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. ABSTRACT

Among ten spatially isolated populations of D. purpurella in North Wales statistically significant
differences have been found in most of the phenotypic characters. Highly significant differences exist
between populations only short distances apart.
The phenotypic variation follows a reticulate pattern and, as far as these results are concerned, no
useful taxonomic subdivisions appear to be possible.
Two groups of correlated characters have been found:
(a) among three vegetative characters : the number of sheathing leaves, the number of non-sheathing
leaves and leaf width;
(b) among three floral dimensions: labellum width, labellum length and spur thickness.
INTRODUCTION

The marsh orchid now known as Dactylorchis purpurella was ,first described by T. &
T. A. Stephenson (1920) from plants found near Aberystwyth, Cardiganshire, v.c. 46.
The variability of the species was apparent from the outset, for the Stephensons recognized
two forms : dwarf plants with flowers of a vivid reddish-purple colour and a small, almost
entire, irregularly diamond-shaped labellum (' form A'); and taller plants with flowers
of a rich, dark purple, and a rather larger, more rounHed, shallowly trilobed labellum
(' form B ').
It is clear that while they felt that 'form A ' was quite distinct from other marsh
orchids, they were not so confident about ' form B:
In 1921 they visited the Isle of Arran and in several stations saw plants of' form B'
growing with what they accepted as ' Orchis pulchella' (= o. praetermissa var. pulchella
Druce). The latter differed from their' form B' only in having unspotted leaves and being
somewhat larger. Without declaring the complete identity of these forms the Stephensons
(1922) nevertheless realised their very close similarity and suggested that the var. pulchella
would be better separated from O. praetermissa Druce. Eight years later T. Stephenson
(1930) still referred to Orchis purpurella ' form B ' and the var. pulchella as distinct forms,
although he emphasized the slightness of the differences which separated them. This variety
was finally transferred to o. purpurella by H. W. Pugsley (1935), but it was clear that
even as a variety it had little to distinguish it from the "type" (Hall, 1937).
Further varieties of O. purpurella subsequently described by T. Stephenson (1937) are
var. maculosa, in which the leaves are spotted all over and not merely on either the apical
or basal half as normally found; and var. crassifolia, in which the plants are much bigger,
more leafy and have much larger labella. Variations in other directions were also evident:
in the population on which the description of var. maculosa was based some of the plants
had flowers of the dark crimson-purple typical of the species, but many had rose-coloured
flowers; while, in the Orkneys, populations apparently indistinguishable in other respects
from D. purpur.ella were found to contain a proportion of heavily leaf-spotted plants
(1930).
As Pugsley (1935) pointed out, there was little to separate these from D. majalis (Rchb.)
VermIn. except their later flowering.
In North Wales D. purpurella is frequently found in suitable habitats. Even within
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this restricted geographical area it shows a wide range of variation both within populations
and between one population and another. The populations vary from those composed
almost entirely of small, distinctive plants with short spikes of small, purple flowers (approaching Stephensons' form A), through some in which the majority of individuals are
larger, leafier and with broader, more rounded, obscurely trilobed labella (presumably
Stephensons' form B), to populations which, in their vegetative features, appear to approach
the var. crassifolia Steph.
Many of the Anglesey populations are very nearly and sometimes completely lacking
in leaf-marking. As these are usually composed of rather large, leafy plants, they have
occasionally been recorded as D. praetermissa (Druce) Vermeul., a species which has not
been found so far in v.c. 52.
In order to obtain some impression of the pattern of variation among these populations
a biometric study often colonies was made in the flowering seasons in 1957, 1958 and 1959.
The results are presented below.
METHODS

The morphological characters studied are those which have been used in previous
work on the dactylorchids (Heslop-Harrison, 1948, et seq.), namely: (a) stature; (b) number
of leaves per plant; (c) leaf dimensions; (d) leaf marking; (e) labellum dimensions; (j) spur
dimensions, and in addition, (g) the number of non-sheathing, bract-like leaves has been
included.
To avoid the unnecessary destruction which mass collecting would entail, measurements of all the vegetative characters were made in the field; flower colour, shape of spike
and leaf marking were also noted for each plant in the sample. One homologous flower
was collected from each plant and kept in a. stoppered jar to prevent wilting. As soon as
possible afterwards labella and spurs from these flowers were mounted by pasting on thin
card. They were then placed under moderate pressure to dry and measurements made
within a week to avoid any errors due to shrinking.
THE POPULATIONS

The localities of the populations shown in Fig. 1 are :
Pl. Damp, base-rich meadow at Brithdir, near Dolgellau, Merioneth, v.c. 48.
P2. Dune slack at Mochras, Merioneth, v.c. 48.
P3. Marshy tract fringing the Artro estuary at Mochras, Merioneth. This colony
is separated from P2 by over 365 yards, the intervening ground being occupied partly by
a sandy ridge and partly by salt marsh. The colonies P2 and P3 have therefore been treated
as distinct populations.
P4. Dune slack separated from P3 by only 95 yards of sand dunes. This colony
had many plants with unusually large spikes of paler flowers, with rather larger, more
trilobed labella. Because of these di.fferences it was treated as a separate population for
biometric purposes. It is not suggested that it is isolated from P3 as a breeding unit.
P5. Damp meadow land along the River Cegin, near Bangor, Caernarvonshire,
v.c. 49. Dactylorchis fuchsii and several hybrids of this species with D. purpurella are the
only other orchids here.
P6. Cors Erddreiniog, 3 mls. N.N.E. of Llangefni, Anglesey, v.c. 52, is an area of
fen where the most abundant marsh orchid is D. traunsteineri (Saut.) Vermeul. (Lacey
& Roberts, 1958). D. purpurella occurs sparsely in the small tracts of damp grassland
and sedge-meadow around the main fen area.
P7. Marshy bottom of a disused limestone quarry, on the edge of Malltraeth Marsh,
near Llangristiolus, Anglesey, v.c. 52. The orchids grow among grasses and sedges, with
a few plants of the hybrid D. fuchsii x D. purpurella.
P8. Small coastal marsh near Llanfwrog, Anglesey. D. purpurella occurs mostly
in the patches of grass and sedge meadow fringing the marsh. D. fuchsii occurs on the
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rather drier parts adjacent to the marsh and here again the hybrid D.fuchsii
is frequent.

X D. purpurella

P9. Marshy tract along the upper edge of the salt marsh of the Cefni Estuary,
Newborough Warren Nature Reserve,Anglesey. Other orchid speciesgrowing here are
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Localities of the colonies of D. purpurella mentioned in the text.

Epipactis palustris, D. incarnata and D. fuchsii. Here also occurs a colony of heavily
leaf-spotted plants whose status will be discussedin a later paper.
PIO. Dune meadow near Llyn Rhos Ddu, in Newborough Warren Nature Reserve,
Anglesey.

This colony is over I

t mi. from

P9, and no D. purpurella occurs in the intervening

ground. There are no heavily leaf-spotted plants growing here, the only other marsh
orchid occurri~g beipg D. incarnata.
RESULTS
Stature
The dwarf habit of D. purpurella was emphasizedby the Stephensons(1920) and the
var. pulchella was stated by Pugsley (1935) to be, in general, taller than the .. type." In
the present account, therefore, stature, measuredfrom soil level to the tip of the flower
spike, has been included (Table 1), although it is realized that it is readily influenced by
environmental conditions.
Leaf Number
In counting the number of leaves the non-sheathing, upper leaves were included.
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For reasonsgiven below a separatecount of the latter was also made (Table 1).
TABLE 1
Population data for stature, leaf number and number of non-sheathing leaves.
N = numberin sample; M = mean; S.E.M.= standarderror of mean,

The meanleaf number showsa wide range of variation from 5.1 to 9.2, and is in striking
contrast to the uniformity in this character shown by very widely separatedcolonies of
Dactylorchistraunsteineri,in all of which the meanleaf numberis around 4 (Heslop-Harrison,
1953; Lacey & Roberts, 1958). Leaf number in the individual plants varies from 4 to
12, a range considerably greater tha~ that generally attributed to D. purpurella (Summerhayes, 1951).
In each of the coloniesthere-is a positive correlation betweenstature and leaf number.
Between the population means for these characters, however, there is no correlation.
This confirms the fact, already apparent from Table 1, that the colonies of dwarf plants
are not necessarilythose with the least number of leaves,nor the colonies of tall plants
those with the most. Similar results have been obtained in studiesof D. maculataL. sensu
lata (Heslop-Harrison, 1951).
Two counts of the number of leavesper plant were made in one colony (P6), the first
in 1957and the secondin 1959. The samemean value of 6.0 was found on both occasions,
in spite of the much drier conditions in 1959.
The number of non-sheathing;upper leaves
The number of non-sheathing,bract-like leavesis often quoted in descriptions of the
dactylorchids. They have been variously described as 'transitional,' 'bract-like,' and
'non-sheathing.' As a result some confusion over their use has arisen. Compare, for
example, Clapham, Tutin & Warburg (1952), and Heslop-Harrison (1956, 1957), for
differing estimates.
In order to achieve greater uniformity, in the present study all those upper leaves
which did not form a sheath were counted, irrespective of their size. The results, shown
in Table 1 and the histograms,Fig. 2, show that the number of non-sheathingleavesvaries
from 0 to 4, but the latter number was only found in a very few plants in two of the colonies.
The mean valuts show considerablevariation and statistical analysis shows that the
differencesbetweenthe populations in this respectare significant. The following grouping
of the mean values,made on the basis of the differencesbetweenthem, agreesvery closely
with one made as a result of a more advancedstatistical treatment:
P3
PlPl

P5 P6

PIO
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The data (Table 1) show that there is a close correlation betweenthe number of nonsheathing leaves and the number of sheathing leaves. The correlation coefficient
(r = +.88 withp < .001) indicates that an increasein the meannumber of sheathingleaves
is usually accompaniedby an increasein the mean number of non-sheathingleaves.
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Frequency distribution of the total number of leaves per plant and the number of non-sheathing
leaves per plant in the ten populations.
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Leaf dimensions
Both leaf measurementsgiven in Table 2 were taken from the secondfully expanded
leaf from the baseof the stem. Length was measuredfrom the tip of the leaf to the opening
of the sheath, and width at the widest part, which in the great majority was near or just
below the middle.
The extreme variation in leaf width among the D. purpurella populations is shown by
the fact that individual values range from 1.0cm in the Merioneth colony, P2, to 5.0 cm
in the Anglesey colony, P7. The population means for leaf width fall into four groups
which are separated from one another by relatively large and statistically significant
differences.
TABLE 2

Populationdata for leaf dimensionsand leaf ratio. Symbolsas in Table I

The .ratio
mean
leaf length/mean
leafinwidth
shows
continuousbetween
variationadjacent
in nine ofpairs
the
colonies,
i.e., the
values
form a series
which
the differences
are very small and not significant. In the Anglesey colony, P7, however, this ratio differs
by a large and higWy significant aniountfrom all of the others. This feature is very obvious
in the field, and coupled with the large number of leaves,gives this population a most
distinctive appearance.
The population meansfor leaf length and leaf width show no correlation, but, as shown
in Table 2, there is a significant correlation between leaf number and leaf width within
each of the populations. Betweenthe population meansfor thesetwo charactersthere is
an even higher correlation (r = + .91,P < .001) : it follows that, in general,the population
with fewestleavesusually,has the narrowest, the one with most leavesalso has the broadest.
Leaf spotting
Leaf marking in D. purpurella usually consists of small, solid, dark spots, approximately .5 to 1 mm diameter. Table 3 shows the incidence of leaf spotting in the populations. It appeared to be entirely absent in only one colony (P7), although two others
(P9 and PIa) had a very high preponderanceof unmarked plants. One colony (PI) showed
leaf spotting in 100% of the individuals examined. A peculiar feature in some colonies
(P5 and P8) was the occurrenceof no more than two or three spots on each of the upper
two or three leaves,the lower being entirely unspotted.
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TABLE 3

Leaf marking. Percentage incidence in four arbitrary classes:
1. Unmarked.
2. Very few, solid spots of under 1 mm. diameter; 2 to 5 spots on each of the upper two or three
leaves only.
3.

More numerous, solid spots, of the same size as in Class 2, and occurring on most of the leaves.

4. Somewhat larger, solid spots, of about 1'5 to 1'8 mm. diameter; density as in Class 3.

3

.4

100
68.3
60.0
67.7

3.3
10.9
6.5

10.0

2'0

Labe//um dimensions
Table 4 gives the population data for labellum dimensions. The results of t tests
between each pair of means show that the differencesbetweenmany of the populations
are highly significant.
TABLE 4
Population data for labellum and spur dimensions. Symbols as in Table I.

P

I.
opulatlons

PI
P2
P3
P4
P5
P6
P7
P8
P9
PIO

N

I

.

Labellurn length Labellurn wIdth

.

.

In crn.

I ~
77
34
35
35
60
50
58
95

M
.63
.71
.71
.75
'66
.71
.82
'72
.71
'72

S.E.M.
.006
.006
.006
.006
.009
.009
.009
.006
.007
,005

In crn.

M
'79
,91
,93
'99
,85
,93
,93
,99
,94
,97

S.E.M.
'006
.009
.009
.012
.013
.014
.008
,OIl
,OIl
'005

'

Correlationbetween
b /.,
I
h d Spur length

.

Spur wIdth
.
In crn.

I

.urn .engt an.
I la elabellurn
width

+
+
+
+
+
+
+
+
+
+

r
.35
.41
.53
.57
.14
.66
,,30
.27
.18
.30

p

<

.01
.001
< .001
< .001
:> .05
< .001
.01
.05
:> .05
< '01

In crn.

-

M S.E.M. M S.E,M
.77
.82
.81
'79
-70
.84
-87
.84

.32
.33
'33
.38
.31
-015
,33
'OIl
.39
.009
,33
.011 - .32

.004
.003
.003
.006
-004
.006
-005
-005
-004

.79

.007

.003

.77

.007
-007
-008
.011
-016

I

,37

Correlation betweenmean labellum length and mean labellum width : r = + '67, p < '05
Correlation betweenmean labellum length and mean spur width: r = +"83, p = '001

The relationships of the populations for thesetwo dimensionsare shown graphically
in Fig. 3. With the exception of the colony P7 it is clear that there is a close correlation
between mean labellum length and mean labelluI1;lwidth: for nine of the populations
the correlation coefficient is + .93 (p < .001). Even when the colony P7 is included the
value of r is + '67 and significant with p < .05.
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It is worth noting that the mean labellum dimensionsfor the Merioneth colony, PI,
agree remarkably well both with the measurementsgiven by the Stephensons(1920) for
.8.4,
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Fig.3. Relationshipof labellumwidth to labellumlength
their 'form A' (8 mm. X 6 mm.) and with those for an Irish colony of D. purpurella given
by Heslop-Harrison (1953): (.79 cm. x .61 cm.).
Labellurn shape
In order to give an impression of the variation in labellum shapein D. purpurella an
attempt has been made to grade each colony by matching the labella to five shapeswhich
have been taken as standards(Fig. 4), although the diversity is so great as to reducethe
precision of any such grading. The results are given in Table 5.

---

1.

./--.,.

3

4

5

Fig. 4. Five labellumshapesusedas standardsfor gradingthe D. purpurellacolonies.

It can be seen that in the colony PI 74% of all individuals conform with grade 1,
with only 4 % in grade 3. In colony P2, which in vegetativefeatures agreesclosely with
PI (seeTables 1 and 2), 35% conform with grade 1 and an equal number with grade 2,
while 14% conform with grade 5, a shape which is not present in Pl. This colony, P2,
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PLATE 1.
Randomsamplesof labella from three populationsof D. purpurella: top, 50 plants from the Merioneth
colony, PI; middle, 45 plants from the Angleseycolony, P8; bottom, 45 plantsfrom the Angleseycolony,
P7. All x 1.
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also differs significantly in the representation of labellum shape grades from the colony
P3, which is only separatedfrom it by 365 yards.
TABLE 5

Percentage
distribution of labellumshapesin the D. purpure//acolonies

The Caemarvonshire colony, P5, intermediate in labellum dimensions between PI
and most of the Angleseycolonies(P6, P8, P9 and PIO), is also seento hold an intermediate
position with regard to labellum shapes,60% of individuals here conforming to grade 2.
Of the Anglesey colonies four agree very closely in the distribution of the grades,
the modal classin all of them being grade 3. The fifth, P7, which differs from all of the
others by a large and highly significant amount in labellum length, also differs from all
of them in the distribution of labellum shape grades: 66.7% conform with grade 4.
An impressionof the variation in sizeand shapeof labellum can be obtained from the
random samplesfrom three of the colonies, Plate 1.
Between the smallest, PI, and the largest, P7, there is a 53 % difference in mean

labellum area.
Flower colour and labellurn pattern
Flower colour is one of the most constant and distinctive charactersof D. purpurella,
in the majority of populations being either a deeppurple or red-purple. Somepopulations,
however, contain a proportion of much paler flowers, approaching the tints found in
D. rnaculata subsp. ericetorurn: in two of the Merionethshire colonies, P2 and P4, 10%
and 7% respectivelyhad flowers of this colour.
The Aberystwyth plants from which the Stephensonsdescribedtheir' form A' had
flowers of a vivid red-purple, while plants of ' form B ' from Arran and Ambleside had
flowers of a rich, dark purple. In the populations considered here no correlation has
been discoveredbetweenlabellum shapeand flower colour: in the distinctive colony PI,
where most labellum shapesconform with' form A,' all flowers were of an intense, deep
purple such as is almost uniformly found in the AngleseycoloniesP6, P7 and P8. The two
shadesappear to be equally representedin the Merioneth colony, P3, where only 4% of
the plants have labella of grade 1, but in the Anglesey colonies P9 and PiO the flowers
are almost entirely of a red-purple colour.
Labellum pattern, which in D. purpurella usually consists of rather heavy, intense
purple markings in the shape of broken bars, crescentsand blotches, is fundamentally
the same in all of the colonies, with these exceptions:
(a) in the pale-flowered plants in the colonies P2 and P4 labellum pattern was very
indistinct and often lacking;
(b) in the Anglesey colony, P7, labellum pattern in most plants tended to consist
of dots rather than the broken bars and crescentsusually found.
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Length and shape of flower spike
The Merioneth colony, P4, in addition to having a proportion of pale-flowered individuals, was also distinguishedby the fact that many of them had unusually large flower
spikes. Becauseof this, measurementsof the spike length were madein the three Merioneth
colonies, P2, P3 and P4. Fig. 5 shows the clear differencebetweenthe colony P4 and the
other Mochras colonies in this respect.
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Fig. 5. Frequency distribution of spike length in the three Mochras (Merionethshire) colonies.

The shapeof the flower spike deservessome comment, although this was not studied
biometrically. In most populations of D. purpurella the spike has a more or lessflat-topped
appearanceunique among the British marsh orchids. Two of the populations, P7 and P8,
differed appreciably from the others in this character, for in both of them a very large
proportion of the plants had distinctly conical spikes,very much like those of D. praetermissa. This was a most striking feature of these colonies in the field.
Spur size
In order that the data for spur size may be compared with those available for other
speciesof marshorchidsthe measurements
havebeenmadein the sameway. Lengthof
spur was measuredfrom the mouth to the tip, and width about 1 mm from the mouth of
the flattened spurs mounted on card (Heslop-Harrison, 1953).
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The sample data (Table 4) show the wide variation in spur length that occurs among
thesepopulations: individual valuesvary from .5 cm. to 1.05cm., a rangefar greaterthan
is usually given for the species.
The data for spur width show much greater regularity. These fall into two groups:
those with meansof .31 to .33 cm. and the rest with meansof .37 to .39cm. Thedifference
between these two groups is relatively large and highly significant.
There is no correlation betweenthe population meansfor spur length and spur width;
indeed, spur length seemsto vary quite independently of every other character. On the
other hand there is a very high correlation between the population means for labellum
length and spur width (Table 4).
CONCLUSIONS

1. For each character the difference between each pair of means was tested for
significanceby means of a (-test. The following groupings have been made as a result,
and the populations placed in order of increasing means (Table 6).
TABLE 6

= p < '05,..
Character

=

< .01, ...

p

= P < .001

Grouping
P3

Leaf number

PI . P2...P4

.'

>10P9 ... P8 .. P7

P5
P6

P3
P4

~af width

Labellum width

PI.
P2

PI...

. P5. . P8P10..'

, P7

P6
P9
P3
P5 ... P2 P6 P9 .. PIO P4
P7

P8

P2
Labellum length

PI..

P5 ...

P3 P8 .. P4 ...
P6 PIO

P7

P9

Spur length

P2
Spur width

PI P3
P5 P9 P6

...

PIOP4P7

P8
In Fig. 6 the inter-relations of the populations with respectto thesegroups is shown.
It is abundantly clear that, as far as thesecolonies of D. purpurella are concerned,none of
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the populations can be completelyseparatedfrom the others; rather, the pattern of variation
is, to some extent, reticulate in the sensedescribed by Turrill (1950).
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Fig. 6. A simplifiedrepresentationof charactervariationin ten populationsof D. purpure/la.The number
1,2, 3, etc. standfor PI, P2, P3, etc. The thin lines tracethe position of eachcolony in the network.

2. The results indicate that the degree of differentiation of the populations is not
in proportion to the -distancesseparating them. For instance, the colonies P3 and P6,
separatedby 35 miles from eachother, agreecloselyin most vegetativeandfioralcharacters
with the exception of stature and the incidence of labellum shape grades. On the other
hand much bigger differencesexist betweenthe three Merioneth colonies, P2, P3 and P4,
which are separatedfrom each other by very short distances: P2 and P3 are effectively
separatedby 365 yards of salt marsh and a sandy ridge; P3 is only separatedfrom P4 by
about 95 yards of sand dunes.
In Anglesey the two colonies, P9 and PIO, separated by about Ii miles, differ
appreciably in mean leaf width, labellum width and spur width; the other three colonies,
P6, P7 and PS, differ widely from each other in severalcharacters. P6 and P7 are about
5 miles apart and both of them over 11 miles from PS;
3. In the absenceof evidenceof the persistenceof the character combinations found
at present in these populations it may be premature to draw any conclusions about the
degreeof reproductive isolation prevailing among them. It is of interest, however,to note
that there is some evidencein the case of the striking Anglesey colony P7 : a reference
to its resemblanceto var. crassifolia Steph. occurs in Rep. Bot. Soc. & E. C., 11, 505
(1937). A water-colour drawing of a plant gathered here by members of the B.E.C.
Excursion to Anglesey in 1937 shows a plant quite typical of the colony as it is today,
so it may not be unreasonableto assumethat this colony, at least, has persistedmore or
less with its present combination of charactersfor over twenty years.
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4. In his description of the var. crassifolia, T. Stephenson (1937) gives the following
figures: stature 22-25 cm, number of leaves 8 or 9, second leaf from base of stem 12 cm
X 4 cm (in one instance as much as 13 cm X 4·5 cm), labella mostly 11 mm wide by 8 mm
long. In this colony all the plants had unspotted leaves, but the flowers, though larger,
were of the same form and colour as the typical species. As far as it is possible to judge
from these figures the Anglesey colony, P7, appears to be closely similar to the var. crassifolia, from which it seems to differ only in having narrower labella and in possessing an
unusuallabellum shape. Several plants in this colony were found with as many as 12 leaves,
while the length and width of the second leaf were, in some cases, as much as 14-4 cm
and 5·0 cm respectively.
5. It is now possible to discuss the ' form A' and 'form B' of the Stephensons.
In their original account the Stephensons gave the following figures for their 'form A'
plants: stature around 12-15 cm, number of leaves 7, and width of the widest leaf 1·7
cm. A gathering of four plants of ' form A' from Aberystwyth, sent by the Stephensons to
the British Museum in 1921, has labella which correspond closely in shape and size with
those of the Merionethshire colony, PI, and ofIrish colonies of' form A' (Heslop-Harrison,
1953, 1954). Indeed, the mean labellum dimensions for the Merionethshire plants (-79 cm
X ·63 cm) and those from Co. Donegal (-79 cm X ·61 cm) show remarkable agreement.
In other respects, however, there is no close agreement between these two colonies and
the one described by the Stephensons: their mean stature is 19·7 cm and 20·2 cm; mean
leaf number 5·1 and 6·56, and mean leaf width 1·4 cm and 1·99 cm respectively.
It is clear that' form A' and ' form B ' have no significance other than in reference
to the size and shape of the labellum. Where the great majority of plants in a colony
have labella corresponding to 'form A' the impression gained is of a most distinctive
and uniform 'type.' It was this, no doubt, which led the Stephensons to describe their
two forms.
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