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ABSTRALT

Maps are presented showing the distribution. of weeds along
sheep tracks and the Birkdale Track roadway on Widdybank Fell.
The two main weeds, gellis perennis and Poa annua, have contrasting

locations.: The former grows mainly in grassland areas and the latter
im heathland sections.. The presence of Cerastium holosteagides,
Ranunculus repens, Sagina procumbens, Jaraxacum officinalg are also
recorded, Two main explanations were offered to account for these

distribution patternss

The relative dispersal ability of these weeds did not provide a
complete explanation for their location or migration. Spread away
from the sheep tracks was extremely limited. On the other hand,
weeds could be found growing alang the paths some distance away from
the maim centres of dispersal on the Brkdale Track and in shake holes.

The alternative explanation that the physical environment limits
weed distributions: is well supported by field evidence. Weeds are
concentratedalong the sheep tracks where the soil and natural uvegetation
has been modified by animals.. Sheep creats an snvironment in which
weeds flourish.. fhe main effects of sheep are trampling, grazing and
manuring which together destroy the vegetation mat and produce bare
ground! for colonisation.. Dung also fertilises the soil by providing
organic matter and nutrients and this enhances weed grouwth. Away
from the tracks these conditions do not prevail and weeds are not
abundant. People trampling along the sides of the Birkdale Track
produce piysical conditions similar to those on the paths and ueeds
also flourish here.. '

The areas of rare plants do not support many weeds. Competition
from weeds 1is not a serious threat to the natural vegetation hers.
The most immediate danger comes from the sheep. grazing which may

eliminate some of the small populations of rare species.
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IRNTRODUCTI DM

This: project. is. a study of the invasiom of weetl species in
part of Widdybank Fell, Upper Teesdale.. The study area is
situated: om the morth bank off a loop im the River Tees oppesite
itss canflusnce with mailize Beds (Map 1). The land is: owned by the
Mature Conservancy; and overloaks. Cow Gpeem Reservoir.  Theme are
three: maim aims to. the project:

(a) To plot. the distribution of selected "weed" species im

. relatiiom to Teasdale naritisse '

(B) To assess the. patterms and extend of migration of the "useds?
from sites of entry, i.8.: access roads and. sheep trackse.

(c) To relate the distributiom of the. "weeds"™ to edaphie factors
of the habitat.

The definitiom of a %weed" used throughout this study is a
plamt "im any, specified geographical area, whose populatians grow
entirely or predemimantly in situations markedly disturbed By man
(without, of course, beimg deliberately cultivated plants)®
(Baker 1965)« Im this case a wead is a plant which does not
naturally grouw on the fell and has been imtroduced and spread as
a result of man and his animalse The two main weeds which are

considered are Agllis persnmis (Linn.) and Poa anous (Linn.)..

These were selected after am initial survey which showed them teo
be: the most abundant invaders. However, the presence of the
following species was also recorded: Sagina procumbens (Linn..)s;:
Cerastium halosteoides (Fr.)s; Ranumculus: repens (Linn.) and
Taraxacum officinale (Weber). The weeds are regarded as a
passible threat: to the répe plants.. They may cause. interference:
im terms of spacey water, nutrients and light; toxic exudatese.
The. degree of competitiom will depend on the weather3 soil conditians :
and weed characteristics including population: densitiess The.
characteristics of these species whiich maks them a threat to ather
plants can be enumerated as follaws:

(i) VlWeeds have a wide tolerance of variations in. the physical
environment e.g.: temperature extremes; high svaporatien
rates; puddled surfac®s and high ruaoff rates..

(ii) Weeds have adaptatiaons for both lomg and short distance
dispersal, s.g. Jiacaxacum offigcinale, and also make use

of' mam as a dispersal agenf..
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(iii) Weeds are self-compatible so that there is mo. need for other
weeds of the same species to be present.

(iv) UWeeds have good powerss of’ vegetative reproduction and the:
abiliiity to regenerate whemn divided intos firagments e;g.:
Ranunculius repens..

(v) Ueeds hause a strong competitive atility. Their physiolagical
attributes include effficient iam uptake and mapid root growthe.
Their morphological attributes include am: ability to shade ouk:
competitors and the: productiom of rosettes off leaves whichi -

spread close to thé ground and smother competitors, e.ge

Bellis persnmis and

Annual weeds sych as Poa amnus and: Sagifa procumbens haues
other competitiwe characteristics..

(i) Annuals have a highm output off seeds in fawourable qnndifians "
and at least some output evem inm very poer conditionss.

(E}J Seed production begins affter only a short neniqd.af vegetative
growth,. _ _ )

(iii) Seed productiom is spread over a laong period of the growth of the
weed e.ge.: P0a anmua has seed production and. germimatiom all
year round. |

(ilw) Annuals have variasble seed dormancy and censideratle longeuity
of seeds im the soil.. '

(w) Annuals have no special enuvironmentall requirements for
germinatiom e.g.: 90% of Sagina procumbieng seeds germinate
withim five days of the first. germinatiom (Salisbury 1961j;;

Poa anoua is capable of germinatiom betwesen B and 25%C.

(vi) Annuals have rapid seedlimg growth and establishmeut.

gellis psremnis is a weqd{@ﬁ$qﬁ;has grown om Widdybank Fell for
a long time (probaﬁmy ouen~15ﬂ years) since it is a common member off
calcareous pasture comounities. Inweed,Shimmell.(19&9):érgues that
it is a nmatural member of limestone grasslamdse. Whisgméy not bhe true
tecause Bellis perenmis is certainly more abumdant im: areas where there
has been tramplimg and intensive grazinge (ievartheléss it is uell
suited to a dry grassland type hatiitat. In contrast Poa anoua is a
much more recent weed in the arsa. It was not recorded in a-survey
along the @irkdale Tmaeck im 1968. ard 1970 (Ennis and Simpson) and. is

only mentiomed omce by Piggot (1956). Poa anmua has: only bscome

abundant since the war and particularly in the last decade as uisitars

lrave come in. increasing numberse. Therefore it is probably a much



better imdicatiom of the. extent of the. weed problem. HBellig
perennis: and Poa anntlg together represent a large proportiom of the
.uaad;groyth am Widdybank Fglle.

The two main agents which are regarded as: the cause of the: weed
problem ars sheep and man.. There are approximately 5,000 Swaledale
and Cheviot sheep on the fell with an average of 2=3 ewes + lamb/ha’ =
They will graze on the fell throughout the year if the veather is gocd.
Howewer, in kad'years the fell is used just for summer pasture. This
grazing practice has been used for aver ons hundred years. Visitors
hauve come to the area in large nymbers for the lagt 20~30 years.
Numbers are particularly high at weekends during the summer when.
betweem 1,000 and 2,000 people may walk alorg the Hirkdale: Toaek to
Cauldrom Snout during one day. There are alsao local farmers who use
both ther Birkdale Track and the sheep tracks across the fell. The
invasiom of weed. species im Widdybank Fell is preggrded as: a serious
prbblem because the area iis a major location of species rare in
Britaim,. There lawe been many studies of the: vegetation in. the area
including; work by Pigptﬁ (1956), Bradshaw and Elark~(i965), Bradshaw
(1966) and Jomes (1973). A study of weed invasiom iis am important
supplement to this work.. . The i#¥ature Conservancy are making, every
effiort to praeserve the wvegstation of {iddybank Fell and one af the

major threats to the matural plant communities: are wsed speciss. .
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CHAPTER 1 = (APRING THE DISTRIBUTION OF WEEDS

- Thee mapped: ares iis the land bordering Red Siker to: the: north
éﬁd east where a large number of sheep tracks cam be found (fap 2).
This: locatiiom alse includes: several sites containiing many of the:

Teesdale rarities (Table: 1).

<

Four sheap, tracks were sslscted for detailed ahalysis. Théw
were chasem because tﬁéy are. well worn, appear tw ba,usedequuéntly
by the sheep and harbour the weed species selected. for stuﬁy. The: -
four paths rum approximately paralilsl. to ths contours at diﬂﬂéremt
aLtltudas. They will be referred to as the Summit irack (at. 512m) 3
the Top Track (aﬁ 508m); the fiiddle Track. (which crosses. the comtiours
ohmlquelx and conmects the Lowest. Track with the Tap Track), and the ~
Lowest Track (at 496m). Tne Summit Track was followed “for EQth At
eithen end of this sectiaom additionall segmemnts of trackjmhich connected
the path with the ¥op Track wers studisd as well. The Top' Track uwas
followed from the Birkdale Track for 1200m until it entered am area of
limestone flushes: overlooking the: River Tees. south. of the dam. Here
the: path subdiivides and weeds are very sparse. Beyanﬂlthe.ﬁlushnsgthe
track passes thoough. meadows down to the river and weeds are again .
present. Origimally it had beem intended to follow the path until no
mnre\meeds vere found. Howeuer, since weeds were observed alengthe
whale length of the track, the study concentrated on. the first. section
as far as the limestone flushes. The Riddle Track was: followed for
300m from Nameless Si&éc where ikt joins the Lowest Track to its
juncticon with the Top Track. Finally, the Lowest Track was followed
from the: girkdale Track. ta. the junction aoft the Suger Limestone and
the Whim Sill where no: more weeds were found, & total length of 100Cm.
Therefore the nmetwork umder stody is completely linked. Weeds: i any
ome. section: of the path can in theory be carried by siweep to. any other
part of the tracks.

Glong each sheep track a 30cm quadra&f was taken at 5m intexrvalse.
The quadréﬁ* size corresponded to the width of the tracks so that the
1n1t4a1 records were confimed to the tracks themsslves. In eachn
quadrgt* the percentage cover of Bellis perennis and Poa annua was
recorded“ The presence of the. other named weeds and the parcentaga
btare ground was also natede The nature of the vegetation borderning
the track was described - whether £ailbna wulogris heathland or open
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JABLE 1

=T

LIST OF RARE PLANTS FOUND OnN- WIUDDYHANK FELL

ttelianthenum canum
Carex ericetorium
Eriophorum latifolium
Galium boreale
Polygala amara

sedum di:llosum

Viola rupestris
Alchemilla subcrafsata
Antennaria dioica
Juncus alpimo~-articulatus
fleucorchis albida
Listera cordata
Potentilla fruticosa
Primula farinesa
Trollius europeaus

Bartsia alpina

Carex capillaris
Draba incana

Dryas octopetala

Kobresia simpliciuscula

Minuartis stricta
Polygonum viviparum
Potentilla crantzii
Gentiana verna
Thlaspi alpestre.
fiyosotis alpestris
Saxifraga aizoides
Saxifraga stellaria
Sedum rosea
Thalictrum alpinum
Toflieldia pusilla

gotrychium lunaria
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dfésgléMd;" This is a simple divisiom which was adopted because
iniitial abservation suggested a marked correlation: between: the weed
species;s recorded and these two vegetatiom types (Plates 2 amd 3).

Two mew sectioms of track created where the fapmsr has placed protein
bidﬁks.fdr the sheep had no weeds but they were mapped for future

references..

The complete mappimg of weeds im two sheep hollows was also
carried. out using 30cm quadrats.. These areas were selected fon
detailed analysis because of their high concsatratiom of weeds.
Both hollows are sheltered spots where sheep tend to congregatea.
One hollow is located just below the middle Frack in. am arsa of
gréssland and is conmected to the track Ey a side path (Plate 4).
The other is im a hsathland zone on a minor track connecting the
Fop Track to the Lowest Tracke Finally the presencs of weeds was
also recorded at two rabbit warrens deserted during tlye: 1950's

myxamatosis outbreak..

Once this initial survey work had beem completed it became
evident that: the flour tracks had very different concentratioms of
weeds.. The jop Track had the highest concentratiom and was:
consequently selescted: for detailed study. The distributiom of weels
of ff the track was plotted at fifteen sites. Five of the sites were
at 20m- intervals in a zonse. yhece both: gGellis perenais and Poa annua .
were present; five im am area of open grassiand where. only Bellis
perennis was foumnd and five im a heathland section with: Poa annua..

At each of these permanent sites a transedt was takene A 30cm
quadrat was used: to record the percentage cover of’ the weeds om the
track. The quadrat was them placed immediately either side of the
track and comtinuously ocutwards umtil nos more. weeds were. recaded .

The same procsdure: was adopted at ten sites on the Lowest Track where
it passes throughfgrasslanﬂ argas contaimimg Teesdale rarities.
#owever, there were very few weeds along these sections of the tracke.
Initially it had been intended to survey the areas with rare plants in

more detail but these transects confirmed the absence of weeds there.

Mapping of weed distributiom was also carried out along a sectiom
of the girkdale Track.. The length chosen for analysis inecluded the:
area where the Lowest and Top Tracks meet the road. In this way it
was hoped to link. up the pattern of weeM distribution by the road
with that on the sheep. tracks. On: the Birkdale Track: transects uwere
taken at 20m intervals Gsing a 50cm quadrat. The larger scals aof

this: analysis reflects the greater abundance and spread of weeds here.



Plate 2 3 Hellis geretr‘r‘tia,gromimg; in a grassland section
of the Top: Sheep Track.

Plate ¥ : poa annua growimg. im a heathlamd sectian
of the: Tops Sheep Track:






Plate: 4 : Sheep Hollow A with a high comcemtration of
‘ weeidss
- j







The: presence of’ weeds was also recorded along the path from the
Birkdale Track to Gas Borehale: 44 used im 1966. Fifity random
quédrats were takem im funnel shaped areas (12 x 15 x 1.5 x. 15m) at
gither end of the path. The same 30cm quadrat was aliso used to pecord
weeds at. 5m intervals along the conmsctimg path. It was hoped that
this survey would reveal the importance of human disturbance: in causing
weed! colomisation. and migration. gne sheep track which: led of f this
path was also followed im a loop conmecting back to the Birkdale irack
near the fieteomdogical Statione The presence of uweeds along this

track was recorded using the teshnigues: described sarlier..

The resulits of this first phase: of the fieldwork are: presented
im statistical and cartographic form. This section is desecriptive:
and simply gives some idea of the scale of the probdem of weed imuvasiane.

Tne calecullatians are shown im Appendix Ae



]2

RESUL¥S ANU uwISLUSSIub

The fiaps: 3 @d 4.record the presence of the selected weed species.

Fne Highest concentrations of Poa annue and Bellis perennis exist an
the Top Track.. This is measured as the proportion of quadrats along
the path in which the weeds were foundi. Tne riddle and summit [racks
have intermediate weed comeentrations wihiile the Lﬁwest irack supports
very few weeds.. the percentage cover of the two weeds on these tracks
also fellows the same patterm.  This observation is confirmed by
statistical analysis using the Chi-squared tesb. Furthermore,

neither Gellis perennis nor Pga anmua are evenly distributed along

any of the tracks.. fhe Chi-squared test shows that there is a
significant diffierence in: the locatiom of these weeds. Poa anous is
found almost exclusively along sectioms of the track bordered by plant
associations in which Calluma vulgaris is domimant. Bellis perennis
is located mainly in areas of opem grassilande. 1t shows no significant

deeline in abundance along the Lowest and Top fTracks as they are

followed away from the Birkodale Track. Fhis distribution is also
observed in the case of Poa annua which is equally abundant im all areas
of heathland along the two tracks. the summit Track has a significant

decline in weeds. in both directians away from a cemtral area where the
path widens and weed concentrations are very high. Seweral paths were
followed away from. these high. comcentrations: of weeds, most of them
connecting with the Top jracke. However, the weeds have mot spread very
far along these tracks either from the central area on the Summit Irack
or from the iop Tracke fhe Middle Track does not show a significant

trend in the distribution of Bellis perennis and Poa annua along its

length.. Isolated patches of both weeds were also found om the Lowest

and summit Tracks over 250m from the maim stretch of weedse.

The distributiom of the other four weed species alaong the sheep
tracks is also described statistically and cartographically (fiap-5).
M5 a0 %)y The Chi-squared test indicates that thers is a significant
difference in the locatiom of these weeds between. heathland and
grassland areas. Ranunculus repens: and Satiina procumbens are found
mainly in the grassland sections of the trackse. However, Taraxacum
of ficinale and Cerastium holesteracides show no sigmificant difference
Im their distributions between the two vegetatiom types. Indeed all
four weeds are found in both. environments. This contrasts with the
almost complete comfinement of Poa annﬁa.to the heathland zonese.

wWith the exceptiom of Taraxacum officimale thess weeds also decline in


http://per.enn.is

..t
s..;\r)

{1agey

urarnm”

{1997y

T 21
Joay
e

B

w
Rl

danyg oy

s

v, ~oye "L

dren Yooy a_a._._.r.w

T

wywdl  JlwwmG

3° uoITy C&LO

g
. .
MAHJJ F;oz N

v
E

IJSLF- Ld@im *_.Eil.w

dreay -
2oPstg

\\\\ TP gm Cmdi_gﬂ
sqoapeb OSfy

?
o8

rmd&nsn_u
.

T sjeyeg

oNnuio o4 .

umyues syespert oS/

—

DN .60&

nc..c_.a.. voy ey v

E&UL.-W ’

Py S
s dems o+ oy

..cnww.

QO o] 2] t2]0ag

wez o4 wo _ _ 1
|
|

T3 YMNUSAAAI M

=0

NolLAB¥LSIq

30

ST



T A1
derug

S ————

~e _0
Ffw‘?m

wreal  AWWNG
v 4° unITY cwwo

;NS
Mmu.o_JEdZ \

Mroay
2roprstg

]\

L=y

umztm uioquoy !
LS vperk ogfsy

oo : | v “ . ooy damg, vy

i sjeyrsed

ﬂ.tﬂ *: a vroued

" eywpenb osh

||T N
muccv..@m_ s1iog
ﬂC..C...GAEOQ \_R-.._.ﬂdvdd %
§L|~m \\
ey J
Mool Ldoxw y : %dx
|
A
| WG o4 W)
| wos oo oc 5
v . : 925
l_l_mh~ YNUYSAAQAIM NO SINN3AYIY s34

5

NOILAGI¥LSIQ

IH|

s ddl

¢+
)
' N
]
"
§
<.
L
'
-
i
T
]
[
Ve
5.
v .,3\../.
i v
i ‘,
H : ‘ol
)
] ‘
i
4
.
]
‘
i
1
Y
. &
1
1.
'
o
¢ >
Pt
PN
vy,oe
s
[N
Ll
;
N ‘ug
I
* 1
|
.
’
.
]
N ) ..‘
T -t
i
'
b
1
t
I
! %
ot
CN
\ .
\fv
[N
.



T 711
Jdezug

333

Jrey

] oy oT—

- ——

R

PEvrao WAKwID
L

S
¥
2

urojues  &rwepwrb og|
urejued spaperk o891
vroquos  gpapond oS
uipjuey syosprrnb os)L
viwiuo? P_isﬂcsr Om}

2
i
?
b
2
2
29
Ty e
BEFATS WAy .
uroues epspwrd oS/ iy
L vwaves spopedt os)d
§ urwues sjwaymb 0S/4
7 Moque %L.vdssq oS/t

—n

.ﬂ—? 1
THqwrsead Quibsg 5
Shds thmsuRuey o

2

ﬂwuﬂnﬂﬂn.wo.o..— wn 149043y -

C.,C..G‘* vo) LQLg

WIS 4 :

: |

, o

peoy /|

Moouy L@m}m \\ H ”vi

woz oy wo|

wogt ool oS O :iapesg

"M34  ANVEAQAIM N0 TEFAUNTOTEAQ  WOOUXYMY]  aNd TSNIEEWAO0YJ «26@@.

SNIJIY

*,

SATOONANUY SJJI0BL5070H WNILewYs3) dH0 NowLaei¥lsiq 3Hl 5 49|
. o . . | )

i
|




16w

atutidance on. the fop Track as distance from the Birkdale Track
increases.. They, were not recorded in: sufficient numbers on the

other tracks to test their distributions: statistically.

Im the twe hollows which: were studied in detail weeds were very
abumdamt - Bellis perennmis in the hollow bordering grassland and
poa anpua im the hollow within heathland. Ranunculus repens; and also

Cerastium holasteoides were also recorded very frequentlye. Indeed,

Ranunculus repens had the highest percentage cover of any weed.

araxacum officinmale was fairly abundant but Sagima procumbens was

completely absent from these hollows. {fTables 2 and 3).

The permanent quadrats onm the Top Track gave an indication of
the weed distribution. away fromttne path (Figures 1, 2 and 3). In
general, neither Bellis perennis nor Poa annua are foumd further than
1m. from the track. Poa annua tended to have a slightly maore:
restricted distribution tham Bellis perennis. Its occurence is:
negatively correlated with the presente of Calluma vulgaris. In the
grassland areas no specieg showed significant positive or negative
correlations with Bellis perennis.. The vegetatiom here is much more
apen.. The only other weed recorded frequently away from the track

wass Lerastium holosteoides.. All the weeds show a rapid declime in

abhundance away from the traeck. They do not possess a patchy
distrihutionf%r reappear even further away from the main: path.

However, there are small pockets of weeds uWere minor tracks traverse

the area.

Bn the Lowest jrack the permanent quadrats failed to record any
weeds off the track in the two grassland sections where several,spECiés
of rate plants occur, This situation applied even along the few
sectioms of track where gllis perenmis grows on the path itself.. At
present the danger of weeds andrare plants growing im the same
localities and coming into competition. is very slght. There ars two
rare species which are recorded freguently in the. same qguadrats as
weeds: both on and off the tracks.. These are Gentina verma amnd
Primula farinosa.. they did not appear to be sufferimg any ill-effscts
from the presente: of weeds or from trampling (Plates 5 and 6).

Howeuver, a repeat survey in a few years would be necessary to detérmina
whether the rare plants were decliming in abundance along the tracks
and. neighbouring ground. Botryehium lunaria and Pinguicula vulgaris
were each recorded once in:. quadrats on. the sheep tracks, the former

in close proximity to gellis perennds. Again a repeat survey would ba
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TABLE 2 ¢ DISIRIBUTION OF WEEDLS IN SHEEP HOLLOW A

Comtinuous. 30om gquadrats: along the hollow from north-west to

south-egast..

uxX" records the presence of weeds on bare ground.

Bellis: Poa Cerastium Ranunculus: > 10%
perennis annua holestecides repens Bare Ground
X X X b4
X e
e
Fis
X X X
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TARLE 5 5 DISYRIBULTIQN QF 'UREDS TiT SEZSLE HOLLOT 3
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Poa Cerastium
annva, holosteoides
) .

N

X
X
X

-«
23

X

-1‘——

Panunculug Taraxacun
epens officinale

X
X
X
X
X
X
X

X

r
d)

>10%
Bare Ground

X

r
L

h's
4%

X
X
5
£

X

w
L5

hid
F2N
Fie

<
4!

h'd
4L

xr
<3

FeS

hid
Py

S
45



-2 Qo

KEY Tu _FIGURES

Transect numbers.

T1s Ty, T3 etce

Quadrat numbers for western side of track.

Q1u’,Q2m etc.,
Q1E; QzEretCm

(1Y

Quadrat numbers for eastern side of track.

.0

Percentage cover of Bellis perennis.

Percentage cover of Poa annua.

Presence of Cerastium holosteoides.

Presence of Ranunculus repens.
Presence of Sagina procumbens.

Presence of Taraxacum officinale.

.o

Presence of Cirsium arvense..

Presence of Gentiana varna.

v QX 4w an P

(1]

Presence of Primula farinosa.

flore than 10% bare ground.

Scale ¢ 1 cm to 30 em
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Plates 5 ¢ Gentiama verna - a rare plant growing on the
Lowest Sheep Track

Plate 6. ¢ Primula farinoga - a rare plant growimg on the
towest: Sheep Track:
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mecessary’ Lo assess the performance of these plants. 1he ragrity of
the speies involved makes it difficult to give a statistical measure

of the changes occuring along the trackse.

There are no weeds actually om the #Birkdale jrack which is a.
tarced road surfacs.. However, people tend to wander off the track
and weeds are abundant on either sids.. The weed disteibution recorded
on the Birkdale irack can be divided into three maim sections. ihe
first narthern section rums through am area of open grasslandjvegetatibn
and includes the start of the Top and Lowest shsep tracks.. Here weeds
spread up to 10m. from the side of the road {(Figures 4, 5 and 6). 0Oa
the west side of the track the average width of the weed belt is 2.3m, on
the east side it is J.1m.. The Chi-squared test indicates a significantly
greater spread of weeds on the eastermn edge of the Birkdale Track (Plate
¥). This is; probably because more people walk on this verge where
ground is flatter and the vegetation. more open. As in the areas of
opem grassland om the sheep tracks Bellis perenmig predominates.
There is a signifiicantly greater comcentratiom of Bellis perennis: 1
into the verge compared with the ground immediately bordering the
Birkdale ‘Wrack. In contrast, all the Pga.anpnua cecorded is confined
to the immediate edge of the road.. The other weeds recorded are much

more almndant tham on the sheep tracks with the %xceptionnof

Ranuneulus: repense The presence of Cirsium gruvegse was alsoc noted in e
4
several transects.. In most cases the first quadrat im each transect

recorded. a very high percentagse off bgre groumd consistimg, largely of
loose gravel. The weeds declined very gradually away from their peak
of abundance. Their spread was much more extensive than that abserved

from the sheep tracks..

The middle section of the girkdaleirack runs for Zﬂﬂm,througﬁ'%
heathland zone from Red Sike: south to the start of the nmew sectiom
of road built ini 1970 at the time of dam constructiane The roadsids
verge has a significantly lower concentration and spread of ueeds than
the previous zome (Figures 7 and 8). Poa anmua is the dominant weed
and Bellis gergnnis.is only recorded once,. The other weeds were not
recorded very frequently with the exception of Sagima procumbensi.

In some transects this species gave higher percentage cover than Poa
annua. Unlike the previous section the weeds are most abumdant in the
first quadrat of the transecte They also decline much more rapidly
away from the roade The presemﬁQ%f Calluna vulgaris was. negatively
correlated with that of Poa annua.. This is the same type of

distributiom as recorded on. the heathlamd parts of the sheap tracks.
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Plate 7

Sectiom A of the girkdale Track with an unsven.
distribution: of weeds alomng the usrge
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he southern section of the @rkdale irack is the First 200m of
the new road. Although it is much more recent tham the previous
section and also further from the car park the weed distribtiom is
very similar (Figures 9 and 10). Againi Bellis perennis: is only

recorded once and Poa_annua predominates. Sagina procumbens is the

ather major weed im the area. The distribution and spread of these
two weeds is comparable to that om the a@ld sectiom of tracke. In most
cases the weeds are confimed to a 2m strip of land betwsen the road and
a ditch.. This may act as a barrier to further spread together with the
dense heathland on. the far side of the diteh.. The amount of
disturbance and the percentage bare ground is much greater alaomg this
sectiom of the track than elsewhere. Tnis reflects the construction
work carried on here in. association with the reservoir. It must
enhance weed invasion: compared with other sections: of the Birkdale:

Track where trampling by uvisitors is the main disturbance..
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FIGURE 10: TRANSECTS RALONG SeECTion C On  THE
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jhis descriptiom of the distributiom of weeds has been used to

construct two hypathesess.. Together they could explain. the locatiom

and spread of weeds and the differences between species. The two

suggestions ares-

1.

2.0

The location and spread. of weeds can be explaimed by their
dispersal mechanisms. TFhe distrubtion of weeds anm the sheep tracks
is dependanit on dispersal by sheep and wind. fMigratiom of weeds
of f the tracks is subject to the same dispersal mechanisms:
together with vegetative spread.. ¥he distributiom of weeds on

the #irkdale jrack is dependant on dispersal by man amd wind amd
also possibly by sheep.. Migration of weeds away from the road may
be a result of uvegetative spresad as well.

The distributiom of weeds on the tracks is dependant on the saoil
characteristics. inhe location of individual weed species may be
a response to inherent soil conditions. Ihe overall location and
spread of weeds on the sheep tracks is dependant onm shsep trammling,
and flertilisation of the soil. Un. the girkdals Track weed
distributions are related to human tramplinmg and possibly

fertilisation by litter disposal or sheep droppingse

Both expllanations are based partly om physical conditions im

the area and partly on the inherent characteristics of the weeds.
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CHAPTER 2= - DISPERSAL AnNU MIGRATION OF WEEDS

This sectiom of the flieldwork aimed to relate the distribution of
weeds to their dispersal mechanisms, 0On the sheep: tracks the majority
of weed dispersal must be performed by wind. and sheep.. people are: not.
permitted to leave the Birkdale Track and im practice very few wander
far from the road.. Wimd dispersal is assessed according to the type
of seeds produced by each species.. Dispersal by sheep was examimed
as a possible dispersal mechanism by studying sheep movements im the
field., Humam movements were also considered in. the case of the

Birkdale Track..

Various methads were adopted to assess the importance of weed
dispersal by sheep.. It was necessary to determine the relative amount
of use received by the four sheep tracks.,, Firstly, the trequency of
fresh droppimgs along the tracks was recorded.. This is a quamtitative
measure of the relative amoumt of trampling and grazimg along each track.
Direct. observation of sheep behaviour, position and movement was a
gualitative supplement to this information. This was carried aut by
sitting on a high point where most. of the study area couldbe. viewed at
ONCEe o The sheep were abserved wth binoculars. Thus their movements
were not determimed or affected by humam presence. This system: was used
at various times between 8 a.m. to 8 p.m. As much as passible aof the
diurnal rhytnm of the sheep was recorded so that any regular movements
were not missed.. The direct obsernvation of sheep is uery impartant in
imdicating possible directioms of weed spread as well as actuzal amounts
of trampling and use of the tracks. The Birkaale Track is regarded as
the maim source of weeds:. Their distribution om the sheep> tracks is
assessed in relation to this suppily. However, if any reliable fTacts
about migratiom of weeds are to be obtaimed it will be nscessary to
repeat the mapwork im 5-10 years' time.. Fhis will indicate whether weeds
are still spreading or whether the picture: is sta%ic and there iss no
increasimg danger of wead invasion. Congitions will also chamge with an
increase in: human: interference or an. incresase in sheep stocking om the

fell.. Tnese factors should also be hmnitored over the same time periode.

uUn: the Birkdale jrack migration of weeds was assessed Dy repeating,
a survey carnied out im 1968 amd 1970.. Two. 140m sections and ome 100m
sectiom of track were studied by taking five random 20m quadrats in esxery
7m. stretch of ground. ine area under study was a 1.5m wide strip: of
land either side of the track. This: survey gave some: measure of
temporal changes in weed distributions. Visitors amd local farmers

arriving from outside the immediate area are regarded as the main source



http://sectio.ru

off weeds for the girkdale [rack.

The statistical resulits from this sectiom are given im Appendix Be
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RESULTS AND DISCUSSI UM

s Tne dispersal mechanisms of the six ueed species in the study uere:
assessede. It is; hoped that this survey will Help: to explain the
contrasting/Qistrinutions of thgse weeds and their overall location on
Widdytkank Féllu firstly, the pmssibility of wimd dispersal will be:
eonsidered.. Secondly, animal dispersal, particularly by sheep, is
discussed.. The species are ranked im order of tneir ability to.spreadj
by these meshanisms..

Jaraxacum of ficinale fias the smallest sseds. They are alsa
equipped with gappus to aid wimd dispersal. poa annuwa has very small
seeds but no additional dispersal mechanisms.. gellis perennis has small
achénes but agaim no dispersal aids.. Both Sagina_procumbens; and
Cerastium bolostenoides have larger seeds which are fired from valves on
the plant. They possess: no adaptations to assist wind dispersaﬁﬁ
Ranunculus: repens has by far the largest seeds and wind dispersal is
probably very inefflective. Vegetative spread may well predomipnate in
this case because the species is able to produee mew plants even after
grazing {(Harper 1977).. The: order of dispersal ability imvolvimg animals
is probably the same as. that for wind dispersal Therefore it is
impossible to determine which mechanism is the more important. All that
cam be given is an: idea of the extemt to which dispersal (of socme sort)
can explaini weed distribtions.. The only weed under study which is

araxacum ofificinale..

definitely adapted for external transport by sheep is
This species hés pappus attached to the seeds which can become caught in
animal fur.. All the weeds are very low-lyimg plants at this alititude

so that their seeds are unlikely toc be carried by sheep except on their
feet.. However, some may be eatemn and carried internally. This. is most
probable: in the case of Poa annua which is still capable of germination
after being eaten and then. excreted (Hill 1977). The seads are
resistamt to digestion and are still wiable when. they are: depasitgd in
droppingse. Poa annug, being a grass, is alse the weed species most

susceptible to sheep: grazing..

This order of dispersal aliility corresponds fairly well with the
relative distritwtions of the six speciese Taraxacum of ficiale,
Bellis perennis and Poa annua can be foumd along theumhoié 1200m length
of the Top Track.. They show no declime in: abumdance from the source
area of wseds along the Birkdale Track. This implies that they must be:
effficiently dispersed even. though the Top Track has besn used for hany
years. the mechanisms of dispersal described above support this view
There were also umexpected discoveries of Poam annua on the extreme
northern end of the Summit Track and om part of the sheep track leading

from. the Borehole constructiom pathe goth gellis perennis amd Poa annua
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wePsd foutid am: the most southerly part of the Lowest fraeks. They also
grew abundantly on a short section: of sheep track connecting two gullies
atvove the Lowest Traak.in an. area where weeds uwere Uery sparsees In all
cases the nearest source of weeds (either a sheep track or a shake hole
where sheep congregate) was some distance away. This situation implies;
that dispersal is not a major influence: on the distritwution of these
weed spemlesg The other three weeds all have more lamcal dastrlhutlon&
which: may be partly a result of their relatively imefficient disperaal
mechanisms.. This is particularly true in. the case of Ranunculus repens.
It has a very limited distributiom: mainly econfined to a few hollous
near the Birkdale jrack. Fimally, it should be noted that the weeds with
tha bbest dispersal mechamisms are also the most abunﬂant, [araxacum
ufﬁlclngle;ls am exceptiom to this rule.. Nevertneless,, the relatlua
abvility of weeds to spread may be able to account for their abundance

as well as their actual locatione

The dispersal hypothesis is certainly umsatisfactory as a complete
explanation for weed distributions, This is shown:&y several
characteristics of weed locations which it cannot explain. For instance,,
both wind and sheep aispersal could account for the decline im weed
abundance and spreaq from the TJop to the Lowest Tracke. Winds are less
strong on the lower slopes where the ground is sheltered'by-the,nigher
land to the north and east. {iost dispersal probably occuis:soumhmards
from the @irkdale Track so: shelter could be important on the Lowest
Track e Altermatively, dung counts and sheep. observations show that the
Top Track iss much more frequently used tham the Lowest Track (Tables
4 and 53 Plates 8 amd 9). Therefore sheep are unlikely to. carry many
weeds along the lower paths.. However, if these ttenogs are extended to:
include the Summit Track theypredict that weeds should reach their
highest abundance here. In practice this is not true although winds
are very stromg and dumng coumts. imply that this track is used mare than
the Top Track.. This suggests that dispersal is not an important
- explanation for the overall dlstrlnutlom of weeds om Widdybank Felle
—Fhe ‘physical characteristics of the area may be am alternatives
explamatiom for the relative abumdamce of weeds om the fiour tracks. i
particular,, it was noted that the Summit jTrack does not have a high
gercentage bare groumd to mateh its imtensive use {TFable 6). TFnis may
be a result of thiek vegetation mat eonsisting, primarily of’Jumcus;
sSquarrosus, restuca spm. and Eriophorum vagingtum- which: is resistant
to tramplinge. In contrast the areas of Calluna vulgaris with many
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TABLE &4 = DU LOUNTS ALONG _FHE FOUR SHEEP [RALKS

Sheep ‘fracks: ( dung coumt/10m )

Lowest fiddle. Fop Summit

, M
Grasglandi 2.8 2.0 2.7 2..0
Hieathland 263 2.7 3.6 %3
Grassland 2u4 2.0 1.8 2.6
Heathland 0.9 442 2.0
Grassland 4.6 7 o1 S.0
Heathland 2.8 3.0

S

TAGLE 5 : OSSERVATIONS ON_ SHEEP WOVEMENYS _ALOMG _IHE EGUR
SHEEP _ RACKS

Sheep tracks (meam nuwber of sheep/1000m)

Lowest Miadle Top Summit
Grassland 2.2 4.8 4.6 2.9
. Heathlana T 6 3.1 4.0 1«1
fMloving north 14 3e2 el 2.7
Moving South..” 1.4 47 4.9 1.3

TABLE 6. : DISIRIBUTIDNI OF BARE GRGOUND ALONG THE EOUR
SHEEP _TRALKS

Sheep tracks {(number of quadrats recerding bare. ground)

% bare Lowest Middla Tap Summit
a 12 9 33 iz}
1-10 33 19 72 36
11-20 14 15 44 18
21=30 6. 9 32 X

7 30 35 24 64 4



Plate. 8 : Sheep using the: jop Sheep '1rack - a well-worn path

Plate. 9 ¢ Sheep walking along the {liddle Sheep Track
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um _species are susceptible to erosion. Bayfield (1970) working

in the Cairngorms confirms the fact that these species are much more
severely affected by trampling tham Eriophorum sgpi,. Wihatever, the cause,
the absence of bare groumd is likely to reduce the success: of weed

colanisatione

wther evidence tends to support the view that dispersal canmot
provide a complete explanation for weed distributions. For instance,
there is very little spread of weeds away from the sheep tracks. It is
inconceivable that dispersal is a barrier to weed migratiom on such &
small scale. Vegetgtive spread alone should allow weeds to spread some
distance away from the tracks if physical conditioms are suitable.
Similarly, the sharp division of wesed species betwesen areas of grassland
and heathland cannot be due to restrictions: on dispersal.  fhe reasons
for this pattern must lie in the envirommental comditions which prevent
either colonisation or survival of weedse. It seems probathle that
sheep exert most of their influence on weed distributions. through their

effiects on the ground rather than through seed dispersal.

The sheep did not show any tendancy to walk in a set directiom
along the different tracks. Therefore there is no need to argue that
weed migration. occurs in different directions rather than from the main
source on the Birkdale Track. This 1s confirmed by some of the weed
patterns which show decliges in atwundance away from the road. Hbmever,
weeds have probably béen;inithe area for a long time because the fell
has been. used as pastureland for many centuries.. Migration must also

occur from other centres which have developed high concertrations of

weeds such as the shake hollouws.. The central section of the Summit
frack is one such area. Weed atundance declines away from this zone
where sheep congregate.. ihe dung counts alomg these sections of track

indicate that they are well used and direct observation eonfirms this
fact. Unlike the other three tracks, the low concentratiom of weeds on
the summit Track does not reflect the amount of use the path receivese.
It is suggested that weed colonisation is limited by some environmental

factor and not by wind or animal dispersal.

Dispersal does not sesm tolbe the factor limiting further weed
spread on. the upper tracks. It is assumed that there is no comparable
limit to disgpersal on‘the Lowest Tracku The seeds of weeds are present
for aeolonisation in the areas of raﬁe plants.. For instance, Bellis
perennis, Ranunculus repens, Sagina procumbens and even Poa angua

have colonised wet hollows bordering, Red Sike= only a few metres to the

west of the Lowest jrack where no weeds are found.. These zones are

also less tham 500m from the vast weed source on the Birkdale Track.
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On the Top frack weeds are abundant more tham 1200m from the roade.
Furthermore there is no significant decline in the abundance of Poa annua
and Bellis perennis along the section of the Lowest Track aom which uweeds
are found.. fhere is a fairly abrupt change from an environment in which
weeds are found to ome in which they do not growe. Therefore the idea that
dispersal mechanisms control and limit weed distribwubions. im the areas of

Jeesdale rarities is rejected..

uni the mirkdale frack dispersal cannot account for many of the weed
distributions observed. This is illustrated by the similar weed
concentrations: on the old and mew sectioms of the tracke. Indeed Paoa
annua has spread further from the road. in. the mew section. This is
probably due to the greater disturbance here. Once again. this imgiiéélJ.
that biare groumd rather tham limitations: om weed migratiﬂhxcomirul the
extent of weed colomisation.. Bare groumd in. turm is a reflection of
trampling and disturbance by mam and his animalse. The only weed which
does not follow this patterm is Ranunculus repens.. This species has a
significantly greater concentratiom on .the old sectiom of the tracke.
In this case poor dispersal ability probably explains the situation.
It has been stressed several times that Ranumculus repens has by far the
most imefficient dispersal mechanism of the six species under stodye.
fhe environment along the two sections of track is very similar anmd
cannot provide an. explanation for the contrasting amoumts of Ranugculus
repens found these. iherefore this is am example of dispersal rather

tham soil limitatiomsscohtrolling the location of weeds.
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The survey along the Birkdale Frack comparing the vegetation. with
1968 records suggest that changes are certainly acecuring (Table 7).
Thére has been an increase in the percentage of many weedy species such
as- Bellis perennis; Jaraxacum spp.; Plantago ma'or:and Trifoliam-
repens.s Other weeds which were previously absent im the area or first
noted: im 1970 were also recorded. these include Poa_annuas Sagina

procumbens and Lerastium holosteoides.. They were nat very abundant and

were confined to the immediate edge. of the track. Cirsium. arvense and

Senecio jacobea were classified as new speciss im 1970, However, they
were not recorded im 1978. Therefore the threat to the matural
vegetation seems to be coming mainly from long establiéhed<weaﬂs-rather
than new speciss.. It is thess speecies which are capable of migréting
into wegetation'communities growing along the sides of the Birkdals
Tracke. The control survey in 1968 showed that these weeds, particularly
Bellis perenmis:, are members of the natural vegetation away freom the road

but they become much more abundant where there is dishurbance.

Among other members of the wegetation Plantago maritimaj plinuartia
verna; Prumella vulgaris and Linum catharticum have all increased in
abundance in the werge. This suggests that these are species which can
tolerate trampling.. The 1968 centrel survey away from the track confirms
t@gt three of these plants: are: more abundant near the road where the
ground is disturbed. The exceptiom 1is Lipum catharticum but there is:
no obuvious reason why this species should gi#ue. contradictory results.
Plantago lancedata showed only slight ihcreases in the study area since

1968 and Polygonum viviparum decreased in abundance.. Im 1970 boths .

species had decreased. Although some error may have beem involved it
is surprising that theres was no increase aguring the 10 year périod.

Both speecies were much more abundant in the verge than the centrsl strip
im 1968 so they obviously like a disturbed environment. Excessiuel

trampling may now be controlling the abundance: of these two species.

Finally, many of the rare plants recorded had declinmed in abundance
since 1968. Yiohk riviniana has been eéiiminated except in..Area 1.

Kobresia simpliciuscula, Selqgimella,*ﬁgfeg,cégillaﬁis and primula

farinosa were very uncCoOmmON. Only Gentiana verna seems to be able to

maintaim its populatiom size. Even this species is far less abundant

tham in the centreal strip of 1968B.. Nevertheless gentiams are fairly
reéiétant to trémpling and there should be need. for much: less conecern
here than in the case of many other Feesdale rarities. The best sites
' for. these plants do not border the Birkdale jrack so that the overall

threat to the rate species is not as severe as the survey would suggest,




TABLE 7 ¢ CHAnNGES Iwn  IHE uUISTRIBUTION OF WEEDS ALONG THE

BIRKDALE TRACLK
Specises Percenitage fFrequency

Area I Area I1I Area III

1968 1978 Changse 1968 1978 Change 1968 1978 Change
Bellis.
perenmis 43 51 +8 75 92 +17 51 65 +18
Carex
capillaris 3 4 +1 1 8 + 7 21 17 -4
Cerastium
holosteoides: 0 7 +7 0 2 + 2 0 9 + 9
Cirsium arvense O o 0 0 0 o 8] 0 a
Gentiana verna Q- 0 0 & 51 0 6 8 + 2
Kobresia
simpliciuscula 28 26 -2 a8 0 - 8 4 2 -2
Linum
catharticum 5 10 +5 o 6 + 6 7 14 + 7
Minuartia
verna 8 7 -1 6 7 + 1 3. 26 +23
Plantago
lanced@lata 28 29 +1 71 79 + 8 63 57 -6
Plantagw
major 0 13 +13 3 44 +41 4 25 +21
Plantago
maritima 52: 67 %15 15 21 % 6 13 3z +19
Poa annua (o] 13 +13 0. a a Q. 6 + 6
Polygonumi
viviparum. 20 11 -9 52 33 -13. 45 52 + 7
Primula
farinosa 3. 4 + 1 g 1 + 1 0 o 0]
Prunella
vulgaris 30 30 0. 34 30 - & 13 18 + 5
Sagina
procumbens 0 18 +18. a 4 + 4 8] 6 + 6
Selaginella
selaginoides 6 10 + 4 K 2 -1 1 2. + 1
Senecio:
jacobaea 0 o 0 0 0. 0 0 0 o
Taraxacum
officinale 20 26 + b 32 43 +17 24 31 + 7
Nrifolium
repenss 3. 9 + 6 49 52 + 3 2B 44 +18
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ranl F 7 (contde)

Species Percentage Freguency
Area I N Area 11 Area III
1966 19%8 Change 1868 1978 Change 1968 14978 Change

Viola

riviniana 2 2 0. 1 0. -4 0 a 0.
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Im conclusian, the repeat of the 1968. survey has been. very useful
in indicating that changes are ececuring in the roadside vegetatian.
The situatiom is not statiec. ®Most species have not reached a balance
im numbers - weeds are still on the increase and several plants are: on
the verge of being eliminated.from these arease. Weed dispsrsal and ’
eolonisation is a slow process: and there is: 1likely to he an increasing /y?
\

weed problem in future years..
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COAPTER & <~ SOIL ANALYSIS

This sectiom of the fieldwork aimed to relate the distribution
of weeds to some environmental characteristicse The soils of the
study area were analysed in detail but vegetation associations were

also considered.

Soil analysis was carried out in the permanent quadrats used
garlier for the study of weed migration. Jwo 10cm. deep cores were
taken-ranoomly in each of the permanent quadrats. The soil auger
used had a 3cm. diameter.. This was the smallest bore size. which gave
a large enoﬁgh so0il volume to carry out the range of tests required.
Only two replicas were taken within each quadrat because the quadrats
were small and it was important to keep damage in the area to a
minimumm, The top 10cm. of soil was the rooting zone and therefors
represented the environment in which the weed species growe. S0il
depth was also measured in the field using a length of thin uwire.

Jne wire was inserted into each quadrat five times and the mean depth
to which it penetrated was then calculated. Jfhe values were probably
underestimates: because small stones prevented the wire from recordimg
the complete depth of soil. In the labioratory the soil samples wers
subjected to a series of tests. The methods adopted are described
below (after Allen 1966)..

Firstly, the fresh scil was weighed and its volume calculated
from the core size., These mass and volume readings were used. to
calculate soil density. The results have been taken as a surrogate
for soil. compaction which is very difficult to measure directlye.
Density will obviously vary with the nature of the material forming
the soil., Nevertheless it was considered that trampling and compression

.would be the major forces altering soil density within this small area.

Secondly, a small sample of fresh soil {10-20g) was oven-~diied at
Y P
105°Cc. for 48 hours. The loss: in weight was used to ecalculate the

moisture content of the soil.

Thirdly, approximately 10g of scil were mixed with 30cm> of

distilled water and the pii measured on a buffiered pH meter..

Fourthly, 19 of oven-dried soil was placed in a muffle furnace
at 450°C for 4 hours. 7The loss. in weight was used to calculate the

organie content of the soil,.

For the remaining tests it was first necessary to air-dry the soil

by exposing it to the atmosphere for four dayse. A section of the core
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was kept intaet for the field capacity experiment. The core
was saturated with a known volume of water.. It was then allowed
to drain freely.. The volume of soil and volume of water lost were

used to ealculate the soil field capacity.

Finally, the phosphate content of a ground and sieved portion
of air-dried soil was measured. 259 of so0il were shaken with
100em® of Truog's reagent (Zﬂmhm; of 0.05M sulphuric acid were
diluted to 10 L and buffered at pH3 with 30g of ammonium sulphate)
on a rotary shaker for 1 hour.,. The: mixture was then: filtered using
0 ed4. paper. S0cmsS of filtrate were placed im a flask together with
2gmp of ammonium molybdate reagent and 2emd of stannous chloride.
reagente.. The solution was shaken and 1lsft for 30 minutese. The

molybdenum blue colour was measured in am "Uvispek®™ spectrophotameter.
A standard phosphate curve was constructed which: enabled the soil

readings to be converted to actual values of extractable ghasphate:
{(Figure. 1) This test was chosen: because it is known to be
suitable and reliable for all but the most calcareous soils: (pH?8).
The results of the soil amalysis are. presented im Tables: 8 to 30.

The ealculation methods are givem im Appendix C.
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RESULTS AnD OISCUSSION

The soil survey of the sheep tracks on. Widdybank Fell had two
main aims.. Firstly, the hsathland soils were compared with the areas
off open grassland, It was hoped that this experiment would help to
explain the contrasting distributions of Pga_annua and Hellis perennis.
Secondly, track goils were compared with those on either side in areas
both with and without wesds. From this work it was planned to assess
whether the soil was limiting weed migration and whether sheep:

gignificantly modify the soil along the trackways.

Along the Tap Track the,séils in the five permanent sites which:
only support Poa annua are significantly different in several respects
from those which only contaim Bellis perennis {(Tables B to 14). The
so0il in the zone where both weeds are found has intermediate .
characteristics.. It was demanstrated by greenhouse experimeft with
controls that the weeds caused no significant alteration of soil
characteristics (Table 15). Furthermore there is no significant
difference in the amount of sheep dung along this section of the track.

Therefore the soil contrasts must be regarded as inherent.

fhe thi-squared test shows that the pH is significantly higher
and organic: matter and moisture content lewer in areas of Bellis perennise.
The percentage organic matter is a measure of" the humus content of the
soil.,, The difference must reflect varying amounts of decaying
vegetation matter if the amounts of sheep droppings are fairly constant
along this part of the FTop Track. Soil depth is also significantly
less: in areas of Bellis perennis. 7The type of vegetation whieh surrounds
the sheep track presumably neflects soil conditions as well. therefore
the correlation between vegetation association and weed type is a resilt
of common soil requirements. (L aboratory experiments were used to
confirm the fact that s0il conditions are important im limiting the

distribution of both weeds. Bellis perennis was planted in. pots

with soil from site 3 where only Poa annua Qrows. Similarly Poa_ annua
was planted in. pots with soil from site 2 where only Bellis perennis
grows, All the weeds survived but flowering was imhibited and many of
the leaves’became yellow and wilted.. Tthe soil. obviocusly inhibited the
growth of these two weeds. It would probably have an even greater
effect on young seedlings or germinating seeds as this is the most

sensitive period in the life of a plant.

Interspecific competition cannot account for contrasting
distributions of the two wesds in the field. They grouw togdther in

close proximity without any apparent ill-effects. This is well
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TABLE 8 ¢ SOIL pp VALUES MEASURED FROM THE TOP SHEEP TRACK

Site 1 Qo Qqy Oy 83w Q4u Osy Qqe Q28 Q3
™ 63 603 5.8 5.9 5.2 4o2
T2 649 6.7 72 6.5 66 6.5
T3 5.5 5.0 4.9 4.8
T4 6ol GoB 6Huok 6.0.7
15 5.4 4.8 4.8
site 2
] Telt 7.5 74
T2 6eb ST 5e5 5.2 6e2. 56 5.3
T3 5.2 5.2 5.2
T4 508 5.8 5.8 5.8 5.8 5.6 5.8 5.6
TS5 73 7.5 75 7.3 7.4
site 3.
™ 5.5 45 5.2 5.1
T2 5.3 3.7 5u6 5.5
yIK 4o7 Tl B , 40 4.2
T4. 53 52 52 5.1 8.6
TS Gob &5 4ab 4.0

X2 test to determine whether there is a significamt difference: betweem
the pH of soilswhere Bellis perennis; gqrows and those where Poa annua
grows on the Top Track:

X2 = 10.12 Significant at Q.01 probability level.

Mann-Whitney U éest to determine whether there is a signif%gant
difference between the pH of soils on and off the Top Trad/areas where
Bgllis _perennis growss

U=75 Nbot significant at 0.05 probability level..

Mann=wWhitney U test to determine whether there is a significant
difference between the PH of soils on and off the Top Track in areas

where Poa anmua gQrows:

U = 57 sgignificant at 8.05 probability level (1-tailed test)
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TABLE 8 : SOIL WAISTUHE % MEASURED FROM THE TOP SHEEP TRALK

Site 1 Qg Qu Qpy 3y Q4u 95y 81 Oy U5

™ 3 3 300 35 26 21
T2 3 35 34 29 3 32

T3 28 26 22 18

T4 25 26 21 29

TS 26 31 31
Site 2

T1 16 16 19

T2 27 24 28 26 25 26 25

T3 36 26 31

T4 22 29 21 26 26 2% 20 22

75 24 23 19 30 25
Site 3

T1 28 29 _ 29 33

T2 17 32 28 21

3 31 32 42 23 29

T4 26 24 28 25 26

TS5 24 25 27 28

X2 test to determine whether there is a significant difference

between the moisture % of soils where Bellis perennis grows and

those where Poa annua grows on the Top irack:

X2 = 3.90 Significant at 0.05 probability level.

Mann~whitney U test to determine whether there is a significant
difference between the moisture % of soils on and off the iop Track

in 'areas where Bellis perennis grows:

U= 79 Npot significant at 0.85 probability level.

Manm=Whitney U test to determine whether there is a significant
difference between the moisture % aof soils on and off the Top Track
in areas where Poa annua grows:

U= 97 Not significant at 0,05 probability level.
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TABLE 10 5 . SOIL ORGANIC % MEASURED FROM IHE TOP SHEEP TRACK

—————

Site 1 Qg Oy Oy Oy O,y G5y Qqp Gy Qg
T 21 17 14 21 20 16
T2 38 31 27 20 21 21
T3 28 20 18 19
T4 26 18 22 18
15 17 18 28
site 2
T 13 135 . 17
T2 . 37 16 17 13 29 18 15
T3 16 16 14
T4 28 33 37 34 32 29 3 28
T5 19 1% 72 18 12
Site ¥
(i 29 22 23 21
T2 41 14 30 10
3 28 27 25 25 22
T4, 32 19 22 24 24
TS 20 25 24 20

X2 test to determine whether there is a significant difference
between the organic % of soils whers Bellis perennis grows and
those where Poa annua grows on the Top Track:

X2 = 6.74 Significant at 0.05 probability level.

flapn-Whitney U test to determine whether there is a significant
difference bstween the organic % of soils on and off the Top Track

in areas where Beglliss perennis grouws:
U = 57 Significant at 0.05 probability level (1-tailed test)

Mann~Whitney U test to determine whether there is a significant
diffference between the organic % of soils on and off the Top Track
in areas where Poa annua growss

U = 43 Significant at 0.01 probability level (1-tailed test)
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TABLE 11 3 SOIL DENSITY (glcm?)'ﬂEASURED FROM THE 70P SHEEP TRACK

site 1 Qg , Qqy Qpy  Qzw Q4 Qg Qi G, Qg

T1 027 0.27 Q.26 0.25 | 0.23 0023
712 0422 0219 0.22 0.22 Qe26 0.23
T3 0.26 0a24 0a22 | 0..26
T4 023 0.28 0.22 0.24
T5 D24 0.28 .19
_Gite 2
T 0.29 022 0.28
T2 0.27 0.26 0.26 0.22 0.26 021 0.24
T 0.32 0..25 \ 0.25
T4  0.27 0.30 0.26 0.29 0425 0u26 024 0.19
75  0.31 0.29 Q.28 0.23 0.26
Site 3.
71 0.26 Q27 0.24 . 0.28
T2 0.29 Q.10 0.16 0.24
T3  D.31 0.17 0.15 0225 0.22
T4 0.28 0i24 0.21 @18 0.18
I5 0423 0.23 022 0.26

X2 test to determine whether there is a significant difference between:.
the density (compactiom) of soils uwhere Bgllis perenmis grows and those
where Boaannua grows on the Top Tracks '

X2 = 3.74 WNot significamt at 0.05 probability level..

flann~Whitney U test to determine whether there is a significant
difference between the density (compaction) of soils on and off the

Jop Track in areas where Bgllis perenmnis grows:
W = 53 Significant at 0.05 probability level..

Mann=Whitney U test to determine whether there is a significant
difflerence betweenthe density (campactiom) of soils on and off the
Top Track in areas uwhere Poa annua grows:

U = 41 Significant at 0.01 probability level {(1-tailed test)
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TABLE 12 3 SOLL FIELD CAPALITY (cm¥ of water/100cm¥ of sgil)
MEASURED FROM, THE T0P_SHEEP TRACK

Site 1 QU Q1m, szt_ Qm Q’dﬁlﬂ; st Q1E. QZE Q:’JE
11.1 6‘-:9’ 5-5 5&2 1 -4 7&2 1.1»31

T2 150. 7.5 67 . MeT 2.3

T3 Jeb 6.2 3J.0 24

T{d 2 01 4-- 5 4(—.;3: 5@9:‘

TS 9.7 45 73
Site 2

1 95 37 64

11.2 7 .E 8).1 6:&5’ 33. 2/ 2:.49' 3.5 B"OB’
T3 113 10.9 6.6

T4 1 0 0’4:‘ 1 2 0~5 1”-3/-01‘ 6 .,9 507 6'00-‘ 1/3 mg 1 U..

% 5e2 1362 5.2 12.5 9.0
Site &

T Tel: Fed 2.1 13

TsZ; 1 037 403 5ic 2’. 2.. 31

TlE 1 50>6‘ 4 o:»g' 2’.:9 4;. 31 1 - 11

T4 33 B8 HeZ Fed 165

TS 5.5 4.1 4.3 5.1

X2 test to determine whether there is a significamt difference
between the field capacity of soils where Bgllis perennis grouws
and those where Ppoa annua grows on the pr Track:

X2 = 3.17 WNot significamt at 0.05 probability level

flann-Whitney U test to determine whether there is a significant
difference betweenthe field capacity of soils on and off the Top
Track in areas where: gellis perennis grows:

W = 72 Not significant at 0,05 probability level.

Mann-whitney U test to determine whether there is a significant
difference between the field capacity of soils on and off the

Top Track in areas where P0a annua Qgrouws:

U = b4 SGignificant at 0.05 probabtrility level.
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FROM_[HE TOP. SHEEP TRACK

Site 1 Qg Qqu sz QEUL Qg Qsm Q1.E QZE QSE

™ L04% L0024 .025 LO0OB .033% .005
T2 <008 o001 .081 .01 .005 .001.

3 .012 010 .02 L0117

T4 J016 .005 .002 006

T5 <003 .00 001

Site 2

Ly 026 004 .025

T2 .100 .018 .01% .009. 011 011 LO15
T3 - 004 007 004

T4 006 .005 .00% .003 .001 .00% ;.003 .003

TS .029 018 o019 012 .014

Site ¥

¥ <027 .025 L0346 020

TZ .020 .028 016 .01t

T .008 .007 003 010 .005

T4 .135 015 016 .007 .006

TS 073 010 .025 001

X? test. to determine whether there is a significamt difference between

the phasphate content of soils where Bellis: pgrenmnis grows and those:

where Pgoga annua grows on the Top Track:

X2 = 1.04 Not significamt at 0,05 probability level.

Manm=Whitney U test to determine whether there is a significant
difflerence between the phosphate content of soils on and off the
Top Track in areas where @egllis perenmis; grouws:

b = 45 Significant at 0.01 probability level {t~tailed test?)

Mann-Whitney U test to determine whether there is a significant
difference between the phosphate content of soils on and off the
Top iTrack in areas where Poa annua Qrows:

U = 41 Significant at 0.01 probability level ({-tailed test)
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JABLE 14 : SOIL DEPJH (cm) MEASURED FROM, 1HE 10P SHEEP TRACK

Site 1 Qg Qyy Qow Qazuw Q4w Qgy Gqg Qe Q3
Lk 8. 8 15 1% 8 1

T2 6 8 12 16 7 17

T3 14 15 16 25

T4 10 10 14. 11

[[E] 11 13 11

Site 2

T 9 11 13

T2 12 1% 13 16 15. 20, 22
T3 14 18 17

T4 1% 24 24 21, 28 20 23, 21

TS 1 g 8 8 10
Site &

™ 12 23 21 20

T2 5 9 7 7

TS 13 13 15 9 9

T4 g 10 M1 100 13

TS. 25 20 ' 30; 30

X2 test to determine whether there is a significant difference between

the soil depth of soils where Bellis ggrennis grows and those whers

Poa annua grows on the Top Track:

X2 = 140) flot)significant at 0.05 praobability level. 5
NV

Mann=Whitney U test to. determine whether there is a significant difference
between the depth of soils on and off the Jop Irack in areas where

Bellis perennis growss

4 = 50 Significant at 0.05 probability level..

Mann=Whitney U test to determine whether there is a significant difference
between the depth of soils on and off the Top Track im arsas where
Poa_annua growss

U = 57 Significant at 0.05 probability level {(1-tailed test)
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TABLE 15 ¢ RESULTS OF i(HE LABORAIORY SOIL EXPERIMENTS: AN
/
Contpol Bellis perennis Poa_annua Both weeds:

fleam pri Bad 6.3 6.4 Bet
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JABLE 16 s RESULTS OF THE SOIL ANALYSIS FROM _THE TWO SHEEP HOLLOWS

Soil Chargcteristics Grassland Heathland Droppings;
Hollow Hollow {mean values)

D 6 o6 645 54 B.6 767

miisture % 26 35 24 28.

organic. % 24 33 38 27

density (g/cm3) @17 2.19 0.27 0.26

field capacit»rgcmﬁ
of water/10Q@cm” of
s0il) 9.5 8.8 7.0 5.9

phasphate content

(mg/g dry uwt. of
so0il) «125 «080. « 194 «095 0.360

depth {cm) 5 7 6 8
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illustrated in the case of site 1. Limitations om dispersal are: also
no restriction on weed growth in the three sites because the change. in

weed species is very abrupt between grassland and heathland zogese.

The other soil characteristics which were studied (namely depth,m
compaction, field capacity and phosphate contemt) do not vary
significantly from areas of Bellis perennis; to those of Poa annua.
Therefore, the major edaphic controls on the distribution of Poa_annua
and Bellis perenmnis: seem to be pH, moisture and organie content. Faa
annua prefers damper and more humus—rich soils.. Its very abrupt
changes in. abundance along thesheep tracks suggest that the presence
of a particular nutrient may also be important for its survival, The
presente of Poa_ annua is correlated with a high percentage bare ground.
Fhisqis not so true for the other weeds but may be an additional
requirement for the successful establishment of Poa annua. Bellis
perennis is tolerant of the high pH and low organie eontent of the
dry calecareous; rendzina soils formed in areas where limestone ig at or
near the surface. However, Bellis perenniss will als grow in some of
the neathland zones to which Poa annua is confined. These soils: are very
variable in character, particularly in: p#, because some exposed
limestone areas will support a vegetation complex dominated by Lalluna

vulgaris (Mapping Unit. 4 Jones 1975).  TFherefore Bellis perennis

probably does not grow in a greater range of soil conditions than
Poa annua.
Ranunculus; repens and Saging procumbens are usually located in

the areas with Bellis persnnis; and are presumably tolierant. of the sams
so0il conditions.. Cerastium holosteoides and Jaraxacum officinale are

equally abundant in heathland and grassland zones which suggests a wide

range of soil tolerence.  However, in the case of Rgnunculls repens

and Cerastium. holosteoides the most important scil requirements are
probably fertile, organic and phosphate rich condi %Yons. This is
gemanstrated by the very high concentratioms of these: weeds in the two.
‘hollows which were studied inc-detail (1able 16)« The stoloniferous
habit of Ranuneulus repens also enables: the plant to spread quickly
over dun@patches even if it does not root in them. (Harper 1978).

One hollow was surrounded by grassland and had a fairly high. pH, the

other was in a heathland zone with lowsr pHe. However, both hollous
recorded very hign values for phosphate and humus contente. These are

‘probably the major controls on the distribution of the two weeds.. The
very high percentage cover: of Ragnunculus repens: and Cerasﬁium haolosteoides

£m these fertile hollows must limit the presence of other weeds - notably

Bellis perennis and Poa annua.

These grow aleng most sections of tie
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tryck where the extra-fertile conditions which enhance the growth of

Cerastium holosteaides and Ranunculus repens are not found.

Hoveland, Buchanan and tarris (1976) confirm the importance of
high phosphorus levels to the growth of gerastium holosteoides
{measured as dry herbage yield)e. Phosphorus deficiency was revealed by
stanting and red-purple coloration. They also suggest that weeds are
more sensitive to phosphorus than.potassium and other cationse Weeds
were also more tolerant of acid than very alkalinme conditions. Their
failure to survive on the sugar limestone soils of the Lowest Track

supports this view.. There was a wide variation in weed response to ths

pH. range 4.7 t0 6uFe. Cerastium holosteoides and Tara%%um'ofﬁiciale

were severely reduced in soils with the lowest pH. Howsver, this is

not applimble to the heathland soils of the Top Track where pH readings:
are generly greater than 5.0.. The lower values on site 3 do correspond

with a zone where Jaraxacum offliciale and Lerastium holosteocidgs are not

recorded.s..

At the permanent sites on the FJop Track soil conditions are
significantly difflerent on the path from those off the tracke. In most
cases there is a gradation of conditions associated with a decline in
weed abundance away trom the track. This discovery applies
irrespective of the weed species involved.. In both grassland and
heathland areas the percentage organic matter, phosphate content and
s0il density are all higher on the track itself and the soil depth is
lower.. These micro-edaphic contrasts are assumed to be the result of
sheep modification of the soil on the paths.. The sheep create the
tracks and they are the only major variable which has contrasting effects
on and off tie tracks. Vegetation difflerences cannot account for the

situation because all species with the exception .of Calluna vulqgaris and

[

the weeds themselves are equally abundant in both localities.
Laboratory experiments mentioned earlier have proved that neither Bellis

perennis nor Poa annua significantly alter the scil conditions.. Calluna

vulgaris does lower soil pH and cause shading of other plants so this

may be an additional explanation for the soil differences and weed
distributions in heathland sections of the track.. However, this factor
cannot account for the gradatiom of soil charactertistics. In contrast,
sheep interference declines away from the track and could explain the

trend in soil conditionse

On the path itself sheep trampling and erosion can explain increased
soil compactionwhich is also the cause of shallouer soils.. Droppings
can account for the increase in organic matter and phosphate.. Dung is
almost entirely confiﬁed to the tracks and immsdiately either side.

Some samples of sheeps' droppings were analysed in the same way as the
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soil (Table 16).. Extremely high percentage organic matter and phosphate
content were recorded. These will fertilise the soil as the droppings
decay.. Indeed, it is surprising that the phosphate content of soila
along the track, and particularly in. hollows where dung caoncentratians are
very high, is not much greater.. The low values cannot be accounted for by
the extractiocn technigue which is known to be efficient.. Some phosphate
may be locked in the soil in an.unavailable form but it is likely that most
is lost by leachinge. ‘ This idea was canfirmed by the last set of soil
samples which were collected after a period of heavy rain. They came from '
a variety of sites but all gave lower phosphate values than had besm
recorded previouslye.. A study by crisp (1966) at Moorhouse gives a
quantitative measure of the movements of phosphorus within the ecosystem.
e stresses that the mainm losses from the system are via peat erasien and
in solution. in stream water.. Widdybank Fell is a very similar environ-
ment and the same conditions probably hold true.,. The highep# on track
soils supporting Poa anpnua compared with the surrounding soils can also
be explained by the presence of sheeps! dung.. This gave pH values of
70 - B&0 when analysed in the laboratory. The values are very similar
to the pH recorded in the grassland soilse. therefore it is understand-
able that there is no pH: contrast between track and other sites in these
sections. the other soil measurements did not vary significantly on and
off the path.. These factors were moisture content and field capacitye.
They are not greatly modified by sheep trampling or fertilisation and

therefore cannot be a major control on weed distributions.

The importance of soil characteristics in determinimg weed colonis-
ation and survival is confirmed by greenhouse experiments. Bath gellis
perennis and Poa annua failed to survive using soil samples collected
away from the track.. It is inconeceivable that barriers to dispersal
limit weed distributions on such a small scale.. Furthermore, the shesp
paths and the Birkdale ijrack have been in existence throughout this
century and the Top Track was also used by miners to cross the fell
during the nineteenth century.. Therefore weeds have probably been
present for a long while particularly on the Top Tracke Migration off
this track under present conaitions, it is suggested; is complete.
However, spread toother tracks which are lsss well used may still be

occuring.

In conclusion, organic and phosphate enrichment of track soils may
have encouraged weed growth, Increased pH is also., important in areas of
acidic heathland. Soil compaction is correlated with the presence of
weeds. It is probably important because compaction is a measure of the
amount of trampling, erosion and sheep fertilisation on the track.

Sheep also bare the ground along the paths which enables weeds to
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colomise relatively fres. from competitiom. However, there is a
significant declime in the percentage bare groumd away from the irack.
JFhis implies that the availalility of sites for colonisatiom as well

as so0il characteristics may limit weed migration. 1f this is true then:
an: increase in sheep pressure or even continued use of the lamd at the
same stocking intensity could result in further erosion. ihis im turn

coula enhance weed spread. Cerastium holosteoides seems o he: an

gxception to this rule. It has spread further from the sheep tracks
than any other weed. and is also recorded for 20@m along the path to

the gas borehole where other weeds are absent. Both these sites are
notable for their %ﬁgk of bare ground.. iihe ahséhce_of bare ground aon
Sectiens 2 and 3 of/Summit. Track is probably am important reason for the
lack of weeds here.,. The soil conditions are mot significantly
different from those in Section 1 where weeds are abundant and the

groumd is eroded {Vables 17-23).

Work by Sjogren {(1370) on the Baltic island of 8land confirms this
view. the original stocking intensity om this limestome heathland was
less than 0.1 ewe/ha . The wvegetation had reached a balance with this
grazing intensity so that there was only a slight reduction im species
diversity.. However ini 1960 intensive:sheep. grazing at 1 ews/ha vas
imtroduced during, summer periods. Im practice the pressure was mugh
higher than this because the sheep concentrated in the areas of
Avenetum type herbacious vegetation. 20 - 50% of the grassland was
unpalatable. yamage by grazing and trampling was seuveree. Species
with weak roots were uprooted by the sheep e.g.: Yiola pumila,

Luzula eampestris, Veronica smicata. frchids were completely
destroyed and were extremely slow to recolonise. fFurthermore: manuring

induced competitiem from anthropocherous species: e.ge: Cirsium aruvense,

Paa anmua, Stellaria media, Urtica dicica, Capsella bursa-pastoris,
and Geranium robertianum. Trampling destroyed the moss: and lichen
layer resulting im severe erosion particularly where Festuga tussock
vegetation was domimant. 10@ years is suggested as the time
requirement for complete recolonisation of the bhare soil. The.
recommended. ewe pressure. is 0.35 ewe: + lambs/ha. But a dry summer
will enhance erosion and stocking levels meed to be reduced by 75%.
The situatiom is not as serious om Widdybank fFell altheugh stocking
levels are higher.. In: the permament transects no species recorded
off’ the track could not also be found on the tracke. However, direct
gbservationn of sheep and dung counts together with data from Coulson
(1978) indicate that local pressure in grassland sections cam be very

high (5 ewes/ha). This is true on the Lowest Track nekbly in areas
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WABLE 17 2  SUIL pH MEASURED ¢ROM THE SuMMIT SHEEP TRACK

Sectiom 1§ Section 2 Section 3
11 Bed 4.@ |
T2 Bed 39 45
T% el 422 4.3
T4 5«9 37 4.0
LE] 5 4.0 3.9

fann=whitney U test to. determine whether there is a significant
diffierence between: the pH of soils inm Section 1 where: weeds grow
and Sections 2 and 3 without weeds:

=0 Significant at 0,001 probability level (1-tailed test)

TABLE 18 ; SOIL MOISTURE % MEASURED FROM THE SUMMAIT SHEEP TRACK

Sectiom 1 Section 2 Segctiom 3
™ p/A Z6; 24
T2 23. 20. 19
T 34 25 28
T4 35 27 26
5 28 22 26

Mann=-Whitney U test to determine whether there is a significant
difflerence between the moisture % of soils in Section 1 where wseds
grow and Sections 2 and % without weedss

U=15  Not significant at 0,05 probability level..
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TABLE 19 ¢ SOIL ORGANIC % MEASURED FROM THE SUMMIT SHEEP TRACK

Section. 9 Section 2 Section: 3
™ 18 27 28
T2 15 23; 26
T3 22 34 26
T4 38 22 22
T5 23 23 25

Mann=-Whitney U test to determine whether there is a significant
diffference in the % organic matter. of soils im Sectiom 1 where
weeds grow and Sections 2 and % without weeds:

W= 30 Not significant at 0.05 probability level.

TABLE 20 : S0IL DENSITY (g/cm®) measured from the SUARLIT
SHEEP_TRALK

Section: 9 Section: 2. Sectiom 3
™ 0ie 30 G.19 Ou22Z
T2 026 G.18 0.19
T& 0.27 0.18 Q.17
T4 . 0419 0«20 ' 0.19
TS 0e27 0.18 0.19

Mann~Whitney U test to determine whether there is a significant
diffierence in the density of soils im Sectiom 1 where weeds grou
and Sections2 and 3 without weeds:

U = 2 Significant at 0.01 probability level (1-tailed test)
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 TABLE: 21 s SOIL FIELD CAPACLTY: (em® of water/400 cm3 of soil)

MEASUREU FROM THE SUMiIi SHEEP #RALK.

Sectiom 1 Section 2 gection 3
™ 5.9 111 10.1
T2 : &4 9.% 4.3
T3 9.6 .7 5.3
T4 Fe2 5.5 5.1
TS : Jed bed 70

Mamn=-Whitney U test to determinme whether there is a significamﬁ
difference in the field capacity of soils in Sectiocn 1 where
wesds grow and im Sections 2 and & without weeds:

U= 12 Not significamt at 0.05 probability level.

TABLE 22, « SOIL PHOSPHATE CONTENMT (mrq/g dry wt. of soil)
MEASURED FROM THE SUMMIT SHEEP TRALK.

Section 1 Sectionazz Sectiom 3
T o027 <311, 013
T2 0408 «044 «014
T3 «063 <036 ~020
T4 125 -041 020
T «028 +025 «315

Mamn-Whitney U test to determine whether there is a significant
diffrerence in the phosphate content of soils im Section 1 where
weeds grow and in.Sections 2 and 3 without uweedse.

W =8 gignificant at 0.05 probability level..
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TABLE 23 : SOIL DEPiH (cm) MEASURED FROM _THE SUMHIT SHEEP TRACK

Section. 1 Sectiom 2 Sectiom 3
T1 11 8 15
T2 8 13. 20
T3, 5 15 22
T4 KE 15 10
T5 6 10 12

Mann~Whitney U test to determine whether there is a significant
diffierence ini soil depth in Section 1 where weeds grow and in:

Sections 2 and 3 without weeds..

U =3 Significant at 0.01 probability level (1-tailed test)
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of rare plants near Nameless: Siker. Weeds are not a great threat here
but direct erosion and grazing is a very real danger to the rate plants.
These species are very susceptible to damage by grazing.. For

instance, a 5 year survey of genfians at Moor House, N. Penninss,

showed that flowering and fruiting are inhibited by sheep grazinge.

Therefore reproduction is limited (Rawes 1964)..

Soil samples taken from on and off the Lowest Track in areas of
rare plants were analysed as above (Tables 24 to 30). They showed no
significant differences im edaphic characteristics. The fact that
track soils are not greatly modified by the sheep helps to explain the
lack of weeds even on the path. Furthermore the so0il conditions ars
significantly different from. the grassland areas of the Top, Track where

Bellis perepnis qrows. This enforces the view that the soil imposes

limitations: on weed distributions. the Lowest Track receives less. use
than the top (rack - it has a low dung count.. As a result the sheep
have caused no major changes in soil conditions along the path. Indsed
they are a vital element in maintaining the ecosystem.. Sheep grazing
keeps productivity and competition at a low lewvel thus enabling a high
species diversity to persiste. Bellamy {1969) suggests that sheep
rather than climate may be the fundamental factor behind the existence
of the rare plant communitiese iihey have caused the comtemparary
stablisatiom of boundary complexes thus creating a unique vegetation.
However, a study by Shur-Bagdasaryam {(1974) in the steppe zone of
Armeria shaws that the reproductive capacity of plantss varies with the
degree of overgrazinge. As pressure increases seed yield and number of
shoots of perennial plants decreases.. Seed reproduction then accurs
mainly in annual weeds which dominate the habitat. There is obviously
a fine balance on Widdybank tell betwesn necessary grazing and damage:

by overgrazing..

Although the Lowest Track has not received much use by sheep it
has been worn sufficiently to poseess.- a large percentage of bare ground.
Compared with the other three tracks there is a large amount of bare
ground in. propertion to the number of weeds which have colonisede. Even
low stocking intensities can threaten the vegetation in such sensitive
areas on the sugar limestone (Plate 10). However, weeds are not the
problem despite the presence of sites available for colonisation and of
weeds nearby.. The main. limit to weed migration omto the Lowest Track
and then to the land either side would appear to be. unfavourable soil
conditions.. Urganic matter, moisture content and phosphate content are

very low and the pHi values are the highest recorded in the entire stddy

area.. Welch and Rawes {1969) compared the moisture content of tne
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TABLE 24 ¢ SOIL pi VALUES MEASURED FROM THE LOWEST SHEEP TRALK

———a—..

Site 1 Qg O,y Qg
T 7.3 7.3, 7.3
T2 75 72 7.5
T3 7.5 7.5 7.5
T4 7.0 7.7 7e3
TS 6.6 7.3 7.0

Site 2
71 7.2 74 7 o4
T2 7.3 7.5 73.
I3 7.6 7.5 7.5
T4 76 7.6 7.5
5 6e7 6.8 648

Mann=Whitney U test to determine whether there is a significant
difference between the pH on and off the Lowest Track in areas
where rare plants grouw:

¥ = 99 flot significant at 0405 probability level

X2 tgst to determine whether there is a significant difference:
between the pH: of s0il samples on the Louwest Track and on grassland
sections of the Top Track where Bellis perennig growss:

X2 = 13.07 Significamt at 0.001 probability level.
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[ABLE 25 3 SOIL MOISTURE % MEASURED rRUM JHE LUWEST SHEEP THACK

Site ¥ g Ay Qe
™ 40. 1% 18
T2 19 1a] 471
73 26 16 22.
T4 28 16 37
TS 20; 33 24

Site 2
T 16 9 20
T2 20 27 19
TS 10: 21 7
T4 . 21 9 22
& 35 35 N

fMann=Whitney U test: to determine whether there is a significant
difflerence between the moisture % of soils;s on and off the Lowest
Track in areas where rare plants groe:

U = 96 Not significant at 0.05 probability level.

X2 test to determine whether there is a significant difterence
between the moisture % of soil samples: on the Lowest. Track and
those on. grassland sectionss of the Top Track where fellis perennis
grows:

X2 = 5.47 Significamt at 0.05 probability leved
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TABLE 26 3  S0IiL UORGANIC % MEASURED rROim THE LOWEST SHEEP TRAUK

site 1. Qg Qg Qe
| 12 11 18
T2 11 12 11
T3 18 15 13
T4, 24 8 15
T5 20 19 21
site: 2.

T 20 7 g
T2 2.3 16 24
T3 12 18 4
T4 15 6. 14,
T 24 2% 27

Mlamm=whitney U test to. determine whether tnere is a: significant
difflerence in the organic % of soils om and off the Lowest Track
in areas where rare plants grow:

U= 197 ot significant at 0.05 probability lewvel.

X2 test to determine whether there is a significant difference
between organic % of soil samples on the Lowest Tragck and those
on the grassland sections of the Top irack where gellis perennis:
yrows:

X2 = 7.43 significant at 0.01 probability level..
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FABLE 27 : Sull O§ﬁ§ifﬂ’(g/cm;) HMEASURED FRum T#E LUWEST SHEEP

JRACK

site 1 Qg Qu Qe
1 , 0ie.31 035 D28
T2 0e.34. 0.29 @35
T3 0..31 0.26 031
T4 0.29 0.35 0.28
TS5 0..29 0.28 0..26
Site 2

i 0e24 032  0.23
T2 0..34 0.26 0.24
3 0436 0.18 0..36
T4 0.22 0.28 0..33.
T5. 0..25 0.25 0.26

flann-Whitney U test to determime whether there is a significant
difference im the density (compaction) of soils on ang off the
Lowest Track in areas where rare plants grow:

U = 86 Mot significant at 0,05 probability level.

X2 test to determine whether there is a significant difference in

the density (compaction) of soil samples on. the Lowest Track and

those on the grassland sections of the Top Track where Hellis perennis:
grouws:

'X2 = 3.80 Not significant at 0.05 probability level.
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UABLE 28 3
Site 1 Qg Ugu g
Ly 840 7.5 5.2
T2 11.3 11.0, 10.8
T3. 8.8 8.5 9.6
T4 16.8 8.+0. 9.4
TS 7.1 13.1 8.7
site 2
T 9.1 Be6 o3
T2 10.0 9.7 2.5
T3 1445 647 81
T4 7.9 7.6 8.7
T5. 845 101 13.5

Mann-wWhitney U test to: determine whether there is a significant
diffierence bestween the field capacity of soils an and off the
Lowest Track in areas where rare plants grouw:

U= 82 Not significant at 0.05 probabillity level

X2 test to determime whether there is a significant differemce in
the field capacity of soils on the Lowest Track and those on the

grassland sections of the Top ITrack where Bellis psgrennis grows:.

X2 = 1.82 flot significant at 0.05 probability levsl.
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TABLE 29 : SOIL PHOSPRATE CONTENT {mn/q dry. wte of soil)
MEASURED FROM_THE LOWEST, SHEEP TRACK
site 1 Qo Qqu Q1€
T .009 .006 .013
12 +015 +010 «017
T3 +005 .005 016
T4 .011 .009 .005
5 <007 <010 011
Site 2
T 001 <001 .006
T2 <004 004 .003
T3 004 004 009
T4 .003 .002 <004
75 .006 .010 004

flann-Bhitney U test to determine
difflerence between the phosphate

Lowest Track in aregs where rare

u = 97

X2 test to determine whether there is a significant difference in
the phosphate content of soils on the LowestSheep Track and those

on the grassland sections of the Top irack where Bellis perennis

growss

X2 = 64,30

Mot significant at 0.05

whetherrs there is a significant
content of soils on and off the

plants grows

probability level.

Significant at 0.05 probaghbility level.



-T9=

{ABLE 30 : SUIL DEPTH {(cm) MEASURED FROM THE LOWEST SHEEP TRALK

gite 1 Qg Qqu. AE
11 E) 13 16
T2 Y, 9 8
T3 15 18 15
T4 6 10. 9
T5 14 17 17

Site 2
1 2 10 3
T2 4 4 10
T& & 7 7
™ M 1 14
TS 10 15 5

Manm-Whitney U test to determine whether there is a significanmt
difference between the depth of soils on and off the Lowest
Tradk in areas where rare plants grows

U = 61 Significant at. 0.05 probability level (1-tailed test)

Xz test to determine whether there is a significant difference in
the depth of soils on the Lowest Jrackand those on grassland

sections of the Top Track where gellis perennis grows:

X% = 5.26 Significant at 0.05 probability level.



Plate 10 : Hollow eroded by sheep: in. am area of Sugar
mear the Louwest Sheep frack

Limestone:
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sugar limestone soils in areas with and without rare plants. The

former have values below 20% which restricts the species; diversity and
enables rare species: to survive relatively free from competitione. ihe
lack of moisture produces moisture tensions in most plants including
weedy species which are greater than the permanent wilting point during
SUMMBT.. The lack of vegetation cam in turn account for the low humuss
content and high phki of the soils which also discourages weed growthe
However, where moisture concentrates in hollows just above Red Sikéz

a great variety of weed species have colonised..

So0il samples were not taken from the sides of the Birkdale Track
in an effort to keep damage to a minimum especially where people walk.

However, the correlation between gellis perennis. in grassland areas

and Poa annua on heathland sections found along the sheep tracks is

again recorded.. This suggests that soil may once more be the common
factor linking these variables.. Furthermore the peak of Bellis;

perennis 1-2m from the road in section 1 conforms to the pattern found by
Streeter (1970) on chalk downland at Box Hill, Surreyg. tHe tested the
nutrient content of the soil at varying distances from the path. Levels
on and immediately either side were very low but there were peak
concentrations, especially of nitrogen, a short distance awaye He
argues that the natural vegetation is adapted to the general nutrient
poor conditions.,. Plants have low growth rates and inter-species
compatitiom is at a low leavel so that there is a high species diversitye.
However, where there is trampling and additiom of nutrients species with
a high rate of production and reproduction are at an. advantagse, e.ge
Taraxacum offiecingle and Plantago majaor. On the path itself pressure

is extreme resulting in erosiom and loss of nutrients., Here even used
species find it difficult to survive.. Ihis pattern probably also exists
along the Birkdale irack where human pressure is intense.. People tend
towalk along the roadside rather than am the track itself. This was
particularly true befor the road was tarrced im 1970 and was composed

of coarse gravel.

on the Birkdale lrack Sagina procumbens is more abundant im
heathland than grassland areas in contrast to its locatiom on the sheep
tracks.. This contirms the idea that the distribution of this weed and
also the other minor species are not so stringently controlled by soil
conditions.. The ground on either side of the @irkdale Track is well
trampled but fertilisation either by sheep or litter deposition does not
aﬁbear to be important.. Therefore soil conditions may fail to provide
an. explanation for the extent of weed migration as well. In this case,

it is suggested that disturbance of the ground may limit weed

distributions.. There 1is a significant decline in the percentage bare
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ground away from the road. It is suggested that a complete vegetation
mat inhibits the establishment and survival of weed species. AN
exception to this idea are the very calcareous sites near the
weteoroldgical Station.. Here a section. of turf 6 ft. x 3 ft. was
removed in 1962. The patch is now well colonised by limestone species
but no weeds have taken advantage of this area of bare ground. Barriers.
to migration are once again rejected as an explanation for the extent of
weed colonisation.. tegetative spread alone should allow the weed verge:

to be widened: if the physical conditions are favourable.

Theeffect of human disturbance is also shown by the track through
to gorehole 44 from the Birkdale Tracke.. The percentage bare ground at
either end is not very high now but must have been seversly eroded in
1966 Weeds are abundant in these areas. However, in the central
section where the path divides disturbance was much less severe anmd
weeds are almost completely absent.. furthermore they have not spread

into this area from either ende.
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CHARTER &4 -~ LONLLUSIONS
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There are a large number of weeds om Widdybank Felle However,

the problem is less serious than their abundance would suggest. The
weeds are not limited in their distribution by their inability to
disperse.. The main control seems to be the physical characteristics
of the area, nolbly so0il econditionse. The species studied finmd it
extremely diffigult to grow in the Sugar Limestone soils which support
many of the rare plant communities.. This is particularly true of

Poa annug which is a recent coloniser on the fells. It is very

unlikely that weeds amd rare plants willi:come into competitiom with
one another.. Hbwever, other communities particularly in the heathland
sections may be in danger if the weeds comtinue toincrease in

abundamce..

A more sericus problem at the moment seems to be the damage.
caused by trampling and srosion of the ground.. This situation requires
further investigation.. However, this initial study shows that the
sheep have created areas. of bare groumd along the track through the
sugar Limestone. Together with grazing, erosion may threaten the
populations; of species which are mot very abundamt. Sheep may causs
further alteratiom of rare plant communities by fertilising the ground
and thus altering soil conditionss. This does not seem to have accured
at the moment and may not become a probhlem if stocking densities remain
eonstant, However, an. increase in sheep pressure would certainly be a
very serious threat to the vegetation.. The Sugar Limestane grasslands
are one area which has very good grazing and the sheep tend to
congregate here im large numberse. The tracks are not very well
defined because the ssheep) wander about where the groumd is open.
NMevertheless the overall damage to these areas is greater tham in the

heathland sections-..

On:. the Birkdale Track weeds are more abundant tham along the sheep.
tracks. Furthermore they are increasing both in numbers and in species
variety. Most of the ground by the road does not comtain important.
rare plant commgnities" However, there 1s a small area just south of
Slapestone Sike~ where Moenwort is abundant and a stretch by the
fieteomlogical Station in which Gentians are very commgfi.. Both anm
increase in weeds and in the % bare ground must be stopped if these
communities are to be preserved.. It is ironical that the people who
come to sée these plants are also destroying them by disturbing the
ground., Viola riwiniang 1is already absent from most sectioms of the
verge.. Furthermore an increase of weeds along the@irkdale Track may

eventually introduce species which will be capable of growing in the:

y
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same habitats as the rate plants.

It is important to act now while the situatiom can still be saved.
This will invelve work both on the part of the local farmers and the

-Nature Conservancy.



APPENUIX A

Statistical tests on the distributiom of weeds:

Only nom—-parametric tests were used because the assumptions
involved in using parametric tests were not valid. The distribution
of weeds was studied statistically by calculating the chi=-squared

statistic..

Procedure far X2 tests
Formulate Hg amd H4. Decide upom the rejectiom level.
Jabulate the observed frequencies (0) and calculate the expected

firequencies (E)..
calculate X2 = (0 = EIZ
’ E
gbtaim the significance of the result from a' X2 probability table.

Hg is the null hypothesis that there is no significamt difference

between the distributiom of weed species.

Hq is the altermative hypothesis that there is a significant girflerence

between the distributiom of weed species..

In all cases the rejection level is o = @.05..
pDegress of freedom = (r - 1) {k = 1) where.r is number of rouws..

and. k is number of columns.

s
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X2 test to determine whether there is a significant difference in the

altundance of’ weeds along the 4 sheep tracks:

Poa annua:

Bellis peresnmis:

Rapumcylus repenss

Sagifma procumbens:

X% = 51.02 (df = 12)
Signifiicant at 0.Q0L probability level

% cover - jop > Summit > iiddle > Lowest fracks
X2 = 14.53 (df = 6)

Signifiicant at 0,05 probability level

% cover - jop. > piddle > Summit » Lowest Tracks

X2 = 16.61 (dt = 3)
gigniricant at 0.001! prebability level

Presence - Summit and Lowest > Top and iiiddle Iracks

X2 = 6.47 (dt = 3)
ot significant at 0.B05 probability level

Cerastium holosteoidessX? = 9.25 (df = 3)

jlaraxacum offficimales

Significant at 0.0S5 probakility leuel.

Presence - Summit » Top and rilddle » Lowest iracks

X2 = 14.89 {uf = 3)
Signifiicant at 0.01 probability level.

Presence — Top. > Middle and Summit >» Lowest Tracks:
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X2 test Lo determine whether there is a significant difference im
the abundance of weeds between grassland and heathland. sectioms of

the 4 sheep tracks:

Paa annua: X2 = BB.48 (df = 1)
Significant at 0.0@1 probability level

#resence - HWeathland 3 Grassland

Bellis persnmis: X2 = 58.66 (df = 1)
Significant at 0..007 probability level.

Presence: = Grassland )-H&athland

Ranunculus repens: xZ = 21.99 (df = 1)
Significant at 0.001 probability level

Presence - Grassland > tteathland

Sagina procumbens: X2 = 8.91 (df = 1)
Significant at 0..01 probability level

Preagsnce ~ Grassland > Hieathland

Cerastium holosteoides:X? = 0.54 (df = 1)
Not significant at 0.05 probability leuel

Iaraxacum officimale; X2 = 3.%6 {df = 1)
Mot significant at 0.05 probabrility level.

and ‘
X2 test to determine whether the presence of Poa annua , Calluma vulgaris

are negatively associated:

X2 = 4.01 (dff = 1)
Significant at 0.05 probability level.
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X2 test. to determime whether there is a significant decline in the
abundance of weeds along the Lowest Sheep Track away from the:

Birkdale Tracks

poa annua: X2 = 1.28 (df = 3)
Nod significant at 0.06 probability teste.

Bellis Perennis: x2 = 6.00: (df =-3)
Not significamt at (.05 probatility level.

X2 test to determine whether there is a significant decline in the
abundance of weeds along the tiiddle Sheep Track away from the
Birkdale Tracks:
Poa annua: X2 = 1.65 (df = 2)

Not significant at 0..05 probability leusl.
Bellis perenmis: XZ = 1.42 (df = 3)

Not significamt at 0..05 probability level
X2 test to determine whether there is a significant decline im the

abundance of weeds along the Top Sheep Track away from the 8irkdale

Tracks
Poa annua: X2 = 14.10. (df = 9)

Mot significant at 0.05 probability level.
Bellis perennis: X2 = 4.01 (df ==4)

Not significamt at 0.05 probability level.
Ranunculusrepens; X2 = 7.36 (df = 1)

Significamt at 0..01 probabkility level
Sagina procumbenss X? = 1646, (df = 2)

Significant at 0.01 probability level

Cerastium holosteoides: X2 = 4.46 (df

1)

Significant at 0.05 probability leveil..

Taraxacum officinales; X2 = 8.94 (df = 3)
Significant at 0.05 probability level

\ Increases in abundance away from the Birkdale

Track.

X2 test to determine whether there is a significant declime in the
abundance of weeds along the Summit Sheep Track away from the
Biirkdale Tracks
Poa annuas X
Not significant at 0.05 probability level
gellis perenmis: X2 = 0.40 (df = 1)
Not significamt at 0.05 probability level

2 = 1.62 (df = 3)



~89=

X? test to determine whether there is a significant decline. in the
abbundamce of weeds away from the opem section of the Summit Sheep

iracks

Poa_.annua: Upper path towards north X2 =:9.49 (df = &)
Significant at 0.05 probability lsvel
Lower path towards north X2 = 10.63 {(df = 3)
Significant at 0..05 probability lewel
Upper path towards south x% = 12.26 (df =2)
Significant at. 0..01 probability leuek
piiddle path towards south. X2 = 12.26 {df = 2)
Significant at 0.01 probability level
Lower path towards south X2 =~3m861(dﬁ =1)
Significant at 0.05 probability level

gellis perenmis:Upper path towards north X2 = 10.48 (df = 3)
Significant at 0.05 probability level
Lower path towards north X2 = 11.17 (df = 3)

Significant at. 0.05 probability level.
Upper path towards south X2 =:4.0Q (df = 1)
Significant at 0.05 probability level
viddle path towards south X2 = 9.30 (df =:1)
Significant at. 0.01 probabhility level
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X2 test to determime whether there is a significant difference in
the abundance of weeds along the old and new sectionss of the Birkdale
- Tracks
Poa annuas X2 == 2.57 (df = 2)
Not significamt at 0.05 probability level
Ranumculius repenss X2 = 12.60 vdf = 1)

Significamt at 0.0@91 probability level

flore abundant along the old section of track
Sagine procumbenss: X2 = 1.40 (df = 1)

ot sigifiicant at 0.05 probability lsuel
Cerastium helosteoides; X2 = 2.38 (df = 1)

Mot significamt at 0.05 probahility; level

X2 test to determine whether there is a significant difference in the

abundance of weeds on the 3 sections of the Birkdale jrack

X2 = 7.98. (df = 2)
Significant at 0..05 probability level

% cover = Sectiom 1 %» Sectiom 3 > Sectiom 2

X2 test to determine whether there is a gignifiicamt difference im

the spread of weeds from the 3 sections of the Birkdale irack
x2 = 13.40. (df = 2)
Significant at 0..01 probability level

figratiom - Sectiom 1 » Section 3. » Sectiom 2
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x2 test to determine whethier there is a significant differsnce im
-the spread of weeds on the west and east sides of the girkdale

Track (Sectiom 1)

X2.¢ 390 (df = 1)
Significanmt at 0.05 probability lewvel

X2 test to determine wnether the concentratiom of gellis perennis
is significantly greater 1m away from tne Birkdale jrack compared
with the immediate roadside (Section 1)

X2 = 6,00 (df = 2)

gignificant at 0.05 probabiliity level



APPENUIX B

Statistical tests associated with the migration of weeds

The chi-squared statistic is used to test the significance. of

the variables. (The method is described in Appendix A).

X2 test to determine whether there is a significant difflerence in
the amounmt of dung between. grassland and heathland sections of the

4 Sheep Jracks:

Lowest Traecks: X2 = 9.31 (df = 1)
gignificant at 0.01 probability level
Grassland ? hieathland

micdle Jracks X2 = 0.31 (df = 1)
#ot significanmt at 0.05 probability level

Tiop Track: X2 = 1.23 (of = 1)

ot significant at 0«05 probability level
Summit Track: - X2 = 3.67 (df = 1)

ot significant at 0.05 probability level

X2 test to determine whether there is a significant difference in

the amount of dung on. the 4 Sheep |racks:

x2 = 23.99 (df = 3)
Significant at 0.001 probability level

Dung count - Top and Summit > fMiddle and Lowest TFracks
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X2 test to determine whether there is a significant difference im
the number of sheep between grassland and heathland sectioms of
the 4 Sheep Tracks:

x2 = 1.39 (df = 1)

Not significamt at 0.05 probability level.

X2 test to determine whether there is a significant difference in

the number of sheep observed on the 4 Sheep Tracks:

)(2 = 49.72 (df = 3) S-osn'ng‘\an\- afF ©-00lI Prah«b’llil‘y level .

Number of sheep - Top and Summit > fitddle and Lowest Tracks.
Middle Summik

X2 test to determine whether there is a significant differemce in

the number of sheep moving north and south along the 4 Sheep Tracks:

X2 = 0.07 (df = 1)
ot significamt at 0.05 probability level
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X2 test to determine whether there is a significant differsnce in

the % bare ground on the 4 Sheep Tracks:

X2 = 66.87 (df = 12)
Significant at 0.001 probability level
% bare ground - Top > i#iddle » Lowest » Summit Tracks

X2 test to determine whether thera is a significant decline in the

% bare ground away from the Top Sheep irack:

X2 = 56451 (df = 6)

Signifiicant at 0.001 probability lewel

x2 test to determine whether there is a significant decline in the
% bare ground away from the Birkdale jrack..

X2 = 21%.60 (df = 24)
Signifiicant at 0.0@81 probability level.
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APPENDIX C

gtatistical tests on &he soil data:

gnce agaim non-parametriec tests were used.. These were the
chi-gqmﬂgakfest (see Appendix A for method) and thédmann—whitnax

U test..

Procedure for plann=Whitney, U-test:

For sample size mq § 20 and 9 € np < 20

Formulate Mg and Hq.. Decide upom the rejection. level.

Place all. the values in a single rank order, retaining the group
identity of each. Let one group be termed A and the other group. Be
Allot ranks to each of the values

Sum: the ranks af group A

Calculate U = nq N2 + 3y, (Rq + 1) — Rq (where mq is the numben in
group A; fp the number in group B and Rq the sum of the ranks: givem
to walues im mq)

petermine the significance of the result from a rann=Whitney U

probability table..

Hg is the mull hypothesis that there is. no significant difference

between. the soil samplses..

Hq 1s the alternative hypothesis that there is a significant gifference

between the soil samples..

In all cases the rsjection level ise¢ = 0.L.05
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