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2 The Nalure and Origin of Stipules,

The results of my investigations are herewith given to the pub.
lic with the conviction that conclusions arrived at in the manner
indicated cannot fail of interest to the reader, nor, in some de-
gree at least, of selentific valoe.

CoLumnera UNTIVERSITY,
Kew York, Feb. 8, 1807,
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A REeviEw oF IMPORTANT LITERATURE PERTAINING TO STIPULES,

Owing to the fact that a large part of the literature pertaining
to stipules is inaccessible to the majority of botanical students,
scattered as it is, for the most part, in the journals of various
scientific bodies, it has seemed desirable to preface the considera-
tion of the results of my research on the question of the Natureand
Origin of Stipules with & brief summary, in chronological order,
of the publicatione having reference to the general subject of
stipules. I have, however, omitted mention of their consideration
in systematic works and the genersl allusions and definitions as
they occur in moet general works on the Spermatophyta together
with their speeial consideration in individual species and groups
except in the most important cases.

Stipules have not received a very large degree of attention from
botaniats apart from their morphology as used in classification
and the publications to be considered are not very numerous,
but it is thought that a review of those following will be profita-
ble end of genersl interest :

Malpighi, Marcello.—Opera omnia, 22-38. 1656,

This is one of the earliest works in which stipules are treated,
A considerable number are fipured and described under the name
of foliola caduce.

Linngus, Careolus.—Philsophies Botaniea, 50. 1761,

A general definition is given of stipules s scales borne at the
base of the petiole. Buds are spoken of as formed by stipules, by
petioles, or by rudiments of leaves.

- Limpsus; Carolus.—Prelectlones in ordines natnrales plantarnm, 520.
1792. (€ited by Hanatein in Abhandl. Akad. Berlin, 77. 1857.)

In speaking of the whorled leaves of the Stellats, Linnsus
says that only two of these leaves are true leaves, the remainder
are atipules which bave grown to the same size as the leaves.

De Candolle, Augustin P.—Theorie de la Botaniqoe, 364, 1819,

The stipule is defined as a foliaceous appendage or accessory
leaf situated at the base of certain leaves. The stipel, first so
named by De Candolle, ie defined as a stipule placed on the com-
mon petiole at the base of the leaflets.
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De Candolle, Augustin P, —Organographis Vigétala, 1; 334-341.
1827,

De Candolle's views a8 here expressed may be outlined as fol-
lowa: “ Stipules do not exist in any monocotyledonous plant*
nor in any dicotyledons in which the petiole has a sheathing base;
among dicotyledons with leaves not sheathing, stipules are fre-
quently wanting, especially in plants with opposite leaves. Their
existence i intimately connected with the general eymmetry of
plants, and they occur orare wanting in all the species of & family.

“The only essential character of atipules is their lateral position
at the base of the leaves, and it is not impossible that we confound
under & common name objects really distinet. Their texture is,
in many plants, perfectly folinceous and in these cases they ex-
hibit so exactly the character of lesves that we can say that they
are small accesgory leaves,

“In certasin verticillate leaves, such as those of Galium, it is
noticeable that the bude and young branches are not produced in
the axils of all the leaves, but only of two among them whioh are
opposite to one mnother. I presnme that these two leaves
fornished with buds are the troe leaves and that the others should
be considered as folinceous stipules,

“ The natursl nse of stipules geems to be the protection of the
leaves during their development, but we must admit that in many
cases their smallness or their nature or form make them inappro-
priate to this use, though we cannot well assign another to them,
thoee which are folinceous aseist in the claboration of the sap,
those which are changed into spines serve for the defemse of the
plant.

“ The tendril in the Cucurbitacese is perhaps s modified stipule.
The ochrea of Polygzonums is & prolongation of the base of the
petiole into eonnate stipules.”

In volume 2, pages 213 and 214, De Candolle saye in ‘treating
of buds, “ They have received particnlar names according as they
are formed by different parts of the foliar organs, and according
to the degree of their degeneration and adnation.

“1. Buds are oalled foliar when, the leaves being sessile, the
blade itself, reduced to the form of a scale, forma the budes, se in
Daphne mezereum L.

# 2. They are called petiolar when the bases of the petioles dila-

*Bee also A, Richard. Précis de Bof., 126.
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ted into scales form the covering of the young shoot.” Thia oc-
curs in petiolate leaves withount stipules, as in the walnut, ash
and horse-chestnut.

“4. Buds are stipular when the scales are formed, not by the
leaves, but by the stipules which are not united with the petioles.
Of these there are two sorts,—those which are formed by a great
number of stipules enclosing a young shoot collectively, as in
oaks, willows and elms, and those in which the stipules, free or
united by theirexterior marging, form a peculiar envelope for each
leaf, a8 in Ficus and the magnolias.

“4, When thestipules are adherent with the petiole, these two
organs united into one form the bod scales, and are named ful-
oral. This gecurs in most of the Rosacem, and the scales are
frequently thres-lobed or three-toothed, indicating the origin of
the scale formed by the petiole and the two stipules united to-
gether.,” Plate 21, figure 9, shows the progressive change from
scales to folinge-leaves in buds that are fulersl in nature.

Bischef, &. W.—Lebrbueh der Botanik. 17T7-183. 1834,

The subject is here more fully outlined than in De Candolle's
Organographie. Btipules are defined as peculiar leafy expan-
sions at the base of a free middle leaf, They are recognized as
belonging to the leaf on the ground of their frequent connection
with the petiole, the receiving of their vascular bundles from
those of the leaf and the nbsence of bude from their axils. Va-
riouns kinds of slipules are described and the ochrea, the ligule, the
stipule in the Neiadaces and the ochrea of palms are inclnded
with stipular formations,

Lindley, John.—Introduction to Botany, 99. 1832,

The following statement is of interest: *“ The exact analogy of
stipules is not well made ont. I am clearly of opinion that, not-
withstanding the difference in their appesrance, they are really
acoessory leaves ; because they are oceasionally transformed into
leaves, a8 in Rosa bracieaisa, because they are often indistinguish-
able from leaves of which they obviously perform all the fune-
tions, as in Lathyrus, and because there are cases in which buds
develop in their axills, as in Saliz, a property peculiar to leaves
and their modifications.” The character of stipules is denied to
the tendril of the Cucurbitaces: and the tendrils of Smilaz (p. 96)
are regarded as lateral branches of the petiole.

AFNALS N, Y. AcaD. B, X, April, 1887.—2.



8 The Nature and Origin of Stipules.

Henry, A.—Recherehes sur les bourgeons. Nova Acta Acad. Nag 18 : 625
5640, 1838. (Cited by Clos in Bull. Soe. Bot. Fr. 28 : 103. 1879.)

Henry says that he recognizes in the Betulaces and Cupuliferse
that the bud-scsales are formed by stipules in an anamorphoszed
condition, and that in FPlatanus they are formed by the ochrea as
he terms the basal foliar appendage in this genns,

Lestiboudois, Them.—Etudes sur I'anatomie et Ia physiologie des
vegetaux, 1840, (Cited by himself in Bull Soc. Bot. Fr. 4 : T46-T47, 1857.)

The aothor states that he has shown that stipules are parts of
the leaf, formed by the bondles or latersl fibers of these organs,
whether they arise from bundles not yet having left the stem, from
anastomosing arcades which unite the leaves as in the Stellates, or
from the fibres of the petiole, as in the adnate stipulea of Roasces:,
or whether they are in part supplied by bundles directly from the
cauline cylinder, as in Plalanus,

In relation to the tendril in the Cucurbitacese, he states that its
bundles are derived from those which pertain to the axillary bud ;
that it is therefore not & stipule, but the first foliar appendage of
the axillary branch for ite fibro-vascular bundles are not disposed
like those of stema, buf are analogous with those of peticles.

8t. Hilalre, Aug.—Legons de Botanigme. 170, 1840. (Quoted by
Colomb in Ann. Bl Nat, (VII), 6:28, 1887.)

It is stated that the tendrils of Smilox are to be considered as
lateral lesflets of a componnd leaf. '

Agardh, J. G.—Usher dis Nebenblatter der Planzen. | Reviewsd by
Fries and Wahlberg in Plora, 33 : 758-761. 1850.)

Agardh believes that, although etipules have been considered as
degenerate appendages of the leaf or modifications of it, they are
not at ail a part of the leaf becanse they are formed before it, and
must be considered as independent organs, The outer bud-scales
and slso the protective coverings of the earliest shoots of a plant
are 8 kind of stipule-formation, leading to the conclusion that in
the lower part of a shoot or the outer part of a bud the stipule.
formation preponderates, and in the upper or inner parte, the leaf-
formation, so that often at the lowest nodes the leaf does not de-
velop and at the upper stipules are absent. In Tussilago there
are special leafy shoots and the flowering shoots are provided
with stipules only.
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From these considerations Agardh concludes that there are two
kinds of appendicular organa instead of one, namely stipules and
leaves.

Antpix.—Femi snrla Théorie des etipoles, thése de 1'Ecole de pharmacie
de Paris, 1-25, 1841, (Cited by Clea in Bull. Sec. Bot. Fr. 1: 302, 1854.)

The conelusion is reached that the leaf is not a primitive ap-
pendage of the stipule and that the stipule is nothing more than
an appendage of the leaf.

Regel, E.—Beohachtung fiber den Ursprung und Zweck der Btipeln,
Linnma, 17;: 183-234. 1843

Regel hee stodied the development of stipules in seedlings and
in the growth of individual leaves. He believes, but does not
feel ready to assert, that stipules are present in sll Angicsperms in
the earliest stages of growth. He therefore includes in stipular
formations the ligule, ochrea, sheathing peticle and the supernu-
merary leaves of the Stellate. He concludes from his observa-
tions:

1. * That sll the leafy organe of phanerogamic plants are di-
vided into two entirely distinct formations, the stipular and leaf.
formations.

2. “That the stipular formation arises from the hase of the
meristem tissne ol the lealy axis, covering the summit, but always
with a longitndinal cleft or one passing transversely across the
apex.

3. “ That perfect stipules are formed by the occurrence of two,
four ot more clefts in the original stipular sheath, giving rise to
ae many stipular leafleta.

4. “ That the stipules receive their vascular bundles directly
from the stem,and are uweusally parsllel veined because of their
forming originally a completely encircling sheath,

5. “ That they serve always for the protection of the growing
point and of the true leaves, when these are present, during their
development.

6. “In all plants, organs adapted for protection belong not to
the leal-formation but to the stipole-formation.

7. * That stipules are to be regarded as a formation preceding
the leaf-formation, since they appear before the leaves.

8. *That they belong primarily to a nodal ring distinet from
that producing the leaves and situated either above or below it.
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From these relations,as regards the leaf, interior snd exterior
stipules are distingunished.

9. “ Interior stipules protect the formation of the following
node and leaves. The leaf at the same node develops somewhsat
earlier or at about the same time,

10, " Exterior stipules develop before the leaf at the same node
and therefore protect their own node with its leaf.

11. “ Aw stipoles are limited in the time during which they are
functional, they lose their significance as goon 88 this purpose is
fallled. They do not produce buds in their axils except in caser
where true leaves are not developed.”

The following stalement (p. 227) should be noted. “In some
speciea of Thalicirum the membrane rising above the inner
margin of the base of the petivle is the analogue of the lignle.”

Hirschleger, F.—Flom, 28 : 615, 1845,

The tendril of Cocurbitacems is regarded aa & normal stipular
formation.

Mercklin, €. E.—Entwicklungsgeschicte der Bluttgestalten, 1846,
{ Translated into the French in Ann. Boi. Nat. (IIT), 6: 215-246. 1846.)

The statements of Mercklin are contrary to those of Regel.
He says, " In all cases the stipules of the developing leaf appesr
ag portions of the lamina ; it is only later, during the development
and elongation of the petiole, that they become sufflciently sepa-
rated to be considered as distinct organs. In all simple leaves
the stipules never appear at the same time with the firat rudiments
of the lamina; they develop only with the inferfor parts of the
Iamina including the petiole."”

* From my observations of stipules I conclude that in common
with the leaflets they owe their origin to the common petiole
and are formed [ater than the leaflets.”

K rause, &= —FEinige Bamerke fiber den Blumenban der Fomariacere ond
Crociferse. B, Cruciferee. Bot, Zeit 4:137-150. 1844,

Btipules in the Crucifers are considered (pp. 143-145) and the
homology with stipules of the so-called glands at ihe base of the
leaves is established by a careful series of observations upon their
development., The glands of the bracts and florsl organs are also
included.*

*See also Duchartre, Rev. Bot. 2: 208. 1845-7 snd Norman, Quelques
Observ. de Morph. Veg. 18567.




