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INTRODUCTION
The initial objective of this investigation Tvas a revision of the
leguminous genus Eysenhardtia.

It was soon obvious that considerations

of the generic limits of Eysenhardtia required some understanding of its
affiliations within the tribe Daleeae of the papilionoid legumes.

Conse

quently, the present report essentially includes two basic units: (1) the
relationships of genera within the tribe Daleeae^, and (2) a taxonomic
revision of Eysenhardtia H.B.K.

Bameby (in litt.) states that the tribal name, derived from a
genus with an "ea" ending, should have "eeae" ending; hence Daleeae from
Dalea and Psoraleeae from Psoralea.
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DALEEAE AND PSOEALÉSAE: REVIEW AND DELIMITATIONS
Taubert (1894) recognized 10 tribes within thé subfamily Papilionoideae.
Among these, the Galegeae represent a diverse assemblage within which
Taubert included seven subtribes. One, the Psoraliinae, was elevated to
tribal status by Rydberg (1919-1920; 1928). He defined his Psoraleae^
primarily on the presence of secretory cavities ("glands") and the one(few)-seeded, coriaceous or chartaceous indehiscent pod.

Isely (1958)

supported Rydberg's proposal, stating that: "... the unity of Psoraleae
is further suggested by trends from one genus to another within the total
complex."
Hutchinson (1967) divided the Psoraleae (Psoraliinae sensu Taubert)
into two tribes: the Daleae with four genera (Dalea, Petalostemon, Thornbera,
Kuhnistera), and the Psoralieae (or Psoraleae; Hutchinson's spelling is
inconsistent) with 18 genera. The latter tribe includes not only the
ubiquitous Psoralea and allies, but also the less closely related
Eysenhardtia and relatives: Amorpha, Parryella and Apoplanesia.

Hutchin

son distinguishes the tribes on the basis of the following characters:
(1) Daleae -- petals inserted on or adnate to the staminal sheath; fruit
enclosed by a persistent calyx; leaves pinnate or pinnately trifoliolate,
(2) Psoraleae -- petals neither inserted on nor adnate to the staminal

The spelling of tribal names vary to conform to the spelling used
by each author.
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sheath; fruit not enclosed by the calyx; leaves digitately foliolate, some
times unifoliolate (rarely pinnate).
Barneby (unpublished manuscript: "Redefinition of Fabaceae tribe
Daleeae Hutchinson and its genera Psorothamnus Rydberg, Marina Liebmann,
and Dalea Lucanus") suggests that the Psoraleeae sensu Barneby is phylogenetically distinct from and perhaps not even close kindred to the Daleeae.
He distinguishes the two tribes as follows: "The growth of the stem in
Daleeae is determinate, the arrangement of inflorescence is cymose and
centrifugal; in Psoraleeae the growth of the stem is indeterminate, the
arrangement of the inflorescence racemose and acropetal." Secondly, "The
leaf of Daleeae is basically a pinnate one and remains uniformly pinnate
in all genera except Psorothamnus, Marina and Dalea. In each of these
three genera some species are characterized by leaves either pedately or
palmately trifoliolate, in two Marina and several Psorothamnus they are
further reduced to the terminal leaflet.

All of the trifoliolate Daleeae,

however,have existing close relatives with pinnate leaves, and their origin
by parallel reduction, is hardly in doubt.

On the other hand the basic

leaf-pattern of Psoraleeae appears to be trifoliolate, either palmately
or pedately, but subject to numerous modifications. . ."
I concur with Barneby in conceiving of the Daleeae as a natural
unit. Specifically, it includes those genera which I believe to be closely
related to Eysenhardtia (Amorpha; Apoplanesia; Dalea; Petalostemon;
Errazurizia; Marina ; Psorothamnus) these relationships constitute the
first part of this exposition.

4

I cannot agree with Barneby's second hypothesis — that the Psoraleeae
and the Daleeae may be of distant kinship. The relationship of the two
groups seems strongly indicated because of the characters in common
(ovules one to few, fruits not valvately dehiscent, secretory cavities
present, etc.,) that were employed by Taubert (I.e.) at the subtribal
level and by Rydberg (I.e.) at the tribal level.

Also, Lersten and Wemple

(1966) have demonstrated the presence of a break in the vascular connections
to the flower (the discontinuity plate). This structure, present in all
genera of the Psoraleae sensu Rydberg, is apparently unique in this group;
extensive sampling failed to reveal it in any other genera of the
Leguminosae.
Although cut from a common evolutionary mold, these groups do possess
numerous points of distinction. The Daleeae have a series of ovule number
reductions (few-one), aneuploid chromosome number reductions (10-8-7), and
corolla modifications; the Psoraleeae have none of these. The Psoraleeae
in turn are characterized by numerous types of secretory cavities (Moore,
in litt.) and several discontinuity plate modifications (Wemple and Lersten,
1966); the Daleeae are consistent for these characters. The Psoraleeae are
also characterized by one-celled trichomes, multicellular stalked glands,
and a calyx epidermis that does not possess calcium oxalata crystals. By
contrast, the pubescence of the Daleeae is bicellular, the stalked glands
are lacking, and I consistently found calcium oxalate crystals in the
calyx epidermis of those specimens examined (136 of approximately 240 known
species). Whether these differentiae are significant at the tribal or
subtribal level is a matter of judgment. Characters of the two groups
are summarized in Table 1.

Table 1.

A comparison of the contrasting features of the Daleeae and the Psoraleeae
Daleeae

Character

Psoraleeae

Inflorescence

Terminal; the apical meristem is
used up in the production of the
first Inflorescence

Axillary; the apical meristem con
tinues to produce vegetative tissues

Leaves

Basically pinnate; three genera
have limited derived trifoliolate
or unifoliolate blades

Basically trifoliolate ; with numerous
modifications

Calyx crystals

In the epidermis of all species
checked

In the subepidermis of all species
checked

Leaf epidermal
cyrstals

In three of the eight genera

Absent in all species checked

Secretory cavities
"glands"

All of the "open space"^ type

Various types; "open space", "tent
pole"^,"stalked"

Discontinuity plate

Always present; usually large

Absent, small or large

Chromosome number

3c= 10, 8, 7

x,= 11, 10

Ovules

Few ; two; one

One

Pubescence

Bicellular hairs

Unicellular hairs

^ These have no intrusive cells in the cavity.
^ These have elongate cells across the cavity (Moore, in litt.).
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CHARACTERISTICS AND RELATIONSHIPS OF THE DALEEAE
Tribal Relationships
Hutchinson (1967) attributes secretory cavities or glands to the
following papilinoid tribes: all genera of the Cajaneae, Daleae and
Psoraleae; the Indigoferae and Petrocarpeae In part; and in one or two
genera only in the Phaseoleae (Adenodolichos), Brongniartieae (Harpalyce),
Aeschynomeneae (Poiretia), Millettieae (Schefferodendron and Terua) and
Tepherosieae (Tephrosia).
The secretory cavities of all genera of the Daleeae are of the open
space type (these have no intrusive cells in the cavity). This open space
type of cavity seems to be unique to the Daleeae and limited members of
the Psoraleeae; the Daleeae lack the tentpole type (those with elongate
cells across the cavity) of the Psoraleeae (Moore, in litt.).
Five tribes (Psoraleeae, Daleeae, Pterocarpeae, Lonchocarpeae and
Lespedezeae sensu Hutchinson) of the papilinoid legumes are characterized
by an indéhiscent legume with one to two ovules. The only genus outside
the Daleeae and Fsoraleeae that has this type of fruit and also has glands
is Centrolobium (Pterocarpeae). Other tribes (Sophoreae, Hedysareae and
Desmodieae) may rarely have only one ovule.
The ovule number in the Daleeae is normally two; however, it deviates
in two genera. Marina has one ovule and Psorothamnus may have three or
more ovules (Bameby, in litt.). Other reports (the initial descriptions)
of deviation from the norm of two ovules (e.g., Evsenhardtla spinosa and
Apoplanesia paniculata) are erroneous.
The base chromosome number of ten usually also sets the Daleeae and
Psoraleeae apart from most other papilionoid tribes. Otherwise only
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Taubert's Dalbergieae (tribe) and Stylosanthinae (subtribe) also typically
have a base number of ten.
Generic Delimitations
The evolution of generic concepts among the representatives of the
Daleeae and Psoraleeae trace to preLinnaean botany. Among the contributions
of numerous authors, the works of Linnaeus (e.g., 1754), De Candolle (1825),
and Bentham and Hooker (1862-67) are the major syntheses landmarks.
Taubert's (1894) summary for "Das Pflanzenfamilien" is primarily an expan
sion of Bentham and Hooker dogma, but it is the starting point for nearly
all 20th century workers.

The generic delimitations of most manuals (even

modem ones) trace directly (or through secondary sources) to those of "Das
Pflanzenfamilien." This review, therefore, starts with Taubert.

His view

points and those of three subsequent significant contributions are summa
rized below through presentation of the author's key and brief commentary.
One who has used regional manuals for distinguishing leguminous genera
will find Taubert's interpretations reasonably familiar; the usual genera
are there and they are distinguished by the yet conventional characters:
ovule number, petal number specialization and location (whether arising
from the staminal column or not), stamen number and degree of association
of the seed with the pericarp (see following key). The only obvious error
is the assumption that Apoplanesia has but one ovule. It has two; Taubert
was probably mislead because it was originally described as having only one.
Key to the Genera of the Galegeae-Psoraliinae
(Taubert, 1894)3

Free translation.
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A. Fruit with only one ovule.
1.

Seed attached to the pericarp.
unspecialized

Calyx lobes entire, flower
240. Psoralea.

2. Seeds free in the pod.

B.

a.

Calyx lobes entire; flower thick, enlarged, lengthy, expanded
star-shaped. Shrub
241. Apoplanesia.

b.

Calyx lobes tooth-ciliate; flower scarcely specialized.
Annual
242. Marina.

Fruit with 2, seldom with 3-6 ovules.
1. Petals 0 or 1.
a.

Petals absent; stamens free

243. Paryella [sic].

b. Standard present; wings and keel absent; stamens monadelphous
at base
244. Amorpha.
2. All 5 petals present.
a.

Stamens 10, seldom 9.
(1) Petals free; vexillary stamen free. 245. Eysenhardtia.
(2) Standard free, the other four petals arising from the
stamen tube; stamens monadelphous at base
246. Dalea.

b.

Stamens only 5, the petals opposite them
,. ,
247. Kuhnistera.

Rydberg (1919-20) in his treatment of the Psoraleae basically follows
Taubert and employs many of the same characters to distinguish generic
groups (see following key), He differs in fragmenting the two larger genera
(Psoralea and Dalea) and in the use of some "American Code" names (e.g.,
Parosela instead of Dalea).

Rydberg's generic units have been little taken

up by subsequent workers, although his generic concepts in the Psoraleae,
particularly those split from Taubert's Psoralea, may have considerable
merit (Isely, 1958).
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Key to Genera of the Psoraleae
(Rydberg, 1919-20)
Petals distinct from the staminal tube, inserted on the hypanthium.
Ovary 1-ovuled and pod 1-seeded.
Calyx-lobes not much enlarging in fruit, erect; corolla papilio
naceous.
Pod indehiscent.
Plants shrubby, with spinescent-tipped leaflets; leaves
odd-pinnate with a sessile terminal leaflet or 3-foliolate.
1. Psoraleae.
Plants herbaceous or shrubby, with innocuous leaflets.
Pericarp adherent to the seed; leaves pinnately 1-3
foliolate; introduced genera.
Pod conspicuously glandular-warty, with a short
persistent beak; leaflets coarsely dentate.
2. Cullen.
Pod not conspicuously warty, with a long flat
beak, which ultimately breaks off; leaflets entire3. Asphalthium.
Pericarp not adherent to the seed; indigenous genera.
Leaves pinnately 3-foliolate.
Pod coriaceous or bony, cross-wrinkled, neither
hairy nor included in the calyx.
4. Orbexilum.
Pod membranous or leathery, not cross-wrinkled,
hairy, included in the calyx.
5. Hoita.
Leaves digitately compound.
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Pod crescent-shaped, flat, cross-ribbed; claw
of banner twice bent.
6. Rhytidomene.
Pod orbicular to oblong-ovate, slightly
compressed, glandular-dotted but not crossribbed; claw of banner straight to the base
of the blade.
7. Psoralidium .
Pod circumscissile or bursting irregularly; beak long;
leaves digitately compound, or the median leaflet petioled,
and if 3-foliolate apparently pinnate.
8. Pediomelum.
Calyx-lobes much enlarging and spreading in fruit, reticulateveined; corolla scarcely papilionaceous, all petals distinct;
shrubs, with odd-pinnate leaves and many leaflets9. Apoplanesia.
Ovary 2-6 ovuled.
Filaments distinct, or united only at the base; corolla wanting or
reduced to the banner only.
Banner wanting; stamens free.

10. Parryella.

Banner present; stamens united at the base.
11. Amorpha•
Filaments united more than half their length into an elongate tube
split on the upper side; corolla usually present.
Pod flat, exserted; stamens diadelphous.

12. Eysenhardtia.

Pod turgid; stamens monadelphous.
Corolla scarcely papilionaceous; petals all free and nearly
clawless; stipules spinescent.
13. Psorobatus.
Corolla papilionaceous; petals clawed and those of the keel
usually adnate or coherent.
Pod exserted; flowers pedicelled. 14. Psorodendron.

11

Pod not exserted; flowers sessile.
15. Psorothamnus.
Petals, except the banner, adnate to or inserted on the staminal tube.
Wings and keel-petals distinctly clawed, inserted some distance below
the mouth of the staminal tube, the keel-petals (if present) inserted
higher up than the wings, the former usually united along the lower
edge of the blades.
16. Parosela.
Wings and keel-petals alike, clawless or short-clawed, all distinct
and inserted at the mouth of the staminal tube; spikes dense, with
persistent bracts.
Stamens 10, rarely 9.

17. Thombera.

Stamens 5.
Banner much broader than the other petals; calyx-lobes not
much if at all exceeding the tube; spikes not involucrate.
18. Petalostemon,
Banner similar to the other petals but long-clawed; calyxlobes about 3 times as long as the tube, plumose; spikes in
volucrate, i.e., subtended by many conspicuous empty bracts19. Kuhnistera .
Isely (1958) although discussing only the U.S. members of the
Psoraleae treats seven genera (see following key). Operationally he
essentially adheres to Taubert's concepts, but considers alternative
interpretations. From the pragmatic standpoint, tha keys are more polished,
and are better adapted to the North American genera.

For example, a simple

major break is in the separation of the herbaceous members (Psoralea,
Petalostemon and Dalea, in part) from the woody ones, whereas this dis
tinction is not used by Taubert.
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Key to Genera of the Psoraleae
(Isely, 1958)
Plants woody.
Petals all absent; flowers appearing yellowish. . . .Parryella.
Petals (at least one) present; flowers not yellowish.
Only purple standard present; occurring in much of the United
States
Amorpha.
All five petals present, various in color; not found in eastern
states.
Flowers white; scarcely papilionaceous; pods straight or
falcate, well exceeding calyx
Eysenhardtia.
Flowers usually not white, papilionaceous; pods mostly scarcely
exceeding calyx
Dalea (in part).
Plants herbaceous.
Petals free from androecium; pod usually exserted from
calyx; leaves palmately compound or pinnately trifoliate
Psoralea.
Claws of wings and keel (or petaloid structures replacing
them) adnate to androecium; pod included in calyx or
slightly exserted; leaves odd-pinnate.
Functional stamens 9-10; wings and keel arising
laterally from stamen tube
Dalea (in part).
Functional stamens 5; petaloid structures arising at
apex of stamen tube
Petalostemon.

Bameby (in litt.) ushers in a new era. He provides documented
response to some of Isely's queries. Initially he discerns a perhaps basic
inflorescence difference which breaks Taubert's Psoraliinae into two tribes.
Those species with indeterminate inflorescences represent the Psoraleeae.
The larger remainder (ca. 220 species) with determinate inflorescences
constitute the Daleeae. This tribe includes eight genera: Amorpha,
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Apoplanesia^ Dalea (including Petalostemon), Errazurizia (including
Psorobatus Rydb.)» Eysenhardtia, Marina, Parryella and Psorothamnus.
His Daleeae are limited to the new world. The Psoraleae are bihemispheric
with primitive representation (woody Psoralea) and probable origin in the
old world (Africa).
Within the Daleeae, Barneby has so revamped generic lines that one
accustomed to the familiar concepts of Taubert finds himself in a new
world. The major alterations relate to Dalea and its immediate satellites;
the classic Petalostemon (now a subgenus of Dalea) is gone; contrariwise,
the monotypic Marina is expanded into a genus of 38 species including those
erstwhile daleas with a single ovule and always pedicellate flowers. At
a less spectacular level Errazurizia is enlarged and provided a coherent
definition. Psorothamnus includes two of Rydberg's fragment-genera
(Asagraea and Psorodendron) as well as primitive Dalea (petals arising
from the hypanthium).
Key to the Genera of Tribe Daleeae
(Barneby, in litt.)
Petals 0-5, if 5 then the inner pairs like the banner inserted on the rim
of the hypanthium, if some or all petals lacking then shrubs, or the flower
pedicellate, or both, if only the banner present then this cuneately con
tracted into a broad claw:
Corolla either imperfect, the wings and keel or rarely all lacking,
or if perfect and 5-petalous then not conventionally papilionaceous,
the blades of the innermost pair not adherent by their exterior margins
so as to contain the androecium but radially spreading distally so as
to expose the anthers; blade of banner cuneate; inner petals, when
present, white or yellow:
;

Calyx-teeth shorter than or equalling the tube, essentially un
changed from full anthesis onward; leaf-pulvinus and petiolules
not glandular-pustulate:
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Flower either 5-petalous or apetalous, not reduced to the
banner alone (or if so, as rarely in Errazurizia, the banner
itself vestigial, included in the calyx, yellowish, and
dorsally pubescent):
Calyx pedicellate, small, 2.5-4 mm long, its teeth mostly
deltate-triangular and less than 1 mm long; petals (when
present) white, nearly twice to more than twice as long as
the calyx; shrubs and small trees of Mexico, s.-w. United
States, and Guatemala:
Corolla -"rfect, 5-petalous; leaflets of ovate or
lanceolate type, visibly penninerved; range as given
(+ 10 spp.)
Eysenhardtia H.B.K.
Corolla lacking; leaflets of linear-involute type,
costate but otherwise nerveless; high sandy deserts of
s.-w. United States (1 sp.)
Parryella Gray
Calyx sessile, large, mostly 5-10 mm long, the teeth ovate,
foliaceous, mostly 2-3.5 mm long; petals (absent in one sp.
of n. Arizona) yellow, little exserted, not over 1.5 times
as long as the calyx; low shrubs, with broad, penninerved
leaflets, beside the one mentioned of maritime habitat
(fog-desert) in Baja California, Sonora, and Chile (4 spp.)
Errazurizia Phil.
Flower 1-petalous, the corolla reduced to an obovate-flabellate
banner, this (often purple, blue, indigo) exserted, arched
forward, marginally infolded so as to embrace the base of the
androecium but not surrounding the anthers, glabrous dorsally;
leaflets mostly of broad type and visibly penninerved; shrubs,
sometimes stoloniferous and suffrutescent, highly developed in
non-glaciated e. United States, extending in diminishing numbers
and variety across the prairie states into n.-centr. Canada,
and through s. United States to n. Mexico and the Pacific slope
in California (t 20 spp.)
Amorpha L.
Calyx-teeth 3-5 times as long as the tube, early accrescent and in
fruit becoming stiffly papery, recurved-ascending, the fruiting
calyx resembling a shuttlecock and taking flight like a dipterocarp;
small trees with imparipinnate leaves, the leaflets alternate and
borne on petiolules glandular-pustulate like the leaf-pulvinus;
petals almost as Eysenhardtia; s. Mexico to Venezuela (1 sp.)
Apoplanesia Presl
Corolla perfect, 5-petalous, papilionaceous, the blades of the keel
narrowly overlapping by their exterior margins and adherent by their

!
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faces, at full anthesis enclosing the androecium; banner differentiated
into a slender claw and broad, basally cordate blade; petals all pink
or purple; shrubs, of s.-w. United States and n.-w. Mexico, of desert
habitat, one arborescent, one stoloniferous; flowers inostly pedicellate;
ovules 2, rarely several; x = 10 (9 spp.)
Psorothamnus Rydb.
Petals normally 5, the two inner pairs epistemonous, if one or both inner
pairs lacking then the plant annual, and the calyx sessile, if only the
banner present this contracted into a linear claw:
Ovule solitary; flower always pedicellate; ribs of
calyx not confluent distally into pointed arches
produced into a mucro or subulate to caudate tooth
but tapering out into a flat, herbaceous blade and
appearing externally in the form of alternating I
and Y; leaflets, always above and usually both sides,
marked with sinuous, pallid lineoles ascending from
the midrib at an oblique angle; hairs of the calyx
and herbage (sometimes absent) not spirally twisted
and not fulvescent when dry; x = 10; shrubs and
herbs, perennial and monocarpic, of Mexico, 2
reaching s.-w. United States, 2 extending into
centr. America (38 spp.)
Marina Liebm.
Ovules 2, collateral (but only one maturing into a
seed); flower commonly sessile, but pedicellate in
a few spp.; ribs of calyx commonly confluent dis
tally into a gallery of pointed arches, the point
of each arch leading to a calyx-tooth and excurrent
as a distinct mucro (if this character obscure the
calyx strictly sessile); leaflets green or minutely
pallid-dotted, but the dots never confluent into
lineoles; hairs of calyx (always present at least
around and within the orifice) and herbage (often 0)
spirally twisted, nearly always fulvescent when dry;
X = 7, rarely 8; sympatric with Marina but extending
to s.-w. Canada, Florida; circum-Caribbean; s.
through the Andes from Colombia to n. Chile and
n.-w. Argentina; Galapagos Is. (t 160 spp.)
.
Dalea Luc.

My investigations at the generic level have concerned primarily those
genera most immediately related to Eysenhardtia (the Eysenhardtia line of
Figure 2) and the Marina problem.

I have not entered the Petalostemon-Dalea
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controversy because it has been investigated in depth by Wemple and
Lersten (1966) and Wemple (1970) as well as by Barneby. Within the
Eysenhardtia group, the major genera (Amorpha, Apoplanesia and Eysenhardtia)
have been little modified by the above sequence of concepts. The demimitations of the specialized and conceptually hazy Parryella and Errazurizia
have been slightly changed from worker to worker primarily by the simple
addition and subtraction of species.
My studies concerning generic delimitations of Eysenhardtia and its
immediate relatives clarifies the distinctions between these genera, and
validates certain of alternative interpretations. However, it results in
no major conceptual changes. My studies of Marina support Barneby's
position.
Nature and Distribution of Crystals
Methodology
Flowers, fruits and leaflets of all available species of Daleeae (ca.
130 species), Psoraleeae and limited members of other tribes were cleared
in NaOH and chloral hydrate, dehydrated in alcohol and mounted (Brady et
al., 1964; Shobe and Lersten, 1967). The clearings were run in mass by
using hard plastic ice cube trays with holes melted in the bottom to
allow solvents to move freely and still retain the specimens. The trays
were placed in a flat baking dish covered with a sheet of glass (Horner
and Arnott, 1961).

Cleared leaflets and flowers from each species were

treated in two of the three following ways. Part of the material from
each species was (1) unstained or (2) stained in safranin-fart green and/or
(3) stained in chlorazol black-E.
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The chlorazol (one-two minutes) was used to stain the area around the
crystals. It was also used to stain the epidermis.
by repeated dippings (four-six) into the stain.

This is best observed

This allowed a surface

build-up of the stain much greater than that on the internal features.
I tested the hypothesis that the crystals are calcium
oxalate using the following methods. Material was prepared for observation
in polarized light by following the normal clearing technique.

It was then

washed, divided into four parts and placed into one of the following
solutions for 48 hours: concentrated nitric acid, hydrochloric acid, and
acetic acid as well as water. Wet mounts were then observed for crystals
under both normal and polarized light. The persistence of crystals, as
shown through polarized light, in weak acid and absence in strong acids
indicates the presence of calcium oxalate.
Since the crystals were easier to see after staining, determinations
in Table 2 are all from stained material. All calyces on each slide were
examined to see that they appeared to be uniform, then one calyx was
selected at random for crystal counts. From a random area near the base
of the calyx I selected an area of 100 cells, from which the number of
crystal bearing cells was counted. Among the species of Eysenhardtia, 10
to 15 of these areas on different slides were counted. Each slide was
from a different collection.
Location and nature of the crystals
Intracellular crystals may be found in three areas: epidermis,
mesophyll or subepidermis, and bundle sheath.
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Crystal shape. These are normally rhombohedral (six sided) crystals
that are slightly broader near the middle (Figure 7-C). Viewed from the
end, the crystals appear as flattened diamonds (Figure 8-1). The epidermal
crystals are aligned so that they are usually viewed from the top; those
of the mesophyll, however, are normally seen from the end.
Crystal composition. The standard test for calcium oxalate is to
treat the material with both strong and weak acids (Chamberlain, 1932).
Calcium oxalate will dissolve in a strong acid, but will not dissolve in
a weak acid. Crystals under investigation apparently failed to dissolve
in strong acid (normal light observation); staining indicated that something
was still there. Acting on the hint that calcium oxalate crystals are some
times surrounded by crystal-sacs (Haberlandt, 1914), or cellulose sheaths
(Heintzelman and Howard, 1948), and that these might be the chromatic
substances, I repeated the tests substituting polarized light for normal
light. The latter observations showed clearly that the crystal portion
was gone subsequent to treatment with strong acid, but still present when
material was treated with weak acid or water.
Haberlandt (1914) discussed crystals and their housing as
follows: "The vast majority of the genuine cyrstals that are found in
vegetable tissues consist of calcium oxalate. Small quantities of this
compound occur in the most diverse tissue-elements.

But there are also

special crystal-sacs or -reservoirs characterized by the fact that calcitmoxalate crystals always form the bulk of their contents and often fill
their cavities completely, or nearly so."

Heintzelman and Howard (1948)

state that the sheaths around similar crystals in the Icacinaceae are
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cellulose. If this is also the case in the Leguminosae, it can explain
the intense staining observed even after the strong acid treatment.
The crystals discussed above are calcium oxalate; this agrees with
Buss (1971) and Buss and Lersten (1972), who state that similar crystals
in the tapetum of numerous legumes are calcium oxalate.
Taxonomic Implications of Crystal Presence
and Distribution
Calyx crystals
Crystals are present in the calyx epidermis in all genera (all species
observed) of the Daleeae.

However, in the Psoraleeae, the crystals, when

present, are not in the calyx epidermis, but in the sub-epidermis. A few
other papilionoid genera were sampled (Eriosema, Parochetus, Glycyrrhiza,
Ononis, Astragalus, Medicago, and Trifolium); none possessed calyx epidermal
crystals.

Are calyx epidermal crystals unique in the Daleeae?

The sampling

is, of course, too incomplete for definitive response.
In Eysenhardtia. the percentage of crystal-bearing cells is of no
taxonomic value at the species level (Figure 7,8,9). On the other hand,
the proportion of cells with crystals may be helpful in determining subgeneric relationships and in distinguishing some species within Dalea
(Table 2).

Besides proportional variation, positional differentiation of

crystals is also present in some species of Dalea. For example, Dalea
thompsonae (Vail) Willd. has no crystals in the epidermis of the calyx
tube, but there are crystals in the epidermis of the calyx lobes.
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Leaf epidermal crystals

Similar crystals may also be found in the leaf epidermis.

Unlike the

calyx crystals, those in the leaf epidermis occur in only three of the
eight genera of the Daleeae (46 of 130 spp.)-

In Eysenhardtia, only E.

parvifolia and a suspected hybrid has leaf epidermal crystals.

In

Psorothamnus, two (P. schottii and P. spinosa) of the six species available
for clearing had leaf epidermal crystals. In Dalea, 43 of the 72 species
checked had such crystals. Of these 72 Dalea species, 26 were of Petaloste
mon -- a segregate of Dalea sensu Barneby (in litt.). Only four of
the 26 Petalostemon species as delimited by Wemple (1970) did not have leaf
epidermal crystals (Table 2).
Weyland (1893) in his survey of the Galegeae lists five species in
the Daleeae with leaflet epidermal crystals.

He observed one species

(Dalea versicolor Zucc.) that was unavailable to me.

He described one

species (D. domingensis Dec.) which, differing from my observations, con
tained leaf epidermal crystals.

My material of D. domingensis also con

tained amorphic crystalline bodies (these appear to be many crystals fused
together); however, these amorphic bodies were located just below the
epidermis and net in the epidermis as reported by Weyland (1893).
Mesophyll and bundle sheath crystals
Crystals are also found in the mesophyll and bundle sheaths. The
mesophyll cyrstals, unlike those of the epidermis, are not uniformly
present or absent in all individuals of each species.

Numerous specimens

of each species of Eysenhardtia were examined. Mesophyll crystals were
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present in every representative of some species, but only in limited
representatives of others. The limited occurence of mesophyll crystals
was not random in E. polystachya, but is restricted to specific parts of
the range and is correlated with morphological variation.

This correlation

suggests hybridization with E. platycarpa, a species which uniformly con
tains crystals and is also found in this area.
Bundle sheath crystals are present in all genera sampled (enumerations
page 19) except Astragalus.

Obviously, bundle sheath crystals are of no

taxonomic significance in distinguishing the Daleeae from other papilionoid
tribes.

Floral Modifications and Variations
Discontinuity plate
The discontinuity plate was first noted in the Daleeae by Brady,
Wemple and Lersten (1964). They stated that all species of Dalea observed
contained this break in the vasculature.

It varied in shape and size from

one species to another, but was consistent from flower to flower within a
species.

Subsequently, Lersten and Wemple (1966) showed this plate to be

present in all genera of the Daleeae and Psoraleeae.
I was able to confirm the presence of a discontinuity plate in all
species of the Daleeae observed (all species in Table 2). The plate was
still visible in clearings of mature fruits, with attached calyces, as
well as in the floral clearings. Thus this character is consistent with
age.
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Table 2. Crystals in the Daleeae

Taxa®

Leaf
Leaf
% calyx
mesophyll epidermal epidermal
crystals® crystals^ cells with
crystals^

Collector

Amorpha
califomica
canescens
cyanostachya
fruticosa
georgiana
glabra
herbacea
laevigata
nana
nitens
paniculata
schwerini
texana
virgata

20
10
10
10
10
10
10
10
10
10
10
10
20
10

Thome & Smith 36,401
Monson 2,952
Henderson 53-1474
Tolstead 4-VIII-1933
Leonard & Moore 1720
Leonard & Radford 1469
Curtiss 6,664
Shinners 18,861
Cratty 559
Demaree 30,564
Shinners 18,986
Duncan 3637
Heller 1772
Pollard & Maxon 464

Apoplanesia
paniculata

10

Chantiola 23399

10
10
30

Isely & Wemple 9263
Isely 10,825
Welsh 727

Dalea
*albidum
albiflora
*arenicola

+
+

Symbols: - = crystals are not present; + crystals are present;
* = Some taxonomists consider these species to be in the segregate genus
Petalostemon; however, I have followed the current trend of making this a
single genus even though all combinations in this genus have not been pub
lished. (This is in no way an attempt to publish new names or new
combinations.)
^ See Materials and Methods.

23

Table 2.

(Continued)

Taxa

Dalea
aurea
brachystachys
*candidum
"''cameum
*caroliniense
carthagiensis
citridora
cliffortiana
*compactum
*decumbens
domingensis
emarginatum
enneandra
*epica
eysenhardtioides
*feayi
*flavescens
*foliosum
formosa
frutescens
*gattingeri
gigantea
*gracile
greggii
*griseum
hallii
inconspicua
jamesii
lachnostachys
1anata
lasiathera
lasiostachya
lemmoni

Leaf
Leaf
mesophyll epidermal
crystals® crystals®

-

+
-

+
+
+
+
+
+

+

-

-

-

-

+

+
+
-

-

+
+

-

-

-

-

-

+
+
+

+
+

-

-

+

-

+

-

-

+

+
-

-

+
+

-

-

-

-

-

-

-

+
+

-

-

-

+

% calyx
epidermal
cells with
crystals^

10
40
90
20
10
30
20
40
60
80
20
60
20
40
10
40
60
20
10
10
90
20
40
30
10
10
30
20
90
50
20
10
50

Collector

Wemple 233
Atwood 2061
Monson 2547
Isely 6703
Clewell 758
Curtiss 5374
Melhus 21-XI-50
Pringle 5256
Pohl 4974
Wemple & Jackson 599
Pringle 4061
Isely 10662
Thorne 14675
Welsh & Atwood 9990
McVaugh 22019
Bozeman 11,333
Barneby 15011
Mahler 6096
Isely 10,789
Isely 8,391
Barneby 14979
Melhurs & Goodman 3551
Isely & Wemple 9129
Atwood 2183
Wemple 434
Mahler 3714
Pringle 6233
Isely & Isely 8847
Isely 8388
Anderson 3187
Landers R-349
Pringle 6074
Isely 10,927

® Symbols; "t = crystals are rarely present or present only in limited
quantities.
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Table 2.

(Continued)

Taxa

Dalea
leporina
lutea
*microphyllum
^mollis
nana
naviculifolia
neomexicana
nigra
^obovatum
*occidentale
*ornatuin
pectinata
*phleoides
pilosissima
plumosa
pogonathera
polygonoides
*pulcherrimum
*purpureum
revoluta
*sabulicola
*scariosuma
scoparia
*searlsiae
seemanii
sericea
*stanfieldii
*tenue
*tenuifolium
thompsonae
triphylla
*villosa
viridiflora
wislizeni
wrightii

Leaf
mesophyll
crystals®

Leaf
epidermal
crystals^

-

-

+

-

-

-

+
+

+

-

-

-

-

+
+
+
+
-

+
+

-

-

-

+

-

+

-

+
+
+
+
+

-

-

-

-

+

-

-

-

+
+

+
+
+

-

-

-

+

-

-

+
+
-

-

+
+

% calyx
epidermal
cells with
crystals^

10
20
40
40
40
50
10
40
40
90
90
40
50
10
30
30
20
50
40
40
80
20
50
20
40
20
80
70
80
10
40
40
10
10
10

Collector

Albertson 224-73
Rzedo&rski 21449
Pringle 4325
Atwood 2363
Isely 8470
Pringle 6017
Isely 10781
Pringle 2494
McCart 8325
Morrill 940
Barneby 15065
Pringle 3835
Jackson & Wemple 713
Hess 6c Hall 543
Pringle 1754
Isely 10882
Anderson 3201
Wemple 402
Martin 92
Rzedowski 17,683
Bameby 14,986
Barneby 13842
Henderson 62-1133
Ogden s.n.
Orcutt 14-1V-1886
Pringle 4483
Mahler 3428
Shinners 15,007
Bameby 14,990
Welsh & Moore 7114
Pringle 4483
J.P.Smith 899
Pringle 6937
Wemple 219
Isely 8393
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Table 2. (Continued)

Taxa

Leaf
mesophyll
crystals®

Errazurizia
benthamii
rotundata
Eysenhardtia
adenostylis
orthocarpa
parvifolia
peninsularis
platycarpa
polystachya
punctata
schizocalyx
spinosa
subcorlacea
texana
Marina
alamosana
calycosa
capensis
catalinae
chrysorrhiza
crenulata
diffusa
dispansa
evanescens
filicifomis
goldmani
gracilis
grammadenia
greenmaniana
holwayi
maritima
melilotina
minor
minutiflora
neglecta

+
+
+
+

Leaf
epidermal
crystals®

% calyx
epidermal
cells with
crystals^

Collector

40
10

Haines & Hale (1939)
Bameby 14,441

10
10
10
20
10
20
10
20
20
10
20

Breedlove 7261
Barneby 5166
Lundelle 5,444
Brandegee (1889)
McVaugh 22,003
Waterfall 13,834
McVaugh 18,322
Ripley & Barneby 13,899
Shreve 9058
Purpus 1,191
Hinton 16,590

50
20
40

Ripley 14245
Pringle 3040
Wiggins 14523
Wiggins 17633
Brandegee 126
Ripley & Barneby 14033
Ripley & Bameby 13748
Nelson 4034
Carter & Ferris 3858
Rzedowski 16791
Gentry 5955
Ripley & Bameby 14832
Purpus 10360
Ripley & Bameby 14661
Ripley & Bameby 14695
Palmer 79
Ripley & Bameby 14560
Breedlove & Thome 18622
Ripley 14905
Ripley & Barneby 14625

40
20
20
50
80
40
10
80
40
30
90
50
40
90
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Table 2. (Continued)

Taxa

Leaf
Leaf
mesophyll epidermal
cyrstals® crystals®

Marina
nutans
oculata
orcuttii
palmeri

% calyx
epidermal
cells with
crystals

20

Collector

70
90
70
70
70

Breedlove & Kawahara 16809
Wiggins 17744
Moran 15554
Rose, Standley &
Russell 13536
Brass 14275
Wiggins 16818
Ripley & Bameby 13650
Ripley & Barneby 14575
Ripley & Barneby 14044
Laughlin 2745
Ripley & Barneby 13746
Ripley & Bameby 13686
Ripley & Bameby 14887
Carter 4464

Parryella
filifolia

10

Wooton 2656

Psorothamnus
califomica
emoryi
fremontii
polyadenia
schottii
spinosa

20
80
30
90
40
40

Isely 9,500
Raven 12,911
Isely 9,496
Beal 597
Massey & Hendrickson 1081
Rowntree 27-V-1937

30
20
20

parryi
peninsularis
procumbens
pueblensis
sarodes
scopa
spiciformis
stilligera
unifoliolata
vetula

40
50
80
80
20

+
+

+
+
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Variation of androecium and gynoeclum
The androecium is typically composed of a staminal tube that is
oblique and has a deep notch on the dorsal (standard) side. The ventral
unpaired filament is the shortest and the filaments increase in length
to the dorsal filament (the other unpaired one). The alternately long and
short pairs of filaments curve dorsally to form two ranks of anthers
(Figure 1-G, and 1-J). Parryella and Errazurizia rotundata differ in
having a shortened truncate tube (Figure 1-G, and l-I). Two other species
of Errazurizia have only nine stamens (Figure 1-F). The fused portion of
the filaments may be longer than the free part as in Psorothamnus and
Apoplanesia or the free part may be longer than the fused portion as in
Parryella. In Eysenhardtia. the free filament length is approximately
equal to the tube length in the smaller desert species and longer than the
tube length in the others (Figure 1-D,E). Species of Dalea have other
indentations (sinuses) in the stamen-tube besides the notch.
are where the epistemonous petals are attached.

These sinuses

Also a few species of

Dalea have gland-tipped anthers (Figure 1-J).
The pistil is normally pubescent and twisted or upturned. Glands
are present on the ovary of all genera, but the size and frequency of
glands vary from one species to another.

The bend of the style bears a

gland in two of the four species in Errazurizia and seven of the 11 species
of Eyaenhardtia (Figure 1-E). The stigma is large and capitate in
Eysenhardtia and three of the four species of Errazurizia.

In Apoplanesia

the stigma is capitate, but not as large as in Errazurizia.

Errazurizia

rotundata. like the six remaining genera, has a truncate or punctiform

Figure 1.

Variations In the androeclum and gynoeclum In some of the
Baleeae. The scale line below each drawing Is equal to one
millimeter.

A. Amorpha georgiana
Stamens attached to the base of the calyx and pistil.
B. Amorpha fruticosa
Stamen tube and pistil.
C. Aooplanesia paniculate
Pistil with capitate stigma, stamen tube viewed from the
side (note the notch) and stamen tube torn apart and
viewed from the top.
D. Eysenhardtia parvifolia
Stamen tube with part of the standard still attached
above the notch (where the shortest stamen is attached)
and pistil with a capitate stigma.
E. Eysenhardtia subcoriacea
Stamen tube and pistil with capitate stigma and a gland
on the bend.
F. Errazurizia benthamii
Stamen tube torn apart through the notch (nine stamens)
and pistil with capitate stigma.
G. Errazurizia rotundata
Stamen tube torn apart (ten stamens; without a notch) and
pistil with truncate stigma.
H. Psorothamnus califomica
Stamen tube and pistil.
I. Parryella filifolia
Stamen tube torn apart and partially unrolled; pistil with
typical truncate stigma and stamen tube (note absence of
notch) with pistil curving away from the anthers (the
stigma is flattened from pressing).
J, Dalea eysenhardtioides
Stamen tube (note glands on the apex of the anthers) and
pistil.
K. Psorothamnus emoryii
Stamen tube, with long fused portion and short free
filaments, and pistil.
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stigma (Figure 1-G).
Primitive and Advanced Characters
Within the Papilionoideae, the tribe Daleeae is a relatively ad
vanced tribe.

It is uniformly advanced in having glands, fused stamens,

indehiscent fruits and base chromosome number of x = 10. However, this
number has been changed in one genus (Dalea; x = 7 or 8) by aneuploid
losses.
For most characters the tribe Daleeae contains some members which are
primitive and others which are advanced.

The leaves are normally alternate

and pinnately confound (primitive), but some species of Dalea have the
leaves reduced to a single leaflet.
The primitive ovule number (many) is not represented in the Daleeae,
but Psorothamnus may have three or more ovules. The reduced ovule number
of two is common and one ovule is found in the genus Marina. The primitive
generalof the tribe are woody whereas the more advanced genera are
herbaceous (Table 3). Five petals are usual, but three genera have the
petals reduced to one or completely lost.

The stamen number, like the

petal nunber, is reduced within some members of the tribe. The tribal norm
is ten, but nine and even five are known in some of the more advanced
members.
Bameby regards the non-papilionoid flower as a primitive condition
in the Daleeae. Contrariwise, I view the slightly irregular flowers of
Eysenhardtia as derived from papilionoid ancestry. Thus I do not consider
the Eysenhardtia line (Figure 2> as a line in which the papilionoid flower

Table 3. Primitive and advanced characters of the Daleeae
Genus
Character

Dalea

Two or more ovules One ovule +

a

10 pairs of chromosomes Fewer than 10 pairs +

+

Keel blades imbricate in vernation Blades valvate +

+

Woody Herbaceous +

j
t

Petalostemon

Marina

5 petals 0-1 petal +
Petals sessile Petals epistemonous +

+

Calyx teeth plane herbaceous With point, setae or enlarged +

t

Raceme Spike +

t

Vexillum claw broad Linear claw with ovate-cordate blade + +
Stigma capitate Stigma truncate +
Style gland present Style gland absent +
Generic totals

+
+

6

8

3

0
3

2

5
1
5

® - Primitive.
+ Advanced.
^ 0 Number not known.
^ - Some species primitive; on others the structure is missing.
® * Structure not present.
t Some species advanced, others primitive.
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Psoroth«mnus Errazurizia

Genus
Amorpha Parryella

Apoplanesla

Eysenhardtia

0®
*d

3
2
6

1
3
6

3
0
7

3
0
6

2
0
8

0
1
9
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has developed independently.

Characters which are relatively primitive

in some members of the Daleeae and relatively advanced in others are
summarized in Table 3.
Phylogenetic Relations
In the Daleeae there are two primary evolutionary lines: (1) Psorothamnus-Marina-Dalea and (2) Eysenhardtia-Amorpha-Apoplanesia. Errazurizia
and Parryella seem to be reticulately related to both lines (Figure 2).
Dalea sensu Barneby is the most advanced (derived) genus. It is
also the largest genus and contains more species (t 160 spp.) than the
remaining seven genera (t 85 spp.). The reduction of the chromosome number
to eight and finally to seven is known only in Dalea. The only primitive
character of taxonomic significance, retained throughout the genus, is
the number of petals (five).

Although the number of petals has remained

constant, their location has been highly modified by the migration of
4 petals to the apex of the staminal tube (Wemple ,1970).
Marina, in general, is less advanced in that: (1) the chromosome
number is uniformly ten; (2) the inflorescence of Marina is a raceme, in
Dalea it is normally a spike; (3) the keel-petals are imbricate in verna
tion whereas in Dalea they are valvate (Barneby, in litt.)-

On the other

hand Marina is derived in having the ovule number reduced to one.

Reports

of ovule numbers other than two are confirmed only in Marina (one ovule)
and in Psorothamnus (three or more ovules).
Psorothamnus is primitive in having sessile petals and being woody
whereas Dalea and Marina have epistemonous petals. Dalea and Marina have

Figure 2. A proposed phylogeny of the Daleeae.
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Petalostemon

Dalea
'petals
eplstemonous

petals not\^
eplstemonous

Marina

Psorothamnus
Eysenhardtia

petals
Ieplstemonous

Errazurizia

petals not \
eplstemonous
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both herbaceous and woody members.

This sequence (Psorothamnus, Marina

and Dalea) is. generally consistent when looking at a summary of characters
and intuitively satisfying when observing herbarium sheets of the plants.
A second line, composed of Eysenhardtia, Apoplanesia and Amorpha,
also seem to be definitely related.

Eysenhardtia is the most primitive

genus in the tribe (See the Generic totals in Table 3).
Amorpha are only slightly derived.

Apoplanesia and

They have both lost the stylar-gland

(which correlating with other less advanced characters seems reasonably
regarded as primitive) as have some species of Eysenhardtia and Errazurizia.
Apoplanesia is derived in having a highly modified calyx.

Amorpha is

modified by having lost four petals (wings and keel).
Parryella and Errazurizia are somewhere between the two previous
lines and are probably more closely related to the more primitive members
of these lines. However, Parryella has lost all petals, and one of the
species of Errazurizia has suffered the same fate. Three species of
Errazurizia possess petals and a capitate stigma like that in Eysenhardtia
and Apoplanesia.

The other genera all have truncate stigmas.

The problem of placing Parryella and Errazurizia stems from the
reticulate nature of evolution within the tribe (Figure 2). This reticulate
evolution, though rendering a phenetic or phylogenetic tree an oversimpli
fication, constitutes reasonable evidence that this tribe is a natural
taxonomic unit.
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Genera Related to Eysenhardtia
Amorpha and Apoplanesla seem to be derived from Eysenhardtia or
Eysenhardtia-like stock, whereas Errazurizia and Parryella are but
slightly removed. Three of these genera have some type of corolla modi
fication. The loss of one or more petals is common to Errazurizia,
Amorpha and Parryella (Figure 4-B). In Errazurizia, the petals unlike
those of the other genera of this group, are thick and contain predominantly
yellow pigments.

Apoplanesia has five white petals as Eysenhardtia; the

two genera are distinguished on the basis of the specialized calyx of the
former (Figure 3-B and 3-C).
The leaflets of Apoplanesia, Parryella and Errazurizia might be re
garded as derived from those of Eysenhardtia: Apoplanesia, reduced in
number and expanded, possible adaptation to a mesic habitat; Parryella,
narrowed and thickened, xeric; Errazurizia, tomentose, also xeric.
Eysenhardtia contrasts also with the above genera in possession of
distinctly compressed rather than globose or turgid fruits (Figures 3, 4,
27, 31, etc.,). I am inclined to believe in this instance that the com
pressed condition is the derived one, but there is no hard proof.

Figure 3. Apoplanesia paniculata Presl.
Drawn from Palmer 967.
A.

Fruit.

B.

Flower; calyx lobes only slightly enlarged at this
stage of development.

C.

Calyx; fully enlarged.

D. Leaflet.
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Figure 4. Parryella filifolia T. & G.
A, C and E from C. C. Parry s.n. 1861.
B and D from Welsh et al 2206.
A.

Fruits.

B. Flower; stigma already curved away from
elongating filaments.
C. Calyx; numerous hairs on the inside of the lobes.
D. Distal portion of a leaf.
E. Leaf.
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EYSENHARDTIA H.B.K.
Taxonomic HistoryOrtega (1798) is the first to describe a member of this genus. He
calls it Viborquia polystachya after a Dr. Viborq.

He states that the

corolla is papilionaceous, the stamens are bifid at the base and the legume
is oblong, subfalcate, with one seed.
Kunth (1824) gives (a) the distinguishing characteristics (character
differentialis) and (b) the natural characteristics (character naturalis)
in his publication of Eysenhardtia, with which he honors Dr. Caroli G.
Eysenhardt. His genus is based on E. amorphoides, which is a taxonomic
synonym of E. polystachya (Ort.) Sarg.

Some of the distinguishing

characters Kunth lists are: calyx five-toothed, tubular-campanulate,
glandular-punctate; corolla pentapetalous, subpapilionaceous, cuneateclawed, free; stamens 10, diadelphous; ovary short stipitate; style hooked;
stigma obtuse; unarmed, branched trees with sub-imparipinnate leaves and
free stipules; the short pedicellate white flowers from terminal racemes.
De Candolle (Prod. II, 1825) describes the genus Varennea DC. and
relegates Viborquia Ort. to synonymy.

Therefore the types (H.B.K. and Ort.)

for all three genera (Eysenhardtia, Varennea and Viborquia) are derived
from one species: E. polystachya (Ort.) Sarg.
Torrey and Gray (1838) use the name E. drummondii for vegetative
material of a presumed new species of Eysenhardtia, but do not describe
it. This species is formally published by Scheele (1848) as E. texana.
Engelmann in Gray (1850) describes a remarkable new shrub (E. spinosa)
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from Chihuahua, Mexico. In 1853 Gray describes E. amorphoides var.
orthocarpa which was later raised to specific rank by Watson (1882).
Coulter (1891-94), Sargent (1891), Heller (1889-90), Hemsley
(1886-88) and Britton (1908) discuss the above taxa with varying interpre
tations of E. polystachya, E. orthocarpa and E. texana.
Brandegee (1911), in describing a new species, E. parvifolia, states
that it is an intricately branched bush nearest to E. spinosa, but has a
different pod. He also describes a Baja Califomian specimen (E. peninsularis); he had previously (Brandegee,1889) confused it with E. spinosa.
Pennell (1919) lists 14 species including seven new ones (E. reti
culata, E. angustifolia, E. platycarpa, E. punctata, E. schizocalyx, E.
subcoriacea and E. cobriformis). Standley (1922) enumerates eight
species, the classic E. polystachya and E. orthocarpa are placed under one
binomial. Rydberg (1928), Benson and Darrow (1944), Shreve (1951), Isely
(1958) and Hutchinson (1967) all characterize Eysenhardtia, but none of
them present new interpretations or characterize new taxa.
The name Eysenhardtia is used only once for a species of another genus.
Safford (1916) described Apoplanesia paniculata Presl (Figure 3) as
Eysenhardtia oliviana.
Materials and Methods
Herbaria
Herbarium specimens used in this study were borrowed from these
herbaria. Abbreviations are those of Lanjouw and Stafleu (1964).
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Abbreviations
ARIZ
CAS
DS
F
GH
ISC
LL
MEXU
MICH
MO
NY
P
RSA
SD
SMU
UC
US
UT

Herbaria
University of Arizona
California Academy of Science
Dudley Herbarium
Field Museum of Natural History
Gray Herbarium (2 types only)
Iowa State University
Texas Research Foundation
Universidad Nacional de Mexico
University of Michigan
Missouri Botanical Garden
New York Botanical Garden
Museum National D'Historié Naturelle
Rancho Santa Ana
San Diego Society of Natural History
Southern Methodist University
University of California, Berkeley
U.S. National Herbarium
University of Texas

Field studies
June and July of 1970 were spent in Texas, Arizona and Mexico observ
ing Eysenhardtia in the field.

Collections and field notes on five species

facilitated subsequent herbarium interpretations.

Flowering material was

unsatisfactory for meiotic determinations.

Hybridization
Mature plants did not bloom until they became pot bound and suitable
photoperiods were experienced. When flowers were produced, pollen was
transferred from flower to flower on an entire inflorescence of one plant
to see if the plant was self fertile. Pollen was also transferred from
flowers of one species to flowers of another species via a camel hair brush.
I made repeated brushings of some flowers carrying pollen from one or two
other species. Also pollen was transferred from Eysenhardtia spp. to
Parryella and from Parryella to Eysenhardtia spp.

I did not emasculate
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because the available species were sufficiently distinct that hybrids
could be distinguished if only the female parent were known.

Also I

wanted to see if there was a preference for selfing or out-crossing.
Fruits were collected when they began to turn brown and were stored
at room temperature for a few days.

The seeds were removed and scratched

to allow water to penetrate the seed coat.

The scarified seeds were

placed in a petri dish on a blotter saturated with distilled water. Seeds
normally germinated in three to five days and were placed in sand-topsoil
mixture. The young seedlings were maintained in high humidity conditions
(by keeping the pots in a shallow tray of water), and under low light for
four to six days. They were then placed in the greenhouse in the shallow
tray of water. Later they were repotted in five inch pots using a mixture
of three parts sand and two parts topsoil.
Chromosome counts
Chromosome counts were made on three species of Eysenhardtia and
the monotypic Parryella.
Buds collected in the greenhouse were immediately fixed in Camoy's
(anhydrous ethyl alcohol 60 cc, glacial acetic acid 10 cc and chloroform
30 cc) fixative and stored in the refrigerator until needed.

The buds

were washed in 70% ethyl alcohol, and anthers about 0.4 mm long teased
apart in propiocarmine. A coverslip was added and the anthers were
squashed. In most cases callose, in the walls of the microspore mother
cells, prevented good separation.

However, with correct pressure the

cells were acceptable for counting.
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The counts were made and the chromosomes were drawn using a Carl
Zeiss drawing apparatus. The size of the chromosomes were then cali
brated using a stage micrometer.

After drawing, the slide was then made

permanent using the liquid carbon dioxide freezing method of Bowen (1956).
Voucher specimens are filed in the herbarium of Iowa State University.
Table 4. Vouchers for chromosome determinations
Species

N

Collector
(greenhouse material)

10

Lang 4915

From herbarium sheet of
Ripley & Barneby 14,870,
Mexico, Mexico.

spinosa
Engelm.

10

Lang 4914

From herbarium sheet of
Ripley & Barneby 13,863,
Chihuahua, Mexico.

texana
Scheele

10

Lang 4916

Seed collected by Mayor
Casey at Leaky, Texas
1970.

10

Lang 4917

From herbarium sheet
ARIZ (seed voucher
lost).

Eysenhardtia
polystachya
(Ort.) Sarg.

Parryella
filifolia
T. & G.

Seed source

Clearings and crystal preparations
The cleared, unstained and safranin-fast green stained slides of
leaflets and calyces were used for studies of venation (in Eysenhardtia
only) and for polarized micrographs of the crystals, while chlorazol
black-E was used to stain the area around the crystals. For details of
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these methods of preparation see "Nature and Distribution of Crystals"
under the "CHARACTERISTICS AND RELATIONSHIPS OF THE DALEEAE."
Methods and measurements for computer studies
Computer analyses of data were undertaken, hopefully, to facilitate
ultimate interpretations. Within limitations of economic feasibility,
specific programs were chosen which, complementing one another might
suggest answers to the following questions:
(1) How many taxa are there in Eysenhardtia and at what level
should they be recognized?
(2) How are these taxa related?
intergrade?

Are they clear cut or do they

(3) What are the most useful diagnostic characters?
Putative taxa (OTU's) were established for the purpose of computer
processing. The enumeration following parallels that of Pennell since he
provides a rather complete characterization of exomorphic variance with
names.
OTU's

Pennell's taxa (1919)

1

E. adenostylis.

2

E. platycarpa.

3

E. punctata.

4

E. subcoriacea.

5

E. cobriformis.

6

E. reticulata & li. orthocarpa (in part).

7

E. orthocarpa (in part).

8

E. polystachya.
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OTU's
9

Pennell's taxa (1919)
E. texana & E. angustifolia.

10

E. spinosa.

11

E. peninsularis.

12

E. parvifolia.

13

E. schizocalyx.

The following methods were used to manipulate the available data:
analyses of variance, discriminant function, full normal plots, and cluster
analyses.
Analyses of variance were primarily used to select characters useful
for distinguishing the OTU's. These analyses contrasted the amount of
variation within taxa to that among the putative taxa.
Discriminant functions were also concerned with character evaluation.
However, discriminant functions, unlike the analyses of variance, were
used to distinguish between two taxa at a time. Here all possible pairs
of species were compared for all characters. The computations determined
which character(s) provided for most of the variation between species. Two
discriminant functions were calculated, namely: (1) measurements coded for
the standard deviation (X' = x/Sx) and, (2) measurements coded for the
means and standard deviation (X' = x-x/Sx). These two procedures provided
two levels of character weighting.
Full normal plots'^ were used as a means of evaluating the taxa in that
^ A full normal plot is a graphic method of determining if a set of
data follows a normal probability distribution function. Given a data set
of n random observations from any normal distribution, a full normal plot
is obtained by partitioning the (footnote continued on following page;
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the shape of the curves provided suggestions concerning their composition.
For example, if my E. texana actually included two taxa (as per Fennel1,
1919) I would have expected that some characters would not follow a normal
distribution.
A second, less important reason for using plots was to check the
accuracy of recording and punching the data.
The major computation to deterime relationships among taxa was cluster
analyses. I used cluster analyses based on the means of 20 characters
of each of the OTU's to provide suggested phenetic relationships among
them. First, all measurements were scaled on a 0-9 basis.

This scaling

causes loss of sensitivity in some cases, but gives equal weighting and
prevents characters with extreme ranges from dominating the analyses. I
used an IBM 360-65 computer and an appropriate program to perform computa
tions for the cluster analyses. In this program the measure of similarity
was computed using "V" variables as follows:

(footnote continued from previous page) standard normal curve into n
equal-area segments, obtaining the normal deviate (z-value) for the mid
point of each segment, and plotting the normal deviates (ordinate) against
the ordered data set (abscissa). The resulting plot will consist of n
points in the (+,+) quadrant equally spaced along a straight line at a
forty-five degree angle to the abscissa. Unequal spacing of the n points
and non-linearity, separately or together, indicate non-normality. For
example, a clustering of points toward the center of the line indicates a
data set which is symmetrically distributed but with too many values in
the middle of the distribution and too few values in the tails relative to
a normal distribution. Also, for example, a curving of the plotted line
indicates a skewed distribution even though the points may appear equally
spaced. One must remember that the laws of chance may operate to give a
random sample which indicates non-normality even though the population is
normally distributed, and vice versa.
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Let

= scaled, integer value for variable
measured on unit A.

i(i = 1,2,. . .,V)

b^ = scaled, integer value for variable
measured on unit B.

i(i = 1,2,. . .,V)

Min = minimum.
Min (a., b.) = a. if a.^b
- o l if \ > K
=» a^ if
= similarity coefficient of unit A to unit B
V
2 Min (ai, bj)
(ai + b^)
The similarity coefficients for all possible pairs of units were used to
form an agglomerative clustering scheme via the single linkage method of
cluster formation.
The analysis was first run without the calyx and fruit characters,
because of the numerous O's (absence of data). Later, ratios (leaflet
length/leaflet width; stipule length/stipel length), with the original
scaled measurements and without such measurements, were run to check the
utility of reducing two columns to one by forming a ratio.
Two minor computations were also performed. Order analysis was used
to check blooming dates for each species within each state. These were
compared to see if blooming dates of two sympatric species overlapped in
specific areas. The mean and standard deviation for characters 1-18 were
computed and graphed for rapid species comparison.
Characters for study were chosen from those used by previous authors
(Hemsley, 1868-88; Pennell in Rydberg, 1919; Standley, 1922) plus others
I felt might have taxonomic significance.
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Leaf, flower and fruit measurements, when over one millimeter were
made with a millimeter hand ruler.

Those one millimeter or less were made

with an ocular micrometer disk on a Bausch and Lomb steroscopic microscope.
Rather than attempting a random or "average" choice, the largest leaf,
flower et al. on each sheet was selected for measurement.
The hairs and glands per unit area were counted in a one millimeter
diameter circle. These were easier to count with side illumination.
Characters which were not numerical were coded. The stigmatic gland and
the gland on the fruit were coded on a scale of one to four; other characters
(stem color, calyx glands, and calyx pubescence) were coded on a range of
one to five.
The following characters, when present, were recorded for each
collection.
1. Leaf length (petiole and rachis).
2. Hairs per unit area (in a one millimeter diameter circle on a
mature leaflet).
3. Leaflet length.
4. Leaflet width.
5. Petiole length.
6. Glands per unit area (in a one millimeter diameter circle on a
mature leaflet).
7. Corolla length.
8. Fruit length.
9. Petiolule length.
10. Stipule length.
11. Stipel length.
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12. Calyx length.
13.

Calyx lobe length (maximum of the longest lobe).

14. Calyx glands (coded on a range of one to five: 1 = obvious and
protruding, 2 = obvious, 3 = noticeable, 4 = slightly notice
able and 5 = obscure).
15.

Calyx pubescence (coded on a range of one to five:
1 = pubescent, 2 = slightly pubescent, 3 = glabrescent,
4 = slightly glabrescent and 5 = glabrous).

16. Fruit width.
17. Glands on the fruit (coded on a range of one to four:
1 = noticeable on the tip, 2 » noticeable random, 3 = noticeable
at the base and 4 = obscure).
18. Gland on the style (coded on a range of one to four: 1 = large,
2 = medium, 3 = small and 4 = absent).
19. Date collected (the year vas divided into 36 parts).
20. Plant maturity (coded on a range of one to four: 1 = vegetative,
2 = flowering, 3 = flowering and fruiting and 4 = fruiting).
21. Elevation (in feet).
22. Habitat (Leopold 1950, 1953); dropped because of insufficient
data and similarity of many species.
23. Stem color (coded on a range of one to five: 1 = gray, 2 =
gray-brown, 3 = brown, 4 = brownish-black and 5 = black).
24.

Calyx-lobe length (maximum of the shortest lobe).

25. Location; by states outside the United States and by counties
within the United States.
26.

Ratio of leaflet width to leaflet length.

27.

Ratio of stipule length to petiole length.
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Observations and Interpretations
Cytology
Within the Daleeae, base numbers of x = 10, 8 and 7 are known. Only
Dalea differs from the x = 10 base number (Turner 1959: Turner and Fearing,
160a,b; Bameby, in litt.)
All species counted (Eysenhardtia spinosa, E. texana, E. polvstachya
and Parryella filifolia) had n = 10 (Figure 5). All of these, with the
exception of E. texana, are the first counts.

This does not agree with a

determination of Turner (1959) of n = 20 for E. texana. Turner's count,
when compared with mine, would indicate that Eysenhardtia texana, like
Amorpha fruticosa (Turner and Fearing, 1960a,b), possesses both diploid and
tetraploid races.

This polyploidy in E. texana could be contributing to

the wide range of morphological variation observed.
Crystals. In the Daleeae, only Eysenhardtia and two species of
Psorothamnus have calcium oxalate crystals in the mesophyll. In Eysen
hardtia. three species (E. adenostylis. E. platycarpa and
always contain numerous mesophyll crystals.

subcoriacea)

Two species, E. polystachya

and E. orthocarpa, usually intermediate for this character, may exhibit the
extremes (no crystals to many crystals). Eysenhardtia punctata has either
no crystals or very few crystals.

Eysenhardtia texana normally contains

no crystals, but a few specimens from the southern part of the range do
possess a few crystals. The four species from the dryer hatitats had no
mesophyll crystals.
The distribution of specimens of E. polystachya with crystals forms
a pattern which suggest that it has hybridized with the other available
species. Specifically the occurrence of E. polystachya with a high con
centration of mesophyll crystals is either in or near the area where the

Figure 5. Meiosis in Eysenhardtia and Parryella
The line is .01 mm long.
A. E. texana

Anaphase I.

B. E. polystachya

Diakinesis.

C.

E. spinosa

Metaphase I.

D. E. polystachya

Metaphase II.

E. P. filifolia

Metaphase I.
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crystal-bearing E. platycarpa is sympatric with it. On the contrary,
E. polystachya from areas where crystal-bearing species are not available
possesses few or no crystals.
Epidermal crystals, unlike those in the mesophyll, are constant for
a species.

Within Evsenhardtia. leaf epidermal crystals are confined to

E. parvifolia and a suspected hybrid between E. parvifolia and E. punctata.
These crystals occur singly in the cell vacuoles and generally occur in
two to four adjacent cells (Figure 7-g,h). These groups of crystal-contain
ing cells are distributed randomly throughout the epidermis of the blade.
Morphology
Stomata.

The stomata are generally more numerous on the lower leaf

surface. In Eysenhardtia platycarpa and E. adenostylis the only stomata
on the upper surface are near the main vein.

Compare Figure 8-h, which

was taken near the center of the blade, with Figure 8-k, which was taken
near the main vein. The stomata on the lower epidermis of E. platycarpa
and E. adenostylis are hard to see because of the mamillose epidermal cells
(Figure 8-g,j).
The subsidiary cells are of two of Esau's (1960) four types. Three
of the four smaller, xeric species (E. peninsularis, E. schizocalyx and
E. spinosa) have Type B subsidiary cells (Figure 7-a,b,d,e,j,k). Type B
(irregular-cell type or anomocytic) has subsidiary cells which are similar
to the remaining epidermal cells. The remaining species have Type C
(paracytic or parallel-cell type).

In Type C one or two rows of subsidiary

cells are parallel to the guard cells.

Figure 6. Eysenhardtia crystals and surface features.
A. E. polystachya. Lower epidermis; the stomata are
aligned toward the secretory cavity. From Waterfall
13834.
B.

E. polystachya. Upper epidermis; the subsidiary
cells vary from one to two rows. From Waterfall
13834.

C. E. polystachya. Calyx crystals; the stoma is also
visible (arrow). From Waterfall 13834.
D.

E. texana.

Lower epidermis. From Einton 16590.

E.

E. texana.

Upper epidermis.

From Hinton 16590.

F. E. texana. Calyx crystals. From Jones 342.
G. E. orthocarpa. Lower epidermis; the dark line is a
epidermal hair out of focus. From Barneby 5166.
H. E. orthocarpa.

Upper epidermis. From Knobloch 125.

I. E. orthocarpa. Calyx crystals. From Barneby 5166.
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Figure 7.

Eysenhardtia crystals and surface features.
A.

E. spinosa. Lower epidermis; stomata and bicellular
hairs. From Ripley and Bameby 13863.

B.

E. spinosa. Upper epidermis; subsidiary cells are
similar to other epidermal cells. From Ripley and
Bameby 13863.

C. E. spinosa. Calyx crystals. From Shreve 9058.
D. E. peninsularis. Lower epidermis; stomata are rarely
formed side by side. From Brandegee May 1st. 1888.
E.

E. peninsularis.
May 1st. 1888.

Upper epidermis.

From Brandegee

F. E. peninsularis. Calyx crystals (polarized light).
From Brandegee May 1st. 1888.
G. E. parvifolia. Lower epidermis; arrow marks crystal
bearing cell. From Lundell 5444.
H. E. parvifolia. Upper epidermis; arrow marks crystal
bearing cell. From Purpus 5075.
I.

E. parvifolia. Calyx crystals (polarized light).
From Purpus 5075.

J.

E. schizocalyx. Lower epidermis; subsidiary cells are
similar to other epidermal cells. From Reko 5220.

K. E. schizocalyx. Upper epidermis.
L.

E. schizocalyx.
From Reko 5220.

From Reko 5220.

Calyx crystals (polarized light).
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Figure 8.

Eysenhardtia czrystals and surface features.
A.

E. punctata. Lower epidermis.

From McVaugh 16272.

B.

E. punctata.

Upper epidermis.

From McVaugh 16272.

C.

E. punctata.

Calyx crystals.

D.

E. subcoriacea. Lower epidermis. From Rose and
Purpus 9822.

E.

E. subcoriacea. Upper epidermis.
Purpus 9822.

F.

E. subcoriacea. Calyx crystals. From Rose and
Purpus 9822.

G.

E. platycarpa. Lower epidermis; the stoma (arrow) are
almost hidden by the protruding epidermal cells.
From Rzedowski 17374.

H.

E. platycarpa. Upper epidermis; no stoma except
near the main vein. From Pringle 2731.

From McVaugh 16272.

From Rose and

I. E. platycarpa. Calyx crystals. From Pringle 2731.
J. E. platycarpa (annotated as E. cobriformis by Pennell).
Lower epidermis; for comparison with "G" above. From
Conzatti s.n. 1902.
K. E. platycarpa (annotated as E. cobriformis by Pennell).
Upper epidermis. From Conzatti s.n. 1902.
L. E. platycarpa. Mesophyll crystals (arrow); here the
crystals are viewed from the end. From Redowski 17374.

Figure 9-

Leaflet venation in Eysenhardtia.
All leaflets except the large one at "A" are at a
magnification of 6X. The larger leaflet at "A" is IIX.
A. E. parvifolia. From Lundell 1544.
B.

E. spinosa.

From Wilkinson 1885.

C. E. schizocalyx. From Stanford et al. 70.
D. E. peninsularis. From Brandegee May 1st 1888.
E. E. orthocarpa. From Rose 2268.
F. E. punctata. From Safford 1327.
G. E. subcoriacea. From Purpus 1367.
H. E. texana. From Sperry 227.
I. E. polystachya. From Rose 2450.
J. E. platycarpa. From Nelson s.n. 1848.
K.

E. adenostylis. From Breedlove and Raven 13288.
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Venation.

Von Ettinghausen's (1854) terminology was used

by Weyland (1968) when he described the general venation of the Psoraleae.
Weyland stated that Psoraleae (including Daleeae sensu Barneby) may have
brachydodromous, camptodromous, dictyodromous or mixed brachydodromouscamptodromous types. These all have a single midrib with lateral veins
weaker than the midrib. Eysenhardtia has brachydodromous, camptodromous
or mixed brachydodromous-camptodromous venation. In brachydodromous the
equally spaced lateral veins curve toward the leaf tip and connect to the
adjacent vein. These form loops near the leaf margins (Figure 9-E). In
the camptodromous type, primary loops form as in the brachydodromous, but
a secondary series of diminishing loops also are present toward the leaf
margin (Figure 9-H). The species with small leaflets (E. spinosa, E.
parvifolia, and E. schizocalyx) are of the brachydodromous type. The
species with large leaflets have the camptodromous or mixed brachydodromous-camptodromous type of veination.
Within these two basic types there are also subtle variations. The
most obvious of these are where the veinlets are absent in parts of the
E. punctata leaflets (Figure 9-F); this is caused by the large deeplysunken glands. This condition is slightly noticeable in E. subcoriacea
;ind to an even lesser degree in limited areas where E. polystachya is
sympatric with E. punctata.
The veinlets of E. spinosa, E. peninsularis, E. schizocalyx: and
E. parvifolia terminate in a bulbous (enlarged tracheids) tip (Figure 9-A
and 9-D).

Eysenhardtia schizocalyx and E. spinosa may exhibit both

bulbous and attenuate tips while those of E. peninsularis and E. parvifolia
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are consistently bulbous. The veinlets of the other species are attenuatetipped.
Ecolo%y
Little is known about the ecology of Eysenhardtia.
are adapted to areas of limited water supply.

In general they

The four smaller species

(e.g., E. spinosa, E. peninsularis) are able to survive in desert con
ditions. The larger species of Eysenhardtia are usually able to survive
in the drier regions by being restricted to the wetter areas (drainage
ways, arroyos, etc.).
Xeric adaptation may be manifested in several ways. As many desert
species^Eysenhardtia probably has extensive root development. I possess
but one specific,albeit striking,observation to this effect: E. texana
6-8 feet tall along washes where the roots had been uncovered to a depth
of 20 feet. The mass impression was that there was considerably more of
the plant underground than above. One notes further that E. texana is one
of the only moderately xeric kinds of Eysenhardtia. The small xeric species
are further characterized by reduced leaf development. All species
apparently have the ability to drop the leaves when a water stress occurs.
Eysenhardtia is found in five of Leopold's (1950, 1959) 12 zones
(Pine-oak forest. Chaparral, Mesquite-grassland, Desert, and Thorn forest).
These five zones make up approximately 75% of the total land area in Mexico.
Thus Eysenhardtia is capable of growing over much of the area of that
country presuming that specific micro-habitats are available. The zones
which contain Eysenhardtia excepting the Thorn-forest, are generally
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considered temperate because they normally experience frost. The rain
fall within these areas are quite variable (from 2 to 70 inches) from
zone to zone.
Table 5 shows that most of the species are confined to one or two
of Leopold's vegetation zones. The major exceptions are E. polystachya
which, morphologically and ecologically diverse, grows in three vegetation
zones, and E. orthocarpa which has developed two ecological-morphological
varieties.
The present distribution may not represent the true distribution
potential of the genus.

Benson and Darrow (1944, 1954) state that

Eysenhardtia is readily eaten by deer and livestock. This was evident
during my collection trip in Mexico. In many places, the goats had eaten
every thornless bush that they could reach. In some cases the herders
also chopped the tops out of large shrubs and small trees.

This extensive

overgrazing has probably eradicated many local populations.
Epiphytes and parasites

While collecting in Texas I noticed that

Eysenhardtia texana may be stunted or even killed by epiphytic growths of
lichens and Tillandsia recurvata L., of the Brooeliaceae.

The seeds of at

least three species of Eysenhardtia are eaten by rodents.

Many herbarium

collections of E. orthocarpa, as well as specimens of other species, have
a rust, Uropyxix holwayi (Arth.) Arth., on the leaves.

A weevil is found

in fruits of some species and other species contain insect larvae in the
floral buds. The presence of these larvae stimulate abnormal growth in the
bud. The petals are elongate and are fused on their margins. The androecium and gynoecium develop incompletely or not at all.
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Breeding behavior and biological notes
Presumably, species of Eysenhardtia normally outcross. However,
limited fruit set may be obtained in some species by selfing.

Pollination

in the field is normally accomplished by beetles and honeybees.
When grown under greenhouse conditions, the three species tested had
a much better fruit set under cross-pollination. I obtained seed from two
sources (Ripley 14870, Mexico and Ripley and Bameby 13333, Jalisco). Of
the two,only Ripley 14870 ever set fruits when selfed and this fruit set
was very limited. However when plants of this collection were pollinated
from the other E. polystachya or by E. texana, good fruit set occurred.
On Ripley and Barneby 13333 no fruit was formed after selfing. When crosspollinated by E. texana, every flower produced a fruit, but only a few of
these produced mature seeds. When pollinated by E. polystachya Ripley
14870, both good fruit and seed formation ensued.
In E. spinosa a greater percentage of fruit set was obtained by out
crossing than selfing, but the latter resulted in reasonable production
of fruit. Of 30 fruits from non-emasculated, cross-pollinated flowers, 27
were hybrids between E. spinosa and E. polystachya and only three were
selfs.

Crosses of E. spinosa with E. texana resulted in an approximately

equal proportion of selfs and hybrids. With respect to the assurance of
the above statements, the hybrids are easily distinguished where E. spinosa
is the female parent. Eysenhardtia spinosa

never has more than 17 leaf

lets. The hybrids between E. texana or E. polystachya and E. spinosa
normally show 21-31 leaflets per leaf by the sixth leaf. The habit is
also distinct; E. spinosa is decumbent whereas E. polystachya is upright.

Table 5.

The vegetation zones of Mexico; with the species of Eyaenhardtia normally
found in each (Leopold, 1950)

Zones

Temperate
Boreal forest
Pine-oak forest

Chaparral

Taxa

Approximate
area in
square
miles

Range of
annual
rainfall
in inches

.5
25.8

3,800
195,600

30-74
18-70

1.2

9,100

14-30

21.6

163,700

9-36

E. orthocarpa, parvifolia, peninsularis,23.1
schizocalyx, spinosa and texana.

175,100

2-15

.5
7.3
5,5

3,800
55,300
41,700

70-200
60-200
36-112

.9
9.1
3.2

6,800
69,000
24,300

34-100
24-60
16-34

1.3

9,800

12-28

E. adenostylis, platycarpa subcoriacea, orthocarpa and
polystachya.
E. polystachya and punctata.

Mesquite-grassland E, parvifolia, polystachya, punctata,
schizocalyx, spinosa and texana.
Desert

Percent
of total
land area

Tropical
Cloud forest
Rain forest
Tropical evergreen
forest
Savannah
Thorn forest
E. orthocarpa.
Arid tropical
scrub
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The hybrid is ascending and the branches, unlike those of either parent,
are virgate.
Although pollen fron plants of Parryella filifolia was added to
flowers of all three species of Eysenhardtia, no fruits or seeds were pro
duced from these attempted crosses. It seems that Parryella is genetically
as well as morphologically distinct from Eysenhardtia.

Economic uses
The larger species are used for items where a tight grained wood is
necessary or desirable, e.g., hammer, axe, and knife handles. Also many
plants are sacrificed for fence posts.
The species related to E. polystachya (those that form shrubs or small
trees) are sometimes used as diuretics. The common name for E. texana is
kidney wood. Safford (1915a, 1915b) states that Lignium nephriticum
(Eysenhardtia) has been used for kidney ailments. In the 16th, 17th, and
18th centuries, cups were made from the heart wood and it was believed
that merely drinking water from these cups would cure many ailments (in
cluding kidney stones). Plant material extracts of E. polystachya have
been shown to be of limited significance as a bactericide (Guerra et al.,
1946). Many herbarium labels mention that the native farmers often use
water troughs made from the wood (or place Eysenhardtia chips in the
troughs) for the prevention and cure of poultry epidemics.
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Statistical Observations and Discussion
The reader is referred to "Methods and measurements for computer
studies" for explanations of the computational procedures on which the
following are based.
Cluster analyses
The results (presented below) of the analyses are based on means of
20 characters of each of 13 putative taxa.
The processed data are presented in the form of dendrograms (Figures
10-15) which presumably suggest phenetic relationships among taxa. The
first dendrogram (Figure 10) includes all characters plus ratios; the
following ones are based on selected groups of characters.
Some diversity between the dendrograms not withstanding, the results
largely confirm my prior observational and intuitive classification. The
primary pairs are essentially those I believe to be related. For example,
E. adenostylis-E. platycarpa, E. subcoriacea-E. cobriformis, E. spinosaE. parvifolia and E. polystachya-E. texana are paired on all cluster
analyses. The four smaller species from drier habitats usually also fall
into a single group.
Even though E. peninsularis is known only from one specimen (and that
without fruit), its general relationships are not difficult to place. It
is plainly an isolated form of the small, desert complex of species, and
probably of closest affinity to E. spinosa-E. schizocalyx since all three
have a common type of subsidiary cells. This relationship is validated by
the dendrograms if fruits are deleted from consideration (Figures 11-13).
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Not surprisingly, dendrograms including fruits move E. peninsularis to
a secondary grouping with respect to the above species.
Fruit characters are possibly critical in interpretation of phenetic
relationships of E, punctata.

Dendrograms, including fruit characters,

show a general relationship within E. subcoriacea-E. cobriformis; other
wise its (E. punctata) position in the dendrograms is various and ambiguous.
The lack of pairing of the two varieties of E. orthocarpa validates
my viewpoint that these taxa deserve varietal recognition.
Not all of the pairings conformed entirely to my preconceived
expectations.

Eysenhardtia cobriformis was never paired with E. platycarpa

and, in many cases, E. polystachya-E. texana were closer to E. adenostylisE. platycarpa than were E, cobriformis, E. subcoriacea or E. punctata.
The principal disturbing element in these groupings is probably, as sub
sequently shown by other data, that my OTU, E. cobriformis.is not a species,
but a mixture of several elements which affect dendrogram relationships in
several ways.
These computations suggested that there are three basic groups of
species, not two as I had previously envisaged. The four smaller, desert
species constitute one unit as was assumed from the beginning (plant size
was not a character used for evaluation). The larger species now divide
into two groups. The smaller is composed of E. punctata, E. cobriformis
and E. subcoriacea. The remaining large-leaved (non-desert) species formed
the second (major) category.
Beyond the taxonomic import of the cluster analyses, I was interested
in the effect (or feasibility) of converting the data into ratios.

It is
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evident that when data are manipulated, the dendrograms are changed. From
a comparison of Figure 12 with 13 and 14 with 15, it can be seen that
ratios cannot replace tabulated data on an equal basis, and ratios when
added to data already present in another form can change the phenetic
relationships as portrayed by cluster analyses (dendrograms).

Figure 10. Dendrogram of the cluster analysis of Eysenhardtia;
with all characters plus two ratios (leaf width/
leaf length, and stipule length/petiole length).
Figure 11

Dendrogram of the cluster analysis of Eysenhardtia;
with all vegetative and flower characters plus the
the two above ratios (no fruit characters).
The numbers below each dendrogram represent the per
centage of similarity at each point.
The numbers to the left (1-13) represent taxa.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

E.
E.
E.
E.
E.
E.
E.
E.
E.
E,
E.
E.
E,

adenostylis.
platycarpa.
punctata.
subcoriacea.
cobriformis.
orthocarpa var.
orthocarpa var.
polystachya.
texana.
spinosa,
peninsularis.
parvifolia.
schizocalyx.
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Figure 12. Dendrogram of the cluster analysis of Eysenhardtia;
without the fruit characters and without the ratios.
Figure 13-

Dendrogram of the cluster analysis of Eysenhardtia;
with fruit characters and without the columns which
were used in computing the two ratios (ratios in
cluded).
The numbers below each dendrogram represent the
percentage of similarity at each point.
The numbers to the left (1-13) represent taxa.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

E.
E.
E,
E.
E.
E.
E.
E.
E.
E.
E.
E.
E.

adenostylis.
platycarpa.
punctata.
subcoriacea.
cobriformis.
orthocarpa var. orthocarpa.
orthocarpa var. tenuifolia.
polystachya.
texana.
spinosa.
peninsularis•
parvifolia.
schizocalyx.
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Figure 14. Dendrogram of the cluster analysis of Eysenhardtia;
without corolla characters and with ratios used in
figures 10 and 11.
Figure 15. Dendrogram of the cluster analysis of Eysenhardtia;
without corolla characters and without ratios.
The numbers below each dendrogram represent the
percentage of similarity at each point.
The numbers to the left (1-13) represent taxa.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

E.
E.
E.
E.
E.
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E.
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E.
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punctata.
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cobriformis.
orthocarpa var. orthocarpa.
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polystachya.
texana.
spinosa
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Table 6. Distributions that markedly deviated from a normal distribution
Taxa and
characters

Type of
deviation

Suggested reason
for the deviation

Eysenhardtia
E. adenostylis
Stipule length

Skewed left

Hairs per unit area Skewed left
E. platycarpa
Petiole length

Skewed right

Longer stipules broken
off
e*

Introgression with
E. polystachya

Hairs per unit area Skewed left
E. punctata
Petiole length

Skewed left

Introgression with
E. polystachya

Stipule length

Skewed left

Introgression with
E. polystachya

Hairs per unit area Skewed left
E. subcoriacea
Petiole length

Stipule length

Outlier present

Introgression with
E. platycarpa

Skewed left

Hairs per unit area Skewed right
Calyx lobe length

Outlier present

Introgression with
E. platycarpa
(same specimen as in
petiole length)

^Symbol: (? = This type of distribution seems to be typical for this
character
^Siymbol: ? = No available hypothesis for this deviation from a normal
distribution.
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Table 6.

Continued

Taxa and
characters
Eysenhardtia
E. cobriformis
Leaflet width
Petiole length
Stipel length
Stipule length
Hairs per unit area
Calyx length
Corolla length

Type of
deviation

Suggested reason
for the deviation

Outlier present
Outlier present
Outlier present
Outlier* present'
Outlier present
Skewed left;
slightly bimodal
Skewed left;
slightly bimodal

Limited observations;
see text discussion

E. orthocarpa var.
orthocarpa
Stipule length
Hairs per unit area

Skewed left
Outlier present

E orthocarpa var.
tenuifolia
Leaflet width

Outlier present

Limited measurements

Hairs per unit area

Outlier present

Intregression with
var. orthocarpa

Calyx length

Slightly skewed
left

E. polystachya
Hairs per unit area
E. texana
Leaflet length

Young leaflet;
artifact of
measurement

Slightly skewed
left

@

Outlier present

Outlier from area
of larger leaflet
form

^Symbol: * = This outlier (an extreme value that doesn't appear to
conform with the other data) differs from all other outliers in that
it is much smaller than other measurements for this character. Other
outliers are larger than the other measurements.
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Table 6.

Continued

Taxa and
characters

Type of
deviation

Suggested reason
for the deviation

Eysenhardtia
E. texana
Leaflet width
Petiôle length
Stipule length

Slightly skewed
left
Outlier present
Outlier present

Stipel length
Hairs per unit area

Skewed left
Outlier present

Glands per unit area

Slightly skewed
left

E. spinosa
Leaflet width

E. parvifolia
Petiole length

Outlier from Vera
cruz; probably a
hybrid with E.
polystachya
9

Introgression with
E. polystachya

Outlier present

Moisture avail
ability

Slightly skewed
left

Small sample
(only five
collections)
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Full normal plots

Full normal plots were used to see if the "curves" could provide
information to help confirm or refute the assumed relationships within
each OTU. The distribution of the measurements for each character in
dicates the nature of variance within a taxon; such distributions could
point up the possibility of more than one taxon being included under one
OTU. The plots were also useful in detecting discrepancies in recording
or punching the data on computer cards.
The plots for most characters indicated essentially normal curves
for most species.

Considering the number of factors which could result

in other distributional patterns, the usual conformity of character dis
tribution to normal curves is even surprising; it certainly strengthens
the validity of my putative taxa. The plots that did not indicate a normal
distribution generally conform to the expectations derived from other data.
These plots, as other data, seem to strengthen the idea of interspecific
hybridization.
The distributions for two characters (hairs per unit area and stipule
length) were usually skewed left. Such consistency of this type of curve
would suggest that the distribution portrayed is natural for these two
characters, but I know of no explanation for this phenomenon.
If E. angustifolia and E. texana were separate species distinguished
by leaflet length (as per Pennell, 1919) one would expect a bimodal dis
tribution for this character (and perhaps others).

In my E. texana which

includes E. angustifolia) there is no secondary peak.

The distribution
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of data from the few specimens referred to E. cobriformis is scarcely
patterned and confirms the supposition (which grew as work progressed)
that this is no species, but probably a mixture of intermediates.
Table 6 tabulates by species those characters which failed to pro
vide a "normal distribution." Distribution of all others was essentially
unimodal.
Analyses of variance
Analyses of variance were used to compare character distribution
within and between taxa.

Assuming reality of putative taxa (which is

largely confirmed by the foregoing data), these analyses can provide a
measure of relative usefulness of a character in distinguishing taxa. The
data is summarized in Table 7.
Characters which exhibited most of their variation among OTU's
(species) rather than most of their variation within OTU's are usually
better for distinguishing taxa.

The two best characters had more than 80%

of the variation among species (petiole length and petiolule length). Five
other characters had more than 70% of their variation among species (leaf
length, leaflet length, leaflet width, gland on the style and ratio of
petiole length to stipule length).

These results generally confirm the

selection of characters by previous authors (Pennell, 1919; Standley,1922).
Some characters which have low percent variation among species (no
general use for taxa separation) are useful for distinguishing one or two
species. For example, glands are generally random in number and location;
however, the size and location of glands are important in distinguishing
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Table 7. Analyses of variance
Character

% Variation
among species

% Variation
within species

Blooming dates

27.93

72.07

Leaf length

74.18

25.82

Leaflet length

78.67

21.33

Leaflet width

71.04

28.96

Petiole length

80.79

19.21

Petiolule length

83.24

16.76

Stipule length

45.07

54.93

Stipel length

71.99

28.01

Hairs in a one mm
diameter circle

44.12

55.88

Glands in a one mm
diameter circle

48.52

51.48

Stem color

33.54

66.46

Calyx length

19.20

80.80

Calyx lobe length
(longest)

43.39

56.61

Calyx lobe length
(shortest)

46.88

53.12

Calyx glands

58.22

41.79

Calyx pubescence

19.79

80.21

Corolla length

16.00

84.00

Gland on the style

72.96

27.04
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Table 7.

Continued

Character

% Variation
among species

% Variation
within species

Ratio of leaflet
width to leaflet length

32.83

67.17

Ratio of petiole length
to stipule length

70.57

29.43

four species (E. texana, E. parvifolia, E. peninsularis and E. punctata)
from closely related taxa.

Discriminant functions
Two discriminant functions were computed for each of all possible
pairs of taxa, and each character was rated according to the amount
variation each represented. The first discriminant function used the
variables coded for their standard deviation.

The second took up the

variables coded for both the mean and standard deviation. Recent authors
(Sokal and Sneath, 1963; Morrison, 1967) suggest the second method of
coding.
In seven cases, the first character accounts for more than half of
the variation. In most species comparisons with both methods of coding,
the first two characters (Table 8) account for more than half of the
variation. However, in some species comparisons the variation is relatively
evenly distributed between the first four or five characters. For this
reason Table 8 includes the first four characters, in the order of their
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importance (from left to right), for each method of coding. In order to
show the relative strength of the characters, those including two-thirds
or more of the variation are underlined. The four characters never
compose less than two-thirds of the total variation measured.
Generally characters 1 (leaf length), 2 (hairs per unit area), 3
(leaflet length), and 4 (leaflet width) are the most important for dis
tinguishing between taxa; characters 8, 10, 26

and 27 come next.

Character sequence seems to be the major difference between the two
methods of coding since in most cases, two or three of the four initial
characters are the same ones. For example, in comparison of species 12
with 13 (E. parvifolia with E. schizocalyx), characters 1, 27 and 10 are
present under both methods of coding and only the fourth character (5 vs.
26) differs.
Each method of coding, reading from left to right, portrays in
sequence the most important characters for distinguishing the paired taxa.
By reading from top to bottom, for one taxon, one can see how this taxon
differs from the remaining taxa. For example with respect to taxon one
(E. adenostylis) character one, leaf length (column one) and characters
two, hairs per unit area, and one, leaf length (column two) are presented
as most important in distinguishing this species from all other taxa.
Pragmatically, leaf length (character one)-will distinguish E. adenostylis
from all species except E. platycarpa.
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Table Sa. Discriminant functions
Taxa (OTU's)
being compared^

1-2
1-3
1-4
1-5
1-6
1-7
1-8
1-9
1-10
1-11
1-12
1-13
2-3
2-4
2-5
2-6
2-7
2-8
2-9
2-10
2-11
2-12
2-13
3-4
3-5
3-6
3-7
3-8
3-9

Coded for standard^
deviation X = X/Sx

Coded for mean and
standard deviation
X = (x - 5)Sx

1,4,2,26=
1,4,26,27
1,27,4,10
1,27,10,2
1,27,10,2
1,27,10,4
1,4,27,26
1,4,26,27
1,4,26,27
1,10,27,26
1,27,4,10
1,4,27,26
1,4,26,27
1,27,10,4
1,27,10,5
1,27,10,5
1,27,10,26
1,4,27,26
1,4,27,26
1,4,27,26
1,10,27,26
1,27,4,10
1,4,27,26
3,4,26,1
3,4,26,2
3,4,26,2
3,4,1,26
2,3,1,26
1,3,4,2

2,1,10,3
2,4,27,26
2,1,27,4
2,3,15,11
2,3,26,27
2,1,27,10
2,4,27,15
2,1,4,27
1,2,4,27
1,27,10,4
2,1,27,4
2,1,4,27
2,4,3,27
2,27,5,4
2,3,1,26
2,3,26,1
2,27,5,10
2,1,4,15
2,4,27,5
1,2,27,4
1,27,10,5
2,1,27,4
2,1,27,4
1,2,3,26
1,3,2,26
1,3,4,26
1,3,4,26
2,1,10,26
1,2,3,26

®See enumeration in Table 8b for names.
^Data in body of the table are code numbers for the four most variable
characters (which account for the highest proportion of variation).
Character numbers are in sequence; highest to lowest. See Table 8b for
numbered enumeration of characters.
'^The numbers underlined include at least two-thirds of the total
variation.
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Table 8a.

Continued

Taxa (OTU's)
being compared®

3-10
3-11
3-12
3-13
4-5
4-6
4-7
4-8
4-9
4-10
4-11
4-12
4-13
5-6
5-7
5-8
5-9
5-10
5-11
5-12
5-13
6-7
6-8
6-9
6-10
6-11
6-12
6-13
7-8
7-9
7-10
7-11
7-12
7-13
8-9
8-10
8-11
8-12
8-13
9-10

Coded for standard^
deviation X = X/Sx

1,10,27,26
1,2,3,10
1,2,27,10
2,1,3,5
3,2,4,26
3,4,26,2
3,1,4,10
2,1,10,11
1,3,26,4
1,4,26,27
1,2,10,27
1,2,27,4
2,1,4,26
3,4,5,26
2,1,3,26
3,4,26,2
3,2,26,4
1,3,4,26
1,2,10,26
1,4,26,3
1,4,26,3
1,2,3,26
1,3,26,2
1,3,26,2
1,3,4,26
1,2,26,4
1,4,26,3
1,4,3,26
2,1,10,3
3,4,26,5
1,4,3,26
1,2,10,26
2,1,4,26
2,4,1,26
2,1,10,11
1,2,10,26
2,1,10,11
1,27,10,26
1,2,10,27
1,27,4,26

Coded for mean and
standard deviation
X = (x - x)Sx
2,3,1,26
3,4,26,1
2,3,26,4
2,3,1,26
1,2,3,26
1,2,3,26
1,2,3,26
2,1,10,26
1,2,10,26
2,1,10,26
3,1,4,26
2,3,1,11
2,1,10,3
1,2,26,4
1,10,26,27
1,2,10,27
1,10,27,3
3,4,2,26
2,1,6,7
2,4,27,26
2,1,10,4
1,10,27,2
2,1,10,27
1,10,3,27
3,4,26,2
2,1,27,5
2,4,3,26
2,1,10,5
2,1,10,27
1,2,10,27
2,1,10,27
1,26,3,10
2,1,10,11
2,1,10,27
1,4,26,27
3,4,26,1
3,4,26,2
2,3,26,4
2,1,3,26
2,1,3,26

Table 8a.

Continued

Taxa (OTU's
being compared®

9-11
9-12
9-13
10-11
10-12
10-13
11-12
11-13
12-13

Coded for standard^
deviation X = X/Sx

1,2,3,10
2,1,27,4
2,1,27,4
2,3,4,26
2,27,15,1
2,1,3,10
2,4,27,26
2,4,10,1
1,27,10,5

Coded for mean and^
standard deviation
X = (x - x)Sx

3,1,4,26
2,3,1,26
2,3,10,4
1,4,3,26
2,1,3,26
1,2,10,26
2,1,26,15
2,1,10,27
1,10,27,26
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Table 8b. Enumerations for Table 8a
Enumeration of taxa
Taxa (OTU's)

1
2
3
4
5
6
7
8
9
10
11
12
13

Pennell's taxa (1919)
E.
E.
E.
E.
E.
E.
E.
E.
E.
E.
E.
E.
E.

adenostylis
platycarpa
punctata
subcoriacea
cobriformis
reticulata & E. orthocarpa (in part)
orthocarpa (in part)
polystachya
texana & E. angustifolia
spinosa
peninsularis
parvifolia
schizocalyx

Enumeration of characters
Code number

1
2
3
4
5
6
7
10
11
15
26
27

Character

Leaf length (petiole and rachis)
Hairs per unit area (in a one millimeter
diameter circle on a mature leaflet)
Leaflet length
Leaflet width
Petiole length
Glands per unit area (in a one millimeter
diameter circle on a mature leaflet)
Corolla length
Stipule length
Stipel length
Calyx pubescence
Ratio of leaflet width to leaflet length
Ratio of stipule length to petiole length
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Graphie comparison of species of Eysenhardtia
The taxa (OTU's) are compared graphically on the basis of 18
characters (Figures 16-26). These characters are selections taken from
previous statistical treatments which appear most useful for species
separation.
Each graph is the result of measurements on all available material.
Most characters (with the exception of the mature fruit characters) are
based on more than 20 measurements. In the bar graph of E. polystachya
most characters represent more than 260 measurements.

However, at the

opposite extreme,E. parvifolia is based on six measurements for most
characters. When less than six measurements are the basis for a character
the exact number is given on the facing page.

Data for E. peninsularis

is not presented because there is only one collection.

Figure 16. Eysenhardtia adenostylis Bail!.
Bar graphs for the mean, range and standard deviation for
selected characters. The vertical line indicates the mean,
the horizontal bar indicates "t one standard deviation, and
the horizontal line indicates the range. Open areas in
dicate that the standard deviations exceed the observed
extremes.
Characters 1 and 2 are expressed in cm; characters 3-8 are
expressed in mm; characters 9-18 are expressed in 0.1 mm.
Information for character 18 is based on five measurements.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Leaf length.
Number of hairs in a circle of one mm diameter.
Leaflet length.
Leaflet width.
Petiole length.
Number of leaflet glands in a circle of one mm
diameter.
Corolla length.
Fruit length.
Petiolule length.
Stipule length.
Stipel length.
Calyx length.
Calyx lobe length.
Calyx glands (coded* one to five).
Calyx pubescence (coded* one to five).
Fruit width.
Fruit glands (coded* one to five).
Style gland (coded* one to four).

Explained under measurements for computer studies in the
Materials and Methods section.

94

Figure 17. Eysenhardtia platycarpa Penn. & Saff.
Bar graphs for the mean, range and standard deviation for selected characters.
The vertical line indicates the mean, the horizontal bar indicates t one
standard deviation, and the horizontal line indicates the range.
Characters 1 and 2 are expressed in cm; characters 3-8 are expressed in mm;
characters 9-18 are expressed in 0.1 mm.
Information for characters 8, 16, and 17 is based on only two measurements.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Leaf length.
Number of hairs in a circle of one mm diameter.
Leaflet length.
Leaflet width.
Petiole length.
Number of leaflet glands in a circle of one mm diameter.
Corolla length.
Fruit length.
Petiolule length.
Stipule length.
Stiple length.
Calyx length.
Calyx lobe length.
Calyx glands (coded* one to five).
Calyx pubescence (coded* one to five).
Fruit width.
Fruit glands (coded* one to five).
Style gland (coded* one to four).

*Explained under measurements for computer studies in the Materials and
Methods section.
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Figure 18.

Eysenhardtla punctata Penn.
Bar graphs for the mean, range and standard deviation for selected characters.
The vertical line indicates the mean, the horizontal bar indicates t one
standard deviation, and the horizontal line indicates the range.
Characters 1 and 2 are expressed in cm; characters 3-8 are expressed in mm;
characters 9-18 are expressed in 0.1 mm.
Information for character 14 is based on numerous identical measurements.
1.
2'
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Leaf length.
Number of hairs in a circle of one mm diameter
Leaflet length.
Leaflet width.
Petiole length.
Number of leaflet glands in a circle of one mm diameter.
Corolla length.
Fruit length
Petiolule length.
Stipule length.
Stipel length.
Calyx length.
Calyx lobe length.
Calyx glands (coded* one to five).
Calyx pubescence (coded* one to five).
Fruit width.
Fruit glands (coded* one to five).
Style gland (coded* one to four).

*Explained under measurements for computer studies in the Materials and
Methods section.
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Eysenhardtia subcorlacea Penn.
Bar graphs for the mean, range and standard deviation for selected characters.
The vertical line indicates the mean, the horizontal bar indicates t one
standard deviation, and the horizontal line indicates the range. Open areas
indicate that the standard deviations exceed the observed extremes.
Characters 1 and 2 are expressed In cm; characters 3-8 are expressed in mm;
characters 9-18 are expressed in 0.1 mm.
Information for character 14 and 18 is based on numerous identical measurements.
1.
2.
3.
4.
5
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
lb.

Leaf length.
Number of hairs in a circle of one mm diameter.
Leaflet length.
Leaflet width.
Petiole length.
Number of leaflet glands in a circle of one ram diameter.
Corolla length.
Fruit length.
Petiolule length.
Stipule length.
Stipel length.
Calyx length.
Calyx lobe length.
Calyx glands (coded* one to five).
Calyx pubescence (coded* one to five).
Fruit width.
Fruit glands (coded* one to five).
Style gland (coded* one to four).

*Explained under measurements for computer studies in the Materials and
Methods section.
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Figure 20.

Eyaenhardtia orthocarpa var. orthocarpa.
Bar graphs for the mean, range and standard deviation for selected characters.
The vertical line indicates the mean, the horizontal bar indicates t one
standard deviation, and the horizontal line indicates the range. Open areas
indicate that the standard deviations exceed the observed extremes.
Characters 1 and 2 are expressed in cm; characters 3-8 are expressed in mm;
characters 9-18 are expressed in 0.1 mm.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Leaf length.
Number of hairs in a circle of one mm diameter.
Leaflet length.
Leaflet width.
Petiole length.
Number of leaflet glands in a circle of one mm diameter.
Corolla length.
Fruit length.
Petiolule length.
Stipule length.
Stipel length,
Calyx length.
Calyx lobe length.
Calyx glands (ooded* one to five),
Calyx pubescence (coded* one to five).
Fruit width.
Fruit glands (coded* one to five),
Style gland (coded* one to four).

*Explained under measurements for computer studies in the Materials and
Methods section.
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Figure 21.

Eysenhardtia orthocarpa var. tenuifolia Lang.
Bar graphs for the mean, range and standard deviation for selected characters.
The vertical line indicates the mean, the horizontal bar indicates t one
standard deviation, and the horizontal line indicates the range.
Characters 1 and 2 are expressed in cm; characters 3-8 are expressed in mm;
characters 9-18 are expressed in 0.1 mm.
Information for character 17 is based on numerous identical measurements.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Leaf length.
Number of hairs in a circle of one mm diameter.
Leaflet length.
Leaflet width.
Petiole length.
Number of leaflet glands in a circle of one mm diameter.
Corolla length.
Fruit length.
Petiolule length.
Stipule length.
Stipel length.
Calyx length.
Calyx lobe length.
Calyx glands (coded* one to five).
Calyx pubescence (coded* one to five).
Fruit width.
Fruit glands (coded* one to five).
Style gland (coded* one to four).

*Explained under measurements for computer studies in the Materials and
Methods section.
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Figure 22. Eysenhardtia polystachya (Ort.) Sarg.
Bar graphs for the mean, range and standard deviation for
selected characters. The vertical line indicates the mean,
the horizontal bar indicates t one standard deviation, and
the horizontal line indicates the range.
Characters 1 and 2 are expressed in cm; characters 3-8 are
expressed in mm; characters 9-18 are expressed in 0.1 mm.
1.
2.
3.
4.
5.
6.
7.
8,
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Leaf length.
Number of hairs in a circle of one mm diameter.
leaflet length.
Leaflet width.
Petiole length.
Number of leaflet glands in a circle of one mm
diameter.
Corolla length.
Fruit length.
Petiolule length.
Stipule length.
Stipel length.
Calyx length.
Calyx lobe length.
Calyx glands (coded* one to five)
Calyx pubescence (coded* one to five).
Fruit width.
Fruit glands (coded* one to five).
Style gland (coded* one to four).

^Explained under measurements for conq)uter studies in the
Materials and Methods section.
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Figure 23. Eysenhardtia texana Scheele.
Bar graphs for the mean, range and standard deviation for
selected characters. The vertical line indicates the mean,
the horizontal bar indicates t one standard deviation, and
the horizontal line indicates the range.
Characters 1 and 2 are expressed in cm; characters 3-8 are
expressed in mm; characters 9-18 are expressed in 0.1 mm.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Leaf length.
Number of hairs in a circle of one mm diameter.
Leaflet length.
Leaflet width.
Petiole length.
Number of leaflet glands in a circle of one mm diameter.
Corolla length.
Fruit length.
Petiolule length.
Stipule length.
Stipel length.
Calyx length.
Calyx lobe length.
Calyx glands (coded* one to five).
Calyx pubescence (coded* one to five).
Fruit width.
Fruit glands (coded* one to five).
Style gland (coded* one to four).

*Explained under measurements for computer studies in the
Materials and Methods section.
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Figure 24.

Eysenhardtia splnosa Engelm.
Bar graphs for the mean, range and standard deviation for selected characters.
The vertical line indicates the mean, the horizontal bar indicates i one
standard deviation, and the horizontal line indicates the range. Open areas
indicate that the standard deviations exceed the observed extremes.
Characters 1 and 2 are expressed in cm; characters 3-8 are expressed in mm;
characters 9-18 are expressed in 0.1 mm.
Information for characters 17 and 18 is based on numerous identical measurements.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Leaf length,
Number of hairs in a circle of one mm diameter.
Leaflet length.
Leaflet width,
Petiole length.
Number of leaflet glands in a circle of one mm diameter.
Corolla length.
Fruit length,
Petiolule length.
Stipule length.
Stipel length.
Calyx length.
Calyx lo^e length.
Calyx glands (coded* one to five),
Calyx pubescence (coded* one to five).
Fruit width.
Fruit glands (coded* one to five).
Style gland (coded* one to four).

^Explained under measurements for computer studies in the Materials and
Methods section.
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Figure 25.

Eysenhardtla parvifolla Brandg.
Bar graphs for the mean, range and standard deviation for selected characters.
The vertical line indicates the mean, the horizontal bar indicates t one
standard deviation, and the horizontal line indicates the range. Open areas
indicate that the standard deviations exceed the observed extremes.
Characters 1 and 2 are expressed in cm; characters 3-8 are expressed in mm;
characters 9-18 are expressed in 0.1 mm.
Information for characters 7, 11, 13, 14, 15, 17, and 18 is based on five
measurements and, therefore, probably subject to sampling error. However,
characters 14 and 18 may reasonably be assumed to be constant because these
features are fixed in related species. Character 11 is constant because it is
the absence of a structure; hence the 0.0 reading.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Leaf length.
Number of hairs in a circle of one mm diameter.
Leaflet length.
Leaflet width.
Petiole length.
Number of leaflet glands in a circle of one mm diameter
Corolla length.
Fruit length.
Petiolule length.
Stipule length.
Stipel length.
Calyx length.
Calyx lobe length.
Calyx glands (coded* one to five).
Calyx pubescence (coded* one to five).
Fruit width.
Fruit glands (coded* one to five).
Style gland (coded* one to four).

^Explained under measurements for computer studies in the Materials and
Methods section.
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Figure 26.

Eysenhardtla achizocalyx Penn.
Bar graphs for the mean, range and standard deviation for selected characters.
The vertical line Indicates the mean, the horizontal bar Indicates t one
standard deviation, and the horizontal line indicates the range. Open areas
indicate that the standard deviations exceed the observed extremes.
Characters 1 and 2 are expressed in cm; characters 3-8 are expressed In mm;
characters 9-18 are expressed in 0.1 mm.
Information for character 17 and 18 is based on numerous identical measurements.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Leaf length.
Number of hairs in a circle of one mm diameter.
Leaflet length.
Leaflet width.
Petiole length.
Number of leaflet glands in a circle of one mm diameter.
Corolla length.
Fruit length.
Petiolule length.
Stipule length.
Stlpel length.
Calyx length.
Calyx lobe length.
Calyx glands (coded* one to five).
Calyx pubescence (coded* one to five).
Fruit width.
Fruit glands (coded* one to five).
Style gland (coded* one to four).

*Explained under measurements for computer studies in the Materials and
Methods section.
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SYSTEMATIC TREATMENT
Eysenhardtia H.B.K. Nomen Conservandum
Eysenhardtia H.B.K. Nova Gen. Sp. 6; ed. fol. 382, ed qu. 489. Sep. 1824.
nom. conserv. Type
amorphoides H.B.K.
Viborquia Ort. Nov. Ear. PI. Hort. Matr. Descr. 5: 66. 1798. nom. rej.
Type: V. polystachya Ort.
Varennea DC. Prod. 2: 522. 1825. Type Varennea polystachya (Ort.) DC.
Wiborgia Kuntze. Rev. Gen. PI. 1: 213. 1891. Type. Wiborgia polystachya
(Ort.) Kuntze.
The last two (Varennea and Wiborgia) are nomenclatural synonyms
based on Viborquia polystachya Ortega.
Generic Description
Shrubs or trees to 25 m; stems solitary or numerous from the base.
Leaves alternate, imparipinnate, oblong to elliptic-oval, glandularpunctate; stipules 1-5 mm long, subulate; stipels bristle-like to subulate
(absent in one species).

Inflorescence a raceme or spike-like raceme,

these normally forming cymose clusters.

Calyx unequally five lobed,

ventral (adjacent to the keel petals) lobe longest; tube oblique, dorsal
(above the standard) incision shallow or extending to the base. Corolla
slightly irregular; petals free, inserted on the hypanthium, white (or
rarely rose tinted on maturing), oblanceolate to obovate, proximally
tapering; standard truncate or notched, broader than the other petals,
but approximating them in length. Stamens ten, sub-diadelphous, nine
united into an apically oblique tube up to one-half their length; ventral
stamen longest, the remainder of alternating short and long pairs, diminish
ing in length towards the dorsal (contiguous to standard) stamen
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(Figure 1-D). Ovary sessile; style slender, sparsely pubescent, abruptly
upcurved near the tip, usually with a gland at the bend; stigma large
capitate; ovules two. Pod indehiscent; seed solitary, pendulous, the
hilum near the distal end.
Distribution: Southwestern United States — central Texas to Arizona
— Mexico, south, to Guatemala and El Salvador.
Diagnostic Summary
Woody; leaves pinnately compound; leaflets punctate beneath, ovate
to elliptical; inflorescence a raceme or spike-like raceme; flowers white
(one species maturing pink), irregular, but not papilionoid; petals five
free; stamens ten, sub-diadelphous; style upturned, with or without a gland;
stigma capitate; ovary with two ovules; fruit indehiscent, one-seeded.
Microscopic characters: discontinuity plate enlarged and recurved at
the base; epidermal crystals present in the calyx; pubescence bicellular;
secretory cavities without intrusive cells; chromosome number, n = 10 or 20.
Key to Species of Eysenhardtia
1. Style bend eglandular; leaflets 25 or fewer
1.

Style bend glandular; leaflets 25 or more (rarely fewer in
depauperate specimens)

2

6

2. Species of Baja California; leaflets 11 or fewer, more
than 7.5 mm long, slightly oblique. . . . 4. E. peninsularis.
2. Species not of Baja California; leaflets either 13 or
more, or less than 7.0 mm in length, not oblique. . .

3

3. Calyx split to the base in fruit; fruit less than three times
as long as wide

4
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3.

Calyx not split to the base in fruit; fruit three-four times
as long as wide
4.

Fruits with conspicuous longitudinal veins; leaflets 17
or fewer
9. E. spinosa•

4.

Fruits without large protruding veins; leaflets 19 or
more
. 8. E- schizocalyx.

5

5. Leaflet glands forming one row on each side of the midrib
(Figure 36); leaves less than 10 mm long; leaflets 13 or fewer;
from Chihuahua and San Luis Potosi
3. E. parvifolia.
5. Leaflet glands randomly distributed; leaves more than 11 mm
long; leaflets more than 15
6. E. polystachya.
6.

Leaflet glands of two sizes, the larger along the main
vein and the leaflet margins; fruits ascending-spreading;
northeastern Mexico and Texas
11. E. texana.

6.

Leaflet glands of various sizes or the large ones randomly
distributed; fruits ascending-spreading or reflexedspreading
. . .

7

7.

Fruits ascending-spreading

8

7.

Fruits reflexed-spreading (mature flowers are also reflexed) . 10
8. Leaflets green on both sides, lower epidermal cells not
mamillose, leaflets shorter than 13.5 mm; leaflet glands
large (0.25-0.40 mm long)
7. E. punctata.
8. Leaflets whiter below, lower epidermal cells
mamillose, leaflets longer than 12.5 mm; leaflet
glands small (0.15-0.25 mm long)

9.

Mature fruit longer than 14 mm; calyx usually split more
than one-fourth of length in mature fruit; from central
Chiapas south to El Salvador
1. E. adenostylis.

9. Mature fruit shorter than 14 mm; calyx not split or split
less than one-fourth of length in mature fruit; from central
Oaxaca northwest to Sinaloa
5. E. platycarpa .
10.

Calyx one-half or more the length of the
corolla
10. E. subcoriacea.

9
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10. Calyx less than one-half the length of the corolla. ... 11
11. Stipel longer than the petiolule

6. E. polystachya

11. Stipel equal to or shorter than the petiolule. .2. E. orthocarpa
1. Eysenhardtia adenostylis Baill.
Figures 27, 28 & 29
Description
A much branched small tree, 2-18 (24) m high, d.b.h. (diameter at
breast height) to 32 cm. Stems grayish brown, the young growth cinereouspuberulent with appressed hairs. Leaves 9-19 cm spreading; stipules 2.05.4 mm long, grayish-brown, subulate; stipels subulate, 0.6-1.5 mm long,
persistent; petiolules 1.0-1.9 mm long; leaflets 35-53, oblong, 15-25 mm
long, dull-green above, glaucous-whitened beneath (cells mamillose),
finely puberulent, punctate below with minute dots, firm. Racemes 4-12 cm
long; bracts 1-2 mm long, lanceolate, grayish-brown, pubescent, deciduous
before anthesis.

Calyx-tube 2.5-4.0 mm long, obscurely glandular-dotted,

canescent-puberulent, split on the dorsal side; lobes 0.2-0.5 mm long,
acute, pubescent.

Corolla 6-9 mm long, firm, the standard broader, slightly

emarginate. Style 3-4 mm long, pubescent, upcurved at the apex, the gland
at the curve large. Pedicels 1.0-1.8 mm long. Fruit 14-21 mm long, 4-5 mm
wide, thin, brown, glabrous, punctate distally with small glands, upcurved
or straight at the apex. Seed 7 mm long, oblanceolate, flat, smooth,
olive-brown, filling one-third to two-fifths of the fruit.
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Distribution and phenology
Southwestern tip of Mexico (Chiapas) south of Guatemala and the
western part of El Salvador. Elevation (800) 1,000-2,300 (2,700) m.
Flowering: late July until early January.

Fruiting: October-Februairy.

Habitat
Eysenhardtia adenostylis is found on moist slopes or near creeks or
drainageways. It usually grows in the oak-pine zone and is associated
with the following genera; Quercus, Pinus, Bursera, Hauya, Nyssa,
Liquidambar, Heliocarpus, Calliandra and Dodonea.

Taxonomic discussion
Eysenhardtia adenostylis is closely related to E. platycarpa of
west-central Mexico. Both species have large compact inflorescences and
large ascending-spreading fruits. The fruits are not upturned at the tip.
The only exception to the normal fruit shape is an atypical fruiting
specimen collected by Holloway (No. 161). The mamillose epidermal cells
cause the lower surface of the leaflets to appear lighter than the upper
surface.
This is the only Eysenhardtia in this portion of Mexico; it is dis
junct from any others by approximately 200 miles.

Nomenclature
Eysenhardtia adenostylis Baill. Adansonia 9: 239-240. 18701^ Holotype PI
M. Savage, in Adansonia, Guatemala. 1846.
^ An exclamation mark following the nomenclatural citation indicates
that I have examined the original description or type material.

Figure 27. Type of Eysenhardtia adenostylis Baill-
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Figure 28. Eysenhardtia adenostylis Bai11•
Drawn from Standley 64628.
A.

Fruit attached to calyx.

B.

Calyx; split three-fourths of the tube length.

C. Four leaflets showing lower surface; note
stipels and glands.
D. Flower.
E. Leaf; apical leaflets lost.
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Figure 29.

Distribution of Eysenhardtia adenostylis Baill.
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2.

Eysenhardtla orthocarpa (A. Gray) S. Wats. (Palo dulce,
Taray Tlaphoaxtli, Urza)
Figures 30-34

Description
A much branched shrub or small tree, 3-5 m high. Stems grayishbrown, the young growth canescent with ascending, incurved hairs.

Leaves

2-14 cm long, spreading; stipules 1.6-4.5 mm long, subulate; stipels
bristle-like, from a broad base, reddish-brown, 0.2-0.9 mm long, soon
deciduous: petiolules 0.3-1.1 mm long; leaflets 17-43, oblong, 5-20 mm
long, dull-green above, paler beneath, pubescent on both surfaces,
punctate beneath with minute dots, membranous.

Racemes 5-10 cm long;

bracts 1-2 mm long, lanceolate, grayish-brown, pubescent, deciduous before
anthesis. Calyx-tube 2.0-3.5 mm long, distinctively glandular-dotted,
finely pubescent, sometimes split slightly on the dorsal side; lobes 0.30.8 mm long, acute, pubescent. Corolla 6-10 mm long, membranous, standard
broad, emarginate to notched. Style 4-5 mm long, pubescent, upcurved at
the apex; gland at the curve large. Pedicels 1 mm long. Fruits 10-16 mm
long, 2.5-4.2 mm wide, thin, greenish-brown, glabrous, straight to slightly
upcurved at the apex, inconspicuously punctate distally with small glands,
typically reflexed-spreading at maturity. Seed filling one-half of the
fruit, 4.5-5.5 mm long, oblanceolate, flat, smooth, olive-brown.
Distribution and phenology
Southeast Arizona, Chihuahua, Scnora, Nayarit, Sinaloa, south to
Jalisco.

Elevation (100) 300-1,600 (2,000) m. Flowering: March-September.

Fruiting: June-September.
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Habitat
Eysenhardtia orthocarpa is found on rocky slopes and washes in pineoak forest, in thorn forest and in desert scrub. It is associated with
Pinus, Quercus, Prosopis and Bouteloua.

Taxonomic discussion
Eysenhardtia orthocarpa is similar to some variants of E. polystachya.
The two differ critically in comparative length of stipels and petiolules
(see key) and in distribution.
Eysenhardtia orthocarpa exhibits two phases reasonably defined on the
basis of morphology and ecological proclivities. The cluster analyses
substantiated this difference.

In fact only when all characters were

employed simultaneously were the varieties paired. When selected combi
nations of characters otherwise were employed var. tenuifolia was usually
associated with species other than E. orthocarpa; thus var. tenuifolia is
taken up on the basis both of empirical and conçuter interpretation of data.
Key to varieties of E. orthocarpa
1. Leaflets minutely pubescent to canescent; plants of middle
elevations, 1,000-2,000 m. pine-oak forest
. E. orthocarpa var. orthocarpa .
1. Leaflets glabrous to glabrescent; plants of lower elevations, 1001,200 m. thorn forest and desert scrub
E. orthocarpa var. tenuifolia .
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Eysenhardtia orthocarpa var. orthocarpa
Taxonomic discussion
Variety orthocarpa, in comparison to var. tenuifolia, has larger
leaves, leaflets, corollas and longer, attenuate stipules; the distinctive,
large, calyx glands are more common. Variety orthocarpa is distributed
from southeastern Arizona to Jalisco.
Nomenclature
Eysenhardtia orthocarpa (Gray) Watson Proc. Amer. Acad. Sci. 17: 339-340.
1882! Eysenhardtia amorphoides H.B.K. var. orthocarpa Gray Smiths.
Contr. Knowl. 5: 37. 1853! Holotype GH! Isotypes MO! NY! G. H. Wright
980, N. Mex. 1851! Viborquia orthocarpa (Gray) Cockerell Bull. Amer.
Mus. Nat. Hist. 24: 97. 1908!
Eysenhardtia reticulata Pennell in Rydberg N. Amer. Fl. 24: 1919! Holotype
NY! Isotypes F! MEXU! MO! C. G. Pringle 9752, Barranca of Guadalajara,
Jalisco; July 30, 1902.
The type of E. reticulata, although not "typical," belongs in E.
orthocarpa var. orthocarpa. Sheets annotated by Pennell as E. reticulata,
however, also include E. polystachya, E. orthocarpa var. tenuifolia and
intermediates between E. orthocarpa and E. platycarpa.

Figure 30. Holotype of Eysenhardtia orthoearpa var. orthoearpa.
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Figure 31. Holotype of Evsenhardtia reticulata Penn.
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Figure 32. Eysenhardtia orthocarpa (A. Gray) S. Wats.
A, B, D, G, H and I from E. orthocarpa var.
orthocarpa; Gooding 981.
C, E and F from E. orthocarpa var. tenuifolia;
Wiggins 7517. The split calyx is uncommon in
both varieties of this species.
A. Flower; elongate gland on the style not shown.
B. Fruit.
C. Fruit.
D. Calyx.
E. Calyx; stamens remaining.
F. Leaflets.
G. Leaflets.
H. Leaf.
I. Inflorescence and subtending leaves.
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Figure 33.

Distribution of Eysenhardtia orthocarpa.
E. orthocarpa var. tenuifolia, # ;
E, orthocarpa var. orthocarpa,•;
putative hybrids between E. orthocarpa
and E. platycarpa.^.
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E. orthocarpa var. tenuifolia Lang var. nov.
Description
Much branched shrub 1.5-3.0 m high. Stems grayish-brown, the young
growth canescent with incurved hairs. Leaves 2-12 cm long, spreading;
stipules 1.6-3.2 mm long, subulate; stipels bristle-like, from a broad
base, reddish-brown, .2-.6 mm long. Petiolules .3-.8 mm long; leaflets
15-37, oblong, 5-14 mm long, dull-green above, paler beneath, glabrescent
on both surfaces, punctate beneath with minute dots, membranous. Racemes
5-10 cm long; bracts 1-2 mm long, lanceolate, grayish-brown, pubescent,
deciduous before anthesis. Calyx-tube 2.5-3.5 mm long, glandular-dotted,
finely glabrescent, sometimes split slightly on the dorsal side; lobes
.3-.6 mm long, acute, glabrescent. Corolla 6-10 mm long, membranous;
standard broad, emarginate to notched.

Style 4-5 mm long, pubescent, up-

curved at the apex; gland at the curve medium to large. Pedicel 1 mm long.
Fruit 10-16 mm long, 2.5-3.4 mm wide, thin greenish-brown, glabrous,
straight to slightly upcurved at the apex, inconspicuously punctate distally
with small glands, reflexed-spreading at maturity.

Seed filling one-half

of the fruit, 4.5-5.5 mm long, oblanceolate, flat, smooth, olive-brown.

Figure 34. Holotype of Eysenhardtia orthocarpa var. tenuifolia Lang
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Taxonomlc discussion
Variety tenulfolia has obviously been derived from the more widely
distributed and more diverse orthocarpa. It has evolved from orthocarpa
through adaptation to the Sonoran Desert and is largely confined to the
"Arbosuffrutescent Desert" of Shreve and Wiggins (1964).
The physiological adaptations necessary for tenulfolia to survive
in the Sonoran Desert are comparable to those of

polystachya in the

Chihuahuan Desert. However, in variety tenulfolia these physiological
adaptations are accompanied by morphological differences.
Nomenclature
Eysenhardtia orthocarpa var. tenulfolia Lang, var. nov.
Frutex ramosus 3 m usque altus; folia 12 cm usque longa, foliolis
glabris tenuibus 14 mm usque longis; stipulae liberae 3.2 mm usque longae;
stipellae setaceae brunneo-rubrae 0.6 mm usque longae; calyx glandulis
minimis instructus. — SONORA: erect shrub 2-5 m high, talus slope of a
sandstone hill, 20 miles south of Hermosillo on road to Guaymas, Sept. 1,
1941, Ira L. Wiggins and Reed C. Rollins 213.

-- Holotype, ARIZ! isotypes,

MICH, NY, UC, US!
3.

Eysenhardtia parvifolia Brandg.
Figures 35-37

Intricately branched shrubs. Stems gray to black, the young growth
canescent with incurved to appressed hairs.

Leaves 0.5-1.0 cm long,

spreading; stipules 0.5-1.5 mm long, brown, filiform; stipels absent or
minute and early deciduous; leaflets 9-13, elliptic-oval, 2.0-2.5 mm long,
green glabrate to pubescent above, paler, glabrate, glandular beneath, with
punctae forming a single line along each side of the main vein (Figure 35),
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fleshy.

Racemes 0.5-1.0 cm long; bracts 1-2 mm long lanceolate, brown,

pubescent, persisting. Calyx-tube 2.5-3.0 mm long, dotted with large
glands, candscent-puberulent, split slightly on the dorsal side; lobes
0.3-0.5 mm long, pubescent. Petals 5-6 mm long membranous, slightly
emarginate. Style 3-4 mm long, pubescent with long hairs, turned up near
the tip, eglandular. Fruit 7-10 mm long; 1.7-2.0 mm wide, brown, glabrous,
punctate with large glands, ascending, sessile. Seed filling the entire
fruit.
Distribution and phenology
Collected in only five localities in two states: Coahuila and San
Luis Potosi, Mexico. Elevation t 5,500 ft. Flowering: July-December.
Fruiting: August-December.
Habitat
Eysenhardtia parvifolia is found on steep limestone slopes and canyon
sides in desert scrub.
Taxonomic discussion
This species is clearly marked by several characters: the distinctive
leaflet size,number, and the absence of stipels, the distribution of foliar
glands, and the uniquely large glands of the fruit. Its relationships,
however, are uncertain.. The leaves are suggestive of E. spinosa; however,
the fruit size and shape is more like E. texana or E. polystachya.
Eysenhardtia parvifolia is also the only species which has crystals in the
leaflet epidermis. Leaflets of other species have at most, a few epidermal
crystals along the main vein.

Figure 35. Isotypes (NY and MO) of Eysenhardtia
parvifolia Brandg. The stem in the center (MO)
is from a fragment folder and inserted to
show the relative size of the fruit (arrow)
to the leaf.

Figure 36. Eysenhardtia parvifolia Brandg.
A from G. H. Hinton 16511.
B, C, D and E from C. L. Lundell 5444.
A. Distal one-half of an inflorescence with a flower.
B.

Calyx.

C. Fruit; large glands are unique to this species.
D. . Portion of stem with petiole scar and leaves.
E. Leaf; distal leaflets lost through fragmentation.
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One specimen, a suspected hybrid between E. parvifolia and E. punctata,
has two to four crystals per leaflet in the epidermis of the leaf blade.
This specimen (Kilomètre 172) bears E. punctata as well as the putative
hybrid.
Nomenclature
Eysenhardtia parvifolia Brandg. Univ. Calif Publ. Bot. 4 (11): 179-180.
1911! Holotype UCl Isotypes F: Mû! NY: C. A. Purpus 5074, Sierra de
Parras, Coahuila; Oct. 1910.
4. Eysenhardtia peninsularis Brandg.
Figures 37, 39
Description
An intricately branched shrub.

Stems gray, the young growth cinereous-

canescent with incurved to appressed hairs. Leaves 1.5-2.0 cm long, spread
ing; stipules 2-3 mm long; stipels subulate, brown 0.3-0.5 mm long, equaling
the petiolules, persistent; leaflets 9-13, oblong, oblique at the base,
5-7 mm long, dull-green above, puberulent to glabrate above and beneath,
punctate largely along leaflet margins, firm.

Racemes 2-5 cm long; bracts

1-2 mm long, lanceolate-attenuate, brown, loosely pubescent, persistent,
2.5-3.0 mm long, glandular-dotted, canescent, ridged, split on the dorsal
side; lobes nearly equal, 0.8-0.9 mm long, pubescent. Petals 5-6 mm long,
thin, membranous, the standard broadest and slightly emarginate; style
upcurved at the apex, eglandular, pubescent. Fruit not seen.
Distribution and phenology
Type collection only; Paraiso, Baja California.
flowers only.

Collected in May;
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Taxonomic discussion
Eysenhardtia peninsularis is based on an isolated collection that
resembles E. spinosa in most qualitative characters.

Brandegee accorded

it specific rank on the basis of its larger leaves and geographic isolation.
Beyond these features, the leaflets are slightly oblique at the base and
the glands are slightly more concentrated toward the leaflet margins than
they are in E. spinosa. Probably E. peninsularis constitutes a relic
population related to E. spinosa. Its existence suggests that E. spinosa
(or its progenitors) once had a much wider distribution than at present.
Considering the considerable level of botanical activity in Baja
California the last 20 years, it is surprising that E. peninsularis has
not been "rediscovered." It is evidently very local or possibly extinct.
Nomenclature
Eysenhardtia peninsularis Brandg. Univ. Calif. Publ. Bot. 4 (11): 180-181.
1911! Holotype UC! Isotype NYl Brandegee Pariso, Lower California;
May 1, 1889.

Figure 38. Holotype of Eysenhardtia peninsularis Brandg.
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Figure 39. Eysenhardtia peninsularis Brandg.
Drawings, A and B, from Brandegee s.n. May 1, 1889.
A.

Flower.

B.

Distal one-third of a leaf.

Eysenhardtia punctata Penn.
Drawings, C, D and E, from J. N. Rose 3734.
C.

Calyx.

D. Two leaflets.
E.

Fruit.
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5. Eysenhardtia platycarpa Pennell and Safford
Figures 40-43
Description
A much branched shrub or tree, 3-6 (10) m high, d.b.h. to 25 cm.
Stems grayish-brown, the young growth cinerous-puberulent with appressed
hairs.

Leaves 9-15 cm long, spreading; stipules 2.5-4.2 mm long, grayish-

brown, subulate; stipels subulate, 0.6-1.4 mm long, persistent; petiolules
1.0-1.6 mm long; leaflets 41-51, oblong, 12-19 mm long, dull-green above,
much paler beneath (cellular-mamillose), minutely puberulent above and be
neath, punctate beneath with minute dots, firm.

Racemes 4-12 cm long;

bracts 1-2 mm long, lanceolate, brown, pubescent, deciduous before anthesis.
Calyx-tube 2.2-2.7 mm long, obscurely glandular-dotted, canescent-puberulent,
split slightly on the posterior side; calyx-lobes 0.2-0.4 mm long, acute to
obtuse, pubescent. Corolla 5.5-7.0 mm long, firm; standard broadest,
slightly emarginate.

Style 3-4 mm long, pubescent, upcurved at the apex,

the gland at the curve large. Pedicels 1 mm long. Fruits 13-14 mm long,
4-4.5 mm wide, thin, greenish-brown, glabrous, punctate distally with
medium to large glands, straight, ascending-spreading. Seeds filling
one-third to two-fifths of the fruit.
Distribution and phenology
Southern part of Sinaloa, Jalisco, Michoacan and Guerrero. Elevation
1,300-2,000 (2,300) m. Flowering: July-December. Fruiting: October-December.
Habitat
Eysenhardtia platycarpa is found in stream valleys or on steep rocky
slopes in the pine-oak zone. Associated plants are Quercus spp., Pinus
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oocarpa, Pinus michoacana and Bursera spp.
Taxonomic discussion
This species is similar to E. adenostylis in gross features; like E.
adenostylis it contains numerous mesophyll crystals. Eysenhardtia
platycarpa differs in its smaller leaflets, fruits and failure of the
mature calyx to split. The variation in leaf size, leaflet size and lower
leaflet color of E. polystachya would suggest that E. polystachya and E.
platycarpa cross to a limited extent, along the area where they are
sympatric.
Eysenhardtia platycarpa differs from E. punctata, the third largeleaved species with ascending fruits, by having larger leaves and leaflets
and the leaflets are lighter (cells mamillose) on the lower surface
(Figure 7-G).
Nomenclature
Eysenhardtia platycarpa Pennell and Safford in Rydberg,N. Amer. Fl.
24: 37. 1919! Holotype NY! Isotypes CAS! F! MOI UC! C. G. Pringle
8762 Barranca of Guadalajara, Jalisco; Oct. 25, 1903.
Eysenhardtia cobrlformis Pennell in Rydberg,N. Amer. Fl. 24: 36. 1919!
Holotype NYl Isotypes Fl MEXUI MEXUl MO! NY! UCl C. L. Smith 337
Monte Alban near Oaxaca City; Oct. 1894.
The type of E. cobriformis (Figure 41) belongs with E. platycarpa
(Figure 40). The sheet of E. cobriformis is a mixture.

I have chosen

to separate the discordant elements; thus the flowering-fruiting in
florescence at the bottom of the sheet is taken as the holotype (Figure 41).
The young fruits of this specimen are ascending (more distinct on the more
mature MO isotype), contrary to those of the fruiting inflorescence which
are pendant. The latter I Interpret as a hybrid between E. platycarpa and
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E. polystachya.
Pennell's concept of^ cobriformis is difficult to interpret
because of the limited number of sheets annotated by him. The two sheets,
other than the type, identified by Fennel1 are E. platycarpa of my
concept. They deviate from typical E. platycarpa only in having smaller
leaves and leaflets.

Figure 40. Holotype of Eysenhardtia platycarpa Penn. & Saff.
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Figure 41. Holotype of Eysenhardtia cobrlformis Penn.
(lower specimen only). Note the ascending fruits
on the inflorescences of the lower fragment.
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Figure 42. Eysenhardtia platycarpa Perm. & Saff.
A, B and C from Nelson s.n. 1848. Collected in
Oaxaca near the type area for E. cobriformis.
D, E, F, G and H from R. McVaugh 13311.
A. Calyces and Pedicel.
B. Flower.
C. Leaflets with stipels and prominent rachis grove.
D. Fruit.
E. Calyx.
F. Three flowers; note large gland on the style bend.
G. Two leaflets; upper and lower surface.
H. Leaf.
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Figure 43. Distribution of Eysenhardtia platycarpa Penn. & Saff.
The three dots in Oaxaca (lower right corner)
represent collections annotated as E, cobriformis
by Pennell.
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6. Eysenhardtia polystachya (Ort.) Sarg.
(Coate 0 Coatl, Cuate, Neno Nefritico)
Figures 44, 45
Description
A much branched shrub or small tree 1-4 (6) m high; d.b.h. to
25 cm. Stem grayish-brown; young growth canescent with ascending, incurved
hairs. Leaves 1.8-11.7 cm long, spreading; stipules 1.2-5.2 mm long,
subulate; stipels subulate, brown, 0.3-1.4 mm long, equalling or longer
than petiolules, persistent; petiolules 0.3-1.2 mm long; leaflets 29-61,
oblong, 3.6-14.2 mm long, dull-green above, paler beneath, pubescent on
both surfaces, punctate beneath with minute brown glands, membranous.
Racemes 4-14 cm long; bracts 2-4 mm long, lanceolate, pale-brown,
pubescent, deciduous before anthesis.

Calyx-tube 2.0-4.2 mm long, glandu

lar-dotted, pubescent, split slightly more deeply on the dorsal side; lobes
0.2-0.6 mm long, acute, pubescent. Corolla 4-9 mm long, membranous;
standard emarginate to notched.

Style 3-4 mm long, pubescent, strongly

upcurved at the apex; gland on bend usually small or absent (rarely large).
Pedicels 0.5-1.0 mm long. Fruits 9.5-15.5 mm long, 2.0-4.0 mm wide,
thin, pale brown (with or without reddish-brown blotches), glabrous, in
conspicuously punctate distally with minute glands, straight to slightly
upcurved at the apex, reflexed-spreading at maturity. Seed filling onehalf of the length of the pod, obovoid-oblanceolate, 4.5-5.0 mm long,
light brown.
Distribution and phenology
Mexico: Durango east to southern Tamaulipas, south to Oaxaca.
Elevation (1,000) 2,000-2,600 (3,200) m. Flowering June-October.

166

Fruiting: August-January.
Habitat
Eysenhardtia polystachya is found in open sparsely-forested slopes
and heavily grazed or burnt over areas in pine-oak forest, chaparral and
mesquite-grassland. It is associated with Pinus, Quercus, Juniperus,
Ipomoea arborescens, Alvaradoa, Bursera bipinnata. Acacia, Yucca, Opuntia,
Bouteloua, Hilaria and Aristida.
Taxonomic discussion
Material which I have referred to Eysenhardtia polystachya is diverse.
The stipei/petiolule ratio (one or more) is essentially the only constant,
reference character. However, this feature is possessed by plants which
usually have numerous, small, abundantly pubescent leaflets, long stipules,
and pendent, incurved fruits.

This character correlation

toto renders

a picture of a single, reasonably coherent entity.
It is possible that some of the diversity of E. polystachya is due
to gene leakage from related species through present and/or past hybridi
zation.

Variation is geographically oriented with respect to related

species of Eysenhardtia: i.e., in areas where E. polystachya overlaps with
other species it assumes some of the characters of those species, but not
elsewhere.

For example, specimens of E. polystachya from Durango have

smaller leaves and leaflets, and they are more pubescent than those from
other areas. Here the range overlaps with E. spinosa and E. schizocalyx
(both have smaller, more pubescent leaflets).
Specimens from the southern part of the range, Guerrero and Puebla,
have large leaves and leaflets which are usually glabrescent. This is
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precisely where E. polystachya and E. platycarpa overlap and the latter
possesses large glabrescent to glabrous leaflets. Further, mesophyll
crystals are always found in E. platycarpa and the closely related E.
angustifolia. In E. polystachya such crystals are borne by specimens
only from (or near) areas where specimens of E. polystachya and E. platy
carpa are sympatric.
Certain specimens (Purpus 5638, Veracruz; Johnston 4915,
Tamaulipas; Roe and Roe 2357, San Luis Potosi) have the ascending
fruits of E. texana and gland distribution of E. polystachya on some
leaflets and of E. texana on other leaflets. These specimens come from
areas where both species grow.
Greenhouse evidence suggests that the above species might easily
hybridize where reasonably contiguous.

Eysenhardtia polystachya seems

to be an outcrossing species. Repeated efforts at selfing plants of E.
polystachya from two populations failed to produce any fruit set.

Pollen

added from E. texana or E, spinosa resulted in good fruit set and limited
seed production. The F^ progeny from E. polystachya x E. spinosa have
large leaves and a large number of leaflets (25-35), more closely re
sembling the male parent (E. polystachya). These E. spinosa x E. poly
stachya hybrids, in the vegetative condition, look like E. schizocalyx.
flowers or fruits had not been produced at time of this writing.
Field observations support the hybridization hypothesis to the degree
that similar pollinators were seen visiting E. texana and E. polystachya;
these were soldier beetles (Cantharidae; Chauliognathus sp.) and honey
bees (Apidea).

168

Nomenclature
Eysenhardtla polystachya (Ort.) Sarg. Silva North America 3: 29. 1891!
Viborquia polystachya Ort. Nov. Rar. Pl. Hort. Matr. Descr. 5: 56-67.
17981 Holotype presumably S. Varennea polystachya (Ort.) DC. Prod.
2: 522. 1825! Wibor^ia polystachya (Ort.) Kuntze, Rev. Gen. Pl. 1:
213. 1891!
Eysenhardtia amorphoides H.B.K. Nov. Gen. et Sp. Plantarum 6: 491. 1824!
Holotype presumably in P.
I have seen neither the Ortega nor the Humboldt, Bonpland and Kunth
types (unsuccessful efforts were made to obtain photographs).
both are reasonably identifiable from original figures.

Fortunately

Viborquia poly

stachya: The drawing shows at least 45 leaflets, descending fruits that
are upturned near the tip, long stipules and stipels that are longer than
the petiolules.

Eysenhardtia amorphoides H.B.K.: Here the drawing shows

31 leaflets, recurved mature flowers and detailed drawings of the style
without a gland

These features place both names within E. polystachya

of my delimitation.
There is one inconsistency in the E. amorphoides drawing. The flower
buds are also shown recurved. I assume this to be an error of observation
or artistic license.
buds.

No known species of Eysenhardtia has recurved floral

Figure 44. Eysenhardtia polystachya (Ort.) Sarg.
E is from C. L. Smith 337 (the type of E. eobriformis;
discordant element). This fruit although not a typical
E. polystachya fruit, is within my concept of
E. polystachya. The remaining structures (A,B,C,D and
F) are drawn from Ripley 14870.
A. Pendant fruit.
B. Apex of Inflorescence.
C. Calyx.
D. Fruit in calyx; part of style remaining.
E. Fruit; another fruit shape.
F. Distal one-fifth of a leaf.
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Figure 45. Distribution of Eysenhardtia polystachya (Ort.) Sarg.,
# . Putative hybrids with E. texana,
.
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7.

Eysenhardtia punctata Penneii
Figures 39, 45, 47

Description
A much branched shrub or small tree, 3-5 m high.

Stems grayish to

grayish-brown, the young growth finely puberulent. Leaves 3-10 cm long,
spreading; stipules 2-4.5 mm long, grayish, subulate; stipels subulate,
grayish-brown 0.4-1.0 mm long, persistent; petiolules 0.5-0.9 mm long;
leaflets 30-45, oblong-ovate, 5-13 rnm long, dull-green above, paler beneath,
glabrate (to puberulent) above and beneath, punctate beneath with large
(sunken) Internal cavitities, firm. Racemes 4-9 cm long; bracts l-2mm long,
lanceolate, brown, puberulent, deciduous before anthesis.

Calyx-tube

2.5-4.0 mm long, glandular dotted, minutely puberulent, split deeply on
the posterior side (nearly to the base when the fruits mature); lobes
0.2-0.5 mm long, acute to rounded, pubescent.

Corolla 6-8 mm long,

membranous; standard broadest, emarginate at the apex.

Style 2.5-4.0 mm

long, pubescent, sharply upcurved at the apex, a thick gland on the curve.
Pedicels 1 mm long.

Fruits 11-16 mm long, 3-5 mm wide, thin, greenish-

brown to dark brown, glabrous, slightly curved throughout, at maturity
ascending-spreading.

Seeds 4-5 mm long, broadly oblanceolate, smooth,

olive-brown to dark brown, filling one-third to one-half of the fruit.
Distribution and phenology
The distribution forms a crescent from Jalisco, Queretaro, Tlaxcala
to Puebla.

Elevation: 1,600-2,000 (2,500) m. Flowering; May-August.

Fruiting: August-September.
Habitat
Eysenhardtia punctata is found in steep, open, brush-covered hills or
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in thorn-scrub cactus cover (Desert Scrub). The genera associated with
E. punctata are Ipomoea, Bursera, Manihot, Mimosa, Acacia, Opuntia
and Myrtillocactus.
Taxonomic discussion
Eysenhardtia punctata is presumably related to E. adenostylis and
E. platycarpa in that all have large, ascending-spreading fruits.

The

fruiting inflorescence is more open (spreading) than E. adenostylis or
E. platycarpa.

The lower surface of the leaflets is not lightened by

mamillose epidermal cells (Figure 7-a). The leaves are smaller and contain
fewer mesophyll crystals than E. adenostylis or E. platycarpa. The leaf
lets have larger glands than the other sympatric species (E. platycarpa,
E. polystachya, E. subcoriacea), and the glands may appear lighter on some
parts of the leaflets because they are sunken deeper in the mesophyll.
Leaflet glands may not be evenly distributed as in those of E. polystachya,
E. adenostylis and E. platycarpa.

The venation patterns of E. punctata

show, by the absence of veinlets, where the glands are located (Figure 6).
This pattern was only slightly noticeable on a few specimens of E. sub
coriacea and E. polystachya and was completely obscured on all E. adeno
stylis and E. platycarpa.
The morphological diversity and high percentage of atypical specimens
of E. punctata suggest that gene exchange (hybridization) is considerable
between this species and others.

It is possible that E. polystachya, which

is sympatric throughout the range, and E. platycarpa, which Is sympatric in
the western part of the range, may genetically swamp E. punctata out of
existence.

Figure 46. Holotype of Eysenhardtia punctata Penn.
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Nomenclature
Eysenhardtia punctata Penneil in Rydberg^N. Amer. Fl. 24: 39. 1919!
Holotype US! J. N. Rose 3734... between Bolanos and Guadalajara,
Jalisco; Sept. 19, 1897.
The holotype, J. N. Rose 3734 US is possibly a hybrid between E.
punctata and E. platycarpa, but I am arbitrarily assigning it to E.
punctata. The nomenclature thus remains undisturbed.
8. Eysenhardtia schizocalyx Penneil
Figures 48-50
Description
Virgately much branched shrub or small tree.

Stems gray to black,

the young growth cinereous pubescent, with incurved to appressed hairs.
Leaves 2-4 cm long, spreading; stipules 1-2 mm long, brown, subulate;
stipels 0.3-0.6 mm long; leaflets 21-29, oblong-oblanceolate, narrowed at
the base, round-apiculate at the apex, 4.5-6.1 mm long, 2-3 mm wide,
pale-green above and beneath, with appressed pubescence, punctate beneath
(secretory cavities), slightly thickened.

Racemes 5-10 cm long; bracts

1-2 mm long, lanceolate, grayish-brown canescent, persisting until after
anthesis.

Calyx-tube 1.5-3.0 mm long, glandular-dotted, canescent-

pubescent, split to the base in mature fruit on the dorsal side; calyx
lobes unequal, the three ventral longer, 0.5-1.0 mm long, pubescent, curved
toward the ovary.

Corolla 5.0-7.2 mm long, membranous, the standard

broadest, eaarginate at the apex; style 2 mm long, pubescent with long
hairs, sharply upcurved near the apex, eglandular.

Fruit 6.0-7.5 mm long

and 2.5-3.0 mm wide, thickened, slightly upcurved and ascending on pedicels
about 0.5 mm long; surface pale brown, puberulent suture thickened.
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inconspicuously glandular only distally. Seeds 4 mm long, thickened,
oblanceolate, smooth, pale-brown, filling the entire fruit.
Distribution and phenology
Mexico: Durango, Coahuila and Chihuahua. Elevation 650-1,600
(2,100) m. Flowering: June-September. Fruiting: June-October.
Habitat
Eysenhardtia schizocalyx is found in washes, in pebbly stream beds
and on open stony hills. The plants normally associated with E. schizo
calyx are Agave, Yucca, low mesquite (Prosopis) and guayule (Parthenium
argentatum).
Taxonomic discussion
This is a species which can be readily recognized in the flowering
or fruiting condition. The virgate stems, 21-29 leaflets per leaf, in
curved calyx lobes and the short, laterally compressed fruits are marker
characters.
I have synthesized hybrids between E. spinosa and E. polystachya which
vegetatively resemble E. schizocalyx (fruits not available). Examining
the possibility that E. schizocalyx might be of hybrid origin, one notes
that E. spinosa and E. schizocalyx are the only species with calyces slit
to the base and expanded in fruit, and which possess apically acute fruits
with strongly developed sutures-

As to the other putative parent, the

characters of E. schizocalyx allow the possibility of E. orthocarpa,
E. polystachya and E. texana. The fact that only E. polystachya is easily
available geographically renders it the most likely possibility. Thus the

Figure 48. Eysenhardtia schizocalyx Penn.
A, B and C from M. C. Johnston 2821.
D, E and F from Waterfall 13327.
A.

Fruit; proximal end rounded as in E. spinosa.

B.

Fruit; proximal end pointed as in E. polystachya.

C.

Calyces split to base.

D.

Flower.

E. Proximal portion of leaf.
F.

Inflorescence and reduced apical leaves.
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Figure 49. Holotype of Eysenhardtia schizocalyx Penn.

Figure 50. Distribution of Eysenhardtia schizocalyx Penn.
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greenhouse observations receive some validation from abstract character
analysis.
Nomenclature
Eysenhardtia schizocalyx Pennell in Rydberg,N. Amer. Fl. 24: 39. 1919!
Holotype NY! Isotypes F! MO!! UC! E. J. Palmer 528, Mapimi, Durango
and vicinity; Oct. 21-23, 1898.
9. Eysenhardtia spinosa Engelm.
Figures 51-53
Description
An intricately branched shrub 2-3 feet high. Stems black, the young
growth cinerous-tanescent with incurved to appressed hairs.

Leaves 1-3 cm

long, spreading; stipules 1-2 mm long, brown, subulate; stipels subulate,
dark brown, 0.2-0.7 mm long, persistent, equalling the petiolules; leaflets
13-17, oblong-obovate, 3-6 mm long, yellow-green, glaucous beneath, glabrate
to puberulent, punctate with small dark glands, slightly thickened.

Racemes

1-3 cm long, bracts 1-2 mm long, ovate-acuminate, brown, loosely canescent,
persistent.

Calyx-tube 2-3 mm long, glandular-dotted, canescent, (purple-

tinted on maturity), ridged, split to the base on the dorsal side in
mature fruit; lobes unequal, acuminate, 0 5-0.9 mm long, pubescent.
Corolla 5.0-7 5 mm long, firm, light-yellow (turning purple at maturity);
standard broadest, emarginate. Style 2-3 mm long, densely pubescent,
sharply upcurved, eglandular. Pedicels to 0.5 mm long. Fruit 5-6 mm
long 2-3 mm wide, much thickened, ridge-veined, light brown, glabrate,
glandless to punctate distally with minute glands, ascending. Seeds 3-4 mm
long, obovoid, thick, ridged laterally, the surface smooth, light brown,
filling the entire fruit.
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Distribution and phenology
Mexico: Chihuahua, Durango; U.S.: Texas (Presidio Co.). Elevation
1,300-1,600 (2,000) m. Flowering: April-September. Fruiting: MaySeptember.
Habitat
Eysenhardtia spinosa is found in among sloping rock outcrops or
calcareous gravel flats in the Chihuahuan Desert or in the transition
areas between the desert and the grama grasslands. The genera associated
with E. spinosa are Prosopis, Acacia, Flourensia and Aristida.
Taxonomic discussion
The closest relatives of E. spinosa are E. schizocalyx, E. peninsularis and E. parvifolia. Although the cluster analyses paired E. spinosa
with E. parvifolia, it is thought that E. spinosa is more closely related
to E. schizocalyx and is possibly one of the parents of E. schizocalyx.
The large leaflet characters of E. schizocalyx and the large numbers of
leaf characters used in the analyses could be the cause of the absence of
pairing between E. spinosa and E. schizocalyx.

Larger leaves and stems

were previously noted on hybrids between E, spinosa and E. polystachya.
Eysenhardtia spinosa has unique fruits; they are turgidly subspheroid
when immature and possess a protruding vein on each side on maturing.
Eysenhardtia spinosa and E. parvifolia further contrast in that fruit
glands of the former, if present, are small and few (as in E. schizocalyx);
those of the latter are the largest of any species of Eysenhardtia.

Figure 51. Holotype of Eysenhardtia spinosa Engelm.
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Figure 52. Eysenhardtia spinosa Engelm.
A, C, D, E and F from Johnston and Muller 1436.
B from Gentry 8224.
A. Mature calyces.
B. Flower.
C. Mature fruit.
D. Leaflet enlargement.
E. Mature fruit in calyx.
F. Leaf; stipules not shown.
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Nomenclature
Eysenhardtia spinosa Engelai. in Gray Best. Jour. Nat. Hist. 6 (2): 174.
1850! Holotype GH! Isotype MO! Wislizenus 133 near Lake Encinillas,
North of Chihuahua; Aug. 21, 1846.
One reading the type description of E. spinosa might be puzzled by
Engelmann's reference to four ovules. I found the pistils of this speci
men, as well as all other material examined, to bear two ovules.
10.

Eysenhardtia subcoriacea Pennell
Figures 54-56

Description
A much branched shrub or small tree, 3-8 m high. Stems grayishbrown, the young growth canescent with incurved to appressed hairs.
Leaves 3-11 cm long, spreading; stipules 1.7-4.2 ran long, grayish, subulate;
stipels subulate, grayish, 0.4-1.4 mm long, persistent; leaflets 19-37,
oblong, 6-15 mm long, dull-green above, paler beneath, pubescent above
and beneath, punctate beneath with minute brown glands, firm.

Racemes 3-9

cm long; bracts 1-2 mm long, ovate to lanceolate, brown, pubescent,
deciduous before anthesis. Calyx-tube 2.5-3.5 mm long, glandular-dotted,
canescent, split slightly more deeply on the posterior side; lobes 0.30.7 mm long, acute to obtuse, pubescent.

Corolla 6.1-7.0 mm long, firm;

standard broader than other petals emarginate to notched.

Style 3-4 mm

long, pubescent, upcurved near the tip; gland on the curve small to large
(always present). Pedicels 0.5-1.0 ram long. Fruits 11-16 mm long, 2.84.0 mm wide, slightly upcurved at the apex, thin, greenish-brown, glabrous,
punctate distally with small glands, at maturity reflex-spreading.
filling two-fifths of pod.

Seed
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Distribution and phenology
Along a narrow strip from central Oaxaca northwest to Puebla and
Hidalgo. This corridor overlaps that of E. punctata and is a southern
extension of the range of E. punctata.

Flowering: July-October.

Fruiting: August-October.
Habitat
No habitat or elevation data given by collectors.
Taxonomic discussion
Although E. subcoriacea is reasonably distinctive, I take it up with
some reservation. Possibly it represents no more than casual (or perhaps
derivative) hybrids between E. polystachva and E. punctata.

There are

only six collections of this species; they were gathered from areas where
the two above named species overlap geographically, and they are variously
intermediate. I maintain binomial designation of E. subcoriacea pending
definitive knowledge of relationships of the material concerned.
Nomenclature
Eysenhardtia subcoriacea Pennell in Rydberg,N. Amsr. Fl. 24: 36. 1919!
Holotype NY 1 C. A. Purpus 1366 Ixmilquilpan, Hildago; Aug. 1905.

Figure 54. Holotype of Eysenhardtia subcoriacea Peim.
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Figure 55

Eysenhardtia subcoriacea Peim.
Drawn from Purpus 3223.
A. Fruit in calyx.
B. Flower with standard and keel petals removed and
wing petals distorted.
C. Two leaflets; showing large glands at base of each
petiolule. These glands are common to all species.
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11.

Eysenhardtia texana Scheele
(Kidney Wood) Figures 57-60

Description
Basally branching, small tree or shrub 1-3 (5) m high, d.b.h. to
25 cm. Stems grayish to grayish-brown, the young growth canescent with
incurved, appressed hairs. Leaves 2.0-9.8 cm long, spreading; stipules
1.5-5.5 (6.5) mm long, grayish-brown, subulate; stipels subulate, 0.2-0.8
mm long, shorter than to equalling the petiolules (rarely longer in a few
putative hybrids from Tamaulipas and southward); leaflets 15-47, oblong
to narrowly-oblong, 4-13 mm long, dull-green above, slightly paler beneath,
puberulent, firm, punctate beneath with large glands located along the
margins and near the midrib and smaller glands in between.

Racemes 3-11 cm

long; bracts 1-2 mm long, ovate-lanceolate, brown, pubescent, persistent.
Calyx-tube 2-4 mm long, glandular-dotted, canescent, slightly ridged, may
be slightly split on the posterior side; lobes 0.3-0.7 mm long, obtuse to
acute, finely pubescent. Petals 5-8 mm long, membranous, standard broadest,
rounded to emarginate. Style 2.5-3.0 mm long, pubescent, upcurved near the
apex; gland at the curve thick, conspicuous (rarely absent on a few putative
hybrids from Tamaulipas and southward). Pedicels 0.5-2.0 mm long.
Fruits 6-13 mm long, 1.7-3.7 mm wide, greenish-brown, glabrous, punctate
distally with evident glands, upcurved throughout, ascending. Seeds
3-2-3.7 mm long, curved-lanceolate, thickened, smooth, light brown, filling
two-thirds of the fruit.
Distribution and phenology
Central Texas from Bell Co. west to Brewster Co. south to San Luis
Potosi and Veracruz. Elevation 1-1,600 (2,500) m. Flowering: April-
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November.

Fruiting: May-December.

Habitat
Eysenhardtia texane is found on sand, clay and calcareous soil
(caliche). The common denominator of the habitat seems to be available
water, and most collection labels mention arroyos, gullies or dry stream
beds. The surrounding vegetation varies from chaparral to cedar-shinoak.
Some associate species are Acacia spp. Prosopis glandulosa, Iva frutescens.
Salvia spp. Dlospyros texana, Quercus virginiana, Juniperus vlrginiana,
Schizachyrium scoparium, Cercocarpus spp., Rhus spp. and Yucca spp.
Taxonomic discussion
Eysenhardtia texana is sympatric with the widely distributed E.
polystachya in southern Tamaulipas, San Luis Potosi and in northern
Veracruz.

Like most other species of Eysenhardtia, it apparently hybri

dizes with E. polystachya.

My primary evidence for this viewpoint, as

stated elsewhere, is that intermediate forms are found in areas where the
two came together, and only in these areas.

However, two specimens from

northern Veracruz (beyond the range of E. polystachya). intermediate
in fruit shape and leaflet glands between these species, may provide minor
exception to this generalization.
Pennell (in Rydberg, 1919) says that E. texana has leaves 3-6 cm long
and E. angustifolia has leaves 8-9 cm long. However, when all available
specimens were measured this was not the case. There is no "break" between
6 and 8 cm and the distribution is essentially a continuous normal curve.
The leaflet lengths form almost an identical curve. The other
characteristics used by Pennell to separate his two taxa are also
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environmentally dependent. Following Turner (1959) I have placed
E. angustifolia in synonymy.
Safford (1915a, 1915b) stated that Lignum nephriticum, the unknown
fluorescing wood taken to Europe in the 16th and 17 centuries, is E.
polystachya.

Undoubtedly Lignum nephriticum does refer to some species

of Eysenhardtia

However, Safford's cited material is a mixture of

E, polystachya and E. texana
Nomenclature
Eysenhardtia texana Scheele,Linnaea 21: 462-463. 18481 Isotypes MO!
NY! SMU! F. Lindheimer 268 (374 of Gray) An hohen Uferrand und
trocken Platzen in der Nahe des Wasser bei Neubraunfels; July,
Aug., Sept. 1846.
Eysenhardtia angustifolia Pennell in Rydberg, N. Amer. Fl. 24: 38. 1919!
Holotype US! E. 0. WootonaSanderson; Sept. 29, 1911.
Scheele cited only Lindheimer, New Braunfels, Texas.

Major herbaria

contain Lindheimer gatherings of E. texana bearing several numbers and
collection seasons (1846-1850). I chose the MO isotype as representative
of the type collection because it contains Lindheimer's original label
(No. 268) and notes directly transcribed by Scheele in his description.
The Scheele isotype sheet also bears the Gray No. 374, and Lindheimer
specimens of E. texana in other herbaria bear this number. Not all of
this material is isotypic for E. texana because of Gray's practice of dis
tributing diverse collections of a given species under one exsiccatae
number. Only those marked as "Gray 374," year "1946", and "fascicle III"
are probable isotypes of the original Lindheimer collection.

Figure 57. Isotype of Eysenhardtia texana Scheele.
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Figure 58. Holotype of Eysenhardtia angustifolia Penn.
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Figure 59. Eysenhardtia texana Scheele.
A, B and C from Lang 4889. Collected in Sanderson,
Texas, the type area of E. angustifolia.
D, E, F, G and H are from C. G, Pringle 2715.
A. Flower.
B. Three leaves.
C. Immature fruit.
D. Mature fruit.
E. Two leaflets; note gland distribution on the lower
surface.
F. Flower.
G. Flower without petals.
H. Branch bearing a young inflorescence.
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Figure 60. Distribution of Eysenhardtia texana Scheele.
E. texana.#; putative hybrids with E.
polystachya. Â.
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APPENDIX
Specimen Citations
Eysenhardtia adenostylis Baill.
EL SALVADOR: City not known: Calderon 2561, June, 1930 (F); Carlson
775, Feb. 22, 1946 (F).
EL SALVADOR: Ahuachapan: Padilla 76, 1921 (US).
GUATEMALA: City not known: Harms 2467, Oct. 30, 1896 (NY).
GUATEMALA: Chimaltenango: Morales 1219, 1928 (F).
GUATEMALA: Huehuetenango: Skutch 1196, Sept. 9, 1934 (F, NY); Standley
82858, Jan. 9, 1941 (F, F); Standley 82919, Jan. 9, 1941 (F, US); Molina
21359, Nov. 19, 1967 (F, NY); Williams, Molina and Williams 22118, Nov. 30,
1963 (F, NY, US); Williams,, Molina and Williams 22250, Dec. 3, 1963 (ARIZ,
F, NY).
GUATEMALA: Rio Guacalate: Standley 64623, Feb. 6, 1939 (F, MICH, NY).
GUATEMALA: Sacatepequez: Aguilar 1442, 1942 (F); Aguilar 1601, 1942
(F); Standley 64936, Feb. 9, 1939 (F); Standley 80977, Dec. 23, 1940 (F).
GUATEMALA: Solola: Holway 161, Jan. 30, 1915 (US).
GUATEMALA: Sta. Rosa; Heyde and Lux 3746, Sept. 1892 (MICH, MO, NY, US).
MEXICO: CHIAPAS; Altamirando 5, Oct. 1891 (MEXU); Becerra 11, 1919
(MEXU); Breedlove 7261, Aug. 25, 1964 (DS, F, MICH); Breedlove 7464, Nov. 23,
1964 (DS, F, MICH); Breedlove 7645, Nov. 26, 1964 (DS, US); Breedlove 13853,
Oct. 27, 1965 (DS, MEXU, MICH); Breedlove and Raven 13228, Oct. 14, 1965
(DS, MEXU, NY, US); Laughlin 1553, Aug. 18, 1966 (DS, MICH); Laughlin 2138,
Sept. 26, 1966 (DS, F. MICH); Laughlin 2307, Oct. 3, 1966 (DS, MEXU); Matuda
1654, Aug. 4, 1937 (ARIZ, MEXU, MICH, MICH, NY, US); Matuda 4129, Oct. - Nov.
1940 (MEXU, MICH, NY); Matuda 18130, July 23, 1948 (NY); Matuda 18341,
Sept. 10, 1948 (MEXU, NY); Miranda 5534, Sept. 11, 1949 (MEXU); Miranda
5735, Nov. 18, 1949 (MEXU); Miranda 7574, Aug. 1952 (MEXU); Ptie 3887,
Nov. 25, 1943 (MEXU); Raven and Breedlove 20110, Jan. 1965 (DS, MEXU, NY);
Ton 1142, Sept. 12, 1966 (DS, NY); Ton 1394, Oct. 28, 1966 (DS, MEXU, NY);
Ton 1540, Nov. 15, 1966 (DS, MEXU); Ton 1618, Nov. 22, 1966 (DS, MEXU); Ton
1774. Dec. 28, 1966 (DS, MEXU); Ton 1858, Jan. 5, 1967 (DS, NY, MEXU); Ton
3356,' Dec. 12, 1967 (F, MICH).
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Eysenhardtia orthocarpa var. orthocarpa
UNITED STATES: ARIZONA: County not known: Blumber 3615, Dec. 4,
1909 (ARIZ, F, UC); Mearns 1890, Aug. 15, 1893 (US).
UNITED STATES: ARIZONA: Cochise Co.: Barneby 5166, Sept. 8, 1942
(NY); Blumber 2009, June 18, 1907 (ARIZ, NY); Chiricahua Veg. Team 58-88,
July 21, 1958 (ARIZ); Gainer Sept. 23, 1940 (ARIZ); Gooding 981, Aug. 1911
(US); Gooding 2291, May 28, 1907 (MO, POM, NY, UC, UC); Gooding 292-58,
Aug. 11, 1958 (ARIZ, CAS); Jones, July 30, 1930 (ARIZ); Tourney, July 19,
1894 (ARIZ).
UNITED STATES:
no date (ARIZ).

ARIZONA: Grahm Co.: Soil Conservation Service 932,

UNITED STATES: ARIZONA: Pima Co.: Anderson, Rhinehart and Monson
392, Jan. 1, 1936 (ARIZ); Barr 61-80, May 29, 1961 (ARIZ); Barr 67-369,
Oct. 2, 1967 (ARIZ); Benson 8786, July 2, 1938 (POM); Ferris 10053, July
14, 1940 (MICH, RSA); Gilman 172, Sept. 23, 1931 (NY); Gilman 172b, Sept.
25, 1931 (CAS); Goodding 2441, Sept. 2, 1970 (NY,POM,UC); Goodding 3192,
July 3, 1936 (ARIZ); Goodding and Lusher 89-45, Oct. 11, 1945 (ARIZ, NY);
Goodding 19-57, Aug. 1, 1957 (ARIZ, CAS); Gould, Darrow and Haskell 2719,
Oct. 7, 1944 (ARIZ, CAS, MO, NY, POM, UC); Griffiths 6091, Sept. 27, - Oct.
4, 1903 (MO); Griffiths and Thernber 36, Sept. 1902 (ARIZ, NY); Griffiths
and Thember 148, Sept. 20 - Oct. 4, 1902 (NY); Keil, Pinkava and Lehte
8340, July 8, 1967 (NY); Jones Aug. 24, 1903 (POM, US); Jones 24891,
Sept. 22, 1929 (CAS, CAS, MO, MO, NY, NY, POM, POM, UC, UC); Kearney and
Peebles 10465, Oct. 6, 1934 (ARIZ); Kearney and Peebles 14981, Sept. 1,
1940 (ARIZ, NY); Niles 406, June 21, 1964 (ARIZ); Peebles 528, Oct. 29,
1925 (ARIZ); Peebles, Harrison and Kearney 368, Oct. 11, 1925 (US); Peebles,
Harrison and Kearney 2763, Aug. 15, 1926 (ARIZ); Peebles and Kearney 8749,
July 31, 1932 (F); Peebles and Swingle 7924, July 10, 1931 (F, MO, NY);
Pringle May 16, -June 27, 1881 (F, MICH, MICH, MO, MO, NY, US); Purchase
2892, May 13, 1936 (ARIZ); Purchase and Davis 4177, June 9, 1936 (ARIZ);
Shreve 6325, Aug. 17, 1933 (ARIZ); Swingle June 10, 1931 (NY); Thoronber
285, July 14, 1903 (ARIZ, ARIZ, MO, NY, POM, UC); Thoronber 285, Oct. 1902
(ARIZ); Thoronber and Griffiths 148, Sept. 19,
(ARIZ); Wooton July 21,
1911 (US).
UNITED STATES: ARIZONA: Santa Cruz Co.: Darrow and Haskell 2005,
Sept. 30, 1944 (ARIZ); Hastings and Turner 62-53, Oct. 17, 1962 (ARIZ).
MEXICO: CHIHUAHUA: Knobloch 1257, Aug. 15, 1954 (MICH); LeSueur 1344,
June 24, 1937 (ARIZ, F, SMU); Palmer 289, Aug. 1885 (MEXU, NY, NY); Pen
nington 252, May 28, 1966 (UT); Towsend and Barber 392, Sept. 1, 1899
(F, MEXU, MO, NY, NY, POM, UC, US).
MEXICO: JALISCO:

Pringle 9752, July 30, 1902 (F, MEXU, MO, NY).
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MEXICO: SINALOA: Gentry 5785, Mar. 2, 1940 (ARIZ, NY, UC); Gentry
6491, Sept. 10-14, 1941 (ARIZ, MICH, MO, I^Y); Rose 1788, July 20, 1897 (US).
MEXICO: SONORA: Brewer and Mason 1725, Oct. 16, 1958 (ARIZ, CAS);
Fryer and Fryer 2311, April 8, 1939 (MO, NY, RSA, UC); Gentry 1457,
July 3, 1935 (ARIZ, F, MEXU, MO, UC, US); Griffiths 6787, 1904 (MO);
Hartman 116, Oct. 9, 1890 (NY, NY, UC); Hasting and Turner 65-42, Oct. 3,
1965 (ARIZ, San Diego Soc. Nat. Hist.); Kennedy 7007, May 25, 1925 (CAS,
POM, UC); Palmer 354, Mar. 25, - April 8, 1890 (US); Pennington 119,
June 1968 (UT); Pennington 200, July 1968 (UT); Pennington 316, Aug. 1968
(UT); Schott June 30, 1855 (F); Shreve 6649, Sept. 13, 1934 (ARIZ, F);
Turner, Didge and Mason 2091, Sept. 8, 1961 (MEXU); White 508, July 15,
1938 (MICH); White 535, July 17, 1938 (MICH); White 2821, June 23, 1940
(ARIZ, MICH); White 3078, July 30, 1940 (ARIZ, MICH); White 3554, Aug 28,
1940 (MEXU, MICH); White 3887, Aug. 9-12, 1941 (MICH); White 4512, Sept.
24, 1941 (MICH, MICH); White 4648, Oct. 6, 1941 (ARIZ, ARIZ, MICH, MICH);
Wiggians 7140, Sept. 12, 1934 (ARIZ, MICH, UC); Wiggians 7375, Sept 21,
1934 (MICH).
Eysenhardtia orthocarpa var. tenuifolia
MEXICO: SINALOA: Gentry 11461, Jan. 5, 1952 (MEXU, MICH); Gentry
14317, Sept. 26-30, 1954 (US); Gentry 14428, Oct. 3-5, 1954 (US); Hastings
and Turner 64-119, Oct. 5, 1964 (ARIZ, SD); Jones 22996, Jan. 28, 1927
(F, POM); Rose, Standley and Russell 13307, Mar. 23, 1910 (NY, US); Water
fall 12814, Aug. 17, 1956 (MICH, US).
MEXICO: SONORA: Brandegee, May 1892 (UC); Fryer and Fryer 2302,
April 8, 1939 (MO, NY, RSA, UC); Gentry 4465, April 20, 1939 (ARIZ, MO);
Gentry 16570, May 4, 1957 (US); Gentry 16593, May 12, 1957 (US); Hastings
and Turner 69-59, Aug. 13, 1969 (ARIZ); Johnston for Ettlinger 2715, Aug. 4,
1955 (MEXU, SMU, UT, UT); Mason, Jones and Shaw 2893, July 28, 1969 (ARIZ,
CAS); Ockendon 64/1, Jan. 26, 1964 (UT); Pennell 19419, July 26-27, 1935
(NY); Rose, Standley and Russell 12883, Mar. 15, 1910 (NY); Waterfall
12871, Aug. 19, 1956 (MICH); Wiggians 6386, Mar. 2, 1933 (MICH); Wiggians
7231, Sept. 15, 1934 (ARIZ, MICH); Wiggians 7517, Oct. 2, 1934 (MICH, UC,
US); Wiggians and Rollins 213, Sept. 1, 1949 (ARIZ, MICH, MO, NY, UC. US).
Eysenhardtia orthocarpa X Eysenhardtia sp.
MEXICO: DURANGO: Rose 2268 Aug. 14, 1897 (US).
MEXICO: NAYARIT: Feddeman 1383, Sept. 20-21, 1960 (MICH).
Eysenhardtia parvifolia Brand.
MEXICO: COAHUILA: Hinton 16511, June 29, 1944 (NY, US); Johnston
8697, Sept. 1, 1941 (UT); Muller 3280, Sept. 12, 1939 (MICH, UC); Purpus
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5074, Oct.

1910 (MO, NY, UC); Stewart, R. M. 944, July 25, 1941 (UT).

MEXICO: SAN LUIS POTOSI: Lundell 5444, July 1934 (ARIZ, CAS, F, MICH,
US).
Eysenhardtia peninsularis Brand.
MEXICO:

BAJA CALIFORNIA:

Brandegee May 1, 1889 (NY, UC).

Eysenhardtia platycarpa Penne11
MEXICO: JALISCO: Barnes and Land 288, Oct. 6, 1908 (F); Clarke,
Essig and Bringle 1993-1, Dec. 24, 1967 (MICH): Fuentes Nov. 11, 1954 (MEXU);
Jones 27244, Nov. 25, 1930 (CAS, POM, UC); Jones 27245, Nov. 19, 1930 (NY);
McVaugh and Koelz 899, Nov. 21, 1959 (MICH); McVaugh 13311, Oct. 2, 1952
(MEXU, MICH, SMU); McVaugh 20716, Nov. 3, 1960 (MICH); McVaugh 22003,
Nov, 2, 1962 (MICH); Pringle 2731, Oct. 22, 1889 (F); Pringle 8762, Oct 25,
1903 (CAS, F, MO, MO, UC); Pringle 9749, Dec. 4, 1902 (F, MO, NY, US);
Pringle 11812, Oct. 17, 1903 (CAS, F, MICH); Rzedowski 17374, Oct. 23,
1963 (MEXU, MICH, UT).
MEXICO: MICHOCAN: Altamirano 5, Dec. 22, 1896 (MEXU); Hinton 12738,
Dec. 10, 1938 (MEXU, MICH, MICH, NY, POM, UC); Hinton 13060, July 25,
1938 (F, MEXU, MICH, MICH, POM, UC, US).
MEXICO:

NAYARIT:

McVaugh and Koelz 576, Nov. 13, 1959 (MICH).

MEXICO: SINALOA: Ortega 1182, No. del Genero (Indice Duran) 1665
(MEXU): Trejo 1071, Sept. 1919 (US).
Eysenhardtia polystachya (Ort.) Sarg.
MEXICO: AGUASCALIENTES: Meza, Soto, and Leon 490, Nov. 2, 1964
(MEXU); Rose and Painter 7714, Oct. 9, 1903 (NY); Shreve 9269, Aug. 30,
1039 (ARIZ, MICH, UC).
MEXICO: DISTRITO FEDERAL: Alexander 2, Dec. 9, 1944 (F, NY, US);
Fisher Aug. 2, 1926 (F); Fuentes 3, Nov. 25, 1954 (MEXU); Gonzales 43,
Aug 20, 1967 (20. VIII. 67) (MEXU, RSA); Harking 91, July 1952 (MEXU);
Holway 543, Oct. 1, 1896 (NY); Kelly 732, July 28, 1952 (UC); Miranda 577,
Aug. 11, 1940 (MEXU); Miranda and Barkly 16M964, Sept. 8, 1946 (F, MO, NY,
UC, UT); Orcutt 3649, Aug. 16, 1910 (F); Pringle 9323, Sept. 4, 1901 (CAS,
F, MICH, MO, US); Rose and Houg 5434, June 9, 1899 (US); Sharp and Gilly
91, Aug. 13, 1944 (MICH).
MEXICO: DURANGO: Fisher 44259, July 28, 1944 (MO, NY); Gentry 6863,
Sept. 20, 1943 (MICH, NY); Gentry 8351, Sept. 10-20, 1948 (MEXU, MICH, uC,
US); Heavly, Martin and Arms Aug. 1, 1960 (ARIZ); Heavly, Martin and Arms
Aug. 5, 1960 (ARIZ); Nelson 4605, Aug. 1, 1898 (US); Palmer 319, April-Nov.
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1886 (F, MEXU, MO, NY, UC, US); Waterfall 12567, Aug. 10, 1956 (MICH).
MEXICO: GUANAJUATO: Hartwit 2968, 1868 (or No 29 coll. in 68.) (NY);
Johnson 61-68, June 7, 1968 (MO); Sohns 457, Oct. 27, 1952 (US); Turner and
Powell 1127, Sept. 10, 1962 (UT).
MEXICO: GUREERO: Alexander 2180, XA169, Aug. 12, 1945 (NY); Chute M101, July 1, 1941 (MICH); Fuentes 5, Jan. 11, 1955 (MEXU); Hinton 9247,
Aug. 11, 1936 (F, MO, NY, US); Langlasse 226, July 9, 1898 (MEXU, US);
Morris, and Rowell 3782, June 29, 1953 (MICH); Nelson 2159, Dec. 17, 1894
(US); Nevling and Gomez-Pompa 345, July 13, 1967 (MEXU); Redowski 16081,
Sept. 3, 1962 (UT).
MEXICO: HIDALGO: Chaves Aug. 4, 1963 (F, F, MICH, US); Crutchfield
and Johnston 5967, Nov. 1, 1960 (MEXU, MICH, UT); Davila Aut. 4, 1963 (MEXU);
Moore 5414, Oct. 21, 1949 (MICH, UC); Moore and Wood 4278, Aug 5, 1948
(MEXU, UC); Pringle 9750, Aug. 17, 1902 (MO); Rose, Painter and Rose 8316,
July 3, 1905 (US); Rose, Painter and Rose 9125, July 31, 1905 (US); Straw
and Gregory 1163, Aug. 9, 1957 (MEXU, MICH, RSA, UC); West 0-5, July 8,
1966 (NY).
MEXICO: JALISCO: Barkley, Webster and Rowell 7636, Aug. 12, 1947
(UT); Barnes and Land 283, Oct. 6, 1908 (F, US); Detling 8695, Oct. 12,
1961 (MICH); Detling 8648, Sept. 23, 1961 (MICH); Detling 8500, Aug. 11,
1961 (MICH); Diquet 1859-1926, no date (MICH, NY); Evans 6 July 27, 1951
(NY); Fearing and Thompson 253, Aug. 27, 1956 (SMU, UT); Gregory and Eiten
134, June 20, 1956 (MICH, MO, NY, SMU); Knobloch 1077, July 28, 1954 (MICH);
Manning and Manning 53126, Aug. 1953 (MEXU); McVaugh 13067, Sept. 19, 1952
(MICH, SMU); McVaugh 13310, Oct. 2, 1952 (MEXU, MICH, SMU); McVaugh 16727,
Aut. 9, 1958 (MICH, MICH); McVaugh 17458, Aug. 29, 1958 (MICH); Pringle
11812, Oct. 17, 1903 (SMU); Ripley and Bameby 13,333, Oct. 27, 1963 (NY);
Rose and Painter 7384, Sept. 1903 (NY); Rose, Painter and Rose 8522, 1905
(US); Waterfall 16344, Aug. 16, 1961 (MICH, SMU); Waterfall and Wallis
13384, Aug. 15, 1957 (F, SMU): Weintraub and Roller 96, July 20, 1955
(MICH); Wilbur and Wilbur 1672, July 12, 1949 (MICH); Wilbur and Wilbur
1761, July 15, 1949 (MICH); Wilbur and Wilbur 2395, Aug. 18, 1949 (MICH).
MEXICO: MEXICO: Cisneros 275, Aug. 27, 1965 (UT); Clavsen Aug. 17,
1955 (MEXU); Gould 9217, July 30, 1960 (UT); Hinton 198, Jan. 23, 1932
(US); Hinton 1143, July 30, 1932 (MEXU); 1223, Aug. 1, 1932 (MEXU, US);
Hinton 8015, July 4, 1935 (F, MO, NY, NY); Kenoyer July 10, 1938 (ARIZ);
MacDaniels 521, Aug. 19, 1936 (F); Matuda 4, Aug. 1936 (MEXU, MICH);
Matuda M19036, July 2, 1950 (MEXU, NY); Matuda M19096, July 2, 1950 (MEXU,
NY); Matuda M19750, Sept. 30, 1950 (MEXU, NY); Matuda 26544, Sept. 14, 1952
(MEXU); Matuda 29303, Sept. 21, 1953 (MEXU, NY); Matuda 31354, Aug. 26,
1954 (MEXU); Matuda 31559, Sept. 8, 1954 (MEXU); Medellin 396, July 14,
1957 (MEXU); Nee 198, July 8, 1967 (MEXU); Ochoa B. 391, July 7, 1968 (UT); .
Penalosa 869, Aug. 19, 1960 (CAS); Ripley and Bameby 14870, Dec. 1, 1967
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(NY); Roe, Roe, Mori and Rzedowski 1660, Sept. 3, 1965 (F, MICH, NY);
Roe and Roe 1842, Sept. 9, 1965 (MICH, NY); Rzedowski 15677, July 22,
1962 (MEXU, MICH); Rzedowski 20758, Sept. 3, 1965 (MICH); Urbina 339,
Aug. 1886 (MEXU).
MEXICO: MICHOACM: Altamirando 5, Aug. 17, 1890 (MEXU); Arsene
2514, July 29, 1909 (MO, US); Arsene 5422, Aug. 18, 1910 (US); Arsene
10018, July 4, 1909 (MO, US); Arsene Aug. 11, 1910 (MO, US); Barr and
Dennis 65-378, Sept. 4, 1965 (ARIZ, CAS, UC); Hinton 15172, Sept. 14,
1939 (ARIZ, NY, UT); litis, Koeppen and litis 537, July 29, 1960 (F, MEXU,
MICH, RSA); King and Soderstrom 4602, Oct. 5-6, 1961 (MEXU, MICH, NY, SMU,
US, UT); Langlasse 1052, 1899 (MEXU); Littmann and Pennington 9051, July
20, 1967 (NY); McVaugh 13217, Sept. 23, 1952 (MEXU, MICH, SMU, US); Schery
174, July 17, 1941 (MICH, MO).
MEXICO: MORELOS: Arsine July 29, 19Ô9 (NY); Arsine Sept. 29, 1909
(NY); Boyd 66, Aug. 2, 1950 (MICH); Camp 63, Aug. 2, 1950 (SMU); Clark
June 26, 1935 (SMU); Hitchcock and Stanford 7111, July 11, 1940 (POM, UC);
Lundell and Lundell 12503, Oct. 2, 1943 (MICH, US); Lundell and Lundell
12503, Oct. 2, 1943 (UT); Lyonnet 997, Aug. 1932 (US); Palacios Aug. 22,
1964 (UT); Palacios Aug. 24, 1965 (MICH, UT); Ramirez and Rivera 3708, May
1941 (MEXU); Rose, Painter and Rose 8576, July 12, 1905 (MEXU, NY, US).
MEXICO: NAYARIT: Feddema and King 681, Aug. 18-20, 1959 (MICH);
Feddema and King 948, Aug. 24, 1959 (MICH); Mexia 752, Sept. 23, 1926
(CAS, F, NY, UC, US); Veins 2505, Aug. 12, 1959 (RSA).
MEXICO: OAXACA: Conzatti 1871, June 19, 1907 (MEXU, NY); Conzatti
and Gonzalez 38, July-Aug. 1900 (MO); Johnston s.n., July 1, 1947 (UT);
Roe, Roe and Mori 425, July 21, 1965 (MICH, NY, NY); Roe, Roe and Mori
604, July 26, 1965 (MICH); Santos 3214, July 24, 1944 (MICH).
MEXICO: PUEBLA: Arsine 10017, June 27, 1907 (MO, US); Arsine July 11,
1907 (MO, US); Chute M124, July 4, 1941 (MEXU); Gould 9217, July 30, 1960
(UC); Miranda 2923, Sept. 10, 1943 (MEXU); Miranda 2962, Sept. 14, 1943
(MEXIT); Miranda 2981, Sept. 18, 1943 (MEXU); Purpus 4154, Sept. 1909 (UC);
Rose and Hay 5940, Aug. 1-2, 1901 (US).
MEXICO: QUERETARO: Rose, Painter and Rose 9509, Aug. 17, 1905 (MEXU,
NY, US); Rose, Painter and Rose 9580, Aug. 18, 1905 (US); Rose, Painter and
Ross 9644, Aug. 20, 1905 (MEXU, NY); Straw and Gregory 985, July 21, 1957
(MEXU, MICH, RSA).
MEXICO: SAN LUIS POTOSI: Edwards 596, July 19, 1937 (F, MO, UT);
Fuentes Aug. 11, 1956 (MEXU); Kenoyer A193, Sept. 1938 (MICH); Parry and
Palmer 143, 1878 (F, F, MO, MO, NY, NY, NY, US); Rzedowski 4316, Sept. 8,
1954 (MEXU); Rzedowski 10723, June 9, 1959 (MICH); Schaffner 782, or 583?,
1877 or 1897 (MEXU, NY).
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MEXICO: TAMULIPAS: Gilbert 87, July 30, 1965 (UT); Standford,
Lauber and Taylor 2079, June 25, 1949 (RSA, UC, US); Von Rozynski 448,
1932 (CAS, F).
MEXICO: VERACRUZ: Ervenberg 15, Oct. 11, 1858 (NY); Purpus 5638,
Nov. 1911 (UC); Seaton 378, Aug. 16, 1891 (NY); Ventura A., F. 2606,
Oct. 14, 1970 (UT); Weins 2568, Aug. 17, 1959 (RSA).
MEXICO: ZACATECAS: Arnaud, Rose and Rentz Aug. 20, 1960 (CAS);
Maysilles 7384, July 14, 1950 (MICH); Rose 2450, Aug. 20, 1897 (MEXU);
Shreve 8624, Sept. 5, 1938 (ARIZ, US); Trejo 114, July 31, 1955 (MEXU).
MEXICO: (Mise.): Altamirano Jan. 23, 1893 ? (MEXU); Altamirano 1634,
Aug. 20, 1905 (MEXU); Altamirano 5292, Oct. 30, (MEXU); Bilimek 108,
Aug. 1865 (NY); Bourgeau 82, May 27, 1865-66 (MICH, MO, NY); Bourgear
2797, July 28, 1865-66 (MO, NY); Cavanilles 4909, (Sesse, Mocino,
Maldonado) 4-17, 1784-1804 (F); Clausen Aug. 17, 1955 (NY); De Candolle
(M. Allaman 1832) 1862 (F, MO); Hartweg 68, 1868 (NY); Kenoyer A93,
July 10, 1938 (F); Lenmon 4, 1905 (UC); Liebmann 4540, June 6, 1842 (US);
Lyonnet 7, Sept. 1924 (MO, NY); Muller 206, 846, 1855 (NY); Muller Aug.
16, 1910 (F); Vischer 75, 1838 (NY).
Eysenhardtia punctata Pennell
MEXICO: AGUASCALIENTES: Davis and Kincaid 55-71, May 13, 1955 (UT);
Fuentes 6, June 8, 1955 (MEXU); Gonzalez 1089, July 12, 1964 (F, MEXU);
Hidalgo 146-186, June-Dec. 1936 (MEXU); McVaugh 18322, Aug. 25, 1960 (MICH);
McVaugh 16674, Aug. 8-9, 1958 (MICH); Safford 1372, July 21, 1907 (US);
Webster, Adams, Miller and Miller 11359, June 12, 1962 (MEXU).
MEXICO: JALISCO: McVaugh 16272, Aug. 23, 1957 (MICH, MICH); Rose
3734, Sept. 19, 1897 (MICH, MO, PHOTO, US).
MEXICO: PUEBLA: Arsine 82, Sept. 9, 1906 (MO, US); Arsine 10125,
1906 (US); Nicolas Oct. 8, 1910 (NY); Smith, Peterson and Tejeda 3988,
July 20, 1961 (F, MEXU).
MEXICO: QUERETARO: Arsine 10507, 1010-13 (US); Balls 4839a, 4839b,
June 18, 1938 (MICH, UC, US).
Eysenhardtia schizocalyx Pennell
MEXICO: CHIHUAHUA: Ripley and Bameby 13899, Oct. 1, 1965 (CAS, NY).
MEXICO: COAHUILA: Gentry 6884, Sept. 1943 (F, MICH, NY); Johnston
2821, Oct. 1955 (SMU, TEX); Stanford, Retherford and Northcraft 70, June 28,
1941 (ARIZ, MEXU, MO, NY, UC).
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MEXICO: DURANGO: Palmer 528, Oct. 1898 (F, MO, NY, UC); Reko 5220,
Aug. 1927, (US); Ripley and Bameby 14199, Oct. 19, 1965 (CAS, NY); Water
fall 13327, Aug. 8, 1957 (SMU, US).
Eysenhardtia spinosa Engelm.
MEXICO: CHIHUAHUA: Christman 318, Sept. 8, 1961 (US); Gentry 8224,
Sept. 9, 1948 (MICH); Johnston and Muller 1436, Sept. 21, 1940 (MICH, UT);
Knobloch 253, Aug. 14, 1957 (TEX); Krucheberg 4914, Aug. 14, 1959 (MICH,
NY, UC); Lee 45, July 6, 1946 (F, TEX); LeSueur 211, Aug. 16, 1935 (F, TEX);
LeSueur 716, Aug. 1, 1936 (F, TEX); Martinez 15a, Sept. 1958 (SMU, TEX);
Palmer 144, May 1-21, 1908 (F, MO, NY, US); Pringle 139, May 1885 (F, MO,
Wi, RSA, US); Pringle 189, Sept. 1886 (F); Pringle 358, Aug. 30, 1885 (F,
NY, NY, RSA); Pringle 1091, Sept. 1886 (F, MEXU, MO, NY); Pringle 2433,
Aug. 30, 1885 (MO); Ripley and Bameby 13863, Sept. 29, 1965 (CAS, NY);
Ripley and Bameby 13912, Oct. 1965 (NY); Shreve 9058, Aug. 13, 1938 (ARIZ,
MICH, UC); Wilkinson 93, Sept. 30, 1885 (UC, US); Wislizenus 133, Aug. 21,
1846 (MO).
MEXICO: DURANGO: Ripley and Bameby 13,948, Oct. 3, 1965 (NY).
UNITED STATES: TEXAS: Presidio Co.; Hinckley 3242, Aug. 1944 (NY,
US); Hickley 3273, Sept. 9, 1944 (NY).
Eysenhardtia subcoriacea Penne11
MEXICO: HIDALGO: Purpus 1366, Aug. 1905 (NY, PC); Purpus 1367,
Sept. 1905 (F, MO, NY, PC, UC); Rose and Painter 7094, Sept. 16, 1903 (US).
MEXICO: PUEBLA: Purpus 1191, July, 1905 (F, MO, NY, PC, UC); Purpus
3223, July, 1905 (NY, UC); Rose and Rose 11391, Sept. 8, 1906 (F, MO, NY,
NY, UC, US); Webster, Rowell and Barkley 17M592, July 26, 1947 (UT).
Eysenhardtia texana Scheele
UNITED STATES: TEXAS: Bell Co.: Mauerman 18, Aug. 3, 1940 (RSA, UT);
York 54500, June 27, 1954 (SMU, UT).
UNITED STATES: TEXAS: Bexar Co.: Ball 901, Sept. 1877 (NY); Bush
1267, Oct. 4, 1900 (MO, NY); Clemens 664, May 17, 1911 (POM); Clemens 665
June 1, 1911 (POM); Clemens 666, June 28, 1911 (POM); Eggert Sept. 6, 1900
(MO); Freeborn 67, Oct. 23, 1942 (UT); Groth 61, July 8, 1903 (F, NY);
Heller 1705, May 5, 1894 (ARIZ, F, MICH, NY, POM, UC, US); Jermy 1903 (MO);
Jemy June 1904 (NY); Jermy no date (NY); Lundell 11922, Sept. 14, 1942
(LL); Metz 3285, May 6, 1942 (SMU, UT); Parks Dec. 24, 1922 (SMU); Rixford
Nov. 1921 (CAS); Schulz no date (MICH); Schulz 1916 (MICH)j Schulz May 19,
1918!(MICH); Wilkinson 80, 1897 (MO); Wilkinson 1900-1902 (MO).
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UNITED STATES: TEXAS: Elance Co.: Cory 42573, July 4, 1943
(UT). Miller and Miller 946, July 7, 1916 (SMU); Palmer 12857, Sept. 24,
1917 (CAS, MO, NY, US); Reverchon 160, July 188 (F, US).
UNITED STATES: TEXAS: Brewster Co.: Clark 520, Sept. 15, 1939
(MO); Correll 13605, Aug. 2, 1946 (SMU); Correll 14081, Aug. 21, 1946
(NY, SMU); Correll 31561, Sept. 8, 1965 (LL); Correll and Correll 30654,
Nov. 11, 1964 (LL); Correll and Wasshausen 27884, June 17, 1963 (LL);
Cutler 4799, May 3, 1941 (NY, SMU); Hinckley 836, Aug. 23, 1936 (ARIZ,
F, NY, NY, SMU, UT); Hickley and Wamock 46115, Dec. 24, 1964 (UT);
Kruckberg 4744, July 31, 1959 (NY, UC); Mahler 27, June 10, 1969 (SMU);
Marsh 238, Sept. 1, 1937 (F, UC, UT); Marsh s.n., July 1935 (UT); Marsh 15,
Aug. 1935 (F); Msyoung 128D, Aug. 12, 1915 (Uf, UT); Muller 8043, July 18,
1931 (CAS, MICH, NY, UC, UT); Palmer 34155, May 24, 1928 (MO, NY); Rowell
5125, July 27, 1960 (SMU); Rowell 11611, June 20, 1968 (SMU); Sperry 227,
Aug. 23, 1936 (US); Steiger 446, Aug. 1934 (NY); Wamock W56, July 8,
1940 (UT); Wamock 938, July 14, 1937 (ARIZ, UT); Wamock 9575, Sept. 6,
1950 (LL, SMU); Wamock 13996, Aug. 5, 1955 (LL); Wamock and Hickley
BG221, Aug. 25, 1950 (NY, SMU); Wamock and Hickley 3743, Dec. 24, 1946
(NY); Warnock and Hickley 3935, July 13, 1947 (NY).
UNITED STATES: TEXAS: Brooks Co.: Correll and Johnston 17810,
July 10, 1957 (LL).
UNITED STATES: State not known: Burnet Co.: Bameby 13244, Oct. 19,
1963 (MECU, NY, US); Plank Aug. 10, 1892 (NY); Webster and Rogers 6470,
Sept. 21, 1948 (RSA, UT).
UNITED STATES: TEXAS: Cameron Co.: Fleetwood 3742, May 22, 1962 (UT).
UNITED STATES: TEXAS: Comal Co.: Lindheimer 374, 1846 (MO, NY, NY,
PHOTO, SMU); Lindheimer 767, 1850 (ARIZ, F, MEXU, NY, UC, US, UT); Pennell
5468, Sept. 14, 1913 (NY); Trecul 1305, Nov. 4, 1849 (SMU).
UNITED STATES: TEXAS: Crockett Co.;

Edson 13, Aug. 10, 1949 (UT).

UNITED STATES: TEXAS: Dimmit Co.: Clark 4065, Aug. 1, 1931 (SMU);
Johnston, Tharp and Turner 3553, May 2, 1954 (UT).
UNITED STATES: TEXAS: Duval Co.: Berkley 13780, Sept. 19, 1943
(NY, UC, UT); Croft 51, 1884 (NY, US); Croft 1885 (MICH).
UNITED STATES: TEXAS: Frio Co.: Berkley 13903, Sept. 17, 1943 (UT).
• UNITED STATES: TEXAS: Gillespie Co.: Jermy 570, 18 (US); Jermy no
date (MO).
UNITED STATES: TEXAS: Goliad Co.: Williams 149, May, 1927 (UT).
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UNITED STATES: TEXAS: Hays Co.; Correll 26908, Jan. 2, 1963 (LL);
Fisher 43043, July 31, 1943 (CAS, F, US); Gould 6685, Nov. 2, 1954 (SMU,
UC); Johnson 423, Sept. 14, 1948 (UT); Walker 21, Aug. 9, 1961 (UT);
Wamock 46518, July 27, 1946 (RSA, UT).
UNITED STATES: TEXAS: Hidalgo Co.: Cameron 7, June 18, 1937 (F,
UT); Clover 72, July 7, 1932 (UT); Clover 1076, May 8, 1933 (MICH); Clover
1329, June 25, 1933 (ARIZ, MICH); Correll and Johnston 18053, July 15, 1957
(LL); Ferris and Duncan 3059, Aug. 1-5, 1921 (CAS, LL, MO, NY); Parry,
Bigelow, Wright and Schott 221, 2380? no date (NY); Runyon 2737, June 8,
1941 (F, SMU, UT); Uzzell 13, June 24, 1927 (UT); Uzzell 84, July 15, 1941
(UT).
UNITED STATES: TEXASr Jim Hogg Co.: Lehmann and Davis 24, 1942 (F);
Tharp and Johnston 541998, Oct. 10, 1954 (UT).
UNITED STATES: TEXAS: Jim Wells Co.: Johnston 541207, July 9,
1954 (UT).
UNITED STATES: TEXAS: Karnes Co.: Johnson 902, June 29, 1952 (UT).
UNITED STATES: TEXAS: Kendell Co.: Kincaid and Johnston 54618,
May 16, 1954 (UT); Palmer 203, Sept. 4-10, 1879 (NY, US); Palmer 9856,
May 23, 1916 (CAS).
UNITED STATES: TEXAS: Kenedy
25, 1958 (LL).

Co.: Lundell and Correll 15244, Sept.

UNITED STATES: TEXAS: Kerr Co.; Bryant and Bryant 10, June 14, 1950
(UC); Fisher 48144, July 19, 1948 (SMU); Heller 1705, June 26-30, 1894 (F,
MICH, MO, NY, POM, UC, UC); Munson and Hopkins July 1889 (NY).
UNITED STATES: TEXAS: Kinney Co.:
Shreve 8392, Aug. 21, 1938 (ARIZ).

Correll 30435, Oct, 15, 1964 (LL);

UNITED STATES: TEXAS: Kleberg Co.:
UT); Sinclair Spring 1940 (UT).

Johnston Sept. 17, 1953 (SMU, UT,

UNITED STATES: TEXAS; Lavaca Co.: Owens 104, Fall 1936 (UT).
UNITED STATES: TEXAS: Live Oak Co.: Schulz 38-37, May 13, 1938 (F).
UNITED STATES: TEXAS: Llano Co.: Whitehouse Oct. 26, 1930 (UT);
Whitehouse June 3, 1930 (UT); Wolff 3043, Aug. 4, 1941 (US).
UNITED STATES: TEXAS: Mason Co.; Turner 3920, Sept. 2, 1955 (SMU,
UT).
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UNITED STATES: TEXAS: Medina Co.: Correll and Johnston 19529,
July 9, 1958 (LL).
UNITED STATES: TEXAS:
(CAS, MO, NY, POM, UC, US);
Wamock 6770, Aug. 23, 1947
Warnock 13431, July 1, 1955

Pecos Co.: Tharp 43-624, July 13, 1943
Tharp 43-625, July 24, 1943 (UC, US, UT);
(UT); Wamock 11854, July 6, 1954 (LL, SMU);
(LL, UT); York June 14, 1907 (UT).

UNITED STATES: TEXAS; San Patricio Co.: Jones 342, Sept. 25, 1950
(SMU); Traverse 1208, May 4, 1959 (SMU, UT); Traverse 1793, (Oct. 12, 1960
(F, LL, SMU, UT); Traverse 1787, Oct. 12, 1960 (F, LL, SMU, UT); Williges
275, Aug. 5, 1958 (UT); Williges 422, April 24, 1960 (UT).
UNITED STATES: TEXAS: San Saba Co.:
(UT).

Barkley 13303, June 25, 1943

UNITED STATES: TEXAS: Starr Co.: Hermann 14884, Oct. 5, 1952 (LL,
US); Johnston Sept. 10, 1953 (UT); Runyon 1728, May 27, 1937 (UT); Runyon
4394, Sept. 29, 1951 (UT, UT); Tharp and Johnston 541906, Oct. 9, 1954 (UT).
UNITED STATES: TEXAS: Terell Co.: Correll and Johnston 19364,
July 6, 1958 (LL); Tharp 5966, July 15, 1928 (MICH, UT); Wamock and Turner
7, Sept. 14, 1948 (LL, LL, MICH, SMU, UT); Wamock and McBryde 14736,
June 1, 1957 (LL, UT); Webster 322, June 17-19, 1949 (MICH, UT); Wooton
Sept. 29, 1911 (MICH, NY, NY, PHOTO, US).
UNITED STATES: TEXAS: Travis Co.: Albirs 45047, Sept. 22, 1946 (SMU);
Barkley 13623, July 18, 1943 (NY, UC); Barkley and Copeland 66, Aug. 9,
1946 (F, UT); Biltmore 5151, June 13, 1903 (NY, UC); Ferguson 454, Sept. 6,
1901 (UT); Hall 183, May 15, 1872 (F, MO, NY, POM); Higginbotham 3076,
April 25, 1910 (UT); Hogland Aug. 28, 1931 (UT); McKee and Wesley 3814,
July 1911 (UT); Palmer 10761, Sept. 21, 1916 (CAS, MO); Parker 4801, July
1912, (UT); Rowell and Mann 17, July 6, 1945 (UT); Tharp July 8, 1920
(MICH); Tharp Aug. 26, 1932 (MICH); Tharp Oct. 22, 1937 (MICH); Tharp
Aug. 10, 1941 (MO, UC); Tharp 44225, May 20, 1944 (RSA, UT); Ward Sept. 11,
1877 (NY, US); Warnock W1034, Oct. 8, 1944 (UC, UT); White 4664, Summer 1912
(UT); Wolf Oct. 5, 1908 (NY); York Oct. 8, 1907 (MO); York May 15, 1908 (UT).
UNITED STATES; TEXAS: Uvalde Co.; Blair 48-413, Nov. 1948 (UT); ,
Palmer 204, Oct. 1880 (NY); Palmer 10096, June 7, 1916 (F, MO, US).
UNITED STATES: TEXAS: Val Verde Co.: Correll and Johnston 18238,
July 19, 1957 (LL); Eggert Sept. 10, 1900 (MO); Lewton Sept. 6, 1908 (LL);
Obenzholz 16, April 30, 1901 (UT); Thompson 195, Sept. 17, 1958 (UT);
Wamock 11360, April 3, 1953 (LL, SMU); Warnock 11705, Sept. 26, 1953 (SMU);
Wamock 15158, June 7, 1957 (LL); Whitehouse A65, Sept. 20, 1940 (SMU).
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UNITED STATES: TEXAS: Webb Co.: Fields 35, April 9, 1964 (LL);
Garcia, Esquivel and McCart 47, Sept. 15, 1961 (SMU); Martinez and Trevinon
52, Nov. 10, 1961 (UT); McCart and Bustamante 48, Oct. 20, 1961 (TJT);
McCart, Flores and Bustamante 10, Nov. 1, 1961 (UT); Orcutt 5756, Mar.-April
1913 (MO); Rose 18049, Oct. 22, 1913 (US).
UNITED STATES: TEXAS: Williamson Co.: Bodin Oct. 2, 1891 (MO, UC);
Johnson and McCart 4068, Nov. 7, 1954 (SMU); Palmer 204, Oct. 12-19, 1879
(NY); York 46281, Aug. 17, 1946 (UC, UT, UT).
UNITED STATES: TEXAS: Zapata Co.: Correll and Schweinfurth 15719,
April 7, 1957 (LL); Lundell and Lundell 12447, Sept. 20, 1943 (LL, LL, LL,
UC, US, UT); Lundell and Lundell 12665, Nov. 14, 1943 (LL, UT, UT); Saenz
72, April 20, 1962 (SMU, UT).
MEXICO: CHIHUAHUA: Johnston and Muller 49, Aug. 9, 1940 (MICH, UT).
MEXICO: COAHUILA: Flyr 1121, Aug. 27, 1966 (SMU); Gould 10694,
Sept. 11, 1963 (MICH, UT); Graber 124, June 12, 1956 (UT); Hinton 16590,
July 25, 1944 (NY, US); Johnston and Muller 132, Aug. 11, 1940 (MICH, UT);
Johnston and Muller 364, Aug. 19, 1940 (UT); Kenoyer 13, Sept. 16, 1937 (F);
Marsh 61, Spring 1935 (F, UT, UT); Marsh 251, July 4, 1936 (F, SMU, UT);
Marsh 876, Sept. 1, 1936 (F, MEXU, UT, UT); Marsh 1248, July 8, 1939
(F, UT, UT); Marsh 1647, May 5, 1939 (F, UT); Marsh 1991, Aug. 1939 (F, UT);
Mckellar s.n. Aug. 24, 1968 (UT); Palmer 108, 1898 (F, MO, NY, US); Palmer
109, 1898 (UC); Palmer 202, Aug. 14-17, 1880 (US); Powell, Scudday and Sikes
1476, Aug. 22, 1966 (UT); Purpus 4743, Oct. 1910 (F, MO, UC, US); Stewart,
R. M. 511, June 14, 1941 (UT); Stewart, R. M. 639, June 27, 1941 (UT);
Stewart, R. M. 1307, Sept. 1, 1941 (UT); Stewart, R. M. 1870, Sept. 22,
1941 (UT); Wynd and Mueller 10, June 13, 1936 (ARIZ, MEXU, MICH, MO, NY);
Wynd and Mueller 273, June 24, 1936 (ARIZ, MICH, MO, NY); Wynd 686, Aug. 17,
1937 (MO, NY); Youngpeter and Cohn 39, Aug. 1959 (MICH).
MEXICO: NUEVO LEON: Abbon and Arsine 13, 1911 (US); Barkley 14494A,
June 29, 1944 (UT); Chase 7671, July 30, 1939 (ARIZ, F, MICE, MO, NY);
Dodge May, 1891 (MICH); Edwards 371, June 26, 1937 (F, MO, UT); Edwards and
Eaton 15, 1841 (NY); Garcia 4, Nov. 16, 1936 (SMU); Grahm and Johnston 4233,
Oct, 9, 1959 (MEXU, MICH, UT); Gregg 179, 1848-49 (NY); Kenoyer Sept. 16,
1937 (ARIZ, MO); Kruckebsrg 4859; Aug. 10, 1959 (MICH, NY); Lacas 254,
April 25, 1947 (F); Lacas 351, May 1, 197 (F); Levenworth and Levenworth
845, July 3, 1941 (F); Manning and Manning 53304, July 13, 1953 (MEXU);
Meyer and Robers 2552, June 17, 1948 (MO); Millspaugh no date (F); Ifiieller
509, July 15, 1933 (MEXU, UT); Mueller and Mueller 758, June 6, 1934 (F,
MICH, UT); Mueller 2959, Aug. 24, 1939 (LL, MICH, UC); Pringle 1901, June 29,
1888 (F, MO, NY, NY, RSA, UC, US); Pringle 2751, June 20, 1889 (F, MEXU, UC);
Ripley and Bameby 13258, Oct. 22, 1963 (CAS, NY, US); Smith M325, Nov. 1960
(UT); Tayler 215, Aug. 26, 1936 (ARIZ, F, MEXU, MICK, MO, NY, UT): White
1476, June 23, 1939 (MICH, US).
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MEXICO: TAMATJLIPAS: Bartlett 10209, July 10, 1930 (MICH); Bartlett
10376, July 15, 1930 (F, MICH); Bartlett 10682, July 29, 1930 (F, MICH);
Bartlett 11169, Aug. 25, 1930 (F, MICH); Clark June 9, 1935 (SMU); Dressier
2338, Oct. 10, 1957 (MEXU, MICH, MO, UC); .Grahm and Johnston 4091, Sept.
27, 1959 (MEXU, MICH, OT); Grahm and Johnston 4142A, Sept. 29, 1959 (MICH,
UT); Grahm and Johnston 4493, Oct. 25, 1959 (MEXU, MICH, UT); Johnston
4915, Dec. 10, 1959 (MEXU, MICH, UT); LeSuer 213, Feb. 10, 1939 (F, UT);
Levenworth 242, June 25, 1940 (F); Levenworth and Levenworth 858, July 4,
1941 (F, MO); Lewis 1941 (US); Martinez and Luyando F-2390, Oct. 7, 1956
(UT); Medrano 180, Nov. 1963 (MEXU, MEXU); Ozment, Altig and Altig 374,
June 16, 1964 (MO); Schott no date (MICH); Stanford, Retheford and Northcraft 846, Aug. 11, 1941 (MEXU, MICH, MO, NY, UC); Vierect 799, 1930 (US);
Viereck 1004, no date (US).
MEXICO: VERACRUZ: Gregg 577, May 24, 1847 (MO); Purpus 5638, Nov.
1911 (UC).

