. thick.

Subterranean stem 1-17 cm. long or obsolete. South-central Mexico.. 22a. V. d. densiflora

AA. Leaves predominantly basal. Flowers dioecious. Tap-root subnapi-

form to fusiform, usually 1- to few-branched, 0.7—1.6 cm. thick.

Subterranean stem seldom apparent or if so, 2-3 cm. long. Guerrero

and Oaxaca 22b. V. d. afiinh

22a. Valeriana densiflora Benth. var. densiflora.

Valeriana pilosimcula Mart. & Gal. in Bull. Acad. Brux. U 1 :122. 1844. T\: Galeotti 2551!

(BR,D, P).

Valeriana retrorsa Fern, in Proc. Am. Acad. 36:502. 1901. T.: Prinze 8454! (BM, E, F,

GG, GH, K, MO, NY, P, S, UC, US, W)

.

Tap-root napiform to somewhat fusiform, 0.8-2.0 cm. thick. Stem leafy, con-

necting subterranean stem 1-17 cm. long or obsolete. Leaves predominantly

cauline, 2-4 pairs, pinnate to pinnatifid, or sometimes undivided, elliptic- to obo-

vate-spatulate, 2.5-15.0 cm. long, the terminal lobe linear, elliptic to suborbicular,

1.2-5.0 cm. long. 0.5-4.7 cm. wide, serrate to dentate, entire or essentially so,

glabrous or spreading-hirtellous mostly on the veins, the lateral lobes 1-5 pairs,

distinct or somewhat decurrent on the rhachis; petioles glabrous or uniformly

puberulent. Flowers hermaphroditic or gynodioecious, 2.3-6.0 mm. long, the
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pistillate less than half as long. Achenes ovate-oblong to oval, 1.4-2.0 mm. long,

0.9-1.8 mm. wide, densely hirtellous to subsericeous, sometimes glabrous on the

adaxial side.

Type Locality: Anganguio (Michoacan?), Mexico.

Distribution: On dry rocky or grassy slopes in oak or pine forests, 5000-

10000 ft. alt. San Luis Potosi to Puebla and Guerrero. Flowering and fruiting

June to September.

Mexico: durango: Coyotes Hacienda, 63 mi. w. sw. C. Durango, Maysilles 7482a
(MU). federal district: Serrania de Ajusco, Vringle 6466 (D, F, GH, MO, NY, S,

UC, US); Pedregal, Pringle 7315 (GH) ; Eslava, Vringle 0466 (GH, MO, NY, US);
Contreras, Orcutt 3642 (F) ; in montosis Tolluca, Sartorius t.n. (US); below Llano
Grande Gap, near Rio Frio, Sharp 4475 (MO) ; 55 km. se. Mexico City, Weaver 72Q (GH).
guerrero: Vallecitos, Montes de Oca, Hinton 1030Q (K); Dist. Mina, Aquazarca-Filo,
Hinton 10448 (GH, K); Dist. Mina, Aquazarca, Hinton IO474 (GH, K); Dist. Mina,
Chilazayote-Carrizal, Hinton 1 4386 (GH) ; Dist. Zimapan, Barranca de Taleman, Zimapan
to Mina Loma del Toro and Balcones, Moore & Wood 43Q2 (MO). Jalisco: La Palma, Jones

237 (MO, US) ; Sierra Madre w. of Bolanos, Rose 3718 (US) ; e. Mamantlan, ca. 15 mi. s.se.

Autlan, Wilbur 1826 (MO,MU) ; ca. 11 mi. s.sw. Autlan towards La Rcsolana, Wilbur 1608
(MO,MU). Mexico: Tepalcatitle, Lyonnet 332 (GH,MO,NY,US) ; Dist. Temascaltepec,
Carboneras,//////^;/ %(NY); Dist. Temascaltepec,Volein,Hinton ()8r (GH) ; Dist. Temas-
caltepec, El Crucero, Hinton 1097 (VNO) ; Dist. Temascaltepec, Cerro Muncca, Hinton
Jjdc?(F,GH,MO,US); Dist. Temascaltepec, Ypericones, Hinton 4164 (GH) ; Dist. Temas-
caltepec, Las Cruces, Hinton 4393 (D,GH,MO) ; Dist. Temascaltepec, Temascaltepec, Hin-
ton 7951 (GH); Cuajimalpa, Lyonnet 493 (GH, MO, NY, US); Monte de Rio Frio, km.
49, road from Mexico City to Puebla, Mexia 2691 (F, MU, UC); Sierra de las Cruces
Vringle 4210 (BM, E, F, GG, GH, K, MO, MU, NY, P, S, UC, US, W). michoacan:
vicinity of Morelia, Cunicho, Arsene 3300 (US); Morelia, Trapco, Arsene 6667 (US);
vicinity of Morelia, Loma Santa Maria, Arsene 9876 (US); Anganguio, Hartwe^ ;oi

(CGE, D, FI, K, NY, OXF, P, W); Dist. Zitacuaro, Laureles, Hinton 11998 (GFI, K);
Dist. Coalcoman, Sierra Torricillas, Hinton 15004 (GH, NY, UC) ; from Patzcuaro to
Tacambaro, Moore tf Wood 3997 (MO); near Lake Patzcuaro, Vringle 41 21 (D, F, GIL
MO, NY, S, UC, US, WYO). morelos: Sierra de Tepoxtlan, Vringle 84^4 (BM, E, F,

GG, GH, K, MO, NY, P, S, UC, US, W). oaxaca: without definite locality, Gbies-
breght 179 (P). PUEBLA: vicinity of Puebla, Cerro Tepoxuchil, Arsene 3176 (D, F, MO,
US); Puente del Emperador near La Venta, Sharp 44360 (MO); near Rio Otlati, 72 km.
se. Mexico City, Wearer 932 (GH). san luis potosi: without definite locality, Virler
5. n. (P).

Variation in V. J. demiflora may be accounted for, in part, under the follow-

ing list of variants:

1. Plants comparatively robust. Stem connecting with the napiform tap-root 1-17
cm. long, aerial poition 1.1-3.6 dm. tall. Leaves sometimes forming a loose rosette with
foreshortened internodes, pinnate to pinnatifid or undivided, the terminal lobe oval to sub-
orbicular, 1.6-4.0 cm. long, 1.2-4.0 cm. wide, obtuse, glabrous, entire or essentially so,

the lateral lobes 1-3 pairs, grading smaller, the second and third pairs often rudimentary.
Corolla 4-5 mm. long, with relatively short lobes and narrow tube. Achenes relatively

small, ovate-oblong to oval, 1.5-2.0 mm. long, 0.9-1.3 mm. wide, densely hirtellous,

sometimes glabrous on the abaxial side. This is V. densiflora of Bentham. Representative
specimens: Vringle 4210, 13021; Hinton 4395; Lyonnet 332; Weaver 729; Sharp 4475;
Hartweg 30T.
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2. Leaves cauline, the terminal lobe narrowly elliptic, only slightly dentate to entire,

lateral lobes to 4 pairs. Inflorescence mostly pyramidal in anthesis. Corolla 1.3-2.9 mm.
long. Achenes ovate-oblong, 1.7-2.0 mm. long. This variant is V. pilosiuscula, in part,

of Martens and Galeotti. Representative specimens: Ghiesbreght l?Q; Pringle 6466 , 7315;

Bourgeau 608; Sharp 44360.

3. Plants quite slender. Leaves cauline, pinnate, the terminal lobe predominantly

linear, 1.2-4.5 cm. long, 0.5-1.9 cm. wide, subacute or obtuse, entire or 1- to 2-dentate,

the lateral lobes 3-5 pairs, often equalling the terminal lobe in length and breadth.

Corolla and achenes simulating those under variant 1. This plant was described as V.

retrorsa by Fernald, based on Pringle 8454, but without sufficient material I prefer to

include it under V. densiflora.
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Fig. 35. Distribution of V. densiflora var. densiflora, V. densiflora

var. affinis and V. deltoidea.

22b. Valeriana densiflora Benth. var. affinis (Mart. & Gal.) F. G. Mey.,

stat. nov.

Valeriana affinis Mart. & Gal. in Bull. Acad. Brux. 11
1
:123. 1844. T.: Galeotti 2555!

(BR, D, K, P, US, W).

Tap-root subnapifor 1.6 cm. thick.

Stem subscapose, connecting with the tap-root at or near ground level, more or

less densely pilosulous in a line on the upper portion when young, glabrescent in

age; caudex covered with a succession of marcescent, brownish, chartaceous leaf

bases. loos

pinnate to pinnatifid, oblanceolate- to obovate-spatulate, 7-26 cm. long, the term-

inal lobe linear-oblong to oval or suborbicular, 1.1-4.5 cm. long, 0.6-3.5 cm. wide,

irregularly dentate, glabrous, lateral lobes 3-6 distinct pairs; petioles spreading-

ciliate towards the base. Flowers dioecious (?), the staminate 1.8-3.0 mm. long,

the pistillate 1.2-1.5 mm. long. Achenes elliptic to ovate-oblong, 2-3 mm. long,

1.3-1.5 mm. wide, glabrous or sometimes uniformly spreading-hirtellous.

Type Locality: "Cerro de S. Felipe, pres d'Oaxaca, de 8 a 9000 pieds",

Mexico.

Distribution: Along streams, in oak forests, and on steep mountain slopes,

9000-11000 ft. alt. South Mexico. Flowering and fruiting May to September.
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Fig. 36. Valeriana deltoidea: Habit, X %; achene with plumose
segments, X 5, those with dentat* calyx only, X 12; flower, X 10.
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Mexico: guerrero: Taxco, Abbott 163 (GH). oaxaca: Mitla, Andrieux 5. n. (P);

nw. side of Mt. Zempoaltepec, Nelson 644, 692 (US) ; Cerro San Felipe, Pringle 4707 (D,

F,GH, MO, NY, S, UC, US).

Valeriana demiflora var. affinis may be distinguished by the often somewhat

subnapiform to fusiform tap-root, the loosely tufted basal leaves, and elliptic to

oblong-ovate achenes. The populations of this variety may be geographically

distinct, although the details of distribution are as yet unknown. It appears to

be most closely related to V. pulchella.

23. Valeriana deltoidea F. G. Mey., spec. nov.

Planta perennis 1.5-5.4 dm. alta tenuis erecta ex radice primaria crassa sub-

napiformi vel fusiformi 1.5-1.8 cm. diam. Caules foliacei 0.5-2.0 mm. crassi

nodis hirtellis, internodiis aut puberulis aut glabris. Folia caulina 2 jugata petiolata

pinnata elliptica vel obovato-spatulata late acuta 2.2-11.5 dm. longa 2.2-7.0 cm.

lata irregulariter dentata vel integra glabra, lobo terminali lineari sive oblongo-

elliptico sive obovato 1.5-5.6 cm. longo 0.5-2.6 cm. lato, lobis lateralibus 2-3

jugis distinctis aut aliquid in rhachem decurrentibus lobum terminalem simulanti-

bus; petiolis 2-3 cm. longis vel obsoletis glabris vel aliquid puberulentis. In-

florescentia dichasium compositum dichotoma terminalis ad anthesim 1.5-2.0 cm.

lata deinde parce diffusa, nodis saepe puberulentis, internodiis glabris, bracteis 5-6

mm. longis superne reductis glabris, floribus hermaphroditicis. Corolla infundi-

buliformis 4-5 mm. longa alba vel rosea extra glabra, tubo gibbo lobis duplo vel

plus longiori, faucibus intus sparse pilosulis. Stamina et styli exserti. Achaeniae

oblongo-ellipticae latere abaxaliali plerumque valde carinato 2.0-3.5 mm. longae

1.0-1.5 mm. latae, glabrae aliquid fulvo-maculatae, costis abaxialibus indistinctis.

Calycis limbus 8-fidus vel obsoletus.

Type Locality: "15 miles north of Guanecevi", alt. 7500-8 500 ft., State

of Durango, Mexico. August 17, 1898.

Distribution: Pine forests, 5400-8700 ft. alt. Durango and Sinaloa. Flower-

ing and fruiting, August.

Mexico: durango: without definite locality, Garcia 319, 464 (US); Metates, north

of Cueva, Vermeil 18398 (US); El Salto (Aserraderos), Pennell 18511 (US); 15 mi. n.

Guanacevi, Nelson 4760 (GH, K, US holotype). sinaloa: Cerro de la Sandia, ne.

Panuco, Pennell 20075 (US).

Valeriana deltoidea is closely related to V. demiflora, but it may be distinguished

by the compound dichasial inflorescence, and the prominently keeled achenes which

are distinctly triangular in cross-section. The calyx-limb is undivided or 8 -fid.

24. Valeriana pulchella Mart. & Gal. in Bull. Acad. Brux. II 1
: 123. 1844.

T.: Galeotti 2560! (BR, D, MO photo).

Valeriana Woodsonii Standi, in Ann. Mo. Bot. Gard. 27:346. 1940. T,: Woodson, Allen,

Seibert 1043! (F, MO, NY).
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Perennials 1.5-5.5 dm. tall, from simple or forked tap-roots which are often

cm.fascicular and more or less fusiform, somewhat verrucose in age, 0.7-1.5

thick to 8.5 cm. long; caudex covered with marcescent, brownish-papyraceous leaf

bases of previous seasons. Stem 1-2 mm. in diameter, glabrous or sparsely pilosulous,

the nodes consistently pilosulous. Leaves disposed mostly towards the base, more
or less imbricate, sometimes forming a rather loose rosette, petiolate, pinnate to

pinnatifid, or lanceolate- to obovate-spatulate, 6.5-12.2 cm. long, 1.5-5.5

wide, dentate to repand or essentially entire, glabrous or glabrescent, the terminal
lobe abruptly expanded, elliptic to obovate or suborbicular, 1.3-3.4 cm. long,

1.4-2.9 cm. wide, acute to obtuse, the lateral lobes 1-5 pairs, distinct, narrower
and shorter than the terminal lobe, grading smaller; petioles 1.5-7.0 cm. long.

cm.

// a compound dichasium, terminal dichotomies 1-2 cm. wide
anthesis, later about 4-6 cm. wide, the nodes usually tufted-pilosulous, the inter-

nodes glabrous or scattered-pilosulous; bracts 6-9 mm. long, linear-acuminate to
spatulate and 2.0-2.5 mm. wide; flowers hermaphroditic, rarely gynodioecious.
Corolla infundibuliform, that of the perfect flower 4-6 mm. long, of the pistillate

2.5-3.0 mm. long, glabrous without, the lobes half as long as the gibbous tube,
the throat scattered-pilosulous within. Stamens and style exserted. Achenes ob-
long to broadly ovate, sometimes more or less abaxially keeled, 3.0-3.6 mm. long,
1.2-2.2 mm. wide, smooth, sometimes purplish maculate, glabrous or hirtellous,

abaxial ribs rather prominent. Calyx-limb 11- to 12-fid or obsolete.

Type Locality: "forets de la Sierra de Yavezia, a 7500 pieds", Oaxaca,
Mexico.

Fig. 37. Distribution of V. pulchella.

Distribution: In the mountains, 4600-11500 ft. alt. Oaxaca to Panama
flowering and fruiting May to October.

Mexico: oaxaca: Sierra de Yavezia, Galeotti 2560 (BR, D, MO photo), chiapas
without definite locality, Ghieabreght 622 (GH, K, MO).

Guatemala: hut
_ -nango: near Tunima, Sierra de los Cuchumatanes, Steycr-

mark 48303 (F)
;
Los Encuentros, Johnston WOQa (F). Quezaltenango: Solola, Berg-

wald zur Totonicapan und Los Encuentros, Seler 2340 (GH, NY, US).
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Costa Rica: san jose: Cerro de la Muerte, Barbour I02& (F); near summit of Dos

Burros Peaks, Cerro de la Muerte, Dayton 30JI (F) ; Cerro de las Vueltas, Pittier 10448

(US).

Panama: chiriqui: Volcan de Chiriqui, Potrero Muleto, Davidson 1023 (F, GH,
MO) ; vicinity of Finca Lerida, Woodson & Schery 3?7 (GH, MO) ; Loma Larga to sum-

mit, Volcan de Chiriqui, Woodson, Allen, Seibert 1043 (F, MO, NY).

Valeriana pidchella may be distinguished by the compound dichasial inflores-

cence and the oblong to broadly ovate achenes with the setose calyx-limb 11- to

12-fid or sometimes merely dentate. The distribution of this species is confined,

essentially, to the mountains of Central America. It appears to be most closely

related to V. deltoidca.

Series VI. Sorbifoliae F. G. Mey., n. ser.

Perennials or annuals from subnapiform tap-roots or rarely rhizomes. Stem

leafy, voluble or erect, glabrous to pilosulous or retrorse-hirtellous. Leaves basal

or cauline, ovate-cordate, undivided or pinnate to bipinnatifid, ovate-oblong to

suborbicular or oblanceolate- to obovate-spatulate, acute or obtuse, sometimes

acuminate or subcaudate, glabrous or scattered-pilosulous. Inflorescence an aggre-

gate dichasium, the terminal scorpioid branches 0.6-4.0 cm. long; flowers hermaph-

roditic or gynodioecious. Corolla campanulate-infundibuliform, 0.5-3.0 mm. long.

Stamens and style included (more or less exserted in V. robertianifolia) , anthers

distinctly 2-lobed, the loculae equal in length. Achenes oblong-linear, elliptic to

oval, pubescent on the adaxial side, glabrous on the abaxial, or sometimes uniformly

pubescent or glabrous. Calyx-limb 6- to 11-fid. Species, 5.

Type Species: Valeriana sorb/ folia HBK.

Distribution: Southwestern and southeastern United States, Mexico, Central

America, and the West Indies. The species within series Sorbifoliae are the most

widely distributed of those south of the United States. They are most easily dis-

tinguished by the stamens, which are usually included, and by the relatively small

corolla, 0.7-2.8 mm. long.

KEY TO THE SPECIES*

A. Stem voluble. Achenes typically subfabriliform (bellows-shaped).

South Florida; West Indies, Mexico to Panama; also in South America.. 25. V. scandens

AA. Stem erect. Achenes obviously not subfabriliform.

B. Rhizomatous perennials. Leaves predominantly undivided or 3-

parted, crenate to crenate-dentate, firmly membranaceous. Hispa-

niola 26. V. domingensis

BB. Annuals from subnapiform to fusiform tap-roots. Leaves predomi-

nantly pinnate to pinnatifid, rarely undivided, thinly membra-
naceous, lateral lobes 1—6 pairs.

C. Stamens exserted, longer than the corolla lobes. Leaves pinnate

to pinnatifid or bipinnatifid, terminal lobe palmately 3-lobed or

more or less irregularly 5- to 10-clcft or dentate. Corolla 0.5-1.0

mm. long. Calyx-limb 6- to 7-fid. South-central Mexico to

Costa Rica 27. V. robertianifolia

*The putative hybrid V. X Ekmanii (V. domingensis X V. s. seandens) follows the discussion

under V. domingensis.
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CC. Stamens included, shorter than the corolla lobes, nearly sessile.

Leaves pinnate to pinnatifid, occasionally undivided, terminal lobe

serrate to dentate or repand to entire. Corolla 1.0-2.8 mm. long.

Calyx-limb 6- to 11 -fid.

D. Leaves undivided, or the lateral lobes of the divided 1

usually more or less decurrent on the winged rhachis. Achenes
elliptic- to oval-patelliform, relatively thin, 1-3 (-4) mm.
long, 0.9-2.5 mm. wide, the adaxial margins more or less

winged, plane or undulate. Calyx-limb 8- to 11 -lid. North-
western Mexico to Costa Rica 2 8. V. Palmers

DD. Leaves pinnate to pinnatifid, with the lateral lobes usually

distinct. Achenes ovate to ovate-oblong, often somewhat
ampulliform, more or less turgid, 0.6-2.0 mm. long, 0.4-1.6

mm. wide, the adaxial margins more or less involute. Calyx-
limb 6- to 11 -fid. Southeastern Arizona; Baja California to

Honduras and Panama; also in South America 29. V. sorbifolia

25. Valeriana scandens L. Sp. PL ed. 2. 47. 1762. T.: unknown. 31

Perennials voluble or clambering; subterranean portion not seen. Stem leafy,

the lowermost becoming more or less suberous in age, much branched above, 1-3

mm. in diameter, the internodes 6-26 cm. long, glabrous or sparsely spreading-

pilosulous throughout. Leaves cauline, petiolate, undivided or 3 -parted, ovate-

cordate, short or relatively long-acuminate, acute, sometimes mucronate, 4.5-18.0

cm. long, serrate to crcnate, dentate to repand or essentially entire, glabrous or

scattered-pilosulous above, glabrous below, the blades of the undivided leaves 3.2-

11.0 cm. long, 2.0-8.8 cm. wide, the terminal lobe of the divided leaves ovate to

ovate-oblong, 2.2-11.0 cm. long, 0.9-6.3 cm. wide, lateral lobes smaller, often

somewhat oblique; petioles 1.3-10.2 cm. long. Inflorescence an aggregate

dichasium, 12-40 cm. long, glabrous or sometimes rather densely pilosulous; bracts

1.7-2.5 cm. long, glabrous or sometimes densely pilosulous; flowers gynodioecious.

Corolla more or less campanulate-infundibuliform, of the perfect flowers 1.0-2.3

mm. long, of the pistillate 0.5-1.0 mm. long, white, glabrous without, the lobes

less than half the length of the gibbous tube, the throat scattered-pilosulous or

glabrous within. Stamens and style exserted. Achenes oblong-linear to oval, sub-

fabriliform (bellows-shape) with 2 relatively prominent subperipheral and 1 median

abaxial vein, 1.9-3.1 mm. long, 1-2 mm. wide, smooth, tawny to brownish, sparsely

pilosulous on the adaxial side, glabrous on the abaxial. Calyx-limb 11- to 15-fid.

Valeriana scanJens is provisionally separated into varieties: Candolleana with

undivided leaves, and scanJens with 3 -parted leaves. The populations with these

leaf forms occupy essentially the same geographical distribution but in spite of this

overlap, these leaf types remain comparatively distinct. I have found only three

or four intermediate specimens, out of a few hundred examples, in which both leaf

forms occurred on the same individual. The populations of V. scandens appear to

be differentiating more or less independently for leaf shape irrespective of other

morphological characters.

,{l Based on LocHin^ Iter Hisp. 235. 1758. Collected at Cumana, Venezuela, in January 1755,
Loefling's type does not exist in the Linnean Herbarium in London.
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KEY TO THE VARIETIES

A. Leaves 3-parted 25a. V. s. scandens

AA. Leaves undivided 25b. V. s. Candolleana

25a. Valeriana scandens L. var. scandens.

nomenValeriana vohbilis Sesse & Mociiio ex DC. Prodr. 4:634. 1830,

Valeriana phaseoli Braun in Ind. Scm. Hort. Berol. 13 (App. 2). 1851. T.: Chrismar s.n.

Valeriana scandens a genuina Muell. in Mart. Fl. Bras. 6 4 :344. 185 5.

Valeriana scandens P angustiloba Muell. L c. 1885. T.: Mueller 769I (NY, W).

Valeriana scandens d dentata Muell. I.e. 1885, p.p.

Perennials voluble or clambering. Stem leafy, much branched above. Leaves

lobe ovate to ovate-oblong, 2.2-11.0 cm. long, 0.9-6.3 cm.tenruna

wide, lateral lobes smaller, often somewhat oblique; petioles 1.3-10.2 cm. long.

Type Locality: "Habitat in Cumana" [Venezuela]. Collected January, 1755.

Distribution: Open rocky or densely wooded slopes in mixed forest by edge

of streams or on river flats, from near sea-level to 10000 ft. alt. Florida, West

Indies, Mexico, rare in Central America; also in South America. Flowering and

fruiting throughout the year.

Fig. 39. Distribution of V. scandens var. scandens and V. scandens var. Candolleana

United States:

Florida: Indian River, Palmer 222 (MO); Manatee, Simpson s.n. (MO); Turtle

Mound, Small 1 1563 (S); Pineola, Small, Small, DeWinkeler 10080 (D, MO, S) ; Titus-

ville, Small, Small, DeWinkeler 10806 (S).

Mexico: hidalgo: ca. 43 mi. ne. Jacala, Hitchcock ti Stanford 6968 (GH) ;
Chapul-

huacan, Kenoyer A620 (F) ; near Puerto Obscuro, Sharp 44^3°7 (MO), nuevo leon:

Monterrey, Kenoyer s.n. (MO), oaxaca: Yavco, near Rio Yaveo, Mexia 9213 (D, F,

GH, MO, NY, S, UC) ; vicinity of Cafetal Concordia, Morton tf Makrinius 2549 (F, US).

puebla: regio Huauchinango, Necaxae Mont Tepaxinola, Froderstrom # Hultcn 686 (S).

san luis potosi: Las Canoas, Pringle 4063 (US); prope Tancanhuitz, Seler 704 (GH).

TAMAULIPAS: /

ft
Wa

berg, near Tantoyuca, Huasteca, Ervendberg 357 (GH) ; Totozmalpa, Galeotti 7045 (BR,
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Fig. 38. Valeriana scamlens var. scandens: Habit, X %; pistillate flower (lower left)
and staminate (lower right), X 6.
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D); Cordoba, Greenman 133 (F, GH, NY); Colipa, Liebmann 10839, 10840; Cazadero,

Liebmann 10841; Mirador, Liebmann 10844 (US) ;Hacienda Mirador, Nelson III (US).

British Honduras: El Cayo Disc, El Cayo, Bartlett 11466 (MU) ; El Cayo Dist.,

San Antonio, Bartlett 13033 (MU) ; Sittee River, Peck 956 (GH) ;
"22 mile Stann Creek

River," Scbipp 947 (D, F, GH, MO, MU, NY, S, UC).
Guatemala: alta verapaz: Finca Trece Aguas, Goll 90 (US) ; Patin, below Tamahu,

Standley 70855 (F) ; along Rio Polochic below Tamahu, Standley 91781 (F) ; sw. of

Lanquin, Steyermark 44112 (F, GH) ; Cubilquitz, Tuerckheim 7915 (GH, NY, US).

chiquimula: Cerro Tixixi, n. Jocotan, Steyermark 31607 (F). escuintla: between

Rio Jute and Rio Pantaleon, Standley 63371 (F). izabal: between Los Amates and

Izabal, Kellerman 7357 (F, NY); Quebradas, Blake 755$ (US), peten: La Libertad,

Aguilar 471 (F) ; San Clemente to Dos Arroyos, Bartlett 12828 (MU).

El Salvador: san Salvador: San Martin to Laguna de Ilopango, Standley 22624

(GH, NY, US).
Nicaragua: WYO)

Casa Colorada near El Crucero, Sierra de Managua, Standley 8362 (F).

Costarica: alajuela: Villa Quesada, Smith P2545 (MO).

Cuba: oriente: Loma del Gato, Sierra Maestra, Clement 601 (NY); Sierra Maestra,

above Daiquiri, Ekman 8082 (D, NY, S) ; Loma del Gato, Cobre range of Sierra Maestra,

Leon, Clement, Koca 9916 (NY); La Perla, Shafer 8487 (GH, NY); prope villam Monte

Verde, Wright 278 (CGE, GH). santa clara: mts. of Trinidad (Siguanea group),

valley of Rio Hanabanilla, Ekman 18505 (S).

Hispaniola: HAITI: Dept. du Sud, Marne de la Hatte ad Ma, Ekman 621 (S) ; Dept.

du Sud, prope Constant, Ekman 790 (S); Massif de la Hatte, Miragoane, near Quatre-

Chemins, Ekman 9209 (S, US); Guimbi Galata, Marnes des Commissaires, Holdridge 1365

(US); vicinity of Mission, Fonds Varettes, Leonard 3686 (GH, NY, US); vicinity of

Furcy, Leonard 4408 (US), 4622 (GH, NY, US); vicinity of St. Michel de l'Atalaye,

Dept. du Nord, Leonard 7824 (F,US) ; vicinity of Kalacroix, Dept. de TArtibonite, Leonard

7915 (GH, US); vicinity of Marmelade, Dept. du Nord, Leonard 8094 (NY, UC, US);

vicinity of Ennery, Dept. de l'Artibonite, Leonard 8992 (MO, US); vicinity of Port de

Paix, Leonard 12240 (US) ; vicinity of Bombardopolis, Leonard 13566 (US) ; vicinity of

Port au Prince, Petionville, Leonard 15800 (US); Plaisance, Nash 6 Taylor 1783 (NY).

Dominican republic: Prov. Barahona, Abbott 1800 (US); Montiada Nueva, se. Polo,

Howard 8^26 (GH); en el Corozo, a orillas del Rio Amina, Prov. de Santiago, Jimenez

1 122 (US).
Puerto Rico: Cowell

f

Britton & Broun 5401 (NY, US); along the Guayama, Cayey road, Brit ton, Britton, Earle

6453 (NY); Maricao in sylvis montis Montos, Sintenis 302 (D, MO, S, US); adjuntas in

sylva montis Capaes, Sintenis 4027
NY, UC, US).

4232 (MO,

The 3 -parted leaves readily distinguish V. s. scandens, except in rare instances

when the 3 -parted and undivided leaf forms occur in the same individual, viz.

W Thiis

variety is found abundantly in Florida and Mexico. In South America it is widely

distributed over the northern half of the continent.

In Hispaniola V. s. scandens hybridizes with the endemic V. domingensis, but

this is discussed more fully under the latter species.

25b. Valeriana scandens L. var. Candolleana (Gard.) Muell. Fl. Bras.

6
4 :344. 1885.

Valeriana alpina Veil. Fl. Flum. 28. 1825; lit. 68. 1827.

Valeriana Candolleana Gardn. in Hook. Lond. Jour. Bot. 4:112. 1845. T.: Gardner 461!

(BM, K, MO photo, W).
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Valeriana Mikaniae Lindl. in Jour. Hon. Soc. 3:316. 1848. T.: Skinner s.n.! (CGE,
MO photo).

Valeriana scandens L. var. 8 dentata Muell. /. c. 1885, p. p.

Perennials, voluble or clambering. em Leaves un-
divided, ovate-cordate, short or relatively long-acuminate, acute, sometimes mucro-
nate, 4.5-18.0 cm. long, serrate to crenate, dentate to repand or essentially entire,

bov 3.2-11.0 cm.
long, 2.0-8.8 cm. wide.

Type Locality: brazil: in bushy places near the summit of the Organ
Mountains. Flowering April and May.

Fig. 40. Valeriana scandens var. Candolleana: Habit, X %
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Distribution: Cuba, Hispaniola, Puerto Rico; also Mexico and Central

America. ood

or on river flats, from near sea-level to 10000 ft. alt. Flowering and fruiting

throughout the year.

Mexico: chiapas: Siltepec, Matuda 562 (F); Mt. Pasitar, Matuda 1071 (GH, MO,

MU); Fraylesca, Siltepec, Matuda 5209 (F). Guerrero: Disc. Galeana, Carrizo, Sto

Domingo, Hinton 14719 (GH, NY), jalisco: west of San Sebastian, Hacienda del

Ototel, Mexia 1845 (D, F, GH, MO, NY, UC, US). Mexico: Dist. Temascaltepec, La

Labor Hinton 3240 (D, GH, MO, NY); Dist. Temascaltepec, Cumbre-Pena Blanca,

Hinton 8955 (GH). oaxaca: Chinantla, Villa Alta, Galeotti 2561 (NY, US), vera

cruz: Orizaba, Botteri 568 (CGE, D); Acultizingo, Matuda 1177 (MU); Lobani, Lieb-

mann 10826; Amatlan, Liebmann 10827; Huatusco, Liebmann 10847 (US) ;
Zacualpan,

Barranca de Tanampa, Purpus 2870 (UC).

J

Standley 69646 (F) chimaltenango: Volcan Acatenango, Hunnewell 14868 (GH);

Santa Elena, Skutch 155 (US); above Las Calderas, Standley 60083 (F). el progreso:

hills between Finca Piamonte and slopes se. Finca Piamonte, Steycrmark 43397 i^)-

Guatemala: Finca La Aurora, Aguilar 250 (F) ; Volcan de Pacaya, above Las Calderas,

Standley 58397 (F). jalapa: vicinity of Soledad, between Jalapa and Mataquescuintla,

Steyermark 32639 (F). quezaltenango: Finca Helvetia, Skutch 1408 (F, GH, NY);

above Santa Maria de Jesus, Standley 67273 (F); damp thickets near Columbia, Standley

67956 (F); Finca Pirineos, below Santa Maria de Jesus, Standley 68256 (F); se. Palcstina,

Standley 84209 (F) ; between Finca Pirineos and Patzulin, Standley 86588 (F); between

Columba and Las Mercedes, Standley 87963 (F); Finca Pirineos, Volcan Santa Maria

Steyermark 33235 (F) ; Volcan Zunil, Steyermark 34742 (F). quiche: San Miguel

Uspantan, Heyde 6 Lux 2924 (GH, MO, NY, US), sacatepequez: Cuesta de las Canas,

above Antigua, Standley 58961 (F); barranco above Duefias, Standley 63291 (F). san

marcos: Volcan Tajumulco, 7 mi. from San Sebastian, Steyermark 35866 (F); barrancos

bordering Rio Vega near Volcan Tacana, Steyermark 36339 (F). santa rosa: Volcan

Tecuamburro, Heyde 6 Lux 4486 (F, GH, NY, US), solola: Volcan Santa Clara,

Steyermark 46891 (F). suchitepequez: near Pueblo Nuevo, Standley 60948 (F).

zacapa: between Cerro de Monos and upper slopes of Monte Virgen, Steyermark 42855 (¥).

El Salvador: ahuachapan: near Ataco, Standley tf Padilla V. 2660 (F); Cerro de

San Jacinto, Standley 20616 (GH, NY, US), san vicente: Volcan de San Vicente,

Standley 21526 (GH, US).

Honduras: comayagua: Rio Selan, Valerio 2842 (F) ; vicinity of Siguatepeque,

Standley 56305 (F, US), el paraiso: Guinope, Valerio 1742 (F).

Nicaragua: vicinity of Casa Colorada, near El Crucero, summit of Sierra de Managua,

Standley 8205 (F) ; Sierra de Managua, Gamier 1074 (US); summit of Mt. Mombacho,

near Granada, Grant 834 (F, GH).

Costa Rica: near San Ramon, Brenes 4766 (F); La Palma de San Ramon Brenes 5780

(F)- San Pedro de San Ramon, Brenes 22884 (F)
i
south of Cartago, Chrysler 53*2 (F)

;

buissons a chemin de Mano de Tigre, Tonduz 4598 (US) ; Copey, Tonduz 11728 (US)

;

Concavas, Lankester 265 (F); Laguna del Reventado, Pittier 14107 (US); Prov. San Jose,

vicinity of El General, Skutch 2177 (MO, NY, US); Vara Blanca de Sarapiqu, between

Poas and Barba volcanoes, Skutch 354^ (MO, NY); region of Zarcero, Smith A569 (F,

MO) A604 (F); Prov. Alajuela, Villa Quesada, Smith P2099 (GH) ;
Prov. San Jose,

vicinity of La Verbena, Standley 32227 (US); Prov. San Jose, Cerro de Piedra Blanca,

above Escazu, Standley 32633 (US) ; Rio Birris, s. slopes of Volcan de Irazu, Standley

5397 (US) ; Prov. Cartago, La Estrella, Standley 39270 (US).

Panama- canal zone: near river on island, White 153 (MO). chiriquL vicinity

of "New Switzerland", central Valley of Rio Chiriqui Viejo, Allen 1419 (GH, MO, NY);

Baia Chorro, Boquete, Davidson 443 (F, GH, MO) ; Volcan de Chiriqui, Boquete Dist.,

Davidson 886 (F, GH) ; Los Siguas, Pittier 3188 (F); Rio Ladrillo, above El Boquete,

5
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Pittier 3288 (US); Dist. Boquete, Salla-Camiseta, Terry 1367 (F, GH, MO); vicinity of
Finca Lenda, Woodson & Schery 225 (GH, MO) ; vicinity of Callejon Seco, Volcan dc
Chmqui, Woodson & Schery 488 (GH, MO); Bajo Mona, mouth of Quebrada Chiquero,
along Rio Caldera, Woodson, Allen, Seibe,t 999 (MO, NY), darien: Cana, Williams
726 (NY).

Cuba: pinar del rio: Sierra de las Animas, Ekman 10513 (S) ; Pan de Quajaibon,
Ekman 12756 (S) ; Sab.en hill, Leon 12926 (NY), santa clara: Trinidad Mts., Manan-
tiales, Britton & Wilson 5261 (NY).

Hispaniola: Dominican republic: Cordillera Central, Prov. de Azua, San Juan,
Lomas de la Mediania, Sagana Nueva, Ekman 13580 (US). Puerto rico: between

ro-wn

The var. Candolleana is readily distinguished from var. scandens by the un-
divided ovate-cordate leaves in contrast to the 3 -parted leaves of the latter. Inter-

breeding between these taxa does not appear to be common, and, although their

distributions overlap in over 95 per cent of the specimens examined, this single

character difference is completely diagnostic. Of the two varieties, the var. Candol-
leana is the more common in Central America, and in South America it is wide-
spread over much the same geographical area as V. s. scandens.

An interesting element of var. Candolleana in Guatemala may be recognized
as follows:

Inflorescence frequently densely pilosulous. AcbeneS 2.0-2.2 mm. long, 0.9-1.0 mm.
wide. Representative specimens: Aguilar 927; Heyde tf Lux 4486; Matuda 1071; Stand-
ley 60083; Tnerckheim 1247.

26. Valeriana DOMINGENSIS Urban. Symb. Ant. 1:450. 1899. T.: Eggers 222gb.

Perennials 4-9 dm. tall, erect, from relatively short rhizomes 1-3 mm. thick.

Stem moderately leafy or subscapose, 1-3 mm. in diameter, glabrous or sometimes
minutely puberulent on the nodes. Leans predominantly basal, often rather closely

imbricate, forming a loosely tufted rosette, petiolate, undivided or 3 -parted,

obovate-spatulate, 5-20 cm. long, crenate to crenate-dentate, light green to some-
what glaucous below, green above, firmly membranaceous, glabrous, the terminal

lobe of the divided leaves abruptly expanded, ovate to suborbicular, sometimes
cordate, subacute to obtuse, 1.0-3.5 mm. long, 0.9-3.2 cm. wide, the lateral lobes

distinct, much reduced, 0.4-1.4 cm. long, 0.2-1.0 cm. wide; petioles 2.6-17.0 cm.
long, glabrous; cauline leaves 2-5 pairs, shorter than the basal, the lower petiolate,

the uppermost reduced and sessile. Inflorescence an aggregate dichasium, 10-3 8

cm. long, 5-10 cm. wide, the terminal scorpioid branches 0.8-3.0 cm. long, gla-

brous; bracts 1.5-2.0 mm. long, glabrous; flowers hermaphroditic (?) . Corolla

campanulate-infundibuliform, 1.5-2.0 mm. long, white, the lobes less than half

the length of the often obscurely gibbous tube, the throat glabrous or scattered-

pilosulous within. Stamens and style included. Achenes oblong-linear to ovate,
1.5-3.0 mm. long, 0.9-1.2 mm. wide, smooth, sometimes tawny-maculate, glabrous
or occasionally sparsely pilosulous on the adaxial side, abaxial ribs prominent, sub-
carinate. Calyx-limb 10-fid.
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Fig. 41. Distribution of V. domingensis.

Type Locality: "Sto. Domingo in aqua rivuli Valle Nuevo, alt. 2270 m.,

gregaria crescens, m. Majo flor."

Distribution: Moist thickets, open pine forests, and limestone outcrops,

4290-8900 ft. alt. Hispaniola. Flowering and fruiting June to October.

Haiti: Massif de la Selle, Marne Tranchant, Ekman 1182 (S, US); Massif de la Selle,

Marne la Visite, Ekman 1403 (S) ; Guimbi Balata, Marnes des Commissaires, Holdridge

1277 (US); vicinity of Furcy, Leonard 4490a (NY, US).

Dominican Republic: Prov. de La Vega, Valle Nuevo, toward Sabana Alta, Ekman

I3791 (S, US); prope Cerro Saroza, Tuevckheim (D, GH, NY, US).

Valeriana domingensis may be distinguished by its erect habit and undivided or

3 -parted, firmly membranaceous, crenate to crenate-dentate leaves. This species

is endemic to Hispaniola.

26a. Valeriana X Ekmanii (Valeriana domingensis X *- scandens) F. G. Mey.,

hyb. nov.

Planta subvolubilis altitudine ignoto. Folia simplicia aut 3 -partita repando-

dentata aut crenato-dentata integra. Achaeniae oblongae vel subfabriliformes,

glabrae vel pilosulae.

Type Locality: Hispaniola, Santo Domingo: Prov- de Azua, Loma Nalga

de Meco, 1600 J

Distribution: Known only from the Dominican Republic.

Dominican Republic: without definite locality, Canela 357, 363 (P); Prov. Azua,

Ekman 6290 (S holotype, US) ; Sierra de Ocoa, Prov. de Azua, San Jose de Ocoa, Loma

del Rancho, Ekman 11643 (S, US); without definite locality, Ekman 13580 (S).

Valeriana X Ekmanii is the clearest example of natural hybridization that I have

seen in the North American species. This hybrid was first recognized in a suite of

specimens collected by Ekman in the Dominican Republic amongst a loan from the

Stockholm Museum. These specimens did not present the usual subtleties of many

natural hybrids, but, rather, characters almost exactly intermediate for the putative

parents. The intermediates manifest the effect of diluting in a proportion of ap-

proximately 1:1 the voluble habit of V. scandens and the leaf shape of V. domin-

gensis, and since these are the only species in Hispaniola there is no doubt as to the
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parentage. I have seen additional material of this hybrid at the Paris Museum
collected by Dr. Canela. At least phenotypically, the populations of V. X Ekmanii
appear to be those of an F, hybrid rather than due to the subtleties of introgression.

27. Valeriana robertianieolia Briq. in Ann. Conserv. & Jard. Bot. Geneve
17:342. 1914. T.: Salle yo! (D, MO photo).

Valeriana venczuelana Briq. /. c. 338. 1914. T.: Linden 46]! (BM, E, FI, G, K, OXF, P).
Valeriana dclicata Standi. & Steycrm. in Field Mus. Publ. Bot. 23:255. 1947. T.: Steyer-

mark 50936! (F).

roots 1—4
Stem moderately leafy, 0.5-2.0 mm. in diameter, uniformly retrorse- or spreading-

hirtellous. Leaves cauline, 5-8 pairs, petiolate, pinnate to pinnatifid or bipinnatifid

the lowermost rarely undivided, cordate, ovate to ovate-oblong or obovate-spatu
late, obtuse, 1.4-6.5 cm. long, 0.8-4.0 cm. wide, uniformly hirtellous above, mor*

bel 3.0 cm. long, 1.1-1.4

cm. wide, palmately 3-lobed, these 1- to several-cleft or the lobes more or less

irregularly 5- to 10-cleft or dentate, the lobes 2 (-3) pairs, distinct, oblong to
obovate, 3- to 5-cleft or more or less irregularly dentate; petioles 0.5-2.7 cm. long,

uniformly retrorse- to spreading-hirtellous. Inflorescence an aggregate dichasium,
9-38 cm. long, 4-12 cm. wide, the terminal scorpioid branches 0.6-1.1 cm. long,
glabrous; bracts 1.0-1.5 mm. long, glabrous; flowers gynodioecious. Corolla
campanulate-inf 1 ndibuliform, that of the perfect flower 0.5-1.0 mm. long, of the

pistillate about 0.5 mm. long, glabrous without, pinkish, the lobes less than half

the length of the gibbous or straight tube, the throat glabrous within. Stamens
and style more or less exserted. Achenes ovate to elliptic, 1.0-1.1 mm. long, 0.8-0.9

ru

on the abaxial, densely hirtellous on the adaxial side, abaxial ribs indistinct. Calyx-
limb 6- to 7-fid.

Fig. 42. Distribution of V. robertianifolia.
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Fig. 43.

(below), X 10.

Valeriana robcrtianifolia: Achcnes, X 20; pistillate flower (above) and staminate

Type Locality: "env. d'Orizaba. 1854-55.

Distribution: Oak-pine forests, moist rocky slopes, along roadways, 4900-

8 500 ft. alt. South-central Mexico to Costa Rica. Flowering and fruiting August

to December.

Mexico: chiapas: Mt. Ovando, Matuda 2193 (MU) ; Mt. Tacana, Matuda 2492

(MAT, MU) ; Cerro del Boqueron, Purpus 6703 (GH, MO, US). Guerrero: Dist. Mina,

Mancon, Hinton 9604 (GH); Dist. Mina, Laguna-Paracho, Hinton 993$ (OH); Dist.

Mina, Pilas, Hinton 10702 (GH) ; Dist. Galeana, Carrizo-Sto. Domingo, Hinton 14733

(F, GH, MO, NY); near Omilteni, Sharp 44J549 (MO), jalisco: without definite

locality, Jony s. n. (US). Mexico: Dist. Temascaltepec, Comunidad, Hinton 1568 (GH,

K UC) michoacan: vicinity of Morelia, Cerro Azul, Arsene 2458 (GH, MO, NY,

US); vicinity of Morelia, Arsene 3225 (US); vicinity of Morelia, Cerro San Miguel,

Arsene 6071 (MO, US) ; vicinity of Morelia, Loma Santa Maria, Arsene 9024 (US)
;
Dist.

Tancitaro, Cerro Tancitaro, Leavenworth 725 (F, MO); Patzcuaro, Pringle 334* (D> F,

GH, MO, NY, S, UC, US, WYO). morelos: barranca near Cuernavaca, Prtngle 5990

(MO), oaxaca:' Sierras a 8000 pieds, Caleotti 2076 (P). vera cruz: Orizaba, Botteri

1192 (D, US); Vallee de Orizaba Escamella, Bourgeau 2947 (GH, P, S, US); St. Miquel,

Uebmann 10855, 10836, 10857 (US); Engenio, Sierra de la Cruces, Muller 1 164 (NY).

Guatemala: chimaltenango: Alameda, Johnston 953 (F); Tecpan, Skutch 589

(MU, US); road from Chimaltenango to San Martin Jilotepeque, Standley 5789i (GH,

NY), huehuetenango: Cumbre Papal, between Culico and Ixmoqui, Steyermark 50936

(F). jalapa: Laguna de Ayarza, Heyde & Lux 3970 (F).
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Honduras: morazan: Cerro de Uyuca, region of El Valle Encantado, Standley,
Allen, Shank, Pacltlla V. 8g6 (F).

Costa Rica: Piedra Blanca, Brenes A4 (F) ; Potreros of Rancho Rcdondo, Dodge «*Thomas 53I2 (GH, MO MU, US); Hacienda La Esperanza, Jimenez 956 (US); region

,W/
a

/27kY)
m,ra

'

'

AS3S (F)? ?r0V
-

AlaJUda
'

Palmira
'

Alfaro R^z
>
*****

The distinguishing characters of V. robertianifolia are the pinnate-bipinnatifid
leaves with the terminal lobe palmately 3-lobed or sometimes 5- to 10-cleft or
dentate, the minute flowers, 0.5-1.0 mm. long, the exserted stamens, the small
ovate to elliptic achenes, 1.0-1.1 mm. long, and the calyx-limb 6- to 7-fid.
Valeriana robertianifolia occurs also in northern South America, but the material
that I have seen from Venezuela (V. veneznelana Briquet) and Colombia is not
sufficiently distinct from the North American populations to be placed in a sep-
arate category.

sometimes rather difficult to distinguish.

rbif

28. Valeriana Pai meri Gray in Proc. Am. Acad. 22:417. 1887. T- Palmer
754! (GH).

Valeriana Langlassei Briq. in Ann. Conserv. & Jard. Bot. Geneve 17:341. 1914 T •

Langlasse 408! (D, GH, K, US).
Valeriana fistulosa Briq. I. c. 343. 1914. T.: Galeotti 2565! (BR, D, P).

Annuals 2.6-20.0 dm. tall, slender to robust, from subnapiform tap-roots 1-8
mm. thick. Stem leafy, 0.1-1.5 cm. thick, terete or sometimes quadrangular
towards the base, spreading-pilosulous to pilose, mostly towards the base, glabrescent
above. Leaves cauline, 6-7 pairs, petiolate, pinnate to pinnatifid or sometimes
undivided, elliptic- or oblanceolate- to obovate-spatulate, acuminate, 3.5-33.0 cm.
long, 0.9-20.0 cm. wide, serrate to irregularly dentate or essentially entire, spread-
ing-ciliate, sparsely pilosulous above, the veins below pilosulous or glabrous, the
terminal lobe of the divided leaves ovate to elliptic, acuminate to subcaudate, acute,
5.4-14.5 cm. long, 2.3-8.0 cm. wide, more or less decurrent on the rhachis, the'
ateral lobes 1-5 pairs, linear-oblong, relatively much narrower than the terminal
lobe, 1.7-6.0 (-9) cm. long, 0.3-2.0 (-3.5) cm. wide, grading smaller, somewhat
decurrent, the rhachis more or less winged; petioles 1-9 cm. long, spreading-ciliate
or uniformly pilosulous, extending to the rhachis. Infloresce, --«.„
dichasium, 11-40 cm. long, 5-23 cm. wide, the terminal scorpioid branches 0.3-3.5
cm. long, glabrous; bracts 1-2 mm. long, glabrous; flowers hermaphroditic, rarely
gynod.oecous. Corolla infundibuliform to subcampanulate, 1.1-1.9 mm long
glabrous without, white, the lobes less than half the length of the gibbous tube,'
the throat sparsely pilosulous within. Stamens and style included
to oval-patelliform, thin, 1-3 (-4) mm. long, 0.9-2.5 mm. wide, smooth Vr some-
times rugulose, often reddish brown-maculate, spreading-pilosulous on the adaxial

aggregate

A chen

both
margins more or less winged, plane or undulate. Calyx-limb 8- to 11-fid.
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Fig. 44. Distribution of V. Palmeri.

Type Locality: "Rio Blanco, on the river bank, near Guadalajara", Jalisco,

Mexico. Sept. 18 86.

Distribution: Cut-over and pastured slopes, on limestone outcrops, oak-pine

canyons, crevices of rocks near water, fields, 2500-7000 ft. alt. Sierra Madre

Occidental, Chihuahua to Costa Rica. Flowering and fruiting June to December.

Mexico: chihuahua: Sierra Canelo, Rio Mayo, Gentry 2491 (F, GH, GENT, MO,

S, UC). durango: without definite locality, Garcia 933 (US). Guerrero: Dist. Mina,

Zihuaqueo, Hinton 9308 (GH) ; Dist. Galeana, Atoyac, Hinton IO946 (GH) ; ne. Chil-

pancingo on road to Chilapa, Moore & Wood 4628 (MO); 3 kms. past Acahuizotla to

Acapulco, Moore tf Wood 4678 (MO), jalisco: Rio Blanco, Palmer 754 (GH) ; near

Guadalajara, Pringle 4521 (D, F, GH, MO, NY, UC, US, WYO). Mexico: Dist.

Temascaltepec, Hinton III5 (GH, MO); Dist. Temascaltepec, Chorrera, Hinton 2630

(NY), michoacan: vicinity of Morelia, Rincon, Arsene 2538 (GH, MO, NY, S, US);

vicinity of Morelia, pres Cerro de las Nalgas, Arsene 2567 (GH, NY, US); vicinity of

Morelia, Cerro San Miguel, Arsene 5262 (MO, US) ; vicinity of Morelia, Punguato, Arsene

5745 (GH, MO, NY, US), nayarit: La Atarjea, n. Yxtlan, Mexia 876 (F). oaxaca:

Interpeje, Galeotti 2565 (BR, D, P). vera cruz: Orizaba, MiiUer s. n. (NY) ; Zacuapan,

Purpus 7864 (UC).
Guatemala: chiquimula: Montana Nube, between Socorro Mt. and Cerro Brujo,

Steycrmark 30905 (F). Guatemala: without definite locality, Aguilar 122 (F).

huehuetenango: along Rio Trapichillo, Steyermark 51023 (F). jalapa: between

Jalapa and San Pedro Pinula, Standley 77103 (F) ; Montana Durazno, Steyermark 32968

(F). santa rosa: Santa Rosa, Heyde & Lux 2924, 2924b (GH, US) ; Estanzuela, Heyde

& Lux 3968 (NY, US); se. Barberena, Standley 77863 (F).

El Salvador: on the Guatemalan frontier near Chalehuapa, Calderon 1061, 1062,

1062a (US).
Costa Rica: Cerros de San Antonio de San Ramon, Brenes 5616 (F); San Pedro de

San Ramon, Brenes 16276 (F) ; Carrillos de Poas, Brenes I9300 (F) 5 La Palma de San

Ramon, Quiros 273 (F) ; Hacienda La Argentina, Grecia, Valerio 591 (F, US).
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Valeriana Palmeri may be distinguished most readily by the achenes which are

more or less winged and elliptic- to oval-patelliform. It is most closely related to

V. s. sorhifolia but differs from that species by the pinnatifid leaves which are

usually more or less decurrent on the winged rhachis.

29. Valeriana sorbifolia HBK. Nov. Gen. et Sp. 3:332. 1819. T.: Humboldt
& Bonpland (MO photo, P).

Annuals 1.3-12.0 dm. tall, slender to robust, erect or rarely clambering, from
subnapiform or fusiform tap-roots 0.3-1.3 cm. thick. Stem leafy, 1-10 mm. in

diameter, pilosulcus or sometimes short-pilose or glabrescent mostly towards the

base, the upper portion glabrous. Leaves cauline or basal, the cauline 4-7 pairs,

petiolate, pinnate, rarely undivided, ovate, elliptic- to obovate-spatulate, obtuse to
acuminate, ( 1.0-) 2.7-1 5.0 (-19.5) cm. long, (0.5-) 1.2-10.0 cm. wide, serrate to

subcrenate, dentate to repand or essentially entire, glabrous or occasionally scattered-

pilosulous on both surfaces or only on the veins below, the terminal lobe of the

divided leaves elliptic to obovate or suborbicular, obtuse to acute, sometimes more
or less acuminate, 1.5-8.2 cm. long, 0.8-7.2 cm. wide, abruptly expanded or some-
times decurrent on the rhachis, the lateral lobes 1-6 pairs, distinct, simulating the
terminal lobe, grading smaller; petioles 2.0-6.3 cm. long towards the base, obsolete-

above, glabrous or pilosulous; basal leaves undivided, 9-12 cm. long, suborbicular,

Fig. 45. Distribution of the varieties of V. sorbifolia.
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repand-dentate, petioles 7.5-10.0 cm. long. Inflorescence an aggregate dichasium,

8-55 cm. long, 4-10 cm. wide, the terminal scorpioid branches 0.2-4.0 cm. long,

glabrous or sometimes tufted-pilosulous on the nodes; bracts 1.3-2.0 mm. long,

glabrous; flowers gynodioecious. Corolla infundibuliform to subcampanulate, that

of the perfect flower 1.0-2.8 mm. long, of the pistillate 0.5-1.0 mm. long, glabrous

without, white, the lobes less than half the length of the gibbous tube, the throat

glabrous or sparsely pilosulous within. Stamens and style included. Achenes ovate

to ovate-oblong, often somewhat ampulliform, 0.6-2.0 mm. long, 0.4-1.6 mm.

wide, smooth or rarely scabrous, tawny to rubiginose, sometimes purple-maculate,

spreading-hirtellous on the adaxial side, glabrous on the abaxial, sometimes glabrous

or hirtellous on both sides, adaxial margins more or less involute. Calyx-limb 6-

to 11 -fid.

bifol

sorbifolia, and barbareaef

stabilized variants within the range of variation of this species. These variants

may actually be potential subspecies, but geographic barriers have not as yet been

ascertained for these infraspecific taxa. The variability within V. sorbif

bertianif

KEY TO THE VARIETIES

A. Achenes scabrous. Southern Vera Cruz, Puebla, State of Mexico,

Oaxaca to Guatemala 29a. V. s. mexicana

AA. Achenes smooth.

B. Tap-root more or less subnapiform, unforked, 3-7 mm. thick,

0.5-1.0 cm. long. Leaves predominantly serrate to subcrenate,

mostly with 3-6 pairs of lateral lobes. Southeastern Arizona, Baja

California, northwestern Mexico to Panama; also in northern South

America 29 b- V. s. sorbifolia

BB. Tap-root more or less fusiform, frequently forked, 0.6-1.5 cm.

thick, 1.5-8.0 cm. long. Leaves predominantly dentate to repand

or essentially entire, mostly with 2 pairs of lateral lobes. North-

eastern Mexico to Guatemala 29c. V. s. barbareaef olsa

29a. mexicana

Valeriana mexicana DC. Prod. 4:640. 183 0. T.: Berlandier QG2! (BM, D, MO photo,

W)

Tap 7 mm. thick. Leaves cauline, 4-7 pairs,

omi

nantly serrate to subcrenate, the terminal lobe to 8.2 cm. long, 7.2 cm. wide, the

lateral lobes mostly 1-2 pairs. Achenes scabrous, 1.2-1.9 mm. long, 0.6-1.3 mm.

wide, hirtellous or glabrous.

Type Locality: "around the city of Mexico."

Distribution: Roadsides, open woodlands, 5300-9500 ft. alt. South-central

Mexico to Guatemala. Flowering and fruiting August to February.

Mexico: federal district: Vallee de Mexico, Guadalupe, Bourgeau 8oi (D, G, GH,

P, S). oaxaca: 18 mi. sw. C. Oaxaca, Nelson 1389 (GH, US); Vallee de Etla, Smith
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787 (GH). pulbla: vicinity of Puebla, Cerro Tepaxuchil, Arsene IQI (US); vicinity of
Puebla, Teocalli de Cholula, Arsene 2062 (GH, MO, US) ; above Serdan, Cabccero, Sharp
44984 (MO), vera cruz: Orizaba, Engenio, Sierra dc la Cruz, Miiller 2Q0 (NY), 343
(GH) ; without definite locality, Txotihuacan, Habn s. n. (P).

GUATEMALA: HUEHUETENango : Huehuetcnango, Standley 65732 (F). jalapa:
Volcan Jumay, north of Jalapa, Steyermark 3243<> (F). sacatepequez: near Antigua,
StanJley 58632 (F).

The var. mcxicana may be distinguished from var. sorbifolia by the usually

broader leaves and the scabrous achenes.

29b. Valeriana sorbifolia HBK. var. sorbifolia.

Valeriana tolnccana DC. Prod. 4:640. 1830. T.: Berlandier II3Q! (BM, D, G, OXF, P, \\")

.

Valeriana gracilis Bcnth. PI. Hartweg. 196. 1839. T.: Hartweg 1079! (BM, CGE, D, II,

W)

Tap 7 mm. thick. Leaves caulinc, 4-7 pairs,

more or less uniformly distributed, pinnate, predominantly serrate to subcrenate,

the terminal lobe 1.5-6.0 cm. long, 0.8-3.8 cm. wide, the lateral lobes mostly

3-6 pairs. Achenes smooth, 0.6-2.0 mm. long, 0.5-2.0 mm. wide, pilosulous or

glabrous.

Type Locality: "inter Valladolid (Morelia) de Michoacan et Patzciuro,"

Mexico.

Distribution: Densely wooded arroyos in pine forests, oak woods, cultivated

fields, 3 300-8800 ft. alt. Southeastern Arizona; Baja California, northwestern

Mexico to Honduras and Panama.

Mexico: baja California: La Chuparosa, Brandegee s.n. (UC, US); Sancito.
Brmdegee s.n. (GH, NY, US); mts. near Todos Santos, Brandegee s.n. (UC) ; Sierra de
Laguna, Brandegee 274 (UC); Sierra de San Francisquito, Brandegee 274 (UC) ; The
Laguna, Laguna Mts., Jones 27846 (MO, NY, UC). chiapas: Finca Fuarcz, Escuintla,
Matuda s.n. (MU); Siltepec, Matuda 0804 (F, MO, MU) ; near San Cristobal, Nelson
3146 (GH. US); Finca Conadonga, Purpus 6702 (UC) ; Cerro del Boqueron, Purpus 6701
(F, NY, UC). chihuahua: ridge between Rio Chico and Rio Caballo, Barlow s. n. (F)

;

Loreta, Rio Mayo, Gentry 2566 (GENT); Canon de St. Diego, Hartman 7?<5 (F, GH,NY UC, US); Sierra Madre Mts., Guayanopa Canyon, Jones s.n. (US) ; Ma jarachic,
Knoblock 5284 (F); Chuhuichupa, LeSuenr 1253 (F); Dist. Madera, 7 mi. w. Chuhui-
chupa, Miiller 3571 (GH, UC) ; Sierra Gazachic, 35 km. sw. Minaca, Pennell 18879 (US);
near Guerrero, Pringle 1256 (E. F. GG. GH, K, MO, NY, S, UC, US), federal district:'
Cacubava, San Juanico, Arshic 9885 (US); Sacromote Hill, near Amecameca, Beaucbamp
s.n. (MO); Pedreeal, Bourgeon 800 (GH, P) ; Cuajimalpa, Lyonnet ?7? (US); Churu-
busco. Orcutt 4288 (MO); Tizapan, Pringle 7985 (F, GH, WYO).' Guanajuato:
without definite locality, Duges s. n. (GH). guerrf.ro: Dist. Montes de Oca, Vallecitos,
Hinton TI380 (GH); shelf of bluff west of Chilpancingo, Sharp 44T412 (MO), hidaloo:
Dist. Volango, vicinity of Molango, Moore T086 (GH). JALISCO: trail from San Sebastian
west to Mascota, Mexia 1404 (D, F, GH, MO, NY, UC, US). Mexico: Dist. Temascal-
tenec, Puerto Salitrc, Hinton T793 (D, GH, NY) ; Dist. Temascalteoec, Sierrita, Hinton
4636 (MO, UC); Dist. Temascaltcpec, Cuentla, Hinton 7217 (GH) ; Dist. Sultencc,
Cumbrc-Gavia, Hinton 8376 (GH); Ixtacihuatl, Pnrpus 1783 (D, F, GH, NY, UC, US)

;

La Gavia, at km. 105 on Toluca -Morelia highway, Sharp 44299 (MO). MICHOACAN:
vicinity of Morelia, Loma Santa Maria, Arsene s. n. (US); vicinity of Morelia, pres Cerro
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de las Nalgas, Arsene 2567 (MO) ; vicinity of Morelia, Rto. de Mexico, Arsene 5901 (US)

;

vicinity of Morelia, Cerro Azul, Arsene 6571 (GH, MO, NY, US) ; vicinity of Morelia,

Trapeo, Arsene 9857 (US) ; Coalcoman, Hinton 12518 (K) ;
Coalcoman, Torncilles, Hnt-

ton 12803 (GH,K); Zitacuaro-Guanoro, Hinton 13481 (GH,K); Arostes, prope Uruapan,

Woronow 2682 (F). morelos: Vallee del Pepeite, Lyonnet & Elcoro 1790 (US); bar-

ranca near Cuernavaca, Pringle 9837 (F, GH, MO, NY, US), oaxaca: in monte San

Felipe, prope Oaxacam, Andrieux 325 (D, K, P) ; Mt. Zempoaltepec, Nelson 590 (US)

;

near Reyes, Nelson 1773 (US), puebla: vicinity of Puebla, Rancho Casada, Arsene tf

Nicolas 323 (GH, MO, NY, US) ; vicinity of Puebla, Manzanilla, Arsene 1635 (GH, US)

;

vicinity of Puebla, Boca del Mcnte, Arsene 7099 (US) ; vicinity of Puebla, near Totime-

huacan, Hacienda Bata, Arsene 9879 (US) ; bord de l'Atoyoc, Nicolas s. n. (D, E, F, GH,

P). san luis potosi: in arenosis humidis circa urbem, Schaffner 107 (GH). sonora:

Rinconada, Lloyd 394 (GH) ; 4 mi. e. El Bilito, White 47^1 (MU). vera cruz: Orizaba,

Botteri s. n. (D, F, MO) ; Castresana, Uebmann 10831; inter S. Andres et S. Miguel, Ueb-

ntann 10833; Jovo, Uebmann 10838 (US).

Guatemala: alta verapaz: se. Tactic, Standley 69958 (F) ; near Coban, Standley

71566 (F) ; along Rio Carcha, between Coban and San Pedro Carcha, Standley 9OI43 (F )-

chimaltenango: Volcan de Agua, Johnston 819 (F) ; Alameda, Johnston 944, 952 (F)

;

near Tecpan, Skutch 485 (GH, US), escuintla: without definite locality, Aguilar 1584

(F). Guatemala: without definite locality, Tonduz 888 (GH, NY, US) ; Chillom, Rojos

51 (GH, US), huehuetenango: Cuesta de la Concepcion, zur Rainen, Seler 3251

(GH, NY); Sierra de los Cuchumatanes, Steyermark 50356 (F) 5 Cerro Pixpix, above San

Ildefonso Ixtahuacan, Steyermark 50571 (F) ; La Sierra (Tumimach), adjacent San Juan

Atitlan, Steyermark 51965 (F). jalapa: between Jalapa and Paraiso, Standley 77331

(F) ; Montana Durazno, 2 mi. e. San Pedro Pinula, Steyermark 32992 (F). sacatepequez:

near Antigua, Standley 58611 (F); Cuesta de las Canas, above Antigua, Standley 58983

(F). san marcos: between Finca El Porvenir and Loma Corona, 9 mi. nw. El Porvenir,

Steyermark 37751 (F). zacapa: Sierra de las Minas, Steyermark 29685 (F).

Honduras: morazan: Cerro Uyaca, Allen 3903 (MO) ; Uyuca, Valerio 791 (F).

The var. sorbifolia may be distinguished by the leaves, which are usually pinnate

with the lobes predominantly serrate to subcrenate, and by the flowers with ex-

serted stamens. Valeriana sorbifolia is closely related to V. robertianifolia and V.

Palmeri, and where the distributions of these species overlap a greater incidence of

variability may be recognized in the ensuing populations. I suspect that hybridiza-

tion between these taxa contributes to the confusion in determining certain

"difficult" specimens.

29c. Valeriana sorbifolia HBK. var. barbareaefolia (Mart. & Gal.) F. G.

Mey., stat. nov.

Valeriana barbareaefolia Mart. & Gal. in Bull. Acad. Brux. II
1

: 121. 1844. T.: Galeotti

25491 (BR, MO photo).

Tap-root more or less fusiform, frequently forked, 0.6-1.5 cm. thick, 1.5-8.0

cm. long. Leaves disposed mostly towards the base, more or less crowded on the

foreshortened internodes, pinnate, predominantly dentate to repand or essentially

entire, the terminal lobe 2.3-4.7 cm. long, 2-4 cm. wide, the lateral lobes mostly

2 pairs. Achenes smooth, 1.6-2.0 mm. long, 0.8-1.6 mm. wide, pilosulous or

glabrous.

Type Locality: "Real del Monte et de Moran, au nord de Mexico, de 7500-

8500 pieds."
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Fig. 46. Valeriana sorbifolia var. barbarcat folia: Habit, X V\\\ achenc (abaxial side),

X 8; pistillate (above), entire and dissected staminate flower (below), X 8.
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Distribution: Oak-pine or mixed forests in moist soil or on boulder-covered

slopes, 5500-10500 ft. alt. Sierra Madre Oriental from Nuevo Leon to southern

Vera Cruz and Oaxaca to Guatemala, overlapping with var. sorbifolia in the

southern part of the range.

Mexico: chiapas: Mt. Male, near Porvenir, Matuda 4691 (GH, MO, NY), coahuila:

24 km. nw. Fraile, Stanford, Retherford, Northcraft 410 (MO), hidalgo: Real del

Monte, Ehrenberg 173 (GH) ; San Vicente, Fisher 3727 (MO, NY, US) ; Sierra de Pachuca,

Pringle 6947 (D, F, GH, MO, MU, NY, S, UC, US, WYO) ; Dist. Pachuca, above Pueblo

Nuevo, Moore & Wood 407$ (MO) ; Dist. Zimapan, Barranca de las Verduras, Moore (3

Wood'4502 (MO). Mexico: Dist. Temascaltepec, Crucero Agua Blanca, Hinton 4625

m r,TT MO NY. USV Hidalco National Park, east of Toluca, Hitchcock 6 Stanford

WYO NUEVO

leon: Dist. Aramberri, Ccrro Linadero, Meyer 8 Rogers 2924 (MO); Dist. Zaragoza,

Cerro del Viejo, Meyer 8 Rogers 2989 (MO); 15 mi. sw. Galcana, Mueller 922 (MU)

;

40 mi. s. Saltillo, Palvier 416 (GH, US), oaxaca: Sierra de San Felipe, Pringle 4^37

(D, F, GH, MO, MU, NY, UC, US) ; Cerro Verde, Pnrpus 3337 (F, GH, MO, NY, UC,

US), 3513 (UC). puebla: Cerro de Chicamole, Purpus 6495 (UC). san luis potosi:

244
ford312 (GH). tamaulipas: summit Pena Nevada, bta

vera cruz: Engenio, Sierra de Cruz, M«//er s. n. (NY) ; Maltrata, Mt. Orizaba, Seaton

387 (F, GH, US); near El Puerte, Sharp 44677 (MO).

The var. barbareaefolia is distinguished from var. sorbifolia by the fusiform

root, repand-dentate basal leaves, and broader achenes. In the northern Sierra

Madre Oriental it occurs to the exclusion of var. sorbifolia, although in the southern

part of the range the distributions of the varieties overlap.

Series VII. Pratenses F. G. Mey., n. sen

Perennials or annuals from fusiform to napiform tap-roots. Stem leafy. Leaves

basal and cauline, pinnate to bipinnatifid, elliptic to obovate-spatulate, the lateral

iobes usually more or less decurrent on the rhachis, becoming dilated and 1- to 4-

cleft at the tip or short-laciniate; rhachis usually winged. Inflorescence a compound

or sometimes an aggregate dichasium, flowers hermaphroditic. Corolla infundibuli-

form, 2-9 mm. long, the tube gibbous towards the base or sometimes near the

middle, the throat densely pilosulous. Stamens and style exserted, anthers 2-

lobed, the loculae equal in length. Achenes elliptic to obovate-oblong, 2-6 mm.

long, glabrous or densely hirtellous to subsericeous. Calyx-limb setose or short-

cupuliform and more or less dentate. Species, 2.

Type Species: Valeriana pratensis (Benth.) Steud.

Distribution: Mexico.

KEY TO THE SPECIES

A. Annuals. Stem single. Leaves cauline, with the ultimate divisions

short-laciniate, the rhachis distinctly winged throughout. Corolla

2 0-2.5 mm. long. Achenes 2.0-2.5 mm. long, adaxial margins more

or less involute 30. V. tanacetifolia

AA. Perennials. Stems often several. Leaves disposed towards the base,

with the ultimate divisions palmately 3-lobed and cleft, the rhachis

only slightly winged part way. Corolla 5.5-9.0 mm. long. Achenes

4.5-6.0 mm. long, margins plane 31. V. pratensts
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Fig. 47 Valeriana tana^ iifolia: Habit, X about y2 ; entire and dissected flower, and
achenes (abaxial and adaxial sides), X 8.

30. Valeriana tanacetifolia F. G. Mey., spec. nov.

Planta annua 3-5 dm. aha tenuis erecta ex radice primaria crassa subnapiformi
5-7 dm. diam. Caules foliacei 1-2 mm. crassi ex nodis in lineis decurrentibus
parce retrorso-hirtelii aliter glabri. Folia caulina 3-8 jugata petiolata bipinnatimla
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elliptica vel obovata vel obovata-spatulata 4.8-8.0 cm. longa 2.5-3.5 cm. lata,

lobis lateralibus lobos terminates simulantibus 2-4 jugis ad apicem dilatatis 1-4

fidis vel brevi-laciniatis acutis in rhachi alato decurrentibus 1.5-2.0 cm. longis

0.2-0.5 cm. latis supra glabris vel appresse htrtellis aliquando ascendenti-ciliolatis

nervo medio infra sparse hirtcllo in intemodium subtendentem decurrentibus deinde

anguste alatis. Inflorescentia dichasium compositum in anthesim 0.9-1.5 cm. lata,

nodis glabris vel aliquando cristaro-pilosulis, bracteis 2.2-3.9 mm. longis supra

reductis, glabris vel aliquando patenti-ciliatis; floribus hermaphroditicis. Corolla

infundibuliformis 2.0-2.5 mm. longa alba extra glabra tubo ad medum parum

gibbo lobis duplo longiori intus dense pilosulo. Stamina et styli exserti. Achaeniae

ellipticae 2.0-2.5 mm. longae glabrae laeves et aliquando fulgentes brunneolae

aliquid concavae marginibus plus minusve involutis costis abaxalaribus non promi-

nentibus. Calycis limbus 10-fidus (?).

Type Locality: "by the crater lake," Volcan, 1500 m., District of Tcmascal-

tepec, Mexico. September 9, 1932.

Distribution: Oak woods in thin rocky soil, 4900-5600 ft. alt. District of

Temascaltepec, State of Mexico.

state of Mexico: Dist. Temascaltepec, Hinton 1417 (GH) ; Dist. Temascaltepec,

Volcan, Hinton 1663 (K holotype, GH, MO photo); Penon Timbres, Hinton 4420

(GH, US), without definite locality: Sessc d Mociilo s.n. (G, MO, OXF).

;

/
It may be easily dis-

tinguished by the short-laciniate bipinnatifid leaves, annual habit, the shallowly

concave, elliptic and glabrous achenes, and the corolla tube which is usually indis-

tinctly gibbous towards the middle. This species was first collected by Sesse &

Mocifio while on the Royal Spanish expedition to Mexico at the end of the 18 th

century. So far as I am aware this plant was not collected again for 130 years

when George Hinton recollected it in the district of Temascaltepec.

31. Valeriana pratensis (Benth.) Steud. Norn. Bot. 2 2 :742. 1841.

Astrephia pratensis Benth. PL Hartweg. 39. 1839. T.: Hartweg 302! (BM, CGE, K, OXF,

P, W).
,

Valeriana Galeottiana Mart, in Bull. Acad. Brux. II 1
: 124. 1844. T.: Galeottt 2547!

(BR,K,P).
Pbyllactis pratensis (Benth.) Benth. & Hook. Gen. PL 2:153. 1873.

Perennials 2.4 roots, be

verrucose in age, 0.5-2.0 cm. thick. Stem moderately leafy, 1-3 mm. thick,

glabrous, the nodes often sparsely pilosulous. Leaves basal and cauline: the basal

more or less imbricate, sometimes forming a rather loose rosette, petiolate, pinnate-

bipinnatifid, elliptic- to obovate-spatulate, 9.5-27.5 cm. long, 2.7-5.0 cm. wide,

ascending-ciliolate, sometimes scattered spreading-pilosulous, usually on the veins

only, the terminal lobe 2-5 cm. long, 1.5-2.2 cm. wide, decurrent on the rhachis,

usually palmately 3-lobed or cleft, these 1- to 2-cleft, subacute to obtuse, the
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lateral lobes 2-5 pairs, distinct or somewhat decurrent on the rhachis, shorter than

the terminal lobe, grading smaller, 1- to 3 -cleft, acute; petioles 5-22 cm. long,

glabrous or hirtellous on the adaxial side, spreading to the rhachis, the margins
sometimes retrorse-aculeate towards the base; caulinc leaves 3-4 pairs, simulating
the basal, 3.3-6.2 cm. long, 1.2-4.0 cm. wide. Inflorescence usually a compound
or sometimes an aggregate dichasium, the terminal dichotomies 2.0-3.5 cm. wide
in anthesis, later diffuse, to 36 cm. long, 15 cm. wide, the nodes usually tufted-

pilosulous, the internodes glabrous; bracts 6-11 mm. long, reduced above, glabrous
or spreading-ciliate; flowers hermaphroditic. Corolla infundibuliform, 5.5-9.0

mm. long, glabrous without, white, the tube gibbous towards the base or some-
times indistinctly gibbous towards the middle, the lobes about % the length of
the tube, the throat densely pilosulous within. Stamens and style exserted. Ac/wiles
ovate-oblong to oblong-elliptic, 4.5-6.0 mm. long, 2.9-4.0 mm. wide, glabrous or
densely hirtellous to subsericeous, abaxial ribs more or less carinate. Calyx-limb
short-cupuliform, more or less dentate.

Type Locality: Morelia (Michoacan), Mexico.

V. TANACEIIFOLU 4

V. PRATENSIS •

Fig. 48. Distribution of V. tanacetijulta and V. prstemis.

Distribution: Wet meadows, 7000-8300 ft. alt. South-central Mexico.

Mexico: durango: El Sako (Aserraderos), Pennetl 18302 (UC, US). Guanajuato:
without definite locality, Duges s. n. (GH). guerrero: Dist. Mina, Aquazarca-Filo,
Hmton 10501 (GH). Mexico: Dist. Temascaltepec, Nanchititla, Hinton 6344 (GH, K)-
Del R10

, Pringh 3641 (F, GH) ; Valley of Toluca, Pringle 4199 (D, GH MO)'
michoacan: Morelia, Hartweg 302 (BM, CGE, K, OXF, P, W). nayarit: near Santa
Teresa, Rose 2129 (NY, US), vera cruz: Jesus del Monte, Galeotti 2547 (BR, D, K, P).

Valeriana pratensis is the only Mexican species restricted to wet places, and it

may be distinguished by the pinnate-bipinnatifid, ascending-ciliolatc leaves and by
the achenes which are 4.5-6.0 mm. long. This species is obviously related to V.
tanacetifolia, but there is no reason to confuse the identitv of e\t\\er wphpc
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Imperfectly Known or Excluded Species

9

Valeriana cycbphylla Graebn. in Engl. Bot. Jahrb. 37:437. 1906. T.: Schumann jO is

probably V. scandens. The type of V. cyclophylla was destroyed at Berlin.

tif

(BR). BOERHAAVIA ERECTA L.

Valeriana obovata (Nutt.) R. & S. Mant. 1:265. 1822 (Phyllactis obovata Nutt. Gen.

N. Am. PI. 1:21. 1818). Description not applicable to Valeriana; type not extant.

Valeriana ramosa Sesse & Mocino, in Fl. Nov. Hisp. ed. 2. 10. 1893. = V. ceratophylla

HBK. (?), description inadequate.
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Enumeration of Taxa

1 . V. officinalis L.

2. V. sitchensis Bong.

a. ssp. sitchensis

b. ssp. Scolder i (Rydb.) F. G. Mey.

c. ssp. uliginosa (Torr. & Gray) F. G. 19. V. palmatiloba F. G. Mcy

15. V. clem at it is HBK.
16. V. Schramm Graebn. & Loesn.

17. V. urticaefolia HBK.
18. V. cucurbitifolia Standi.

Mey.

3. V. ca pit ata Pall, ex Link

a. ssp. capitata

b. '/

c. ssp. pubicarpa (Rydb.) F. G. Mey.

d. ssp. acutiloba (Rydb.) F. G. Mey.

4. V. arizonica Gray

5. V. pauciflora Michx.

6. V. Columbiana Piper

7. V. occidentalis Heller

S. V. Jioica L. ssp. sylvatica (Sol. ex

Richards.) F. G. Mey.

9. V. texana Steyermark

10. V. prionophylla Standi.

11. V. edulis Nutt. ex Torr. & Gray

a. ssp. edulis

b. ssp. ciliata (Torr. & Gray) F. G.

Mey.

c. &sp. procera (HBK.) F. G. Mey.

12. V. laciniosa Mart. & Gal.

13. V. albo-nervata Fernald

14. V. ceratophylla HBK.

20. V. apiifolia Gray

21. V. laginata HKK.
22. V. densiflora Benth.

a. var. densiflora

b. var. affinis (Mart. & Gal.) F. G
Mey.

2 3. V. deltoidea F. G. Mey.

24. V. pulchella Mart. & Gal.

25. V. scandens L.

a. var. scandens

b. var. Candolleana (Gard.) Muell.

26. V. domingensis Urban

a. X Ekmanii F. G. Mey.

27. V. robertianifolia Briq.

28. V. Palmeri Gray

29. V. sorbifolia HBK.
a. var. mexicana (DC.) F. G. Mey.

b. r7o//tf

c. var. barbareaefolia (Mart. & Gal.)

30. V
F. G. Mey.

[anacetifoli<

31. V.pratettsis (Benth.) Steud.
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Index to Exsiccatae

Italicized numbers refer to collector's numbers, s. n. (sine tiumero) to unnumbered

collections; parenthetical numerals refer to the taxa conserved in this treatment which are

listed in the numerical sequence indicated on opposite page.

Abbott, W. H. s.n. (lib).

Abbott, W. L. 163 (22b); 279 (22b);

1800 (25a).

Abrams, L. R. 47&5 ( 3b )? 9017 (2a);

9842 (2a).

Adeney, M. s. n. (3a).

Aguilar, J. I. 97 (29b); 122 (28); 133

(17); 245, 250 (25b); 927 (25); 1584

(29b).

Aguilar, M. H. 471 (25a).

5482 (16); 5515 (29b); 5574 (29a);

5745 (28); 590I (29b); 6071 (27);

6553, 6571 (29b); 6667 (22a); 6698

(17); 674?, 6po7, 7099 (29b); 7^74

(17); *<5<52, 8665 (29b); 9024 (27);

95P<5, 9873 (17); 9*75 (29b); p^
(22a); 9877 (He); 9*7* (16); 9^79

(29b); 9**' (27); 9**2 (16); 9**5

(29b); 9**4 (17); 9M5 (29b); 70/ 74

Aguirre, j. n. (4). 525 (29b).

Ainslie, G. G. s.n. (lib).

Aiton, G. B. s.n. (2a, 11a).

Albatross Expedition, s.n. (3a).

Albertus, C. G. J// (3b).

Alexander, A. M. 6lOa, b, c, d (3d).

Alexander, A. M. & Kellogg, L. 75* (2a) ;

1849, 1859, 5**5, 4075 > 4362, 4850 (3b).

Alexander, R. C. s.n. (5).

Allard, H. A. 7270 (2c).

Allen, J. A. 5. n. (2c).

Allen, O. D. 243 (2b).

Allen, P H. 14W (25b); 3903 (29b).

Almendinger, E. C. s.n. (lib).

W. s.n. (Ha).

(27); 18446 (6).

Arsene, G. & Nicolas,

Babcock, H. H. 5. n. (lib).

Bailey, V. 569 (3d).

Baker, C. F. s.n. (11a); 7J(5 (7); 757

(25a); 313 (3d); 481 (11a); 620 (3d);

669 (25a); 77^6 (3b); 437& (Ha).

Baker, C. F., Earle, F. S., Tracy, S. M.

s.n. (11a); 729 (7); 258 (3d); *47

(11a).

Baker, K. F. s. n. (2a).

Baker, M. S. s.n., 4355b (3b).

Baker, W. H. 6745 (2a).

Baldwin, A. A. 61 (25a).

Baldwin, W. s. «. (25a).

Ball, J. 5. «. (3d).

Anderson, J. P. J. «., 7*2, 608, 927, R1024, Balls, E. K. 4059, 4^7 (15); 52^» 5J00

7924, OJ**, 6593 (2a); 79J6, 6>?*£

(3a); sn. (3d).

(22a); 55'5 (17).

Banker, H. J. s.n. (5).

W. 745* Banks, J. s.». (8).

(3a).

Anderson, J. R. *• «., *74/'2 (2a); s. «.

(2b).

Anderson, R. M s. n. (3a).

Anderson, W. A. 77J (5).

Andrieux, G. s.n., 323 (15); s.n., 324

(22b); 525 (29b); 326 (12).

Anselme-Marie, Bro. 165 (1).

Applegate, E. I. 841, 2306 (2b); 2468

(7); 4770 (2a); 67*J (11a); 9^7* (2a).

Arnold, J. F. 46 (11a).

Arrivee, David A. 56 (7).

Arsene, G. s. n. (14, 16, 17, 21, 29a, 29b)

;

797 (29a); 1044, 1363 (lie); 1635

(29b); 7775 (lie); 2062 (29a); 2596

Bannister, H. M. s.n. (3a).

Barber, H. S. 65, 80 (4).

Barber, M. A. 72^, 208 (2a).

Barbour, W. R. 702*, 95746 (24).

Barclay, G. 5. n. (2a); s. «. (20).

Barlow, B. J. w. (Ha); x. n. (29b).

Barneby, 26*9 (29b).

Barnes, C. R. s.n. (5).

Bartholomew, P. S. s.n. (3b).

Bartlett, H. H. 11466, 12828, 13033 (25») .

Bartley, F. & Pontius, L. L. *72 (lib).

Bates, G. L. s. n. (25a).

Bates, R. H. 7 46 (2a).

Bates, W. s.n. (17); s.n. (22a).

Baxter, M. S. x. n. (2c).

(17); 2^55(16); 2^5* (17); 255* (28); Bean, T. H. s.n. (3a).

2549 (16); 2563 (17); 2567 (28); 5705 Beardslee, H. C. s.n. (5).

Beattie, R. K. s.n. (2a).
(17); 5225(27); 557^ (17) ; 3492 (27)

5500 (22a); 5^7^ (22a); 520* (17)

5262 (28); 5295 (lie); 5424 (17)

Beattie, R. K. & Chapman, R. 2257 (11a).

Beauchamp, B. s.n. (29b).



486
[Vol. 38

MISSOURI

Bebb, M. S. s. n. (lib).
Beck, D. E. s.tt. (7).
Beck, [L. C.?] s.n. (2c).

Beckett, R. E. 77779 (4).
Beckwith, F. 277 (11a).
Beechey's Voyage, s.n. (3a).
Beetle, A. A. 2273 (ll a ).

Bell, F. s.n. (2c).

Benke, H. C. 1491, 6473 (lib).
Bennett, T. C. s.n. (2a).

Bourgeau, E. s.n. (2a); s.n. (8); s.n.

(14); 6o8(223); 800 (29b); &>/(29a);
700^ (15); 1577 (25a); 2944 (27);
2945, 2947 (17); 520J (29b).

Boyce, T. E. 1145 (lib).
Brandegee, E. N. s.n. (lla).
Brandegee, T. S. s.n. (4);

192 (3d); 274 (29b); 4
792,8l8 (lla); 871 (4).

5. «. (29b);

790 (3d);

Benson, L.

2540 (2a).

2£<5, 2£?<?
Braunton, s.n. (8).

Bereman, S. D. 737 (lla); 7J<? (3d).
Berg, N. K. s.n. (4); 207/ (lla); 47$8
(3d); 4&>J (Ha).

Berghius, D. 27 (2a).

Bcrlandier, J. L.

Breitung, A. J. /, 1018 (8).
Brenes, A. M. A4 (27); 44^4 (17); 4766

(25b); 50<?0 (17); 5670" (28); $780
(25b); 5&?7 (17); 13434 (25b); 7027^
(28); 7d66>, 19300 (28); 22o\fy (25b).

494 90
W 7095 (3b).

"55 (17); II39 (29b); 7205 (15).
Bernoulli, G. 291 (17).
Bernoulli, G. & Cario, R.

Bcrtero, C.
7P50 (25b).

s. »., 368 (25a).

183 (15).

Bessey, E. A. s.n. (id); s.n. (lla).
Bethel, E. j.«.(3d); s.n. (7); s.n. (lla).
Bilimek,

Billington, C. s. n. (lib).
Biltmore Herb. 3639b (3d)

; 3660 (lla).
Bird, J. B. s. w. (3a).

Bissell, C. H.

M.

Wil
rooo (I).

Bissell, C. H. & Graves, C. B. 22633 (1).
Bitner, H. F. s. n. (5).
Blaisdell, F. E. s.n., 7 (3a).

Blake, S. F. 5502 (2c) ; 755<? (25a) ; 0416
®r°Wn

' £' £ S> * < 3b >-

Bridges, Thomas. 107, 143 (3b).
Bright, J. 6030, 18398, 18600 (5).
Brinkman, A. H. 3018, 4251 (8).
Britton, N. L. s.n. (1); s.n. (5).
Britton N. L., Britton, E. G. & Brown,

S. el al. 8240 (25a); 3889 (25b).
Britton, N. L. & Brown, M. S. 3401 (25a).
Britton, N. L. & Cowell, J. F. 493 (25a).
Britton, N. L., Britton, E. G. & Earle, F. S.

6453 (25a).

Britton, N. L. & Shafer, J. A. 2/7<5(25a).
'. 526l (25b).

Brooks, A. H. & Prindle, L. M. s. n. (3a).
Brooks, H. E. s. n. (3a).

(5).

Blanchard, F. s.n. (I); s.n." "
* W. H. 21 (1).

Brown, H. E. 709

(2c).
Brown, L. M. 202, 203, 204 (2b).
Brown, R. H. j. n. (lla).

241 (lla); 243 (7).

Blaricom, E. W. s.n. (8).
Blasdale, W. C. s.n. (3b).

Blough, W. 10 (lla).

Blumer, J. C. 7555 (lla).

Bolander, H. N. 4916 (3b).

Bolander, H. N. & Heller,

Bolley, H. L. 10 (2a).

Bolt. B.

W. s.n. (8); s.n. (lla); ^^ S
" 2J°' 375 (2a); ^ (8); 42°

(2a); 7054, 7/5/ (8); 1239 (8); 7^^,
7544 (2a).

Bruce, C. C. 7702 (3b) ; 2264 (1 la).

Brunet,

Bryant,

.v. n. (2c).

s. n. (3a).

386 (3d); 387
s.n. (3b).

420 (3b); 7o> (2a).

Weldert, V.

. s.n. (2a).Bonck
Booth, ^ __. , j . .

Booth, V. E. 1334 (8).
Borell, A. E. s.n. (3c).

254 (2a).

Buffum, B. C. 53 (7);
(lla); 388 (3d).

Burcham, J. L. 36 (2a).
Burgess, A. B. 954 (lib).
Burglehaus, F. H. s.n. (7); s.n. (lib).
Burk, M. 274 (lib).

321 (5).
Burke, s. n. (2a); s. w. (8); s.n. (lla).
Burke, M. H. 75 (7).

Burnham, S. H. s.n. (2c).

Botteri, M. s. n. (25a); *. «. (25b); s.n. Burtt-Davy, J. 3182 (3b).

(27); s. n. (29b); 243 (17); 322 (25a); W 0559 (2 5a).

544 (27); 346 (29b); 5<5<? (25b); 5<W Butler, B. T. 262, 269, 381, 604 (2a).
p.p. (25a); 578 (17); 379 (29b); 5<!?0 Butler, G. D. 1655 (2a).
(25b); 795 (25a); 70(17); 797 (25b)

;

75<?5 (25a); 2945 (17). 205,272 (2a).

W 5. W.,
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Butters, F. K., Holway, E. W. D. & Rosen-

dahl, C. O. 588 (2a).

Butters, F. K. & Rosendahl, C. O. 1387

(2a).

Byce, M. L. 000 (2b).

Cain, S. A. 20 (3d); 103 (7).

Calderon, S. w6l, 1062, w62a{2%) ; 1017

(25b).

Camp, S. H. & D. R. s. ». (2c).

Camp, W. H. 2623 (15).

Campbell, E. O. 71 (3a).

Clemens, J. s. «.(2a); s. «.(7); s. «.(lla),

Clements, F. E. s. ». ( 1 1 a ) ; 102, 1OS ( 3 d )

.

Clements, F. E. & E. S. 186 (11a); 241

(4); 328 (3d).

Clinton. G. W.
Clokey, I. W

s. n. (2c).

1847 (17); 2<?<?2, 3581

7342, 7734 (3c).

W 7341 (3c).

Coa s, R. R. I (3a).

Cockerell, T. D. A. s. n. (3d); s. «. (4).

W. T. & Calder, J. A. 594 0)-

W 2857 (lib). Coghlll, G. E. 117 (Ha).

2&?, J20, 35^(26) ; J57(26a); Cole, E. J. J. ». (2c).Canela,

363 (26a); #7(5 (26).

Carlton, E. C. & Garrett, A. O. 6716

(11a).

Carmichael, L. T. 54 (2a).

Carpenter, 23 (2a).

Carpenter, A. M. 5. n. (3b).

Carter, A. 7J^ (7); 7654 (11a).

Carter, J. J. s. n. (5).

Carter, M. R. 75 (Ha).

Collett, — . s. n. (lib).

Collier, A. J. S.n., 37, °2 (3a).

Collins, H. B. s. n. (3a).

Collom, R. E. s.n. (11a); 257 (4); 6p7

(11a); 1056 (7); 7324 (11a).

Conard, H. S. s.n. (7); 296 (2b); 755^

(8).

Co s.n. (2b); 24/9 (3b).

<?37 (2a).

y. «. (2c).

Constance, L., Clarke, J. F. G., Staats, W.

& Van Vleet, G. 77(53 (2a).

Constance, L. & Clements, H. F. 7735

Cary, M. 25 (11a).

Casebeer, L. s.n. (4).

(2a).

Constance
Casteter, E. F. 7753 (3d); 1804 (11a); Constance, L. & Rollins, R. C.

1374 (2a).

2867, 2997

2159 (3d).

Chamberlain, G. D. 267c? (2c).

Chambers, M. B. 35 (3a).

Chamisso, L. A. s.n. (3a).

Chandler, B. F. s.n. (2c); s.n. (lib).

Chandler, H. P. 75^3 (2a).

Chandler, H. P. & Babcock, E. B. 1063

(2b).

Cooley, s.n. (1).

(3b).

W. 9° (3a).

Cooper, G. P. 65 (17).

Cooper, W. S. s.n. (8); 5. «• (Ha); 109

(3d); 73<? (2a); 395, 409 (3d); ^77

(Ha).
Copeland, E. B. 481, 3841 (3b).

Copeland, H. F. J.»., 3*4' (3b).

W. P. 6975 (4).
W. J.». (lib); s.n. (25a).

Cottam | w . P> & Biddulph, O. 7396
W. 36, 65 (3a).

Chase, V. H. 734$ (12); 939^ (lib).

Chickering, J. W. s. «. (5).

Choussy, F. 32 (28).

Christ, J. H. 11106 (11a).

Chrysler, M. A. 7264 (2c); 53^2 (25b);

5599 (28).

Churchill, J. R. s.n. (1); s.n. (3d); s. w.

(11a).

Clark, J. s.n. (5).

Clark, M.

(3d) ;2p<?2 (7); 3188 (3d) ; 35o0\ 3907

(7).

W 227<?(7).

Coues, E.

Coulter,

5771 (2a).

„_, O. M. 597, 4576 (Ha);
. .

(3d); 5595 (7); 5*30 (8); 77760 (4).

Clark, 4825

Clarke, J. F. *. «. (Ha).

Clausen, E. R. s.n. (1).

Clausen, J. 7734 (3b).

Clausen, R. T., Trapido, 1

C. 2492 (2c).

Clement, Fr. 601 (25a).

Cotton, J. S. 722<? (2a).

j. n. (Ha).
, 906 (14); 9°9 (22a); 9TO

(29c); 977 (29b).

Coulter, J. M. s.n. (5); s. n. (7).

Coville, F. V. 576 (11a) ; 7^ (2a) ; 7704

(4); 73^7 (2a); 7545 (Ha).

Coville, F. V. & Applegate, E. I. 772 (7)

;

340 (3b);37M2a).
Coville, F. V. & Funston, F. i486 (3b).

Coville, F. V. & Kearney, T. H. 264 (2b)

;

7900

Wilson, W 2294 (3a).

Cov 165 (3b);

397 (2a).

»
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Cowen, J. H.
III5 (Ha);
2082 (11a).

s. n. (7, 11a); 6Q2
IIl6

(7);
(3d); 2068, 2o6g,

Dobbs, R. J. 20 (lib).

201

Cowlcs, H. C. I JO, 1391 (2a).
Cox, C. F. 302 (3d); 363 (11a).
Crandall, C. S. s.n. (3d, 7, 11a); 189,

(11a); 302 (7); 282 (11a); 2&?
( 7 ); 457, 693, II 14 (Ha); 77/7 (3d);
20(5d, 2067, 2070 (11a); 2072-2080
(3d); 4205 (7).

Crane, B. K. s.n. (7); 20<? (11a).

Dodge, C. K. s.n. (1, 2c).
Dodge, C. W. & Thomas, W

W.W. 5^(3d).

Donnell-Smith, J. 5. ;/.

(25b); ddjo (25a).
Dore, W. G. & Brietung,

Doten, S. B. 160 (3b).

C 5312(27).
(5, 25a); 14O6

121/3 (8).

Doubleday, 5. 77. (lib).
Douglas, D. j. n. (2b, 11a).
Drake, & Dickson,

Cronquist, A. 933 (3d); 7JJJ (7); 7^<? Drummond, T. ,. n. (2a, 5, 8)
(3d); l68l(7); 7705(1 la); /o>6(3d); Dudley, M. G. ,. ». (2a, lib
*?<*> (7); 25I2 (3d); 2W (11a); 2578, Duges, A. *. ». (21,29b, 31)

5. n. (2b).

-77^ (2a). Dutilly, A. 4 (3a).
Cronquist, A. &.Davis, R. J. 20P7 (ll a ). Dutilly, A. & Lepage, E. 14303, 13657W. 40 (3d).

Crozier, A. A. s. n. (1).
Crum, E. 5007 (3b).

Cufodontis, G. 303, 369 (25b).
Culbertson, 4376 (3b).
Curry, G. L. s. n. (5).
Curtis, C. C. J. ;/. (7, lla).

Curtiss, s. n. (2c).

Curtiss, A. H. 7742 (25a).
Cusack, . 219 (lla).

W. C.C. 7775 (2a); 2131 (3d);
2640 (1 la)

; jtf/j (2a) ; 4069, 4343 (2b)

.

Dandelin, J. E. s. n. (lla).
Daniels, G. & Watt, A. 10 (2a).
Darlington, H. T. 577, 400 (2a).

(8).

Dutilly, A., Lepage, E. & O'Neill,

20747, 20423 (3a); 20330 (2a); 20727
(3a); 27275 (2a).

Dutton, D. L. s.rt.(l).

Eames, A. J. & MacDaniels, L. H. ?O0
(1).

Eames, E. H. & Godfrey, C. C. $659 (1).
Earle, F. S. 530 (4).
Eastham, J. W. 77567 (8); 75774 (2a).
Eastwood, A. s.n. (3b, 3d, 8); J/5, 407

(3a); 455 (3b); 488 (3a); £07' (2a);
'7°5 (4).

Eastwood, E. & Howell, J. T. 1334, 4808
(2b); 8378, 14327 (3b).

Darrow. R. A. s.n., 2543 (4); s.n. (lla). Eaton, D. C. y. n. (7); 163 (lla).
W., Phillips. W W

40 p. p. (3a).

Edwards,

S., Pultz, L. M. 77/0(1 la); 7^52(29b).
Davidson, M. E. 443, 886 (25b); 702? Eaton, H. H.

{**/• Edmondsrm.
Davis, C. A. s. n. (2c).

Davis, H. A. 6326 (5).
Davis, J. J. s. n. (lib).
Davis, R. J. s.n. (7, lla); 7004, Ii8] Eggert, H.

(3d) ; 2880 (2a)
; 3288 (lla). Eseleston.

Dawson, —. s.n. (8); 72(57 (5).
Dayton, W. A.

Deam, C. C. 7077, 43*8°, 53807 (5).

5. «. (3a); 40 p. p. (2a);

J. n. (5).

W. 5. «. ( 1 ) .

s. n. (4).

JO77, 03130 (24).

Edwards, H. 5. n. (3b).
Edwards, O. T. 278 (6).

.v. >/. (2b).

rgleston, W. W. s. w., 7275, 1276 (2c);
5^4 ( 7 ) ; 5^5, 5887 (Ha); 7074 (31,);

0#, 7076

2

Debea O. s.n. (5).
DccaLsne, D. D.
Degener, O.

Dcmaree, D.

s. n. (lib).
l6359, 16462 (lla).

10646 (5).
Dctling, L. E. 2818, 4087 (2b).
Dewart, F. W. s. n. (7).
Dewey, L. H. s. n. (4).

W s.n. (5).
Dichl, I. E. s. n. (2a, 3d, 7, lla).
Diguet, L. s. n. (17, 22a, 25b, 29b).
Dillon, L. A. & M.
Dixon, J. 37 (3a).

732 (Ha).

7906 (7); pjod (3b);
, ,

(lla); 77674 (3b); 7J200 (2a); r^j*/,
7^797, 7<?<?p6, 70J72(lla); IO98, 200AO
(4).

Ehlers, J. H. 2439, 3318, 4747 (2c).
Ehrcnberg, C. 173 (29c); 406 (14);
Eide, P. s. n. (2a).

Ekman, E. L. 621, 790 (25a) ; 77c?7, 74OJ
(26); 6290 (26a); <?o#2, 020Q (25a);
10313 (25b); 11643 (26a); 72756 (25b);
/J5&> (26a); 75707 (26); 18505 (25a).

Ekstam, O. j. ». (3a).
Elliott, s. w. (3a).
Ellis, C. C. 2 (4); 313, 329 (lla).

•
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44 Franco, s. n. (17, 25a, 25b).

2792 (2a).

Elrod, M. J. s. n. (2a); 76 (Ha).

W 25 (2a).

Emmons, G. T. s. n. (2a).

Enander, S. J. s.n. (2a).

Endres, — . 79 (25b).

Engelmann, G. s.n. (3d, 11a).

English, C. 56 (2a).

Frank, J. C. 5. ». (5).

Fraser, D. s. n. (2a).

Freeman, O. M. s.n. (5).

Freiberg, G. W. J. ». (1).

Fremont, J. C. J. w. (11a).

French, N. 504 (3b).

Friesner, R. C. 963 1, 18852.2 ( 5 ) ; 20607

(lib).

Epling, C. 6204, 6205, 6206 (2a); p/p5 Froderstrom, H. ^Hulten, E. 686, 799<

(11a); 95/d, 9553*9757 (2a).
"""

'

"""
'""
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2<tfj, JJ5<? (17); 37i8 (22a).

Rose, J. N. & Hough, W. 47J^ (H).

Rose, J. N., Painter, J. H. & Rose, J. S.

7556 (17); o^/ (lie); 8775 (14);

90/4 (12); 92(5o (22a).

Rowlee, W. W. s. «. ( 1 )

.

Rozynski, H. W. 359 (13).

Runyon, R. J<5 (13).

Rusby, H. H. s. «. (2a, 4, 5) ; /^ (22a) ;

156 (IU);634 (4).

Russell, I. C. s. n. (3a).

Russell, P. G. & Souviron, M. J. 252 (17).

Rust, H. J. 259 (7); 774 (Ha).

Rutter, C. s. n. (5); 48 (3a).

Rydberg, P. A. s. «. (2c, 3d); 751 (11a);

752 (7); 27p^ (3c); 6opd, do'/O (7).

Rydberg, P. A. & Bessey, E. A. 499$ (7)

;

4999 (2a); 5000 (7); 500/, 5002 (8);

5005 (3c); 50CX5, 5<?°7 (Ha).

Rydberg, P. A. & Carlton, E. C. 6374,

6390 (3c); 6428, 6473 (7); 651 7, 6532

(3c); 6674(7); 7065 (3c); 707^ (11a);

7250", 77'7 (3c).

Rydberg, P. A. & Garrett, A. O. 8716

(7); 8954 (11a); 9724 (7).

Rydberg, P. A. & Vreeland, F. K. 5574>

5575, 5576 (3d).

St. John, H. 3709 (2a); 5$93 (Ha);

6373 (2a); 7^ (Ha); 7**4 (2a);

8040 (11a); <?7^ (2b); 8835 (2a);

90/9 (2a).

St. John, H., Courtney, W. D. & Parker,

C. S. 366 ($);3709 (2a).

St. John, H., Eggleston, W. W., Beals, R.

G. & Warren, F. 9505 (*)•

St. John, H. & Palmer, R. 9604 (2a).

St. John, H., Pickett, F. L. & Warren, F.

A. 3189 (11a).

St. John, H. & Smith, C. P. 8324 (2a).

St. John, O. s.n. (4); 7, J5J (Ha).

Safford, H. T. 393 (5).

Salazar, F. s. n. (17).

Salle, s.n. (17, 27, 29b); 7/ (17).

Salvin, O. & Godman, F. D. s. n. (29b).

Samples, J. s.n., 18, J49 (lib).

Sandberg, J. H. s.n. (11a); 361 (lib).

W 104,

190 (2a).

Rose, L. S. 35337, 40615 (3b); 40763 Sandberg, J. H. s.n. (2a, 11a); W (2a);

42164, 44 345, 36i (Hb).

Rosendahl, C. O. 275 (lib); 972, 1009, Sandberg, J. H. & Leiberg, J. B. s.n. (2a,

6, 11a); 53 (11a); 55/ (6); 691 (2a).

Sandberg, J. H., MacDougal, D. T. &
Heller, A. A. 240 (11a); 587 (2a).

7592 (2a); 1744 (2b); /990 (2a); 2/OJ,

7J9^ (lib).

Rosendahl, C. O. & Brand, C. J. s. ».(2b).

Ross, N. s. n. (25b). Sanson, N. B. 009

Rossbach, G. B. & Hodgdon, A. R. 8532 Sargent, R. H. & Smith, P. S. 17 (3a).

(Ha).
Rothrock, J. T. 54 (8) •

Rousseau, J. & Rouleau, E. 1 171 (8).

Rowe, J. S. IOI (8).

Rowland, V. H. 129 (11a).

Sartorius, C. J. «. (22a, 25b, 27).

Sartwell, H. P. s.n. (2c).

Saunders, s.n. (lib).

Saunders, deA. s.n. (3a).

Savage, s. w. (17).
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Scamman, E. 441, 674, 925 (3a); IIl8 Shaw, C. H. 346, 908, 933 (2a).
(2a); 1764, /p02(3a); 2678(21); 3609,
3924, 4073 (3a) ; 4560 (3a)

; 4631, 4724

Shaw, W. 1
Shear, C. L

(3a).

s.n. (2a).

f. n. (1, 3c, 5, 11a); 4076,

W. s.n. (15, 17); 107 (29b);
192 (15); 193 (lie); 194 (17); 195 Sheldon, C. S.

4090 Od);5036 (7); 5186 (Ua) 15187
(3d).

(22a).

Schallert, P. s. n. (11a).

Schedin, L. M. & N. T.

Sheldon, E.

5. n. (2c, 7, 11a).

P. s.n., 638, 74S6

663, 664, 665, 666 (11a) ; 667 (3d).

„ _ 85" (n*) 18573 (2a); 11898 (2b).
667, 662 (3d); Sherwood, W. 572, 622 (2b).

(lib);

W
25a); 368 (25a).

5. w. (17,

Schipp, W
Schmitt,

W. 5. n. (2a, 11a); Jp5(2a).
\. 9^7 (25a).

5.». (8).

F. 44 (3a).

Schmitz, A. 5. n. (15); 299 (29a); 500
(29b); 490 (22a); 659, 9<?5 (17).

Schmoll, H. M. s.n. (3d); 1329 (11a).

W

Shimek, B. s. n. (1 lb).

Shinners, L. H. 1572 (5).
Shockley, W. H. 5/c? (3d).

Short, C. W. $.». (5, lib); 50 (5).
Shreve, F. 5077, 5371 (H a ); 542c? (4).
Simonds, A. O. s.n. (7, 11a).

Simpson,

Sinclair,

Schneck, s. n. (5).

Schneider, R. A. 964 (11a).

Schreiber, B. O. 897, 1874 (3b).
Schrenk, J. s.n. (1).

Schuchert, C. s. n. (11a),
Schweinitz, L. D. s. n. (5).
Scouler, J. s. n. (2b).

Scoville, A. H. s. n. (1 la).

Scribner, F. L. 68 (11a); d&i (2a).
Seal, T. 5. ;;. (5).

Seashore, M.

, 5. w. (25a).

s. «. (20).
Sintenis, P. 302, 4027, 41 46, 4232 (25a) ;

4663 (25b).

Skeels, H. C. s. n. (2c).

Skinner, 5. n. (25b).

Seaton, H.
(29c).

Seemann, B.

s. //. (lib).

Skutch, A. F. 150 (15); 15s (25b); ^
(29b); 579 (17);5<?p (27); 590 (29b);
c?5J, 7240 (10); 1408, 2177 (25b);

544' (25b).

Small, J. K. s. n. (5); 8982, I I563 (25a).
Small, J. K. & G. K. 4224 (25a).
Small, J. K. & Heller, A. A. s. n. (5).
Small, J. K., G. K. & DeWinkeler, J. B.

10080. 10806 o^\
56 (25a); 171 (29b); 387 Smiley, F. J. 47a (3b).

s.n, (3a, 29b); 138 (25b);
/&?/ (3a); 20<?2 (15); 2133 (29b).

Seler, T. 704 (25a); 77<52 (29b); 720<5,

**54 (17); /JJ5 (16); 2740 (24); 2438
(17); J25/ (29b); 3281 (17).

Sesse, M. & Mocino, J. M. s.n. (lie, 15,

17, 25a, 29b, 30).
Sesse, M., Mocino, J. M., Castillo, J. D. &

Maldonado, —

.

Smith, A. A270 (17); A296 (27); //?/\?

(25b); A538 (27); As6g, A604 (25b);
1242 (27); 1294 (17); P2099 (25b);
P2545 (25a).

Smith, C. L. 766, 892 (22b).
Smith, C. P. 1647 (lla);277j (7); 2240

(3c).

Smith, D. /d (8); /oj (3a).

Smith, E. C. s. n. (3d).—
. 192 (22a); 799 (14); Smith, F. H. I SO (7).

393 (17); J9<5 (29b); 397 (25a); J9<? Smith, H. G. s.n. (3d).
(lie); 40? (15); 452 (29a); 454 (15).

Setchell, W. A. 5. «. (3a).
Sexsmith, J. J. 40, 41 (2a).
Shafer, J. A. 84.87 (25a).
Shafer, J. A. & Booth, J. A.
Shainwald, R. L. s.n. (3a).

s.n. (5).

Sharp, A. J.

Smith, H. M. s. n. (3b).

Smith, J. D. 1466 (25b).
Smith, L. C. 787 (29a).
Smith, R. H. 145 (8).
Snell, R. 7077 (3c).

Snell, R. & Cronquist, A. 933 (3c).5. w.

44<5<? (He); 4475 (22a);
44299 (29b); 44JO<5 (22a); 44^49 (\7);
44677 (29c) ; 449<$V (29a) ; 45226 (29b) ;

441307 (25a); 4474/2 (29b); 447549 Sonne, C. F. s.n. (3b).
(27).

Snow, E. 1 72 (3d).

Snow, F. H. s.n. (3d); 419, 432 (11a).
Sories, G. D. s. n. (2c).

Sharpies, S. P. 234, 235 (2a).
Sharsmith, C. W. J29, 2056 (3b); J5c?£

(2a); 4047 (11a).

Spalding, H. s. n. (7, 11a).

Spiegelberg, C. H.
W

5. «. (11a).

s. n. (5).
Sprague, R. 184, 7c?5( 11a); 6w, 677(8).
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Spreadborough, W. 72795(8); 72798(2*).

Standlcy, P. C. 4**9 (Ha); V57 (4);

4182 (3d); 6149, 6740, 7536 (11a);

8205 (25b); 8362 (25a); 1 1449 (5);

11988(17); 13625, 13766, 13870(11*);

14931, 15033, 15275, 15456, 15861,

16167, 16402, 16718, 17292, I756r,

17691, 17965, 17988, l8l6o(2*) ; 20616,

21526 (2 5b); 22624(25*); 23035, 32227

50966 (18); 51023 (2$); 51965 (29b);

52248 (15).

Stokes, S. G. s. n. (3c, 7, 11a).

Stonchouse, s. n. (2a).

Stone, F. M. s. n., 78 (4); 518 (11a);

525, 583 (3d).

Stone, W. 57<5 (3d).

Stoney, G. U. s. «. (3a).

Stork, H. E. 2897,3040 (10).

(25b); 32613 (17); 32633 (25b); 54077 Stork, H. E. & G. C. 89 (2a).

(17); 35249, 35260 (10); 55397, 39270 Straub, F. C. I. ft. (2c).

(25b); 5<502/, 5&?42(17); 56305(25^; Studhalter, R. A. & Cox, M. S^/57(lla).

44 W s. n. (4, 11a).

58611 (29b); 58632 (29z); 58636(17); Sudworth, G. B. s. n. (5).

58961 (25b); 58983 (29b); 59/2/ (17);

600*3 (25b) ; 60992, 61030, 61048(15);

61067 (29b); 6/705 (15); 61654 (17);

6529/ (25b); 63371 (25a); 65/55(10);

65752 (29a); 6633 1 (15) ; 66948, 67273

(25b); 67577, 6759/, 67629(15); 67760

(10); 67956, 6*256, 69465, 69646, 60958

W. N. 109 (2b); 270 (8); 529

(11a); 536 (7); 55^ (8); 830 (2b);

4305, 6060 (2a); 6549 (2b); *792 (1);

**/7 (2a); 10506 (2b); /34°° (Ha);

13371(2*); 13378, I3404(\\n)\ 13410,

13439 (2a).

illivant, W. S. J.». (5, lib); 43 (lib).

(29b); 70c?55(25a); 7/5ZO(25b); 71566 Swingle, D. B. s. n. (2a, 7, 8, 11a).

(29b); 76543 (17); 77/05 (28); 77331 Tarleton, J. B. IOIa, Wlb (3a).

(29b); 77366 (17); 77863 (28); <?0/J4 Tate, R. 225 (25a).

£42

'44

90/45 (29b); 9 l78l (25a).

Standley, P. C, Allen, P., Shank, P., Padilla,

V. 896 (27); 2660 (25b).

Stanford, L. R., Lauber, — , & Taylor,

2548 (15); 2587 (29c).

Stanford, L. R., Retherford, K. L. & North-

croft, R. D. 4W (29c); 7°2 (15);

1008 (25a).

Starz, E. s. n. (2a, 11a).

Steele, E. S. s. n. (2c, 5).

Steinmetz, F. H. 782 (2c).

Steinweg, W. L. s. n. (2a).

Stephens, K. 84 (2a).

Stephenson, B. C. s.n. (5).

Stevenson, E. 36 (7).

Stewart, A. J. 589, 666 (3a).

Steyermark, J. A. 29646 (17); 29685

(29b); 30905 (2S); 31383 (17); 3^07
(25a); 52456(293); 32659(25b); 32968

(28); 32992 (29b); 550<?3 (17); 33236
(29b); 340*0 (15); 34^1 (10); 34742

Tatnall, R. R. 4515,4721 (5).

Taylor, E. s.n. (3a).

Terry, M. E. 1300 (17); 7567 (25b).

Thatcher, E. P. 67 (7); 117 (Ha).

Thomas, W. D. 745 (3b).

Thompson, J. W. 2056, 2450 (2b) ; 5263,

50*0, 5595 (2a) ; 5926 (2b) ; 6286 (2a)

;

6530 (6); 6557 (2b); 7029 (2a); 7"4
(Ha); 7536 (2a); 7574 (2b) ; 8298(6)

;

8382 (11a); 8875 (2*); 8972 (6); 9948

(2a); 70545, 10725 (6); 10851 (2a);

77576 (6); 7/69/ (11a); 11870 (2b);

12293, 13235 (3b); 73793 (2a); 14526

(2b); 747*0, '4^4 (2a); 14923, H944
(6).

W /O (2b); 410

(2a).

Thompson, R. M. s.n. (3a).

Thornber, J. J. s. n.
(
3d, 1 1 a) ; 4723, 5695

(4).

Thornber, J. J.,
McDougal,

s.n. (4).

Thornton, C. W. 39 (3a).

& Lloyd,

(25b); 54^63, ?55/ (10); 3562.? (15); Thurber, G. J. n. (2c).

35*66 (25*); 36339 (25b); 3694/ (10); Tidestrom, I. 5/5 (7); 325 (Ha); 54*

(7); 424 (11a); 2229, 2455 (7); 3032,37751 (29b) -,42307 (17); 42*55 (25b);

43093 (15); 43397 (25b); 44/72 (25a);

46^9/ (25b); 46936 (10)546995 (15); Tilden,

36<5
,

<?, 4119 (11a); /0409 (3b).

— . s.n. (8).

47972 (17); 48302 (10); 4*303 (24);

49496 (17); 49854 (15); 49882,50179,

50283 (10); 50356 (29b); 50492 (17);

5057/ (29b); 50956 (27); 50952 (10);

W s. «. (2a, 8).

Tolstead, W. L. J. n. (lib).

Tonduz, A. D. 726 (17); £26 (28); ***

(29b); 7273, 2930 (17); 459* (25b);
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10875 (17); 11728 (25b).
Topping, D. L. s. n. (5).
Torrey, J. s. n. (2c, 5); 198 (3b).
Torrey, J. & Gray, A. 5. n. (lib).

Vischer,

Vogel, J. 5. W.

Vreeland, F. K.

l85 (17).

(11a).

620

W. s. «.(lla); J-/2, J50(3d); W
(2a).

(11a); 7054, 7/JJ

55' (Ha); 360 (3d).

Townsend, C. H. T. & Barber, C. M. s. n.

(3d); 143 (11a).

Townsend, E. C. s. n. (2b).

Tracy, E. s. n. (2b).

7337 (5).

422<5

Wagner, D. A. 20, 21 (3a).

Wake, M. B. j. w. (5).

Walcott, M. V. s.n. (2a).

Walker, E. P. 449 (11a).
Tracy, J. P. 5230 (2a); 6643, 7061 (2b); Walpole, B. A. s. n. (lib).
8991 (2a); OJ75
/#<?/ (3b).

Tracy, S. M.
Train, P.

(2b); IO505 (2a); Walpole, F. A. 1595, 1809, 2055 (3a);
2210 (11a); 22p<? (3b); 2J07 (2a).

Ward, G. H. 72, 5J«?(2a).
J.». (3d, 7); 20, 50 (11a); 255, W

s.n. (lib); 455 (25a).

JOJ (3c); 319 (7); 412 (3c); 605 (7);
2079 (Id); 3054 (IU); 3281 (3b). Wa

•d, L. F. s.n. (3d, 5, 11a); 275 (7);
339,503 (Ha); 70O"<? (7); 7069 (11a).

e, R. A. 2680cW 5054 (3a); Warre

(3b).

5. n. (8).
5055 (2b); 5056 (2a); 5057, 5058, Warren, F. A. t. n. (7).
5059 (3a).

Trench, F. D. s. n. (2c).

W
W

True, F. W. & Prentiss, D. W. 8, 51 (3a). Wa
s. n. (3a).

3552 (3a).

Tuerckheim, H. 250 (2 5b); 352 (29b);
(25b); 1265 (29b); 1403, Wa903, 1247

1570 (17); 2^/p (25b); 3442 (26);
57^'j (25b); 7915 (2 5a).

(3c, 7); ^V; (11a).

176 (3c); 777 (Ha); 4S8p.p.

Waw
J. «. (8).

59(15); 2pc?(22a); 75J(25a);

622 (3b).

W. s. n. (11a); 7J5 (2c); We
1030 (25b); 72/7 (22a).

Turner, G. H. s. n., 2, 6072, 6127 (8).
Turner, J. H. s. n. (3a).

Tweedy, F. s.n. (7, 11a); 26,27 (Ha); W
28 (7); J/2 (11a); 503 (7); 504, 519,
520 (11a); 2059 (8); 2000 (7); 20(57,

Webb, R.

Weber, W
(11a).

729, 952 (22a).

1544 (1).

22c?2 (2a); 2J77 (8); 2p/7

land, H. F. 5061 (11a); 5^95 (7);
5/27, 5"* (3c); 5749 (7); 5J/2 (3c).

50&5(lla); JOc?7(8); 4552, 4553 (11a); Weight, K. E. 7<?J (7).
455^ (7); 4555 (3c); jA'jj (lia). We

Umbach, L. M. s.n. (2a, 11a, lib); 94 Wei
t. n. (3a).

(2a); 752 (7); 243, 390 (2a).

Underwood, L. M,
Underwood, L. M.

44' Ola).
Valerio, J. 452 (2 5b) ; 575, 649, 744, 779

s. n. (2c).

& Selby, A.

Went, F. W. 84 (3a).

05" O).

Werner, W. <

D. 352, Wetherill, M.
Wctherill. W

s.n. (5).

146/4101 1

78 (3d).

(17); 707 (29b); 936, 1492 (17); 7742 Wh
Wetmore, A. 131 (3a).

(25b); 2755 (17); 2842 (25b).
Valerio, M. A4 (27); 597 (28); 1036 Wh

(25b).

Vascy, G. R. s.n. (2a, 5, 11a, lib); 202
(11a); 203 (4); 235 (3d); 290 (2a).

Victorin-Maric, F. & Gcrmain-Rolland F.

Wheeler, H. N.
s.n. (2c); 7335 (1).

44
eler, L. C. 3755 (3b).

Wheeler, W. A. 56 (lib).
Wl
Wh

77 (25b).

25084, 25092, 27135, 27150, 27179 (7) ; Wh
49437 (2c); 46639 (1).

Victorin-Marie, F., Germain-Rolland, F. &
Dominique, F. 459S0 (11a); 46205 ( 1 )

.

Victorin-Marie, F„ Germain-Rolland, F. &
Jacques, E. 44543, 44912, 44917 (8).

Virler, — . s.n. (22a); 1809 (14); 7<?/0

(15); 7<?/7 (29a); 1813 (12).

White, P.

T. j. n. (3a).

153, 216 (25b).

s. n. (3a).

White, S. S. 4781 (29b).
Whited, K. 6 (11a); 47 (2a); 00 (11a);

750 (6) ; 7<?2, d*?, 6>?a, 774, 1227(2%);
2609 (6).

Wh
Wh

(3b).

IOOO3 (7).

. SS41, SSlOO (2a); 259
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Wl
Wi
Wi

E. s. n. (2a).

£. M. & M. C. 2264,2265(4).

K. M. & Upton, G. B. 2381

(11a); 4345 (3d).

Wright 7208

(2c).

Wiggins

Wilbur,

4642 (2a); <?/2p (3b).

C. R. 1443 > T479, 1608,

1737, 1826, 1850, 2058 (22a).

Wilcox, J. E. s. ». (2a).

Wilkens, H. 2J27 (3d).

Wilkinson,

Willett, G.

Williams,

Williams.

-. 5. n. (5).

30 (2a).

s.n. (2c).

s. w. (1, 2c).

M. L. s. n. (2c).

Williams, J. F. C. & S.

O. & R.W L.

s. n. (2c)

.

537 (11a); 656

(7); 3542 (8); 575" (11).

W 101 79,

10422

W s. «. (3a, 11a); IQ5 (7);

680 (11a); 726 (25b).

W 7567 (2c).

Willis, B. s.n. (2a).

Willits, V. 136, 270 (7).

Wilson, C. B. 183, 204, 356 (2a).

W s. n. (4).

Winblad, Y. W. s.n. (3b).

ecki, L. 28 (%).Winiec

Witt,

Woelfl

1223 (11a); 1253 (7).

s.n. (22a).

Wolf, C. B. 2657, 2863, 3031 (11a); 3056

(3d); 5957 (2a).

Wolf, C. B. & Everett, P. C. 77307(29b).

Wolfe, J. 773 (3d); 774 (Ha).

Wood, B. H. J. n. (2a).

Wood, F. G. s.n. (2c).

Woods, C. N. 27? (11a); 27(5 (3c); 324

(2a).

Woods, C. N. & Ti

2745 (11a).

Woodbury, A. M.

Woodson, R. E., A

2682 (2a);

77 (4).

999 (25b); TO43 (24).

Wood R. E. & Schery, R. W. 225

(25b); J77 (24); 488 (25b).

Williams, E. F., Collins, J. F. & Fernald, Wooton
(Ha).

Wooton,
(Ha).

(7); 940 (Ha); T089, IO90 (7); 1299 Woronow
(3c); 1608, 2164(7); 3087(111); 3204 Worthley

Wrigh
278 (25a).

W. s.n. (11a).

O. s.n. (3d, 4, 11a); J20

O. & Standley, P. C. 34*3

,
2682 (29b).

J. 75 (7); 20, 30 (8).

s.n. (3a); 27<5 (25b); 277,

Wright, W. G. 7554 (2a).

Wynn, J. 20 (5).

Yates, H. S. 395$ (3b).

Yingst, D. 10 (2a).

York, C. L. MZ57 (3a).

Young, A. H. s. n. (5).

Yuncker, T. G. 35$ (2c).

Yuncker, T. G. & E. C. 72075 (7) ; 12016

(Ha).
Yuncker, T. G., Dawson, — & Youse, —

.

5857 (17).

Zobel, H. L. s. n. (11a).

Index to Scientific Names

Previously published names accepted here are in Roman type; new names published

in this monograph are in bold face type; synonyms are in italics.

Amplophus ..-- - — 388 Phyllactis

Astrephia

mexicana

pratensis

Boerhaavia

450
481

crecta 48 3

Hemisotria - 388

Oligococe ... - 3 88

Patrinia

ceratophylla „ - 425, 436

longifolia 428

mexicana .. - 450

obovata - — 48 3

pratensis 481

Valeriana _ - — 3 88

acutiloba — -407
var. ovata 409

Adamsiana — - 398

affinis - ----- 457

albo-nervata - 434
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alpitta .... .... 465
anomala 394
apiifolia ..... _____ ___ 450
arizonica 409
Arsettei __ 441
barbarcacfolia ___ _ 477
bracteosa 402
cacalioides 445
calcicola .___ 43 _

califarnica 404
Candolleana 4^5
capitata ._ 401

ssp. acutiloba 497
var. bracteosa 402
ssp. californica ____ 494
ssp. capitata __ 402
P. Hookeri 394, 398
ssp. pubicarpa 495

ceratophylla ___ 43

£

ccratophylla . 425, 436, 483
Ccratophyllae (Series) ... ___ 430
ciliata 42 8

Clematites (Series) ... 437
clematitis 43 8

Columbiana _ 413
Crandallii 407
cucurbitifolia ._ .... _ _ 445
Cusickii 406
cyclophylla 483
delicata 479
deltoidea 459
densiflora 454

var. affinis 457
var. densiflora 455

Densiflorae (Series) 448
dcnudata .... __ 452
dioica

ssp. sylvatica 417
var. sylvatica ._ 417

domingensis __. 468
dubiosa _, 399
Edules (Series) 420
edulis 423

ssp. ciliata __ 428
ssp. edulis 425
f. glabra 425
ssp. procera 439

X Ekmanii 459
erysimoides . 442
fistulosa 472
Follettiana .... 393
frigidorum 394
furfurescens _ 425
Gallcottiarta 48

1

Ghiesbrechtii 433
glacialis

__ 497

476
438

394

g racilis

hispida

Hookeri

var. p. ..... __ 398
humboldtiana ._ 398
knautioides

.... ___ 439
laciniosa 43 1

Langlassei 472
latifolia 483
laurifolia ___ 438
laxissitna 438
Le Sueurii 425
Iongifalia 428
macropoda _„_ 43 \

maculata 496
mexicana 475
micrantha 415

var. wyomingensh 417
Mikaniae 455
Napus
Nehonn ____. 431
obovata 483

436
t -

occidentalis 415
officinalis 391
Officinales (Series) 390
ovata 499
palmatiloba „ 448
Palmeri 472
pauciflora 419
Pavonii

var. yungasensis

phaseoli __

— - 43 8

-- 43 8

- 463
pilosiuscula 455
pratensis

Pratenses ( Series ) _

prionophylla ____

481
- 479

-.- _ 422
procera 43 9

psilodes ..„ 417
puberula 494
puberulenta 496
pubicarpa 495
pulchella 459
pumilio 422
rarnosa _ 483
ramosissima 435
retrorsa 455
rhomboidea 442
robertianifolia ___ 479
Sallei

scandens
442

462
/5 angustiloba .. 463
var. Candolleana 466
5 dentata 463, 466

_ 463
— --- 463

a genutna „_

var. scandens

scorpioides
___ 442
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Scouleri 398

Sclerorum 44

1

seminuda -- 405

septentrionalis 417

sitchensis 392

Scouleri 398

ssp. Scouleri 398

ssp. sitchensis — 394

ssp. uliginosa 399

Skutchii - - 422

sorbifolia -- — 474

var. barbareaefolia 477

var. mexicana — 475

var. sorbifolia — 476

Sorbifoliae (Series) ~ - 461

subincisa 43 8

Suksdorfii 394

sylvatica 417

var. glabra 405

£ uliginosa 399

tanacetifolia 480

texana — 420

toluccana — - - 476

trachycarpa 425

uliginosa 399

urticaefolia 442

utahensis - 406

vaginata — 45 2

Venezuelan* - 470

volubilis 463

Whiltonae 405

Woodsonii 459

wyowingensis 417



GENERAL INDEX TO VOLUME XXXVIII

New scientific names of plants and the final members of new combinations are printed

in bold-face type; synonyms and page numbers having reference to figures and plates, in

italics; and all other matter in ordinary type.

A C

Actinostemon concolor var. genuinus, 250 Caesalpinoideae (subfamily of Leguminosae)

,

Adcnogyne pachystachys, 251 1

Caesalpinia, 87

Californian Delphiniums, Chromosome num-

bers of, 101

Cassia, 39; fruticosa var. gatunensis, 81;

hispidula var. Killipii, 55; Maxonii, 77;

oxyphylla var. dariensis, 79; stenocarpa

var. stenocarpoides, 60; unica, 76

Cedar, Red, in the Ozarks, 267

Cercidium, 93

Chromosome numbers of Californian Del-

phiniums and their geographical occur-

rence, 101

Cnemidostachys, 2 50

Adenopeltis colliguaya, 2 50

Agropyron repens, 302, 307

Alsodeia Cuspa, 162

Amplopbus , 3 88

Apocynaceae, Studies in the, VIII, 119

Arboretum, Missouri Botanical Garden,

Forest Preserve of, 28 3

*Aspidosperma, 119; decussatum,
Fendleri, 185; Marcgraviamim,

megaphyllum, 168; myristicifolium, 169

oliganthum, 147; Pichonianum
reductum. 156: Schultesii, 168; stego-

190

170

176

meris, 178; Steyermarkii, 187

Aspidosperma, An interim revision of the Colliguaya patagonica, 251

119; anatomy of corolla in, 206; Copaifera, 26genus,

economic uses, 13 5; general morphology,

120; index to exsiccatae, 198; phytogeny

of the series, 128; speciation, 131; sys-

tematic index, 202; taxonomy, 13 6; ver-

nacular names, 13 5, 201

the Missouri Botanical

Croton sebifert

Cynometra, 25

D

Associes, tree: at

Garden Forest Preserve, 287; in the

Ozarks, 261

Astrepbia, 450
B

*Bauhinia, 10; reflexa, 17; Storkii, 17

Bees in the Ozark areas, 274

Delonix, 83

Delphiniums, Californian, Chromosome
numbers of, and their geographical oc-

currence, 101; cytological observations,

101; geographical distribution, 105;

meiosis in, 102, IOJ

Dialium, 3 8

Ditrisynia, 219
nees in tne uzarK areas, ^/*r «*.»«** *-• t n ^c.mx* * i . Dwyer, John D.: Cynometra of Panama, 25;
Bcilmann, August P., and Louis J. Brenner. J \J '

The changing forest flora of the Ozarks,

283; The recent intrusion of forests in

the Ozarks, 261

Bluegrass, 293: comparison of parts of

plant, 3 58; designing a plant, 351; en-

vironmental factors in relation to treat-

ment of, 3 38; flowering shoot, 301, 327,

328; growth of, 300,368,370-375; man-

agement of, 33 8; morphology of, 298;

phytomers, 305, 360; rhizome, 308; sea-

sonal interpretation of growth, 338;

tillers, 300, 318

Boerbaavia erecta, 483

Brenner, Louis G., August P. Bcilmann, and:

The changing forest flora of the Ozarks,

28 3; The recent intrusion of forests in

the Ozarks, 261

Brownea, 3 3

Browneopsis, 36

Copaifera of Panama, 26

E

Ecology of the Ozark area, 261

Epling, Carl, Harlan Lewis, G. A. L. Mehl-

quist, and C. G. Wyckhoff : Chromosome

numbers of Californian Delphiniums and

their geographical occurrence, 101

Erosion in the Ozarks, 268

Etter, Alfred G.: How Kentucky Bluegrass

grows, 293

Excoecaria, 208, 209

Explorations in the Ozarks, early, 262, 266

F

Fires in the Ozarks, 269

Flora of Panama. Part V, Fasc. 3 (Legumi-

nosae, second part), 1

*Only the new entities are given in this General Index, since a full systematic index is included

with the monograph. /«%n^
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Forest flora of the Ozarks: The changing, Meyer, F. G.: Valeriana in North America
283; historic, 279; logging and its effects and the
on the, 266

West Indies (Valerianae

Meiosis in cells of Delphinium, 102
Forest Preserve of the Arboretum: Red Microplumcria anomala, 197, 198

Cedar in, 267; geology of the area, 283;
history of, 287; land use, 286; principal

soil types of, 284, 28$; rocks underlying,

283; soils of the area, 284; tree associes,

during a ten-year period, 287
Forests in the Ozarks: The recent intrusion

of, 261; present resources of, 266

G

Game birds and animals of the Ozark recion.

276
Geology: of Missouri Botanical Garden

Forest Preserve, 283; of the Ozarks, 262,
283

Greenman, Jesse M., 95

Grimmeodendron eglandulosum, 250
Gussonia, 250

Gymtumtbes, 2 50

Gymnostillingia, 208, 243

H
Haematoxylon, 93

Hemisotria, 3 88

Wppomanc biglandulosa, 2 50

Historical account of the Ozarks
tional aspect, 262

Hymenaea, 30

vegeta-

I

Indian Mounds in the Ozarks, 269

J

Juniperus virginiana in the Ozarks, 267

K
Kentucky bluegrass, How it grows, 293

L

Leguminosae of Panama (second part), 1

Lewis, Harlan, Carl Epling, G. A. L. Mehl-
quist, and C. G. Wyckhoff: Chromo-
some numbers of Californian Delphiniums
and their geographical occurrence, 101 ^ ^_^

Lumber production in the Ozarks, 261, 266 Sapium, 203% 209 9
~250

M
Macrolobium, 21; Pittieri, 33

Maprounea, 209
Mehlquist, Gustav A. L., Harlan Lewis, Carl

Epling, and C. G. Wyckhoff: Chromo-
some numbers of Californian Delphiniums
and their geographical occurrence, 101

Microstacbys ramosissima, 252
Missouri Ozarks: The changing forest flora

of the, 268; The recent intrusion of for-

ests in the, 261

Missouri Botanical Garden Forest Preserve:
forest flora of, 283; geology of, 28 3

Mora, 23

O
Oat seedling, growth of, 319, J20
Ochrosia tuberculata, 198
Oligococe, 3 88

Ostreocarpus, 136

Ozarks: The changing forest flora of, 261;
The recent intrusion of forests in the, 261

P

Panama, Flora of, Part V, Fasc. 3 (Legumi-
nosae, second part), 1

Paralyxla macrophylla, 197

Parkinsonia, 93

Vatrinia ccratophylla, 425; longijolia, 42 8

Peltogyne, 29

Peltophorum, 84

Peltospermum, 136; lat'niliquum, 194;
Patrisii, 194

Vhyllactis mexicana,
pratensis, 483

Phyllocarpus, 24
Poa pratensis, 293

Poeppigia, 22

Prairies in Missouri, 261

Prioria, 27

R

Rainfall: in the Ozarks, 270; records of,

compared with growth of bluegrass, 315
Red Cedar in the Ozarks, 267
Rogers, David: A revision of Stillingia in

the New World, 207

S

Salines in the Ozarks, 270

450; oboiata, 483

Sarothrostachys vndtiramea, 251
Schery, Robert W., Robert E. Woodson, Jr.,

and: Flora of Panama. Part V, Fasc. 3

(Leguminosae, second part), 1

Schinopsis quebracho-colorado, 198
Schizolobium, 286
Sebastiania, 209, 250
Scbarium, 219
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Seed production of Ozark plants, 272

Soils in the Ozarks, 268, 284; Indian mounds

in relation to erosion of, 269; types of,

268, 285
*Stillingia, 219; Bodenbenderi, 222; diph-

therina, 226; peruviana, 223; scutellifera,

235
World

207; generic relationships, 209; geography,

215; history, 208; index to exsiccatae,

252; index to scientific names, 257; sub-

210; taxonomy, 219

Succession of forest trees in the Ozarks, 283

Swartzia, 3; simplex var. darienensis, 7

T
Tamarindus, 37

o-m

Tragia corniculata, 250
reserve

Missouri Botanical Garden Arboretum, 287

V
aleriana in North America and the West

Indies (Valerianaceae), 377; classification,

3 85; economic importance, 3 86; general

morphology, 379; geographical distribu-

tion, 3 85; historical review, 378; index

to exsiccatae, 48 5; index to scientific

names, 501; taxonomy, 3 88

* Valeriana, 377; capitata ssp. acutiloba, 407,

ssp. californica, 404, ssp. pubicarpa,

406; deltoidea, 459; densiflora var. affinis,

457, var. densiflora, 455; edulis ssp.

ciliata, 428, ssp. procera, 43 0; X Ek-

manii, 469; palmatiloba, 448; sitchensis

ssp. Scouleri, 398, ssp. uliginosa, 399;

sorbifolia var. barbareaefolia, 477, var.

mexicana, 475; tanacetifolia, 480

W
generic categories, 213; systematic criteria, Weath

Wheat, growth in length of leaves and in-

ternodes of, 308
Woodson, Robert E., Jr.: Jesse More Green-

man, 95; Studies in the Apocynaceae,

VIII, An interim revision of the genus

Aspidosperma, Mart. & Zucc, 119; and

Robert W. Schery: Flora of Panama,

Part V, Fasc. 3 (Leguminosae, second

part), 1

Wyckoff, C. G., Harlan Lewis, Carl Epling,

G. A. L. Mehlquist, and: Chromosome

numbers of Californian Delphiniums and

their geographical occurrence, 101

Z

Zea Mays, 307

* Only the new entities are given in the General Index, since a full systematic index is included

with the monograph.


