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ABSTRACT

Studies in the autecology of Juncus sguarrosus L. have been made

over a three-year period, mainly in the area of high-level moorland
at the head of Teesdale in the north Pennines.

The morphology and anatomy of the plant are described, and an
account is given of the form of the communities. Annual increments
in rhizome growth of 0.5 to 2.0 cm. were recorded.

About 20 sites were examined phytosociologically Five noda were
distinguished, namely the peaty gley, the podsol, the species-poor
gley, the species-rich gley and the flushed-peat noda. The
reproductive capacity was measured at 12 of these sites. Where
Juncus.is dominant up to 8,000 seeds can be produced per square
metre. Production is lower on well-drained soils, the number of
florets per inflorescence being less, and when a smaller proportion
of florets ripen to form capsules. In average years 50% of the
florets ripen at heights up to 1800 ft. (550 m.). Larvae of the

moth Coleophora alticolella eat the seeds at the lower levels, and

changes in its population size have been followed.

Seed viability is usually high, but experiments showed that
germination requires light at the normal field temperatures.
Seedling establishment was found to be uncommon, though large
numbers of dormant ﬁiable seeds are present in the soil.

Various observations are described which provide information on

‘the ecology of Juncus sguarrosus. Sheep grazing is held responsible
. A



for its present widespread occurrence, and a slow spread will
continue in certain of the better grasslands if the grazing pressure
is maintained. But this cannot be considered a serious threat to
the value of the uplands as the plant has some nutritional value,
and most stands contain a considerable proportion of grass.
Callunetum, the climax vegetation, is of less value agronomically

in the area studied.
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1.1

SECTION I: INTRODUCTION

Juncus squarrosus is a plant mentioned frequently in the
iiteraturé,‘bﬁt'there has been no attempt to draw thé information
together into an autecological:account previous to this thesis.
@he genus as a whole, and several of the species have been
described in the Biological Flpra of the British Isles by
Richards and Clapham (1941 and 1943). Pearsall also, has

gathered information on Juncus squarrosus, and gave a short

péper at a British Ecological Society meeting in 1949, besides
'incorporating much into the New Naturalist volume, Mouﬁtains
and Moorlands, 1950.

According to Clarke (1900), the first record of the species
in Britain is given in Parkinson's Herball of 1640 - 'on a high
hill in Wales called Bewrin, in sundry wet and moorish groundes
in meny places thereabouts'. The name is that given by Linnaeus
in the Spécies Plantarum (Edition I, p. 327), and has been in
use ever since. Moor rush is the current English name for the
plant, but stool-bent is usual in farming literature, and Winch
in 1805 gave goose corn and moss rush.

Taxonomically, Juncus squarrosus is near-constant in its

characters throughout its whole range, though varying in size
according to habitat, and it‘is sharply distinct from other
~rushes. The only variety that I have discovered in the

literature, and after searching through herbarium material in
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the British Museum, is one with long flaccid leaves, and pale
perianth segments. This was recofded by Hubbard and Sandwith
(1928) as a new species (Juncus ellmanii Hubbard, Sandwith and
Turrill) from Spain, but similar plénts have been collected also
from Bampton in Westmorland and Foss in Perthshire. On re-
examining the Bampton locality, I found abundant Juncus
sguarrosus, but all was of the normal form. L8ve and L8ve
reported (1948) a chromosome number of 2n=L0, as in Jﬁncus

acutiflorus, conglomeratus and gffusus, and this has been

cdnfifméd'subééquéntly;

Juncus squarrosus is found in most ofAEurope, having an

Atlantic distribution. It extends south to the Alps and the
mountains' of S. Spain, with an isolated occurrence in Morocco,
and esst to the Dnieper in W. Russia. It occurs as far north
as S. Greenland, and is also found in Iceland and Scandinavia,
especially in the western oceanic areas.

Though recorded from 109 of the 112 vice-counties of
Britain, and all 4O Irish vice-counties (Clapham, Tutin and
Warburg, 1962), the species is abundant only in northern and
western Britain and Ireland, as shown by the distribution map
in the Atlas of the British Flora (1962). In S. E. Britain it
is confined to areas of strongly acidic soil, e.g. the Weald
clays and sands, and the Bagshot sands of the New Forest. There
is no altitudinal limit to its range in Britain, as it is found

up to the tops of the highest mountains wherever soil conditions
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are suitable. It occurs plentifully in rough grasslands, moors
and bogs, being the dominant species in some communities, though
scarce in others. These three végetations are together classed
as rough grazings, which in 195L were estimated by the Natural
Resources (Technical) Committee to amount to 16,200,000 acres
(6,556,000 ha) in England, Scotland and Wales.‘ As this is over
one third of the total area of land available to agriculture in

Britain, it is clear that Juncus sguarrosus is of considerable

importance to the agriculturé}ist;

To understand fully the interrelations of the constituent
plants and animals of these communities, and how the communities
themselves interact, it is necessary to know the autecology of
the more important species present. The work described in this

thesis will help to answer such questions as:- Why is Juncus

squerrosus present on that hill slope but not this? 1Is Juncus

squarrosus likely to spread here? What function has Juncus

sguarrdsué in this ecosystem? Is it of benefit to man for
Juncus squarrosus to grow there? Full answers are not possible
till the autecology of the other species is known, and
synecological work has been done on how they compete with,
assist, or provide food for each other. But a knowledge of the
life processes of the plant goes a long way towards explaining
its distribution, status and potential in our rough grazings.
Most of the work described in the thesis has been done in

the area of high moorland at the head of Teesdale in the N.
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Pennines, chiefly in the Moor House National Nature Reserve,
which is in N. E. Westmorland to the south of the river, and
which also extends down the western escarpment of the fells.
A map of the area is given in Fig. l.l. A considerable amount
of research has been done on the Reserve, giving rise to many
publications, with the result that there is a good background
knowledge to the environment.

The climate is severe, having been described by Manley
(1943) as broadly resembling that of S. Iceland, with strong
winds, low summer maximum temperatures, frosts in any month,
and long periods of snow-lie in winter. Recent 10-year
averages (Millar, 196L) for the Moor House meteorological
station at 1840 ft. (560 m.) 0.D. are :- yearly mean temperature
41.5°F. (5.3°C.), mean of warmest month, July 51.9°F. (11.1°C.),
rainfall 7L in. (1877 mm.) and snow cover 55 days.

The geology of the area has been described in a monograph
by Johnson and Dunham (1963). Most of the rocks belong to the
Yoredale Series of the Carboniferous, giving sandstone, shale
and limestone outcrops, and are usually covered in glacial clay.
Thus there is a variety of soil types, and with a range of
altitude from about 1,000 ft. (305 m.) to 2,930 ft. (893 m.) on
the summit of Cross Fell, this gi&es rise to a range of Juncus
sguarrosug communities fairly representative of those in all

Britaine.

Cragg (1961) summarises work on invertebrate population
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numbers by zoologists who have taken Juncus squarrosus as one

community type. Studies on the Tineoid moth Coleophora

alticolella Zell. are particularly relevant to the autecology

of Juﬁcus‘sguarrosus. Among the botanical work has been a
report'(Wéich and-Réwes, 1964) on the changes following the
exclusion of sheep from upland grasslands including a Juncus
sguarrosus community. Thus the thesis~fits into the general
pattern of research done at Moor Housé into upland lend-use,
and process in upland communities, and has been helped by
results already available.

Apart from the introduction and the concluding discussion
and summary, fhe material in the thesis has been divided into
six sections, eaqh concerned with a particular subject. Each
section has been given its own paging, with the section number
prefixed; this has also been done with tables and figures.

Following this introduction, numbered as section 1, there
is a short second section describing the morphology and anatomy
of the plant. A longer third section is concerned with
reproductive capacity, and includes ipformation about seed
dispersion and viability. Germination and the factors
controlling it are the subjects of section L, while section 5
gives am account of the establishment of the seedlings and the
growth forms of the plant. A full description of the

communities in which Juncus squarrosus is found follows in the

next section on phytosociology.
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In section 7, the ecology of Juncus-squarrosus is described,

and its value discussed. In recent litéfature, it has been said

that Juncus sguarrosus is spreading in fhe British uplands
because 6f_p06f'érazing management, especially overgrazing, and
that this is detrimental to the quality of the grazings. These
statements, which were a stimulus to making the study, are
examnined and further defined.

Finally, in section 8 there is a brief summary and full

bibliography.
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SECTION II: MORPHOLOGY AND ANATOMY.

4A) Morphology

The morphology of the rhizome and roots of Juncus

sguarrosug is well described by Heath and Luckwill (1938).

A dense covering of old leaf bases conceals the sympodially
branched rhizome, which grows horizontally at a depth of about
2 cm., much of this being due to the litter of its own leaves.
The rhizome growth follows a forward expansion of the shoots -
there is no penetration of the soil by the terminal bud of the
rhizome. The annual growth increment is between 1 and 2 cm.,
depending on the soil and the amount of competition from other
species. The rhizome is from 6-12 mm. ip diameter. It twists,
since the terminal bud of the front shoot which produces the
rhizome forms the inflorescence, and growth is continued by one
or more lateral buds.

The roots are of. the cord type, at first white, but
becoming light brown with a wrinkled surface later in the
season. They-tend to grow vertically downwards, with little
lateral spread. They probably die after a year, but remain in
ﬁhe soil functioning as a holdfast for several more years.

Most roots are within the top 10 cm. of the substratum, Heath
and Luckwill giving a working depth of 2.5-9 cm., and a
maximum depth of 27 cm.; this agrees well with my observations

at Moor House. Short lateral rootlets occur sparingly on the
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2.2

younger cord roots, and root hairs 1 - 3 mm. long form a dense
weft (though sparser in very wet conditons) around the roots,
which are 2 - 3 mm. in diameter when mature.

The leaves are radical, except for one subtending the
inflorescence, and are borne in several shoots which together
form the rosettes. (It must be mentioned that Kershaw and
Tallis (1958) uée shoot in the different sense of describing
all the growth initiated in one year). In favourable places,
where there is also rank growth of other species, e.g. wet
flushed peat, the leaves may reach a length of 25 cm., but they
are mainly 5 - 15 cm. long. They usually reflex sharply above
the sheathing base, and tend to grow out above the surrounding
turf, as shown in Plate 2, but where growth is dense, the
leaves are forced upwards, sometimes to a vertical cylinder
open at the top. The leaves are 1 - 2 mm. wide, subulate,
deeply channelled and fairl& rigid.

In the shoots, there are from 2 to 8 leaves, borne in two
opposite ranks, with the basal sheaths enfoldiﬁg around each
other. Each autumn one or two of the most forward of the
summer's shoots, lateral to the central shoot which has
produced the inflorescence, become differentiated. These are
designated front shoots, and usually have eight large leaves,
(Figs. é.l and 2.2) enclosing buds and tiny leaves in their
centre at the base. These terminate a lateral development

(forward and downward) of the rhizome.
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The buds and tiny leaves grow out rapidly next spring, and
up to eight lateral shoots can develop from one front shoot.
Individual leaves grow for about two months, only extending a
iittle after this, but throughout the summer more and more
leaves grow out from inside the sheathing shoot bases. The
inflorescences appear from May to July, depending on the
altitude and exposure, and the culms rapidly elongate to the
height of 15 - 415 em. Each front shoot usually gives rise to
one inflorescence, but no inflorescence develops if the shoot
is weak or in unfavourable conditions.

At first, only three shoots are apparent inside the front
shoot (Fig. 2.3). The laterals are borne in the axils of the
youngest (inside) leaves of the previous season, and éontain
tﬁo or four leaves. On their inside, separating them from the
céntral shoot, are two short membranous bracts. The central
shoot isaubtended by two leaves, and contains about eight small
leaves, but there is no sign of the inflorescence at this stage.

As it grows, the central shoot expands, forcing one of the
lateral shoots forward out of the restriction of the two ranks
of last year's leaves (Fig. 2.4). The central shoot also tends
‘to move or grow forward, leaving the two ranks of four leaves at
the back of the season's growth (Fig. 2.1). It is in this way
that the plant moves forward through the soil and competing

species.
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contained shoots.The laterals are separated
from the central by o broct and contgin a
tiny leaf beside the 2 visible 2nes.

Fig 2-4. Dissection in July >f last qutum='s front shoot.
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The break-out from last season's leaves allows adventitious
roots to grow out from the young shoot bases. They extend
rapidiy.down into the soil (the young roots averaged 10 cm. in
length in mid-June, 1963 when the inflbrescences began to appear
at Moor House, and some had reached 15 cm. All had abundant
root hairs). It may be that the formation of the inflorescence
and next year's front shoots depends on the supply of nutrients
which these young roots feed into the plant from ground which it
has previously not exploited. Perhaps this is the explanation
of the late start‘of inflorescence growth. Certainly it is the
strength of the old leaves which causes growth to be restricted
to a relatively narrow arc forward.

There next occurs a separation of two more lateral shoots
within the central shoot, subtended by its two outer leaves.
These two leaves are arranged at right angles to the two basal
leaves'which subtended the first lateral shoots, giving the
appearance of decussate growth (Fig. 2.5), but it is probably
a modified spiral arrangement. Again a short clear bract
separates the lateral from the central shoot. At this time
the inflorescence rapidly grows up and two br four further
shoots may be produced inside the central shoot. The final
culm is ensheathed by two leaves, one for only a short distance
above its base.

Thus by rapid growth a single front shoot produces in one

season a single inflorescence and a group of shoots around it,

one or more of which will have become front shoots by next
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autumn, ready to repeat the process next season.

Further growth also occurs in one-year old shoots, young
leaves growing out from the centre. Last year's leaves are
still photosynthetic during the next summer, being a darker
green, but they turn brown in their second autumn. Occasionally
leaves may be produced inside a. shoot in its third summer
(Fig. 2.6), but only rarely do these lateral shoots, left
behind by the forward growth of the front shoots, give rise to

inflorescences or branch to form new shoots.
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2.6

B) Anatomy
A knowledge of the anatomy of a plant throws light on its

competitive ability and habitat requirements. Whilst much has

been written on the anatomy of Juncus sguarrosus, especially

by mid-Europeans, this is not readily available. Therefore a

short descriptive account, together with a few diagrams, are

here presented, in order to show several features which are

important in determining the ecology of Juncus Squarrosus.

The account has been divided to parts dealing with the

root, rhizome and inflorescence stem, and the leaf,

The Root

A sizeable description is given by Freidenfelt (190L),
together with an introductory section on the anatomy of the
Juncus genus. Around a strong central stele, there is a
system of large air spaces - see Fig. 237. They form part of
an aerating system coming down from the leaves, the
'durchluftung'. The ratio of root to vascular cylinder diame%er

is 3.5, as opposed to L.L.in J. effusus, 5.3 in J. biglumis

and triglumis (Freidenfelt). Thus Juncus sguarrosus has a
greater amount of tissue devoted to water ;onduction, and less
to aeration, than in these species, and correlated with this
is its greater ability to withstand drought.

The root hairs are well-developed, forming a felt over

the root surface. Their walls become brown and thick, and
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Raunkiaer (1895) says thehairs have a long life, giving the
plant a<firm hold in the soil. The exodermis cells also have
thick walls. In roots of the higher orders, the epidermis has
larger, thin-walled cells, but it is soon discarded. The hairs
in these roots are absorbing, having fairiy thin walls.

The cortex contains about ten rows of cells. They collapse
during the formation of the air spaces, and become pressed
together into inner and outer layers. This occurs some distance
back from the root-tips, during the first season. Radial
partitions are left, dividing up the air spaces.

An endodermis of tall, very thick-walled cells (Fig. 2.8
and 239) surrounds the central cylinder. This contains about
10 large vessels around a pith of very thick-walled fibres.
Outside is a thin zoné of unlignified cells, containing the
phloem. In the finer roots there are fewer vessels, the
cortex consists of fewer layers of cells, but the endodermis

is still present.

The Rhizome and flowering Stem

The general structure of the rhizome is shown in Fig. 2.10,
whilst Fig. 2.11 gives drawings 6f some of the cells. The
epidermis and suberised cell layers below are much broken. In
the cortex parenchyma are air canals, much smaller than the air
spaces in the root, and numerous vascular bundles, which run

to the adventitious roots. There is a distinct endodermis
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around & large central area containing many vascular bundles in
a parenchymatous ground tissue.

In the flowering stem, as described by Blau (1904), the
epidermis walls are strongly thickened, especially on the
outside. Some stomata are present. Below are three to four
rows ofpalisade cells. The aerating cells are only weakly
developed amongst the cortex parenchyma. The central cylinder
is formed by a thick ring of sclerenchyma, containing the

vascular bundles, inside which is a large pith.

The Leaf’

A considerable amount has been written about the evolution
of the leaf in the Juncaceae, and several workers including
Adamson (1925) and Peisl (1957) have discussed the structure of

the leaf of Juncus squarrosus as part of the series leading to

the circular type of leaf as found in J. effusus. Blau (190L)
also gives a full description.

Near its base the leaf has a bifacial structure with a
broad channel in the adaxial surface. Passing upwards, the
leaf becomes narrower and thicker, and close to the tip the
adaxial surface, which has no bundles below, forms only a
guarter of the apparent upper surface (Adamson).

The upper epidermié has large swollen cells which are
thick-walled, as are the cells of the lower epidermis. In the

middle of the leaf channel there are only three or four rows



papoys anssu  patjby
Yim s3)punq JDJNISDA
(waishs bunyjnjyungy)
51192 p3j|oMm ulyy

Jo sayxod ouysig

(1ouoxainy)
owhyduany Jajny

owhysuaiond

abuo)

siwiapidy
TR

"(xor 'xouddp) joa| pjo i03K-3u0 D Jo ¢.; D Jo dow ansciy gy

13u40- Ul

-

z by

taiqy4




2.9

of thin-walled hypodermal cells separating a large flattened
air éanal from the epidermis (Fig. 2.12), but chlorenchyma is
below the epidermis throughout the rest of the leaf. Stomata
at 300 per mm2 are more numerous than in many Juncus Spp.
according to Blau.

There are two rows of vascular bundles, arranged in a
broad U, which becomes more closed towards the leaf tip.
Between the bundles there are aerating canals, formed by large
thin-walled parenchyma cells. The vascular bundles (Fig. 2.13)
are surrounded by a distinct endodermis, and have large caps .
of fibres at both ends. Inside the xylem and phloem have the
usual monocotyledon arrangemenﬁ.

At each corner of the leaf there is a further group of
fibres. The overall effect is to make the leaf very strong,

and thus xerophytic, being resistant to wilting, and very

tough, and thus not palatable to grazing animals.

Conclusions

Juncus sguarrosus can grow in a wide variety of habitats,
ranging from dry'to completely waterlogged, as its structure
incorporates the necessary adaptations for growth under these
different conditions. The abundance of sclerenchyma and the
thick walls of the epidermis cells make the aerial parts
resistant to drought, whilst the aerating system makes the

roots independent of ground water for gaseous exchange.
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However, as will be discussed later in the thesis, Juncus
squarrosus does not grow fast and can withstand little

competition.
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SECTION III. REPRODUCTIVE CAPACITY.

The topics dealt with in this section are the production
of seeds, their dispersal and the number that germinate. A
kndwledge of these values, and how they are affected by habitat
and climate, is very necessary to the understanding of how the
species maintains itself and spreads to new localities. The
seed production and germination %s were found for a variety of
commuhity'types, many of the sites being used in the

phytosociological analysis described in section 6.

A) SEED PRODUCTION
The seed production of a plant is controlled by four of
its attributes:-
1) The number of inflorescences produced.
2) The number of florets on the inflorescences.
3) The number of florets that ripen to fruits (capsules).
u) The number of seeds in the capsules.

Since Juncus sguarrosus is usually one of the more

prominent plants in a sward, the total area it occupies in a
place can be found more easily than the number of plants, and
it was therefore thought useful to relate seed production to
area. Furthermore, this avoids difficulties due to the
uncertainty of deciding what is a shoot or plant of Juncus

Sguarrosus.
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Each attribute was measured, to single out the ways in
which the different factors limit seed production. Also it
was hoped that entomologists, working on the moth Coleophora

alticolella Zell., would find the data useful, and some of

their previous data are incorporated into the present results.
The larvae of this moth infect the capsules of Juncus

sguarrosus, eating the ripening seed.

Methods

The 1/li sq. m. quadrats used in the phytosociological
recording were left marked by stakes, so that the inflorescences
could be collected when the capsules had ripened. This
procedure was adopted to prevent bias in the results caused

by selection of areas of Juncus sguarrosus when the

inflorescences were visible. Siting of the quadrats was
necessary for the measurement of the inflorescence production
per unit area. Otherwise the variable amounts of other
communities included in the quadrat would cause large variation,
and result in the inflorescence density being lower than in the

Juncus sguarrosus community. If more and larger quadrats were

cast at. random, the numbers of florets, capsules and seeds
would be quite unmanageable.

Inflorescences were collected from 20 gquadrats at each
site, a harvest being taken from a second quadrat alongside

each of the 10 marked quadrats used in the phytosociological
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recording. A brief description of the sites is given in
Appendix 1, and their locations are shown on Fig. 1.1.

The first harvests were taken at the lowest site (Dipper
F) on 1lth August, 1962, and 23rd August, 1963. The timing was
determined by the need to avoid losing any seeds due to dispersal
before harvest by splitting of the capsules, and the need to
allow development to continue as long as possible. This is a
source of error in the results at the lower altitudes, for seed
development would normally be going on after the more mature
capsules had split, and the seeds had been dispersed. In 1962
florets were still showing anthers at the Moor House level
(1850 ft.) in early September, and very few capsules had formed.
Better weather at the end of the month and in early October
speeded ripening, and all the other sites were harvested between
October 9th and 17th. In 1963 ripening proceeded more rapidly
and most sites were harvested by September 13th; the final two
- on the fell tops on October 2nd.

Besides these harvests in predetermined areas of a fixed
'size, certain others were taken in both years, and in 1961 also,
to compare attributes controlling seed production at different
places away from the Moor House area. A further purpose was to

obtain information on Coleophora infestation. In 1961 an

initial transect was made up fxroem the Tees Valley from the

junction with Trout Beck to the summit of Cross Fell. Whilst



these harvests were not related to area - at some sites quite
a stretch of ground had to be covered to gather the
inflorescences - great care was taken after experience with
the initial transect, to collect every inflorescence at hand,
large or small, without selection.

Once indoors, the number of florets and capsules on each
inflorescnece was found and noted, and the average calculated
for each quadrat, whilst the number of inflorescences from each
quadrat was found, and the average found for the site.
Inflorescences grazed by sheep were included in the figures
‘for Infl./Q., but excluded from the inflorescence number used
in the calculation of thefloret and cepsule ratios, as they did
not contribute to the floret and capsule totals.

The two furtﬁer samples given in Appendix L for site F
(Dipper) satisfactorily confirm that the number of florets per
inflorescence and the number of capsules did not increase after
the initial August harvest, for which data are given in
Appendix 1.

Inflorescences with capsules were kept in glass tubes or
polythene bags in a dry place, so that capsule maturation could
'continue, and after L to 5 weeks the seeds were extracted
using forceps. To keep down germination trials to a minimum,
but maintaining replication, capsules from adjacent quadrats
at a site were pooled, so that ten measures of seed production

were obtained from each site.
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On extraction the seeds were counted, and some packeted
in fifties, ready for the germination trials. In addition,
seeds from 20 capsules from each site were counted singly after
careful slow dissection, to check if the number of seeds per
capsule varied from place to place. These results are given
in Table 3.8, but the seed/capsule figures given in the
Appendices are the ratios of the total number of seeds extracted
to the total number of capsules at each site.

At this stage it is necessary to say what were counted as
florets, capsules and seeds. Florets gave no trouble except
when they haed failed to separate in some underdeveloped
inflorescences at high altitudes. Here as many as possible of
the florets were counted by eye, but in some cases there were
tightly adpressed glumes at the base of the inflorescence,
which represented an unknown number of undeveloped florets.
These were ignored.

The florets in which the ovary had expanded, forcing the
glumes apart, were counted as capsuleé. All these contained
developing seed, but when seed extraction was done, some had
such tiny seeds that they could not be distinguished from
replum or wall debris, and these were ignored. It is very
doubtful whether such seeds would ever be dispersed, and then

whether they could germinate, as the weather deteriorated after

both harvestings, and maturation would cease. Slightly larger
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seeds, certalnly recognisable, were counted in the seed number,
and kept together with full- -sized seeds, two or three times as

big, for the germination trials.

Results and Discussion

a) The effect of sheep graging

The developing florets of Juncus squarrosus are nibbled

off the inflorescence stalk by sheep. On harvesting, such
inflorescences are plainly noticeable, having either a broken
stalk, or only the base of the glumes remaining at the top.
These inflorescences were counted and shown in Appendices 1 to
4 as a % of the total number of inflorescences.

At some sites sheep considerably reduce the reproductive
capacity. On Cross Fell, for example, 57.9% of the |
inflorescences were eaten in 1962, and on Pendle Hill at 1350
ft. 72.2% were eaten in 1963. These places are usually well-

drained and grassy, with Festuca ovina dominant and only

patches of Juncus squarrosus. Festuca grasslands normally

bear a much heavier grazing pressure than Juncus Sguarrosus

areas or blanket bog, and it would seem that the sheep are

grazing Juncus from convenience rather than preference. On the

more typical Juncus sguarrosus areas on peaty gleys or peaty

podsols, it is rare that more than 10% of the inflorescences

are eaten.
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b) The factors affecting the inflorescence number per_guadrat

It can be seen from the composite histograms of Fig. 3.1
‘that there is not a close correlation either between the number
of inflorescences produced in two succeeding years, or between
the inflorescence and rosette numbers in the 10 quadrats at
each site. Each rosette counted consists of several shoots
which may or may not produce inflorescences in a season.
Changes in the vigour of roseftes may thus lead to considerable
variation in the inflorescence number in a quadrat.

As the quadrats were deliberately sited to include only

Juncus sguarrosus areas, most contain over 10 rosettes

obscuring the relationship. Only at site I, initial

colonisation after peat erosion, where Juncus squarrosus is

the only important species, is the inflorescence number related
closely to rosette number. At this site too there is a better
relation of rosette number and cover than at the others (see
Fig. 5.3).

But neglecting individual quadrats, a general relationship
can be seen between total rosette number and total
inflorescence number, sites with few rosettes per quadrat
having fewer inflorescences, e.g. F - Dipper, D - Leat and
E -~ House limestone grassland. The average is about 1
inflorescence per rosette, but several sites differ. Trout

Beck Foot - B and House Hill colonisation - I have a greater



Table 3.1.

Site

Cross Fell

Knock Tell

Rough Sike Head

House H1l1ll recolon.

House Hill initial

Moss Burn alluvial

House limestone grassland
Pasture peat

" Teesside green slopes
Lite bank

Trout Beck foot

H g @ =" =B Q H 49 H P

Dipper

Average of 12 sites

Comparison of 1962 and 1963 Reproductive Capacity, with 95% confide

Infl./Quadrat
1962 1963

16.1+ 6.23 5.0+ 0.75
2L.7+ 6.0U 16.7+ 14.83
32.6+ 8.41 9.8+ 2.56
21.5+ 1.59 19.6+ 5.62
L8.1417.42 27.4410L.90
.y b.23 17.24 1.93

6.45+ 2.95 8.0+ 3.6l
22.0+ 5.23 18.L+ 5.27
1L+ 5.26 21.64+ 6.15
8.7+ 1.10 12.2+ 3.56
32.44+ 2.11 Ll.lh+ 5.25
11.64+ L4.83 1.7+ 3.42
21.1 17.7

Florets/Infl.

1962 1963
6.28+ 0.53 742+ 2.75
7.84+ 0.30 7.h+ 0433
7.6+ 0.29 5.9+ O.L2

10.31+ O.hl 10.h4+ O.L3
7.7+ 0.36 10.1+ 0.57
1L.134 0.76 10.9+00.68
9463+ 0.77 9.6+ 0.59
11.61+ 1.Lh 9.7+ 0.38
9.5L+ 1.62 11.9+ O.h4l
11.74+ 0.93 13.h4+ 0.76
6.39+ 1.06 8.2+ 0.54
13.52+ 0.70 1.2+ 0.68
9.7 9.9

19
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H
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~
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2
.8
5
5
.3
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4
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limits.

capsules

% flhrets ripened

1963
0.02
1.6

19.0

18.8

54.2

60.3

62,1
51.0
58.7
L8.9
61.4
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number of inflorescences, the inflorescence ratios being 1.6
and 2.3, whereas the ratios are O.4 at Cross Fell - G, 0.7 on
the Leat - D and 0.6 on the House limestone grassland - E.

This is perhaps a reflection of the vigour of the plants, those
at site I being young and not experiencing competition from
other species (see Plate 3). In contrast, conditions are
severe on Cross Fell, with a short growing season and a
difficult substratum of a well-drained‘stony shallow soil.

Sites D and E are also rather marginal for Juncus squarrosus,

being fairly well-drained.

As éeen in Teble 3.1 and Fig. 3.1, there is little
difference in_the number of inflorescences produced in the two
seasons 1962 and 1963. But the three high-level sites have
significantly fewer inflorescences in 1963, and this may have
been caused by the previous weather conditions (cold snowy
winter in 1963, following a poor summer in 1962) which had a
greater effect on the vigour of the plants here than at lower
altitudes.

Reay (1958) recorded a very low number of inflorescences
in 1957 (Table 3.2), and it would seem that this is associated
with drought conditions in spring (Table 3.3). Unfortunately

I was not able to make parallel observations.



Table 3.2. The effect of season and altitude on the number of
inflorescences per sq. m., with 95% confidence limits
(after Reay).

Year
Altitude (feet) 1992 1956 el
1500 104.0+10.4 167.6+18.Y4 7e3404.2
1550 88.0+11.4 118.7+16.6 1.3+1.1
1600 115.2+13.6 156.9+20.2 3.542.2
1650 105.6+16.0 122.4+16.2 4.3+3.0
1700 91.2+11.8 117.4422.0 1.8+2.1
1750 91.2413.4 105.9422,2 6.5+3.0
1800 108.8+16.0 98.1425,.2 11.345.8
1850 88.0+16.0 32,641l L 1.041.2




Table 3.3. Spring rainfall (inches) during the last 11 years at
Moor House.

Year April May June Total
1953 7.44 3.52 L.03 14.99
195L 1.76 6.80 7.0 © 15.86
1955 3.94 8.89 4.26 17.09
1956 2.19 3.91 377 9.87
1957 1.51 3.86 2,13 7.50
1958 2.76 6.39 L.39 13.50L
1959 8.L6 1.35 L.05 13.86
1960 1496 2.51 3.0 10.49
1961 4,60 3455 3.30 11.45
1962 7.34 5437 3.11 15.82

1963 6.22 6.39 6.1 ) 19.02
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1. Inflorescence number

The fls./infl. ratio is fairly constant at a site, shown
by the low confidence 1limits attached to its values in Table
3.1 and the Appendices. Examination of the individual quadrat
data shows that the production of a large number of
inflorescences in a quadrat does not affect the fls./infl. ratio
(see Fig. 3.2). But sites with a high infl./Q. ratio have a
low fls./infl. ratio at that particular altitude, e.g. B with
6.4 f1s./infl. and 32.4 infl./Q. and I with 7.7 fls./infl. and
L48.1 infl./Q in 1962. The explanation suggested is that
unfavourable conditions limit the floret number (B -~ lack of
shelter and well-drained, I - poor soil conditions), but the
lack of competition allows the plants to be vigorous and some

produce many inflorescences.

Fig. 3.2. The relation of inflorescence number and floret per
_ inflorescence ratio in 10 quadrats at site B in 1962.

60
50 | :
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2. Climate

Changes in either the micro-climatic or soil conditions can
cause a very marked difference between the fls./infl. ratio of
two sites, though the other factor remains constant, or even
appears to be acting in the reverse direction. Thus the
transect up the S.E. escarpment of Pendle Hill (Appendix 3) has
a small drop in fls./infl. ratio from 1150 to 1550 ft. on one
soil, but it is higher at 1750 ft. on a different soil type.

The surprising difference between the Trout Beck Foot - B
and Moss Burn - C alluvigl sites is correlated in large part

with microclimate. They have Juncus sguarrosus communities

very similar phytosociologically on similar soil types, but the
Moss Burn gquadrats are well-sheltered in the narrow stream
bottom, whereas the Trout Beck Foot gquadrats are in a wide
plain at the Trout Beck - Tees junction.

Exposure is such an important part of the affect of
climate that it is not easy to avoid it in assessing the other
affects, whose incidence varies with altitude. It is very
difficult to find two sites with similar exposure and a similar
soil over 200 ft. apart. But there does seem to be a gradual
reduction of floret number with altitude. Thus sites L and K
are of'quite similar exposure and soil type, and the fls./infl.
ratio falls from 11.6 at 1850 ft. in the Moor House pasture to

7.6 at2300 ft. at Rough Sike Head. The high values down the
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Tyne Valley (Dipper (F), Lee House, etc.) do seem significantly
higher than for the sites around Moor House, with the exception
of Moss Burn (C), which is especially sheltered.

A similar picture is shown in Table 3.L. Inflorescences
from the Tyne Valley with 57 and 6L florets are considerably
greater than any from around the Moor House level. Of these,
site C again comes the highest with 39 florets in 1962 and 32
in 1963, The difference between sites K and L is maintained -
32 and 20 in 1962, and 21 and 14 in 1963. Presumably the
floret number is not determined by the weather during
flowering, but by frevious seasons.

3. BSoil

Taking values for fls./infl. from the Appendices into
account besides those in Table 3.1, it can be said that low
fls./infl. ratios are found on well-drained, base-deficient
80ils (which also have smaller plants - Table 5.1) e.g. Cross
Fell 6.3, Withnell 6.1, and the three escarpment sites on
Pendle Hill. Small-sized plants in the herbarium of the
British Museum from heathy places in the S. of England also
had few florets. Thus an unfavourable soil will keep the
floret number low no matter what the micro-climate is. But in
unfavourable climates, as above 2500 ft. at Moor House, soil
conditions still influence to a great extent the floret number

e.g. 10.9 fls./infl. in 1961 on a peaty podsol at 2725 ft.,
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but 3.7 on the stony solifluxion soil, a mountain-top podsol,
at 2925 ft. on Cross Fell. The average height of these
inflorescences was 25 and 17 cm. respectively.

It thus appears that soil is the primary control on
floret number per inflorescence, and climate is a secondary

influence,

d) The control of capsule formation

The number of capsules formed per inflorescence is
governed by the number of florets and the amount of maturation
that occurs. The values for % florets ripened to capsules
given in Table 3.1 and the appendices were obtained from the
total number of capsules and florets at a site, and reflect
the amount of maturation.

There is no indication that this is affected by anything
other than the micro-climate. One might have expected plants
on é warm, well-drained soil to have started development
sooner, but the values for sites E and B, which approach
nearest to this, are lower than for other sites at the same
altitude. That the value for B, Trout Beck Foot, is low
(3.9% in 1962) as compared with C, Moss Burn, (9.5%) is a
further indication of its lack of shelter.

A comparison of the values in 1961, 1962 and 1963 in

Fig. 3.3 shows the powerful affect of a poor summer on



Table 3.5. Summer sunshine and temperature in 1961, 1962 and 1963.

1961 1962 1963
April - September
average temperature (°F) L7.8 45.5 16,2
July - September
average temperature (°F) 51.0 48.6 49.0
July - September
hours of bright sunshine 33545 258.6 365.9

Table 3.6. Comparison of capsule formation in adjacent sheltered
and exposed positions, with 95% confidence limits
(after Jordan).

sheltered position exposed position

% of florets 52.946.0 15.74L.6
that have ripened 14.,946.0 8.242.1
to capsules 16.246.0 1.041.7

Table 3.7. The relation of capsules per inflorescence to summer
weather and altitude, with 95% confidence limits (data
extracted from Reay).

Altitude (feet) 1955 1956 1957 1958
1500 15.642.5 8.3+l 6.8+2.0 13.7
1550 13.8+1.9 9.621.L 2.942.2 8.7
1600 13.2+1.9 6.5+1.5 2.0+0.7 9.9
1650 13.241.9 9.011.,2 46419 8.8
1700 - 12.041.3 8.3+1.L 2.611.7 7.6
1750 17.2+1.9 8.8+1.Y 5.3+1.9 8.1
1800 16.2+1.9 Lho3+1.6 0.6+0.0L. 7.0
1850 17.0+2.h 3.641.0 2.,0+1.9 2.8
Mean temperature

° 53.7 50.4 50.0 52.2
Sunshine hours 622 30 323 358

Mean temperature is the mean of the July - Séptember maxima and

minima. .
Sunshine is total hours of bright sunshine.
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reproductive capacity. The hours of bright sunshine and mean
temperature (daily maximum + minimum meaned over the period)
for the 6 growing months are given in Table 3.5. The 1962
mean was 2.2°F (1.2°C) less than the average of the last ten
years, and 1.3°F (0.7°C) less than the previous lowest mean.
The upper limit of capsule formation, 2925 ft. in 1961 and
1963, was forced down to just above 2300 ft., whilst the
level of 25% capsule formation dropped from 2050 ft. to

1650 ft., rising again to 2150 ft. in 1963. The curves show
that a few capsules are formed over quite a range of altitude
down from the upper limit, then there is a fairly rapid
increase to a high cépsule % over an equal range of altitude.
From the amount of variation shown in the graph, it seems that
a similar capsule formation occurs in a very sheltered position
as in an exposed position 300 ft. lower.

Jordan (1955) compared capsule formation in adjacent
sheltered and exposed positions (Table 3.6), and data on
capsule production contained in Reay's thesis also show the
relation with summer weather (Table 3.7). The affect of
increasing altitude in reducing the % of capsules can be seen
in 1956, 1957 and 1958, but not in 1955, which was a very good
summer .

Pearsall (1950) said fertile fruits are not usually

produced gbove an altitude of 2500 - 2700 ft., but in 1947



'Table %3.8. The number of seeds per capsule at the Moor House
sites in 1962 and 1963.

Site No. §g6§apsules diigggted Averagelgggber of seediéggpsule
L - 20 36.5
J 20 20 25.1 L9.6
) 22 20 26.9 L9.7
C 20 20 | 25.0 Lh.1
B 20 20 252 53.1
K 20 20 25.5 67.8
H 20 20 32.8 L3k
D 20 25 28.8 L9.5
B 20 20 34.6 575
F 20 3349
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after an exceptionally long and warm summer viable seeds were

obtained from 3400 ft. on Ben Wyvis.

e) The number of seeds in the capsules

Table 3.8 compares the seed number extracted from the
capsules by dissection with forceps for the different sites
in 1962 and 1963. The overall average number of seeds per
capsule was found to be 28.88 + 1.8 in 1962, and 50.13 + 2.1
in 1963. Maximum numbers were between 70 and 80. In the poor
summer of 1962 it seems many more ovules failed to develop than
in 1963, causing the considerable difference in the average
number of seeds per capsule in the two seasons.

The capsules chosen for counting were the mature, fatter
ones; in younger capsules it was difficult to distinguish the
tiny seeds from the replum debris, and it was uncertain how
many would develop into the larger viable seeds of the more
mature capsules. But even in these there was frequently
considerable variation in seed size. Jordan suggested that
the seeds in some capsules would never develop because of lack
of fertilisation, but in that case the capsule would probably
not have formed.

In Table 3.8 there appears to be no significant difference
between the sites, as a considerable amount of variation occurs
between individual capsules. Reay, however, gave a table

(Table 3.9) of seed weight along an altitudinal transect,



Table 3.9. The dry weight (mgms.) of seeds in capsules from
different altitudes, with 95% confidence limits
(mean of 6 capsules; from Reay).

Altitude (feet) Bast transect West transect
650 | 30.04+1.8
750 30.5+1.8
850 25,0422
950 : 23,042,

1050 27.0+43.1t
1150 25.043.0
1250 21.043.6
1300 211,04l.0
1500 18.3+2.4
1550 - 21.5+3.6
1600 . 16.5+2.8
1650 18.241.8
1700 20.043.0
1750 16.5+2.4
1800 16.342.2

1850 13.242.8
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showing a small reduction in weight with increasing height.
The low value for site L also points to this.

These values of seed no./capsule are somewhat higher than
those in the appendices because 1) many florets classed as
capsules contain only tiny undeveloped seeds when broken into
and 2) the general extraction process sometimes failed to
obtain all the seeds -~ a full dissection could not be done for
each capsule because it was very time-consuming, and a more
vigorous use of the forceps tended to produce debris which
was very difficult to distinguish from the seeds and very
tedious to separate. In 1963 so many seeds were produced that
it was quite impossible to count the number in each quadrat,
and the only data obtained were those in Table 3.8.

Thus 50 seeds are produced on average per capsule in a
favourable season, though the actual number dispersed will be
less - probably the seeds not easily shaken out by forceps
would not be dispersed by natural agencies. The values given
for seeds/capsule in the appendices cannot be taken as more
than rough estimates of the number dispersed, but it can be
said that agbout 10 good seeds in 1962 and 20 in 1963 would be
dispersed from each capsule, and it is unlikely that this is
more than twice as much, or less than half, the true number.

The values for Pendle given in Appendix 3 appear lower

than those for the Moor House area, and it is possible that
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soil conditions or the vigour of the plant do control seed/
capsule number. But the only significantly low value is 0.9
from near Lee House, Tynehead. Here there was a severe
infestation of Coleophora larvae which had eaten the seeds

(Appendix L4).

£) hora alticolella Zell.

Pearsall (1950) described the relation of Coleophora to

Juncus sguarrosus, and the variations in the altitudinal limit

of the moth, and two Durham students, working from loor House,
have done Ph.D. theses (Jordan, 1955 and Reay, 1958) on the
moth. Three papers Jordan, 1958 and 1959, and Reay, 196L)
have been produced so far, and much more information is
contained in their two theses.

Life History of Coleophora

The moths emerge after pupation in late May or early
June, and lay thé eggs on the inner surface of the floret
perianth segments. Sometimes the space between two adjacent
florets is also utilised, especially at the higher levels
where the inflorescences develop later.

The larvae usually feed on Juncus sguarrosus seeds, but

have been recorded from J. articulatus, J. compressus,

J. conglomeratus, J. effusus and J. inflexus, and Luzula

campestris and L. pilosa. In the Moor House area they
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frequently use J. effusus, and very occasionally Luzula

campestris and Juncus articulatus. No oviposition has been

observed on these last two species, and it is probable that
the larvae migrate to these inflorescences from neighbouring

Juncus sguarrosus stems.

On hatching, the first instar larvae bore into the
capsules, which by this time have mostly reached full size,
especially at the_lower levels. The seeds are green and soft,
easily penetrable to the larvae. In favourable circumstances,
with good seed-setting, the larvae pass through three instars
in about six weeks, so that the fourth instar larvae usually
appear in early August (but in 1954, a bad summer, they were
first seen on September 1lhth). In capsules where the seeds
fail to develop the larvae do not grow, but are still found
in the early instar stages late in the season.

External larval cases outside the capsule are constructed
in the late third or early fourth instar, making the
infestation readily noticeable, and allowing the larvae to
move to fresh capsules. There is usually only one larva in
each capsule, but up to L4 have been recorded in heavy
infestations. Jordan calculated that on average each larva
feeds on 2.28 capsules.

The larvae overwinter in the litter in their cases,

usually migrating down the culms in September after about three
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wéeks in the fourth instar. Pupation occurs in May, though
sometimes the larvae feed again after the winter, and in
spring 1953 were observed on newly-developing capsules.

In 1956, Reay made frequent recordings at one station
(Table 3.10, which illustrate the typical course of Coleophora
infestation. The mean number of florets per inflorescence was
1.5 + 1.6. It can be seen that capsule formation occurred
between 12:7 and 26:7, egg hatching between 18:7 and 28:7,
further capsule attack after the development of larval cases
between 11:9 and 17:10, and larval migration between 25:9 and
12:11. It is clear that merely estimating the degree of
infestation from the readily visible fourth instar larvae does

not give the actual number of Juncus sguarrosus seeds eaten.

However, it is very time-consuming to examine all capsules
for damage, and the early-instar larvae that die eat
comparatively few seeds, so there is some justification for
obtaining an approximate picture of the losses sustained by

Juncus sgusrrosus from the numbers of fourth instar larvae.

Coleophora numbers and the amount of damage

Pearsall (1950) described a steady fall of infestation
with increassing altitude in the Lake District. In 1942, LO%
of the capsules,&ere infested at 700 ft. (measuring by larval
cases), but there was no infestation at 1800 ft. Only during

the abnormal summer of 1947 did Coleophora reach higher, to
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2000 ft. on the south~-facing slope of Séddleback. In

Scotland Coleophora is generally limited to lower altitudes
than in the Lake District, e.g. a limit of 1400 ft. on Ben
Wyvis and Rothiemurchus, and Pearsall suggests the lower mean
temperature is responsible.

I have collected inflorescences from 8 localities outside
the Moor House and Pendle areas, with altitudes ranging from
500 - 1500 ft., and it is interesting that Coleophora was
present in all but one possibly collected before the cases
were produced. On average about 5% of the capsules were
infested (Appendix L).

Jordan and Reay confined their studies to two transects.
One, the western, ran up Crowdundle Beck on to Middle Tongue,
beginning near Lownthwaite at 600 ft., and ending on Little
Dun Fell (Jordan) and at 1500 ft. (Reay). The eastern
startéd near Hill House in the Tyne valley, and ranged from
1500 to 2075 ft. Sampling sites were spaced at 50 or 100 ft.
intervals along the transects, and Jordan took 10 or 15, and
Reay 20 inflorescences.

Table 3.11 shows the number of larvae and the capsules
damaged on the eastern transect in L different years. There
was liﬁtle damage in 1955, a good year for seed production
(Table 3.7)% more damage in 1956, when not so many capsules

were produced, especially at the higher levels; very extensive
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damage in l957~when large numbers of eggs were laid, but very
feW'inflorescencés developed (Table 3.2) resulting in severe
overcrowding of the larvae; and little damage in 1958 as few
larvae survived. Thus the amount of damage to the capsules
depends both on the number available, and the size of the

Coleophora population in the year.

Observations in 1962 indicate that in a bad summer larval
development is so slowed that many never reach the fourth
instar before the winter, and consequently much less damage is
done. The first 1arval cases were seen on 1:10 in the
populations from the Dipper to the Tyne source (1550 - 1750 ft.)
and on 26:10 both third and fourth instar larvae were present
in the cases.

As almost all the seeds in a capsule are spoilt, if not

eaten, Coleophora infestation can reduce the Juncus squarrosus

seed production at some levels to practically nothing in some
years. The average production may well be reduced by a third

below 1500 ft.

The altitudinal limit of Coleophora

The highest stations of successful larval development
and seed-setting in a particular year are shown in Table 3.12.
The slow upward dispersal after a fall is due to the

relatively inactive life of the adult.
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Pearsall put forward two explanations for the limit:-
1) Life cycle not coincident with flowering - no florets when
-the moths emerge, preventing oviposition at the limit.
2) ®Bgg and larval development controlled by the temﬁerature,
so that larvae cannot move to the litter before the end of
the season at the limit.
He favoured the former, because at the higher levels only the
early ripening capsules were infested. The 1962 observations
have some bearing on the second factor. Fourth instar larvae
were still present on the florets in December, when very
severe weather set in, but after the snow cleared in April
1963 some were found to be still alive. On 16:5 further
inflorescences were collected, and the number of cases per
inflorescence appeared less. One larva with a case was seen
on a stalk, probably migrating. In autumn 1963, however,
larvae were found almost up to the same levels as in 1962, the
imagoes presumably having emerged at the usual time despite
the delayed larval development. _

Jordan, because of the 1954 results, said the limit was
controlled by seed-setting, which is governed by the weather
and especially the mean temperature. Reay agreed, but also

showed that the zlternative host of Juncus effusus could

prevent extinction of Coleophora when the food supply of

Juncus sguarrosus failed in 1957. Despite no larvae reaching
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the fourth instar on Juncus squarrosus on the eastern transect,

some that fed on J. effusus were able to pbrovide a small

population of normal moths next season at all but the highest
station of 1850 ft.

‘Therefore it would seem that any bf these three factors
can cause extinction of Coleophora near its upper levels.
The multiplicity of controlling factors is really to be
expected in dealing with a marginal population. It is

advantageous to Juncus sguarrosus that other factors beside

its seed production can reduce Coleophora infestation. Thus
there is good seed production in most years over a range of
two or three hundred feet between the upper limits of sizeable

Coleophora population and general capsule ripening.

' g) The resulting seed production

Whilst in places the various factors governing seed
production tended to balance each other, there was in 1962 a
substantial difference between L15 seeda/quadrat at Dipper - F
(1550 ft.), an average of about 100 seeds/quadrat around the
1800 ft. contour, and 5 seeds/quadrat at 2300 ft. Seed
production was probably at its maximum in 1963 - taking
averages of 20 inflorescences/quadrat and 5 capsules/
inflorescence (see Table 3.1) and 20 seeds/capsule (see p. 3.15)

gives a production of 2000 seeds per quédrat. If such
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favourable seasons were to continue, Coleophora would move up
the fell, counterbalancing the rise in production.

Pearsall writes that 'the amount of inflorescence growth,
and the production of flowers or better still of fruit and
seeds, both diminish as the altitude increases' and illustrates
by a graph with three very straight lines. He neglects the

affects of Coleophora attacks at the lower levels, and of soil

conditions and the plant's vigour. By their control of the
floret/inflorescence and inflorescence/quadrat ratios, these
two factors affect the seed production considerably, within
the major limit set by increasing altitude on capsule
formation. Thus favourable soil, together with a particularly
favourable micro-climate, led to a value of 177 seeds per
quadrat at site C in 1962, there being a high florets/
inflorescence ratio. Site I with young vigorous plants on a
not very favourable soil, had a value of 105 seeds per quadrat
chiefly because it had a large inflorescence/quadrat ratio.

Of the mid-altitude sites, J had the second highest figure

of 132 seeds per gquadrat, having fairly high values for both
inflorescence/quadrat and florets/inflorescence. Juncus

sguarrosus has a high degree of dominance in this community,

and the wet conditions favour its growth.

It is clear that each year Juncus sguarrosus produces

enormous amounts of seed on the northern Pennines. At the



3.24

maximum value of 2000 seeds/quadrat (8000/sg. m.) there would
be 1600 million seeds produced per square mile, even if Juncus

sguarrosus communities only occupied one tenth of the area.

In most years something near to this maximum value will be
produced between 1500 and 1800 ft, though below this level

Coleophora attack will reduce the average. At the higher

levels the low seed/quadrat values will be partly balanced by

the greater extent of Juncus sguarrosus communities - they

occupy up to a third of some square miles. Even at 5 seeds/

quadrat, an acre of Juncus squarrosus will produce 80,000

seeds. DBut above 2500 ft. a substantial seed production will

only occur infrequently.
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B) SEED DISPERSAL

The seeds of Juncus sguarrosus are very small, and are

dispersed by the wind. A week or so after the seeds have
ripened, the capsule segments open, allowing the seeds to be
blown out. This is very much aided by dry conditions;
otherwise the capsules hold water and the surface tension
prevents dispersion.

At Moor House in 1963 there were open capsules in August
at 1550 ft. (site F), but at 1850 ft. very few capsules had
opened by the end of September. However, by spring most of
the seeds had been dispersed from capsules below 1800 ft.
(Table 3.13), though above this level many capsules were still
unopened. These probable remain closed and give rise to the
groups of seedlings found at the ends of old fallen
inflorescences. As a result the number of seeds dispersed at
the higher levels must be considerably reduced.

Samples were. taken of the peaty material which becomes
apparent on the top of snow at Moor House during times of thaw.

A few seeds of Juncus sguarrosus germinated, but no other

species was found. Thus Juncus sguarrosus seeds can survive

dispersal with drifting snow.
Pearsall (1950), seeking to explain the occurrence of

Juncus sguarrosus on the highest mountains above the level of

normal seed-setting, suggested that the fruits might be



Table 3.13. The number of seeds in the capsules at site
B in autumn 1963 and the following spring
(with 95% confidence limits).

Date Seed number

10th September, 1963 57+5+6.98
13th May, 196l 13.1+6.95
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distributed in the wet Wool of sheep. While this may occur
on occasions, sheep cannot be an important agent of dispersal.
The inflorescence is to0o strong for pieces to become detached
onto the fleeces of passing sheep, and it is very unusual to
see a broken inflorescence or one with capsules missing. He

suggested too, that snow buntings (Plectrophenax nivalis)

disperse the seeds by eating the capsules. At Moor House

grouse (Lagopus scoticus) also eat the capsules, as they have

been found in dissected crops amongst the many heather shoots,
and at the few sites where inflorescences had lost capsules,
grouse droppings were noted closeby. But even if the seeds in
the droppings can germinate, there are so few snow buntings,
and grouse eat the capsules so infrequently, that neither
agency is important in comparison to the wind.

There is no information avaibble on the longevity of

Juncus squarrosus seeds, but Becquerel (1907) said Juncus

articulatus seeds had survived for 65 years, and J. bufonius

seeds were also very long-lived. Shull (1914) reported that

J. bufonius and J. tenuis seeds germinated after being kept

in water for 7 years. A considerable literature exists on the
occurrence of buried viable seeds. Chippindale and Martin
(193L) showed the greatest density of viable seeds of Juncus
sguarrosus (and many other species) was in the top 3 in.

(8 cm.) of the soil. Viable seeds were obtained up to 7 in.

(18 cm.) below the surface, but this does not necessarily mean
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that they have survived for a long period, as their small
size allows them to pass rapidly down the soil.,
Milton (1936) showed the presence of seeds of Juncus

sguarrosus in soils from very varied vegetation in Wales. In

some cases samples were taken several miles from the nearest

stands of Juncus sguarrosus, so that either the seeds had been

wind-borne or had survived since Juncus disappeared on pasture
improvement. Table 3.1Lh shows the frequency of its seeds
occurring in the soil samples, and their maximum density in

a sample. A further paper (1939), describing transects up
Plynlimmon and Cader Idris, showed that the seeds are most

frequent in the soil when Juncus sqguarrosus is well

represented in the sward above.
Champness and Morris (1948) did not find Juncus

squarrosusg seeds at any station below 1000 ft., though viable

seeds were obtained from 10 out of 12 fields examined abovg
this level. They recorded 18.77 million seeds/acre (7.6
million/ha.) in one.field, the maximum density reported in
this literature. The usual density is between 1 and 5 million

seeds/acre.

Thus seeds of Juncus squarrosus are effectively dispersed

for medium distances of up to a few miles, and large numbers
are present in the soil ready to germinate when conditions

are favourable.
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C) SEED VIABILITY

‘Trials have been made of the seeds produced during the
three fruiting seasons at the different sites used to measure
reproductive capacity. Several different media were used,
and the results of these comparisons are dealt with in the
next section, together with the conditions necessary for
germination.

Difficulties arise in dealing with tiny seeds such as

Juncus_sguarrosus, because the less—-developed are not easy

to distinguish from replum debris (as mentioned on p. 3.14).
But the seeds used in these tests were in all cases of the
same nature as those counted as seeds in the measurement of
the number of seeds per capsule. Unfortunately, no trials
were done to relate viability to seed size; difficulties of
measurement and handling would have been great, and there is
also the possibility that very tiny seeds would have tended to
wash down into the soil, giving a lower germination %. ”
Hence, these trials show what proportion of the measured
seed production would germinate, if dispersed to a suitable

habitat.

Methods
Packets of 50 seeds (100 in 1961), representing the

different quadrats or samples collected from a site, were
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obtained as described on p. 3.4 . They were stored in a dry,
dark place until the day of sowing, which was 28th November in
1961, 20th December in 1962 and 10th December in 1963,

The pots or tins. (their preparation is described in section
i) were placed on the shelf of a south-facing window inside
Moor House, where the temperature rarely fluctuated outside
the range 50-58°F (10-15°C), 55°F (13°C) being the average.
Watering was freguent; and during the last two years the pots
were kept in standing water'to keep the media reasonable moist
at all times. Counts of the number of seeds which had
germinated were made every 3 or L days. This was necessary
asAsometimes a seed would germinate, and then the tiny seedling
die and disappear, so that germinations would go unrecorded if
lénger periods separated seed counts.,

Occasionally the pots were moved around as it was possible
that there would be a higher light intensity but a lower
temperature close to the window.

In 1961-2, some germination trials were done in a
slightly-heated greenhouse at the Science Laboratories in
Durham. The environment was more humid and lighter, though
cooler than at Moor House, but as the final germination
percentages were similar, both series of results have been
treated as one.

Recording was continued till about midsummer, when the

number of fresh germinations became very small.



Table 3.15. Comparison of seed viability of plants of Juncus

squarrosus on peat and mineral soils in 1961, shown
as % germination.

Altitude up Alluvial mineral Peaty podsol
Tees transect soil or gley
(feet)
1750 81 78
1975 69 70
2250 58 55

Table 3.16. The seed viability at different altitudes in 1961.

Altitude of

stand (feet) 1400 1750 1975 2250 2500 2650 2725 2925
No. of samples 2 20 9 7 3 1 of

of 100 seeds ' 30 seeds,9 and 1 seed
tested

% germination 89 80 69 57 39 3 0 0
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Results

a) Seed viability of plants on different soils at the same

site

In 1961 inflorescences were collected at 1750 ft., 1575
f't. and 2250 ft. in the Tees Valley from stands on the
alluvial terrace and on a peaty podsol or peaty gley closeby.
No significant difference was found in the viability of their
seeds, as shown in Table 3.15. The results in this and the
remaining tables in this section are averages of trials on
all media.

b) Seed viability in the different seasons, and at different

altitudes

A very high proportion of the seeds produced in 1961 were
found to germinate, as shown in Table 3.16. The percentage
fell above 1750 ft., but even at 2500 ft. almost half the
seeds germinated, and there was 1 germination from the 30
seeds obtained at 2650 ft. The capsules at 1400 ft. were

infested by Coleophora, but this has not affected the viability

of the seeds.

In Table 3.17 seed viability on Pendle Hill is given for
the 1961 season. The plants from 1150 to 1550 ft., which
were podrly grown and produced few seeds, had also poor seed
vigbility. In this instance éoil conditions are having an

effect, but by lowering the vigour of the plants, in contrast



Table 3.17. A comparison of seed viability in 1961 at different
altitudes on Pendle Hill, Lancs.

Altitude in feet Number of Germination %
sites
950 1 88
1150 - 1550 3 56
1750 - 1830 2 99

Table 3.18. A comparison of the seed viability in 1962 and 1963
at the 12 sites at Moor House (with 95% confidence

limits).
Site Altitude in feet 1962 1963

G 2925 o 0

A 214150 0 0

L 2300 0 0.5+ 0.8
I 1900 20.049.1 18.2+12.4
J 1900 6424242 18.5+16.8
K 1850 6:0+L149 4)4.8+21.0
E 1850 10.0+13.9 29.6+16.0
c 1850 18.443.0 31.2+ 9.3
H 1800 10.8+L.6 41.6+19.7
D 1775 15.0+h .0 38.2418.7
B 1750 13.642.3 41.6+11.8
F 1550 8.5+1.7 53.6+ 2.1%

x

- from experiments described in section L.
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to the Tees plants which were equally well-grown on the
different soils.

Whilst 1963 did not produce as high a percentage of
viable seeds as 1961, it was considerably better than 1962.
Table 3.18 compares these two years at the 12 Moor House sites.
Most of the values are averages of 10 trials, seed for each
coming from an adjacent pair of quadrats.

No relation can be established between the sites and their
seed viabilities in the different years. In 1963, increasing
altitude between 1750 and 1900 ft. seems to have an important
effect, but this was not so in 1962. Considerable variability
was found between the different quadrats at a site, resulting
in the large confidence limits.

It is interesting that despite 19% of the florets being
apparently ripe (Table 3.1) at site L in 1963, so few of the
seeds were viable. In 1962 there were fewer ripe capsules at
the lower levels, yet they contained a higher percentage of
viable seed. It would seem that some time elapses between the

capsules becoming apparently ripe and the seeds becoming

viable.»
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SECTION IV: GERMINATION AND THE FACTORS WHICH AFFECT IT.

The section opens with a brief illustrated description of
the germination. An account follows of the necessary conditions

for germination and the effects of the various factors on its

rate.

Germination

The seeds of Juncus_sguarrosus are brown or yellow-brown,

very small and very light, with an average weight of 0.0275 mg.
(Dallmann, 1933). Very few plants have seeds with weights

less than this; they include J. bufonius (0.015 mg.) and Sagina

apetala (6.0075 mg.). The Juncaceae belong to the Rudimentary -
Broad division in the seed classification of Crocker and Barton
(1953), with relatively small embryos, which are broad and
peripheral, and have starchy albumen. Laarent (190&) said the
albumen was soon used up, and gave some illustrations of the
early stages of germination.

Germination is epigeal, as shown in.Fig. L.1l, and similar

to Juncus effusus and J. conglomeratus, figured by Richards

and Clapham (1941) in the Biological Flora. The cotyledon base
emerges first and curves down to the soil, becoming attached by

a circlet of root hairs. Chlorophyll is apparent a day or two
after germination has begun. The cotyledon base now straightens
and eldngates, carrying the seed up on its tip. After about a ‘

fortnight the first lateral leaf appesars.
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Juncus sguarrosus is a spring germinator, though some

seeds germinated indoors as early as September. It seems that
the seeds will germinate at any time from shortly after dispersa:
if the conditions are suitable. In 1962 seedlings in the field
were first noticed on 27th May, and had probably germinated

about 10th May, the cool weather no doubt causing slow growth.

Factors which affect germinétion

1) Position of seeds

An experiment was done in Autumn 1961 to compare the
germination of seeds sown on a peat surface with those buried
from 1/L to 1/2 in. below. No germination of buried seed
occurred, and in all further trials seeds were sown on the

surface.

2) Substrate
Methods

Four media:- calcareous drift, acid drift, humified
blanket peat and fabric over watér have been used during the
course of the work. The fabric (Curlene M 10L) was placed in
beakers, but the three soils were either in clay pots or
aluminium soil sample tins, both 2% in. in diameter. The soils
were obtained from the same sites throughout the work, and after
drying indoors were mixed until homogeneous. The calcareous

drift, of pH 7.0, came from over the Tyne Bottom Limestone in



Table 4.1 The germination percentages on different media
significant difference at 5% level is starred)

Media
number of Peat in Acid drift Calcareous
Year comparisons Fabric tins in tins in pots drift in tins
spring
1962 9 83™ 77 65"
12 82 69
L 83 71 59
spring
1963 8 _ 17 ' 13

15 7 12
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the pasture by Moor House; the acid drift (pH L4.7) from over
the sandstone outcrop by Nether Hearth Sike just in front of
the meadow, and the blanket peat (pH 3.3) from eroding haggs
just behind the house.

The soils were packed firmly into the tins or pots above
crocks at the base, and the surface smoothed, as any cracks
or irregularities would allow the very light seeds of Juncus

squarrosus to wash away. Watering was done gently, and at

regular intervals. Tins were used in the early experiments as
drying out occurs less rapidly from them than clay plant pots,

and Juncus sgusrrosus seedlings seemed not to suffer in any

way from growing under permanently waterlogged conditions. But
later, clay pots immersed in a water bath were used; this
reduced the amount of watering needed. The experiments were

conducted in Moor House as described on p. 3.29,

Results

The greatest germination percentages (Table 4.1) were
obtained on the fabric, probably because no seeds were lost
by being washed down into the soil. But this medium was
abandoned after the first year because the roots could not
penetrate the fabric mesh (a coarser mesh allowed the small
seeds to fall through). Hence the seedlings were unable to

establish themselves and straggled, making counting very

difficult.
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‘The only significant difference at the 5% level is that
between the fabric and the calcareous drift in 1962, but it
does seem that the germination percentages are rather lower on
the calcareous drift thén on the peat and acid drift.
Accordingly, in 1964 all the germination trials were done on
peat in tins (light experiments) or pots (site viability trials).

Thus the differences between the mediaare not great, and do
not mask the differences between the years. Hence in the
comparisons 6f viability between habitats and seasons, all

trials on the different media have been treated together.

Discussion

The lower germination on the calcareous drift fits with
an observation by Pearsall (1949) that a higher pH appears
unfavourable to germination. In some small-scale experiments,
he reported a 25% germination on a fen peat of pH 6.5, but no
germination on a marl of pH 7.6. No critical experiments have
been done in the present work on the relation of germination to
pH, but it seems that reasonable germination would occur on all

soils which Juncus sguarrosus seeds reach in upland areas, as

very few are even neutral at the surface. It would thus appear
that factors other than the nature of the soll are preventing

the germination of Juncus squarrosus in the better swards at

Moor House.
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3) Light
Richards and Clapham (1941 and 1943) reported that at

least five Juncus species (J. effusus, J. inflexus, J. macer,

J. subnodulosus and J. filiformis) require light for

germination. Accordingly, the relationships between
germination and the duration and intensity of light have been
investigated.

A) Sunshine hours and germination %

The number of seeds germinating in the seed viability
trials during 3 or 4 day periods was compared to the hours of
bright sunshine recorded at Moor House during the previous few
dayse. Most of the sunshine received during the time the trial
was in progress reached the poté and tins on the window-ledge
in Moor House.

In 1962, there was a fairly good 'trigger-action' relation
between the number of seeds germinating in a 3-day period, and
the hours of sunshine received in an equal period 6 days
previously, as shown in Fig. L.2. Three sudden peaks are seen -
on 21lst March, 20th April and 29th April - followed by a
steady reduction in the number germinating, and these peaks
are paréllelled by high sunshine totals on 15th March, 1lhth
April and 23rd April, The 26th April sunshine total is higher
still than the 23rd, but on this occasion the number of

germinations was less on 2nd May. Perhaps by this time the
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lag between the sunshine being received and the seeds
germinating had been reduced, but the more likely explanation
is that there were only a few seeds still to germinate.

In the 1963 seed viability trials in the same position, a
double peak of germination was recorded, but there was no good
correlation with sunshine hours. It is possible that the room
temperature in Moor House was controlling germination more
than sunshine hours in this instance, as germination did not
occur at the end of February when there was a good sunny, though
very cold spell of weather. The first peak came on 5th April,
when the previous sunshine had been only average in amount, but
the second peak on Lth June did correlate with a sunshine peak
on 29th May.

Work described in the next part shows that in constant
conditions there is a sudden sharp peak followed by a steady
fall in the number of seeds germinating. Thus double- or
triple-peak germination is not an intrinsic feature of the

seeds of Juncus sguarrosus, but a result of change in the

externsl conditions.

B) The relationship between light intensity. duration and
!

germination %

Five experiments were done in Autumn 1963 and Winter 1964
using seed from a single source (Dipper - site F). 50 seeds

were sown per tin on to the peat medium previously described.
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The light intensity was varied by having 2 shelves at different
levels and by covering groups of tins with perforated zinc
sheets. The experiments were conducted in 2 places with
differing conditions:-

A) A growth room in the Science Labhoratories at Durham,
with a constant temperature of 73°F (23°C), and fluorescent
lighting. The temperature at shelf level rose by 2°F (1°C)
when the light was on.

B) An improvised growth room in Moor House, with ordinary
tungsten filament lights and with an average température of
57°F (14°C), fluctuating normally within the range 55 to 59°F
(13-15°C). A thermograph was run throughout, and showed
extremes of 52°F (11°C) and 66°F (19°C). It was also found
that the temperature at shelf level rose by L°F (2°) when the
light was on, but it took at least 2 hours before the maximum
level was reached, and with a l-hour light day the effect on
temperature was hardly detectable. The room temperature also
increased, but only by 2°F (1°C).

Experiments 1, 2 and 5 were done in Durham, with 12-hour,
l-hour and l2-hour light days respectively. ZExperiments 3 and
i were done at Moor House with 8-hour and l-hour light days
respectively. Experiment 5 was done to show the effect of the
normal winter conditions at Moor House on the subsequent

germination of the seeds, and is described on p. L.11.



Table L|-02o

a)

Comparison of germination %s at 73°F (Durham) under

different light treatments. (with 95% confidence limits).

12 hours of light per day

Intensity of illumination
(foot candles)

Strong

Medium

Weak

Very weak

No light (average of 2 tins)

1 hour of light a day
Strong

Medium

Weak

Very weak

No light (average of 2 tins)

Days from start of trial

13 21
47.0+ 4.8
61.5412.3 ) 20:04 2+
47.5+15.0 ) average
63.0+16.1
5.0 32.0

Days from start of trial
13 21 31

35.4414.0  41.8417.8 L43.5416.9
45.5+28.6  148.0+31.6 L49.0+30.8
14.5412.4 20.5418.6  27.0+30.7
13.54 7.0 19.0410.2  27.5+10.5
13.0 20.0 2l.0
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Results

Tables L.2 and L4.3 show the considerable effects of
different light treatments on germination. Confidence 1limits
are unfortunately high - probably 4 tins per treatment was
insufficient. At 73°F (23°C) in Durham, a 12-hour light day
resulted in the rapid germination of seeds at all intensities
of illumination, and little germination occurred after the
thirteenth day. But germination was slower when only 1 hour of
light was given per day, especially at the lower intensities,
and even after 31 days only half the viable seed had germinated
in these tins. It is interesting that at this temperature
germination occurred in the control tins receiving no light,
though at a slower rate than in the tins receiving only very
weak light.

There was slower germination in the third and fourth
experiments at Moor House, where the temperature was nearer to
that obtaining in the natural environment when the seeds are
germinating. The slow rate was most marked (Table L.3) at the
lower illumination intensities and in the one hour of lighf
per day treafment. In this very few seeds had germinated after
13 days in contrast to all other treatments, and many viable
seeds had not germinated after 21 days even in the strong light

intensity.
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C) The mode of action of light

In the first three experiments an attempt was also made
to find out whether light acts as a trigger in starting
germination, or whether its presence is necessary during the
time of germination. In each experiment there were 12
additional tins besides those being used to show the effects
of intensity of illumination, and these received strong light.
After 8 days, 6 of the tins were moved into very weak light
(4 tins) and total darkness (2 tins), and the other 6 tins
were likewise moved after 1L days.

Germination was significantly reduced in the tins put
into total darkness after 8 days, as seen in Table L.4, and
there was also a slight reduction in the number that germinated
in tins placed in darkness after 1L days. In very weak light
the final total of germinations was the same as under strong
light throughout, and greater than in tins kept in very weak
light throughout. However,‘some delay in germination was
apparent.

From these experiments the following conclusions can be
drawn:-

1) Light does not solely have a trigger-action.

2) Light during the time of germination increases the

rate and final total.



Table L.5. Germination percentages of seeds receiving one hour
of light per day at different temperatures, with
95% confidence limits.

Intensity of illumination

Strong
Medium
Weak

Very weak

73°F (Durham) | 57°F (Moor House)
after 13 20 days after 13 20 days
35.4414,0 141.8417.8 1.5+4.8 32.0+17.0
45.5:28.6 LB.0431.6 1.051.8 17.5412.0
14.5+412.h 20.5418.6 0 12.0+ 9.4
13.5+ 7.0 19.0410.2 O 8.5+10.2
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3) Both increased intensity of illumination and longer
light days assist germination.

4) The effect is cumulative as the total number of
germinations is related to the total amount of light

received.

L) Temperature

The effects of temperature will already be apparent from
the results given above. The germination rates at the different
temperatures under the same light treatment are compared in
Table L.5. Higher temperatures give faster germination and
minimise the effects of low intensities of illumination. At
73°F it is clear that the heat is performing the same functioﬁ
in the process of germination that light does at lower
temperatures, as germination even occurred in the dark.

At Moor House the controls of the third experiment, in
which only one seed germinated on the 30th day, and the tins
which received very weak light, were given e strong intensity
of illumination in the fourth experiment which followed
immediately. Very soon further germinastions occurred, but it
was 12 days before any germinations were recorded in the other
tins receiving this light treatment (Table L4.6). Thus it seems
that even at 57°F, temperature can have the same cumulative

effect as light when the seeds are in a receptive condition.
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It is probable that germination cannot take place below
a certain temperature even when light and substrate conditions
are sultable. No work has been done on this, but a close
watch was kept for the first young seedlings appearing out of
doors in 1962. None were seen till late in May, and allowing
for a slower growth rate outside than in the warmer environment
of Moor House, it was calculated that these seeds germinated
about 10th May. Night minima were then about LO°F (5°C) for
the first time that year, and day maxima averaged 55°F (13°C).

The final trial done in Durham in Spring 1964 (Table L.7)
showed that subjecting the seeds to winter conditions at Moor
House - for most of the three winter months the seeds and peat
substratum were frozen - had no appreciable effect on the
germination % or rate. The slight fall in numbers germinating
may well be due to some seeds being buried by movements of the
peat. The ability of seeds to germinate in the dark at the

high temperature (73°F - 23°C) of the trial was also unaffected.

59 Other factors

In 1961 both dilute KNO3 and alternating temperatures
(warm in the day, and cold at night) were applied, as Crocker
and Barton (1953) stated that they improved or stimulated the
germination of light-sensitive seeds. Each treatment was given
to 2 tins, but no effect was detectable, similar germination %'s

being obtained as under normal conditions.



Table L.7. Germination %s of seeds sown in autumn given light
" and warmth immediately, and given light and warmth
in the following spring after being subjected to
outside conditions at Moor House. (with 95%
confidence limits).

a) at various light Autumn germination Spring germination
intensities
after 16 days 51.842.1" | Uy ,247.2

b) control with no
light

after'll days 1.0 7.0

after 16 days 12.0 9.0
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Pearsall (19L49) reported that freezing before sowing

raised the germination % of seeds on Eriophorum vaginatum peat

of pH 3.3 from 5 - 10% to 30%, but had no effect when the
substrate was Sphagnum peat of pH Lh,0. This, however, was a
small experiment, and the results may well have been due to
chance.

Under natural conditions, seeds of Juncus squarrosus will

nearly always experience frost before conditions are suitable
for their germination. In the Moor House area the seeds were
frosted before they were collected from the capsules, and
therefore freezing treatment has not been investigated.

The sensitivity of the seeds towards root exudates that
inhibit germination has not been determined. Osvald (19L9)
reported that rape seeds would not germinate in an extract
from a soil in which Festuca rubra had been growing, though
they germinated readily in extracts from soils in which there
had been no Festuca. It is just possible that this is the

.explanation of the failure of Juncus sguarrosus seeds to

germinate in grass swards even when they are grazed down,

allowing a fair amount of 1light to reach the soil surface.

Discussion

For many years studies have been made on the factors

controlling germination, especially that of light. Kinzel as
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long ago as 1917 said 'Light and dark play an important part in
the germination of seeds in nature, and different reactions in
this respect are to be regarded as a response to environmental
conditions.' Thus germination in different species may be
light-hindered, light-aided or light—indifferent according to
their environment.

Mayer and Poljakoff-Mayber (1963) have produced a good
account df the factors affecting germination, and discuss their
value to the plant. Light requirement has frequently been
associated with small seed size, as it is thought necessary for
photo-synthesis to produce more food substances shortly after
germination has occurred. But they point out that what is
important is the ratio between the amount of stored materials
end the sizge of the seedling to be nourished by them. However,

it is probable that this is low in Juncus sguarrosus, in which

case light sensitivity would be advantageous to the plant,
preventing the wastage caused by seeds germinating where and
when conditions are unsuitable.

Mayer and Poljakoff-Mayber also give an account of the
effects of light of different spectral lengths on germination.
Red.light often promotes germination, but blue is inhibitory.

However, the fluorescent light used in the 3 Durham experiments

had no such effect on the seeds of Juncus sguarrosus.
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Temperature and the acidity of the substrate often
profoundly influence the effect of light in the germination of
light-sensitive seeds. Some germinate in the dark at suitable
temperatures if pfovided with an- acid sﬁbstrate, and it is clear

that Juncus squarrosus belongs to this category, though it is

not known whether germination also occurs in the dark on a
neutral medium.
Ottenwdlder (191L) showed this effect with many small

seeds including Lythrum salicaria, Verbascum thapsiforme,

Scrophularia nodosa and Oenothera biennis. Results for Lythrum

are given in Table Lh.8; these differ from those for Juncus

sguarrosus only in the higher temperature needed for

germination in the dark. With Oenothera biennis, there was a

very high dark germination at 79°F (26°C), but only 3% at
73°F (23°C).

It is now generally assumed (Mayer and Poljakoff-Mayber)
that light acts as a catalyst in a photochemical reaction which
initiates a series of reactions leading to germination. This
theory explains the variation in germination rate of Juncus
sgquarrosus seeds in different light and temperature conditions.
Only at high temperatures does the photochemical reaction proceed
sufficiently fast for light to be unnecessary. At lower
temperatures the reaction only proceeds when light is present,
explaining its cumulative effects and why further germination-
is stopped after light has been removed, the substance produced

having been used up.



Table L.8. Germination of Lythrum salicaria under controlled
conditions. (after OttenwHlder).

Temperature 23°C 30°C

Days from light dark light dark
sowing .
2 1% 0 98.5% 0
J 95 .5% 0 98.5% Lo 5%
l 98% 0 98..5% 11%
1Y 98% 0 98.5% 13%
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Mayer and Poljakoff-Mayber also point out that factors
revealed in the laboratory which affect germination 'may be no
more than residual genetic properties which no longer have any
direct survival value, and which are retained as long as they
have no harmful effect'. Germination at high temperatures in

Juncus SQuérrosus may well belong to this category, as it will

oceur very infrequently in the field, and any wastage will be
very small. During the trials a few seedlings germinated when
slightly buried (less than 1/8 in. below the surface), possibly
_due to the rise in surface temperature on bare ground receiving
light. If this is so, germination in the dark at high
temperatures may be advantageous to the plant, in that more
seeds are able to germinate in suitable sites for establishment.
The lower temperature 1limit to germination will have the
effect of preventing germination in the autumn. This is
frequently found in autumn-dispersed seeds, and avoids the

loss of seedlings during the winter.
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SECTION V: ESTABLISHMENT AND GROWTH FORMS

The establishment of the seedlings and the form of mature

communities of Juncus squarrosus are described in this section.

These topics verge on those discussed in sections 2 and L, but

are best dealt with separatelye.

SEEDLING ESTABLISHMENT

Juncus squarrosus has comparatively slow growth, and
several years elapse between germination and the time when an
adult plant produces a substantial number of seeds. It has not
been possible to follow a seedling through to maturity during
the period of study, as the seedlings that germinated during
the winter of 1961 - 2 did not produce any inflorescences
during the summer of 1963, even when grown in the favourable
conditions of the Ecology Greenhouse at the Science Laboratories
at Durham. However, these plants in the spring of 1964 are of
such a size that they will probably produce a few inflorescences
in the summer, judging from observations in the field at Moor
House. But it will be at least 1965, their fourth. summer of
growth, before they reach maturity and produce a substantial
number of ihflorescences. Under field conditions it is probable
that five years will pass between germination and maturity.

After four weeks the seedling has\one lateral leaf and an

elongated chlorophyllous cotyledon. This now begins to wither,
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and further lateral leaves are produced (Fig. 5.1). In the
greenhouse at Durham and on the windowsill at Moor House the
seedlings were about 2 in. (5 cm.) tall and had 8 to 1L leaves
at the end of the firét growing season.

The leaves produced during the second season are clearly
grouped into éhoots, usually three in number, but sometimes up
to six (Fig. 5;2). The shoots are composed of 6 to 8 leaves
which have grown out from inside those of the first season.

(Juncus squarrosus is a hemicryptophyte with buds at ground

-level). By the autumn one plant had 50 leaves, but most had
about 25, and the average height was about 3 in. (7 cm.).

It is thought that growth in the third season will be as
described in section 2, with all or most gf the second season
shoots acting as 'front shoots'. Thus each will produce 5 or
6 further shoots, and by the autumn a rosette of Juncus

sguarrosus will have formed. However it must be emphasised

that growth in the field will not occur so rapidly as this.

Pactors affecting establishment

It was intended to carry out competition experiments in

the field, to show the effect of a sward of Festuca ovina, as

compared with no competition, on the germination and establish-

ment of Juncus sguarrosus. It is a fact that seedlings of

Juncus sguarrosus are very rarely found in closed swards, and

it was not known whether the explanation was unsuitable
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germination conditions or a lack of competitive powers in the
seedlings. Unfortunately, the experiment was not very success-

ful, because of the difficulties of getting Festuca ovina and

Juncus sguarrosus to germinate at a particular time, and

especially because the seeds of Juncus sguarrosus are so light

that lateral water movement on the soil surface carried them
off or to the margins of the experimental plot. Such lateral
water movement is inevitable at Moor House during periods of
heavy rain when soils are badly drained.

However, the few seeds of Juncus squarrosus that did

germinate were on the plots with no Festuca. After one growing
season there was no apparent difference between Juncus
sguarrosus seedlings planted at the one-year old stage in June
into bare plots and into Festuca swards, though these were no
more than 1 to 2 in. (2 - 5 cm.) tall. Frost heaving during
the winter prevented further observations during the following
season, and this must be an important factor affecting seedling
establishment in upland areas, probably being most intense on
bare unrooted areas.

These tentative results, together with the facts described
in section L, indicate that conditions during germination and
the first few days of growth are of primary importance in the

establishment of Juncus sguarrosus in grazed swards; the amount

of competition subsequently imposed on the seedling by a grazed
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sward is of lesser importance.

The size of mature plants

As mentioned in both the introduction and the section on

morphology, the size of Juncus squarrosus varies considerably

in response to the environmental conditions. Plants with long
léaves (see p. 2.2) also have long inflorescences, and usually
have large rosettes with many shoots. An exception to this is
when a dense slightly-grazed sward grows up. The leaves grow
tall, giving the shoots the form of a vertical cylinder, and
thus shading is avoided. The normal well-grown plant in the
Moor House area is formed of about 15 living shoots with 120
leaves agbout L in. (10 cm.) long and inflorescences 12 in.

(30 cm.) long.

Whilst many of the herbarium specimens in the British
Museum, both British and European, were of this size, a
considerable number were smaller, more the size of the site G
plants (see below), and some were very small. These specimens
had many short (2 in. - 5 cm.), thin leaves, and inflorescences
only 6 in. (15 cm.) tall and with few florets, and usually came
from sandy heaths in southern Englend, e.g. Wimbledon Common.

When the phytosociological recording was done, the number
of rosettes in the gquadrats was noted, and related to the
estimated cover value, to give some indication of their size.

These results are presented in Table 5.1.
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As apparent from field observations, the plants of Cross
Fell (site G) and the well-drained House limestone grassland
(éite E) are only half the size of those growing on waterlogged
peat at sites H and J. The piants of site I are small, though
vigorous, because as yet they are growing in a mound form -
the tendency for the rosettes to expand having been met by a
bulging upwards. This is usual in the initial stages of
colonisation of the mixture of redistributed peat and shattered
sandstone boulders left behind after erosion of the blanket bog.
Table 5.1 shows that there is no relation between rosette
density and rosette size. Both large and small rosettes can
occur at low densities (e.g. sites C and E respectively) or
high densities (sites L and G), small rosettes at low density
having a small cover (20% - E), large rosettes at high density
having a high cover (60% - L). Other combinations have
intefmediate cover values.

Taking the individual quadrats at a site, there was some
relation between the number of rosettes present, and the Domin

value for the cover of Juncus sguarrosus, as shown in Fig. 5.3,

but this was not precise, indicating that the rosettes vary in
size.
The only standing crop weight given in the literature is

6900 kgm./hectare, with J. effusus being 8000 kgm./hectare

(Gorham and Pearsall, 1956), but the type of Juncus Squarrosus

community is not specified. At Moor House (Rawes and Welch



Site D — LEAT

o
Domin 7 1
Cover :' 30 Rosette
v -
alug 4 20 number
L 1O
Quadrat number 1 2 3 4 5 6 7 8 9 10

Figs3a The relation of rosette number and Juncus cover in ten
quadrats at site D.

|_Patch 16ft.

1 N in
diameter

Fig 54 Plan of a group of Juncus patches.
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unpublished as yet), standing crops of a Juncus squarrosus

stand of' peaty gley type ranged from 4050 kgm./hectare in
spring before growth to a maximum 6150 kgm./hectare. But

sorting showed that the actual weights of Juncus sguarrosus

were 750 and 1300 kgm./hectare respectively.

THE FORM OF JUNCUS SQUARROSUS STANDS

The ability of Juncus sguarrosus to spread vegetatively

- once established, the difficulties of establishment in some
swards, and its tolerance of a wide range of conditions, but
boor growth in unfavourable habitats are important factors

governing the form of stands of Juncus squarrosus.

Three main forms can be distinguished, of which the last
is by far the least common:-
1) Fairly uniform stands covering large areas.
2) Heterogenous stands with distinct patches of varying
sizes.
3) Groups of scattered plants spread fairly evenly in
stands of other species.

The first type is common in the Moor House area, and the

stands usually belong to the peaty gley nodum to be described in

the next section. Juncus squarrosus is clearly dominant and the

plants are large and thriving, being in almost permanently

waterlogged conditions. Other species are confined to tussocks

in between the fosettes, which under the present grazing regime

grOW'forward each year pushing into the tussocks, whose
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species then spread on to the decaying leaves left behind in
the ageing part of the rosette.

It is very doubtful whether seedlings could become
established at the present day in these communities. But
vegetative reproduction is quite sufficient to maintain
dominance. Most probably the stands have been formed by the
coalescing of either very few patches which spread greatly over
a long period, or many patches, dating from s time favourable
to'germination, which spread for a shorter period.

The second type of stand, that of distinct patches, is a
transitional type in the formation of either the first or third
type. It is to be found colonising swards which are com-
paratively recent, for example alluvial terraces or stretches

of blanket bog in which Eriophorum vaginatum has become the

chief species, Calluna vulgaris having declined from various
causes, ’

At the Trout Beck Foot site (B) there are many c¢ircular
patches of varying diameters ﬁp to 4 ft. (1.2 m.), and larger
areas which show signs of being derived from 2 or 3 patches.

Nearly all show marginal vigour, some being rings with a tall

growth of Festuca ovina in the interior, but below which

remains of Juncus squarrosus rhizomes can be found.

Inside other patches there are scattered plants of Juncus

sguarrosus, forming a stand similar to that classed as the
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species-poor gley nodum in the next section. Up to 3 in,.

(8 cm.) of litter can build up inside a patch, and probably

soill changes take place such that the typical sward of Festuca -
Agrostis grassland cannot return. Thus it seems that the

species-poor gley nodum will result when Juncus sguarrosus is

able to colonise Festuca - Agrostis grassland on peaty silts.

Examination of the rhizomes gives a growth rate of 2% in,
(6 cm.) in U4 years; this compares with an increment of 0.4 in.
(1 em.) per year for plants on peaty podsols in North Wales
(Kershaw and Tallis, 1958). Hence, if the growth rate has
been fairly uniform, the majority of patches at the Trout Beck
Foot site are no more than 50 years old.

As many patches are present, seedling establishment must
have been relatively easy under the grazing regime of recent
years. Quite why colonisation did not occur sufficiently long

ago for Juncus sguarrosug to have spread throughout the suitable

area is not kﬁéwn, for this alluvial terrace must be of
considerable age.

At many places on the Reserve between 2200 ft. (660 m.)
and 2L00 ft. (720 m.) there is blanket bog dominated by
Eriophorum vaginatum. . At Rough Sike Head this slopes at 5 - 10
degrees, and shows signs of sheet erosion in places. Juncus

sguarrosus patches of different shapes and sizes are present,
{

and the guadrats of site L were positioned on them. A plan of
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a group of 5 patches of this type at Nether Hearth Sike Head
close-by is given to illustrate this (Fig. 5.4).

| Marginal vigour is seen in almost all the patches, though
the plants throughout are large and well-grown. The litter
depth frequently reaches 2% in. (8 cm.) inside the patches,
in contrast to the bare erdding peat or thin cover of

Diplophyllum albicans outside. Festuca ovina and some

Deschampsia flexuosa grow on the litter, but Eriophorum
vaginatum and Diplophyllum albicans are considerably reduced.

Certain of the larger patches tend towards the ring type with

rather more Eriophorum and less Juncus in the interior, giving

a stand typical of the peaty gley nodum, though poor in species.
Bspecially towards the upper margins of the blanket bog, the

Briophorum often passes into Juncus sguarrosus communities

belonging to this nodum, and these'may well be formed from
older patches that have coalesced.

Thus it seems that these patch stands are a seral stage
in the development of uniform stands belonging to the peaty
gley nodum. The patches are most usual where there is a

certain amount of flushing down the bog, shown by the presence

of Eriophorum angustifolium. This is parallelled by the péaty
gley stands either being on shalIOW'peat, through which the
roots can reach the soil below, or on slightly flushed deeper

peat.
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In blanket bog communities with good Sphagnum growth and

little grazing, Juncus squarrosus is ousted, but at some time

in these areas Sphagnum has been reduced and sheet erosion

begén. Juncus sguarrosus establishment could then occur. The

largest patches at Rough Sike Head are 16 ft. (5 m.) across,

and as examination of the rhizomes showed a growth rate of o

in., (6 cm.) in L years, théir‘approximate age is 160 years.
On the summit of Cross Fell at about 2925 ft. (890 m.)

there are 18 patches of Juncus sguarrosus in one part of the

vast plain of Festuca-Deschampsia flexuosa grassland (site G).
Most are circular, with a diameter of about 3 ft. (1 m.), and
about half show marginal vigour. Only in some has litter
accumulated inside, whilst others have a ring form with a near-

normal Festuca-Deschampsia sward in the centre, and sparse

Juncus squarrosus. Clearly the habitat is not favourable to

Juncus sguarrosus, probably because of the free drainage and
the frost—hééving of the stony soil. The plants are small, as
described above, and one dead rosette was found just outside
a patch.

Examination of the rhizomes shows that the growth rate is
gbout 1 in. (2 cm.) in 4 years, which would mean that most
patches are about 100 years old, whilst the largest patch with
a diameter of 6 ft. (1.8 m.) will be considerably older. It

would be interesting to know the number of established patches
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that have become extinct under these adverse conditions, but
as competition from other species is never great it is probably
few. Assuming this, the very small number of seedlings that
have established themselves in a long period over a wide area
indicates that conditions are very unsuitable. Light cannot
be the controlling factor, as solifluxion provides each year
many small areas of bare soil, but probably it also uproots
tiny seedlings that germinated during the previous summer.
Growth is so slow under these conditions that it seems
the community will persist in the patch state for many years.
Drainage is too free and the soil too shallow for Juncus

squarrosus to grow large and give rise to stands of the first

type,'and probably stands of the third type will ultimately
reéult. Already the interior of some rings if of this nature.

The ring distribution pattern has been observed (Penzes,
1960) in quite a few other species, including Juncus

subnodulosus, which has an annual increment of 1 inch (2.5 cm.).

Penzes distinguishes three types, dependent on the ratio of the
growth increment to the stem length. This being small in

Juncus sguarrosus, it belongs to the fairly dense category.

The ring form of Triglochin maritima in the salt marshes

of E. Ireland has been described by Heslop-Harrison and
Heslop-Harrison, 1958. The centrifugal growth of the rhizome

is much more exact than in Juncus sguarrosus, so that no
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plants remain in the interior of the ring. But the recolonising
vegetation is of a different sort to that forming the original
sward, coming from a later stage in the halosere. Thus it 1is
argued that the ring phenomenon is not cyclical, but leads to

a permanent change in the vegetation. Juncus sguarrosus acts

similarly, probably by altering the nature of the humus, a
change which has been reported also behind advancing fronts of

Deschampsia flexuosa in grasslands on shallow limestone soils

in Derbyshire (Grime, 1963).

The third type of stand is infrequent in the Moor House
area, though the grassy plain on the top of Hard Hill (2250 ft.
- 675 m.) is a good example. This was site N in the phyto-
sociological analysis.

In the stand there is a tendency for plants of Juncus

squarrosus, and Nardus stricta too, to be concentrated in

depressions in the hummocky turf, where presumably the water
supply is rather better. As on Cross Fell, frost-heaving of
the abundant sandstone boulders provides many small areas of

bare soil suitable for colonisation by Juncus sguarrosus, but

it is undecided whether each small group of plants is a result
of a single colonisation, or if several groups are the relics
of one patch developed from one successful seedling. Evidence

presented below from studies in N. Wales points to the latter

conclusion, competition from Festuca ovina having been too




5.13

great for Juncus sguarrosus to assume dominance and form a

distinct patch.

Pattern in high-level Juncus squarrosus communities on

the Carneddau in N. Wales has been described by Kershaw and

Tallis, 1958. Festuca ovina and Juncus squarrosus are co-

dominant on a peaty pddsol, though their pelative proportions
vary. The density values given are not comparable to those in
Table 5.1, because 'shoots' (see p. 2.2) were counted, but

they found the density in a stand of the second type with

complete dominance of Juncus sguarrosus over Festuca ovina to
be nearly twice that in a stand of the third type in which
Festuca was more abundant, the H layer thinner and species such

as Carex bigelowii, Vaccinium myrtillus, Polytrichum alpinum

and Rhacomitrium 1anuginosum'present.

Both had units of pattern with areas of 200 sq. cm. and
'5 sge. m., the first corresponding to rosette size and the
second to patch size. But pattern was also detectable at
areas of 1600 sq. cm. and 6400 sq. cm. in the stand of the
third type, and it is suggested that this is due to competition

from Festuca. As conditions in this stand are sub-optimal for

Juncus sguarrosus, competition tends to restrict the individual
plants to areas where conditions are locally more favourable.

In contrast in favourable conditions where Juncus squarrosus

is completely dominant, occupying 92.7% of the 100 Sq. Chi.

grids in the frame used, the intermediate scales of pattern
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are eliminated. Two other stands were examined and found to
come between the two extremes in grid occupation and scale of
pattern.

Kershaw and Tallis are in doubt as to whether the large
scale of pattern has been imposed by pre-existing soil hetero-
genelty, or whether it is the result of vegetative spread from
seedlings established for a certain number of years. At Moor
House whilst the size of most patches is a function of their
age, some especially in limestone grasslands are present on
mounds of peat which appear to be relics of blanket bog
erosion. Extension off the peat on to the soil will be very
slow or impossible, and the present patchy vegetation can be

considered as stable, and a result of soil conditions.
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SECTION VI: PHYTOSOCIOLOGY

Introduction

It may appear that Juncus sguarrosus always grows in

similar communities, and that it covers most of the ground in
any community in which it is present. This is a false impression

caused by its conspicuousness. Juncus squarrosusgs seldom covers

more than 50% of the ground, and a wide vagriety of other species
accompany it. Often there is more similarity between two

communities, one with and the other without Juncus squarrosus,

than between two Juncus squarrosus communities.

With this in mind, it seems that the use of Juncus
sguarrosus as one habitat type by many workers is undesirable.

A more accurate description of the Juncus sguarrosus communities

would allow comparisons of similar sites, probably giving more
homogeneous results, and would be more meaningful to ecologists
concerned with Juncus sqguarrosus elsewhere.

The Juncus sguarrosus communities at Moor House can be
classified to five types, which will be referred to as noda.
They can be distinguished Simply with a minimum of plant
identification, and it is hoped that this classification will
be of use to future workers at Moor House.

The noda were established by the method of successive

epproximation of Poore (1962). It is realised that there is

continuous variation between different communities, as is
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strikingly shown by three ecoclines - Table 6.4, 6.7 and 6.10.
But it is convenient to have fixed points on these gradients
for reference in describing and comparing plant communities,
and these are the noda. Each nodum has its own soil type or
types, as Harper (1962) has shown in Lammermuir, and the
community clines are normally associated with changing soil

type. The noda have been named after the typical soil on which

they are found, though on occasions they do occur on other types.

The soil nomenclature used in this thesis is that of the Soil
Survey of Great Britain in the Kelso and Lauder memoir (1960),
and is set out in Appendix 5.

In any single area certain soil types will predominate and
the corresponding communities they support will be more freguent
than the intermediates. These more frequent communities will be
the basis of the noda in that area. Other areas, however, even
on the same parent rock, may have slightly different soils
because of variations in some climatic factor and there will be
corresponding differences in the vegetation. Thus over a large
area such as the British Isles, there will be continuous
variation in vegetation, and noda have to be chosen arbifrarily.

The past activities of man (sheep—grazing and lead-mining
are the most important in this area) cause the phytosociologist
extra difficulties in England and Wales, as they have led to

the creation of more communities thasn would be found under

natural conditions, or where man's interference has been
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relatively slight, as in the Scottish Highlands. But'all stands,
whether thought to be natural or much-changed by man, are
described, and the noda determined from their species composition
Following the account of the five noda found in the Moor
House area, an attempt is made to relate them to noda estab-
lished by workers in other parts of Britain. Finally there are
desériptions of a few other communities, in which Juncus

sguarrosus occurs, but which are not found at Moor House.

Methods

During the Autumn of 1961, extensive observations were m de

on the habitats of Juncus sguarrosus. Except for dominant

species, e.g. Nardus stricta, Eriophorum vaginatum, other plants

were ignored. Sites were selected as characteristic of each
habitat type on different soils and at different altitudes, and
some were also used in the measurement of reproductive capacity
descfibed in section 3. The site locations are shown in Fig.
1.1.

In many places Juncus sguarrosus occurs in very marked

patches, because of its ability of spreading vegetatively once
a seedling has become established. In addition, the soils on

which Juncus squarrosus thrives are frequently confined to very

limited areas, changing laterally to soils supporting blanket

bog or Festuca-Agrostis grassland. Therefore it was decided to

use a 50 cm. x 50 cm. gquadrat, and to cast it as randomly as
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possible on to patches of Juncus squarrosus or areas in which

Juncus squarrosus plants were scattered. A metre gquadrat

would have meant no choice in the placing in many communities,
because of the small size of the patches, and would have led to
some species from other communities being included in the lists.
At most sites ten quadrats were done, but this was not
possible in some places, e.g. flush margins where the Juncus

squarrosus communities were of very limited extent. On

positioning the quadrat, the aspect and slope were noted, and a
brief description made of the soil profile alongside. The
cover of each species present was assessed on the Domin scale

(Appendix 6), and the number of rosettes of Juncus sgquarrosus

recorded (this data was presented in the previous section).
'Quadratting was started in the middle of June in both 1962
and 1963, and finished by the end of July, except for a few
quadrats done at the start of August. The lists of over 200
quadrats were then entered up in a large table. Despite the
selection of sites to be representative of one habitat type,
more variation was found in some cases between the gquadrats of
a singie site than there was between the sites themselves. The
quadrats were grouped into noda, using dominant, constant and
faithful species. Finally, since other workers had used larger
quadrats, three gquadrats of Lun.2 were done in a typical
community of each nodum, so that comparisons could be made of

lists obtained from areas of equal sigze.
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The nomenclature for the species in the following tables
is given in Appendix 6, whilst Appendix 7 gives site locations

and soil data.is in Appendix 8.

The Juncus sguarrosus communities of the Moor House area.

The salient features which differentiate the five noda are
shown in Table 6.1. It is clear that two noda, the species-
rich gley and the flushed peat, contain many more species than
the others, and share a considerable group of base-demanding
species. But each has many characteristic species (i.e.
confined to, or more widespread in it), which must be more
sensitive to whether the immediate sub-stratum is a soil or a
peat. Equivalent to these two noda, but containing many fewer
species are respectively the species-poor gley nodum and the
peaty gley nodum.

Lastly, on drier soils there is the podsol nodum, which
is not always very sharply distinguished from the last two.
Communities on peaty podsols are intermediate between it and
the peaty gley nodum, but usually belong to the podsol, as they

lack certain species, e.g. Carex nigra, Eriophorum vaginatum,

Aulacomnium palustre and Calypogeia trichomanis which demand

permenently waterlogged conditions.
The podsol and peaty gley have in common several plants

characteristic of raw humus, including Deschampsia flexuosa,

Polytrichum commune, Lophozia floerkii and Ptilidium ciliare
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Whichiare much less abundant in the other noda. In turn,

species such as Agrostis tenuis, Anthoxanthum odoratum, Luzula

campestris and Hylocomium splendens are infrequent in the

podsolic noda, but have considerable cover value in the species-

poor and species-rich gley noda.

Festuca ovina and Lophocolea bidentata occur with Juncus

sguarrosus in all its Moor House habitats. Lophocolea has an
espeéially close relation, as it is almost always bresent in
the ground layer around a Juncus rosette, growing on the
decayed leaves and obtaining its light from the inverted cone
coming down into the sward because of the spreading of the
rosette leaves.

The peaty gley nodum is the most widespread in the Moor
House region, and corresponds with the Juncetum sgquarrosi
sub-alpinum shown by Eddy (unpublished) on his vegetation map
of the Moor House N.N.R. This community is obviously dominated

by Juncus squarrosus, whereas in the others dominance is shared

or Juncus sguarrosus is only a community member, and therefore

they are sometimes named after the other dominant species. The
flushed-peat nodum is the least extensive, being a marginal
community around calcareous springs and flushes, which are
usually so small thaf their vegetation zones have to be mapped
as one in large-scale vegetation surveying. The relations of
my other noda with Eddy's mapping units will be discussed when

the noda are dealt with one by one below.
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The podsol nodum (Table 6.2)

L5 quadrats from seven different sites have been joined
to form the podsol nodum. 50 species occur, but 36 of these
are lower plants. Lichens are plentiful in the fell-top podsol
lists, but are almost absent in the lower and peaty podsols.
Except.for the lichens, there are fewer species in the
climatically extreme conditions near the summit of Cross Fell.

Galium saxatile, Hypnum cupressiforme, Plagiothecium undulatum,

Polytrichum commune, Rhytidiadelphus sguarrosus show a reduced

frequency or are absent in these 10 guadrats, which have been
omitted from the calculations determining the constant species

of the nodum.

Besides Festuca ovina and Lophocolea bidentata, there are

7 constant species (in 80% or more of lists) and 3 near-constant

species (in 50-80% of lists). Deschampsia flexuosa, Polytrichum

commune and Ptilidium ciliare are constants shared with the

peaty gley nodum, though in this Polytrichum has more cover,

and Galium saxatile and Rhytidiadelphus sguarrosus are shared

with the species-poor gley nodum. Pleurozium schreberi and

Lophozia floerkii are the only characteristic constants of the

nodum, and occur in others though with reduced frequency and
cover. Of the near-constants, Vaccinium myrtillus is

characteristic, but Agrostis tenuis and Hypnum cupressiforme

are more frequent in the Species-poor gley nodum. Thus the
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podsol nodum is recognised by the grouping of constants, rather

than by characteristic ones. Apart from the lichens, which are

confined to one facies, there are no characteristic species.
Stands of the nodum (Plate L) are typically fairly grassy,

Festuca ovina having a greater cover than Juncus squarrosus in

most lists, and the Juncus squarrosus plants themselves are

smaller than in wetter habitats. The podsol community grades

into a Festucetum, with frequent Deschampsia flexuosa, whilst

at the other extreme the peaty podsol community grades into

Juncetum sguarrosi sub-alpinum (as shown in Table 6.4) with

Potentilla erecta and Polytrichum commune more abundant, and

Carex nigra, Aulacomnium palustre and Calypogeia trichomanis

present. Eddy has not mapped this nodum as a separate unit,
as frequently there is a complex of intermediates between the
two extreme associations, but assigns its stands té one or
other, or to Nardetum, according to the relative abundance of
these three species.

In some stands, Juncus squarrosus communities form isolated

ring patches in a Festuca sward (e.g. the @ quadrats on Cross
Fell were done in such patches), while in other places groups

of Juncus squarrosus and Nardus stricta plants are scattered

in Festuca swards (the third type of stand described in the
last section). Where they become more numerous, the vegetation

can be assigned to the podsol nodum. It is sometimes said

that such Juncus sguarrosus communities develop when species-
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poor Agrosto-Festucetum is over-grazed, but these relationships

- will be discussed later.
Over the Reserve as a whole, the nodum has considerable
extent, but is chiefly confined to the western escarpment and

the summit ridge.

The peaty gley nodum (Table 6.3)

.71 quadrats from 8 different sites belong to the nodum, but
contain only 56 species, in contrast to the 96 species occurring
in the 12 quadrats in the flushed-peat nodum. Juncus

sgquarrosusg is the clear dominant, and Polytrichum commune

frequently has a high cover-value. Between the Juncus

rosettes there are clumps containing Festuca ovina, Deschampsia

flexuosa and Carex nigra, but herbs are scarce in the dense

growth. Lichens are very infrequent in the lists, but
bryophytes are plentiful in most.
There are only three constants, of which Calypogeia

trichomanis is characteristic, and Polytrichum commune more

abundant here than elsewhere. The other, Festuca ovina, and

Lophocolea bidentata, a near-constant, are less abundant than

in the podsol nodum, and Deschampsia flexuosa and Ptilidium

ciliare are only near-constants, but have high cover-values in
some stands. The other near-constants are Plagiothecium
undulatum, characteristic of the nodum, and Carex nigra, which

is a constant of the flushed-peat nodum. There are several
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characteristic species including Eriophorum vaginatum,

Acrocladium stramineum, Rhytidiadelphus loreus, Sphagnum

cuspidatum, S. plumulosum, S. recurvum and Diplophyllium
albicans. |

Table 6.4 shows the transitions between this nodum and the
podsol (peaty podsol facies) on the one hand and blanket bog on
the other. In some cases stands belonging to the nodum have
obviously resulted from biotic change of blanket bog, e€.g. the
O quadrats which are on o0ld pony tracks made in the lead mining

days. But these often link larger patches of Juncus_sguarrosus

on slopes below blanket bog where thin bands of limestone
outcrop (quadrats H, see Plates 5 and 6), and here it appears

that Juncus sguarrosus is the primary vegetation. As the slope

lessens the depth of peat gradually increases, and the

comnmunity passes into Calluna - Eriophorum - Sphagnum blanket

bog. The presence or absence of Eriophorum vaginatum is

controlled by depth of peat, whereas Calluna is controlled more
by climate -~ it is rare above 2,250 ft. on the Reserve - and
sheep grazing, as will be discussed later. Suffice to say that
conditions at many of the peaty gley sites would favour Calluna,
espécially on the west side of the Reserve, but here grazing
pressure is more severe and winter grazing has very probably

been long-continued.




Table 6.5

The Juncus squarrosus community in high-level blanket

peat dominated by Eriophorum vagingtum at
2300 ft. at Rough Sike Head.

1 2 3 4 5 6 7 8 9 10
Deschampsia flexuosa 2 2 2 2 2 1
Eriophorum angustifolium 1 3 2 2 1 1 2 1
E. vaginatum 7 L4 1 5 L 5 L4 5 5
Festuca ovina 2 1 1 1 2 2
Nzrdus stricta 1 , 1 1
Rubus chamaemorus X
Vaccinium myrtillus 1l
Campylopus pyriformis 1
Calypogeia trichomanis 1 3 1 1 1 1
Diplophyllum albicans 2 2 1 1 2 2 1 5 L
Ptilidium ciliare X 3 1 1 1
Cladonia cornuta _ X
C. furcata 1
C. impexa 1

Algae . 1
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Above the Callunag limit, Eriophorum-, dominated blanket bogs
frequently show sheet erosion (Bower's second type (1959), and

here Juncus squarrosus often invades in ring patches. 10

quadrats -done at Rough Sike Head in such patches do not easily
fit intq the peaty gley nodum, but are'given separately (Table

6.5). There are very few species, and Diplophvllum albicans

is especially characteristic. On shallower peat and peaty
gleys (H layer 20-50 cms.) from 2,400 ft. upwards, stands of

Juncusg squarrosus belonging to this nodum cover much ground in

the Moor House area (Plate 7).

Species-poor gley nodum (Table 6.6)

Only 16 lists were found belonging to this nodum, all but
one being from alluvial grasslands. They contain 48 species,
contrasting with 88 in the 31 quadrats of the species-rich gley
nodum. Lichens are almost absent, but there are more herbs,

chiefly Galium saxatile, than in the peaty gley nodum, as the

sward is more grassy, and Juncus sqguarrosus usually shares

dominance with Festuca ovina and Nardus stricta.

The nodum has 8 constants. . Besides Festuca ovina and

Lophocolea bidentata, these comprise Agrostis tenuis, Luzula

campestris, Nardus stricta, also constants in the species-rich

gley nodum, but less frequent in the podsol nodum; Galium

saxatile and Rhytidiadelphus sguarrosus, constants .in the
species-rich gley and the podsol noda; and lastly Hypnum
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Altitude (feot)
Quadrat mumber
Slope (degrees)
Aspect

Agrostis canina
Agtomuis
Anﬂwxanﬂ:m odoratum
Carex nigra
Deschampsia cespitosa

. Deflexucsa

Pestuca ovina

J o Bquarrosus
8

Molinia cae

Nardus striota

Achillea millefolium
Cardamine pratensis
Cerastium holosteoides
Galium saxatile
Kartheoium ossifragum
Potentilla orecta
Rumex acetosella
Viola palustris

Atrichum undulatum
Barbula recurvirestra
Dicramm scoparium
Eurynchium praelongum
&v&oaosimazlmeaa_
saiforme
Hnium hormum
Flagdothecing gﬂul_asum
Fleurozium schreberi
Pohlia nutens
Polytrichum oommune
P, juniperinum
Puud.oaclempodim purum
idisdel; Sus
Sphagoum pnlum'o
Thuidiun tamarisoimm

Calypogeia trichomenis
Lepidozia reptans
Loptoscmms taylor].

I.ophozh bu'bat.a
L.floerkdl

L, lycopodioides
L.ventricosa
Pellia sp.
Ptilidium ciliare
Scapanin gracilis

Cladonia furcata
Peltidea aphthosa

SFECIES-FOOR GLEYT RODUX
4o? quadrats 1 4o quadrats - = = = =

Table 6,6

Trout Beck  Nother MNoas Burm Dipper Trout Beck Poot
Poot Hearth alluvial drift alluvial
allyrium  Sike all,
1750 . 1850 1850 150 1750
1250102(2;060709(::?7818235&5738371812
1 2
KE WNBSEEEE
1 2 31 x 2 1
y 3 3 3 2 1. 24 36 2544 40
3 3 2 1 1 Z T 1 1 1
2 2 1 2
2
1 2 2
76755hkhhhh57555666
6 8 7 17 58 7 6%28 5877777
3 2 3 1 2 11 2 2 1. 111 22 2
1
3 3 2 5 4 6 6 5 6 1 5 L 3 3 1 2
b 4
1
1
2 3 2 1546 3 13 L 3 4 3 3 2 4 3 3
1
2 213
1
x 1 2
2 x
1
1 9 1 x 2 1
x
3 2 2 1 232122322
3 2 2 2 42 24 2 121 2 2 1.1 2 1
2 1 1 1 11
2 1 2 1 x 2 2 1 1
3 2 1 1 1 1 1 11
b 4
2 3 5 2 1
x b 4
x 1 2 1
3}32222:2:2222222)2
L x x
x
x 1 1 2 13 x 1
1
x X 1
2 2 2 2 2 x 4 1 2 2 1. 3 2 2 1 1 !
1

[ Y
-
-

-



Nartheoium osasifragum

Barbula recurvirostra
Diorenum scoparium
Hylogomlum splendens
ressiforme
Mnium hormum
K, psevdopunotatun
Fleurosium schreberi
Pohlia nutans

Paeudosclercpodium purun
Rhytidisdel; SquUATTOSUS
Splachnum ova
Leptoaoyphus taylori

ea bids

z

L.floeritii

L. lyoopodioides
Leventricoss

Pellis Bpe

Ptilidium ciliare

Scapania graoilis
B)SPECIES-RICH GLEY SPECIES
Anthoxanthum odore tum
Carex demisss

Deschampsia cespitosa
Pestuca rubra
Holous lsnatus
Poa pratensis

Achillea millefolium

Cerastium holosteoldes
Ciraium palustre
E L) tre
e paatee
- Hieraoiun pilosella
autumalis
Flontago lanceclats
Polygula serpyllifolis

%‘m
Prune. garis
Ranunculus aoris
Reflammla

Rumex acetosella
Selaginella selaginoides
Taraxacum officinale

Thymus druscei

Trifolium repens
Veronica officinalis
V.serpyllifolia
Yiols palustris
V.riviniana

Aorooladium cuspidatum
Atrichun undulatum
Aulacomium palustir e
Climeoium dendroides
Ctenidium molluscum
Eurynchium praelongum
Mniun longirostrum

M, puncta tum
Moundulatum

Rhodobryum roseum
Thuidiun tamriscinum
C)SFECIES-FOCR GLEY SP:iCTES
Deschampsia flexuosa
Molinia caerulea
Plagiotheoiun undulatun
Sphagnum palustre
Celypogela trichomnis
Lepidozia reptans

SPECIES=RICH TO SPECIES-PFOCR GLEY GRADIZNT
species-rich gley

Table 6.7

XXXXXX(XXXDDDBBBCCDFP?FBDDCDDDD BCCCFCCCCBBBBEBBBHH
12}&56789::1}69:}8912}&57552681; 7469712x71234L81129x
1 1 1 2141 1 23 2 1
i5hk}13235222}b35)253h31122222} L3222 4 s3n24bl 2
1 1 13412 1 1 119 1 21 2 21 32
64,56576765556456476535766536655 54,247, 355457655666735

1T 211 2 52 32 12 1 X x
56675766566&1.8876865}5756565666 76574,776885877717177
2.2 312234141 12x21 1132 11112114 12121 2119222
652734543555 €253 262 L 756554k 1660655375 b33 2___
32 2232 3 3123233234 22233222 245 33415 13L3340
1
1
1 x 2 1
2__12____3212322__
1222223451 223213
DK 11
3 1 211 11 121 149 4 1111 11
11 x
1 2 1 212121 5 23 2 1
1 X
2 3 1 1x 1 1 xt121
L131122!;)1}2)1221}212}21 211 13 2222222:122222)2L1t
1
11 1 1 1x x
212:2222111)252121112112112 12 2xh t222 2 1321112
1
1 1 1 1 x 22
1
1
1
1 1 11131 21
x 1 1 1
LL2353333921 1132 131 1177 1 1121 101 1
11 T1 1111
112 21111 11 111
1
2 2 1
1 1 113 21
12 1
101 1
2312 1 12
2 1
i1 1 1
122 2 x
3 23 23 1 2 2
2 1
1 1x11 x 1 x 1
11 1 2 1 111 2 x1 1
11 x 11 1121 1 1
111 12103384 438 _x_____1 -
. 7T x~~ T 77 C
2 11 1
2
111 3t 122
2 2312121 17 23 1
11233223231 x 1412 222 33 1 2223 1
3 21 1 7 2 \
3 . x11 2 1
1
1 23 2
1 x 1
1 1 x1 1
%] 33 2 1
b34_ _242_3_33222332_.21_32_33._.
1
224x2 21 1 x12
1 2 22 1 1 1
2 1 1 23 3
11 1121 2 x 1 2x
x 1 b 1 122
2 . 1
1 2
22331 x
1 1
1 1 2 1
1111 2 1
X
X X 21 1 1 x
x 2 12 1
3 1 .
t_2__21x31__221__2]
1 x X
x22 101 2 3 x
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cupressiforme, which is near-constant in the other two noda.

Neither are the two near-constants characteristic, Plagiothecium

undulatum being a near-constant in the peaty gley nodum, and

Hylocomium splendens a near-constant in the species-rich gley
nodum.. There are no characteristic species of lesser frequency,
so that, as with the podsol nodum, this nodum is recognised

by the distinctive combination of species present and the rarity

of others, e.g. Deschampsia flexuosa, Polytrichum commune and

Lophozia floerkii frequent in allied noda.

Though this nodum has not a great acreage on the Moor House
reserve, it is widespread on the eastern side, being the
typical community found on the peaty silts laid down in narrow
strips by the streams (called becks, burns or sikes) flowing
through the blanket bog. In some places it grades to Festucetum,
usually where more recent and gravelly alluvium has been
éeposited, in others to pure Nardetum, but this is much less
common. Where the water is more basic, the stands, especially
close to a stream, contain more species, grading to the species-
rich gley nodum as shown in Table 6.7. At the valley side the
species-poor gléy nodum passes laterally almosp everywhere into
the peaty gley nodum, which in turn passes into blanket bog.

Eddy does not map the nodum, because of its small extent,

 but includes it in his alluvial grassland unit, together with

pure Festucetum and Nardetum.







Site and Altitude (feet)

Quadrat nusber

Slope and Aspect

Agrostis canina-

Agrostis temuis
odoma

Carex caryophyllea

C.demissa

Ceflacca

C.nigra

. Ceovalis

C.psnicea

Cepulicaris

Cynosurus cristatus

Deschampsia cespitoss

D, flexuosa

Porubra
Holous lanatus
Junous effusus
Je+ 8quarrosus
Li

N atrio
pratensis
Sieglingia decumbena

Achillea millefolium
A.ptarmica
Bellis pereanis
Cardamine pratensis
Cerastium holostecides
Cirsium palustre
Empetrum nigrum
Epilobium anagallidifolium
Equinetun pelustre_
Euphrasia sp.
Galdy (]

8Te0:! pilosella
Leontodon autumnalis
Plantago lanceolata
_ Polygala serpyllifolia

tent: erecta

vulgsris

Renunculus acris
R.flammla
Rumex acetosella
Selaginella selaginoides
Tarsxaoum officinale

Veserpyllifolia
Viols palustris
Verivinians

Acrooladiun cuspidatun

Aostramnoum

Atrichun undulatun

Aulscomium palustre

Climscium dendroides

Ctenjdium mollusoum

Bicremum sooparium

Burynchium praelongun

A oy

niun hormm -

M, longirostrum

W, psoudopumota tun

N, punotatun

W, undulatun

FPleurcsium schreberi
nutans

Lefloerkii
L,ventricosa .
Ptilidium oiliare
Soaparia gracilis
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Species-rich gley nodum (Table 6.8)

31 lists from 5 sites have been placed in the species-rich
'gleyinodum. In comparison with species-poor gleys, herbs and
sedges are much more abundant, and there are more mosses but
fewer liverworts. Lichens again are almost absent. Juncus
squarrosus is usually more a community member than a dominant,

and the sward of Festuca ovina and Nardus stricta is often well

grazed down. Even Juncus squarrosus is considerably grazed

here, e.g. 32.4% of the inflorescences were eaten at site D in
1962,

The nodum has 9 constants and UL near-constants. Potentilla
erecta 1s the only characteristic constant, the rest being

constants elsewhere, Anthoxanthum odoratum in the flushed-peat

nodum, and Agrostis tenuis, Festuca ovina, Luzula campestris,

Nardus stricta, Galium saxatile, Rhytidiadelphus sguarrosus and

Lophocoles bidentata in the species-poor gley nodum and others.

Of the near-constants, Egquisetum palustre and Trifolium repens

are also near-constants in the flushed-peat nodum, and

Hylocomium splendens and Hypnum cupressiforme are constants in

the species-poor gley and podsol noda respectively. Characteris-—

tic species include Poa pratensis, Juncus effusus, Hieracium

pilosella, Plantago lanceolata, Polygala serpyllifolia, Thymus

drucei, Atrichum undulatum and Thuidium tamarascinum.
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6.1h

This nodum covers about the same area on the Moor House
Reserve as the species-poor gley, but only a few of the stands
are on alluvium. Most are found on drift slopes at the sides
of the deeper valleys, frequently below limestone outcrops, so
that they are irrigated by water, acid from the blanket bog
above, which has picked up some bases. Eddy does not map the

nodum as such, but shows it on his map as an Agrosto-Festucetum

with a stippling of dots of the Nardetum colour, and additionally
he distinguishes it in his association tables as a bryophyte-
rich facies of Nardetum sub-alpinum. Away from base-rich
irrigation, the nodum grades into the peaty gley, whilst in

very wet places peat develops, and it grades into the flushed-

peat nodum.

The flushed-peat nodum (Table 6.9)

This nodum has more species than any other, but it is the
least extensive and is not mapped by Eddy. However, it is the
typical marginal community separating calcareous flushes from
the surrounding blanket bog. In some flushes where grazing

is heavy Juncus squarrosus invades the sward forming ring

patches, which usually have a rich flora, including Saxifraga
hirculus at one place, though no quadrats were done there.

Such stands are at the base-rich extreme of the ecocline (Table
6.10) which passes to blanket bqg at its other. Whilst the

very.rich stands of Juncus sguarrosus probably owe their




Table 6,10
FLUSHED-FPEAT TO PEATY GLEY GRADIENT
Sites M1,2 = Pasture, Moor House at 1850', M12,13 = Trout Beck at roadbridge, 1750',
M3 - 6 =Moss Burmn flush, 2100', M{4=Trout Beok gorge, 1800', M{5=Nether Hearth Sike, 1800',
M7 - 11 = Hard Hill flushes, 2150', H1 = 7 = Teesside green slopes, 1800'.

Quadrat number M6 M5 Mx M15M, M2 MB M9 M3M11 M1 B, M3 M7 M12H1 H2 H3 HW H

Aspect N N SESE- SWSESEE SESVE N SEW E E E E E SE

Slope (degrees) - L 541 344 1332141555851
4A) OVERALL SFECIES

Agrostis canina 2

A, 8tolonifera 2 1 2

A.tenuis 1

Briza media

Carex echinata 1-

Sendgra 2 253 3576 2

Eriophorym angustifoliym 2 _1_1__ 1 1 _ 11 1 1 __ 1 _ L1

Pestuca ovina . 10, 25 1 4L 2 T Tl

Juncua artioulatus

Jeeffusus

J. squarrosus 5 6 6

Luzula campestris 1

Potentilla erecta 1 2

-l

N
N -
-
[\

Al -
.
N
[N
AN -
o
An -

- O\ = P

Acrocladium stramineum .

Drepanoocladus fluitans . 1

Hypnum cupressiforme 1 1 x

Rhytidiadelphus squarrosus  _ _ _ 1 3 _ 1 _ 125 1.2 1___ 2 1

Sphagnum palustre 1 TeTTTTTTTTT T

S.plumlosum 1 1

Leptosoyphus taylori

Lophocolea bidentata 2 2 2 1 3 1 1. 2 3

Scapania gracilis

Sedrrigua 3 2 1
B) RICH=FLUSH SPECIES ‘

Carex dioica 1 1

Cepulicaris 2 1 -

Achillea ptarmica 1 1

Bellis perennis 2

Caltha palustris :

1

Cardamine pratensis 1
Cerastium holosteoides 2
1

1

o
-
A\ ]

-

2 3 2 3 1 2 x x

A\ ()

Cirsium palustre
Epilobium anagallidifolium
Euphrasia 8spe 1

Pragaria vesca 1
Montia sp. x
Perngssia palustris 1

Prunella vulgaris 114 1
Rumex acetosa 1 2
Sagina procumbens ‘ 1
Selaginella selaginoides i
‘Triglochin palustris 1
Veronica serpyllifolia 1 1
Viola riviniana 2 1

-
-

Ix
-
-
-
-
n

-

-

- b
-

Acrooladium cordifolium 1
‘Brachythecium rivulare 1
Ctenidium molluscum 2
Cratoneuron commutatum 1
Drepanocladus aduncus 2
Fissidens adianthoides 1 1
Mnium undulatum 1 11
1

'rgams‘_fgt}ll%%gc’ T T “2—_7—4—‘-—‘_?"'_—:—;1':.-'—.-_—‘; e e R | R [
Equisetum palustre_ o R ST I - - I R N :

Ty T T ITCE -1z CIITTC
Toontolon autumalis 12 3 2

Ranunculus aoris 1

R.flammula

2
Trifolium repens 2 2 1 2 2 3
Viola palustris 1

Acrooladium cuspidatum 2 2 2 13
Bryum pseudotriquetrum 2 1A -
Hylocomium splendens 1 3 3
Mnium hormum
M, pseudopuncta tum )
Y, puncta : i
ﬁulonstigfontm ]
Aneura pinguis 2
Pellia spp.
D) CALCIFUGE SFECIES —
Deschampsig flexuosa e et x 2 ;
Eriophorum vaginatum 1.2 _ S5 Lk
Calluna vulgaris . x
Galium saxatile 2 1 JESR JENR. F S DU 4

Aulagormium palustre 1.2 _g_ A1 x4
Dicranum scoparium _ 2
Plagiotheciun undulatum ) 3

Polytrichum commne 1 10y 2 2 3 3 3
-Sphagnum cuspidatum ‘ '
S.recurvum . :
Splachnum ovatum ‘X

C eia trichomanis
Lophozia ventricosa x
Ptilidium ciliare
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existence to heavy sheep-grazing, it would seem to be the usual
vegetation under lighter grazing of the intermediate zone

between flushes and blanket bog.

The 7 constants comprise Festuca rubra, Acrocladium

cuspidatum and Mnium punctatum, which are characteristic, and

Anthoxanthum odoratum, Carex nigra, Festuca ovina and Nardus

stricta. There are 10 near-constants, Eriophorum angustifolium,

Epilobium anagallidifolium, Galium palustre, Bryum

bseudotriguetrum, Philonotis fontana, Aneura pinguis, Eguisetum

palustre, Trifolium repens and Lophocolea bidentata, all but the

last three being characteristic. Eguisetum palustre and

Trifolium repens are also near-constants in the species-rich

gley nodum. In addition there are many chearacteristic species

of lesser frequency, such as Carex curta, C. echinata, Parnassia

palustris, Sagina procumbens, Onochophorus virens and Scapania

irrigua. Thus this nodum is sharply distingﬁished from the

other Juncus sguarrosus noda at Moor House.

Juncus sguarrosus communities elsewhere in Britain, and their

relation to the noda established at Moor House

Whilst the literature contains many plant lists in which

Juncus sqguarrosus occurs, much of this information is of little

use to phytosociological studies. Very often only the more

Obvious species have been noted, under-recording the mosses,

e -~

T C@RUERE R 8 ALY ALY "Esﬁ“‘ux G TPTTTRGFOL SR T e A
and sometimes neglectlng the liverworts altogether.

- mWNE . . e s
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However, two valuable works, 'Plant Communities of the Scottish
Highlands' by McVean and Ratcliffe (1962) and 'The Vegetation

of the Carneddau, North Wales. I Grasslands, Heaths and Bogs'
by. Ratcliffe (1959), give full species lists for quadrats of
known size, allowing comparisons with the Moor House,noda.
Parallels can be found in these lists with each nodum, but there

are also other communities containing Juncus squarrosus not

found in the Moor House area, and they will be described after
the parallels have been discussed.
In some instances the noda chosen by McVean and Ratcliffe

for their Nardus - Juncus communities are rather different to

those at Moor House, but examination of the individual lists
shows that some are similar and the removal of the remainder

to other noda often gives a close parallel.

The Podsol nodum (Table 6.11)

9 guadrat lists from the Scottish Highlands, 2 from the
Carnedds, and 2 general lists from Cader Idris (Price Evans -
1932) and the Kelso area (Ragg - 1960) are given in the table.
The Scottish lists are those given (omitting one) for the

species-poor facies of Juncus squarrosus sub-alpinum which

McVean and Ratcliffe make into an association. The soils are
said to be 'gley podsols' (= peaty gleys) and shallow blanket
peats, but are described as being not so waterlogged as the

stands of Juncus sguarrosus bog. The area covered by Juncus




Table 6,11,

The Juncus égyer_rosus commnities on podsols,
(x= present; and in the Moor House lists only f = present in 50 - 80 of quadrats,
¢ = present in over 8(0f/; the Carneddau lists give average cover in 40 1/16 P quadrats),

Place T M Scottish Highlands Camecis Kelso
: Cader

Nodum pod, Species-poor facies of Js sub-alpinum Idris

1 2 1 1
850 1750 1500~
0 W 20 SW 1800

0

: 2 3 4 5 6 7 8
Altitude (feet) 75 2575 2,50 2000 2 1650 1800 2700
Aspect and Slope(degrees) 25 BS1ON3ISE3SE3SE 3S 338
2 3

4

1
2
3 2 X
L, L x
4 3 X

st x
A.temuis x
Anthoxanthum odoratum
Carex bigelowii x _
C.binervis . + . x
Coenigra X .
Ce.panicea 2
C.pilulifera
Deschampsia flexuosa o
Eriophorum angustifolium
Festuca ovina c
Juncus squarrosus c
huzula campestris ‘x
L.sylvatica :
Nardus striocta x
Poa pratensis
S3eglingia decumbens 1 1 x
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Calluna vulgaris x
Cirsium palustre - .

Dryopteris austriaca

Empetrum nigrum x
Erica tetralix x
Galium saxatile c 5 3 Yy 5 4 3 3 5 3 4 5 x
Lycopodium sp, x
Oxalis acetosella .

Polygala serpyllifolia x
Potentilla erecta X - Sk A __ _d_x _x
Rumex acetosella 3
Vaccinium myrtillus
V.vitis-idaea

o
[
I
L
1
[\
(™
x
X

]
-

Dioranum scoparium
Hylocomium splendens
Hypnum cupressiforme
Plagiothecium undulatum
Pleurozium schreberi
Polytrichum alpinum
E.commune 1 A e _2__ X
Pseudoscleropodium purum oo

Rhacomitrium lanuginosum x 1 .
Rhytidiadelphus loreus x , 4
Rq8quarrosus c 2 N IN L 3
Sphagnum papillosum

S, recurvum .

Thuidium tamariscinum

OMOKMNN
N
N

-]
-
¥
-
V)
-

Lophocolea bidentata
Lophozia floerkdi

[+
-
-
N
-

Cledonia pyxidata x
C.sylvatica
C.uncialis x

»
-
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squarrosus sub-alpinum is considerable, especially in the

central Highlands. The other 4 lists are from podsols.
Comparison of Tables 6.2 and 6.11 shows some important

differences between the noda, but examination of other lists

shows that this is the best fit possible. Of the L9 species,

28 occur in the Moor House podsol nodum. Agrostis canina and

Anthoxanthum odoratum are constants in Table 6.11, but very
scarce and absent respectively in Table 6.2 - perhaps this is
an indication that they have been grazed out of the Moor House

podsols. Nardus stricta is a constant in Table 6.11 and there

is a greater variety of herbs, though this is due to the
general lists in which they may have been over-recorded.

In the mosses Hypnum cupressiforme is surprisingly absent

from the Scotfish lists, and Polytrichum commune scarce, but
both are présent in the Carnedds. Liverworts have much less
cover in Table 6.11, and the three Moor House constants are the
only ones that remain.

However, 5 constants are common to both tables - Deschampsia

flexuosa, Festuca ovina, Galium saxatile, Rhytidiadelphus

squarrosus and Pleurozium schreberi, which is a characteristic

of the Moor House podsol nodum. Vaccinium myrtillus, a
characteristic near-constant at Moor House is also well-
represented. To sum up, it seems that the Scottish form of the

Moor House nodum has a denser growth of grass, in which broad-
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leaved species are prominent, but bryophytes, especially

liverworts, have less cover.

The Peaty Gley nodum (Table 6.12)

6 of the 8 Carneddau lists in the table are from peaty
gleys; one is from a peaty podsol, and the other, and the two
Scottish lists, are from bog. Unfortunately, McVean and

Ratcliffe give only L lists for Juncus sguarrosus bog, 2 of

which show signs of flushing and are dealt with later, so it
is impossible to determine how widespread the Moor House peaty
gley nodum is in the Highlands.

Ratcliffe (1959) gives a vegetation map of the Carneddau,

which shows that the Festuca-Nardus-Juncus communities, which

compare with the podsol and peaty gley noda at Moor House, cover

large areas, and probably similar vegetation is very extensive
in the other Welsh mountains, the Pemnines and the Southern
Uplands.

Similar differences exist between Tables 6.3 and 6.12 as
between 6.2 and 6.11 (the podsols). The Welsh communities are

richer in broad-leaved grasses, Agrostis canina and tenuis

being constants, but liverworts are again scarce. Calypogeia
trichomanis, a characteristic constant at Moor House, is

completely absent. Galium saxatile, Hylocomium splendens and

Pleurozium schreberi are constants in Table 6.12, but are

infrequent in the Moor House nodum, and Nardus stricta and




Table 6,12,

Junous squarrosus communities in North i¥ales and the Scottish Highlands
on wet peat and peaty gleys, (Moor House symbols as in Table 6.11),

Place
Noda

Altitude (fest)

Aspeot and Slope (degrees)

Agrostis canina

As tenuis

Anthoxanthum odoratum
Carex bigelowii
Conigra

Cepanicea

Deschampsia flexuosa
Eriophorum angustifolium
E.Vagimtum

FPestuca ovina

Juncus squarrosus
Luzula campestris
Molinia caerglea
Nerdys stricta
Sieglingia decumbens
Trichophorum cespitosum

Armeris maritim
Erica tetrakix
Galium saxdtile
Potentilla erecta
" Rumex acetosella
Yagcoinium myrtillus

Aulscomnium palustre

2“‘!“2“.@2‘.3&“.
HzIocom:lgE splendens
Hypnum cupressiforms
Plagiotheoium undulatun

Pleurogzium schreberi
Rmriﬁ alpestre
P.oomo

- Rhacomi trium lanuginosum
R jdiadel loreus
Re8quarro
S thagnin caepidatun
S.papillosum
Se.plumlosum
Thuidium tamariscinum

Diplophyllum albicans
Leptoscyphus taylori
Lophoooles_bidentata_
Lophozia floerkii
Etilidium ciliare
Scapania gracilis

Cetruria islandica
Cladonia subsquamosa
Councialis

MH
peaty
gley

X OO MK OR XXX

]

Scot.H, Carneddau 4in North vales
Js Festuca - Nardus- restuca- Blkt,
bog. Juncus squarrosus J,.squarrosus bog

t 2 12 3 4 1 2 3
2250 2650 1850 1650 1700 2150 3000 1900 1650 2275
258 = 15N 1ONW12 N 10E 2 12N5W 2

3 L 2 4 3 2 3 2
A 4 3 3 L1 1 3
2 5 1 1 5

3 1

1 2 1 1_

“‘L‘T‘ﬂ“i ____________

2 1.2 b 2 4 4 b f
1 2 1 4
lZ 7 7 5 6 5 5 2

8 8 5 5 5 5 6 8 8 8
1.2 1
o 1 3

S P - E- - B LIS
1
1 1

4

——fe b2 Y _ A ____5
3003 1 2
—_—— A
S 2772 T2y 1
_—————y L __ A _1__
——_—— 1 ___-_C o _3__2_7
1 32 2 2 T2 727779 1
2
2 5 4 4 4 ?4J L 3
3 -
3L 1 13 L 2 3
—————d_ 2 _1_ AW 3 2 2 __
2
4
b 2 1 N
1 1 1
I 1
4
_—————2_ 2 ___A_ 2 __
1 2 1
A R IO N T -
3
1 1
1
2 + 1
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" Vaccinium myrtillus are also more abundent in Table 6.12 than

at Moor House.:

However, Festuca ovina and Polytrichum commune are common

constants to the two tables, and the near-constants of Table

6.3 - Carex nigra, Deschampsia flexuosa, Plagiothecium undulatum,

Lophocolea bidentata, and Ptilidium ciliare are all well-

represented in Table 6.12, Deschampsia flexuosa being a constant.

There is a similar increagse of hydrophilic species between

Tables 6.11 and 6.12, as between 6.2 and 6.3. Carex nigra,

Eriophorum vaginatum, Aulacomnium palustre, Polytrichum commune,

Rhytidiadelphus loreus, Sphagnum cuspidatum and S. plumulosum

have either a greater abundance, or appear in Table 6.12, and

other plants of wet places, Trichophorum caespitosum,

Diplophyllum albicans and Leptoscyphus taylori are present.

Teble 6.12 contains L6 species, 30 of wﬁich occur in the
Moor House nodum. But despite this similarity in overall
composition, and the occurrence in both of species typical of
very‘wet acid conditions, the balance of species shifts
markedly as the broad-leaved grasses and the mosses of rather
less-acid cénditions are mofe abundant elsewhere than at Moor
House.

A parallel to the peaty gley nodum occurring at Moor House

where the dominance of Calluna in blanket bog has been affected

by man's activities, is probably the Juncus squarrosus sub-

association which Moore.(1962) has created from some lists of

-
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Calluna - Eriophorum - Sphagnum blanket bog in the Wicklow

mountains. Deschampsia flexuosa, Plagiothecium undulatum and

Calypogeia trichomanis are the three differential species of the

sub-association, in which Calluna vulgaris, Eriophorum

angustifolium and E. vaginatum are still prominent.

‘At lower levels in warmer conditions, Molinia caerulea

is often the dominant plant on peaty gleys, but is rare in the
North Pennines. Neither is it common in N. Wales, but in
S. Wales it covers about half of the large area of rough grazings

(Stapledon, 193%6). Juncus SqUAarrosus frequently accompanies it

here, and one stand on Llangynidr Mountain, Brecon had 35%

Juncus squarrosus, 15% Molinia, 15% Nardus and 5% Festuca ovina.

Agrostis canina, Deschampsia flexuosa, Irichophorum caespitosum,
Eriophorum vaginatum, Vaccinium myrtillus, Galium saxatile and

Potentilla erecta were subsidiary species.

The Species—poor Gley nodum. (Table 6.13)

Only L4 lists were found comparable with the Moor House
nodum, possibly because stands with Nardus and Juncus co-
dominaht have been avoided. The 3 Scottish lists come from the

14 given for the species-poor facies of Nardetum sub-alpinum.

Only 7 of these contain Juncus squarrosus and L were omitted as

they are more species-rich than the Moor House nodum - 2 of

these appear in Table 6.1L (gley) and 2 in Table 6.16 (flush).



Table 6 013

Selected lists from the species-poor facies of Nardetum sub-
alpinum in the Scottish Highlands and one of Festuca-Nardus from
the Carnedds compared with the species-poor gley nodum at Moor
House.

Scottish H. Carneddau
MH gley 1 2 3

Altitude (feet) 2000 1300 1850 1750
Aspect and Slope (degrees) 3 SE 3 NW 3 SE .
Agrostis canina

A. tenuis
Anthoxanthum odoratum
Carex binervis

C. nigra

C. panicea

C. pilulifera
Deschampsia cespitosa
D. flexuosa

FPestuca ovina

Juncus squarrosus
Luzula campestris
Nardus stricta
Sieglingia decumbens

OO0 00NN 2] MO M

W e =row
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0]

Anemone nemerosa

Galium saxatile c L
Pedicularis sylvatica

Polygala serpyllifolia

Potentilla erecta X 3
Rumex acetosa (-ella?) p'y
Vaccinium myrtillus : 1
Viola palustris X

V. riviniana

W
=

N OWWHWND W
W

Dicranum scoparium X
Hylocomium splendens X
Hypnum cupressiforme c
Mnium cf. stellare
Pleurozium schreberi - X
Polytrichum alpinum

P, commune X
Rhytidiadelphus squarrosus c 6

H O\
H~ oo
W

Lophozia floerkii X
Ptilidium ciliare X 1

HOHE O NOH W DD

Cladonia sylvatica
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Other lists in the 1l have few species, but even so McVean and
Ratcliffe have set up a more species~rich nodum than that
found along the streams at Moor House. The soils are said to
l vary from gleys with no H layer to podsols, but profiles of
the selected sites are not available. The Carneddau soil type
is a peaty gley, but the list fits better here than in the
peaty gley nodum.

Of the 8 constants at Moor House (Table 6.6), Agrostis

tenuis, Festuca ovina, Luzula campestris, Nardus stricta,

Galium saxatile and Rhytidiadelphus sguarrosus are present in

each list, but Hypnum cupressiforme and Lophocolea bidentata

are absent. As in the Moor House nodum, Deschampsia flexuosa,

Polytrichum commune, Lophozia floerkii and Ptilidium ciliare

have little cover, whilst selective species such as Deschampsia

cgespitosa and Viola palustris occur in both. The chief

difference to the Moor House nodum is that Anthoxanthum

odoratum, Carex pilulifera and Pleurozium schreberi have more

cover, and they are constant species in the Scottish species-

poor facies.of Nardetum sub-alpinum._

" Almost two-thirds of the species in Table 6.13 occur in
the Moor House nodum, and as the consténts are similar, it
seems there is a good parallel between the nodum and these

lists.
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The gley species—rich nodum (Table 6.1l)

The only parallel found to the Moor House nodum is

Nardetum sub-alpinum in the Scottish Highlands. 1 of the 8

lists for the species-rich facies was excluded from the table

as it contained some peat-loving species such as Molinia
caerﬁlea, but 2 lists were included from the species-poor facies,
having been rejected from Table 6.13.

The Scottish nodum is richer floristically than the Moor
House, having 122 species compared to 88, but there are 59
species commdn to both, and the Moor House stands are clearly
nmuch richer than the species-poor facies in Sbotland. In
domparing the individual quadrat data, it must be_remembered
that larger gquadrats have more species, and the 31 quadrats
4of l/Lun.2 at Moor House do not cover as great an area as the
9 quadrats of Im.? in the Highlands. However, the 3 hm.2
quadrats at Moor House (Table 6.8) have an average of L2 species,
in comparison with the average of L3 in the species-rich facies

‘of Nardetum sub-alpinum.

" Of the 9 constants in the species-rich gley nodum at Moor

House, 75 Agrostis tenuis, Anthoxanthum odoratum, Festuca ovina,

Nardus stricta, Galium saxatile, Potentilla erecta and

Rhytidiadelphus sgquarrosus are constants in .Table 6.14, whilst

Luzula campestris is a near-constant, and Lophocolea bidentata

frequent, being the most abundant of the liverworts. The other
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constants in the 9 Scottish lists, Agrostis canina, Carex

panicea and Hylocomium splendens, are present at Moor House,

Hylocomium being a near-constant. 2 of the other near-constants

at Moor House, Bguisetum palustre and Trifolium repens, occur

in the Scottish nodum, but Hypnum cupressiforme is strangely

absent.
Mildly calcicolous herbs and sedges are even better-
represented in the Scottish nodum to the Moor House. Acid-peat

loving species, such as Deschampsia flexuosa and Polytrichum

commune are absent from both. Several of the more hydrophilic
species found only in the flushed-peat nodum at Moor House are
present in Table 6.1l and there are in fact 59 species in common
between the two noda, but a comparison of the constants makes

it clear that the species-rich Nardetum is much more closely
related to the species-rich gley than the flushed peat nodum

at Moor House.

The soil conditions described for the Scottish nodum -
gleys on slopes with calcareous irrigation - are identical to
those obtaining at Moor House. The soils have a much greatef
Ca++ content than those of the sbecies—poor communities, but
are not significantly different in Kt or P205. Thus, contrary
to the statement of McVean and Ratcliffe (p.59), species-rich

Nardetum sub-alpinum does occur outside the Central Highlands.




Table 6. 15.

The three lists for the species-rich facies of Juncetum squarrosi sub-alpinum in the
Scottish Highlands, and a comparison with the Moor House flush and species-rich gley noda.

Noda MH spp-rich
gley fl. Jsqe

1 2 3 g £ 1 2 3
Altitude (feet) 2250 2000 2200
Aspect a nd Slope (degrees) 10N 10N 10 NE
Agrostis canina x x 3 3 3 Rhinanthus minor agg. 2
A,tenuis c x 3 Selaginella selaginoides x x 1 2 2
Anthoxanthum odoratum ¢ ¢ 3 3 3 Taraxacum officinale x (x) 11
Carex demissa x x 2 Thelictrum alpinum 33 3
"Csechinata x 2 3 3 Trifolium repens £ £ 3
C.hostiana 2 Vicia sepium 2
Cenigra x ¢ 1 4 Viola palustris x x 1 3
C.panicea x x 3 &4 4 V.riviniana X x 3
Cepulicaris x x 2 3 1
Eriophorum angustifolium f 2  Acrocladium cuspidatum X ¢ 4 3
Festuca ovina ¢c ¢ 4 4 L4 Aulacomium palustre x 2 3
Holcus lanatus x (x) 3 Brachythecium rivulare x 3
Juncua acutiflorus 3 Bryum pseudotriquetrum £ 2 2 1
J . eBfusus x 3 Campylium stellatum (x) 1 3
Jekochii x o+ 2 Drepanocladus revolvens x 2
J«8quarrosus ¢ ¢ 8 7 7 Hylocomium spendens f x 3 5 3
Luzula campestris c X + 1 Inium pseudopunctetum x L 3
Nardus stricta ¢c ¢ L4 4 6 Mpunoctatum x ¢ 4

My seligeri 2 1

Alchemilla glabra (x} 3 & 2 Myundulatum x x 3 23
Cerastium holosteolides x x 2 2 Thilonotis fontana £ 4 24
Crepis paludosa 3 Rhytidiadelphus squarrosus ¢ x 2 3 +
Epilobium anagallidifolium £ f 2 1 Re triquetrus x(x)1 3
Equisetun sylvaticum 1  Sphagnum plumilosum X X + 3
Erica tetralix 2  S,subsecundum 2
Euphrasia sp, X X 2 Se.warnstofianum + L
Galium saxatile e X + Thuidium tamariscinum x (x) 2
Geum rivale (x) 3
Leontodon autumalis x x 2 3 3 Aneura pinguis £ 2 1
Linum catharticum 2 2 A, of, sinuata 1 2
Lysimachia nemoreum 2 Calypogeia trichomanis x 2
Narthecium ossifragum 4 2 Chiloscyphus pallescens 2
Parmassia palustris x 3 Ce polyanthus 2
Pinguicula vulgaris 2 2 Lophocolea bidentata cc 2 3
Polygonum viviparum 3 3 2 Pellia fabbroniana x 3 3
Potentilla erecta ¢ x 3 3 3 Scepania dentata 2
Prunella vulgaris X x 3 1 S.irrigw x 3
Ranunculus acris x 1 3 S.nemerosa 1
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The Flushed-peat nodum (Tables 6.15 and 6.16)

23 lists from 9 of the Scottish Highland noda have been
collected together in the 2 tables. No other lists comparable
to the Moor House flushed-peat nodum were found in the litera-

ture. Juncus squarrosus is the dominant of L4 lists and 3 of

them, those forming the species-rich facies of Juncus
sguarrosus sub-alpinum have been placed in Table 6.15. The

other, of Juncus squarrosus bog, is intermediate between these

~and the peaty gley lists, and has been placed at the acidic end
of the ecocline in Table 6.16. In the other stands contained

in the table Juncus squarrosus has a small cover value, being

just a community member. If the 3 lists in Table 6.15 were
placed in Table 6.16, they would come in the middle of the
ecocline, indicating that at least up to this point Juncus
sguarrosug can dominate flushed-peat communities if competition
from other species is reduced, for example by sheep-grazing.
The 3 lists compare well with the Moor House flushed-peat
nodum in Taﬁle 6.9. All the Moor House constants and near-

constants are present except Festuca rubra, and 9 of these are

characteristic of the nodum. 72 species occur in Table 6.15
and L6 of them are found in the flushed-peat nodum. A further
.5 species occur in the species-rich gley nodum at Moor House,
but 15 of the L6 are absent from this, indicating clearly to

which nodum the three lists belong. 3 lists are hardly



Table 6,16,

Transition from species-rich to poor in the flushed=peat communities containing Junocus squarrosus in the Scottish Highlands, (Lists

from Ratoliffe and Mo.Vean, sorted and reanalysed). Mi colum indicates species present in the equivalent gradient at Moor House,

(Table 6,10) 1= (x) = species present only-in the large quadrats, where x is followed by a letter this indicates the group in which
the speocies oocurs at Moor House in the instances where this 1s different,

Noda Carex~ Hymo=Caricetum alpinum J.acutifl- Ns,sub-alpinum Sphagno = Caricetum Ja

Sax,ais Acroolad, spp species sub—alpinum alpimm bog

cuspidatun rich poor
-} 1 1 2 3 4 5 6 1 2 1 1 2 1 2 3 4 5 6 1 1
Altitude (feet) 1900 2250 1800 2000 2000 1700 1000 750 1200 1700 1200 1600 2150 1000 1750 2000 1750 730 2650 2500
Aspeot and Slope (degrees) - 12N 25N¥20NET7W 25N5W 3 258 20E15S30N2 - 3 4128- = 10KE25S
A)OVERALL SPECIES (= a + o at M)
Agrostis canina . x 3 2 1 2 2 5 3 5 3
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B)RICH-FLUSH SPFECIES
Brise medis

Carex aquatilis
C.di0ica

s paludosa
Epilobiun anagallidifolium
Galium boreale
Goun rivale

Eo bt -

Parnassia palustris
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Eolypeng YAvipana

Erynolds_vilgapis
B e
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sufficient to show any special features the flushed-peat nodum
may have in Scotland, but 2 species rare in N. England are

prominent - Polygonum viviparum and Thalictrum alpinum.

Table 6.16 gives a better idea of the typical species of

the flushes in which Juncus sguarrosus occurs. Only 5 of the
72 species in Table 6.15 are absent; The Scottish ecocline is
elesely parallel. to that at Moor House, allowing for the greater
number of species pfesent‘—‘the Meef"House quadrats cover less
than a fifth of.ﬁhe afea'ofitﬁe'Scottish. Table 6.10 continues
the Moor House ecoeline‘into fhe peaty gley nodum, but this was
omitted from TableA6el6-to avoid complexity. Therefore, the
overall category in this table correspends to both the overall
(i.e. extending to the beaty gley) and flush groups of species
in Table 6.16,

Of the 76 species in the overall category, 30 are found
in the corresponding groups at Moor House, and only 2 (Euphrasia

sp. and Viola riviniana) in the rich flush group and 1 (Dicranum

scoparium) in the calcifuge group. Constants or near-constants

in the group number 12. Anthoxanthum odoratum, Carex nigra,

Eriophorum angustifolium, Festuca ovina, Nardus stricta and

Rhytidiadelphus sguarrosus are constants or near-constants in

the Moor House nodum, whilst Carex echinata, C. panicea, Lugzula

campestris, Potentilla erecta and Hylocomium splendens are

present, only Narthecium ossifragum being lacking.
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The rich~-flush group of species is considerably larger in
the Scottish ecocline, many species coming from the very rich

- - er K3 . - - 'y
Cariceto - Sax1fragaw51201dls and Hypno - Caricetum alpinum

noda. There are 63 species, 244 being found in the rich~flush
and 9 in the flush group at Moor House, but almost all the.
Moor House group of rich-flush species occur in the Scottish
group. It is therefore not surprising that the Moor House and
Scottish constants are different.

As at Moor House the calcifuge group of species is smaller

in number with 24. 10, including Deschampsia flexuosa,

Eriophorum vaginatum, Aulacomnium palustre, Plagiothecium
undulatum, Polytrichum commune and Sphagnum recurvum are in

common with the calcifuge group at Moor House, and L with the
overall group.

It must be mentioned that Juncus sguarrosus occurs less

frequently in the noda at the basic end of the ecocline. There

- turm
are 25 lists in the Caricetam Saxifrag; aizojidis nodum, but

Juncus sguarrosus is only present in 2, whereas it is present

in 6 out of the 9 lists forming the Sphagno - Caricetum sub-

alpinum nodum.

Other Communities.

Juncus sguarrosus in grasslands on brown earths (Table 6.17)

9 of the 20 lists in the species-poor Agrosto-Festucetum

| nodum of the Scottish Highlands contain Juncus squarrosus and
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have been placed in the table, together with 2 from the slightly

richer Alchemilleto - Agrosto - Festucetum. They are compared

with a list for high-level grassland on Cader Idris (Price,
Evans, 193%2) and the species-rich gley nodum at Moor House.

Many of the species-poor Agrosto-Festucetum stands are on

well-drained alluvium, especially in North and West Scotland
where other suitable soils are rare, and most of the lists

come from this area. As the soils become more waterlogged they

grade into Nardetum sub-alpinum. The dryness of the soil

suggests that the stands would resemble the Moor House podsol
nodum, but this is not so, since the species requiring mor
humus have little cover or are absent. But there is a
considerable similarity between these lists and the Moor House
species-rich gley nodum. 8 of the Moor House constants are

also constant here, only Lophocolea bidentata having less

cover, and this is correlated with the lower cover of Juncus

squarrosus. Carex pilulifera, Viola riviniana and Hylocomium

splendens are the other constants of the brown earth stands
and only the Carex is absent at Moor House. Of the 93 species,
54 occur in the spécies-rich gley nodum at Moor House. Despite

the similarity, it is doubtful if Juncus squarrosus could ever

become dominant on such well-drained soils. If the grazing
pressure were such that it favoured the spread of species

unpalatable in summer, Nardus stricta would assume dominance.




) Table 6,18,

Lists of the chionophilous noda of Nardus stricta which contain Juncus squarrosus,
Noda Nardus-Trichophoretum Trich-Ns Nardus-Pleurozium Vacs,Ns

1 2 3 1 1 2 1
Altitude (feet) 2000 2750 2200 2100 2800 2900 2600
Aspect and Slope (degrees) S5NE 2Ni 2N 2E 58S 7N  10E
Agrostis canina 3
Astenuis 2 4 1 3
Carex bigelowii 1 2 3 3
Cepanicea 1
Cepilulifera
Deschampsia cespitosa
D,flexuosa + 3
Featuca ovina
Juncus squarrosus
Molinia caerulea
Nardus stricta
Trichophorum cespitosum

Calluna vilgaris
Chamaepericlymenum suscicum
Empetrum hermaphroditum
Euphrasia frigida 1
Galium saxatile
Juniperus nana
Leontodon autumalis
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Nartheoium ossifragum
Orchis ericetorum
Potentilla erecta
Solidago virgaurea
Succisa pratensis
Vacoinium myrtillus
Veul

Vevitis=idaea

Viola palustris
Veriviniana 2
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Dioranum scoparium 1
Hylocomium splendens 4
Hypnum cupressiforme 1 +
Plagiothecium undulatum .

. Pleurozium schreberi 1 + 1
Polytrichum alpimm
P,commune +

P, Juniperimum 1
Rhacomitrium lanuginosum 7 L 5 *
Rhytidiadelphus loreus 1 1
R,8quarrosus

Sphagnum plumilosum 2

Alioularis scalaris 1
Anastrepta orcadensis 1
Anastrophyllum donianum 4
Calypogeia trichomanis -

Diplophyllum albicans 1
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Juncus squarrosus in chionophilous Nardeta (Table 6.18)

Long snow-lie, by reducing the growing season, by causing
long-continued wateriogging and by giving a slight flushing
effect during the melting period results in different
combinations of species growing together and thus produces new
noda.

Such communities are absent in England, but widespread in
the Scottish Highlands, very often being dominated by Nardus

stricta. Juncus sguarrosus is frequently present and 7 lists

from L different noda have been brought together in the table

to illustrate this type of habitat. There is quite a variety

of species, podsol-favouring such as Vaccinium myrtillus and

vitis—-idaea, wet peat plants such as Narthecium ossifragum,

Calypogeia trichomanis and Leptoscyphus taylori, plants

requiring some base such as Leontodon autumnalis and Viola spp.

and oceanic species, such as Pleurozia purpurea and Scapania

nimbosa.

Juncus sguarrosus in ericoid heaths (Table 6.19)

’7 rather varied lists are given in the table of selected

heath stands in which Juncus sguarrosus occurs. The species

list is such that if Calluna vulgaris and the Erica spp. were
removed by continued heavy grazing, a community containing

species of the podsol nodum would remain.



Table 6,19,
Juncus squarrosus in ericoid heaths in Scotland and Wales,
. { x = present, and 4 = dominant),
Place : Scot.High, Carneddau, N,Wales Kelso Lampermuir

Nodum ) Callunetum Vaccinium Calluna heath burned moist Call,
: vulgaris " heath heath heath heath

Altitude (feet) 1700 1300 1500 1500 700 - 1200 700 - 1500
Aspect and Slope (degrees) 5N¢ - 32N  33SW 30 SW

Agrostis canina 3 2
Aqtenuis A 4 1
Anthoxanthum odoratum 2
Carex binervis 1
Cenigra

Cepilulifera

Deschampsia flexuosa 2
Festuca ovina

Juncus squarrosus 1
Luzula campestris

Lesylvatica

Molinia caerulea

Nardus stricta

Poa annta

Trichophorum cespitosun

N o
- e
-
L] MMM KM
o
™ XM NM ] oMo

-
o]

]

Calluna vulgaris 10 3 9 d d
Empetrum nigrum 1

Erica cinerea 2 2 -5

E.tetralix x x
Galium saxatile 3 3 1 X
Genlista anglica 2

Listera cordata 2

Polygala serpyllifolia 1 1 1

Potentilla erecta + 1 .2 x x
Rumex acetosella 1

Trientalis europaea 1 .

Vaccinium myrtillus 3 6 8 3 x x
Vevitis-idaea 3 '

LI I ="

]

Aulacormium palustre x
Campylopus flexuosus x
Dicranum scoparium
Hylocomium splendens
Hypnum cupressiforme
Plagiothecium undulatum
Pleurozium schreberi
Pohlia nutans
Polytrichum commune - 2
P.piliferum 1
Rhacomitrium lanuginosum
Rhytidiadelphus loreus
R, squarrosus L 2 2 x
Sphagnum compactum x
Thuidium tamariscinum 1

oo NN
-
W

XM X

N P S S VI Y
-
-
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-
-

Diplophyllum albicans 1

Gymocolea inflata x
Lophocolea bidentata 1

Lophozia floerkii 1

Cladonia coccifera 1
Ceirpexa 2

C.pyxidata
Ce8gamosa 3
C.sylvatica 1

-
-
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The Lammermuir list is taken from Harper (1962) and Fig.
L} in this paper shows well the preferencé of Juncus

squarrosus, with Calluna dominant throughout, for.the moister

podsols with deeper H horizons (17 - 28 cm.). Eriophorum
vaginatum is confined to soils with H horizons deeper than
23 cm., and becomes dominant where this is greater than 28 cm.

In well-grown typical heath Juncus sguarrosus is absent, but

where competition from ericoid shrubs is reduced, by burning,

grazing, treading or any other cause, Juncus squarrosus is able

to colonise the moist acid habitat, and it is to be found
somewhere on most heaths. Thus it is recorded from Somerset
heaths (the Quantocks, Brendens and Blackdowns), the sandy
heaths in E. Dorset and W. Hampshire, the Delamere Forest in
Cheshire and Skipwith Common in Yorkshire KWatson, 1932). On
the North York Moors it occurs on both podsols and peat if wet,
especially after heather burning (Elgee, 1912). At Blubberhouses

(w. Yorkshire) Juncus squarrosus patches on Calluna moor have

a similar pH and electric potential (3.5 andi5L) to typical
Calluna around (3.4 and 527) (Pearsall, 1938).

A further habitat for Juncus sguarrosus is in dune slacks
e.g. on Walney Island (Pearsall, 193L) and at Winterton in
Norfolk.,

Juncus squarrosus in Western Blanket Bog. (Table 6.20)

Juncus sguarrosus occurs in 8 of the 21 lists given for
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Trichophoreto — Eriophoretum in the Western Highlands, and these

together with a list from Erica tetralix bog on Cader Idris

(Price Evans, 1932) and a Molinia - Myrica swamp in the oceanic

S.W. of Sweden (Malmer, 1961) have been placed together in

Table 6.20.

Calluna vulgaris and Eriophorum vaginatum are not so

dominant as in Pennine blanket bog (Calluneto - Eriophoretum),

but there is a greater variety of other species and Sphagna
are more prominent, suggesting that the water table is nearer
to the surface and that the nutrient supply is perhaps rather

greater. Other prominent species include Carex echinata,

C. panicea, Eriophorum angustifolium, Molinia caerulea, Erica

tetralix, Narthecium ossifragum, Potentilla erecta and Hypnum

cupressiforme.

-Whether Juncus sguarrosus occurs naturally in this

community or only when competition has been reduced by some
interference such as treading, burning, draining or peat-
cutting, I do not know. But McVean and Ratcliffe include

Juncus squarrosus in many of their lists for Calluneto -

EriophOretum, in which it does not occur naturally in the Moor

House area. Pearsall (1941), describing blanket bog in

Connemara, records Juncus sguarrosus only in a bog burnt

probably within the L pfevious years, and in which most of the

Sphagnum cover had been killed.



Wet heaths dominated by Molinia caerulea and Myrica

gale, such as in the Somerset Levels (Watson, 1915) are allied

to this community, and Juncus squarrosus is present.
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Summary.

In upland Britain Juncus sguarrosus grows with a wide

variety of plants in several different habitats. It occurs
mostly on acid, base-deficient soils where different types of
community are found according to the degree of wetness of the
soil. Three types have been recognised at Moor House, and
established as noda for the area, together with 2 other
communities, richer in species.

The nodum on podsois and peaty podsols contains

Deschampsia flexuosg, Nardus stricta, Galium saxatile,

Vaccinium myrtilius, Pleurozium schreberi, Polytrichum commune,

Rhytidiadelphus sguarrosus, Lophozia floerkii and Ptilidium

ciliare, besides Festuca ovina and Lophocolea bidentata, which

are found in all the habitats of Juncus sguarrosus at Moor

House. Under more waterlogged conditions there is a similar

nodum on peaty gleys, with less Galium, Vaccinium, Pleurozium

Lophozia, but having additionally Carex nigra, Aulacomnium

palustre and Calypogeia trichomanis. The third nodum is the

species-poor gley, containing Agrostis tenuis, Anthoxanthum

odoratum, Luzula campestris, Galium saxatile, Nardus stricta,

Hxlocomium splendens, Hypnum cupressiforme and Rhytidiadelphus

sguarroguse.

Communities of these three types are widespread in the

Pennines, the Welsh Mountains, the Southern Uplands and the
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Scottish Highlands. The two species-rich noda found at Moor
House are less common, being confined to areas where calcareous

rocks outcrop. That on gleys has Nardus stricta co-dominant,

and is rich in sedges and herbs such as Cerastium holosteoides,

Polygala serpyllifolia, Potentilla erecta and Trifolium repens,

besides having nearly all the species of the species-poor gley
nodum. In the other, on flushed peat, the important species
 are Anthoxanthum odoragtum, GCarex ni s FPestuca ovina, F. rubra,
ngdamiﬂe pratensis, Irifolium repens, Acrocladium cusgpidatum,

Bryum pseudotriguetrum, Mnium punctatum and Philonotis fontana.

Juncus sqguarrosus also occurs in upland Britain in species-

poor Festuca - Agrostis grassland on brown earth soils, in
high-level chionophilous Nardus communities and in the western

type of blanket bog with Trichophorum and Eriophorum. It is

not a normal constituent of Pennine blanket bog, but occurs
commonly where the dominance of Calluna has been reduced.,

In the lowlands, Juncus sqguarrosus is confined to

unreclaimed land, chiefly wet places in heaths.
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SECTION VII: ECOLOGY AND DISCUSSION

The effects of various edaphic and biotic factors on

JUNCUS Squarrosus are described at the start of the section.

This information, together with some from previous sections,

is used in a discussion of the status of Juncus squarrosus

in the communities described in the phytosociological section,
and of their inter-relationships with other upland communities.
Finally, there is a consideration of the economic value of

Juncus squarrosus in the uplands, and a general discussion.

A) Edaphic influences
1. Moisture

While Juncls sqguarrosus has features characteristic of

xeromorphs (abundant sclerenchyma, strongly thickened epidermal
cell walls - see section 2), it is rarely found in well-drained

habitats. These normally support Festuca-Agrostis grassland in

the Moor House area, but some Festuca-Agrostis swards contain

also plants of Juncus squarrosus and Nardus stricta, the

Juncus plants being smaller than usual as on Hard Hill (site N)
and in the House limestone grassland (site E) - see Table 5.1.
Two turves from this latter site were put into boxes, and these
placed in a glass frame in the garden at Moor House. After 1L
weeks, both the Juncus and Festuca were obviously suffering
from drought, having browned leaves. The boxes were now exposed

to rain and the Festuca gquickly recovered, but the Juncus
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shrivelled and died. It would seem reasonable to suppose
therefore that any Juncus plants becoming established in well-
drained soils are killed by periodic droughts. Where Juncus

sguarrosus and Nardus stricta occur in Festucetum it is

probable that there is at least slightly impeded drainage.

At the other extreme, Juncus sguarrosus suffers no

apparent disadvantage from constant waterlogging. It is found
in such situations in the field, and has grown well under such
conditions in the laboratory. Doubtless this ability is
conferred on the plant by the aerating system running down from
the ieaves, through the rhizome and into the roots. However,
Juncus is not found in swamp communities which are regularly
submerged,'probably because its serating system depends on
gaseous exchange to the atmosphere through the leaves.

2. Texture

Juncus sguarrosus is indifferent to soil texture, growing

on anything from coarse sands to fine silts and peat, one
reason being its forward growth through the soil by expansion
inside the shoots.

3. Nutrient status

The composition of a plant gives some indication of the
nutrients it is likely to reqguire. Accordingly, the composition

of Juncus sguarrosus is given in Table 7.1, taken from Goodall

and Gregory (1947), together with 6 other species found
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commonly in the Moor House area. Compared to plants of better
soils, of which the 3 species given are typical, Juncus

squarrosus is low in all nutrients but Na+, catt is especially

low, even when compared with other moorland species, but Pou_--
content is fair, and the gt high for a moorland-bog species.

As the amount of K¥ available from mineral soils is
usually greater than from blanket peat (though the exchangesble

Kt values may not be greatly different), Juncus sgquarrosus will

obtain its K* requirements more readily on mineral soils and
peaty gleys where its roots can reach down to mineral horizons
than on blanket peats. Pearsall (1950) has gone so far as to
say that Juncus 'seems to require some contact with mineral soil,
even if this is a very poor one', and it is certainly true that

Juncus sqguarrosus is not usually found on deep blanket peat.

However, as the roots do not exceed 30 cm. in length (see p.2.1)
there are many peaty gley stands (Table 6.3) in which the roots
cannot reach the mineral soil. Examination of a profile at
Rough Sike Head (site L) showed that the roots did not here
reach the mineral soil. However, the Kt status at these sites
is not known. Probably many experience slight flushing, being
on slopes, and possibly in others a high K* content has been

retained in the plants and surface layers since the time when

the roots were able to reach the mineral soil below.

However, greenhouse trials have shown that Juncus
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sguarrosus can grow on a medium of very low - content, Its
absence from blanket bog is therefore due more to its inability

to compete with Calluna and Zriophorum vaginatum than to the

nutrient status of the peat.

McVean and Ratcliffe (1962) include Juncus squarrosus in

the list of plants indifferent to soil status as judged by
pH and Ca++'content, and this is not surprising as its Ca'’
requirements (Table 7.1) are so low that almost any soil can
supply them. Appendix 8 gives a few soil analyses, including
some very low Ca*t contents. The higher Ca*™ status of the
species-rich gley and flushed-peat noda (analyses 8, 9 and L)
is clear;

The seedlings established from the germination trials of
1962 provided material for some simple fertiliser experiments
done on the windowsill in the laboratory at Moor House and in
the greenhouses at Durham. Seedling growth in the soil tins
was better on the acid and limestone drift soils than on the
blanket peat (descriptions on p. L.2).

At Moor House the three soils received dressings of
K80y, NHL!_NO3 and KHZPOu at rates of 60 gm. KZQ/Sq. m., 12.6 gm.
N/sqe. me, 37.7 gm. PQOB/SQ. m. Measured against control pots,
definite responses were obtained on the peat medium. Nitrogen
alone appeared harmful, but when combined with phosphate there

was better growth. Phosphate and potash alone also gave
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improved growth, but the best result was obtained from an NPK
treatment. Phosphate alone, or in combination, resulted in the
plants having a lighter green colour.

A further investigation of the effects of phosphate and
potash was carried out in the greenhouses at Durham, using acid
drift and blanket peat soil in 10 cm. pots. The fertilisers
were mixed into the media at the start of the trial and a
surface application was made later. Rates were approximately
the same as at Moor House. NoO response was oﬁtained, probably
because the pots were free-standing, so that the nutrients were
leached out by regular watering. It was interesting however,
that many of the seedlings made fair growth in the pots given
no fertiliser.

Response by Juncus squarrosus to soil nutrient status has

also been shown during an experiment by A. J. P. Gore on the
productivity of blanket bog at Bog End near Moor House. The

Calluna-Eriophorum was removed from 16 plots, 24 ft. x 12 ft.

(7.3 me x 3.7 m.) in 1958, providing suitable conditions for
seedling establishment. 8 subsequent treatments were given as

shown in Table 7.2 and the Y4 plots given treatments 7 and 8

were halved, one half being sown with Deschampsia flexuosa,

the other with Phleum pratense. Compound fertiliser (treatment

8) was applied at 15 cwt./acre (1880 kg./ha.), and lime at 2
tong/acre (5000 kg./ha.), and in subsequent years at 15 cwt./

acre and 1 ton/acre respectively.
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The Calluna and Eriophorum recovered rapidly after cutting,

giving only short opportunities for Juncus sguarrosus

colonisation. As would be expected, there are most seedlings
in the treatments (1, 7 and 8) having yearly cuttings, but
possibly some seedlings became established in treatments L - 6,
and were subsequently shaded out by ‘the tall growth.

The numbers established in the plots given treatments 7
and 8 are interesting. The Phleum sward of treatment 8 is
dense and tall, explaining the difference between the 1 plant
established in it, and the 10 established in the less dense

Deschampsia flexuosa sward. But in treatment 7, the Phleum

sward is poor and open, and correspondingly 10 plants have

become established. The Deschampsia sward is little better,

but contains no plants of Juncus, and likewise, the plots of
treatment 1, cut yearly but receiving no fertiliser, have
considerably fewer seedlings per unit area than the limed plots
of treatment 7; Thus it appears that both lime and compound
fertiliser are assisting in seedling establishment.

The iﬁability of Juncus sguarrosus to compete with other

species at higher nutrient levels was also shown by the classic
experiments of Milton (1940 and 1947) in N. Wales. At the

Llety Molinia site, Juncus sguarrosus remained on the control

plots throughout the 15 years of the experiments, both in the

enclosed plots with controlled grazing and in the freely

\
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grazed plots. It was, however, rapidly excluded from the hay

plofs given lime or full fertiliser, with and without liming.

To sum up, Juncus sguarrosus, unlike most other species,
is able to grow under conditions of great nutrient deficiency,
but shows some response to an improved nutrient supply. No

intolerance of high nutrient levels has been shown, but the

better growth Juncus sguarrosus makes in such conditions is
usually insufficient for it to compete successfully with the
other species present. Probably k' is the nutrient most

required by Juncus sguarrosus, as a considerable amount is

contained in the ash.

B) Biotic influences
1. Birds

As mentioned in section 3, the fruits of Juncus sguarrosus

are eaten by snow-buntings (Plectrophenax nivalis), which visit

upland areas of N. Britain during the winter, and by red grouse

(Lagopus scoticus) and perhaps other moorland game birds in

Scotland. Judging from observations in the Moor House area and
elsewhere in N, England, it can be said that these losses are
slight and of no importance to the plant.

Du:ing the last century, geese were grazed extensively
on the feils and commons of N. England (Welch and Rawes, 196l),
and as goose corn (Winch, 180L) was an alternative name for the

plant, it is possible that they ate the inflorescence or
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leaves, perhaps having a significant effect on the plant.

2. Agriculture

Juncus sguarrosus is normally absent from all agricultural

land but rough grazings. It cammot exist on arable land
because of the time taken to reach maturity and the difficulties
of seedling establishment, and in meadows because of the dense

summer growth. On land now permanent pasture Juncus squerrosus

if previously present, will have been eradicated on enclosure
by the initial ploughing and sward establishment, and unable
to recolonise the closed sward. Moor-burning to encourage a

young growth of Calluna for sheep or grouse favours Juncus

sguarrosus, supplementing the effect of sheep-grazing, as
described below. |

5. Herbicides

Attention has recently turned to the improvement of hill
pastures by 'surface treatment'. This involves destroying the
original vegetation by the action of a herbicide, and resowing
with a grass mixture. Charles (1962) has reviewed the methods.

Several papers have now appeared describing the
susceptibilities of hill species to different weedkillers.
Until the discovery of dalapon, herbicidal treatment of the
tough monocotyledons of upland pastures met with little success.

Thus Juncus squarrosus is resistant to MCPA and 2, L-D at

32 oz. per acre (.18 gm./sq. m.) (Weed Control Handbook, 1958).
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Dalapon (sodium 2,2—dichloropropionéte) is applied in
aqueous solution, and kills most monocotyledons, though
dicotyledons are moderately resistant. It remains toxic in the
soil for L to 6 weeks after application. King and Davies
(1963) reported that at the rate of 5 lbs. per acre dalapon had

no effect on Holcus lanatus, H. mollis, Carex flacca, Galium

saxatile and Potentilla erecta; a slight effect on Agrostis

canina, A. tenuis, Festuca ovina, F. rubra and Deschampsia

flexuosa, reducing their cover by about 10%; but Molinia

caerulea, Nardus stricta and Juncus sguarrosus were highly

susceptible. At 10 1lbs. per acre Agrostis tenuis and Festuca

ovina were more affected, depending on the season of application.
At Moor House, small trials were done at sites Z and K,
dalspon being applied at 5 and 15 lbs. per acre. Juncus

sguarrosus was killed, except for a few plants in the plots

given the weaker treatment, and the other species reacted as

described above. At site K on the blanket peat, Eriophorum spp.

and Carex nigra were little affected, and subsequently spread

at the expense of Juncus sguarrosus. Polytrichum commune was

scorched, but recovered well, and the other bryophytes appeared

unaffected. At site E on the mineral soil, Festuca ovina,

Agrostis tenuis and Anthoxanthum odoratum were reduced by the

strong application and Luzula campestris and Galium saxatile

became more prominent.
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It would'appear that applied at intermediate rates,
dalapon can be used to improve Upland swards without subsequent
resowing, by seiectively eliminating Nardus and Juncus to
leave some form of Festuca grassland.

A new contact herbicide, paraquat, mey prove to be more
useful than dalapon. It has the advantage of being rapidly
inactivated in the soil (Jones, 1962). However, notwithstanding
the efficiency or otherwise of these herbicides, the cost of
application on a large scale in the uplands will preclude their
wide use in the present economic condit ions.

4. Holes

Except at the higher levels, moles are abundant in the
Moor House area on all ﬁineral soils that are neither very
stony or very gravelly. Their activities improve soil
fertility and aeration (Silver and Moore, 1941) since soil from
the lower horizons is brought to the surface in their hills,
countering the effects of leaching.

This maintainance of the soil nutrient status will favour
I'estuca and the broad-leaved grasses rather than Juncus angd
Nardus, but more important is the opportunity the mole-hills
provide for new species to enter the sward. A survey of hills
cast up in the pasture at Moor House during 1962 and 1963 showed

that Agrostis tenuis, Festuca ovina, Cerastium holosteoides,

Galium saxatile, Trifolium repens and Ranunculus repens are the

-
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most usual colonising species (Plate 11). The hills may be

cast up in Juncus sguarrosus stands, either on mineral soils,

or on peaty podsols and peaty gleys around mineral soils, as
shown in Plate 12, whereupon these species colonise and form
grassy sWards replacing the Juncus.

During the 2 years, 10 hills with an average area of about
100 sg. in. were cast up in a narrow 100 yd. long zone of
Nardus and Junéus around the limestone grassland of the pasture.

The Nardus-Juncus vegetation is on redistributed veat, and

extends back to the eroding haggs of blanket peat at the
periphery of the pasture. Thus mole activity is important over
a long period in extending the small areas of good grassland
which exist on rock outcrops free of blanket peat.

5. Sheep |

Sheep graze other more succulent species, when these are

available, in preference to Juncus squarrosus. However, in

winter and early spring, when keep is scarce or the shorter

swards buried by snow, the sheep turn to coarser species and

.at least in many areas, favour Juncus squarrosus rather than
heather.

But despite considerable defoliation, the winter-grazed
plants do not appear to be adversely affected, probably
because the evergreen.leaves do not contribute very much to

the food production of the plant during their second year of



Table 7.3, The change in composition of two Juncus sguarrosus
swards in the absence of sheep grazing, following
exclosure in 1955. The values given are the number
of points at which the species was contacted.

Knock Fell Hard Hill

1956 1962 1956 1962
Agrostis canina 6 2 - -
A. tenuis 15 12 L 7
Deschanmpsia flexuosa 57 6L 98 28L
Festuca ovina 1L 29 890 876
Nardus stricta - - 59 33
Other grasses 2 3 - -
Carex bigelowii 1 1 107 69
Empetrum nigrum - - 27 3
Galium saxatile 7 117 10k
Juncus sgquarrosus 6l 9 152 1y
Vaccinium myrtillus 6 - 31 8
Other flowering plants 1 - - 1
Mosses 31 13 1136 764
Liverworts 12 6 257 237
Lichens Ly 2 333 22

Total Points 73 73 1000 1000
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photosynthesis. ©Sheep also nibble off the inflorescences,
especially in grassy stands (see p.3.6 ), and at some places
over half the inflorescences are removed in this.way, causing
considerable loss in seed production.

However, the disadvantages to the plant of sheep grazing
are easily counterbalanced by the advantages, especially as
many areas do not experience winter grazing. For in the

majority of its stands, Juncus sguarrosus would be smothered

out by other species if these were not eaten by the sheep.
This was first reported by Harris in 1939, who observed that

a Nardus-Juncus sward in a 1 m. square cage at 500 m. on Cader

Idris was overgrown by Deschampsia flexuosa end Vaccinium

myrtillus in 2 years.

At Moor House, it has been found that Juncus squarrosus

is much reduced after 7 years of exclosure (Welch and Rawes,
196&). Table 7.3 shows the change as measured by point gquadrat

analysis in the areas of Juncus sguarrosus in the exclosure on

Knock Fell (site A) and in the whole exclosure on Hard Hill

(site N). 1In the Knock Fell stands, Deschampsia flexuosa was

prominent before exclosure, and has since flourished, as shown

in Plates 9 and 10. Festuca ovina has also increased, but

almost all other species have decreased, suffering from the

dense growth.

On Hard Hill, the Juncus sguarrosus plants were more
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scattered in a grassy sward, consisting chiefly of Festuca

ovina - the third type of stand described in section 5. Here

too, Deschampsia flexuosa has grown well in the absence of
grazing, and the frequency of Pestuca has remained high.

Almost all other species, ihcluding Hardus stricta have

decreased.
As mentioned previously in section 6, many of the stands
belonging to the peaty gley nodum at the lower levels appear

suitable for Calluna vulgaris, andyin some instances it is

clear that stands of this nodum are derived from blanket bog
by anthropogenic pressure, e.g. the trackway at site 0. It is
widely reported (e.g. Nicholson and Robertson, 1958; Ratcliffe,

1959) that heavy grazing pressure, and/or excessive burning,

leads to the replacement of Callure tum by Agrosto-Festucetum

on mineral soil, and Eriophoretum on blanket peat. A

Callunetum on blanket peat near to the Moor House Reserve, but

which is heavily grazed in winter has frequent patches of

Juncus sguarrosus in a sward of very short heather, abundant

Eriophorum vaginatum and Trichophorum caespitosum (Welch and
Rawes, in preparation). It is therefore suggested that many

stands of Juncus squarrosus belonging to the podsol and peaty

gley noda, especially on the west side of the Reserve and in
other places where there is winter grazing, are a biotic

modifiication of Callunetum on soils of intermediate moisture

status. Ratcliffe (1959) indeed says in discussing the
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vegetation of the Carneddau, ‘Juncetum sguarrosi is mainly the

biotically produced counterpart of wet Calluna and Vaccinium
heath'.
Removal of grazing from these stands would lead to the

suppression of Juncus sguarrosus by a dense growth of grasses,

as on Hard Hill and Knock Fell, and then perhaps to
colonisation by Calluna at the lower altitudes. But
establishment of Calluna by seed into a dense sward is much
less certain than its spread from pre-existing patches.

6. Other animals

Wether sheep grazed Juncus squarrosus much more than the

ewes and lambs do today. Roberts (1959) says that in Snowdonia

50 years and more ago, drifts of dead Nardus stricta and

Juncus sguarrosus, uprooted by the wethers, could be seen

against stone walls and gullies.
The fell pony kept at Moor Hquse also grazes Juncus

sgquarrosug severely, especially in the winter and spring,

and beef cattle eat the plant. Where any of these animals are,
or were, numerous, they have an important effect in lowering
"its competitive powers and reducing its vegetative spread.

Other organisms using Juncus_sguarrosus as a food-plant are

remarkably few, caterpillars and similar leaf-eating creatures
being unknown. Frog-hoppers (Cercopidae) feed in the shoot
bases, and are sometimes present in considerable numbers

(Whittaker, 1963), but have no apparent effect on the plant.



7+15

The status of Juncus sguarrosus communities and their

interrelationships with other upland communities.
The foregoing paragraphs lead on naturally to a

consideration of the status of the Juncus sguarrosus communities

and how they came to be established. It is clear that most are
dependent on blotic influences, and egually clear from the

information given in section 4 on the conditions for

germination, that Juncus squarrosus could not become

established in many of these stands at the present time.

Tallis in 1957 said the Juncetum.squarrosi of the summit
ridges of the Carﬁeddau is the climax of a vegetational
succession occurring of the softer rocks and on areas with a
high water table. Ratcliffe (1959) concurs in his useful
discussion of the relationships between vegetation and
envircnment in the Carneddau, and it appears that these are
similar in the Moor House area.

Where the dwarf shrubs Calluna, Vaccinium and Empetrum

are excluded by grazing pressure, or by altitude in the case
of the former, there is a series of communities depending on
the soil moisture content and depth of peat or H horizon.

Festuca-Agrostis grassland occurs on the driest soils, and

Nardus enters where the drainage is more impeded. Juncus

sguarrosus prefers wetter soils, usually with an H horizon

formed by the accumulation of mor.. humus. As the soil becomes
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wetter and the H layer thicker, so the amount of Festuca and

Nardus decreases, leaving Juncus sqguarrosus as the dominant -

the Juncetum sguarrosi sub-alpinum in stands of the peaty gley

nodum. Then as the depth of peat increases, Eriophorum
vaginagtum becomes co-dominant, and finally the sole dominant.

As the moisture tolerances of Festuca, Nardus and Juncus

overbp, there are some intermediate soils that can support any
single species or any combination,'depending on the grazing
pressure. With light grazing Festuca would normally be
dominant, especially on the drier podsols. With heavy grazing,

the sward is sufficiently open for Juncus sguarrosus seedlings

to become established, and the plants, though not well grown,
can survive. Once established, Juncus is only excluded after
several seasons without grazing, as on Hard Hill, and continued

light grazing of a Festuca-Juncus sward would probably not

lead to Festuca attaining sole dominance. The accumulation of

mor humus below a Juncus sguarrosus stand, resulting firom the

large amount of leaf litter produced, may lead to soil changes
unfavourable to the broad-leaves species which grew in the
previous grass sward. On the other hand, even with heavy
grazing Juncus Wili not attain sole dominance on the drier
swards.

In soils with rather more impeded drainage, however,

Juncus plants, once established, spread steadily to form
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patches. The peaty podsol stands on Knock Fell, placed in the
podéol nodum - sites P and T - fall into this group.
Establishment in these stands may have occurred at a time of
heavy grazing pressure, or possibly even when the ground was
colonised after the last glaciation, Juncus communities having
existed continuously since then. From early times there have

been deer (Cervus elaphus Linn.) and ox (Bos taurus primigenuis

Boj.) grazing on the fells (Welch and Rawes, 196L), which may
have helped to prevent Festuca from suppressing Nardus and
Juncus.

At the present time with medium grazing pressure on these

stands, a consideragble amount of Festuca and Deschampsia

flexuosa, scattered plants of Agrostis canina and A. tenuis

(Table 6.2) remain in the sward. But heavier grazing would
no doubt result in the reduction of the palatable species and
dominance by Juncus, very much reducing the agronomic value
of the sward. The Scottish and Carneddau stands (Tables 6.11
and 6.12) parallel with the podsol and peaty gley noda at

Moor House in other respects, having significantly greater

amounts of both Agrostis species and Anthoxanthum odoratum,
probably a result of lighter sheep grazing intensities in the
past. In North Wales cattle and goats outnumbered sheep on.
the hills untii the early eighteenth century (Roberts, 1959).
Similar considerations apply to the stands belonging to

the 2 gley noda. The soil moisture conditions are suitable for
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the three dominants - Festuca, Nardus and Juncus, but in this

case there is a preference gradient dependent on the soil
nutrient status. Acidic peaty alluvial silts have abundant
Nardus and Juncus, whereas Festuca has high cover on the less
peaty, more mineral, gleys. Establishment conditions for

Juncus _sguarrosus are reasonably good, since silt deposits

after flodds, and the hills cast up by moles, provide the
necesgary bare soil. Meny of the species-rich gley stands are
on fairly steep slopes, where downward soil movements similarly
provide suitable conditions. The grazing of these swards will
favour the spread of Juncus and Nardus, and a reduction in the
cover of Festuca, unless it is of such an intensity that the
Juncus and Nardus also are severely defoliated. Occasionally,
tiny plants of Juncus are found in rich, heavily-grazed Zestuca
swards, and examination of the rhizome shows that the plants
are old. It is.clear that such plants are grazed down with

the rest of the sward, and kept so small that the sheep

cannot avoid them.

At the bplenket peat extreme of the moisture gradient, the

balance between Juncus sguarrosus and Lriophroum vaginatum 1s

maintained under sheep grazing, as the two plants are grazed
about equally and at the same time of the year. But in the

absence of grazing Eriophorum grows tall and shades out

Juncus squarrosus. This is now happening in the tloor House

pasture (site K), where sheep have not been wintered since 1951,

and summer grazing has been much reduced.
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On the other hand Juncus can invade Calluna—Eribphorum or

pure Eriophorum communities on blanket peat, where the peat is

bared. Churned-up peat in trackways and Eriophorum stands
lacking Sphagnum but showing sheet erosion between the tussocks,
e.g. site L, are being colonised in the Moor House area.

There remains only the flushed-peat nodum to be discussed.
Stands of this type border flushes which at the present time
are grazed intensively in the Moor House area. Perhaps this
high grazing pressure, or perhaps the higher nutrient content
of the peat is responsible for Juncus as opposed to Calluna

or Eriophorum being dominant. Certainly without the grazing,

the luxuriant growth of grasses would shade out Juncus

squarrosus. Most of the swards are closed, but from time to

time silt deposits will give opportunities for Juncus sguarrosu

to colonise. It is also possible that these Juncus stands are
long-established, dating from the time when blanket bog growth
- ousted the scrub from the fell-sides. Recognition of Juncus

sguarrosus remains in the peat would be necessary to prove

this hypothesis.

Finally, it must be mentioned that many Juncus sguarrosus

stands, especially of the podsol and peaty gley noda, are the
result of recolonisation after peat erosion. The type of
nodum depends on whether the colonisation took place on the

mineral soil exposed below the peat, on the truncated peat, or
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on the redistributed peat. It has not proved possible to
distinguish such secondary stands phytosociologically from

stands thought to have Juncus sguarrosug as their primary

vegetetion.

Whilst Juncus sqguarrosus is now abundant in the British
uplands, it cannot in the past have been so widespread. At
the forest maxima, Juncus must have been confined to the fell-~
tops above the tree-line, and to openings and streamsides
within the forest. When bog growth replaced the trees, Juncus
would have been able to spread only to the places where
grazing kept down the growth of Calluna and grasses, and where
Sphagnum growth was not so rapid as to swamp it. Thus avay
from the streams and well-drained soils it would be confined
to the steeper slopes marginal to areas of blanket bog
development. But the abundance of Calluna, the low grazing
pressures and the lack of suitable hagbitats created by peat

erosion must have resulted in Juncus sguarrosus being much

more local than it is today. Also, with a smaller total seed
production, Juncus would be less able to colonise any suitable

habitats that became available.

The great increase of Juncus sguarrosus on the fells dates

from the time when peat erosion began on a large scale, and the

grazing pressure was intensified by the introduction of the

mountain sheep. This was probably done by the Norse who came
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to Northern England in the early tenth century (Welch and
Rawes, 196L4). Peat erosion also has been long-continued.
Bower (1959) believes it had already begun at the time of the

Norse invasions. Thus conditions favouring Juncus sguarrosus

have probably existed in the Northern fells for the last
thousand years.

It is clear that if the present uncontrolled grazing
regime is continued, Juncus and Nardus will spread further
into Festucetum on podsols and gleys. With control of grazing,
i.e. iIntensified grazing in winter when only the unpalatable
species are available, or no grazing on a sward for several
years, or with a use of fertilisers to encourage grass growth,
the amount of Juncus could be restricted, but the economics
of these methods are doubtful. It must be accepted that if
the fells are to be used for sheep-grazing, and the land above
1700 ft. could be used for little else economically, then a

slow spread of Juncus sguarrosus will occur. The seriousness

of this change will be discussed later in the section.

The competitive abllity of Juncus 8quarrosus.
Salisbury (19L2) regards the reproductive capacity as

'a positive asset in the competitive equipment of the species

which tends to ensure occupancy of the available ecological

niches, and so to increase the species' frequency and abundance".

The most successful speciles in a genus usually have the
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largest output of viable seeds, often greater than the
ecologically restricted species. In these, it might be
expected that a larger output would be necessary to compensate
for high seed mortality, but this is not the case, as in most
specles the output is considerably in excess of that needed
for replacement of losses by death.

As the reproductive capacities of the other Juncus

species are not known, comparisons with Juncus squarrosus are

not possible. But it is certain that the large seed production
is valuable to the plant in competing with other upland
speciles. It results in viable seeds being present in
considerable numbers in upland soils, ready to germinate when
the necessary and rather specialised conditions occur.

Another asset to the plant is its ability to grow in a
wide range of soil conditions, frbm nutrient-deficient to
nutrient-rich, and from completely waterlogged to only moist.
The combination of abundant leaf sclerenchyma and a root-
aerating system in one plant helps to bring this about.

But the two assets have their corresponding liabilities,

which limit the success of Juncus sguarrosus, and define its

ecology. The many seeds produced are very small, so that
establishment is difficult and needs special conditions, and
the complex anatomy is probably the reason for the slow growth

and susceptibility to shading, as the ratio of photosynthetic

tissue to total tissue is small.
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Most important to the species, however, is its ability
to spread vegetatively once established. Thus it is equipped
to colonise rapidly new localities when they become available
and can also maintain itself indefinitely in its existing
stands.

The balance of assets and liabilities confer on Juncus

sguarrosus a‘'competitive ability sufficient for it to have

survived the periods of forest dominance and bog growth which
were difficult for many specieé, and making it .a very
successful plant during the present times of bog erosion and
intensive grazing.

.The value of Juncus sguarrosus.

Opinions have differed widely on the feeding value of

Juncus sguarrosus. Pearsall (1950) comments that it is the

poorest in nitrogen of several moorland plants analysed, and
also lime-poor, 'so that it is perhaps understandable that
for most animals this is a last resort for winter grazing'.
On the other hand, Stapledon and Hanley (1927) said that 'on

Festuca-Agrostis and Nardus pastures alike, the heath rush is

probably the most valuable grazing plant contributing to the
herbage'. Thomas and Trinder (1947) give full analyses of

Juncus sguarrosus, showing the change in composition during

the growing season (Table 7.4), and remark that 'as a

quantitative supplement at opportune times - - , stool bent is

of considerable value to the hill farmer'. Its evergreen nature
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and rapid regrowth after a burn enhance its value. It is

rich in Na and Cl, being comparable with good pasture grass

in this respect, and much superior to any of the other common
moorland plants. It is useful as a source of copper. However
in most nutrients it 1s less rich than the svecies of the
better grasslands.

It would seem that Juncus squarrosus is eaten by all

breeds of hill sheep, though they vary in their liking for it.
Whether this is due to specific differences between the breeds,
or to acguired grazing habits, is uncertain. The Swaledales

neglect Juncus sguarrosus when any grass is available, but

prefer it to Calluna. Daily sheep counts were made of a 2.7

acre (1.1 ha.) census plot on a Juncus sguerrosus stand

belonging to the peaty gley nodum (it was close to site H).
FromAMay, when the ewes and lambs returned to the fell, till
Sep tember, there was a consistent monthly average of 1.0 sheep
'per acre (counting lambs as whole sheep), but for most of the
time the sheep would be grazing on the grasses around the

Juncus sguarrosus tussocks. It is noteworthy that on an

adjacent census plot on Calluna-Eriophorum-Sphagnum blanket

bog, the average was only 0.1 sheep per acre (Rawes and Tjelch,
in preparation).
South~country Cheviots are reported by Hunter (1962) as

grazing Juncus sguarrosus, especially in winter. Scottish
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Blackface sheep favour Calluna, and graze it at all times of
the year (Tribe, 1950). He also says they eat the whole of

Juncus équarrosus plants down to the roots.

Milton (1953) gave values for the valatability of
different species to Welsh mountain sheep on a hill grazing.
He allotted marks on a scale of 1 to 10 for the amount of a
species grazed relative to the amount on offer (discoloured

leafage not being counted), and Juncus sguarrosus was found to

have a high palatability in winter and early spring (Table 7.5).

Table 7.5. Palatabilities on a scale 1 - 10 of selected species
of a hill grazing in west-central Vales, (after

Milton).
winter early spring summer autumn

Festuca ovina 8 7 5 7
Agrostis tenuis 10 6 9 10
Sieglingia decumbens 10 10 6 9
Juncus sguarrosus 10 10 6 L
Nardus stricta 3 3 7
Calluna wvulgaris 2 2 1

Vaccinium myrtillus L 1 2

In view of this information on palatability, the useful

feeding value of Juncus sgquarrosus, and the number of sheep

which graze on a Juncus sguarrosus stand, it can be said that

the slow spread of Juncus squarrosus in the hills, though
detrimental to the qualify of the better grazings, is not a
very serious threat to the value of the uplands. liany areas
with impeded drainage could support no better vegetation from

the point of view of the grazier than Juncus squarrosus, and
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it is now thought (Hunter, 1954) that hill grazings are best
managed when they offer a variety of different species, in
.proportions fitted to the grazing regime practised. 7/ith most
breeds of hill sheep, only a small amount of Calluna is
necéssary, chiefly for grazing in the snow. Of the better
grasslands, many are so well drsined and on such shallow soils

that Juncus squarrosus will never become prominent. Therefore

the portion of the fell in which there is a balance betwveen
Festuca and Juncus is usually fairly small, and the loss in
production caused by the spread of Juncus can not offset the
benefits to the farmer being gained under the present grazing
regime.

Cértainly the hill grazings could be improved, were it
so desired, by controlled grazing, surface treatment and
fertiliser application, and often this would mean the
replacement of Juncus by more nutritious, more productive grass
species. But as the extra costs of improvement caused by
Juncus having replaced fescue will be small in comparison to
the total cost, the spread of Juncus in the meantime cannot be
considered important.

Juncus sguarrosus is also of value to man in forming a

sward on peat which might otherside be undergoing erosion.
When sheet erosion begins on areas of blanket peat supporting

Eriophorum vaginatum, Juncus sguarrosus is able to colonise







127

the patches of bare peat between the tussocks, and prevent
more serious erosion developing. Whilst it cannbt colonise
the steep slopes of eroding peat mounds, it is among the first
plants appearing in‘the haggs, and can spread vegetatively to
bind larger areas. Its resistance to grazing enhances its
value as a coloniser, as other more succulent species are
easily uprooted. The prevention of erosion is of special
importance to the hydrologist, as eroded peat is washed into
reservoirs and fills them up, and catchments with extensive
erosion are more liable to flash-floods than those with a
better vegetation cover.

It has also been suggested (Pearsall, 195C) that bog
bursts - sensu lato - are now less frequent than formerly

because of the development of coarse, matty vegetation (of

the Juncus sguarrosus type), which offers more resistance to

splitting than> spongy bog-moss. This may be true, but a bog
slide (Plate 13) has recently occurred at 2100 ft. (6L0 m.)
on the slopes of Meldon Hill (see Fig. 1.1). Here the peat
averaged 2 ft. (61 cm.) in depth, and most of the vegetation

belonged to the veaty gley nodum of Juncus souarrosus as shown

in Plate 14 (Crisp, Rawes and Welch, 196L). Thus vegetation
cover camnot itself overcome the inherent instability of blanket
¢

peate.
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A general picture of the autecology of Juncus sguarrosus

has been gained from the wide varie ty of observations made
during the three-year period of study. As the project was
largely done in my spare time, no aspect of the autecology
could be studied very intensively, but further work in certain
directions would be repaid by a clearer understanding of the
plant.

Much could be done, with the help of a growth chamber, on
the factors affecting germination and establishment, but more
important would be their investigation under varying field
conditions. Competition experiments in the field at iloor
House, though difficult to carry out, could confirm many of the
hypotheses advanced in the discussion of ecology in this last
section. There is also a need for long-term observations on

the patches or plants of Juncus squarrosus in small areas which

are subjected to a known grazing pressure; this is in fact
incorporated in the research programme of the Nature

Conservancy at Moor House. A better understanding of the

brevious gatus of the plant would result if Juncus squarrosus
pollen could be distinguished from that of other rushes. The

relationship of Coleophora alticolella and Juncus Sguarrosus

is also of continuing interest, as even after nine years of
observations further combinations of seed production, summer

temperature and initial population size remain to be studied.
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Finally, there is a great need for standard
phytosociological methods to be applied in all the upland
ereas of the British Isles, so that the varied communities
present could be distinguished and accurately described, and
ultimately their approximate extent over the whole country
ascerteined. This would give a much better indication of how
widely any conclusions, e.g. on the spread or value of Juncus

Sguarrosus, made at one locality apply to the uplands of

Britain as a whole.
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SECTION VIII: SUMMARY AND CONCLUSIONS

The autecology of Juncus sguarrosus has been investigated

over a three-yéar period. -Most of the research has been
concentrated on thekMoor House National Nature Reserve, an area
of high-level moorland at the head of upper Teesdale in the
north Pennines.

The plant exists in rosettes, which frequently form marked
patches. Opread into the surrounding vegetation is by 2 lateral
expansion of the new, developing shoots in the spring. Rhizone
growth follows, with annual increments of 0.5 to 2.0 cm. The
vascular and aerating systems are well-developed, allowing
growth under a wide range of soil moisture conditions.

Very large numbers of tiny seeds are produced, which are
dispersed from the capsules by wind. The number of
inflorescences produced, and the number of florets per
inflorescence are dependent mainly on the soil conditions and
the vigour of the rosettes, climate being a secondary influence.
But climate determinés the number of florets that ripen to
form capsules. In average years.a considerable proportion of
the capsules ripen up to 2,000 ft. (610 m.), but in the cool
sun-deficient summer of 1962 only 25% of the florets formed
cgpsules at 1650 ft. (503 m.). At the lower levels attack by

the larvae of the Tineoid moth Coleophora alticolella Zell.

significantly reduces seed production in some years.



In most seasons seed viability is high, though it falls at
| the highest levels. Germination required light, and normally
occurs on the soil or peat surface, but experiments showed that
at 73°F (23°C) slow germination occurred in the dark. By
varying day length and light intensity, it was found that the
effects of light were cumulative.

Seedling establishment is uncommon, except in special
conditions such as at the base of eroding peat mounds, and the
plants normally perpetuate themselves vegetatively. However,
large numbers of dormant viable seeds are present in most
'upland»soils, 80 that colonisation can take place when suitable
conditions occur. Seedling growth is slow; probably five years
elapse between germination and maturity.

In the Moor House area Juncus Squarrosus appears to be

indifferent to soil nutrient status, but it shows some response

to increased nutrient supply. The Juncus sguarrosus communities

were examined phytosociologically and five noda were

distinguished, dependent on the soil type. Festuca ovina and

Lophocolea bidentata are constant associates. The noda are:-

1) the peaty gley nodum, called Juncetum squarrosi sub-

alpinum by other workers. It is the most widespread, and

Deschampsia flexvosa, Aulacomnium palustre, Polytrichum commune

and Calypogeia trichomanis are prominent.

2) the podsol nodum, characterised by Pleurozium schreberi

and the absence of wet-place species. Nardus stricta is
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frequent, and Galium saxatile and Rhytidiadelphus sguarrosus

abundant in this and the next nodum.
3) the species-poor gley nodum, characterised by Agrostis
tenuis and the absence of mor-humus species.
LL) the species-rich gley nodum, in which Nardus and the
broad-leaved grasses have high cover values.
.5) the flushed-peat nodum which is of small extent and
contains base-demanding and hydrophyllic species -

Acrocladium cuspidatum and Mnium punctatum are the most

important.

Evidence is strong that sheep grazing is responsible for
the present state of these communities. Callunetum is thought
to be the climax vegetation of the sites with impeded drainage,
though the immediate effect of the removal of grazing from the

present étands is the spread of Eriophorum vaginatum, or

Festuca ovina and Deschampsia flexuosa, depending on the

moisture status.

Where drainage is free, Juncus squarrosus is never well-

grown, and could not become dominant even under heavy grazing.
On grassy swards of intermediate moisture status, grazing is

favouring the spread of Juncug sguarrosus and Nardus stricta

at the expense of the more nutritious Festuca ovina and

Agrostis tenuis. But Juncus sguarrosus has some nutritionsl

value to the grazing animal, and because grass species are also
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present, stands of Juncus seem preferable agronomically to
Callunetum in the area studied. Therefore the slow spresd of
Juncus in certain of the better swards cannot be considered a

very serious threat to the value of the uplands.
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Appendix l. Juncus sguarrosus reproductive omﬁmmwd% in 1962 and 1963 at the Moor House sites

Site

G fell-top podsol near summit of
Cross Fell, amongst polygons

A peaty podsol over calcareous drift
on Knock Fell

L blanket peat dominated by Erioph.
vaginatum at Rough Sike Head

J recolonisation complex on House
Hill

I initial stage of recolonisation by
Juncus squarrosus on House Hill

C alluvial gley by Moss Burn and
Nether Hearth Sike

E brown earths and podsols on drift
over limestone around Moor House

K blanket peat in Moor House pasture
dominated by Eriophorum vaginatum

H peaty podsol on green slopes below
blanket bog on Sike Hill and Bog Hill

D Leat bank - drift exposed about 200
years ago = gley. by Trout Beck

B alluvial gley at the junction of the
Tees and Trout Beck

F podsols and peaty podsols over
whinsill at Dipper Bridge over Tyne

Altitude No. of Infl./Q.
(feet) Quadrats (1/4 sg.m.)
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- 1 quadrat missed here which had

%Eaten Caps./Infl. %Caps. of Seeds/Q. Seeds/Caps. Year

florets

0 0 0 0 1962
0.001L 0.02 1.3 12 1963

0 0 0 o) 1962
0.12 1.6 1y 7 1963
0.03 0.43 5 5 1962
1.1 19.0 100 9 1963
0.54 5.2 132 12 1962
5.1 L8.8 1963
0.1L 1.8 105 17 1962
5.5 5L..2 A 1963
1.3 9.5 177 11 1962
6.6 60.3 1963
0.25 2.5 26 19 1962
h.8 49.5 1963
0.51 L.3 93 8 1962
6.0 62.1 1963
0.5L 5.7 70 - 10 1962
6.1 51.0 1963
1.45 12.h 99 . 12 1962.
749 58.7 1963
0.25 3,9 70 10 1962
L.O L8.9 1963
7 .09 52.3 115 5 1962
8.7 61.L 1963

very many inflorescences in the previous Vear.



Appendix 2. Reproductive capacity in 1961 on Tees - Cross Fell transect

As no effort was made to collect every inflorescence in a given area, the value for fls./infl. is probably
a little high. With random collection small inflorescences may have been missed. Collected 10:9:61.

A = alluvial soil, E = edge of blanket peat, usually a bpeaty podsol.

Site Altitude DNo. of Average Florets/ % Caps. of Total Seeds Seeds/
(feet) Infl, Height (cm.) Infl. Florets obtained Capsule
Junction of Trout Beck and Tees (= B) 1750 A L8 26 9.0 52 1500 6.6
. 1750 E L8 30 7.8 35 720 5.4
up the Tees 1975 A L1 28 10.8 19.5 320 37
A 1975 E 34 28 11.8 29 560 4.8
at the foot of the final steep rise 2250 A 19 28 17.4 21 250 345
of the Tees 2250 B LO 30 1.7 26 580 Lol
Tees Head 2500 61 25 12.3 L 50 1.6
(27:10:61) L2 27 iLh.7 2.4 100 6.7
S.E. slope of Cross Fell - podsol 2650 2L 20 8.0 0 0 0
‘ - peaty podsol 2725 53 25 10.9 0.04L 15 75
Top plateau, some distance from summit 2900 52 15 6.3 O 0 0
Top plateau, close to summit (27:10:61) 2925 32 17 . 3.7 0.85 5 5



Appendix 3.

Site and Description

S.B. escarpment of Pendle: a steep slope
with a very bouldery soil, probably
recolonised scree. A bracken zone below -
the lower two stations are by a wide track
where treading has kept down the bracken.
Above is a zone of abundant Vaccinium
myrtillus and Festuca

Edge of top plateau: a peaty podsol where
blanket peat passes into scree grassland.

Top plateau: on eroded blanket peat

Top plateau: recolonised area after peat
removal at summit

Altitude

(feet)

1150
1350
1550
1750
1750

1830

Infl./Q.

1/L sg.m.

(21)
23.5

(38)
12.0

(39)
mm‘o

(52)
34.0

(52)
60.5

(57)
55.5

Reproductive capacity results for Pendle Hill in 1961 and 1963, with 95% confidence limits.
Collected in September in both years.

The 1961 inflorescence number is the total collected.

Av . Hei
(cm.
12
16
17

16

18

mﬁﬁ %iaten

33.0
17.0

57.9
T72.2
56.1
3.6

Lo.h
L2.,7

21.3
51.3

52.6
69.4L

Fls./

Infl.

Lh.0+1l.2
7.610.9
momlu_no.u
7+141.8
2.610.7
E.oﬂ.-l.TOOm
L..8+0.9
6.3+0.9
9.0+1.6
7¢310.9
3.7+0.8
5.0+0.9

Caps./ %Caps.of Seeds/ Year

Infl.

L3

WO FH mnmhd 0o HE HH
L]
OW WO ~No o~ vk ®w

Florets

L6.0
23.7

h2.5
21l.1

2743
11.9

L2.6
Lol

10.9
58.L

9.0
60.9

Caps.

1.5

0.6

H_-QIN

1.6

2.8

1961
1963

1961
1963

1961
1963

1961
1963

1961
1963

1961
1963



Date

28: 9:61
1:10:62

1:10:62
26:10:62
27: 9:63
27: 9:63
28: 9:61
27: 9:63

20: 8:62

17: 9:63
5: 9:62

22:10:62

6:11:62

8:11:62

21l: 9:63

Appendix L. Reproductive capacity results for various sites, 1961-1963, with 95% confidence limits.
% infested values are bracketed when it is likely that they are less than the maximum.

Site and Description Altitude No. of %Eaten Fls./Infl. Caps./Infl. %Caps. of %Infested
(feet) Infl. Florets of Capsules
Enclosed pasture opposite Lee House, Tynehead 1L0O 36 22.7 9.1 Lo - 33.4
Hill House rough pasture (base of Coleophora 1450 123 0 15.6+1.02 6.20+0.87 39.8 (1.6)
transect of Durham zoologists)
Dipper (= site F, harvested 11:8:62) 1550 137 0] 13.841.21 6.97+0.87 50.7 (L.1)
Dipper 113 6.00+0.70 9.1
Dorthgill . 1500 53 11.6+0.92 6.8 59.0 1.7
peaty podsol by roadside above the Snead 1650 L3 . 10.1 3¢5 35 1.5k
" " Trvw HNQW-:I.THQOO .ND,:. W@.m Oomm
36 19.5+1.9 8.6 Lh.1 0.65
iron podsol on Jeffrey Fell, Longridge (Lancs.) 700 61 o) 1.9 (3.5)
Calluna with Molinia and Vaccinium myrtillus
108 5.3 11.h 3.3 29.1 9.0
Peaty gley on Tatham Fell (Yorks) near source 1000 20 0 7+8+2.21 3.35+1.08 Lh3,.2 (0)
of Hodder abd. Js with much Polytrichum commune
and some Nardus, Juncus effusus and
Eriophorum vaginatum
Podsol on West side of Buckstones Moss (Yorks). 1050 56 0 8.51+1.47 5.2141.4L 61l.1 3.8
Nardus dominant, some Molinia tussocks and
Vaccinium and Empetrum.
peaty podsol with Nardus and Molinia at Moel 1200 37 18.9 10.341.46 6.70+1.48 6l..9 7.5
Eilio (Caerns.)
enclosed field by Preston-Bolton road over 850 - 62 69.1 6.1+41.81 3.5841.40 59.1 5.9

Belmont at Withnell. Chiefly Nardus, with some
Juncus effusug and Deschampsia f lexuosa.
Molinia tussocks grazed down by cows

podsol near Braemore Lodge (Wester Ross) 900 5 0 12.8+1.31 7.1 55.6 5.7
peaty podsol at Harris End (Lancs.) 530 727 1.%3 11.910.75 .5% =), = - 71,




Appendix 5.

Soil profiles and their nomenclature (after Ragg).

Name

Iron Podsol

Peaty Podsol

Peaty Gley

= peaty gleyed
podsol or gleyed
podsol)

Gley (= non-
calcareous gley)

Brown Earth

Horizon

L and T

H

A

B2 and 3

L and F
H

Bl
B2 and 3

L and F

(= brown forest soil)

Blanket Peat.

L and F
H

A

B2

B3

C
L and F
H
A and B

Description

Partial and undecomposed plant litter.
less than 1Ocm. dark brown or black humus

(mor type).
soil dark above, paler below, not gleyed.
absent or thin and soft.
orange-brown enriched layer, not gleyed.
relatively enriched.
relatively unweathered parent material.

dark brown or black raw humus from 5 to
100cm. thick. .

soil dark above with humus incorporated,
paler below with signs of gleying.

thin iron pan, sometimes hard.

brighter layers with sesquioxide enrichment;
no signs of gleying.

relatively unweathered parent material.

dark brown or black raw humus from 5 to
100cm. thick.

dark above, paler below; gleyed throughout,
sometimes with ochreous mottling.

absent or soft.

dark-coloured and gleyed.

parent material but still gleyed.

g trace or absent.

dark gleyed mineral layers, with moder
humus above, paler below; has no free
calcium carbonate.

dark gleyed mineral layers.

parent material with original colour more
apparent, still gleyed.

a trace or absent.

crumby, brown with moder humus 1ncorporated

brighter brown with some sesquioxide
enrichment.

less brown, nearing parent material in
colour.

relatively unweathered parent material.

over 100cm. (1 ft.).
waterlogged.



Appendix 6.

Notes about the plant tables.

Cover values shown in the tables are according to the Domin scale thus:-

cover about 100%

cover more than 75%

cover 50-75%

cover 33-50%

cover 25-33%

abundant, cover about 20%
abundant, cover about 5%
scattered, cover small

ve. scattered, cover small
scarce, cover small
isolated or depauperate.

- =
M DWWV O OO0 O

McVean and Ratcliffe do not use the last category x in the Scottish
Highland list, but use + for species occurring just outside the
quadrat. These have not been noted at Moor House.

Quadrat size:

the Moor House quadrgts are all 50 x 50 cm. except for
3 large ones, of Llm.< in each nodum. :

the Scottish Highlend quadrats are all hm.2 except for
the following:-

Table 6.11, list 1 is 10m.°
5, 6 are 2me

6.13, list 1 is 8m.
2 is 2m.

the Carneddau quadrats are all of 25 x 25 cm., but
different numbers have been taken to get the average
cover value thus:-

Table 6.11 -~ 4O guadrats
6.12 - 20 gquadrats, except lists 1 and 4
which are 10,
20 quadrats
20, 20 and 25 quadrats respectively.

6.13
6.19

Species delimitation:

Inzula campestris includes L. multlflora and L. campestris.

Epilobium anagallidifolium includes what has been called

L. palustre elsewhere, since the Moor House plants

resemble E., palustre but authorities have named them
E., anagallidifolium.




Appendix 6
(contd.)

to keep down table size Sphagnum species have been
aggregated according to the plan in Dixon (192hL)
Student's Handbook of British Mosses. Thus
S. plumulosum includes 8. acutifolium, S. capillaceun,
S. girgensohnii, S. nemoreum, S. guinguefarium,
S. rubellum, S. russowii.

S. sguarrosum includes S. teres

S. subsecundum includes S. auriculatum and
S. contortum

Species nomenclature is from:-

flowering plants -~ Clapham, A. R.3 Tatin, T. G., and Warburg,

BE. F. (1962 Flora of the British Isles.
Cambridge.
mosses - Watson, E. V. (1955) British Mosses and

Liverworts. Cambridge.

liverworts ~ MacVicar, S. M. (1926) The Student's
Handbook of British Hepatics. 2nd
edition. Eastbourne.

Watson, W. (1953) Census Catalogue of
British Lichens. Cambridge.

lichens

The species in the tables of section 6 have been divided into
the following groups:-

grasses, sedges and rushes
other vascular plants, including ferns, horsetails and
clubmosses

mosses
liverworts
lichens



Appendix 7.

Locations of the Scottish Highland lists

Table Community Location

6.11  spp-poor Js 1-3,5-7 Ben Lawers, Perthshire

. Sgurr a' Chaorachain, Monar Forest, Ross.
Allt Slanaidh, Glen Tilt, Perthshire
E'Bhuid—heanach Laggan, Inverness shire
Creag Meagaidh, Laggan
Meall Horn, Reay Forest, Sutherland
Sgurr na Feartaig, Achnashellach, Ross.
Ben Lawers, Perthshire
Ben Lawers, Perthshire
Allt Slanaidh, Glen Tilt, Perthshire
Ben Lui, Argyll
Carn Gorm, Glen Lyon, Perthshire
Inverinain Burn, Glen Lyon
Cairn Derg, Glen Clova, Angus
Corrie Burn, Clova, Angus
Braedonie, Clova, Angus
Glen Fiadh, Clova, Angus
Inverinain Burn, Glen Lyon, Perthshire
Ben Lui, Argyll
Carn Gorm, Glen Lyon, Perthshire
Sgurr a' Ghlas Leathaid, Strath Bran,

Ross.
Meall na Samhna, Glen Lochay, Perthshire
Glas Maol. Perthshire
Sgurr na Laparch, Glen Cannich,
Inverness—-shire
Carn an Tuirc, Glen Clunie,Aberdeenshire
Ben Lui, Argyll
Sgurr nan Ceannaichean, Achnashellach,
Ross.

(@]

6.12 Js bog

1
N

6613 spp-poor Ns
6 olLl- " tt

spp-rich Ns

6.15 spp-rich Js

6.16 Carex-Sax.

Hypno-~Caric.
alpinum

Milton of Clova, Argyll
Inverar, Glen Lyon, Perthshire

Je.acuti-Acro.

spp~rich Ns Creag Meagaidh, Perthshire
spp=-poor Ns Mullach na Maorle, Glen Cannich,
Inverness=shire
Beinn Tarsuinn, Letterewe, Ross.
Sphagno-Carie Moulzie Burn, Clova, Angus
sub-alpinum Glen Markie, Monadhliath,Inverness-shire
Carn Gorm, Glen Lyon, Perthshire
Meall Ghaordie, Breadalbane, Perthshire
Beinn Enaiglair, Inverlael, Ross.
- Abernethy Forest, Inverness-shire
alpinum Meikle Kilrannoch, Clova, Angus
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Js bog A'Bhuidheanach, Laggan, Inverness-shire
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Ben Klibreck, Sutherland

Eididh nan Clach Geala, Inverlael
Forest, Ross.

Beinn Enaiglair, Braemore, Ross.

Beinn Odhar Mhor, Glen Finnan, -
Inverness-shire

Allt a' Chonais, Achnashellach, Ross.

Creag Meagaidh, Laggan, Inverness-shire

Flonehra, Isle of Rhum

A11t a'Mhudaidh, Fannich Forest, Ross.

Beinn Odhar Mhor, Glen Finnan,
Inverness-shire

Coire Chuirn, Drumochter,Inverness-shire

Beinn Eighe, Ross.

Creag Meagaidh, Laggan, Inverness-shire

Beinn Evnaich, Dalmally, Argyll

Beinn Fhada, K1nta11 Ross.,

Carn Ban, Freevater Forest Rosse.

Druim Cholozie, Glen Murck, Aberdeenshlre

Glen Markie, Monadhliath, Inverness -shire

Markie Burn, Monadhliath

Mullach na Maoile, Glen Cannich,
Inverness-shire

Glen Markie, Monadhliath,Inverness-shire

Glen Banchor, Inverness—shire

White Haugh, Clova, Angus

Sgurr Dubh, Coulin, Ross

Beinn Enaiglair, Braemor, Ross.



