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A. Aff.robur

B
Al A2. A3,
B. Aff. petraea:
B1. B2 B3.

C. intermediate Forms

c1. c2. C3.

FIGURE 6. Variations in the leaf base of Quercus (after Cousens 1962)
A aff. robur: A1 composite diagram to show auricle structure, A2 abaxial
view, A3 adaxial view.
B aff. petraca: Bl cuneate base, B2 partially cordate base, B3 cordate base
with lamina reflexion. )
C Intermediate forms: C1 ‘medium auricles’, C2 medium auricles only
partly developed, C3 weak lamina reflexion but points produced.

vary from one to four cells in length and may be up to 90 xm in length; some
appressed, some more or less erect, straight or flexuous, clearly arising from
epidermal cells. I first observed these hairs when examining very young leaves
for the developing mycelium of the fungus Microsphaera alphitioides Griff.
& Maubl. The terminal cells of the hairs tend to be bulbous: They are difficult
to observe with a hand lens, but can be seen with a binocular microscope and
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Ficure 7. The abaxial pubescence of Quercus aff. petraea. (Scale 0-01 mm). (a) Large
stellate hairs on the midrib and in the axils of the main veins with ascending rays
(‘side’ view), (b) Small stellate hairs on the lamina with appressed rays (‘surface’
view).

are clearly seen in leaf-surface prepations under x 100 magnification. As they
occur on both Q. robur and Q. petraea they are of no discriminatory value.
Type (b) hairs are normally regarded as diagnostic for Q. petraea. The hairs
may be seen with a hand lens, but are best viewed with a binocular microscope.
Type (a) hairs are not cited by most authorities although Cousens (1962) regarded
them as also diagnostic for Q. petraea. Most authorities cite the occurrence of
tufts of simple hairs along the midrib and the axils of the main veins, which are
visible to the naked eye and clearly seen with a hand lens, as being characteristic
of Q. petraea, but these are not mentioned by Cousens (1962, 1963, 1965).
Microscopic examination of what appeared under a hand lens to be clusters
of simple hairs from the midrib and vein axils of Q. petraea leaves proved to be
the ascending rays of stellate hairs, the rays ascending from a common base
(Fig. 7). It seems likely that the mention of tufts of simple hairs, commonly

C
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occurring in descriptions of Q. petraea, refers to the large stellate hairs described
by Cousens (1962); these are only discernible as such under the microscope.

Type (c) hairs are uncommon but characteristic of Q. robur (Cousens 1962)
and correspond to the ‘occasional simple hairs’ described in Table 1. Because of
their rarity the presence of such hairs cannot be used as a diagnostic character.
Under a hand lens they may be confused with type (a) hairs, but they do not
occur in the axils of the veins. If apparently simple hairs are found both on the
midrib and in the axils of the main veins, presence of type (a) hairs may be
assumed. If simple hairs occurred on the midrib only, their presence was not
recorded. Type (d) hairs are found on both oak species (Cousens 1962) but they
are difficult to see with a hand lens and their presence was not recorded. They
may be distinguished from the hairs described by Jones (1974) by their swollen
basal cell; in the latter hairs the terminal cell is swollen.

Initially, type (a) and type (b) hairs were scored as 1: present and abundant
(Q. petraea), 2: present but sparse (intermediate), 3: absent (Q. robur). Presence
and absence were easily noted, but considerable difficulties were encountered
between scoring abundant and sparse. Also, of all the characters used, pubes-
cence is most likely to be affected by damage and partial decay. Using leaf
litter for taxonomic assessment some pubescence would be observed on a
reasonably well-preserved leaf, but the amount may not reflect that originally
present. For these reasons, stellate vein/axillary pubescence and stellate lamina
pubescence were recorded separately as present, scoring 1, or absent, scoring 3.

The leaf-litter of both species often possesses what appear under a hand lens
to be stiff black hairs on the abaxial midrib. These are clearly distinguished
from type (a) hairs by their large size and colour, and appear to be part of the
fruiting body of an ascomycete which presumably invades the leaf after leaf-fall.

SCORING OF LEAF-LITTER SAMPLES

Having defined suitable leaf characters for assessing the taxonomic status of oak
populations, it is necessary to examine whether such an analysis is applicable
to leaf-litter as well as fresh material. The problems of using leaf-litter involve
the possibility of changes of characters after leaf-fall, and the absence of any
regular, comparative sampling procedure. Even if the characters do not appreci-
ably change after leaf-fall, the litter will contain both lammas and spring growth
from trees of varying age and subject to varying exposure. Lammas growth
appears to be distinguishable from spring growth (Jones 1959) and is usually
excluded from taxonomic analysis, while juvenile leaves from young trees of
both species are very similar and differ markedly from the adult leaves (Jones
1959).

To assess the possible effects of leaf-fall and drying on the chosen leaf
characters, a number of samples of fresh leaves from both reference populations
were taken and the characters for each leaf scored and recorded. The leaves
were then allowed to dry for several weeks. This process is not strictly compar-
able to changes after leaf-fall as the leaves are protected from decomposers and
detritivores. However, incomplete leaves from a litter sample would be excluded
from analysis, and it is assumed that changes in intact leaves would largely be
due to periodic desiccation and re-wetting. The dried leaves were eventually
soaked in water and at intervals the leaves were removed and quickly but
carefully blotted between sheets of absorbent paper. The initial weights and
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interval weights of the samples were noted. After each weighing the leaves were
replaced in the water. Uptake of water was found to be largely complete within
half an hour. The leaves were then removed and, whilst still damp, the characters
re-scored. It was found that there were no changes in the states of secondary
characters within the limits of variability of scoring established from fresh
material. The primary quantitative characters exhibited some variation and
were subjected to a r-test to ascertain whether any differences between initial
and final scoring were statistically significant at the 0-1% level (p = 0-001).
The values of ¢ for each sample were not significant.

COMPARISON OF SPRING, LAMMAS AND LEAF-LITTER ANALYSIS

Fig. 8 (legend in Table 2) shows PSD analysis of spring, lammas and leaf-litter
samples from the reference populations. Each coded point represents an
individual leaf. The diagrams suggest that Q. robur and Q. petraea can be
distinguished on the basis of each type of growth and mixed as leaf-litter.
However, there appears to be separation in the scatter of points of spring and
lammas growth, particularly for Q. robur. Table 3 shows the results of dis-
criminatory analysis (Fisher 1963; Wigston 1971, 1974) on the character values
from spring, lammas and leaf-litter samples between the populations, and on
spring and lammas growth within the populations. The frequency distributions
of discriminant functions of individual leaves for each analysis are shown in
Fig. 9. . '

Within the Steps Bridge (Q. petraea) population the results of discriminatory
analysis suggest that there is no significant difference in taxonomic assessment
judged on either growth form. The results from the Wistmans Wood (Q. robur)
population indicate a significant difference between spring and lammas growth,
mainly due to a change in leaf-shape index. However, it must be noted that
characters 5 & 6 (stellate and vein/axillary pubescence) had to be eliminated
from the analysis. All spring and lammas leaves from Wistmans Wood were
glabrous, i.e. aff. robur for both characters. The computer programme used for
the solution of discriminatory analysis cannot accept identical character
distributions in the two groups being compared, and therefore the two charac-
ters giving absolute similarity between Q. robur spring and lammas growth had
to be excluded.

The important conclusion for the assessment of taxonomic status of oak
populations from leaf characters is that on the results of discriminatory analysis
the aff. robur and aff. petraea populations are significantly different for both
growth forms and for leaf-litter on the basis of the associated F-test at the 0-1%
level.

APPLICATION OF LEAF-LITTER ANALYSIS TO
NON-REFERENCE POPULATIONS

It has been shown that two reference populations, preliminarily ascribed to
Q. robur (Tansley 1949) and Q. petraea (Harvey & St Leger-Gordon 1953), were
clearly distinguished into separate taxa on the basis of PSD and discriminatory
analysis of characters scored from leaf-litter. The use of leaf-litter simplifies
sampling and allows assessment of the taxonomic status of an oak population
at any time of the year. It has also been shown that fresh spring or lammas
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FIGURE 8. Pictorialised scatter diagrams of the reference populations, (Symbols as in Table 2).



TABLE 2. THE DIAGNOSTIC RANGES FOR SECONDARY CHARACTERS AND THEIR PSD SYMBOLS

Character
Nature of lobing

Lobe pair number

Base of leaf

(Based on the development of
the basal lobes and reflexion
of the lamina where it joins the
petiole)

Abaxial pubescence

a) Large stellate hairs with
ascending rays on midrib and
in axils of main veins

b) Small stellate hairs with
appressed rays on lamina

Character state
Deep, irregular

Shallow, irregular/deep, regular -

Shallow, regular
<4

5
=>6
‘Strong’ auricles
‘Medium’ auricles

‘Weak’ auricles, or none

Present

Absent
Present
Absent

Status
Aff. robur
Intermediate
Afl. petraea

Aff. robur
Intermediate
Aff. petraea

AfT. robur
Intermediate

Aff. petraea

Aff. petraea

AfT. robur
Aff. petraea
AfT. robur

PSD Symbol

o & 3 cee oo

o

oo 9

19€ 1811 CLLVW) VIVELAd ‘0 ¥ “1 ¥N40¥ SND¥AND 40 SYAIOVIVHD VAT



TABLE 3. DISCRIMINATORY ANALYSIS OF REFERENCE POPULATIONS

1-7: Leaf-shape index, petiole %, auricle status, lobing, axillary pubescence, stellate pubescence, and lobe-pair number, respectively.
(a) and (b) means of characters sums.
8: group discriminant function. Significant values of F are underlined.
Characters 5 and 6 were not included in the final analysis (p. 360).

Leaf-litter
Steps Bridge
Wistmans Wood

Spring growth
Steps Bridge
Wistmans Wood

Lammas growth
Steps Bridge
Wistmans Wood

Steps bridge
Spring growth
Lammas growth

Wistmans Wood
Spring growth
Lammas growth

a)
b)
<)

a)
b)
<)

a)
b)
<)

a)
b)
)

a)
b)
<)

1
0:11
0-55

—19-18

0-11
0-62
—41-60

0-17
0-49
—22-43

0-11
0-17
10-16

0-61
0-48
—8:19

2
14-5
4-0
1-23
14.47
3-86
2-70

14-14

478

1-59

14-47
14-15
0-00

3-86
478
063

3 .
1-16
27
-512

133

2-84
—4-69

1-34
2:63
—0-86

1-33
1-34
014

2-84
2:63
—0-57

4
1-34
2-88

-2

1-40
2-74
-1.31

1-42
2:53
—0-23

1-40
1-42
0-08

2-74
2-53
-0-50

5

1-24

3-00
-502

1-21
3-00
—-2-62

1.17
3-00
—10-18

1-21
1-17
-0-67

(c) weighting coefficients for each character.

6

1-27

3-00
—1:41

1-21
3-00
—9-38

1-30
3-00
—-1-44

1-21
1-30
048

7

1-62

275
-1-03

1-54
2-58
—1-77

1-64
237
~0-02

1-54
1-63
—0:06

2:58
2:39
-0-19

8
—3-45
—49-48

9:38
— 7268

345
—41-04

-607
—4-16
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Figure 11. Distribution of discriminant functions for selected populations.

A. Wistmans Wood group function. (a) Woodbury
B. Between group average function. (b) Whitestone Wood
C. Steps Bridge group function. (c) Island of Rocks
(d) Lover’s Leap
(¢) New Bridge

growth give similar results; this therefore allows identification of individual
trees. It might be expected that variation of leaf characters for a single tree
would be less than that for the whole population. However, the polygenic
nature of the characters used results in almost as much variation on single
trees as within a population (Wigston 1974).

It is necessary to examine whether the technique of leaf-litter analysis can be
used for the taxonomic assessment of further populations, including those of
possibly mixed or intermediate taxonomic status. The method was applied to
leaf-litter samples from over one hundred populations from south-western
England and two from the English Lake District. Figs. 10 & 11 show pictorial-
ised scatter diagrams and the frequency distributions of leaf discriminant
functions from five of these populations:

a) Woodbury Common, v.c. 3, GR 30/032.875, overlying the Budleigh
Salterton pebble beds. The scatter of points of the PSD mainly lies within
the Wistmans Wood scatter boundary and the secondary character
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codings are largely those of pedunculate oak. Similarly, the distribution
of leaf discriminant functions is comparable to that for Wistmans Wood,
the modal value being near to the Wistmans Wood group function. A
Q. robur diagnosis is indicated for this population.

b) Whitestone Wood, v.c. 3, GR 20/860.955, an oakwood now much
replaced by conifers, overlying predominantly Carboniferous rocks on
the north-east-facing catchment of the Shuttern Brook near Exeter. The
PSD scatter and secondary coding is within the Steps Bridge Q. petraea
theoretical species type (Wigston 1974) and the distribution of leaf dis-
criminant functions is similar to that for Steps Bridge.

¢) The Island of Rocks, v.c. 3, GR 20/560.899, an oakwood on the west
bank of the West Okement River overlying the metamorphic aureole of the
Dartmoor granite. The scatter of PSD points and secondary coding is
intermediate between the two reference populations and the modal value
of the leaf discriminant functions corresponds to thei between group
average function. An intermediate taxonomic diagnosis is indicated.

d) Lover’s Leap, v.c. 3, GR 20/726.723 on the north-eastern bank of the
River Dart where it flows down off the margins of the Dartmoor granite.
A similar intermediate taxonomic diagnosis to that of the Island of Rocks
is indicated, although it should be noted that both the PSD and dis-
criminatory analysis diagrams show a ‘drift’ towards Q. petraea values.

€) New Bridge, v.c. 3, GR 20/712.704, a National Trust wood on the east
bank of the River Dart overlying granite and the metamorphic aureole.
The PSD has two components of scatter and secondary coding, one within
the Q. robur boundary and one within that for Q. petraea, with some inter-
mediate points. The frequency distribution of leaf discriminant functions
is bimodal, with maxima similar to those for the Q. robur and Q. petraea
populations.

The causes of mixed and intermediate populations requires further con-
sideration, and will be examined in the second paper.

DISCUSSION

The analysis of oak populations described above suggests that Q. robur, Q.
petraea, mixed and intermediate oak populations can be recognised. In the
absence of any truly diagnostic characters, highly variable and closely related
species, such as Q. robur and Q. petraea, present problems when a population
or sample is to be ascribed to either taxon or some compound category. The
range of variation ‘overlaps’ and to assess taxonomic status it is necessary to
consider a combination of a number of reasonably independent observations
from large samples of each taxon under consideration, making no a priori
assumptions concerning the relative importance of variables (Heslop-Harrison
1962). A number of investigations of Q. robur and Q. petraea have utilised this
multi-character approach, including reproductive features (Cousens 1962, 1963,
1965; Carlisle & Brown 1965), which restricts the sampling period to mid-July/
October in flowering and fruiting populations. In order to assess the taxonomic
status of oak populations at any time it is necessary to examine characters
available at all times of the year, such as features of the trunk and crown
(Carlisle & Brown 1965) or characters derived from leaf-litter. A number of leaf
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characters are usually included in taxonomic investigations of oaks, and it has
been shown above that quantitative and qualitative characters from whole,
soaked leaves derived from leaf-litter reliably reflect the properties of fresh
material, i.e. mixed spring and lammas growth. On the basis of leaf characters
alone it is possible to assign an oak population to aff. robur, aff. petraea, mixed
or intermediate status, or an individual tree to either species or hybrid category.

The necessity for computer analysis of the elliptical/obovateness leaf-shape
index limits the general application of the methods described; however, sub-
stitution of the ovate/elliptical/obovate formula for leaf-shape, although less
sensitive, allows reasonably rapid field assessment (Wigston 1974) and estab-
lishes that Q. petraea leaves are usually elliptical and only occasionally ovate.

The exclusion of important fruiting characters and the absence of any stan-
dardised collecting procedure might elicit the criticism that variability of
material ' is ‘emphasised, whereas usual taxonomic practice is to minimise
sources of variation. However, the approach in this investigation is compara-
tive and has the finite objective of delimiting the range of variation within and
between Q. robur and Q. petraea on the basis of selected characters.
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APPENDIX 1
LEAF-SHAPE ANALYSIS: METHOD 1

Computational Steps

1. Input: a, the principal semi-axis of the lamina,
b, the secondary semi-axis of the lamina,!
A, the number of lobes whose co-ordinates are measured,?
X1, Y1+« X1y Yi - « - X, Vi, the co-ordinates of the apex of each lobe.

2. The expected x and y co-ordinates for a perfect ellipse with semi-axes @ and b are calculated
from the formula (x?/a%)+(3%/b*) = 1, with the actual x values substituted, and the y
values calculated.

3. The point representing the mean of the x values and the mean of the y values (the %, 7

" point) of the leaf (L) and the ellipse (E) are respectively calculated.

4. The co-ordinate diagram of the leaf is held fixed and that of the ellipse is ‘rotated’ through
6 degrees about the £, 7 point to the position of ‘best-fit’. This fit is measured by the sum of
squares of the distances between corresponding co-ordinate points on L and E. This
quantity is minimised and divided by the number of lobes, A, to give 4,2, the mean square
distance between corresponding points:

I i=h i=h
dz? = 7 [Z(xu - xg)* + Z O — yBl)z]
i=1

i=1
5. The square root of d,? is the overall difference in shape of the leaf from the corresponding
ellipse, and is taken as the leaf-shape index.

Notes:

1. On some leaves, particularly those of Q. robur, there may be more lobes on one side of the
leaf than the other. This does not affect the calculations and the co-ordinates of all lobe
apices are considered.

2. If the secondary semi-axis does not correspond to a lobe apex, the boundary of the leaf
must be estimated.
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APPENDIX 2
LEAF-SHAPE ANALYSIS: METHOD 2

Computational Steps

1.

2.
3.
4.
5.

Input: as for method 1.

Calculate the perfect ellipse as in method 1.

Calculate chi-squared between observed and calculated co-ordinate values.

If chi-squared is # zero, co-ordinate values are calculated from the formula (x%/(a—c.x)?) +
(»?/b*) = 1, substituting values of ¢ from zero to unity.!.?

The value of ¢ which gives a minimum value of chi-squared is taken as the degree of
obovateness and used as the leaf-shape index.?

Notes:

1.

The roots of the equation are:

_ =Q.ac~ (*1b¥).2.ac) £/ (2.ac—(32/b%).2.ac)*—4.(1 — 2+ (¥%/b%).c?).(a*— (*/b?).a%)
- 2-(1—c2+(3%/b?).c®)

and y may be calculated as: y = /6% —(b%x%[a*—2.acx +c*x%)

As these functions are time-consuming to calculate, it is computationally simpler to stan-
dardise the x and y values by dividing each by the corresponding ¢ and b value; the equation
is then modified around a distorted circle and all g and 52 values in the above are eliminated.

. The iterative procedure is to calculate the formula substituting stepwise 0-1 values of c;

0-01 values are then calculated between the 0-1 values giving minimum chi-squared. The
0-01 value giving final minimum chi-squared is output as leaf-shape index.

. The final values of ¢ should exhibit less variation from expected (calculated as chi-squared)

than the acceptable inherent population variation. A probability of p = 0-001 is desirable,
but owing to rounding errors in the iterations, p = 0-01 is taken. All values of ¢ calculated
were non-significant at this level.



