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ABSTRACT 
Little Leny Meadows are two adjacent unimproved 
flood meadows by the River Teith at Callander, 
Stirlingshire. One is ungrazed, while grazing sheep 
have regular access to the other. The ungrazed meadow 
has been classified as M27 (Filipendula ulmaria-
Angelica sylvestris mire), and the grazed meadow as 
essentially M27 vegetation but more grassy and less 
herb-rich. The aim of this study was to compare the 
broadleaved vegetation in a study area in each of the 
two meadows, as an indication of whether grazing 
might have altered the plant community. The study 
area in the grazed meadow had a significantly lower 
percentage cover of broadleaved plants and of 
Filipendula ulmaria than that in the ungrazed meadow. 
However, species richness measured by average 
number of broadleaved species per square metre was 
significantly lower in the study area in the ungrazed 
meadow. The lower broadleaved species richness per 
square metre of the ungrazed meadow appeared to be 
related to the dominance of particular species including 
F. ulmaria, and the possibility is discussed that a 
regime of hay-cutting would increase the broadleaved 
species richness. 
 
INTRODUCTION 
Little Leny Meadows are two adjacent unimproved 
flood meadows at Callander, Stirlingshire. The 
southerly of the two meadows is ungrazed, while the 
other has been accessible to trespassing sheep for a 
number of years (duration not known). The ungrazed 
meadow has been classified as a tall herb fen 
(Filipendula ulmaria-Angelica sylvestris mire, NVC 
classification M27) (Plantlife Scotland 2004, 
unpublished). Tall herb fens are dominated by tall 
broadleaved plants, particularly Filipendula ulmaria 
(meadowsweet), rather than grasses. They are found in 
damp, mesotrophic conditions usually below 200m 
(Rodwell, 1991; Averis et al., 2004; Wheeler & 
Proctor, 2000). There are 122 hectares or more of M27 
meadows across lowland Scotland (MacKintosh et al., 
2004). The ungrazed meadow was classified as M27a 
(Valeriana officinalis-Rumex acetosa sub-community). 
The grazed meadow was described as essentially M27 
vegetation but somewhat more grassy and less herb-
rich (Plantlife Scotland 2004, unpublished). 
 
Little Leny Meadows are similar to others which were 
traditionally managed for bog hay (Mitchell, 1984, 

1997; MacDonald, 1938), but as with other similar 
meadows, hay cutting ended around the 1950s with the 
advent of mechanisation (Drew Little, pers. comm.). 
Since that time, the meadows have remained 
unimproved and for a number of years have been left 
unmanaged (Plantlife Scotland, unpublished).  
 
A number of studies of effects of grazing on grassy 
herb-rich meadows (other classifications than M27) 
have been undertaken. These indicated that grazing 
may increase species richness (Ausden et al., 2005; 
Smith et al., 2000), although some species may be 
reduced, including F. ulmaria, Galium palustre and 
Lathyrus palustris, and dicotyledons overall (Hellström 
et al., 2003; Jutila, 1999). Reviewers have commented 
that M27 communities are easily lost to grazing that is 
more than very light or sporadic (Rodwell, 1991; 
Averis et al., 2004). However, studies of the effects of 
grazing on these communities have not been published.  
 
The purpose of the present study was to investigate 
differences in vegetation (broadleaved species per 
square metre, and percentage cover of broadleaved 
plants and of Filipendula ulmaria) between study areas 
in the two meadows. 
 
METHODS 
 
Study site 
Little Leny Meadows, Callander (NN620078) lie 
between two tributaries of the River Teith, Eas 
Gobhain and Garbh Uisge, and are separated from each 
other by a fenced railway embankment (now a cycle 
path). The north meadow has no access for sheep, 
while the south meadow has long-established gaps in 
the fencing through which sheep trespass. Deer are 
occasionally seen in the two meadows, but not in 
numbers likely to have a major impact on the 
vegetation. The two meadows are approximately level, 
at 70m altitude, with areas of about 4.5 ha (ungrazed 
meadow) and 6 ha (grazed meadow). Both meadows 
regularly flood; the water table is variable, with boggy 
areas and standing water in places at different times.  
 
For the first part of the study in May 2006 (“pilot 
study”), a sampling area of 30x30m was selected in 
each meadow (study areas 1 and 2), approximately 
30m from the embankment, in areas not sufficiently 
waterlogged to prevent sheep from grazing there. 
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Inspection in early June indicated that the grazed 
meadow study area was somewhat unrepresentative, 
with a drier grass sward and some plants atypical of the 
rest of the meadow, in particular Conopodium majus.  
Therefore, for the second part of the study in July 2006 
(“main study”), a study area more representative of the 
grazed meadow as a whole was used, 60m further to 
the east (study area 3). For each study area, random 
number tables were used to generate locations for the 
sampling quadrats (15 in study areas 1 and 2 in the 
pilot study, 30 in study areas 1 and 3 in the main 
study).  
 
 
Study measurements  
In the pilot study, total percentage cover of 
broadleaved plants and of Filipendula ulmaria was 
measured at each of the 15 sampling locations in the 
two study areas (1 and 2), using a 0.5m point quadrat 
(number of “hits” out of 20 converted to a percentage), 
and median and range for the grazed and ungrazed 
study areas were calculated. 
  
In the main study, all the broadleaved species rooted in 
one square metre at each of the 30 sampling locations 
in the two study areas (1 and 3) were identified. The 
sample mean () and standard deviation (s) for number 
of species per square metre was calculated for each 
study area, and the grazed and ungrazed study areas 
were then compared using the z-test for large 
unmatched samples. Broadleaved species per square 
metre were also calculated in the pilot study, but with 
only preliminary analysis (not reported here).   
 
 
RESULTS 
 
Percentage cover of broadleaved plants and 
meadowsweet 
In the pilot study in May, total percentage cover of 
broadleaved plants was much higher in the study area 
in the ungrazed meadow (study area 1, median 95.0%, 
range 65-100%, n=15) than in that in the grazed 
meadow (study area 2, median 37.5%, range 5-65%, 
n=15). Percentage cover of F. ulmaria was also much 
higher in the ungrazed meadow study area (median 
57.5%, range 25-100%, n=15) than in the grazed 
meadow area. In the latter, F. ulmaria was present in 
only 10 of the 15 quadrats, and cover in many of these 
was <5%, i.e. below recorded level. In the main study 
in July, these differences were still apparent (although 
F. ulmaria was present in all grazed quadrats sampled), 
and were still visibly large enough to make statistical 
comparison unnecessary. 
 
Broadleaved species richness per square metre  
In the main study in early July, there were fewer 
broadleaved species per square metre in the study area 
in the ungrazed meadow (study area 1, =7.7, 
s=1.968, n=30) than that in the grazed meadow (study 
area 3, =10.6, s=1.380, n=30). This difference was 
highly significant (z=6.61, p<0.001). 

 
Description of vegetation and frequencies of 
occurrence of species 
In July, the ungrazed meadow was dominated by a 
dense cover of flowering Filipendula ulmaria and 
Valeriana officinalis, up to 140cm tall. In the grazed 
meadow, there was more cover of grasses and rushes, 
and the broadleaved plants were much smaller (mostly 
less than 30cm), with many species not flowering. 
Species recorded in the quadrats in the main study are 
shown in Table 1. Percentage of quadrats in which 
each species occurred is shown, together with a 
frequency code (Rodwell, 1991). All the species 
occurring at frequencies II to V in the ungrazed 
meadow were also present in the grazed meadow, 
except Galium aparine.  
 
Species observed in quadrats in the May pilot study, 
but not in the main study, are shown in Table 2. These 
included Anemone nemorosa and Ranunculus ficaria 
(only/mainly in ungrazed meadow) and Conopodium 
majus (only in grazed meadow). In June when C. 
majus was in flower, it was apparent that its 
distribution was very localised (large patch in/near 
pilot study area in grazed meadow near a path, and 
small patches in the two meadows mainly by paths and 
stiles). 
 
 
Broadleaved species noted other than in the study 
quadrats, and sedges (Carex spp.) noted in the 
meadows (mostly in wetter areas than those sampled), 
are listed in Table 3.  
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Species  Frequency of occurrence 
  Main study (July 06) Pilot study (May 06) 
  Ungrazed 

(Area 1) 
Grazed 
(Area 3) 

Ungrazed 
(Area 1) 

Grazed 
(Area 2) 

Angelica sylvestris Wild angelica I (3%) V (90%) - I (13%) 
Filipendula ulmaria Meadowsweet  V (100%) V (100%) V (100%) IV (67%) 
Lathyrus pratensis Meadow vetchling V (97%) V (83%) IV (80%) IV (73%) 
Lotus pedunculatus Greater bird’s-foot-trefoil I (10%) V (90%) I (7%) IV (80%) 
Potentilla erecta Tormentil II (23%) V (93%) I (20%) IV (80%) 
Ranunculus 

acris/repens 
Buttercup species V (87%) V (100%) IV (67%) II (40%) 

Rumex acetosa Common sorrel V (87%) V (100%) V (100%) V (93%) 
Valeriana officinalis Common valerian V (97%) III (53%) V (93%) I (20%) 
Achillea ptarmica Sneezewort III (47%) III (47%) III (47%) - 
Epilobium palustre Marsh willowherb III (43%) I (17%) II (27%) - 
Galium aparine Cleavers III (47%) - II (33%) I (7%) 
Galium sp. (A)+ Bedstraw species (A) II (40%) III (57%) III (60%) II (40%) 
Plantago lanceolata Ribwort plantain - III (60%) - - 
Veronica chamaedrys Germander speedwell I (7%) III (50%) I (7%) II (33%) 
Centaurea nigra Black knapweed I (13%) II (33%) - I (7%) 
Ajuga reptans Bugle - I (13%) - - 
Caltha palustris Marsh-marigold - I (7%)  - - 
Cardamine spp. Bittercress/cuckooflower I (10%) - - - 
Galium sp. (B)+ Bedstraw species (B) - I (10%) I (13%) I (20%) 
Heracleum 

sphondylium 
Hogweed I (20%) - I (7%) - 

Hypericum x 
desetangsii 

Hybrid between perforate/imperforate 
St John’s-wort 

I (3%) - - - 

Rumex obtusifolius Broad-leaved dock I (3%) - - - 
Senecio aquaticus Marsh ragwort I (3%) - - - 
Stachys palustris Marsh woundwort I (17%) - I (13%) - 
Stellaria graminea Lesser stitchwort I (13%) I (20%) I (7%) II (33%) 
Taraxacum agg. Dandelion - I (13%) - - 
Vicia sp. Vetch species - I (10%) I (7%) I (20%) 
Viola palustris Marsh violet - I (7%) - - 
Unidentified species (C)  - I (7%) - - 
 
+ (A) and (B) were neither G. boreale nor G. aparine 
 
Table 1. List of broadleaved species recorded during main study (July 06), with frequencies of occurrence in the main 
and pilot studies (frequency code and % of total quadrats sampled). Key: V/IV Constants (81-100% / 61-80%); III 
Common (41-60%); II Occasional (21-40%); I Scarce (1-20%). 
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Species  Frequency of occurrence 

  Ungrazed 
(Area 1) 

Grazed 
(Area 2) 

Anemone nemorosa Wood anemone V (93%)  
Conopodium majus Pignut  V (87%)  
Ranunculus ficaria Lesser celandine V (93%) I (20%) 

Umbellifer species 
[Unidentifiied: small plants, 
appeared to be single species] 

 V (87%) 

Cardamine pratensis* Cuckoo flower III (47%) I (7%) 
Cardamine amara* Large bittercress II (33%)  
Epilobium montanum  Broad-leaved willowherb I (7%)  
Geranium sylvaticum Wood crane’s-bill I (20%)  
Trifolium sp. Clover  I (7%) 
Unidentified species (D)  I (20%) I (7%) 

(* Small number of plants of Cardamine spp. seen in main study) 
 
Table 2. List of broadleaved species recorded only during pilot study (May 06) (frequency 
code and % of total quadrats sampled). Key: V/IV Constants (81-100% / 61-80%); III 
Common (41-60%); II Occasional (21-40%); I Scarce (1-20%). 
 
 
DISCUSSION 
In this study there were significantly more species per 
square metre in the grazed than in the ungrazed study 
area, and it is possible this was related to the presence 
and absence of grazing. Although in previous studies 
grazing increased species richness of grassy herb-rich 
meadows, it had been anticipated that in the case of 
M27 tall herb communities, any effect of grazing 
would be in the direction of reduced species richness if 
many of the tall herb species were not tolerant of 
grazing. It is possible however that the lower species 
richness per square metre in the ungrazed study area in 
this study was related to the high level of dominance of 
F. ulmaria itself, whose dense canopy (with other 
species, particularly Valeriana officinalis) may have 
limited the ability of smaller plants to compete.  
 
Percentage cover of broadleaved plants and of 
Filipendula ulmaria was much lower in the grazed than 
in the ungrazed study area in May, when measured in 
the pilot study, and this difference was still clearly 
visible in July in the more representative grazed study 
area, with grasses and rushes forming the remainder of 
the cover. It may have been the grazing that was 
responsible for this difference. In previous studies of 
other plant communities by Hellström et al. (2003) and 
Jutila (1999), abundance of F. ulmaria was lower in 
grazed than ungrazed quadrats. There are conflicting 
references to the palatability of F. ulmaria to grazing 
stock (Mitchell, 1984; Rodwell, 1991). The plant 
contains salicylate (Dickson & Dickson, 2000, p.268), 
and it is possible that this may limit the extent to which 
stock eat it, and that trampling by stock may be a more 
important factor in the effect of grazing (A. McBride, 
pers. comm.). If the lower cover of F. ulmaria (and of 
other broadleaved plants) in the present study was due 
to sheep grazing, it cannot be ascertained whether this 
was a direct result of the plants being eaten, an effect 
due to trampling, or an effect of sheep on soil 
characteristics. 
 

 
 
 
 
 
 
 
 
Species  Ungrazed 

meadow 
Grazed 
meadow 

Broadleaved species not 
recorded in quadrats 

  

Fallopia 
japonica 

Japanese 
knotweed 

 √ * 

Galium 
boreale 

Northern 
bedstraw 

√  

Iris 
pseudacorus 

Yellow iris  √ 

Lychnis   
floscuculi 

Ragged-
robin 

√  

Potentilla 
palustris 

Marsh 
cinquefoil 

√  

Trollius 
europaeus 

Globeflower √  

    
Sedges (Carex spp.)   
Carex curta  √ # √ 
C. nigra   √ 
C. rostrata   √ 
C. vesicaria  √ √ 

* On river bank 
# Seen in three quadrats in ungrazed meadow (main 
study) 
 
Table 3. Broadleaved species (other than those 
recorded in quadrats) and sedges (Carex spp.) noted 
during the study.  
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None of the more frequent ungrazed meadow species 
(those present in more than 20% of quadrats) was 
absent from the grazed study area. If the differences in 
vegetation found in this study were due to grazing, it 
therefore seems likely that the grazed meadow in its 
present condition could revert to a more characteristic 
M27 or similar community if grazing sheep were 
excluded. However, the small size and greatly reduced 
cover of the broadleaved plants indicates that if grazing 
were to continue, some of these species might 
eventually be lost completely from the meadow.  
 
 
The study area in the ungrazed meadow (where the 
current regime is no management) had a highly 
dominant cover of F. ulmaria. The average of 7.7 
broadleaved species per square metre compares with a 
range of 8-28 total species per sample for 29 M27a 
communities (sample size usually 2x2 m2; grasses and 
rushes included), (Rodwell, 1991). Rodwell comments 
that F. ulmaria can be highly dominant in M27 
communities, and this indicates lower diversity, as the 
latter is inversely related to dominance (Open 
University, 2001, p.131).   
 
 
Many M27 and similar meadows in Scotland were 
formerly hay meadows (Mitchell, 1984, 1997; 
MacDonald, 1938). Little Leny Meadows were cut for 
hay until mechanisation in the 1950s (D. Little, pers. 
comm.). It is possible that such a hay-cutting regime 
might reduce the dominance of F. ulmaria in the 
ungrazed meadow and increase the number of species 
per square metre. In a management study of a 
Filipendula ulmaria mire in southwest Scotland 
(McBride, unpublished), a regime of autumn hay 
cutting and removal decreased the vigour and 
dominance of Filipendula ulmaria and increased 
species diversity compared with uncut quadrats. This 
could be tried in experimental plots in Little Leny 
Meadows. 
 
A limitation of the present study was that each phase of 
the study included only one study area in each of the 
two meadows (areas 1 and 2 in the pilot, and areas 1 
and 3 in the main study). Therefore, treatment effects 
(grazing or no grazing) could not be separated from 
location effects. The study provided clear evidence of 
statistical differences between the study areas, but not 
of differences between the grazed and ungrazed 
meadows as a whole. In order to determine whether the 
differences in vegetation found in this study were due 
to presence or absence of grazing, it would be 
necessary to use a block design, with a number of 
sampling locations in each meadow. To extend the 
study further, it would also be worthwhile to sample at 
intervals during the season, to obtain a more complete 
picture of the vegetation, and also to determine the 
frequency of grass and rush species in the two 
meadows. 
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