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I.

ONE of the first features of the flora of the mountainous and
father dry parts of California to impress one familiar with that.of
ﬂ?e €astern states and the Mississippi valley is the exceeding varia-
vilty of a great many of the plants. While every botanist going into
this field must have been struck by this fact, and some have remarked
Hpon it, as JEpson well does in the introduction to his Bolany of Middle
Western Calijornia, it has never been the subject of any particular
Study,

. The good material for such work is practically unlimited; but my
“Me has not been so, and it has seemed to me that the stuc!)’ 0{ A fe.w
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thus sorediatus, and Baccharis pilularis, shrubs of the Palo Alto
neighborhood, of frequent occurrence and reasonably independent
as to altitude, soil, and exposure. As a further limitation, this account
is confined with a single exception to the leaves of these plants; vara-
tion in other features—for instance in the scales of the cup of Quercus
—1s not less conspicuous.

QUERCUS CHRYSOLEPIS Liebmann.

The leaves of oaks are exceedingly variable everywhere, but the
differences between the leaves of this species on the same tree, or on
neighboring trees, are conspicuous even in such a genus. Figs. 1-3

F1G. 1.—Quercus ckrysolepis: a, alternate leaves on a branch; b, all the leaves on

a twig; ¢, all the leaves on a twig. In all series from left to right is towards the apex.

are from neighboring trees, growing in the mountains back of Stan-
ford University. Each tree had a well-defined leaf character, &
these outlines, each representing leaves of one season’s growth on one
axis, indicate. The venation of the leaves on each tree was as charac
teristic as the outline. As a rule, older trees have more entire lea\tes,
but this is not at all constant ; all my specimens are from acorn-bearnng
trees. All the leaves figured grew on well-illuminated parts‘of the
trees. In the three trees furnishing these leaves the variation in leaf-
character was an attribute of the entire tree, and must therefom.ha"'e
occurred at a time in the tree’s history when it or the
ancestry where the variation occurred was a single cell, o (possibly)
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at most a small and homogeneous group subject to a common impulse.
We are in the habit of thinking of variations as concerning entire
organisms.

.More frequently, however, such leaf forms as these are not so
strictly characteristic of whole trees; but single twigs show uniformly
aberrant types of leaves; or most often single or few leaves of diver-
lgent forms are found scattered over the tree. F 1g. 2, a represents the
dem 051 : single twig on wh.jch the leaf character changed profoundly
bk season. | This might have been ascribed to a change in the

raliable water during the season, but that not all the twigs of the tree
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uerc: : .
C?lt. CUs chrysolepis: a, all the leaves of a twig; b, younger leaves of a
v : ‘ .

Fig, o
twig; ¢
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S€ason’s i way. Fig. 2, b shows the opposite change in the same
8Towth, on another specimen from Chico; and fig. 2, ¢,

QUERCUs DuMoOsa Nuttall.

Ma]] P:lftct]}lleof sured leaves of Q. dumosa were collected in a sing!e
diﬂereﬂces Chaparral, on exposed parts of mature shl;ubs; th(?ll‘

4re therefore independent of the environment. £1g.
' the leaves of the last season’s growth on two twigs of the
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same shrub, showing variation in the shape of the leaf as a character
of the twig. Fig. 3, ¢ shows single leaves from other parts of the same
shrub, illustrating variation in single leaves. [Figs. 3, d, e represent
the characters of the shrubs as the varying entities; the shrub from
which fig. 3, d was made bore conspicuously narrow leaves through-
out, while fig. 3, e is from an example of the well-known bullate
variety. This strain is so pronounced that it has been regarded as
worthy of a distinct name; but it intergrades with the more typical
form, and flat more or less spiny leaves are sometimes found on the
same shrubs with the most bullate ones.
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F16. 3.—Quercus dumosa: a, all the leaves of a twig; b, all the leaves of a tVf'lg
from same plant; ¢, single leaves from same plant; d, leaves of a twig of a bush wit

prevailing narrow leaves; e, leaves from the bullate variety.

Quercus Wisrizent A. DC.

In the Santa Cruz peninsula Q. Wislizeni is a characteristic tree
of the hilltops. In its typical situations it is less constant!y and
conspicuously variable in shape than the two species just considered.
In protected spots it varies more noticeably, but as the influence of
the environment may be directly expressed in these Cases,
left out of account. About Chico this is the common live oa
valley, and is also common in the hills, and is as variable as Q chryse-
lepis or Q. dumosa in that region. As in these, variation 15 by the
tree, the branch or twig, or the single leaf. The difference betweer
neighboring twigs on the same tree is illustrated by fig. 4.

k of the
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Q. agrifolia Née is the commonest live oak of the valley and lower
hills about Palo Alto. It varies in the shape, size, thickness, and
pubescence of the leaves, and like all the preceding may be entire or
very much toothed. Variation is by the tree or any part of it, but is by
10'means so extreme and chronic as in the oaks I have illustrated: in
other words it breeds truer to a type. The other live oak of this region,
. multiflora, is quite restricted as to its habitat; its variation is incon-
siderable, Among the deciduous oaks, (). Kelloggii Newberry,
Which is common in the foothills and mountains, 18 most variable in
Its foliage (and fruit); decidedly more so than Q). lobata Née, the great

e oak of the valleys. In the mountainous north end of the state,
Q: K.e”oggﬁ 1S still Very variable, as is the Q. Garryana Dougl., found
o On the slopes of Mt. Eddy, Q. vacciniijolia Kellogg, ranging
f the mountain up 1n an extreme case to well above
of the spia17 has as variable leaves as Q. chrysolepis. The leaves

k of the moist wooded valleys of this region, known as

g't::”"ﬂ""" e very uniform in all respects; but quite unlike those
. Multiflora of the south.

@In:l: ﬂ.]e 8¢S of all these oaks the fact cannot be too strongly
Pend “Sized that | have been discussing only real variation, as inde-
&0 any Influence of the environment as experiment could have

Nade ;.

lhey ' trhe influence of differences of environment, wherever
”El.te XIE’ ® Very evident, and has been broadly handled by BREN-

‘R © Ponts out the great differences the environment causes
oz, i W., Klima und Blatt bei der Gattung Quercus. Flora go:114-160.
! also lel' E

ﬂtwickelungsgeschichtc der Gattung Quercus, 7dem 406—470.
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between the leaves of different trees, and even the leaves unequally
exposed on the same .tree; which naturally makes him skeptical of
the value of determinations of extinct oaks by the remains of their
leaves. The variations independent of the direct action of the
environment, which I have just depicted, must strengthen the skepti-
cism.

Before leaving the subject of Quercus I wish to discuss briefly
BRENNER’S conclusions. He regards the less stability of the lobed
forms of leaf as compared with the entire as evidence of the greater
antiquity of the latter; such a difference in their variability—which
should be a better test of newness than stability under varying environ-
ment—does not exist in this region. Still, considering oaks the world
over, BRENNER may well be correct on this point. In his concluding
paragraph, however, he exposes a classical weakness which needs
pointing out as often as it occurs. It reads:

Was als wichtigstes Ergebxiis aus derartigen Untersuchungen hervorgehen

diirfte, ist die so oft noch bezweifelte Thatsache, dass die durch dussere Medien
hervorgerufenen Veriinderungen an den Pflanzen thatsiichlich erblich werden
und im Lauf der Entwickelung zu eigentlichen Artmerkmalen sich entwickeln
konnen. Durch den Nachweis, dass bei den Eichenblittern die Verinderungen
beim Versuch und bei natiirlichen Standortsunterschieden den mit dem Klima
wechselnden Speziesverschiedenheiten entsprechen, hoffe ich emnen Theil zur
Kriftigung dieser Anschauung beigetragen zu haben.

If one accepts the inheritance of acquired characters a priort as
"*Thatsache,” he may construe BRENNER’S observations as an illus-
tration of it. But the direct reaction to the environment is fairly 0
be regarded as the result of natural selection, developed and pre-
served by virtue of its appropriateness; and since it is appropriaié
it is obvious that by natural selection alone the plants varying in this
direction spontaneously would be at an advantage, and in the long
run would be parents of all the offspring. Since the identity of the
forms assumed as a direct response to the environment with the forms
characteristic of lands with the corresponding climate is fully C"P!"
cable by natural selection alone, it is certainly no valid argument 10
favor of the inheritance of direct reactions to the environment.

My oak leaves will be discussed with those of the other woody
plants.
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RuEAMNUS cALIFORNICA Esch.

In the foothills and mountains back of Palo Alto, R. calijornica
and its var. fomentella Brewer and Watson are scattered promiscuously
and merge by insensible gradations. The distinctions are supposed
to be that the variety has tomentose reddish twigs, leaves yellow or
white tomentose beneath, and peduncles longer than the petioles.
My material was not collected at a season to illustrate the last feature.
4s to the others, individual shrubs possess or want them, so that a
collector might easily gather material of the type or the variety; but
in the field there is no constant relation between the color of the stem
and the tomentum on the leaf, and neither ereen nor red twigs are
likely to be glabrous. The leaves also vary notably in outline, apex,
thickness, and margin, and in the rolling back of the sides. The
Most remarkable variability is in thickness and texture, margin, and
pubescence. I have measured the length, breadth, and length of
Petiole of all the leaves on one twig (one year’s growth) of twenty-eight
bushes. 1In the following table the results, averages for each bush, are
4manged according to the shape of the leaves, the ratio of breadth to
length, because this ratio is a feature that can be exactly expressed,
anc% one that could not possibly have been considered in the collecting.
This ratio is of average width to average length, and is usually larger
than the average of the ratios for the individual plants.

“mfbsm:her eXplan.ation of the table is as follows: under “margin” s Is serrate,
frate, ¢ entire; under ““lower surface” ¢ is green and apparently glabrous,

“% Pale green an( moderately pubescent, w white (sometimes yellow) and very
Pubescent; ynder “reflex” is given the per cent. of leaf folded back when pressed

::S : ?nder “stem” g is green, rg reddish-green, r reddish, 77 red; thickness 1s.

1&3‘ he. lenth of the petiole is not significant. The width of th‘e
IS 1:: 3 Omitted from the table because expressed In the shape; 1t
- Yatiable than the length, wherefore the average length of the
Oneg €Y narroy leaves (55.7°™) is greater than that of the rotmc.ier
of the(47.scm.) - I did not attempt greater accuracy of description
1argin- than calling it entire, subserrate, or serrate. 1his

blaced

leayeg a‘ majority of the leaves in the middle class, which includes.
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"TABLE 1.
Shape Length in mm Margin ;ﬁ‘f‘:c‘; Reflex Stem Color thilékeﬁiss

1.8 254 5SS w 0 r 130

| 62,9 §§ g 0O r 102

= { 27.8 e | wg 2 rg 106
2.0

731 S g o g 18

2.1 { 31-1 53 wg 2 rg 03

34.0 e wg 20) re 122

393 S | w | 34 r 104

2.2 48.5 ¢ w ", 40 g 182

- 70.38 S g 0 rr 62

2-3 } 628 | s wg 3 rg 89

| 50.1 55 g | a3 rr 148

[ 47.0 5§ g 2 rr 102

2.4 { 50.0 5§ w T r 127

. 20.0 5 wg 17 r 118

2%, | { 400 : g 3 rr aoe

43-5 € g 17 r 11

[ 554 5§ wg 0 rr 173

2.6 50.0 € wg 40 rr 126

\ 38.7 | e wg 33 r 143

2.7 { 114.6% 5 Iy 0 g ‘ 56

35-7 e w 25 rr 10

2.8 6[5 sS wg 6 7 181

| 01.7 5SS wg o r 02

N { 40.7 S wg I rr 132
3.0

31 58.0 55 | wg 3 r 134
3.2

3-3 43.7% e w 20 174

3-4 006.5 5§ we 24 r 154

e T N ATy (RS WL, P e LT

very numerous very minute teeth, so small as to give the appearance

of none at all. Various parts of subserrate leaves may be e

ntire.

I could have counted teeth and reached a quantitative expression of
the serrateness of some leaves, but the entire parts of leaves and the
great difference in the teeth made such data rather meaningless.
As the lower surface is described, the majority again of course 0Cctr
pies the broad middle ground, but there is no tendency toward any

particular part of it.

These specimens were all collected in the vicinity of Woodside
(a post-office a few miles from Palo Alto), which avoided the chance
of extending the apparent range of variation by introducing ge0gt ?Ph“
cal varieties. Selection of extremes in any direction was also avoided,
by such devices as choosing a bush at too long range to mort than
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recognize it.2  Only the two starred in the table were collected after
my attention was attracted to them by their many differences; they
grew with interlacing branches in open ground by a roadside. No
Well-shaded bushes were chosen, nor shaded branches on the bush.
While the immediate environment of the leaves was thus eliminated
as a factor in making them different, the condition of the roots was
eft uncontrolled. I have no doubt that docking its roots would
tdise one of these shrubs to produce thicker, rounder, and more
entire leaves, and 1 believe that these would tend to be pubescent
beneath and rolled inward. But no visible differences in the oround
Were associated with the different variations. That the correlated
ariations are not common functions of any outside agent is evidenced
00 by their measure of independence—flat pubescent, entire green
leaves, etc, The data in the table do not approach the range of
“ariation of the individual leaves nor indicate the frequency with
Which the usually correlated variations are otherwise combined.
The frequent correlation of thickness of leaf with pubescence, rolling
b?Ckward, and evenness of margin might be due to such a com-
bination of characters in heredity as many recent writers on inheri-
“ance assume: byt I would rather ascribe it to mechanical factors
Which operate as the plant grows.

The range of the variability of this Rhamnus is not more I'eI.Ila‘l'k'
able than the absence of any well-defined type from which vanatlc?n
4n be regarded as taking pface; or, to express it in the usual way, In
erms of curves, the curve representing any one of the varying char-
ac.ters Under discussion would be conspicuously broad and .10VY,
:::h(;“t 4 well marked maximum and steep slopes. That this E

“1or the shape of the leaf the tabulated arrangement shows.

a . - .
or;flrve Were plotted with abscissae of 0.2, beginning with 1.7, thj
Hates would he 1, 2, 5, 6, 5, 3, 2, 1, 2. 1f the length were plotte

.-

Zsla UIve with abscissae of 1™ (40 per cent. of the shortest leaf),
“ Oldinates would be 3, 4, 6, 6, §, 2, —1. If a curve were made to

r -
(z?rresem Fue thickness, with abscissae of 20 units of the spherometer
4 per cent. of the thinnest leaf), the ordinates would be 2,

erage width
i3 §.2¢. “ave one branch of whose leaves the ratio of average lengtl} to awf.’ralgUded %
9% but as T noticed its slender leaves before collecting it is not include

the til‘blf:.
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I, 3, 0, 6, 3, 3, 3; or if the abscissae represent 4o units, beginning
with 40, the ordinates become 3, 9, 9, 6. The shape curves of varia-
tion of this plant must be clear from these three illustrations. Of
course, the curve could be made steeper and narrower by increasing
the value of the abscissal units; but by this process, if carried to an
extreme, any curve can be reduced to a vertical line; and 40 per
cent. of the shortest or thinnest leaf ought to be a large enough unit.
The curves for the entireness of the margin and the pubescence of
the lower surface would be of the same shape as these if there were
scales by which they could be measured. These numbers are 100
few to make symmetrical curves, but as an objection to the validity
of the conclusions this is largely removed by the fact that each num-
ber is an average of a considerable number of measurements.

ARCTOSTAPHYLOS TOMENTOSA Lindl.

This is the common manzanita of this region. Some authors

have detected more than one species in what I include in it, but 1
am sure nobody would do so on my material. It was all collected
in a limited region near the top of the mountain south of Woodside,
using the same care to preclude the influence of local differences of
environment as in collecting Rhamnus. ‘Variable as it 1s, the man-
zanita has proved a much less favorable subject for this work than
the Rhamnus, for several reasons. The most variable feature is‘the
pubescence of both stems and leaves, and I have not found 1t feasible
to measure this, because the chaff varies in size as well as in abun-
dance, and is irregularly deciduous. Another difficulty is that the
leaves formed at the ends of the seasons are smaller, narrower, and
more entire than those typical of the plants; this made it ne?CSS‘f’}:
to discard some of the leaves, and to decide more or less arbitrarily
where the typical leaves ceased on each axis. As this left too f‘.zw
leaves on each axis to furnish a safe average, |
on the twigs of a small branch of each shrub. Tables "
give the averages from thirteen plants, and the details Of .th" l’rI“he
vidual leaves of one plant, to show their individual variability. e
data under “margin” show the average number of teeth on ead“s‘w
of the leaf, and the average per cent. of the distance from b;'”e :
apex at which the most apical tooth is found. Under base and ap¢

their angles are given.



















































