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Background
Butterflies have been monitored at Tentsmuir National Nature Reserve since 1978, with over
45,000 individual butterflies recorded. This document reports on the changes in relative
abundance of different species and discusses trends in butterfly numbers. The Reserve is
dominated by coastal dune grassland and the dynamic coastal environment impacts on the
grassland habitat and butterfly ecology. Possible changes in flight periods of different
species are also discussed.
Main findings







Lower grayling numbers over the last 30 years.
Fewer dark green fritillary and small white over the last 30 years.
Very few green hairstreak recorded over last 20 years.
More common blue and ringlet recorded over the last 10 years.
Four new species since 1978.
Possible earlier start and earlier peak of flight periods.

For further information on this project contact:
Elspeth Christie, Scottish Natural Heritage, 46 Crossgate, Cupar, KY15 5HS.
Tel: 01738 458802 or elspeth.christie@snh.gov.uk
For further information on the SNH Research & Technical Support Programme contact:
Knowledge & Information Unit, Scottish Natural Heritage, Great Glen House, Inverness, IV3 8NW.
Tel: 01463 725000 or research@snh.gov.uk
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1.

INTRODUCTION

Monitoring of butterflies has become well established throughout the UK following the
establishment of trials at Monks Wood in Cambridgeshire, in the 1970s. The United
Kingdom Butterfly Monitoring Scheme (UKBMS) was launched in 1976 and recording started
in north-east Fife shortly afterwards, first at Tentsmuir Point in 1978 and a year later, at
Morton Lochs (Figure 1).

Figure 1. Tentsmuir National Nature Reserve: Boundary map
The data used in this report has been extracted from the UKBMS data set. The UKBMS has
been operating for almost 40 years and the transect method for recording butterflies has
been successfully used throughout the UK (Pollard, 1977; Pollard, 1979; Pollard et al.,
1995). In Scotland, fewer sites have been monitored than further south. The site at
Tentsmuir is dominated by coastal dune grassland (Figure 2). Other coastal sites in eastern
Scotland with similar dune grassland to Tentsmuir have been monitored at St Cyrus, north of
Montrose (1979-1994), and St Cyrus New (1995-2015), Sands of Forvie, north of Aberdeen
(1979-1998), and Sands of Forvie New (1999-2015), as well as, more recently, at Barns
Ness, Aberlady Bay, Gullane and Yellowcraig, further south in East Lothian.
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Figure 2. Aerial view of Tentsmuir NNR with Tay estuary in background (Photograph by Ken
Barry)
Recording continued at Tentsmuir Point (TP) and Morton Lochs until 1996, providing a long
continuous run of data. In 1996, the NNR Manager, Peter Kinnear, retired after 19 years of
recording. A gap in recording occurred from 1997 to 2003 before transects were reestablished at both sites in 2004 (Appendices 1, 2 and 3). At Tentsmuir Point, two new
transects were established at Tentsmuir Point North (TPN) and Tentsmuir Point South
(TPS). The original Tentsmuir Point transect was over 4 km long, therefore two shorter
transects were set up to allow monitoring by volunteers to be undertaken more easily. Due
to coastline and vegetation changes, it was not possible to resume monitoring on exactly the
same route as previously (see Table 1). Parts of the original transect at the southern end of
the Reserve are now under water at high tide.
Table 1. Transects at Tentsmuir National Nature Reserve
Transect

Started

Finished

Length

Tentsmuir Point
Tenstmuir Point North
Tentsmuir Point North Revised
Tentsmuir Point South
Tentsmuir Point South Revised

1978
2004
2006
2004
2006

1996
2005
Ongoing
2005
Ongoing

4098 m
2573 m
2974 m
1674 m
1728 m

Number of
Sections
10
5
8
5
7

Names used here are those used on the UKBMS database. Note: data from 2004 was recorded but is
not included in the UKBMS database.
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Following storms over the winter of 2005/2006, parts of the transect at Tentsmuir Point
South were eroded by the sea or buried under new sand deposits and the transect had to be
moved inland (Appendix 3). In places, the route was brought inland by up to 140 m to avoid
potential further losses to erosion. About 50 m of dunes, alders (Alnus glutinosa), grassland
and the eastern end of the Powie Burn and a small bridge were lost to erosion and the
coastline was altered. In the following years, winter storms washed sand and flotsam onto
the seaward sections of the South transect (Figure 3, Sections, 1, 2 and 3, Appendix 3).
Since 2010, some stabilisation has taken place and vegetation has recolonized some of the
areas previously covered by sand. Plants that have re-established include marram
(Ammophila arenaria), lyme grass (Leymus arenarius), sand sedge (Carex arenaria), orache
(Atriplex spp.) and prickly saltwort (Salsola kali) (Macfarlane Smith, 2011).

Figure 3. View of Section 2 of Tentsmuir Point South Revised Transect looking north after
sand incursion, March 2011 (photograph by Elspeth Christie)
The transect at Tentsmuir Point North was also revised in 2006 (Appendix 2). It was revised
to align it more closely with the old Tentsmuir Point transect, in consultation with P.K.
Kinnear and N. Greatorex-Davies from CEH.
The original Tentsmuir Point transect that was monitored from 1978 to1996 was 4,098 m
long and divided into 10 sections (Appendix 1, Table 1). When the new transects, Tentsmuir
Point North (TPN) and Tentsmuir Point South (TPS), were set up, they each covered shorter
distances. The combined distance of the two new transects, after re-routing in 2006, is
4,702 m. The new route is therefore around 600 m longer than the total route covered on
the original transect. The two new transects overlap with the original transect route for about
60% of the total distance (See Figure 4 for overlapping sections).
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Figure 4. Tentsmuir NNR: Comparable sections from original and new transects
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2.

GEOLOGY, BOTANY AND CLIMATE

Tentsmuir Point lies to the south of the Tay Estuary and is bounded on the east by the North
Sea and on the west by Tentsmuir Forest, which is managed as commercial coniferous
woodland by Forest Enterprise. Morton Lochs lies approximately 4 km inland from
Tentsmuir Point. Both sites are National Nature Reserves (NNR), with Tentsmuir Point
assigned NNR status in 1954 and Morton Lochs in 1952 (Figure 1). This study will be
confined to data recorded at Tentsmuir Point, which has a different range of habitats from
that at Morton Lochs.
Tentsmuir Point is classified as coastal dune grassland and maintains a rich flora with over
300 species of vascular plants (Figure 5). From as early as the 1940s, Scots pine (Pinus
sylvestris), lodgepole pine (Pinus contorta var. latifolia), Sitka spruce (Picea sitchensis) and
silver birch (Betula pendula) had begun to colonise the Reserve from the neighbouring
Forestry Commission plantation (Pollard et al., 1986; Crawford, 1996; P.K. Kinnear, pers.
comm.). Alder and willow also spread on the Reserve and by the 1970s much of the
Reserve was covered with trees and scrub. Subsequently, 95% of the trees and scrub have
been removed (Macfarlane Smith, 2011; Cunningham & Luurtsema, 2014).

Figure 5. Coastal dune grassland with alders in the background on Tentsmuir Point South
Revised Transect (photograph by Daphne Macfarlane Smith)
Rising from the high tide line to around 3-4 m above mean sea level (Ritchie, 1979; Hansom,
2003), the Reserve is predominantly made up of undulating dunes and flatter areas with lowlying dune slacks that flood in winter. Some small areas of trees remain, in a strip along the
western edge of the Reserve and in a strip marking a former dune slack edge down the
centre of the Reserve. Most of these trees are alder, willow (Salix sp.) and birch. The
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mature dunes (grey dunes and dune heath) are covered with heather (Calluna vulgaris),
creeping willow (Salix repens), and grasses (Figure 6). Flowering plants used as nectar
sources include hawkweeds (Hieracium spp.), dandelions (Taraxacum spp.), cuckooflower
(Cardamine pratensis), heather, ragwort (Senecio jacobaea), bird’s-foot-trefoil (Lotus spp.),
devil’s bit scabious (Succisa pratensis) and marsh thistle (Cirsium palustre). For a
discussion on the management of the Reserve over the last 40 years, see Crawford (1996),
Huxley (1996) and Cunningham & Luurtsema (2014).

Figure 6. Mature dune heath with bell heather at Tentsmuir (Photograph © Lorne Gill/SNH)
Tentsmuir Point has one of the most dynamic coastlines in the UK, with localised coastal
accretion and erosion in recent years (Cunningham and Luurtsema 2014). Patterns of
erosion and accretion are complex and often change from year to year. Accretion has taken
place in a north-easterly direction at the north-east of the Reserve since 1812 (the earliest
documentation) at a rate of around 4.8 m per year (McManus & Wal, 1996; Hansom, 2003).
In the last few years, however, erosion has washed away some high dunes at the north of
the Reserve (T. Cunningham, pers. comm.). Further south, near the Green Hut, erosion has
dominated since the mid-1980s and up to 300 m has been eroded over the last 40 years
(P.K. Kinnear, pers. comm.). In the 1990s, over 100 m was lost to the sea over 11 years
and an old military observation tower was washed away in 1998 (Cunningham & Luurtsema,
2014).
The East Fife coastline has less rain and more sunshine than most of the rest of Scotland
(Cunningham & Luurtsema, 2014). Average annual rainfall on the coast is 650 mm, with
drier conditions in the first half of the year and most rain in August (Tyldesley et al., 1999).
In July mean daily maximum temperatures on the coast are around 18-19 C. Some of the
higher temperatures recorded at nearby RAF Leuchars have been associated with heat
waves, for example 30.8C recorded on 2 August 1990 (metoffice.gov.uk/Eastern Scotland:
Climate).
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3.

HABITAT CHANGE

In general, the habitat of the Reserve at Tentsmuir Point has become drier and more open,
with less scrub and fewer trees than in the late 1970s and 1980s (Pollard & Yates, 1993;
Crawford, 1996; P.K. Kinnear, pers. comm., 2016). A detailed description of ecological
changes is given in Huxley (1996), Crawford (1996) and Cunningham & Luurtsema (2014).
In 1993, Pollard and Yates, in collaboration with P.K. Kinnear, concluded that the transect
had not been greatly affected by the removal of trees and scrub as most of the clearance
took place away from the transect route.
In the southern half of the Reserve, scrub, dominated by sea buckthorn (Hippophae
rhamnoides), was all removed from the transect route by 1990, except in small patches
close to Section 4. Section 4 of the old transect went through young pine woodland that
covered the central southern part of the Reserve. This small area of woodland was removed
by the early 1990s (Pollard & Yates, 1993). The clearance of the trees led to a slight
increase in the numbers of small copper (Lycaena phlaeas Linnaeus, 1761), dark green
fritillary (Argynnis aglaja Linnaeus, 1758), meadow brown (Maniola jurtina Linnaeus, 1758)
and grayling (Hipparchia semele Linnaeus, 1758) in monitored areas close to the transect
(Pollard & Yates, 1993).
The easterly seaward sections of the transect at the north end of the Reserve are dominated
by dunes with marram grass and lyme grass and remain similar to how they were in the
1980s. Most butterflies were recorded on the northern sections of the old transect (8 and 9)
closest to the pine plantations of Tentsmuir Forest. This area had some scrub in the past
but is now dominated by dune heath with some rosebay willowherb (Chamerion
angustifolium). Section 6 of the Tentsmuir Point North transect follows the same route at
approximately 5 m further east than in the past. This area and Section 1 of the North
transect continue to be the areas where most butterflies are recorded.
Up to the early 1980s, the Great Slack had areas of bare sand at its southern end, which
were then colonised by creeping willow. The parts of the current transect that cross the
Great Slack, at the north end of the Reserve (TPN Section 3 and 4), retain a similar dune
slack flora, with creeping willow, to that of the late 1980s but without any of the birch scrub,
which was removed from this area by the late 1990s. In the mid 1970s, a rabbit enclosure
was constructed near the centre of the Reserve and used for studies of rabbit breeding
populations and social behaviour (Henderson, 1979). The rabbit enclosure was later
removed. Around half of Section 6 and all of Section 10 of the original Tentsmuir Point
transect passed through the rabbit enclosure. Section 10 was sheltered by mature birch,
alder and willow woodland on the east side. More than half of these trees have now been
removed (P.K. Kinnear, pers. comm.).
Control of scrub and young trees on the Reserve has been an ongoing process
(Cunningham & Gallacher, 2014). From 1987 to 1996, this included browsing by goats
(Cunningham & Luurtsema, 2014; Crawford, 1996). Since 1996, grazing has been by cattle
and at the time of writing is carried out by a small herd of Limousin cattle. Most conifers
were removed in the 1980s and more mature trees were felled during the late 1990s. By
2002, only 5% of the original trees and scrub remained (Cunningham & Luurtsema, 2014).
Changes in the flow of seawater onto the Reserve have resulted in drier and less saline
conditions. The Great Slack became desalinated at a rapid rate in the early 1970s
(Crawford, 1996). This was due to drainage of Tentsmuir Forest to the west and the build-up
of new dunes to the east. As desalination took place, the Great Slack was quickly colonised
by birch. The change in vegetation as a consequence of desalination had largely occurred
before butterfly monitoring began in 1978.
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Other areas of dune slack that used to flood with fresh water every winter and spring in the
1980s and 1990s (Pollard & Yates, 1993; P.K. Kinnear, pers. comm.) are now flooded less
often and to a shallower depth. Changes to the management of ditches within the
neighbouring forest have diverted flood water away from the Reserve. Flooding, by both sea
and freshwater, influences the number and type of plant species present and has a
detrimental effect on invertebrate numbers.
Erosion of the eastern side of the Reserve in the area of the Green Hut has reduced the
area of lichen and Calluna heath. Recolonisation of areas covered with blown sand has
created new areas of marram and lyme grass on new dunes. At the northern end of the
Reserve, new dunes are also being created periodically, as the coastline advances by the
process of accretion.
The changes described above have resulted in a mosaic of habitats that provide shelter,
nectar sources and larval food plants for a range of butterfly and moth species as well as
other invertebrates including 320 moth species, of which 20 are Nationally Notable and two
are UK BAP priority species (Cunningham & Luurtsema, 2014; D. Davidson, pers. comm.).
Tentsmuir is also an important site for beetles, with 460 species recorded (Cunningham &
Luurtsema, 2014).
Ongoing habitat management focuses on controlling invasive tree, scrub and other species
to maintain an open dune habitat (Cunningham & Gallacher, 2014). In addition, maintaining
the water table at the Great Slack is a priority. Further details on management are available
in the current Reserve Management Plan (Cunningham & Gallacher, 2014).
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4.

DISTRIBUTION OF BUTTERFLIES ON THE RESERVE AND LINKS TO OTHER
SITES

In the early 1990s, Pollard & Yates (1993) divided the butterflies at Tentsmuir into two main
groups based on their distribution along a transect. They found that green-veined white
(Pieris napi Linnaeus, 1758), ringlet (Aphantopus hyperantus Linnaeus, 1758) and green
hairstreak (Callophrys rubi Linnaeus, 1758) were associated with damper, more sheltered
areas to the south of the Reserve. Green hairstreak, in particular, had a restricted range
close to the only patch of blaeberry (Vaccinium myrtillus) on the Reserve. This contrasted
with small copper, dark green fritillary, grayling, meadow brown and small heath
(Coenonympha pamphilus Linnaeus, 1758), which were more common in the open dunes of
the northern part of the Reserve. Common blue (Polyommatus icarus Rottemburg 1775)
was found to be most numerous in the most easterly parts of the transect, including the
Great Slack. From 1978-1996, most butterflies were recorded on Section 9 of the original
transect, which runs down the western edge of the Reserve.
Since recording began again in 2004, the distribution of species across the Reserve
continues to reflect the habitat preferences of individual species. On the South transect,
most records have been on the more sheltered, western side of the Reserve on Section 7
(average 28% of records from 2006-2015) and Section 6 (average 24% of records from
2006-2015). On the North transect, most butterflies have been recorded on Sections 1 and
6, which also run along the sheltered western edge of the Reserve and follow the same
route as Sections 8 and 9 of the original transect. Fewer butterflies are recorded on the
more exposed eastern sections that cross the newest dunes and the Great Slack.
By looking at section data since 2004 it is possible to work out which species are recorded
most often on different parts of the transects. Green-veined white, orange-tip (Anthocharis
cardamines Linnaeus, 1758), green hairstreak, peacock (Aglais io Linnaeus, 1758), dark
green fritillary, meadow brown and ringlet have been recorded most often on the damper,
grassy, older dune slacks close to the forest edge at the west of the reserve (Section 7 of the
South transect and Sections 1 and 6 of the North transect).
Small copper have been recorded most often on the western edge of the Reserve and are
associated with areas of heather (Section 6 of the South transect and Section 1 of the North
transect). Grayling (Figure 8) are mainly found in the older, more sheltered dunes, along the
western edge (Section 6 of the South transect and Sections 1, 6 and 8 of the North transect).

Figure 7. Grayling (Photograph by David Bryant).
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Small heath (Figure 8) have been recorded most often in grassy areas both to the east of the
alder wood (Section 4 of the South transect) and the western edge of the Reserve (Section 7
of the South transect and Sections 1 and 6 of the North transect).

Figure 8. Small heath (Photograph © Lorne Gill/SNH).
Common blue have been recorded more evenly across the Reserve, including in the more
easterly areas to the east of the alder wood (Section 4 of the South transect) and the Great
Slack.
Small pearl-bordered fritillary (Boloria selene Denis & Schiffermüller, 1775) have nearly all
been recorded in the dampest dune slacks on the western edge of the reserve (Section 6 of
the South transect and Section 1 of the North transect) (Figure 9).

Figure 9. Small pearl-bordered fritillary (Photograph © Lorne Gill/SNH).
It is unclear how much movement of butterflies there is between Tentsmuir, the neighbouring
forest and other sites with good butterfly habitat such as Morton Lochs, 4 km to the west,
and Earlshall Muir, 5 km to the south (Figure 1). Some species may have colonised
Tentsmuir via the forest and these other sites. There may, for example, be movement of
grayling between Tentsmuir and Earlshall Muir along the narrow strip of coastal dunes that
link the two sites or via the forest where they have been recorded in the past (P.K. Kinnear,
pers. comm.). Grayling have occasionally been observed up to 3 km from the Reserve (P.K.
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Kinnear, pers. comm.) but tend to be confined to their breeding sites and do not wander far
(Thomas & Lewington, 2014). Small heath can colonise new breeding habitat quite quickly
and they can make longer journeys (Thomas & Lewington, 2014) so interaction between
sites may be possible. Small pearl-bordered fritillary may have colonised Tentsmuir via
Morton Lochs and the neighbouring forest where it was recorded before it reached the
Reserve (P.K. Kinnear, pers. comm.).
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5.
5.1

BUTTERFLY NUMBERS AND RELATIVE ABUNDANCE
Comparable data

Changes in butterfly numbers were assessed over the 39 years since recording began,
using data from the UKBMS data set, which contains over 45,000 records from Tentsmuir.
Relative abundance was compared from 1978 to 2015 by using a subsample of transect
data from those sections which have been retained over the whole period (Table 2,see
Figure 4 for location of sections). Data from individual sections was extracted and then used
to examine changes over time for individual species. Table 2 shows which sections were
used from the new and old data sets. Changes to the transect routes have made direct
comparisons of some sections impossible. Data from 2004 and 2005 has been excluded
from this part of the study due to problems with matching sections accurately. Although
some sections had to be left out of the study, approximately 2,600 m of overlapping sections
were suitable for comparison. The total difference in distance between the old and new
sections used is c. 40 m. The two main discrepancies in the routes lie at the end of Section
1 of the new South transect where c. 60 m were lost to the sea (Appendix 3) and on Section
7 of the new North transect where an extra c. 30 m of transect is now walked (Appendix 2).
Table 2. Sections used for comparison from 1978-1996 data set and 2006-2015 data set
Old sections
Tentsmuir Point Section 3.
1978-1996 (320 m)
Tentsmuir Point Section 6.
1978-1996 (736 m)
Tentsmuir Point Section 7.
1978-1996 (432 m)
Tentsmuir Point Sections 8 and 9.
1978-1996 (764 m)
Tentsmuir Point Section 10.
1978-1996 (380 m)
Total Length: 2632 m

New sections
Tentsmuir Point South Revised Section 1.
2006-2015 (261 m)
Tentsmuir Point North Revised Section 3 and 4.
2006-2015 (704 m)
Tentsmuir Point North Revised Section 5.
2006-2015 (440 m)
Tentsmuir Point North Revised Section 6 and 7.
2006-2015 (798 m)
Tentsmuir Point North Revised Section 8.
2006-2015 (389 m)
Total Length: 2592 m

Section data was supplied by CEH as Excel spreadsheets from the UKBMS data set and
covers species, number of records, date of record and section. Sections that do not match
up on the ground were deleted from the spreadsheets (TPS Revised 2-7 and TPN Revised 1
& 2). The spreadsheet was then split in two parts to cover the 1978-1996 data and the
2006-2015 data separately. Recording took place on the TPN transect in week 27 in a few
years. These weeks were deleted from the spreadsheet as they would have artificially
raised the annual totals. In cases where two transects were walked in the same week, the
records for that week were averaged. Some weeks were inevitably missed due to bad
weather or other reasons. Missing weeks occurred at a rate of 21% on TP, 23% on TPN
and 8% on TPS, reflecting transect walker input.
For each of the comparison sections, an Excel spreadsheet was filled in with total numbers
for each species in each year (see Appendix 4 for 1978-1996 and Appendix 5 for 20062015). The totals for each year were then summed to give an overall total for each species
during the two separate time periods (1978-1996 and 2006-2015). Totals for each of the
sections listed in Table 2 were calculated (see Tables 3a and 3b). Mean per year for each
species was calculated by dividing the overall total by the number of recording years (19
years in the first recording period and 10 years in the second recording period).

12

Table 3a. Butterflies: Totals per section for all years 1978-1996: Tentsmuir Point
1978-1996
TP 9
TP 10

Section

TP 3

TP 6

TP 7

TP 8

6

Total
recorded
from
1978-1996
50

Mean
per year
over 19
years
3

Large white
P. brassicae
Small white
P. rapae
Green-veined white
P. napi
Orange-tip
A. cardamines
Green hairstreak
C. rubi
Small copper
L. phlaeas
Common blue
P. icarus
Red admiral
V. atalanta
Painted lady
V. cardui
Small tortoiseshell
A. urticae
Peacock
A. io
Comma
P. c-album
SPB Fritillary
B. selene
DG Fritillary
A. aglaja
Grayling
H. semele
Meadow brown
M. jurtina
Small heath
C. pamphilus
Ringlet
A. hyperantus
Totals

1

2

6

14

21

19

18

104

70

53

24

288

15

311

31

48

142

112

104

748

39

1

0

0

0

0

0

1

*

107

6

0

5

3

14

135

7

319

358

382

377

1471

565

3472

183

107

88

52

60

103

24

434

23

12

3

10

15

15

4

59

3

5

2

42

9

15

1

74

4

18

9

373

84

35

7

526

28

0

1

0

0

2

0

3

*

0

0

0

0

0

0

0

0

9

0

0

4

1

0

14

*

115

27

102

124

580

190

1138

60

530

118

729

939

3285

518

6119

322

331

202

164

342

1007

276

2322

122

46

168

177

215

989

176

1771

93

393

82

101

312

308

196

1392

73

2324

1115

2290

2712

8000

2105

18546

976
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Table 3b. Butterflies: Totals per section for all years 2006-2015: Tentsmuir Point North and South
2006-2015
TPN 7 TPN 8

Section

TPS 1

TPN 3

TPN 4

TPN 5

TPN 6

Mean
per year
over 10
years
*

Trend

2

Total
recorded
from
2006-2015
13

Large white
P. brassicae
Small white
P. rapae
Green-veined
white P. napi
Orange-tip
A. cardamines
Green hairstreak
C. rubi
Small copper
L. phlaeas
Common blue
P. icarus
Red admiral
V. atalanta
Painted lady
V. cardui
Small tortoiseshell
A. urticae
Peacock
A. io
Comma
P. c-album
SPB Fritillary
B. selene
DG Fritillary
A. aglaja
Grayling
H. semele
Meadow brown
M. jurtina
Small heath
C. pamphilus
Ringlet
A. hyperantus
Totals

1

0

0

3

7

0

10

1

1

8

22

6

13

61

6

- 60%

80

5

13

47

103

18

48

314

31

-20.5%

9

0

0

2

25

10

27

73

7

Up

2

0

0

0

0

1

1

4

*

Down

96

50

48

206

494

266

453

1613

161

- 12%

21

58

53

119

78

48

79

456

46

+ 100%

6

1

8

3

18

2

15

53

5

+ 66.7%

44

1

6

13

185

6

7

262

26

+ 550%

20

4

5

21

20

5

16

91

9

- 67.9%

59

14

24

54

233

40

99

523

52

Up

4

0

0

0

0

0

0

4

*

Up

0

1

0

4

3

3

12

23

2

Up

48

4

6

32

57

19

31

197

20

- 66.7%

33

15

8

70

193

118

182

619

62

- 80.7%

70

56

89

174

421

100

216

1126

113

- 7.4%

131

28

65

171

392

114

228

1129

113

+ 21.5%

165

16

38

166

251

89

260

985

99

+ 35.6%

799

254

364

1093

2502

845

1689

7546

755

- 22.6%

Down

Note: TP = Tentsmuir Point. TPS = Tentsmuir Point South Revised. TPN = Tentsmuir Point North Revised. If a
species was recorded but the mean is fewer than one per year a * symbol indicates presence. Mean numbers (per
year) have been rounded up to whole numbers. Trends are given as a percentage change of the mean per year
between the two time periods.
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5.2

Declines in total numbers

The total number of butterflies recorded each year at Tentsmuir on those sections that were
used for comparison has declined by between a quarter and a fifth, from an average of 976
per year in the older data set to around 755 per year in the last 10 years. Current records
are at around 77% of the numbers recorded between 1978 and 1996.
The change in abundance can be compared to changes within Scotland and at the UK level.
According to Fox et al. (2015), habitat specialists in Scotland have declined by 28% from
1979-2014 but only declined by 9% from 2005-2014. Both grayling and small pearl-bordered
fritillary, which are UK BAP species, have declined significantly at the UK level over that time
period. At the UK level, the last 10 years have provided a more optimistic picture than the
long-term results since 1976 (Fox et al., 2015).
5.3

Species declines

Declines in some individual species at Tentsmuir have been dramatic, with grayling recorded
at only 20% of its former numbers over the last 10 years. There has been a fall from a mean
of 322 per year from 1978-1996 to only 62 per year from 2006-2015. The decline in grayling
mirrors the picture at Scottish level, where it is down 76% over the UKBMS series (Brereton
et al., 2016). Other species that have experienced large declines at Tentsmuir are small
white (Pieris rapae Linnaeus, 1758) (-60%), small tortoiseshell (Aglais urticae Linnaeus,
1758) (-67.9%) and dark green fritillary (-66.7%). These three species have experienced
less dramatic declines at the Scottish level over the UKBMS series (-19%, -44% and -34%
respectively) (Brereton et al., 2016).
Smaller declines are also recorded at Tentsmuir in green-veined white (-20.5%), small
copper (-12%) and meadow brown (-7.4%). The decline in small copper has not been as
marked at Tentsmuir when compared with a decline of -35% at Scottish level in the full
UKBMS series (Brereton et al., 2016).
Some other species have also declined at Tentsmuir, which occurred at a rate of less than
one per year in the 2006-2015 data set. These low numbers prevented an accurate
percentage calculation. The following species show apparent declines: large white (Pieris
brassicae Linnaeus, 1758) (down from three per year to less than one per year) and green
hairstreak (down from 7 per year to less than one per year).
5.4

Species increases

On the positive side, the following species had large increases in the numbers recorded at
Tentsmuir in the later recording period: common blue (+100%), red admiral (Vanessa
atalanta Linnaeus, 1758) (+66.7%) and painted lady (Vanessa cardui Linnaeus, 1758)
(+550%). Common blue and red admiral also showed large gains at the Scottish level
(Brereton et al., 2016).
Increases were also recorded at Tentsmuir in small heath (+21.5%) and ringlet (+35.6%).
Both also did well at the Scottish level over the full UKBMS series and show significant
increases (Brereton et al., 2016). The increase in small heath is in contrast to a downward
trend at UK level, despite it being a widespread species across the UK (Fox et al., 2015).
Those species that occurred at very low levels of less than one per year in the 1978-1996
data set at Tentsmuir, or were not recorded at all until after 2004, also showed increases.
These species are orange-tip, which increased from less than one per year to an average of
7 per year, peacock (up from less than one per year to 52 per year), small pearl-bordered
fritillary (up from less than one per year to two per year) and comma (Polygonia c-album
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Linnaeus, 1758), which appeared in 2008 and has since been recorded at a rate of less than
one per year.
Of these species, orange-tip and ringlet have had significant increases in Scotland since
1979 (Brereton et al., 2016). Local studies at other monitored sites, for example at RSPB
Insh Marshes, showed an increase in orange-tip and ringlet (Moore, 2017). Fox et al. (2015)
note that species that have fared better in the UK over the last 20 years are wider
countryside species that have expanded their ranges, probably in response to climate
change. In Scotland, wider countryside species are classed as stable and have increased
by 27% between 1979 and 2014 (Fox et al., 2015). The picture is less positive over the
period 2005-2014, when wider countryside species had only increased by 6%. This is,
however, a brighter picture than in England (Fox et al., 2015; Brereton et al., 2016).
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6.

TRENDS IN NUMBERS AT TENTSMUIR

Excel spreadsheets were created for individual species showing total numbers recorded in
each year. Within Excel line graphs were generated for 12 species showing the peaks and
troughs in butterfly numbers over the study time period (Figures 10-21). Least squares
regression was used to plot a trend line. For the other six species there was insufficient data
to create line graphs and butterfly numbers are displayed with markers instead (Figures 2227). The graphs show data from a subsample of comparison sections only as described
above (1978-1996 Tentsmuir Point Sections 3, and 6-10, 2006-2015 Tentsmuir Point South
Revised Section 1 and Tentsmuir Point North Revised 3-8).
6.1

Species declines

For some species, for example grayling, early peaks in 1978 and then in 1983 and 1984,
have been followed by lower numbers with only minor peaks in 1992, and to a lesser extent
in 2010 (Figure 10). Numbers have been very low since 2012 and this decline is cause for
concern. High numbers of grayling at Tentsmuir in the late 1970s and early 1980s may have
been an anomaly, however in the absence of data before 1978 this cannot be investigated
further.
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‐200
Grayling

Linear (Grayling)

Figure 10. Grayling numbers 1978-2015. Comparison sections (1978-1996: TP 3, 6-10 and
2006-2015: TPS1, TPN 3-8).
Dark green fritillary numbers have decreased since 1978, with highs in 1978, 1979 and 1984
followed by a long decline (Figure 11). More recently, a high in 2011 represented a partial
recovery. An apparent decline in violets at Tentsmuir (Campbell, 2012) may be a factor in
the decline of dark green fritillary numbers.
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Linear (Dark Green Fritillary)

Figure 11. Dark green fritillary numbers 1978-2015. Comparison sections (1978-1996: TP 3,
6-10 and 2006-2015: TPS1, TPN 3-8).
Small white has been recorded in low numbers since the mid 1980s, and never exceeded 65
per year (Figure 12). Since 2004, small white numbers have remained below 20 per year on
the comparison sections of the transects.
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Figure 12. Small white numbers 1978-2015. Comparison sections (1978-1996: TP 3, 6-10
and 2006-2015: TPS1, TPN 3-8).
Since 2004 small tortoiseshell numbers have dropped to less than 25 per year on the
comparison sections of the transects (Figure 13). Highs of 102 in 1984 and 88 in 1995 have
not been repeated.
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Figure 13. Small tortoiseshell numbers 1978-2015. Comparison Sections (1978-1996: TP 3,
6-10 and 2006-2015: TPS1, TPN 3-8).
6.2 Species with a stable trend
Green-veined white numbers have been very variable over the last 40 years (Figure 14).
Earlier peaks in 1979, 1987 and 1996 have been followed more recently by similar peaks in
2006 and 2013.
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Figure 14. Green-veined white numbers 1978-2015. Comparison sections (1978-1996: TP
3, 6-10 and 2006-2015: TPS1, TPN 3-8).
Small copper (Figure 15) shows marked peaks and troughs, with highs in 1979, 1981, 1984,
1986, 1996 and more recently in 2011. Despite the relatively high numbers of small copper
recorded each year, fewer have been seen since 2004 than in the 1970s and 1980s.
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Figure 15. Small copper numbers 1978-2015. Comparison sections (1978-1996: TP 3, 6-10
and 2006-2015: TPS1, TPN 3-8).
Green hairstreak numbers have been recorded at very low numbers since 1993 (Figure 16).
Peaks of 23 in 1982 and 34 in 1987 have not been repeated. With only occasional records
since 2006 this suggests a decline in numbers for this species. Recording in 1978 started
after the end of the green hairstreak flight period.
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Figure 16. Green hairstreak numbers 1979-2015. Comparison sections (1979-1996: TP 3,
6-10 and 2006-2015: TPS1, TPN 3-8).
The number of meadow brown has remained stable (Figure 17). Peaks in 1983 and 1989
have been repeated more recently with peaks in 2006 and 2013. Lower numbers between
2007 and 2011 preceded a recovery in 2012 and 2013.
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Figure 17. Meadow brown numbers 1978-2015. Comparison sections (1978-1996: TP 3, 610 and 2006-2015: TPS1, TPN 3-8).
6.3

Species increases

Common blue numbers show an upward trend (Figure 18). Lower numbers from 1978 to
1988 were followed by a peak of 88 in 1989. More recently, similar peaks of 79 in 2006 and
of 80 in 2013 indicate a species that is doing well on the Reserve.
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Figure 18. Common blue numbers 1978-2015. Comparison sections (1978-1996: TP 3, 6-10
and 2006-2015: TPS1, TPN 3-8).
Since 2004 ringlet have been recorded more often than in the 1980s. This trend includes
peaks in 1982 and 1989 and more recently in 2013. The line graph for ringlet follows a
similar pattern to that of meadow brown, which has a similar flight period and habitat
preferences.

Total Number of Butterflies

200
180
160
140
120
100
80
60
40
20
0
1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Ringlet

Linear (Ringlet)

Figure 19. Ringlet numbers 1978-2015. Comparison sections (1978-1996: TP 3, 6-10 and
2006-2015: TPS1, TPN 3-8).
Small heath has three peaks in numbers with particularly high counts of 370 in 1992, and
more recently 298 in 2006 (Figure 20). Since 2007 numbers have remained at around 50 to
135 per year.
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Figure 20. Small heath numbers 1978-2015. Comparison sections (1978-1996: TP 3, 6-10
and 2006-2015: TPS1, TPN 3-8).
Peacock numbers have increased since 1994 when the first one was recorded on transect
(Figure 21). A trend line has not been applied to this graph because of the absence of data
before 1994. Since 2006, numbers have fluctuated between a high of 98 in 2009 and a low
of 13 in 2012.
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Figure 21. Peacock numbers 1978-2015. Comparison sections (1978-1996: TP 3, 6-10 and
2006-2015: TPS1, TPN 3-8).
6.4

Species present in low or erratic numbers

No conclusions were reached about the population trends of those species with insufficient
data. They are discussed briefly below.
Large white numbers may be partially boosted by immigrants from further south but it has
been recorded at only low levels since recording began (Figure 22). Orange-tip has become
established on the Reserve since 1994 and has been recorded at a rate of less than 15 per
year in most years since then (Figure 23).
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Figure 22. Large white numbers 1978-2015. Comparison sections (1978-1996: TP 3, 6-10
and 2006-2015: TPS1, TPN 3-8).
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Figure 23. Orange-tip numbers 1978-2015. Comparison sections (1978-1996: TP 3, 6-10
and 2006-2015: TPS1, TPN 3-8).
The migrant species red admiral and painted lady display very different distributions of
butterfly numbers. Red admiral (Figure 24) has been recorded in most years but at low
levels, with a maximum of 18 in 2012. In contrast, painted lady (Figure 25) has only been
recorded in a few years at relatively low levels, except in 2009, when a huge influx arrived.
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Figure 24. Red admiral numbers 1978-2015. Comparison sections (1978-1996: TP 3, 6-10
and 2006-2015: TPS1, TPN 3-8).
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Figure 25. Painted lady numbers 1978-2015. Comparison sections (1978-1996: TP 3, 6-10
and 2006-2015: TPS1, TPN 3-8).
Comma was not recorded on the Reserve until 2008 and has only been recorded in very low
numbers since then (Figure 26). There are some patches of nettles which have the potential
to provide food for caterpillars, so this species may become more common in the future.
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Figure 26. Comma numbers 1978-2015. Comparison sections (1978-1996: TP 3, 6-10 and
2006-2015: TPS1, TPN 3-8).
Small pearl-bordered fritillary was first recorded on the Reserve in 1985 and has been
recorded at low levels since then but not in every year (Figure 27). An apparent high in
numbers in 2008 has been followed by fewer records.
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Figure 27. Small pearl-bordered fritillary numbers 1978-2015. Comparison sections (19781996: TP 3, 6-10 and 2006-2015: TPS1, TPN 3-8).
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7.

RANKING

As well as comparing data from individual transect sections that continue to be monitored,
the whole data set was used to rank each species according to their relative abundance
(Table 4). The ranking of individual species at Tentsmuir allows comparison with ranking
data produced each year by Butterfly Conservation at UK and national level. The Annual
Indices from 1978-1996 and 2005-2015 were examined to establish whether rank positions
had changed over time. Although there are differences in the transect routes, the total
length of transect walked and the dune grassland habitat has remained similar. All the data
was used to establish rank positions. Table 4 shows the rank positions, Annual Indices,
mean per year and the number of years that each species has been recorded.
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Table 4. Rank positions 1978-1996 and 2005-2015
Tentsmuir Point 1978-1996
Rank
Total of
Mean per
Annual
year
Indices

Tentsmuir Point North and South 2005-2015
Rank
Total of
Mean per
Annual
year
Indices

Grayling

1

7181

378

Number of
years
recorded
(max. 19)
19

Small copper

1

4908

446

Number of
years
recorded
(max. 11)
11

Small copper
Small heath
Meadow brown
Green-veined
white
Ringlet
Dark green
fritillary
Common blue

2
3
4
5

4619
3398
3228
2129

243
179
170
112

19
19
19
19

Ringlet
Meadow brown
Small heath
Grayling

2
3
4
5

2847
2443
2004
1629

259
222
182
148

11
11
11
11

6
7

1931
1369

102
72

19
19

Common blue
Peacock

6
7

1260
1146

114
104

11
11

8

712

37

19

8

744

68

11

Small tortoiseshell

9

647

34

19

9

688

62

11

Small white
Green hairstreak
Red admiral

10
11
12

388
377
103

20
20
5

19
18
14

10
11
12

400
162
151

36
15
14

7
11
10

Painted lady
Large white
Small pearlbordered fritillary
Peacock
Orange-tip
Comma

13
14
15

86
69
23

4
4
1

9
15
9

Green-veined
white
Dark green
fritillary
Painted lady
Orange-tip
Small pearlbordered fritillary
Small tortoiseshell
Small white
Red admiral

13
14
15

140
111
94

13
10
8

11
11
9

16
17
18

6
1
0

*
*
0

3
1
0

Green hairstreak
Large white
Comma

16
17
18

53
18
6

5
2
*

11
7
5

Note: Annual Indices are taken from the UKBMS and are calculated by summing weekly transect counts to generate annual abundance indices. Where
weeks are missing, a statistical model is used to calculate a site index with estimates for the missing values. Figures rounded up to whole numbers. *
indicates presence at less than one per year.
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7.1

Grayling

When recording started in 1978, Tentsmuir Point was an important site nationally for grayling
and had what was thought to be the largest population of grayling in the UK monitoring
scheme (Pollard et al., 1986; Pollard & Yates, 1993). That year, 1058 grayling were
recorded on transect, putting it at the top of the Tentsmuir rankings. Total numbers of
grayling have fallen at Tentsmuir since then and it is no longer the most numerous species.
High numbers of rabbits, which kept the vegetation short, and the drought summer of 1976
are thought to have led to high numbers of grayling in the late 1970s (P.K. Kinnear, pers.
comm., 2016). According to Smout & Kinnear (1993), the population crashed in Fife
between 1986 and 1989. Between 2005 and 2015, it has fallen to fifth place in the
Tentsmuir rankings. Very low numbers recorded in 2015 at Tentsmuir and at the three other
UKBMS transect sites in Scotland monitored that year give cause for concern for this
species (Brereton et al., 2016). Grayling had the worst year since 1976 in the Scottish
series of the UKMBS in 2016 and showed a highly significant decline (UKBMS, 2016).
7.2

Small copper

Small copper has moved up from second to the top of the rankings at Tentsmuir. Numbers
of small copper here compare favourably with other sites nationally. In 2011, on the North
and South transects combined, 1095 were recorded. In comparison, the highest single
Annual Index in 2011 nationally was at Cavenham Heath, Suffolk, where 521 were recorded
(Botham et al., 2013). The maximum count for small copper in 2011 was 92 at St Abb’s
Head in week 17 (Botham et al., 2013). At Tentsmuir, the highest count that year was 88 on
the South transect in week 21. Small copper has maintained high numbers at Tentsmuir,
despite a national downward trend (Guardian Online, Patrick Barkham, 23/3/16). In 2015,
small copper had its worst year in the UKBMS series at the UK level (Brereton et al., 2016)
and was ranked twenty-second in the UK in the Wider Countryside Butterfly Survey (WCBS)
(Randle et al., 2016).
7.3

Ringlet

Ringlet has risen in relative abundance at Tentsmuir from sixth in the 1980s and 1990s to
second place between 2005 and 2015. In 2015, ringlet was ranked fifth at UK level in the
Wider Countryside Butterfly Survey (Randle et al., 2016). In 1993, Tentsmuir Point and
Morton Lochs were the northernmost site for ringlet in the UK monitoring scheme (Pollard
and Yates, 1993). Since then ringlet has expanded its range and is gradually moving
northwards in Scotland (Thomas & Lewington, 2014).
7.4

Small heath and meadow brown

Small heath and meadow brown have remained high up the rankings at Tentsmuir, filling
third and fourth place in the table from 1978-96 and swapping places in 2005-15. This
contrasts with the UK rankings in the 2015 WCBS, where meadow brown was top of the
rankings but small heath only seventeenth (Randle et al., 2016).
7.5

Peacock, orange-tip and common blue

Other species that have done well in recent years at Tentsmuir include peacock rising from
sixteenth to seventh and orange-tip rising from seventeenth to eleventh. Both of these are
species that were not recorded until the mid1990s. Common blue has gone up slightly, from
eighth to sixth in the rankings.
7.6

Pieridae

Large, small and green-veined white have all dropped in relative abundance at Tentsmuir.
Of these three species, large white may be migratory in Fife (Smout & Kinnear, 1993).
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Carstairs (1989) considered large white to be a migrant further north at St Cyrus. Large
white has been recorded in 21 out of 30 years of recording. It has usually occurred in low
numbers (fewer than 10 per year), except in 1979, when 21 were recorded. In 2015, large
white had its worst year in the UKBMS series in Scotland, despite being third in the UK
rankings for the WCBS (Randle et al. 2016). Green-veined white has dropped from fifth to
eighth in the rankings at Tentsmuir. At the UK level, green-veined white was in sixth in the
WCBS rankings for 2015. Small white has fallen down the rankings at Tentsmuir from tenth
to fourteenth, making it much less common at Tentsmuir than at the UK level, where it was
second in the rankings in the Wider Countryside Butterfly Survey in 2015 (Randle et al.,
2016).
7.7

Other species showing a fall in the rankings

Small tortoiseshell, which was present every year at Tentsmuir from 1978 to 1996, with a
high of 108 in 1984, has become less common, dropping from ninth to thirteenth in the
rankings. Other species that have declined at Tentsmuir include green hairstreak, which has
dropped from eleventh to sixteenth, with low numbers recorded from 2005 onwards, dark
green fritillary, which has dropped from seventh to ninth in the rankings and small pearlbordered fritillary, which has occurred in low numbers (usually fewer than 10 per year) since
first arriving in 1985. Numbers of small pearl-bordered fritillary at Tentsmuir built up to a
high of 47 in 2008, but have since declined to single figures.
7.8

Painted lady and red admiral

Painted lady, which is a migrant species, has been recorded intermittently at Tentsmuir. A
large immigration along the east coast of Britain in 1980 resulted in 33 records on transect
(Pollard and Yates, 1993). Very high numbers of painted lady nationally in 1996 were not
mirrored by high numbers at Tentsmuir Point, where only 32 were recorded. A huge influx of
painted lady occurred nationally in the early summer of 2009 (Botham et al., 2009). At
Tentsmuir, 352 individuals were recorded on the South transect and 231 on the North
transect, numbers that dwarfed previous records on-site. Red admiral, another migrant, has
been recorded in low numbers (fewer than 20 per year) in most years, with highs in 2011
and 2012.
Since 1978, ten species have been recorded in every year when transects were carried out.
An eleventh species, green hairstreak, has been recorded every year since 1979 – it was not
recorded in 1978 because recording started after the end of their flight period. This
compares favourably with figures from St Cyrus, where six species appeared every year
during a five year study from 1979-1983 (Carstairs, 1989).
Examination of means per year for each species when all of the data set is included (Table
4) shows increases for some species that are not confirmed by analysis of matching section
data alone (see Section 5 on butterfly numbers and relative abundance above). Potentially
misleading higher means per year are likely to be attributed to the longer distance walked
and the inclusion of sections in better habitats for butterflies, for example Sections 6 and 7 of
the South transect. Future analysis of data from Tentsmuir should take account of potential
distortions caused by the change in route and transect length. As data is added to the
UKBMS data set in future years, trends within the post 2004 records will become available
for analysis.
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8.

NEW SPECIES AT TENTSMUIR

Since recording began at Tentsmuir Point in 1978, four species have moved into the area
and are now regularly recorded on the NNR. The small pearl-bordered fritillary arrived in
1985 and has been recorded in low numbers since then (maximum 47 in 2008). Low
numbers since 2009 in particular give cause for concern, as does an apparent loss of violets,
which are the larval food plants (Campbell, 2012).
In 1994, both orange-tip and peacock were recorded for the first time on transect at
Tentsmuir. Orange-tip has been expanding its range, particularly in Scotland over the last
40 years (Asher et al., 2001: Thomas & Lewington, 2014). Re-colonisation in Fife has been
ongoing since 1983 (Kinnear, 1986a; Corbet, 1998). By the early 1990s, Smout & Kinnear
(1993) considered orange-tip to be a “migrant and possible resident” in Fife. At Tentsmuir, it
has been recorded regularly over the last 10 years, with the highest numbers in 2006 and
2007 (42 and 43). It is now established as resident, with eggs observed in most years (pers.
obs).
An unplaced record for peacock in the Tentsmuir area dates from 1986 and at that time
there was only one proven record of overwintering in Fife (Kinnear, 1986b). It was not
recorded on the Reserve at Tentsmuir until the mid-1990s. In 1993, Smout and Kinnear
considered peacock to be a “regular but scarce migrant” in Fife, and they did not believe it
had ever bred in Fife (Smout & Kinnear, 1993). By 1998, peacock was still considered a
rare migrant (Corbet, 1998). In recent years, peacock has become much more widespread
in central Scotland, including Fife (Asher et al., 2001). Peacock numbers on the Reserve
are now much higher, with over 100 recorded in six out of the last 10 years on the combined
North and South transects. Larvae have been observed on nettles on the Reserve (pers.
obs., 12 July 2007) and peacock is now considered resident.
Comma was first recorded on transect at Tentsmuir in 2008. It had arrived in north Fife in
2007, when it was recorded at nearby Morton Lochs and Fetterdale. Since 2008, it has been
recorded in six years. The comma has moved into the area from the south and is moving
north at around 10 km per year (Guardian Online, Patrick Barkham, 23/3/16). The comma is
now resident in Fife, with larvae observed over several years in north-west Fife (D.
Davidson, pers. comm.).
One additional migrant species has been recorded at Tentsmuir Point. In 1992, three
clouded yellows (Colias croceus Geoffroy, 1785) were seen on 14, 20 and 29 August, all on
sections close to the sea.
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9.

FLIGHT PERIOD

Flight periods of individual species vary from year to year. In general, the first appearance of
each species and the date of peak abundance are related to temperature, with warmer
temperatures resulting in earlier emergence and peak abundance (Brakefield, 1987; Roy &
Sparks, 2000; Botham & Roy, 2008; Roy et al., 2015). Building on earlier work Roy et al.
(2015) found that emergence dates of most species suggest local adaptions to temperature
as there is a degree of synchronicity in emergence dates throughout the UK.
Botham & Roy (2008) highlight a problem when using UKBMS data to identify first and last
appearances, as they may occur before or after the main recording period from 1 April to 30
September. This issue is less relevant in Scotland, where the butterfly flight season tends to
be shorter and few records occur at the start of the recording season. Towards the end of
the season, numbers drop off rapidly but the flight period may extend beyond the end of
recording (week 26) for a few species.
As flight period is not likely to be affected by the exact route of individual transects, all the
available data from each transect was used to build up a picture of flight times at Tentsmuir.
Species such as orange-tip, peacock and comma which did not become well established
until after 1996 were omitted. Other species which have only occurred in low numbers, such
as large and small white, red admiral, painted lady and small pearl-bordered fritillary, were
also excluded.
Flight periods were examined by drawing up tables of records for 10 species. All the records
were entered in to spreadsheets and used to calculate the week when most records were
obtained – the week of mean peak abundance. The mean start and mean end to each flight
season was also calculated. The earliest and latest individual records were also noted for
each of the two time periods. A graphic illustrating the flight season for each of the 10
species was drawn up (see Figure 28).
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Figure 28. Flight period by weeks
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For some species lower sample sizes with fewer butterflies in some years may result in less
reliable comparisons. Sample sizes for each species are given in Table 5. Low numbers of
green hairstreak and small tortoiseshell since 2005 in particular, mean that a comparison
between the two data sets is difficult.
Table 5. Sample sizes for selected species used to generate flight period graphic.
Species
Green-veined white
Green hairstreak
Small copper
Common blue
Small tortoiseshell
Dark green fritillary
Grayling
Meadow brown
Ringlet
Small heath
Total

9.1

Data set 1 (1978-1996)
1886
331
4389
686
594
1333
6856
3044
3222
1876
24217

Data set 2 (2005-2015)
756
59
5149
1183
130
743
1717
2362
2052
2831
16982

Mean peak abundance

With the exception of small heath, the week of mean peak abundance appears to have
moved earlier in the season (Figure 28) in nine of the species examined. At the UK level,
Botham & Roy (2008) examined the date of mean abundance for individual species since
1976, and found they had moved earlier by 12 days for green hairstreak, 21 days for orangetip, 20 days for red admiral, 19 days for small tortoiseshell, 13 days for peacock, 12 days for
comma and 13 days for ringlet. They also observed smaller significant advances in grayling
(six days earlier) and non-significant advances in dark green fritillary (six days earlier) and
meadow brown (two days earlier). In contrast, since 1976 small heath showed a peak in
mean abundance four days later.
For those species with spring flight periods, the mean flight date tends to show larger
advances, possibly due to generally warmer spring temperatures over the last 40 years
(Botham & Roy, 2008). In the case of green hairstreak, earlier flight dates are strongly
related to warmer temperatures between February and April (Roy et al., 2015). At the UK
level, Botham & Roy (2008) found that the spring broods of green-veined white and small
copper had earlier dates of mean abundance by 18 and 15 days respectively but that their
summer broods showed less change.
Common blue is treated as bi- or multi-voltine further south, and it has a date of mean
abundance 14 days earlier in spring and 11 days earlier in summer (Botham & Roy, 2008).
In Scotland, common blue has only one generation a year and emerges earliest in local
areas with the warmest temperatures (Thomas & Lewington, 2014). At Tentsmuir, common
blue appears to have the biggest shift in mean week of peak abundance (Figure 28).
Spring emergence
At Tentsmuir the mean start of spring emergence appears to have moved earlier for eight of
the species plotted in Figure 28. At a national level, a shift to earlier emergence has been
documented (Roy and Sparks, 2000; Botham and Roy, 2008; Roy et al., 2015). Botham and
Roy (2008) found that 91% of 47 species with one distinct flight period had earlier mean
flight dates since 1976.
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9.2

Length of the flight period

Botham & Roy (2008) found that although the timing of the flight season had moved earlier,
the length of the flight period was largely unchanged since 1976. Kinnear (1982) studied the
flight times of ringlet at Tentsmuir Point and Morton Lochs and concluded that larger annual
indices were associated with longer flight periods. At Morton Lochs, where the transect
follows disused railway line and woodland paths, he found the flight period was nine or 10
weeks, in comparison with a shorter flight period of four to eight weeks at Tentsmuir Point.
The length of the flight period between mean first and last appearances has not changed
much between the two time periods examined in this study (Figure 28).
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10. CONCLUSIONS
Tentsmuir NNR continues to be an important site for Lepidoptera with 19 species of butterfly
and 320 species of moths recorded. Declines in some species should, however, give cause
for concern, especially those that are restricted to only a few sites in Fife. Priorities for
conservation should start with those species on the UK BAP list, which are small pearlbordered fritillary, grayling, and small heath. These species are also on the Scottish
Biodiversity List. Management actions required for each of these species are different and
complex. Significant declines in grayling and small pearl-bordered fritillary in Scotland since
1979 (SNH, 2016) are linked to habitat loss, climate change and nitrogen deposition. See
Appendix 6 for a short description of the key requirements for small pearl-bordered fritillary,
grayling, and small heath.
Broad changes in habitat since 1979 include less short-grazed turf, fewer bare sandy
patches among vegetation, less scrub, a smaller extent of damp areas and the possible
decline or absence of key larval food plants, e.g., blaeberry (V. myrtillus) and gorse (Ulex
europaeus) for green hairstreaks, and violets (Viola sp.) for small pearl-bordered and dark
green fritillaries. A change in the extent or type of nectar plants and the part played by
various species of ants in the larval and pupal stages of development may also be involved.
Further drying of the site will impact negatively on those species that favour damp habitats.
Changes in vegetation due to a drier climate may result in less heathland and its
replacement with grasses. This shift coupled with ongoing recolonization of bare sand on the
east of the site should benefit grassland species, provided further erosion does not occur.
The habitat preferences of individual species in the east of Scotland need to be assessed
so as targeted site management can be delivered. This should be backed up by continued
monitoring of butterflies on the new transects to build up a longer data set based on these
routes.
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APPENDIX 1: MAP OF TENTSMUIR POINT TRANSECT ROUTE 1978 - 1996
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APPENDIX 2: TENTSMUIR POINT NORTH REVISED TRANSECT ROUTE MAP
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APPENDIX 3: TENTSMUIR POINT SOUTH REVISED TRANSECT ROUTE MAP

38

APPENDIX 4: TENTSMUIR POINT 1978 – 1996 SECTION DATA TABLES
This appendix can be downloaded as a separate file from the SNH website.
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APPENDIX 5: TENTSMUIR POINT SOUTH AND TENTSMUIR POINT NORTH REVISED
2006 – 2015 SECTION DATA TABLES
This appendix can be downloaded as a separate file from the SNH website.
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APPENDIX 6: UK BAP SPECIES AT TENTSMUIR
Small pearl-bordered fritillary B. selene
Life Cycle: Eggs laid singly on violets. Likely to be marsh violets (Viola palustris) in
Scotland. Medium-sized plants in open, sunny spots are preferred. Larvae do not like direct
sunlight and do not bask. Hide in leaf litter between feeding. Larvae hibernate in the
autumn after 3rd moult. Feed again in spring when temperature is high enough. Pupation
likely to be at the end of April or the start of May. Pupation in leaf litter. Emergence at
Tentsmuir tends to be in week 12 or 13 (mid to late June).
Larval food plants: Exclusively feeds on the leaves of violets, probably common dog violet
(Viola riviniana) or marsh violet at Tentsmuir. A study by Campbell (2012) found common
dog violet or marsh violet had gone from five quadrats at Tentsmuir where they had
previously been recorded in 2003.
Food Sources: Nectar sources include many yellow flowers, such as bird’s-foot-trefoil and
buttercup (Ranunculus sp.) as well as thistles. Observed at Tentsmuir on hawkweeds and
lady’s smock.
Key habitat: Open, deciduous woodland, damp marshes, open moorland, dune slacks.
Favours warm, damp, sheltered areas.
Other factors: Ranges more widely in open habitat in north of UK. In severe decline in
England. Eggs dropped rather than laid on violets. Extensive light grazing by cattle is ideal
management. Poaching encourages violet regeneration. Scrub clearance can be carried
out. Shelterbelts in exposed areas beneficial.
Other local sites: Records from Morton Lochs, Leuchars Airfield, Earlshall Muir and Reres
Wood.
Grayling H. semele
Life Cycle: Eggs laid singly on or near grasses. Small tussocks of grass in open areas of
bare soil chosen. Larvae feed at night and hide in tussocks during the day. The larvae
hibernate during the 3rd instar on or below ground. Feeding continues through the winter in
mild weather. Pupation takes place c. 1 cm underground in early June. Emergence at
Tentsmuir is around weeks 13 and 14 (late June to early July).
Larval food plants: A wide range of grasses, including early hair-grass (Aira praecox), tufted
hair grass (Deschampsia cespitosa), sheep’s fescue, (Festuca ovina agg.) and marram.
Coastal colonies may breed largely on marram.
Food Sources: Grayling do not rely heavily on nectaring and are only occasional feeders on
warm, dry days. They prefer bell heather (Erica cinerea), thistles, bramble (Rubus
fruticosus) and thyme (Thymus polytrichus). May also take tree sap, puddle water or resin
on fence posts. Feeding is usually early and late in the day.
Key habitat: Sparsely vegetated, well drained and sheltered, sunny areas. Exposed sand
dunes and hilly coastal areas in Scotland. Areas with poor, dusty soils that are baked by hot
sun.
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Other factors: In rapid decline at UK level. Usually stay at their breeding sites.
Occasionally wander further. Perch on bare sand, rock or earth to warm up. Orientate
themselves for maximum heat gain. Grayling need to keep their bodies at 32C to be active.
Adapted to live in the warmest microclimates. Female grayling lived longest and laid the
most eggs when kept at 30C in a Swedish experiment. Eggs likely to be found on grass
tufts in the hottest spots. Ideal conditions for the larvae are a wet July followed by a warm,
sunny August. Climate change might benefit this species but habitat loss and lack of
appropriate management are factors in its decline.
Management in coastal areas can include scrub clearance and grazing to encourage bare
ground and sparse vegetation. Bare ground on dunes can be created by turf removal and
small-scale rotovation. A patchwork of bare and grassy sites is beneficial.
Other local sites: Earlshall Muir, Reres Wood
Small heath C. pamphilus
Life Cycle: Eggs laid singly on range of grass species. Egg laying not very careful. Some
laid on dead material. Larvae feed low down in small tufts of young grass. Some larvae
develop in the same season and others overwinter. During mild winter weather larvae may
continue to feed. Pupa formed on silken pad hanging from grass stem. At Tentsmuir adults
emerge around weeks 11 and 12 (mid June).
Larval food plants: Various fine grasses, including meadow grass and fescues (sheep’s
fescue in particular).
Food Sources: Variety of flowers. Prefers low-growing flowers in the shortest sward.
Key habitat: Grassland, moorland, heaths and coastal fringes. Well-drained areas preferred.
Widespread throughout Britain.
Other factors: Small heath do not wander far in good habitat. Occasional individuals travel
further and may colonise new areas quickly. Adults live for about 7 days. Males may gather
at ‘leks’ near landmarks, such as shrubs in open grassland. Males will battle for ownership
of the perching site and there may not be enough perches. Multi-voltine in southern
England. High numbers in years following a wet July in the previous season. Warmer
summers also produce higher numbers. Many small heath populations have declined over
the last 25 years. In rapid decline since 1976 at UK level but stable with an increase of 27%
over last 10 years. Numbers fluctuate from one year to the next.
Other local sites: Morton Lochs (low numbers), Earlshall Muir, widespread in Fife.
References used in Appendix 6: Emmet and Heath, 1990; Thomas and Lewington, 2014.
Species factsheets: Butterfly Conservation. Undated.
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