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1. INTRODUCTION

Hart Warren Dunes extend nerthwards aleng the Durham Ceast, from
within the Boreugh of Hartlepeel GR 499357 te an area immediately north
of the meuth of Crimden Beck in the Berough of Easingten GR L87370.
(See Map 1). |

The principal dune ridge known as Hart Warren exceeds 15 Metes in
height aleng part of its tetal length of 3 Kilemetres. The dunes are
believed to have been formed in a pregrading manner by aceretion of
effshore wind blewn sand particles, These are derived, to some extent,
from natural Magnesimn limestene outcreops which eoccur inland from the
coast,

The dunes have been formed on an underlying clay terrace which
became eroded-in Pest glacial times when the sea level was some 2L4M
higher than new (Smith, 1967).

It appears that a small harbour existed at the meuth of Crimdon
Dene in the C18th and the remains of a wooden sailing ship have been
found beneath wind blewn sand at GR 188368 (Hackett, 1975).

Since as early as 1906, part of the stabilised dunes have been used
as golf links (See Map 1) whilst the southern end of the site has ceme
under pressure from industrial development with the building of a
chemical plant for extracting Magnesium frem seawater in the late
ﬁ930's.

Alse at this end of the site some 2 acres of this unique Magnesian
limestone Dune ecosystem have been irretrievably lest by Lecal Autherity
landfill tipping. This practise was begun in 1968/69 between the main
dune ridge and the Hartlepeol - Sunderland railway embankment but was

subsequently discontinued in favour of a site to the south eof Hartlepeol.
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Human pressure en the fragile dune areas at the nerthern end of
the site has increased markedly since 1960, when a millien peund
Caravan and Heliday Park Develeopment was cempleted en land tg the north
of Crimden Dene,

In 1968, part of the dunes were declared a Site of Special Scientifie
Interest (see enclesed area on Map 1), Public access to the dunes,

however, is net restricted in any way.

The whole area is fleristieally rich, ever 300 species of vascular
plant having been recorded. These include species of extremely local

distribution netably Astragalus danicus and Orchis ustulata (Graham,

Gamon, and Sayers, 1971). In the case of Orchis ustulata, Hart Warren

represents one of only 14 nerthern sites of this predominantly Southern
species (Perring F. and Walters S., 1962)., It is alse the enly known
site in County Durham. The plant was first recorded in the area in

1797 by a Miss Wharten (Bellamy, 1974). However, it was net rediscevered
until 1969, quite clese to its eriginal lecation (See Appleyard in Graham
et A1 1971). The reason for the disappearance of this extremely lecal
species in the intervening years must remain a matter of speculatien.

Inula conyza has alse been found on the dunes north of Hartlepocel

(Hestop-Harrisen, 1956) and mere recently within the S.S.S.I beoundary at
Hart (Appleyard, 1972) thus representing the moest northerly location of
this species.

In the current phyteseciological study, the auther has recoerded
119 species ef vascular plants in 60 aufnahmen. The list included

Linaria repens , which was found grewing as scattered individuals in

partially fixed dunes immediately to the north of the meuth ef Crimden

Dene -~ a new recerd for the area.
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OBJECTIVES OF THIS STUDY

Te

2e

3.

L.

5.

A total phyteseciological survey and mapping of the plant communities
within the study area (See Map 2).
An associatien analysis of the phytesociological data obtained, to enable,
as far as possible, a classification of the vegetation in syntaxonemic
terms, to be obtained.
A field description of the plant ceommunities, in essentially phenomenological
terms: in an attempt te elucidate the moest probable pattern of successien
and give further information on certain interesting individual species,
Assessment of the validity eof the subjective interpretation of the
succession sequence and the existence of distinct plant communities
by reference tos=-
a) Biotic and abietic relationships - especially dune seil studies.
b) Patterns of species blocks obtained by association analysis of
phytosocielegical data.
c) At least one objective ordination statistical procedure - based
on fleristic data frem the main cemmunities recegnised in the
field,
Supplying the foundations for a suitable management strategy at Hart -
with especial reference to the preblems of dune eresien and coenservation

of Orchis ustulata.




2.

THE FLORISTIC SURVEY AND SYNTAXONOMY

A number of earlier surveys have been carried out, netably by
Doing (1969 unpublished data) using phytesociological metheds and by
Hackett (1975) using randem sampling. In additien, a Durham County
check list has been prepared for the whele area (Graham G.G. et Al 1971).
Hewever, ne total phyteseociological study has been carried out,

a) THE SURVEY METHOD

Essentially, the method chesen was the classical phyteseciolegical
technique of the Zurich - Mentpelier School (Braun - Blanquet 1928 and 196L).

The first step was therefore a preliminary reconnaiseance of the
survey area in an attempt to recognise, subjectively, apparently uniferm
stands of vegetation which could then be characterised as discrete plant
communities, Where pessible, stand uniformity was chosen in relation te
fleristic compesitien which is mest readily assessed at the preliminary
stage, in terms of the deminant species. Hewever it should be borne in
mind that the apparently uniform distributien of a deminant species may
lead to a false impression of total floristic hemogeneity (Gounot 1961).

The preliminary reconnaissance was carried out within the
boundaries of the survey area shoewn in Map 2, which alse indicates the
nature and extent of the main plant ceommunities that were subjectively

recognised in the field,
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These were found te beg=

DOMINANT SPECIES

Te FOREDUNE COMMUNITIES Agropyron junceiferme

Elymus arenarius

2 OPEN AMMOPHILETUM Ammophila arenaria

3. PARTIALLY FIXED DUNES Ammephila arenaria
Hypochaeris radicata

Lotus cerniculatus

L TRAMPLED AREAS Lolium perenne
Carex arenaria

Festuca rubra (arenaria)

5. FIXED DUNES Festuca rubra (arenaria)
Geranium sanguinaeum

Ammephila arenaria

6. * DUNE GRASSLAND Festuca rubra (arenaria)

(average height-20 cms.) Geranium sanguinaeum

DUNE GRASSLAND
(average height-40 cms.)

OPEN DUNE SCRUB

Festuca rubra (arenaria)
Geranium sanguinaeum

Arrhenatherum elatius

Rosa spinesissima

9. CLOSED DUNE SCRUB Ulex europeaus

Rubus fruticesa (agg)

10, DUNEMARSH AND STREAMSIDE Equisetum arvense

COMMUNITIES Phalaris arundinacea

#§tructural rather than floristic criteria were the main distinguishing
features between these communities.,

Having completed the preliminary mapping and reconnaissance the
next step was to determine the MINiMAL AREA for each commwnity. This is
an important concept in phytesocielogy and is mest readily defined as the
smallest area which provides sufficient envirenmental space for a specifie

community te develep its true species complement and structure,




Minimal area is most rapidly determined by pletting number of
species against quadrat area., Initially, a quadrat size is chosen smaller
than the minimal area and all the species listed within the plot. The
plot area is then increased (usually doubled) and any further species
noted. This procedure is repeated until subsequent plets give no significant
increase in species number. The region in which the curve begins to
flatten off is accepted amengst moest plant seciolegists as the minimal
area. This is the minimum gquadrat size necessary to describe the
community.

The minimal area curves for the ten communities listed abeve are
given in FIGURE 1.

Six sample plets were subjectively chesen from each cemmunity.
The size of each plet corresponded te the minimal area of the community
being studied. Each sample plot is generally termed a RELEVE (French)
or AUFNAHME (German) in the literature and constitutes a "picture" of
the stand of vegetatien which is being studied.

For each relevé a list of species was prepared together with
observation on certain vegetational and physiegraphic characteristics.

ie. % Vegetation Cover
Height of Stand

(E  Excellent
§VG Very Good

Plant Vigeur G Good
F Fair
P Poor

Angle and Direction ef Slepe
General Seil Type

The relevés selected in this study eccurred within a relatively
small area and were marked with small sticks. However, it is more usual
to quote the grid reference of the stand being studied. Other factors
(e.g. Grazing, parasites, regeneration) were recorded where necessary at

the bettom of the raw data sheeis.
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TABLE 1

1e FOREDUNE COMMUNITIES
Minimal Area 0,36 M° L. 3 4 2 6
Slope and Directien 2°ENE 5° SE 8° SE 2° E 5*E 12" SW ‘
Vegetation Cover % 20 25 75 85 90 80
Height of Stand —~ cms. 25 25 L5 5 15 35
Plant Vigour VG VG B VG G VG

1 Agroepyron Jjunceiferme 13 +3 +2 +2 33 23

2 Agre pyren repens +2

3 Armeria maritima 22 +2

L, Cirsium arvense 1M

5 Elymus arenarius +1 L3 +1 12 23

6 Honkenya pepleoides 23

T Sonchus arvensis +1

8 Tussilage farfara +1
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2. OPEN AMMOPHILETUM
Minimal Area 0,25 M° 7 8 9 , 10 1 12
Sleope and Direction 7° SE - 8° SW 3°SW 6°SW 10° sw
Vegetation Cover % 75 85 70 70 70 70
Height of Stand - cms, 55 Lo 30 30 50 80
Plant Vigeur G G G G B E

1 Achillea milefolium +1 +1

2 Agropyron junceiferme +2 +1 +1 +2

3 Ammephila arenaria 32 32 12 12 L3 L3

Ly Cerastium diffusum +1 +1

5 Eredium dunense +1

6 Hypochaeris radicéta +1 +1

7 Leonteden hispidus +2 12

8 Plantage lanceolata +1

9 Senecie jacobea +1

10 Senecio squalidus 11 12 +1

11 Senecie vulgaris +1

12 Senchus eleraceus +2

13 Taraxacum officinale +1

1L, Tripleurespermum maritimum +1 +2

15 Tussilage farfara +1 11 +1
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3. PARTIALLY FIXED DUNES

Minimal Area 0,25 M E L 17 18
Slepe and Directien 12°* NE 7°NE 1°SW 8°E 2* sWw 2°*s
Vegation Cover % 100 100 100 95 100 90
Height of Stand -~ cms. 30 Lo 30 25 25 35
Plant Vigour G G G VG VG G
Achillea milefolium +1 +1 +1
2 Agrepyron funceiforme +2
Agropyren pungens x funcei-
forme +2
I} Ammephila arenaris 12 12 12 +2 +2 22
5 Anacamptis pyramidalis +1 11 +1
6 Anthylis vulneraria 11
7 Bellis perennis +1 +1
8 Bryum erythrocarpum +2
9 Bryum pendulum 22
10 Camptethecium lutescens 13 +3 +2
11 Cardus nutans +1
12 Cerastium diffusum 12 +1 +1 +1
13 Cerastium semidecandrum +1 +1 +1
1L Dactylis glemerata +2 +1 +2 +1
15 Dactylorhiza fuchsii +1 +1
16 Elymus arenaria +1
17 Festuca nubra (arenaria ) +2 13
18 Helictotrichen pubescens +2
19 Heracleum sphendyllium +1 +1
20 Hypechaeris radicata +2 iR +2 +2 +2 12
21 Leontoden hispidus 12 +2 +1
22 Linaria repens +1
23 Lebtus carniculatus 33 13 13
2l; Ononis repens 22 +1
25 Plantago lanceolata +2 +1
26 Plantage maritima 12
27 Poa trivialis (attenuated form) +1
28 Poa subcaenulea +1 +1 +1 +1
29 Poa pratensis +2 +1
30 Rumex crispus +1
31 Senecie facebea +1 +1 +1
32 Senecioe squalidus +1
33 Senchus eleraceus +1
3l Taraxacum officinale +1 +1
35 Trifelium pratense +1 +1 +2 +1
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3. PARTIALLY FIXED DUNES (cent.)

Minimal Area 0,25 M2 13 k15 16 1T 18
Slope and Direction 12* NE 7" NE 1°SW 8°E 2°sWw 2* s
Vegetation Cover % 100 - 100 100 95 100 90
Height of Stand - cms, 30 Lo 30 25 25 35
Plant Vigour G G G VG VG G
36 Tussilage farfara +1 +1 +1 +1
37 Vieia satiea +1

The follewing species was observed in this eemmunity but did net eceur on any

of the relevés selected:~ Resa rugesa
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Lo TRAMPLED AREAS

Minimal Area 0,16 M° 55 56 , 5T , 58 , 59 , 60
Slepe and Direction 5® Sw 6°W 10° N 6*E 8" MW 8" N
Vegetation Cever % 60 50 85 95 90 90
Height of Stand - cms, 6 3 3 10 5 10
Plant Vigoeur G F F G F
1 Achillea milefolium +2
2 Agrepyren junceiferme x
repens +1 +1
3 Agropyren pungens Xx
Jjunceifeorme +2
li Ammophila arenaria 12 +2 12
5 Camptethecium lutescens +2 +2
6 Carex arenaria +2 +2 12 42
7 Cerastium semidecandrum +1
8 TFestuca ouina 23
9 Festuca rubra (arenaria) +2 23 13 +2
10 Galium verum +2
11 Geranium sanguinaeum +1 12 +2
12Elymus arenarius +1
13 Honkenya peploides 13
1l; Hypochaeris radicata 12
15 Lolium perrene +1 +2 13 +2 12
16 Lotus cernieulatus +2
17 Onenis repens +2 +1
18 Pimpinella saxifraga +2
19 Plantage lanceelata +2 +1
20 Potentilla anserina +1
21 Potentilla reptans 12 22
22 Poterium sanguiserba 12
23 Rosa spinosissima +1
2l Taraxacum laevigatum +1
25 Thalietrum minus +2
26 Tortula ruralifermis +2
27 Trifelium repens +1
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5. FIXED DUNES

Minimal Area 0,16 M° 19 2 , 2, 2, B,
Slope and Direction 2° B 1* SW 6° SW 3° SW L* NE 9° swW
Vegetation Cover % 100 100 100 100 100 100
Height eof Stand - cms, 30 Lo 30 17 30 30
Plant Vigeur VG vG G G G vG

1 Achillea milefolium +1 +2 +2 +1 +2 +1

2 Agropyren Jjunceiferme +1

3 Agrostis stelenifera +2

ly Ammephila arenaria +2 12 +2 12 12 12

5 Anacamptis pyramidalis +1

6 Astragalus danicus 12

7 Campanula reotundfelia +1 +1

8 Carex arenaria +1

9 Dactylis glemerata +2

10 Festuca rubra (arenaria) 33 23 +2 33 13 +3

11 Galium verum +1

12 Geranium sanguinaeum +2 12 " 11 +1 22

13 Helictetrichen pratense +1

1ly Helictotrichen pubescens +2 +2 +1 +2 +2

15 Hypochaeris radicata +1 +1

16 Lelium perenne +2

17 Lotus cerniculatus +1

18 Onenis repens +2 +2 12 +1 +2

19 Plantage lanceelata +1 +2 12

20 Poa subcaerulea +1 +1 +1 +1 +1

21 Poa pratensis +1 +1 +2

22 Pimpinella saxifraga +1 +1

23 Primla veris 22

2l; Resa spinesissima +2 +2 +1 +1 +1

25 Senecie jacobea +1

26 Taraxacum eofficinale +1

27 Thalictrum minus +1 +2 12 +2

28 Trifelium pratense +1

29 Trifelium repens +1 +1 +1

30 Trisétum flavescens +2

31 Vicia sativa +1 +1 +1 +2 +1 12

32 Viela hirta +1 +1
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6. DUNE GRASSLAND ("SHORT GRASS")

Minimal Area 0,36 M2 y 25 , 26 ) 27 ) 28 | 29 i 50
Slepe and Direction 7° N 3* W 11* N L*SE 8°NW 10° N
Vegetation Cover % 100 100 100 100 100 100
Height of Stand - cms. 20 20 20 20 6 20
Plant Vigeur vG VG VG VG G E
7 Achillea milefelium +1 +1
2 Agrestis stelenifera +2 12
3 Ammephila arenaria +2
L Anacamptis pyramidalis +1 +1 +1
5 Arrhenatherum elatius +2 +2
6 Bellis perennis +1
7 3Briza media +1 +1 +2
8 Carex caryophylla +2
9 Carex flacca +2
10 Centaura nigra +2
11 Cerastium diffusum +1 +1
12 Dactylis glemerata +2 +1 +2
13 Dactylerhiza fuchsii +1 +1
1L Equisetum arvense +1
15 Festuca evina +2
16 Festuea rubra (arenaria) 23 23 13 +2 23 +2
17 Galium verum +1 +2
18 Geranium sangunaeum 22 23 +2 12 +2 +2
19 Habaneria conoepsea +2
20 Helianthemum chamaecistus +2 +2
21 Helictotrichen pubescens +2
22 Holcus lanatus +2
23 Hypechaeris radicata +2
2l; Keelaria ecristata
(varalbescens) +2 +2 +1 +3
25 Leeontoden hispidus +2 +1
26 Linum cathartiecum +1
27 Listera evata +2
28 Lelium perenne +1
29 Letus corniculatus +2 +2 12 +1 +2
30 Luzula campestris +1 +2 +1 +1
31 Mnium undulatum +2
32 Orchis mascula +1
33 Orchis ustulata +1
3l; Plantage lanceoelata +2 +2 +1 +1 +2
35 Pea annua +1 +1

i
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6. DUNE GRASSIAND ("SHORT GRASS") (cent.)

Minimal Area 0,36 M° ) 25 i 26 21 ) 28 " 29 \ 30
Slope and Direction 7° N 3*° W 11* N L* SE 8° W 10° N
Vegetation Cover % 100 100 100 100 100 100
Height of Stand -~ cms,. 20 20 20 20 6 20
Plant Vigour VG VG vG VG G E
36 Pea subcaerulea +2
37 Polygala vulgaris +1
38 Peterium sanguisoerba +2 +2 +2
39 Primula veris +1 +1 +1
110 Ranuneulus bulbesus +2 +1 +1
1;1 Ranuneculus repens +1
L42 Rhinanthus miner +1
1,3 Resa spinosissima +2 +1
Ly Thalietrum minus +1 23
L5 Trisetum flavescens +1 +2 +2
L16 Trifelium pratense +2
L7 Trifelium repens +1 +1 +1
L8 Vicia sativa +1
+1

49 Viela hirta

The fellewing species were observed in this community but did not eccur in the

relevés selected.

TRAGOPOGON pratensis

VERONICA

chamaedrys
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7. DUNE GRASSLAND ("LONG GRASS")

Minimal Area 0,36 M / 31 f 52 i 2 J o4 I £ 1 36
Slepe and Direction 3*SE 7" NW 20°NE 20°NE 17° N 17° W
Vegetation Cover % 100 100 100 100 100 100
Height of Stand - cms. L5 10 30 50 35 55
Plant Vigoeur VG B VG VG VG G
1 Achillea milefelium +1 +2 +1
2 Agropyren junceiforme x ‘
repens +2 +1 +2 +1
3 Agropyren pungens X
Junceiferme +2 +1 +1 13
Ly Agropyren repens +1
5 Agrostis stolenifera +2 13
6 Angelica sylvestris 11
T Arrhenatherum elatius +2 13 23
8 Campanula retundifelia +1 +1
9 Carex flacca +2
10 Centaura nigra +2 +1
11 Centaura scabiosa +2
12 Centaurium erythraea +1
13 Cerastium diffusmm +1
1Ly Cirsium arvense +1 12
15 Dactylis glomerata +1 +2 +2 +2
16 Equisetum arvense +1 +1 +1 23
17 Festuca arundinacea +2 +2
18 Festuca rubra (var arenaria) 23 13 +3 23 13
19 Galium verum +1
20 Geranium sanguinaeum +1 +1 12 12 +1
21 Helictetrichen pubescens +3 +1
22 Heracleum sphendyllium +1
23 Helcus lanatus +2 +2 12
2}y Holcus mellis +2
25 Leentodon hispidus +2
26 Listera evata +2
27 Letus corniculatus +2
28 Onenis repens 12 12 +2
29 Pimpinella saxifraga +1 +1
30 Plantage lanceolata +2 +1 +1 +1
31 Poea pratensis +2
32 Potentilla reptans +2
33 Poterium sanguiserba +2
3l Primula veris +2
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7. DUNE GRASSLAND ("LONG"™ GRASS) (cent.)

Minimal Area 0436 M2 51 , 32 y 33 >4 ) 35 36
Slepe and Directien 3* SE 7° N 20° NE 20° NE 17° N  17° W
Vegetation Cover % 100 100 100 100 100 100
Height of Stand ~ cms. L5 Lo 30 50 35 55
Plant Vigour VG E VG VG VG G

35 Reseda lutea +1

36 Resa spinosissima +2 +2

37 Senecie jacebea +1 +2

38 Silene alba +2

39 Thalictrum minus +2

L0 Trifelium repens +1 +1

Iy1 Trisetum flavescens +2 +2

L2 Tussilago farfara +1

L3 Vicia sativa +1
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8. OPEN DUNE SCRUB

Minimal Area 0.L9 M2 3% + 38 v 39 1 40 4, 41 , 42
Slepe and Direction 1,° sSW 8°W 7°SW  L°SWw 10°W 9" SSW
Vegetation Coever % 90 95 90 100 100 90
Height of Stand - cms. 35 30 35 20 30 30
Plant Vigeur G VG G VG VG G
1 Achillea milefelium +1 +1 +1 +1
Agrepyren junceiferme +2
3 Agrepyren junceiferme x
repens +2
L, Agroepyron pungens x
junceifoerme +2 +2
5 Ammephila arenaria 12 +2 12 +2 12 +1
6 Arrhenatherum elatius +1
7 Bellis perennis +2
8 Campanula retundifelia +1
9 Carex arenaria +2 +2 +2 +2 +1
10 Cerastium diffusum +1 +1
11 Festuca evina +2
12 Pestuca rubra +1 13 13 23
13 Geranium sanguineum +2 +2 +1 12 +2 +1
1ly Helictetrichen pubescens +2 +2
15 Heracleum sphondyllium +1 +1
16 Hypochaeris radicata +1 +1 +1
17 Leonteden hispidus +1
18 Lotus corniculatus +2
19 Onenis repens +2 +1 +2 +2
20 Pimpinella saxifraga +1
21 Plantage lanceolata +1 +2 +1
22 Pea annua +1 +2 +1
23 Pea subcaerulea +2 +2 +2
2} Poa pratensis +1 +1
25 Poterium sanguiserba +1
26 Rosa spinosissima 33 33 33 22 23 33
27 Rosa sherardii +1
28 Rubus fruticesa (agg') +1
29 Sonchus eleraceus +1
30 Taraxacum laevigatum +1 +1 +1 +1
31 Taraxacum officinale +1 +1
32 Thalictrum minus 12 +2 +2 +2
33 Vicia sativa +1 +2 +1 +1 +1
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Cover Abundance and Seciability of the individual species within
a releve were estimated using the admittedly subjective but relatively
effective 1 te 5 scales of Braun - Blanquet (1928). In this study the
follewing scale divisions were found by the auther te be mest readily
applicable in the field.

Fer Cover Abundance

5 Tetal Cover 100%
ly Apprex Cover up to 80%
3 " Cover up te 60%
" Cover up te LO%
" Cover up te 20%

Small ameunts (ie<k 10% cover)

+ =

For Plant Seciability

In pure populatiens
Forming extensive carpets — except for isolated gaps
Patches or cusiisns - tending te form a netwerk

Scattered clumps

- N W U

Scattered individuals
b) RESULTS

The raw survey data for each of the releves studied in the ten
commmnities at Hart Warren are given in Table 1. A complete species list,
obtained from all 60 releves in the survey, is summarised in Appendix 1.

The raw fleristiec data from Table 1 were then rearranged(manually
in a new table with species names written down the left hand side in
decreasing eorder of abundance (See species oeccurrence figures in braeckets
in Appendix) and relevé numbers arranged herizentally acress the top of
the table.

The next step was te rearrange the releves horizontally and the
species vertically in an attempt to elucidate the presence of mutually
exclusive groups of species and obtain a classification (SHIMWELL 1971).
This technique of Braun - Blanquet ASSOCIATION ANALYSIS was initially
carried eut manually, and in terms of preducing the differentiating

tables, proved very time consuming. In the later stages, therefore,



use was made eof the electronic computer te preduce the final differentiated

tables.

In this casePreogram SHUFFLE was used which enabled a rapid print-
out, from the manual ordering of species - relevematrices to be ohtained.

In the operation of the computer the feollowing eptions were
used:-

i) PRESENCE This eptien autematically arranged the species dewn the
table in a decreasing order of abundance.

It provided a useful check on the species abundance sequence, which
as stated earlier, was initially performed manually.

ii)  DICTATE This enabled relevés frem a predetermined sequence te
be printed frem left te right acress the table. In the manual
ordering of the data it was decided to exclude relevés 35 and L9.
These rejected relevés therefore appear at the extreme right of
the final differentiated table (See Table in cover wallet of
binder). The option also enabled species to be printed out in a
pre~determined sequence 60wn the table. Any species with fewer
than 2 eccurrences were printed in cenjunctien with the “presence"
pption in a separate list at the bettom of the table.

iii) KUT This printing option was selected to enable spaces to
be inserted between groups of selected species,

The final differentiated species blocks are shown in Table fo’m

(SEE FRONT COVER WALLET ) |
¢) DISCUSSION OF PHYTOSOCIOLOGICAL ASPECTS AND SYNTAXONOMY

On the basis of the small amount of data available, it is
impossible te go inte detail on the syntaxonemy of the vegetatienal
groups as identified by computer aided seriting using the Zurich -

Montpelier methed,




The pieneer and foredune ecommunities are allied te the

AMMOPHILETUM and are netable, in this case, for the inclusien of a

number of "weed" species (viz Senecio squalidus, Tussilage farfara,

Sonchus oleraceus and Senecie vulgggis) suggesting seme degree of

disturbance of these areas of the site, probably largely due te human

pressure.,

SYNTAXONOMY s = CLASS

ALL

Charaeter species:-

The grassland communities

CLASS

ALL

and alse te CLASS

0
ALL

The character species for
Helictetrichen pubescens
Leontodon hispidus
Anacamptis pyramidalis
Primula veris
Koelaria cristata
Ranunculus bulbesus
Helianthemum chamaecistus

Anthylis vulneraria

AMMOPHILETEA (Vegetation of Embrye and

mobile dunes)

BLYMO - Ammophiletalia

Ammophilion borealis

Ammophila arenaria
Agropyson funceiforme
Taraxacum efficinale

Senecie vulgaris
are referable to

FESTUCO — BROMETEA (Vegetation of Calcareous
grasslands)

BROMETALIA erecti

Mesobremien

TRIFOLIO - GERANIETEA (Cemmunities, often

calciecolous of scrub/

grassland beundaries)

Origanetalia

Trifelien medii

beth alliances beings~
Geranium sanguinaeum
Thalictrum minus '
Pimpinella saxifraga
Viela hirta
Rosa spinesissima
Centaura nigra
Centaura scablesa

Helictetrichon pratense
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Alse there is an admixture of species typical of
i) the GALIO - KOELERION

CLASS SEDQ -~ SCLERANTHETEA (: Clesed herbaceous vegetation
ef Sand Dunes)

0 FESTUCO -— SEDETALIA

ALL GALIO - KOELERION

Vizs:~- Onenis repens Galium verum
Bypechaeris radicata Inzula campestris
Letus coerniculatus Taraxacum laevigatum

Camptethecium lutescens Bryum pendulum

Cerastium semidecandrum Tortula ruralifermis

and ii) CLASS MOLINIO — ARRHENATHERETEA (Vegetation of Meadows, Pastures
and adjacent feetpaths)

O ARRHENATHERETALIA

ALL ARRHENATHERION elatieris

ViZs~ Arrhenatherum elatius Prifelium pratense
Helcus lanatus Agrestis stelenifera
Trisetum flavesecens Anthexanthum ederatum
Alse iii) 0 TRIFOLIO -~ AGROSTIETALIA

ALL Agroepyro — RUMICION crispi

ViZz:- Agrepyren repens Lolium perenne

Potentilla reptané Rumex crispus
The nearest descriptions in the literature are thos of
TUXEN (1967) where he describes dunes frem an area of Seuth West Norway.
It would appear that the grasslands at Hart Warren Dunes, come clesest te
the asseciation GENTIANO - PIMPINELLETUM described by TGXEN, although
lacking certain of the character species described in his paper

VIiZ:- Draba ineana Rhytidium rugesum
Gentiana campestris ssp baltica
Gebhtiana amarella ssp uliginesa

Antennaria hibernica
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The dune system at Hart would correspond mest nearly te the
GALIO - litteralis -~ Geranietum ass nev ef TgXEN.

Much mere werk is needed, hewever, before the actual relatienships
of these areas ef vegetation can be fitted in with beth the extensive werk
on the continent of Europe and Shimwell!'s (1968) work on the magnesian
limesteone grassiands of County Durham,

This is true of the dune marsh community which displays a somewhat
heterogenous syntaxenemy.

ies CLASS ARTEMISIETA VULGARIS

0 ARTEMISIETALIA VULGARIS

ALL ANGECILION LITORALIS

VIZ. Atriplex hastata
Galium aparine

Agrostis stolonifera (var!' palustris)
Also an admixture of species typical of

CLASS PHRAGMITETEA

O NASTURTIO -~ GLYCERIETALIA

ALL GLYCERIO ~ SPARGANION

VIZ. Veronica becabunga

Iris pseudacorus

ALL APION NODIFLORT

VIZ. Nasturtium oefficinale

0 MAGNOCARICETALIA

ALL MAGNOCARICION *

Viz. Phalaris arundinacea
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PLANT SUCCESSION, AND DISCUSSION OF FLORISTIC RELATIONSHIPS

The vegetatien in an ecesystem is in dynamic equilibrium with its
envirenment. As such, it will tend te underge directienal changes in
time. This will inveolve a linked series of changes between the bietiec
and abietic compenents ef the ecosystem, brought about by sterage and
utilisatien of energy.

The Primary Preductien of an ecesystem tends te be in excess eof its
maintenance requirements,

ie., GROSS PHOTOSYNTHESIS > Greoss Respiratioen.

The ecesystem is, therefere, in positive energy balance. The excess energy

accumulates in the form of Standing Crep or Biomass. Up te 1% eof the 1°

preduction may be utilised by herbiﬁores. The remainder may die and
pass inte the decempeser chain.

A plant community nermally stabilises when seme limiting facter
results in an energy equilibrium being reached.
ie, GROSS PHOTOSYNTHESIS = Gress Respiratien.
This represents the Climax state of the ecosystem. The series of changes
(seral stages) between the Pieneer and Climax cemmunities censtitute
Successioene.

In mest natural ecesystems -~ macroclimate is the limiting facter

stabilising the climax cemmunity. Hewever, succession may not preceed
te the ultimate climatic e¢limax but become arrested at a sub-climax
stage.

This eccurs when some of the stered energy in the standing crep
becemes dissipated.

ege Burning ; Fire climax

Grazing R Grazing climax

OR where lecal water/sub-soil cenditions prevent establishment of the

6limax cemmunity eg. In Marsh cemmunities.
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a) DUNE SUCCESSION

Dune ecosystems have long been pepular for studying plant
succession as many of the cemplicating variables are absent, ie. The
initial substitute, dune sand, is censtant fer the area. Alseo,
macreclimate is the same and only a restricted range of flera and fauna
can colonise the foredunes. Therefore any differences between dunes
sheuld be due to time, successien, celenisation and dispersal. One
of the first classic centributions te eur knowledge ef plant succession
was made by Cowles (1899) whe worked on the sand-dune vegetation of
Lake Michigan.

In Britain, sand dunes are almest always cenfined te the coast.
Tansley (1939) reviews the early research carried oeut on British
ceastal dune ecosystems. From these studies, a distinct series of
communities characterising the DUNE SUCCESSION SEQUENCE (PSAMMOSERE),

can be recegnised.

VIZ. __~ DUNE GRASSLAND
FOREDUNES —s MOBILE —> FIXED DUNES = DUNE SCRUB
DUNES T DUNE HEATH
N
DUNE SLACKS
~
DUNE MARSH

At Hart, communities characterising all of the abeve successienal stages,

were recognised in the field - except for Dune Slacks and Dune Heath.

b) FIELD DESCRIPTION OF SUCCESSION AT HARTWARREN

The plant communities subjectively recegnised in the field and
their spatial distributien in the succession are shown in Map 2, The raw
survey data, frem each of the 10 cemmunities mapped, are cempiled in
Table 1. Seil analysis of samples frem these cemmunities are summarised

in Table 2. (Fer Description of Seil Analysis metheds, see Appendix II).

13
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4 i 1943 1.90 12.05 . 025
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S {922 40 4-36 018
2 7 19-07 4-42 6-95 0-10
amnornzLETum | 10 |9:45(9-29|0-21|1-2313-09| 112 34056 0-44l0-0
12 1965 . 13460 540 o013
BPA&TIALL\/ 13 19-00 413 4-02 0-12
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: 17 1940 I-25 432 ooy
4 56 18-85 2:29 1345 o-06
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5 19 {9415 497 5.05 0241
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24860 4-00 4.95 010
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FOREDUNE COMMUNITIES

These censist of Sea Couch Grass Censocies (Agropyretum juncei).

This cemmunity represents the pioneer stage in the psammesere at
Hart and is mest extensively developed at the North western end ef the

site. Here, almest pure stands of Agropyren junceiferme characterise

the commnity. This species can penetrate deep inte the substratum
by means ef its rhizemes and can withstand shert periods of
immersion in seawater (Tansley 1939). This acceunts for it ferming
the most seaward ef the cemmunities at Hart, as it is capable of
growing to the high-water mark of the Spring tides.

At the nerthern end of the site, Agrepyron junceiferme forms

an open sward of vigereous young plants appreximately 25 cms. in
height. The area celonised is~10 M x 65 M and censists of a
flattened plateau elevated~2 M above the gently sleping fereshere.
On the seaward side of this plateaun, eccasienal clumps ef
Ammephila eccur, with their subterranean rhizemes exposed eon the
near vertical dune face., This suggests that Agrepyroen is
stabilising freshly wind blown sand (er a badly eroded surface)
on a dune ridge foermerly built up by Ammephila. A long shere
drift of sand in a predeminantly seouth easterly direction is
alse suggested by a series of embrye dunes fermed seme 30 M seuth
of the main Agropyron censecies. Amengst these dunes, a number of other

asseciated species eccur viz. Cirsium arvense, Tussilage farfara

and Elymus arenarius, At one of these locatiens, the latter species

forms an almest pure stand and is capéble of building and stallising

low profile dune areas on the seaward side of the main Ammephiletum.

Due to sand quarrying, vehicles and trampling, a series of
blewouts have developed at the end of the tarmac read leading te
the beach (GR 487367). A small series of foredunes have resulted
on the seaward side and are being stabilised chiefly by

Honckenya peploides and Armerdia maritima.
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The latter species is interesting, being mere characteristic of
salt marshes and is relatively deep reoting. (YAPP 1917).

Agropyron junceiferme alse occurs on the mere nertherly

of the 2 offshore dunes. Here it is ce=~dominant with Elymus

arenarius. It also occurs in a narrew band to the east of the

meuth ef the small un-named stream shewn en Map 2.

The dune sand samples taken frem 3 widely separated relevg
sites are significantly calcareous (Mean Exchangeable Calcium
9.92 M Eg/100 gms £ 2,99). This suggests that the mineral
particles have largely been derived frem a calcereous parent reck
(Magnesian limestene)., However, the results eof the Magnesium analysis
are very low (Mean 0,22 M Eq/100 gms ha 0.,03) but these figures are

for exchangeable magnesiume. In the parent reck, this element weuld

largely be present in the combined form of nen-—exchangeable Mg 003,
se that a tetal Magnesium analysis would have, presumably given
higher values,

The pH values are extremely high (Mean 9.38 ¥ 0.10) which are
in keeping with the highly calcareous nature of the dune particles.
LOSS on ignitien values (Mean L.1h * 1,38) are considerably higher
than one might expect frem foredune samples. Ceoal dust particles
were visibly evident on the foreshere and their prebable presence
in the samples ceuld have oentributed te the high lesses. The
large standard error would suggest that the result sheould be
treated with some degree of cautien.

OPEN DUNE COMMUNITIES

These consisted of Marram Grass coensocies (Ammephiletum

arenariqg). Such a censocies, dominated by Ammephila arenaria

represents the second stage in succession at Hart and has resulted

in the building of the main dune ridges observed threugheut the site.
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Open Ammephiletum occurs as a series of dune crests and hellews

immediately to the landward side eof the Agropyretum juncei at the

northern end of the site. It alse eccurs as almest pum stands (with
significantly fewer "weed" species) on the 2 effshere dunes at
L,88366,

The dune heollews at the nerthern end of the site have been
badly ereded by human trampling and are significantly deveid of
vegetation. This renders them especially susceptible to wind
eresien,

Tansley (1939) summarises the vegetatien of dune "slacks"
(ie. Wet hollows between the dune ridges where the water table
appreaches the surface). Such communities.werevnet found at the
Hart site and are more characteristic of wetter sites on the
Western ceast of Britain., Annual precipitatien at Hart is
relatively low at £ 630 mms. (Smailes 1968).

The mebile Ammophila dunes at Hart are extremely open, being
cemposed of separate tufts with dry, leese sand between. At the
nerthern end of the site, these have been colonised by a number of

non-maritime "weed" species viz. Seneeie squalidus, Senecie jacebea,

Senecie vulgaris, Tussilage farfara, Senchus eleraceus and Hypochaeris

radicata. Calcareous cenditions were indicated by the frequency ef

Leenteodon hispidus.

Altheugh these species are frequent asseciates of the Ammephiletum

consecies, their relative luxuriance and (in some cases) high
abundance at the nerthern end of the site must act as a floristie
indication of excessive public pressure in this area.

Dune seil analysis from the open Ammephiletum (Mean pH 9.29 b4 0.21

Mean Calcium 6.3L M Egq/100 gms % 0.56) shew a slight fall, resulting
from loss of Calcium due to leaching. A gradual decline in these

values would be expected threugh the temperal successien sequence,
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(iii) PARTIALLY FIXED DUNES

These occur only at the nerthern end of the site (See Map 2).
Altheugh Ammephila is still the dominant species, they are
characterised by an almest clesed community showing far greater
species diversity than the Open Ammephiletum (see Table 1). The
thin humus created by decay of fermer celonisers in the

Ammoephiletum enables species capable of coensolidating the sand

surface te gain a hold. Festuca rubra (var arenaria) is significant

in this respect.and was found with good cover/seciability values
in seme relevéé. Other netable surface conselidaters were the
moss Camptethecium lutescens alse Lotus cemniculatus and Ononis

/4
repens. Both these species carry out nitrogen fixatien. The

glutineus, sticky prestrate shoots of the latter shouild assist
in celenisation by further species, as wind blewn fruits and seeds
may adhere and subsequently germinate,

This cemmunity was interesting in ether respects. Cardus nutans,

a calciecolous species was recerded and several perennating sheets

of Linaria repens were observed. Final cenfirmatien of this species

was provided when the plant reached the floweringvstage. A grass
which appeared te have a perennatingbulb at the base of the shoot

was alse feund. Altheugh this was first believed te be Pea bulbesa
(which weuld have censtituted a new nerthern record for this species),
subsequent detailed examinatien ef the infloresence, showed that it

wag, in fact, a somewhat attenuated form ef Pea trivialis. ©Such are

the joys of Betanical investigatioenl
The seil analysis shewed a decline in pH (Mean 9.07 X 0.,04) which
was to be expected from the successional sequence. (Loss en Ignitien

and Calcium values showed rather large standard errers).
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FIXED DUNES

The main area eccupied by this community is to the west of the
large blowout area (See Map 2). Iselated fragments of vegetation of
this type alse occur south of the tarmac read which leads te the
beach,

The community is characterised by tetal vegetation coever and

a decline in beth frequency and vigour of Ammephila, PFestuea rubra

(var arenaria) and Geranium sanguinaeum are the dominant species and

are largely respensible feor censelidation of the fixed dune

surfaces at Hart. Geranium sanguinaeum is a constant species threugh-

out the subsequent communities in the successien but dees net appear
te eccur in the Dune Marsh., This species occurs at a number of
locatiens aleng the coast, extending nerthwards frem Hart te
Northumbria and coastal areas of Eastern Scotland. (Perring and
Walters 1962). South of Hart, its east coast distributien appears
to be restricted to twe lecatiens immediately northwest of
Flambereugh Head. The factors influencing the distributien ef this
rather local species are net fully understood. The Hart site
appreximates te the Southern limit ef its range aleng the east

coast of Britain,

Astragalus danicus was ebserved occasienally in the fixed dune

vegetation. In a small segment immediately seuth of the tarmac
read, this lecal species was found te have a cever vdune > 20% in
one of the relevéé recorded., This species has been reported frem a
number of ceastal sites extending seuthwards frem Eastern Scetland
infe Nerthumbria and Coeunty Durham, It woeuld again appear te be
appreaching its Southern limit en the east ceast at Hart, although

it has been recorded frem the Wash (Perring and Walters 1972).
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A number of relatively constant asseciates were recerded in

this ceommunity, netably MAchillea milefolium, Helictetrichen pubescens,

Onenis repens, Pea subeaerulea, Resa spinesissima, Thalictrum minus

and Vicia sativa (ssp segetalis). The latter species is net native

and may have eriginally been introduced inte the vicinity as a
fodder crop.

Both soil pH (Mean 8.75 % 0.23) and Calcium (Mean 5.03 M Eq/
100 gms pd 0.05) show a declihe from the corresponding values
obtained in the partially fixed Ammephiletum. This can be
contributed to progressive less of Calcium (and other basic iens),
due te leaching by rainwater, from fhe older fixed dunes.

It weuld appear from the foregoing that the initial successioen

sequence of the psammesere at Hart, is linear.

VIiZ.
FOREDUNE OPEN PARTIALLY
—> —
and PIONEER AMMOPHILETUM FIXED
COMMUNITIES AMMOPHILETUM
(Agrepyretum juncei) \
FIXED DUNES

The decline in seil pH and Calcium values, from the pieneer stage,
are in accerdance with the abeve sequence.

The Ultimate Vegetation Climax in the succession frem fixed

dunes can shew a range of variation. Tansley (1939) recegnises

3 main types.

VIZs- Callunetum (Dune Heath), Dune Scrub and Dune Grassland.
Succession to woodland cemmunities does net eccur on fixed dunes
in Britain. This may be due to a low density of seed parents in
the vicinity of many dune sites. This seed dispersal preblem in
the estdlishment of dune woodland is cited by Tansley (1939).
Failure of seedlings to withstand vielent ceastal winds could also

be a contributery facter.
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Good (1935) describes a complete psammesere for Seuth Haven peninsula
Dorset, passing from open Ammoephiletum to Callunetum which he regarded as
the dune climax vegetation in that area. The auther visited this site in
the Summer of 197L and observed that drier areas of the Callunetum were
being colonised by Betula pendula which may thus represent a pioneer stage
in the succession from Heath to Woodland.

Callunetum will only develop where sufficient Calcium and other basic
iens have beceme leached from the dune seil to allew the establishment of

acidephilous species such as Calluna vulgaris and Exca cinerea.

Where the dunes are initially highly calcareous (as at Hart), it is
doubtful whether Callunetum could become established. It was significant
that, at Hart, the lowest mean pH value was > 8 = in the clesed scrub

community deminated by Ulex europeaus

OPEN SCRUB
This community was readily recognised at Hart by the dominance of

Rosa spinesissima, forming a dwarf scrub up te 35 cms. high, in areas

adjacent to the fixed dune communities (See Map 2).

As a community, the Rosa spinesissima associes was found to be semewhat

open, with a vegetation cover of 90-95% in most releves. This is rather
surprising, as it must represent a definite successional stage from the
closed fixed dune community. This is cenfirmed by the decline in pH
values (8.75 to 8.43) and Seil Calcium (5.03 to L.26 M Eq/100 gms.) when
both communities are compared. (These results can be taken as being
statistically significant as the standard errors are low).

Inspection of Map 2 in fact shews that Resa spinesissima scrub is

developed in areas adjacent to "blewouts" in the stabilising fixed dune

sward (See GR 487366 and ,,9136L). This suggests that Rosa spinesissima

shows most vigorous develepment in fixed dune communities inundated by
windblown sand originating from previeously stable dune areas, in which

"plowouts" have been formed.
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Altheugh fresh sand depesition in fixed dune areas, would appear
to eliminate relatively few species, it would seem that certain of
the fixed dune dominants shew a slight decline in vigour. Thus

Festuca rubra, Geranium sanguinaeum and Onenis repens show a decline

in cover/seciability ratings in the Resa scrub. (See Table 1).
Evidence for the disturbance/sand depésitien hypothesis in favouring
develepment of Resa scrub at Hart comes from:-

a) The spatial relatienship ef the Resa spinesissima and Fixed Dune

communities te blewout areas. Hence the spatial succession is an
indicater of the temperal succession.
ie.
FIXED DUNE“ — ;EPEN SCRUB
? "3 Blewn Sand
Trampli;g, Digging, etc.
b) The dectine in Loss on Ignitien value from l425% (Fixed Dunes)
to 3.19% (Dune Scrub) indicating fresh sand deposition.
c) The mere "open" nature of the Resa spinesissima community.
Soil depth prefile pH and leoss on ignitien ahalyses, invelving
samples frem 3 separate locations in the Resa scrub alse tend

to suppert the above hypothesis. (See Table 3).

CLOSED SCRUB

/
Apart frem one isolated releve, this community exhibited 100%
Vegetation Cever.
Twe distinct layers were recognised.

a) A shrub layer up te 60 cms. high - deminated by Ulex europeaus

and/or Rubus fruticosa.

b) A herb layer forming a mesaic between the shrubs, dominated

by Agrostis stelonifera, Geranium sanguinaeum and Festuca rubra.

Centaura nigra, Festuca arundinacea, Dactylis glemerata,

Arrhenatherum elatius and Plantage lanceolata were alse frequent

asseciates of this layer.
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‘The main area deminated by this cemmunity lies en a high dune
plateau immediately west of the stream at GRLB8365. It also extends
dewn the steep bank te the dune marsh community flanking the stream
on either side.

The plateau is elevated~20 M abeve the upper shore and except
in very high gales, must receive virtually ne blewn sand depesitien.
Soilianalysis showed a Mean pH of 8,08 (t 0.49) and a Mean Calcium
(vased enly on relevé; Ll and L5 from the high dune plateau) ef
0.53 M Eq/100 gms. suggesting that the plateau was the least
calcareous area surveyed,

Less on Ignition (Mean for relevés Ll and L5) was found teo be
6e99% - a signifiéant increase in humus centent frem that on the
fixed dunes (Mean L.25 + 0.43).

iThése results suggest that in the absence of bietic and
anthropogenic factors (grazing, trampling, cutting, etc.) the
Uleg[Rubug clogsed scrub cemmunity represents a climax stage in
the succession from fixed dunes at Hart. On the dune plateau,
the succession would appear te be aided, physiegraphically, by
its elevation above much ef the adjacent site. This ensures that
sand depositien frem "bloweuts" is minimal, which might account

for the infrequent eccurrence of Resa spinesissima scrub in this

area.

THE DUNE GRASSLAND COMMUNITIES

These form an almest entirely clesed vegetation cever over
large areas of the site, most netably the golf links and the
grassy valley immediately South of Crimden Beck.

Dune grassland is widely regarded as a bietic climax, brought
about by grazing pressure of livestock or rabbits. (Tahsley 1939).
Under such conditiens, woedy plants have little chance of

establishing themselves beyond the seedling stage.
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At Hart, it was difficult te ascertain the exact source of
herbivore pressure. Neither rabbits or their droppings were in
evidence and enly a single hare was sighted, hardly sufficient to
be a 'serious centributor te grazing pressure. Cattle and horses
were observed in the fields te the southwest of the small stream
but at ne time during the study were they seen feeding on the
Dune grassland. Thus the source of grazing pressure remains ebscure,
The mest likely contributory facter in maintaining the short dune
grassland in the valley South of Crimdon Beck, is prebably
anthropogenic, resulting from trampling pressure over a wide area.,

A number of new footpaths have become established in recent years,
(cf Maps 1 and 2) yet in spite of increasing pressures, some closed
scrub has become established along the base of the steep slope
leading te the high dune plateau referred te earlier.

To the east of the stream marked on Map 2, the gelf links
extend for some 1.5 Km along the ceast. The dune grassland here
is almost exclusively maintained by the anthropegenic factor,
ie. By an extensive mowing/cutting regime and by trampling pressure
of the golfers themselves. In exposed areas nearest the cliffs, a
low dune sward may also be partly maintained by the growth inhibiting
effect of high winds,

Twe main grassland communities were distinguished and mapped.
This was based on structural rather than marked fleristic differences.,

ie. a) "Shert" Grassland was found to comprise a relatively

homegendus sward up te 20 cms., high.

b) MLeng"Grassland exhibited more rank and tussocky grewth,

with stand heights up te 55 cms,
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Both communities were found to be, fleristically, the mest
diverse at the site. In species composition they shewed marked, although

net exclusive similarities., Festuca rubra was the deminant species

throughout both cemmunities. Geranium sanguinaeum was a significant

compenent of beth cemmunities, although it reached its fullest cover

and sociability in the shert grassland. Primula veris was alse quite

frequent in this community. Grasses such as Dactylis glomerata, and

Trisetum flavescens appeared to eccur with roughly equal frequency

in both communities., Holcus lanatus, Arrhenathenum elatius and

Agrostis stelenifera were mere frequent in the "iong" grassland,

Twe interssting hybrid grass forms were alse feund frequently in
this community. Beth forms were found te have sterile anthers and

after detailed examination were considered te be Agropyren junceifeorme

hybrids.,

Viz. a) Agropyron pungens x junceiforme - a robust hybrid ferm,

with prominent ribbing en the upper surface of the leaves,

b) Agrepyren junceiforme X repens - with far less preminent
ribbing and fine silky hairs en the upper surface of the
leaves.

Agrop&ron pungens has net been recerded further north than Teeside.

(Graham et al 1971).

Koelaria cristata (var albescens) and Briza media were found
only in the "shert" grassland., Both species are generally regarded
as good indicators of dry, calcareous pastures. This was berne oeut
by the seil analysis which showed a Mean pH of 8,32 (t 0.11) and a
Mean Calcium value of 5.38 M Eg/100 gms. (X 1.18) for the shert
grassland. The "long" grassland appeared to be somewhat less
calcareous (Mean Calcium 1,95 M Eq/100 gms. ¥ 1.2l)) Seil pH, hewever,
showed little difference (8.25 p 0.15)s Loess on Ignition values were

alse quite similar (See Table 2).




Physiographic differences between the 2 commnities woeuld alse
account for the lecal occurrence of moisture leving species, such as

Equisetum arvense and Angelica gylvestris, on the steep, north east

facing slope of the dune ridge to the west of the stream (See Map 2).
The dune grassland was also found to be the main site for at least

6 species of orchid., Listera eovata and Dactylerhiza fuchsii occurred

occagsionally in beth "long" and "shori" grassland cemmunities.

Habaneria conopsea was found on the steep dune slepe mentiened abeve,

Also, an interesting form, which appeared e be a hybrid between this

species and Dactylerhiza fuchsii. Unfortunately, it was picked at the

crucial flowering stage!l

Anacamptis pyramidalis was the most ubiquitous species in the

"short" grassland - its attractivepink flowery spikes being much in
evidence on the short dune sward of ?he golf links. This species
was also frequently recorded on the partially fixed dunes at the
northern end of the site,

Both Orchis mascula and Orchis ustulata were found in lecally

abundant societies on the golf links. The former species, with its
conspicuous reddish purple inflorescences, appears to suffer the
unfortunate depradatiens of picking - as some 10-15 discarded
flowering spikes were found lying on a nearby footpath. The much

rarer Orchis ustulata is far less conspicuous with its smaller brown

tipped inflorescences. The golfers, intent on their game, do net
constitute a serious threat to it. Excessive trampling is not a
problem, at present, as the main pathway used by the gelfers is
seme 3~L M froem the flowering site. In conversation, with the
golf course groundsman, the author was infermed that this small
area was never cut., Peresumably, the low sward here is maintained

by exposure of the northwest facing slepe (See Relevé’29 in Table 1).
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te onshere winds plus not excessive human trampling. In any event,

seme 15 flewering spikes of Orchis ustulata were observed in early

June 1976, which appears te have been a very good year for it.

Helianthemum chamaecistus was quite frequent here and is a

good indicater of moderately dry,calcareous seil conditions.

TRAMPLED AREAS

These were found running through all communities on the site,

although mest frequently dissecting and destroying the vegetation
cover of the mebile dunes at the Nerthern end of the site. Large
areas here consisted of bare sand, with eccasional stunted clumps

of Ammoghglg and Hypochaeris radicata, as testimeny te the degree

of trampling pressure.

Lelium perenne and Festuca rubra were found to be frequent

constituents of the paths on the dune grassland. The yellowed
culms of beth these species were adequate testimony of their
failure te survive the drought of Summer 1976,

Galium verum, Poterium sanguiserba, Achillea milefelium,

Potentilla reptans, Lotus cerniculatus and Plantage lanceoelata
showéd relatively good vigour under the harsh dreught/trampling
conditions. Anderson (1927), in studies on the water economy of

the chalk flera, has demonstrated that these species have relatively

deeply penetrating root systems. Geranium sanguinaeum and Thalictrum

minus alse appeared to be quite telerant of moderate trampling. It

was observed that G. sanguinaeum was a pieneer coloniser on bare sand

around the large blowout at GR [,91364. Hackett (1975) found that
recolonisatien of bare sand areas was very slow at Hart,.

Camptethecium lutescens and Tertula ruraliformis occurred in

localised societies of low cover value, on seme of the trampled
areas. Although mosses and lichens frequently play a significant
part in the consolidation of dune surfaces and the formation of

closed communities, such Grey Dunes (Tansley 1939) with a high cover
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of Bryophytes and lichens, de not eccur at Hart. Only 5 specéies
of Bryophyte were recorded during the survey, mainly growing en the
partially fixed dunes, although a detailed survey of this greup
weuld undoubtedly reveal far mere species.
DUNE| MARSH
This semewhat heteregenous cemmunity is te be feund at GR 488365,
where, in the passage of time, a stream has cut deeply through the
main: dune ridge. A dune marsh flera, compesed largely of nen-maritime
species, has develeped as a result of the waterlogged seil cenditiens.
The community at the mouth of the stream was found te be
extremely open and netable for the presence of salt telerant species

such - as Triglechin palastris and Atriplex hastata. Agrostis stgdonifera

(var palustris) appeared to be successfully colonising the muddy dune
flats in this area.

Fellewing the stream up the valley frem this point, a marked
zenatien was observed, starting with large tussecks ef Oenanthe

crecata and Juncus inflexus. The latter is a good indicater of

water seepage conditiens.,

‘Phalaris arundinacea formed a sizeable stand, with asseciates

of BEpilebium hirsutum, Lamium purpureum and Urtica dieica. Behind

this zene, Verenica decabunga, Rumex conglemeratus and Tussilage

farfara fleurished. Further up the valley, Nasturtium officinale,

Iris pseudacerus and once again, Phalaris arundinacea became the

deminant species. Equisetum arvense was a fairly censtant asseciate

throeugheut the whele cemmunity.
A further narrow strip of dune marsh has become established
just belew the bridge cressing Crimden Beck. This area will

tend te be periedically inundated by floedwater frem the beck,
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fellowing heavy rains. It was mest netable fer the presence of Symphytum

uplandicum, Carex hirta, and Cirsium arvense.

The soil at this marsh site (Releve h9) had a high level of exchangeable
calcium (25,27 MEq#100 gms.) and Magnesium (3.01 M Eq/100 gms.) when cempared
with samples from the other dune marsh area, or indeed the rest of the site.
(See Table 2). Hackett (1975) reports that the bed of Crimdon Beck liex on
Magnesium limestone for much of its length, which weuld account fer the highly
calcareous nature of the marsh soil.

SUMMARY OF THE MOST PROBABLE SUCCESSION SEQUENCE AT HART

Based on the field description of the vegetation and seil analysis within
the subjectively receognised plant communities - the most probable course of

the psammesere would appear to bes=
(sand accretion) — OPEN SCRUB (8.L43, L.26)

PARTIALLY
FOREDUNES —» OPEN ——y FIXED — , FIXED Z— "SHORT" GRASSLAND (8.32, 5.38)
(9.38, 9.92)  DUNES DUNES DUNES )
(9.29, 6.3L) (9.07, 6.26) (8.75, 5.03) "LONG" GRASSLAND
¢ \ / (8.25, 1.95)
DUNE MARSH CLOSED SCRUB
(8449, 16.31) (8,08, 1Jll)

(NB Figures in brackets denote mean Seil pH Values and exchangeable Calcium
M Eg/100 gms.)

The abéve scheme is supported by the Mean Soil pH and Calecium values which
show a gradual decline from the embrye dunes te the least calcareous closed
serub community. Loss on Ignition values were less consitent with the above
succession sequence but show a breoadly similar trend. (See Table 2).

Discussion

From the fixed dune stage in succession - 3 distincd vegetation climaxes

would appear to have developed,

Viz. (i) Open Scrub - deminated by Rosa spinosissima. Reference to map 2 shows

that this community is mest pronounced in areas of fixed dune mest liable te

sand accretion from nearby badly eroded areas of stabilised dunes.




Ammeophila arenaria was a constant compenent of the Rosa associes. Both

species showed goed vigour which is te be expected in areas of rapid sand

accretion. The pattern of vegetative growth of R. spinesissima is such that

it woeuld be expected te survive relatively rapid sand accretien, which many
herbaceous species would find intelerant.

Following a period of high winds in September 1976, it was observéd that
the Rosa scrub adjacent to the large blowout (See Map 2) had been covered with
a sand deposit te a depth of 5-10 cms., whereas dune grassland areas of the
site were relatively unaffected. It would be interesting to moniter the
recovery rate of Rosa in this area and alse attempt teo measure the annual
rate of sand accretion in the main climax communities develeped at Hart.

(ii) DinecGrasslang - This would appear to be a sub~climax community

maintained largely by the anthropegenic factor (See earlier field description
of this community)

The "shori" grassland community is significantly calcareous and would
appear to be developed in areas subject to (not excessive) public pressure.
The less calcareous nature of the "long" grassland suggests that it is
formed on older dune surfaces less subject to public pressure. Relaxation
of the latter woﬁld appear to be a significant factor in the formation of
closed scrub. Incipient closed scrub formation can mest readily be ebserved
at 187366 (Map 2). This is consistent with the view that the "leng" grassland
ig a transitional stage in the formation of the closed scrub climax.

(iii) Closed Scrub - dominatéd by the Ulex europeaus/Rubus fruticesa

associes, This community would appear to represent the landward limit of
the fixed dune succession at Hart (See Map 2.

The community would appear to represent a climax in beth the spatial
and temporal succession, being developed on the least calcareous dunes of

those studied —‘suggesting that they may be amongst the oldest at the site.
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It is interesting te speculate, whether Rosa spinesissima scrub weuld

eventually succeed to Ulex/Rubus scrub, if denied the presence of accreting
wind blown sand partiecles. However, there is no direct evidence to suggest
that this has happened at Hart.

Beth the Dune Marsh and Trampled Area communities can be regarded as
adjuncts te thé main succession seqguence. The Dune Marsh probably originated
by the small stream (See Map 2) cutting down through the main dune ridge when
it was at a relatively mobile stage.

Trampled Areas can be regafided as plagieclimax situations which can, in

practise, arise from any of the communities studied = should the deflecting
factor (ie. trampling) be eof sufficient pressure and duration.

SO0IL DEPTH PRO?ILE STUDIES

Due to lack of time, soil depth prefiles and subsequent analysis were
carried out in only twe of the main communities. For details of the sampling
method - see Appendix II.

Results of soil depth prefile analysis at 3 widely separated releve sites

within each community, are summarised below.

TABLE pH and Less on Ignitien Vaylues
COMMUNTTY OPEN DUNE SCRUB
ANALYSIS? SOIL pH Loss on Ignitien %
RELEVE "
SOIL NO.
DEPTH — 37 38 L2 Mean Sm 37 38 L2 Mean Sm
cmS.
0-5 7,50 8.01 7.90 7.77 0.22 7.57 L.Bo 2.39 L.88 0.7L
10=-15 8460 770 8,88 8439 0,41 1410 3422 1,72 2401 0.68

20-25 ‘ 8495 9415 8.90 9.00 0,09 2.4 1.09 1.36 1.63 0.L8
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TABLE 3 (cent.) pH and Loss on Ignitien Values
COMMUNITY | “SHORT" DUNE GRASSLAND
ANALYSIS SOIL pH Less on Ignition %
RELEVE ‘ | | | |
o - N« 25 29 30 Mean Sm 25 29 30 lMean Sm
CIS o ‘
0-5 8.50 7.0 7.09 7.76 0.26 9.33 9.5, 8.%6 9.01 0.50
10-15 751 8,00 7659 7.70 0.18 3.85 6.37 Le32 Le75 0.78
20=-25 8.60 8492 7.50 8.34 0450 3.99 2.57 L.93 3.83 0.74

NB Samples marked * were relatively dark in celour, due to humus formation,
Thus a dark band of humus at 20-25 cms. depth in releve 25 prebably marks a peried
of temporary st@bility and relatively marked humus accummulation. No such dark
stalning bands ﬁere evident in the deeper soil layers of the Open Scrub. pH
values increase more rapidly with depth in this community. It is significant
alse that less on ignitien values decline more rapidly with depth than in the
grassland community.

Such a pattern of results tends to support the view that the Rosa scrub
develops under conditions of continuing wind blown sand accreti@n_rather than
from periods of previous temporary stability.

Further woik is ebviously needed, with fuller depth profile studies,
involving the other communities as well, before this hypothesis can be
confirmed or rejected with any degree of certainty.

Further depth profile studies might also assist in establishing the
approximate ageé of the stable dunes at Hart. It is interesting to nete that
Wilsen (1960) recorded 13% Organic matter in the surface soils of dunes
estimated to be 300 years eold at South Haven Peninsula, Dorset (cf Dune
Grassland Analyses in Table 3). Admittedly, this is frem an area with
significantly higher annual temperatures but markedly similar annual

precipitation te the Hart site.
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e) PHYTOSOCIOLOGICAL ASSESSMENT OF THE SUCCESSION SEQUENCE

Using the techniquex of vegetation mapping and field description the mest
prebably successien sequence has been described in Tansleyan terms. The
pattern of this succession shows goed agreement with the seil analysis data
obtained. The next step must be an assessment ef the validity of the
succession sequence in phytosocielogical terms.

This is net a task which can be elucidated in a cemprehensive manner
at this stage. It has already been pointed out in the discussion en
syntaxonomy of the vegetation groups (See 2 (c¢) page 8) at Hart, that far
more work is needed before the exact relationships (especially at the asseciation
and sub-asseciation level) can be fully elucidated,

Reference to the final differentialed table obtained (See envelope inside
front cover of binder) shows that a number of distinct species blocks or
sub=-units have been obtained. It would be wreng to infer that these constitute
distinet associdtions (or sub-associations) until more data is available frem
other geographical locations.

The broad syntaxonomy ef the vegetatienal alliances has already been
described (See Section 2 (c)). The alliance character species are indicated
on the differentiated table. From these data a broad successional pattern
is indicated which corresponds quite clesely to that already described in
Tansleyan terms.

The pioneer communities are characterised by the Ammophilion borealis

alliance, This is represented in species block 1 by a character species of

the Alliance - notably Agrepyren junceiferme. This plant, in fact, was the

dominant species of the foredunes.




Ammophila arenaria is the dominant character species of the alliance,

occurring in Bleck 2, -~ as does Taraxacum officinale. The synaxonomy shows

that this bleck invelves a confluence of character species of several alliances.

Viz. (1) GALIO ~ KOELERION

Characterised bys- Ononis repens,
Hypochaeris radicata,

Lotus corniculatus.
These species play a major role in the celenisation and stabilisation of the
mobile dune surface.,

(ii) TRIFOLION MEDII AND MESOBROMION

Characterised bys- Leontodon hispidus,
Anacamptis pyramidalis,

Helictotrichon pubescens,
These species are typical of calcareous grasslands = but beth Leenteden and

Anacamptis occurred frequently on the partially fixed dunes. Helictotrichen

was more characteristic of the fixed dune and grassland communities.

(iii) ARRHENATHERION Elatioris

Characterised bys- Dactylis glomerata,

Trifolium pratense,
Both these species eccurred relatively frequently in the areas showing
transition frem open to fixed dunes., Although both species are characteristie
of neutral grasslands - they can, in fact, celenise a range of rudereal
habitats = including footpaths and roadside verges. Disturbance, as a factor,

is indicated by the occurrence of "weed" species - notably Tussilage farfara,

Senecie jacobea and Sonchus oleraceus.

Bleck 3 is characterised by further species of the GALIO - KOELERION

VIZ Camptethecium lutescens and Cerastium semidecandrum which continue the

process of dune surface conselidatien. On the more open dues, the "weed"

species Senecie sgualidus eccurs, as well as the maritime Tripleurespermum

maritimum,.
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Block L is characterised by a number of Alliances,

Viz. (i) Trifolion medii and Mesobromion

Characterised by:~- Geranium sanguinaeum
Thalictrum minus
Pimpinella saxifraga

Viela hirta

These are calcareous grassland species. Geranium sanguinaseum is the dominant

species of the Trifelion medii grassland at Hart,

(ii) Arrhenatherion elatieris

Characterised bys:- Arrhenatherum elatius

Holcus lanatus

These species occur mere frequently in the less calcareous "long" grassland.

(iii) Agropyre — Rumicien crispi

Characterised bys— Lolium perenne

Petentilla reptans
The presence ef beth these species indicate disturbance, as a result of
trampling pressure, in the grassland communities,
Bleck 5 consists of:=

(1) Differentials of Primula variant of Trifolion medii (and Mesebromioen)

Viz,. Primula veris,
Keelaria cristate,
Ranunculus bulbesus,

Helianthemum chamaecistus,
With the exception ef R. bulbosus all the above species occurred in releve 29

which was notewerthy for the presence of Orchis ustulata. This plant is

regarded as a good Mesebremion character species in continental Eurepe

(Shimwell 1971).

Orchis ustulata has a distribution througheut central Eurepe as far Nerth

as southern Sweden and southwards te the nerthern regions of the Mediterranean.
To the east it eccurs in the Caucasus as far as western Siberia (Summerhayes 1951).
In Britain, it has a markedly southern distributiop,being of extremely local

occurrence and rare in the north (Perring and Walters 1962).
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Summerhayes (1951) reports it as occurring on the chalklands of the south
and also on the Oolitic and ether Jurassic limestoenes of the Midlands and
southern England., In the north it has been reported frem Cumbria, Durham and
Yorkshire.~ chiefly on the magnesian limestene.

The Hart site is believed to censtitute the only record of this specieg in
County Durham (1 of only 1L northern locations) and approximates to its nerth-
eastern limit in Britain,

The site data fer this species, at Hart, are summarised belows:-

Slope and Directiont 8° N.We.

Height of Stands 6 cms,

Seil pH: 7.60 (5 cms.) 8,00 (15 cms.) 8.92 (25 cms.)
Exchangeable Calciums 107 M Eq/100 gms.

Exchangeable Magnesiums 0.14 M Eq/100 gms.

Seil Texture: Fine and sandy, dry

Annual Rainfalls < 630 mms,

Orchis ustulata has a low stature (usually up te 10~15 cms.) and occurs

mainly on dry, calcareous grasslands where it does net have to compete with
tall growing herbs (Summerhayes 1951). These conditions occur at the Hart site.
The short mesobromion grassland sward is maintained partly by trampling (though
this is relatively minimal) and partly by exposure of the dry nerth west facing
slope to the growth inhibiting effects of the wind,

The soil analysis indicate calcareous conditions but Orchis ustulata is

absent from the Magnesian limestone grasslands inland frem this coastal area.
The main reason for its restriction to this narrow coastal region of County

Durham appears to be Climatic,
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Map 3 shews the main sites of Orchis ustulata in the nerth east - in

relation to the mean January/July isetherms., The Hart site lies just within
the boundary ef the 15°C July isetherm and the narrow coastal strip lies within
the limit of the 3.9°C January isetherm. All present distributions of 0. ustulata
can be seen te be within these isethermal boundaries. Thus temperature appears
to be the main facter in limiting the north-eastern distribution ef O, ustulata.
Summerhayes (1951) reports that the seedling of this species develops as a
cylindrical subterranean rhizome during the first year of its life., Subsequent
growth eccurs for a period up to 15 years; a new herizontal segment developing
on the rhizome each growing seasen. During this peried food is provided by
a mycorrhizal fungus association with the rhizeme. Usually after 10-15 years the
first leafy shoot develeps bearing three foliage leaves. Flowers are not
nermally produced before the plant is 13 years old and the first tuber is
formed after the appearance of the leafy shoot.
Although it has net been demonstrated, low temperatures could inhibit
one of the above developmental stages of this interesting little plant.

The Galio —~ Koelerion alliance is characterised in bleck 5 by Galium

verum and Luzula campestris,.

Bleck 6 can be regarded as consisting mainly of differentials of Resa

variant of TriF6lién medii (and mesebromien).

ViZ. Resa spinesissima and Centaura nigra. As referred to earlier, the

Resa scrub is believed te be formed under conditions of centinuing inundation
by wind blewn sand.

Block 7 ceuld be regarded as a differential of Anthexanthum variant

of Arrhenatherion elatioris.? Characterised by Anthexanthum ederatum which is

present in the herb layer beneath a closed scrub cemmnity deminated by Ulex

eurepeaus.

Block 8 contains Rumex crispus, a character species of the Agropyre -

rumicion, although Equisetum arvense, appears &ominant througheout, This

species thrives especially en damp seils and is a constituent of the dune

marsh community.
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Bleoek 9 appears to shew a confluence of several alliances

Viz, i) ANGELICION LITORALIS:-~ Galium aparine,

Atriplex hastate.

ii) MAGNOCARICION:~ Phalaris arundinaces

iii)  APION NODIFLORI:- Nasturtium officinale

iv) GLYCERIO ~— SPARGANION:~ Veronica becabunga

Bloeck 9 is syntaxoenomically somewhat heteregenous.
By reference to the sytaxonomy and the final differentiated table, it
is possible to construct a scheme of the broad seral relationships in

phytosociological terms.

VIiZ.
ROSA VARTANT
(Sand Acéretisz///;f
AVMMOPHILION GALIO - TRIFOLION PRIMULA
—e ——
BOREALIS KOELERION MEDII - T VARIANT
' (and MESOBROMION)
)
Waterlogging DISTURBANCE ARRHENATHERION
‘ l ELATTIORIS
‘ 4
Dune’ Marsh AGROPYRO - RUMICION
Alliances CRISPI ANTHOXANTHUM (ULEX?)
(see abeve) VARTANT

This pattern is breadly similar to the succession sequence already
described in subjective terms,

OBJECTIVE ORDINATION OF FLORISTIC DATA

Floristic data have been used to described the mest probable succession
(psammosere) at Hart in subjective terms (See page 28). This sequence tends to
be confirmed by both seil analysis and phytesociological methods.

The final step must therefore be to attempt an objective assessment of the
succession sequence using statistical metheds based on floristic criteria
(ie. presence and absence of species).

Por this study, two statistical techniques have been employed. The first
is the ordination technique of Kulczyinski (1949) based en floristic ce~efficients

of similarity between the 10 communities described at Hart. The second method




was a modification (Newsome and Dix 1968) of the ordination technique developed
by Bray and Curtis (1957).

(i) KULCZYINSKI ORDINATION

This procedure relies on calculation of the Index of Similarity (IS)
between twe communities,

This was defined by Sorensen (19&8) as

I.8. = 2e
a+b
Where a = Number of Species in first ecemmunity
b = Number of Species in secend community
¢ = Number of Species common to both communities

Imdices of gimilarity between the communities at Hart were calculated

using the formula
2¢ x 100

I.5« =
a+b

The results are summarised in Table L. This matrix of ceefficients was then
rearranged to give the best pattern with the highest I.S. values towards the
centre,

The rearranged matrix is sheﬁn in Table 5. Greatest similarities occur
between communities 3, L, 5, 8, 6 and 9 (especially 5, 7, 8 and 9). The most
dissimilar communities are 2 and 10, 1 and 10 and 2 and 1. The trampled areas
(4) show greatest similarity to the fixed dunes (5) and open scrub (8).

The pattern of I.S. values in Table 5 tends to confirm the subjective model of

the succession.

Via.
OPEN SCRUB

(W

FOREDUNES -—> OPEN DUNES — PARTIALLY —3  FIXED —~ SHORT GRASSLAND

(17) (46) FIXED DUNES ()3 DUNES (o), b (57)
| LONG GRASSLAND

¥ (69)

55
(55— CLOSED SCRUB

NB Figures in brackets refer to I.S. values between communities.
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Although the results in Table 5 cannot claim to be a complete analysis = it
would appear that both the communities recognised in the field and the succession
outlined above, ceonstitute ecelegically meaningful entities,

(ii) CURTIS ORDINATION

The traditional ordination procedures of Bray and Curtis (1957) select
reference stands that represent the end points of known environmental gradients.
The method adopted here, however, is that described by Newsome and Dix (1968)
which attempts to select reference stands without bias towards any known gradient.

This method is essentially a modification of one employed by Beals (1960),
in which the first reference stand on the X axis, is selected as one with a low
sum of similarity indices (‘( I.8.). It is assumed that this represents an
end point of floristic variatien within the overall community being sampled.
The second reference stand is then chosen as one having a high dissimilarity
index (I.D.) to the first 6ne. The second stand is thus assumed to represent
the opposite extreme of the floristic gradient.

Dissimilarity indices were calculated from the data given in Table l,
using the formula

IDe = 100 = I.8.

Table 6 shows reference communities A and B which were selected from the
X axis.

The dA values show the dissimilarity (ID) of a given community to community
A, whereas dB values show the dissimilarity of a given community to cemmunity B.
The x values denote the position eof a community aleng the X axis., These were
calculated using the fermula

< = L+ (dA)2 - (dB)2

2L

(where L = ID between communities A and B)
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TABLE 6 SUMMARY OF DATA USED IN ORDINATION OF

VEGETATION COMMUNITIES - HART WARREN (for explanation see text)

oWWMWW%%mMm 1 2 unmszw>mmea HMUHawm Hw 9 10 $ID XIS dA dB x  e° dA' aB! y
A 1 83 87 89 95 100 88 95 84 88 809 91 0 100 0 O 88 83 5Sk.2
B! 2 17 Sy 81 70 81 79 62 72 95 677 223 83 81 51.6 U222 95 0 95.1

w 3 13 46 66 51 62 62 L6 6L, 90 582 318 87 62 68,6 2860 90 5L 75.9

m L 11 19 34 L7 68 57 L1 65 100 614 286 89 68 66,5 3501 100 81 67,2

B 5 530 b9 53 N\ b6 37 38 LS 9 526 37 95 46 Bk 1077 97 70 72,5

B m 6 0 19 38 32 &5 L3 54 T4 89 617 283 100 O 100 0 89 81 56.8
S 7 21 21 38 43 63 57 N\_ L7 31 85 529 371 88 L3 79.5 1428 85 79 5L.9

m 8 5 38 54 59 62 L6 53 L6 100 529 371 95 54 80.5 2538 100 62 ThL.1

9 16 28 36 35 55 26 69 5L 85 566 334, 84 74 62,2 LoL9 85 72 60,2

At 0 12 5 10 0 3 11 15 0 829 71 88 89 L9.1 5332 0 95 L9




A measure of the fit of a community to the axis is given by e.
e2 values were calculated for each community using the themem of Pythageores
(See figure 3).
ie. e = (dA)2 - ¥

These values were used to compute the second (Y) axis.
Viz, Community A' was selected as that with the greatest e2 value on the
X axis and community B' was selected as that having the greatest ID to A',
(See Table 6).

dA' values shew ID of a community to AY

dB! values show ID of a community to B!

y values were caleulated from
12 4+ (aar)? - (aB')?
2L

y:

(where L = ID between A' and B')

There were no conditions for the third (Z) axis which was not computed.

Figure 2 shows the final erdination of the ten plant communities based
on the corresponding x and y value plots frem Table 6.

In effect, the ordination has distributed the communities (stands) in
space in such a way that intercommunity distances are inversely proportional
to floristic similarities between community pairs,

Based selely on floristic similarities - feur distinct groupings are
shown by the ordination. Soil pH and Calcium have been correlated with these

groupings on the floristiec gradient - altheugh the mest likely parameter

segregating commmity 10 (viz. Soil Moisture!) was not measured., The groupings,

in fact, show good agreement with the floristic similarity pattern obtained

by the Kulczyinski ordination. (See Table 5)

L0
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Ficure 2 ORDINATION OF VECETATION CoMMUNITIES —HART LWARREN
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A correlation of the groupings with the known syntaxonomy of the vegetation

at Hart is summarised belowsz—

POSSIBLE
COMMUNITY FIELD DESCRIPTION ALLIANCES ASSOCIATIONS
(after Bixen 1967)
1 Foredunes g
Ammophilien
2 Open Ammephiletum borealis
3 Partially Fixed Dunes) Trifelion medii Gentiano -
) Pimpinelletum?
L Trampled Areas Mesobromion
5 Fixed Dunes
)
6 Short Grassland ) Galio - Koelerion Galio =
7 Long Grassland littoralis -~
Arrhenatherion
8 Open Scrub elatioris Geranietum
)
9 Clesed Scrub ) Agropyre - Rumicion ass Nev? (THxen)
crispi
10 Dune Marsh Glycerio - Sparganion

Apion -~ Nedifleri
Magnecaricion

Angelicion litoralis

In conclusion, both erdinatien precedures utilised, would appear to effer a

meaningful objective assessment of the validity of the plant communities, as

distinet floristic units, within the overall successional pattern which was

observed in the field,

L1
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o CONSERVATION OF HART WARREN DUNES - SOME MANAGEMENT RECOMMENDATIONS

a) VALUE OF THE SITE

From a Censervation viewpoint, the greatest importance must be attached
to certain floristic components of the site., That the Mesobremien grasslands of
the Hart site represent the most probable North Eastern limit of the predeminantly

Seuthern Orchis ustulata, due to a fortuitous cembination of climatic, edaphic

and anthropegenic circumstanceglhas already been discussed in the previeus
sectien., In addition, a number of eother plant species of semewhat restricted
distributien woeuld appear te be approaching their Nerthern limit at Hart.

These include Inula conyza (Appleyard P 1972), Cardus nutans (Bellamy 1970)

and Agrimenia ederata (Graham et al 1971).

By contrast the extremely lecal Astragalus danicus weuld appear te be

appreaching its Seuthern ceastal limit at Hart (Perring and Walters 1962).
Coastal records beceme increasingly infrequent further Seuth. This is alse

true for Geranium sanguinaeum which forms the dominant character species ef

the Trifolien medii alliance at the Hart site., Twe alien species are alse

worthy of note :- Vicia sativa ssp segetalis which eccurs frequently threougheout

the Trifelion medii and Mesobromimn grassland cemmunities and the large flowered

Resa rugosa which appears to be spreading vegetatively in the epen Ammepheletum

at the Nerthern end of the site. The auther has alse recorded Linaria repens

and Graham et Al (1971) cites the extremely rare Petentilla tabernaementani as

eccurring in small mats en fixed dunes at Hart.

The relatively small area enclosed by the S.S.S.I (See Map 1) displays
considerable fleristic diversity. Hackett (1975) lists 102 vascular plant
species. In the present phytesecielegical study, the author, werking in a
slightly larger area (See Map 2) recorded 119 species in 60 aufnahmen. Map 2
alse shews the 10 main Plant Communities recognised by the auther in the field.
Each of these will provide a suppertive series of ecelogical niches for the

diverse animal communities at the site. The 2 main wetland areas of Dune Marsh




shown en Map 2 are a mest desireable feature which should be maintained ~ previding
a valuable refuge for animal species intelerant of the dry arid cenditions ef
the main dune ecesystem.

The animal communities at Hart have not been extensivély studied., Virtually
nething is knewn of the invertebrates. Hackett(1975) lists 6 species of mollusc

obtained during half an hour's cellecting. He lists Hygromia hispida as the

deminant species which he repoerts as being very variable and pessibly including
several subspecies. During the floristic survey the author observed Burnet Meths

(Zygaena sp) feeding in clusters on the inflorescences of Centaura nigra and

colonies of a small unidentified spider en the rolled leaves of Ammephila

arenaria.

Hackett (1975) reports Meadow pipit (Anthus pratensis) as the bird species
most commonly associated with the dunes., He alse records that Hedge Sparrew

(Prunella medularis) and Skylark (Alanda arvensis) were seen frequently. During

the survey, the auther observed two pairs of Reéd Buntings (Emberiza schoeniclus).

Twe nests were also found. One was situated in a thick clump of Ammephila at
the northern end of the site which is subject to greatest public pressure.
It was here that one pair successfully raised a broed of four chicks. The

other nest was situated in the Resa spinesissima scrub at the southern end of

the site. Here the parents were less fortunate, only 1 fledgling surviving
from an initial clutch of L eggs. These observations fully illustrate the value

of beth the Open Ammophiletum and Resa spinosissima scrub as nesting cover.

Conservational management must attempt to maintain these communities.

The auther observed both Mole (Talpa europaea) and Hare (Lepus capensis)

but no rabbits or their dreppings were seen. This is interesting, as in the
absence of these ®pportunist herbivores, ene would expect the succession to
Dune Scrub te have proceeded over larger areas than is, in fact, shown by
Map 2. Presumably the dune grassland at (GR 4,86366) is being maintained by
human trampling pressure. At the southern end of the site the grassland is
more exposed. Nearest the cliff, the sward is probably maintained te some

extent by trampling pressure - altheugh a major facter may pessibly be
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exposure to enshere winds - preducing the physielegical effect of stunted grewth
ferms in many species. On the golf links themselves ~ the intensive management
necessary for such an amenity would serve to maintain the grassland sward in its
present cenditien,

The site has censiderable educational poetential as a study area fer students
6f envirenmental sciences. However, because of the essentially fragile nature
of dune ecesystems it should be berne in mind that large parties (ie. > 10
students) centinually visiting such a relatively small area offered by the site,
could further accelerate the relatively serious eresian problems already created
by excessive public pressure. The value of the dune binding grass Ammephila
arenaria is net always fully appreciated. Sheuld this vegetation cever be
destroyed by excessive trampling er burning, then the subsequent wind erosien
can rapidly lead te a large "blowout" with many tens of sand carried away over
the surrounding land. The mest fragile dunes occur at the nerthern end of the
gite which is subject to greatest public pressure. It is here that a number of
new "blowouts" have developed in recent years. (See Map 2). At the southern end
of the site, natural eresien is the major preblem. Valuable amenity land ferming
part of the golf links could seon be irretrievably lest unless remedial
measures are taken.

In shert - Hart Warren Dunes comprises a site of beth censideiable
Scientific and Amenity value and is werthy of serious Censervation Committment.
It would be unfertunate te allew the character of this unique Magnesian
Limestone Dune ecesystem te be destreyed by ill coenceived or laissez-~faire
management methods.

b) CONSERVATION PROBLEMS

The following acceunt describes the main preblems observed by the
auther during fieldwork carried out at Hart Dunes between May and July 1976.

Reference is also made te previeous weork carried out by Hackett (1975).
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The problems described are such that if allowed to continue unchecked, can
only result in a deterieration of beth amenity value and wildlife potential eof
such a site. The report condudes with some future management suggestions for
the site in an attenpt to minimise these problems,

(i) Natural Eresien

Observatiens at the site show that the greatest natural eresien is eccurring
aleng the seaward facing slepe of the principal dune ridge at GR 489-91/365. (See
Map 2). The map clearly shows the present course of Crimdon Beck, which during
the last 60 years has gradually meved in a seuth easterly direction from the
outflow pesition shewn by Ordnance Survey maps prier te 1920, The North Sea
coastal currents flew predeminantly southwards in this area and it is mest
probable that long shere drift of sand has resulted in the gradual mevement of
the river mouth te eccupy its present position. Surface water flow down
Crimden Beck is far mere intermittent than formerly, due to the decline in
activity of local ceal washeries. This has probably been a contributery factor
in accelerating the seuthward movement of the river mouth in recent times, as
any sanl accretion from the northern side would only be flushed away after heavy
rainse, Present surface flow is therefore more intermittent than formerly but
appears to be the causative facter in the undercutting of the principal dune
ridge with subsequent less of sand and vegetation te the open sea.

At any time large rafts of stable dune vegetation can be observed aleng
the eroded nerthern face of the dune ridge. These rafts gradually sink dewnwards
under gravity, where they beceme disintegrated by the scouring action of the
river at the base.

Hackett (1975) measured the site of natural eresien aleng the dune face,
using metal markers placed 30 metres apart in a straight line. By reference to
fixed peints and repeated measurements, he estimated that approximately 28l square

metres of land were eroded between March 1973 and February 197L. He concluded that

the greatest erosion was occurring en the highest part of the ridge and that this

was likely to centinue indefinitely until a large part of the stable dune had been

irretrievably loste.
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(ii) Man Induced Eresion

This is alse a majer preblem at the site resulting from a) Trampling
Pressure b) Sand Quarrying.

Trampling Pressure This is a problem which has increased markedly in recent

years. With the develepment of the Crimden Park Heliday Centre and the
proximity of the site te the industrial cennurbations ef Sunderland and
Hartlepoels, this form of pressure must inevitably centinue. The most
popular area for visiters would appear to be the dunes immediately teo the
south east of the Holiday Centre. (See Map 2) =tegether with some overspill
on the newly formed dunes at GR ;j88366. Unfortunately, these are the most
fragile areas ef the whole ecoesystem and already large itrampled areas,
relatively deveid of vegetation and tending te form bloweuts have develeped
(See GRLB6368) and (487366/67). Most public pressure cemes during the relatively
short, warm, dry holiday season which, of course, corresponds te the maximum
growth period of the dune binding plants!

The author observed that the trampled paths between the partially fixed
dunes, at the North West end of the site censisted largely of bare sand. Only

stunted clumps of Ammophila arenaria and the flattened resettes of Hypochaeris radicata

appeared to be relatively trample resistant. By contrast, the trampled paths in

the Mesobroemion and Trifolien medii dune asslands shewed less severe eresion.
gr

The survey was carried out during the hot, dry Summer of 1976 and it was neticed

that species with relatively high Cever/Seciability values, such as Leolium perenne

and Festuca rubra, had been unable te survive the dreught. However, Geranium

sanguinaeum, Potentilla reptans, Plantage lanceelata, Gplium verum, Poterium

sanguisorba and Thalictrum minus proved te be relatively trample/drought

resistant.

Hackett (1975) reperts that Galium verum, Achillea milefelium, Onenis repens

and Festuca ovina were the pieneer celonists of an area of bare sand resulting from

illcut turf remeval in the dune grassland. Recolonisation however was very slew.
Between 1969 and 1975 enly 50% plant cever had develeped ever the eriginal denuded

area of ~ 2 square metres,
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Sand Quarrying At the highest point of the main dune ridge, a large bloweut

has been created as a result of sand quarrying activities at GR 491365 (See Map 2).
The author observed sand being dug manually frem this area for use en adjacent
golf course bunkers. Because of the (net insurmountable) problems of sand
transpertation frem the lower shere, it weuld appear that sand has been quarried
from the blewout for many years - for use on the golf coeurse,

The cumulative effect is that a large sand crater has formed in a ence
stable dune ridge. The northern face has a slope of ~ 30° to the horizental
and is exposed to the full force of the onshore winds. No estimate has yet
been made of the annual mevement of sand, as a result of wind erosion, from this
area but it must be the major centributery facter whichhas led te numerous
complaints regarding excessive deposition of windblewn sand en the greens and
fairways of the golf ceurse.

The author has alse observed sand bags being filled by military persennel
with material dug frem fixed dunes at GRLB87366. Whilst this may not be an extensive
practise, it can enly hasten the deterioration of the site by further aggravating
the eresien preblem.

(iii) Litter

Litter is net only visually effensive hut in the ferm of breken glass,
rusting cans and aluminium "pull" rings can be positively injurieus te beth
humans and wildlife. Such offensive items assume a new lethality when carelessly
discarded on sand dunes, where they may lie partly buried and thus umneticed by
the unfortunate victim.

With the rash of modern "cenvenience" packaging, much ef it nen-~biodegradeable,
it is hardly surprising that litter is a majer problem in picnic areas. This was
confirméd by a visit to the dunes at the North west end of the site in September
1976. Cans, bottles and plastic packaging left by careless picnic parties were
much in evidence. There must ceme a peint when the visual amenity aspect of an
area of natural beauty becomes se marred by these offensive items that it may

well deter the more discriminating visiter.




48

It was noticed that no litter bins were provided near the car park or dune
entrance areas at this end of the site.

(iv) Other Problems

During the early part of the survey, it was neticed that large areas

of fixed Dune and Rosa spinesissima scrub had been burned at GR 187366 (See Map 2).

Whether this was deliberate or accidental was difficult te establish but it must
have eccurred prier te May 1976 (ie. Before the hot, dry Summer peried). It

has been already emphasised that retentien of Ammophila and Resa spinesissims

vegetation cover at the site is essential ~ if only te maintain dune stability
and provide ecelogical niches for animal cemmunities -~ especially nesting birds.

The therny nature of Resa spinesissima is alse an excellent deterrent of excessive

public pressure on the stabilised dunes.

An area of almeost permanent standing water was observed at GR 488366
ﬁhroughout the survey period, although surface flew aleng Crimdon Beck was
only evident after periods of heavy rain. Hackett (1975) believes that the
area of standing water is caused by the salt water table mising te the surface
at this point and that retentien of water by clay underlying the sand is less
probable. However, the auther observed that even during the drought peried, a
continual feed of water from the unnamed stream at GR 1488365 supplied the standing
water area. This is further confirmed by the fact that the sand at this point,
has accumulated beth silt and peaty matter, presumably flushed dewn the stream
after heavy rains.

The area has recently been marred by rubble dumping in an alleged attempt te
f£ill in the water hoellew. This hardly serves to enhance the visual amenity aspect
and is ne preper answer to the preblem.

A somewhat disquieting feature which was observed on several occasions during
the survey involved the presence of numbers of youths discharging air rifles in
the direction of the open shore and offshore dune systems much frequented by visiters,

Besides the obvious risks te both wildlife and the general public, these

incidents should emphasise the need for greater official surveillance of the area.
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c) MANAGING THE PROBLEMS

Any overall Conservational management strategy for Hart Wgrren Dunes
must clearly define the reles the site is intended to fulfill.

Three main reles would appear to be demanded of the site.

i Conservation of the main Plant Communities with a recognition

of their fleristic uniqueness in the Nprth East and their
subsequent Scientific and Educational potential. (This was
the main reason the site was declared an S.S.S.I in 1968).

ii To provide a geolf links as a local amenity.

iii Te provide an open space amenity for relaxation by the

general public,

There is no reason why these roles should be antagonistic and with intelligent
management they could be complementary, A management plan for the site must
therefore attempt to minimise the major problem of erosion and endeavour to
maintain the plant communities shown en Map 2 thus allowing continued existence
of maximum fleristic diversity. In this way it may be possible to realise the
dval aims of beth Amenity and Wildlife Conservatioen at the site.

In cenclusion, the auther outlines seme management recommendations, which
it is hoped would minimise the preblems already described,

(i) NATURAL EROSION

Bearing in mind that the present course of Crimdon Beck will

continue te undercut the main dune ridge, thus causing valuable land te be
lost, the only practical selutien weuld be to excavate the approximate course
of the river shown prior to 1920. (See Map 2). Hackett (1975) in the cenclusion
of his survey, is also of the same opinion., Much of the excavated sand ceuld then
be used as landfill in the area of permanent standing water between the two
newly formed offshore dunes and the main dune ridge at GRLBB366.

It would also be essential te stabilise both this landfill area and the
nerth and seuth banks of the newly excavated course with dune stabilising grasses.
Altheugh Ammophila is widely planted fer this purpadse, it tends to build high dunes,

the slopes of which may beceme readily ereded by wind and trampling pressure (Ranwell1973)




Studies at the coastal Ecology Research Station, Nerwich, show that BElymus
arenarius is preferable in situations liable to intense trampling. This species
builds low mefile dunes and can celonise areas nearer to the sea mere readily
than Ammephila. Furthermere Elymus is already well established ameng the foredune
communities at Hart.

Ranwell (1973) gives details of field trials carried out using Elymus in
areas of extensive trampling at Caister (Norfelk). Greenhouse reared seedlings
were planted out at the High Water Mark of Spring Tides during May 1972. A simple
wire fence erected reund the plantings and a notice explaining the activities
was sufficient te keep mest helidaymakers from the pleot. By Autumn 1972, mest
plants had established vegetative growth but were still fteo small te itrap sand.

Such a planting regime should minimise the leng shore drift of sand which
has pushed the mouth of Crimdon Beck some 60 metres to the South east during
the past 50 years. It would also be desireable to fence off the newly planted
areas 80 as te minimise trampling and give the dune vegetatidn a chance te
become established.

With the present intermittent flew of water down the beck, seme periodic
sand clearance would be necessary te keep the excavated channel clear. This
should not be required more than ence or twice a year. It would be essential to
ensure that the excavation method would not destroy any stabilising dune
vegetation along the river banks, otherwise the whole objective would be
defeated. Alternatively the channel might be kept clear by periedic flushing
with waste mine water down the beck. One attractive aspect of the excavation
method is that the sand dug out could be used for golf course bunkers! This
shoeuld alleviate the quarrying for sand at the large bleweut area referred

to earlier.
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(ii) MAN INDUCED EROSION

The dune sward at the North western end of the site has become badly
damaged by heavy trampling. Once the sward is destroyed, rapid eresien can occur,
leading to an inundation of inland develepments with blewn sand. These preblems
were observed by the author at Hart in September 1976 - follewing a period of
high, but not excessive, winds. Sand lay piled in drifts up to 50 cms. deep
and was depesited over a wide area of the Crimdon Holiday Centre. At one point,
the road leading to the beach was completely blocked. Much of this sand came
frem the badly ereded dunes below the Caravan Park, Thus the subsequent loss
of amenity and clean up cests invelved must constitute a serious financial
problem,

Following very serious dune erosion at Camber (Sussex) it became necessary
to institute a dune restoration programme invelving seeding and fertilising ceupled
with protective fencing (Boorman L,A. 1973). Studies by the Coastal Ecoloegy
Research Groups have shown that fertilisation of trampled areas preduces small but
significant increases in the regrowth of a damaged sward (Boorman L. 1973).
Studies by Hackett (1975) of natural regeneration of Dune grassland at
Hart shows that it is an extremely slow precess. In badly eroded areas this will
be hampered by drought, wind blasting and low availallity of minerals. It is
recommended that the badly ereded areas at the North western end of the site
(and at GR L87366) be fenced off and a dune stabilisation program implemented
invelving planting and fertilisation. Provided explanatory notices are set up,
human interference should be minimal. Large areas of foreshore would still be
available for recreational activities.
Sand Quarrying frem areas above the High Water Mark should be forbidden
and it is recommended that notices be displayed te this effect., Alse the
driving of tracked vehicles through the partially fixed dunes at the Northern

end of the site should be discouraged.
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If possible, the golf course management should be dissuaded frem centinuing
their quarrying activities at GR 1j91365. They should be encouraged te obtain
sand from the lower shere, peinting out that the large bleweut area is the main
source of wind blown sand problems on the gelf ceurse! It is recommended that
the steep sloepes of the blowout be thatched and planted with Ammephila. The

lower, flatter slopes nearer the sea could be stabilised with Elymus arenarius.

(iii) LITTER
This is a major problem en the dunes at the North west end of the
site.

It is recommended that litter bins be installed at the car park, Crimdon
bridge and other dune access points. The bins should be regularly emptied
and notices displayed warning that littering is an offence carrying a £100
maximum fine.

Even with these precautions it will still be necessary to have periodic
litter clean ups from the dune areas, if both safety and visual amenity aspects
at the site aré to be maintained. Seme discarded items may have a market value.
Durham Friends of the Earth group organise collections of metal cans for

recycling.

(iv) PUBLIC EDUCATION AND COZOPERATION
With its close proximity to beth urban areas and the Crimden Park

Heliday Centre, the Northern end of the site will continue to experience pressure

frem visitors. Whilst, admittedly, it is impracticable to exclude the public

from large areas of duneland, in the interests of conservation - much could be
done te maximise public ce-—eperation at this unigue site.
It is recommended that:—

a) A netice be displayed at the Crimden Park entrance with some brief infermation
abeut the dunes and requesting the public (i) To aveid walking over young
dunes as excessive trampling results in serious wind ereosion;

(ii) Not picking any wild flowers

however common they may appear.
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b) A small booklet be produced which could be purchased by individuals wishing
to learn more about the dunes and the plants and animals found there.

¢) A part-time warden be appointed to carry out conservation tasks throughout
the year and public liaison duties at weekends during the busy heliday
perioed.

The author has seen such a system work guite successfully at a coastal
dune site (Bskmeals) in South Cumbria.

At Hart, much of the site is occupied by the golf links which is already
subject to intensive management. Whilst gelf courses do restrict floral
diversity (HEPBURN, I. (1952)) it is without doubt that the ene at Hart is
an excellent amenity feature from the Conservation point of view. Although the
golfers prqduce seme trampling, disturbance te iselated clumps of rare plant

species is minimal., In the case of Orchis ustulata this is noteworthy as

without the presence of the golf links, it might have disappeared for ever

from the Durham Flora.
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APPENDIX 1

HART WARREN DUNES -~ SPECIES LIST July 1976

NB THE FIGURE IN BRACKETS DENOTES THE TOTAL NUMBER OF OCCURRENCES OF EACH SPECIES

WITHIN THE RELEVES

Achillea milefolium (2l)
Agropyren junceiferme (1)
Agropyren junceiferme x repens (7)
Agropyron pungens x junceiforme (8)
Agropyron repens (3)

Angelica sylvestris (2)

Agrostis stolonifera (10)
Agrostis stolonifera (palustris) (1)
Ammophila arenaria (29)

Anacampis pyramidalis (7)

Anthylis vulneraria (1)
Anthoxanthum oderatum (2)

Armeria maritima (2)
Arrhenatherum elatius (9)
Astragalus danicus (1)

Atriplex hastata (3)

‘Bellis peremnis (L)

Briza media (3)

Campanula rotundifelia (6)

Cardus nutans (1)

Carex arenaria (10)

Carex caryophylla (1)

Carex flacca (L)

Carex hirta (1)

Centaura nigra (7)

Centaura scabiosa (1)

Centaurium erythraea (1)
Cerastium diffisum (11)

Cerastium semidecandrum (L)

Crataegus monogyna (1)

Cirsium arvense (6)

Dactylis glomerata (15)
Dactylorhiza fuchsii (L)
Elymus arenarius(7)
Epilebium hirsutum (2)
Equisetum arvense (11)
Erodium dunense (1)

Festuca ovina (3)

Festuca arundinacea (5)
Festuca rubra (arenaria) (33)
Galium aparine (2)

Galium verum (5)

Geranium sanguinaeum (32)
Habaneria conopsea (1)
Helianthemum chamaecistus (2)
Helictotrichen pratense (1)
Helictotrichon pubescens (12)
Heracleum sphendyllium (7)
Holcus lanatus (7)

Holcus mellis (2)

Honkenya pepleides (2)
Hypochaeris radicata (15)
Juncus inflexus (1)

Koelaria cristata (albescens) (L)
Lamium purpuraeum (1)
Lathyris pratengis (1)
Leonteden hispidus (11)
Linaria repens (1)

Listera ovata (2)

Lelium perenne (6)




Lotus corniculatus (1)

Iris pseudacorus (1)

Nasturtium officinale (2)

Oenanthe crocata (1)
Ononis repens (17)
Linum catharticum (1)
Luzula campestris (1)
Orchis mascula (1)
Orchis ustulata (1)
Phleum nodoesum (1)
Phalaris arundinacea (2)
Pimpinella saxifraga (8)
Plantage lanceolata (23)
Plantage maritima (1)
Poa annua (5)

Poa subcaerulea (10)
Poa trivialis (2)

Poa pratensis (8)
Polygala vulgaris (2)
Potentilla reptans (3)
Potentilla anserira (1)
Poterium sanguisorba (7)
Primala veris (6)
Prunella vulgaris (1)
Ranunculus Bulbosus (3)
Ranunculus repens (2)
Reseda lutea (1)
Rhinanthus miner (1)
Resa rugosa

Rosa spinesissima (17)
Rosa sherardii (1)
Rubus fruticesa (6)

Rumex acetosa (1)
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APPENDIX 1 (cont,)

Rumex crispus (3)

Rumex conglomeratus (1)
Senecio jacobea (8)
Senecio squalidus (L)
Senecio valgaris (1)
Silene alba (1)

Senchus arvensis (1)
Senchus oleraceus (3)
Symphytum uplandicum (1)
Taraxacum laevigatum (5)
Taraxacum officinale (5)
Thalictrum minus (13)
Trifolium pratense (6)
Trifolium repens (9)
Tragopogen pratensis
Triglochin palustris (1)
Trisetum flavescens (6)
Tripleurespermum maritimum (2)
Tussilago farfara (11)
Ulex eurepeus (5)
Urtica dieica (1)
Verenica becabunga (2)
Veronica chamaedrys
Vicia sativa (1L)

Viola hirta (5)

BRYOPHYTA
Bryum erythrocarpum
Bryum pendulum
Camptoethecium lutescens
Mnium undulatum
Tortula ruralifermis
Indicafes a species not recorded in

the releves
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APPENDIX II

THE DUNE SOILS

A series of s0il samples were collected frem each of 3 relevé’sites within
each plant community. A4 tetal of 30 samples were cellected using a hellew tube
of dimensions 16 cms. x 2,7 cms, This was driven in flush to the ground and the
sample core was then removed. The samples were labelled with the community and
releve number and then transperted in polythene bags to the laberatery fer
subsequent analysis,

Metheds

The seil samples were broken up and ground separately in a mertar and
pestle. Each sample was then shaken through a fine 30 mesh sieve to remove
reot fibres and other cearse matter, The following analysés were subsequently
performed on each sample.

i SOIL pH Approximately 50 gms. of air dried soil were weighed inte a
100 ml. beaker, 50 mls. distilled water were then added to the sample
which was left te stand, with occasional stirring, fer 1 hour. The pH
was then determined using a meter and glass electrede, whilst stirring
was continued.

ii LOSS ON IGNITION Bach soil sample was first dried for 5-6 hours in

an oven at 110°C, removed and allowed to cool in a dessicater.
Appreximately 2 gms. of sample was then weighed into a tared porcelain
crucible. The crucible was then heated in a muffle furnace at T700°C for
30 minutes. It was then removed, cooled in a dessicater and re~weighed,
The % less in weight was taken as being equal te the Loss en Ignitien,

iii  EXCHANGEABLE CALCIUM AND MAGNESTIUM These are most readily extracted from

seil samples by a process of catien exchange, utilising n/1 ammenium acetate
selution.

+4 +
ie. NH, —3 c00 2NH
ie. Ca + 2 0113 co0 1 Ca (CH3 )2 + 1




APPENDIX II (cont.)

The Calecium exchanged can then be analysed most accurately using the atemic
absoerptien spectiometer,

The main difficulty with the straightferward ammoniugp acetate cation
exchange precedure is that seils of pH » 7 may give erroneous results - due

to nen~exchangeable Calcium and Magnesium being leached out. (DURHAM UNIVERSITY,

GEOGRAPHY DEPARTMENT 1972).
The Hart Warren seil samples, without exceptien, had pH values in excess

of 7. The follewing procedure was therefore adepted:= Two selutions were
prepared, one containing 8.8 gms. of Barium chloride/litre. the other centaining
50 mls. triethylamine plus 180 mls,. n/1 hydrochleric acid/litre. These solutions
were then mixed in equal volumes. 250 mls. of the resultant solution were then
allowed to filter through 5 gms. of soil sample at a rate of ~~ 200 dreps per
minute. For cenvenience, the soil sample was packed between layers of cotten
wool in a vertically clamped tube. The filtrate was discarded. 250 mls. eof
n/1 ammonium acetate (buffered te pH 7 using ammonjum hydrexide selution or
acetic acid) were then allowed to filter through the sample at the rate of

200 dreps per minute. The resultant filtrate was collected and analysed for
Calcium and Magnesium using the atomic absorptien spectrometer., The abeve
procedure was repeated for all the other samples. A blank run was done on the
unused n/1 ammonium acetate and alse on the double distilled water used for the
atomic abserption analysis. Any calcium or magnesium values obtaned were then
subtracted frem the final results.

The results from the atomic abserption spectrometer gave exchangeable

Calcium and Magnesium values as parts per million (ppm) of sample analysed, These
values were converted to milliequivalents (me)/100 gm. of soil, using the formulas-

] 1 1 100
ppm X X x
W 1y W

Where BW is equivalent wt of Element (Ca = 20, Mg & 12)

1 is dilution figure for leachate

W is weight of soil used (5 gms.)
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SUMMARY

Vegetation communities subjectively recognised at the mere northerly end

of Hart Warren Dunes have been extensively mapped.

These communities have been intensively surveyed for floristic characteristies,
using the phytosecielogical technique of the Zurich:Montpelier school and

a detailed association analysis carried out to produce a classificatory
pattern of species groupings.

From the differentiated table obtained an attempt has been made to elucidate
the syntaxonemy of the vegetation groups. It was net really poessible teo
differentiate these beyond the Alliance level - en the basis of the small
amount of data available ~ although broad similarities have been shewn te
Asseciations described in the literature from a dune area of South west
Norway.

Field descriptiens of the plant communities have been given both in terms

of traditioenal British plant Ecolegy (after Tansley) and Continental
phytesecielegy. This has included some discussion of the autecology of

Orchis ustulata tegether with the most probable factors influencing its

location at Hart.

Using field observatiens, description and the phytosocielogical table - the
main successional patterns have been summarised in both traditional British
and Zurich:Mentpelier terms. These have shown good correlations and the
succession sequence has been further confirmed by detailed soil analyses
and by limited seil depth profile studies,

Evidence has been presented which suggests that the Rosa spinesissima scrub

climax may have been formed under conditions of continuing sanl accretion

resulting from erosien of nearby dune surfaces,
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SUMMARY (cont,)

Twe statistical procedures, each invelving erdinatiens of the available
floristic data, have been carried out. The results of these ebjective
procedures have tended to confirm the validity of the vegetation
communities and the successien sequence as ecologically meaningful
entities,

The adverse pressures on this fleristically valuable site have been
described together with a detailed discussion of a suitable Censervation
strategy - aimed principally at minimising the serious problem of dune
erosion, and maintaining the existing floristic cemmunities within the

broad framewerk of wider amenity usage.
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