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Chapter 5 Physical characteristics and macrophyte communities

Chapter 5 Physical characteristics and
macrophyte communities associated with
each level of the classification

5.1 Rivers in Groups A-D

First, TWINSPAN divides sites into broadiy similar
classes - Groups A, B, C and D. Briefly, sites with floral
communities dominated by species that are typical of
eutrophic lowland rivers are placed in Group A. Sites
with floras typical of torrent rivers and oligotrophic
waters are placed in Group D. Intermediate sites are
placed inte Groups B and C. Seme species are more or
less confined to one or other extreme of the spectrum,
whilst many more are found in bwo or more groups,
forming a continuum.

The original classification indicated that factors such
as geology, channel gradient and altitude were strongly
associated with different community types.

The distribution of Groups A-D in the new
classification is also closely related to the same physical
factors. This is clearly illustrated in Table 2, which
summarises the geology, altitude, slope, substrate, flow
type, width and depth of rivers in the four groups,
Annex A gives details of site locations, physical features
and macrophytes for each of the four groups.

Table 2 shows that from Group A to Group D there is a
ciear transition in terms of the altitude of sites surveyed
and the altitudinal sources of the rivers. Around 85% of
rivers in Group A rise at altitudes below 200 m, whereas
for Group D only around 15% rise at this height; Group
B is intermediate, but Group C sites have higher sources,
as in GroupD. There is a clear gradation of mean
altitude of sites: Group B rivers are 50% higher than
those in Group A, Group C rivers are 40% higher than
those in Group B, and Group D rivers are 30% higher
than those in Group C.

Geology is ciearly a major factor in differentiating
between the four groups. In Group A, calcareous clay
(>29% of sites), chalk (>23%), non-calcareous clay, other
soft limestones, alluvium and soft sandstone substrates
predominate. In Group B, hard sandstone and soft
sandstone (both >20% of sites) dominate, with hard
limestone (>15%}, non-calcareous shale and calcareous
shales also prominent. For Group C, non-calcareous
shales {>30%) are the most common substrate, with hard
sandstones and hard limestones also exceeding 10%;
however, a very wide range of other rock types also occur.
For Group D), granite, base-rich and other igneous rocks,
other metamorphic rocks and schists are all prevalent,
occurring eisewhere only rarely in Group C.

Rivers in Group B were described in the original
classification as characteristically having substrates of
hard limestone and sandstone {including mudstone, coal
measures and others); the same is evident in the revised
system. Clear differences are also seen between the
groups in terms of altitude and gradient. Low gradient
rivers are most common in Group A, whilst steep
gradient rivers prevail in Group [3. Group B has a
higher proportion of sites with shallow gradients than
Group C, which has more sites with steep gradients than
Group B.

Of the most commonly occurring taxa (Table 3) only
four are represented in ali groups: Saliy spp., other trees,
Agrostis stalonifera and Filipendula ulnaria. Apart from
these ubiquitous plants, no common species of Group A
has any affinity with Group D, and only the widespread
Phalaris arundinacen, Myosatis scorpioides and Mentha
aquatica have affinity with Group C. By conirast, seven
species are common to both Group A and its nearest
neighbour, Group B: Veronica becocabunga, Solanura
dulcantara, Epilobiton itivsutum, Sparganiwm erectum, Eloden
canadensis, Cladophera glomerata and the algae Viiucheria
spp.

Table 3 lists 16 taxa that are strongly associated only
with Group A communities. They are ali vascular plants,
some submerged (e.g. Sparganium emersum, Callitriche
singualisy, some floating (e.g. Lemna minor, Nuphar litea),
some emergent {e.g. Veronicn anagallis-aquatica, Rorippa
nasturtium-aguaticion} and many bankside species (e.g.
Glycerin maxima, LyFhrum salicaria, Carex ripariay. No
bryophytes occur commenly in Group A, the only
commonly-occurring non-vascular plants being the algae
Vaucherig and Cladophora.

Of the less common species not listed in Table 3, some
are more or less confined to Group A. Sagittaria
sagittifolin and Schoenoplectus lacustris occur at least 50
times more often in Group A than in Group B, and
Berula erecta, Dipsacns fullonwor and Phragntites australis
occur at least ten times more commonly.

In contrast, in Group B there are only four species {the
alga Hildenbrandia rienlaris, Ocnanthe crocata and the
masses Amblystegiun riparivm and Brachytheciiom
rutabuluny that are uniquely associated with this group,
compared with 16 for Group A (Table 3). Species that
commonly occur in both Group A and Group B are
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Veremica beceabiga, Epilobinm Rirsutuny, Sparganium

Group A B c D erectiom, and Vancheria and Cladophera. 5ix taxa are
Number of faxa common to both Groups B and C: the mosses

Mean 38 18 37 1 Rhynchosieginn riparioides and Amblystegiun fluviatile, the
Minimum 4 6 5 1 freshwater lichens Verrucarin spp., the liverwort
Maximum &7 63 70 6 Conacephalunr conicum, Equisetim aroense and the alga

Lemanea fluviatilis.
Other species typical of Group B but not listed in
Calcareous clay 29 Table 3 include other algae Lemanea spp., Cladophorn

Geology (%o occurrence (>10%) at sites)

Non-caicareous clay 13 acgagropila, the liverwort Chiloscyphus polyanihos and the
Chaik 2 mosses Brachythecinm rivulare, Fontinalis squanosn and
Other soft Bmestone Thanmebryn alopecurum, which ali occur at ieast ten
Hard limestone 17 14 10 times more often in Group B than in Group A, whiist
Soft sandstone 12 24 Myriophyllum alterniflorim occurs at least 50 times more
Hard sandstone 23 17 16 often.
Calcareous shale Group B communities therefore frequently consist of a
Non-calcareous shale 30 10 mixture of vascular and non-vascular plants, typically
Hard rock 0 having some of the most widespread species of Group A
: present alongside the more widespread species of
Height at source (i} . Group C.
Mean 138 376 467 2 Group C communities have very little affinity with
Minimum 1 30 20 1o those in Group A, with only the most widespread
Maximum 00 761 1210 1210 species of Group A present. Conversely, Group C often
Altitude of site (m) contains many species associated with the mesotrophic
Mean 49 74 125 160 and upland extreme of Group B and with the low
Minimum 0 5 5 0 gradient sites in oligotrophic Group D.
Maximum 213 250 125 750 Table 3 shows that just six taxa are uniquely associated
with Group C communities. They are the liverwort
Stope (ko per 15 fali) Chiloscyphus polyanthos, the mosses Fonkinalis squamosa,
Mean 15 8.6 49 27 Hygrohypnunt ochracewm, Brachytheciunt rivulare and
Minjmum 0.3 0.1 6.2 0.1 Schistidium nlpicoln and Angelica sylvestris (all but the last
Maximum 25 23 25 25 named being bryophytes). Another six occur commonly
Substrales (% ocourrence af sites) across the Group B, C and D range, with species
Silt/mud 44 1 8 13 including the moss Fontinalis autipyreticn, Juncus cffusus,
Sand 20 11 8 8 Juncus acutiflorus, Glyceria fluitans and Caltha palustris.
Clay 11 6 n N Species such as the l}\fer\vprt Pellia cpzpfzylln, Ramunculus
Cravel 52 27 2 19 _f’!mrfmuln, Dcsdm_mpsm cespitosa and Sagina procumbens are
Pebbles 17 & 0 16 zi:(:igllg;émmd in both Groups C and D but only rarely
Cobbles N 22 63 ?D No submerged species that are typical of Group A are
Bouiders 04 6 %5 28 commoniy found in Group C, but edge species such as
Bedrock 0.2 9 19 33 Phalaris arundinacea, Mentha aquatica, Filipendula nlmaria
Habitats (% occurrence af sites) and trees do span the range. Communities therefore
Pools 5 9 5 13 reflect meso-oligotrophic conditions, with a marked
Slacks 89 84 67 46 prevalence of bryophytes as the main river-channel
Riffles 5 10 14 42 species.
Runs a0 &8 71 49 Fifteen taxa are uniquely associated with Group D,
Rapids 0.8 3 15 49 compared with six taxa for Group C, four for Group B
. " . and 16 for Group A. Whilst Group A is dominated by
Widtl () (5 occurence i sttes) vascular plants, including many true aquatics of
<5 33 H 28 50 eutrophic waters, Group D is dominated by bryophytes
5-10 38 30 42 41 and oligotrophic moorland edge species. The most
>10-20 36 38 37 29 commonly cccurring bryephytes in Group D are the
>20 5 32 24 i7 mosses Recomitrinm aciculare, Scapanin undulata,
Depth (n) (5 accurrence af $ites) Sphagnum spp., Polytrichum commuie and Brywm
<025 45 7 80 73 pseudotriquetrim, whilst the common moorland edge
0.25-0.5 50 52 1 52 species include those such as the liverwort Nardin
051 ng 8 9 24 compressa and Molinia caerudea. The most common true
-1 aq 5 1 1 aquatic vascular plant is the oligotrophic indicator

species funcus bulbosus.

Acidophilic and oligotrophic species typify Group D
communities. Species such as Polytricinm comnune,
Sphagnum spp. and Carex nigra occur at least ten times



Chapter 5 Physical characteristics and macrophyte comnuuities

mmon taxd i each Graup (A-Dj

Group Group

Taxon A B C D Taxon A B C D
Apium nodiflorim 73 Amblystegiion fluviatile 65 54

Scrophularia auriculate 72 Conocephalum conicuom 64 53

Rorippa nnsturtinm-agnaticum 78 Equisetum arvense 58 49

Glyeeria maxima b4 Lemanen fluviatilis 48 54

Callitriche stagnalis 61 Fentinalis autipyreiica 87 80 46
Sparganium cmersum 59 Tuncus acutiflorus 68 74 39
Juneus tnflexus 58 Glyceria fluilans 37 &5 49
Lenm niinor 85 Juncats effusus 35 71 83
Lythrum salicaria 34 Filamentous green algae 52 76 71
Polygomun amphibinm 51 Caltha palustris 51 66 47
Lycopus enropaens 51 Chiloscyphus polyanthos 68

Carex riparia 50 Fontinalis squamosa 57

Veronica anagallis-aquatica 47 Hygrohypnum ochraceunt 56

Symphytum officinale 47 Angelica syloestris 50

Nuplnr luten 47 Brachythecitan rivatare 49

Carex acutiforniis 47 Schistidium alpicoln 48

Veronica becealtiniga 81 63 Pellia epiphylin 67 83
Selavum dulcamarn 84 59 Ranuneulus flanmula 58 74
Epilobinm hirsutum 2 65 Ferns 54 57
Spargauiun erecium 91 77 Deschampsin cespitosa a3 51
Cladophora glomerata agg. 69 77 Sagina procumbens 46 41
Vaucherin sp(p). 68 62 Juncus bulbosus 78
Elvdea canadensis 54 47 Racomitrinm peiculare 72
Phalaris arundinacen 97 o4 73 Anthexanthum odoratum 74
Myosotis scorpioides 93 78 60 Carex nigra 60
Menthn aguaticn 83 84 68 Potentilla erecta 39
Hildenbrandia rivularis 36 Sphagnuar sp(p}, 59
Cenanthe crocata 53 Scapanin undulata 58
Amblystegtum riparium 52 Viola patustris 37
Brachyihechion riebabulum 47 Molinia cacrulea 34
Agrustis stolonifera 96 98 93 59 Pelyirichun commititie 54
Salix sp(p}. 84 86 84 61 Nardus stricta 47
Trees 78 89 83 33 Galiunt palusire 43
Fitipendula wlmnria G& 68 67 a1 Carex demissa 43
Rinyachosteginnt vipariofdes §9 85 Achillen plarmica 41
Verrucarin sp(p}. 80 71 Brijun pseaddotriquetriom 38

more often in Group D than in Group C, whilst the
liverwort Marsupelin emarginata, the mosses Blindin acuta
and Dicranella palusiris, Poltentilla erecta, Nardus stricia
and Potamogeton polygonifolins occur at least five times
more often.

Clearly, therefore, there is a transition of community
structure from the vascular plant-dominated
assemblages of Group A (which indicate eutrophic

conditiens) to the mixed mooriand edge and bryophyte-
dominated instream assemblages of Group D (which
indicate oligotrophy). Of the 172 taxa listed in Table 3,
over haif are shown to be strongly associated with just
one of the four groups. However, there is a continuum
of distribution of species within the groups, so allocation
of a site to a group is not clear-cut.
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5.2 Rivers in types I-X

Types I-X are the groupings that are used most widely for
the initial classification, comparison and assessment of the
conservation value of a site. Table 4 summarises the new
descriptions of types [-X, which should now be used in
place of those in the Guidelines for selection of bislogical 5551s
{NCC 1989; rev. ed. Joint Nature Conservation Committee
1998). They are not markedly different in essence but they
do reflect the more comprehensive geographical coverage
provided by the most recent classification. Table 5
summarises the physical characteristics of sites in Groups
A-D and Table & shows the 30 most common taxa in each
group. The nearest neighbour (NN) for each type within
the classification is shown to enable easy comparison.

Type I Lowland, low-gradient rivers (NN
type I}

Rivers of this type are characterised by the lowest mean
altitude and shallowest gradient of all the ten river
community types. There is also a greater prevalence of
siit substrates and the highest proportion of deep, wide
and slack rivers. As would be expected from these
statistics, the geology is soft, predominantly clay and
chalk. Such rivers are typically located in south-east
England and East Anglia. The most typical rivers are the
Salisbury Avon, the Colne and the lower Wissey, Lark,
Nar, Wensum and Bure. Vascular plants totally
dominate the communities, with Cladophora glomerata
and Vaucheria sp{p). the only commonly occurring non-
flowering plants. Of the commonly occurring aquatic
species, Carex riparin, Sparganium emersum, Potamogeton
pectinatus and Sagittaria sagittifolin are much more likely
to be found in type I, whilst among the less common
species Pulicaria dysenterica, Berula erecta, Eupatorium
cannabinum, Oenanthe fluviatilis, Iris psendacorus and
Phragmites australis occur in at least three times as many
type I as type II sites.

of L S3STS (Nat
General deseription

Type II Lowland, clay-dominated rivers
(NN type I)

Clay is the dominant geology, but, unlike in type I, soft
sandstone and colites and soft limestone are common
and chalk is absent. The geographical spread of sites is
much greater than in type [, the lowlands of the
Cheshire Plain being the most significant outlier away
from central and South-east England. A wide variety
exists in terms of river widths, depths and habitats, with
very gentle gradients and site altitudes invariably below
40 m, and clay is more typically a substrate than in any
other type. Rivers that have the majority of their sites in
this type include the Nottinghamshire river Devon and
the Welland, Cherwell, Tame and Evenlode. The gross
make-up of the assembiage is very similar to type I, but
with greater variety, so any particular taxon is less likely
to appear in type Il than in type I. There are
significantly more occurrences of the less common
broad-leaved pondweed Potamogeton natans and juncus
acutiflorns, whilst amongst the more common taxa Salix
sp(p)., Cladophora glomerata and Vancheria sp(p}). are
slightly more prevalent,

Type Il Chalk rivers and other base-rich
rivers with stable flows {NN type IV)

Only base-rich geology is represented in this type. Over
60% of rivers in this type are in chalk, more than double
the proportion of chalk rivers found in type I A stable
flow regime resulting from a substantial base-flow is the
most common feature shared by the vast majority of
sites in type [1l. Gravel is significantly more prevalent in
this type than in any other Group A type. Rivers that
best exemplify the type are those flowing from the Chalk
(e.g. Piddle, Frome, Test, Itchen, Mimram, Hull and
headwaters of many East Anglian rivers) and those on

Groug Type

A 1 Lowland rivers with minimal gradients. Predominantly in south and east England, but may vccur wherever
substrates are soft and chemistry enriched.

A I Rivers flowing in catchments dominated by clay.

A I Rivers flowing in catchments dominated by soft limestone such as chalk and oofite.

A v Rivers with impoverished floras, usually confined to lowlands and mainly in England.

B v Rivers of sandstone, mudstone and hard limestone catchments in England and Wales, with similar features to
those of type VL

B Vi Rivers predominantly in Scotland and northemn England in catchments dominated by sandstene, mudstone
and hard limestone; substrates usually mixed coarse gravels, sands and silts mixed with cobbles and
boulders.

C Vil Mesotrophie rivers where fine sediments occur with boulders and cobbles, so a mix of bryophytes and higher
plants is typical: often downstream of type VIII communities,

C VI Oligo-mesotrophic, fast-flowing rivers where boulders are common and bryophytes typify the plant
assemblages; intermediate, and often found between types IX and VIL

D IX Otigotrophic rivers of mountains and moorlands where nutrient and base levels are low; bedrock, boulders
and coarse substrates dominate.

D X Ulira-oligotrophic rivers in mountains, or streams flowing off acid sands; substrates similar to type IX but often

more bedrock.

10
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Type

i Ir I iy 14 VI vir Vi X X
Nuber of laxa -
Mean 46 38 42 29 35 40 31 39 31 31
Minimum 28 1o 12 4 9 & & 7 3 1
Maximum 67 61 a0 50 63 60 35 70 62 66
Geology (% cocurrence (>10%) af sites) )
Calcareous clay 36 34 12 29
Non-calcareous clay 22 14 12
Chalk 3 62 10
Other soft limestone 16 10
Hard limestone 12 22 5 10 i1
Soft sandstone i8 18 19 28
Hard sandstone 34 11 20 i6 16 16
Calcareous shale 11
Non-calcareous shale i7 34 13
Hard rock 45 29
Height at source (m)
Mean 108 158 111 158 303 447 373 496 306 496
Minimum 25 25 25 10 30 61 20 100 1 100
Maximum 229 640 229 700 655 761 810 1,210 950 1,210
Altitude of site (n}
Mean 38 47 - 54 58 75 72 125 125 76 193
Minimum 0 10 i5 3 5 5 5 10 0 5
Maximum 200 200 168 213 244 250 725 425 735 750
Slope (ki per 15 m fall)
Mean 20 19 11 4.8 6.6 10.5 6.1 4.5 47 1.9
Minimum 2.3 4.2 2.0 0.3 0.1 0.9 0.5 0.2 0.1 0.3
Maximum >25 »>25 >25 »25 =25 >23 =25 =23 >25 =25
Subsirates (Y6 occurrence at sites)
Silt/mud 54 ¥ 48 39 11 11 26 2 39 2
Sand 14 N 23 21 7 15 20 4 23 2
Clay 49 57 18 28 9 4 5 0.4 & 0.4
Gravel H 42 80 52 31 24 40 16 24 17
Pebbles n 14 4 19 48 47 46 40 34 37
Cobbles 3 5 4 4 48 57 49 67 36 70
Boulders ’ ] & 0 2 22 31 22 a2 3 63
Bedrock ] 0 0 i 8 10 12 21 17 39
Habitats {56 occurrence al sifes)
Pools 3 8 4 4 10 8 8 5 7 8
Slacks o4 93 90 77 86 83 57 70 62 4
Riffles 1 5 2 i2 14 7 30 9 43 41
Runs 29 32 56 49 65 71 29 74 40 53
Rapids i 0 1 2 8 9 g 43 26 58
Width {m) (% occiorrence at sites}
<5 7 24 27 71 36 13 41 24 50 50
510 13 51 46 33 37 23 38 43 34 43
»>10-20 56 42 39 8 37 38 26 4 31 28
»20 37 11 12 5 17 47 i8 26 26 15
Depth {m) (%6 occurrence ai siles)
<025 12 35 68 67 80 69 a7 84 59 79
0.25-0.5 35 44 a6 47 54 50 37 44 54 50
>0.5-1 41 34 21 19 i0 6 20 6 36 ig
>1 55 36 17 13 8 22 21 8 3 &

11
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rence of the 30 most contmon taxa in by

Taxon I I Hr 1% v VI vIT VIIT IX X
Symphytum officinale 70

Potamogeton pectinatus 85 68

Sagittaria sngitfifolia 79 59

Nuphar Intea 75 70

Schoenoplectus lacustris 69 &0

Glyceria maxinm a0 66 78

Carex riparin 88 64

Lycopus europaeus 77 62

Iris pscudacorus 75 78

Sparganinn emersun 91 £9 32

Aptwmn nodifiorion 91 39 89 66

Scroplidaria auriculala 70 68 82 70

juncus inflexus 69 74 50

Eupatoritn: cannalitim 73 72 34

Enteromorplur sp{p). 67

Rorippa amplilia 59

Lythrum saticaria 56 67 35

Alisma plantage-nquaticn 52 3

Carex acubiforinis 89

Callitriche obtusangula 87

Ranunculis penicillatus subsp. psendofluitans 86

Veronica anagallis-aquaticn 82

Berula crecia 73

Elodea canadensis 73 62 G4

Lemna minor 72 66 31

Callitriche stagualis 72 57 70 51 54

Salanum dulcamara 93 82 Py 76 74

Vaucheria sp(p). 73 74 74 50 73 51

Cladophora glomerata agg,. 74 80 61 55 7 83

Epilebivar hirsufm 91 20 100 &7 6l 66

Spargmuiun ercctum 95 2 96 82 71 83 47

Veronica beceabungn 90 74 88 79 57 69 47

Rorippa nasturtiun-aguaticion agg. 89 71 88 71 38

Phalaris arnndinacea 100 98 98 92 89 99 80 71

Mentha aguatica 94 74 99 72 77 91 66 69

Muyosotis scorpioides E4) 92 97 oG 62 93 70 57 34

Agrostis stelenifern 98 97 91 98 98 99 93 %6 64 58
Salix sp(p). 83 87 88 76 88 84 78 86 58 62
Trees 75 76 83 77 97 81 68 88 46 56
Polygomum amphibinm 68 32 55

Filipenduln wlnaria 54 88 63 67 69 71 66 56

Juncus acntifloros ] 72 58 79 47 64
Foutinalis antipyretica 67 84 90 66 85 48 43
Juncns gffisus 62 49 60 82 63 88 81
Glyceria fluitans 48 58 55 79 64 78
Amblystegiune ripariun 45 03

Filamentous green algae did 63 58 81 58 77
Angelica sylvestris 41 61 54
Equisetuns arvense 31 47 69 4

Riynchostegium riparivides 92 87 57 94

Oenanthe crocata 74

Pellia endiviifolia 60

Lrwnularia cruciatn 35

Brachytheciin rutabulum 46

Hildentrandia rivalaris 49 63

Verruearia sp{p). 77 82 84

Conocephalun: conicun 74 2] 65



Chapter 5 Physical characteristics and macrophyte communities

- Table 6 (continnied)

i1

a2

Taxon I
Anblystegium flueiakile
Cliloscyplnis polyanihos
Mimulus guttains

Rorippn sylvestris
Cinclidotus fontinaloides
Calthn palustris
Deschamysia cespilosa
Ranunculus flavunula
Pellia cpiphylla

Stachys palustris

Senccio aquaticus
Callitriche hannidata
Equisetum fluviatile
Galiem palustre
Myriophylhon alternifloriom
Sagina procumbens

Ferns

Lemanen fInvintilis
Hygrofymium ochracenm
Fontinalfs squamosa
Schistiditm alpicola
Brachythecium rividlare
Thamnobrywm alopecurim
Scapania undulata

Junens budbosus

Carex nigra

Eleocharis palustris
Tuncus artienlatus

Carex rostrata
Potamugeton polygenifolivs
Potamagefon natans

Viola palustris

Molinia cagrulen
Splagnum sp(p).
Anthoxanthm odornim
Ragomitruum aciculare
Potentilla erecta
Polytrichum commune
Nurdus stricia
Hyocomiun arproricun
Bryum psendotriguetruom
Crrex demissa
Brachythecinm plumesum
Marsupella emarginata
Achillea ptarntica
fungermantitia atrovirens agg.

% occurrence of 30th most common taxon @9

the Oolite of the Cotswolds (e.g. Coln and Windrush).
Whilst the plant assemblages have many of the species
found typically in type I and type 1, Carex acutifermis,
Callitriche obtusangula, Ranuncnlus penicillatus subsp.
pseudofluitans, Berulda erecla and the moss Fontinalis

13

Type
ur v v VI VI VIIx IX X
61 62 64
53 80
73
52
52
66 71 64 70
57 49 46 53
53 59 84 69
45 74 69 89
43
38
38
43 63
42 61
43 59
40 47
37 60 54 58
45 a0 69
68
68
59
58
54
26 71
B4 75
76 54
58
57
53
18
48
58 57
50 56
a0 63
49 79
83
66
65
61
&7
46
46
45
45
41
40
61 30 45 50 37 49 44 40

mitipyretica are particularly characteristic. Of the less
commonly occurring species, Hippuris vrnlgaris and Carex
paniculata are especially characteristic, whilst Groenlandis
densa, Phragniites australis and Runiex hydrolapatinm are
more common than in any other types.
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Type IV Impoverished lowland rivers
(NN type III)

A wide variety of soft geology prevails with sites
generally at lower altitudes than in types within Groups
B~D but slightly higher than in the three other types
within Group A. The prevalence of narrow rivers is
greater than for any other types. The overriding
character of the majority of the sites is the degradation
of the physical environment through land drainage and
flood defence activities. Others suffer from depleted
flows or pellution problems. Because of these key
factors, mean numbers of species per site are less than
75% of other Group A types. Sites are widely
distributed in the lowland areas of Great Britain but
with a higher proportion found on rivers with stream
order 2 {Strahler 1959}. The most typical species are all
emergent or marginal species, none of the common
submerged aquatics of the other Group A types
occurring in more than 35% of sites.

Type V Sandstone, mudstone and hard
limestone rivers of England and Wales
(NN type VI)

As in type VI, the geology is predominantly sandstone
and hard limestone, but the latter is much more, and the
former less, important. Calcareous shales are also more
likely to be found within this type too. Typical rivers
include the Tamar, Torridge, Exe, Teifi, Monnow, Lugg
and Dove, with few sites north of the Mersey.

Substrates are dominated by pebbles and cobbles, with
much less of the finer material so characteristic of types
I.IV. In total contrast to these latter types, no
submerged aquatics occur in more than half the type V
sites, and Sparganinm erectum is the only emergent to do
so. Submerged habitats are often dominated by mosses,
the most important being Rhynchostegitm riparivides,
Fontinalis antipyretica and Amblysteginm sp(p}. Of the
cammoen species found in both types IV and V, Oenantie
crocaia, Solmum dulcamara, Conocephalion conicum and
Vaucheria sp{p). are significantly more frequent in type V,
whilst of the less common taxa Apiwn nodiflorum,
Eupatoriunt cannabinum, Lythrun salicaria and Carex
remofa are more than three times more frequent.

Type VI Sandstone, mudstone and hard
limestone rivers of Scotland and northern
England (NN type V)

Sandstone and hard limestone geology prevails, as in
type V. The altitude of sites is similar in both types but
gradient is significantly steeper in type V. Despite this,
the various substrates occur in broadly similar
proportions, dominated by pebbles and cobbles and
with much less of the finer material so characteristic of
types -1V, Geographical location appears to be very
significant, with hard limestone and sandstone
catchments north of the Mersey invariably having type
VI communities. Typical examples are the Ribble,
Wharfe, Eden, Tweed, Lunan Water and Ythan; outliers
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are the Usk and Teme. Of the common species
encountered in both type V and type VI, Myosatis
scorpioides, Mentha aquatica, Mimulus guttetus, Equisctum
arvense, Caltha palusiris, Elodea canadensis and filamentous
algae are much more prevalent in type VI. This also
appiies to less commonly occurring species such as
Myriophyllum spicatum, Polygonum amphibinm, the moss
Schistidium alpicola, Ranunculus fluitans and Eleocharis
palustris, which all occur at least three times more
frequently in type VI than in type V.

Type VII Mesotrophic rivers dominated
by gravels, pebbles and cobbles (NN type
ViII)

Shales, hard limestone and hard sandstone dominate the
geology of both type VII and type VIII. However, type
Vil has double the proportion of sites on hard limestone
and less than half the proportion on non-calcareous
shales than does type VI Typical site altitudes are
similar, but gradients are shallower in type VI, and
there is a far greater proportion of fine substrates,
ranging from silts to sands and gravels. Sites are well
scattered around the country, most typically in
calchments of more basic geology than type Vil or with
relatively stable flows. Wetland edge species characterise
the assemblage, with fewer bryophytes than in either
Group B or in neighbouring type VI {reflecting finer
sediments). Of the common species in both type VIl and
type VI, Phalaris arndinaces and Myosotis scorpioides are
more commaon in type VI, whilst of the less common
species the following are also far more prevalent in type
VIi: Callitriche stagnalis, C. hamulata, Equisctum fluviatile,
Myriophyllm alterniflorum, Juncus articulatus, Potamogeton
natans and Rorippa nasturtium-aguaticum.

Type VIII Oligo-mesotrophic rivers (NN
type VII)

Shales, hard limestone and hard sandstone dominate the
geology, but compared with type VII, type VIII has haif
the proportion of sites on hard limestone and double the
proportion on non-calcareous shales, Gradients are
steeper in type VI, and it has a vastly higher
proportion of coarse substrates, ranging from cobbles to
boulders and bedrock, than does type Vil Typically
sites are downstream of high land and base- and
nutrient-poor (oligotrophic), with rivers such as the
lower Findhorn, Spey, Dee and Esk in Scotland and mid-
reaches of rivers flowing from the Pennines (e.g. Ure},
the highlands of the Lake District (e.g. Derwent) and the
highlands of Wales (e.g. Conwy, Dee, Cothi} and Exmoor
{e.g. Barle) exemplifying this type. The higher
proportion of rocky substrate and their less base-rich
nature result in a wide variety of bryophytes being
typical. Species that are far more common in type VHI
than in type VII include: Rnynchosteginm riparioides,
Chitoscyphus polyanthos, Pellia epiphyila, Hygrohypmuon
ochracenm, Amblysiegium fluviatile, Thamuobriyjum
alopecurun, Scapania undulata and Schistidiun alpicala.
Many less common bryophytes and lichens occur more
than five times more frequently in type VI than in type
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VI1; these include Dermatocarpon fluviatile, Hyoconrinm
amoricum, Dichodontinm pellucidum and D. flavescens.

Type IX Oligotrophic, low-altitude rivers
(NN type X)

Rivers of this type have macrophyte assemblages that
indicate nutrient-poor chemistry that is usually base-
poor too. They have much gentler gradients than rivers
in type X and are located at much lower altitudes. These
factors give rise to a much greater abundance of silts and
sands as substrates and at least 50% less of cobbles,
boulders and bedrock. Solid geology is broadly similar
to that for rivers of type X, but the absence of sites on
non-calcareous shales and the presence of hard
limestone gives the type a slightly less oligotrophic
nature. The contrasting gradient and substrate
characteristics are reflected in the plant assemblages
dominated by oligotrophic vascular plants, Because of
the relative scarcity of rocks, Fontinalis antipyretica
{typically a more lowland species) and Sphagnumn sp{p).
are the only mosses among the top 30 common species,
yet the aquatic vascular plants Juncus bulbesns, Equisetium
fluviatile, Myriophyllum alterniflornm, Potamogeton
polygonifolins and P. natans all are much more common
than in type X. No single large rivers epitomise this
type, with the assemblage distributed from the English
lowland acid heaths of the New Forest to the Scottish
Flow Country and the Western Isles. It is on the
lowlands of the Western Isles that the greatest density of
the type, and most typical communities, occur.
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Type X Ultra-oligotrophic rivers (NN
type IX)

Macrophyte assemblages in type X rivers indicate both
oligotrophic chemistry and the common presence of
rocks, which enabie bryophytes to thrive. Sites with
type X communities are found on rivers with steeper
gradients than in type IX and that are located at much
higher altitudes. These factors give rise to a much
greater abundance of cobbles, boulders and bedrock.
Typically, sites are found on all rivers rising at high
altitudes on base-poor rock and/or where blanket bog or
acid heath dominates the catchment upstream. Thus,
rivers with stream order 1 or 2, such as those on, for
example, Dartmoor, Exmoor, the Brecon Beacons,
Plynlimoen, Snowdonia, the Pennines, the North York
Moors, the Cairngorms or the north-west Highiands, are
all likely to be dominated by type X communities. In
contrast to type IX, bryophytes are a major component
of the flora and are very dominant in submerged
habitats; the following species are noteworthy as
common: Pellia epiphylla, Racomitrinm aciculare, Scapania
wndulata, Hyocomium arnericum, Bryum pseudolriquetriom,
Marsupella emarginata and Jungermannia alrovirens.
Several of these species are at least ten times more
commen in type X than in type IX, as are the less
frequently recorded Nardin compressa, Hygrohypnunt
echraceun and Sehistidinm alpicela. Of 18 species that
occur at least three times more commonly in type X than
type IX, 16 are bryophytes.
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5.3 Rivers in Group A: sub-types Ala—AIVc

Types 10 IV in Group A are further sub-divided into 11
sub-types. Table 7 summarises the physical characteristics
of sites in sub-types Ala-AfVe and Table 8 shows the 30
most common taxa in each sub-type of Group A. The
nearest neighbour (NN) for each sub-type within the
classification is shown to enable easy comparison.

TypeI Lowland, low-gradient rivers

Aln  Large, lowland rivers with high base-flow
(NN sub-types AIb/Alc)

Ala sites belong to a geographically distinct sub-type
that is exemplified by the lower reaches of the Dorset
Stour and Hampshire Avon, where these rivers traverse
a mixed geology below predominantly groundwater-fed
reaches. Geology is always either clay or chalk, and sites
are invariably more than 20 m wide. Sites are typically
very species-rich, Many of the most commonly
occurring species listed in Table 8 for sub-type Ala are
also typical of Alb and Alc, but Myriophyllum spicatum,
Nuphar lutea, Pofamogeton perfoliatus, Butomus umbellatus
and Phragmites are more prevalent. Azolln filiculoides and
Juncns articulatus are more than ten times as prevalent,
whilst Bidens cernnia, Galivm palustre, Rorippa palustris, R.
syloestris, Oenanthe crocata, Carex hivta and Juncus
acutiflorus are more than three times as commonly
occurring. In contrast, Renunculus circinatus, Rorippa
amphibia and Potmnogeton berchtoldii are more than fen
times as common in Alb and Alc than in Ala.

Alb  Fast-flowing, coarse-bedded lowland
rivers of low gradient (NN sub-type Alc)

In sites of the Alb sub-type, geology is very similar to
Ala sites, with clay and chalk dominant and sites
geographically confined to south and west of Watford.
Typical sites include faster-flowing reaches on the lower
Hampshire Avon and Coln. Sites are often species-rich,
but less so than Ala sites, and dominant and commonly
occurring species have much in common with Ala and
Alc. Of these taxa, Visncheria sp{p). and Eloden canadensis
are less common than in Alc, whilst Ranunculus
penicillnbus subsp. psendofluitans, Sagittarin sagittaria,
Lemna minor and Salix sp{p). and other trees are more
prevalent. Of the less commeon taxa, Myosoton aguaticum
is more than ten times as likely to be found in Alb than
in Alc, Bidens tripartitas and Lemna polyrhiza are more
than five times as common and Impalicns capensis more
than three times as common.

Alc  Lowland, very low-gradient rivers with
fine substrates (NN sub-type Alb)

These lowland rivers differ only slightly from sites
classified as sub-type Alb, differing more in their
geographical distribution than in their community
assemblage. Sites are typified by fen and East Anglan
rivers such as the Lark, Stour, Waveney and Wissey and
other rivers with very low gradient {e.g. rivers in the
Somerset Levels). Alluvium and calcareous clay
dominate the geology, with fine sediments more
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prevalent than in other sub-types. The flora is totally
dominated by vascular plants, but the algae Vaucheria
sp(p. and Cladoplore glomerata are also important. The
tow gradient, which results in fine sediments and
sluggish flows, is reflected by a ten-times greater
occurrence in sub-type Alc than in Alb sites of species
such as Ramunculus circinatus, Ceratoplhyllum demersum,
Potmmogeton berchioldii, P. fucens and Lemna gibba, and a
three times greater occurrence of Veronica catennta,
Phragmites australis and Zannichellin palustris,

Type II Lowland, clay-dominated rivers

Alla Small “classic’ clay rivers (NN sub-types
Allb/Allc)

This sub-type is very characteristic of classic clay rivers,
where both the catchment geology and the underlying
substrates are clay. Gravels and pebbles mixed with clay
are therefore less common than in the Allb and Allc sub-
stypes, and sites are typically less than 10 m wide. As
for all type I rivers, vascular plants totally dominate the
assemblage, and of the lower plants only the algae
Enteromorpha spp. and Cladophora glomerata are
important. Of the species that are common in all type 1
rivers, Nuphar luiea, Sagitiaria sagittifolin, Glycerin maxima,
Schoenoplectus lacustris and Sparganivem emersum are
particularly characteristic of Alla sites. Of the less
commeon species, Galitm paluskre, Sculellaria galericulata
and Veronica catenata are all more than three times as
prevalent in Alla than in Allb or Alle, whilst the
opposite is true for Zpnuichellia palustris, Ranunculus
penicillatus subsp. psendofinitans and Potamogeton
pectingtus.

Allb  Clay rivers with diverse substrates and
flow patterns (NN sub-type Allc)

The geoclogy of sites of this sub-type is a mixture of soft
sandstones, soft limestone and clays, with a diverse
mixture of substrates also typical, with siit, sand, clay,
gravel and pebbles expected in more than 25% of sites.
The sub-type has, therefore, no close afiinity to a single
rock type or substrate category. Species that are typical
of clay rivers in general predominate, with Sparganinm
erectunt, Sagittaria sagittifolia, Schoenoplectus lacusiris and
Ranunculus penicillatus subsp. psendofluitans more
common than is typical for clay rivers in general, and
trees, Salix sp(p}. and Nuphar Iutea particularly prevalent.
As is typical for all Group A communities, vascular
plants dominate, except for the algae Cladophora
glonrerata, Vinucherin sp(p). and Enteromorpha sp{p}.; an
exception is the relatively common occurrence of the
moss Amblysteginm riparinvn. Of the less commonly
occurring species, Eupatorivm cannabinum, Lycopus
europaeis, Lythrum salicaria, Symplytum officinale and
Carex acutiformis all occur more than three times as
commonly on banks of sub-type Allb rivers than in
communities of sub-type Alic, and the same is true for
Foutinalis antipyretica, Riyynchostegivm riparioides and
Callitriche obtusnngula in mid-stream.
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_Table 7 Physical characte

. Sub-type
Ala Alb Al Alla Allb Alle Allla AL AlVa  AIVE AV

Number of taxa

Mean 53 45 45 42 40 30 31 39 30 M 18
Minimum -+ 35 29 23 18 10 41 12 7 17 4
Maximum 67 53 &0 58 61 A7 60 57 43 30 32
Geology (% vccurrence (>10%) af siies)

Alluvium 2 28

Calcareous clay 60 54 30 18 16 35 18
Non-calcareous clay 67 35 19 16 13 12

Chalk 33 56 21 93 54 14

Other soft limestone 15 16 13 13 15

Hard limestone : 19
Soft sandstone i 23 26 12 59

Hard sandstone 31
Calcareous shale

Non-calcareous shale

Hard rock

Base-rich ignecus 25
Height af source (nr)

Mean 158 160 95 139 151 195 83 118 151 102 257
Minimum 137 46 25 a5 61 25 76 25 a5 35 10
Maximum 200 169 229 190 640 640 107 229 640 137 700
Altitude of site (m)

Mean 7V 45 24 G4 48 23 33 a0 62 23 67
Minimum 2 g 15 10 1D 10 15 15 5 5 5
Maximum 200 30 92 170 200 65 65 168 213 61 165
Slope thant per 13 m fall}

Mean 19.9 17.7 212 19.6 17.1 0.2 118 10.7 9 15.4 8.3
Minimum 1.7 2.3 0.8 1.5 42 4.3 5.0 2.0 0.3 50 12
Maximum 23 =15 >335 >25 >15 >25 >23 >25 >25 >33 21
Substrates (Y6 vccurrence at sites)

Silt/mud 39 44 62 35 39 41 32 52 40 24 56
Sand 0 9 21 & 28 26 11 27 22 b k)|
Ciay 83 30 45 87 41 44 21 17 39 47 6
Gravel 56 61 35 30 35 36 84 79 58 47 25
Pabbles 39 48 3 4 25 8 21 13 26 0 6
Cobbles 11 0 2 2 7 3 0 ) 5 ] 13
Boulders Q 0] i} ¢ 0 0 0 0 0 ] 13
Bedrock 0 0 5 Y ] b 0 0 0 0 6
Huabitiats (%o occurrence at sites)

Pools 6 ) 3 7 i 5 11 3 6 0 0
Siacks 94 83 98 98 89 95 95 §9 79 82 63
Riffies ] 4 i) 4 G 3 0 3 9 0 44
Runs a2 44 26 24 41 26 47 58 49 59 38
Rapids 0 4 ¢ 0 ¢ 0 0 1 1 0 6
Width €m) (% occirrenice at sites)

<5 6 9 7 43 20 10 0 34 76 53 50
5-10 0 13 17 34 48 51 16 54 30 47 38
>10-20 6 78 62 26 52 46 84 27 7 I8 0
=20 94 36 2 2 11 21 37 6 5 0 19
Depth {m) (% occurrence af sites)

<(.25 0 4 19 a3 39 36 53 72 71 59 44
0.25-0.5 17 70 28 50 51 41 63 () 30 41 dd
>0.5-1 39 83 26 33 37 23 21 21 27 Y 6
>1 ] 83 16 57 33 32 PE a1 16 8 24 31
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: types T,

Sub-type

Taxon Ala Alb Alc Alla Allb Alle  Allla AIllb AlVa ANV AlVe
Stachys palustris 100
Butomus wmbellnlus 89
Selwoenoplecius lacusiris 83 74 a2 73 62
Sagitiarig sagittifolia 83 96 71 83 al
Myriophytlune spicatum 89 74 59 49
Potanmwgeton perfoliatus 94 51
Poimnogeton pectinatus 94 87 81 85 20
Phragniiles australis 94 69 79
Eloden canadensis 94 79 63 67 84 31
Lycopts erropaeis 94 96 6 61 100
Ranwncudus penicillatus subsp. B3 87 63 140 B2

pseudofluitans
Apium nodiflerum 94 96 88 61 65 49 100 86 79 31
Rorippa sasturtiun-aquaticin 94 91 86 70 76 64 a0 87 85 50
Lenmia minor 83 96 ) 61 67 37
Glyceria maxima 89 91 90 82 59 51 84 76 33 25
Sparganium cmmersunt 100 9 88 76 76 44 77
Symphydunt officinale 00 a1 55 47
Qeuanthe crocata 100 88
Sparganium crection 100 100 91 98 29 72 100 94 83 160 56
Phalaris arundinacea 100 100 100 98 97 97 100 97 93 100 81
Mentha aquatica 100 87 95 83 80 51 100 99 77 82 38
Agrostis stalonifern 94 100 97 96 99 97 84 93 98 160 100
Salix sp{p). 94 91 76 53 94 59 84 §9 79 100 31
Sefanum dilcamare 94 100 90 89 89 62 93 89 86 7
Epilobin hirsutum 39 91 91 a1 106 69 100 100 94 82 43
Muyosokis scorpiodes 94 100 95 100 93 80 100 96 93 77 88
Nuphar Intea 94 74 69 96 72 33
Iris psendagorus 89 96 90 75 47 44
Veronica beceabuign 89 96 88 76 73 72 92 87 47 69
Eupaforiunt cannabiinon 89 71 71 95 66 B 65
Carex riparia 96 95 63 25
Scrophudaria auriculata 91 82 78 86 78 71 25
Trees 87 69 83 94 90 B4 88 31
Callitriche stagunalis 83 72 70 41 73 51 71 38
Cladophora glomerata 83 67 61 87 92 59 69
Carex acutiformis 7 100 86
Veronica anagallis-aquaticn 70 B4 8z 35 31
Vaucheria sp(p). 90 79 §2 84 7% 61
Juncus inflexus 71 63 41 75 59 38
Enteromarpha sp{p). 67 65 63 74
Lyt salicaria 64 63 70 95 59
Verondca catennta 63
Rorippa amplribia 72 59 39
Filipendula ulmnria 76 95 86 63 94 63
Polygonion amphibivon 74 62 a9 44
Alisma plomtage-nquatica 72 65
Amblysteginm riparinm 61 38
Potamogelon crispus 46
Ranunctilus sceleratus 46
Elodea nutallii 36
Rumex hydrolapalinn 95
Zanuichellin paiustris 84
Carex panicidata 79
Impatiens capensis 90
Fontinalis autipyreticn 100 58
Beruln erecta 90 69
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Table 8 (contiimad)

. ..S.lf.b;f!jifc

Taxon Ala AlDb Ale Alla AL Alle Allln AIllb AlVa  AIVL  AlVe
Callitriche platycarpa 95 40
Jrencus effusus 39 58 & 56
Callitriche obtusangula 100 §3 59
Filamentous green algae 45 56
Brachythecium rutabulion 37
Equisetum arvense 34
Glyeeria fluitans 36 43 47 69
Angelica sylvestis 35 7T 44
Lyt salicaria 94
Impaticns glandulifera 71
Deselimmpsin cespitosa 3
Ferns 53
Myosolon aquaticum 47
Lysinaclio vulgaris 47
Caltlha palusteis 50
Alopecurns goricniatus 31
Rorippa sylvestris 3
Potantogelon natans 25
Eleocharis pnlusiris 15
% occurrence of the 30th most 83 70 64 61 59 36 79 55 33 47 25
common taxon
Alle C!ay—dominnted rivers it Lenma trisulca and Potanggeton lucens are more than ten
impoverished ﬂom (NN Sl!b—i‘ypg Allb) times as likely to be found in sub-type Allla than in

AlHb, whilst Hipprrus valgaris, Oenanthe fluviatilis, Rumex
hydrolapathna, Groenlandia densa and several other
species are more than three times as likely, Of the
species common in both sub-types, Ranuncrlus
penicillatus subsp, psendofluitans, Callitriche obtusangulia,
Fontinalis antipyretica, Bernla erecta, Carex acukiformis and
Zannichellin palusiris are all much more typical of Allla
than Alilh. Sites are typically very species-rich.

Heavy management and relatively low numbers of
species typify this sub-type, with more than 25% fewer
species per site compared with other type Il rivers. Only
six species are present in more than 75% of the sites
classified into the sub-type, compared with 17 and 15 in
the other sub-types of type I rivers, Typical rivers are
the enriched and heavily managed rivers of the Cheshire
Plain (Dee, Weaver, Dane) and East Midland rivers such
as the We.lland or De.vo.n. A.S tl.m impoverished nature of Alllb  Chalk/oolite streams and high base—ﬁ’ow
the flora is the key distinguishing feature, there are no .
physical features or species that characterise the sub- Hoers (NNI sub—typc AH[I) )
type. In general a wide range of soft geological types In common with Allla, chalk is the dominant geoiog}/
are found, invariably at very low altitudes and where but calcareous clay and other soft limestone {e.g. oolite)
the slope is very gentle. The most commonly occurring are also important. Tbe .varied geology and th.e greater
and dominant species are those that are widespread range 0% river sizes within the 5“.13*1')’13‘3 result in a higher
along enriched banks (e.g. Phalaris arundinacea, Agrostis proportion of finer sediments being present. Sub-type
stolenifern and Myosods scorpivides) or pollution-tolerant Allla is likely wherever Chalk or Oolite has a strong
river plants (e.g. Potamogeton pectinatus, Vaucheria sp(p}., mﬂLzL?nce on river flows; thus exfwmples stretch from the
Cladephora glonerata and Enteromorpha sp{p).}. Hull in Yorkshire through the Midlands and East
Anglian rivers Nar, Wissey and Wensum o the more
southerly rivers of QOolite (e.g. Windrush and Coeln) and
Type 11T  Chalk rivers and other base-rich Chalk (e.g. Piddle, Frome, Kennet, Mimram), The core
rivers with stable flows ‘chalk stream’ species are well represented, but they are
rarely all present at the same site, as is typical in sub-
type Allia sites, Species that are not typical of classic
Allla  Classic chalk rivers (NN sub-type AlIb) chalk streams are more prevalent in Alllb, the most

Chalk is the only typical geology within the catchments characteristic being Ranunculus sceleratus, Potamogeton
of rivers classified into this sub-type. Typically rivers are pectinatus, Equiselum areense, Juncus effusus {more than
10-20 m wide {and never less than 3 m) and have more five times as many occurrences) and Brachythecium

clay, gravel and pebble substrates and less silt and sand ribabudim and Glyceria fluitans (more than three times as
than rivers in sub-type Alllb. The Itchen and the Test many occurrences). Typically, AHIb sites support enly
typify Allla, Impatiens capensis, Lysimachin vulgaris, 75-80% of the number of species found in Allla sites.
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Type IV Impoverished lowland rivers

AlVa Base-rich/neutral, impoverished rivers,
normally close to source (NN sub-type AIVD)

AlVa rivers occur in a very wide geographical range, but
primarily in England. A very common feature shared by
the vast majority of them is a high degree of physical
manipulation or degradation because of high levels of .
regular management or depletion of flows. Most are
narrow and shallow rivers or ditches, with a low number
of species expected. For instance, the most species-rich
site out of 86 had fewer species than the average number
expected in more than 100 sites in Ala-Alc, The “ditch’
nature of the communities is highlighted by the total
dominance of the assemblage by emergent or annual
wetland species, with the commonest true aquatic
macrophytes not expected to be present in more than
30% of sites. Apium nodiflorum, Cladophora glomerata
(especially), Rorippa nasturtivm-aquaticum, Juncus inflexus,
Petasites hybridus, Carex riparin and Zannichellin palustris
are much more typical than in AIVb, whilst Salix sp{p).
and Juncus effusus are much less common. This is
unremarkable as the geolegy is generally more
calcareous than in AIVD.

This is a large sub-type with many rivers represented
in it. Sites are typically on heavily managed reaches of
rivers where basic rock is present within the catchment.
Typical examples are the Bristel Avon and Churn, on
Oolite, the Darent on the North Downs, the Lark, Brett
and Bure of East Anglia, the Eau and Glen of the
Lincolashire Wolds and the Gypsey Race of the Wolds in
East Yorkshire.

AlIVb  Base-poor, impoverished ditch
communities (NN sub-type AlVn)

The most significant physical difference between AIVb
and AlVa is the prevalence in the former of soft
sandstone geology (59% compared with 12%). Where
sites are at lower altitudes and have slacker gradients,
clay and gravel dominate the substrates more than in

any other of the ‘ditch’ sub-types. The less basic nature
of the geology is reflected in the assemblages, with
Impatiens glandulifera, Oenanthe crocata, Pellia epiphylla,
Nuphar luten and several other species more than five
times more likely to be found than in AlVa and
Amblystegium ripariuni, Rorippa nasturtivm-aquaticron,
Juncus inflexus, Carex riparin and Zannichellia palustris
usually at least five times less likely to be recorded. Sites
have slightly more species than is typical for AlVa, with
rivers flowing off the Hastings Beds (e.g. Beult, Teise,
West Sussex and East Sussex Rother) and the New
Forest {e.g. Beaulieu and Lymington) especially typical.

AlVe  Upland rivers with impoverished floras
(NN sub-types AIVa/AIVD)

The main features that distinguish this sub-type of
Group A from the other ten is the greater altitude at
source and much greater likelihood of riffle habitats.
Sites are usually heavily modified by river engineering
works, often leading te a high proportion of sites having
silty substrates. Despite this, cobbles, boulders and
bedrock are more commoniy present in type AlVc than
in either AlVa or AlVb, whilst pebbles and gravels are
less frequently present.

The more upland sources account for the much rarer
occurrence (or the absence) of species found in all other
lowland sub-types (Ala-AlIVb} within Group A. Good
examples of such species include Sparganium erecfum,
Mentha aquatica, Epilobium Iirsutum, Solanum dulcamara
and Salix spp. The community has only three truly
aquatic plants typically present: Callitriche stagnalis,
Elodea canadensis and Potamogeton nafans, which are all
tolerant of siltation. Overall the community is
dominated by plant species more commonly found in
Group B; this suggests that without the physical
degradation that afflicts most sites, they would be
classified within Group B.

Sites are most typically found in northern England
{Wansbeck, Bowmont Water) and southern Scotland
{Annan, Blackadder Water), where rivers which rise in
uplands tlow through intensively farmed landscapes in
their lower reaches,



Chapter 5 Physical characteristics and macrophyte conmunities

54 Rivers in Group B: sub-types BVa-BVIc

Types V and VI in Group B are further sub-divided into
ten sub-types. Table 9 summarises the physical
characteristics of sites in sub-types BVa~BVIc and Table
10 shows the 30 most common taxa in each sub-type of
Group B. The nearest neighbour (NN) for each sub-type
within the classification is shown to enable easy
comparison.

Type V Sandstone, mudstone and hard
limestone rivers of England and Wales

BVa  Mesotrophic upland hard limestone/
sandstone rivers (NN sub-types BVG/BVc)

In common with its nearest neighbours, sites of this sub-
type are commoniy found on hard limestone and soft
sandstone, However, the more frequent occurrence of
hard limestone and calcareous shales and much less
frequent occurrence of clay and soft limestone distinguish
BVa sites from those of BVb and BVc. Steep slope and
higher altitudes are typical; altitude at source is double
that of its nearest neighbour and slope is steeper than in
any other sub-type of Group B. Fine sediments are rare,
and bedrock, boulders and cobbles are more prevaient
than is typical for the group as a whole. Generally, sites
are shaliow and moderately wide.

The harder rock, steeper gradients and higher
altitudes result in bryophytes being much more common
in this sub-type than is typical for B sub-type
communities. Also, no truly aquatic vascular plant is a
common component of the community. The base-rich
nature of the rock is reflected in the common occurrence
of bryophytes such as Cinclidotus fontinaloides and Pellia
endiviifolin. Of the 12 most common taxa, eight are
bryaphytes; the other four are edge grasses Agrostis
stolonifera and Phalaris arudinacea, together with Salix
sp(p). and other trees. Of the less common species, the
alga Lemanea fluviatilis and the mosses Brachythecium
rivulare and Dichodontinm pellucidum occur much more
commonly in sub-type BVa than in BVb or BVc, whilst
species such as LyHirum salicaria, Iris psendacorus, Glyceria
plicata, Stachys palustris, Callitriche stagnalis and
Alopecurus geniculafus occur much less commonly.

Sites in the BVa sub-type are rarely found outside the
hard limestone areas of south and north Wales, the
Derbyshire Dales, the lower Pennines, the Lake District
or the North York Moors; sites are also common in the
upper reaches of rivers on the sandstones of
Herefordshire and Worcestershire. Typical rivers from
the areas cited include the Monnow, Usk, Tawe, Neath
{lower), Clywedog, Elwy, Dove, Lathkill, Wharfe, Ure,
Ehen, Hodder, Esk, Rye, Arrow and Lugg.

BVb  Small, lowland, base-rich sand rivers or
winterbournes (NN sub-type BVc)

Sites within this sub-type are very close to the mid-
range character for type V rivers for atiributes such as
altitude and slope, with the geology typically limestone,
sandstone or calcareous clay and with sites on shale and

hard rock generally absent (as with sub-types BVa-BVc}).
Silt and sand substrates are more common than in other
type V rivers; the only other difference from its nearest
neighbour is the tendency for rivers to rise at slightly
higher altitudes.

Of the commeon species, BVb communities typically
contain many more aigae and bryophytes than do BVc
communities; examples include Cladophora glomerata,
Vauchieria sessilis, Hildenbrandia rivnlaris, Amblystegium
vipariunt, A. fluviatile and Pellia endiviifolia. As for BVe,
but in contrast with BVa, more vascular plants are
common, with Juncus acutifiorus, Apivm nodiflorim,
Rorippa nasturtinm-agquakicuon and Ranunculus penicillaius
subsp. pseudofiuitans noteworthy, The species that occur
much more commonly in BVb than BVe indicate a much
more calcareous and stable substrate: Hildenbrandia
rivularis and Ranunculus penicillatus subsp. pseudofluitans
occur more than ten times as commonly; Verruearia
sp{p)., Symphytuwm officinale, Veronica anagallis-aguatica,
Eloden canadensis, Glycerin plicate and Zamnichellia palustris
are all more than five times as commonly found and
many other vascuiar planis are more than three times as
commonly found in BVb than BVc.

Sites in BVDb are widely scattered in England and
Wales, the sub-type most typically representing outlier
sites in lowland England that are not classified into
Group A. In contrast to BVc, most sites are rarely
located on rivers where clay is important within the
catchment. However, many sites are winterbournes (e.g.
Frome, Lambourne, Moors) or the extreme upper
reaches of chalk/oolite/limestone rivers (e.g. Avon,
Babingly, Coln, Culm, Darent, Kit, Otter, Yarty), whilst
other sites are scattered on relatively base-rich mixed
geologies (often sandstones) at low altitudes (e.g. Arrow,
Axe, Clwyd, Lugg, Monnow, West Sussex Rother and
Trothy).

BVe  Small, lowland, impoverished mixed
sand/clay rivers (NN sub-type BVb)

Sites within this sub-type characteristically flow mainly
over hard limestone and sandstone (typically for all BVa-
BVc rivers) but are usually located on rivers that rise at
much lower altitudes than is typical of sites in Group B
sub-types. Sites are also typically much narrower than
sites on other type V rivers.

Relatively uncommon species (e.g. Sagina procumbens
and Carex pendnla) and the much more commonly
accurring species (e.g. the liverworts Marchantin
polynorpha, Lunularia cruciata and Pellia epiphylla, the
vascular plants Deschampsin cespitosa, Scropludariq
auriculata and Callitriche stagnalis, ferns and filamentous
green algae) are far more commonly found in this sub-
type than in BVb, many reflecting the strong influence
of clay within the sites. Typically these species are
found on steep clay banks.

Species more associated with rock or calcareous
conditions (e.g. Hildenbrandia rivularis, Amblysteginm
riparium, A. fluvintile, Pellio endiviifolia, Rorippa
nasturtivm-aquaticum and Rapunculus penicillatus subsp,
pseudofluitans) are all rare in BVc compared with BVb.
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‘9" Phiysical characteristics of sites in sub-types of Group B:BVa-BVie

Sub-type
BVa BVD BVe BYd BVe BVIu BVID BVIc BVId BVie

Numher of inxa

Mean 33 36 30 38 39 41 42 42 42 25
Minimum 21 206 g 17 25 22 28 24 24 [
Maximum 43 54 30 52 63 60 56 55 38 36
Geology (5 occurrence (>10%) at sites)

Alluvium

Calcareous clay 10

Non-calcareous clay 13

Chalk

Other soft limestone

Hard limestone 27 10 17 13 24 3z 49
Soft sandstone 18 32 25 LX) 41 16 38

Hard sandstone 18 i7 21 [ 81 13 14 i2 30
Calcareous shale 18 19 16 19 10

Non-calcareous shaje ia 17 25

Hard rock (base-rich) 36 25
Height at source (m}

Mean REn| 248 175 306 322 463 533 481 352 433
Minimum 183 kit 35 107 198 335 76 61 61 160
Maxinmum 665 579 489 640 G40 761 761 761 680 &80
Altitude of site {m)

Mean W7 67 ol 87 31 51 57 78 76 98
Minimum 15 5 15 15 15 15 12 15 G 5
Maximum 374 244 185 183 168 215 130 229 250 270
Slope (ke per 15 w1 fall)

Mean 4.7 6.4 6.6 7.6 3.8 1535 113 9.5 0.2 5.3
Minimum 0.1 15 20 3.1 1.5 3.0 40 1.5 1.0 0.9
Maximum 11 20 »>25 15 15 =25 =25 =25 »25 20
Substrales (%o occurrence ai siles)

Siit/mud 4 19 8 12 3 16 7 G 8 35
Sand 2 13 8 4 3 i6 3 7 26 25
Clay 2 9 a3 8 0 9 0 2 6 5
Gravel 13 41 63 35 7 38 10 12 40 20
Pebbles 36 58 42 73 29 47 28 53 35 kit
Cobbles 76 32 a3 42 63 28 69 74 47 33
Bouiders 44 7 13 8 48 a2 39 35 15 30
Bedrock 22 1} 4 0 16 13 17 12 4 1
Halitaks (% occurrence af siles}

Pools 13 7 17 4 13 25 14 3 G 15
Slacks 84 81 38 92 04 97 9¢ 90 79 335
Riffies G 22 29 8 10 0 G 0 G 70
Runs 52 35 58 85 52 41 76 81 76 70
Rapids 11 4 0 4 19 0 7 12 6 10
Width (m) (% occurrence nl sites}

<5 18 52 75 31 0 3 7 3 26 35
510 449 42 29 16 7 [ 7 21 36 45
10-20 49 G 4 50 55 59 28 46 28 15
=20 16 10 4 4 58 53 2 49 30 35
Deptir (m} (%o ocenrrence at sites}

<(1.25 93 80 75 92 55 50 55 81 81 a0
0.25-0.5 56 5: 58 36 58 38 b6 59 40 45
0.5-1.8 2 7 25 8 i6 4] 10 3 2 20
>1.0 g 3 4 0 26 47 17 19 13 ut

|
I~
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] Sub-type

Taxon BVa BVD BVe BVd BVe BVIa BVIb BVIc BVId BVle
Lewmanea fhuviatiiis 73
Thamnobryum alopecnrum 51
Marchantin polymorphn 56 54
Anmiblysteginm riparivn 67 71 42 73
Oenanthe crocata 58 73 o4 96 100
Chiiloscyplius polyanthos 53 85 90
Lunularia cruciain 58 54 o8 65
Peliia endiviifolia 80 57 58 62
Vaucheria sp(p). 80 77 85 71 81 66 66
Hildenbrandia rivularis 69 57 74 97 84
Cinclidotus fontinalofdes 51 74 86 74
Petasites hybridus 78 72 63
Conocephalunt conicunt 82 70 o8 6% 87 59 66 71
Verrucaria sp(p). 9% 75 i) 90 6% 100 9% 9N
Amblystegiiom fuviatile 87 34 71 72 72 91 62
Cladopiora glomerain agg. 84 84 81 97 97 26 76
Juncns acutiflorns 51 70 85 81 39 62 82 89
Equisetum arvense 38 58 66 83 66 8
Deschampsin cespitosa 56 54 40
Veronica beceabnga 62 84 38 78 79 78 80
Myosotis scorpioides 62 86 54 91 100 88 98 85
Filipendula ubmarin 33 62 73 85 77 79 94 86
Mentha aquatica 78 86 67 62 77 88 83 99 98 63
Epilobium hirsutun 76 21 75 94 86 7% iy
Agrastis stolonifera 100 97 96 96 100 100 140 99 140 90
Rhynchastegiun riparioides 100 87 71 100 100 91 100 94 85 45
Trees 96 96 96 100 100 91 83 82 79 65
Fontinalis antipyreticn 91 78 63 92 94 83 97 97 93 53
Phalaris arundinacea 87 91 63 106 10 100 100 97 98 100
Salix sp(p). 84 a3 88 96 97 97 66 P2 81 60
Sulgarm dufeanmra 84 88 81 71 36
Sparganium erecium 81 75 10G a5 91 80 74 00 55
Rammculns penicillatus subsp. 3

psendofluitans
Apivm nodiflorum 74 42
Ferns 58
Pellin epiphylln 67 54
Sparguiiian entersum 81
Catlitriche mmulata 77
Lythrum salicaria 58 71
Euwpatoritun cannabinum 30 74
Scrophidaria anriculata a0 39
Fontinalis squanasa 77
Impatiens glnndulifera 58 75 66
Brachythecium rutabulum 51 50 60
Juncus effusus 65 54 30 59 89 80
Glycerin fluitans 62 42 89 61 70 65
Rorippa nasturiium-aguaticunt 58 42 70 35
Angelica syloestris 52 63 53
Callitricle stagnalis 67 78 35
Filamentous green algae 58 61 81 85 55
Lemanea fluvintifis 73 77 66 74
Myriophyllun: alieniiflorion 81 74 68
Ranunculns penicillatus subsp. 635 40

penicillains
Caltha palustris 58 76 74 85 60
Symphylrom officinale 63
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BVa

BVD

Taxon BVe
Polygoenum amphibium
Rorippa palustris
Ramunculus fluifans
Myriophyllum spicatun
Potamogeton perfolintus
Rorippn sylvestris
Eledea canadensis
Rovippa amphilbia
Mintulus guttatus
Eleocharis palustris
Alopecurus geniculatus
Potamogeton crispus
Stachys palustris
Cardamine amara

Iris psendacorus

Saging procimbens
funcus articulatus
Tussilage farfora
Equisetnm palustre

“ oceurrence of 30th most common
taxon

Sites in BVc are widely scattered in England and
Wales and, as with sub-type BVb, are most typically very
isolated outlier sites in lowland England that are not
classified into Group A. In contrast to BVb, most sites
are located on rivers where clay is important within the
catchment. Typical rivers include the Weald rivers on
sand and clay, such as the Teise and East Sussex Rother,
and the Fraw and Cefni on Anglesey. Whilst sites
typically indicate more acidic catchment conditions than
in BVD {e.g. New Forest Beaulieu and Uddens), very
impoverished sites on calcareous clays {e.g. Burry Pill,
Gypsey Race and Eau) are common.

BVd  Western, stable rivers on sandstone and
shales (NN sub-type BVe)
Sub-types BVd and BVe are very characteristically found
on hard sandstone and shale geology (typically
calcareous shale), and are absent from hard limestone
and soft sandstone. Typically, sites in sub-type BVd
have finer substrates than sites in BVe, being dominated
by gravel and pebbles, with minimal bedrock and
boulders present. Sites also tend to be narrower (usually
less than 10 m wide) and are shallow, being virtually
always under 0.5 m deep.

The finer sediment means that BYd communities have
a high proportion of truly aquatic vascular plants. Some
of the more common species include Spargauninm
emersum, Callitriche hanndata, Myriopindlum alterniflorum
and Ranunculus penicillatus subsp. penicillatus, The
communities also often contain a wide variety of bank
species common in Group A rivers (e.g. Enpatoriim
cannabipnr and Lythrum salicaria), and aquatics of
contrasting habitat needs (e.g. Sparganiim erectum,
Rhliynchosteginm riparivides, Amblystegium riparinm and
Chiloscyphus polyantios) are all invariably present
alongside each other. Relatively uncommon species
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Sub-type
Bvd BVe BViIa BYIL BVic BVId BV
72 55 60
56
94 97
78 69
59
75 83 60 35
75 86 63 59 30
72 55 60
56 72 74 87 63
59
64
53
53
65
45
45
40
40
35
50 58 56 59 59 53 30

within the sub-type, such as Scrophularia auriculaia,
Alisma lanceolatum, Galiunt palustre, Alopecurus geniculatus
and Stellaria alsine, are far more commonly found in BVd
than in BVe.

Communities of sub-type BVd are confined to western
Britain, typically south-west England and south-west
Wales. The Torridge and Tamar, together with their
more lowland tributaries, typify the sub-type in the
former region and the Teifi and Western Cleddau are
typical in the latter region. Ail examples are on rivers
where some features typical of Group A are evident (e.g.
lower altitudinal sources or presence of large upland
plateaux giving downstream stabilisation). However,
because of the coarser substrates and the sites’ extreme
western distribution, the communities present do not
have enough species typical of lowlands and enriched
conditions to be classified into Group A.

BVe Lowland, Iarge rivers in south-west

England and Wales (NN sub-type BVd)
Differences between sub-types BVe and BVd are
highlighted by the much coarser substrates of the
former, which is dominated much more by cobbles,
bedrock and boulders. Sites also tend to be wider
(usually at least 10 m wide) and deeper. Sites tend to be
at lower altitudes (usually under 50 m) than is typical for
most Group B communities, and the mean gradient is
the slackest of any type V sub-type.

Despite the lower altitude and slacker gradients, the
coarse sediment characteristics are the primary
determinants of the communities. In contrast to BVd,
there is a relatively low proportion of truly aquatic
vascular plants present. Whilst Myriophiylium
alterniflorum, Rhynchostegivm riparicides and Chiloscyphus
polyanthos are more-or-less as prevalent as in BVd,
Sparganium emersum, Callitriche hawulata, Ranunculus
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penicillatus subsp. penicillatus and Amblystegium riparium
occur much more rarely. In contrast, species present on
rock, such as Hildenbrandia rivularis, Fontinglis SqUANIesA,
Cinclidotus fontinaloides, Schistiditnm alpicola and
Cladophora acgagropila occur much more commonly.
Reflecting the lowland location of sites in the sub-type,
bank communities commonly support species often
found abundantly in Group A; typical species include
Impatiens glandulifera, Eupatorium cannabimuint, Lyt
salicaria, Phalaris arudinacen and Agrostis stolonifera.

Communities of sub-type BVe, like those in BVd, are
more or less confined to western Britain, again most
typically south-west England and south-west Wales.
The lower {and much larger) reaches of the same rivers
in which BVd communities exist upstream are most
typical. The lower Torridge, Tamar and Teifi exemplify
the sub-type, but sites on the Exe, Elwy and Welsh Dee
indicate that more calcareous low-gradient rivers with
moorland in their upper catchments are also
represented.

Type VI Sandstone, mudstone and hard
limestone rivers of Scotland and Northern
England

BVla Lowland, large mesotrophic rivers on
limestone or sandstone (NN sub-types BVIb/
BVIc)

The majority of sites in this sub-type are found en soft
sandstone, with a strong calcareous influence arising from
their presence on limestone and calcareous shales. Sites
commonly occur at low altitudes on rivers that rise at
high altitudes (but not as high as in sub-types BVIb or
BVc). Gradient is the most shallow for any Group B sub-
type. Rivers are generally wide and it is extremely rare to
find a site narrower than 10 m wide; sites are generally
much deeper than is normal for Group B rivers.

The shallow gradient and low altitude (also common
in sub-type BVIb) are reflected in the much higher
proportions of species typical of lowland Group A rivers
found in these two sub-types than in type B rivers
generally. Examples include Myriophyllim spicatum,
Elodea canadensis and Voucheria sp(p)., with Ranunculus
fluitans, Symphytum officinale, Rorripa sylvestris and
Rorippa amphitia characteristic. The community typically
contains a variety of truly aquatic vascular plants
associated with fine sediments alongside a wide range of
lower plants associated with gravels and shingle banks.

Typical rivers in this sub-type with communities well
represented include the lower reaches of the Derbyshire
Dove, Teme, Twweed, Wharfe and Usk. All rise at high
altitude on moorland but then traverse basic hard rocks
before becoming relatively big rivers with slack
gradients in their lowlands.

BVIb  Large, lowland reaches of meso-
eutrophic rivers with upland sources (NN sub-
type BVic)

In common with BVia, many sites are found on soft

sandstone, but others are found on non-calcareous
shales as well as hard sandstone and limestone. Sites

commonly occur at low altitudes on rivers that rise at
high altitudes {the highest mean for all Group B sub-
types. Gradient is atypically shallow for a Group B sub-
type, but not as extremely shallow as in BVIa.

Rivers are generally wide, normally exceeding 20 m,
but no deeper than normal for the wide rivers in sub-
types BVIa-BVIc. Reflecting the shallow gradient and
low altitude, much higher proportions of species typical
of lowland Group A rivers are present in sub-type BVIb
than in BVIc. Examples include Potamogefon perfoliatus
(occurring more than ten times as frequently),
Enteromorpha sp(p)., Myriophyllunt spicatum, Ranuicutus
penicillatus subsp. penicillatus, Potamogeton pectinatus
{more than five times as common) and Ranunculus
fluitans, Lemna minor and Zannichellia palustris {more
than three times as common). The community typically
contains a variety of truly aquatic vascular plants
associated with fine sediments alongside a wide range of
lower plants associated with rock substrates, Common
examples of the latter include Hildenbrandia rivularis,
Verrucarin sp(p)., Cinclidotus fontinaloides, Rinpichostegium
riparioides and Fontinalis antipyretica.

Relatively few rivers are classified into this sub-type,
the Eden and Ribble in north-west England typifying it.
Both rivers, together with outliers such as the Usk and
Wharfe, are characterised by having an upland source in
moorland before descending into lowlands and
traversing more base-rich geological strata,

BVIc Middle reaches of upland rivers
traversing richer strata (NN sub-type BVId)
Sites may be located on hard limestone, soft sandstones,
hard sandstone and shales. Rivers rise at high altitudes
(as in sub-type BVIh), and sites are typically at higher
altitudes and with a steeper gradient than is typical in
the nearest-neighbour sites. in common with all sub-
groups BVIa-BVIc, mixed substrates are typical, but
shallower depths predominate in BVIc. The typically
smalier size, higher site altitudes and steeper gradients
lead to fewer aquatic vascular plants being present,
unless they are species associated with more oligo-
mesotrophic conditions of Group C rivers; a typical
example is Myriophyllun alterniflorum, which occurs
more than ten times as commonly in BVIc than in BVib.
Edge species such as Equischum palustre, Mimulus
suttatus, Rorippa palustris, Tussilago farfora and Juncus
effusus also occur more than three times as commonly,
and Elcaclmris palustris is also more common. Many of
the common algae and bryophytes of BVIb (which are
much less frequent in BVIa) are also common in BVIc.
Typical examples include Hildenbrandia rivularis, Lemanea
fluviatilis and Cinclidofus fontinaloides.

Many more rivers are represented in this sub-type
than in BVIb, Extensive middle reaches of the large
rivers where BVIb is typical in the lower reaches (e.g.
Eden, Ribble, Wharfe, Usk) all typically support BVIc
cormunities. BVIc communities also occur on many
smaller tributaries of these rivers (e.g. Petterill, Eamont,
Hodder) and middle reaches of many larger rivers in
the Pennines and Lake District (e.g. Lune, Ure, Wharfe)
and where more rich geological strata are traversed by
rivers below moorland {e.g. Garnock, Ithon, Tweed,
Tyne).
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BVid Small, low-gradient meso-eutrophic
rivers (NN sub-type BVIe)

In common with its nearest neighbour BVle, these are
the only sub-types within Group B where the geology is
typically base-rich hard rock. In contrast to BVie, most
of the other sites in BVId are on hard sandstone. A wide
range of substrates and flow types are also represented
_in both sub-types, with sites being much narrower than
is typical for BVIa-BVIc rivers. Gradient is slack, almost
kalf that of BVIe, with the sources of rivers in BVId
being typically at fower altitudes than in other type VI
sub-types. A large number of taxa occur far more
frequently in BVId than in BVle, such as the algae
Cladophora spp., Vaucherin sp(p). and Hildenbrandia
rivularis, the lichens Collema dichotomum, Dermatocarpon
flupintile and Verrucario spp. (all more than ten times as
frequent), the bryophytes Amblysteginm riparium, A.
fluviatile and Cinclidotus fontinaloides {all more than ten
times as frequent) and the aquatic vascular plants
Potamaogeton crispus, Myriophyltum alterniflorunt and
Glyceria maxina,

More than 90% of sites are in Scotland, the most
typical examples being on the most productive farmland
associated with the lower land and richer soils of the
east coast. The Bervie Water, Dean Water, Don, Eden,
Lunan Water, Ugie and Ythan typify the sub-type.
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BVle Small, basic, upland rivers (NN sub-
type BVIe)

As in Group C, hard rock dominates sites in this sub-
type of Group B, with hard limestone, hard sandstone
and hard base-poor rocks typical. Sites are generaily at
higher altitudes than in other sub-types of type VI, with
a mixture of wide and shallow rivers represented. In
common with sub-type BVa only, gradient is atypically
steep for Group B rivers, but silt and sand are more
prevalent as substrates than in any other Group B sub-
type. Many of the common species of other sub-types in
Group B rarely occur in BVie; the most typical are
species which indicate eutrophic conditions, such as
Vaucheria, Cladophora and Amblystegivm fluviatile. The
calcareous nature of the substrate is refiected in the
more than ten times greater frequency of species such as
Ranuculus penicillatus, subsp. pseudofiuitans, Apion
nodiflorum, Carex riparia and Juncus inflexus.

The sub-type has relatively few sites, typically found
in the Borders (Annan, Blackadder Water, Coquet, Kale
Water) and in the Lake District (Kent). Other outliers
include the Yorkshire Dove and Clun. The vast majority
of these rivers have basic rock geology at relatively high
altitude.
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5.5 Rivers in Group C, sub-types CVIIa-CVIIle

Types VIl and VIII in Group C are further sub-divided
into ten sub-types. Table 11 summarises the physical
characteristics of sites in sub-types CVIla and CVIile.
Table 12 shows the 30 most common taxa in each sub-
type of Group C. The nearest neighbour (NN) for each
sub-type within the classification is shown to enable
easy comparison,

Type VII Mesotrophic rivers dominated
by gravels, pebbles and cobbles

CVIla  Small, shallow, high-altitude hard
limestone and sandstone rivers (NN sub-type
CVIIb)

In common with nearest neighbour CVIlb, sites are
invariably on hard limestone and hard sandstone with
no other rock type represented by more than 10% of
sites. Both CVIla and CVIIb typically have sources at
much higher altitudes than CVilc or CVIId, with CVila
typically occurring at much higher altitudes than other
type VII river communities. Slope is also much steeper,
being approximately twice that of CVilb and four times
that of CVIld. Because most CVIla sites are in the
headwaters, none is more than 20 m wide and they are
typically very shallow (the narrowest and shaliowest
examples within Group C). However, finer sediments
are more prevalent than in other Group C sub-types,

Over 25 species occur more than five times as
commonly in sub-type CVIla than in CVIIb. Many
reflect the greater influence of base-rich rock in CVlila
(e.g. Cinclidotus fontineloides and Amblystegiom fluviatile),
while others reflect the presence of fine sediments {e.g.
Carex wesicaria, Myriophyllum spicaium, Veronica anagailis-
aguatica and Sparganiun emersim). Because of the stable
influence of groundwater and the higher base status,
several species of Groups A and B are mare common in
this sub-type of C than in any other. Typical examples
(other than some of those mentioned above) include
Alepecurus geniculatus, Rovippa nasturtinm-aquaticum and
Verouica beceabrngn. Bryophytes are less well
represented than is typical for Group C sub-types.

There are few examples in this sub-type, and sites are
widely scattered in upland headwater reaches of rivers
where a distinct calcareous influence to a predominantiy
moorland character is typical. Examples include Briggle
Beck, Cowside Beck, Gordale Beck and Malham Tarn
outtlow in northern England and the Ythan, Wick and
Loch Croispol streams in Scotland.

CVIIb  Mesotrophic rivers with strong
calcareous influence (NN sub-type CVlic)

The geology of sites within CVIIb is dominated, as in
CVIila, by hard limestone and hard sandstone, but
physical features are different. Site altitudes are much
lower and gradients are much slacker, with a great
variety of widths, depths and general habitat features.
Riffles, runs and rapids over cobbles, boulders and
bedrock are prevalent. Bedrock and boulders are more

common than in any other CVIi sub-type and fine
sediments are scarce.

Marchantia polyimorpha and Montia sibirica are more than
ten times as common in CVIIb than in CVIla, with
Ranunenlus penicillatus subsp. penicillatus, Conocephalum
coniciim and Phalaris arundinacea more than three times as
common. The community includes some elements
indicative of base-rich conditions {(but less so than in
CVila), together with more bryophytes and other vascular
plants at the margins than in CVIIa. Other typical taxa
include Cardamine amara and Elcocharis palustris, with trees
also much more common on the banks. Sites often have
unstable channels and macrophytes are primarily
confined to the margins or banks or on bedrock;
consequently sites are typically unproductive and very
species-poor.

Sites of this sub-type are rarely found outside
northern England and southern Scotland, where more-
basic rocks are exposed by rivers flowing from extensive
heathy uplands. Typical examples are the Annan,
Whiteadder Water, Coquet, Kent and Nevern.

CVIlc  Lowland, mesotrophic rivers with
acidic feeders (NN sub-type CVIId)

Sites of this sub-type occur on a variety of rock types,
including hard limestone, hard sandstone, soft
sandstones, non-calcareous shales and base-rich hard
rock. Compared with other Group C sub-types, sites of
this sub-type are very typically at extremely low
altitudes {i.e. under 50 m, approximately 3-5 times lower
than other sub-types of CVII}, Substrates vary, but silt is
more common than in any other Group C sub-type.
Sites in CVIIc are typically deeper than is typical for
Group C and wider than is typical for type Vi,
reflecting the fact that they are the most lowiand reaches
of oligo- mesotrophic rivers.

Far more species typical of Group B oceur than is
typical for sub-types in Group C, reflecting the low site
altitude and typically greater width and the fact that few
of the rivers rise in mountains. Vascular plants, many of
them truly aquatic, are more common in this sub-type
than is typical for Group C sites, although bryophytes
are much less common. Examples of atypically common
species include Hydrocotyle oulgaris, hnpations
glandulifera, Lythrum salicaria, Alisna plantago-aquatica,
funcus articulatus and Phragmites australis (ali more than
ten times more frequent than in CVId), plus Lycopus
enropeeus, Apiton nodiflorim, Callitriche obtusangula,
Potamegeton natans, Sparganitm emersion and Littorella
uniflora.

There are few exampies of this sub-type and sites are
spread throughout Great Britain, from the acid New Forest
{e.g. Dockens Water and Oberwater) to Wales (e.g. Llyfni
and Dysynni) and Scotland (e.g. Bladnoch and Cree).

CVIId  Mesotrophic, upland plateau rivers

(NN sub-type CVlic)
Rock types in CVIId differ from other type VII sub-types
in that they are dominated by shales and base-rich hard
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Table 11 Physic {65 in stib-tvpes of Group C: CV1

. Sub-type
CVlia CVIIb CVilic CVIid CVIIla CVHID  CVIIle CVIIId  CVIile
Number of taxa

Mean 36 22 30 37 27 40 36 49 42
Minimum 20 7 & 24 7 19 15 36 24
Maximum 55 43 47 50 42 56 55 70 67
Geology (% vecurrence (>10%) al sites)

Alluviam

Calcareous clay

Non-calcareous clay

Chalk

Other s50ft limestone

tard limestone 31 48 22 25 i6
Soft sandstone 22 13

Hard sandsione 31 35 17 44 18 14

Calcareous shale 23 18

Non-calcareous shale 11 46 17 58 21 28 29
Hard rock {base-rich) 22 27 26

Hard rock {base-poor} ' 21 16
Height at source (m)

Mean 435 417 263 379 302 464 503 598 589
Minimum 20 240 35 152 130 100 240 140 250
Maximum 696 700 810 640 853 1,210 853 1,210 1,210
Altitude of site (m}

Mean 207 126 45 142 103 a3 1i5 95 206
Minimum 20 18 5 10 30 15 15 15 10
Maximum 275 265 152 229 244 274 305 213 425
Slepe (km per 15 m fall) )

Mean 5 4.3 5.7 10.6 3.2 57 3.6 7.3 2.4
Minimum 0.5 0.6 1.1 0.7 0.2 1.0 0.3 1.0 0.2
Maximum 8.1 21 15 =25 8.7 22 9 >25 16
Substrates (% occurrence af sikes)

Sile/mud 31 17 44 i8 3 1 7 iy 0
Sand 15 9 11 41 11 3 5 3 2
Clay 0 0 11 9 3 0 0 4] ¢
Gravel 23 22 50 59 25 22 9 21 4
Pebbles 62 33 3 59 33 45 36 44 26
Cobbles 62 61 39 36 36 67 68 74 52
Bouiders 15 48 22 0 33 40 57 49 78
Bedrock H 35 6 0 28 12 36 10 24
Habitats (% occurrence af sifcs)

Pools 23 4 11 5 8 4 7 3 2
Stacks .54 17 78 82 72 78 71 82 49
Riffles 31 65 22 0 25 1 1 0 9
Runs 46 61" 30 73 47 74 73 85 86
Rapids 0 26 6 0 33 37 48 39 58
Width (i} (% occurrence ab sifes)

<5 62 17 56 41 50 19 ii 8 36
5-19 31 61 17 36 58 43 46 28 42
10-20 15 26 33 27 19 53 55 31 35
=20 0 17 28 23 3 26 23 56 20
Depth (m) (% occurrence at siles)

<0.25 10¢ 48 61 73 86 74 91 89 93
1.25-0.5 23 52 33 32 53 + 46 36 29
0.5-1.0 0 26 o 9 17 3 3 8 4
>1.0 0 17 33 27 3 15 2 13 2
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Tuble 13 Pereentage freqency o ecurrence of sibriyp
Sul-type
Taxon CVila CVIIDh CVile CVIld  CVilla  CVIIID  CVIIIc CVHId  CVille
Alopectirus genicilatus 77
Carex rostrata 46
Carex flacea 46
Rorippa nasturtium-agquaticum 77 30
Yerouica beccabungn 92 61
Equisctum pajustre 62 3%
Mimulus gutlatus agg. 54 30
Junens articulatus 46 63
Anthoxanthum edoratum 46 52
Cardamine ainarn 48
Eleacharis patustris 44
Ramunculus penicillatus subsp. 35
penicillatus
Brachythecium rutabid s 30
Stachys palustris 30 61
Callitriche stagnalis 35 72 G6d
Equisetum fluviatile 34 44 73
Sparganinm erechunt 46 30 86
Alismn planiago-iguatica a1
Stellarin alsine %6
Lythrnm salicaria ] 30
Apiun nodiflorum 50
Potmmnogeton natans 39
Senceic agnaticns 61 59
Galiunt patustre 56 73
Ovuante crocata 78 72 7i
Ferns 6} 55 78 36 57 &7
Callitriche hamtdaia 56 86 63 82
Angelica syloesiris 34 48 56 B2 42
Muyosotis scorpivides 77 7 50 77 59 57
Deschamypsia cespitosa 62 48 72 39 57 72
Glyceria fluttans 92 57 72 100 58 75 80
Filipendula whmaria 77 78 a0 7 47 73 64 80
Rannvculus flammuln 69 61 73 69 97 75
Mentha aguatica 6y 44 67 86 86 61 90 67
Salix sp{p). 54 78 78 91 83 95 80 90 78
Catlicrgon cuspidatum 69 69
Tussilago farfars 54 52 64 71
Sagina procunibens 54 52 71 71
Caitha palustris 106 70 56 68 64 5% 95 67
Agrostis stolonifera 92 g1 0:f 96 94 99 iy 9 91
Foutinalis antipyrefica 62 a1 S0 86 6] 86 84 95 91
Rhynchusteginm riparioides 92 44 86 89 85 o3 90 98
Filamentous green algae 85 52 68 61 78 75 ElY 96
Troncus effusies 77 74 83 91 42 74 83 80
Carex atigra 54 72 67
Juircns acutiflorus 46 67 100 36 90 71 100 84
Phalaris arundingcea 91 83 g6 67 97 6 92
Trees 78 72 73 g7 an 86 92 76
Pellin epiplnylla 30 50 68 89 71 59 85 71
Myriophyllum alterniflorym 86 64 92
Chiloscyphus polyanthos 68 86 88 80 85
Verrucaria sp{p}. 64 67 96 75 92 82
Achillen ptarmica 73 92 67
Carex remota 56
Vaucheria sp(p). 44
Lusalarig cruciata 42
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Table 12 (confirized)

Sub-type
Taxon CVIia CVIIb CVIic CViid CVilla CVIIF CVIIc CVIIld  CVIe
Conacephaluin conicum 75 69 85
Thamnrolryn alopecurnm ’ 69 59 66
Dermatecarpon fluviatile 60
Dichedontinn pellucidun 66
Cinclidotus fontinaloides 66
Hildenbrandia rivularis. 55
Fonfinalis squaniosa 56 88 : 83
Rucomitrium aciculare 36 74
Equiselum arvense a5 39 75
Huygrohymiune echraceum 55 47 74 95 82
Lemanen fluviatilis 58 74 61 78
Brachythecinm rivulare 47 . 89 84
Scapania undulata ’ 47 51 90 66
Amblystegium fluviatile 36 75 84 67
Schistidium alpicola 57 82 82
Brachythecium pluniosion 57 69
Brywm pseadotriguetnion 85 75
Jungermannia atrovirens 74 67
Philonotis fontana 71
Hygrohypmtm luridum 69
% occurrence of 30th most common 46 30 ® 55 36 51 57 71 67
faxon
rocks and are absent on hard limestone or sandstones. diverse range of substrates are represented, with
Whilst the proportion of gravel, pebbles and cobbles is channels usually narrower and shallower than is normal
typical for Group C rivers, CVIld is unique in having for type VIII sites.
sites that are totally devoid of boulders and bedrock, Vegetation in CVI1a sites is often very impoverished
commonly having sand as subsirate. Gradient is also compared with sites in other type VII sub-types. The
exceptionally shallow for Group C river types. community is representative for the type, but the small

Because of the shallow gradient and absence of rocks, size and steep gradient result in species such as Achillen
vascular plants are typically much more important than piarmica, Mimalus guitatus, Ranunculus penicillaius subsp.
in any other Group C sub-type. Exampies include: penicillatus and Senecio aquaticus being present
Myrioplyliune alterniflorrom, Callitriche anulata, Equisctum comparatively rarely; they are more than fen times as
fluviatile and Sparganinm erectim. Other species that are likely to occur in sub-type CVIHE. Similarly 15 other
far more prevalent in CVIHd than in CVilc are Verrucarin taxa (all but two being vascular plants) have a more than
spp. and Mygrohypnunt ochiracenm (more than ten times as threefold greater frequency of occurrence in CVIHDb than
prevalent), Rhynchostegim riparioides, Carex aquatilis and in CVIla; typical examples are Mentha aquatica, Myosotis
C. rostrata {more than five times as prevalent) and scorpioides, Ranunculus flammula, Staclys palustris,
liverworts Chiloscyphus polyanthos and Scapania undulata. Muyriophyllum alterniflorum and Iris pseudacorus.

Sites are typically associated with mesotrophic rivers Sites are scattered throughout England and Wales but
that traverse upland plateaux. The classic examples are are rarely encountered in Scotland. The most typical
the Spey in Scotland, as it crosses Loch Insh Marshes, sites are in south-west England where river reaches
and the Teifi in Wales, where it crosses Tregaron Bog. below moerlands (Bodmin, Exmoor or Dartmoor)

Short steetches of low-gradient mesotrophic rivers may become enriched; examples include the Fowey, Lyd,
be classified as CVIld sub-type where the altitudinal Okement and Torridge. The communities on the acid
source is low (Clettwr, Grannell) or where the influence sand rivers of Sussex as they drop steeply from their
of large lakes in the upper reaches exerts a stabilising sources (e.g. Rother) are also classified as CVilla.
influence on the flow (Dee below Bala Lake}.

Type VIII  Oligo-mesotrophic rivers CVIIIb Moderate-gradient shale/sandstone

rivers below uplands (NN sub-type CVila)

In common with CVIila, hard sandstone and non-

CVlIla  Steep-gradient, low-altitude, sand/

shale rivers (NN sub-type CVIIIb) calcareous shale are the only rock types where sites

in commaon with CVIIIb, hard sandstone and non- commonly occur; in contrast to CVIlla, non-calcareous
calcareous shale are the only rock types on which sites shale is by far the most important. Sites are located at
commonly occur; in contrast to CVIIIb, hard sandstone relatively low altitudes where gradient is moderate for
is by far the most prevalent geology, Whilst altitudinal the type. A mix of gravel, pebble, cobble and boulder
sottrces are typically low, gradient is relatively steep. A bed is typical, with bedrock or fine sediments very rare.
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Many species typical of type VIII occur frequently
within the sub-type, but bryophytes and lichens are
especially prevalent. These include Verrucaria spp. and
Dermatocarpon fluviatile, with Rhynchostegium riparioides,
Fontinalis antipyretica, F. squanosa, Hygrohypim
ochraceum and Chiloscyphus polyanthus especially typical,
Both Callitriche hamulata and Myriophyllum alterniflorm
are common, in contrast to their rare presence in CVIlIa,
With a good mix of vascular and non-vascular plants
commonly present, communities of CVIHIb are far more
diverse than is typical for CVIIla,

Mesotrophic rivers in the foothiils of uplands in
England and Wales commonly support sub-type CVIIlb
communities; sites are especially typical of western
England and Wales and are more rarely encountered in
Scotland, Typical examples include the Barle, Exe and
Fowey in south-west England, Banwy, Cledlyn, Conwy,
Cothi, Dee and Dwyfach in Wales, the Derwent and
Greta in the Lake District and the Spey and Ugie Water
in north-east Scotland.

CVlllc  Base-rich, meso-oligotrophic, upland
rivers (NN sub-types CVIIa/CVIIIb)

In contrast to the nearest neighbours, sites are not
confined to non-caicareous shales and hard sandstones
but are equally likely to be found on calcareous shales
and hard limestone, This makes the gealogy atypically
calcareous for a type VI sub-type and more like that of
a type Vi sub-type. Sites in sub-type CVIlIc tend to be
at moderate altitude with moderate siope but often
occur on rivers that rise at much higher altitudes than is
typical for nearest neighbour sites of sub-types CVIIla
and CVIIIb. They are also typically wider and faster-
flowing than sites in these sub-types.

The base-rich nature of the rock is highlighted by the
paucity of records of acidic upland mosses such as
Fontinalis squamosa, Hygrohypnwm ochracewm, Scapania
undulata and Racomitritm aciculare and vascular plants
such as Myrioplyllun alterniflorum and Jusicus effusus.
There is also a much greater abundance of basic
indicators (typical of Group B}, such as Fontinalis
antipyretica, Schistidivan alpicola, Cinclidotus fontinaloides,
Amblystegivm fluviatile and Hildenbrandia rivularis.

Sites are maost typically found where the underiying
rock in the uplands of northern England and southern
Scotland is basic, with examples in similar situations in
Wales also. The Neath, Ogwen, Aber and Clwyd are
typical examples in Wales. In northern England the
Seven and Hodge Beck are representatives from the
North York Moors and the Wharfe and Ure are examples
from the Pennines. The Esk is the most typical example
from south-west Scotland.

CVIIld  Large, low-gradient, lowland reaches
of upland rivers (NN sub-type CVIlle)

Hard rock is the dominant geology in this sub-type,
although a small percentage of sites are found on soft
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sandstone. In common with CVIile, CVIHd sites tend to
be found in the lower reaches of rivers that rise at
atypically very high altitudes. Sites in CVilld have very
shallow gradients compared with other sub-types of type
VIl and are often much wider too. Rapids, runs and
slacks typify sites, with riffles and pools virtually absent.

Rivers represented in this sub-type are often
unconstrained in their lower reaches, giving rise to the
formation of gravel shoals and backwaters, where
specialist vascular plants such as Galium boreale and
Littorella uniflora occur more than ten times as frequently
as in CVille, and Iris pseudacorns, Potamogeton
pelygonifolins, Sparganinm erechinm and freshwater sponge
are also more than five times as cornmon. The more
than threefold greater occurrence of species such as
Phalaris arundingcen, Equisetum fluviatile, Oenanthe crocatn
and Eleocharis palustris indicate that many species
associated with Group B rivers occur in this sub-type
alongside the more oligotrophic indicaters of Groups C
and D. Typical common examples of the latter include
Myriophyllum alterniflorum, Callitriche hanndata, Fontinalis
squamosa, Bripjon pseudotriquetrim and Hygrohypnum
echraceum. A wide range of habitats combined with
some relatively stable substrates gives rise to very
species-rich assemblages.

Classic examples of this sub-type occur in Scotland,
with some outliers in Wales and the Lake District. The
lower piedmont reaches of the Spey, Dee and Teith are
typical examples in Scotland, and the meso-oligotrophic
Brathay and Cocker in the Lake District are also good
examples.

CVIlle  Small, oligo-mesotrophic reaches of

highland rivers (NN sub-type CVIIId)

Whilst the altitude of river sources of CVIlid and CVille
sub-type sites are similar, the typical gradient is three
times steeper in CVIie than it is in CVId, and sites
typically occur at much higher altitudes. Sites are also
much narrower. Underlying rock is typically hard, and
sites are occasienally on hard limestone. Bedrock and
boulders dominate the substrate, with gravel very rarely
encountered.

The steep gradienis and coarse substrates mean that
aquatic vascular plants are much rarer than in CVIile,
with mosses such as Hygrohypimon luridum and Philonotis
fontana more than five times as prevalent as in CVIIId.
In contrast, the vascular plants that are typical of CVIIId
are rarely present, but rich bryophyte communities are
characteristic, with more than ten species occurring in
more than 60% of the sites classified into the sub-type.

Many rivers have their upper reaches classified inte
this sub-type if there is some base-rich influence on the
underlying oligotrophic moorland character, Geod
examples are the Don, Findhorn and Tweed in Scotland.
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5.6 Rivers in Group D sub-types DIXa-DXe

Types IX and X in Group D are further sub-divided into
eight sub-types. Table 13 summarises the physical
characteristics of sites in sub-types DIXa~-DXe and Table
14 shows the 30 most common taxa in each sub-type of
Group D. The nearest neighbour (NN) for each sub-type
within the classification is shown to enable easy
comparison.

Type IX Oligotrophic, low-altitude rivers

DIXa Lowland, low-gradient, oligotrophic
rivers dominated by higher plants (NN sub-
type DIXb/DIXc)

Sites assigned to this sub-type have macrophyte
communities that indicate oligotrophic water, but
vascular plants totally dominate the communities. The
reasons for this dominance are the low altitudes of the
rivers at their source and the shallow gradient of sites.
This gives rise to low energy regimes, enabling sand and
silt to be more common substrates in type DIXa than in
any other sub-type of Group D. Typically, sites are
smailer and shallower than in other sub-types of Group
D, and fast flows associated with runs and rapids are
rare compared with other sub-types.

The fine substrates and low energy are refiected
clearly in the vegetation, with only two mosses being
listed amongst the 30 most commonly recorded taxa.
Instead, vascular plants, especially emergent species,
totally dominate the community. The greater occurrence
of species such as Hippurus vulgaris, Rorippa nasturtimmn.
aquaticum, Apinm nediflornm and Callitriche stagnalis
suggests that sites are rarely base-poor. This is
confirmed by the usual absence of such indicators as
Eleogiton fluitans, Callitriche hanndata, Myricplhylhon
alterniflorum and Potamogeton polygonifolius.

Sites are widely distributed, with examples on the
Scottish islands (Benbecula), Scottish mainland
{Latheronwheel and Whiteadder Water), England
{Coquet) and Wales (Glaslyn).

DIXb  Hard rock, ‘lowland’ rvivers with
vascular plants dominant (NN sub-type DIXc)

Typically, sites are on hard rock, more sites being
significantly associated with base-poor rock than in any
other sub-type. Rivers that support this sub-type
generally rise af lower altitudes than rivers with other
type D communities and the sites themselves are at
lower altitudes. Siope, as in other type IX rivers, is more
gentle than in type X rivers. Also, in common with
other type IX rivers, silt and sand more commonly occur
than in type X, with equal amounts of cobbles, boulders
and bedrock. Slacker flow characterises sub-type DIXa,
with pools and slacks much more common than runs
and rapids.

Lower altitudes and slacker gradients over hard rocks
lead to more frequent occurrence of many vascular plant
aquatics indicative of clean, base-poor water than in
other Group D sub-types. Typical species include
Myriophyllum alterniftorun, Menyanthes frifolinta, Juncus
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bulbosus, Littorella uniflora, Potamogeton polygonifolius,
Potamogceton natans and Elcogiton fluitans. Sites tend to
have very few species and many are characteristic of
moorland; this is exemplified by the common occurrence
of Molinia caernlea.

The majority of sites within this sub-type are in
Scottand, with rivers such as the Brora, Dunbeath Water,
Langwell Water and Machrie Water typical.

DIXc Base-poor rivers with mixed
communities (NN sub-type DIXb)

Physical characteristics have great similarity with
partner sub-group DIXb; river sources and site altitudes
are lower than other Group D sub-types and gradients
are even slacker than in DIXb. Rock types are very
variable, with no single type represented in more than
25% of sites; hard rocks, including hard limestone and
hard sandstone, predominate. Fine sediments are far
more common than in type X, with clay present in some
sites and with the lowest occurrence of boulders and
bedrock than in any other Group D sub-type. Slacks
and pools are more frequent than runs or rapids, and
sub-type DIXc is more likely to be found on wide and
deep rivers than DIXb,

Plant communities are typically much richer than in
DIXDb, characteristically containing a mixture of
bryophytes and vascular plants. Many of the species of
DIXb are well represented in DIXc, but mosses and
liverworts, such as Pellia epiphylla and Fontinalis
antipyretica, are more common in sub-type DIXc than in
DIXb and the river margins frequentily support species
such as Senecio aquaticus, Myosotis scorpioides, Mentha
aquatica, Agrostis stelonifern, Equisetum fluviatile, Eleocharis
palustris and Filipendula ulmaria, which are not common
mooriand plants. Banks are also much more commonly
colonised by Salix sp(p). and other trees.

Type X Ultra-oligotrophic rivers

DXa Highland rivers with atypically shallow
gradients (NN sub-type DXb)

Sites are predominantly associated with hard rock,
especially those that are base-rich, but a large proportion
occur on a wide variety of other hard rock types.
Altitude at source and site height are typical for type X
rivers but gradient is generally very much more gentle
than is typical. Substrates are similar to those in other
type X rivers, but bedrock is less than a third as common
as in the nearest neighbour. The preponderance of
slacks and pools is greater than in other type X rivers,
with runs predominant.

Bryophytes are often dominant, with many species
being more commeon in this sub-type (or DXe} than in
any other; examples include Dichodontivm pellucidun,
Callicrgon cuspidatum, Brachytheciwm plumoswum, Scapania
undulata, Bryum pseudotriquetrum, Hygrohypium
achraceum, Jungermania atrovirens and Hyocomium
armoricym. in contrast, more vascular plant species (e.g.
Caltha palustris, Ranunculus flommuda, Salix spp.,
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Table 13 Physical characteri

Sub-type

DiXa DIXb DIiXc DXa DXb DXe DXd DXe
Nuntber of fexa
Mean 26 24 37 44 32 19 19 28
Minimum 3 7 23 23 16 1 B 13
Maximum 44 44 62 66 47 33 33 43
Geolagy (% occurrence (>10%) at sites)
Alluvium
Calecareous clay
Non-caleareous clay
Chalk
Cther soft limestone
plard Hmestone 21 11 17 16
Soft sandstone 12
Flard sandstone 26 15 41 40 10
Calcareous shale
Non-calcareous shate 33
Hard rock (base-rich} 11 12 24 3z a7 23 33 14
Hard rock (base-poor) 37 68 22 11 11 47 12
Height at source (i}
Mean 191 294 361 465 449 594 481 481
Minimum 10 50 30 109 100 100 130 107
Maximum 750 540 950 1,210 780 890 890 :1,210
Altitude of site (m}
Mean 98 51 79 189 110 231 129 234
Minimum { 3 3 10 15 10 5 10
Maximum 725 30¢ 335 490 575 730 645 474
Siope (ki per 15 m fall)
Mean 6.1 3.6 4.8 3 4.6 1.7 S5 1.7
Minimum .3 0.2 0.1 0.2 1.6 1.2 1.2 1.3
Maximum >25 =25 >25 >25 5 5 6 10
Substrates (5% occurrence of sites)
SiltY/mud 58 36 33 3 3 0 3 0
Sand a2 0 22 ¢ 0 8 5 2
Clay { 0 11 1 0 0 ¢ 0
Gravel 16 20 33 11 32 23 17 14
Pebbles 32 32 37 43 32 40 40 27
Cabliles 11 A0 44 79 35 B3 53 62
Boulders 11 40 35 57 73 79 67 60
Bedrock 11 32 11 23 77 56 47 26
Habitaks (5o occurrence af siles)
Pools 5 48 24 12 9 4 10 2
Slacks 58 64 63 3% 36 25 30 44
Riffles 42 60 35 21 64 69 67 19
Runs 16 32 54 76 27 44 7 67
Rapids 26 32 22 43 68 75 60 58
Width {m) (% occurrence af sites)
<5 74 52 39 41 23 42 PG 71
5-10 16 48 35 36 68 50 53 3
16-20 11 28 41 35 30 33 13 12
=20 11 16 26 27 9 21 0 [
Depth (mi} (% oceurrence af sifes)
<{),25 84 52 52 87 73 65 63 92
0.25-0.5 47 i 57 37 77 b3 73 33
0.5-1.0 5 44 44 11 23 38 30 3
=1.0 11 16 33 i 0 17 i7 v}
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Table 14 Percentage frequs betypes of Gro
Sub-type

Taxon DIXa DIXb DIXc DXa DXb DXe DXd DXe
Equisctum palustre 63
Vieronica becealnga 42
Polygonim amphibivn 37
Hippuris oulgaris 7
Rorippa nasturion-aquaticion agg. 42
Apiwin nodifloron 32
Eleogiton fluitans 68
Potamogeton natans 64
Menyanthes trifoliatn 40
Callitriche hamulaia 40
Iris psendacorns 3 36
Equisetunt fluvintile 42 64 72
Eleocharis palustris 63 48 61
Caltla palnstris 80 44 50 77 o4
Angelica syloestris 37 40 70 35
Callitriche stagnalis 58 59
Jrncus articulabus 68 £0 61 86 48
Carex restrate 56 65
Myriophyllum alterniflorian 80 70 el
Littorelln wniffora &8 23
Potanrogeton polysonifolins 72 30
ftoncns bulbasus 42 160 94 80 77 48 ap 83
Carex nigrt 63 88 74 87 30 40 46
Rannncudus flanmnda 58 88 94 87 91 42 70 62
hunens effusus 74 84 96 91 86 73 57 85
Petlia epiplila 80 80 97 86 71 83 96
Filamentous green algae 74 76 96 64 40 80 87
Moliwia cacrulea 72 57 58 83 52
Sphagnum sp(p). 72 55 60 87 51
Viola palusiris 68 70 86 58 53 60
Ferns 68 57 64 48 67 62
Potentilla ereca 52 63 72 39 63 77 58
Racomitrinm aciculare 52 54 93 82 75 80 77
Glyeeria fluitans 95 48 87 od 46
Carex demissa 48 64 44 30
Salix spip}. ¥ 43 72 81 59 50 47 58
Anthoxanihun: odoratum 42 44 54 96 68 71 17 85
Deschiampsia cespitosn 75 G7 64 52 58
Filipendula wfmaria 47 74 72
Galivm palustre 33 B3 63 55
Achiltlea ptarmica 76 80 27
Funicns actitiflorus 76 93 42 50 63
Agrastis stolonifera a0 76 i 82 42 60
Trees 7 55 56 30 73
Menkhn aguatica 37 70
Myosofis scorpioides 58 59 a0
Senceio ngualicus 57 50
Fontinafis antipyretica 33 a2 77 86 25
Dichodmddivm pellucidum 6d
Calliergon cuspidatim 37 64
Brachythecium plumesum ' 69 35
Saging procunbens 47 68 77 54 23
Nardus stricta 71 68 54 53 54
Seapania undidatn 89 73 96
Brywom psendotriquetrian ‘ 85 54
Hygrolyniun echracenm 77 50
Jungermarmiin atrovirens agg. 61 69
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Tab]elfl(cmmfzued) S

Taxen DIXa DIXE
Hyocomiunt armoricuns

Flygrohyprim turidunr

Marchantia polymorpha

Montia fontann a7
Clriloscypiius polyanthos

Polytriclom commune

Carex echinata

Plilootis fontang

Tussilagoe farfara

Juncus squarrosus

Narthecium vssifragim

Blindia acuta

Dicranelln palustris

Brachythechan rivutare

Marsupella ewarginata

Nardia compressa

Fontinalis squamosa

% occurrence of 30th most common taxon 32 4

Filipendula ulmaria and Galita boreale) are present in this
sub-type but it lacks the species highly associated with
acidic or oligotrophic waters {e.g. Marsupclla cmarginata
and Nardia compressa). Of the less common species,
Verrucaria spp., Dichodontinm flavescens, Hygrolypinm
ochracenm, Schistidivm agassizii and 5. alpicola have a ten
times greater chance of being found in DXa than DXb.
The same is true for edge species such as Myrica gale,
Carex panicea and Elcocharis palustris, reflecting the
gentler gradient.

The majority of sites within this sub-type are on the
upper reaches of rivers in Scotland, with occasional
isolated sites occurring elsewhere on high moorlands
(e.g. Barle and Exe on Exmoor; Clwyd and Conwy on
Snowdon; Derwent and Eden in the Lake District).
Rivers with several sites are typically in extensive
uplands and inchude the Carron, Dee, Findhorn, Inver,
Ovkel, Teith and Varrigill.

DXb  Low-altitude bedrock rivers (NN sub-
type DXa)

Sites of this sub-type commonly occur only on hard
sandstone and base-rich hard rock - more so than for any
other sub-type. Whilst rivers typically have high altitude
sources, sites are more likely to be at lower altitudes than
in other type X sub-types. Bedrock {especially) and
boulders are collectively much more common as
substrates than in other sub-types. Sites therefore differ
from thase in sub-type DXc in being bedrock-dominated,
with steep gradients, but at lower altitudes.

Fewer upland/base-poor species {e.g. Scapaiia
wndulata, Hygrolypiom ocliraceum and Hyocomim
armoriciur) are recorded, and less frequently, in this sub-
type than in other type X sub-types, reflecting the lower
altitude, and the bedrock dominance is refiected in the
more common occurrence of bryophytes such as
Hygroluppmum luridum, Foulinalis antipyretica and
Chiloscyplus polyanthos. The lower altitude also results in
Montia fontaua, Callitriche sinynalis and trees being

Sub-type

DIXe DXa DXb DXe DXd DXe
6 87
73
64
35 27
55
69 70 92
38 30 50
38
27
25
57
57
30
23
57 71
60
48
32 61 a5 27 20 46

common associates, with Brachytheciun rutabuliom and
fincus articulatus being ten times more likely to be found
than in DXc.

The communities of DXb are strongly associated with
Scotland, outliers occurring only on the Aeron in Wales
and Knock Ore Gili on the Pennines. The community
commonly occurs in the Aros, Brora, Dunbeath Watey,
Langwell Water and Machrie Water.

DXc  High altitude, steep gradient rivers
rarely on base-poor rocks (NN sub-type DXd)

In common with DXb, many sites in this sub-type
commonly occur on hard sandstone and base-rich hard
rock; however, in contrast to DXb, sites also occur
sporadically on hard limestone and base-poor hard rock,
Rivers with this community typically rise at altitudes
higher than in any other type X sub-type and with sites
located at altitudes higher than in any sub-type other
than DXe. The geology is much more base-rich in this
sub-type, with B0% of sites on hard limestone, sandstone
or base-rich hard rock, compared with 14% in sub-type
DXe. In common only with DXd, a much higher
proportion of deep water occurs than is typical for type
X rivers. Unstable substrates — pebbles, cobbles and
boulders — are coliectively more common than is typical
in type X,

Bed instability in hostile environments is almost
certainly responsible for sites being typically very
species-poor, with less than 20 taxa the norm. Despite
the high altitudes, many typical species of the uplands
are rarely found, owing to bed instability; these include
Nardia compressa, Marsupelle emarginata, Scapania undulata,
Fontinalis antipyretica and Hygrohypiun ochraceion. The
shingle bars which characterise the rivers are commonly
colenised by such species as Philonotis fontana, Juncus
bulbosus, Saging procumbens, Achillea ptarmica, Tussilago
farfara, Montia fontana, Deschampsia cespitosa and Juncus
articulatus, the last five species being found more than
ten times as commonly in DXc sites than in DXd sites.
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Sites in this sub-type are scattered throughout
Scotland and northern England. Typical examples
where several sites occur on the same river include the
Allport, Ashop, Derwent, Duddon, Orchy, Roy and Tarff;
virtually all sites from source to mouth on the Roy and
the Tarff are classified into this sub-type.

DXd Oligotrophic rivers of the west coast of
Scotland (NN sub-typeDXc)

The low aititude of sites in this sub-type is very
characteristic, even though several rivers where such
communities occur have much higher-altitude sources
(in common with sites in sub-type DXb). Hard rock is
more prevalent than in any other type X sub-type. In
common with DXc, assemblages are typically very
impoverished, with just 20 taxa frequently recorded.

Characterising the typical community is difficult, since
many species with contrasting subsirate needs occur
relatively frequently. For example, common species
typical of rock habitats include Marsupella emarginala and
Scapanin nndulata, whilst species typical of peaty or
gravel substrates include Sphagmum spp., Myriophyllum
alterniflorion, Juncus bulbosus, Littorella uniflora and
Potamogeton polygonifolius. Littorella uniflora and
Narthecinn ossifragion are more than ten times as
common in sub-type DXc as in DXc and Scapania
undulata and Blindia acuta are more than three times as
common. The overriding influence on the flora appears
to be base-poor, nutrient-poor conditions.

The majority of sites classified within this sub-type are
found on the west coast of Scotland. Many sites are
located on the short rivers surveyed on the Western
Isles, together with rivers such as the Coe and Ulladale.
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DXe Small, shallow, oligotrophic rivers (NN
sub-types DXc/DXd)

Sites supporting DXe communities are typically at
higher altitudes than for most type X sub-types,
although not necessarily on rivers that rise at
exceptionally high altitudes. Non-calcareous shales and
hard rock predominate, but there are several sites on
softer sandstones. It is noteworthy that 45% of sites are
on soft sandstone or shales, no other sub-type of Group
D having a total exceeding 10%. Sites are typically very
shallow and, in common with DXd, narrow too. Acid-
tolerant species such as Marsupella emarginata, Scapania
undulata, Fonfinalis squaniosa, Hygrohypnum cchraceum,
Sphagnum spp. and Nardia compressa all have atypically
high occurrences in this sub-type. Species such as
Scapania undulata, Fontinalis squamosa, Hyocomitm
armoricum, Riynchestegium riparioides, Callitriche hamulata
and Nardia compressa all occur more than five times more
frequently in DXe than in either of the nearest
neighbour sub-types (DXc and DXd), with Jungermanin
atrovirens, Brywm pseudotriquetrum, Hygrohymim
achracenm and Lotus nliginesus all more than ten times as
common.

Sites within this sub-type are scattered throughout
Great Britain, the only common factor being base-poor
soils. Sites are common in England and particularly so
in Wales, although they are infrequent in Scotland.
Several lowland outliers occur on the acid heaths of the
New Forest (e.g. Highland Water, Blackwater), with
other sites in south-west England (e.g. Fowey, Lyd,
Okement), Wales (e.g. Cothi, Conwy, Elan, Dysynni,
Ystwyth), Lake District and northern England (e.g.
Ehen, Dove, Greta) and Scotland (e.g. Machrie Water,
Allt Coire Gabhail, Carron).
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