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ABSTRACT 

Studies i n the autecology o f Juncus squarrosus L. have "been made 
over a three-year p e r i o d , mainly i n the area of h i g h - l e v e l moorland 
at the head of Teesdale i n the n o r t h Pennines. 

The morphology and anatomy of the p l a n t are described, and an 
account i s given of the form of the communities. Annual increments 
i n rhizome growth of 0.5 to 2.0 cm. were recorded. 

About 20 s i t e s were examined p h y t o s o c i o l o g i c a l l j t Five noda were 
d i s t i n g u i s h e d , namely the peaty gley, the podsol, the species-poor 
gley, the s p e c i e s - r i c h gley and the flushed-peat noda. The 
reproductive capacity was measured at 12 of these s i t e s . IVhere 
Juncus i s dominant up to 8,000 seeds can be produced per square 
metre. Production i s lower on well-drained s o i l s , the number of 
f l o r e t s per inflorescence being l e s s , and when a smaller p r o p o r t i o n 
of f l o r e t s r i p e n t o form capsules. I n average years 50% of the 
f l o r e t s r i p e n at heights up to 1800 f t . (550 m.). Larvae of the 
moth Coleophora a l t i c o l e l l a eat the seeds at the lower l e v e l s , and 
changes i n i t s population size have been followed. 

Seed v i a b i l i t y i s u s u a l l y high, but experiments showed tha t 
germination requires l i g h t at the normal f i e l d temperatures. 
Seedling establishment was found t o be uncommon, though large 
numbers of dormant v i a b l e seeds are present i n the s o i l . 

Various observations are described which provide information on 
the ecology of Juncus squarrosus. Sheep grazing i s held responsible 



f o r i t s present widespread occurrence, and a slow spread w i l l 
continue i n c e r t a i n of the "better grasslands i f the grazing pressure 
i s maintained. But t h i s cannot be considered a serious t h r e a t to 
the value o f the uplands as the p l a n t has some n u t r i t i o n a l value, 
and most stands contain a considerable p r o p o r t i o n of grass. 
Callunetum, the climax vegetation, i s of less value agronomically 
i n the area studied. 
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1.1 

SECTION I : INTRODUCTION 

Juncus squarrosus i s a p l a n t mentioned frequently i n the 

l i t e r a t u r e , but there has been no attempt to draw the information 

together into an a u t e c o l o g i c a l account previous to t h i s t h e s i s . 

The genus as a whole, and s e v e r a l of the species have been 

desc r i b e d i n the B i o l o g i c a l P l p r a of the B r i t i s h I s l e s by 

Richards and Clapham (19U1 and lSk3)• P e a r s a l l a l s o , has 

gathered information on Juncus squarrosus. and gave a short 

paper a t a B r i t i s h E c o l o g i c a l S o c i e t y meeting i n IShS, besides 

i n c o r p o r a t i n g much into the New N a t u r a l i s t volume. Mountains 

and Moorlands, 1950« 

According to C l a r k e (1900), the f i r s t record of the species 

i n B r i t a i n i s given i n Parkinson's H e r b a l l of 16U0 - 'on a high 

h i l l i n Wales c a l l e d Bewrin, i n sundry wet and moorish groundes 

i n many p l a c e s thereabouts' . The name i s that given by Linnaeus 

i n the Species Plantarum ( E d i t i o n I , p. 327)> and has been i n 

use ever s i n c e . Moor rush i s the current E n g l i s h name f o r the 

p l a n t , but stool-bent i s u s u a l i n farming l i t e r a t u r e , and Winch 

i n 1805 gave goose corn and moss rush. 

Taxonomically, Juncus squarrosus i s near-constant i n i t s 

c h a r a c t e r s throughout i t s whole range, though varying i n s i z e 

according to h a b i t a t , and i t i s sharply d i s t i n c t from other 

r u s h e s . The only v a r i e t y that I have discovered i n the 

l i t e r a t u r e , and a f t e r searching through herbarium m a t e r i a l i n 
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the B r i t i s h Museum, i s one with long f l a c c i d l e a v e s , and pale 

p e r i a n t h segments. T h i s was recorded by Hubbard and Sandwith 

(1928) as a new s p e c i e s (Juncus e l l m a n i i Hubbard, Sandwith and 

T u r r i l l ) from Spain, but s i m i l a r p l a n t s have been c o l l e c t e d a l s o 

from Bampton i n Westmorland and Foss i n P e r t h s h i r e . On r e 

examining the Bampton l o c a l i t y , I found abundant Juncus 

squarrosus, but a l l was of the normal form. Lttve and. L{Jve 

reported (1914-8) a chromosome number of 2n=l+0, as i n Juncus 

a c u t i f l o r u s . conglomeratus and e f f u s u s , and t h i s has been 

confirmed subsequently. 

Juncus squarrosus i s foxind i n most of Europe, having an 

A t l a n t i c d i s t r i b u t i o n . I t extends south to the Alps and the 

mountains-of S. Spain, with an i s o l a t e d occurrence i n Morocco, 

and e a s t to the Dnieper i n W. R u s s i a . I t occurs as f a r north 

as S. Greenland, and i s a l s o found i n I c e l a n d and Scandinavia, 

e s p e c i a l l y i n the western oceanic a r e a s . 

Though recorded from 109 of the 112 v i c e - c o u n t i e s of 

B r i t a i n , and a l l 1+0 I r i s h v i c e - c o u n t i e s (Clapham, T u t i n and 

Warburg, I 9 6 2 ) , the s p e c i e s i s abundant only i n northern and 

western B r i t a i n and I r e l a n d , as shown by the d i s t r i b u t i o n map 

i n the A t l a s of the B r i t i s h F l o r a ( I 9 6 2 ) . I n S. E . B r i t a i n i t 

i s confined to areas of s t r o n g l y a c i d i c s o i l , e.g. the Weald 

c l a y s and sands, and the Bagshot sands of the New F o r e s t . There 

i s no a l t i t u d i n a l l i m i t to i t s range i n B r i t a i n , as i t i s found 

up to the tops of the highest mountains wherever s o i l conditions 
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are s u i t a b l e . I t occurs p l e n t i f u l l y i n rough grasslands, moors 
and bogs, being the dominant species i n some communities, though 
scarce i n others. These three vegetations are together classed 
as rough grazings, which i n 193h were estimated by the Natural 
Resources (Technical) Committee to amoxint to 16,200,000 acres 
(6,556,000 ha) i n England, Scotland and Wales. As t h i s i s over 
one t h i r d of the t o t a l area of land a v a i l a b l e to a g r i c u l t u r e i n 
B r i t a i n , i t i s c l e a r t h a t Juncus squarrosus i s of considerable 
importance to the a g r i c u l t u r a l i s t . 

To iinderstand f u l l y the i n t e r r e l a t i o n s of the c o n s t i t u e n t 
p l a n t s and animals of these communities, and how the communities 
themselves i n t e r a c t , i t i s necessary to know the autecology of 
the more important species present. The work described i n t h i s 
t h e s i s w i l l help t o answer such questions as:- Why i s Juncus 
squarrosus present on t h a t h i l l slope but not t h i s ? I s Juncus 
souarrosus l i k e l y to spread here? What fronction has Juncus 
squarrosus i n t h i s ecosystem? I s i t of b e n e f i t t o man f o r 
Juncus squarrosus t o grow there? P u l l answers are not possible 
t i l l the autecology o f the other species i s known, and 
synecological work has been done on how they compete w i t h , 
a s s i s t , or provide food f o r each other. But a knowledge of the 
l i f e processes of the p l a n t goes a long way towards exp l a i n i n g 
i t s d i s t r i b u t i o n , s t a t u s and p o t e n t i a l i n our rough grazings. 

Most of the work described i n the t h e s i s has been done i n 
the area of h i g h moorland at the head of Teesdale i n the N. 
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Feimines, c h i e f l y i n the Moor House Nat i o n a l Nature Reserve, 
which i s i n N. E. Westmorland t o the south of the r i v e r , and 
which a l s o extends down the western escarpment of the f e l l s . 
A map o f the area i s given i n F i g . 1.1. A considerable amount 
of research has been done on the Reserve, g i v i n g r i s e to many 
p u b l i c a t i o n s , w i t h the r e s u l t t h a t there i s a good background 
knowledge to the environment. 

The climate i s severe, having been described by Manley 
(19U3) as broadly resembling t h a t of S. Iceland, w i t h strong 
winds, low siamner maximum temperatures, f r o s t s i n any month, 
and long periods of snow-lie i n w i n t e r . Recent 10-year 
averages ( M i l l a r , 196U) f o r the Moor House meteorological 
s t a t i o n at 18l!.0 f t . (56O m.) O.D. are :- ye a r l y mean temperature 
Il-l.S*'?. (5.3°C.), mean of warmest month, J u l y 51.9**P. (11.1°C.), 
r a i n f a l l 7h i n . (I877 mm.) and snow cover 55 days. 

The geology o f the area has "been described i n a monograph 
by Johnson and Dunham (I963). Most of the rocks belong to the 
Yoredale Series of the Carboniferous, g i v i n g sandstone, shale 
and limestone outcrops, and are u s u a l l y covered i n g l a c i a l c l a y . 
Thus there i s a v a r i e t y of s o i l types, and w i t h a range of 
a l t i t u d e from about 1,000 f t , (305 m.) to 2,930 f t . (893 m.) on 
the summit of Cross P e l l , t h i s gives r i s e to a range of Jimcus 
sauarrosus communities f a i r l y representative of those i n a l l 
B r i t a i n . 

Cragg (1961) sximmarises work on in v e r t e b r a t e p opulation 
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numbers by z o o l o g i s t s who have taken Juncus squarrosus as one 
community type. Studies on the Tineoid moth Goleophora 
a l t i c o l e l l a Z'.ell, are p a r t i c u l a r l y r elevant to the autecology 
of Juncus squarrosus. Among the b o t a n i c a l work has been a 
r e p o r t (Welch and Rawes, 196i|) on the changes f o l l o w i n g the 
exclusion of sheep from upland grasslands i n c l u d i n g a Juncus 
squarrosus community. Thus the t h e s i s f i t s i n t o the general 
p a t t e r n o f research done at Moor House i n t o upland land-use, 
and process i n upland communities, and has been helped by 
r e s u l t s already a v a i l a b l e . 

Apart from the i n t r o d u c t i o n and the concluding discussion 
and summary, the m a t e r i a l i n the t h e s i s has been divided i n t o 
s i x s e c t i o n s , each concerned w i t h a p a r t i c u l a r subject. Each 
se c t i o n has been given i t s own paging, w i t h the section number 
p r e f i x e d ; t h i s has also been done w i t h tables and f i g u r e s . 

Following t h i s i n t r o d u c t i o n , numbered as section 1, there 
i s a short second section describing the morphology and anatomy 
of the p l a n t . A longer t h i r d section i s concerned w i t h 
reproductive capacity, and includes i n f o r m a t i o n about seed 
di s p e r s i o n and v i a b i l i t y . Germination and the f a c t o r s 
c o n t r o l l i n g i t are the subjects of section while section 5 

gives an account of the establishment of the seedlings and the 
growth forms of the p l a n t . A f u l l d e s c r i p t i o n of the 
communities i n which Juncus squarrosus i s found f o l l o w s i n the 
next s e c t i o n on phytosociology. 
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I n s e c t i o n 7, the ecology of Juncus-squarrosus i s described, 
and i t s value discussed. I n recent l i t e r a t u r e , i t has been said 
t h a t Juncus souarrosus i s spreading i n the B r i t i s h uplands 
because of poor grazing management, es p e c i a l l y overgrazing, and 
t h a t t h i s i s d e t r i m e n t a l to the q u a l i t y of the grazings. These 
statements, which were a stimulus t o making the study, are 
examined and f u r t h e r defined. 

F i n a l l y , i n s e c t i o n 8 there i s a b r i e f summary and f u l l 

b i b l i o g r a p h y . 
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SECTION I I : MORPHOLOGY AND ANATCMY. 

A) Morphology 

The morphology of the rhizome and roots of Juncus 

squarrosus i s w e l l described by Heath and Luckv/ill (1938). 

A dense covering of o l d l e a f bases conceals the sympodially 

branched rhizome, which grows h o r i z o n t a l l y at a depth of about 

2 cm., much of t h i s being due to the l i t t e r of i t s own l e a v e s . 

The rhizome growth follows a forward expansion of the shoots -

there i s no pen e t r a t i o n of the s o i l by the terminal bud of the 

rhizome. The annual growth increment i s between 1 and 2 cm., 

depending on the s o i l and the amount of competition from other 

s p e c i e s . The rhizome i s from 6-12 mm. i n diameter. I t tv; i s t s , 

s i n c e the terminal bud of the f r o n t shoot which produces the 

rhizome forms the i n f l o r e s c e n c e , and growth i s continued by one 

or more l a t e r a l buds. 

The roots are of. the cord type, at f i r s t white, but 

becoming l i g h t brown with a wrinkled surface l a t e r i n the 

season. They tend to grow v e r t i c a l l y downwards, with l i t t l e 

l a t e r a l spread. They probably die a f t e r a year, but remain i n 

the s o i l f u n c t i o n i n g as a holdfast f o r s e v e r a l more years. 

Most roots are w i t h i n the top 10 cm. of the substratum. Heath 

and L u c k w i l l g i v i n g a working depth of 2.5-9 cm., and a 

maximum depth of 27 cm.; t h i s agrees w e l l with my observations 

at Moor House. Short l a t e r a l r o o t l e t s occur s p a r i n g l y on the 
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younger cord r o o t s , and root h a i r s 1 - 3 mni. long form a dense 
weft (though sparser i n very wet conditons) around the r o o t s , 
which are 2 - 3 mm, i n diameter when mature. 

The leaves are r a d i c a l , except f o r one subtending the 
in f l o r e s c e n c e , and are borne i n several shoots which together 
form the r o s e t t e s , ( I t must be mentioned th a t Kershaw and 
T a l l i s (1958) use shoot i n the d i f f e r e n t sense of describing 
a l l the growth i n i t i a t e d i n one y e a r ) . I n favourable places, 
where there i s also rank growth of other species, e.g. wet 
f l u s h e d peat, the leaves may reach a l e n g t h of 25 cm., but they 
are mainly 5 - 15 cm. l o n g . They u s u a l l y r e f l e x sharply above 
the sheathing base, and tend to grow out above the surrounding 
t u r f , as shown i n P l a t e 2, but where growth i s dense, the 
leaves are f o r c e d upwards, sometimes t o a v e r t i c a l c y l i n d e r 
open at the t o p . The leaves are 1 - 2 mm. wide, subulate, 
deeply channelled and f a i r l y r i g i d . 

I n the shoots, there are from 2 t o 8 leaves, borne i n two 
opposite ranks, w i t h the basal sheaths e n f o l d i n g around each 
other. Each autumn one or two of the most forward of the 
summer's shoots, l a t e r a l t o the c e n t r a l shoot which has 
produced the i n f l o r e s c e n c e , become d i f f e r e n t i a t e d . These are 
designated f r o n t shoots, and u s u a l l y have eight l a r g e leaves, 
( P i g s . 2.1 and 2.2) enclosing buds and t i n y leaves i n t h e i r 
centre at the base. These terminate a l a t e r a l development 
( f o r w a r d and downward) of the rhizome. 
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2.3 

The buds and t i n y leaves grow out r a p i d l y next s p r i n g , and 
up to eight l a t e r a l shoots can develop from one f r o n t shoot. 
I n d i v i d u a l leaves grow f o r about two months, only extending a 
l i t t l e a f t e r t h i s , but throughout the summer more and more 
leaves grow out from i n s i d e the sheathing shoot bases. The 
inflorescences appear from May to J u l y , depending on the 
a l t i t u d e and exposure, and the culms r a p i d l y elongate t o the 
height of 15 - k3 cm. Each f r o n t shoot u s u a l l y gives r i s e t o 
one i n f l o r e s c e n c e , but no inflorescence develops i f the shoot 
i s weak or i n unfavourable c o n d i t i o n s . 

At f i r s t , only three shoots are apparent inside the f r o n t 
shoot ( F i g . 2 .3 ) . The l a t e r a l s are borne i n the a x i l s of the 
youngest ( i n s i d e ) leaves of the previous season, and contain 
two or f o u r leaves. On t h e i r i n s i d e , separating them from the 
c e n t r a l shoot, are two short membranous b r a c t s . The c e n t r a l 
shoot isaabtended by two leaves, and contains about eight small 
leaves, but there i s no sign of the inflorescence at t h i s stage. 

As i t grows, the c e n t r a l shoot expands, f o r c i n g one of the 
l a t e r a l shoots forward out of the r e s t r i c t i o n of the two ranks 
of l a s t year's leaves ( P i g . 2.U). The c e n t r a l shoot also tends 
t o move or grow forward, l e a v i n g the two ranks of f o u r leaves at 
the back of the season's growth ( F i g . 2.1). I t i s i n t h i s way 
t h a t the p l a n t moves forward through the s o i l and competing 
species. 
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The break-out from l a s t season's leaves allows adventitious 
r o o t s t o grow out from the young shoot bases. They extend 
r a p i d i y down i n t o the s o i l ( t h e young roots averaged 10 cm. i n 
le n g t h i n mid-June, I963 when the inflorescences began to appear 
at Moor House, and some had reached 15 cm. A l l had abundant 
r o o t h a i r s ) . I t may be t h a t the formation of the inflorescence 
and next year's f r o n t shoots depends on the supply of n u t r i e n t s 
which these young r o o t s feed i n t o the p l a n t from ground which i t 
has p r e v i o u s l y not e x p l o i t e d . Perhaps t h i s i s the explanation 
of the l a t e s t a r t of inflorescence growth. C e r t a i n l y i t i s the 
s t r e n g t h of the o l d leaves which causes growth to be r e s t r i c t e d 
to a r e l a t i v e l y narrow arc forward. 

There next occurs a separation of two more l a t e r a l shoots 
w i t h i n the c e n t r a l shoot, subtended by i t s two outer leaves. 
These two leaves are arranged at r i g h t angles to the two basal 
leaves which subtended the f i r s t l a t e r a l shoots, g i v i n g the 
appearance of decussate growth ( P i g . 2,5), but i t i s probably 
a modified s p i r a l arrangement. Again a short clear bract 
separates the l a t e r a l from the c e n t r a l shoot. At t h i s time 
the inflorescence r a p i d l y grows up and two or f o u r f u r t h e r 
shoots may be produced i n s i d e the c e n t r a l shoot. The f i n a l 
culm i s ensheathed by two leaves, one f o r only a short distance 
above i t s base. 

Thus by r a p i d growth a s i n g l e f r o n t shoot produces i n one 
season a s i n g l e inflorescence and a group of shoots around i t , 
one or more of which w i l l have become f r o n t shoots by next 
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autumn, ready to repeat the process next season. 
Further growth also occurs i n one-year o l d shoots, young 

leaves growing out from the centre. Last year's leaves are 
s t i l l p hotosynthetic during the next summer, being a darker 
green, but they t u r n brown i n t h e i r second autumn. Occasionally 
leaves may be produced i n s i d e a shoot i n i t s t h i r d summer 
( P i g . 2 . 6 ) , but only r a r e l y do these l a t e r a l shoots, l e f t 
behind by the forward growth of the f r o n t shoots, give r i s e to 
inflorescences or branch to form new shoots. 
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B ) Anatomy 

A knowledge of the anatomy of a p l a n t throws l i g h t on i t s 
competitive a h i l i t y and h a b i t a t requirements. Whilst much has 
heen w r i t t e n on the anatomy of Juncus squarrosus. e s p e c i a l l y 
hy mid-Europeans, t h i s i s not r e a d i l y a v a i l a b l e . Therefore a 
short d e s c r i p t i v e account, together w i t h a few diagrams, are 
here presented, i n order t o show several features which are 
important i n determining the ecology of Juncus squarrosus. 

The account has been divided to p a r t s dealing w i t h the 
r o o t , rhizome and inflorescence stem, and the l e a f . 

The Root 

A sizeable d e s c r i p t i o n i s given by F r e i d e n f e l t ( 1 9 O I ; ) , 

together w i t h an i n t r o d u c t o r y section on the anatomy of the 
Juncus genus. Around a strong c e n t r a l s t e l e , there i s a 
system of l a r g e a i r spaces - see P i g . Zif. They form p a r t of 
an a e r a t i n g system coming down from the leaves, the 
'durchluftung', The r a t i o of r o o t t o vascular c y l i n d e r diameter 
i s 3 « 5 , as opposed t o l!..i|.„in J. effusus. 5 . 3 i n J. biglumis 
and t r i g l u m i s ( P r e i d e n f e l t ) . Thus Juncus squarrosus has a 
greater amount of t i s s u e devoted t o water conduction, and less 
to a e r a t i o n , than i n these species, and c o r r e l a t e d w i t h t h i s 
i s i t s greater a b i l i t y t o withstand drought. 

The root h a i r s are well-developed, forming a f e l t over 
the r o o t surface. Their walls become' brown and t h i c k , and 
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Raunkiaer ( 1 8 9 5 ) says thehairs have a long l i f e , g i v i n g the 
p l a n t a f i r m h o l d i n the s o i l . The exodermis c e l l s also have 
t h i c k w a l l s . I n r o o t s of the higher orders, the epidermis has 
l a r g e r , t h i n - w a l l e d c e l l s , but i t i s soon discarded. The h a i r s 
i n these roots are absorbing, having f a i r l y t h i n w a l l s . 

The cortex contains about t e n rows of c e l l s . They collapse 
du r i n g the formation of the a i r spaces, and become pressed 
together i n t o inner and outer l a y e r s . This occurs some distance 
back from the r o o t - t i p s , during the f i r s t season. Radial 
p a r t i t i o n s are l e f t , d i v i d i n g up the a i r spaces. 

An endodermis of t a l l , very t h i c k - w a l l e d c e l l s ( P i g . 2 . 8 

and 2 i 9 ) surrounds the c e n t r a l c y l i n d e r . This contains about 
10 l a r g e vessels around a p i t h of very t h i c k - w a l l e d f i b r e s . 
Outside i s a t h i n zone of u n l i g n i f i e d c e l l s , containing the 
phloem. I n the f i n e r r o o t s there are fewer vessels, the 
cortex consists of fewer l a y e r s of c e l l s , but the endodermis 
i s s t i l l present. 

The Rhizome and f l o w e r i n g Stem 

The general s t r u c t u r e o f the rhizome i s shown i n P i g . 2 . 1 0 , 

w h i l s t P i g . 2 . 1 1 gives drawings of some of the c e l l s . The 
epidermis and suberised c e l l l ayers below are much broken. I n 
the cortex parenchyma are a i r canals, much smaller than the a i r 
spaces i n the r o o t , and numerous vascular bundles, which run 
t o the a d v e n t i t i o u s r o o t s . There i s a d i s t i n c t endodermis 
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around a large c e n t r a l area co n t a i n i n g many vascular bundles i n 
a parenchymatous ground t i s s u e . 

I n the f l o w e r i n g stem, as described by Blau (1901+), the 
epidermis w a l l s are s t r o n g l y thickened, e s p e c i a l l y on the 
out s i d e . Some storaata are present. Below are three t o f o u r 
rows ofpalisade c e l l s . The aerating c e l l s are only weakly 
developed amongst the cortex parenchyma. The c e n t r a l c y l i n d e r 
i s formed by a t h i c k r i n g of sclerenchyma, containing the 
vascular bundles, i n s i d e which i s a large p i t h . 

The L e a f 

A considerable amount has been w r i t t e n about the evol u t i o n 
of the l e a f i n the Juncaceae, and several workers i n c l u d i n g 
Adamson ( 1 9 2 5 ) and P e i s l ( 1 9 5 7 ) have discussed the s t r u c t u r e of 
the l e a f of Juncus squarrosus as p a r t of the series leading to 
the c i r c u l a r type of l e a f as found i n J. effusus. Blau (1901+) 

also gives a f u l l d e s c r i p t i o n . 
Near i t s base the l e a f has a b i f a c i a l s t r u c t u r e w i t h a 

broad channel i n the adaxial surface. Passing upwards, the 
l e a f becomes narrower and t h i c k e r , and close to the t i p the 
a d a x i a l surface, which has no bundles below, forms only a 
quarter of the apparent upper surface (Adamson). 

The upper epidermis has large swollen c e l l s which are 
t h i c k - w a l l e d , as are the c e l l s of the lower epidermis. I n the 
middle of the l e a f channel there are only three or f o u r rows 
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of t h i n - w a l l e d hypodermal c e l l s separating a large f l a t t e n e d 

a i r canal from the epidermis ( P i g . 2 . 1 2 ) , but chlorenchyma i s 

below the epidermis throughout the r e s t of the l e a f . Stomata 
2 

at 300 per mm are more numerous than i n many Juncus spp. 
according to Blau. 

There are two rows of vascular bundles, arranged i n a 
broad U, which becomes more closed towards the l e a f t i p . 
Between the bundles there are aerating canals, formed by l a r g e 
t h i n - w a l l e d parenchyma c e l l s . The vascular bundles ( P i g . 2 . 1 3 ) 

are. surrounded by a d i s t i n c t endodermis, and have large caps 
of f i b r e s at both ends. I n s i d e the xylem and phloem have the 
usual monocotyledon arrangement. 

At each corner o f the l e a f there i s a f u r t h e r group of 
f i b r e s . The o v e r a l l e f f e c t i s t o make the l e a f very strong, 
and thus x e r o p h y t i c , being r e s i s t a n t t o w i l t i n g , and very 
tough, and thus not p a l a t a b l e to grazing animals. 

Conclusions 
Juncus squarrosus can grow i n a wide v a r i e t y of h a b i t a t s , 

ranging from dry to completely waterlogged, as i t s s t r u c t u r e 
incorporates the necessary adaptations f o r growth under thes-e 
d i f f e r e n t c o n d i t i o n s . The abundance of sclerenchyma and the 
t h i c k w a l l s of the epidermis c e l l s make the a e r i a l p a r t s 
r e s i s t a n t to drought, w h i l s t the aerating system makes the 
r o o t s independent of ground water f o r gaseous exchange. 
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However, as w i l l be discussed l a t e r i n the t h e s i s , Juncus 
squarrosus does not grow f a s t and can withstand l i t t l e 
c o m p e tition. 
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SECTION I I I . REPRODUCTIVE CAPACITY. 

The t o p i c s dealt w i t h i n t h i s section are the production 
of seeds, t h e i r d i s p e r s a l and the number that germinate. A 
knowledge of these values, and how they are af f e c t e d by h a b i t a t 
and c l i m a t e , i s very necessary t o the understanding of how the 
species maintains i t s e l f and spreads to new l o c a l i t i e s . The 
seed production and germination %s were found f o r a v a r i e t y of 
community types, many of the s i t e s being used i n the 
p h y t o s o c i o l o g i c a l analysis described i n section 6 . 

A) SEED PRODUCTION 

The seed production of a p l a n t i s c o n t r o l l e d by fou r of 
i t s a t t r i b u t e s : -

1 ) The number of inflorescences produced. 

2 ) The number of f l o r e t s on the inflorescences. 
3 ) The number of f l o r e t s t h a t r i p e n t o f r u i t s (capsules). 
1+) The number of seeds i n the capsules. 
Since Juncus squarrosus i s u s u a l l y one of the more 

prominent p l a n t s i n a sward, the t o t a l area i t occupies i n a 
place can be found more e a s i l y than the number of p l a n t s , and 
i t was therefore thought u s e f u l to r e l a t e seed production to 
area. Furthermore, t h i s avoids d i f f i c u l t i e s due t o the 
u n c e r t a i n t y of deciding what i s a shoot or p l a n t of Juncus 
squarrosus. 
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Each a t t r i b u t e was measured, to s i n g l e out the ways i n 
which the d i f f e r e n t f a c t o r s l i m i t seed production. Also i t 
was hoped tha t entomologists, working on the moth Coleophora 
a l t i c o l e l l a Z e l l . , would f i n d the data u s e f u l , and some of 
t h e i r previous data are incorporated i n t o the present r e s u l t s . 
The larvae of t h i s moth i n f e c t the capsules of Juncus 
squarrosus, e a t i n g the r i p e n i n g seed. 
Methods 

The l/h SC3.. m. quadrats used i n the p h y t o s o c i o l o g i c a l 
r e c o r d i n g were l e f t marked by stakes, so that the inflorescences 
could be c o l l e c t e d when the capsules had ripened. This 
procedure was adopted t o prevent bias i n the r e s u l t s caused 
by s e l e c t i o n of areas of Juncus squarrosus when the 
inflorescences were v i s i b l e . S i t i n g o f the quadrats was 
necessary f o r the measurement of the inflorescence production 
per u n i t area. Otherwise the v a r i a b l e amounts of other 
communities included i n the quadrat would cause large v a r i a t i o n , 
and r e s u l t i n the inflorescence density being lower than i n the 
Jirncus squarrosus community. I f more and l a r g e r quadrats were 
cast at. random, the numbers of f l o r e t s , capsules and seeds 
would be q u i t e unmanageable. 

Inflorescences were c o l l e c t e d from 20 quadrats at each 
s i t e , a harvest being taken from a second quadrat alongside 
each of the 10 marked quadrats used i n the p h y t o s o c i o l o g i c a l 
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r e c o r d i n g . A b r i e f d e s c r i p t i o n of the s i t e s i s given i n 
Appendix 1, and t h e i r l o c a t i o n s are shown on P i g . 1.1. 

The f i r s t harvests were taken at the lowest s i t e (Dipper 
P) on 11th August, 1962, and 23rd August, I963. The t i m i n g was 
determined by the need to avoid l o s i n g any seeds due t o dispersal 
before harvest by s p l i t t i n g of the capsules, and the need to 
allow development to continue as long as possible. This i s a 
source of e r r o r i n the r e s u l t s at the lower a l t i t u d e s , f o r seed 
development would normally be going on a f t e r the more mature 
capsules had s p l i t , and the seeds had been dispersed. I n 1962 
f l o r e t s were s t i l l showing anthers at the Moor House l e v e l 
(I85O f t . ) i n e a r l y September, and very few capsules had formed. 
B e t t e r weather at the end of the month and i n early October 
speeded r i p e n i n g , and a l l the other s i t e s were harvested between 
October 9th and 17th. I n 1963 r i p e n i n g proceeded more r a p i d l y 
and most s i t e s were harvested by September 13th; the f i n a l two 
on the f e l l tops on October 2nd. 

Besides these harvests i n predetermined areas of a f i x e d 
'size, c e r t a i n others were taken i n both years, and i n I 9 6 I also, 
to compare a t t r i b u t e s c o n t r o l l i n g seed production at d i f f e r e n t 
places away from the Moor House area. A f u r t h e r purpose was to 
o b t a i n i n f o r m a t i o n on Coleophora i n f e s t a t i o n . I n I 9 6 I an 
i n i t i a l transect was made up from the Tees V a l l e y from the 
j u n c t i o n w i t h Trout Beck to the summit of Cross P e l l . Whilst 
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these harvests were not r e l a t e d to area - at some s i t e s q u i t e 
a s t r e t c h of ground had to he covered t o gather the 
inflorescences - great care was taken a f t e r experience w i t h 
the i n i t i a l t r a n s e c t , to c o l l e c t every inflorescence at hand, 
large or small, without s e l e c t i o n . 

Once indoors, the number of f l o r e t s and capsules on each 
inflorescnece was found and noted, and the average calculated 
f o r each quadrat, w h i l s t the number of inflorescences from each 
quadrat was found, and the average found f o r the s i t e . 
Inflorescences grazed by sheep were included i n t h e f i g u r e s 
f o r I n f l . / Q , , but excluded from the inflorescence number used 
i n the c a l c u l a t i o n of t h e f l o r e t and capsule r a t i o s , as they d i d 
not c o n t r i b u t e t o the f l o r e t and capsule t o t a l s . 

The two f u r t h e r sanples given i n Appendix k f o r s i t e P 
(Dipper) s a t i s f a c t o r i l y confirm that the number of f l o r e t s per 
inflorescence and the number of capsules d i d not increase a f t e r 
the i n i t i a l August harvest, f o r which data are given i n 
Appendix 1 . 

Inflorescences w i t h capsules were kept i n glass tubes or 
polythene bags i n a dry place, so t h a t capsule maturation could 
continue, and a f t e r U t o 5 weeks the seeds were extracted 
u s i n g f o r c e p s . To keep down germination t r i a l s t o a minimum, 
but m aintaining r e p l i c a t i o n , capsules from adjacent quadrats 
at a s i t e were pooled, so t h a t ten measures of seed production 
were obtained from each s i t e . 
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On e x t r a c t i o n the seeds were counted, and some packeted 
i n f i f t i e s , ready f o r the germination t r i a l s . I n a d d i t i o n , 
seeds from 20 capsules from each s i t e were counted s i n g l y a f t e r 
c a r e f u l slow d i s s e c t i o n , t o check i f the numher of seeds per 
capsule v a r i e d from place t o place. These r e s u l t s are given 
i n Tahle 3«8 j "but the seed/capsule f i g u r e s given i n the 
Appendices are the r a t i o s of the t o t a l number of seeds extracted 
to the t o t a l number of capsules at each s i t e . 

At t h i s stage i t i s necessary t o say what were counted as 
f l o r e t s , capsules and seeds. F l o r e t s gave no t r o u b l e except 
when they had f a i l e d t o separate i n some underdeveloped 
inflorescences at h i g h a l t i t u d e s . Here as many as possible of 
the f l o r e t s were counted by eye, but i n some cases there were 
t i g h t l y adpressed glumes at the base of the inflorescence, 
which represented an unknown number of undeveloped f l o r e t s . 
These were ignored. 

The f l o r e t s i n which the ovary had expanded, f o r c i n g the 
glumes apart, were counted as capsules. A l l these contained 
developing seed, but when seed e x t r a c t i o n was done, some had 
such t i n y seeds tha t they could not be d i s t i n g u i s h e d from 
replum or w a l l d e b r i s , and these were ignored. I t i s very 
d o u b t f u l whether such seeds would, ever be dispersed, and then 
whether they could germinate, as the weather d e t e r i o r a t e d a f t e r 
both harvestings, and maturation would'cease. S l i g h t l y l a r g e r 
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seeds, c e r t a i n l y recognisable, were counted i n the seed number, 
and kept together w i t h f u l l - s i z e d seeds, two or three times as 
b i g , f o r the germination t r i a l s . 

Results and Discussion 

^) The e f f e c t ^ of sheep grazing 

The developing f l o r e t s o f Juncus squarrosus are nibbled 
o f f the inflorescence s t a l k by sheep. On h a r v e s t i n g , such 
inflorescences are p l a i n l y n o t i c e a b l e , having e i t h e r a broken 
s t a l k , or only the base of the glumes remaining at the top. 
These inflorescences were counted and shown i n Appendices 1 to 
I), as a % of the t o t a l number of inflorescences. 

At some s i t e s sheep considerably reduce the reproductive 
capacity. On Cross F e l l , f o r example, 57.9^ of the 
inflorescences were eaten i n 1962, and on Pendle H i l l at 1350 

f t . 12,2% were eaten i n I 9 6 3 . These places are u s u a l l y w e l l -
drained and grassy, w i t h Festuca ovina dominant and only 
patches of Jimcus squarrosus. Festuca grasslands normally 
bear a much heavier grazing pressure than Juncus squarrosus 
areas or blanket bog, and i t would seem that the sheep are 
grazing Juncus from convenience rather than preference. On the 
more t y p i c a l Juncus squarrosus areas on peaty gleys or peaty 
podsols, i t i s r a r e t h a t more than 10% of the inflorescences 
are eaten. 
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I t can be seen from the composite histograms of P i g . 3*1 

t h a t there i s not a close c o r r e l a t i o n e i t h e r between the number 
of inflorescences produced i n two succeeding years, or between 
the inflorescence and r o s e t t e numbers i n the 10 quadrats at 
each s i t e . Each r o s e t t e counted consists of several shoots 
which may or may not produce inflorescences i n a season. 
Changes i n the vigour of r o s e t t e s may thus lead to considerable 
v a r i a t i o n i n the inflorescence number i n a quadrat. 

As the quadrats were d e l i b e r a t e l y s i t e d to include only 
Juncus squarrosus areas, most contain over 10 rosettes 
obscuring the r e l a t i o n s h i p . Only at s i t e I , i n i t i a l 
c o l o n i s a t i o n a f t e r peat erosion, where Juncus squarrosus i s 
the only important species, i s the inflorescence number r e l a t e d 
c l o s e l y t o r o s e t t e number. At t h i s s i t e too there i s a b e t t e r 
r e l a t i o n of r o s e t t e number and cover than at the others (see 
P i g . 5 . 3 ) . 

But n e g l e c t i n g i n d i v i d u a l quadrats, a general r e l a t i o n s h i p 
can be seen between t o t a l r o s e t t e number and t o t a l 
i nflorescence number, s i t e s w i t h few rosettes per quadrat 
having fewer inflorescences, e.g. P - Dipper, D - Leat and 
E - House limestone grassland. The average i s about 1 

inflorescence per r o s e t t e , but several s i t e s d i f f e r . Trout 
Beck Foot - B and House H i l l c o l o n i s a t i o n - I have a greater 
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number of inflorescences, the inflorescence r a t i o s being 1.6 
and 2 . 3 , whereas the r a t i o s are O.U at Gross F e l l - G, 0.7 on 
the Leat - D and 0,6 on the House limestone grassland - E. 
This i s perhaps a r e f l e c t i o n of the vigour of the p l a n t s , those 
at s i t e I being young and not experiencing competition from 
other species (see Plate 3 ) . I n contrast, conditions are 
severe on Cross F e l l , w i t h a short growing season and a 
d i f f i c u l t substratum of a well-drained stony shallow s o i l . 
S i t e s D and E are also r a t h e r marginal f o r Juncus squarrosus. 
being f a i r l y w e l l - d r a i n e d . 

As seen i n Table 3.1 and F i g . 3.1, there i s l i t t l e 
d i f f e r e n c e i n , t h e number of inflorescences produced i n the two 
seasons 1962 and I963. But the three h i g h - l e v e l s i t e s have 
s i g n i f i c a n t l y fewer inflorescences i n 1963, and t h i s may have 
been caused by the previous weather conditions ( c o l d snowy 
wi n t e r i n I963, f o l l o w i n g a poor summer i n 1962) which had a 
greater e f f e c t on the vigour of the p l a n t s here than at lower 
a l t i t u d e s . 

Reay (1958) recorded a very low number of inflorescences 
i n 1957 (Table 3.2), and i t would seem that t h i s i s associated 
w i t h drought conditions i n s p r i n g (Table 3 . 3 ) . Unfortunately 
I was not able to make p a r a l l e l observations. 



Table 3 .2 . The e f f e c t of season and a l t i t u d e on the number of 
inflorescences per sq_. m., w i t h 95^ confidence l i m i t s 
( a f t e r Reay). 

Year 

A l t i t u d e ( f e e t ) 1955 1956 1957 

1500 iou.o+io.i+ 167.6+18.4 7.3+i+.2 

1550 88.0+11.U 118.7+16.6 1.3+1.1 

1600 115.2+13.6 156.9+20.2 .3.5+2.2 

1650 105.6+16.0 I22.i|.+16.2 i ; . 3+3.0 

1700 91.2+11.8 117.4+22.0 1.8+2.1 

1750 9I . 2+I3 . U 105.9+22.2 6.5+3.0 

1800 108.8+16.0 98.11+25.2 11.3+5.8 
I85O 88.0+16.0 3 2 . 6+lii.i| 1.0+1.2 



Table 3 .3. Spring r a i n f a l l (inches) 
Moor House. 

during the l a s t 11 years 

Year A p r i l May June Tot a l 
1953 l.hh 3.52 4.03 14.99 

195k 1.76 6.80 7.40 15.86 

1955 3.9U 8.89 4.26 17.09 
1956 2.19 3.91 3.77 9.87 

1957 1.51 3.86 2.13 7.50 

1958 2.76 6.39 4.39 13.54 

1959 8.46 1.35 4.05 13.86 

1960 4.96 2.51 3.02 10.49 
1961 4.60 3.55 3.30 11.45 
1962 7.34 5.37 3.11 15.82 

1963 6.22 6.39 6.41 19.02 
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c) illg_£sc t o r s_af f ec t ing_the_nu 

1. Inflorescence number 

The f l s . / i n f l . r a t i o i s f a i r l y constant at a s i t e , shown 
by the low confidence l i m i t s attached t o i t s values i n Table 
3.1 and the Appendices. Examination of the i n d i v i d u a l quadrat 
data shows t h a t the production of a large number of 
inflorescences i n a quadrat does not a f f e c t the f l s . / i n f l . r a t i o 
(see F i g . 3 .2) . But s i t e s w i t h a h i g h i n f l . / Q . r a t i o have a 
low f l s . / i n f l . r a t i o at tha t p a r t i c u l a r a l t i t u d e , e.g. B w i t h 
6.4 f l s . / i n f l . and 32.4 i n f l . / Q . and I w i t h 7.7 f l s . / i n f l . and 
48.1 i n f l . / Q i n I962. The explanation suggested i s t h a t 
unfavourable conditions l i m i t the f l o r e t number (B - lac k of 
s h e l t e r and we l l - d r a i n e d , I - poor s o i l c o n d i t i o n s ) , but the 
la c k of competition allows the p l a n t s t o be vigorous and some 
produce many inflorescences. 

F i g . 3 .2. The r e l a t i o n of Inflorescence number and f l o r e t per 
inflorescence r a t i o _ i n 10 quadrats at s i t e B i n 1962. 

Quadrat 

80 Fl$. 
60 per 

Infl. 
4-0 

4 5 6 7 B 
Quadrat Number 
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2. Climate 
Changes i n e i t h e r the m i c r o - c l i m a t i c or s o i l conditions can 

cause a very marked d i f f e r e n c e between the f l s . / i n f l . r a t i o of 
two s i t e s , though the other f a c t o r remains constant, or even 
appears t o be a c t i n g i n the reverse d i r e c t i o n . Thus the 
transect up the S.E. escarpment of Pendle H i l l (Appendix 3) has 
a small drop i n f l s . / i n f l . r a t i o from 1150 t o 1550 f t . on one 
s o i l , but i t i s higher at 1750 f t . on a d i f f e r e n t s o i l type. 

The s u r p r i s i n g d i f f e r e n c e between the Trout Beck Foot - B 
and Moss Bum - C a l l u v i a l s i t e s i s c o r r e l a t e d i n large p a r t 
w i t h microclimate. They have Juncus squarrosus communities 
very s i m i l a r p h y t o s o c i o l o g i c a l l y on s i m i l a r s o i l types, but the 
Moss Burn quadrats are w e l l - s h e l t e r e d i n the narrow stream 
bottom, whereas the Trout Beck Foot quadrats are i n a wide 
p l a i n at the Trout Beck - Tees j u n c t i o n . 

Exposure i s such an Important p a r t of the a f f e c t of 
climate t h a t i t i s not easy t o avoid i t i n assessing the other 
a f f e c t s , whose incidence v a r i e s w i t h a l t i t u d e . I t i s very 
d i f f i c u l t t o f i n d two s i t e s w i t h s i m i l a r exposure and a s i m i l a r 
s o i l over 200 f t . apart. But there does seem to be a gradual 
r e d u c t i o n of f l o r e t number w i t h a l t i t u d e . Thus s i t e s L and K 
are of q u i t e s i m i l a r exposure and s o i l type, and the f l s . / i n f l . 
r a t i o f a l l s from 11.6 at 1850 f t . i n the Moor House pasture to 
7.6 at2300 f t . at Rough Sike Head. The h i g h values down the 
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Tyne V a l l e y (Dipper ( f ) , Lee House, etc.) do seem s i g n i f i c a n t l y 
higher than f o r the s i t e s around Moor House, w i t h the exception 
of Moss Burn (C), which i s e s p e c i a l l y sheltered. 

A s i m i l a r p i c t u r e i s shown i n Table 3.4. Inflorescences 
from the Tyne V a l l e y w i t h 57 and 64 f l o r e t s are considerably 
greater than any from around the Moor House l e v e l . Of these, 
s i t e G again comes the highest w i t h 39 f l o r e t s i n 1962 and 32 
i n 1963. The d i f f e r e n c e between s i t e s K and L i s maintained -
32 and 20 i n I962, and 21 and Ih in I963. Presumably the 
f l o r e t number i s not determined by the weather during 
f l o w e r i n g , but by previous seasons. 
3. S o i l 

Taking values f o r f l s . / i n f l . from the Appendices i n t o 
account besides those i n Table 3 . I , i t can be said that low 
f l s . / i n f l . r a t i o s are found on well-drained, base-deficient 
s o i l s (which also have smaller p l a n t s - Table 5.I) e.g.. Cross 
F e l l 6.3, W i t h n e l l 6.1, and the three escarpment s i t e s on 
Pendle H i l l . Small-sized p l a n t s i n the herbarium of the 
B r i t i s h Museum from heathy places i n the S. of England also 
had few f l o r e t s . Thus an unfavourable s o i l w i l l keep the 
f l o r e t number low no matter what the micro-climate i s . But i n 
unfavourable climates, as above 2500 f t . at Moor House, s o i l 
c o n d itions s t i l l I nfluence to a great extent the f l o r e t number 
e.g. 10.9 f l s . / i n f l . i n I 9 6 I on a peaty podsol at 2725 f t . . 
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but 3.7 on the stony s o l i f l u x l o n s o i l , a mountain-top podsol, 
at 2925 f t . on Cross F e l l . The average height of these 
inflorescences was 25 and 17 cm. r e s p e c t i v e l y . 

I t thus appears t h a t s o i l i s the primary c o n t r o l on 
f l o r e t number per Inflorescence, and climate i s a secondary 
i n f l u e n c e . 

The number of capsules formed per Inflorescence i s 
governed by the number of f l o r e t s and the amount of maturation 
t h a t occurs. The values f o r %> f l o r e t s ripened t o capsules 
given i n Table 3 . I and the appendices were obtained from the 
t o t a l number of capsules and f l o r e t s at a s i t e , and r e f l e c t 
the amount of maturation. 

There i s no i n d i c a t i o n t h a t t h i s i s affect e d by anything 
other than the micro-climate. One might have expected p l a n t s 
on a warm, well-d r a i n e d s o i l t o have s t a r t e d development 
sooner, but the values f o r s i t e s E and B, which approach 
nearest to t h i s , are lower than f o r other s i t e s at the same 
a l t i t u d e . That the value f o r B, Trout Beck Foot, i s low 
(3.9^ i n 1962) as compared w i t h C, Moss Burn, (9.5%) i s a 
f u r t h e r i n d i c a t i o n of i t s lack of s h e l t e r . 

A comparison of the values i n I963., I962 and I963 i n 
F i g . 3.3 shows the powerful a f f e c t of a poor summer on 



Table 3.5. Summer sunshine and temperature i n I96I, I962 and I963, 

1961 1962 1963 

A p r i l - September 
average temperature ("P) U7.8 I].6.2 

J u l y - September 
average temperature ("P) 51.0 U8.6 h-S*0 

J u l y - September 
hours of b r i g h t sunshine 335.5 258.6 365.9 

Table 3.6. Comparison of capsule formation i n adjacent sheltered 
and exposed p o s i t i o n s , w i t h 95^ confidence l i m i t s 
( a f t e r Jordan). 

sheltered p o s i t i o n exposed p o s i t i o n 
% of f l o r e t s 52.9+6.0 15.7+U.6 

t h a t have ripened lU.9+6.0 8.2+2.1 
t o capsules 16.2+6.0 1.0+1.7 

Table 3 .7. The r e l a t i o n of capsules per inflorescence to summer 
weather and a l t i t u d e , w i t h 95^ confidence l i m i t s (data 
e x t r a c t e d from Reay). 

A l t i t u d e ( f e e t ) 1955 1956 1957 1958 

1500 
1550 
1600 
1650 
1700 • 
1750 
1800 
I85O 

15.6+2.5 
13.8+1.9 
13.2+1.9 
13.2+1.9 
12.0+1.3 
17.2+1.9 
16.2+1.9 
17.U+2.i.!-

8,3+l.h 
9.^1.U 
6.5+1.5 
9.0+1.2 
8.3+1 oh 
8.8+I.I4. 
1|..3+1.6 
3.6+1.1-

6.8+2.0 
2.9+2.2 
2.0+0.7 
1|..^1,9 
2 .^1.7 
5.3+1.9 
0.6+O.IJ. 
2.0+1.9 

13.7 
8.7 
9.9 
8.8 
7.6 
8.1 
7.0 

.2.8 

Mean temperature 
(°P) 

Sunshine hours 
53.7 
622 

50.1- 50.0 
323 

52.2 
358 

Mean temperature 
minima. 
Sunshine i s t o t a l 

i s t he mean of the J u l y -

hours of b r i g h t sunshine. 
September maxima and 
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r ep roduc t i ve c a p a c i t y . The hours o f "bright sunshine and mean 

temperature ( d a i l y maximum + minimum meaned over the pe r iod) 

f o r the 6 growing months are given i n Tahle 3 . 5 . The 1962 

mean was 2.2"? ( l . 2 ° G ) less than the average o f the l a s t ten 

years , and 1.3**F ( 0 . 7 ° C ) less than the previous lowest mean. 

The upper l i m i t o f capsule f o r m a t i o n , 2925 f t . i n 1961 and 

1963, was f o r c e d down to j u s t above 2300 f t . , w h i l s t the 

l e v e l o f 2^io capsule f o r m a t i o n dropped f rom 2050 f t . to 

1650 f t . , r i s i n g again t o 2150 f t . i n I963 . The curves show 

t h a t a few capsules are formed over qu i t e a range of a l t i t u d e 

down f rom the upper l i m i t , then there i s a f a i r l y r a p i d 

increase to a h i g h capsule % over an egual range o f a l t i t u d e . 

Prom the amount o f v a r i a t i o n shown i n the graph, i t seems tha t 

a s i m i l a r capsule f o r m a t i o n occurs i n a very she l te red p o s i t i o n 

as i n an exposed p o s i t i o n 3OO f t . lower . 

Jordan (1955) compared capsule f o r m a t i o n i n adjacent 

she l t e r ed and exposed p o s i t i o n s (Tahle 3 . 6 ) , and data on 

capsule p roduc t i on contained i n Reay's thes i s also show the 

r e l a t i o n v / i th summer weather (Tahle 3 . ? ) . The a f f e c t o f 

i n c r e a s i n g a l t i t u d e i n reducing the % o f capsules can he seen 

i n 1956, 1957 and 1958, hu t not i n 1955, which was a very good 

suimner. 

Pea r sa l l (1950) s a id f e r t i l e f r u i t s are no t u s u a l l y 

produced ahove an a l t i t u d e o f 2500 - 27OO f t . , but i n 1914-7 



Table 3»8. The number o f 
s i t e s i n 1962 

seeds per 
and 1963. 

capsule at the Moor House 

S i t e No. o f capsules 
1962 

dissected 
1963 

Average number o f 
1962 

seeds/ca 
1963 

L - 20 36.5 

J 20 20 25.1 ^9.6 

I 22 20 26.9 U9.7 

C 20 20 25.̂ -

E 20 20 25.2 53.1 

K 20 20 25.5 67.8 

H 20 20 32.8 k3M 

D 20 25 28.8 U9.5 

B 20 20 3U.6 57.5 

F 20 33.9 
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a f t e r an e x c e p t i o n a l l y long and warm summer v i a b l e seeds were 

obta ined f rom 3^00 f t . on Ben Wyvis . 

Table 3.8 compares the seed number ex t rac ted f rom the 

capsules by d i s s e c t i o n w i t h forceps f o r the d i f f e r e n t s i t e s 

i n 1962 and 1963. The o v e r a l l average number of seeds per 

capsule was found t o be 28.88 + 1.8 i n I962 , and 50.13 + 2 .1 

i n 1963. Maximum numbers were between 70 and 80. I n the poor 

summer o f 1962 i t seems many more ovules f a i l e d to develop than 

i n 1963, causing the considerable d i f f e r e n c e i n the average 

number o f seeds per capsule i n the two seasons. 

The capsules chosen f o r count ing were the mature, f a t t e r 

ones; i n younger capsules i t was d i f f i c u l t t o d i s t i n g u i s h the 

t i n y seeds f rom the replum debr i s , and i t was unce r t a in how 

many would develop i n t o the l a rge r v i a b l e seeds o f the more 

mature capsules . But even i n these there was f r e q u e n t l y 

cons iderable v a r i a t i o n i n seed s i z e . Jordan suggested t ha t 

the seeds i n some capsules would never develop because of l ack 

of f e r t i l i s a t i o n , but i n tha t case the capsule would probably 

n o t have formed. 

I n Table 3.8 there appears to be no s i g n i f i c a n t d i f f e r e n c e 

between the s i t e s , as a considerable amount o f v a r i a t i o n occurs 

between i n d i v i d u a l capsules, Reay, however, gave a t ab l e 

(Table 3 .9) o f seed weight a long an a l t i t u d i n a l t r ansec t , 



Table 3 . 9 . The dry weight (mgras.) o f seeds i n capsules f rom 
d i f f e r e n t a l t i t u d e s , w i t h 95^ confidence l i m i t s 
(mean o f 6 capsules; f r o m Reay). 

A l t i t u d e ( f e e t ) East t ransec t West t ransec t 

650 30.0+1.8 

750 30.5+1.8 

850 25.0+2.2 

950 23.0+2.1-

1050 27.0+3. 

1150 25.0+3.0 

1250 21.0+3.6 

1300 2U.0+U.0 

1500 18.3+2.U 

1550 21.5+3.6 

1600 16.5+2.8 

1650 18.2+1.8 

1700 20.0+3.0 

1750 16.5+2.U 

1800 16.3+2.2 

I85O 13.2+2.8 
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showing a small r e d u c t i o n i n weight w i t h increas ing h e i g h t . 

The low value f o r s i t e L also p o i n t s t o t h i s . 

These values o f seed no. /capsule are somewhat h igher than 

those i n the appendices because l ) many f l o r e t s classed as 

capsules con ta in on ly t i n y undeveloped seeds when broken i n t o 

and 2) the general e x t r a c t i o n process sometimes f a i l e d to 

o b t a i n a l l the seeds - a f u l l d i s s ec t i on could not be done f o r 

each capsule because i t was very time-consuming, and a more 

v igorous use o f the fo rceps tended t o produce debr is which 

was very d i f f i c u l t t o d i s t i n g u i s h f rom the seeds and very 

tedious t o separate. I n 1963 so many seeds were produced tha t 

i t was g u i t e impossible t o count the number i n each quadrat, 

and the on ly data obta ined were those i n Table 3 . 8 . 

Thus 50 seeds are produced on average per capsule i n a 

f a v o u r a b l e season, though the ac tua l number dispersed w i l l be 

less - p robably the seeds not e a s i l y shaken out by fo rceps 

would not be dispersed by n a t u r a l agencies. The values g iven 

f o r seeds/capsule i n the appendices cannot be taken as more 

than rough estimates o f the number dispersed, but i t can be 

s a id t h a t about 10 good seeds i n I962 and 20 i n I963 would be 

dispersed f rom each capsule, and i t i s u n l i k e l y t ha t t h i s i s 

more than twice as much, or less than h a l f , the t rue number. 

The values f o r Pendle g iven i n Appendix 3 appear lower 

than those f o r the Moor House area, and i t i s poss ib l e tha t 



3.16 

s o i l cond i t i ons or the v igour o f the p l a n t do c o n t r o l seed/ 

capsule number. But the on ly s i g n i f i c a n t l y low value i s 0.9 

f rom near Lee House, Tynehead. Here there was a severe 

i n f e s t a t i o n o f Coleophora la rvae which had eaten the seeds 

(Appendix k). 

f ) The e f f e c t o f Coleophora a l t i c o l e l l a Z e l l . 

P e a r s a l l (1950) described the r e l a t i o n o f Goleophora t o 

Juncus squarrosus. and the v a r i a t i o n s i n the a l t i t u d i n a l l i m i t 

of the moth, and two Durham s tudents , working f rom Moor House, 

have done Ph.D. theses (Jordan, 1955 and Reay, 1958) on the 

moth. Three papers Jordan, 1958 and 1959, and Reay, 196U) 

have been produced so f a r , and much more i n f o r m a t i o n i s 

contained i n t h e i r two theses. 

L i f e H i s t o r y o f Coleophora 

The moths emerge a f t e r pupa t ion i n l a t e May or ea r ly 

June, and l a y the eggs on the inner surface o f the f l o r e t 

p e r i a n t h segments. Sometimes the space between two adjacent 

f l o r e t s i s a lso u t i l i s e d , e s p e c i a l l y at the h igher l e v e l s 

where the in f lo rescences develop l a t e r . 

The la rvae u s u a l l y f e e d on Juncus squarrosus seeds, b u t 

have been recorded f rom J . a r t i c u l a t u s . J . compressust 

J . conglomeratus. J . e f f u s u s and J . i n f l e x u s . and Luzula 

campestr is and L . p i l o s a . I n the Moor House area they 
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f r e q u e n t l y use J . e f f u s u s . and very occas iona l ly Luzula 

campestr is and Juncus a r t i c u l a t u s . No o v i p o s i t i o n has been 

observed on these l a s t two species, and i t i s probable t h a t 

the l a rvae migrate to these in f lo rescences from neighbour ing 

Juncus squarrosus stems. 

On h a t c h i n g , the f i r s t i n s t a r l a rvae bore i n t o the 

capsules , which by t h i s t ime have most ly reached f u l l s i ze , 

e s p e c i a l l y at the lower l e v e l s . The seeds are green and s o f t , 

e a s i l y pene t rab le to the l a r v a e . I n favourab le circumstances, 

w i t h good seed- se t t i ng , the la rvae pass through three i n s t a r s 

i n about s i x weeks, so t ha t the f o u r t h i n s t a r la rvae u s u a l l y 

appear i n e a r l y August (bu t i n 195U, a bad summer, they were 

f i r s t seen on September l i + t h ) . I n capsules where the seeds 

f a i l t o develop the l a rvae do no t grow, bu t are s t i l l f ound 

i n the e a r l y i n s t a r stages l a t e i n the season. 

E x t e r n a l l a r v a l cases outs ide the capsule are const ructed 

i n the l a t e t h i r d or e a r l y f o u r t h i n s t a r , making the 

i n f e s t a t i o n r e a d i l y n o t i c e a b l e , and a l l o w i n g the larvae to 

move to f r e s h capsules. There i s u s u a l l y only one l a r v a i n 

each capsule, but up to k have been recorded i n heavy 

i n f e s t a t i o n s . Jordan c a l c u l a t e d tha t on average each l a r v a 

feeds on 2.28 capsules. 

The la rvae overwin te r i n the l i t t e r i n t h e i r cases, 

u s u a l l y m i g r a t i n g down the culms i n September a f t e r about three 
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weeks i n the f o u r t h i n s t a r . Pupation occurs i n May, though 

sometimes the l a rvae f eed again a f t e r the w i n t e r , and i n 

s p r i n g 1953 were observed on newly-developing capsules. 

I n 1956, Reay made f r equen t recordings at one s t a t i o n 

(Table 3.10), which i l l u s t r a t e the t y p i c a l course o f Coleophora 

i n f e s t a t i o n . The mean number of f l o r e t s per in f lo rescence was 

II4..5 + 1.6. I t can be seen tha t capsule fo rma t ion occurred 

between 12:7 and 26:7, egg ha tch ing between 18:7 and 28:7j 

f u r t h e r capsule a t t a c k a f t e r the development of l a r v a l cases 

between 11:9 and 17:10, and l a r v a l m i g r a t i o n between 25:9 and 

12:11. I t i s c l ea r tha t merely e s t ima t ing the degree o f 

i n f e s t a t i o n f rom the r e a d i l y v i s i b l e f o u r t h i n s t a r la rvae does 

not g ive the a c t u a l number o f Juncus squarrosus seeds eaten. 

However, i t i s very time-consuming t o examine a l l capsules 

f o r damage, and the e a r l y - i n s t a r la rvae tha t die eat 

compara t ive ly few seeds, so there i s some j u s t i f i c a t i o n f o r 

o b t a i n i n g an approximate p i c t u r e of the losses sustained by 

Juncus squarrosus f rom the numbers of f o u r t h i n s t a r l a r v a e . 

Coleophora numbers and the amount of damage 

P e a r s a l l (1950) described a steady f a l l of i n f e s t a t i o n 

w i t h i nc r ea s ing a l t i t u d e i n the Lake D i s t r i c t . I n 19U2, hOf° 

of the capsules were i n f e s t e d at 7OO f t . (measuring by l a r v a l 

cases) , but there was no i n f e s t a t i o n at 1800 f t . Only dur ing 

the abnormal simmer o f 19U7 d i d Coleophora reach h ighe r , t o 
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2000 f t . on the s o u t h - f a c i n g slope o f Saddleback. I n 

Scot land Coleophora i s gene ra l ly l i m i t e d to lower a l t i t u d e s 

than i n the Lake D i s t r i c t , e . g . a l i m i t o f 11+00 f t . on Ben 

Wyvis and Rothiemurchus, and Pea r sa l l suggests the lov/er mean 

temperature i s r e spons ib l e . 

I have c o l l e c t e d in f lo rescences f rom 8 l o c a l i t i e s outs ide 

the Moor House and Pendle areas, w i t h a l t i t u d e s ranging f rom 

500 - 1500 f t . , and i t i s i n t e r e s t i n g tha t Coleophora was 

present i n a l l but one p o s s i b l y c o l l e c t e d before the cases 

were produced. On average about 5% o f the capsules were 

i n f e s t e d (Appendix 1+). 

Jordan and Reay conf ined t h e i r s tudies t o two t r ansec t s . 

One, the western, ran up Crowdundle Beck on to Middle Tongue, 

b e g i n n i n g near Lownthwaite at 6OO f t . , and ending on L i t t l e 

Dun P e l l (Jordan) and at I5OO f t . (Reay). The eastern 

s t a r t e d near H i l l House i n the Tyne v a l l e y , and ranged f rom 

1500 to 2075 f t . Sampling s i t e s were spaced at 50 or 100 f t . 

i n t e r v a l s along the t r an sec t s , and Jordan took 10 or 15, and 

Reay 20 i n f l o r e s c e n c e s . 

Table 3.11 shows the number o f l a rvae and the capsules 

damaged on the eastern t ransec t i n 1+ d i f f e r e n t years . There 

was l i t t l e damage i n 1955, a good year f o r seed p roduc t ion 

(Table 3.7)]. more damage i n 1956, when not so many capsules 

were produced, e s p e c i a l l y at the h igher l e v e l s ; very extensive 
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damage i n 1957 when l a rge numbers of eggs were l a i d , but very 

few in f lo re scences developed (Table 3.2) r e s u l t i n g i n severe 

overcrowding o f the l a rvae ; and l i t t l e damage i n 1958 as fev/ 

l a rvae s u r v i v e d . Thus the amount o f damage t o the capsules 

depends bo th on the number a v a i l a b l e , and the s ize o f the 

Coleophora p o p u l a t i o n i n the year . 

Observations i n 1962 i n d i c a t e t h a t i n a bad summer l a r v a l 

development i s so slowed t h a t many never reach the f o u r t h 

i n s t a r be fo re the w i n t e r , and consequently much less damage i s 

done. The f i r s t l a r v a l cases were seen on 1:10 i n the 

popu l a t i ons f rom the Dipper t o the Tyne source (1550 - I75O f t . ) 

and on 26:10 bo th t h i r d and f o u r t h i n s t a r la rvae were present 

i n the cases. 

As almost a l l the seeds i n a capsule are s p o i l t , i f no t 

eaten, Coleophora i n f e s t a t i o n can reduce the Juncus squarrosus 

seed p r o d u c t i o n at some l e v e l s to p r a c t i c a l l y no th ing i n some 

years . The average p r o d u c t i o n may w e l l be reduced by a t h i r d 

below 1500 f t . 

The a l t i t u d i n a l l i m i t o f Coleophora 

The h ighes t s t a t i o n s o f successfu l l a r v a l development 

and seed - se t t i ng i n a p a r t i c u l a r year are shown i n Table 3.12. 

The slow upward d i s p e r s a l a f t e r a f a l l i s due t o the 

r e l a t i v e l y i n a c t i v e l i f e o f the a d u l t . 
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P e a r s a l l pu t forv/ard two explanat ions f o r the l i m i t : -

1) L i f e cyc le no t co inc iden t w i t h f l o w e r i n g - no f l o r e t s when 

the moths emerge, p r e v e n t i n g o v i p o s i t ion at the l i m i t . 

2) Egg and l a r v a l development c o n t r o l l e d by the temperature, 

so t h a t l a rvae cannot move t o the l i t t e r be fore the end o f 

the season at the l i m i t . 

He f avoured the f o r m e r , because at the higher l e v e l s on ly the 

e a r l y r i p e n i n g capsules were i n f e s t e d . The 1962 observat ions 

have some bear ing on the second f a c t o r . Four th i n s t a r la rvae 

were s t i l l present on the f l o r e t s i n December, when very 

severe weather set i n , b u t a f t e r the snow cleared i n A p r i l 

1963 some were found t o be s t i l l a l i v e . On l 6 : 5 f u r t h e r 

i n f l o r e scences were c o l l e c t e d , and the number o f cases per 

i n f l o r e s c e n c e appeared l e s s . One l a r v a w i t h a case was seen 

on a s t a l k , probably m i g r a t i n g . I n autumn I963, however, 

l a rvae were found almost up to the same l e v e l s as i n 1362, the 

imagoes presumably hav ing emerged at the usual time despite 

the delayed l a r v a l development. 

Jordan, because o f the 1951+ r e s u l t s , said the l i m i t was 

c o n t r o l l e d by s eed - se t t i ng , which i s governed by the weather 

and e s p e c i a l l y the mean temperature. Reay agreed, but also 

showed tha t the a l t e r n a t i v e host of Juncus e f f u s u s cou ld 

prevent e x t i n c t i o n o f Coleophora when the food supply o f 

Juncus squarrosus f a i l e d i n 1957. Despite no la rvae reaching 
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the f o u r t h i n s t a r on Juncus squarrosus on the eastern t r ansec t , 

some t h a t f e d on J . e f f u s u s were able to provide a small 

p o p u l a t i o n of normal moths next season at a l l but the highest 

s t a t i o n o f I85O f t . 

Therefore i t would seem tha t any o f these three f a c t o r s 

can cause e x t i n c t i o n o f Coleophora near i t s upper l e v e l s . 

The m u l t i p l i c i t y o f c o n t r o l l i n g f a c t o r s i s r e a l l y to be 

expected i n dea l ing w i t h a marginal p o p u l a t i o n . I t i s 

advantageous to Juncus squarrosus tha t other f a c t o r s beside 

i t s seed p r o d u c t i o n can reduce Coleophora i n f e s t a t i o n . Thus 

the re i s good seed p r o d u c t i o n i n most years over a range o f 

two or three hundred f e e t between the upper l i m i t s o f s izeable 

Coleophora p o p u l a t i o n and general capsule r i p e n i n g . 

W h i l s t i n places the var ious f a c t o r s governing seed 

p r o d u c t i o n tended to balance each o the r , there was i n 1962 a 

s u b s t a n t i a l d i f f e r e n c e between 1+15 seeds/quadrat at Dipper - F 

(1550 f t . ) , an average o f about 100 seeds/quadrat around the 

1800 f t . contour , and 5 seeds/quadrat at 2300 f t . Seed 

p r o d u c t i o n was probably at i t s maximum i n 1963 - t a k i n g 

averages o f 20 in f lo rescences /quadra t and 5 capsules/ 

i n f l o r e s c e n c e (see Table 3»l ) and 20 seeds/capsule (see p . 3.15) 

gives a p r o d u c t i o n of 2000 seeds per quadrat . I f such 
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f a v o u r a b l e seasons were to con t inue , Coleophora would move up 

the f e l l , counterba lancing the r i s e i n p r o d u c t i o n . 

P e a r s a l l w r i t e s tha t ' t h e amount o f in f lo rescence growth, 

and the p roduc t i on o f f l o w e r s or b e t t e r s t i l l of f r u i t and 

seeds, b o t h d i m i n i s h as the a l t i t u d e increases ' and i l l u s t r a t e s 

by a graph w i t h three very s t r a i g h t l i n e s . He neglects the 

a f f e c t s of Coleophora a t t acks at the lower l e v e l s , and o f s o i l 

c o n d i t i o n s and the p l a n t ' s v i g o u r . By t h e i r c o n t r o l o f the 

f l o r e t / i n f l o r e s c e n c e and in f lo rescence /quadra t r a t i o s , these 

two f a c t o r s a f f e c t the seed p roduc t ion considerably , w i t h i n 

the major l i m i t set by i nc rea s ing a l t i t u d e on capsule 

f o r m a t i o n . Thus f avourab le s o i l , together w i t h a p a r t i c u l a r l y 

f avou rab l e m i c r o - c l i m a t e , l e d t o a value o f I77 seeds per 

quadrat at s i t e C i n 1962, there be ing a h i g h f l o r e t s / 

i n f l o r e s c e n c e r a t i o . S i t e I w i t h young vigorous p l a n t s on a 

no t ve ry f avou rab l e s o i l , had a value o f IO5 seeds per quadrat 

c h i e f l y because i t had a l a rge in f lo rescence /quadra t r a t i o . 

Of the m i d - a l t i t u d e s i t e s , J had the second highes t f i g u r e 

of 132 seeds per quadrat , having f a i r l y h i g h values f o r b o t h 

in f lo re scence /quadra t and f l o r e t s / i n f l o r e s c e n c e . Juncus 

SQuarrosus has a h i g h degree o f dominance i n t h i s community, 

and the wet cond i t i ons f avou r i t s growth . 

I t i s c lear t h a t each year Juncus squarrosus produces 

enormous amounts o f seed on the nor thern Pennines. At the 
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maximum value of 2000 seeds/quadrat (8000/sq. m.) there would 
"be 1600 m i l l i o n seeds produced per square m i l e , even i f Juncus 
aquarrosus communities only occupied one tent h of the area. 
I n most years something near t o t h i s maximum value w i l l be 
produced between 1500 and 1800 f t , though below t h i s l e v e l 
Coleophora attack w i l l reduce the average. At the higher 
l e v e l s the low seed/quadrat values w i l l be p a r t l y balanced by 
the greater extent of Juncus squarrosus communities - they 
occupy up to a t h i r d of some square miles. Even at 5 seeds/ 
quadrat, an acre of Juncus squarrosus w i l l produce 80,000 
seeds. But above 2500 f t . a s u b s t a n t i a l seed production w i l l 
only occur i n f r e q u e n t l y . 
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b) seed d i s p e r s a l 

The seeds of Juncus squarrosus are very small, and are 
dispersed "by the wind, A week or so a f t e r the seeds have 
ripened, the capsule segments open, allowin g the seeds t o be 
blown out. This i s very much aided by dry conditions; 
otherwise the capsules h o l d water and the surface tension 
prevents d i s p e r s i o n . 

At Moor House i n 1963 there were open capsules i n August 
at 1550 f t . ( s i t e P ) , but at I85O f t , very few capsules had 
opened by the end of September. However, by spring most of 
the seeds had been dispersed from capsules below 1800 f t . 
(Table 3*13)) though above t h i s l e v e l many capsules were s t i l l 
unopened. These probable remain closed and give r i s e t o the 
groups of seedlings found at the ends of o l d f a l l e n 
i n f l o r e s c e n c e s . As a r e s u l t the number of seeds dispersed at 
the higher l e v e l s must be considerably reduced. 

Samples were.taken of the peaty m a t e r i a l which becomes 
apparent on the top of snow at Moor House during times of thaw. 
A few seeds of Juncus squarrosus germinated, but no other 
species was found. Thus Juncus squarrosus seeds can survive 
d i s p e r s a l w i t h d r i f t i n g snow. 

Pe a r s a i l (1950), seeking t o explain the occurrence of 
Juncus squarrosus on the highest mountains above the l e v e l of 
normal seed-setting, suggested th a t the f r u i t s might be 



Table 3.13. The number o f seeds i n the capsules at s i t e 
B i n autumn 1963 and the f o l l o w i n g spring 
( w i t h 95% confidence l i m i t s ) . 

Date Seed number 

10th September, I963 57.5+6.98 

13th May, 1961; 13.1+6.95 
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d i s t - r i b u t e d i n the wet wool of sheep. While t h i s may occur 
on occasions, sheep cannot,be an important agent of d i s p e r s a l . 
The inflorescence i s too strong f o r pieces to become detached 
onto the fle e c e s of passing sheep, and i t i s very unusual to 
see a broken inflorescence or one w i t h capsules missing. He 
suggested too, t h a t snow buntings (Plectrophenax n i v a l i s ) 
disperse the seeds by eating the capsules. At Moor House 
grouse (Lagopus scoticus) also eat the capsules, as they have 
been found i n dissected crops amongst the many heather shoots, 
and at the few s i t e s where inflorescences had l o s t capsules, 
grouse droppings were noted closeby. But even i f the seeds i n 
the droppings can germinate, there are so few snow buntings, 
and grouse eat the capsules so i n f r e q u e n t l y , that n e i t h e r 
agency i s important i n comparison t o the wind. 

There i s no in f o r m a t i o n avaikble on the l o n g e v i t y of 
Juncus squarrosus seeds, but Becquerel (19O7) said Juncus 
a r t i c u l a t u s seeds had survived f o r 65 years, and J. bufonlus 
seeds were also very l o n g - l i v e d . S h u l l (19II1) reported that 
J. bufonlus and J. t e n u i s seeds germinated a f t e r being kept 
i n water f o r 7 years. A considerable l i t e r a t u r e e x i s t s on the 
occurrence of b u r i e d v i a b l e seeds. Chippindale and Martin 
(193U) showed the greatest density of v i a b l e seeds of Juncus 
squarrosus (and many other species) was i n the top 3 i n . 
(8 cm.) of the s o i l . V iable seeds were obtained up t o 7 i n . 
(18 cm.) below the surface, but t h i s does not neces s a r i l y mean 
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t h a t they have survived f o r a long p e r i o d , as t h e i r small 
size allows them to pass r a p i d l y down the s o i l . 

M i l t o n (1936) showed the presence o f seeds of Juncus 
squarrosus i n s o i l s from very v a r i e d vegetation i n Wales, I n 
some cases samples were taken several miles from the nearest 
stands of Juncus squarrosus, so that e i t h e r the seeds had been 
wind-borne or had survived since Juncus disappeared on pasture 
improvement. Table 3.1U shows the frequency of i t s seeds 
o c c u r r i n g i n the s o i l samples, and t h e i r maximum density i n 
a sample. A f u r t h e r paper (1939), describing transects up 
Plynlimmon and Cader I d r i s , shov/ed that the seeds are most 
frequent i n the s o i l when Juncus squarrosus i s w e l l 
represented i n the sward above. 

Champness and Morris (19U8) did not f i n d Juncus 
squarrosus seeds at any s t a t i o n below 1000 f t . , though v i a b l e 
seeds were obtained from 10 out o f 12 f i e l d s examined above 
t h i s l e v e l . They recorded 18.77 m i l l i o n seeds/acre (7.6 
m i l l i o n / h a . ) i n one f i e l d , the maximum density reported i n 
t h i s l i t e r a t u r e . The usual density i s between 1 and 5 m i l l i o n 
seeds/acre. 

Thus seeds of Juncus squarrosus are e f f e c t i v e l y dispersed 
f o r medium distances of up t o a few m i l e s , and large numbers 
are present i n the s o i l ready to germinate when conditions 
are favourable. 
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C) SEED VIABILITY 

T r i a l s have been made of the seeds produced during the 
three f r u i t i n g seasons at the d i f f e r e n t s i t e s used to measure 
reproductive capacity. Several d i f f e r e n t media were used, 
and the r e s u l t s of these comparisons are dealt w i t h i n the 
next s e c t i o n , together w i t h the conditions necessary f o r 
germinat i o n . 

D i f f i c u l t i e s a r i se i n deali n g w i t h t i n y seeds such as 
Juncus squarrosus, because the less-developed are not easy 
to d i s t i n g u i s h from replum debris (as mentioned on p, 3.11;). 
But the seeds used i n these t e s t s were i n a l l cases of the 
same nature as those counted as seeds i n the measurement of 
the number of seeds per capsule. Unfortunately, no t r i a l s 
were done to r e l a t e v i a b i l i t y t o seed size; d i f f i c u l t i e s of 
measurement and handling would have been great, and there i s 
also the p o s s i b i l i t y that very t i n y seeds would have tended t o 
wash down i n t o the s o i l , g i v i n g a lower germination %, 

Hence, these t r i a l s show what p r o p o r t i o n of the measured 
seed produ c t i o n would germinate, i f dispersed t o a s u i t a b l e 
h a b i t a t , 

Methods 

Packets of 50 seeds (100 i n I961), representing the 
d i f f e r e n t quadrats or samples c o l l e c t e d from a s i t e , were 
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obtained as described on p, 3.1; , They were stored i n a dry, 
dark place u n t i l the day of sowing, which was 28th November i n 
1961, 20th December i n 1962 and 10th December i n I963. 

The pots or t i n s , ( t h e i r p reparation i s described i n section 
h) were placed on the shelf of a south-facing window inside 
Moor House, where the temperature r a r e l y f l u c t u a t e d outside 
the range 50-58°P (10-15°C), 55"*? (13°C) being the average. 
Watering was frequent; and during the l a s t two years the pots 
were kept i n standing water t o keep the media reasonable moist 
at a l l times. Counts of the number of seeds which had 
germinated were made every 3 or U days. This was necessary 
as sometimes a seed would germinate, and then the t i n y seedling 
die and disappear, so t h a t germinations would go unrecorded i f 
longer periods separated seed counts. 

Occasionally the pots were moved around as i t was possible 
t h a t there would be a higher l i g h t i n t e n s i t y but a lower 
temperature close to the window. 

I n 1961-2, some germination t r i a l s were done i n a 
s l i g h t l y - h e a t e d greenhouse at the Science Laboratories i n 
Durham. The environment was more humid and l i g h t e r , though 
cooler than at Moor House, but as the f i n a l germination 
percentages, were s i m i l a r , both series of r e s u l t s have been 
t r e a t e d as one. 

Recording was continued t i l l about midsummer, when the 
number o f f r e s h germinations became very small. 



Table 3.15. Comparison of seed v i a b i l i t y o f p l a n t s of Juncus 
squarrosus on peat and mineral s o i l s i n 1961, shown 
as % germination. 

A l t i t u d e up 
Tees tra n s e c t 

( f e e t ) 
A l l u v i a l mineral 

s o i l 
Peaty podsol 

or gley 

1750 81 78 

1975 69 70 
2250 58 55 

Table 3.16. The seed v i a b i l i t y at d i f f e r e n t a l t i t u d e s i n 196I. 

A l t i t u d e o f 
stand ( f e e t ) 1I;00 1750 1975 2250 2500 265O 2725 2925 
No. of samples 2 20 9 7 3 1 of 
of 100 seeds 30 seeds,9 and 1 seed 
te s t e d 
% germination 89 80 69 57 39 3 0 0 
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Results 

a) Seed v i a b i l i t y of p l a n t s on d i f f e r e n t s o i l s at the same 
s i t e 

I n 1961 inflorescences were c o l l e c t e d at 1750 f t . , 1975 

f t , and 2250 f t , i n the Tees V a l l e y from stands on the 
a l l u v i a l t errace and on a peaty podsol or peaty gley closeby, 
No s i g n i f i c a n t d i f f e r e n c e was found i n the v i a b i l i t y of t h e i r 
seeds, as shown i n Table 3.15* The r e s u l t s i n t h i s and the 
remaining tables i n t h i s section are averages of t r i a l s on 
a l l media. 

b) Seed v i a b i l i t y i n the d i f f e r e n t seasons, and at d i f f e r e n t 
a l t i t u d e s 
A very high p r o p o r t i o n of the seeds produced i n 196I were 

found to germinate, as shown i n Table 3 . I 6 . The percentage 
f e l l above I75O f t . , b ut even at 2500 f t . almost h a l f the 
seeds germinated, and there was 1 germination from the 30 

seeds obtained at 265O f t . The capsules at 11+00 f t . were 
i n f e s t e d by Goleophora. but t h i s has not a f f e c t e d the v i a b i l i t y 
of the seeds. 

I n Table 3.17 seed v i a b i l i t y on Pendle H i l l i s given f o r 
the 1961 season. The p l a n t s from I I 5 0 to 1550 f t . , which 
were p o o r l y grown and produced few seeds, had also pocir seed 
v i a b i l i t y . I n t h i s instance s o i l conditions are having an 
e f f e c t , but by lowering the vigour of the p l a n t s , i n contrast 



Table 3.17. A comparison of seed v i a b i l i t y i n 196I at d i f f e r e n t 
a l t i t u d e s on Pendle H i l l , Lanes. 

A l t i t u d e i n f e e t Number of Germination % 
s i t e s 

950 1 88 
1150 - 1550 3 56 
1750 - I83O 2 99 

Table 3.18, A comparison of the seed v i a b i l i t y i n 1962 and I963 
at the 12 s i t e s at Moor House ( w i t h 95^ confidence 
l i m i t s ) , 

S i t e A l t i t u d e i n f e e t 1962 1963 
G 2925 0 0 
A 21+50 0 0 
L 2300 0 0,5+ 0,8 
I 1900 20.0+9.1 18.2+12.1+ 
J 1900 6.2+2:2 18,5+16.8 
K 1850 6,0+1+.9 1;!+,8+21.0 
E I85O 10.0+13.9 29.6+16.0 
C 1850 l8.1;+3.0 31.2+ 9.3 
H 1800 10.8+U.6 111.6+19.7 
D 1775 15.0+I|.U 38.2+18.7 
B 1750 13.6+2.3 1+1.6+11.8 
P 1550 8.5+1.7 53.6+ 2.1* 

- from experiments described i n section 
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t o the Tees p l a n t s which were equally well-grown on the 
d i f f e r e n t s o i l s . 

W h i l s t 1963 d i d not produce as h i g h a percentage of 
v i a b l e seeds as I 9 6 I , i t was considerably b e t t e r than I962. 
Table 3.18 compares these two years at the 12 Moor House s i t e s . 
Most of the values are averages of 10 t r i a l s , seed f o r each 
coming from an adjacent p a i r of quadrats. 

No r e l a t i o n can be established between the s i t e s and t h e i r 
seed v i a b i l i t i e s i n the d i f f e r e n t years. I n 1963, increasing 
a l t i t u d e between 1750 and 1900 f t . seems to have an important 
e f f e c t , b u t t h i s was not so i n I962. Considerable v a r i a b i l i t y 
was found between the d i f f e r e n t quadrats at a s i t e , r e s u l t i n g 
i n the larg e confidence l i m i t s . 

I t i s i n t e r e s t i n g t h a t despite 19% of the f l o r e t s being 
apparently r i p e (Table 3.I) at s i t e L i n 1963, so few of the 
seeds were v i a b l e . I n 1962 there were fewer r i p e capsules at 
the lower l e v e l s , yet they contained a higher percentage of 
v i a b l e seed. I t would seem t h a t some time elapses between the 
capsules becoming apparently r i p e and the seeds becoming 
v i a b l e . 
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SECTION IV: GERMINATION AND THE FACTORS WHICH APPECT I T . 

The section opens w i t h a b r i e f i l l u s t r a t e d d e s c r i p t i o n of 
the germination. An accoiint f o l l o w s of the necessary' conditions 
f o r germination and the e f f e c t s of the various f a c t o r s on i t s 
r a t e , 

Germinat ion 
The seeds of Juncus squarrosus are brown or yellow-brown, 

very small and very l i g h t , w i t h an average weight of 0,0275 mg. 
(Dallmann, 1933). Very few p l a n t s have seeds w i t h weights 
less than t h i s ; they include J. bufonius (O.OI5 mg.) and Sagina 
apetala (O.OO75 mg.). The Juncaceae belong to the Rudimentary -
Broad d i v i s i o n i n the seed c l a s s i f i c a t i o n of Crocker and Barton 
(1953)> w i t h r e l a t i v e l y small embryos, which are broad and 
p e r i p h e r a l , and have starchy albumen. Laurent (19014-) said the 
albumen was soon used up, and gave some i l l u s t r a t i o n s of the 
e a r l y stages of germination. 

Germination i s epi g e a l , as shown i n P i g . U , l , and s i m i l a r 
to Juncus effusus and J. conglomeratus. f i g u r e d by Richards' 
and Clapham (l9Ul) i n the B i o l o g i c a l F l o r a , The cotyledon base 
emerges f i r s t and curves down to the s o i l , becoming attached by 
a c i r c l e t of root h a i r s . C hlorophyll i s apparent a day or two 
a f t e r germination has begun. The cotyledon base now straightens 
and elongates, c a r r y i n g the seed up on i t s t i p . A f t e r about a 
f o r t n i g h t the f i r s t l a t e r a l l e a f appears. 
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Juncus squarrosus i s a spring germinator, though some 
seeds germinated indoors as e a r l y as September. I t seems that 
the seeds w i l l germinate at any time from s h o r t l y a f t e r dispersal 
i f the conditions are s u i t a b l e . I n 1962 seedlings i n the f i e l d 
were f i r s t n o t i c e d on 27th May, and had probably germinated 
about 10th May, the cool weather no doubt causing slow growth. 

Factors which a f f e c t germination 

1) P o s i t i o n of seeds 

An experiment was done i n Autumn I 9 6 I to compare the 
germination of seeds sown on a peat surface w i t h those buried 
from 1/k to 1/2 i n , below. No germination of buried seed 
occurred, and i n a l l f u r t h e r t r i a l s seeds were sovm on the 
surface. 

2) Substrate 
Methods 

Pour media:- calcareous d r i f t , acid d r i f t , humified 
blanket peat and f a b r i c over water have been used during the 
course o f the work. The f a b r i c (Curlene M 101+) was placed i n 
beakers, but the three s o i l s were e i t h e r i n clay pots or 
aluminium s o i l sample t i n s , both 2^ i n . i n diameter. The s o i l s 
were obtained from the same s i t e s throughout the work, and a f t e r 
d r y i n g indoors were mixed u n t i l homogeneous. The calcareous 
d r i f t , of pH 7.0, came from over the Tyne Bottom Limestone i n 



Table l + . l The germination percentages on d i f f e r e n t media 
( s i g n i f i c a n t d i f f e r e n c e at ^% l e v e l i s st a r r e d ) 

Media 
number of Peat i n Acid d r i f t Calcareous 

Year comparisons Fabric t i n s i n t i n s i n pots d r i f t i n t i n s 

spring 
1962 9 83 77 65 

12 82 69 
h 83 71 59 

s p r i n g 
1963 8 17 " 13 

15 7 12 
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the p a s t u r e b y M o o r H o u s e , t h e a c i d d r i f t ( p H k^7) f r o m o v e r 

t h e s a n d s t o n e o u t c r o p h y N e t h e r H e a r t h S i k e ; i u s t i n f r o n t o f 

t h e meadow, a n d t h e " b l a n k e t p e a t ( p H 3»3) f r o m e r o d i n g h a g g s 

j u s t b e h i n d t h e h o u s e . 

T h e s o i l s w e r e p a c k e d f i r m l y i n t o t h e t i n s o r p o t s above 

c r o c k s a t t h e b a s e , a n d t h e s u r f a c e s m o o t h e d , as a n y c r a c k s 

o r i r r e g u l a r i t i e s w o u l d a l l o w t h e v e r y l i g h t seeds o f J u n c u s 

s q u a r r o s u s t o wash a w a y . W a t e r i n g was done g e n t l y , a n d a t 

r e g u l a r i n t e r v a l s . T i n s w e r e u s e d i n t h e e a r l y e x p e r i m e n t s as 

d r y i n g o u t o c c u r s l e s s r a p i d l y f r o m t h e m t h a n c l a y p l a n t p o t s , 

a n d J u n c u s s q u a r r o s u s s e e d l i n g s seemed n o t t o s u f f e r i n any 

way f r o m g r o w i n g u n d e r p e r m a n e n t l y w a t e r l o g g e d c o n d i t i o n s . B u t 

l a t e r , c l a y p o t s i m m e r s e d i n a w a t e r b a t h w e r e u s e d ; t h i s 

r e d u c e d t h e amount o f w a t e r i n g n e e d e d . The e x p e r i m e n t s w e r e 

c o n d u c t e d i n M o o r House as d e s c r i b e d o n p . 3.29. 

R e s u l t s 

The g r e a t e s t g e r m i n a t i o n p e r c e n t a g e s ( T a b l e l + . l ) w e r e 

o b t a i n e d o n t h e f a b r i c , p r o b a b l y b e c a u s e no seeds w e r e l o s t 

b y b e i n g w a s h e d down i n t o t h e s o i l . B u t t h i s medium was 

a b a n d o n e d a f t e r t h e f i r s t y e a r b e c a u s e t h e r o o t s c o u l d n o t 

p e n e t r a t e t h e f a b r i c mesh ( a c o a r s e r mesh a l l o w e d t h e s m a l l 
« 

s e e d s t o f a l l t h r o u g h ) . Hence t h e s e e d l i n g s w e r e i i n a b l e t o 

e s t a b l i s h t h e m s e l v e s a n d s t r a g g l e d , m a k i n g c o u n t i n g v e r y 

d i f f i c u l t . 



The o n l y s i g n i f i c a n t d i f f e r e n c e a t t h e 5^ l e v e l i s t h a t 

"between t h e f a b r i c a n d t h e c a l c a r e o u s d r i f t i n 1 9 6 2 , h u t i t 

does seem t h a t t h e g e r m i n a t i o n p e r c e n t a g e s a r e r a t h e r l o w e r o n 

t h e c a l c a r e o u s d r i f t t h a n o n t h e p e a t a n d a c i d d r i f t . 

A c c o r d i n g l y , i n 19614- a l l t h e g e r m i n a t i o n t r i a l s w e r e done o n 

p e a t i n t i n s ( l i g h t e x p e r i m e n t s ) o r p o t s ( s i t e v i a b i l i t y t r i a l s ) . 

T h u s t h e d i f f e r e n c e s b e t w e e n t h e m e d i a are n o t g r e a t , a n d do 

n o t mask t h e d i f f e r e n c e s b e t w e e n t h e y e a r s . Hence i n t h e 

c o m p a r i s o n s o f v i a b i l i t y b e t w e e n h a b i t a t s a n d s e a s o n s , a l l 

t r i a l s o n t h e d i f f e r e n t m e d i a h a v e b e e n t r e a t e d t o g e t h e r . 

D i s c u s s i o n 

T h e l o w e r g e r m i n a t i o n o n t h e c a l c a r e o u s d r i f t f i t s w i t h 

an o b s e r v a t i o n b y P e a r s a l l ( l 9 U 9 ) t h a t a h i g h e r pH a p p e a r s 

u n f a v o u r a b l e t o g e r m i n a t i o n . I n some s m a l l - s c a l e e x p e r i m e n t s , 

h e r e p o r t e d a 25% g e r m i n a t i o n o n a f e n p e a t o f pH 6 . 5 , b u t no 

g e r m i n a t i o n o n a m a r l o f pH 7 . 6 . No c r i t i c a l e x p e r i m e n t s h a v e 

b e e n done i n t h e p r e s e n t w o r k o n t h e r e l a t i o n o f g e r m i n a t i o n t o 

p H , b u t i t seems t h a t r e a s o n a b l e g e r m i n a t i o n w o u l d o c c u r o n a l l 

s o i l s w h i c h J u n c u s s q u a r r o s u s seeds r e a c h i n u p l a n d a r e a s , as 

v e r y f e w a r e e v e n n e u t r a l a t t h e s u r f a c e . I t w o u l d t h u s a p p e a r 

t h a t f a c t o r s o t h e r t h a n t h e n a t u r e o f t h e s o i l a r e p r e v e n t i n g 

t h e g e r m i n a t i o n o f J u n c u s s q u a r r o s u s i n t h e b e t t e r s w a r d s a t 

M o o r H o u s e . 



Hours 
of 

unshine 

3 0 

25 

20 

IS 

10 

5 

0 

A 
— • -

sr \ 
-1 1 

Jl 
a . 

DEC. JAN. FEB. MAR. APR MAY 

300 

250 

Number 

ermtnotions 
ISO 

1001 

50 

O 
DEC. JAN ^m. FEB. ' MAR. ' APft. ' MAY 

6 day 109 behind Hours of sunshine 

Fiq. 4-2. The relofior. of qerminotion to sunshine hours in If62. 



h,5 

3) L i g h t 

R i c h a r d s a n d G lapham ( l 9Ul and 19U3) r e p o r t e d t h a t a t 

l e a s t f i v e J u n c u s s p e c i e s ( J . e f f u s u s . J . i n f l e x u s . J . m a c e r . 

J . s u b n o d u l o s u s a n d J . f i l i f o r m i s ) r e g u i r e l i g h t f o r 

g e r m i n a t i o n . A c c o r d i n g l y , t h e r e l a t i o n s h i p s b e t w e e n 

g e r m i n a t i o n a n d t h e d u r a t i o n and i n t e n s i t y o f l i g h t h a v e b e e n 

i n v e s t i g a t e d , 

A ) S u n s h i n e h o u r s a n d g e r m i n a t i o n % 

The n u m b e r o f s eeds g e r m i n a t i n g i n t h e s eed v i a b i l i t y 

t r i a l s d u r i n g 3 or k d ay p e r i o d s was c o m p a r e d t o t h e h o u r s o f 

b r i g h t s u n s h i n e r e c o r d e d a t M o o r House d u r i n g t h e p r e v i o u s f e w 

d a y s . M o s t o f t h e s u n s h i n e r e c e i v e d d u r i n g t h e t i m e t h e t r i a l 

was i n p r o g r e s s r e a c h e d t h e p o t s and t i n s o n t h e w i n d o w - l e d g e 

i n M o o r H o u s e , 

I n 1962, t h e r e was a f a i r l y g o o d ' t r i g g e r - a c t i o n ' r e l a t i o n 

b e t w e e n t h e number o f seeds g e r m i n a t i n g i n a 3 - d a y p e r i o d , a n d 

t h e h o u r s o f s u n s h i n e r e c e i v e d i n an e q u a l p e r i o d 6 days 

p r e v i o u s l y , as s h o w n i n F i g , i4-.2. T h r e e s u d d e n p e a k s a r e seen -

o n 21st M a r c h , 20th A p r i l a n d 29th A p r i l - f o l l o w e d b y a 

s t e a d y r e d u c t i o n i n t h e number g e r m i n a t i n g , and t h e s e p e a k s 

a r e p a r a l l e l l e d b y h i g h s u n s h i n e t o t a l s o n 15th M a r c h , l i + t h 

A p r i l a n d 23rd A p r i l , The 26th A p r i l s u n s h i n e t o t a l i s h i g h e r 

s t i l l t h a n t h e 23rd, b u t o n t h i s o c c a s i o n t h e number o f 

g e r m i n a t i o n s was l e s s o n 2nd M a y . P e r h a p s b y t h i s t i m e t h e 
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l a g b e t w e e n t h e s u n s h i n e b e i n g r e c e i v e d a n d t h e seeds 

g e r m i n a t i n g h a d b e e n r e d u c e d , b u t t h e more l i k e l y e x p l a n a t i o n 

i s t h a t t h e r e w e r e o n l y a f e w seeds s t i l l t o g e r m i n a t e . 

I n t h e 1963 s e e d v i a b i l i t y t r i a l s i n t h e same p o s i t i o n , a 

d o u b l e p e a k o f g e r m i n a t i o n was r e c o r d e d , b u t t h e r e was no g o o d 

c o r r e l a t i o n w i t h s u n s h i n e h o u r s . I t i s p o s s i b l e t h a t t h e room 

t e m p e r a t u r e i n M o o r House was c o n t r o l l i n g g e r m i n a t i o n more 

t h a n s u n s h i n e h o u r s i n t h i s i n s t a n c e , as g e r m i n a t i o n d i d n o t 

o c c u r a t t h e e n d o f F e b r u a r y when t h e r e was a g o o d s u n n y , t h o u g h 

v e r y c o l d s p e l l o f w e a t h e r . T h e f i r s t p e a k came o n 5 t h A p r i l , 

when t h e p r e v i o u s s u n s h i n e h a d b e e n o n l y a v e r a g e i n a m o u n t , b u t 

t h e s e c o n d p e a k o n kth J u n e d i d c o r r e l a t e w i t h a s u n s h i n e p e a k 

o n 2 9 t h M a y . 

W o r k d e s c r i b e d i n t h e n e x t p a r t shows t h a t i n c o n s t a n t 

c o n d i t i o n s t h e r e i s a s u d d e n s h a r p p e a k f o l l o w e d b y a s t e a d y 

f a l l i n t h e n u m b e r o f seeds g e r m i n a t i n g . Thus d o u b l e - o r 

t r i p l e - p e a k g e r m i n a t i o n i s n o t an i n t r i n s i c f e a t u r e o f t h e 

s e e d s o f J u n c u s s q u a r r o s u s . b u t a r e s u l t o f change i n t h e 

e x t e r n a l c o n d i t i o n s . 

B ) T h e r e l a t i o n s h i p b e t w e e n l i g h t i n t e n s i t y , d u r a t i o n a n d 

g e r m i n a t i o n % 

F i v e e x p e r i m e n t s w e r e done i n A u t u m n I 9 6 3 a n d W i n t e r I96I4. 

u s i n g s e e d f r o m a s i n g l e s o u r c e ( D i p p e r - s i t e F ) . 50 seeds 

w e r e sown p e r t i n o n t o t h e p e a t medium p r e v i o u s l y d e s c r i b e d . 



h.7 

The l i g h t i n t e n s i t y was v a r i e d b y h a v i n g 2 s h e l v e s a t d i f f e r e n t 

l e v e l s a n d b y c o v e r i n g g r o u p s o f t i n s w i t h p e r f o r a t e d z i n c 

s h e e t s . T h e e x p e r i m e n t s w e r e c o n d u c t e d i n 2 p l a c e s w i t h 

d i f f e r i n g c o n d i t i o n s : -

A) A g r o w t h room i n t h e S c i e n c e L a b o r a t o r i e s a t D u r h a m , 

w i t h a c o n s t a n t t e m p e r a t u r e o f 7 3 ° ? (23**C) , a n d f l u o r e s c e n t 

l i g h t i n g . The t e m p e r a t u r e a t s h e l f l e v e l r o s e b y 2°P ( l ° C ) 

when t h e l i g h t was o n . 

B ) A n i m p r o v i s e d g r o w t h room i n M o o r H o u s e , w i t h o r d i n a r y 

t u n g s t e n f i l a m e n t l i g h t s a n d w i t h an a v e r a g e t e m p e r a t u r e o f 

57**? ( 1 I | . ° C ) , f l u c t u a t i n g n o r m a l l y w i t h i n t h e r a n g e 55 t o 59**? 

( 1 3 - 1 5 " C ) . A t h e r m o g r a p h was r u n t h r o u g h o u t , and showed 

e x t r e m e s o f 52**? (11*^0) a n d 66°P ( 1 9 ^ 0 ) . I t was a l s o f o u n d 

t h a t t h e t e m p e r a t u r e a t s h e l f l e v e l r o s e b y ( 2 ° C ) when t h e 

l i g h t was o n , b u t i t t o o k a t l e a s t 2 h o u r s b e f o r e t h e maximum 

l e v e l was r e a c h e d , a n d w i t h a 1 - h o u r l i g h t day t h e e f f e c t o n 

t e m p e r a t u r e was h a r d l y d e t e c t a b l e . The room t e m p e r a t u r e a l s o 

i n c r e a s e d , b u t o n l y b y ( l ^ C ) . 

E x p e r i m e n t s 1 , 2 a n d 5 w e r e done i n D u r h a m , w i t h 1 2 - h o u r , 

1 - h o u r a n d 1 2 - h o u r l i g h t d a y s r e s p e c t i v e l y . E x p e r i m e n t s 3 and 

h w e r e done a t M o o r House w i t h 8 - h o u r a n d 1 - h o u r l i g h t d a y s 

r e s p e c t i v e l y . E x p e r i m e n t 5 was done t o show t h e e f f e c t o f t h e 

n o r m a l w i n t e r c o n d i t i o n s a t M o o r House o n t h e s u b s e q u e n t 

g e r m i n a t i o n o f t h e s e e d s , a n d i s d e s c r i b e d on p . U . l l . 



T a b l e U-*2. C o m p a r i s o n o f g e r m i n a t i o n %s a t 73°P ( D u r h a m ) u n d e r 
d i f f e r e n t l i g h t t r e a t m e n t s , ( w i t h 93% c o n f i d e n c e l i m i t s ) . . 

a ) 12 h o u r s o f l i g h t p e r day 

I n t e n s i t y o f i l l u m i n a t i o n 
( f o o t c a n d l e s ) 

S t r o n g 

M e d i u m 

Weak 

V e r y weak 

No l i g h t ( a v e r a g e o f 2 t i n s ) 

Days f r o m s t a r t o f t r i a l 
13 

k7*0+ U .8 

61.5+12.3 

U7.5+15.0 

63.0+16.1 

5.0 

21 

53.6+ 2.1 
o v e r a l l 
a v e r a g e 

32.0 

Days f r o m s t a r t o f t r i a l 

b ) 1 h o u r o f l i g h t a day 

S t r o n g 

M e d i u m 

Weak 

V e r y weak 

Wo l i g h t ( a v e r a g e o f 2 t i n s ) 

13 

35 .4+lU .O 

U5.5+28.6 

IU.5+12.I1-

13.5+ 7.0 

13.0 

21 

1;1.8+17.8 

U8.O+31.6 

20.5+18 .6 

19.0+10.2 

20.0 

31 

U3.5+16.9 

I1.9.O+30.8 

27.0+30.7 

27.5+10.5 

21;.0 



-p 

•H 
H 

(D 
in 
(U 

<H 
<H 
• H 

JH 

3̂ 

0 
CQ 

o 
W 
in • 
O ^ 
o to 

-H 
B 

Ix, -H 
o H 
h -
LTv 0) 

O 
•P 

CQ -H 

o o 

03 i n 

•H 

? 
U -P 
Q) -H 
b O ^ 

o 

a CQ 
O +3 
CQ 

CSj + > 

ft «5 
a 
o u 

O - P 

* 

H 

E H 

H 

H 

•rt 

+> 

O 

+> 
U H 
cd CM 

-p 
m 
a 
o 

«H 

CQ 

05 
fi 

H 

CQ 
Q) 

H 

O 

C\J CO H CX) 
. . . . 

^ CM ^ 

+1 +1 +1 +1 
i n ' o ' o ' i n ' 

i n 

00 

CM 

A ' . 
i n 
i n 

C\J 

i n 

vo 

J -

i n 

CO 

. 

i n 
CM 

-P 
o 
o 

u 

o 
CO •H 

•P 
CO 

© 
ft ^ 
+5 H o O 

H • • •H o o 
•H CM H 
H <iH 

o 

O 
•p 

CQ •H 
? ^ CQ hO a 
3̂ 

O (D o •H 
-P U 
f! +> (D 

CO H CQ 

J -
i n 

J -

i n 

i^ ' 
. 

m 
J -

. 
CM 
H 

— J 

CM 

i n 

r n 

CO 

• 

o 
1^ 

o 

H 

in tn 
VX) Cvl 

9> 

>5 

0) 

05 
•H 
U 

+> H 
CM 

I H 
o 

+> 

oi 
+> 
CQ 

a 
o 
u 

H 
CQ 
>5 
05 

O O ^ 
. . . 

CM o^ 
H H +1 +1 +1 o in' o ' 

t n 

CO 

J -

CO 

H 

CM 
H 

CM 

o 
H 

. 
CO 

+1 +1 
in' o 

— N 

CQ 
0) 

H 
nd 
q 
a 
o 

H +> 
o 

O o 

CQ > — 

•H 
-P o 

•H 
CM 05 +3 CM 

05 
<u f! 
o u •H 

a 
03 ft 
faO 

ft 
H 

05 •P H 
^! •H 

> •H 
05 H o 

U 
+> o +> 

•H 
bO to CO bO a 

•H P! 
H o Q) o •H 

+> f̂  •d 
O +> 

CQ 
0 

05 

i 

> 

05 



U .8 

R e s u l t s 

T a b l e s li,2 a n d k*3 show t h e c o n s i d e r a b l e e f f e c t s o f 

d i f f e r e n t l i g b t t r e a t m e n t s o n g e r m i n a t i o n . C o n f i d e n c e l i m i t s 

a r e u n f o r t u n a t e l y h i g h - p r o b a b l y h t i n s p e r t r e a t m e n t was 

i n s u f f i c i e n t . A t 73**? (23°C) i n D u r h a m , a 12 -hour l i g h t day 

r e s u l t e d i n t h e r a p i d g e r m i n a t i o n o f seeds a t a l l i n t e n s i t i e s 

o f i l l u m i n a t i o n , a n d l i t t l e g e r m i n a t i o n o c c u r r e d a f t e r t h e 

t h i r t e e n t h d a y . B u t g e r m i n a t i o n was s l o w e r when o n l y 1 h o u r o f 

l i g h t was g i v e n p e r d a y , e s p e c i a l l y a t t h e l o w e r i n t e n s i t i e s , 

a n d e v e n a f t e r 31 d a y s o n l y h a l f t h e v i a b l e s e e d h a d g e r m i n a t e d 

i n t h e s e t i n s . I t i s i n t e r e s t i n g t h a t a t t h i s t e m p e r a t u r e 

g e r m i n a t i o n o c c u r r e d i n t h e c o n t r o l t i n s r e c e i v i n g no l i g h t , 

t h o u g h a t a s l o w e r r a t e t h a n i n t h e t i n s r e c e i v i n g o n l y v e r y 

weak l i g h t . 

T h e r e was s l o w e r g e r m i n a t i o n i n t h e t h i r d a n d f o u r t h 

e x p e r i m e n t s a t Moor H o u s e , w h e r e t h e t e m p e r a t u r e was n e a r e r t o 

t h a t o b t a i n i n g i n t h e n a t u r a l e n v i r o n m e n t when t h e seeds a r e 

g e r m i n a t i n g . The s l o w r a t e was mos t m a r k e d ( T a b l e U?3) a t t h e 

l o w e r i l l u m i n a t i o n i n t e n s i t i e s a n d i n t h e one h o u r o f l i g h t 

p e r d a y t r e a t m e n t . I n t h i s v e r y f e w seeds h a d g e r m i n a t e d a f t e r 

13 d a y s i n c o n t r a s t t o a l l o t h e r t r e a t m e n t s , a n d many v i a b l e 

s e e d s h a d n o t g e r m i n a t e d a f t e r 21 d ays e v e n i n t h e s t r o n g l i g h t 

i n t e n s i t y . 
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k.9 

C) The mode o f a c t i o n o f l i g h t 

I n t h e f i r s t t h r e e e x p e r i m e n t s an a t t e m p t was a l s o made 

t o f i n d o u t w h e t h e r l i g h t a c t s as a t r i g g e r i n s t a r t i n g 

g e r m i n a t i o n , o r w h e t h e r i t s p r e s e n c e i s n e c e s s a r y d u r i n g t h e 

t i m e o f g e r m i n a t i o n . I n e a c h e x p e r i m e n t t h e r e w e r e 12 

a d d i t i o n a l t i n s b e s i d e s t h o s e b e i n g u s e d t o show t h e e f f e c t s 

o f i n t e n s i t y o f i l l u m i n a t i o n , a n d t h e s e r e c e i v e d s t r o n g l i g h t . 

A f t e r 8 d a y s , 6 o f t h e t i n s w e r e moved i n t o v e r y weak l i g h t 

{k t i n s ) a n d t o t a l d a r k n e s s (2 t i n s ) , and t h e o t h e r 6 t i n s 

w e r e l i k e w i s e moved a f t e r l l j - d a y s . 

G e r m i n a t i o n was s i g n i f i c a n t l y r e d u c e d i n t h e t i n s p u t 

i n t o t o t a l d a r k n e s s a f t e r 8 d a y s , as s een i n T a b l e i+.U, a n d 

t h e r e was a l s o a s l i g h t r e d u c t i o n i n t h e number t h a t g e r m i n a t e d 

i n t i n s p l a c e d i n d a r k n e s s a f t e r Ik d a y s . I n v e r y weak l i g h t 

t h e f i n a l t o t a l o f g e r m i n a t i o n s was t h e same as u n d e r s t r o n g 

l i g h t t h r o u g h o u t , a n d g r e a t e r t h a n i n t i n s k e p t i n v e r y weak 

l i g h t t h r o u g h o u t . H o w e v e r , some d e l a y i n g e r m i n a t i o n was 

a p p a r e n t . 

F r o m t h e s e e x p e r i m e n t s t h e f o l l o w i n g c o n c l u s i o n s c a n be 

d r a w n : -

1) L i g h t does n o t s o l e l y h a v e a t r i g g e r - a c t i o n . 

2) L i g h t d u r i n g t h e t i m e o f g e r m i n a t i o n i n c r e a s e s t h e 

r a t e a n d f i n a l t o t a l . 



T a b l e k»5* G e r m i n a t i o n p e r c e n t a g e s o f seeds r e c e i v i n g one h o u r 
o f l i g h t p e r d a y a t d i f f e r e n t t e m p e r a t u r e s , w i t h 
33% c o n f i d e n c e l i m i t s . 

I n t e n s i t y o f i l l u m i n a t i o n 73°F ( D u r h a m ) 57'*F ( M o o r H o u s e ) 

a f t e r 13 20 d a y s a f t e r 13 20 d ays 

S t r o n g 35.Iy-lU .O UI .8+I7 . 8 1.5+U.8 32.O+I7.O 

M e d i u m ij.5.5+28.6 U8.O+3I.6 1.0+1.8 17.5+12.0 

Weak ll4-.5+12.I|. 20 .5+18 .6 0 12.0+ 9.U 

V e r y weak 13.3+ 7.0 19.0+10.2 0 8.5+10.2 



U . I O 

3) B o t h i n c r e a s e d i n t e n s i t y o f i l l u m i n a t i o n a n d l o n g e r 

l i g h t d a y s a s s i s t g e r m i n a t i o n . 

h) T h e e f f e c t i s c u m u l a t i v e as t h e t o t a l number o f 

g e r m i n a t i o n s i s r e l a t e d t o t h e t o t a l amount o f l i g h t 

r e c e i v e d . 

k) T e m p e r a t u r e 

The e f f e c t s o f t e m p e r a t u r e w i l l a l r e a d y b e a p p a r e n t f r o m 

t h e r e s u l t s g i v e n a b o v e . The g e r m i n a t i o n r a t e s a t t h e d i f f e r e n t 

t e m p e r a t u r e s u n d e r t h e same l i g h t t r e a t m e n t a r e c o m p a r e d i n 

T a b l e U .5 . H i g h e r t e m p e r a t u r e s g i v e f a s t e r g e r m i n a t i o n a n d 

m i n i m i s e t h e e f f e c t s o f l o w i n t e n s i t i e s o f i l l u m i n a t i o n . A t 

73°F i t i s c l e a r t h a t t h e h e a t i s p e r f o r m i n g t h e same f u n c t i o n 

i n t h e p r o c e s s o f g e r m i n a t i o n t h a t l i g h t does a t l o w e r 

t e m p e r a t u r e s , as g e r m i n a t i o n e v e n o c c u r r e d i n t h e d a r k . 

A t M o o r House t h e c o n t r o l s o f t h e t h i r d e x p e r i m e n t , i n 

w h i c h o n l y o n e s e e d g e r m i n a t e d o n t h e 30th d a y , a n d t h e t i n s 

w h i c h r e c e i v e d v e r y weak l i g h t , w e r e g i v e n a s t r o n g i n t e n s i t y 

o f i l l u m i n a t i o n i n t h e f o u r t h e x p e r i m e n t w h i c h f o l l o w e d 

i m m e d i a t e l y . V e r y s o o n f u r t h e r g e r m i n a t i o n s o c c u r r e d , b u t i t 

was 12 d a y s b e f o r e a n y g e r m i n a t i o n s w e r e r e c o r d e d i n t h e o t h e r 

t i n s r e c e i v i n g t h i s l i g h t t r e a t m e n t ( T a b l e U . 6 ) . T h u s i t seems 

t h a t e v e n a t 37°^, t e m p e r a t u r e c a n h a v e t h e same c u m u l a t i v e 

e f f e c t as l i g h t when t h e s eeds a r e i n a r e c e p t i v e c o n d i t i o n . 
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I t i s p r o b a b l e t h a t g e r m i n a t i o n c a n n o t t a k e p l a c e b e l o w 

a c e r t a i n t e m p e r a t u r e e v e n when l i g h t a n d s u b s t r a t e c o n d i t i o n s 

a r e s u i t a b l e . No w o r k h a s b e e n done o n t h i s , b u t a c l o s e 

w a t c h was k e p t f o r t h e f i r s t y o u n g s e e d l i n g s a p p e a r i n g o u t o f 

d o o r s i n 1962 , None w e r e s een t i l l l a t e i n M a y , and a l l o w i n g 

f o r a s l o w e r g r o w t h r a t e o u t s i d e t h a n i n t h e warmer e n v i r o n m e n t 

o f M o o r H o u s e , i t was c a l c u l a t e d t h a t t h e s e seeds g e r m i n a t e d 

a b o u t 1 0 t h M a y . N i g h t m i n i m a w e r e t h e n a b o u t kO°F ( 5 ° C ) f o r 

t h e f i r s t t i m e t h a t y e a r , a n d day max ima a v e r a g e d 55°P ( 1 3 ° C ) . 

The f i n a l t r i a l done i n Durham i n S p r i n g I96I1. ( T a b l e Ii-.7) 

showed t h a t s u b j e c t i n g t h e seeds t o w i n t e r c o n d i t i o n s a t Moor 

House - f o r mos t o f t h e t h r e e w i n t e r m o n t h s t h e seeds a n d p e a t 

s u b s t r a t u m w e r e f r o z e n - h a d no a p p r e c i a b l e e f f e c t o n t h e 

g e r m i n a t i o n % o r r a t e . The s l i g h t f a l l i n n u m b e r s g e r m i n a t i n g 

may w e l l b e due t o some seeds b e i n g b u r i e d b y movements o f t h e 

p e a t . The a b i l i t y o f s e e d s t o g e r m i n a t e i n t h e d a r k a t t h e 

h i g h t e m p e r a t u r e (73**? - 23"C) o f t h e t r i a l was a l s o u n a f f e c t e d . 

5) O t h e r f a c t o r s 

I n 1961 b o t h d i l u t e KNO^ a n d a l t e r n a t i n g t e m p e r a t u r e s 

( w a r m i n t h e d a y , a n d c o l d a t n i g h t ) w e r e a p p l i e d , as C r o c k e r 

a n d B a r t o n (1953) s t a t e d t h a t t h e y i m p r o v e d o r s t i m u l a t e d t h e 

g e r m i n a t i o n o f l i g h t - s e n s i t i v e s e e d s . E a c h t r e a t m e n t was g i v e n 

t o 2 t i n s , b u t no e f f e c t was d e t e c t a b l e , s i m i l a r g e r m i n a t i o n s 

b e i n g o b t a i n e d as u n d e r n o r m a l c o n d i t i o n s . 



T a b l e k»7* G e r m i n a t i o n %s o f s eeds sown i n a u t u m n g i v e n l i g h t 
a n d w a r m t h i m m e d i a t e l y , a n d g i v e n l i g h t a n d w a r m t h 
i n t h e f o l l o w i n g s p r i n g a f t e r b e i n g s u b j e c t e d t o 
o u t s i d e c o n d i t i o n s a t M o o r H o u s e , ( w i t h 95% 
c o n f i d e n c e . l i m i t s ) . 

a ) a t v a r i o u s l i g h t A u t u m n g e r m i n a t i o n S p r i n g g e r m i n a t i o n 
i n t e n s i t i e s 

a f t e r 11 d a y s U9.6+2.1 i;3.0+6.8 

a f t e r 16 d a y s 51.8+2.1 10+.2+7.2 

b ) c o n t r o l w i t h no 
l i g h t 

a f t e r 11 d a y s 1.0 7.0 

a f t e r 16 d a y s 12.0 9.0 
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Pearsall (19U9) reported that freezing before sowing 
raised the germination % of seeds on Eriophorum vaginatum peat 
of pH 3.3 from 5 - 10% to 30?S, but had no effect when the 
substrate was Sphagnum peat of pH U.O. This, however, was a 
small experiment, and the results may well have been due to 
chance. 

Under natural conditions, seeds of Juncus squarrosus w i l l 
nearly always experience f r o s t before conditions are suitable 
f o r t h e i r germination. I n the Moor House area the seeds were 
frosted before they were collected from the capsules, and 
therefore freezing treatment has not been investigated. 

The s e n s i t i v i t y of the seeds towards root exudates that 
i n h i b i t germination has not been determined. Osvald (19̂ 4-9) 
reported that rape seeds would not germinate i n an extract 
from a s o i l i n which Festuca rubra had been growing, though 
they germinated readily i n extracts from so i l s i n which there 
had been no Festuca. I t i s just possible that t h i s i s the 
explanation of the f a i l u r e of Juncus squarrosus seeds to 
germinate i n grass swards even when they are grazed down, 
allowing a f a i r amount of l i g h t to reach the s o i l surface. 

Discussion 
For many years studies have been made on the factors 

c o n t r o l l i n g germination, especially that of l i g h t . Kinzel as 
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long ago as 191? said 'Light and dark play an important part in 
the germination of seeds i n nature, and d i f f e r e n t reactions i n 
t h i s respect are to be regarded as a response to environmental 
conditions.' Thus germination i n different species may be 
light-hindered, light-aided or l i g h t - i n d i f f e r e n t according to 
t h e i r environment. 

Mayer and Poljakoff-Mayber (1963) have produced a good 
account of the factors a f f e c t i n g germination, and discuss t h e i r 
value to the plant. Light requirement has frequently been 
associated with small seed size, as i t i s thought necessary f o r 
photo-synthesis to produce more food substances shortly after 
germination has occurred. But they point out that what i s 
important i s the r a t i o between the amount of stored materials 
and the size of the seedling to be nourished by them. However, 
i t i s probable that t h i s i s low i n Juncus squarrosus. i n which 
case l i g h t s e n s i t i v i t y 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 l i g h t of d i f f e r e n t spectral lengths on germination. 
Red.light often promotes germination, but blue i s i n h i b i t o r y . 
However, the fluorescent l i g h t used i n the 3 Durham experiments 
had no such effect on the seeds of Juncus squarrosus. 
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Temperature and the a c i d i t y of the substrate often 
profoundly influence the effect of l i g h t i n the germination of 
l i g h t - s e n s i t i v e seeds. Some germinate i n the dark at suitable 
temperatures i f provided with an acid substrate, and i t i s clear 
that Juncus squarrosus belongs to t h i s category, though i t i s 
not known whether germination also occurs i n the dark on a 
neutral medium. 

OttenwSlder (191U) showed t h i s effect with many small 
seeds including Lythrum s a l i c a r i a . Verbascum thapsiforme. 
Scrophularia nodosa and Oenothera biennis. Results f o r Lythrum 
are given i n Table U.8; these d i f f e r from those f o r Juncus 
squarrosus only i n the higher temperature needed f o r 
germination i n the dark. V/ith Oenothera biennis, there was a 
very high dark germination at 79°F (26°C), but only 3% at 
73"^ (23^*0). 

I t i s now generally assumed (Mayer and Poljakoff-Mayber) 
that l i g h t acts as a catalyst i n a photochemical reaction which 
i n i t i a t e s a series of reactions leading to germination. This 
theory explains the va r i a t i o n i n germination rate of Juncus 
squarrosus seeds i n d i f f e r e n t l i g h t and temperature conditions. 
Only at high temperatures does the photochemical reaction proceed 
s u f f i c i e n t l y fast f o r l i g h t to be unnecessary. At lower 
temperatures the reaction only proceeds when l i g h t i s present, 
explaining i t s cumulative effects and why further germination-
i s stopped af t e r l i g h t has been removed, the substance produced 
having been used up. 



Table U.8. Germination of Lythrum s a l i c a r i a under controlled 
conditions, ( a f t e r OttenwSlder). 

Temperature 23 °C 30°C 
Days from l i g h t dark l i g h t dark 
sowing 

2 0 98.5% 0 

3 J 0 98.5% U.5% 

h 98% 0 98.5% 11% 

i i i 98% 0 98.5% 13% 
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Mayer and Poljakoff-Mayber also point out that factors 
revealed i n 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 e f f e c t ' . Germination at high temperatures i n 
Juncus squarrosus may well belong to t h i s category, as i t w i l l 
occur very infrequently i n the f i e l d , and any wastage w i l l be 
very small. During the t r i a l s a few seedlings germinated when 
s l i g h t l y buried (less than 1/8 i n , below the surface), possibly 
due to the r i s e i n surface temperature on bare ground receiving 
l i g h t . I f t h i s i s so, germination i n the dark at high 
temperatures may be advantageous to the plant, i n that more 
seeds are able to germinate i n suitable sites f o r establishment. 

The lower temperature l i m i t to germination w i l l have the 
eff e c t of preventing germination i n the autumn. This i s 
frequently found i n autumn-dispersed seeds, and avoids the 
loss of seedlings during the winter. 
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SECTION V: ESTABLISHMENT AND GROTTH FORMS 

The establishment of the seedlings and the form of mature 
communities of Jimcus squarrosus are described i n t h i s section. 
These topics verge on those discussed i n sections 2 and U, but 
are best dealt with separately, 

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. I t 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 196I - 2 did not produce any inflorescences 
during the summer of I963, even when grown i n the favourable 
conditions of the Ecology Greenhouse at the Science Laboratories 
at Durham. However, these plants i n the spring of 1961; are of 
such a size that they w i l l probably produce a few inflorescences 
i n the summer, judging from observations i n the f i e l d at Moor 
House. But i t w i l l be at least I965, t h e i r fourth summer of 
growth, before they reach maturity and produce a substantial 
number of inflorescences. Under f i e l d conditions i t i s probable 
that f i v e years w i l l pass between germination and maturity. 

A f t e r four weeks the seedling has one l a t e r a l leaf and an 
elongated chlorophyllous cotyledon. This now begins to wither, 
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and fu r t h e r l a t e r a l leaves are produced (Fig. 5»l)« In the 
greenhouse at Durham and on the windowsill at Moor House the 
seedlings were about 2 i n , (5 cm.) t a l l and had 8 to Ik leaves 
at the end of the f i r s t growing season. 

The leaves produced during the second season are clearly 
grouped into shoots, usually three i n number, but sometimes up 
to six ( F i g . 5.-2). The shoots are composed of 6 to 8 leaves 
which have grown out from inside those of the f i r s t season. 
(Juncus squarrosus i s 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 i n . (7 cm.). 

I t i s thought that growth i n the t h i r d season w i l l be as 
described i n section 2, with a l l or most of the second season 
shoots acting as 'front shoots'. Thus each w i l l produce 5 or 
6 f u r t h e r shoots, and by the autumn a rosette of Jvmcus 
squarrosus w i l l have formed. However i t must be emphasised 
that growth i n the f i e l d w i l l not occur so rapidly as t h i s . 

Factors a f f e c t i n g establishment 
I t was intended to carry out competition experiments i n 

the f i e l d , to show the effect of a sward of Festuca ovina. as 
compared with no competition, on the germination and establish
ment of Juncus squarrosus. I t i s a f a c t that seedlings of 
Jtincus squarrosus are very rarely found i n closed swards, and 
i t was not known whether the explanation was unsuitable 
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germination conditions or a lack of competitive powers i n the 
seedlings. Unfortunately, the experiment was not very success
f u l , because of the d i f f i c u l t i e s of getting Festuca ovina and 
Juncus squarrosus to germinate at a p a r t i c u l a r time, and 
especially because the seeds of Juncus squarrosus are so l i g h t 
that l a t e r a l water movement on the s o i l surface carried them 
o f f or to the margins of the experimental p l o t . Such l a t e r a l 
water movement i s inevitable at Moor House during periods of 
heavy r a i n when s o i l s are badly drained. 

However, the few seeds of Juncus squarrosus that did 
germinate were on the p l o t s with no Festuca. After one growing 
season there was no apparent difference between Juncus 
squarrosus seedlings planted at the one-year old stage i n June 
into bare plots and int o Festuca swards, though these were no 
more than 1 to 2 i n . (2 - 5 cm.) t a l l . Frost heaving during 
the winter prevented further observations during the following 
season, and t h i s must be an important factor affecting seedling 
establishment i n upland areas, probably being most intense on 
bare unrooted areas. 

These tentative r e s u l t s , together with the facts described 
i n section k, indicate that conditions during germination and 
the f i r s t few days of growth are of primary importance i n the 
establishment of Juncus squarrosus i n grazed swards; the amount 
of competition subsequently imposed on the seedling by a grazed 
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sward i s of lesser importance. 

The size of mature plants 
As mentioned i n both the introduction and the section on 

morphology, the size of Juncus squarrosus varies considerably 
i n response to the environmental conditions. Plants w i t h long 
leaves (see p. 2.2) also have long inflorescences, and usually 
have large rosettes with many shoots. An exception to t h i s i s 
when a dense slightly-grazed sward grows up. The leaves grow 
t a l l , giving the shoots the form of a v e r t i c a l cylinder, and 
thus shading i s avoided. The normal well-grown plant i n the 
Moor House area i s formed of about 15 l i v i n g shoots with 120 
leaves about k i n . (10 cm.) long and inflorescences 12 i n . 
(30 cm.) long. 

Whilst many of the herbarium specimens i n the B r i t i s h 
Museum, both B r i t i s h and European, were of t h i s size, a 
considerable number were smaller, more the size of the s i t e G 
plants (see below), and some were very small. These specimens 
had many short (2 i n . - 5 cm.), t h i n leaves, and inflorescences 
only 6 i n . (15 cm.) t a l l and with few f l o r e t s , and usually came 
from sandy heaths i n southern England, e.g. Wimbledon Common. 

When the phytosociological recording was done, the number 
of rosettes i n the quadrats was noted, and related to the 
estimated cover value, to give some indication of t h e i r size. 
These results are presented i n Table 5.1. 
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As apparent from f i e l d observations, the plants of Gross 
F e l l ( s i t e G) and the well-drained House limestone grassland 
( s i t e E) are only half the size of those growing on waterlogged 
peat at sites H and J. The plants of s i t e I are small, though 
vigorous, because as yet they are growing i n a mound form -
the tendency f o r the rosettes to expand having been met by a 
bulging upwards. This i s usual i n the i n i t i a l stages of 
colonisation of the mixture of redistributed peat and shattered 
sandstone boulders l e f t behind after erosion of the blanket bog. 
Table 5.1 shows that there i s no r e l a t i o n 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 ( s i t e s L andG), 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 
intermediate cover values. 

Taking the individual quadrats at a s i t e , there was some 
r e l a t i o n between the number of rosettes present, and the Domin 
value f o r the cover of Juncus squarrosus. as shown i n Fig. 5.3, 
but t h i s was not precise, indicating that the rosettes vary i n 
size. 

The only standing crop weight given i n the l i t e r a t u r e i s 
6900 kgm./hectare, with J. effusus being 8000 kgm./hectare 
(Gorham and Pearsall, 1956), but the type of Juncus squarrosus 
community i s not specified. At Moor House (Rawes and V/elch 
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unpublished as y e t ) , standing crops of a Juncus squarrosus 
stand of peaty gley type ranged from UO5O kgm ./hectare i n 
spring before growth to a maximum 6150 kgm ./hectare. But 
sorting showed that the actual weights of Juncus squarrosus 
were 750 and I3OO kgm./hectare respectively. 

THE FORM OF JUNGUS SQUMROSUS STANDS 
The a b i l i t y of Juncus squarrosus to spread vegetatively 

once established, the d i f f i c u l t i e s of establishment i n some 
swards, and i t s tolerance of a wide range of conditions, but 
poor growth i n unfavourable habitats are important factors 
governing the form of stands of Juncus squarrosus. 

Three main forms can be distinguished, of which the la s t 
i s by f a r the least common:-

1) F a i r l y xaniform stands covering large areas. 
2) Heterogenous stands with d i s t i n c t patches of varying 

sizes. 

3) Groups of scattered plants spread f a i r l y evenly i n 
stands of other species. 

The f i r s t type i s common i n the Moor House area, and the 
stands usually belong to the peaty gley nodum to be described i n 
the next section. Juncus squarrosus i s clearly dominant and the 
plants are large and t h r i v i n g , being i n almost permanently 
waterlogged conditions. Other species are confined to tussocks 
i n between the rosettes, 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 l e f t behind i n 
the ageing part of the rosette. 

I t i s very doubtful whether seedlings could become 
established at the present day i n these communities. But 
vegetative reproduction i s quite s u f f i c i e n t 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 a time favourable 
to germination, which spread f o r a shorter period. 

The second type of stand, that of d i s t i n c t patches, i s a 
t r a n s i t i o n a l type i n the formation of either the f i r s t or t h i r d 
type. I t i s to be found colonising awards which are com
para t i v e l y recent, f o r example a l l u v i a l terraces or stretches 
of blanket bog i n which Eriophorum vaginatum has become the 
chief species, Galluna vulgaris having declined from various 
causes. 

At the Trout Beck Foot s i t e (B) there are many circ u l a r ' 
patches of varying diameters up to U f t . (1.2 m,), and larger 
areas which shov/ signs of being derived from 2 or 3 patches. 
Nearly a l l show marginal vigour, some being rings with a t a l l 
grov/th of Festuca ovina i n the i n t e r i o r , but below which 
remains of Juncus squarrosus rhizomes can be found. 

Inside other patches there are scattered plants of Juncus 
squarrosus. forming a stand similar to that classed as the 
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species-poor gley nodum i n the next s e c t i o n . Up to 3 i n . 
(8 cm.) of l i t t e r can "build up i n s i d e a patch, and prohahly 
s o i l changes take place such t h a t the t y p i c a l sward of Festuca -
A g r o s t i s grassland cannot r e t u r n . Thus i t seems tha t the 
species-poor gley nodum w i l l r e s u l t when Juncus squarrosus i s 
able t o colonise Pestuca - A g r o s t i s grassland on peaty s i l t s . 

Examination o f the rhizomes gives a growth r a t e of 2^ i n . 
(6 cm.) i n I ; years; t h i s compares w i t h an increment of O.Ii- i n , 
( 1 cm.) per year f o r p l a n t s on peaty podsols i n North Wales 
(Kershaw and T a l l i s , 1958). Hence, i f the growth r a t e has 
been f a i r l y uniform, the m a j o r i t y of patches at the Trout Beck 
Foot s i t e are no more than 50 years o l d . 

As many patches are present, seedling establishment must 
have been r e l a t i v e l y easy under the grazing regime of recent 
years. Quite why c o l o n i s a t i o n d i d not occur s u f f i c i e n t l y long 
ago f o r Juncus squarrosus to have spread throughout the s u i t a b l e 
area i s not known, f o r t h i s a l l u v i a l t errace must be of 
considerable age. 

At many places on the Reserve between 2200 f t . (660 m.) 
and 2i;00 f t . (720 m.) there i s blanket bog dominated by 
Eriophorum vaginatum. . At Rough Sike Head t h i s slopes at 5 - 10 
degrees, and shows signs of sheet erosion i n places. Juncus 
SQuarrosus patches of d i f f e r e n t shapes and sizes are present, 
and the quadrats of s i t e L were p o s i t i o n e d on them. A plan of 
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a group of 5 patches of t h i s type at Nether Hearth Sike Head 
close-hy i s given to i l l u s t r a t e t h i s ( P i g . 5 . ^ ) . 

Marginal vigour i s seen i n almost a l l the patches, though 
the p l a n t s throughout are l a r g e and well-grown. The l i t t e r 
depth f r e q u e n t l y reaches 2h i n . (8 cm.) inside the patches, 
i n c o n t r a s t to the bare eroding peat or t h i n cover of 
Diplophyllum alhicans outside. Festuca ovina and some 
Deschampsia flexuosa grow on the l i t t e r , hut Eriophorum 
vaginatum and Diplophyllum albicans are considerably reduced. 
C e r t a i n of the l a r g e r patches tend towards the r i n g type w i t h 
r a t h e r more Eriophorum and l e s s Juncus i n the i n t e r i o r , g i v i n g 
a stand t y p i c a l of the peaty gley nodum, though poor i n species. 
E s p e c i a l l y towards t h e upper margins of the blanket bog, the 
Eriophorum o f t e n passes i n t o Juncus squarrosus communities 
belonging to t h i s nodum, and these may w e l l be formed from 
older patches t h a t have coalesced. 

Thus i t seems t h a t these patch stands are a s e r a i stage 
i n the development of uniform stands belonging t o the peaty 
gley nodum. The patches are most usual where there i s a 
c e r t a i n amount of f l u s h i n g down the bog, shown by the presence 
of Eriophorum a n g u s t i f o l i u m . This i s p a r a l l e l l e d by the peaty 
gley stands e i t h e r being on shallow peat, through which the 
roots can reach the s o i l below, or on s l i g h t l y f l u s h e d deeper 
peat. 
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I n blanket bog communities w i t h good Sphagnum growth and 
l i t t l e g razing, Juncus squarrosus i s ousted, but at some time 
i n these areas Sphagnum has been reduced and sheet erosion 
began. Juncus squarrosus establishment could then occur. The 
l a r g e s t patches at Rough Sike Head are 16 f t . (5 m.) across, 
and as examination of the rhizomes showed a growth r a t e of 2^ 
i n . (6 cm.) i n h years, t h e i r approximate age i s l 6 0 years. 

On the summit o f Cross P e l l at about 2925 f t . (890 m.) 
there are 18 patches of Juncus squarrosus i n one p a r t of the 
vast p l a i n of Pestuca-Deschampsia flexuosa grassland ( s i t e G ) . 

Most are c i r c u l a r , w i t h a diameter of about 3 f t . ( l m.), and 
about h a l f show marginal vigour. Only i n some has l i t t e i * -
accumulated i n s i d e , w h i l s t others have a r i n g form w i t h a near-
normal Pestuca-Deschampsia sward i n the centre, and sparse 
Juncus squarrosus. C l e a r l y the h a b i t a t i s not favourable to 
Juncus squarrosus. probably because of the f r e e drainage and 
the f r o s t - h e a v i n g of the stony s o i l . The p l a n t s are small, as 
described above, and one dead r o s e t t e was found Just outside 
a patch. 

Examination of the rhizomes shows that the growth r a t e i s 
about 1 i n . (2 cm.) i n k years, which would mean th a t most 
patches are about 100 years o l d , w h i l s t the l a r g e s t patch w i t h 
a diameter of 6 f t . ( 1 . 8 m.) w i l l be considerably older. I t 
would be i n t e r e s t i n g t o know the number of established patches 
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t h a t have become e x t i n c t under these adverse c o n d i t i o n s , but 
as competition from other species i s never great i t i s probably 
few. Assuming t h i s , the very small number of seedlings that 
have established themselves i n a long p e r i o d over a wide area 
i n d i c a t e s t h a t c o nditions are very u n s u i t a b l e . L i g h t cannot 
be the c o n t r o l l i n g f a c t o r , as s o l i f l u x i o n provides each year 
many small areas of bare s o i l , but probably i t also uproots 
t i n y seedlings t h a t germinated during the previous summer. 

Growth i s so slow under these conditions that i t seems 
the community w i l l p e r s i s t i n the patch state f o r many years. 
Drainage i s too f r e e and the s o i l too shallow f o r Juncus 
squarrosus t o grow l a r g e and give r i s e t o stands of the f i r s t 
type, and probably stands of the t h i r d type w i l l u l t i m a t e l y 
r e s u l t . Already the i n t e r i o r of some r i n g s i f of t h i s nature. 

The r i n g d i s t r i b u t i o n p a t t e r n has been observed (Penzes, 
1960) i n q u i t e a few other species, i n c l u d i n g Juncus 
subnodulosus. which has an annual increment of 1 inch (2 .5 cm.). 
Penzes d i s t i n g u i s h e s three types, dependent on the r a t i o of the 
growth increment t o the stem length. This being small i n 
Juncus squarrosus. i t belongs t o the f a i r l y dense category. 

The r i n g form of T r i g l o c h i n maritima i n the s a l t marshes 
of E. I r e l a n d has been described by Heslop-Harrison and 
Heslop-Harrison, 1958. The c e n t r i f u g a l growth of the rhizome 
i s much more exact than i n Jimcus squarrosus. so that no 
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p l a n t s remain i n the i n t e r i o r of the r i n g . But the r e c o l o n i s i n g 
v e g e t a t i o n i s of a d i f f e r e n t sort to t h a t forming the o r i g i n a l 
sward, coming from a l a t e r stage i n the halosere. Thus i t i s 
argued t h a t the r i n g phenomenon i s not c y c l i c a l , but leads t o 
a permanent change i n the vegetation. Juncus squarrosus acts 
s i m i l a r l y , probably by a l t e r i n g the nature of the humus, a 
change which has been reported also behind advancing f r o n t s of 
Deschampsia flexuosa i n grasslands on shallow limestone s o i l s 
i n Derbyshire (Grime, 1963) . 

The t h i r d type of stand i s infrequent i n the Moor House 
area, though the grassy p l a i n on the top of Hard H i l l (2250 f t . 
- 675 m.) i s a good example. This was s i t e N i n the phyto-
s o c i o l o g i c a l a n a l y s i s . 

I n the stand there i s a tendency f o r p l a n t s of Juncus 
squarrosus, and Nardus s t r i c t a too, to be concentrated i n 
depressions i n the huramocky t u r f , where presumably the water 
supply i s rather b e t t e r . As on Cross P e l l , f r o s t - h e a v i n g of 
the abxmdant sandstone boulders provides many small areas of 
bare s o i l s u i t a b l e f o r c o l o n i s a t i o n by Juncus squarrosus. but 
i t i s undecided whether each small group of p l a n t s i s a r e s u l t 
of a s i n g l e c o l o n i s a t i o n , or i f several groups are the r e l i c s 
of one patch developed from one successful seedling. Evidence 
presented below from studies i n N. Wales p o i n t s to the l a t t e r 
conclusion, competition from Festuca ovina having been too 
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great f o r Juncus squarrosus t o assume dominance and form a 
d i s t i n c t patch. 

P a t t e r n i n h i g h - l e v e l Juncus squarrosus communities on 
the Carneddau i n N. Wales has been described by Kershaw and 
T a l l i s , 1958. Festuca ovina and Juncus squarrosus are co-
dominant on a peaty pddsol, though t h e i r r e l a t i v e proportions 
vary. The density values given are not comparable t o those i n 
Table 5 .1» because 'shoots' (see p. 2 .2 ) were counted, but 
they found the density i n a stand of the second type w i t h 
complete dominance of Juncus squarrosus over Festuca ovina to 
be n e a r l y twice t h a t i n a stand of the t h i r d type i n which 
Festuca was more abundant, the H layer thinner and species such 
as Carex b i g e l o w i i . Vaccinium m y r t i l l u s . Polytrichum alpinum 
and Rhacomitrium lanuginosum present. 

Both had u n i t s of p a t t e r n w i t h areas of 200 sq. cm. and 
5 sq. m,, the f i r s t corresponding to r o s e t t e size and the 
second t o patch s i z e . But p a t t e r n was also detectable at 
areas of I6OO sq. cm. and 6I4.OO sq. cm. i n the stand o f the 
t h i r d type, and i t i s suggested that t h i s i s due to competition 
from Festuca. As conditions i n t h i s stand are sub-optimal f o r 
Juncus squarrosus. competition tends to r e s t r i c t the i n d i v i d u a l 
p l a n t s t o areas where con d i t i o n s are l o c a l l y more favourable. 
I n c ontrast i n favourable conditions where Juncus squarrosus 
i s completely dominant, occupying 92.7% of the 100 sq. cm. 
g r i d s i n the frame used, the intermediate scales of p a t t e r n 
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are e l i m i n a t e d . Two other stands were examined and found t o 
come between the two extremes i n g r i d occupation and scale of 
p a t t e r n , 

Kershaw and T a l l i s are i n doubt as t o whether the large 
scale o f p a t t e r n has been imposed by p r e - e x i s t i n g s o i l hetero
geneity, or whether i t i s the r e s u l t of vegetative spread from 
seedlings established f o r a c e r t a i n number of years. At Moor 
House w h i l s t the size of most patches i s a f u n c t i o n of t h e i r 
age, some e s p e c i a l l y i n limestone grasslands are present on 
mounds of peat which appear t o be r e l i c s of blanket bog 
erosion. Extension o f f the peat on t o the s o i l w i l l be very 
slow or impossible, and the present patchy vegetation can be 
considered as s t a b l e , and a r e s u l t of s o i l c o n d i t i o n s . 
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SECTION V I : PHYTOSOCIOLOGY 

I n t r o d u c t i o n 

I t may appear t h a t Juncus squarrosus always grows i n 
s i m i l a r communities, and that i t covers most of the ground i n 
any community i n which i t i s present. This i s a f a l s e impression 
caused by i t s conspicuousness. Juncus squarrosus seldom covers 
more than ^0% of the ground, and a wide vairiety of other species 
accompany i t . Often there i s more s i m i l a r i t y between two 
communities, one w i t h and the other without Juncus squarrosus. 
than between two Juncus squarrosus communities. 

With t h i s i n mind, i t seems t h a t the use of Juncus 
SQuarrosus as one h a b i t a t type by many workers i s undesirable. 
A more accurate d e s c r i p t i o n o f the Juncus squarrosus communities 
would a l l o w comparisons o f s i m i l a r s i t e s , probably g i v i n g more 
homogeneous r e s u l t s , and would be more meaningful to ecologists 
concerned w i t h Juncus squarrosus elsewhere. 

The Juncus squarrosus communities at Moor House can be 
c l a s s i f i e d t o f i v e types, which w i l l be r e f e r r e d to as noda. 
They can be d i s t i n g u i s h e d j§imply w i t h a minimum of p l a n t 
i d e n t i f i c a t i o n , and i t i s hoped t h a t t h i s c l a s s i f i c a t i o n w i l l 
be of use to f u t u r e workers at Moor House. 

The noda were est a b l i s h e d by the method of successive 
approximation of Poore ( 1962 ) . I t i s r e a l i s e d t h a t there i s 
continuous v a r i a t i o n between d i f f e r e n t communities, as i s 
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s t r i k i n g l y shown by three ecocl ines - Table 6.1 | , 6.7 and 6.10. 

But i t i s convenient to have f i x e d p o i n t s on these gradients 

f o r r e fe rence i n d e s c r i b i n g and comparing p l a n t communities, 

and these are the no da. Each nodum has i t s own s o i l type or 

types , as Harper (1962) has shown i n Lammermuir, and the 

community c l i n e s are normal ly associated w i t h changing s o i l 

t y p e . The noda have been named a f t e r the t y p i c a l s o i l on which 

they are f o u n d , though on occasions they do occur on other types. 

The s o i l nomenclature used i n t h i s t hes i s i s tha t o f the S o i l 

Survey o f Great B r i t a i n i n the Kelso and Lauder memoir ( I 9 6 0 ) , 

and i s set out i n Appendix 5. 

I n any s i n g l e area c e r t a i n s o i l types w i l l predominate and 

the corresponding commxinities they support w i l l be more f r equen t 

than the In t e rmed ia t e s . These more f r equen t communities - w i l l be 

the bas i s o f the noda i n t h a t area. Other areas, however, even 

on the same parent r o c k , may have s l i g h t l y d i f f e r e n t s o i l s 

because o f v a r i a t i o n s i n some c l i m a t i c f a c t o r and there w i l l be 

corresponding d i f f e r e n c e s i n the v e g e t a t i o n . Thus over a la rge 

area such as the B r i t i s h I s l e s , there w i l l be continuous 

v a r i a t i o n i n v e g e t a t i o n , and noda have to be chosen a r b i t r a r i l y . 

The past a c t i v i t i e s o f man (sheep-grazing and l ead -min ing . 

are the most important i n t h i s area) cause the p h y t o s o c i o l o g i s t 

e x t r a d i f f i c u l t i e s i n England and Wales, as they have l e d to 

the c r e a t i o n o f more communities than would be found vmder 

n a t u r a l c o n d i t i o n s , or where man's i n t e r f e r e n c e has been 
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r e l a t i v e l y s l i g h t , as i n the S c o t t i s h Highlands, But a l l stands, 
whether thought t o be n a t u r a l or much-changed by man, are 
described, and the noda determined from t h e i r species composition 

F o l l o w i n g the account of the f i v e noda found i n the Moor 
House area, an attempt i s made to r e l a t e them t o noda estab
l i s h e d by workers i n other p a r t s of B r i t a i n , F i n a l l y there are 
d e s c r i p t i o n s of a few other commxinities, i n which Juncus 
squarrosus occurs, but which are not found at Moor House, 

Methods 

During the Autumn of I 9 6 I , extensive observations were nade 
on the h a b i t a t s o f Juncus squarrosus. Except f o r dominant 
species, e,g. Nardus s t r i c t a . Eriophorum vaginatum. other p l a n t s 
were ignored. S i t e s were selected as c h a r a c t e r i s t i c of each 
h a b i t a t type on d i f f e r e n t s o i l s and at d i f f e r e n t a l t i t u d e s , and 
some were also used i n the measurement of reproductive capacity 
described i n se c t i o n 3* The s i t e l o c a t i o n s are shown i n F i g . 
1.1. 

I n many places Juncus squarrosus occurs i n very marked 
patches, because of i t s a b i l i t y of spreading v e g e t a t i v e l y once 
a seedling has become established. I n a d d i t i o n , the s o i l s on 
which Juncus squarrosus t h r i v e s are f r e q u e n t l y confined t o very 
l i m i t e d areas, changing l a t e r a l l y t o s o i l s supporting blanket 
bog or Festuca-Agrostis grassl^and. Therefore i t was decided to 
use a 50 cm, x 50 cm, quadrat, and to cast i t as randomly as 
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possible on to patches of Juncus squarrosus or areas i n which 
Juncus squarrosus p l a n t s were scattered. A metre quadrat 
would have meant no choice i n the p l a c i n g i n many communities, 
because of the small size of the patches, and would have l e d to 
some species from other communities being included i n the l i s t s . 

At most s i t e s ten quadrats were done, but t h i s was not 
po s s i b l e i n some places, e.g. f l u s h margins where the Juncus 
squarrosus communities were of very l i m i t e d extent. On 
p o s i t i o n i n g the quadrat, the aspect and slope were noted, and a 
b r i e f d e s c r i p t i o n made of the s o i l p r o f i l e alongside. The 
cover o f each species present was assessed on the Domin scale 
(Appendix 6 ), and the number of roset t e s of Juncus squarrosus 
recorded ( t h i s data was presented i n the previous s e c t i o n ) , 

Quadratting was s t a r t e d i n the middle of June i n both 1962 

and 1963, and f i n i s h e d by the end of J u l y , except f o r a few 
quadrats done at the s t a r t of August. The l i s t s of over 200 

quadrats were then entered up i n a large t a b l e . Despite the 
s e l e c t i o n of s i t e s to be representative of one h a b i t a t type, 
more v a r i a t i o n was found i n some cases between the quadrats of 
a s i n g l e s i t e than there was between the s i t e s themselves. The 
quadrats were grouped i n t o noda, using dominant, constant and 
f a i t h f u l species. F i n a l l y , since other workers had used lar g e r 
quadrats, three quadrats of Um. were done i n a t y p i c a l 
community of each nodum, so t h a t comparisons could be made of 
l i s t s obtained from areas of equal size. 



.Table 6.1 
Tlio speoles of tho Juncus 3cmarro5us noda In the Moor House area. Th? three 
Goluciis for eaoh noduai give the Dondn scale value for cover i n the three large 
quadrrits done as typloal °f *he nodum. Speoles recorded only In the s m l l 
quadrats of a nodum are shown thus:- x, constants are underlined* ' 

A o podsol or dry peat nodum, B = peaty gley or wet peat nodua, 0 
D a sjecles-rloh gley, B a flushed peat nodum. 

Large quadrat number 

a)throughout 
Peatuoa ovina 
Juncus squarroous 
Lophocolea bidentata 

A B O D E 
123 123 123 123 123 

6|8 353 
.^5 777 

222 322 222 322 21 
b)faithful 
Carex blgolowll 
Vacclnlu:n jTvrtlllus 
Cetraria Islandica 
Gladonla Ijnpexa 
C.pyxiAata 
C,sylvatica 
Cruataceoua rook lichens 

TO 
222 
111 
2121 
11 
121 
11; 

:;rlophoru3l vagln^tum 
Rli;^iclladolphua loraua 
J'.rex caiyophyllea 
G.ovalia 
JuncuD effusua 
POL. prr.tensla 
Polysal.-. s e r p y l l i f o l l a 

Junoua artioulatus 
J.koohll 
B e l l i s perennis 
Cr.lluM polustris 
Loor.todon auturmlla 
Pamasaia poluatrla 
Sacina procirabens 
Aprocladluni cus^idatum 
^ryun -3oeudotriquetrum 
Crroyllua stallatum 
Ctonidiau nollusoum 
Piaaldens os r r iu idDides 
Cnochophorua virens 
Fhilcnotls fontana 
Rhytidiadclphus trlquotrus 
Aneura pi-isuls 
Lophosi» ^uinquedentata 
Scapanla Irrlgua 

I I 
13 x 
11 
22 

1 1 
12 

221 
11 

331| 
1 1 

11I 

1 ^ 
531 53 3331 
11 
12^ 
1 1 
11 

11 
3321 

speoioa-poor gley 

A B O D E 123 123 123 123 123 

c)differential 
Sesohaaosla fleruosa 
Galium saxatlle 
Dlcranum scoparium 
Hypnum cxipreBsiforaw 
PlagiothaoiuBi undulatum 
PleuroBium flehreberl 
Polytrichmn coiname 
RhytldladelahuB aguarrosus 
Calypoj^eia trlohomanis 
Loahozia fl o e r k i i 
Ptllidium oil i a r e 
Cladonla furcata 

Agrostis tenuis 
• Anthoxanthum odoratum 
Carex nigra 
Desohaapala cespitoaa 
Sricghorum angustlfoltum 
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The nomenclature f o r the species i n the f o l l o w i n g tables 
i s given i n Appendix 6, w h i l s t Appendix 7 gives s i t e l o c a t i o n s 
and s o i l data.is i n Appendix 8. 

The Juncus squarrosus communities of the Moor House area. 

The s a l i e n t f e a t u r e s which d i f f e r e n t i a t e the f i v e noda are 
shown i n Table 6 . 1 . I t i s clear that two noda, the species-
r i c h gley and the f l u s h e d peat, contain many more species than 
the o t h e r s , and share a considerable group of base-demanding 
species. But each has many c h a r a c t e r i s t i c species ( i . e . 
confined t o , or more widespread i n i t ) , which must be more 
s e n s i t i v e t o whether the immediate sub-stratiim i s a s o i l or a 

peat. Equivalent t o these two noda, but containing many fewer 
species are r e s p e c t i v e l y the species-poor gley nodum and the 
peaty gl e y nodum. 

L a s t l y , on d r i e r s o i l s there i s the podsol nodum, which 
i s not always very sharply d i s t i n g u i s h e d from the l a s t two. 
Communities on peaty podsols are intermediate between i t and 
the peaty gley nodum, but u s u a l l y belong to the podsol, as they 
la c k c e r t a i n species, e.g. Carex n i g r a . Eriophorum vaginatum. 
Aulacomnium p a l u s t r e and Calypogeia trichomanis which demand 
permanently waterlogged c o n d i t i o n s . 

The podsol and peaty gley have i n common several plants 
c h a r a c t e r i s t i c of raw humus, i n c l u d i n g Deschampsia flexuosa. 
Polytrichum commune. Lophozia f l o e r k i i and P t i l i d i u m c i l i a r e 
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which are much less abundant i n the other noda. I n t u r n , 
species such as A g r o s t i s t e n u i s . Anthoxanthum odoratum, Luzula 
campestris and Hylocomium splendens are infrequent i n the 
podsolic noda, but have considerable cover value i n the species-
poor and sp e c i e s - r i c h gley noda. 

Festuca ovina and Lophocolea bidentata occur w i t h Juncus 
squarrosus i n a l l i t s Moor House h a b i t a t s . Lophocolea has an 
e s p e c i a l l y close r e l a t i o n , as i t i s almost always present i n 
the ground l a y e r around a Juncus r o s e t t e , growing on the 
decayed leaves and o b t a i n i n g i t s l i g h t from the i n v e r t e d cone 
coming down i n t o the sward because of the spreading of the 
r o s e t t e leaves. 

The peaty gley nodum i s the most widespread i n the Moor 
House r e g i o n , and corresponds w i t h the Juncet\am souarrosi 
sub-alpinum shown by Eddy (unpublished) on h i s vegetation map 
of the Moor House N.N.R. This community i s obviously dominated 
by Juncus squarrosus. whereas i n the others dominance i s shared 
or Juncus squarrosus i s only a community member, and therefore 
they are sometimes named a f t e r the other dominant species. The 
flushed-peat nodiim i s the l e a s t extensive, being a marginal 
community around calcareous springs and fl u s h e s , which are 
u s u a l l y so small t h a t t h e i r vegetation zones have t o be mapped 
as one i n large-scale vegetation surveying. The r e l a t i o n s of 
my other noda w i t h Eddy's mapping u n i t s w i l l be discussed when 
the noda are d e a l t w i t h one by one below. 
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The podsol nodum (Table 6.2) 

h5 quadrats from seven d i f f e r e n t s i t e s have been joined 
to form the podsol nodum. 50 species occur, but 36 of these 
are lower p l a n t s . Lichens are p l e n t i f u l i n the f e l l - t o p podsol 
l i s t s , but are almost absent i n the lower and peaty podsols. 
Except f o r the l i c h e n s , there are fewer species i n the 
c l i m a t i c a l l y extreme conditions near the summit of Cross P e l l . 
Galium s a x a t i l e , Hypnum cupressiforme, Plagiotheci\im undulatum, 
Polytrichum commune. Rhytidiadelphus squarrosus show a reduced 
frequency or are absent i n these 10 quadrats, which have been 
omitted from the c a l c u l a t i o n s determining the constant species 
of the nodum. 

Besides Pestuca ovina and Lophocolea bidentata. there are 
7 constant species ( i n 80% or more of l i s t s ) and 3 near-constant 
species ( i n ̂ 0-60fo of l i s t s ) . Deschampsia flexuosa. Polytrichum 
commune and P t i l i d i u m c i l i a r e are constants shared w i t h the 
peaty gley nodum, though i n t h i s Polytrichum has more cover, 
and Galium s a x a t i l e and Rhytidiadelphus squarrosus are shared 
w i t h the species-poor gley nodum. Pleurozitim schreberi and 
Lophozia f l o e r k i i are the only c h a r a c t e r i s t i c constants of the 
nodum, and occur i n others though w i t h reduced frequency and 
cover. Of the near-constants, Vaccinium m y r t i l l u s i s 
c h a r a c t e r i s t i c , but Agr o s t i a tenuis and Hypnum cupressiforme 
are more frequent i n the species-poor gley nodum. Thus the 
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podsol nodxim i s recognised by the grouping of constants, r a t h e r 
than hy c h a r a c t e r i s t i c ones. Apart from the l i c h e n s , which are 
confined t o one f a c i e s , there are no c h a r a c t e r i s t i c species. 

Stands of the nodum ( P l a t e k) are t y p i c a l l y f a i r l y grassy, 
Festuca ovina having a greater cover than Juncus squarrosus i n 
most l i s t s , and the Juncus squarrosus p l a n t s themselves are 
smaller than i n wetter h a b i t a t s . The podsol community grades 
i n t o a Pestucetum, w i t h frequent Deschampsia flexuosa« w h i l s t 
at the other extreme the peaty podsol community grades i n t o 
Juncetum squarrosi suh-alpinum (as shown i n Table 6.U) w i t h 
P o t e n t i l l a erecta and Polytrichum commime more abundant, and 
Carex n i g r a . Aulacomnium p a l u s t r e and Calypogeia trichomanis 
present. Eddy has not mapped t h i s nodum as a separate u n i t , 
as f r e q u e n t l y there i s a complex of intermediates between the 
two extreme associations, but assigns i t s stands to one or 
other, or t o Nardetum, according t o the r e l a t i v e abundance of 
these three species. 

I n some stands, Juncus squarrosus communities form i s o l a t e d 
I r i n g patches i n a Festuca sward (e.g. the a quadrats on Cross 
P e l l were done i n such patches), while i n other places groups 
of Juncus squarrosus and Nardus s t r i c t a p l a n t s are scattered 
i n Pestuca swards ( t h e t h i r d type of stand described i n the 
l a s t s e c t i o n ) . Where they become more numerous, the vegetation 
can be assigned t o the podsol nodum. I t i s sometimes said 
t h a t such Juncus squarrosus communities develop when species-
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poor Agrosto-Pestucetum i s over-grazed, but these r e l a t i o n s h i p s 
w i l l be discussed l a t e r . 

Over the Reserve as a whole, the nodum has considerable 
e x t e n t , but i s c h i e f l y confined t o the western escarpment and 
the summit r i d g e . 

The peaty gley nodum (Table 6.3) 

.71 quadrats from 8 d i f f e r e n t s i t e s belong to the nodum, but 
contain only 56 species, i n contrast t o the 96 species occurring 
i n the^ 12 quadrats i n the flushed-peat nodum. Juncus 
squarrosus i s the clear dominant, and Polytrichum commune 
f r e q u e n t l y has a h i g h cover-value. Between the Jvmcus 
ro s e t t e s there are clumps containing Festuca ovina, Deschampsia 
flexuosa and Carex n i g r a , b u t herbs are scarce i n the dense 
grov/th. Lichens are very infrequent i n the l i s t s , but 
bryophytes are p l e n t i f u l i n most. 

There are only three constants, of which Calypogeia 
trichomanis i s c h a r a c t e r i s t i c , and Polytrichum commune more 
abundant here than elsewhere. The other, Pestuca ovina. and 
Lophocolea b i d e n t a t a , a near-constant, are less abundant than 
i n the podsol nodum, and D'eschampsia flexuosa and P t i l i d i u m 
c i l i a r e are only near-constants, but have high cover-values i n 
some stands. The other near-constants are Pla^iothecium 
undulatum, c h a r a c t e r i s t i c o f the nodum, and Carex n i g r a , which 
i s a constant of the flushed-peat nodum. There are several 
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P l a t e 5 - S e c t i o n 6: P e a t y g l e y nodum on s l o p e s below G a l l u n a -
Eriophorurn b l a n k e t bog. ( S i t e H q u a d r a t s were done i n the 
f o r e g r o u n d and on the s l o p e i n t h e middle r i g h t ) . 

i 

P l a t e 6 - S e c t i o n 6: An o t h e r v i e w of a s t a n d o f t h e -peaty g l e y 
nodum, ( t h i s c o n t a i n i n g some J u n c u s e f f u s u s l . 
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c h a r a c t e r i s t i c species i n c l u d i n g Eriophorum vaginatum. 
Acrocladium stramineum. Bhytidiadelphus loreus. Sphagnum 
cuspidatum. S. plumulosum. S. recurvum and Diplophyllum 
a l b i c a n s . 

Table 6.1; shows the t r a n s i t i o n s between t h i s nodum and the 
podsol (peaty podsol f a c i e s ) on the one hand and blanket bog on 
the other. I n some cases stands belonging t o the nodum have 
obviously r e s u l t e d from b i o t i c change of blanket bog, e.g. the 
0 quadrats which are on o l d pony tracks made i n the lead mining 
days. But these o f t e n l i n k l a r g e r patches of Juncus squarrosus 
on slopes below blanket bog where t h i n bands of limestone 
outcrop (quadrats H, see Plates 5 and 6), and here i t appears 
t h a t Juncus squarrosus i s the primary vegetation. As the slope 
lessens the depth of peat g r a d u a l l y increases, and the 
community passes i n t o Calluna - Eriophorum - Sphagnum blanket 
bog. The presence or absence of Eriophorum vaginatum i s 
c o n t r o l l e d by depth of peat, whereas Calluna i s c o n t r o l l e d more 
by climate - i t i s rare above 2,250 f t . on the Reserve - and 
sheep grazing, as w i l l be discussed l a t e r . S u f f i c e t o say t h a t 
c o nditions at many of the peaty gley s i t e s would favour Calluna, 
e s p e c i a l l y on the west side of the Reserve, but here grazing 
pressure i s more severe and winter grazing has very probably 
been long-continued. 



Table 6.5 

The Juncus squarrosus community i n h i g h - l e v e l blanket 
peat dominated by Eribphorum vaginatum at 

2300 f t . at Rough Sike Head. 

1 2 3 h 5 6 7 8 9 10 

Deschampsia flexuosa 2 2 2 2 2 1 
Eriophorum a n g u s t i f o l i u m 1 3 2 2 1 1 2 1 
E. vaginatum 7 k 1 5 k 5 1+ 5 U 5 
Pestuca ovina 2 1 1 1 2 2 
Nardus s t r i c t a 1 1 1 
Rubus chamaemorus 
Vaccinium m y r t i l l u s 

X 

Campylopus p y r i f o r m i s 
Galypogeia trichomanis 1 3 1 1 1 
Diplophyllum albicans 2 2 1 1 2 2 
P t i l i d i v i m c i l i a r e x 3 1 

1 
1 k 

1 

Gladonia cornuta 
C. f u r c a t a 
C. impexa 

1 
1 

Algae 
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Above the Calluna l i m i t , Eriophorum-, dominated blanket bogs 
f r e q u e n t l y show sheet erosion (Bower's second type (1959), and 
here Jimcus squarrosus o f t e n invades i n r i n g patches. 10 
quadrats done at Rough Sike Head i n such patches do not e a s i l y 
f i t into, the peaty gley nodum, but are given separately (Table 
6.5)• There are very few species, and Diplophyllum albicans 
i s e s p e c i a l l y c h a r a c t e r i s t i c . On shallower peat and peaty 
gleys (H l a y e r 20-50 cms.) from 2,Ii.OO f t . upwards, stands of 
Juncus squarrosus belonging to t h i s nodum cover much ground i n 
the Moor House area ( P l a t e 7 ) . 

Species-poor gley nodum (Table 0.6) 

Only 16 l i s t s were found belonging t o t h i s nodum, a l l but 
one being from a l l u v i a l grasslands. They contain I4.8 species, 
c o n t r a s t i n g w i t h 88 i n the 3 I quadrats of the species-rich gley 
nodum. Lichens are almost absent, but there are more herbs, 
c h i e f l y Galium s a x a t i l e . than i n the peaty gley nodum, as the 
sward i s more grassy, and Juncus squarrosus u s u a l l y shares 
dominance w i t h Festuca ovina and Nardus s t r i c t a . 

The nodum has 8 constants. . Besides Festuca ovina and 
Lophocolea b i d e n t a t a . these comprise A g r o s t i s t e n u i s . Luzula 
campestris. Nardus s t r i c t a . also constants i n the species-rich 
g l e y nodum, but less frequent i n the podsol nodum; Galium 
s a x a t i l e and Rhytidiadelphus squarrosus. constants -in the 
s p e c i e s - r i c h gley and the podsol noda; and l a s t l y Hypnum 
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S i t e s as I n Tables 6.6 and 6.̂  
Quadrat muii>er 
AjlHlOUOBUr 
AgroatlB oanina 
AfiTOstls tenuis 
C a m nigra 
fastuoa oTina 
JunouB effuBuB 
J.aquarrosus 
Lueula canoeatris 
N ^ a atr^ota 
Galiffq s a x a t ^ e 
Narthoolum o s a l f n g u n 

Bartmla reourrlrootra 
Dloimaum aooparluiD 

Hnlum honuffl] 
H« pa mjdopuno tatum 
Fleurosluxn sohreberl 
PohlU nutans 
Polytrlohum oommno 
P,Junlp«rlnum 
Psoudosoloropodlum purun 
RhytidladdphuH gquarrosus 
Splaohnun cnratum 
LaptoaojphuB taylorl 

b ldmti^ 
Lcjihorla barbata 

L, Ijoopoaioldes 
L.Tentrioosa 
PeUU sp. 
PtUldlum oUlar« 
Soapanla graollis 
B) SreCIES-BICH GI£T SfSCIS 
Anthoxanthun odoratun 
C a m dafldaaa 
C.flaooa 
Covalla 
C.panloaa 
Cpulloarla 
Cynosurua oristatua 
Desohanpaia oaapltosa 
Peatuoa rubra 
HoXoxis lanatus 
Foa pratanala 

AohlUea mUlefollun 
A.ptarndoa 
Bell la p«rennl8 
Cardajnlno pratensls 
Cerastlum holostooldea 
dralum palustre 
E (i^eji^m £4iH&tre_ 
Euphnsla -op* 
Hieraoiua plloaella 
Loontodon autuDtialls 
Plantago lanoaolata 
Polygola aerpylllfolia 
Potei^llla ereota 
Prunella vulgarla 
HanvnoiLlua aorls 
R.riaiEinula 
Rumex »oetosolin 
Sel&glnella selaglnoldea 
Taraxaoum officinale 
Thynwa druoel 
T r ^ a ; y ^ £e2eiis_ 
Veronioa officinalis 
V.setpylllfolla 
Viola paluatrlfl 
V.rlTlnlana 

AarooladluQ ouapldatum 
Atrlohum undulatum 
Aulaoonnlum poluatr a 
Cllmoiun dendroldes 
Ctenldlum laolluacum 
Euiynohlum praeloofum 
Knlum longlrostnira 
VUpunctatujD 
M,undulatum 
Rhodobryum rosexim 
Thuldivon tamorisclnum 
C) S7BCIES-roCR CLEY 'JHJ;C:S5 
DesohanfisiA flexuoso 
Molinia oaeruloQ 
Pla^otoopii^ra widula_tirn 
Sphagnum palustre 
Caljpogela trlohontanls 
Lepldoela reptans 

SHd;iai-IUCH TO SFECES-POCB CLEf C3>w'J)I3rr 
spocles-rloh gley 
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cupressiforme, which i s near-constant i n the other two noda. 
Neither are the two near-constants c h a r a c t e r i s t i c , Plagiothecium 
undulatum being a near-constant i n the peaty gley nodum, and 
Hylocomium splendens a near-constant i n the species-rich gley 
nodum. There are no c h a r a c t e r i s t i c species of lesser frequency, 
so t h a t , as w i t h the podsol nodum, t h i s nodum i s recognised 
by the d i s t i n c t i v e combination of species present and the r a r i t y 
of o thers, e.g. Deschampsia flexuosa. Polytrichum commune and 
Lophozia f l o e r k i i frequent i n a l l i e d noda. 

Though t h i s nodum has not a great acreage on the Moor House 
reserve, i t i s widespread on the eastern side, being the 
t y p i c a l community found on the peaty s i l t s l a i d down i n narrow 
s t r i p s by the streams ( c a l l e d becks, burns or sikes) f l o w i n g 
through the blanket bog. I n some places i t grades t o Pestucetum, 
u s u a l l y where more recent and g r a v e l l y alluvium has been 
deposited, i n others t o pure Nardetum, but t h i s i s much less 
common. Where the water i s more basic, the stands, e s p e c i a l l y 
close to a stream, contain more species, grading t o the species-
r i c h gley nodum as shown i n Table 6.7. At the v a l l e y side the 
species-poor gley nodum passes l a t e r a l l y almost everywhere i n t o 
the peaty gley nodum, which i n t u r n passes i n t o blanket bog. 

Eddy does not map the nodum, because of i t s small extent, 
but includes i t i n h i s a l l u v i a l grassland u n i t , together w i t h 
pure Festucetum and Nardetum. 



P l a t e 8 - A s t a n d of t h e s p e c i e s - p o o r g l e y nodum on an a l l u v i a l 
t e r r a c e b e s i d e s N e t h e r H e a r t h S i k e . 
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Species-rich gley nodum (Table 6.8) 

31 l i s t s from 5 s i t e s have been placed i n the species-rich 
gley nodum. I n comparison w i t h species-poor gleys, herbs and 
sedges are much more abundant, and there are more mosses b u t 
fewer l i v e r w o r t s . Lichens again are almost absent. Juncus 
squarrosus i s u s u a l l y more a community member than a dominant, 
and the sward of Festuca ovina and Nardus s t r i c t a i s o f t e n w e l l 
grazed down. Even Juncus squarrosus i s considerably grazed 
here, e.g. 3^'h% of the inflorescences were eaten at s i t e D i n 
1962. 

The nodum has 9 constants and k near-constants. P o t e n t i l l a 
erecta i s the only c h a r a c t e r i s t i c constant, the r e s t being 
constants elsewhere, Anthoxanthum odoratum i n the flushed-peat 
nodum, and A g r o s t i s t e n u i s . Festuca ovina. Luzula campestris• 
Nardus s t r i c t a . Galium s a x a t i l e . Rhytidiadelphus squarrosus and 
Lophocolea b i d e n t a t a i n the species-poor gley nodum and others. 
Of the near-constants, Equisetum p a l u s t r e and T r i f o l i u m repens 
are also near-constants i n the flushed-peat nodum, and 
Hylocomium splendens and Hypnum cupressiforme are constants i n 
the species-poor gley and podsol noda r e s p e c t i v e l y . Characteris
t i c species include Poa p r a t e n s i s . Juncus effusus. Hieracium 
p i l o s e l l a . Plantago lanceolata. Polygala s e r p y l l i f o l i a . Thymus 
dr u c e i , Atrichum undulatum and Thuidium tamarascinum. 
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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 a l l u v i u m . Most are found on d r i f t slopes at the sides 
of the deeper v a l l e y s , f r e q u e n t l y below limestone outcrops, so 
t h a t they are i r r i g a t e d by water, acid from the blanket bog 
above, which has picked up some bases. Eddy does not map the 
nodum as such, but shows i t on h i s map as an Agrosto-Festucetum 
w i t h a s t i p p l i n g of dots of the Hardetum colour, and a d d i t i o n a l l y 
he d i s t i n g u i s h e s i t i n h i s association tables as a bryophyte-
r i c h f a c i e s of Nardetum sub-alpinum. Away from base-rich 
i r r i g a t i o n , the nodum grades i n t o the peaty gley, w h i l s t i n 
very wet places peat develops, and i t grades i n t o the f l u s h e d -
peat nodum. 

The flushed-peat nodum (Table 6 . 9 ) 

This nodum has more species than any other, but i t i s the 
l e a s t extensive and i s not mapped by Eddy. However, i t i s the 
t y p i c a l marginal comm\mity separating calcareous flushes from 
the surrounding blanket bog. I n some flushes where grazing 
i s heavy Juncus squarrosus invades the sward forming r i n g 
patches, which u s u a l l y have a r i c h f l o r a , i n c l u d i n g Saxifraga 
h i r c u l u s a t one place, though no quadrats were done there. 
Such stands are at the base-rich extreme of the ecocline (Table 
6 . 1 0 ) which passes t o blanket bog at i t s other. Whilst the 
v e r y . r i c h stands of Juncus squarrosus probably owe t h e i r 



Table 6.10 
^lUSHED-ISAT TO ffiATY GLSI ffilADIOn' 

Sites M1,2 = Pasture, Moor House at 1850*, M12,13 = Trout Beok at roadbrldge, 1750', 
M3 - 6 rMoss Bum flush, 2100', Mli^^rout Beok gorge, 1800», Ml5JIether Hearth Sike, 1800', 

1-17-11 = Hard H i l l flushes, 2150', H1 - 7 = Teesside green slopes, 1800'. 

Quadrat nunfcer M6 M5 MxM15Mf M2 M8 M9 H13M11M1 1IIA.K5 M7M12H1 H2 H3 H!l̂  H5 H6 H7 
Aspect N N SE SE - SW SE SE E SE SW E N SE W E E E E E SE SE 
Slore (degrees) k 5 1 3 if 4 1 3 3 2 1 4 1 5 5 5 8 5 1 3 

A) C V m i i SHSCIES 
Agrostia oanlna 1 2 1 
A.stolonlfera 2 1 2 1 2 1 
A.tenuis 1 2 1 2 1 2 
Brlza media 1 
Carex eohlnata 1 1 1 1 1 
C.niflra 2 2 5 J ? ? 7 6 if If V 2 J 6 .5 2 2 2 2 3 3 

2 1 1 1 1 1 1 1 1 1 X 1 2 
Pestuoa 07lna . T iT 2 " T T" " l ~ k ~2~ T ~ J ~ 2 r ~ 5 4 ~5 5 5~ 
Junoua artioulatus 1 1 1 
J.effusus 1 1 1 2 2 2 
J . Squarrosus 5 6 6 6 6 5 6 5 6 6 7 5 5 5 5 7 7 8 8 8 7 6 
Luzula oaznpestrls 1 1 1 2 1 1 1 
PotentlUa ereota 1 2 2 2 2 1 X 1 

Aorooladlum stramineum X 1 1 3 
Drepanooladus fluitans 1 
Hypnum oupressiforme 1 1 X 
Rl\£tidiî ê pJx4B sqojarrosuB 1 3 1 1 2 5 1 2 1 2 1 
Sphagnum palustre 1 2 
S.plusulosum 1 1 
Leptosoyphus taylorl 1 
Lophooolea bidentata 2 2 2 1 3 1 1 2 3 2 2 5 2 5 1 2 X X 
Soapanla graoills 3 
S.irrlgua 3 2 1 

B) RICH-PLUSH S J E C E S 
Carez dlolca 1 1 
C.pulicaris 2 1 
Achillea ptarmioa 1 1 
B e l l i s perennis 2 
Caltha palustris 1 
Cardamine pratensis 1 2 2 1 1 2 J 3 2 
Cerastium holosteoides 1 1 1 1 1 1 1 
Clrsium palustre 1 
Ecilobium anaRallldifoliuffl 1 1 1 X 1 1 1 1 2 
Euphrasia sp* 
?ragarla vesoa 
Montla sp. 
P&massia palustrls 
Prunella vulgaris 
Ruoex aoetosa 
Sagina proouoibens 
Selaglnella selaglnoldes 
Triglochin palustrls 
Veronica serpyllifolia 
Viola riviniana 

Aorooladium cordifolium 
Braot\ythocluin rlTularo 
Ctenldlum moUusouo 
Cratoneuron oomutatum 
Qrepanooladus adunous 
Pissidens adianthoides 
Mnium undulatum 
Thajmiuffl alopecurim _ 
Eqjjiset]L^ £aji;(sl2?_ 
Le'onToSon auturanalis 
Ranunculus aoris 
R.flamnula 
Trifolium repens 
Viola palustris 

Acixaoladium cijapidatum 
B ijrum £â tdpt,ilquet̂ iTjin_ 
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FhilonotTs fontana 
Aneura pinguis 
P e l l i a spp, 
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existence t o heavy sheep-grazing, i t would seem to he the usual 
vegetation under l i g h t e r grazing of the intermediate zone 
between flushes and blanket hog. 

The 7 constants comprise Festuca rubra. Acrocladium 
cuspidatum and Mnium punctatum. ¥/hich are c h a r a c t e r i s t i c , and 
Anthoxanthuffl odoratum. Carex n i g r a . Festuca ovina and Nardus 
s t r i c t a . There are 10 near-constants, Eriophorum angustifolium. 
Epilobium a n a g a l l i d i f o l i u m . Galium p a l u s t r e . Bryum 
pseudotriguetrum. P h i l o n o t i s f o n t ana. Aneura p i n g u i s . Equisetum 
p a l u s t r e . T r i f o l i u m repens and Lophocolea bidentata, a l l but the 
l a s t three being c h a r a c t e r i s t i c . EguisetuJii p a l u s t r e and 
T r i f o l i u m repens are also near-constants i n the species-rich 
gley nodum. I n a d d i t i o n there are many c h a r a c t e r i s t i c species 
of l e s s e r frequency, such as Carex c u r t a . C. echinata. Parnassia 
p a l u s t r i s . Sagina procumbens. Qnochophorus virens and Scapania 
i r r i g u a . Thus t h i s nodum i s sharply d i s t i n g u i s h e d from the 
other Juncus squarrosus noda at Moor House. 

Juncus squarrosus communities elsewhere i n B r i t a i n , and t h e i r 
r e l a t i o n to the noda established at Moor House 

Whi l s t the l i t e r a t u r e contains many p l a n t l i s t s i n which 
Juncus squarrosus occurs, much of t h i s information i s of l i t t l e 
use t o p h y t o s o c i o l o g i c a l studies. Very o f t e n only the more 
obvious species have been noted, under-recording the mosses, 

'̂ '" anci sometimes n e g l e c t i n g the l i v e r w o r t s a l t o g e t h e r . • 
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However, two valuable works, 'Plant Communities of the S c o t t i s h 
Highlands' by McVean and R a t c l i f f e ( 1 9 6 2 ) and 'The Vegetation 
of t h e Carneddau, North Wales. I Grasslands, Heaths and Bogs' 
by. R a t c l i f f e ( 1 9 5 9 ) , give f u l l species l i s t s f o r quadrats of 
known s i z e , a l l o w i n g comparisons w i t h the Moor House noda. 
P a r a l l e l s can be found i n these l i s t s w i t h each nodum, but there 
are also other communities containing Juncus squarrosus not 
found i n the Moor House area, and they w i l l be described a f t e r 
the p a r a l l e l s have been discussed. 

I n some instances the noda chosen by McVean and R a t c l i f f e 
f o r t h e i r Nardus - Juncus communities are rather d i f f e r e n t to 
those a t Moor House, but examination of the i n d i v i d u a l l i s t s 
shows t h a t some are s i m i l a r and the removal of the re.mainder 
to other noda o f t e n gives a close p a r a l l e l . 

The Podsol nodum (Table 6 . 1 1 ) 

9 quadrat l i s t s from the S c o t t i s h Highlands, 2 from the 
Carnedds, and 2 general l i s t s from Cader I d r i s ( P r i c e Evans -
1 9 3 2 ) and the Kelso area (Ragg - 1960) are given i n the t a b l e . 
The S c o t t i s h l i s t s are those given ( o m i t t i n g one) f o r the 
species-poor f a c i e s of Juncus squarrosus sub-alpinum which 
McVean and R a t c l i f f e make i n t o an assoc i a t i o n . The s o i l s are 
said to be 'gley podsols' (= peaty gleys) and shallow blanket 
peats, but are described as being not so waterlogged as the 
stands of Jimcus squarrosus bog. The area covered by Juncus 



Table 6 . 1 1 . 

The Junous aqiiarrosua communities on podsola. 
( X = present; and in the Jtoor House l i s t s only f = present in 50 - SOFl of quadrats, 
o = present in over 80°i-; the Cameddau l i s t s give average cover in 40 l / l 6 quadrats). 

Place Mi Scottish Highlands Camec-^ Kelso 
Cader 

Nodum pod. species-poor facies of Js sub-alpinum Idris 
1 2 3 4 5 6 7 8 9 1 2 1 1 

Altitude (feet) 2475 2575 2̂4-50 2000 2100 1750 I65O 1800 2700 I85O 1750 1500-
Aspeot and Slope (degrees) 4 S 2 S 8 S 10 N 3 SE 3 SE 3 SE 3 S 33 S 20 W 20 SW 1800 

^pyst^^ 9«̂ îî  X 1 2 3 4 3 3 3 5 3 2 X X 
A.tenuiB X 3 4 5 4 4 x x 
Anthoxanthum odoratum 3 4 3 2 4 1 3 4 4 3 x x 
Carex blgeloifli x 2 3 3 4 
C.binervis + . x 
Cnigra x 1 x 
C.panioea 2 x 
C.pilulifera 2 
Desch&mpsia flexuosa o 3 2 2 3 2 3 3 3 2 1 x 
Eriophorum angustifoliian ] 2 
Festuca ovina o 4 4 5 3 8 3 5 3 3 7 7 x x 
Junous squarrosus o 9 9 9 7 S J 6 7 7 5 4 x 
(uzula cainpestris x 3 2 2 1 2 x 
L.sylvatioa 1 
Nardua atriota x 2 4 3 1 5 6 7 7 5 4 x x 
Poa pratenaia x 
Saeglingia decumbena 1 1 x 
Calluna vulgaris x 
Cirsium palustre x 
Dryopteris austriaca x 
Enpetrum nigrum x 
Erica tetrallx x 
Galium saxatile c 5 3 4 5 4 3 3 5 3 4 5 x x 

O Lycopodlum sp. x 
Oxalls acetosella x 
Polygaja serpyllifolia x 
Potentllla_ereota x I _ J ^ 1-J ^ - - i . J ' - . i 
Rujnex acetosella ~ ~3~ ~ 1 
Vaccinium jjjnrtillus o ^ 3 2 _ _ 1_ 1__ ^ 1_ 1̂  _x x 
V.vitia-idaea x - - - - - -
Dioranum sooparium x 1 , 2 1 2 
Hyl^qcomim_8£lenden8_ x 2 1 5 2_ _ 3 2 x 
H^ium~cupressTf oinije" f ~ — — — — — ^ ^ ^ 
KLagiotheclum undulatum x 3 2 3 x 
Pleurozlum schreberl o 4 5 1 3 1 1 3 2 3 3 x x 
Polytrichum alpinum x 3 
P.ooraraine, o 1_ 4_ _ ^_ 3 2 2 ^ 
Paeudoscleropodium purum x x 
Rhacomltrlum lanuginosum x 1 x 
Rhytidladelphua loreua x 4 2 1 1 
R.SQuarroaus o 2 4 4 4 3 2 . 5 3 4 4 2 x 
Sphagnum papillosum 1 x 
S.reourvum 1 
Thuidium tamarlscinujn 1 

Lophocolea bidentata c 1 3 1 3 1 
Lophozla floerkil o i l 3 1 
Pt l,lidluin 0 iliare o i _ _ 2 _ _ 2 3 U - i i 
Cladonia pyxldata x 1 . x 
C.sylvatica x 1 
C.unoiaiis X X 
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squarrosus sub-alpinum i s considerable, especially i n the 
c e n t r a l Highlands. The other k l i s t s are from podsols. 

Comparison of Tables 6.2 and 6.11 shows some important 
d i f f e r e n c e s between the noda, but examination of other l i s t s 
shows t h a t t h i s i s the best f i t p o s s i b l e . Of the ii.9 species, 
28 occur i n the Moor House podsol nodum. Agr o s t i s canina and 
Anthoxanthum odoratum are constants i n Table 6.11, but very 
scarce and absent r e s p e c t i v e l y i n Table 6.2 - perhaps t h i s i s 
an i n d i c a t i o n that they have been grazed out of the Moor House 
podsols. Nardus s t r i c t a i s a constant i n Table $,11 and there 
i s a greater v a r i e t y of herbs, though t h i s i s due to the 
general l i s t s i n which they may have been over-recorded. 

I n the mosses Hypnum cupressiforme i s s u r p r i s i n g l y absent 
from the S c o t t i s h l i s t s , and Polytrichum commune scarce, but 
both are present i n the Carnedds. Liverworts have much less 
cover i n Table 6.11, and the three Moor House constants are the 
only ones t h a t remain. 

However, 5 constants are common to both tables - Deschampsia 
flexuo s a , Festuca ovina. Galiiim s a x a t i l e . Rhytidiadelphus 
squarrosus and Pleurozium schreberi. which i s a c h a r a c t e r i s t i c 
of the Moor House podsol nodum. Vaccinium m y r t i l l u s . a 
c h a r a c t e r i s t i c near-constant at Moor House i s also w e l l -
represented. To sum up, i t seems tha t the S c o t t i s h form of the 
Moor House nodum has a denser growth of grass, i n which broad-
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leaved species are prominent, but bryophytes, e s p e c i a l l y 
l i v e r w o r t s , have l e s s cover. 

The Peaty Gley nodum (Table 6.12) 

6 of the 8 Carneddau l i s t s i n the ta b l e are from peaty 
gleys; one i s from a peaty podsol, and the other, and the two 
S c o t t i s h l i s t s , are from bog. Unfortunately, McVean and 
R a t c l i f f e give only k l i s t s f o r Juncus squarrosus bog, 2 of 
which show signs of f l u s h i n g and are dealt w i t h l a t e r , so i t 
i s impossible t o determine how widespread the Moor House peaty 
gley nodum i s i n the Highlands. 

R a t c l i f f e (1959) gives a vegetation map of the Cameddau, 
which shows t h a t the Festuca-Nardus-Juncus communities, which 
compare w i t h the podsol and peaty gley noda at Moor House, cover 
l a r g e areas, and probably s i m i l a r vegetation i s very extensive 
i n the other Welsh mountains, the Pennines and the Southern 
Uplands. 

S i m i l a r d i f f e r e n c e s e x i s t between Tables 6.3 and 6.12 as 
between 6.2 and 6.11 ( t h e podsols). The Welsh communities are 
r i c h e r i n broad-leaved grasses, A g r o s t i s canina and tenuis 
being constants, but l i v e r w o r t s are again scarce. Calypogeia 
trichomanis. a c h a r a c t e r i s t i c constant at Moor House, i s 
completely absent. Galium s a x a t i l e . Hylocomium splendens and 
Pleurozium schreberi are constants i n Table 6.12, but are 
infr e q u e n t i n the Moor House nodiim, and Nardus s t r i c t a and 



Table 6.12. 
Junoua BQuarroanfl communities in North Hales and the Scottish Highlands 
on wet peat and peaty gleys. (Moor House symbols as in Table 6 . 1 1 ) . 

Place m Scot.H, Cameddau in North ftales 
Nod« peaty J s Pestuca - Nardus- Festuca- Blkt. 

gley bog. Juncus squarrosus J.squarrosus bog 

1 2 1 2 3 4 1 2 3 1 
Altitude (feet) 2^50 2650 I85O I65O 1700 2150 3000 1 900 I65O 2275 
Aspect and Slope (degrees) 25 3 - 15 N 10NV 12 N 10 E 2 12 N 5 W 2 

AgrostlB oanlna X ^ 4 2 4 3 2 3 2 
A. tenuis x 4 4 3 3 4 1 1 3 " 
Anthoxanthum odoratum x 2 5 1 1 4 
Carex blgelcwli x 3 1 
C.ni£ii f _̂  J _ _ i 2 _ _ 1 . _ J _ 
C.panioea ~ T 1 2 
Peschjanpsla flexuosa f 2 1 2 4 2 4 4 4 2 
Erlophorum angustifolium x 1 
E.Taglnatum x 1 2 1 4 
Pestuoa ovlaa c 7 7 7 5 6 5 5 2 
Juncus squarrosus o 5 5 5 5 5 5 6 B 5 o 
Luzula canpestris x 1 2 1 
I'folinla oaeritlea 1 1 3 
Naraii8_8triota_ x 1_ _ 4 _ _ 5 _ _ ̂  _ J _ i 
Sieglingia deoiubens 1 
Triohophorum oespitosua 1 1 

Armerla maritlm 4 
E r i c a tetnUz 4 
Galium saxatUe x 3 3 4 5 4 5 5 3 4 2 
Poteritlllajerwta X 2 _ _ ^ _ _ 2 _ J 1 _ _ i 
Rumex aeetos^Uar ~ T ~ 
Vacoinlvffi i^mvs, x 2 _ _ l _ _ } _ _ 2 i _ _ 1 

Aulacoanium palustre x 3 3 1 2 
Diorvi^ajWTffijriiwa_ X 1̂ 1 1 JL J 
HyTooo&'wn^BPlwfleSa ^ J 1 7 ~ 2 ~ 2 ~ 1 ~ T ~ 

Plaglotoeplim U B S U ^ ^ f IZZ-Zi lZZ-Z 1 ZZ3ZZiZ3Z 
'^wroziwrBSia^beri' ~ x 1 ~ 3 ~ ~ 2 2~~ 2 ~ ' " 2 ' ' 2 ' " ~ 1 ~ " " l ~ 
Polytriohum alpeetw 2 
P,nomnpp|ti o 2 5 4 4 4 4 5 4 3 

• Rhacomltrlum lanuglnosum 3 1 
Rhytidladelphus loreus x 3 4 1 1 3 4 2 i _ 
R. 8,quart2,^_ x i _ _2 i _ i 2 2 
S|Siaginim~cuBpidjitum x 2 " 1 
S.papilloBum 4 
S.plvmulosuD X 4 2 1 4 
Thuidium tamarlsoliuun 1 1 1 

Dlplopt>yllum alblo«ns x 4 1 
Leptosoyphus taylorl 4 
Lo,;^olea bidentata ' f _ _ 2 _ _ 1 _ _ 2 i _ _2 1_ 
Loi&ioelir'fToerklT x ~ 1 2 1 
PtUldlum o i l l a r e f 2 _ _ 1 _ _ i 1_J 
Soapania g r a c i l i s 3 

Cetrarla lelandloa x 1 1 
Cladonia subsquanosa 1 
C.unolallB 2 -t- 1 
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Vaccinium m y r t i l l u s are also more abundant i n Table 6 . 1 2 than 
at Moor House. 

However, Festuca ovina and Polytrichum commune are common 
constants t o the two t a b l e s , and the near-const ants of Table 
6 . 3 - Carex n i g r a , Deschampsia flexuosa, Plagiothecium undulatum, 
Lophocolea b i d e n t a t a , and P t i l i d i u m c i l i a r e are a l l w e l l -
represented i n Table 6 . 1 2 , Deschampsia flexuosa being a constant. 
There i s a s i m i l a r increase of h y d r o p h i l i c species between 
Tables 6 . 1 1 and 6 . 1 2 , as between 6 . 2 and 6 . 3 . Gar ex n i g r a . 
Eriophorum vaginatum, Aulacomnium p a l u s t r e , Polytrichum commune, 
Rhytidiadelphus l o r e u s . Sphagnum cuspidatum and S. plumulesum 
have e i t h e r a greater abundance, or appear i n Table 6 . 1 2 , and 
other p l a n t s of wet places, Trichophorum caespitosum. 
Diplophyllum albicans and Leptoscyphus t a y l o r i are present. 

Table 6 . 1 2 contains kS species, 30 of which occur i n the 
Moor House nodum. But despite t h i s s i m i l a r i t y i n o v e r a l l 
composition, and the occurrence i n both of species t y p i c a l of 
very wet acid c o n d i t i o n s , the balance of species s h i f t s 
markedly as the broad-leaved grasses and the mosses of rat h e r 
l e s s - a c i d c o nditions are more abxindant elsewhere than at Moor 
House. 

A p a r a l l e l t o the peaty gley nodum occurring at Moor House 
where the dominance of Calluna i n blanket bog has been affected 

by man's a c t i v i t i e s , i s probably the Juncus squarrosus sub-
as s o c i a t i o n which Moore ( 1 9 6 2 ) has created from some l i s t s of 
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Calluna - Eriophorum - Sphagnum blanket bog i n the Wicklow 
mountains. Deschampsia flexuosa. Plagiothecium undulatum and 
Calypogeia trichomanis are the three d i f f e r e n t i a l species o f the 
sub-association, i n which Calluna v u l g a r i s . Eriophorum 
anpcustifolium and E. vaginatum are s t i l l prominent. 

At lower l e v e l s i n warmer c o n d i t i o n s , M o l i n i a caerulea 
i s o f t e n the dominant p l a n t on peaty gleys, but i s rare i n the 
North Pennines. Neither i s i t common i n N. Wales, b u t i n 
S. Wales i t covers about h a l f of the lar g e area of rough grazings 
(Stapledon, 1 9 3 6 ) . Jiincus squarrosus f r e q u e n t l y accompanies i t 
here, and one stand on Llangynidr Moxintain, Brecon had 35?S 
Juncus squarrosus. 15% M o l i n i a . 15% Nardus and 3% Festuca ovina. 
A g r o s t i s canina. Deschampsia flexuosa. Trichophorum caespitosum. 
Eriophorum vaginatum. Vaccinium m y r t i l l u s . Galium s a x a t i l e and 
P o t e n t i l l a erecta were subsidiary species. 

The Species-poor Gley nodum. (Table 6 , 1 3 ) 

Only k l i s t s were found comparable w i t h the Moor House 
nodum, p o s s i b l y because stands w i t h Nardus and Juncus co-
dominant have been avoided. The 3 S c o t t i s h l i s t s come from the 
l l j . given f o r the species-poor f a c i e s of Nardetum sub-alpinum. 
Only 7 o f these contain Juncus squarrosus and h were omitted as 
they are more spe c i e s - r i c h than the Moor House nodum - 2 of 
these appear i n Table 6.11J. ( g l e y ) and 2 i n Table 6 . l 6 ( f l u s h ) . 
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Selected l i s t s from-the species-poor f a c i e s of Nardetura sub-
alpinum i n the S c o t t i s h Highlands and one of Festuca-Nardus from 
the Carnedds compared w i t h the species-poor gley nodum at Moor 
House. 

S c o t t i s h H. Carneddau 
MH gley 1 2 3 

A l t i t u d e ( f e e t ) 2000 1300 1850 1750 
Aspect and Slope (degrees) 3 SE 3 NW 3 SE 25 S 
A g r o s t i s canina X 3 

NW 3 SE 
3 A. tenuis c 2 2 3 3 Anthoxanthum odoratum X k 3 3 1 

Carex b i n e r v i s 2 2 1 
C. n i g r a X 1 
C. panicea 1 h 1 
C. p i l u l i f e r a 1 3 2 1 
Deschampsia cespitosa X 1 1 
D. fle x u o s a X 1 2 
Festuca ovina c 7 h 3 7 Juncus squarrosus c h 2 'k 3 Luzula campestris c 2 2 2 2 
Nardus s t r i c t a c 9 7 8 7 S i e g l i n g i a decumbens 9 7 

1 

Anemone nemerosa 1 
Galium s a x a t i l e c h 3 3 k. 
P e d i c u l a r i s s y l v a t i c a 1 
Polygala s e r p y l l i f o l i a 2 
P o t e n t i l l a erecta X 3 3 3 3 Rumex acetoaa ( - e l l a ? ) X 1 
Vaccinium m y r t i l l u s 1 3 5 h V i o l a p a l u s t r i s X 1 
V. r i v i n i a n a 2 

Dicranum scoparium X 2 
Hylocomium splendens X 2 3 2 
Hypnum cupressiforme c 1 
Mnium c f . s t e l l a r e 2 
Pleurozium schreberi X 6 h 3 3 Polytrichum alpinum 1 
P. commune X 1 1 
Rhytidiadelphus squarrosus c 6 1 3 2 

Lophozia f l o e r k i i X 1 
P t i l i d i u m c i l i a r e X 1 1 

Cladonia s y l v a t i c a 
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other ^.ists i n the 114- have few species, but even so McVean and 
R a t c l i f f e have set up a more species-rich nodum than t h a t 
found along the streams at Moor House. The s o i l s are said to 
vary from gleys w i t h no H la y e r to podsols, but p r o f i l e s of 
the selected s i t e s are not a v a i l a b l e . The Carneddau s o i l type 
i s a peaty gley, but the l i s t f i t s b e t t e r here than i n the 
peaty gley nodum. 

Of the 8 constants at Moor House (Table 6.6), Ag r o s t i s 
t e n u i s , Festuca ovina. Luzula campestris. Nardus s t r i c t a . 
Galium s a x a t i l e and Rhytidiadelphus squarrosus are present i n 
each l i s t , but Hypnum cupressiforme and Lophocolea bidentata 
are absent. As i n the Moor House nodum, Deschampsia flexuosa. 
Pol y t r i c h i i m commune. Lophozia f l o e r k i i and P t i l i d i u m c i l i a r e 
have l i t t l e cover, w h i l s t s e l e c t i v e species such as Deschampsia 
caespitosa and V i o l a p a l u s t r i s occur i n both. The chief 
d i f f e r e n c e to the Moor House nodum i s t h a t Anthoxanthum 
odoratum. Carex p i l u l i f e r a and Pleurozium schreberi have more 
cover, and they are constant species i n the S c o t t i s h species-
poor f a c i e s of Nardetum sub-alpinum. . 

Almost t w o - t h i r d s of the species i n Table 6 . 1 3 occur i n 
the Moor House nodum, and as the constants are s i m i l a r , i t 
seems there i s a good p a r a l l e l between the nodum and these 
l i s t s . 
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The gley spe c i e s - r i c h nodum (Table 6.1U) 
The only p a r a l l e l found t o the Moor House nodum i s 

Nardetum sub-alpinum i n the S c o t t i s h Highlands. 1 of the 8 
l i s t s f o r the species-rich f a c i e s was excluded from the t a b l e 
as i t contained some p e a t - l o v i n g species such as M o l i n i a 
caerulea. but 2 l i s t s were included from the species-poor f a c i e s , 
having been r e j e c t e d from Table 6 . I 3 . 

The S c o t t i s h nodum i s r i c h e r f l o r i s t i c a l l y than the Moor 
House, having 122 species compared t o 88, but there are 59 
species common t o both, and the Moor House stands are c l e a r l y 
much r i c h e r than the species-poor f a c i e s i n Scotland. I n 
comparing the i n d i v i d u a l quadrat data, i t must be remembered 
th a t l a r g e r quadrats have more species, and the 3 I quadrats 

of l/l+m. at Moor House do not cover as great an area as the 
2 2 9 quadrats of lm» i n the Highlands. However, the 3 km, 

quadrats at Moor House (Table 6.8) have an average of k2 species, 
i n comparison w i t h the average of 1+3 i n the species-rich f a c i e s 
of Nardetum sub-alpinum. 

Of the 9 constants i n the species-rich gley nodum at Moor 
House, 7 / A g r o s t i s t e n u i s . Anthoxanthum odoratum. Festuca ovina. 
Nardus s t r i c t a . Galium s a x a t i l e . P o t e n t i l l a erecta and 
Rhvtidiadelphus souarrosus are constants i n Table 6\ll\., w h i l s t 
Luzula campestris i s a near-constant, and Lophocolea bidentata 

f r e q u e n t , being the most abundant of the l i v e r w o r t s . The other 
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constants i n the 9 S c o t t i s h l i s t s , A g r o s t i s 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, Equisetum p a l u s t r e and T r i f o l i u m repens. occur 
i n the S c o t t i s h nodum, but Hypnum cupressiforme i s strangely 
absent. 

M i l d l y c a l c i c o l o u s herbs and sedges are even b e t t e r -
represented i n the S c o t t i s h nodum t o the Moor House. Acid-peat 
l o v i n g species, such as Deschampsia flexuosa and Polytrichum 
commune are absent from both. Several of the more h y d r o p h i l i c 
species found only i n the flushed-peat nodum at Moor House are 
present i n Table 6.1U and there are i n f a c t 59 species i n common 
between the two noda, but a comparison of the constants makes 
i t c l e a r t h a t the species-rich Nardetum i s much more c l o s e l y 
r e l a t e d t o the species-rich gley than the flushed peat nodum 
at Moor House. 

The s o i l c onditions described f o r the S c o t t i s h nodum -
gleys on slopes w i t h calcareous i r r i g a t i o n - are i d e n t i c a l to 
those o b t a i n i n g at Moor House. The s o i l s have a much greater 
Ca''"''' content than those of the species-poor communities, but 
are not s i g n i f i c a n t l y d i f f e r e n t i n K"*" or ̂ 2*^5* Thus, contrary 
to ,the statement of McVean and R a t c l i f f e (p.59), species-rich 
Nardetum sub-alpinum does occur outside the Central Highlands. 



T a b l e 6 , 1 5 . 

The t h r e e l i s t s f o r t h e s p e o i e s - r i c h f a d e s o f Junoetum s o u a r r o s l s u b - a l p l n u m i n t h e 
S c o t t i s h H i g h l a n d s , and a o o n i p a r l a o n \v±th t h e I f c o r House f l u s h and s p e c i e s - r i c h g l e y noda. 

Noda MH 
g l e y f l . 

A l t i t u d e ( f e e t ) 
A s p e c t a n d S l o p e ( d e g r e e s ) 

s p p - r i c h 
J s q . 

1 2 3 
2 2 5 0 2 0 0 0 2 2 0 0 
1 0 N 1 0 N 1 0 NE 

g f 1 2 3 

A g r o s t i s c a n i n a X X 3 3 3 K h i n a n t h u s n i l n o r agg. 2 

A , t e n u i s c X 3 S e l a g i n e l l a s e l a g i n o i d e s z X 1 2 

A n t h o x a n t h u m odoratwun c c 3 3 3 Taraxacum o f f i c i n a l e X ( x ) 1 

C a r e x deodssa X X 2 T h a l i c t r u m a l p i n u m 3 3 

C . e c h l n a t a X 2 3 3 T r i f o l i u m r e p e n s f f 3 

C . h o s t l a n a 2 V i c i a s e p i u j n 2 

C . n i g r a X 0 1 4 V i o l a p a l u s t r i s X X 1 

C . p a n i o e a X X 3 k V . r i v i n i a n a X X 3 

C . p u l i o a r l s X X 2 3 1 

E r i o p h o r u m a n g u s t l f o l i u m f 2 A c r o c l a d i u m c u s p i d a t u m X c k 
P e s t u c a o v i n a c c k A u l a c o m i u j n p a l u s t r e X 2 

H o l c u s l a n a t u s X ( x ) 3 B r a o h y t h e c i u m r i v u l a r e X 3 

J u n o i i a a o u t i f l o r u s 3 Bryum p s e u d o t r i q u e t r u m f 2 2 

J . e f i f u s t i s X 3 Campylium s t e l l a t u m ( x ) 1 

J . k o c h l i X + 2 D r e p a n o c l a d u s r e v o l v e n s X 
J . s q u a r r o s u s 0 0 8 7 7 Hylocomium spendens f X 3 5 

L u z u l a c a n ^ s t r i s c X + 1 i-iiium pseudopunctatum X k 
N a r d u s s t r i o t a c c 4 6 M.punotatum X c k 

( x ) 
11, s e l i g e r i 2 1 

A l c h e n i l l a g l a b r a ( x ) 3 2 M, u n d u l a t w n X X 3 2 

C e r a s t i u n h o l o s t e o i d e s X X 2 2 I ^ i l o n o t i s f o n t a n a f 4 2 

C r e p i s p a l u d o s a 3 R h y t i d i a d e l p h u s s q u a r r o s u s 0 X 2 

( x ) 1 
3 

E p i l o b i u m a n a g a l l i d l f o l i u m f f 2 1 R , t r i q u e t r u s X 
X 2 

( x ) 1 3 

E q u i s e t u m s y l T a t i c u n 1 Sfiiagnum p l u n u l o s u m X X + 
E r l o a t e t r a l i x 2 S . s u b s e o u n d i u D 

E u p h r a s i a s p. X X 3 2 S , warns t o f i a n u j n + 
G a l i u m s a x a t i l e 0 X + T h u i d l u m t a o a r i s c i n u f f l X ( x ) 2 

Geum r l v a l e ( x ) 3 
L e o n t o d o n a u t u j n n a l i s X X 2 3 3 /vneura p i n g u i s f 2 1 

L i n u m c a t b a r t i c u m 2 2 A, o f . s i n u a t a 1 

L y s i n a c h l a nescreum 2 C a l y p o g e i a t r i o h o n a n i s X 
N a r t h e c l u m o s s i f r a g u m 1 2 C h i l o s c y p h u s p a l l e s c e n s 
P a m a s s i a p a l u s t r i s X 3 C, p o l y a n t h u s 2 

P i n g u i c u l a v u l g a r i s 2 2 L o p h o c o l e a b i d e n t a t a c c 2 3 

Polygonum v i v i p a r u m 3 3 2 P e l l i a f a b b r o n i o n a X 3 

P o t e n t i l l a e r e o t a c X 3 3 3 S c a p a n i a d e n t a t a 2 

P r u n e l l a v u l g a r i s X X 3 1 S , i r r i g u A X 
1 R a n u n c u l u s a o r i a X 1 3 S.nemerosa 1 



6.2U 

The Flushed-peat nodum (Tables 6.15 and 6.16) 
23 l i s t s from 9 of the S c o t t i s h Highland noda have been 

c o l l e c t e d together i n the 2 t a b l e s . No other l i s t s comparable 
to the Moor House flushed-peat nodum were found i n the l i t e r a 
t u r e . Juncus squarrosus i s the dominant of k l i s t s and 3 of 
them, those forming the species-rich f a c i e s of Juncus 
squarrosus sub-alpinum have been placed i n Table 6.15. The 
other, of Juncus squarrosus bog, i s intermediate between these 
and the peaty gley l i s t s , and has been placed at the aci d i c end 
of the ecocline i n Table 6.16. I n the other stands contained 
i n the t a b l e Juncus squarrosus has a small cover value, being 
j u s t a community member. I f the 3 l i s t s i n Table 6.15 were 
placed i n Table 6.16, they would come i n the middle of the 
ec o c l i n e , i n d i c a t i n g that at l e a s t up to t h i s p o i n t Juncus 
squarrosus can dominate flushed-peat communities i f competition 
from other species i s reduced, f o r example by sheep-grazing. 

The 3 l i s t s compare w e l l w i t h the Moor House flushed-peat 
nodum i n Table 6.9. A l l the Moor House constants and near-
constants are present except Pestuca rubra, and 9 of these ,are 
c h a r a c t e r i s t i c of the nodum. 72 species occur i n Table 6.15 
and 1+6 of them are found i n the flushed-peat nodum. A f u r t h e r 
•5 species occur i n the species-rich gley nodum at Moor House, 
but 15 of the U6 are absent from t h i s , i n d i c a t i n g c l e a r l y to 
which nodum the three l i s t s belong. 3 l i s t s are hardly 



TaUa 6.1&. 
Tnnsitlon from speoles-rloh to poor In the fluBhod-peat conmunltles containing Junoua sauarroaus in the Scottlah Hlghlanda. (Llats 
from Ratoliffe and Ho.Vaan, aortad and reanalyaed). M! oolunn indlcatea apeclea preaent i n the equivalent gradient at Moor Houae, 
(Table S.10)i- (x) = apeciea preaent only i n the large quadrate, where i ia followed by a letter thla Indlcatea the group i n which 

the epeoiea oooiun at Hoor Houae in the instansea where thla is different, 
Noda Carexv Hnno-CarloetuB alpinujn J.aoutlfl- Ra. sub-olplnum Sphagno - Carloetum Ja 

Sax.aia Aoroolad. app spec las aub-alpinum olpinum bog 
ouapidatua rich poor 

» « 1 1 2 3 V 5 6 l 2 1 1 2 1 2 3 t 5 6 l 1 
Altitude (feet) 1900 2250 1800 2000 2000 1700 1000 750 1200 1700 1200 1600 2150 1000 1750 2000 1750 730 2650 2500 
Aapoot and Slope (degreea) - 12 N 25ir.V 20HE 7 W 25 K 5 W J 25 S 20 E 15 S JO ! I 2 - J 12 S - - 10HE25S 
A)0»ERAII, SEBCIES (- a • O at W) 
Agroatia oanlna x 3 2 1 2 2 5 3 3 
A.atolonlfer* x 5 3 
A.tenula x + 3 2 4 4 . 5 2 3 
toiteJMs«^o*,»tMa X ^^__2__2 >. } i _ - 5 _ _ i 
Carex blnenia 4, 4 
C.ourta X + 2 
C.demlaaa x 2 4. * 2 

^ i I I \ I ' I I I l l s 

k^Ti^ ' i . ± : i : : ^ : : ! : 3 : : i : x : E : ± : | : : : : h x : i : f - J 
C.vaglnata 1 
Deaohaoiiala oeapltoaa x * 2 4. 
E r i j j h o i f f l ^ ^ t l i J i l f l B . X 4__ J _ _ i _ 3 _ 2 _ _ 2 _ _ _ _ i _ _5 3_ _ 2 _ J _ _ i _ 
SeatjjoisTjia X J _ _ 2 C _ | _ _ 2 > J _ 
HolouB lanatus (x) 2 J } } 2 } 2 
Junoua aoutiflonis 2 1 6 9 
J.artloulatua x 3 £ 3 2 
J,effuBuB X 2 
j.toohll X 3 4- 3 3 3 2 
j.a<iuam>au» x 1 4 3 3 1 3 2 2 1 3 6 j 3 2 3 3 3 2 l 8 

* i _ J _ _ 2 £_J . 2 _ _ 2 _ J _ _ t 1̂  2 2 
Nslinla oaenilaa 2 4 4 5 3 4 2 

gtscre.^ ' ' i i i ' I ^ > ' I ^—2—} ^ ^ i 
Trlohopiionia onpitemn 1 3 2 2 2 1 4 
Betula ap. 1 1 
Bladmum aploaot 2 
Calluna vul«axla 1 3 2 
Droasra rotuaUfoUa 1 
£ufpatrtiD iKitiftpbrodltn 2 . 
B.nlgma (x) 2 
EquiaatoB paluatr* x 2 1 
Brloa tetxBllx 2 5 
Euiiiimaia up, A 1 3 3 3 2 3 2 1 2 
PUipendiila u l n r U 1 
Lathyrus "ym^ynrt 1 
lorooioaiia (aUgo 2 
I^ioaofala auunuB 3 3 
j ^ g ^ f l S t o ^ J f i a e a ? ? ^—^-J ^—l-J ^ ? >-
OxallB aeatOMUa 2 
PedlMlaris ap. 1 2 
Plagulaula Ttdgarla + 2 2 . 1 2 2 1 2 
g ^ ^ ^ B B E t f c X i : I 2 2 i i ^ J j i 2 2 i i 2 1 i _ 
SiMolaa pratorta 2 2 5 4 3 3 3 3 
Thalyptarla omptarla 2 
Viola paluatria x 3 3 3 3 3 5 . 3 2 
T.rlTinlana xb 2 4 3 

2 

Aorooladlum i 
Caavtothaolaa nitana 3 5 
ClaolldioB a^ralua 1 
Dionnua ao^iTliai ad 2 1 
Drapanoolaftia anranmilatMa 3 
D.unnlnatna 2 
BrloooBduD liWliuatra 2 a,ffll«^ x l _ ^ _ _ i _ _ 4 . _ i _ _ * - . _ i _ . 2 _ . 2 _ ^ _ _ 4 _ _ 5 5 _4_ 

lUpunototuB X 3 1 . 2 
Paaudoaolaiopodlini punoi 2 3 2 1 1 3 3 1 
Ptlllum oilata-oaatraaala 3 

I ^ J ^ d ^ ^ ^ . X . . J _ _ 2 _ . 4 „ . . J . . J . ^ . i _ . 2 . . i _ _ 2 . _ . . . _ . „ . J L . . . _ . . _ _ . 2 _ 

Ttaddlum t aaBr lae l in iD (x) 2 5 2 2 1 1 1 2 5 2 

Aneura oiiltUlda 1 
A.plngola X 1 2 
Cblloaqyitaja polyanthus 2 ' » „ 
LoitiooolM bldratata x 1 1 2 1 . 1 2 2 
Lopisosla quloqnadentata (x) 3 
•toraupella enarglnata 1 
Soapanla gnolUa x 2 
S.lrrlgna x 1 
S.neiBaToaa 1 
S.undulata + 1 



B)RICH-n.DSH SISCIES 
B r l u n d U 
C*rgz aqiuatlll* 
C.dloln 

AldMoUla f l l l M u l l * 
A.glabn 
A.nnthaotaloim 

Ctnirtiw*̂  * rotunUfollA 
Cazdajsiiit pntensis 
CmstiuB boloitaoldss 
OlnluB palustr* 
Conloglotnim Tlzida 
Crapit fludoM 
Bplloblua uu^aUldlfollum 
Galluo boreale 
0«nn T l n l * 

Paniassla palustrla 
Flaatago laaoaolata 

Rlilnantliua ap^ 
Rum aoetosa 
Saglna PJ^WUIHIKMH 
Sazlfrasa aizoldes 
S.oppoaltlfOlU 
Taraxaouo offlolnaXe 
ThaUotntn alpiiosQ 
TbjTBia diusel 
TofleldU paluatrla 
Trifolium rapans 
Trlgloohlii paluatxla 

Bradiythsolua rlTular* 
B.rutabuluD 
Brautalla ohxTSOooiiB 
BiTun faaudotrlquatiun 
CaflQyliuni atallatani 
CUuaoluB danaioldea 
Cratonaurai oosButatum 
OtaalUum imllnamim 
Drepanooladua nrolvana 
Flaaidans adlautholdaa 
P.oanundoldaa 
W)F̂ ûm pfffnrici^nwta^ufli 
N»uoftuXatUD 
FhlloBOtla fontana 
RlqrtlUadalitais trlquatrua 
Sphagnmp aquarroauai 
S.wainatafflaiiuiii 
Ttuldlum aalloatulum 
Aseuia alnuata 
PaUU ap. 

T3)CtUSJFVS 3IS0IES 
Carsz Ugelovll 
Deaohaivala flaxusaa 
Erloifaorum nglnatun 
Galium aazatUe 
IbljnEal* Mirgrlllfolla 
Vaooliilum nyrtlllua 
V.rltla-llaaa 

Aoztwladlum atmninaum 
ft)i1f«wiwH^Tin paluatra 
Hyjnum omreaalfoiDi 
I^jiglothaoium undulatum 
PlauTOSlum aohrabarl 

Elyrtldladelpfaua loraua 
SjtMgpam lindborgli 
S.paluatra 

S^plunuloBum 

ABuTi^pEaToraadanais 
Calypogela trlohonsnla 
Dlj^Aphyllum albloana 
Lophosla vantrlobsa 
PtUidlum o i l l a r e 

Ki 

(x) 

(x) 
XD 

X 
xo 

X 
(x) 

(x) 

X 
(x) 
X 

1 1 2 3 4. 5 6 1 2 1 
3 3 3 

8 
If 2 2 

2 4. 2 4 2 2 1 
1, 5 ) ? _ i _ . 

3 3 
2 

4 2 
2 3 2 
1 

3 2 1 
1 1 

2 2 
1 1 

3 
1 

3 4 4 
1 2 2 2 • 

1 
3 1 

2 — f -
_ 2 _ 

2 _ i _ _2 
— i ~ 3. 

3 3 
2 3 4 

I 2 _ _ 3 _ - i - ?. ~ ~ T ~ t 2 ~ T ~ ~1~ I — 5 
- — — I I I ~j~ ~1~ 

• 1 2 
1 1 

1 
2 • 
5 
I ' ! 1 1 2 3 1 1 
2 . I * 3 ~ T " ~ r 
5 4 3 
1 S 
U. 

• 

3 + 3 2 
1 3 

2 3 J J J 2 2 3 
3 

3 
2 

2 3 2 3 
3 4 3 2 
2 3 2 

3 
3 

} k 3 1 1 
5 3 1 1 

1 
1 

1 2 1 
2 2 3 1 1 

2 . 2 1 2 
1 2 1 4. 3 

3 
2 4 7 
1 

3 1 
1 2 1 2 

Table £.16 oont. 
6 1 ( 

1 2 

1 2 

1 
3 
4 4 1 

3 2 3 
3 1 3 

2 1 
1 

2 1 1 
1 3 1 5 3 

2 1 
2 

2 2 3 
2 ? 2 ? 

2 4 3 
6 

8 
— — ~ — _ i _ 2 - I - - 3 _ 6 _ 4 

3 
" ? ~ 

3~ ^ 4 31 -|-J. 
1 

2 1 1 3 
2 

2 
1 2 2 
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s u f f i c i e n t to show any special features the flushed-peat nodum 
may have i n Scotland, but 2 species rar e i n N. England are 
prominent - Polygonum viviparum and Thalictrum alpinum. 

Table 6.16 gives a b e t t e r idea of the t y p i c a l species of 
the f l u s h e s i n which Juncus squarrosus occurs. Only 5 of the 
72 species i n Table 6.15 are absent. The S c o t t i s h ecocline i s 
c l o s e l y p a r a l l e l t o tha t at Moor House, allowing f o r the greater 
number o f species present - the Moor House quadrats cover less 
than a f i f t h of the area of the S c o t t i s h . Table 6.10 continues 
the Moor House ecocline, i n t o the peaty gley nodum, but t h i s was 
omitted from Table 6.16 t o avoid complexity. Therefore, the 
o v e r a l l category i n t h i s t able corresponds t o both the o v e r a l l 
( i . e . extending t o the peaty gley) and f l u s h groups of species 
i n Table 6.10. 

Of the 76 species i n the o v e r a l l category, 30 are found 
i n the corresponding groups at Moor House, and only 2 (Euphrasia 
sp. and V i o l a r i v i n i a n a ) i n the r i c h f l u s h group and 1 (Picranum 
scoparium) i n the c a l c i f u g e group. Constants or near-constants 
i n the group number 12. Aathoxanthum odoratum, Garex n i g r a . 
Eriophorum a n g u s t i f o l i u m . Festuca ovina, Nardus s t r i c t a and 
Rhytidiadelphus squarrosus are constants or near-constants i n 
the Moor House nodum, w h i l s t Carex echinata, C. panicea. Luzula 
campestris. P o t e n t i l l a erecta and Hylocomium splendens are 
present, only Narthecium ossifragum being l a c k i n g . 
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The r i c h - f l u s h group of species i s considerably l a r g e r i n 
the S c o t t i s h ecocline, many species coming from the very r i c h 
Carlceto - Saxifrage a i z o i d i s and Hypno - Caricetum alpinum 
noda. There are 63 species, 24 being found i n the r i c h - f l u s h 
and 9 i n the f l u s h group at Moor House, but almost a l l the 
Moor House group of r i c h - f l u s h species occur i n the S c o t t i s h 
group. I t i s t h e r e f o r e not s u r p r i s i n g t h a t the Moor House and 
S c o t t i s h constants are d i f f e r e n t . 

As at Moor House the c a l c i f u g e group of species i s smaller 
i n number w i t h 2U. 10, i n c l u d i n g Deschampsia flexuosa. 
Eriophorum vaginatum. Aulacomnium p a l u s t r e . Plagiothecium 
undulatum. Polytrichum commune and Sphagnum recurvum are i n 
•common w i t h the c a l c i f u g e group at Moor House, and k w i t h the 
o v e r a l l group. 

I t must be mentioned that Juncus squarrosus occurs less 
f r e q u e n t l y i n the noda at the basic end of the ecocline. There 
are 25 l i s t s i n t h e C a r i c e t ^ Saxifrage a i z o i d i s nodxim, but 
Juncus squarrosus i s only present i n 2, whereas i t i s present 
i n 6 out of the 9 l i s t s forming the Sphagno - Caricetum sub-
alpinum nodum. 

Other Communities. 

Juncus squarrosus i n grasslands on brown earths (Table 6.I7) 
9 of the 20 l i s t s i n the species-poor Agrosto-Festucetum 

nodxam of the S c o t t i s h Highlands contain Juncus squarrosus and 
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have been placed i n the t a b l e , together w i t h 2 from the s l i g h t l y -
r i c h e r A l c h e m i l l e t o - Agrosto - Featucetum. They are compared 
w i t h a l i s t f o r h i g h - l e v e l grassland on Cader I d r i s ( P r i c e , 
Evans, 1932) and the speci e s - r i c h gley nodum at Moor House. 

Many of the species-poor Agrosto-Festucetum stands are on 
we l l - d r a i n e d a l l u v i u m , e s p e c i a l l y i n North and West Scotland 
where other s u i t a b l e s o i l s are r a r e , and most of the l i s t s 
come from t h i s area. As the s o i l s become more waterlogged they 
grade i n t o Nardetum sub-alpinum. The dryness of the s o i l 
suggests th a t the stands would resemble the Moor House podsol 
nodum, but t h i s i s not so, since the species r e q u i r i n g mor 
humus have l i t t l e cover or are absent. But there i s a 
considerable s i m i l a r i t y between these l i s t s and the Moor House 
sp e c i e s - r i c h gley nodum. 8 of the Moor House constants are 
also constant here, only Lophocolea bidentata having less 
cover, and t h i s i s c o r r e l a t e d w i t h the lower cover of Juncus 
squarrosus. Carex p i l u l i f e r a . V i o l a r i v i n i a n a and Hylocomium 
splendens are the other constants of the brown ea r t h stands 
and o n l y the Carex i s absent at Moor House. Of the 93 species, 
5U occur i n the species-rich gley nodum at Moor House, Despite 
the s i m i l a r i t y , i t i s d o u b t f u l i f Juncus squarrosus could ever 
become dominant on such well-drained s o i l s . I f the grazing 
pressure were such t h a t i t favoured the spread of species 
unpalatable i n summer, Nardus s t r i c t a would assume dominance. 
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L i s t s of the chlonophiloua noda of Hardus str i o t a which oontain Junoua Bcp^rmm^,, 

Noda Ilardus-Triohophoretum Trloh-Na NarduB-Pleurozlum Taoo.<4fs 
Altitude (feet) 

1 2 3 1 1 2 1 
Altitude (feet) 2000 2750 2200 2100 2800 2900 26C 
Aspect and Slope (degrees) 5 NE 2 mi 2 N 2 E 5 S 7 NV/ 10 
Agrostls oanina 3 
A.tenuis 2 4 1 3 
Carez blgelowli 1 2 3 3 
Cpanloea 1 2 
C . p l l u l i f e n i 2 
Desohanpsla cespltosa 5 3 
D.flezuosa + 3 1 + 3 3 
Festuoa ovlna 3 3 1 
Juncus squarrosus 1 2 1 1 1 2 2 
Mollnia caerulea 2 
Nardus s t r i c t a 6 9 8 8 8 7 
Trlohophorum oespltosujn 5 2 5 8 

Calluna vulgaris 2 3 
Chaoaeperlolymsnum sueoloum 1 
Eopetrum hemaphrodltum 1 3 2 2 1 5 
Euphrasia frigida 1 2 
Galium saz a t l l e + 1 3 2 
Juniperus nana 1 
Leontodon autusmalis 1 
Lyoopodlum alpinum 3 • 3 + 
li.selago 2 2 3 
Nartheclum osslfragum 1 2 3 
Orohls erloetoruffl 2 
P o t e n t l l l a ereota 3 3 3 5 3 3 2 
Solldago Tlrgaurea 2 
Suoolati pratensla 2 
Tacoinlum sgrrtlllus 3 1 2 2 2 3 5 
T.ullglDOSum k 4 2 
V.vltl*-id««a 1 3 
V i o l a palustris 3 
T.rlvlnlana 2 

Dloninum scoparium 1 3 1 
Hjrlooomluffl aplesdens 1̂  6 5 
Qyjnma cuprosalfonoe 1 • 3 2 
Flaglo'ttieoium qnftiTattim 3 3 
Flturoduo Bohx«b«rl 1 • 1 3 3 
BolytrlohuD alpinun 3 
P.oomuune • 1 
P.Junlperlnum 1 
Rhaoomltrlum lanuglnosum 7 4 • 1 3 3 
BhytldladelphuB lorsua 1 1 3 5 
B.squarrosus 2 
Sphagnum pluoulosum 2 U 2 

A l i o u l a r i s s e a l a r i s 
Anastrapta oreadenala 
Anastroifajrllum donismim 
Caljrpogela trlohooanls 
Dlplopbyllum albloana 
Leptoaoypfaus t a y l o r l 
LophoBia alpestrla 
l u f l o a z k l i 
L.qulnquedentata 
luventrleesa 
FleuroBla piii7ux«a 
Ptllldlum o i l l a r e 
Soapania g z s o i l l a 
S.nlJibosa 

Cetrarla aouleata 
C.lslandloa 
ClaOonla b e l l l d i f l o r a 
C . g n o l l l a 
C.pgrxidata 
O.nnglfarlna 
C q y l v a t l e a 
C.tenuis 
C.unolalla 
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Jxmcus squarrosus i n chionophilous Nardeta (Table 6.18) 
Long snow-lie, by reducing the growing season, by causing 

long-continued waterlogging and by g i v i n g a s l i g h t f l u s h i n g 
e f f e c t during the me l t i n g p e r i o d r e s u l t s i n d i f f e r e n t 
combinations of species growing together and thus produces new 
noda. 

Such communities are absent i n England, but widespread i n 
the S c o t t i s h Highlands, very o f t e n being dominated by Nardus 
s t r i c t a . Juncus squarrosus i s f r e q u e n t l y present and 7 l i s t s 
from k d i f f e r e n t noda have been brought together i n the ta b l e 
to i l l u s t r a t e t h i s type of h a b i t a t . There i s qu i t e a v a r i e t y 
of species, podsol-favouring such as Vaccinium m y r t i l l u s and 
v i t i s - i d a e a . wet peat p l a n t s such as Narthecium ossifragum, 
Calypogeia trichomanis and Leptoscyphus t a y l o r i . p l a n t s 
r e q u i r i n g some base such as Leontodon autumnalis and V i o l a spp. 
and oceanic species, such as Pleurozia purpurea and Scapania 
nimbosa. 

Juncus squarrosus i n e r i c o i d heaths (Table 6.19) 
7 r a t h e r v a r i e d l i s t s are given i n the ta b l e of selected 

heath stands i n which Juncus squarrosus occurs. The species 
l i s t i s such t h a t i f Calluna v u l g a r i s and the Erica spp. were 
removed by continued heavy grazing, a community containing 
species of the podsol nodum would remain. 



Juncus souarrosua i n e r i c o i d heaths i n Scotland and Wales. 
( X = present, and d = dondnant). 

P l a c e 
r/oduni 

A l t i t u d e ( f e e t ) 
Aspect and Slope (degrees) 

A g r o s t i s canina 
A.tenuis 
Anthoxanthum odoratum 
Carex b l n e r v l s 
C.nigra 
C . p i l u l l f e r a 
Deschatopsia flexuosa 
? e s t u c a ovlna 
Juncus squarrosus 
L u z u l a c a s p e s t r i s 
L . s y l v a t l c a 
K o l l n l a c a e r u l e a 
Nardus a t r l c t a 
Poa annAa 
Trichophorum c e s p l t o s u a 

C a l l u n a v u l g a r i s 
Enpetrum nigrum 
E r i c a c l n e r e a 
E . t e t r a l i x 
Galiiua s a x a t i l e 
G e n i s t a a n g l l c a 
L i s t e r a cordata 
P o l y g a l a s e r p y l l l f o l l a 
P o t e n t i l l a e r e c t a 
Rumex a c e t o s e l l a 
T r i e n t a l l s europaea 
Vaoclnlum norrtUlus 
V . v l t l s - l d a e a 

Aulaconnluin p a l u s t r e 
Gan5)ylopus flexuosus 
DloranuB scoparlum 
Hylocondum splendens 
Hypnuin cupresslfonne 
Plaglothecium undulatum 
Pleurozlum s c h r e b e r l 
P o h l l a nutans 
Polytrlchum comsune 
P . p l l i f e r u m 
Hhacondtrlum lanuglnosum 
Rhytidiadelphus loreus 
H.squarroBus 
SphagnuBi con^iactum 
Thuldlum tomarisclnum 

Diplophyllufli a l b i c a n s 
Gymnocolea I n f l a t a 
Lophocolea bidentata 
Lophozla f l o e r k i l 

Cladonla c o c c i f e r a 
C.lnpexa 
C.pyxldata 
C.sqainosa 
C . s y l v a t l o a 

Scot.High. 
Callunetum 
v u l g a r i s 

1700 
5 n\i 

Cameddau, N.Wales 
Vaccinium Calluna 

heath heath 

1300 
32 N 

6 
4 
2 

1 
k 
1 

1500 

33 sw 

3 

1 
if 
if 
1 
1 

1500 
30 sw 

2 
1 
2 
1 

Kelso 
heath burned 

heath 

700 - 1200 

X 
X 
X 
X 
X 
X 

Table 6.19. 

Lannerauir 
moist C a l l , 

heath 

700 - 1500 

X 
X 
X 

X 
X 
X 
X 

X 
X 

10 3 9 d d d 
1 X 

2 2 • 5 X 
X X 

3 3 1 X X 
2 
2 

1 1 1 
+ 1 2 X X 

1 
1 
3 6 8 3 X X 
3 

X 
X 

3 1 X 
2 if if 2 X 
5 3 1 3 X X 

1 X 
8 if 1 1 X X 

1 X 
2 3 1 

1 
1 
1 1 1 
if 2 X 
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The Lammermuir l i s t i s taken from Harper (1962) and P i g . 
k i n t h i s paper shows w e l l the preference of Juncus 
squarrosus. w i t h Calluna dominant throughout, f o r the moister 
podsols w i t h deeper H horizons (17 - 28 cm.). Eriophorum 
vaginatum i s confined t o s o i l s w i t h H horizons deeper than 
23 cm., and becomes dominant where t h i s i s greater than 28 cm. 
I n well-grown t y p i c a l heath Juncus squarrosus i s absent, but 
where competition from e r i c o i d shrubs i s reduced, by burning, 
grazing, t r e a d i n g or any other cause, Juncus squarrosus i s able 
to colonise the moist acid h a b i t a t , and i t i s to be found 
somewhere on most heaths. Thus i t i s recorded from Somerset 
heaths ( t h e Quantocks, Brendeins and Blackdowns), the sandy 
heaths i n E. Dorset and W. Hampshire, the Delamere Forest i n 
Cheshire and Skipwith Coimnon i n Yorkshire (Watson, 1932). On 
the N o r t h York Moors i t occurs on both podsols and peat i f wet, 
e s p e c i a l l y a f t e r heather burning (Elgee, 1912). At Blubberhouses 
(W. Yorkshire) Juncus squarrosus patches on Calluna moor have 
a s i m i l a r pH and e l e c t r i c p o t e n t i a l (3*5 andl;5'+) t o t j r p i c a l 
Calluna around (3.1; and 527) ( P e a r s a l l , 1938). 

A f u r t h e r h a b i t a t f o r Jimcus squarrosus i s i n dune slacks 
e.g. on Walney I s l a n d ( P e a r s a l l , 193U) and at Winterton i n 
N o r f o l k . 

Juncus squarrosus. i n Western Blanket Bog. (Table 6.20) 

Juncus squarrosus occurs i n 8 of the 21 l i s t s given f o r 
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Trichophoreto - Eriophoretum i n the Western Highlands, and these 
together w i t h a l i s t from E r i c a t e t r a l i x bog on Cader I d r i s 
( P r i c e Evans, 1932) and a M o l i n i a - Myrica swamp i n the oceanic 
S.W. of Sweden (Maimer, 196I) have been placed together i n 
Table 6.20. 

Calluna v u l g a r i s and Eriophorum vaginatum are not so 
dominant as i n Pennine blanket bog (Calluneto - Eriophoretum), 
but there i s a greater v a r i e t y of other species and Sphagna 
are more prominent, suggesting t h a t the water t a b l e i s nearer 
to the surface and t h a t the n u t r i e n t supply i s perhaps rather 
g r e a t e r . Other prominent species include Carex echinata. 
C. panicea. Eriophorum a n g u s t i f o l i u m . M o l i n i a caerulea. Erica 
t e t r a l i x , Narthecium ossifragum. P o t e n t i l l a erecta and Hypnum 
cupressiforme. 

Whether Juncus squarrosus occurs n a t u r a l l y i n t h i s 
community or only when competition has been reduced by some 
i n t e r f e r e n c e such as t r e a d i n g , burning, d r a i n i n g or peat-
c u t t i n g , I do not knovif. But McVean and R a t c l i f f e include 
Juncus squarrosus i n many of t h e i r l i s t s f o r Calluneto -
Eriophoretum. i n which i t does not occur n a t u r a l l y i n the Moor 
House area. P e a r s a l l ( l 9 U l ) , describing blanket bog i n 
Connemara, records Juncus squarrosus only i n a bog burnt 
probably w i t h i n the I4. previous years, and i n which most of the 
Sphagnum cover had been k i l l e d . 
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Wet heaths dominated by M o l i n i a caerulea and Myrica 
.gale, such as i n the Somerset Levels (Watson, I 9 1 5 ) are a l l i e d 
to t h i s community, and Juncus squarrosus i s present. 
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Summary. 

I n upland B r i t a i n Juncus squarrosus grows w i t h a wide 
v a r i e t y of p l a n t s i n several d i f f e r e n t h a b i t a t s . I t occurs 
mostly on a c i d , base-deficient s o i l s where d i f f e r e n t types of 
community are found according to the degree of wetness of the 
s o i l . Three types have been recognised at Moor House, and 
est a b l i s h e d as noda f o r the area, together w i t h 2 other 
communities, r i c h e r i n species. 

The nodum on podsols and peaty podsols contains 
Deschampsia flexuosa. Nardus s t r i c t a . Galium s a x a t i l e . 
Vaccinium m y r t i l l u a . Pleurozium schreberi. Polytrichum commune. 
Rhytidiadelphus squarrosus. Lophozia f l o e r k i i and P t i l i d i u m 
c i l i a r e . besides Festuca ovina and Lophocolea bidentata. which 
are found i n a l l the h a b i t a t s of Juncus squarrosus at Moor 
House. Under more waterlogged conditions there i s a s i m i l a r 
nod\im on peaty gleys, w i t h less Galium. Vaccinium. Pleurozium 
Lophozia. but having a d d i t i o n a l l y Carex n i g r a . Aulacomnium 
p a l u s t r e and Calypogeia trichomanis. The'third nodum i s the 
species-poor gley, c o n t a i n i n g A g r o s t i s t e n u i s . Anthoxanthum 
odoratum. Luzula campestris. Galium s a x a t i l e . Nardus s t r i c t a . 
Hylocomium splendens. Hypnum cupressiforme and Rhytidiadelphus 
squarrosus. 

Communities of these three types are widespread i n the 
Pennines, the Welsh Mountains, the Southern Uplands and the 
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S c o t t i s h Highlands. The two species-rich noda foxmd at Moor 
House are less common, being confined to areas where calcareous 
rocks outcrop. That on gleys has Nardus s t r i c t a co-dominant, 
and i s r i c h i n sedges and herbs such as Cerastium holosteoides, 
Polygala s e r p y l l i f o l i a . P o t e n t i l l a erecta and T r i f o l i u m repens, 
besides having n e a r l y a l l the species of the species-poor gley 
nodum. I n the other, on f l u s h e d peat, the important species 
are Anthoxanthum odoraturn. Carex n i g r a . Festuca ovina. F. rubra. 
Cardamine p r a t e n s i s . T r i f o l i u m repens. Acrocladium cuspidatum. 
Bryum pseudotriquetrum, Mnium punctatum and P h i l o n o t i s fontana. 

Juncus squarrosus also occurs i n upland B r i t a i n i n species-
poor Festuca - A g r o s t i s grassland on brown earth s o i l s , i n 
h i g h - l e v e l chionophilous Nardus communities and i n the western 
type o f blanket bog w i t h Trichophoriim and Eriophorum. I t i s 
not a normal c o n s t i t u e n t of Pennine blanket bog, but occurs 
commonly where the dominance of Calluna has been reduced. 

I n the lowlands, Juncus squarrosus i s confined t o 
unreclaimed land, c h i e f l y wet places i n heaths. 
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SECTION V I I : ECOLOGY MD DISCUSSION 

The e f f e c t s of various edaphic and b i o t i c f a c t o r s on 
Juncus squarrosus are described at the s t a r t of the section. 
This i n f o r m a t i o n , together w i t h some from previous sections, 
i s used i n a discussion of the status of Juncus squarrosus 
i n the communities described i n the p h y t o s o c i o l o g i c a l s e c t i o n , 
and of t h e i r i n t e r - r e l a t i o n s h i p s w i t h other upland communities. 
F i n a l l y , there i s a consideration of the economic value of 
Juncus squarrosus i n the uplands, and a general discussion. 

A) Edaphic influences 
1 . Moisture 

While Jimc&s squarrosus has features c h a r a c t e r i s t i c of 
xeromorphs (abundant sclerenchyma, strongly thickened epidermal 
c e l l w a l l s - see section 2 ) , i t i s r a r e l y found i n well-drained 
h a b i t a t s . These normally support Pestuca-Agrostis grassland i n 
the Moor House area, but some Festuca-Agrostis swards contain 
also p l a n t s of Juncus squarrosus and Nardus s t r i c t a . the 
Juncus p l a n t s being smaller than usual as on Hard H i l l ( s i t e N) 
and i n the House limestone grassland ( s i t e E) - see Table 5.1» 

Two turves from t h i s l a t t e r s i t e were put i n t o boxes, and these 
placed i n a glass frame i n the garden at Moor House. A f t e r l U 
weeks, both the Juncus and Festuca were obviously s u f f e r i n g 
from drought, having browned leaves. The boxes were now exposed 
to r a i n and the Festuca q u i c k l y recovered, but the Juncus 
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s h r i v e l l e d and died. I t would seem reasonable t o suppose 
t h e r e f o r e t h a t any Juncus p l a n t s becoming established i n w e l l -
drained s o i l s are k i l l e d by p e r i o d i c droughts. WhereJuncus 
squarrosus and Nardus s t r i c t a occur i n Festucetum i t i s 
probable t h a t there i s at l e a s t s l i g h t l y impeded drainage. 

At the other extreme, Juncus souarrosus s u f f e r s no 
apparent disadvantage from constant waterlogging. I t i s found 
i n such s i t u a t i o n s i n the f i e l d , and has grown w e l l under such 
co n d i t i o n s i n the l a b o r a t o r y . Doubtless t h i s a b i l i t y i s 
conferred on the p l a n t by the aer a t i n g system running down from 
the leaves, through the rhizome and i n t o the ro o t s . However, 
Juncus i s not found i n swamp communities which are r e g u l a r l y 
submerged, probablj'' because i t s a e r a t i n g system depends on 
gaseous exchange to the atmosphere through the leaves. 

2. Texture 

Juncus squarrosus i s i n d i f f e r e n t t o s o i l t e x t u r e , growing 
on anything from coarse sands to f i n e s i l t s and peat, one 
reason being i t s forward gTOwth through the s o i l by expansion 
i n s i d e the shoots. 

3. N u t r i e n t status 
The composition of a p l a n t gives some i n d i c a t i o n of the 

n u t r i e n t s i t i s l i k e l y to r e q u i r e . Accordingly, the composition 
of Juncus souarrosus i s given i n Table 7»1» taken from Goodall 
and Gregory (19U7), together w i t h 6 other species found 
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commonly i n the Moor House area. Compared to p l a n t s of b e t t e r 
s o i l s , o f which the 3 species given are t y p i c a l , Juncus 
squarrosus i s low i n a l l n u t r i e n t s but Na"̂ . Ca"*"̂  i s e s p e c i a l l y 
low, even when compared w i t h other moorland species, but P0|^ 
content i s f a i r , and the K"̂  h i g h f o r a moorland-bog species. 

As the amount of K"*" a v a i l a b l e from mineral s o i l s i s 
u s u a l l y greater than from blanket peat (though the exchangeable 
K"̂  values may not be g r e a t l y d i f f e r e n t ) , Juncus squarrosus w i l l 
o b t a i n i t s K"*" requirements more r e a d i l y on mineral s o i l s and 
peaty gleys where i t s roots can reach down to mineral horizons 
than on blanket peats. P e a r s a l l ( 1 9 5 0 ) has gone so f a r as to 
say t h a t Juncus 'seems t o r e q u i r e some contact w i t h mineral s o i l , 
even i f t h i s i s a very poor one', and i t i s c e r t a i n l y true that 
Juncus squarrosus i s not u s u a l l y found on deep blanket peat. 
However, as the r o o t s do not exceed 3 0 cm, i n l e n g t h (see p . 2 . 1 ) 
there are many peaty gley stands (Table 6.3) i n which the roots 
cannot reach the mineral s o i l . Examination of a p r o f i l e at 
Rough Sike Head ( s i t e L) shov/ed that the roots d i d not here 
reach the mineral s o i l . However, the K"*" status at these s i t e s 
i s not known. Probably many experience s l i g h t f l u s h i n g , being 
on slopes, and p o s s i b l y i n others a h i g h K"̂  content has been 
r e t a i n e d i n the p l a n t s and surface layers since the time when 
the r o o t s were able to reach the mineral s o i l below. 

However, greenhouse t r i a l s have shown that Juncus 



sauarrosus can grow on a medium of very low K"̂  content. I t s 
absence, from blanket bog i s therefore due more t o i t s i n a b i l i t y 
to compete w i t h Calluna and 3riophorum vaginatum than t o the 
n u t r i e n t status of the peat. 

McVean and R a t c l i f f e (1362) include Juncus squarrosus i n 
the l i s t of p l a n t s i n d i f f e r e n t t o s o i l status as judged by 
pH and Ga''"'" content, and t h i s i s not s u r p r i s i n g as i t s Ga"*"̂  
requirements (Table 7.I) are so low that almost any s o i l can 
supply them. Appendix 8 gives a few s o i l analyses, i n c l u d i n g 
some very low Ca"'""'' contents. The higher Ca"̂"*" status of the 
sp e c i e s - r i c h gley and flushed-peat noda (analyses 8, 9 and k) 
i s c l e a r ) 

The seedlings established from the germination t r i a l s of 
1962 provided m a t e r i a l f o r some simple f e r t i l i s e r experiments 
done on the win d o w s i l l i n the l a b o r a t o r y at Moor House and i n 
the greenhouses at Durham. Seedling growth i n the s o i l t i n s 
was b e t t e r on the acid and limestone d r i f t s o i l s than on the 
blanket peat ( d e s c r i p t i o n s on p. 2-!-.2). 

At Moor House the three s o i l s received dressings of 
KgSO^, 1NH^,N0^ and KH2P0^ at ra t e s of 60 gm. KgO/sq. m., 12.6 gm. 
N/sq. m., 37.7 gm. PgO^/sq. m. Measured against c o n t r o l pots, 
d e f i n i t e responses were obtained on the peat medium. Nitrogen 
alone appeared harmful, but when combined w i t h phosphate there 
was b e t t e r growth. Phosphate and potash alone also gave 
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improved growth, but the best r e s u l t was obtained from an NPK 
treatment. Phosphate alone, or i n combination, r e s u l t e d i n the 
p l a n t s having a l i g h t e r green colour. 

A f u r t h e r i n v e s t i g a t i o n of the e f f e c t s of phosphate and 
potash was c a r r i e d out i n the greenhouses at Durham, using acid 
d r i f t and blanket peat s o i l i n 10 cm. pots. The f e r t i l i s e r s 
were mixed i n t o the media at the s t a r t of the t r i a l and a 
surface a p p l i c a t i o n was made l a t e r . Rates were approximately 
the same as at Moor House. No response was obtained, probably 
because the pots were free-standing , so that the n u t r i e n t s were 
leached out by r e g u l a r watering. I t was i n t e r e s t i n g however, 
t h a t many of the seedlings made f a i r growth i n the pots given 
no f e r t i l i s e r . 

Response by Juncus squarrosus t o s o i l n u t r i e n t status has 
also been shown during an experiment by A. J. P. Gore on the 
p r o d u c t i v i t y of blanket bog at Bog End near Moor House. The 
Calluna-Eriophorum was removed from l 6 p l o t s , 2U f t . x 12 f t . 
(7.3 m. X 3.7 m.) i n 1958, p r o v i d i n g s u i t a b l e conditions f o r 
seedling establishment. 8 subsequent treatments were given as 
shown i n Table 7,2 and the k p l o t s given treatments 7 and 8 
were halved, one h a l f being sown w i t h Deschampsia flexuosa. 
the other w i t h Phleum pratense. Compound f e r t i l i s e r (treatment 
8) was a p p l i e d at 15 cwt,/acre (1880 kg./ha.), and lime at 2 

t o n ^ a c r e (50OO kg./ha.), and i n subsequent years at 15 cwt./ 
acre and 1 ton/acre r e s p e c t i v e l y . 
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The Calluna and Eriophorum recovered r a p i d l y a f t e r c u t t i n g , 
g i v i n g only short o p p o r t u n i t i e s f o r Juncus squarrosus 
c o l o n i s a t i o n . As would be expected, there are most seedlings 
i n the treatments ( l , 7 and 8) having y e a r l y c u t t i n g s , but 
p o s s i b l y some seedlings became established i n treatments k - 6, 

and were subsequently shaded out by 'the t a l l growth. 

The numbers established i n the p l o t s given treatments 7 

and 8 are i n t e r e s t i n g . The Phleum sward of treatment 8 i s 
dense and t a l l , e x p l a i n i n g the d i f f e r e n c e between the 1 p l a n t 
es t a b l i s h e d i n i t , and the 10 established i n the less dense 
Deschampsia flexuosa sward. But i n treatment 7, the Phleum 
sward i s poor and open, and correspondingly 10 p l a n t s have 
become established. The Deschampsia sward i s l i t t l e b e t t e r , 
but contains no p l a n t s o f Juncus. and l i k e w i s e , the p l o t s of 
treatment 1, cut y e a r l y but r e c e i v i n g no f e r t i l i s e r , have 
considerably fev/er seedlings per u n i t area than the limed p l o t s 
of treatment 7. Thus i t appears that both lime and com.pound 
f e r t i l i s e r are a s s i s t i n g i n seedling establishment. 

The i n a b i l i t y of Juncus squarrosus to compete w i t h other 
species at higher n u t r i e n t l e v e l s was also shown by the classic 
experiments of M i l t o n (19U0 and 19̂ 4-7) i n N. Wales. At the 
L l e t y M o l i n i a s i t e , Juncus squarrosus remained on the c o n t r o l 
p l o t s throughout the 15 years of the experiments, both i n the 
enclosed p l o t s w i t h c o n t r o l l e d grazing and i n the f r e e l y 
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grazed p l o t s . I t was, however, r a p i d l y excluded from the hay 
p l o t s given lime or f u l l f e r t i l i s e r , w i t h and without l i m i n g . 

To sum up, Juncus squarrosus, u n l i k e most other species, 
i s able to grow under conditions of great n u t r i e n t deficiency, 
but shows some response to an improved n u t r i e n t supply. No 
i n t o l e r a n c e of h i g h n u t r i e n t l e v e l s has been shown, but the 
b e t t e r growth Juncus squarrosus makes i n such conditions i s 
u s u a l l y i n s u f f i c i e n t f o r i t t o compete successfully w i t h the 
other species present. Probably K"*" i s the n u t r i e n t most 
r e q u i r e d by Juncus squarrosus. as a considerable amount i s 
contained i n the ash. 

B) B i o t i c influences 
1. Birds 
As mentioned i n section 3> the f r u i t s of Juncus squarrosus 

are eaten by snow-buntings (Plectrophenax n i v a l i s ) , which v i s i t 
upland areas of N. B r i t a i n during the w i n t e r , and by red grouse 
(Lagopus scoticus) and perhaps other moorland game b i r d s i n 
Scotland. Judging from observations i n the Moor House area and 
elsewhere i n N. England, i t can be said t h a t these losses are 
s l i g h t and of no importance t o the p l a n t . 

During the l a s t century, geese were grazed extensively 
on the f e l l s and commons of N. England (Welch and Rawes, 196L!.), 
and as goose corn (Winch, ISOU) was an a l t e r n a t i v e name f o r the 
p l a n t , i t i s p o s s i b l e that they ate the inflorescence or 
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leaves, perhaps having a s i g n i f i c a n t e f f e c t on the p l a n t . 
2. A g r i c u l t u r e 

Juncus squarrosus i s normally absent from a l l a g r i c u l t u r a l 
land but rough grazings. I t caraiot e x i s t on arable land 
because of the time taken to reach m a t u r i t y and the d i f f i c u l t i e s 
of seedling establishment, and i n meadows because of the dense 
summer growth. On land nov; permanent pasture Juncus squarrosus 
i f p r e v i o u s l y present, w i l l have been eradicated on enclosure 
by the i n i t i a l ploughing and sward establishment, and unable 
to r e colonise the closed sward. Moor-burning t o encourage a 
young growth of Calluna f o r sheep or grouse favours Juncus 
squarrosus. supplementing the e f f e c t of sheep-grazing, as 
described below. 

3. Herbicides 

A t t e n t i o n has r e c e n t l y turned t o the improvement of h i l l 
pastures by 'surface treatment'. This involves destroying the 
o r i g i n a l vegetation by the a c t i o n of a he r b i c i d e , and resowing 
w i t h a grass mixture. Charles (1962) has reviewed the methods. 

Several papers have nov/ appeared describing the 
s u s c e p t i b i l i t i e s of h i l l species to d i f f e r e n t w e e d k i l l e r s . 
U n t i l the discovery of dalapon, h e r b i c i d a l treatment of the 
tough monocotyledons of upland pastures met w i t h l i t t l e success. 
Thus Juncus squarrosus i s r e s i s t a n t t o MCPA and 2, U-D at 
32 oz. per acre (.18 gm,/sq. m.) (Weed Control Handbook, 1958). 
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Dalapon (sodium 2 , 2-dichloropropionate) i s applied i n 
aqueous s o l u t i o n , and k i l l s most monocotyledons, though 
dicotyledons are moderately r e s i s t a n t . I t remains t o x i c i n the 
s o i l f o r l|- to 6 weeks a f t e r a p p l i c a t i o n . King and Davies 
(1963) reported t h a t at the r a t e of 5 l b s . per acre dalapon had 
no e f f e c t on H'elcus lanatus, H. m o l l i s , Carex f l a c c a . Galium 
s a x a t i l e and P o t e n t i l l a erecta; a s l i g h t e f f e c t on A g r o s t i s 
canina, A. t e n u i s , Festuca ovina, F. rubra and Deschampsia 
flexuosa, reducing t h e i r cover by about 10%; but M o l i n i a 
caerulea, Nardus s t r i c t a and Juncus squarrosus were h i g h l y 
s u s c e p t i b l e . At 10 l b s . per acre A g r o s t i s tenuis and Festuca 
ovina were more a f f e c t e d , depending on the season of a p p l i c a t i o n . 

At Moor House, small t r i a l s were done at s i t e s E and K, 
dalapon being applied at 5 and I5 l b s . per acre. Juncus 
squarrosus was k i l l e d , except f o r a few p l a n t s i n the p l o t s 
given the weaker treatment, aiid the other species reacted as 
described above. At s i t e K on the blanket peat, Eriophorum spp. 
and Carex n i g r a were l i t t l e a f f e c t e d , and subsequently spread 
at the expense of Juncus squarrosus. Polytrichum commune was 
scorched, but recovered w e l l , and the other bryophytes appeared 
u n a f f e c t e d . At s i t e E on the mineral s o i l , Festuca ovina, 
A g r o s t i s tenuis and Anthoxanthum odoratum were reduced by the 
strong a p p l i c a t i o n and Luzula campestris and Galium s a x a t i l e 
became more prominent. 
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I t would appear th a t applied at intermediate r a t e s , 
dalapon can be used t o improve i^pland swards without subsequent 
resowing, by s e l e c t i v e l y e l i m i n a t i n g Nardus and Juncus to 
leave some form of Festuca grassland. 

A new contact h e r b i c i d e , paraquat, may prove t o be more 
u s e f u l than dalapon. I t has the advantage of being r a p i d l y 
i n a c t i v a t e d i n the s o i l (Jones, 1962). However, notwithstanding 
the e f f i c i e n c y or otherwise of these herbicides, the cost of 
a p p l i c a t i o n on a l a r g e scale i n the uplands w i l l preclude t h e i r 
wide use i n the present economic cond i t i o n s . 

k' Moles 

Except at the higher l e v e l s , moles are abundant i n the 
Moor House area on a l l mineral s o i l s t h a t are n e i t h e r very 
stony or very g r a v e l l y . Their a c t i v i t i e s improve s o i l 
f e r t i l i t y and a e r a t i o n ( S i l v e r and Moore, 19U1) since s o i l from 
the lower horizons i s brought t o the surface i n t h e i r h i l l s , 
c ountering the e f f e c t s of leaching. 

This maintainance of the s o i l n u t r i e n t status w i l l favour 
Festuca and the broad-leaved grasses rather than Juncus and 
Nardus, but more important i s the opportunity the m o l e - h i l l s 
provide f o r new species t o enter the sward. A survey of h i l l s 
cast up i n the pasture at Moor House during 1962 and 1963 showed 
t h a t A g r o s t i s t e n u i s . Festuca ovina. Cerastium holosteoides. 
Galium s a x a t i l e . T r i f o l i u m reT3ens and Ranunculus re-pens are the 



P l a t e 11 - The r e c o l o n i s a t i c n of a raole-hill. ( l i o t e Ac^rostis tenuis 
and P o t e n t i l l a e r e c t a ) . -

P l a t e 12 - Newly cast-up m o l e - h i l l s at the t r a n s i t i o n between 
Juncus squarrosus and Festuca limestone grassland. 
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moi )st usual c o l o n i s i n g species (Plate 11). The h i l l s may be 
cast up i n Juncus squarrosus stands, e i t h e r on mineral s o i l s , 
or on peaty podsols and peaty gleys around mineral s o i l s , as 
shown i n Plate 12, whereupon these species colonise and form 
grassy swards r e p l a c i n g the Juncus. 

During the 2 years, 10 h i l l s w i t h an average area of about 
100 sq. i n . were cast up i n a narrow 100 yd. long zone of 
Nardus and Juncus around the limestone grassland of the pasture. 
The Nardus-Juncus vegetation i s on r e d i s t r i b u t e d peat, and 
extends back t o the eroding haggs of blanket peat at the 
pe r i p h e r y of the pasture. Thus mole a c t i v i t y i s important over 
a long p e r i o d i n extending the small areas of good grassland 
which e x i s t on rock outcrops f r e e of blanket peat. 

5. Sheep 

Sheep graze other more succulent species, vihen these are 
a v a i l a b l e , i n preference t o Juncus squarrosus. However, i n 
wi n t e r and e a r l y s p r i n g , when keep i s scarce or the shorter 
swards b u r i e d by snow, the sheep t u r n t o coarser species and 
at l e a s t i n many areas, favour Juncus squarrosus rather than 
heather. 

But despite considerable d e f o l i a t i o n , the winter-grazed 
p l a n t s do not appear to be adversely a f f e c t e d , probably 
because the evergreen•leaves do not c o n t r i b u t e very much to 
the food production of the p l a n t during t h e i r second year of 



Table 7.3. The change ' i n composition of two Juncus squarrosu; 
swards i n the absence of sheep grazing. following 
exclosure i n 1955. The values given are the numbi 
of p o i n t s at which the s p e c i e s v/as contacted. 

Knock P e l l Hard H i l l 
1956 1962 1956 1962 

A g r o s t i s canina 6 2 mm 

A. tenuis 15 12 h 7 Deschampsia f l e x u o s a 57 Sk 98 28k 
F e s t u c a ovina Ih 29 890 876 
Nardus s t r i c t a - — 59 33 Other gras s e s 2 3 

Carex b i g e l o w i i 1 1 107 69 
Empetrum nigrum - - 27 3 Galium s a x a t i l e 7 117 10k 
Juncus squarrosus 6U 9 152 Ik 
Vaccinium m y r t i l l u s 6 - 31 8 
Other flov/ering p l a n t s 1 1 

Mosses 31 13 1136 76U 
L i v e r w o r t s 12 6 257 237 
Lichens k 2 333 22k 

T o t a l P o i n t s 73 73 1000 1000 
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photosynthesis. Sheep also n i h b l e o f f the inflorescences, 
e s p e c i a l l y i n grassy stands (see p.3.6 ) , and at some places 
over h a l f the inflorescences are removed i n this-way, causing 
considerable loss i n seed production. 

However, the disadvantages to the p l a n t of sheep grazing 
are e a s i l y counterbalanced by the advantages, e s p e c i a l l y as 
many areas do not experience winter grazing. For i n the 
m a j o r i t y of i t s stands, Juncus squarrosus would be smothered 
out by other species i f these were not eaten by the sheep. 
This was f i r s t r eported by H a r r i s i n 1939, who observed t h a t 
a Nardus-Juncus sward i n a 1 m. square cage at 500 m. on Gader 
I d r i s was overgrown by Deschampsia flexuosa and Vaccinium 
m y r t i l l u s i n 2 years. 

At Moor House, i t has been found t h a t Juncus squarrosus 
i s much reduced a f t e r 7 years of exclosure (Welch and Rawes, 
196I1-) • Table 7*3 shows the change as measured by p o i n t quadrat 
analysis i n the areas of Jiincus squarrosus i n the exclosure on 
Knock F e l l ( s i t e A) and i n the whole exclosure on Hard H i l l 
( s i t e N). I n the Knock F e l l stands, Deschampsia flexuosa was 
prominent before exclosure, and has since f l o u r i s h e d , as shown 
i n Plates 9 and 10. Festuca ovina has also increased, but 
almost a l l other species have decreased, s u f f e r i n g from the 
dense growth. 

On Hard H i l l , the Juncus squarrosus p l a n t s were more 



• 

P l a t e 9 - Section 7: A dark green area of Descliampsia flexuosa 
t h a t has replaced Juncus squarrosus i n an exclosure on 
ICnock P e l l (2li50 f t . j seven years a f t e r the removal of 
•sheep p:razinp:. 

P l a t e 10 - Close-up of the suppression of Jujicus squarrosus t y 
Deschampsia flexuosa. 
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s c a t t e r e d i n a grassy sward, c o n s i s t i n g c h i e f l y of Pestuca 
ovina - the t h i r d type of stand described i n section 5« Here 
too, Deschampsia flexuosa has gro\m w e l l i n the absence of 
grazing, and the frequency of Festuca has remained h i g h . 
Almost a l l other species, i n c l u d i n g Hardus s t r i c t a have 
decreased. 

As mentioned p r e v i o u s l y i n section .6, many of the stands 
belonging to the peaty gley nodum at the lower l e v e l s appear 
s u i t a b l e f o r Galluna v u l g a r i s , and^in some instances i t i s 
clea r t h a t stands of t h i s nodum are derived from blanket bog 
by anthropogenic pressure, e.g. the- trackway at s i t e 0. I t i s 
widely reported (e.g. Nicholson and Robertson, 1958; R a t c l i f f e , 
1959) t h a t heavy grazing pressure, and/or excessive burning, 
leads t o the replacement of Callure tum by Agrosto-Festucetum 
on mineral s o i l , and Eriophoretum on blanket peat. A 
Callunetum on blanket peat near to the Moor House Reserve, but 
which i s h e a v i l y grazed i n winter has frequent patches of 
Juncus squarrosus i n a sv/ard of very short heather, abundant 
Briophorum vaginatum and Trichophorum caespitosum (Welch and 
Rawes, i n p r e p a r a t i o n ) . I t i s therefore suggested that many 
stands of Juncus squarrosus belonging t o the podsol and peaty 
gley noda, e s p e c i a l l y on the west side of the Reserve and i n 
other places where there i s winter grazing, are a b i o t i c 
m o d i f i c a t i o n of Gallunetum on s o i l s of intermediate moisture 
s t a t u s . R a t c l i f f e (1959) indeed says i n discussing the 
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v e g e t a t i o n of the Carneddau, 'Juncetum squarrosi i s mainly the 
h i o t i c a l l y produced counterpart of wet Calluna and Vaccinium 
heath' . 

Removal of grazing from these stands would lead to the 
suppression of Juncus squarrosus hy a dense growth of grasses, 
as on Hard H i l l and Knock F e l l , and then perhaps to 
c o l o n i s a t i o n "by Calluna at the lower a l t i t u d e s . But 
establishment of Galluna "by seed in t o a dense sward i s much 
less c e r t a i n than i t s spread from p r e - e x i s t i n g patches. 

6. Other ajiimals 

Wether sheep grazed Juncus squarrosus much more than the 
ewes and lamhs do today. Roberts (1959) says that i n Snowdonia 
50 years and more ago, d r i f t s of dead Nardus s t r i c t a and 
Juncus souarrosus. uprooted by the wethers, could be seen 
against stone w a l l s and g u l l i e s . 

The f e l l pony kept at Moor House also grazes Juncus 
squarrosus severely, e s p e c i a l l y i n the winter and spring, 
and beef c a t t l e eat the p l a n t . Where any of these animals are, 
or were, numerous, they have an important e f f e c t i n lowering 
i t s competitive powers and reducing i t s vegetative spread. 
Other organisms using Juncus squarrosus as a good-plant are 
remarkably few, c a t e r p i l l a r s and s i m i l a r l e a f - e a t i n g creatures 
being unknown. Frog-hoppers (Cercopidae) feed i n the shoot 
bases, and are sometimes present i n considerable numbers 
(Whittaker, I963), but have no apparent e f f e c t on the p l a n t . 



7.15 

The s t a t u s of Juncus squarrosus communities and t h e i r 
i n t e r r e l a t i o n s h i p s w i t h other upland communities. 

The f o r e g o i n g paragraphs lead on n a t u r a l l y t o a 
consideration of the status of the Juncus squarrosus communities 
and how they came to be established. I t i s clear that most are 
dependent on b i o t i c i n f l u e n c e s , and equally clear from the 
i n f o r m a t i o n given i n section 1| on the conditions f o r 
germination, t h a t Juncus squarrosus could not become 
estab l i s h e d i n many of these stands at the present time. 

T a l l i s i n 1957 said the Juncetum. squarrosi of the sximmit 
r i d g e s of the Garneddau i s the climax of a vegetational 
succession o c c u r r i n g of the s o f t e r rocks and on areas w i t h a 
h i g h water t a b l e . R a t c l i f f e (1959) concurs i n h i s u s e f u l 
discussion of the r e l a t i o n s h i p s between vegetation and 
environment i n the Garneddau, and i t appears that these are 
s i m i l a r i n the Moor House area. 

Where the dwarf shrubs Galluna. Vaccinium and Empetrum 
are excluded by grazing pressure, or by a l t i t u d e i n the case 
of the former, there i s a series of communities depending on 
the s o i l moisture content and depth of peat or H horizon. 
Festuca-Agrostis grassland occurs on the d r i e s t s o i l s , and 
t a r d u s enters where the drainage i s more impeded. Juncus 
squarrosus p r e f e r s wetter s o i l s , u s u a l l y w i t h an H horizon 
formed by the accumulation of mor-.. humus. As the s o i l becomes 
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wetter and the H l a y e r t h i c k e r , so the amount of Festuca and 
Nardus decreases, l e a v i n g Juncus squarrosus as the dominant -
the Juncetum squarrosi sub-alpinum i n stands of the peaty gley 
nodum. Then as the depth of peat increases, Eriophorum 
vaginatum becomes co-dominant, and f i n a l l y the sole dominant. 

As the moisture tolerances of Festuca. Nardus and Juncus 
overlap, there are some intermediate s o i l s that can support any 
s i n g l e species or any combination, depending on the grazing 
pressure. With l i g h t grazing Festuca would normally be 
dominant, e s p e c i a l l y on the d r i e r podsols. With heavy grazing, 
the sward i s s u f f i c i e n t l y open f o r Juncus squarrosus seedlings 
to become established, and the p l a n t s , though not w e l l grown, 
can s u r v i v e . Once established, Juncus i s only excluded a f t e r 
several seasons without grazing, as on Hard H i l l , and continued 
l i g h t grazing of a Festuca-Juncus sward would probably not 
lead to Pestuca a t t a i n i n g sole dominance. The accximulation of 
mor humus below a Juncus squarrosus stand, r e s u l t i n g from the 
l a r g e amount of l e a f l i t t e r produced, may lead t o s o i l changes 
unfavourable to the broad-leaves species which grew i n the 
previous grass sward. On the other hand, even ?/ith heavy 
grazing Juncus w i l l not a t t a i n sole dominance on the d r i e r 
swards. 

I n s o i l s w i t h r a t h e r more impeded drainage, however, 

Juncus p l a n t s , once established, spread s t e a d i l y t o form 
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patches. The peaty podsol stands on Knock F e l l , placed i n the 
podsol nodum - s i t e s P and T - f a l l i n t o t h i s group. 
Establishment i n these stands may have occurred at a time of 
heavy grazing pressure, or p o s s i b l y even #ien the ground was 
colonised a f t e r the l a s t g l a c i a t i o n , Juncus communities having 
e x i s t e d continuously since then. From e a r l y times there have 
been deer (Gervus elaphus Linn.) and ox (Bos taurus primigenuis 
Boj.) grazing on the f e l l s (Welch and Rawes, 1961!-), which may 
have helped to prevent Festuca from suppressing Nardus and 
Juncus. 

At the present time w i t h medium grazing pressure on these 
stands, a considerable amount of Festuca and Deschampsia 
flexuo s a , scattered p l a n t s of A g r o s t i s canina and A. tenuis 
(Table 6.2) remain i n the sward. But heavier grazing would 
no doubt r e s u l t i n the reduction of the palatable species and 
dominance by Juncus. very much reducing the agronomic value 
of the sward. The S c o t t i s h and Garneddau stands (Tables 6.11 
and 6.12) p a r a l l e l w i t h the podsol and peaty gley noda at 
Moor House i n other respects, having s i g n i f i c a n t l y greater 
amounts of both A g r o s t i s species and ijithoxanthum odoratum, 
probably a r e s u l t of l i g h t e r sheep grazing i n t e n s i t i e s i n the 
pa s t . I n North Wales c a t t l e and goats outnumbered sheep on, 
the h i l l s u n t i l the e a r l y eighteenth century (Roberts, 1959). 

S i m i l a r considerations apply to the stands belonging t o 
the 2 gley noda. The s o i l moisture conditions are s u i t a b l e f o r 
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the three dominants - F e s t u c a , Nardus and Juncus, but i n t h i s 

case there i s a preference gradient dependent on the s o i l 

n u t r i e n t s t a t u s . A c i d i c peaty a l l u v i a l s i l t s have abundant 

Nardus and Juncus, whereas Festuca has high cover on the l e s s 

peaty, more mineral, g l e y s . Establishment conditions f o r 

Juncus squajrosus are reasonably good, s i n c e s i l t deposits 

a f t e r f l o o d s , and the h i l l s c a s t up by moles, provide the 

n e c e s s a r y bare s o i l . Many of the s p e c i e s - r i c h gley stands are 

on f a i r l y steep slopes, where downward s o i l movements s i m i l a r l y 

provide s u i t a b l e c o n d i t i o n s . The grazing of these swards w i l l 

favour the spread of Juncus and Kardus, and a reduction i n the 

cover of F e s t u c a , u n l e s s i t i s of such an i n t e n s i t y that the 

Juncus and Nardus a l s o are s e v e r e l y d e f o l i a t e d . Occasionally, 

t i n y p l a n t s .of Juncus are found i n r i c h , heavily-grazed F e s t u c a 

swards, and examination of the rhizome shows that the p l a n t s 

are o l d . I t i s . c l e a r that such p l a n t s are grazed do\m with 

the r e s t of the sward, and kept so small that the sheep 

cannot avoid them. 

At the blajiket peat extreme of the moisture gradient, the 

balance between Juncus squarrosus and Sriophroum vaccinatum i s 

maintained under sheep grazing, as the two p l a n t s are grazed 

about e q u a l l y and at the sam.e time of the year. But i n the 

absence of grazing Eriophorum grows t a l l and shades out 

Juncus squarrosus. T h i s i s now happening i n the Iloor House 

pasture ( s i t e K), where sheep have not been wintered since 1951, 

and summer grazing has been much reduced. 



7.19 

On the other hand Juncus can invade Calluna-Eriophorum or 
pure Eriophorum communities on blanket peat, where the peat i s 
bared. Ghurned-up peat i n trackways and Eriophorum stands 
l a c k i n g Sphagnum but showing sheet erosion between the tussocks, 
e.g. s i t e L, are being colonised i n the Moor House area. 

There remains only the flushed-peat nodum to be discussed. 
Stands of t h i s type border flushes which at the present time 
are grazed i n t e n s i v e l y i n the Moor House area. Perhaps t h i s 
h i g h grazing pressure, or perhaps the higher n u t r i e n t content 
of the peat i s responsible f o r Juncus as opposed to Galluna 
or Eriophorum being dominant. G e r t a i n l y without the grazing, 
the l u x u r i a n t - growth of grasses would shade out Juncus 
squarrosus. Most of the sv/ards are closed, but from time to 
time s i l t deposits w i l l give o p p o r t u n i t i e s f o r Juncus squarrosus 
to c o l o n i s e . I t i s also p o s s i b l e th a t these Juncus stands are 
long-established, d a t i n g from the time when blanket bog growth 
ousted the scrub from the f e l l - s i d e s . Recognition of Juncus 
squarrosus remains i n the peat would be necessary to prove 
t h i s hypothesis. 

F i n a l l y , i t must be mentioned th a t many Juncus squarrosus 
stands, e s p e c i a l l y of the podsol and peaty gley noda, are the 
r e s u l t of r e c o l o n i s a t i o n a f t e r peat erosion. The type of 
nodum depends on whether the c o l o n i s a t i o n took place on the 
mineral s o i l exposed below the peat, on the truncated peat, or 
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on the r e d i s t r i b u t e d peat. I t has not proved possible to 
d i s t i n g u i s h such secondary stands p h y t o s o c i o l o g i c a l l y from 
stands thought to have Juncus squarrosus as t h e i r primary 
v e g e t a t i o n . 

W h i l s t Juncus squarrosus i s now abundant i n the B r i t i s h 
uplands, i t cannot i n the past have been so v/idespread. At 
the f o r e s t maxima, Juncus must have been confined to the f e l l -
tops above the t r e e - l i n e , and to openings and streamsides 
w i t h i n the f o r e s t . When bog growth rep^-aced the t r e e s , Juncus 
would have been able t o spread only to the places where 
gra z i n g kept down the growth of Calluna and grasses, and v/here 
Sphagnum growth was not so r a p i d as to swamp i t . Thus away 
from the streams and well-drained s o i l s i t would be confined 
to the steeper slopes marginal to areas of blanket bog 
development. But the abundance of Calluna, the low grazing 
pressui-^es and the l a c k o f s u i t a b l e h a b i t a t s created by peat 
erosion must have r e s u l t e d i n Juncus squarrosus being much 
more l o c a l than i t i s today. Also, w i t h a smaller t o t a l seed 
p r o d u c t i o n , J\mcus would be less able t o colonise any s u i t a b l e 
h a b i t a t s t h a t became a v a i l a b l e . 

The great increase of Juncus squarrosus on the f e l l s dates 
from the tim-e when peat erosion began on a large scale, and the 
grazing pressure was i n t e n s i f i e d by the i n t r o d u c t i o n of the 
mountain sheep. This was probably done by the Norse who came 
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to Northern England i n the e a r l y tenth century (V/elch and 

Rawes, 196I1-). Peat erosion a l s o has been long-continued. 

Bower (1959) b e l i e v e s i t had already begun at the time of the 

Norse i n v a s i o n s . Thus conditions favouring Juncus squarrosus 

have probably e x i s t e d i n the Northern f e l l s f o r the l a s t 

thousand y e a r s . 

I t i s c l e a r that i f the present uncontrolled grazing 

regime i s continued, Juncus and Nardus w i l l spread f u r t h e r 

into Festucetum on podsols and g l e y s . With control of grazing, 

i . e . i n t e n s i f i e d g r azing i n winter when only the unpalatable 

s p e c i e s are a v a i l a b l e , or no grazing on a sward fo r s e v e r a l 

y e a r s , or with a use of f e r t i l i s e r s to encourage grass growth, 

the amount of Juncus could be r e s t r i c t e d , but the economics 

of these methods are doubtful. I t must be accepted that i f 

the f e l l s are to be used f o r sheep-grazing, and the land above 

1700 f t . could be used f o r l i t t l e e l s e economically, then a 

slow spread of Juncus squarrosus w i l l occur. The seriousness 

of t h i s change w i l l be d i s c u s s e d l a t e r i n the s e c t i o n . 

The competitive a b i l i t y of Juncus squarrosus. 

S a l i s b u r y (19U2) regards the reproductive c a p a c i t y as 

'a p o s i t i v e a s s e t i n the competitive equipment of the species 

which tends to ensure occupancy of the a v a i l a b l e e c o l o g i c a l 

n i c h e s , and so to i n c r e a s e the species' frequency and abundance', 

The most s u c c e s s f u l s p e c i e s i n a genus u s u a l l y have the 
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l a r g e s t output of v i a b l e seeds, o f t e n greater than the 
e c o l o g i c a l l y r e s t r i c t e d species. I n these, i t might be 
expected th a t a l a r g e r output would be necessary to compensate 
f o r h i g h seed m o r t a l i t y , but t h i s i s not the case, as i n most 
species the output i s considerably i n excess of t h a t needed 
f o r replacement of losses by death. 

As the reproductive ca p a c i t i e s of the other Juncus 
species are not kno-wn, comparisons w i t h Juncus squarrosus are 
not p o s s i b l e . But i t i s c e r t a i n that the large seed production 
i s valuable to the p l a n t i n competing ?/ith other upland 
species. I t r e s u l t s i n v i a b l e seeds being present i n 
considerable numbers i n upland s o i l s , ready to germinate when 
the necessary and r a t h e r s p e c i a l i s e d conditions occur. 

Another asset to the p l a n t i s i t s a b i l i t y t o grow i n a 
wide range of s o i l c o n d i t i o n s , from n u t r i e n t - d e f i c i e n t t o 
n u t r i e n t - r i c h , and from completely waterlogged t o only moist. 
The combination of abundant l e a f sclerenchyma and a r o o t -
a e r a t i n g system i n one p l a n t helps to b r i n g t h i s about. 

But the two assets have t h e i r corresponding l i a b i l i t i e s , 
which l i m i t the success of Juncus squarrosus. and define i t s 
ecology. The many seeds produced are very small, so th a t 
establishment i s d i f f i c u l t and needs special conditions, and 
the complex anatomy i s probably the reason f o r the slow grov/th 
and s u s c e p t i b i l i t y t o shading, as the r a t i o of photosynthetic 
t i s s u e to t o t a l t i s s u e i s small. 
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Most important t o the species, however, i s i t s a b i l i t y 
to spread v e g e t a t i v e l y once established. Thus i t i s equipped 
to colonise r a p i d l y new l o c a l i t i e s \?hen they become ava i l a b l e 
and can also maintain i t s e l f i n d e f i n i t e l y i n i t s e x i s t i n g 
stands. 

The balance of assets and l i a b i l i t i e s confer on Juncus 
squarrosus a competitive a b i l i t y s u f f i c i e n t f o r i t to have 
survived the periods of f o r e s t dominance and bog grov/th which 
were d i f f i c u l t f o r many species, and making i t , a very 
successful p l a n t ' d u r i n g the present times of bog erosion and 
i n t e n s i v e grazing. 
The value of Juncus souarrosus. 

Opinions have d i f f e r e d widely on the feeding value of 
Jujicus squarrosus. P e a r s a l l (1950) comments tha t i t i s the 
poorest i n n i t r o g e n of several moorland p l a n t s analysed, and 
also lime-poor, 'so t h a t i t i s perhaps understandable t h a t 
f o r most animals t h i s i s a l a s t r e s o r t f o r winter grazing'. 
On the other hand, Stapledon and Hanley (1927) said t h a t 'on 
Pestuca-Agrostis and Nardus pastures a l i k e , the heath rush i s 
probably the most valuable grazing p l a n t c o n t r i b u t i n g t o the 
herbage'. Thomas and Trinder (l9U7) give f u l l analyses of 
Juncus squarrosus. showing the change i n composition during 
the growing season (Table 7.U), and remark t h a t 'as a 
q u a n t i t a t i v e supplement at opportune times - - , s t o o l bent i s 
of considerable value t o the h i l l f arm.er' . I t s evergreen nature 
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and r a p i d regrowth a f t e r a burn enhance i t s value. I t i s 
r i c h i n Na and 01, being com.parable w i t h good pasture grass 
i n t h i s respect, and much superior to any of the other common 
moorland p l a n t s . I t i s u s e f u l as a source of copper. However 
i n most n u t r i e n t s i t i s less r i c h than the species of the 
b e t t e r grasslands. 

I t would seem tha t Juncus squarrosus i s eaten by a l l 
breeds of h i l l sheep, though they vary i n t h e i r l i k i n g f o r i t . 
1/1/hether t h i s i s due t o specific d i f f e r e n c e s between the breeds, 
or to acquired grazing h a b i t s , i s u n c e r t a i n . The Swaledales 
neglect Juncus squarrosus when any grass i s a v a i l a b l e , but 
p r e f e r i t to Galluna. D a i l y sheep counts were made of a 2.7 

acre ( l . l ha.) census p l o t on a Juncus squaj^rosus stand 
belonging to the peaty gley nodum ( i t was close to s i t e H). 
From May, when, the ewes and lambs returned to the f e l l , t i l l 
September, there was a consistent monthly average of 1.0 sheep 
per acre (counting lambs as whole sheep), but f o r most of the 
time the sheep would be grazing on the grasses around the 
Juncus squarrosus tussocks. I t i s noteworthy th a t on an 
adjacent census p l o t on Galluna-Eriophorum-Sphagnum blanket 
bog, the average was only 0.1 sheep per acre (Rawes and T/elch, 
i n p r e p a r a t i o n ) . 

South-country Gheviots are reported by Hunter (1962) as 
grazing Juncus squarrosus. e s p e c i a l l y i n wi n t e r . S c o t t i s h 
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Blackface sheep favour Galluna, and graze i t at a l l times of 
the year ( T r i b e , 1950). He also says tbey eat the whole of 
Juncus squarrosus p l a n t s down to the r o o t s . 

M i l t o n (1953) gave values f o r the p a l a t a b i l i t y of 
d i f f e r e n t species to Welsh mountain sheep on a h i l l grazing. 
He a l l o t t e d marks on a scale of 1 to 10 f o r the amount of a 
species grazed r e l a t i v e to the amount on o f f e r (discoloured 
leafage not being counted), and Juncus squarrosus was found to 
have a hi g h p a l a t a b i l i t y i n v/inter and ea r l y spring (Table 7 .5) . 

Table 7.5. P a l a t a b i l i t i e s on a scale 1 - 10 of selected species 
of a h i l l grazing i n west-central Wales, ( a f t e r 
M i l t o n ) . 

winter e a r l y spring suimner autumn 
Festuca ovina 8 7 5 7 A g r o s t i s tenuis 10 6 9 10 
S i e g l i n g i a decumbens 10 10 6 9 Juncus squarrosus 10 10 6 k Nardus s t r i c t a 3 3 7 Galluna v u l g a r i s 2 2 1 

7 
Vacciniura m y r t i l l u s k 1 2 

I n view of t h i s i n f o r m a t i o n on p a l a t a b i l i t y , the u s e f u l 
f eeding value of Juncus squarrosus. and the number of sheep 
which graze on a Juncus squarrosus stand,' i t can be said t h a t 
the slow spread of Juncus squarrosus i n the h i l l s , though 
d e t r i m e n t a l to the q u a l i t y of the b e t t e r grazings, i s not a 
very serious t h r e a t to the value of the uplands. liany areas 
w i t h impeded drainage could support no b e t t e r vegetation from 
the p o i n t of view.of the grazier than Juncus squarrosus. and 
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i t i s now thought (Hunter, 195k) t h a t h i l l grazings are hest 
managed when they o f f e r a v a r i e t y of d i f f e r e n t species, i n 
p r o p o r t i o n s f i t t e d to the grazing regime p r a c t i s e d . 7/ith most 
breeds of h i l l sheep, only a small amount of Calluna i s 
necessary, c h i e f l y f o r grazing i n the snow. Of the b e t t e r 
grasslands, many are so w e l l drained and on such shallow s o i l s 
t h a t Juncus squarrosus w i l l never become prominent. Therefore 
the p o r t i o n of the f e l l i n which there i s a balance between 
Festuca and Juncus i s u s u a l l y f a i r l y small, and the loss i n 
p r o d u c t i o n caused by the spread of Juncus can not o f f s e t the 
b e n e f i t s t o the farmer being gained under the present grazing 
regime. 

C e r t a i n l y the h i l l grazings could be improved, were i t 
so desired, by c o n t r o l l e d grazing, surface treatment and 
f e r t i l i s e r a p p l i c a t i o n , and o f t e n t h i s v/ould mean the 
replacement of Juncus by more n u t r i t i o u s , more productive grass 
species. But as the e x t r a costs of improvement caused by 
Juncus having replaced fescue w i l l be small i n comparison t o 
the t o t a l cost, the spread of Juncus i n the meantime cannot be 
considered important. 

Juncus squarrosus i s also of value t o man i n forming a 
sward on peat which might otherside be undergoing erosion. 
'/Vhen. sheet erosion begins on areas of blanket peat supporting 
Eriophorum vaginatum, Juncus squarrosus i s able to colonise 



P l a t e 13 - The Meldon R i l l s l i a e , showing the surrounding vegetation 
which c h i e f l y belongs to the -Jmcus saus.rrosus peaty gley 
nodum. 

Pl a t e ILL - Close-up o f a "Dlock, showing the Juncus squarrosus sward. 
(Note the roots p e n e t r a t i n g through to the "base of the 
upturned peat "block alongside). 
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the patches of bare peat between the tussocks, and prevent 
more serious erosion developing. ?/hilst i t cannot colonise 
the steep slopes of eroding peat mounds, i t i s among the f i r s t 
p l a n t s appearing i n the haggs, and can spread v e g e t a t i v e l y to 
b i n d l a r g e r areas. I t s resistance to grazing enhances i t s 
value as a c o l o n i s e r , as other more succulent species are 
e a s i l y uprooted. The prevention of erosion i s of special 
importance to the h y d r o l o g i s t , as eroded peat i s washed i n t o 
r e s e r v o i r s and f i l l s them up, and catchments w i t h extensive 
erosion are more l i a b l e to f l a s h - f l o o d s than those w i t h a 
b e t t e r vegetation cover. 

I t has also been suggested ( P e a r s a l l , 195C) t h a t bog 
b u r s t s - sensu l a t o - are now less frequent than formerly 
because of the development of coarse, matty vegetation ( o f 
the Juncus squarrosus t y p e ) , which o f f e r s more resistance to 
s p l i t t i n g than spongy bog-moss. This may be t r u e , but a bog 
s l i d e ( P l a t e 13) has r e c e n t l y occurred at 2100 f t . (6kO m.) 
on the slopes of Meldon H i l l (see F i g . 1.1). Here the peat 
averaged 2 f t . ( 6 l cm.) i n depth, and most of the vegetation 
belonged to the peaty gley nodum of Juncus souarrosus as shovyn 
i n P l a t e Ik ( C r i s p , Rawes and T/elch, 196I1). Thus vegetation 
cover cannot i t s e l f overcome the inherent i n s t a b i l i t y of blanket 

r 
peat. 
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A general' p i c t u r e of the autecology of Juncus squarrosus 
has heen gained from the wide v a r i e t y of observations made 
during the three-year p e r i o d of study. As the p r o j e c t ?/as 
l a r g e l y done i n my spare time, no aspect of the autecology 
could be studied very i n t e n s i v e l y , but f u r t h e r work i n c e r t a i n 
d i r e c t i o n s would be repaid by a clearer understanding of the 
p l a n t , 

Much could be done, w i t h the help of a growth chamber, on 
the f a c t o r s a f f e c t i n g germination and establishment, but more 
important would be t h e i r i n v e s t i g a t i o n under varying f i e l d 
c o n d i t i o n s . Competition experiments i n the f i e l d at Moor 
House, though d i f f i c u l t to carry out, could confirm many of the 
hypotheses advanced i n the discussion of ecology i n t h i s l a s t 
s e c t i o n . There i s also a need f o r long-term observations on 
the patches or p l a n t s of Juncus squarrosus i n small areas which 
are subjected to a known grazing pressure; t h i s i s i n f a c t 
incorporated i n the research programme of the Nature 
Conservancy at Moor House. A b e t t e r understanding of the 
previous status of the p l a n t would r e s u l t i f Juncus squarrosus 
p o l l e n could be d i s t i n g u i s h e d from that of other rushes. The 
r e l a t i o n s h i p of Coleophora a l t i c o l e l l a and Juncus squarrosus 
i s also of c o n t i n u i n g i n t e r e s t , as even a f t e r nine years of 
observations f u r t h e r combinations of seed production, summer 
temperature and i n i t i a l p o pulation size remain t o be studied. 
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F i n a l l y , there i s a great need f o r standard 
p h y t o s o c i o l o g i c a l methods to be applied i n a l l the upland 
areas of the B r i t i s h I s l e s , so that the varied communities 
present could be d i s t i n g u i s h e d and accurately described, and 
u l t i m a t e l y t h e i r approximate extent over the whole country 
ascertained. This would give a much b e t t e r i n d i c a t i o n of how 
widely any conclusions, e.g. on the spread or value o f Juncus 
souarrosus. made at one l o c a l i t y apply to the uplands of 
B r i t a i n as a whole. 
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SECTION V I I I : SUMMARY AND CONCLUSIONS 

The autecology o f Juncus squarrosus has been i n v e s t i g a t e d 
over a three-year p e r i o d . Most of the research has been 
concentrated on the Moor House Nat i o n a l Nature Reserve, an area 
of h i g h - l e v e l moorland at the head of upper Teesdale i n the 
n o r t h Pennines. 

The p l a n t e x i s t s i n r o s e t t e s , which f r e q u e n t l y form marked 
patches. Spread i n t o the surrounding vegetation i s by a l a t e r a l 
expansion of the new, developing shoots i n the spring. Rhizome 
growth f o l l o w s , w i t h annual increments of 0.5 to 2.0 cm. The 
vascular and ae r a t i n g systems are well-developed, allowing 
growth under a wide range of s o i l moisture conditions. 

Very large numbers of t i n y seeds are produced, which are 
dispersed from the capsules by wind. The number of 
inflorescences produced, and the number of f l o r e t s per 
inflorescence are dependent mainly on the s o i l conditions and 
the vigour of the r o s e t t e s , climate being a secondary in f l u e n c e . 
But climate determines the number of f l o r e t s that r i p e n to 
form capsules. I n average years a considerable p r o p o r t i o n of 
the capsules r i p e n up to 2,000 f t . (610 m.), but i n the cool 
s u n - d e f i c i e n t summer of 1962 only 25% of the f l o r e t s formed 
C a p s u l e s at I65O f t . (503 m.). At the lower l e v e l s attack by 
the larvae of the Tineoid moth Coleophora a l t i c o l e l l a Z e l l . 
s i g n i f i c a n t l y reduces seed production i n some years. 
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I n most seasons seed v i a b i l i t y i s h i g h , though i t f a l l s at 
the highest l e v e l s . Germination required l i ^ t , and normally 
occurs on the s o i l o r peat surface, but experiments shov/ed th a t 
at 73°P (23''C) slow germination occurred i n the dark. By 
v a r y i n g day l e n g t h and l i g h t i n t e n s i t y , i t was found that the 
e f f e c t s of l i g h t were cumulative. 

Seedling establishment i s uncommon, except i n special 
c o n d i t i o n s such as at the base of eroding peat mounds, and the 
p l a n t s normally perpetuate themselves v e g e t a t i v e l y . However, 
la r g e numbers of dormant v i a b l e seeds are present i n most 
upland- s o i l s , so t h a t c o l o n i s a t i o n can take place Vi?hen s u i t a b l e 
c o n d i t i o n s occur. Seedling growth i s slov/; probably f i v e years 
elapse between germination and m a t u r i t y . 

I n the Moor House area Juncus squarrosus appears t o be 
i n d i f f e r e n t to s o i l n u t r i e n t s t a t u s , but i t shov,/s some response 
to increased n u t r i e n t supply. The Juncus squarrosus communities 
were examined p h y t o s o c i o l o g i c a l l y and f i v e noda were 
d i s t i n g u i s h e d , dependent on the s o i l type. Festuca ovina and 
Lophocolea b i d e n t a t a are constant associates. The noda are:-

1) the peaty gley nodum, c a l l e d Juncetum squarrosi sub-
alp inum by other workers. I t i s the most widespread, and 
Deschampsia flexuosa, Aulacomnium p a l u s t r e . Polytrichum commune 
and Calypogeia trichomanis are prominent. 

2) the podsol nodum, characterised by Pleurozium schreberi 
and the absence of wet-place species. Nardus s t r i c t a i s 
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f r e g u e n t , and Galium s a x a t i l e and Rhytidiadelphus squarrosus 
abundant i n t h i s and the next nodum. 

3) the species-poor gley nodum, characterised by Agr o s t i s 
t o i u i s and the absence of mor-humus species. 

h) the sp e c i e s - r i c h gley nodum, i n which Nardus and the 
broad-leaved grasses have high cover values. 

. 5) the flushed-peat nodum which i s of small extent and 
contains base-demanding and h y d r o p h y l l i c species -
Acrocladium cuspidatum and Mnium punctatum are the most 
important. 

Evidence i s strong t h a t sheep grazing i s responsible f o r 
the present state of these communities. Callunetum i s thought 
to be the climax vegetation of the s i t e s w i t h impeded drainage, 
though the immediate e f f e c t of the removal of grazing from the 
present stands i s the spread of Eriophoriim vaginatum, or 
Festuca ovina and Deschampsia flexuosa. depending on the 
moisture s t a t u s . 

Where drainage i s f r e e , Juncus squarrosus i s never v / e l l -
grown, and could not become dominant even under heavy grazing. 
On grassy swards of intermediate moisture status, grazing i s 
f a v o u r i n g the spread of Juncus squarrosus and Nardus s t r i c t a 
at the expense of the more n u t r i t i o u s Festuca ovina and 
A g r o s t i s t e n u i s . But Juncus squarrosus has some n u t r i t i o n a l 
value t o the grazing animal, and because grass species are also 
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present, stands of Juncus seem p r e f e r a b l e agronomically to 
Callunetum i n the area stud i e d . Therefore the slow spread of 
Jxmcus i n c e r t a i n of the b e t t e r swards cannot be considered a 
very serious t h r e a t to the value of the uplands. 



8.5 

REFERENCES 

Adamson, R. S. (1925) On the l e a f s t r u c t u r e of Juncus. Ann. Bot. 

^ , 559-612. 

Becquerel, P. (1907) Recherches sur l a v i e l a t e n t e des graines. 

Ann. des S c i . Nat. Bot. ^, 193-311. 

Blau, J. (190̂ 4-) Vergleichend-anatomische Untersuchung der 

schweizerischen Juncus-arten. Ph.D. Thesis, Zurich 

U n i v e r s i t y . 

B r i t i s h Weed Control Council (1958) Weed c o n t r o l handbook. 

Blackwell S c i e n t i f i c P u b l i c a t i o n s , Oxford. 

Champness, S, S. and Mo r r i s , K. (I9U8) The population of buried 
v i a b l e seeds i n r e l a t i o n t o c o n t r a s t i n g pasture and 
s o i l tj'pes. J. Ecol. 11+9-73. 

Charles, A. H. (I962) Pasture established by surface-sowing methods. 
Herb. Abstr. J ^ , 175-81. 

Chippindale, H. G. and M i l t o n , W. E. J. (193U) On the v i a b l e seeds 
present i n the s o i l beneath pastures. J. Ecol. 22, 
508-31. 

Clapham, A. R., T u t i n , T. G. and 7/arburg, E. P. (I962) Flora of the 
B r i t i s h I s l e s , 2nd e d i t i o n . U n i v e r s i t y Press, 
Cambridge. 

Clarke, W. A. (l900) F i r s t records of B r i t i s h f l o w e r i n g p l a n t s . 

¥/est, Newman and Co., London. 

Cragg, J. B. (1961) Some aspects of the ecology o f moorland animals. 

J. Ecol. U2, I177-506. 



8.6 

C r i s p , D. T., Rawes, M. and Welch, D. (196U) A Pennine p e a t - s l i d e . 
Geog. J. lUU. 

Crocker, W. and Barton, L. V. (1953) The physiology of seeds. 
Waltham, Massachusetts. 

Dallmann, A. A. (1933) Q u a n t i t a t i v e a t t r i b u t e s of seeds and f r u i t s . 
North-western N a t u r a l i s t 8, 202-11. 

Elgee, P. (1912) The moorlands of north-eastern Yorkshire. London. 
P r e i d e n f e l t , T. (l90l|.) Der anatomische Bau der Wurzel i n seinem 

Zusammenhange mit dem Wassergehalt des Bodens. 
B i b l . Bot. 12, Heft 61. 

Goodall, D. W. and Gregory, P. G. (iSkl) Chemical composition of 
p l a n t s as an i n d i c a t i o n of t h e i r n u t r i t i o n a l status. 
Tech. Commun. Bur. Hort. E. M a i l i n g . _1ZJ 1-6?. 

Gore, A. J. P. and A l l e n , S. E. (1956) Cation content i n h i g h - l e v e l 
blanket peat. Oikos 2> ^8-55. 

Gorham, E. and P e a r s a l l , vY. H. (1956) Production ecology I . Standing 
crops of n a t u r a l vegetation. Oikos J, 193-201. 

Grime, J. P. (I963) Community j u n c t i o n i n Coorabsdale. J. Ecol. 
^ , 391-l^02. 

Harper, P. C. (1962) S o i l s and vegetation o f Lammermuir. J. Ecol. 

^ , 35-51. 

H a r r i s , T. M. (1939) Notes on a fencing experiment. J. Ecol. 2J, 383 
Heath, G. H. and L u c k w i l l , L. C. (1938) Rooting systems of heath 

p l a n t s . J. Ecol. 26, 331-52. 



8.7 

Heslop-Harrison, Y. and Heslop-Harrison, J. (1958) T r i g l o c h i n 
maritima i n E. I r i s h s a l t marsh. I r i s h N a t u r a l i s t s ' 

Journal 12, 223-9. 
Hubbard, C. E. and Sandwith, N. Y. (1928) New plants from Spain. 

B u l l e t i n of Miscellaneous Information, Kew, p. 150-5. 

Hunter, R. P. (195U) The grazing of h i l l pasture SY/ard t^/pes. 
J. B r i t . G r s l . Soc. ^, 195-208. 

Hunter, R. P. (1962) H i l l sheep and t h e i r pasture: 'a study of 
sheep-grazing i n south-east Scotland. J. Ecol. 50. 
651-80. 

Johnson, G. A. L. and Dunham, K. C. (1963) The geology of Moor House 
Monographs of the Nature Conservancy, No. 2. H.M.S.O., 
London. 

Jones, L. (1962) Advance note on research: herbicides t o a i d 
' pasture renovation. J. B r i t . G r s l . Soc. I J , 85-6. 

Jordan, A. M. (1955) Studies on Coleophora c a e s p l t i t i e l l a Z e l l . 
(Lep.) associated w i t h Juncus squarrosus L. 
Ph.D. Thesis, U n i v e r s i t y of Durham. 

Jordan, A. M. (1958) The l i f e h i s t o r y and behaviour of Coleophora 
a l t i c o l e l l a Z e l l . (Lep.). Trans. Soc. B r i t . Ent. 

1^, 1-16. 
Jordan, A. M. (1959) The moth Coleophora a l t i c o l e l l a Z e l l . (Lep.), 

and i t s food-plant Juncus squarrosus L. i n the 
n o r t h e r n Pennines. J. Anim. Ecol. 293-301-1.. 



8.8 

Kershaw, K. A. and T a l l i s , J. H. (1958) Pattern i n a h i g h - l e v e l 

Juncus Squarrosus community. J. Ecology ji6, 739-48. 

King, J. and Davies, G. S. (1963) The e f f e c t of dalopon on the 

species of h i l l grassland. J. B r i t . G r s l . Soc. 18, 
53-5. 

K i n z e l , W. (1917) Teleologie der Wirkungen von Prost, Dunkelheit 
und L i c h t auf die Keimung der Saraen. Ber. Deutsch 
bot . Ges. 581-5. 

Laurent, M. (1901-i.) Recherches sur l e developpement des Jonce'es. 
Ann. d. S c i . Nat. Bot., series 8, 1^, 97. 

Lbve, A. and Lttve, D. {lSk8) Chromosome numbers of northern p l a n t 
species. I c e l . Univ. I n s t . Appl. S ci. Dept. Agric. 

Rep. B. Reykjavik ^, I - I 3 . 

Maimer, N. (196I) Ecologic studies on the water chemistry of lakes 
i n south Sweden. Bot. Notiser 111-!-, 121-11-4. 

Manley, G. (19U3) Further c l i m a t o l o g i c a l averages f o r the northern 
Pennines. Quart. J. Roy. met. soc. 6^, 25I-6I. 

Mayer, A. M. and Poljakoff-Mayber, A. (1963) The germination of 

seeds. Pergamon Press, London. 

McVean, D. N. and R a t c l i f f e , D. A. (1962) Plant communities of the 
S c o t t i s h Highlands. Monographs of the Nature 
Conservancy, No. 1. H.M.S.O., London. 

M i l l a r , A. (I96U) Notes on the Climate near the Upper Forest L i m i t 
i n the Northern Pennines. Q, J. Forestry 68. 



8.9 

M i l t o n , W. E. J. (1936) The b u r i e d v i a b l e seed of some h i l l farms 
i n Wales. 7/elsh Plant Breeding S t a t i o n B u l l e t i n , 
s eries H, 11;. 

M i l t o n , E. J. (1939) The occurrence of b u r i e d v i a b l e seeds i n 
s o i l s at d i f f e r e n t elevations and on a s a l t marsh. 
J. Ecol. 22, ll;9-59. 

M i l t o n , W. E. J , {iSkO) The e f f e c t of manuring, grazing and c u t t i n g 
on the y i e l d , b o t a n i c a l and chemical composition of 
n a t u r a l h i l l pastures. I Y i e l d and b o t a n i c a l 
s e c t i o n . J. Ecol. 28, 326-56. 

M i l t o n , W. E. J. (1953) The p a l a t a b i l i t y of herbage i n undeveloped 

grassland of west c e n t r a l Wales. Emp. J, Exp. Agr. 
21, 116-22. 

M i l t o n , W. E. J. and Davies, R. 0. (191;7) The y i e l d , b o t a n i c a l and 
chemical composition of n a t u r a l h i l l herbage under 

manuring, c o n t r o l l e d grazing and hay conditions. 

J. Ecol. 65-95. 
Moore, J. J. (1962) The Braun-Blanquet System. A Reassessment. 

J, Ecol. J^, 761-9. 
Nicholson, I . A. and Robertson, R. A. (1958) Some observations on 

the ecology of an upland grazing i n N. E. Scotland 

w i t h s p e c i a l reference t o Callunetum. J. Ecol. 1;6, 

239-71. 
Osvald, H. (19^9) Root exudates and seed germination. Ann. A g r i c . 

C o l l . , Sweden 16, 789-96. 



8.10 

Ottenv/Slder, A. (191U) L i c h t i n t e n s i t ^ . t und Substrat b e i der l i c h t 
Keimung. Z e i t . f . Bot. 6, 785-848. 

P e a r s a l l , W. H. (193U) North Lancashire sand-dunes. N a t u r a l i s t 
1934, 201-5. 

P e a r s a l l , W. H. (1938) The s o i l complex i n r e l a t i o n to p l a n t 
communities. I l l Moors and bogs. J. Ecol. 26. 
298-315. 

P e a r s a l l , W. H. (1949) Report of a meeting of the B r i t i s h 
E c o l o g i c a l Society. J. Ecol. I76. 

P e a r s a l l , W. H. (1950) Mountains and Moorlands. C o l l i n s , London. 
P e a r s a l l , Yi/. H. and Li n d , E. M. ( l 9 4 l ) A note on a Connemara bog 

type. J. Ecol. 2^, 62-8. 

P e i s l , P. (1957) Die Binsenform. Ber. schweiz. Bot. Ges. 67. 

99-213. 
Penzes, A. (1960) Uber die Morphologie, dynamik und zonologische 

R o l l e der sproskolonien-bildenden Pflanzen 
(Polycormone). Fragmenta P l o r i s t i c a et Geobotanica 
Ann. 6, 501-15. 

P e r r i n g , F. H. and Walters, S. M., edited by, (1962) A t l a s of the 
B r i t i s h F l o r a . Published f o r the Botanjcal Society 
of the B r i t i s h I s l e s . Thomas Nelson, London. 

Poore, M. E. D. (1962) The method of successive approximation i n 
d e s c r i p t i v e ecology. Advances i n Ecological Research 
1, 35-68. 



8.11 

P r i c e Evans, E. (1932) Cader I d r i s : A study of c e r t a i n p l a n t 
communities i n S. W. Merionethshire. J. Bcol. 20. 
1-52. 

Ragg, J. M. (1960) The s o i l s of the country around Kelso and Lauder. 
Memoirs of the S o i l Survey of Great B r i t a i n (Scotland). 
H.M.S.O., Edinburgh. 

R a t c l i f f e , D. A. (1959) The vegetation of the Carneddau, North 

Wales. I Grasslands, heaths and bogs. J. Ecol. 

371-U13. 
Raunkiaer, C. (l895) De danske Blomsterplanters N a t u r h i s t o r i e . 

FBrste Bind: Enkinbladede, Copenhagen. 
Reay, R. C. (1958) Population studies on Coleophora a l t i c o l e l l a 

( Z e l l . ) ( L epidoptera). Ph.D. Thesis, U n i v e r s i t y 
of Durham. 

Reay, R. C. (1961;) The numbers of eggs and larvae of Coleophora 
a l t i c o l e l l a S e l l , (Lep.) J. Anim. Ecol. 117-27. 

Report by the N a t u r a l Resources (Technical) Committee (1957) Forestry, 
A g r i c u l t u r e and Marginal Land. H.M.S.O., London. 

Richards, P. W. (19U3) B i o l o g i c a l F l ora of the B r i t i s h I s l e s ; 
J. macer; J. f i l i f o r m i s . J. Ecol. 51-65. 

Richards, P. W. and Clapham, A.. R. ( l 9 l ; l ) B i o l o g i c a l F l ora of the 
B r i t i s h I s l e s : Juncus; J. i n f l e x u s ; J. effusus; 
J. conglomeratus; J. subnodulosus. J. Bcol. 29. 

362-91. 



8.12 

Roberts, R. A. (1959) Ecology of human occupation and land use i n 
Snowdonia. J. Ecol. 1̂ 2, 317-23. 

Salisbury, E. J. (19U2) The reproductive capacity of plants. 
B e l l , London. 

S i h u l l , G. H. (19IU) The longevity of submerged seeds. 
The Plant Yiforld 12, 239. 

Si l v e r , J. and Moore, A. Y/. (l9Ul) Mole control - characteristics 
and habits, nature of damage, economic importance, 
etc. Pish and Wild L i f e service, U.S. Dept. I n t . 
16, 1-17. 

Stapledon, R, G. (1936) A survey of the a g r i c u l t u r a l and waste 
lands of Wales. Paber and Paber, London. 

Stapledon, R. G. and Haiitey, J. A. (192?) Grassland: i t s management 
and improvement. Clarendon Press, Oxford. 

T a l l i s , J. H. (1937) A study of the biology and ecology of 
Rhacomitrium lanuginosum Brid. Ph.D. Thesis, 
University of Wales. 

Thomas, B. and Trinder, N. (19U7) The ash components of some 
moorland plants. Emp. J. Exp. Agric. 1^, 237-48. 

Tribe, D. E. (1950) The composition of a sheep's natural d i e t . 
J. B r i t . Grsl. Soc. ̂ , 81-90. 

Watson, W. (1915) A Somerset heath and i t s bryophyte zonation. 
New Phyt. 11̂ , 80-93. 

Watson, W. (1932) The bryophytes and lichens of moorland. 
J. Ecol. 20, 28U-3I3. 



8.13 

Welch, D. and Rawes, M. (196I4.) The f i r s t results of excluding sheep 
from high-level grasslands i n the north Pennines. 
J. appl. Scol, 1 . 

Whittaker, J. B. (1963) Studies on the Auchenorhynca (Hemiptera) 
of Pennine moorland with special reference to the 
Cercopidae. Ph.D. thesis, University of Durham. 

Winch, N, (I8O5) Botanist's guide through the counties of 
Northumberland and Durham. Vol. 1 , S. Hodgson, 
Newcastle. 



CO 
CO 
CD 
Pi 

13-
CO 

CD 

o 

Pi 
<! 
CD 

I 
y 
H 
O 
CD 
CO 
O 
CD 
O 
CD 
03 

w w 
1-3 SB 

t:?' O CD H CD CD H CD 
H- Pi CD H m JD s ̂  P CO CO P 4 c+ 
CQ O <J CO 
H- H 2 D' CD 
H CQ 03 03 
H p. H Oq P o p. H 

O W CJ' Pi 
03 y (-9 0q O CQ 
C+ P J n H II 1 oq O O CD H 

Oq P J O 
H- CD c+ H 4 y o W PD CD H- y td c+ <=< f-t CO 
CD «<! CD • d- M-Oq 

O c+ 
O" CD !^ 13- O" CD CD CD 

W O CD CD 
Pi w y H- CQ C_J. 1 ^ O H-

P J O p 03 H CO 
p O CD H H 

CD CO O P Pi o 
cf c+ p3 »ci 

o o H- 0) y CD O Pi CQ 
CD CD CD O 

Pi CQ 

O P W o" 
o O CD 

1-3 oq H O 
c+ o 

CD o H-
CD H 

H 

H H H H 
-vj 00 

VJI -v) o 
o o o 

ro (V) ro 
o o o o 

p. cr" 
O H 
3 e 
H- y y w 
03 CD 

CD 
pi Id 

CD 
03 

4 y 
O g 

fd o V o o 4 

o p 
«d CO 
03 CD 

y 03 
03 CO 
c+ c+ 

P 

CD 

H 
03 

VJ1 
O 

IV) 
o 

O H <^ 1> Q 

o & 1^03 K >̂  <! y o W Q H, 
< CD M H- CD H y CD 4 CD 
CD O c+ H y H- H O Kl e 0) O H 

y p O d- H O y d- CO M 
y CD <1 P H- H y IV y =<! CD 1 

H CO 03 0 03 CD o d-
H- CD H y d- d- o ' d >xl O 
B 03 K H CD P IV o CD "d 
CD 4 CD Q CD CD 3 "d Pi H 
03 cf 03 oq P d- 03 CD >^ m H»d 
c+ y hi H 03 03 d- 03 03 CD o >• o 
O tB c+ CD 4 oq H- d- d- M H Pi 
y CD o H 03 CO 
CD e 

CQ y 
o y Pd Q, o 3 O 

y CQ y CD O o O <! O H 
P i-b O P CD y 

IV CO O oq H- oq y 
o Id B y y CD CD 
P o o O CD •d 03 O d- 03 
y Pi CO y O CO d- 0) 
p. CO CD o CD CD H •d 

o X w pi O O CD 
g H w o o 

X 
CD 0) H P 

O CD p p y o y •kj I O y CD oq 3 
4 O y CD CO CD o O H-

^ ̂  03 P y d-
M d- 0 Pi CD CD 

O Pi y P H- o 
p *-i Pi H O CO o l-l3 
CQ H- H y CD d H 
CD H) y H-

d- y . H) 
d-

H H H H ro IV) rv) 
CXi 00 KO 
U l o O o Cn IV) 
O o o O o O U1 

IV) IV) H rV) H H H 
O O O o -p-ui O 00 

M H 4^V^ H ro H HIV) H H IV)-pr HIV) HIV) H 
4r-H HIV) IViOO H^r- CDIV) 00O>-^4r-vJCX>VDH MDIV) cri4r o i cy\ 

^ 0> 4^xr w-^ V>4̂ r O U l IV)4^ -pTH CTiOl OOCJN - ~ J - > J O H 
I 

o o d a ^ ~ N ^ l V l H O o o H4=" ' -0 'VO H I V I H W O O V ^ H (V)-~J 

I r w c -̂P" Co 00 ro U i - ^ '^•P' IV)MD o ON O ^ IV) IV) 

00-v) p - O -vJ H 0\0 0\0 -P"© Cr^H Oi O Ui O H O O O 

- ^ b o r o MD-P" HCTI o o l cx)iv) C J N ^ O I H H U I H O H O O O 
Co ^ G l p - H U l p - p - p - O J I V D O 

p-

CTNOI p -
H ro coKM 

o i H V j i c r \ p - c j N V j i p - H 
OolV) H O I IVip- VOro OMD p - H CDOi O H O O O 

p-LsI vX)>^ -vlP" O-vJ H U J U l U l OJOl IV) 00 OOlV) O P " (3^ O 
IV) 

-p-
H 

o 
o fV) 

ON 

H H 
o 

H H 
VjJ O H 
rV) Q U I p- O H O 

VJI rvi H 
o 00 

H H 
H 

H H H 
ivi vx)vji ^ o IV) o 

CO 
H-
d-
CD 

!> 
^ H 
I-b d-
CD H 
CD d-
d- p 

t 
p 
Pi 
4 
p 
d-
CO 

1̂  
o 

o 

H y 
p - H 

C D \ 

p 
d-
CD 
y 

o 
•d 
CO 

y 
H) 
H 

o "d 
CO 

CD • 
d- O 

CO 
CD 
CD 
Pi 
so 

CQ 
CD 
CD 
Pi 

o 
p 
fd 
CD 

fd 
CD 
y 
Pi 

§ 
o p 
CD 

CO 
o 

p 
p 
o 
CD p 
CD 

o & 
o 
d-

< 
CD 

o 

p 
o • 
H-
d-

y 
H 
VD 
cr\ 
IV) 

p y 
Pi 

H 
\D 

p 

d-

d-

y 
o 
o 

o p 
03 
CD 

0) 
H-
d-
CD 

f-i (_' H H H H H H H H H H H H H H H H H H H H H H l-< 
VD VD VO VD VD VD VD VO VO VD VDVD VDVD VD VD VD VD VD VD VO VO VO VD CD 
CTNCTN cTNCn C7>cn CTiCTi CJNCTV cTiCJN cr ia> ONCTi cTiCTi ONcn CTNON cr>cr\ p 
O J i V ) V j ^ i v ) O j ( v i V ^ i v ) V j j i v ) V > i r o o j r o O J i v ) V > j N D V > j r v ) O J h 0 7LK̂  ^ 



1̂  CQ 1 ^ P) c: C-l. 
o O * CD O c+ •d 

CD p . CQ c + c f o 
13- c + 

H H CO CD CD 
P3 P3 H CD CD o 
c+ c+ o H) 
CD CD Pi 1̂  o CD 

fC 
Pi 

CD O CD o 
p : CD C+- CO l-b 

o CO 
O 

O CO H) 4 
H o o o 
O S >^ C+ e; 
03 CD o c+ 
CD (B CD 

td CO 
CD 

td 
c+ H- H) CD 
O CQ o 

c+ CD 1̂  CD H !» 
H l-J e 

3 O B 
g CD 1 1 CO Pi 

c + 
f-b •d CD 
hJ CD o CD 
o CD Pi CD 

c+ CO CB 
< ^ o IV) 

• * CO M - s i H-
H CO II 
O o H CD w • • O w 
C3> H- CQ • • ^ ' 
H c+ o 
-—- H H 

IV) no IV) IV) IV) ro H H H H 
VO - J cr\ VJl ro fv) - v l -vj 

IV) O IV) O -NI VJi Vjl 
Ol O o o o o O O 

te) > te) > \?i > 

O J IV) •p- P- •P-
IV) ro -p- IV) H o • r H 03 CXi 

H 

00 
on 

H 
VJ1 

rv) IV) 
Ui o 

IV) ro 
^ VJI 

lo 
O CO 

IV) to 
CD CD 

H H H 
O OD -P" IV) 

H H 
P- •->) 

- > J U J V D O - N l O J - - J p r 

H H 
H O 
¥ • » 
CO CO 

O O O O IV) pr 
IV) IV) 

o 

ro H 
VD VD 

H lO 
O OO ro 

VJ) O VJI O O o o o o o 

-p-
• • 
H UI 

UI 
• • 
00 - v l 

00 

UI UI 
u i ro 

H 
-vl Ul 
IV) o 
o o 

Ul as 
• • 
fr CĴ  
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Appendix 5. 
So i l p r o f i l e s and t h e i r nomenclature ( a f t e r Ragg). 

Name 
Iron Podsol 

Peaty Podsol 

Peaty Gley 
(= peaty gleyed 
podsol or gleyed 
podsol) 

Gley (= non-
calcareous gley) 

Horizon 
L and P 
H 

A 
Bl 
B2 
B3 
0 

L and P 
H 

Description 
P a r t i a l and undecomposed plant l i t t e r , 
less than 10cm, dark brown or black h\imus 

(mor type), 
s o i l dark above, paler below, not gleyed. 
absent or t h i n and so f t , 
orange-brown enriched layer, not gleyed, 
r e l a t i v e l y enriched,, 
r e l a t i v e l y unweathered parent material. 

dark brown or black raw humus from 5 to 
100cm. thick. 

A s o i l dark above with humus incorporated,* 
paler below with signs of gleying. 

Bl t h i n iron pan, sometimes hard. 
B2 and 3 brighter layers with sesquioxide enrichment; 

no signs of gleying, 
C r e l a t i v e l y unweathered parent material. 
L and P 
H 

Bl 
B2 and 

L 
H 
A 

B 
G 

and P 

dark brown or black raw humus from 5 to 
100cm, thi c k , 

dark above, paler below; gleyed throughout, 
sometimes with ochreous mottling, 

absent or so f t , 
dark-coloured and gleyed. 
parent material but s t i l l gleyed. 

a 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 o r i g i n a l colour more 

apparent, s t i l l gleyed. 
Brown Earth 
(= brown forest s o i l ) 

L and P 
H 
A 
B2 
B3 

Blanket Peat L and P 
H 
A and B 

a trace or absent. 
crumby, brown with moder humus incorporated, 
brighter brown with some sesquioxide 

enrichment. 
less brown, nearing parent material i n 

colour. 
r e l a t i v e l y unweathered parent material. 

over 100cm. ( l f t . ) . 
waterlogged. 



Appendix 6. 

Notes about the plant tables. 
Cover values diown i n the tables are according to the Domin scale thus:-

10 cover about 100^ 
9 cover more than 75% 
8 cover 50-75% 
7 cover 33-50% 
6 cover 25-33% 
5 abundant, cover about 2C^ 
24- abundant, cover about 5% 
3 scattered, cover small 
2 V . scattered, cover small 
1 scarce, cover small 

-:x isolated or depauperate. 
McVean and R a t c l i f f e do not use the last category x i n the Scottish 
Highland l i s t , but use + f o r species occurring just outside the 
quadrat. These have not been noted at Moor House, 

Quadrat size: 
the Moor House quadrats are a l l 50 x 50 cm. except f o r 
3 large ones, of km* i n each nodum, 

2 
the Scottish Highland quadrats are a l l Um. except f o r 
the f o l l o w i n g : -

Table 6 .11 , l i s t 1 i s 10m.^ 
5, '6 are 2m2 

6.13, l i s t 1 i s 8m.̂  
2 i s 2m/ 

the Cameddau quadrats are a l l of 25 x 25 cm,, but 
d i f f e r e n t numbers have been taken to get the average 
cover value thus:-

Table 6,11 - kO quadrats 
6.12 - 20 quadrats, except l i s t s 1 and U 

which are 10. 
6.13 - 20 quadrats 
6.19 - 20, 20 and 25 quadrats respectively. 

Species del i m i t a t i o n : 
Luzula campestris includes L. m u l t i f l o r a and L, campestris< 
Bpilobium anagallidifolium includes what has been called 
E, 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 i n Dixon (192U) 
Student's Handbook of B r i t i s h Mosses. Thus 
S. plumulesum includes S. acutifolium. S, capillaceum. 
S, girgensohnii. S. nemoreum. S, guinauefarium. 
S, rubellum. S, russowii. ' 

S. souarrosum includes S, teres 
S. subsecundum includes S. auriculatum and 

Scontortum 

Species nomenclature i s from:-
flowering plants - Glapham, A. R., Tutin, T. G., and Warburg, 

E. P. (1962) Plora of the B r i t i s h Isles, 
Cambridge. 

mosses - Watson, E. V. (1955) B r i t i s h Mosses and 
Liverworts. Cambridge. 

liverworts - MacVicar, S. M. (1926) The Student's 
Handbook of B r i t i s h Hepatics. 2nd 
e d i t i o n . Eastbourne. 

lichens - Watson, W, (1953) Census Catalogue of 
B r i t i s h Lichens. Cambridge. 

The species i n the tables of section 6 have been divided into 
the f o l l o w i n g groups:-

grasses, sedges and rushes 
other vascular plants, including ferns, horsetails and 

clubmosses 
mosses 
liverworts 
lichens 



Appendix 7. 

Locations of the Scottish Highland l i s t s 

Table Community 
6.11 spp-poor Js 

6.12 Js bog 
6.13 
6.1U 

6.15 

6.16 

spp-poor Ns 
II ti 

spp-rich Ns 

spp-rich Js 

Carex-Sax. 

1-3,5-7 
k 
8 
9 
10 
1 
2 
1-3 
1 
2 
1 
2 
3 
h 
5 
6 
7 
1 
2 
3 
1 

Hypno-Caric. 1 
alpinum 2 

3 
k 
5 
6 

J.acuti-Acro. 1 
2 

spp-rich Ns 1 
spp-poor Ns 1 

Sphagno-Carie 1 
sub-alpinum 2 

3 
U 
5 
6 

alpinum 1 
Js bog 1 

Location 
Ben Lawers, Perthshire 
Sgurr a' Chaorachain, Monar Porest,Ross. 
A l l t Slanaidh, Glen T i l t , Perthshire 
A'Bhuid-heanach, Laggan, Inverness-shire 
Creag Meagaidh, Laggan 
Meall Horn, Reay Forest, Sutherland 
Sgurr na Peartaig, Achnashellach, Ross. 
Ben Lawers, Perthshire 
Ben Lawers, Perthshire 
A l l t Slanaidh, Glen T i l t , Perthshire 
Ben Lui , A r g y l l 
Carn Gorm, Glen Lyon, Perthshire 
Inverinain Burn, Glen Lyon 
Cairn Derg, Glen Clova, Angus 
Corrie Burn, Clova, Angus 
Braedonie, Clova, Angus 
Glen Piadh, Clova, Angus 
Inverinain Burn, Glen Lyon, Perthshire 
Ben Lu i , A r g y l l 
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 Lu i , A r g y l l 
Sgurr nan Ceannaichean, Achnashellach, 

Ross. 
Milton of Clova, A r g y l l 
Inverar, Glen Lyon, Perthshire 
Creag Meagaidh, Perthshire 
Mullach na Maorle, Glen Cannich, 

Inverness-shire 
Beinn Tarsuinn, Letterewe, Ross. 
Moulzie Burn, Clova, Angus 
Glen Markie, Monadhliath,Inverness-shire 
Carn Gorm, Glen Lyon, Perthshire 
Meall Ghaordie, Breadalbane, Perthshire 
Beinn Enaiglair, I n v e r l a e l , Ross. 
Abernethy Forest, Inverness-shire 
Meikle Kilrannoch, Clova, Angus 
A'Bhuidheanach, Laggan, Inverness-shire 



Appendix 7 
(Contd.) 

Table Community 
6.17 Agr-Fest. 

6.18 

6.19 
6.20 

Alch-Agr-
Fest . 

Nard-Trich. 
Trich-Ns. 
Ns-Pleur. 
Vacc.-Ns. 
Callunetum 
Trich-E.vag. 
Trich-E.vag. 
caricetosum 

Location 
1 Ben Klibreck, Sutherland 
2 Eididh nan Clach Geala, Inverlael 

Forest, Ross. 
3 Beinn Enaiglair, Braemore, Ross. 
k Beinn Odhar Mhor, Glen Finnan, 

Inverness-shire 
5 A l l t a' Chonais, Achnashellach, Ross. 
6-7 Creag Meagaidh, Laggan, Inverness-shire 
8 Pionehra, I s l e of Rhum 
9 A l l t a'Mhudaidh, Pannich Forest, Ross. 
1 Beinn Odhar Mhor, G-len Finnan, 

Inverness-shire 
2 Coire Chuirn, Drumochter,Inverness-shire 
1-3 Beinn Eighe, Ross. 
1 Creag Meagaidh, Laggan, Inverness-shire 
1 Beinn Evnaich, Dalmally, A r g y l l 
2 Beinn Phada, K i n t a i l , Ross. 
1 Carn Ban, Freevater Forest, Ross. 
1 Druim Cholozie, Glen Murck,Aberdeenshire 
1 Glen Markie, Monadhliath,Inverness-shire 
2 Markie Burn, Monadhliath 
1 Mullach na Maoile, Glen Cannich, 

Inverness-shire 
2 Glen Markie, Monadhliath,Inverness-shire 
3 Glen Banchor, Inverness-shire 
U White Haugh, Clova, Angus 
5 Sgurr Dubh, Coulin, Ross 
6 Beinn i S i a i g l a i r , Braemor, Ross. 


