Contributions to the Morphology of the
Mistletoe (Viscum album, L.).
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I URING the past few years I have repeatedly  had

opportunities of observing a large number of abnor-
malitics in the structure and arrangement of the organs of the
mistletoe, many of which hve been noticed before, while others
are apparently new, They have led me to give interpretations
to some morphological characters of this plant different from
those hitherto given, and I therefore think they are worth
deseribing.

In the present paper I proposc to deal chicfly with the
morphology of the flowering shoots, including both the arrange-
ment and the general structure of the flowers. In order
to make my remarks more intelligible, T have included almost
all that has heen said on the subject by Wydler! and Lichler®

The mistletoe is dioccious . The plants of the two scxes
have on the whole the same structure. The axis of the sced-
ling produces two cotyledons and a pair of foliage-leaves
alternating with these. It then ccases to grow any furthe,
but in the axils of the folingre-leaves buds are produced which
develop into branches the next year. Each branch bears at
its base two minute opposite scale-leaves, the prophylls of
the new shoot (p, £ in the diagrams); they are at right angles
to the bract of the shoot (4 in the diagrams). Near the top of

v Jrlorn, 1800, [ 443 '

9 Bliithendiagramme, il p. 552,

8 Quly a single case in which a male plant had also produced some female
flowers and fruits is mentioned by Masters in his Vegetable Terntology, Pr 500

[Annals of Botany, ol. 1L No. VII, November 1888.]
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a branch two foliage-leaves (L, L, TFigs. 1, 2, cte.) are usually
found, which alternate with the prophylls, and arc therefore
median. During the first yecars the apex of ecach shoot is
cither nalsed, or it bears two more scale-leaves, which again
alternate with the folinge-leaves, but the growth is always
continued by buds springing from the axils of the latter, and
thus the well-known pscudo-dichotomous structure of the
mistictoc is produced. The folinge-leaves normally last only
onc scason, while the prophylls may remain for a period of
cight or more years. In about the fourth or fifth year of the
life of the plant a small capitate inflorescence is produced at
the top of cach shoot.

It commonly happens that foliage-leaves or shoots arc not
developed in places where the general plan of the plant would
lead us to expect them. The shoots especially may remain
dormant for scveral years.  If only onc shoot is developed, it
often appears as the direct prolongation of its mother axis.  If
this goes on for several years a sympodium is produced which
is frequently of considerable length. It also happens some-
times that new shoots arc produced in the axils of the pro-
phylls, and thus false whorls of three to six shoots are formed.
As this may be repeated in the case of the accessoty
shoots, their number may be increased still more, and
Wydler? found as many as twelve in one casc he also saw
prophylls developed into foliage-leaves. Shoots bearing a
whotl of three foliage-leaves are not rare, whercas whorls of
four foliage-lecaves? are uncommon, but I found them in both
male and female plants. The increasc in the number of
folinge-leaves scems on the whole to be more frequent in
the male plants, As a rule, this is duc to the substitu-
tion of a trimerous or tetramerous whorl for the normal
dimerous whotl, as is shown by the fact that cach of them may

1 Tlora, 1800, 1 44.5.

% Tn one case T found five follage-leaves in a rather irregular whorl.  This was
due to e fscintion of two shoats, one bearing Lwo, the other three leaves.  The

true nature of this abnormality was clearly shown by the internode heing groved,

ete., also by the structure of the two inflorescences which terminated this double
shoot,
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bear an axillary bud, and thus true whorls of three or four
branches may also be produced. 1 have actually observed
such true whorls of three and four branches. The structure
of the inflorescence, moreover, corresponds usually to the
number of folinge-leaves, as we shall see later. In one casc
only, where three lolinge-leaves vecurred, they seemed to have
arisen from the normal two lewves. One of the three leaves
was rather broad, and showed beginning of splitting at the
APON, while two others were ubout the normal size ; but neither
one nor the other of these had, like the thivd, a bud in its axil,
there was, however, @ bud bhetween thent, which served, as it
were, s a common axillary bud for the two together (Tig.
3), Tt is probable. therefore, that they owed their origin to
the splitting of one of the normal leaves.  The odd leaf of the
true trimerous whorls of foliage-leaves is always turncd towards
the axis (IFigs. 4 5 1), whereas the leaves of the tetramerous
whorls are placed diagonally (Fig. 5 I1, 6).

The inflorescences are usually found between the two foliage-
leaves, and normally consist of Lwo lateral flowers at right
angles to these leaves, and a terminal flower.  Iiach of the
former stands in the axil of a small sale-leaf, the two together
thus forming a third whorl of leaves (5, s, Vigs. 1, 2). No
more leaves are borne directly by the primary axis of cach
shoot in the male plants, but in the female plants the terminal
flower is usually preceded by a fourth pair of leaves, which is
like the one preceding it, and continues the regular decussate
arrangement of leaves! (s1, &%, Tig. 1) Where three or four
foliage-leaves are borne by a shoot, the number of the upper
seale-leaves is inereased at the same rate; this is often also the
case with the lateral flowers, but frequently their full number
is not developed (Figs. 5 Tand 5 IT). Very often scale-leaves are
only developed where folinge-leaves ought to be, cither in the
place of one or of hoth of a pair. This occurs chicfly in shoots
which have been dormant one ox more ycars. Very commonly
these additional scale-leaves also bear fowers in their axils,

! Brom o remark mude by Wydler, Tlora, 1860, P. 443; T couclude they may
also bear fowers in their axils,
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and thus we get an inflorescence of five flowers, as represented
in IYig. 7. Such an inflorescence has usually a short stalle, and
is like the ordinary shoots provided with two prophylls at the
base. Whole inflorescences or single flowers may also be formed
in the axils of the prophylls of ordinary shoots.

The terminal fower of the male inflorescence is, as a rule,
not preceded by scale-leaves, as indicated above. Iut TTof-
meister® has stated that they are present hiere, as in the female
inflorescences.  ‘This is really often the case, although not
observed by Liichler, but still the structure of the inflorescences
in which it occurs is not the same as that of the female
inflorcscences. I only obscerved this apparent abnormality in
inflorescences developed from dormant buds. I have repre-
sented it in Fig. 8 I Tt is shown there that in the abnormal
cases thie shoots of male plants have only three pairs of
decussate leaves, as in the normal cascs.  The abnormality
is at once understood by comparing it with a case such as
is represented in Ifig. 7, and which I have explained already.
If in such a case the two lateral flowers are not developed, as
frequently happens, a three-flowered inflorescence is produced
which, it is truc, agrees in its general structure with the normal
female inflorescences, but there is one difference (quite apart
from the number of leaves) by means of which its true nature
may be at once detected. A normal female inflorescence is
always transverse (Fig. 1), whereas these inflorescences arc
always median, which must be the case, as two out of the
three flowers composing it are seated in the axils of the
cquivalents (7, /) of the two folinge-leaves, which arc always
median.  The uppermost pair of leaves preceding the terminal
flowers (s, 8) in such cascs 1s therefore not equivalent to the
uppermost sterile pair of leaves (s1, 87, TFig. 1) in the female
inflorescence.  If, again, both the lateral flowers and their
bracts are suppressed (Fig. 8 1I), the resulting inflorescence is
exactly like the normal male inflorescence, differing only in its
relative position to the mother-axis and the bract of the shoot.

1 Neue Beitriige, L. p. §53. 1 nn quoting here from Iighler, Blithendiagramme,
- 583
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In the female flowers the perianth? consists usually of two
dimerous alternating whorls of scale-leaves, which cohere, more
or legs, at the base.  Their position will be readily understood
by a glance at Jig. 1, which has been copied from Eichler®
The two carpels which compose the ovary continue the regular
alternation. No exception has come under my observation
with regard to the number of parts composing the lateral
flowers, whereas in the terminal flowers of shoots bearing three
folinge-leaves only one whorl of perianth-leaves, alternating
with the three scale-leaves which precede the flowers, was
observed (g, 4).  Wydler mentions a case in which a female
terminal flower, preceded by two scale-leaves, had also a
grimerous perfanth,  An increasc in the number of perianth-
leaves beyond four has also been described by the same
author, and is very likely to be explained in the same way as
o similar increase of the organs composing the male flowers,
which will be treated of later, Whether any variation in the
number of carpels takes place I am unable to say.

The male fowers are, on the whole, built on the samc plan
as the female ones, but cvery trace of an ovary is absent in
their centre.  Iiach perianth-leal bears gix to twenty pollen-sacs.
Ilofmeister® and van Ticghem? consider cach of these structures
(takenas whole) as a single leaf, The former bases his view on
the development, which shows that it ariscs apparently as one
organ ; while the latter bascs bis view chicfly on anatomical
grounds, but he is carcful to call them simply polliniferous
sepals (¢ sépales polliniftres’)s he does not call them stamens,
as once would expect. Lichler, on the other hand, who
based his view on a comparison between the structure of the
flower of the mistletoe and that of nearly allied forms, came
to the conclusion that cach consists of two parts, namely of

T have never seen the so-called ¢ galycuing” of the flowers. Tt is frequently
mentioned that it does not oteur regularly, and it seems to be certain that it is
only an outgrowth of the axis without leafy charactet. Compare HHofmeister in
Tlora, 1854, D Odd (note) 3 Wydler, in Wora, 1860, p. 445} Tiichler, Bliithendia-
gramwme, P 553

81, ¢, Kig. 236, 1 41, ¢, P 539

’

i Ann, . Sc. Nat. scérie 5 Tome xil. . 1071,
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a perianth-leal and an anther. T am inclined to think that his
view is right, although I cannot offer much additional evidence
to support it.  DBut I may mention that T have often seen the
posterior perianth-leaf of Iateral flowers forming a compact
body with the adjoining perianth-leaf of the terminal flower,
both of them bearing their pollen-sacs in their proper places.
Now,when we thus see that leaves of different flowers frequently
coalesce to form a single structure, we are certainly justified
from a morphological point of view to assume that such a
coalescence may constantly tale place in the leaves of the same
lower, if there are other reasons to support such an assumption.
ichler adduces as an argument in support of his view the fact
that in other species of Fisewn, as also in the nearly allied
aenern Joremolepis, horadendron, and others, the two leaves,
which are only hypothetical in our species, may actually
become nearly separvate; and, furthee, that it also happens
exceptionally in these genera that the flowers possess three
perianth-leaves and two anthers, one of the latter being then
placed between two of the former, * certainly the best evidence
against Iofmeister's view 4’

Iichler says that the male lateral flowers are ‘always’
tetramerous, but I found them frequently to be trimerous or
even pentamerous.  In the trimerous flowers there was appar-
ently a single whorl of perianth-leaves? substituted for the
normal two dimerous whorls, whereas in the pentamerous
flowers evidently a splitting of a perianth-leaf with the adnate
stamen had taken place (compare the dingrams of the lateral
flowers in Ifig. 6).  The terminal flowers of shoots with a
dimerous (and I may add also those with a tetramerous) whorl

U See also Schumann in Pringsheim’s Juhrbiicher, 1887, Bd. xviii. p. 133, where
questiong of this kind are treated of ina more general way; the ease of Tocem is
mentioned on porro. My paper was in the hands of the editors before No, VI,
of the Annals of Hotany was published, 1 have noticed with satisfanetion that
My, T Jolnson in his paper in that number, on ‘clrcenthobinm Qxycedrs, Wrings
forward very strong arguments in support of Eiehler’s view (¢f. Annnls of Botany,
Vol. II. No, VL pp. 158 and 156),

¥ For shortness’ sake I am only speaking of perinnth-leaves here and in the

following pasenges.  To will be understood that I always mean the structures
compesed of a perianth-Teal and an anther,
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of foliage-leaves arc usually tetramerous, the outer whorl of
perianth-leaves being median, and, therefore, differing in this
respect from the terminal female flowers, as will be seen when
Fig. 1 and IFig. 2 arc compared, 1t will also be seen that the
outer whorl of perianth-leaves of the male flowers has the
sume relative position as the uppermost pair of scale-leaves
i the female ones.  The terminal male flowers of shoots with
three folinge-leaves usually possess LwWo trimerous whorls of
perianth-leaves, the outer one having also the relative position
of the three scale-leaves in the corresponding female lowers.
Iichler is of opinion that in the common male terminal flowers
the two scale-fenves which preeede the female flowers are
made use of (Cwerden einbezogen 1) in the formation of the
periantl. Although at first sight this appears obvious, I
cannot agree with such an interpretation.  Ifirst of all it
may be argued, from a general  point of view, that the
outer and first formed perianth-leaves take a median position,
simply Dbecause there is room for them to devclop in this
position an account of the scale-leaves being absent. If we
adopt 1iichler's view we must further admit that the male
terminal flower is constantly without the inner dimerous whorl
of perianth-leaves which the corresponding female flower
always possuesses.  Bub there is, thivdly, onc reason which
directly compels us to give up the view brought forward by
Iichler. I have already mentioned that dormant buds often
produce inflorescences composed of a various number of flowers.
I have deseribed the three cases which are the most frequent.
T.ct us compare the two cases represented in TFig. 8 1 and IL.
These two inflorescences were found side by side. It will be
admitted that in these two cases the terminal flowers are
absolutely equivalent, and yct, if we cxamine the relative
position of their parts, we notice the actual difference which
exists between the normal male and female terminal flowers.
If, as in Iig. 8 1, the terminal flower is preceded by two sterile
scale-leaves, the outer whorl of perianth-leaves is median, and
thus alternates with them s but if it is not preceded by them,

3 1L must be said that the Genman expression is rather vague.
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as in Fig. 8 11, this whorl is placed transversely, assuming the
position of the scale-leaves which are wanting. I have tested
this fact in many cases, and always with the same result. T am
thus led to belicve that the difference between the terminal
male and female flowers, with regard to the position of their
parts, is simply caused by the complete suppression in the
former of the uppermost (fourth) pair of leaves.

An increase in the number of parts composing the male
terminal flowers is not rare. Iiichler only knew of pentamerous
and hexamerous flowers besides the normal ones; but 1 have
also observed one heptamerous and one decamerous flower L,
Iichler explained the abnormal cases known to him by
assuming that in the hexamerous flowers the inner dimerous
whorl of normal flowers was replaced by a whorl of four
members, and in the pentamerous flowers by a whorl of three;
but his own figure, which I have copied (I7ig. 9), suggests at
once the idea that the increase is simply due to the splitting
of the two normal members composing the inner whorl® I
have already adopted such an explanation in the casc of the
pentamerous lateral flowers, where T usually found it to agree
extremely well with the position of the parts of the flowers.
In the terminal flowers a regular arrangement of the parts
cannot always be rccognised when their number has been
increased, but it is easy to find all intermediate stages between
perianth-leaves only slightly divided at the top, and others
which are divided down to the base. My explanation covers
also the cases in which seven and ten perianth-leaves were
found, whercas those adopting Tiichler’s view would find
difficulty in explaining them. The view that the increase
is due to splitting may perhaps be strengthened still more
when I restate the fact, which I hope has been distinctly proved,
that splitting of foliage-lcaves also occurs in the mistletoe.

1 The hexamerous fowers of shools with three folinge-leaves were also np-
parently unknown to him, but these must be left out of account here, as in a certain
gsenge they have to be considered as normal.

3 T may here call attention to the similarity between our case and the interpre-

tation of the androceium of Cruelferae, regarding which Iichler holds exactly the
view I take of it in Fiscoem,
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TXPLANATION OF FIGURES IN PLATE XVIIL.

Tusteating Thr. Sehiinland’s paper ou the Morphology of the Mistletoe
(Iisenm albent, 1.).

[AlL figures represent dingrams of flowering shoots ns actually observed by the
author, with the exception of Fign 9.

[« «smother axis of cach shoot; A cbeacty p=prophylls 7, = folinge-leaf s
becnxillary buds Jovenle-ieal corresponding (o Ly sand ¥ sagenle-leaves in
infloresvences. |

1ig, I, Normal female shoot (after Juichler).

Fig. 2. Normal mate shoot.

Liige. 3. Male shoot in which the pesterior foliage-lenf has split into Lwo; the
anterior lealshows beginning ofsplitting ; the terminn] inflorescence is also ghnornual,

Vi 4o Trimerous female shoot.

Vig. 5. T, Trimerous wale shoat 3 one laternl fower is not developed, 1T Tetra-
merons male shoot ) ope lateral fower and the terminal flower are not developetd.
The two median lateral flowers are timerous, and oceupy ¢he apex of the shoot.

Tig. 6. Tutranerons male slioot 3 one lateral (ower is trimerous, another pento-
neros,

Fig. 7. Mude shoot with five flowers developud from o Jormant bud. In the
phuee of the two folingu-leaves, genle-leaves are developed which also bear flowers
in their axils,

i, 8. T. A similar cosc as represented in Xig. 7, only the Lwo lateral flowers
are suppressed. 1L Cpse similar Lo the preceding oned o fuether reduction has
taken place by the suppression of the upperniost pair of seale-leaves.

Tig e Male shoot with hexamerous terminal Nower (after Tiichler).
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