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EDITORIAL

Biological field stations in Scotland: valuing their past and supporting their

future

Dominic ]. McCafferty

Scottish Centre for Ecology and the Natural Environment (SCENE), University of Glasgow, Rowardennan, G63
OAW, Scotland, UK

E-mail: dominic.mccafferty@glasgow.ac.uk

This year I have been fortunate to relocate from the

main University of Glasgow campus to the Scottish

Centre for Ecology and the Natural Environment

fSCENEl. as it celebrates 70 years of environmental

education and research on Loch Lomondside. Like

most research stations, SCENE had humble

beginnings when, in 1946, field laboratories were

assembled from ex-army huts on the west shore of

Loch Lomond at Rossdhu (Maitland & Hamilton

1994). In 1964, the University Field Station was
built on the current location on the east shore of the

loch, 5 km south of Rowardennan and the current

redevelopment was completed in 2014.

This is just one example of how importantly we
value environmental education and research in

Scotland. Indeed, one of the oldest field stations in

Europe, The Marine Biological Station on the Isle of

Cumbrae was established in 1897 but was predated

by the Ark, a barge fitted out as a floating laboratory

that was brought from Granton to Cumbrae in 1885.

The Marine Station Millport is now run by the Field

Studies Council as its second field station in

Scotland, the first being Kindrogan in Perthshire.

The Cromarty Lighthouse Field Station was
established in 1990 by the University of Aberdeen

to support teaching and research, specialising in

studies on the behaviour and population dynamics

of marine mammals and seabirds.

Sadly, some other biological stations have not

survived including the Culterty Field Station

(established 1957) at Newburgh, Aberdeen, which

undertook teaching and research on the ecology of

the Ythan estuary. Our knowledge and

understanding of upland ecology was considerably

advanced by facilities first setup in Glen Esk in

1956, before moving to Deeside where the Institute

of Terrestrial Ecology (ITE), then named the Centre

for Ecology and Hydrology (CEH) continued long

term studies, before staff relocated to CEH at the

Bush Estate near Edinburgh in 2007. However, we
are very fortunate in Scotland to have long running

bird observatories on Fair Isle, Isle of May, and on

North Ronaldsay, as well as a range of field and

outdoor centres delivering environmental

education across the country.

It seems that our history of biological field stations

in Scotland is not unique and is replicated

throughout the World. More than 1200 biological

field stations are currently in operation in 120

countries, stretching from the Arctic to the Antarctic

(Tydecks et al., 2016). A large proportion of field

stations were set up after World War II, and more
than a third are currently linked with universities.

They occur in all major biomes including terrestrial,

freshwater and marine ecosystems, with a majority

located in protected areas. One fascinating statistic

is that "the global network of biological field

stations constitutes an environmental

infrastructure worth above US$1.3 billion per year,

which is comparable with the annual budget of

CERN (approx. US$1.2 billion in 2014)." This

certainly highlights the significance of our field

stations as a global resource for environmental

monitoring, research and education.

How different are field stations in the 21 st century?

In many respects they continue to function as they

have always done, providing residential and

teaching facilities for students of all ages, long term

monitoring of natural ecosystems and pioneering

scientific research. They have a shared outdoor and

environmental ethos and welcome visitors from

different parts of the world. The information age

has, however, transformed communication and

provides remote access to the internet making it

possible to link field stations with their parent

organisations. Even in Antarctica, field stations have

24/7 communication via satellite and researchers

can be flown to bases and remote field camps. These

are financially challenging times and biological field

stations are being encouraged to modernise and

communicate more effectively their mission to

policymakers, funders, the public and even their

own universities (National Research Council, 2014).

Funding, leadership, ICT infrastructure and
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networking have been identified as critical areas for

attention but the future appears to hold real

opportunities for field stations to contribute to key

environmental issues (Baker, 2015). Here in

Scotland many of these aspects are being addressed

and field stations are working hard today to answer

important questions related to climate change,

fisheries and environmental impacts of renewable

energy.

Over the years The Glasgow Natural History Society

has both supported and benefitted greatly from our

field stations throughout Scotland. Members have

participated in excursions, training, research and

some have travelled to stations abroad to pursue

their interests in natural history. The Glasgow

Naturalist regularly publishes studies that have

been undertaken at our field stations, as is the case

in this edition.

So let's celebrate more than 100 years of biological

field stations in Scotland and continue to use and

support their future in any way we can.
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FULL PAPERS

Establishment of conservation refuge populations for Scotland's rare

freshwater fish, the powan Coregonus lavaretus

Alex A. Lyle 1
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Alastair Stephen 2 and Colin E. Adams 3
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ABSTRACT
The powan (Coregonus lavaretus ) is arguably the

rarest freshwater fish in Scotland. Between 2008

and 2010 conservation refuge sites for this species

were created at four reservoirs in Argyll, two each

to receive translocations of fish (mostly eggs and

unfed fry) from the only two sites where this

species naturally occurs in Scotland, Lochs Lomond
and Eck. This paper describes a study to determine

if attempts to create conservation refuges have been

successful. Powan from Loch Lomond were

translocated to Allt na Lairige and Lochan Shira in

2009 and 2010 and then sampled in both 2014 and

2015. Powan from Loch Eck were translocated to

Lochs Glashan and Tarsan, in 2010 and 2011 and

sampled in 2015. Sampling at all sites showed that

the individuals which were moved as eggs and

unfed fry (and for two sites also as adults), had

survived and that their growth was in line with that

expected from their native population. Age analysis

of powan collected also showed the presence of

juveniles at all sites, which could only have resulted

from spawning by the originally introduced fish in

the conservation site. Taken together, survivorship,

good growth and successful spawning by the

translocated fish indicate that successful refuge

populations of powan are being established at all

four conservation sites.

INTRODUCTION
The European whitefish Coregonus lavaretus (L.

1758), known in Scotland as "powan” is arguably

the rarest freshwater fish in Scotland. Found

naturally only in Loch Lomond and Loch Eck, the

species is a priority species for a UK Biodiversity

Action Plan (UKBAP) and protected under Schedule

5 of the Wildlife and Countryside Act 1981. The

Loch Eck population has additional protection as a

feature of interest in the Site of Special Scientific

Interest (SSSI) that applies there. Because there are

only two native populations and because natural

dispersal of obligate freshwater species to new
habitats is highly restricted, these populations (and

thus the species in Scotland), are highly vulnerable

(Etheridge et al., 2014). There is significant

evidence to show that powan from these two

natural populations differ very significantly in

morphology, parasite fauna, feeding ecology and

life-history (Pomeroy, 1991; Brown & Scott, 1994;

Etheridge et al., 2012). Thus to a considerable

extent the conservation requirements of each

population need to be considered separately

(Etheridge et al., 2012).

The use of conservation translocations to create

new populations of vulnerable species in new
habitats as insurance against loss of a natural

population has been widely employed across a

range of taxa (Linklater et al., 2011; Coleman et al.,

2013; Muller & Eriksson, 2013). Creation of

"conservation refuge" or "Arc" sites has been a

conservation tool used for several rare freshwater

fishes. In Scotland this has included creating

conservation refuge populations for Arctic charr

[Salvelinus alpinus (L.)), vendace (Coregonus albula

(L.)) and sparling (smelt) (Osmerus eperlanus (L.))

(see Maitland et al., 2009; Maitland & Lyle, 2013;

Adams et al., 2014). Two conservation

translocations for powan from the Loch Lomond

population were made around 1990 to Loch Sloy

and Carron Valley reservoir; both of these sites now
successfully support self-sustaining populations of

Loch Lomond powan (Maitland & Lyle 2013). At

that time however there was no conservation refuge

established for the Loch Eck powan population.

In 2008 Scottish and Southern Energy supported a

conservation proposal from Scottish Natural

Heritage to establish additional refuge sites for the

only two native populations of powan in Scotland.

The objective was to establish two new refuge sites

for each of these populations in selected hydro-

electric reservoirs in Argyll.

The process of selecting appropriate introduction

reservoirs for powan was carried out following

IUCN Guidance criteria in 2008 (IUCN 1998, 2012).

These criteria require that site characteristics meet

3



the ecological needs of a self-sustaining population

for the species being translocated and the need for

long-term ecosystem and population security

(details of the site selection process for powan are

given in Adams et al., 2014). This process resulted

in Allt na Lairige and Lochan Shira reservoirs being

selected as the conservation refuge sites to receive

powan from the Loch Lomond population, and Loch

Tarsan and Loch Glashan reservoirs as recipients of

powan from the Loch Eck population.

Collections of eggs taken from ripe female powan

were made each January at Loch Lomond (2009 &
2010) and Loch Eck (2010 & 2011). Each separate

batch of eggs was fertilised by milt taken from a

separate single male thus creating a 'family' (Table

1). Fertilised eggs were incubated for

approximately 550 degree-days in the SCENE

hatchery at Loch Lomond using incubation

techniques described by Rottmann & Shireman

(1988).

Introductions of powan to Allt na Lairige and

Lochan Shira were made under licence, by

translocating well developed eggs in 2009, and then

fed and unfed fry in 2010 from the Loch Lomond
population to each of these sites. In addition a small

number of eggs obtained from the Loch Lomond
population translocated to Loch Sloy were also used

(see Table 1). Introductions of powan to Loch

Tarsan and Loch Glashan were made by

translocating fed and unfed fry in 2010, then fed,

unfed fry and ripe adult fish in 2011 from the Loch

Eck stock (Table 1). Full details are given in Adams

et al., 2009.

Although the translocations were successfully

completed, that is fish were moved, it was not

known if these resulted in the establishment of new
self-sustaining populations of powan. Here we
present a study to determine the success of the

conservation translocations. Two levels of success

in the establishment of a new conservation

population can be defined. First that the fish

introduced to the new conservation refuge site have

survived, and second, that they have reproduced.

The occurrence of juveniles from successful in situ

reproduction provides strong evidence of progress

towards a self-sustaining population. The objectives

of this study were therefore, a) to determine if

translocated powan had survived in each of the four

conservation reservoirs, and b) to establish if there

was evidence of in situ reproduction having

occurred by the collection of juvenile powan.

METHODS
To avoid potential impact on the process of

establishment of the new population, surveying of

the conservation reservoirs was delayed until the

fish introduced as eggs and fry were likely to have

reached maturity and spawned at least once. For

powan in Scotland a delay between introduction of

eggs and sampling of 4+ years was regarded as

appropriate.

Destination
Year of

translocation
Source

Life stage introduced (&
Number)

Number of Families

Lochan Shira 2009 Sloy Eggs (10,200) 9

Lochan Shira 2009 Lomond Eggs (39,200) 41

Lochan Shira 2010 Lomond Unfed fry (51,100) 46

Allt na Lairige 2009 Sloy Eggs (6840) 9

Allt na Lairige 2009 Lomond Eggs (23,040) 41

Allt na Lairige 2010 Lomond Unfed fry (41,800) 46

Loch Tarsan 2010 Eck Unfed fry (115,300) 99

Loch Tarsan 2011 Eck Unfed fry (9,000) 69

Loch Tarsan 2011 Eck Adults (150) unknown

Loch Glashan 2010 Eck Unfed fry (90,600) 99

Loch Glashan 2011 Eck Unfed fry (9,000) 69

Loch Glashan 2011 Eck Adults (136) Unknown

Table 1 . Conservation translocations of powan, destination (the new translocation site), year of translocation, their source

(donor site) and the life stage and the number of full or half sibling groups translocated. Note: Loch Sloy sourced powan

comprise a previous translocation of the Loch Lomond powan population.
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The reservoirs were surveyed for powan by gill

netting in 2014 (Allt na Lairige and Lochan Shira)

and in 2015 (Lochan Shira; Loch Tarsan and Loch

Glashan). The principal nets used at all sites were

Norden monofilament survey nets comprising 12

panels with mesh sizes varying between 5mm and

55mm. Two types of Norden nets were used -

Norden benthic nets which measure 30m long x

1.5m deep and were set on to the bottom of the

reservoirs in littoral, sublittoral and profundal

habitats and Norden pelagic nets which are 30m
long x 6m deep and were set at the water surface

over deep water areas. On occasion, single mesh
nets (30m x 1.5m) were also used (see below). All

nets were set from a boat and left out overnight. For

each net location, the water depths were measured

and recorded using a Plastimo Echotest II hand-held

sonar and net geographic positions were

determined and recorded using a Garmin 60CSx

GPS.

At this relatively early stage in the process of

establishing new fish populations, netting effort was
initially minimised to balance between satisfactorily

assessing the developing fish population and the

potential for unnecessary damage to the population.

Fish caught were counted and identified to species.

For powan, fork length was measured, each fish was
photographed and scale samples taken for age

determination. Tissue samples were taken and

preserved in ethanol as part of a separate study on

whitefish genetics. The powan were retained and

stored (frozen) for further analysis if necessary.

Other fish species caught were noted. Powan age

was determined by scale annuli analysis; scales

where the annuli were indistinct or damaged or

which were replacement scales were not included

in further analysis.

At Allt na Lairige (Lat/ Long: 56° 19.1' N 004° 49.3'

W; 37 ha surface area) three Norden benthic survey

nets were set individually on 26 th March 2014 and

retrieved the next morning. The approximate

locations of these nets are shown in Fig. 1.

At Lochan Shira (Lat/ Long: 56° 20.6' N, 004° 57.3'

W; 144 ha surface area) four Norden benthic

surveys nets were set out individually on 27 th March

2014, and retrieved the next day. However, strong

easterly winds severely restricted sampling and the

survey was unsatisfactory. Consequently, a second

visit was made on 2 nd June 2014 when four Norden

nets, one 16.5mm and two 36mm single mesh nets

were set and retrieved the next day. The nets were

arranged in three pairs (i.e. 1 Norden + 1 single

mesh) and one individual Norden. Because

sampling data from 2014 was limited, three Norden

benthic nets were set (one each) in littoral,

sublittoral and profundal habitats and one Norden

pelagic net set over deep, open water again on 1 st

July 2015. The approximate locations of these nets

are shown in Fig. 2.

Fig. 1 . An outline map of Allt na Lairige Reservoir

showing the approximate locations of the gill nets (see

text and Supplementary Table 1).

Fig. 2. An outline map of Lochan Shira Reservoir showing

the approximate locations of the gill nets in 2014 (grey

bars) and 2015 (black bars) (see text and Supplementary

Table 2).

At Loch Glashan (Lat/ Long: 56° 05.2' N, 005° 21.0'

W; 194 ha surface area) three Norden benthic nets

were set, one each in littoral, sublittoral and

profundal habitats and one Norden pelagic net set

over deep, open water on 2 nd July 2015 and

retrieved the next day. Further sampling was

undertaken on the 3 rd July 2015 when two Norden

benthic nets were set onto littoral habitats plus the

Norden pelagic net in open water. Detailed locations

are shown in Fig. 3.
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Fig. 3. A bathymetric map of Loch Glashan Reservoir

showing the approximate locations of the gill nets (see

text and Supplementary Table 2).

At Loch Tarsan (Lat/ Long: 56° 00.7' N, 005° 05.2'

W; 106 ha surface area) three Norden benthic nets

were set (one each) onto littoral, sublittoral and

profundal habitats and one Norden pelagic net set

over deep, open water on 5 th July 2015. Detailed

locations are shown in Fig. 4.

Fig. 4. An outline map of Loch Tarsan Reservoir showing

the approximate locations of the gill nets (see text and

Supplementary Table 3).

RESULTS
Allt na Lairige

Three species of fish were collected from Allt na

Lairige including brown trout Salmo trutta, minnow
Phoxinus phoxinus and nine powan (Table 2 &
Supplementary data Table SI). The age and length

(fork length) of eight of these powan are shown in

Figure 5. Seven collected fish were ages either 4+ or

5+ years old (i.e. between 4 and 5 and between 5

and 6 years) and of around 281= 327mm fork

length) but one was an underyearling (0+ i.e. <1

year old) of 130mm fork-length. There were no fish

between the ages of 1+ and 4+. Fish from 4+ and 5+

years old can only be fish that were released as a

part of the translocation process in 2009 and 2010.

For comparison of growth, mean size at age of

powan from the donor population (Loch Lomond)

collected from between 1979 and 1988 derived

from the literature (Brown & Scott, 1994) is shown

(Fig. 5A).

Lochan Shira Reservoir

Four species of fish were collected in Lochan Shira,

brown trout, minnow, three-spined sticklebacks

Gasterosteus aculeatus and including 29 powan

(Table 2 & Supplementary data Table S2). The age

structure of these powan shows 12 fish ranging in

age from 0+ (underyeariing) to 2+ years old and

ranging in length from 155mm to 172mm and 5 fish

in the age range 5+ to 6+ years old and ranging in

fork-length from 226-310mm (Figure 5B). There

were no fish aged 3 or 4. Mean size at age of powan

from the donor population (Loch Lomond) collected

from between 1979 and 1988 derived from the

literature (Brown & Scott, 1994) is shown (Fig. 5B).

Loch Glashan

Four species of fish were collected in Loch Glashan:

powan, brown trout, minnow and three-spined

sticklebacks (Table 2 & Supplementary data Table

S3). In total 45 powan were collected. The fork

lengths and ages of 44 powan are shown in Figure

5C. Powan covered the range of ages from 0+ to 5+

(although no 4+ age class was recorded). Fish of age

5+ could comprise juvenile fish that were

translocated as unfed fry in 2010; fish of younger

than 4 years must have originated from in situ

spawning either by individuals translocated as

adults or by individuals translocated to Glashan as

juveniles (Table 1). Powan of less than 3 years old

ranged in size from 145 to 219mm. For comparison

of growth, mean size at age of powan from the

donor population (Loch Eck) collected from

between 1984 and 1987 and from 1991 and 1992,

derived from the literature (Brown & Scott, 1994) is

shown (Fig. 5C).

Loch Tarsan Reservoir

Three species of fish were caught: powan, brown

trout and minnow. In total 85 powan were collected

(Table 2 & Supplementary data Table S4). The fork

lengths and ages of 67 powan are shown in Figure

5D. Powan ranged in age from 1+ to 7+ years old

(although there was no 6+ age class). The single fish

of age 7+ was identified as a fish translocated as an

adult (identified by an adipose fin clip mark). Fish

from the age 5 year class (N=21) were most likely

fish that had been translocated to Loch Tarsan as

unfed fry. Powan from age 4+ and younger were

certainly the product of in situ spawning by

translocated individuals. Mean size at age of powan
from the donor population (Loch Eck) collected

from between 1984 and 1987 and from 1991 and

1992, derived from the literature (Brown & Scott,

1994) is shown (Fig. 5D).
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Site Sampling Date Catch

Allt na Lairige March 2014 9 powan
15 brown trout

1 minnow
Lochan Shira March 2014 0 powan

8 brown trout

1 3-spined stickleback

Lochan Shira June 2014 9 powan
1 brown trout

4 3-spined stickleback

1 minnow
Lochan Shira July 2015 20 powan

3 brown trout

3 3-spined stickleback

5 minnow
Loch Glashan July 2015 45 powan

21 brown trout

38 3-spined stickleback

7 minnow
Loch Tarsan July 2015 85 powan

14 brown trout

3 minnow

Table 2. Netting and catch details at the 4 conservation refuge sites.

Age (yrs)
Age (yrs)

E
E

I

|

3SO •

300

2 SO •

200

150
j

'

ICO .

so

0 -

0 3 4 S 6 7

Age(yn)
Age (yrs)

Fig. 5. The fork lengths and ages of powan caught at A) Allt na Lairige in 2014 and B) Lochan Shira in 2015 (both black

triangles) and the mean fork-length at age of powan from Loch Lomond (grey circles, grey line) collected between 1979 &
1988 (Brown and Scott, 1994) and powan caught in C) Loch Glashan and D) Loch Tarsan in 2015 (both black triangles) and

the mean fork-length at age of powan from Loch Eck (grey circles, grey line) collected between 1984 &1987 and 1991 &1992
(Brown and Scott, 1994).
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DISCUSSION

It is clear from the survey data presented here that

powan translocated to each of the four conservation

refuge sites have survived in all of the new sites to

which they were introduced. Fish that were

translocated as recently hatched and unfed fry or as

eggs have grown largely in line with the expected

growth for powan in their natural location (Brown

& Scott 1994). Although there are only limited data

for Allt na Lairige, fish at age 4+ years old that were

translocated as eggs and unfed fry were around the

mean of powan from their native Loch Lomond at

the same age from between 1979 and 1988 (Fig. 5A)

(Brown & Scott 1994). This is also true for powan of

5+ years old in Loch Glashan where size at age is in

line with that of the donor population, Loch Eck

(Brown & Scott, 1994) (Fig. 5C). Powan of 5+ and 6

+ years old in Loch Shira (Fig. 5B) and 5+ years old

from Loch Tarsan (Fig. 5D) were marginally smaller

in size than the average for each of the donor

populations but the difference is relatively small.

Successful spawning by translocated individuals has

occurred at all sites. First generation offspring of

translocated powan are evidenced by juveniles of

less than 3 years old (Supplementary data Plates 1,

2 & 3). In Lochs Tarsan, Glashan and Shira the

abundance of these age classes relative to the total

powan catch is high indicating strong recruitment

to the population over multiple year classes of at

least three years. At Allt na Lairige a single

underyearling individual indicates in situ spawning

of fish translocated as an egg or unfed fry. The

strength of recruitment to the population at this site

is less certain and the relatively small size of this

site (and thus the probable size of the population)

precluded a higher sampling effort on the juvenile

population at the time of survey.

The growth of juveniles that resulted from in situ

spawning, that is fish of ages 0+ to 3+ are also in

line with the sizes expected in the donor

populations Loch Lomond and Loch Eck (Figures 5A
to D) (Brown & Scott 1994).

Thus the conclusion of this study is that at all four

conservation refuge sites, significant numbers of

translocated powan survived and their growth was

in line with expectations derived from their donor

populations. In addition, in all populations, there

was evidence of longer term population

establishment by successful breeding by

translocated powan in their new habitat. Although

not fully quantified in this study, for the reservoirs

of Lochs Glashan, Tarsan and Shira, first generation

juveniles from in situ breeding were clearly

relatively abundant. In Allt na Lairige the lighter

sampling effort did show in situ spawning had

occurred but was not quantitatively indicative.

We conclude that this conservation translocation

effort was successful to the extent that these four

refuge sites now support successfully spawning

powan populations. Thus there is now a strong

likelihood that these powan will establish long-term

self-sustaining populations.

Supplementary data supporting this study can be

found at:

www.gnhs.org.uk/gn26 3/Adams supplement.pdf.
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Shetland Islands
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The attractive landscape around the summit of

Scrae Field, situated on Shetland Mainland near

Quarff, (NGR: HU 416359; elevation 190 m), is

characterised by several shallow (<0.5 m),

permanent peat pools overlooked by the remains of

a wartime radio station (Fig. 1). Comparison with

archive material available from the Shetland

Museum (2016), suggests that these pools may have

formed within the foundations for the masts

themselves or their associated buildings, rather

than shaped from remnant peat cuttings. Permanent

pools dominated by Sphagnum (bog moss), such as

these, are prime candidates for desmids, a group of

exquisitely patterned and highly symmetrical

single-celled green algae (Brook et al. 2011; Lang et

al., 2014), which can be easily collected from moss

squeezings (see methods description ) and have

been reasonably well documented in the scientific

literature. They have always been prime

'microscope objects’ for their visual attraction since

Victorian times, however there is presently a

shortage of research focussing explicitly on

desmids, which limits knowledge-gathering about

their ecology. Nonetheless, it is worthwhile

establishing a baseline of desmid distribution and

biodiversity in the UK, especially given the

paramount importance of phytoplankton

communities in statutory lake quality assessment

programmes (e.g. EU Water Framework Directive or

'WFD': Lang et al, 2014) and uncertainty

surrounding climate change impacts on freshwater

ecosystems. Extensive monitoring networks (e.g.

Scottish Environment Protection Agency’s WFD
surveillance lochs) and official recording schemes

such as the National Biodiversity Network or ‘NBN’

Gateway (https://nbn.org.uk/ ). together with input

from the British Phycological Society

fhttp://www.bpsalgalrecords.com/ l and

publications documenting news findings, offer

excellent sources of information on freshwater

algae. There is also a growing niche for citizen

scientist participation in this area (P. Lang, pers.

comm.).

Fig. 1. Photograph showing landscape view of Scrae Field,

near the summit, Shetland: featuring the deep peat pool

complex sampled for desmids (July, 2014) in foreground,

and relict wartime radio station in backdrop. © Paul

Leask, 2002.

The genus Staurastrum (see Fig. 5 for an annotated

example) is one of a large and morphologically

complex group of conjugating freshwater algae

known as the ‘placoderm desmids' (Chlorophyta,

Zygnematales, Desmidiales). Whilst Algaebase

(Guiry & Guiry, 2016) lists over 3,400 published

Staurastrum taxa (species, intraspecific and forms),

only around 500 are currently 'accepted'

taxonomically, and approximately half of these

desmids are officially recognised in the British

Freshwater Algal Flora (John etal, 2011; Whitton et

al, 2014). Recently, the European flora of

Staurastrum was extensively revised by Coesel &
Meesters (2013), although a major reference source

for desmid identification remains the five volumes

constituting the West et al. (1904-1923)

monograph series, particularly for the British Isles.
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On 3 rd July 2014, during a walking holiday, one

author (CFC) used the opportunity to sample some

apparently permanent peat pools situated near the

summit of Scrae Field, near Quarff, on the Shetland

Islands, with the anticipation of finding some

interesting desmids. This was done by allowing

surplus water to drain from a clump of Sphagnum,

collected from the pool edge, which was then stored

in a re-sealable plastic bag for processing thereafter.

Upon return from the field, the material was

thoroughly shaken with additional water to loosen

any attached algae and passed through a nylon

gauze filter of about 0.5 mm pore size to remove

larger objects. This material was settled overnight

in tall glass vessels, after which the sediment was

harvested from the bottom, refrigerated and

examined within two weeks of collection using

conventional brightfield optical microscopy,

together with phase-contrast and polarised light

microscopy where appropriate. Photographic

records of the various live taxa present were

obtained for subsequent analysis, prior to

preserving the material in dilute (approx. 2.5%)

formaldehyde to permit extended examination. This

method of preservation eventually bleaches the

chloroplasts but renders the cell ornamentation on

desmids more visible (e.g. Fig. 3), thus aiding

taxonomic identification; other preservatives such

as Lugol’s Iodine can disguise crucial diagnostic

features and may not prevent bacterial growth

(Goodyer, 2013).

The exact method used to collect desmid samples

has some measure of individual preference

tempered by practical travel constraints, the

vulnerability of the site to disturbance and the

availability of facilities for examination. The

methods usually follow West & West (1904) and

have subsequently been refined by other authors

(e.g. John et al., 2013); there are two basic

techniques. One procedure involves dragging a

phytoplankton net to skim the weedy margins of

lakes or otherwise sample directly from open water.

Although desmids are inherently planktonic they

frequently associate with or settle onto the foliage

of submerged aquatic plants such as Sphagnum,

Utricularia (bladderwort) or Myriophyllum (water

milfoil), and may be referred to as 'metaplankton'.

Hence the alternative method is usually more
appropriate for sampling small pools where

marginal aquatic plants can be accessed easily by

hand, like those on Scrae Field, by utilising a handful

of submerged foliage and either squeezing or

shaking it and re-washing material into a container.

This process may be repeated several times in order

to capture a representative desmid population i.e.

extract as many cells as possible from the available

substratum.

The examination of material was conducted in

several stages for logistical reasons: an initial sort

was carried out within 2 days of collection using

lower quality portable instruments, thus allowing

samples to be graded for desmid abundance and

interest whilst obtaining a preliminary view of the

contents. Samples were thus prioritised and split

accordingly: some 'fresh' material was posted onto

the second author immediately and the remainder

was preserved to facilitate specimen photography.

This work was performed using an Olympus CX41

trinocular head microscope with semi-

apochromatic ‘fluorite’ objectives, usually oil

immersion xlOO, coupled to a ‘Paxcam3’ USB (MIS

Inc) dedicated camera in which an uncorrected raw

image is captured directly into a relational database

'Paxit' with calibrated magnification facilities. The

line drawings (Figs 2, 4 & 5) were obtained using a

Nikon labophot microscope with a Nikon drawing

attachment.

In total, 10 desmid taxa were found in the

Sphagnum moss sampled from this peat pool

complex on the Shetland Islands (Table 1). This tally

included the occurrence of an unidentified

Staurastrum species. We concluded, from a range of

specimens, that it did not closely conform to any

existing description in an extensive range of

literature including West & West (1904), West &
West (1904-12), West et al. (1923), Gronblad

(1942), Prescott et al (1982), Williamson (1992),

Brook et al. (2011), Coesel & Meesters (2013),

Goodyer (2013), and Lang et al. (2014). We propose

this represents a new scientific discovery upon

which we have concentrated this study.

Desmid Taxon

Cosmarium amoenum Ralfs

Cosmarium sphagnicolum West & G.S.West (sometimes as sphagnicola)

Hyalotheca dissiliens Ralfs

Netrium digitus Hustedt

Staurastrum brebissonii W.Archer (now Staurastrum pilosum Brebisson)

Staurastrum margaritaceum Ralfs

Staurastrum spec. nov. (= Staurastrum spinolobatum )

Staurastrum trapezicum Boldt

Staurodesmus extensus (Andersson) Teiling. (Sometimes as (Borge) Teiling)

Xanthidium variabile (Nordstedt) West & G.S.West

Table 1 . Desmid species observed in material collected from several deep peat pools situated at Scrae Field, Shetland Islands,

July 2014.
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Though sparsely occurring in the sample material

(approx. 3 cells per 20 pi dropped onto a

microscope slide) sufficient specimens of this,

previously unknown, Staurastrum species were

used to produce detailed line drawings (Fig. 2) and

corresponding photomicrographs (Fig. 3) in two

different orientations i.e. front and vertical (or

apical) view. We therefore propose a newly

described desmid species, Staurastrum

spinolobatum, with averaged cell dimensions given

in the formal description below. A deposition of the

iconotype (i.e. Fig. 2) and holotype equivalent (a

preserved sample) were placed in the Natural

History Museum, London on 16 th February 2016,

reference BM001222079.

Formal description of Staurastrum

spinolobatum Williamson & Carter:

Cells about as long as broad, semi-cells in front view

triangular with a broad flat apex, which, depending

on cell orientation may show a central V-shaped

depression (refer to Fig. 5 annotation). This

depression is about 3 pm deep and located towards

the rounded edges of the apex between pairs of

granules; there may thus be up to three such

depressions on each semi-cell but only one will be

in focus at one time. The angles are broadly

rounded with some prominent rather stout short

spines around them. The isthmus is narrow, the

sinus widely open at about 90°. The vertical view is

three-lobed with spiny round angles and slightly

concave sides. Range of dimensions: Length (28.5 -

31.0 pm); Breadth without spines (27.0 - 29.2 pm);

Length of spines up to 3 pm; Isthmus (8.5 - 10.0

pm); Length/Breadth ratio (1.0 - 1.14).

After thorough examination of the relevant

literature, only two species were found that bore a

tenuous resemblance to Staurastrum spinolobatum

(Figs 2 & 3); these being Staurastrum erasum Breb.

(Fig. 4) and Staurastrum brebissonii W. Archer var.

laticeps Gronblad 1942 (Fig. 5: illustrated herewith

to explain the terminology associated with desmid

taxonomy). Note that Coesel & Meesters (2013)

regard Staurastrum erasum Breb as a synonym of

Staurastrum brebissonii var. ordinatum Schmidle

(West et al, 1923). Staurastrum erasum is usually

depicted (see Fig 4) with a slightly convex apex and

narrowly rounded angles; note that the semi-cells of

S. erasum comprise a different shape to our S.

spinolobatum specimens (having a more acute sinus

and a smaller L/B ratio i.e. "squatter”) and are

typically somewhat larger (L > 33 pm; B> 35 pm);

the spines are also smaller and denser on these

cells. Whilst Gronblad's S. brebissonii var. laticeps is

closer in outline (see Fig 5), it is considerably larger

(L. 53 pm, Br. 70 pm, Isth. 19 pm) than S.

spinolobatum. Closer comparative inspection

reveals other significant differences i.e. narrower

angles to the lobes thus making them almost appear

produced, with less robust spines, as well as having

a squatter aspect and a more acute sinus in terms of

semi-cell shape. In summary, our proposed new
species may be recognised by its dimensions, the

outwardly directed spines set into broad lobes and

the near right-angled sinus which gives the distinct

shape.

The desmid flora of the Shetland Islands was first

investigated by West & West (1904), who listed 31

Staurastrum taxa, although these were essentially

collected from larger water bodies lying closer to

sea level, that were perhaps more accessible

compared to our own upland sampling site.

Similarly, Staurastrum erasum was recorded from

nearby (approx. 1 km) Loch Brindister, downstream
in the same catchment and itself having a diverse

Staurastrum community, comprising 10 species

(West et al, 1923) . Almost 90 years after the West’s

original publication, Williamson (1992) re-surveyed

the Shetland Islands and generally concluded that

the desmid flora was largely unchanged, also

recording 31 Staurastrum species. On this occasion,

Staurastrum erasum itself was also found in Loch

Tingwall but this lies several miles to the north and

in an entirely different catchment, suggesting this

species occurs more widely than S. spinolobatum,

the only record being restricted to the Scrae Fields

site. Future phylogenetic work could potentially

divulge whether S. erasum and S. spinolobatum were

closely related. A further 20 years on, many of these

Shetland lakes were revisited, along with a number
of bog pools situated at a higher elevation than

typically sampled for the area (C.F. Carter,

unpublished), as these upland habitats can be

desmid-rich yet relatively unexplored (Goodyer,

2013). Of about 57 samples taken, 13 were from

pools corresponding to this type. At Scrae Field, the

presence of accompanying desmid species e.g.

Xanthidium octocorne (proposed UK red list taxa:

Brodie et al. 2007), Staurastrum trapezicum and

Cosmarium sphagnicolum suggest this is a good

quality site in terms of habitat condition, however

we are unable to speculate further without

supporting data (e.g. water chemistry). A firm

conclusion regarding any overall trend of desmid

diversity in the Shetland Islands could not be

reached as the season was exceptionally dry, which

meant that some previously examined (e.g. by the

Wests) sampling sites were unavailable for direct

comparison. There were however, some signs of

nutrient enrichment at localities adjoining

improved pasture, some instances of non-native

pondweed, Elodea sp.:(C.F. Carter, pers. comm.) and

notable road-widening near some of the earlier

catalogued sites; these may be worthy of further

research with respect to human impact on desmid

biodiversity and conservation status (Brodie et al,

2007).

We report a new desmid species, Staurastrum

spinolobatum, discovered from a permanent peat

pool complex in the Shetland Islands. Although the

ecology of S. spinolobatum appears restricted and is
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largely unknown, its co-occurrence with high

conservation value species (e.g. Xanthidium

octocorne) may suggest potential indicator value

(e.g. Coesel, 2001; Brodie et al., 2007) for future

habitat integrity assessments. However, further

research is required to unravel its ecology, as is the

case for many other 'rare' desmids (e.g. Lang et al.,

2014). We hope our work promotes wider

awareness and especially, encourages amateur

naturalists to become interested in desmids and

explore their familiar habitats, like bog pools and

lake fringes, to discover for themselves the unseen

diversity of microscopic life.
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ABSTRACT
A population of reptiles containing European

adders Vipera berus, slow-worms Anguisfragilis and

common lizards Zootoca vivipara was studied over

four years from 2012 to 2015 in an area adjacent to

Loch Lomond, Scotland. Numbers, distribution and

annual life cycles were monitored. The three species

were active from mid-February to late October, with

mating in April and May, and juveniles first

appearing in August and September. All displayed

site fidelity, with some animals using the same
hibernation and sunning locations in consecutive

years. The apparent co-existence of the three

species in large numbers near human habitation

suggests that in suitable habitat and the absence of

persecution they can be present in high densities.

The implications of these observations for reptile

conservation are discussed.

INTRODUCTION
It is becoming increasingly apparent that many
reptile species are declining in numbers and range

throughout the UK and Europe, which has prompted

research to understand the reasons for these trends

(Corbett 1989; Beebee and Griffiths 2000). This has

resulted in coordinated surveying and

recommendations for conservation, including legal

protection of animals and habitat, and changes to

habitat management practices (Wild and Entwistle,

1997; Baker et al., 2004; Edgar et al., 2010; Gleed-

Owen and Langham, 2012).

Scotland has in some areas healthy populations of

adders, slow-worms and common lizards (Reading

et al., 1994; Reading et al., 1996; Mclnerny and

Minting, 2016). However, there is little published

research on their breeding biology and habitat

requirements in Scotland, which is surprising as

adders and common lizards have been much
studied both in England and in Europe (Avery,

1966; Avery, 1975a; Avery, 1975b; Viitanen, 1967;

Prestt, 1971; Nilson, 1980; Andren, 1986;

Neumeyer, 1987; Madsen, 1988; Avery and Bond,

1989; Capula and Luiselli, 1993; Madsen and Shine,

1993; Andren et al., 1997; Forsman, 1997;

Andersson, 2003; Phelps, 2004). Even less is known
about the distribution and status of the slow-worm

and the common lizard in Scotland (Reading et al.,

1994; Mclnerny and Minting, 2016), although it has

been suggested that the range of the common lizard

has increased (Bowles, 1995; Bowles, 2002).

One region in Scotland where adders, slow-worms

and common lizards have been studied are the

shores of Loch Lomond (Mclnerny, 2014a;

Mclnerny, 2014b; Mclnerny, 2016). Here we report

monitoring these reptiles at a Loch Lomond site

over four years, and describe their numbers,

breeding biology, movements and habitat

preferences. This information will be useful for

understanding and informing conservation

approaches for these reptile species in Scotland.

MATERIALS AND METHODS
Study site

The site is a replanted native forest on south and

west facing hills flanking the east shore of Loch

Lomond, with the upper areas leading to heather

Calluna vulgaris moorland. The forest contains oak

Quercus spp., birch Betula spp., ash Fraxinus spp.

and rowan Sorbus spp., with an adjacent mature

conifer plantation; and open areas containing

bracken Pteridium spp., bramble Rubus fruticosus

agg., gorse Ulex spp., heather, and other plants and

bushes. Boggy areas and patches of exposed rock

are also present, with a small burn along the

northern edge. The site is fenced, preventing the

entry of red deer Cervus elaphus, to protect the

flora; and is kept anonymous in this paper to

protect both the habitat and reptiles.

Highest reptile densities were found in an area

approximately 0.6 hectares in size at the lower part

of the study site (Fig. 1). This area is bordered on

the north side by a wooded area, of predominately

oak and ash, and a burn; on the south by a grass

field; and on the west by inhabited buildings. It was

once part of a sheep-farm, where dry-stone walls

were erected to make sheep pens. Many of the walls

have collapsed and been grown over by vegetation,

being covered in bracken, gorse and bramble, with

scattered small trees and bushes. These piles of

covered rocks appear to have created underground

wintering sites, hibernacula, suitable for reptiles.
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Fig. 1 . Arial view of the reptile study site at Loch Lomond,

Scotland, August 2014. This part of the site had the

highest densities of adders Vipera berus, slow-worms

Anguis fragilis and common lizards Zootoca vivipctra. The

area was once part of a sheep-farm, where dry-stone

walls were erected to make sheep pens, but which have

subsequently collapsed and become covered in bracken,

gorse and bramble, with scattered small trees and bushes.

The entrance path to the hydroelectric development can

been seen, along with the reptile-proof fencing erected

during construction, as described in Mclnerny (2016).

Survey work
Artificial cover objects, made from 50 x 50 cm
roofing felt, were distributed in March 2012. These

were examined about once a week from early

February until November, from 2012 to 2015, and

were successful at revealing slow-worms. Adders

and common lizards did not use cover objects, but

were located by inspection of sunning locations. The

survey methods used are described in Mclnerny

(2014a), and followed published protocols (Sewell

et al., 2013).

The location, number, maturity and gender of

reptiles were recorded on each visit. Adders were

recognised through visual inspection and

photographs of head patterns, these being unique to

individuals (Sheldon and Bradley, 1989; Benson,

1999); thus, day counts were recorded and

minimum population numbers estimated.

Population numbers of common lizards and slow-

worms were not estimated, as it was usually

impossible to identify individuals without handling,

which was not attempted (Riddell, 1997). These

were instead recorded as day counts. However, a

few individuals of both species were recognised by

head markings and seen on multiple occasions (Fig.

2 ).

Fig. 2. Individual common lizards Zootoca vivipara can be

distinguished by their head markings. An animal was

photographed basking on the same bank in early spring in

consecutive years (left, April 2013; right, March 2014).

The digital images revealed identical head patterns in

both photographs, confirming that it was the same

individual.

The site was monitored 36 times in 2012, 47 times

in 2013, 58 times in 2014, and 45 times in 2015.

The results from the 2012 survey are published in

Mclnerny (2014a).

Hydroelectric scheme

In 2014, a hydroelectric scheme was installed on

the north side of the study site. The development is

described in Mclnerny (2016), and appeared to not

affect the breeding biology or distribution of

reptiles at the site, at least in the short-term.

RESULTS
Adders

Adders were observed from mid-February to late

October, and were the most regularly recorded

reptile. The number, gender and maturity, and

hibernation, sunning and mating locations, are

shown in Table 1, and Figs 3, 4 and 5.

Increasing numbers were counted during the study

period, from a minimum 40 individuals in 2012, to a

maximum 148 in 2015. This included a record day

count of 26. In total, over 200 different adders were

recognised by their head patterns during 2012 to

2015, with 42 of these re-found over the period of

the study. Estimated population densities varied

from 62 per hectare in 2012, to 236 per hectare in

2014. Based on counts of individuals, the ratio of

males to females varied between years, from 1.0: 1.6

to 1 . 3:1.0, with an average over the period of

1.0: 1.1, suggesting that similar numbers of the two

genders were present.

Snakes hibernated singly, or in groups of up to

three. Both males and females emerged from

hibernation in early spring, first appearing in mid-

February, with no evidence that males appeared

before females. Snakes often shed skins on first

emergence, leaving the old skin underground, with

the new skin usually dark coloured in appearance.

Numbers increased until mid- to late March, when a

few juveniles appeared, which had been born the
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previous autumn. During this season snakes sunned

for long periods in areas near to hibernation sites.

Day Counts Individuals

Total Total Male Females Juvenile

2012 149 40 15 24 1

2013 196 79 37 39 3

2014 316 151 61 78 12

2015 299 148 7 62 8

Table 1. Numbers of adders Vipera berus at a Loch Lomond site, 2012 to 2015. The total number of day counts for each year,

and the minimum numbers of males, females and juveniles, are shown. Individuals were identified through their unique head

patterns, allowing 42 to be re-found over the period of the study.

Day Counts

Total Male Female Juvenile Gender unknown
2012 81 23 36 15 7

2013 149 23 50 35 41

2014 148 35 27 71 15

2015 77 10 13 54 0

Table 2. Numbers of slow-worms Anguis fragilis at a Loch Lomond site, 2012 to 2015. The total number of day counts for

each year, and day counts of males, females, juveniles and gender unknown, are shown. Individuals were not identified.

Day counts

Total Male Female Juvenile Gender unknown

2012 26 4 2 0 20

2013 23 3 3 4 13

2014 39 3 0 1 35

2015 30 2 2 1 25

Table 3. Numbers of common lizards Zootoca vivipara at a Loch Lomond site, 2012 to 2015. The total number of day counts

for each year, and day counts of males, females, juveniles and gender unknown, are shown. Individuals were not identified.

2012
Juveniles

Females

1
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Fig. 3. Numbers of adders Vipera berus at a Loch Lomond site, 2012 to 2015. Day counts for 10-day periods for males,

females, and juveniles are plotted.
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Fig. 4. Distribution of adders Vipera berus, slow-worms Anguis fragilis and common lizards Zootoca vivipara at a Loch

Lomond site, 2012 to 2015. Hibernation sites (hibernacula), and sunning locations are indicated. The 2012 map is the same
as shown in Mclnerny (2014a).

Fig. 5. Location of adder Vipera berus mating areas and gravid female sunning locations at a Loch Lomond site, 2012 to 2015.

Though mating areas were close to hibernation and sunning locations, they varied between years. Gravid females used

sunning locations for long periods during the summer, generating warmth to aid development of gestating young, sometimes
in groups of up to three, and with gravid female slow-worms Anguis fragilis.
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By early to mid-April both male and female adders

shed their skins in preparation for mating. Skin

shedding occurred on warm, sunny days, with

males drying the new usually pale grey skin by

basking, and then searching for freshly shed,

brown-coloured females. If, instead, they

encountered another male, wrestling contests

sometimes occurred, with the dominant male

chasing off the subordinate.

Snakes mated in mid- to late April, typically late in

the morning on warm, sunny days, in areas where
males and females congregated (Fig. 5). Males

approached females, courted them by head bobbing,

coiling and licking, and entered coitus, which

usually lasted for 1-2 hours (Fig. 6). After mating,

males often accompanied females, sometimes for

multiple days, to prevent them from mating with

other males. Even so, females mated with other

partners on a number of occasions, sometimes

immediately after the previous male had left; such

promiscuity has been reported (Madsen et al.,

2002 ).

Fig. 6. Adders Vipera berus undergoing courtship. Freshly

shed males approach similarly shed females, court them
by head bobbing, coiling and licking, and entered coitus,

which usually lasts for 1-2 hours.

Following mating, males and most females

disappeared, with just a few females remaining.

After 1-2 months, in late spring and summer, gravid

females returned to areas near to hibernation sites

(Fig. 5). These sunned for extended periods,

sometimes in groups coiled together, and

occasionally with female gravid slow-worms.

Birthing occurred from early August, with females

producing up to eight live young; stillborn young at

birth were also observed. Juveniles were found until

the end of October and in early spring the following

year.

Skin shedding occurred from February through to

September. When females shed, this sometimes
coincided in the appearance of males nearby. In late

spring this resulted in courtship and mating, though

not in summer and autumn.

Individuals showed strong location fidelity, both

within years and between years (Fig. 4). In a

number of cases, adders used the same hibernation

sites in consecutive winters, although in other cases,

individuals changed hibernacula. Similarly, sunning

locations were either re-used between years or not.

In a number of cases individuals were recognised in

all four years and remained within metres of their

preferred location; observations elsewhere have

shown that adders are long lived, with animals over

20 years old found in the wild that have used

hibernation and sunning throughout their lives

(Phelps, 2004).

Males and females congregated in specific areas to

court and mate, though these changed each year

during 2012 to 2015 (Fig. 5). Gravid females used

various locations throughout the site for sunning

during the summer; sometimes these were the same
in different years (Fig. 5).

Snakes showed movements at certain times of the

year. In late spring after mating most disappeared

from the study site. Such behaviour has been

reported and is thought to reflect animals moving to

other areas to feed (Viitanen, 1967; Prestt 1971;

Phelps, 1978; Andersson, 2003).

Hibernation and sunning locations were associated

with open areas, near patches of bracken, gorse and

bramble, with scattered small trees and bushes

(Figs 4 and 5). Animals often basked on patches of

moss, next to brambles and gorse, where they could

retreat after disturbance, with the thorns or

prickles offering protection. Adders were seen

rarely in adjoining habitat, for example wooded
areas or the grass field, and then only in mid-

summer when transient, as they were not present in

these places on following days.

Animals returned to hibernation sites from

September and were observed to late October. Thus

they were active for 36 weeks, longer than 30

weeks reported in England, Demark and southern

Sweden (Prestt, 1971; Madsen, 1988; Hoggren,

1995). In more northern latitudes, for example

above the Arctic Circle in Sweden, adders are active

for just 17-18 weeks (Andersson, 2003).

Slow-worms

Slow-worms were observed from mid-March

through to mid-October. The number, gender and
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maturity, and hibernation and sunning locations,

are shown in Table 2, and Figs 4 and 7.

Fluctuating numbers were counted during the study

period, from a minimum 77 day counts in 2015 to a

maximum 149 in 2013. Based on the days counts

(and excluding those where gender was

undetermined) the ratio of males to females varied

between years, from 1. 3:1.0 to 1.0:2. 2, with an

average over the period of 1.0:1.4, suggesting

similar numbers of the two genders were present.

Animals emerged from hibernation in March and

were active until early October. Males appeared

first, with females a few weeks later in April.

Juveniles were also found from April, which had

been born the previous autumn.

Skin shedding was recorded from April through to

August, with mating in late April and May. Males

were seen pursuing females above ground on warm
sunny banks.

Gravid females incubated developing young through

the summer, often located under cover objects.

However, in late July to mid-August they were also

found above ground sunning. Sometimes gravid

females were in groups, and more rarely with

gravid female adders.

Birthing was not observed, but juveniles appeared

from July, with most seen in August and September,

usually under cover objects.

Only a small number of individuals were recognised

by their face pattern (Riddell, 1997), and even

fewer re-found. Even so, some re-used the same

sunning and hibernation sites within and between

years.

Little evidence for the movement of slow-worms

was obtained. In the few cases where individual

were recognised they were always found in the

same location, consistent with previous studies

which have shown that slow-worms have relatively

small territories (Patterson, 1983; Stumpel, 1985;

Platenberg and Griffiths, 1999).

Hibernation and sunning sites were associated with

open areas, near patches of bracken and bramble,

typically on banks (Fig. 4). Slow-worms were not

seen in the adjoining wooded areas or grass field.

Animals were not observed after mid-October, thus

active for 30 weeks.

Common lizards

Common lizards were observed from mid-March

through to late September. The number, gender and

maturity, and hibernation and sunning locations,

are shown in Table 3, and Figs 4 and 8.

Fluctuating numbers were counted during the study

period, from a minimum 23 day counts in 2013 to a

maximum 39 in 2014. In most cases gender was

undetermined, so the ratio of males to females was

not estimated.

Animals emerged from hibernation in March, when

both males and females were found, with no

evidence that males appeared first.

Skin shedding was recorded from April through to

August, with mating from late April, but mostly in

May and early June, when males pursued females.

Gravid females were seen in the summer, with the

appearance of young in August and September;

birthing was not observed.

In most cases it was impossible to recognise

individuals. However, in one case photographs of

the head pattern of an animal seen in early spring in

consecutive years on the same bank, confirmed that

it was the same individual (Fig. 2). This observation

suggests that common lizards can show site fidelity

between years.

Hibernation and sunning sites were associated with

open areas, near patches of bracken and bramble,

often on banks (Fig. 4). Common lizards were not

seen in the adjoining wooded areas or grass field.

Animals were not observed after late September,

thus active for 28 weeks.

DISCUSSION

This study describes observations on a population

of adders, slow-worms and common lizards near

Loch Lomond, Scotland.

The habitat in which the highest densities of reptiles

were present was on a level area below hill slopes

that had previously been a field containing sheep

pens made from dry-stone walls, as part of a farm.

The walls had subsequently collapsed, and natural

vegetation regeneration had created stands of

bracken, bramble and gorse, with scattered small

trees and bushes. It seems likely that the collapsed

walls have created underground hibernation sites

suitable for reptiles. It is striking how all three

species were restricted to the regenerated habitat,

and were not found in surrounding areas which

were either higher density mature trees, or a grass

field (Figs 4 and 5). It will be interesting to see, as

the regeneration continues and the trees and

bushes become larger and closer, if this results in a

reduction in reptile numbers and densities.

It is also noteworthy that the highest reptile

densities were found in the lower level section of

the study site. Apparently similar open habitat

amongst trees with stands of bracken and gorse

were present at higher elevations on the nearby hill

slopes, but lower reptile densities were detected.
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Adders, siow-worms and common lizards were seen

in these areas, but far less frequently and at lower

densities. Thus, in spite of the lower area being

close to human habitation and disturbance, it was

the preferred location for these animals. This

observation suggests that reptiles can inhabit

suitable habitat close to humans where they are not

persecuted.

The three species appeared to co-exist at the site.

No predation of one reptile species by another was

noted. At other locations elsewhere in the UK and

Europe, where these reptiles are found together,

common lizards and slow-worms are food items of

adders (Prestt, 1971). So the apparent relative

lower numbers of common lizards and slow-worms

compared with the adders reported here suggests

that the adders were consuming other food items.

These could include small mammals, such as voles

Microtus spp. and shrews Sorex spp., and common
frogs Rana temporaria, which adders are known to

eat (Prestt, 1971; Mclnerny & Minting 2016), and

which were present at the site. Slow-worms have

been reported attacking common lizards, though

this is thought to be rare (Gleed-Owen, 2012), and

was not observed.

On some occasions female adders and slow-worms

were seen sunning together in groups, likely sharing

body warmth to aid gestating young, so possibly

benefitting from each other’s presence. It is thought

that such behaviour increases body warming to

advance the rate of gestation of developing young

(Phelps, 2004).

To varying extents, site fidelity was recorded for all

three reptile species. In the case of adders, where

individuals were routinely recognised, many used

the same hibernation and sunning sites over the

four year study period (Figs 4 and 5). Even when
snakes were found in different locations, they were

often located just a few metres away. Such fidelity

has been noted elsewhere in the UK and Europe

(Neumeyer, 1987; Andersson, 2003; Phelps, 2004).

In the case of slow-worms and common lizards, less

evidence for fidelity was noted, as it was more
difficult to identify and recognise individuals.

However, in a few cases, individuals were re-found

and these showed site fidelity (Fig. 2).

That all three species showed site fidelity, with

some individuals present for the four years of the

study period, has implications for their

conservation. It suggests that the habitat where

they are located should be protected in the long-

term to maintain populations. Highest densities

were present in areas that contained stands of

bracken, gorse and bramble, with scattered small

trees and bushes. Though in some places in Scotland

bracken is thought to have a negative effect on

certain animal and plant species, and is cleared as

part of management practices (Pakeman et al.,

1996; SNH), it is also recognised that small stands

can have an important ecological role for many

vertebrates and invertebrates (Pakeman and Marrs,

1992; RSPB). The observations presented here, that

show high densities of reptiles associated with

bracken, have been reported elsewhere at Loch

Lomond (Mclnerny, 2014b). Areas of bracken have

also been shown to an important component of

reptile habitat in the rest of the UK (Edgar et al,

2010). Thus the control of bracken in a refined way,

that creates small stands, with adjacent open areas

and slopes with trees and bushes, and associated

bramble and/or gorse, should be considered in the

management of reserves and areas where reptiles

are present.
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ABSTRACT
The common frog is a pool-breeding anuran widely

regarded as the most common amphibian in the

United Kingdom. However, the species has seen

widespread decline due to habitat loss, degradation,

and pollution. Long-term population studies are

useful for determining the overall trend for species

abundance and presented here are interim results

of a population monitoring study in East Kilbride,

South Lanarkshire. The study populations showed
high variation in annual numbers of breeding frogs

at all sample sites, and average population size

appeared to have little influence on the variation in

numbers. There was a moderate correlation

observed between the area of the breeding pool and

the average spawning number. However, pool size

cannot be considered the only factor which affects

relative spawning numbers and requires further

investigation.

INTRODUCTION
The common frog Rana temporaria Linnaeus, 1758

is a pool-breeding anuran common throughout

much of Europe and Asia (Savage, 1961). Often

regarded as the most common amphibian in the

United Kingdom (Arnold, 1995; Wilkinson & Arnell,

2011), this species has however been noted to

experience declines throughout the country (Cooke,

1972; Beebee, 1973; and Cooke & Ferguson, 1976).

Amphibians have been noted to be useful indicators

of biodiversity and ecosystem health (Wyman,

1990) and long-term monitoring studies can be

useful in regards to characterising the health of

amphibian populations (Blaustein et ah, 1994),

biodiversity monitoring, and influencing

management decisions for conservation. Kuzmin et

al. (2009) note that population monitoring of the

common frog is key to determining the overall

status of this species. Independent projects

alongside national monitoring schemes such as the

UK's National Amphibian and Reptile Recording

Scheme (NARRS) co-ordinated by the Amphibian

and Reptile Conservation Trust (ARC) can assist

with monitoring herpetofauna populations

(Wilkinson & Arnell, 2011). Terrestrial habitat

disturbance and loss as well as pollution are

regarded as major causes of decline in amphibian

species (Cooke, 1972). Local knowledge and

familiarity with amphibian populations can help to

ensure that these effects are mitigated

appropriately at the earliest available opportunities.

Amphibian populations are noted to be highly

variable in the number of breeding adults annually

(Savage, 1961; Haapanen, 1982; Loman &
Andersson, 2007; O’Brien, 2015) and it is also

known that temporary local extinctions are

commonplace (Green, 2003). A survey of a cluster

of water bodies in the South Lanarkshire town of

East Kilbride in the west of Scotland was
undertaken between 2011 and 2016 with the aim of

monitoring the status of the wider amphibian

population, and the results are presented here.

METHODS
A 56 km 2 study area encompassing the town of East

Kilbride in South Lanarkshire was chosen as the

sample area extending approximately from

Thorntonhall in the west to Calderside Road in the

east, Auldhouse in the south to Nerston in the north.

Potential breeding sites of the common frog were

found within the sample area using Ordnance

Survey 1:25,000 maps, online mapping tools such as

Google Earth, local knowledge of the author, and

gathered by communication with members of the

public via local press.

Ponds of sufficient size are easily noted via mapping

tools, but common frog breeding sites are known to

be highly variable in their nature (Savage, 1961;

Cooke, 1975). Walk-overs of areas deemed to have

potentially suitable habitat due to their location or

vegetation structure were undertaken by the author

when breeding frogs and spawn first began

appearing at previously identified sites and

potential breeding pools were noted. Fig. 1. shows

the extents of the survey area and the 33 sites that

have been identified and to which access can be

gained.

Identified potential breeding sites were visited by

the author annually from 2011 to 2016 inclusive

from mid-March to mid-April during the day to

determine whether frogs were using them for
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breeding. Each site was then visited one to two

weeks after al! spawn had been deposited and

spawn mat area was estimated and plotted against

the relationship given by Griffiths et al. (1996).

Individual clumps were counted where present and

the numbers combined to give a measure of the

number of spawn present. Spawn mat area

calculations and comparisons were undertaken by

the author alone to mitigate for potential recorder

variability.

Average spawn counts were compared with

maximum and minimum counts expressed as a

percentage of the maximum count (Fig. 2.).

Spawning numbers varied from the average count

each season by a mean (±SD) of +45±17.9% to -

32.3±11.9%. The variation in this figure is large and

there is no obvious correlation between average

spawning number and the variation observed; large

populations appeared to vary in proportionally the

same manner as small populations.

Fig. 1. The extent of the survey area and the location of

identified sample sites labelled 1-33 from west to east.

The corresponding pond for each number can be found in

Table 1. (Map adapted from Google Earth, DigitalGIobe).

Spawning numbers appeared at first to be more

variable from year to year at higher densities and so

an attempt to quantify this was made by comparing

the percentage of the peak site count that each site

varied by. This was calculated by determining the

percentage of the maximal achieved count that the

difference between the average number of spawn at

any site was, to the maximum and minimum counts

achieved for that site.

Potential breeding site size was estimated by the

author to the nearest 50m 2 at large sites and where

possible, more accurately, by use of in-field

walkovers and utilising mapping tools to generate

estimates. The square root of these values was
taken in order to provide a linear measure of pond

area and this was plotted against the average spawn
numbers and Pearson's correlation was used to

ascertain whether there was a relation between the

two values, the significance threshold was set at

0.05.

RESULTS
A total of 33 sites were visited between 2011 and

2016 (Fig. 1, Table 1). Site access limitations

resulted in not every site being visited in each

season.

Table 2 displays the average spawn count for each

pond during the survey period alongside the pond

size. Average spawn counts were plotted against the

square root of pond area (Fig. 3.) and showed a

moderate positive correlation (Pearson's

correlation r = 0.55, P <0.001).

DISCUSSION
Common frogs have been recorded breeding at 32

of the 33 monitored sites across the East Kilbride

area and a peak spawn clump estimation of 578

clumps in one pond was achieved in 2016. However,

these numbers were found to be highly variable

between breeding seasons.

For several sites (e.g. Thornton Road SUDs, Peel

Road SUDs etc.) 2014 represented a peak in the

numbers of breeding frogs (Table 1), but this was

not the case across the survey area, with some sites

showing a decline from 2013 (e.g. Calderglen

Wildlife Pond, Hairmyres Woods) which cannot be

explained without examining multiple factors

affecting each individual site. In the case of both

Hairmyres Woods and Lindsayfield SUDs there is

ongoing anthropogenic disturbance evident:

terrestrial habitat degradation from quad bike

usage, and residential development respectively.

Cooke (1972) suggests that terrestrial habitat loss

and disturbance is one of the primary causes of

amphibian decline. It is unclear in both cases

whether frogs are being disturbed and relocating,

suffering fatally from this disturbance, or simply

failing to recruit larval cohorts. Harper et al. (2008)

note that pond breeding amphibians generally

remain within 300m of their breeding site and

Kovar et al. (2009) notes that 75% of common frogs

breeding at ponds in the Czech Republic undertook

their spring migration from within 346m of the

pond suggesting that the bulk of the population of

this species would be affected by habitat loss or

disturbance near the pond. Hov/ever, Kovar et al.

also note that 95% of the overall breeding

population travelled annually from within 2214m of

their pond which suggests that the common frog is

able to disperse over considerable distances,

potentially rendering them capable of moving to

new and suitable habitat to evade disturbance.
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Fig. 2. Showing the percentage variance in population of the common frog at each of the sample sites where frogs have been

noted to breed. Where represents the average spawn count per site (standardised to 0), bars indicate the percentage of the

maximum (m) count from the average that the lowest (L) and highest (H) counts for any given site are. ( +% = -—- x

100
]

and |—% = x 100 ]). The position of relative to the extents of the bar indicates whether the average count is high

or low in comparison to the maximum count and shorter bars indicate more stable breeding numbers annually at a given site.

Pond No. Pond Name Grid reference 2011 2012 2013 2014 2015 2016

1 Thornton Road SUDs NS 59444 54170 - 100 50 272 50 78

2 Peel Road SUDs NS 59492 63976 - 1 17 37 9 37

3 Ocein Pond NS 59546 53473 - - 1 0 0 39

4 Jackton SUDs NS 59592 53112 - - - 278 391 459

5 Disraeli Pond NS 59766 53659 - - 0 0 0 0

6 G.S.O. Business Park SUDs NS 60085 55429 - 1 1 15 7 7

7 Peel Park Pond NS 60427 54956 - 2 60 95 254 145

8 Hairmyres Woods NS 60495 54470 - 45 41 17 7 1

9 Lindsayfield SUDs NS 60680 51918 - 35 97 69 25 0

10 Mossneuk Park NS 61055 53180 - 4 - 21 6 9

11 Heritage Loch NS 62637 55773 - 90 155 130 143 -

12 Langlands West Pond NS 62923 51727 - - 65 514 159 578

13 Crosshill Pond NS 62976 51061 - - 50 32 42 49

14 Langlands Road Ditch NS 63269 50935 - - 10 0 4 0

15 Langlands Golf Course Pond NS 63319 50876 - - 0 22 0 0

16 Langlands Woods Pond NS 63341 51362 1 1 0 0 0 0

17 Langlands Main Ditch NS 63401 51142 2 7 1 11 6 3

18 Langlands Woods Ditch NS 63430 51315 - 6 3 7 4 4

19 Langlands Path Ditch NS 63690 51419 - 4 2 5 7 4

20 Langlands Square Ditch NS 63782 51417 2 25 - 9 10 4

21 Langlands Golf Course Ditch NS 63898 51114 - 5 - 7 32 53

22 Amphibian Site NS 63903 60984 225 200 173 289 383 173

23 Field by the Calder NS 64064 50664 - 1 1 4 7 20

24 B&QSUDs NS 64175 56228 - 3 0 3 1 0

25 Greenhills Road Sub Station NS 64226 51942 - - 3 0 - -

26 Sainsbury's Small Pond NS 64272 51503 - - 9 9 14 11

27 Calderglen Old Duck Pond NS 65251 52642 - - 25 63 73 48

28 Calderglen Fire Pond NS 65413 52864 - - 170 190 328 196

29 Glen Esk Marsh NS 65500 54981 - 4 - 23 44 14

30 Calderglen Wildlife Pond NS 65514 52657 - - 9 0 3 2

31 Calderglen Bottom Field NS 65532 52966 - 20 - 50 21 36

32 Fred's Pond NS 65847 54715 - 40 55 52 49 34

33 Calderside Road Disused Pit NS 66761 55257 - 9 16 32 43 12

Table 1. The annual count of frog spawn clumps at each site. Usage of"-" denotes a year in which the site was not visited.

(SUDs = Sustainable Urban Drainage System.)
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Fig. 3. Showing the square root of pond area (estimated to nearest 50m 2 where pond area exceeds 100m 2
) plotted against the

average spawn number for each site. The values show a moderate positive correlation with an observed r value of 0.55 (P <

0 .001 ).

Pond Name Average Spawn No. Pond Area (m2
) yJPond Area

Thornton Road SUDs 110.0 1500 38.7

Peel Road SUDs 20.2 800 28.3

Ocein Pond 10.3 1000 31.6

Jackton SUDs 376.0 800 28.2

Disraeli Pond 0.0 400 20.0

G.S.O. Business Park SUDs 6.2 350 18.7

Peel Park Pond 111.2 650 25.5

Hairmyres Woods 22.2 10 3.2

Lindsayfield SUDs 45.2 300 17.3

Mossneuk Park 10.0 4 2.0

Heritage Loch 129.5 3500 59.2

Langlands West Pond 329.0 3600 60.0

Crosshill Pond 43.3 300 17.3

Langlands Road Ditch 3.5 2 1.4

Langlands Golf Course Pond 5.5 750 27.4

Langlands Woods Pond 0.3 2 1.4

Langlands Main Ditch 5.0 6 2.4

Langlands Woods Ditch 4.8 2 1.4

Langlands Path Ditch 4.4 10 3.2

Langlands Square Ditch 10.0 1 1.0

Langlands Golf Course Ditch 24.8 10 3.2

Amphibian Site 240.5 1000 31.6

Field by the Calder 6.6 5 2.2

B&QSUDs 1.4 100 10.0

Greenhills Road Sub Station 1.5 1200 34.6

Sainsbury's Small Pond 10.8 2 1.4

Calderglen Old Duck Pond 52.3 100 10.0

Calderglen Fire Pond 221.0 400 20.0

Glen Esk Marsh 21.3 900 30.0

Calderglen Wildlife Pond 3.5 1 1.0

Calderglen Bottom Field 31.8 25 5.0

Fred's Pond 46.0 1000 31.6

Calderside Road Disused Pit 22.4 600 24.5

Table 2. The estimated area of each pond, the square root of that value, and the average number of spawn clumps for each

site.
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Despite a considerable capacity for dispersal, Blab

(1986) found that in one study population, 92% of

females would return to their ancestral site

annually in contrast to Elmberg (1990) who found

that an average of only 16% of females would

return, site fidelity is consistent with many other

anurans (Sinsch, 1990). However, Laan & Verboom

(1990) note that common frogs were typically the

first amphibian colonisers of new ponds with 72%
of their study ponds being colonised within two

years.

Spawning number variation

High variation in the number of frogs was noted

annually and at first inspection appeared to vary

more greatly in larger populations. However, from

analysis of the percentage of the peak count that the

maximal and minimal spawning number recorded

for each population differed from the average

revealed that this was not the case. Populations

with smaller numbers were observed to be more
likely to experience a complete loss of breeding

frogs than those with larger overall populations

(Table 1). However, it is seen that common frog

spawning numbers appeared to vary greatly and

that this variation can be of a similar proportion

irrespective of the average spawn number (Fig. 2.).

The observed variation over the study period was
relatively large for both maxima and minima but

this may be an effect of using a small dataset in

respect of monitoring period and pond number.

Population studies over longer periods of time, or

that utilise a larger number of breeding site samples

may reduce variance and exploring this will be one

of the aims as this study continues. The observed

level of variability suggests that spawning frog

numbers can proportionally vary equally with no

obvious effect from population size.

Patterns of spawn presence and absence in

successive years were seen during this study and

Savage (1961) presents a similar though

unquantified dataset depicting variation in presence

or absence of frogs at a number of sites. Haapanen

(1982) notes a similar variability of breeding

population size in a small local population which

varied over a five year study from 19 up to 132

breeding females. With maximal and minimal

counts differing from the average by +56.5%, -

29.2% of the peak count respectively, these figures

fall within the annual variation presented here.

Loman & Andersson (2007), surveying for a much
longer period populations of R. temporaria and R.

arvalis in Sweden, noted similar high variability in

annual numbers of breeding frogs but found that

overall, the study populations were stable. Meyer et

al. (1998) also monitored three R. temporaria

populations over a quarter-century and found

highly fluctuating numbers with periods of

depression and revival. A significant overall decline

was noted only in one population possibly due to

the introduction offish. O’Brien (2015) also records

annual variability in the numbers of breeding frogs

in eight Sustainable Urban Drainage systems (SUDs)

in Inverness, although data are presented only for

three consecutive years. The results O'Brien

presents yield variations of a mean (±SD)

+43.9±12.6%, -35.3±11.6%, which places the

dataset presented within the boundaries of the

variation presented here.

The results given here and those presented by other

authors suggest that annual numbers of spawning

common frog are variable throughout their range.

There seems to be little published explanation for

this variation in the number of frogs using any given

breeding site. Longer term metapopulation studies

may reveal that frogs simply move between a

number of nearby breeding sites in successive years

and that overall population numbers remain

relatively constant, such as seen by Loman &
Andersson (2007). Savage (1961) also notes

observed population stability over long periods of

time with high annual variation. Savage notes that

density-dependent factors such as dragonfly

abundance and larval food availability in any given

pond will result in depression and revival years of

larval recruitment to the population. This cyclic

variation in larval recruitment may then be

reflected in the annual numbers of amphibians

breeding. Additionally, depression years and years

in which no amphibians breed at a site allow for

recolonization of alga and microorganisms upon

which the larvae feed. Larval predators will on

account of the reduced food availability experience

a depression in these years also, and as such these

ponds are more likely to enable a successful larval

cohort in successive years. Griffiths (1997) notes

that absence of larval predator colonisation may be

one of the factors in amphibian choice of breeding

site and an evolutionary adaptation to breeding in

temporary ponds. Sampling of the ponds presented

within this study will be continued and

investigations of possible causal factors for

variation in the numbers of breeding frogs will be

explored where possible.

The effects ofpond area on spawning number

There was a moderate positive correlation between

square root of pond area and the number of

spawning frogs (Fig. 3). Larger ponds are more

likely to sustain a larger number of tadpoles and

support a larger population of frogs (Loman, 2004).

The issue with larger pools comes from their

inherent permanence allowing for potential

successful colonisation by fish or other spawn and

larval predators which, as shown by Meyer et al.

(1998), can result in an overall decline in amphibian

numbers. Smaller, temporary pools are less likely to

be colonised by predatory species and thus more

likely to recruit larval cohorts successfully

(Griffiths, 1997). Loman (2004) has however shown
that in ponds with a high density of tadpoles, larval
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failure and smaller size at metamorphosis are more

likely to be encountered.

Though a moderate correlation was observed, there

is still clear variation and pond size is unlikely to be

the primary factor which affects the number of

spawning frogs at any given site. Though not

discussed at length here due to a data deficit, factors

such as terrestrial habitat have been shown to be

important in regards to common frog population

size and breeding site choice (Marnell, 1998). The

age of the breeding pool has also been shown to

have an impact on the relative abundance and

species composition (Laan & Verboom, 1990;

Kadoya et al. 2004). Oldham et al. (2000) notes that

water quality may also serve to influence amphibian

usage of and survival at pools.
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ABSTRACT
Marine mammal carrion contains a large amount of

nutrients and energy of potential value to terrestrial

and marine scavengers, but its impact on coastal

habitats has not been studied. This study aimed to

provide a detailed documentation of the fate of two

grey seal (Halichoerus grypus) pup carcasses, one

placed on the shore of Little Cumbrae and one at a

depth of 6 m off Great Cumbrae, Firth of Clyde, and a

record of the changes in the carcasses and the

succession of scavengers using these resources. The

carcasses were monitored using time lapse and/or

motion-activated cameras. On the shore, great

black-backed gulls, juvenile gulls and ravens fed on

the carcass and there was a distinct shift in the

relative proportions of the bird groups feeding over

the period observed. Herring gulls spent

significantly less of their time at the carcass feeding

than other birds, while lesser black-backed gulls

were not observed scavenging despite being

common on the island. Over the six week period of

observation, more than 90% of the carcass was

consumed. However, the deployment of the carcass

did not influence the spatial and temporal

distribution of the scavenging birds. The

underwater carcass was monitored for two periods

of two weeks and one week respectively. In the first

period Echinodermata (dominated by Asterias

rubens) had the highest maximum number of

individuals at the carcass, followed by

Actinopterygii (fish) and Malacostraca (crabs).

Numbers of fish and starfish dropped in the second

period, while crustaceans were present in similar

numbers as previously. The daily mass loss of the

carcasses was 0.56 and 0.07 kg day 1 in the

terrestrial and marine ecosystems respectively.

Both the terrestrial and marine experiments

displayed evidence of bacterial activity. In the

absence of any previous detailed study, the present

work provides important insights into the roles of

seal carcasses in coastal systems, especially in an

era when carrion from fisheries discards will

become increasingly unavailable.

INTRODUCTION
Scavenging is a widespread life-history strategy

employed by many carnivorous animals (Selva &
Fortuna, 2007). Although potentially valuable,

carrion is often an unpredictable resource, making

scavenging a high risk/high reward strategy. This

risk is reduced where animals can search large

areas at low cost, which can be accomplished by

specialised birds (Ruxton & Houston, 2004) and

possibly by abyssal fish (Ruxton & Bailey, 2005).

However, scavengers are often facultative rather

than obligate: many large mammalian carnivores,

for instance, switch from hunting to scavenging

depending on prey availability (Pereira et ah, 2014).

In some food webs scavenging links have been

underestimated 16-fold, so that the energy

transferred through scavenging is likely to be

greater than that transferred by predation (Wilson

& Wolkovich, 2011).

In UK coastal systems the families Laridae (gulls)

and Corvidae (crows and ravens) are opportunistic

scavengers. In contrast to the Tubinares (petrels),

which are seabirds highly dependent on carrion and

using their excellent sense of smell to find it (Nevitt,

2000), gulls and corvids employ sight. This food-

finding behaviour includes visual surveillance of the

coast, recognition of the food item and attraction to

the sight of other animals feeding (Frings et al.,

1955). Although frequently observed, the role of

marine mammal carrion on the scavenging activity

of coastal birds is not clear, as previous research on

this subject has been opportunistic and qualitative

(e.g. Bruyn & Cooper, 2005; Reid & Forcada, 2005;

Van den Hoff & Newbery, 2006).

Knowledge of marine scavengers, focused mainly on

deep-sea whale-falls, has shown that whale

carcasses can support a widespread and

characteristic faunal community during different

successional stages (Smith & Baco, 2003). By

contrast, the impact of carrion in shallow waters is

less well known. As food falls occur together with

other natural and anthropogenic perturbations, it is

difficult to evaluate their impact on coastal

scavengers, being mostly facultative and not

exclusively dependent on carrion (Ramsay et al.,

1997). In shallow water the main scavengers are

thought to be benthic invertebrates (principally

crustaceans and molluscs). These species likely

detect carrion from the dispersion of chemical cues

indicating the location, quantity and quality of the
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food source (Britton & Morton, 1994). Faunal

colonisation and decompositional changes from

marine mammal carcasses in coastal systems also

appear to be understudied and only a few

investigations have taken these phenomena into

account (e.g. Dahlgren & Wiklund, 2006; Glover et

al., 2010).

The main factors modelling the structure of the

scavenging community include competitive and

facilitative interactions, behavioural adaptations,

carcass size and environment (Selva et al., 2005;

Sebastian-Gonzalez et al., 2013; Moleon et al., 2015;

Sebastian-Gonzalez et al., 2016). Intra- and inter-

specific interactions may lead to successional

patterns in the scavenging community during the

process of carrion consumption. Many forensic

studies focused on post-mortem intervals and the

associated fauna, but they examined mostly the

succession of terrestrial arthropods (Amendt et al.,

2004). Exceptionally, Anderson & Hobischak (2004)

observed the sequence of marine invertebrates

associated with submerged pig carcasses.

Terrestrial vertebrates were rarely considered

when exploring temporal occurrence of species

linked to carrion (e.g. Cortes-Avizanda et al., 2012;

Young et al., 2014).

The total UK populations of both harbour seals

Phoca vitulina (Linnaeus, 1758) and grey seals

Halichoerus grypus (Fabricius, 1791) were

estimated to be around 150,000 individuals in 2012

(SCOS 2013). Owing to their body size, high energy

demand and sometimes high local abundance, seals

can strongly influence marine ecosystems, as they

are capable of transporting energy and nutrients

over long distances and between habitats. Large

aggregations of seals occur on mainland and island

coasts and it is therefore likely that mortality causes

major transfer of energy and nutrients between

trophic levels and habitats. Annual mortality rate of

UK adult grey seal population is estimated to be

around 5% (Thomas & Harwood, 2005), whereas

pup mortality can reach more than 30% in the first

month of life in certain areas of the colony

(Summers et al., 1975). As a result, large adult seal

carcasses containing very large amounts of

nutrients and energy are relatively rare (one was
observed on Great Cumbrae while the terrestrial

experiment was underway; Quaggiotto, personal

observation), while the smaller pup carcasses are

probably common following the seal breeding

season. So, both terrestrial and the marine food

webs are affected by seal carrion, but the recycling

processes in which it is involved can be

fundamentally different (Beasley et al., 2012).

Beasley et al. (2012) identified the physical

properties of air and water as main drivers of the

fate of carrion in the two ecosystems. Other features

of influence include the three-dimensional space of

the aquatic system which allows one more
dimension for movements of carcasses. These

properties can, then, lead to a diverse hierarchal

structured assemblage of scavenging organisms

(Beasley et al., 2012).

The aim of this study was to document the

consumption of a grey seal (H .

grypus) pup carcass

by the scavengers in a terrestrial and a marine

environment. The terrestrial experiment was a

simulation of a dead pup stranded on a beach,

whereas the underwater experiment represents a

negatively buoyant carcass washed offshore. The
hypotheses tested were: 1. the presence of the

carcass alters the distribution of the local

scavenging birds; 2. a defined temporal succession

of scavengers can be identified during consumption

of the carcass in both ecosystems.

MATERIALS & METHODS
Ethics statement and permissions

The grey seal pup carcasses were originally found

dead due to natural mortality on the Isle of May
(Firth of Forth, Scotland, UK) during the 2011

pupping season. The Sea Mammal Research Unit

(University of St Andrews) collected them when still

in fresh condition (between 1-3 days after death)

for the purpose of this project. Carcasses were

frozen at -20°C and stored at the University of

Glasgow until the study commenced. The Isle of May
is a Scottish Natural Heritage (SNH) National Nature

Reserve (NNR), a Special Protection Area (SPA) and

a Site of Special Scientific Interest (SSSI). The island

is owned by SNH, and the collection of carcasses

was approved under research licences issued by

SNH.

The terrestrial experiment required the approval of

the manager of Little Cumbrae Island for operations

on the littoral zone of the island. No Marine Licence

was necessary for the underwater experiment, as

the proposal was treated as scientific experiment.

The permission for the use of the seabed (to the

south of Clashfarland Point, Great Cumbrae Island)

was granted by the Crown Estate and Marine

Scotland Licensing Operations. Use of the shore for

the placement of the recording equipment for the

underwater camera was granted by the Bute Estate.

Other authorities and institutes directly or

indirectly involved in the experiment were

informed, included the Local Authority’s

Environmental Health Department, the University

Marine Biological Station Millport (UMBSM, now
Field Studies Centre Millport), the local police, the

Scottish Agriculture College (SAC now SRUC), the

Scottish Environmental Protection Agency (SEPA),

the Scottish Natural Heritage (SNH), the Sea

Mammal Research Unit (SMRU) and the Scottish

Society for the Prevention of Cruelty to Animals

(SSPCA).

Terrestrial experiment

The terrestrial experiment was conducted on the

island of Little Cumbrae, SW Scotland

(55°43'50.46"N, 4°56'18.59"W) (Fig. 1) between the
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end of July and September 2012. The resident bird

populations of Little Cumbrae were estimated to

comprise 120 great black-backed gulls (Larus

marinus, Linnaeus, 1758), 1200 lesser black-backed

gulls (Larus fuscus, Linnaeus, 1758) and 2000

herring gulls (Larus argentatus, Pontoppidan, 1763)

(JNCC, 2010). There are no data available on ravens

(Corvus corax, Linnaeus, 1758) nesting on the

island, but it is likely that some individuals, if not

resident, travel from the nearby Great Cumbrae

(Zonfrillo, personal comment). The study area

(carcass present) and control area (no carcass)

were chosen at a distance of approximately 570 m
from each other along the eastern coast of the island

to avoid anthropogenic disturbance and were

selected based on their similar topographic features

and ease of observation.

IS 16 17 IS 19 20

IS 16 17 IS 19

Suiel-SOOOO

Fig. 1. Map of locations of the experimental areas.

The terrestrial experiment was run in Little Cumbrae (red

circle) and the underwater experiment in Great Cumbrae

(black circle), West of Scotland, UK. Maps provided by

EDINA Marine Digimap Service,

http://edina.ac.uk/digimap. © Crown Copyright/SeaZone

Solutions. All Rights Reserved. 052006.001 31st July 2011

Not to be Used for Navigation.

Seabird surveys were undertaken at the study and

control sites both before and after the deployment

of a single grey seal pup carcass (study-before: N =

4; study-after: N = 13; control-before: N = 4;

control-after: N = 11) at intervals of 2-6 days for the

total duration of the experiment (from 18/07 to

5/09/2012) (Table 1). Counts were performed to

evaluate the traffic of birds in the areas before and

after the deployment of the carcass as indication of

changes in behaviour and spatial use after the

carcass became available in the study area. This

methodology is used also to assess the impact of

wind turbines on birds present in the area of

installation (e.g. Barrios & Rodriguez, 2004;

Everaert & Stienen, 2006). Continuous sampling

(Martin & Bateson, 1993) of flying birds was used to

obtain the number of passages during a period of 2

h at each site (2 h per survey). Counts were

undertaken at different times of the day, at low and

high tide at both sites (Table 1). As suggested by

Gregory et al. (2004), the vantage points for counts

were raised and/or concealed positions and were

chosen at a sufficient distance (30 m) from the areas

to minimise disturbance. Areas of observations had

an approximate size of 150 x 40 m covering both

land and sea and only birds flying over this area

were counted. The bird counts included herring

gulls, lesser black-backed gulls, great black-backed

gulls and ravens. Immature individuals belonging to

the family Laridae, but of different species, were not

distinguished and were grouped together. Avian

scavengers were identified by researchers who
were previously trained in bird identification and

according to Grant (1982) and Holden et al. (2009).

Prior to deployment, the seal carcass was intact,

with the exception of a missing left eye. Its body

length (nose to tail) was 110 cm and mass was 25.0

kg. The carcass was allowed to defrost and was

deployed in the upper-littoral (at 3.49 m height and

38.8 m distance to the lower limit of the infralittoral

zone) of the study area on 26 July 2012. The

appearance of the carcass was documented with

photographs in order to define the decompositional

stages. Mass loss was recorded by weighing the

carcass on a plastic sheet using a digital scale (min =

lOg, max = 40kg, accuracy = ± lOg) at

approximately weekly intervals. The carcass was

monitored by infrared motion-triggered and time-

lapse cameras (n = 3; Bushnell Trophy Cam models

119436 and 119435) for the duration of the

experiment. Cameras were located at a maximum
distance of 3 m from the carcass. Two cameras were

set on motion-triggered time lapse mode (two 8 MB
resolution photographs every five minutes and

every two minutes if movement-triggered) (Hamel

et al., 2013); the third camera was set on motion-

triggered 10s video mode (640 X 480 pixels

resolution when movement-triggered). The entire

photo/video collection was used in the analysis

including times (maximum 30 min) when the

researchers were present in the study area. For the

periods 8/13, 16/19-08 and 2/5-09 only videos

were available due to malfunction of the other

cameras. Birds occurring in the field of view of the

cameras were identified from images and the times

spent actively scavenging on the carcass (feeding)

and present but not scavenging (attending the area,

but not feeding) were recorded. Time spent both

actively and inactively by gulls on the carcass was

estimated from the number of minutes included
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AREA PERIOD DATE TIME TIDE
18/07 17:30 low

control before
20/07 06:20 low

24/07 15:55 high

26/07 17:10 high

19/07 12:35 high

study before
19/07 18:20 low

25/07 09:40 low

25/07 16:30 high

26/07 17:10 high

29/07 08:10 high

02/08 17:50 low

03/08 13:15 high

04/08 07:10 low
control after 14/08 15:47 low

15/08 09:45 high

20/08 19:05 low

21/08 08:15 low

29/08 16:00 low

30/08 08:20 high

27/07 10:30 low

29/07 14:00 low

30/07 09:35 high

02/08 12:25 high

03/08 17:50 low

04/08 14:05 high

study after 05/08 07:30 low

14/08 15:35 low

15/08 09:35 high

20/08 14:50 high

21/08 08:30 low

29/08 16:15 low

30/08 09:00 high

Table 1. Seabird's surveys carried out in the control and study areas before and after the carcass deployment.

between consecutive images till the gull

disappeared. When the body of the carcass was
found opened, the rectangular area containing the

internal organs was measured. Daily maximum
number of individuals [mean MaxN day 1

) feeding at

one time at the carcass was calculated for each

group of birds. Specimens of invertebrate

scavengers were collected in the study area [on

02/08), preserved in 70% ethanol and identified in

the laboratory using Smith [1989). At the end of the

study, the remains of the carcass were disposed of

at sea. Data on daylight hours and air temperatures

were obtained from timeanddate.com and

metoffice.gov.uk, respectively.

Underwater experiment
A second grey seal pup carcass was deployed on the

seabed south of Clashfarland Point in Great

Cumbrae Island, SW Scotland [55°45’44.40"N,

4°53'41.82"W) (Fig. 1), on 1 st August and recovered

on 17 th October 2013. The carcass was secured to

the wire mesh base of a purpose-built steel frame

(120 x 60 x 93 cm, LxWxH). The monitoring system

consisted of an underwater 24/7 CCTV wired

camera (1/4 inch Sharp Color CCD, 24 white LEDs)

attached to the frame and connected by 80 m cable

to a SD-DVR, a memory card-digital video recorder

onshore. The cable was protected from abrasion by

being placed inside a length of garden hose. The unit

was powered by two 12V-55Ah batteries

(Camdenboss Electronics & Enclosures VRLA
LeadAcid AGM). Batteries were charged and SD

micro-card changed approximately every four days

to keep the system working continuously. The

carcass was intact, was 100 cm in length and had a

mass of 19.7 kg. It was attached (still frozen to

facilitate the deployment) to the base of the frame

and then deployed at 6 m depth by the vessel

Actinia (UMBSM). The frame’s position on the

seabed was adjusted by two SCUBA divers, who
then ran the camera cable back up the shore,

attaching it to the seabed at intervals using lengths

of chain. The frame was located in the circalittoral

zone, close to the border with the infralittoral zone.

The seabed was characterized by gravel and sand

substrate with extensive beds of kelp (Laminaria

spp.) within 3-5 m of the frame at the start of the

experiment. The carcass was monitored

continuously for two periods (2-15/08/13 and 17-

25/09/13). The interval between periods was

caused by technical problems due to fouling by

barnacles and ultimately leaks into the underwater
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camera, which had to be replaced. At the end of the

experiment the carcass was removed from the

frame by divers and placed within a waterproof dry-

bag before being brought back to the shore. Excess

water was drained from the dry-bag and then the

carcass was frozen to -20°C while still in the bag and

weighed. After carcass removal the camera frame

equipment was recovered using the vessel winch

and A-frame. Seawater temperatures were provided

by the Field Studies Centre Millport and data on

daylight hours were obtained from

timeanddate.com. Videos were analysed using iDRV

Player (version V3.5 2011/1/5) and times when

bad visibility occurred due to turbulence, bad light

conditions or algae interference (Laminaria spp.)

were excluded (Appendix 1). Where possible,

organisms were identified to the species level, but

for the purpose of analysis the following taxonomic

classes of marine organisms were considered:

Gastropoda, Bivalvia, Asteroidea (starfish),

Malacostraca (crabs) and Actinopterygii (fish).

Individuals occurring on the carcass were counted

at 10 min time intervals. The daily maximum
number of individuals (MaxN day 1

) was calculated

for the five groups. The proportions of visits by

crustaceans were calculated for day and night in the

two periods. Agonistic events were recorded when
observed.

Statistical analysis

Statistical analysis was carried out following

procedures and methods explained in Dytham

(2003), Zuur et al. (2009) and Zuur et al. (2010).

Terrestrial experiment

Generalised linear models (GLMs) were carried out

to evaluate whether the deployment of the seal

carcass at the study area altered the distribution of

the scavenging birds. The response variable was the

number of passages of each group of birds counted

in two hour survey (N passages 2 h 1
), while the

explanatory variables were the Area (categorical:

study and control), the Period (categorical: before

and after the carcass deployment), the Tide

(categorical: high and low) and the Time of the day

(categorical: morning and afternoon). The primary

aim was to test for a significant interaction effect

between Area and Period as a significant interaction

would imply that bird abundance changed

differently in the study and control sites after the

carcass was deployed. After exploring data

according to Zuur et al. (2010), the model was run

including all the explanatory variables and the only

interaction of interest and the minimum adequate

model was identified by step-wise removal of non-

significant terms choosing the model with the

lowest AIC (Akaike Information Criterion). Dealing

with counts, data were modelled with both Poisson

and negative binomial distributions. The likelihood

ratio test score was calculated in order to compare
the null and final model. P values of significant

terms came from an analysis-of-variance (ANOVA

function in R). Ravens were excluded from this

analysis because of insufficient data.

A GLM followed by a Tukey post-hoc multiple

contrasts test was run to investigate differences

among the absolute feeding times (min day 1
;

response variable) among the groups of birds

(explanatory categorical variables). Again, dealing

with counts, data were modelled with both Poisson

and negative binomial distributions and the model

with the lowest AIC was chosen.

The analyses were performed in R 3.0.3 (R

Development Core Team, 2012), using the packages

'MASS’ for the model (glm.nbQ) (Venables & Ripley

2002), ‘epicalc’ for the likelihood ratio tests

(Chongsuvivatwong, 2012) and ‘multcomp’ for the

Tukey contrast test (Torsten et al., 2008).

A purely temporal scanning statistic was used to

detect the predicted temporal succession of

scavengers occurring during consumption of the

carcass: clusters of feeding activity (min day 1

) of

the same group of birds at particular times at the

carcass during the experiment were therefore

identified. The temporal scan statistic uses a

window, defined as an interval time of variable size,

which scans the temporal data to be analysed. The

number of observed and expected observations

inside the window is noted and the window with

the maximum likelihood is the most likely cluster.

This analysis was performed in the program

SaTScan (Kulldorff etal., 2005): the purely temporal

analysis was implemented by selecting a discrete

Poisson probability model and a temporal cluster

size between 2 days and 50% of the study period. A

total of 9999 Monte Carlo simulations were made to

calculate p-values for detected clusters.

Once checked for non-normal distribution running a

Shapiro-Wilk test, the nonparametric pairwise

Wilcox Mann-Whitney test with Holm’s adjustment

method, giving a strong control of the family-wise

error rate, was used to compare the proportions of

time spent actively feeding among groups of birds.

Lesser black-backed gulls were excluded in the

previously described three analyses because they

we not observed feeding on the carcass.

Underwater experiment

Poisson GLMs were used to evaluate differences in

the composition of the scavenger assemblage

between the two periods of monitoring and

between day and night. The relationship between

maximum number of individuals (MaxN day 1
;

response variable), and Period of monitoring

(categorical: period 1 and period 2), and Time of the

day (categorical: day and night) was investigated

for each taxonomic class (excluding gastropods and

bivalves because of insufficient data). The model

was run including all the explanatory variables and

their interaction and the minimum adequate model
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was identified by step-wise removal of non-

significant terms choosing the model with the

lowest AIC. The likelihood ratio test score was

calculated in order to compare the null and final

model. P values of significant terms came from an

analysis-of-variance (ANOVA function in R).

The proportions of visits made by malacostracans at

day and night for the two periods were compared

by using the nonparametric pairwise Wilcox Mann-

Whitney test with Holm’s adjustment method, after

checking the non-normality nature of the data by

using a Shapiro-Wilk test.

Analyses were performed in R 3.0.3 using the same

packages as mentioned previously.

RESULTS
Terrestrial experiment

The maximum and minimum air temperatures

recorded in July were 18.1°C and 11.2°C, 19.7° and
11.8° in August and 15.3°C and 8.9°C in September.

The daylight hours ranged from 16.83 to 16.10 h in

July, from 16.02 to 13.88 h in August and from 13.80

to 13.50 h in September.

Within 24 h of carcass placement, abrasions and

wounds were evident. The first areas to be fed upon

were the umbilicus and the eye region. From the

camera footage, at day 2, a great black-backed gull

was seen pulling out the intestines from the carcass

which were then found spread over an area of 18

m 2
. From day 3, initial wounds were further opened

and fly larvae and adults (Calliphora vicina

(Robineau-Desvoidy, 1830), Lucilia sericata

(Meigen, 1826), Lucilia sp.) together with the

burying beetle (Nicrophorus humator [Gleditsch,

1767)) were present in the mouth, nostrils and

underneath the body. Occasionally crabs were

observed visiting the carcass during the night.

As the holes in the head and abdomen grew,

wounds also began to appear on the flippers (day

8)

. At day 20 the spine and internal viscera were

exposed and the head was disarticulated. The front

flippers were consumed quickly. The rear flippers

were only superficially damaged and appeared

desiccated by the end of the experiment.

The carcass showed successive stages of decay over

the course of the study. In the initial stage

arthropods quickly colonised the carcass (day 3).

The next stage was characterized by bloating (day

9) followed by liquefaction (day 11), in which the

carcass appeared much flatter and the tissues

within the openings started to decay. A strong

putrid smell was noted, apparently caused by

liquids leaking from the carcass. The collapse stage

was observed when a large quantity of the tissue

was consumed and the head broke down (day 21).

Approximately nine days later, the carcass appeared

to be in the putrefaction stage (day 30). The carcass

was disposed of at day 42, when only bones and

mummified hide were present.

The presence of the carcass led to an increase of

great black-backed gulls, juvenile gulls, ravens and

lesser black-backed gulls flying over the study area

after the start of the experiment (Fig. 2). In the

control area the great black-backed and juvenile

gulls together with ravens also increased their visits

after the carcass became available, but there was a

decrease in the presence of lesser black-backed and

herring gulls.

No best fitting model carried out for each group of

birds showed a statistically significant interaction

between Area and Period (Appendix 2). In

particular, the distribution of great black-backed

gulls was explained by the variables Tide (P =

0.0296), Area (P < 0.0001) and Period (P = 0.0003),

whereas the number of herring gulls varied

according to the Tide (P = 0.0001). The fitted

models for the other groups of birds did not have

significant terms (Appendix 2).

Great black-backed gulls, herring gulls, juvenile

gulls and ravens, but not lesser black-backed gulls,

all scavenged the seal carcass (Fig. 3). Juveniles

spent more time at the carcass in comparison to the

other group of birds for a total of 237.63 h, both

feeding (51.1%) and non-feeding (min day 1

; Table

2). The second most frequent visitors were great

black-backed gulls which spent a total of 41.02 h on

the carcass and actively scavenged for 81.4% of this

time. Ravens made infrequent visits, spending 11.43

h around the carcass and were feeding for 66.5% of

the time. Herring gulls were rarely seen scavenging

on the dead seal (20.8% of a total of 2.88 h),

spending most of the time attending the scene

without participating. Lesser black-backed gulls did

not scavenge the carcass and their presence

occurred for a total of only 15 minutes. They were

excluded from the subsequent analyses. The highest

mean maximum number of individuals observed at

the carcass at one time was observed in the

juveniles. The latter were also the most frequent

visitors of the experimental area, followed by great

black-backed gulls, ravens and finally herring gulls

(Table 2). The absolute feeding times were

compared between groups of birds and the great

black-backed gulls scavenged more than the ravens

(Tukey contrasts test, P = 0.0116), but less than the

juvenile gulls (P - 0.0383). All the other

comparisons between groups of birds were highly

significant (P < 0.001).
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GBBG RAVEN

C-B C-A S-B S-A C-B C-A S-B S-A
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Fig. 2. Total number of bird passages per 2 hour count.

Great black-backed gulls (GBBG) , ravens (RAVEN) ,
herring gulls (HG), lesser black-backed gulls (LBBG) and juvenile gulls

(JUV) in the control (C) and study (S) areas before (B) and after (A) the deployment of the carcass in the study site. On each

box, the central mark is the median, the edges of the box are the lower hinge (25th percentile) and the upper hinge (75th

percentile), the whiskers extend to the maximum and minimum data points, outliers are plotted individually.
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Fig. 3. Avian scavengers occurring in the terrestrial experiment.

A white arrow indicates the seal’s head. A) Great black-backed gull pulling out the internal organs of the carcass (day 3); B)

Herring gull visiting the study area (day 3); C) Two juvenile gulls (day 21); D) Raven feeding on the carcass at a late stage of

consumption and decomposition (day 29).

GBBG
Adult gulls

HG LBBG
Juvenile gulls Ravens

Feeding time day 1 (min) 47.95 0.85 0 173.52 10.85

fSE) (11.58) (0.43) (Q) (23.4) (3.25)

Non-feeding time day 1 (min) 10.93 3.27 0.37 165.98 5.48

(SE) (2.45) (1.25) (0.25) (33.47) (0.25)

Visits (n day a
) 3.17 0.50 0.12 11.29 1.69

(SE) (0.54) (0-16) (0.08) (1.58) (0-42)

Mean MaxN day 1 0.86 0.33 0.07 1.83 0.67

(SE) (0.009) (0.07) (0.04) (0-18) (0-12)

Table 2. Daily means of feeding time, non-feeding time, number of visits and maximum number of individuals (MaxN) for

groups of birds. Means and standard errors (SE) are presented in minutes.

GBBG = great black-backed gulls, HG = herring gulls, LBBG = lesser black -backed gulls, juvenile gulls and ravens.

Temporal pattern in the feeding activity of different

groups of birds was observed during the

experiment (Fig. 4) and temporal clusters were

detected at different times for different groups: the

great black-backed gulls opened the carcass the day

following its deployment (27/07) and contributed

to the dismantling of the carcass for a temporal

cluster of 11 days (interval time 27/07 - 06/08; P =

0.0001). Juveniles were the most common for a long

period after the decrease in visits by great black-

backed gulls (interval time 13-27/08; P = 0.0001).

Ravens were active mostly in the final stage of

consumption (interval time 23-31/08; P = 0.0001).

Herring gulls visited the carcass forming the

shortest time cluster (interval time 9-16/08; P =

0.0001) between great black-backed gulls and

juveniles. The mass of the carcass decreased from

25.00 to 1.83 kg, resulting in an estimated daily

mass loss of 0.56 kg.
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Fig. 4. Daily feeding activity (percentage) of groups of birds (columns) and carcass mass loss (A).

Great black-backed gulls (GBBG, red), juvenile gulls (JUV, white), ravens (blue) and herring gulls (HG, yellow).

Great black-backed gulls (pairwise Wilcox Mann-

Whitney test, P = 0.0017), juvenile gulls (P =

0.0005) and ravens (P = 0.0028) showed

significantly higher proportion of feeding time than

herring gulls.

Underwater experiment

The daily seawater temperature ranged from 14.8°C

to 17.0°C during the first survey period in August,

12.0°C to 13.0°C during the second period in

September. The mean daily seawater temperature

for the month of August was 15.3°C (SD =0.81) and

for September was 13.2°C (SD = 0.87). The daylight

hours ranged from 16.03 to 13.9 h in August and

from 13.82 to 11.62 h in September.

Within five days from the start of the experiment

the eye of the carcass was scavenged (Fig. 5A). A
large wound appeared on the front left flipper at

day 10 (Fig. 5B) and another one of smaller size on

the top of the shoulder at the day 13. After three

days (day 15) the nose was bitten, the mouth

opened showing the teeth and the abrasion around

the eye enlarged. Several whitish patches also

developed on the fur which broadened in the

following days to cover all visible areas of the body

surface. Furthermore, the seal’s head appeared to

have risen a few centimetres from the base of the

structure suggesting that the carcass was positively

buoyant (Fig. 5C). At the beginning of the second

period of monitoring the carcass was still in this

floating state showing a more advanced stage of

decomposition (at day 48 of submersion). The body

appeared white and covered by new greyish

patches; the head was damaged exposing the facial

bones, and the jaws were still attached (Fig. 5D). At

day 54 (end of the camera recording) several

sections of epidermis with fur had detached

denuding small areas of exposed dermis. When
recovered (day 78), the carcass was barely

recognisable: it was still positively buoyant, even if

flattened, and presented exposed bones of the neck

and pelvis regions. The whole body was covered by

a thick grey layer of bacteria. The mass of the

carcass at the end of the experiment was 14.45 kg,

resulting in a total reduction of 5.25 kg and an

estimated daily mass loss of 0.07 kg.

Fig. 5. Underwater experiment at different stages of

consumption and decomposition of the carcass. A) The

carcass shows a scavenged eye; starfish are feeding on it

(day 5); B) A large wound appears on the front left

flipper; a labrid, a crab and few starfish are present (day

10); C) The carcass shows positive buoyancy and several

whitish patches; kelp is partially covering the dead seal

(day 15); D) The carcass is on late stage of decomposition

and epidermis with fur detaches, bones are exposed on

the area of the face (day 48).
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Generally the carcass was visited by members of the

phyla Mollusca, Arthropoda, Echinodermata and the

subphylum Vertebrata. In total 4 phyla, 5 classes, 9

orders, 14 families and 16 species were identified

(Table 3).

In the first period Asterias rubens (Linnaeus, 1758)

belonging to the class Asteroidea (starfish) was the

most common scavenger (mean MaxN = 11.03, SE =

0.72) followed by the classes Actinopterygii (fish;

mean MaxN = 9.14, se = 1.16) and Malacostraca

(crabs; mean MaxN=1.53, SE = 0.14). The netted dog

whelk Tritia reticulata (Linnaeus, 1758) was rarely

observed and never more than one individual per

time. The Atlantic scallop Pecten maximus

(Linnaeus, 1758) was also observed in the video.

However, its visits were probably accidental (Fig.

6A). Starfish exhibited feeding preference on the

head and on the areas of the joints. Some
individuals were seen disappearing under the

carcass and during the second period of monitoring

a specimen was partly hidden in the eye cavity.

Crabs scavenged in the same areas of starfish when
accessible. Individual fish or schools were recorded,

but particular behaviours were also noted: an adult

of the family Labridae was seen interacting with the

carcass by spitting its food on it, while the saithe

Pollachius virens (Linnaeus, 1758) and the pollack P.

pollachius (Linnaeus, 1758) were observed scraping

their bodies on the surface of the carcass. During

the night few individuals of Pholis gunnellus

(Linnaeus, 1758) were seen around the carcass and

sometimes attached to it pushing their heads on it.

Agonistic interactions were observed only during

the first period and involved intra- and inter-class

events between two crabs (N = 4), a crab and

starfish (N = 4), two starfishes (N = 2) and a crab

and fish (N = 1). Cancer pagurus successfully forced

several starfish to abandon the carcass by moving
them with its claws. Only once was a starfish seen to

force a crab to move away. In the second period the

maximum number of asteroids reduced drastically

(mean MaxN = 1.13, SE = 0.22) together with fish

(mean MaxN = 2.8, SE = 0.81), while the relative

abundance of crustaceans showed no obvious

change (mean MaxN = 1.26, SE = 0.15) (Fig. 6B).

Best fitting model for the class Asteroidea showed
that the MaxN of starfish decreased significantly

during the second period of monitoring (P < 0.0001)

of the underwater carcass (Appendix 3). The MaxN
of Actinopterygii (fish) was explained by both

Period and Time of the day, being lower during the

second period (P < 0.0001) and during night (P <

0.0001); whereas in Malacostraca (crabs) no

significant changes were seen (Appendix 3).

Phylum Class Order Family Species

Mollusca Gastropoda Neogastropoda Nassariidae Tritia reticulata

Bivalvia Pectinoidea Pectinidae Pecten maximus

Arthropoda Malacostraca Decapoda Paguridae Pagurus bernhardus

Cancridae Cancer pagurus

Portunidae Carcinus maenas

Polybiidae Necora puber

Liocarcinus depurator

Echinodermata Asteroidea Forcipulatida Asteriidae Asterias rubens

Marthasterias glacialis

Chordata Actinopterygii Gadiformes Gadidae Pollachius virens

Pollachius pollachius

Perciformes Labridae Symphodus melops

Labrus mixtus

Blenniidae

Gobidae

Pholidae Pholis gunnellus

Pleuronectiformes Pleuronectidae Limanda sp.

Syngnathiformes Syngnathidae Syngnathus acus

Tot 4 5 9 14 16

Table 3. Systematic classification of marine organisms occurring on the carcass.
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A

B

Classes

Fig. 6. Maximum number of individuals (MaxN day 1

) for

the observed classes in the two periods of monitoring (A:

Period 1; B: Period 2). On each bar, the top of the bar is

the mean of the MaxN day 1
, error bars are ± SE.

Crustaceans visited the carcass more often during

the first stage of the experiment with 14.64 (SE =

2.45) and 8.33 (SE = 1.41) mean visits per day

during the first and second periods, respectively.

The proportion of visits by crabs in the first period

of monitoring was significantly higher during the

night than during the day (pairwise Wilcox Mann-

Whitney test, P = 0.0001), while in the second

period there was no significant difference (P = 0.61)

(Fig. 7).

Day-1 Night-1 Day-2 Nlght-2

Fig. 7. Proportions of visits by malacostracans during day

and night in the two periods of monitoring. On each box,

the central mark is the median, the edges of the box are

the lower hinge (25th percentile) and the upper hinge

(75th percentile), the whiskers extend to the maximum
and minimum data points, outliers are plotted

individually.

DISCUSSION

The present study represents the first detailed

observational study on scavengers feeding on

pinniped carrion in both the terrestrial and marine

systems: so far no study has compared carrion

consumption in the two ecosystems (Beasley et al.,

2012). Existing literature concerning scavenging on

seals consists mainly of singular opportunistic

observations, as in the case of the red fox ( Vulpes

vulpes) and the southern giant petrel (Macronectes

giganteus), seen feeding on dead seals (or seal

placenta) around a seal colony (Culloch et al., 2012)

and in submerged conditions (Van den Hoff &
Newbery, 2006) respectively. Bruyn & Cooper

(2005), instead, focused on inter- and intra-specific

behaviour of southern and northern giant

(.Macronectes halli) petrels feeding on a southern

elephant seal carcass, but for a limited time (150

minutes). Stable isotope analyses showed that seal

carrion was part of the diet of giant petrels (Forero

et al., 2005) and also of Arctic foxes ( Vulpes lagopus)

(Roth, 2002). Scat analyses combined with

behavioural observations showed that seal carrion

is also consumed by brown hyenas (Hyaena

brunnea) on the Namibian coast (Kuhn et al., 2008).

However, there have been no studies investigating

the patterns and processes involving these

scavengers as part of a wider scavenging

community and their interactions within it.

Terrestrial experiment

This experiment described how scavenging seabirds

dismantle a marine mammal carcass: eyes were the

first body organs consumed and feeding at the

umbilicus was the most accessible way for

scavengers to open the carcass. Secondary openings

appeared to arise as a result of longer pecking

activity on the carcass. Paves et al. (2008) have

described how vultures first feed on the eyes of

dead sea lion pups and adults, and then the navel,

genitals and anus. However, as scavenging and

decomposition occur simultaneously, it was not

possible to separately measure each of the two

processes. It is likely that the carcass was influenced

by temperature and moisture levels, which strongly

affect the decomposition rate (Barton et al., 2013).

The carcass was also consumed by invertebrate

scavengers, where the colonization by fly larvae

contributed to the liquefaction of the tissues

(Putman, 1983).

Results did not show a significant change in seabird

passage in the study area compared with the control

site after the deployment of the carcass. This can be

related to the infrequency of this resource for the

scavenging birds of Little Cumbrae, but also by the

little interest showed by some species such as the

lesser black-backed gull and the herring gull. An

increase in the number of passages of the great

black-backed gull after the deployment of the dead

seal was, instead, observed, but in both areas. In

contrast to the unpredictability characterising the
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carcass used for this experiment, the effect of a

resource predictable in time and space on seabird

foraging behaviour has been suggested instead in

other studies. Cama et al. (2012) identified the high

density of vessels providing fishing discards as the

best explanatory variable for the distribution of

gulls in the Western Mediterranean. Monsarrat et al.

(2013), instead, observed that vultures also

restricted their searching home range around

artificially-maintained feeding stations when
weather conditions were not optimal or food was

scarce, preferring stations with lower amounts of

food where intra-specific competition was reduced.

A defined temporal succession of scavenging birds

feeding on the carcass was observed, in which

segregation of different groups of birds was
possibly related to competition due to overlap in

resource utilization. The great black-backed gull

was the first to approach the carcass and was able

to break through the thick skin of the carcass. As

described by Camphuysen et al. (1995), it is a

"powerful scavenger”, which out-competes the

herring gull for food when the two species share the

same breeding site (Rome & Ellis, 2004). In fact,

despite being the most abundant species, the

herring and lesser black-backed gulls seldom visited

the carcass and rarely exploited it, even though they

are both known to scavenge in other contexts

(Camphuysen et al., 1995; Catchpole et al., 2006).

During summer, Little Cumbrae is a breeding site

for the three gull species with nesting occurring

around mid- April and the first chicks hatching in

May (Cramp et al., 1974). The numerous juveniles

visiting the carcass may have been part of the new
generation of gulls born in the island. They were not

observed early in the study during the dominance of

the great black-backed gull on the carcass.

Moreover, they spent an equal proportion of their

time being inactive at the carcass, possibly because

of the lack of experience and the unfamiliarity with

this food source. Seal carrion is a fairly uncommon
resource outside of seal colonies (Culloch et al.,

2012) and juvenile gulls were unlikely to have

previously encountered this food type. During the

project period a natural seal carcass washed up on

Great Cumbrae (Quaggiotto, personal observation),

so such events can occur in this area. Despite being

active carrion feeders (Heinrich, 1988), ravens

scavenged more consistently from day 30 onwards.

It is likely that the ravens were unable to feed at the

same time as the great black-backed gulls or

juveniles, as found by Hewson (1995). In this study

the mass loss of the carcass was approximately

linear. Although the single sample prevents any

meaningful statistical comparison, the mass loss of a

carcass has previously been shown to follow a

sigmoidal decrease with time (Putman, 1983; Carter

et al., 2007), being initially untouched, but then

being dismantled quickly. In the current

experiment, instead, the carcass was detected

almost immediately (on day 2 after the deployment)

and consumed at a constant rate during time. On the

final days the consumption rate decreased possibly

due to the low availability of edible material left.

The deterrent effect of decomposing matter and

toxin production on the behaviour of terrestrial

scavengers (DeVault et al., 2004; Selva et al., 2005;

Parmenter & Macmahon, 2009) was not observed,

as the carcass was not abandoned prior to complete

consumption.

Underwater experiment
The present experiment represents one of the few

existing studies on the successional pattern of

scavenging on carrion in the subtidal marine

environment. Forensic science has paid attention to

this subject before: Hobischak & Anderson (2002),

for instance, examined the species and sequence of

invertebrates associated with carrion, but in fresh

water, whereas Anderson & Hobischak (2004)

described those scavengers that occur on

experimental pig carcasses submerged in marine

waters.

Results showed that abundance of scavengers

attracted to the carcass changed during time. This

suggests that temporal variation in the extent of

exploitation of carrion by different scavengers

exists. In the first period the scavenging community
was dominated by asteroids which occurred in

great numbers (up to 17 individuals) to colonize the

carcass. A. rubens is one of the most abundant

scavenging species found in fishery discards in the

west of Scotland (Nickel! & Moore, 1991; Bergmann
et al., 2002). Moreover, the experimental area was
in the ideal habitat for this sublittoral species which

prefers sandy, muddy substrata. The occurrence of

adult and juvenile actinopterygian fish could be

linked to shallow coastal waters which may offer

protection from predation, in particular to new
recruitment of juvenile gadoids during summer
(Pihl, 1982). Decapods exhibited nocturnal habits

mostly in the first period, while they showed less

preference for the dark during the second period,

probably due to the reduction of daylight hours

towards the autumn and in the number of starfish.

Generally crabs are nocturnal predators with peaks

of activity during high tide, like C. pagurus (Skajaa et

al., 1998) and Carcinus maenas (Naylor, 1958;

Ropes, 1968), but they can also be diurnal (Novak,

2004). In accordance with other studies focusing on

scavenging aggregations on fishery discards in the

Irish, Clyde and Adriatic Seas, Liocarcinus depurator

was the most abundant among all the other

brachyuran scavengers (Ramsay et al., 1997;

Ramsay et al., 1998; Wieczorek et al., 1999). The

infrequent visits of dog whelks T. reticulata could be

related to the fact that it is considered an occasional

species in this habitat.

At the second stage of the experiment the carcass

showed an increase of what appeared to be

microbial mat covering its surface and even if the

number of crabs stayed stable, a drastic drop in the
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number of asteroids together with the number of

fish occurred. Also Burkepile et al. (2006) found

that crabs still scavenge on aged fish carrion.

Bacteria use chemicals to compete against other

microbes, but these chemicals can also act as

deterrent from carrion for animal scavengers

(Burkepile et al, 2006). Scavenging marine

organisms detect prey by olfactory foraging cues

and different taxa have specific chemo-sensitivity

according to the olfactory organ (e.g. Morton &
Yuen, 2000; Tran et al., 2014). Therefore, the

bacterial action is likely to be an important biotic

factor influencing the post-mortem fate of a carcass

in aquatic contexts. Burkepile et al. (2006)

demonstrated that scavengers were 2.6 times more

attracted by fresh carrion than microbe-laden

carcass. However, different species of crabs reacted

differently, suggesting that species-specific

palatability exists. The present study focused on the

scavenging mega-faunal succession on carrion, but

it was evident that bacterial decomposers also

benefited from it, taking part in the recycling of

carrion. Dickson et al. (2011) described five

different phases of bacterial colonisation on partial

carrion proving that the rate at which successive

stages appeared was temperature dependent with

warmer waters allowing a faster decomposition.

Therefore, seasonal changes in sea water

temperature could underlie differences in the

duration of successive decay stages dominated by

either marine animals or bacteria.

The floating carcass stage generally occurs when
bacteria start to produce gas inside the body

(Reisdorf et al., 2012). In the current study the

appearance of microbes on the body’s surfaces

coincided with the carcass becoming positively

buoyant; a state which lasted until the end of the

experiment. Carrion has two floating stages: the

primary flotation is due to gas forming in the

digestive tract, while the secondary flotation

depends on bacterial activity within the corpse

(Teather, 1994). Owing to the unknown post-

mortem age of the experimental carcass and its

frozen conditions before the deployment, it is very

likely that secondary flotation would occur if the

carcass had not been tethered. Putrefaction gases

are likely to cause the surfacing of the carcass in

shallow waters at temperature above 4°C (Moreno

et al., 1992; Sorg et al., 1997; Petrik et al, 2004),

whereas negative buoyancy is expected when
carcass integrity is compromised (Anderson &
Hobischak, 2004). However, floating marine

mammal carcasses may be exposed to scavenging

birds when reaching the water surface and even to

mammals when stranded on the beach. For

example, Hewson (1995) observed great black-

backed gulls defending floating carrion and pulling

it to shallow water for consumption. This process

may cause the carcass to sink quickly back to the

seabed making it available again to the marine

community. The two periods of recording may then

approximate the seabed phases in the cycle of

floating and sinking that occurs with natural

carcasses in the marine environment.

One other investigation included underwater

observations and, similarly to the present study, the

marine mammal carcasses were constrained to the

seabed by using ropes during the period of

monitoring (Glover et al, 2010). Thus, the flotation

and natural drift of the carcasses were impeded.

Glover et al (2010) observed the first floating state

of an experimental Phocoena phocoena (Linnaeus,

1758) for two days after implantation at 30m depth,

but argued that negatively buoyant carcasses are

likely to occur at this depth. Pup carcasses are also

likely to be found in shallow waters: during pupping

season, for instance, a certain number of dead pups

may enter the marine system without reaching

upper levels because they are trapped among rocks

or have sunk to the seabed. It is possible, in fact,

that most of the carcasses provided during the grey

seal pupping season are negatively buoyant, as the

major cause of death is starvation (Baily, 2014)

which depletes the pups’ blubber.

Comparison between terrestrial and marine

experiments

Comparing the scavenging processes observed in

the two experiments, it is clear that the daily mass

loss of carrion was lower in the marine ecosystem

than in the terrestrial one, at a ratio of 1:8. This

could be in part due to the larger size of terrestrial

scavengers and their endothermic nature in

comparison to their marine counterparts which

permitted a faster consumption rate of the carcass.

Generally, at greater depths (1200-1800 m), bathyal

scavenger assemblages remove tissue from whale

carcasses at rates of 40-60 kg day 1 (Smith & Baco,

2003). However, the scavengers involved are not

only invertebrates, as observed in the current study,

but also large vertebrates such as sleeper sharks,

hagfish and grenadiers, which aggregate in large

numbers to remove the soft tissue of the whale

carcass. This process can last from months to years

and involves mostly obligate scavengers. Together

with the scavenger community, it was suggested

that the size of the carcass is a factor determining

the rate of its consumption. In fact, at the same

depth, smaller cetacean carcasses were eaten at a

lower rate (1.2 - 9.6 kg day 1

) than the whale falls

(Jones et al, 1998; Smith & Baco, 2003). Also on

land larger carcasses (>100 kg) were found to be

consumed 33 times faster than smaller ones (<10

kg) (Moleon et al, 2015). However, specialised

scavengers may accelerate the process.

Changes in the scavenging community were

detected over the duration of both experiments. On
land, a hierarchical succession of dominant

scavengers through competitive displacement of

subordinates occurred during the exploitation of

the carcass. Underwater, instead, a change in the

numbers of scavengers between the two periods of
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monitoring might be caused by the deterrent effect

on starfish rather than crabs of the microbial mat

that formed on the dead pup.

Future studies and implications

The terrestrial experiment provides a long-term

and continuous dataset from the initial to the final

stage of seal carcass consumption on land. Several

studies have continuously monitored carcasses in

terrestrial ecosystems until the carcass was
consumed completely (Blazquez et al., 2009;

Sebastian-Gonzalez et al., 2013; Huang et al., 2014;

Moleon et al., 2015; Sebastian-Gonzalez et al.,

2016), but only few in a coastal system (e.g.

Schlacher et al., 2013). There is only one study of

this type using marine mammal carrion in the

terrestrial ecosystem of which we are aware (Paves

et al., 2008). The underwater experiment is one of

the few existing studies on the succession of marine

scavengers exploiting carrion in shallow waters (e.g.

Anderson & Hobischak, 2004; Glover & Higgs,

2010). However, the long-term nature of the

experiment and the technical constraints limited the

collection of a continuous dataset. Similar

complications have also been encountered in other

studies (e.g. Anderson & Hobischak, 2004).

Further investigations are needed to assess the

value of this food resource as energy and biomass

inputs released to the ecosystem and its impact on

the scavenging community. Coastal regions are, in

fact, often affected by marine-derived inputs (Polis

& Hurd, 1996a; Polis & Hurd, 1996b; Polis et al,

1997; Rose & Polis, 1998) whose effects on the

receiving ecosystem include alteration of trophic

species dynamics (Polis et al., 1997, Briggs et al.,

2012) and their distribution (Schlacher etal, 2013).

In particular, bird and marine mammal carrion is

frequently deposited ashore because of large scale

or seasonal perturbations, especially in areas where

these animals live (Bodkin & Jameson, 1991).

Despite the limited number of experimental

carcasses used, this novel study brings new insights

to our understanding of the ecological process

involving the exploitation of pinniped carrion by

coastal scavengers.

Marine mammal carrion could become an

increasingly important part of the diets of European

scavengers, partly because of the continual increase

in grey seal pup production since the 1960s (SCOS,

2013)

, but also because of regulations banning the

discarding by pelagic and then demersal fishing

operations (EU Regulation 1830/2013). Catchpole

et al. (2006) estimated the partitioning of discards

between marine and aerial scavengers based on the

English Nephrops norvegicus fisheries. The resulting

bioenergetic model showed that 57% of discards

was taken by seabirds with the remainder becoming

available to marine fauna. The total amount of

biomass and energy released were 4780 t and 19.7

x 10 9 kj respectively (Catchpole et al., 2006).

Considering the high usage of fishery discards by

scavengers, it is uncertain what repercussions the

reformed Common Fisheries Policies will have to

the foraging behaviour of scavengers. The discard

ban came into force on 1st January 2014 and will

gradually require EU fishing vessels to land the

whole of each catch fhttp://www.scotland.gov.ukl.

According to a recent publication by Heath et al.

(2014) the discard ban may cause a bottom-up

trophic cascade which will lead to a reduction in

biomass of scavengers such as benthic invertebrates

and birds. At this point other sources of carrion,

such as pinniped carcasses, could represent an

important alternative resource for scavengers and

understanding their impact in the ecology of these

species will become necessary.
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Appendix 1 . Times of bad visibility during the underwater experiment.

Period 1

Date Time

Period 2

Date Time

02/08 05:00 /08:50 17/09 23:40

02/08 22:30 18/09 02:20

03/08 04:40 / 07:10 18/09 03:30

03/08 22:50 18/09 20:50 / 21:30

04/08 01:10 19/09 00:30

04/08 03:30 19/09 05:20

04/08 23:30 19/09 21:50 / 22:00

05/08 01:20/01:40 19/09 22:30/ 23:20

05/08 02:20 20/09 00:00 / 00:20

05/08 13:20 20/09 04:00/04:20

05/08 22:40 / 23:40 20/09 - 21/09 14:40 / 14:00

06/08 00:00 21/09 21:30

06/08 00:50 / 01:20 23/09 03:20

06/08 02:40 24/09 02:40 / 03:00

06/08 03:30 24/09 05:30

06/08 04:00/04:20 25/09 00:50

06/08 23:10 25/09 04:10 /04:20

06/08 23:40 25/09 05:40

07/08 02:00

07/08 04:.30

07/08 23:00

08/08 01:20

08/08 02:00 / 02:20

09/08 04:30

10/08 02:00

10/08 02:40 / 02:50

10/08 05:00 / 05:10

11/08 00:00/ 00:20

11/08 02:40

11/08 23:00

12/08 14:00 / 15:00

13/08 01:00

13/08 01:50/ 02:10

14/08 12:00

14/08 20:00/ 23:00

15/08 03:10 / 03:30

50



Appendix 2. Terrestrial experiment: summary of results obtained by individual negative binomial GLMs for each group of

birds.

Count of bird passages (GBBG = great black-backed gull, HG = herring gull, LBBG = lesser black-backed gull, JUV = juveniles

gulls) undertaken at the study and control sites both before (Period 1) and after (Period 2) the deployment of a single grey

seal pup carcass. Formula = Log (Total Number of Bird Passages) ~ Tide + Time of the day + Area : Period.

GBBG (likelihood ratio test: X 2 (df = 3) = 25.98, P< 0.001)

Estimate Std. Error Z value Pr(>| Z |)

Intercept -2.3401 0.8343 -2.805 0.0050

Tide - Low 0.5789 0.2818 2.055 0.0399

Area - Study 1.2523 0.2951 4.244 < 0.0001

Period - 2 1.4395 0.4120 3.494 0.0005

HG (likelihood ratio test: X 2 (df = 4) = 15.54, P = 0.0037)

Estimate Std. Error Z value Pr(>|z|)

Intercept 3.8625 0.6382 6.052 < 0.0001

Tide - Low 0.8318 0.2191 3.797 0.0001

Area - Study -1.1621 0.8955 -1.298 0.1944

Period - 2 -0.7410 0.3554 -2.085 0.0371

Area - Study : Period - 2 0.7798 0.4988 1.563 0.1180

LBBG (likelihood ratio test: X 2 (df = 3) = 4.32, P = 0.2290)

Estimate Std. Error Z value Pr (>|z|)

Intercept 4.9236 0.7949 6.194 < 0.0001

Area - Study -2.0490 1.1334 -1.808 0.0706

Period - 2 -0.8293 0.4459 -1.860 0.0629

Area - Study : Period - 2 1.1116 0.6317 1.760 0.0785

JUV (likelihood ratio test: X 2 (df = 1) = 2.51, P = 0.1130)

Estimate Std. Error Z value Pr (>|z|)

Intercept 3.8410 0.2253 17.0510 < 0.0001

Area - Study -0.4921 0.3055 -1.6110 0.1070

Appendix 3. Underwater experiment: summary of results obtained by individual Poisson GLMs for each taxonomic class.

Maximum number of individuals (MaxN) observed for the classes Asteroidea (starfish), Actinopterygii (fish) and

Malacostraca (crabs) in the Periods of monitoring (1 and 2) at day and night time. Formula = Log (MaxN) ~ Period + Time of

the Day + Period : Time of the day.

Asteroidea (likelihood ratio test: X" (df= 1)= 167.4. P< 0.0001)

Estimate Std. Error Z value Pr (>|z|)

Intercept 2.4011 0.0570 42.208 <0.0001

Period - 2 -2.2760 0.2491 -9.136 <0.0001

Actinopterygii (likelihood ratio test:: X 2
(df= 2) = 101.88 , P = <0.0001)

Estimate Std. Error Z value Pr (>|z|)

Intercept 2.5087 0.0744 33.722 <0.0001

Period - 2 -1.1602 0.1665 -6.967 <0.0001

Time of the day - Night -0.7174 0.1230 -5.831 <0.0001

Malacostraca (likelihood ratio test: null)

Estimate Std. Error Z value Pr (>|z|)

Intercept 0.3659 0.1270 2.881 0.0040
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The bordered brown lacewing Megalomus hirtus (L. 1761) rediscovered:

an invertebrate survey in Holyrood Park, Edinburgh

M. Smith 1 & S. Burgess 2

149 Cushat Gardens, Dalkeith, Midlothian, EH22 5RQ 2 Ballalan House, 24 Allan Park, Stirling, FK8 2QG

ABSTRACT
The bordered brown lacewing, Megalomus hirtus (L.

1761), is a Scottish Biodiversity List species last

recorded in the U.K at Holyrood Park, Edinburgh in

1982. A survey of the invertebrate fauna of

Holyrood Park specifically looking for this species of

lacewing was carried out between June to

September 2015. A single specimen of the bordered

brown lacewing was collected revealing that this

species is still extant in the U.K. although not in

great numbers. Further surveying work needs to be

done to discern the lacewings ecological

requirements, and distribution.

INTRODUCTION
The bordered brown lacewing, Megalomus hirtus (L.

1761) is widely distributed in northern and central

Europe. In the UK, this species has a very restricted

distribution and is only thought to still be extant

within Holyrood Park in Edinburgh. The last record

from Holyrood Park was from 1982 (Plant, 1994;

Littlewood and Stockan, 2013). As a result of its

restricted distribution, the bordered brown

lacewing is classified as a UK Biodiversity Action

Plan (UKBAP) priority species (JNCC 2010). It is

also on the Scottish Biodiversity List and falls into

the category of 'conservation action needed’

(Scottish Government, 2012).

There is very little information on the ecology of the

bordered brown lacewing. It is thought to have an

association with wood sage (Teucrium scorodonia )

growing on rocky slopes (Plant, 1994). The flight

season is known to occur from June to August, but

there is no information on the duration of the flight

season (Littlewood and Stockan, 2013). The

National Museum of Scotland (NMS) in Edinburgh

holds several specimens of the bordered brown

lacewing. The date these specimens were collected

suggests that the main flight season of this

particular species is in June (24 specimens) and July

(34 specimens). They only hold two specimens

collected from August.

Given the conservation status, the poor knowledge

of its current distribution and limited

understanding of its ecology there is a pressing

need to research the bordered brown lacewing. To

answer these questions a project was initiated by

Buglife to discover whether the bordered brown

lacewing is still extant in the UK and if so to devise a

conservation plan. In addition to this a more general

invertebrate survey of the invertebrates of the park

was conducted. While the Holyrood Park service

(run by Historic Scotland) currently runs regular

surveys on bumblebees and butterflies there are no

other invertebrate groups that are routinely

surveyed.

MATERIAL AND METHODS
A variety of techniques, including sweep netting,

light trapping, bug-vaccing (a leaf blower on

reverse) and direct observations were used when
surveying Holyrood Park for the bordered brown

lacewing and other invertebrates. All surveying was

completed between 23 rd June 2015 and 27 th

September 2015.

Bug-vaccing was conducted over 20 separate 2x2m
quadrats, each quadrat surveyed three times. The

bug-vac was used over each quadrat for 2 minutes

and was kept close to the ground whilst moving in a

back and forth motion. Once the two minutes were

finished the contents of the bug-vac were emptied

into a sweep net and sorted. Specimens were

identified in the field were possible and then

released. Anything that could not be identified in

the field was preserved in 70% ethanol to be

identified later. Sweep netting was conducted over

transects, with the net being swept at intervals of 5-

10 metres. Again specimens that could be identified

in the field were released, with the remainder

identified later.

Light traps were set up between 9 th July 2015

andl8 th September 2015, for a total of seven

evenings. Three traps were set out every session,

alternating between nine sites in total. Light

trapping was conducted using a rigid portable trap,

with a battery powered 6W actinic bulb. A
photographic record of all species observed in light

traps was taken to aid identification.

RESULTS
A specimen of bordered brown lacewing was

collected on the 30 th June 2015 by sweep netting an

area covered in wood sage on a rocky slope near tbe

summit of Arthur’s Seat, (NT 27527288). This was
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the only specimen that was collected over the whole

surveying period, and no other species of lacewing

were recorded during the survey.

A total of 123 invertebrate species were recorded

over the surveying period, split between 12 insect

and other invertebrate orders (Table 1). Of these,

100 were new records for Holyrood Park.

Lepidoptera were the most commonly recorded

order with a total of 48 new species, with the

remaining 52 new species split between 11 insect

and other invertebrate orders. 9 species recorded

during the surveys are new records for the vice

county of Midlothian (VC83) (Table 2). Some of

these have been recorded in neighbouring vice-

county areas, while others have more distant

records. There were a further 11 species discovered

that are on the Scottish Biodiversity List. (Table 3).

Order Number of Species

Lepidoptera (butterflies and

wasps)

62

Hymenoptera (bees, wasps

and ants)

11

Diptera (true flies) 10

Hemiptera (true bugs) 11

Coleoptera (beetles) 14

Neuroptera (lacewing) 1

Collembola (springtails) 1

Trichoptera (caddisflies) 1

Orthoptera (grasshoppers) 2

Dermaptera (earwigs) 1

Aranaea (spiders) 7

Opiliones (harvestmen) 2

Table 1. The number of species recorded in each

invertebrate order.

Order Species Grid Reference Date Notes

Hymenoptera Gonatopus bicolor

(Haliday, 1828)

NT27047348 29/07/2015 Female. Only previous record

in Scotland was from Gretna

in 1937.

Hemiptera Kleidocerys ericae NT27847306 03/07/2015 Records from Highlands, and

(Horvath, 1908) NT27787364 28/08/2015 Cumbria.

Hemiptera Dicranotropis

hamata

(Boheman, 1847)

NT27047348 29/07/2015 Nearest records from

Stirlingshire, but other than

that no other records from

central belt (other records

from Highlands and North

East England).

Hemiptera Javesella discolor

(Boheman, 1847)

NT27347275 25/06/2015 Closest record from England-

Scotland Border in the

Borders.

Diptera Urophora jaceana

(Hering, 1935)

NT271 17289 23/06/2015 Has been found in

neighbouring vice-county

East Lothian (VC82).

In vicinity of Common
knapweed (Centaurea nigra )

its larval host plant.

Diptera Tachina fera

(L. 1761)

NT268735 02/09/2015 Has been found in

neighbouring vice-county

East Lothian (VC82).

Coleoptera Syntomus

truncatellus

(L. 1761)

NT27457339 09/09/2015 Only one previous record in

Scotland, on Isle of May from

1970.

Coleoptera Hadroplontus

litura

(Fabricius 1775)

NT267729 07/09/2015 Previous records in Scotland

from Ardeer, Ayrshire, also

found in North East England.

Casual observation on

Creeping thistle (Cirsium

arvense).

Lepidoptera Standfussiana

lucernea (L. 1758)

NT27527288 Records from neighbouring

vice-counties East Lothian

(VC82) and West Lothian

(VC84).

Table 2. Showing new species records for vice county area (VC83) based on records held in the National Biodiversity

Network (NBN) database, the Scottish Invertebrate Records Index (SI RI) database, and consultation of local vice county moth

recorder. Notes detail where nearest records are found, as well as other observations.
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Species Scottish Biodiversity List Reason

Amphipyra tragopoginis (Clerck 1759) UKBAP, >25% Scottish Decline

Diarsia rubi (Vieweg 1790) UKBAP
Ecliptopera silaceata (Denis & Schiffermtiller 1775) UKBAP
Eugnorisma glareosa (Esper 1788) UKBAP, >25% Scottish Decline

Euxoa nigricans (L. 1761) UKBAP
Hoplodrina blanda (Denis & Schiffermtiller 1775) UKBAP
Melanchra pisi (L. 1758) UKBAP, >25% Scottish Decline

Mesoligia literosa (Haworth 1809) UKBAP, >25% Scottish Decline

Tyria jacobaeae (L. 1758) UKBAP
Megalomus hirtus (L. 1761) Rare in UK, Rare in Scotland

Colletes daviesanus (Smith, F. 1846) Rare in Scotland

Table 3. Showing species discovered that are on Scottish Biodiversity List, and reasons as to why they are listed. UKBAP=
United Kingdom Biodiversity Action Plan. Rare in UK= recorded in fewer than 16 10km squares. Rare in Scotland= recorded

in fewer than 6 10km squares.

DISCUSSION

The discovery of the bordered brown lacewing

confirms that it is still extant in the UK. There is still

uncertainty about the extent of this population and

ecological requirements. The one specimen caught

may represent low population levels, or it may
suggest that the surveying period took place

towards the end of the flight season. Its discovery

on a rocky slope with wood sage supports previous

ecological associations (Littlewood, 2013; Plant,

1997). However, with only one specimen found

during the study it is not possible to conclusively

support this association. The poor weather during

the study period may have contributed to the lack of

specimens found, of this species, and of other

lacewing species. There is a clear need to take

forward this work and there are plans to continue

survey work in Holyrood Park, conducted by the

ranger service. Other sites with historic records

such as Blackford Hill, Edinburgh, would also

benefit from being resurveyed.

A total of 100 new species of invertebrate were
recorded for Holyrood Park, 12 of which are new
records for the vice-county, and a further 11 of

which are on the Scottish Biodiversity List. This

partly reflects the fact that there have been few

invertebrate surveys conducted in Holyrood Park.

Additionally the records that are new for the vice-

county area are mostly from insect and other

invertebrate orders that are under recorded

(Hymenoptera, Hemiptera, Coleoptera and Diptera).

This means that it is difficult to discern whether

these new records are as a result of an expanding

distribution, or due to under recording. This

increase in invertebrate records highlights the

importance of Holyrood Park for invertebrate

biodiversity in a built-up urban area.

All collected specimens are stored at the Buglife

Scotland office, Stirling. Copies of the report

(including a full species list) written as a result of

this project can be viewed at the Buglife website

www.buglife.org.uk .
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ABSTRACT
A beetle survey of the Grey Hill/Pinbain section of

the Lendalfoot Hills Complex SAC was carried out

using pitfall trapping, sweeping and general

searching. This has established that the area

supports a number of interesting Coleoptera,

especially in the Pinbain Burn area. These include

the Nationally Scarce species Amara equestris

(Duftschmid, 1812) and Barynotus squamosus

Germar, 1824. Previously unpublished records of

the aquatic Coleoptera of the area are also included

although this survey did not sample the aquatic

environment.

INTRODUCTION
The Grey Hill Reserve is a Site of Special Scientific

Interest (SSSI) and is part of a composite Special

Area of Conservation (SAC) in South Ayrshire

(Fig.l). The Lendalfoot Hills Complex SAC consists

of 4 sites extending to 1308ha which are underlain

by serpentine and ultrabasic rocks which are rich in

iron and magnesium (Stone, P. ed. 1996).

Serpentinite rocks are scarce in Britain and their

extent here has allowed a range of related

vegetation types to develop over a significant

altitudinal range. These include species-rich

grassland, base-rich fen, dry and wet heath, quaking

mire and open water (SNH Accessed 18/9/2016).

Grey Hill is a Scottish Wildlife Trust reserve and is

the largest section of the SAC at 522ha. This extends

from the coast at the Pinbain Burn (outwith the

SWT reserve) to the top of Grey Hill itself at 297m.

In order to give a more accurate picture of the

species present across a wider altitudinal range the

Pinbain Burn area was included in the survey as it is

contiguous with the reserve. The Trust has

managed the reserve since 1990 but there has been

little invertebrate survey work on Grey Hill itself.

There are water beetle records (Foster pers.comm.)

from the 1980s and 1990s for Loch Lochton, which

is on the south east boundary of the site, and also

the Pinbain Burn (Appendix 3). In addition the

Pinbain Burn area is well known to lepidopterists.

Most descriptions of these serpentinite grasslands

focus on the unusual vegetation with little

information on the associated invertebrates. In

order to somewhat redress the balance a survey of

the terrestrial beetles of the area was planned for

2016. No attempt was made to replicate Garth

Foster's earlier work on the aquatic species.

Fig. 1. Lendalfoot Hills Complex SAC. © Crown copyright

and database rights [2015] Ordnance Survey 100017908.

METHODS
The survey was geared around pitfall trapping with

some associated sweeping and general searching.

The placement of the pitfall traps was intended to

sample representative vegetation communities

however the site was large and the vegetation is

complex with a mosaic of different types making

site selection difficult. Using information from

previous vegetation surveys of Grey Hill (SWT

2008) four lines of traps were set out on the Grey

Hill Reserve with one other being placed near to the

Pinbain Burn (Fig.2).

The vegetation on Grey Hill is a complex mosaic of

communities and this is reflected in Table 1. This

lists the vegetation communities sampled although

these do not include all the vegetation types

present. For example it does not include wet heath,

but the communities sampled were limited in

number to make the sampling effort manageable.
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Fig. 2. Trapping sites, numbered GH1-4. © Crown copyright and database rights [2015] Ordnance Survey 100017908.

Trap line Community description

GH1 (NX159924) Polytrichum sp. edge to a spring on the summit ridge

GH2 (NX160923) Montane grassland below summit ridge.

NVC communities H10/CG10 (Calluna vulgaris - Erica cinerea

heath/Festuca ovina - Agrostis capillaris - Thymus praecox grassland)

GH3 (NX169930) Flushed area below steep slope.

NVC community M10 (Carex dioica - Pinguicula vulgaris mire)

GH4 (NX177938) Grassland mosaic showing some improvement.

NVC communities U5/U4/CG10 [Nardus stricta - Galium saxatile

grassland/Festuca ovina - Agrostis capillaris - Galium saxatile

grassland/Agrostis capillaris - Thymus praecox grassland)

PB (NX138913) Calcicolous grassland

NVC community CG10 (Agrostis capillaries - Thymus praecox

grassland)

Table 1. Vegetation communities sampled (SWT 2008, Rodwell 1991 and 1992],

However it was felt that they encompassed the

communities that were most likely to be influenced

by the underlying base-rich rock either through a

shallow, mineral soil or from upwelling ground

water.

The traps were plastic half pint beer ‘glasses’ which

had a small amount of propylene glycol in the

bottom. The original intention was to have five

traps in each line at two metre spacing but this had

to be modified because of the difficulties in digging

the holes in thin soil or very ‘rooty’ vegetation.

Where conditions were too difficult only four traps

were placed (GH3 and PB). The traps were set up in

April and checked roughly once a month until the

end of August as this was when the beetles were

most likely to be active and a representative

selection of species would be caught.

Trap line GH1 was placed near a pool in April when
the weather had been fairly dry but with a wet

summer there were issues with some of the traps

being flooded and one trap was removed in June.

The area where trap line GH4 was placed had a

more improved vegetation cover and consequently

had a greater grazing pressure. At the end of June all
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of the traps had been trampled and broken by sheep

so the whole trap line was removed.

The beetles were identified by the author using a

range of standard keys (e.g. Duff 2012 and 2016,

Lott and Anderson 2011 and joy 1976 rep.).

Voucher specimens of any uncommon species were

retained by the author.

The assessment of species status was derived from

a variety of sources including the National

Biodiversity Network (NBN), the designations

spreadsheet of the Joint Nature Conservation

Committee (JNCC), comparison with records from

the Glasgow Museum Biological Records Centre, the

database of the Ayrshire Scottish Wildlife Trust and

the author's personal database.

RESULTS
A total of 110 species were identified from the

pitfall traps with another 19 species from sweeping

and genera! searching (Appendix 1 and Appendix

2). Appendix 1 also shows which species were

caught in each of the lines of pitfall traps.

The results of previous surveys of the aquatic

beetles of the Pinbain Burn and Loch Lochton are

given in Appendix 3 for completeness.

The number of species caught in each trap line

varied considerably (Table 2) although it must be

remembered that the number of traps varied

depending on ground conditions and that the traps

at GH4 were lifted at the end of June.

As would be expected the number of individuals

caught also varied between the different trap lines

and between the months (Table 3). It is noticeable

that the two trap lines set in the driest ground (GH2

and PB) caught the largest numbers.

In order to take account of the differences in the

number of traps per line and the changes in trap

numbers that took place during the season Table 4

presents the figures as the average number of

beetles caught per individual trap.

As can be seen from Appendix 1 a high proportion

of the species caught were only caught in one trap

line (Table 5) although they may have been caught

more than once in that line. Five of the six species

caught in all five trap lines were the large carabids

[Carabus problematicus Herbst, 1786, Abax

parallelepipedus (Piler and Mitterpacher, 1883),

Pterostichus madidus (Fabricius, 1775), Pterostichus

niger (Schaller, 1783) and Pterostichus rhaeticus

Heer, 1837/38) all of which are widespread and

common although the latter species occurs mainly

in the uplands. The other species was the large

staphylinid beetle Staphylinus erythropterus L. 1758

which is characteristic of damp, upland habitats.

The 75 species were not evenly distributed across

the five trap lines (Table 6). The GH1 and PB trap

lines had considerably more single species

occurrences.

It is difficult to get a clear idea of the status of many
of the beetles caught during this survey. The NBN,

the Glasgow Museums Biological Records Centre,

the JNCC Designations Spreadsheet and the Ayrshire

beetles database have provided the information

summarised in Appendix 1 and Appendix 2 but the

classifications (other than those from the JNCC
Designations Spreadsheet) were arrived at by the

author. For Appendix 3 only the JNCC status

categories are given.

DISCUSSION
Due to the upland nature of Grey Hill it is perhaps

not surprising that relatively fewer species were

caught there. Apart from any direct effect of the

weather there has been a longer term climatic effect

on the soil which has to a large extent masked the

influence of the underlying geology. This is most

pronounced in the two wetland areas, GH1 and GH3.

In terms of both the number of species caught and

the total number of individuals, and allowing for the

GH4 traps being uplifted two months early, they

were clearly poorer than the other trap lines.

However GH1 has the second highest number of

'unique' species (Table 6) which initially seems

contradictory. This can be explained by the number
of wetland species found there, for example Agabus

sturmii (Gyllenhal in Schonherr, 1808), Enochrus

ochropterus (Marsham, 1802) and the two Cyphon

species. Indeed almost all of the species found here

have a preference for damp ground.

By contrast species caught in the trap line near the

Pinbain Burn, with its generally dry and gravely soil,

are more typical of open, grassy situations. The

presence of the coast is evident with species such as

Geotrupes spiniger (Marsham, 1802) and

Otiorhynchus rugifrons (Gyllenhal, 1813) but there

are several scarce species which may also benefit

from the relatively mild, sheltered location of the

Burn as well as the generally richer flora. These

include Hoplia philcinthus (Fuessly, 1775),

Ontholestes murinus (L. 1758) and Isomira murina

(L. 1758).

It is unfortunate that trap line GH4 had to be lifted

so soon. Although the number of individuals caught

was not large Table 6 shows that, even with half the

trapping time, it had 13 species not found

elsewhere and good numbers of individuals. This

area was relatively close to the farm buildings and

was clearly favoured by the sheep as is reflected in

occurrence of the two Aphodius species.
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Trap line May June July August Total spp. caught

GH1 13 19 9 2 35

GH2 11 19 10 14 33

GH3 9 13 5 7 20

GH4 11 31 34

PB 10 27 20 18 54

Table 2. Number of species caught per trap line.

Trap line May June July August Total beetles

caught

GH1 44 56 19 2 121

GH2 65 73 59 76 273

GH3 25 96 37 28 186

GH4 11 91 102

PB 126 130 72 168 496

Overall total 271 446 187 274 1178

Table 3. Total number of beetles caught per trap line.

Trap line Total number caught Total trap events Average number caught

per trap

GH1 121 18 6.7

GH2 273 20 13.6

GH3 186 16 11.6

GH4 102 10 10.2

PB 496 16 31

Table 4. Average number of beetles caught per trap.

Occurrence in trap lines Number of species % of species

Only in 1 trap line 75 69

Only in 2 trap lines 20 18

Only in 3 trap lines 6 5.4

Only in 4 trap lines 2 1.8

In all 5 trap lines 6 5.4

Table 5. Distribution of species in trap lines.

Trap line Single species occurrences

GH1 22

GHZ 7

GH3 6

GH4 12

PB 28

Table 6. Number of single species occurrence per trap line.

Amara equesths Duftschmidt, 1812, Barynotus

squamosus Germar, 1824 and Pterostichus aethiops

(Panzer, 1796) are classed as Nationally Scarce

species (JNCC Designations Spreadsheet) but there

several more that are either local or rare in Scotland

and Ayrshire (Appendix 1 and Appendix 2). For

example in the recent review of the status of the

Scarabaeoidea (Lane and Mann 2016) it is stated

that Hoplia philanthus (Fuessly, 1775) is not found

in Scotland although it is common in much of

England and Wales.

also found in GH2 which was on the dry grassland

near the summit of Grey Hill. The better drainage

and the influence of the underlying geology may
have been important factors here but no doubt for

the Pinbain Burn area the shelter provided in the

south west facing valley and the proximity of the

coast have also been important.

Another indication of the significance of the area is

seen in the historic records for Loch Lochton and

the Pinbain Burn (Foster pers.com.). These date

back to the 1980s and 1990s and include two Red

Data Book and one Nationally Scarce species. ThereIt is noticeable that most of these scarce species are

found in the Pinbain Burn area with a lesser number
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would be some value in resurveying the aquatic

beetles.

CONCLUSIONS
Although the SSSI and SAC have been notified for

the geology and the vegetation that it supports it

would appear that the beetles, and perhaps other

invertebrate groups, are also of some significance.

Many of the species found on Grey Hill itself are

fairly typical of upland habitats in Ayrshire but

there are some that suggest variety that may reflect

the geology.

The Pinbain Burn is clearly different from the

upland areas with a number of less common
species. This is no doubt a reflection of better

drainage as well as the geology but the location of

the Burn is surely also a factor. Species such as

Hoplia philanthus (Fuessly, 1775), Derocrepis rufipes

(L, 1758), Otiorhynchus ligneus (Oliver, 1807) and

Ceutorhynchus pallidactylus (Marsham, 1802) are all

local species reaching their northern limits and the

microclimate in the sheltered valley may well be

important.

It is difficult to draw any conclusions about the

influence of the current management on the beetle

fauna. On Grey Hill itself the regime of sheep grazing

is designed to maintain the vegetation communities.

It should be noted that the areas of greatest interest

for the beetles are likely to be the better drained

slopes and the semi-improved grazing nearer to the

farm which appear to lie within the species-rich

Nardus grassland mosaic identified in the SWT
Management Plan. These areas currently seem to be

suitable for the beetles and are not becoming too

overgrown.

The Pinbain Burn is not subject to any intensive

management and its steep slopes and shallow,

coarse soil support a rich and diverse flora. This is

clearly of benefit to the beetle fauna. Any form of

intensive management, in particular heavy grazing

would pose a considerable threat to this fragile

area.

While the SSSI and SAC designations primarily

relate to the site's geology and its vegetation this

survey suggests that the beetle fauna is also of

considerable interest. No doubt surveys for other

invertebrate groups would also yield interesting

results.
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Appendix 1 . Species recorded in pitfall traps in 2016.

Species Status GH1 GHZ GH3 GH4 PB Frequency

Abax parallelepipedus C X X X X X 5

Aclypea opaca L X 1

Agabus bipustulatus C X 1

Agabus sturmii C X 1

Agonum fuliginosum C X 1

Agonum gracile C X 1

Agriotes lineatus L X 1

Agriotes obscurus C X X 2

Altica oleracea L X 1

Amara aenea C X 1

Amara equestris NS X 1

Amara eurynota L X 1

Amara lunicollis C X X 2

Anacaena globulus C X 1

Anthobium atrocephalum X X 2

Anthobium unicolor X X 2

Aphodius ater C X 1

Aphodius fimetarius C X 1

Aplotarsus incanus C X 1

Athous haemorrhoidalis C X 1

Barynotus squamosus Nb X X 2

Bembidion tibiale C X 1

Bembidion mannerheimii C X 1

Bolitobius cingulatus L X 1

Bradycellus harpalinus C X 1

Calathusfuscipes C X X X X 3

Calathus melanocephalus C X X 2

Calathus rotundicollis C X 1

Cantharis nigricans C X 1

Carabus granulatus L X X X 3

Carabus problematicus C X X X X X 5

Carabus violaceus C X X X 3

Cercyon lateralis C X 1

Coelostoma orbiculare C X 1

Ctenicera cuprea c X X 2

Cychrus carabaides c X 1

Cyphon padi c X 1

Cyphon variabilis c X 1

Dalopius marginatus c X 1

Dascillus cervinus c X 1

Derocrepis rufipes L X 1

Drusilla canaliculate L X 1

Dryops luridus C X 1

Enochrus ochropterus L X 1

Geotrupes spiniger L X 1

Graptus triguttatus L X 1

Harpalus latus C X X 2

Helophorus brevipalpis C X 1

Hoplia philanthus R X 1

Hydrobinsfuscipes C X X 2

Hypera plantaginis L X 1
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Hypnoidus riparius

Ischnosoma longicorne

Isomira murina

Lathrobium brunnipes

Leistus fulvibarbis

Leistus terminatus

Lochmea suturalis

Loricera pilicornis

Mycetoporus angularis

Nebria brevicollis

Nicrophorus humator

Nicrophorus vespillo

Nicrophorus vespilloides

Notiophilus biguttatus

Notiophilus germinyi

Ocypus aeneocephalus

Ocypus olens

Oiceoptoma thoracicum

Olisthopus rotundatus

Olophrum piceum

Ontholestes murinus

Otiorhynchus ligneus

Otiorhynchus rugifrons

Otiorhynchus rugostriatus

Othius punctulatus

Pella limbata

PhiIonthus cognatus

Philonthus marginatus

Plateumaris discolor

Platydracus stercorarius

Poecilus versicolor

Prosternon tesselatum

Pterostichus aethiops

Pterostichus diligens

Pterostichus madidus

Pterostichus melanarius

Pterostichus niger

Pterostichus rhaeticus

Pterostichus strenuus

Quedius curtipennis

Quedius maurorufus

Reichenbachia juncorum

Rhagonycha limbata

Sciaphilus asperatus

Sciodrepoides watsoni

Selatosomus aeneus

Sepedophilus nigripennis

Serica brunnea

Silpha atrata

Staphylinus erythropterus

Stenus bifoveolatus

Stenus pallipes

Strophosoma melanogrammu

m
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XTachinus marginellus

Tachyporus chrysomelinus

Tasgius melanarius

Xantholinus linearis

C

C

L

C

X XX
X X

X X

1

3

2

2

Appendix 2. Species recorded by hand/general searching in 2016.

Species Status Location

Acidota crenata L GH

Aphodius prodromus L GH

Aphidecta obliterata C GH

Cercyon melanocephalus C GH

Cercyon impressus C GH

Ceutorhynchus pallidactylus L GH

Ceutorhynchus cochleariae L GH

Bembidion tetracolum C PB

Cantharis rustica C PB

Derocrepis rufipes L PB

Eutrichapion ervi C PB

Gastrophysa polygoni L PB

Hydrocyphon deflexicollis L PB

Neocrepidodera transversa C PB

Paranchus albipes C PB

Phyllobius viridicollis L PB

Protapion assimile C PB

Rhagonycha fulva C PB

Rhyzobius litura L PB

C=Common L= Local R=Rare

Appendix 3. Aquatic beetles previously recorded at Pinbain Burn and Loch Lochton.

Taxon Site Last Recorded Status

Agabus affinis LL 1988

Agabus bipustulatus PB, LL 1990

Agabus congener LL 1988

Agabus paludosus PB, LL 1990

Anacaena globulus PB, LL 2008

Anacaena lutescens LL 1988

Coelostoma orbiculare PB, LL 1989

Colymbetesfuscus LL 1988

Dryops luridus PB 1994

Dytiscus semisulcatus PB 1990

Elmis aenea PB 2008

Enicocerus exsculptus PB 1983

Enochrus coarctatus LL 1988

Enochrusfuscipennis LL 1988

Enochrus ochropterus PB 1985

Esolus parallelepipedus PB 2008

Gyrinus marinas LL 1988

Gyrinus substriatus PB 1990

Haliplus flavicollis LL 1988

Haliplus lineatocollis PB 2008

Helophorus aequalis PB 1990

Helophorus brevipalpis PB, LL 1990

Helophorus flavipes LL 1988
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Helophorus grandis

Helophorus obscurus

Hydraena britteni

Hydraena gracilis

Hydraena minutissima

Hydraena nigrita

Hydraena pulchella

Hydrobius fuscipes

Hydroporus discretus

Hydroporus erythrocephalus

Hydroporus gyllenhalii

Hydroporus incognitus

Hydroporus longicornis

Hydroporus longulus

Hydroporus memnonius

Hydroporus nigrita

Hydroporus obscurus

Hydroporus palustris

Hydroporus pubescens

Hydroporus striola

Hydroporus tristis

Hydroporus umbrosus

Hydrothassa glabra

Ilybiusfuliginosus

Laccobius bipunctatus

Laccobius striatulus

Laccobiusytenensis

Limnebius nitidus

Limnebius truncatellus

Limnius volckmari

Nebrioporus elegans

Ocbthebius bicolon

Ochtbebius dilatatus

Oreodytes sanmarkii

Oreodytes septentrionalis

Oulimnius tuberculatus

Plateumaris sericea

Rhantus exsoletus

Stictotarsus duodecimpustulatus

PB, LL 1990

PB 1990

PB, LL 1989

PB 1990

PB 1990

PB 1990

PB 1990

PB, LL 1989

PB, LL 1990

LL 1988

LL 1988

PB 1990

LL 1988

PB 1989

PB, LL 1990

PB, LL 1989

LL 1988

LL 1988

LL 1988

LL 1988

LL 1988

LL 1988

PB 1990

PB 1990

PB, LL 1990

PB 1983

PB 1990

PB 1990

PB, LL 1990

PB 1990

PB 2008

PB 1990

PB 1990

PB 1994

PB 1990

PB 2008

PB 1989

LL 1988

PB 1994

PB: Pinbain Burn. LL: Loch Lochton NS - Nationally Scarce (found in 16-100 hectads)

RDBVU - Red Data Book Vulnerable RDBNT - Red Data Book Near Threatened

RDBVU

RDB NT
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ABSTRACT
The channel systems of the River Kelvin, a major

tributary of the River Clyde in the Central Lowlands

of Scotland, have been anthropogenically altered

and manipulated for more than two centuries. The

main stem of the river, which stretches from Kilsyth

to Glasgow, and its tributaries have been subject to

flood management schemes and changes in

catchment land use, which have generally adversely

affected river flow regime and biodiversity.

Understanding the history of the Kelvin system, and

the physical adjustments that have been made to it,

is crucial to the success of targeted attempts at

restoration of the river. Using a geographical

information system (GIS) historical and current

maps were analysed to determine the total loss of

channel length since the mid-18th century, and to

provide insight into the hydrology of the river prior

to any changes. A total of 90 km (23%) of river

length was lost from the Kelvin catchment between

1752 and 2010, primarily due to the channelisation

of sections before 1856. Baseline information

provided by this study on the natural course of the

river and its tributaries, and subsequent

anthropogenic changes, in conjunction with

appropriate water chemistry, land use and

biological data can help identify high priority areas

for future programmes of river restoration.

INTRODUCTION
Anthropogenic alterations to rivers have benefited

human communities for centuries, allowing people

to harness the power of water, providing travel

routes, and aiding both commercial and agricultural

advances (Grabowski et al., 2014; Wohl et al., 2015).

In the United Kingdom, river catchments have been

altered extensively for land drainage and flood

defence purposes. These sometimes-severe

alterations to river channel systems often degrade

water quality and ecosystem resources, resulting in

unproductive rivers supporting impaired biological

communities (Helfield et al., 2012; Grabowski et al.,

2014). Environmental problems associated with

heavily modified river catchments include

biodiversity and habitat loss, increased bank

erosion, the spread of invasive species, and

pollution (Simpson et al., 2014; Gallardo et al., 2015;

Gothe et al., 2015). These factors negatively impact

resident aquatic organisms and may also affect

riparian communities relying on the river system.

The repercussions of these modifications have been

recognised recently and river restoration projects

that seek to improve freshwater habitats,

biodiversity, and "healthy” water quality have

become popular throughout the UK (Newson and

Large, 2006; SEPA, 2007; Hall 2010).

The River Kelvin, a tributary of the River Clyde in

central Scotland, is a candidate river system for

active management in order to restore its

productivity and biodiversity. The catchment of the

Kelvin (Figs. 1, 2) comprises tributaries such as the

Glazert, Luggie, and Allander Waters, as well as a

number of smaller streams. Due to the shallow

gradient of the river and its location in a low-lying

valley, the Kelvin was originally prone to flooding of

surrounding farmland and villages during periods

of heavy precipitation (Gardiner & Armstrong,

1996; Matheson, 2000). In an attempt to prevent

this, the river underwent extensive man-made

alterations, beginning in the 1700’s, and as a result,

the present-day course of the River Kelvin and

many of its tributaries share few similarities with

the historically meandering natural course of the

river.

Historically, this river system has been vital to the

human communities living within its catchment,

and changes to the river system were key to the

development and economic prosperity of the area

from the 18th century onwards (Matheson, 2000).

Weirs and dams were built along the length of the

river in order to power mills, chemical works,

shipbuilders, and paper and flint manufacturing

companies relied on the Kelvin as a source of water,

as well as for the disposal of their waste waters.

Today the Kelvin and its tributaries pass through

villages, towns, and the city of Glasgow, as well as
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agricultural areas that are a source of diffuse

pollution into the river (SEPA, 2007).

Fig. 1. Map of Scotland with the Clyde catchment (pink) and the Kelvin catchment (blue), (map provided by the

Clyde River Foundation, 2013).

Allander

Kelvin

Glazert
Kilsyth Tributaries

Board Burn

Luggie

0 2 500 5 000 10.000 Mcfen

Fig. 2. Seven sections of the Kelvin catchment that were examined individually to determine channel length loss

(from 2010 Ordnance Survey map).
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The historical and current anthropogenic impacts

on the River Kelvin have resulted in a catchment

system with numerous environmental problems.

These include reduced biodiversity, increased bank

erosion and suspended sediment issues, and

proliferation of invasive populations of non-native

bankside plants (particularly Japanese knotweed,

Fallopia japonica; giant hogweed, Heracleum

mantegazzianum; and Himalayan balsam, Impatiens

glandulifera). Runoff pollution from both urban and

agricultural areas within the catchment continues to

impact the Kelvin, however, the construction of the

Kelvin sewerage system in the 1980's has

successfully eliminated major point-source

pollution from entering the river (McColl et al.,

2009, McColl et ah, 2011). The channelisation of the

river bed also removed many of the historic fish

spawning grounds in the main stem of the river

(McColl et ah, 2011 ), although the return of

salmonid populations (both trout, Salmo trutta, and

salmon, Salmo salar) to the Kelvin in recent years

indicates a significant degree of recovery from

pollution (Gardiner & Armstrong, 1996).

Understanding the channel structure of the pre-

development catchment, as well as subsequent

alterations, and current characteristics of the

system, will assist river ecosystem restoration

(Palmer et ah, 2005; Downs et ah, 2011; Hammond
et ah, 2011). A baseline survey of the Kelvin

catchment is therefore an important precursor to

any potential restoration projects undertaken in the

system. Extensive information is available on

contemporary water and habitat quality, fish

communities, and invasive, non-native species

within the Kelvin system (McColl et ah, 2009; McColl

et ah, 2011; Clyde River Foundation, 2013) but

historical records are comparatively rare.

The purpose of this study was to reconstruct a

historical baseline of channel networks in the Kelvin

catchment and to quantify the degree and location

of change between the original course of the rivers

and their current state, in order to inform future

restoration plans for streams within the River

Kelvin catchment.

MATERIALS & METHODS
Maps

Two sets of historical and one set of contemporary

maps were examined to describe and quantify the

original course and length of the river system, and

subsequent anthropogenic change.

The earliest detailed map of the study area was

produced by the Roy Military Survey of the Scottish

Lowlands, undertaken between 1752 and 1755 by a

team of cartographers led by Major-General William

Roy (Hodson, 2007). This map (produced at a scale

of approximately 1:36000) was primarily for

military use, and was developed around the

accurate measurements of features such as roads

and rivers that could provide more exact directions

for troops of soldiers moving through the

countryside; mountains and towns were sketched

or copied less accurately from existing maps (Fleet

& Kowal, 2007). Fleet and Kowal (2007) do discuss

in their research that the measurements of the Roy

Map would not be as precise as measurements

taken with present day technology, but given that

rivers were important features in the landscape,

and were therefore likely to have been surveyed as

accurately as possible in the 1750’s, the Roy Map
probably provides an acceptably-accurate

representation of the Kelvin catchment in the latter

half of the 18th century. The Kelvin catchment is

largely covered by British Library image sheets for

the Roy Map of Lowland Scotland coded C.9.b: 5/6a,

5/6b, 5/6c, 5/7c, 5/7b, 5/7d, 5/7f, 15/4f, 15/5a,

15/5d, 15/5e (with smaller stretches of upper

catchment streams on other, surrounding image

sheets).

The second map series used was the First Edition of

the Ordnance Survey (Sheets 30, 31, 38, 39; 1:63360

scale), created between 1856 and 1891. This map
provides a view of the Kelvin catchment around a

century after the Roy Map had been completed.

Both of these historical maps were compared

against the 2010 Ordnance Survey map (Sheet 64;

1:50000 scale) of the catchment, to establish the

degree of change that had occurred within the river,

and how much channel length had been lost since

the 18th Century.

The amount of change in the Kelvin channel system

was quantified by measuring the river length lost

over the past 250 years using ArcGIS 9.2 spatial

analysis software (www.esri.com). The digital copy

of the Roy Survey map was not geo-referenced, so it

was manually adjusted to the British National Grid

(BNG) coordinate reference system. This was done

by locating a set of readily-identifiable features that

could be found on both the historic and modern

maps to act as spatial references, and using their

current coordinates as geo-reference points for the

Roy Map. This ensured that all three maps would

accurately line up with one another. Because the

Roy Map is divided into small areas over several

image sheets, lining up spatial references between

historic and modern maps resulted in little to no

stretching between points over the historical Kelvin

catchment depiction, particularly in the sections

depicting the main channel of the river. This would

suggest that the original measurements of the Roy

Map were accurate and therefore comparable to

modern maps today.

Shapefiles were created by tracing the course of the

Kelvin and its tributaries on all three maps. Some
spatial issues arose with the individual images of

the Roy map sheets covering the catchment, where

smaller streams often did not match up precisely

between the individual sheets. To compensate for
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these "missing” sections of river, the ArcGIS editing

tool was used to connect the features together using

a straight line, allowing one large shapefile to be

created to represent the catchment. Unfortunately,

by filling in the "missing" sections of the river using

straight lines, an underestimation of the total length

of burns in that area would have occurred due of the

lack representation of the natural meanders.

However, it was thought that this was the most

efficient, albeit conservative, way to demonstrate

the change in channel length over time.

Another problem found using the 2010 Ordnance

Survey map, which was by far the most detailed

map, was that it showed smaller streams and

tributaries that were not present on the older maps.

These smaller streams were probably overlooked

by previous cartographers because they considered

them insignificant, or because they lacked the

methods to map them. To avoid problems with this

issue, several small streams found on the 2010 map
that were not present on the earlier maps were

deleted from the shapefile.

It was also noted that several small streams in the

2010 map were longer than previously reported in

the historical maps, most likely because of similar

decisions made by cartographers to exclude

sections of small burns that they considered

irrelevant. In order to correct this oversight, the

identified streams on the 2010 map were clipped

using the editing tool at the upstream section where

the historical map’s streams ended to ensure that

the lengths were compatible.

Once the channel system present on each map had

been digitised and converted into shapefiles, total

channel length was measured, within each of seven

sub-sections making up the total catchment: Kelvin

(main channel); Allander; Mid-Kelvin Tributaries;

Glazert; Luggie; Board Burn; and Kilsyth Tributaries

(Fig. 2).

Change in channel length

Channel length of the entire catchment, and within

each of the seven individual sub-sections, was
compared between maps of:

(a) the Roy Lowland Scotland Survey (1752-1755)

and the 1st Edition Ordnance Survey (1856-1891);

(b) the 1st Edition Ordnance Survey (1856-1891)

and the 2010 Ordnance Survey; and

(c) the Roy Survey (1752-1755) and the 2010

Ordnance Survey.

The difference in channel length (km), and

percentage of channel length change was recorded

between each pair of maps, as well as the rate of

loss (km/year) between the successive publication

dates.

RESULTS
Channel length

Because of the spatial inconsistencies present in the

Roy Survey (1752-1755), two different values were

calculated for the channel lengths to account for the

"missing” sections of the Kelvin catchment. The total

channel length unaccounted for in the map was 4.6

km or 1% of the total. The area affected most by

spatial inconsistencies was the Kilsyth Tributaries

section, where 2.7 km, or an estimated 4% of the

total channel length of 71.2 km in that section was

"missing". The total 18th Century channel length

including the "missing" sections was 397.5 km (total

channel length without the "missing" sections was

392.9 km), compared with a 19th Century length of

327.6 km, and a length in 2010 of 307.4 km (Table

!)

Roy OS OS Total % lost Rate of loss

(1752) (1856) Modern length (1752-2010)

(km) (km) (2010) lost (km/ year)

(km) (km)

Whole Catchment 397.47 327.56 307.38 90.09 22.67 0.35

Allander 67.97 56.50 55.96 12.01 17.67 0.05

Mid-Kelvin

Tributaries
41.30 34.39 33.96 7.34 17.78 0.03

Glazert 57.70 51.75 45.35 12.36 21.42 0.05

Kilsyth Tributaries 71.22 66.41 58.08 13.14 18.44 0.05

Luggie 82.71 71.82 66.69 16.02 19.37 0.06

Kelvin 58.75 38.84 38.39 20.36 34.65 0.08

Board Burn 13.48 7.76 8.58 4.91 36.38 0.02

Table 1. Comparison of the Kelvin catchment (whole-channel network and subsections: see Fig. 2) channel

lengths (km), between Roy Military Survey (1752-1755), 1 st edition Ordnance Survey (1856-1891), and modern

Ordnance Survey (2010) maps. Channel lengths recorded for the Roy Survey include the "missing" sections of the

Kelvin catchment that were drawn in during the creation of shapefiles.
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Channel losses

When comparing channel lengths between the Roy

Survey and the 1st edition Ordnance Survey, the

values used from the Roy Survey included the

"missing” segments. During the 120 years between

the median dates of publication of the two maps,

69.9 km, or 18%, of the Kelvin catchment channel

length was lost (Table 1). Most of that loss occurred

in the main stem of the River Kelvin, with the

channel length declining from 58.8 km to 38.8 km,

equal to a loss of 34% of its total length. The Board

Burn also saw a large decline, losing 43% of its

channel length.

The results of the comparison of the two Ordnance

Surveys maps (with median publication dates

separated by 127 years), demonstrated that while

channel alterations were still occurring within the

Kelvin catchment between the 19th and 21st

Centuries, the overall loss of channel length was

much smaller than it was between the 18th and

19th Centuries. Over the more recent period, the

total catchment lost 20.2 km, or 6% of its channel

length, and the majority of this loss occurred within

the Kilsyth Tributaries section, with a loss of 8.3 km,

or 13% of their length (Table 1).

By comparing the Roy Survey and the 2010

Ordnance survey, the total channel length lost in the

entire Kelvin catchment was calculated to be 90.1

km, or 23%, since the 1750s (. 3; Table 1). Most of

this loss occurred in the main stem of the River

Kelvin, with its channel length (in 1752 - 1755) of

58.8 km shrinking to 20.4 km, a loss of 35%, by

2010. The Board Burn also suffered substantial

changes, losing 36% of its total length and

decreasing from 13.5 km to 8.6 km, over this period.

Rate of loss

The rate of channel loss was examined between

median map publication dates. When the Roy

Military Survey (1752-1755) was compared to the

1st edition Ordnance Survey (1856-1891), the

average loss rate was 0.6 km/year throughout the

catchment (Table I). When the 1st edition Ordnance

Survey (1856-1891) was compared with the

current Ordnance Survey (2010), the rate of

channel loss had declined to 0.1 km/year. Finally,

the overall rate of channel loss in the Kelvin

catchment was determined by comparing the Roy

Survey (1752-1755) to the current Ordnance

Survey (2010). This showed that over the full

period of the study, the channels of the Kelvin

system decreased in length by an average of 0.35

km/year.

DISCUSSION
By examining the earliest existing detailed map of

the Kelvin catchment, a general outline of the

natural course of the river can be broadly

determined, prior to the major changes made to its

course from the latter part of the 18th century

onwards. Although there are some mapping

inconsistencies within the Roy Survey map, it does

appear to provide a reasonably accurate

representation of the course of the Kelvin and its

tributaries before major channelisation began in the

catchment (Gardiner & Armstrong, 1996; Fleet &
Kowal, 2007).

Comparison of the Roy Survey with the 1st edition

Ordnance Survey highlighted the straightening of

the main stem of the River Kelvin prior to the mid-

1800s. These adjustments were made to manage

flooding, create more available farmland, and

provide water supply to the new Forth and Clyde

Canal, for example from the Bothlin Burn

(Matheson, 2000; Ross et ah, 1986). In future

research, a closer investigation could focus on the

driving forces behind specific changes in different

sections of the Kelvin catchment, providing more

insight into the overall alterations that occurred.

With the majority of the main stem of the river

straightened, modifications were subsequently

made to the tributaries, such as the Luggie and the

Glazert, though these had less impact on total

channel loss. Overall however, the present course of

the Kelvin is very different to that in the 18th and

19th centuries, with loss of natural meanders being

the main observed channel feature reduction. The

detailed results of the study show where these

changes occurred, and can be used to identify

reaches of the river system and its tributaries where

appropriate re-wilding or other restoration

measures might best be implemented.

It is not possible to restore the Kelvin catchment

channel system to its original length and course

because of the extent of urban and other

infrastructure development along the banks. It is,

however, possible to use the results of this study to

inform restoration programmes by indicating

reaches which were formerly (for example) more

meandering, and where appropriate restoration of

the previous physical habitat might be undertaken.

Examples of such locations identified by the study

data (each comprising a 1 - 2 km stretch of channel,

with at least "Fair" water quality as defined by SEPA

(2007), and with a small amount of suitably sized

gravel substrate needed for productive salmonid

spawning habitats: McCoIl et al., 2011), include two

sites located in the main stem of the Kelvin,

between Kilsyth and Kirkintilloch, and three others

at the mouths of the Allander and the Glazert

Waters, and the Bothlin Burn (Fig. 4). Restoration

projects targeting such sections may optimise the

benefits from investment to improve the ecological

health of the channelised river ecosystems present

within the Kelvin catchment
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This paper uses a historic dataset to provide an

initial insight to the natural state of a well-known

Scottish river. However, future research could

investigate numerous other questions that arose

from this particular project, including how stream

gradient and flow rate might have influenced the

manipulation of certain segments of the river, the

driving forces behind alterations in different parts

of the catchment, and the impacts of river

restoration on the communities around it (i.e. flood

risks, aesthetic value, etc.)
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Hydrozoa) for the British Isles
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Five species of the freshwater hydroid genus Hydra

occur in Europe (Schuchert, 2010), though some of

them might be a complex of species (Martinez et al.,

2010). The five species are H. viridissima Pallas,

1766, H. circumcincta Schulze, 1914, H. oligactis

Pallas, 1766, H. vulgaris Pallas, 1766 and H. oxycnida

Schulze, 1914. The first four of these species have

been reported from the British Isles; H. oxycnida has

not (Schuchert, 2010; Knight and Johns, 2012).

In the course of a preliminary survey of the Hydra

species of the West of Scotland conducted from May
to October 2015, a number of aquatic habitats in the

Greater Glasgow Area and Isle of Mull were

examined. This was accomplished primarily by

collecting various substrates favoured by Hydra

species, such as aquatic vegetation and leaf litter.

Samples were observed in a compound microscope

with oil immersion at a magnification of xlOOO and

identifications were based on the dichotomous key

in Schuchert (2010).

Whilst in the past naturalists have used an array of

anatomical and developmental features in order to

categorise the various Hydra species, analysis of the

batteries of nematocysts (i.e. stinging cells;

collectively known as the ‘cnidome’) within the

animals’ epidermis has become the gold standard

when identifying species using morphological

characters. There are four types of nematocysts:

stenoteles, holotrichous isorhizae, atrichous

isorhizae and desmonemes (Schuchert, 2010). The

best investigated nematocysts are stenoteles; these

release a microscopic harpoon through which

venom is injected into prey animals, thereby

subjugating and killing them prior to ingestion

(Tardent, 1995).

The results of the survey are summarised in Table 1.

All five European Hydra spp. were found. H.

oxycnida was collected from the Forth and Clyde

Canal and the River Kelvin in Clydebank and

Glasgow, respectively. Whilst only one polyp was

found within the River Kelvin, many polyps were

found at the Clydebank site, with more than 20

individuals collected from the first sample taken.

The animals were found attached to fronds of

Elodea sp. at the Clydebank site and attached to leaf

litter in the River Kelvin. Macroscopically, the

polyps appeared similar to those of the other Hydra

species, with the only remarkable feature being

their greater length (~1.5-2cm). This species was

identified as H. oxycnida after microscopic

examination of its cnidome, since it has distinctive

stenoteles with a markedly pointed tip (Fig. 1). The

identification was confirmed by P. Schuchert (pers.

comm.). Its presence in the Forth and Clyde Canal

and River Kelvin and absence from all bodies of

standing water that were examined is consistent

with the view that it is a characteristic species of

waters with a slow current (Schuchert, 2010).

H. oxycnida is regarded as being a northern species

that has previously been found in Belgium, Holland,

Germany, Finland, Russia and Hungary (Schuchert,

2010; Tokolyi et al., 2015). This new record

therefore extends significantly its known

geographic range. It is likely that it is more widely

distributed in the British Isles but has been

overlooked.
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Species Locality Coordinates

Hydra circumcincta Bingham’s Pond, Glasgow

Loch Torr, Mull

55.88495, -4.31335

56.60206,-6.16241

Hydra oligactis Forth and Clyde Canal, Anniesland

Forth and Clyde Canal, Clydebank

Bingham’s Pond, Glasgow

Dawsholm Park Pond, Glasgow

55.89426, -4.3172

55.91128, -4.43626

55.88495, -4.31335

55.89848,-4.31059

Hydra oxycnida Forth and Clyde Canal, Clydebank

Forth and Clyde Canal, Clydebank

River Kelvin, Glasgow

55.89426, -4.3172

55.91128, -4.43626

55.88012, -4.28874

Hydra viridissima Mugdock Park, pond W of Visitor Centre, Milngavie

Loch Peallach, Mull

55.97266, -4.3325

56.60517,-6.09488

Hydra vulgaris Dawsholm Park, Glasgow 55.89848,-4.31059

None found Auchnacraig Pond, Faifley

River Kelvin, Glasgow

River Kelvin, Glasgow

River Kelvin, Glasgow

Maxwell Park Pond, Glasgow

Possil Marsh, Glasgow

Loch Meadhoin, Mull

Lochan 's Airde Beinn, Mull

Dubh Lochan, Rowardennan

55.93364, -4.39917

55.88005,-4.28852

55.88083, -4.29138

55.87988, -4.28736

55.83842,-4.29189

55.90256, -4.26375

56.59626, -6.11018

56.60736,-6.12192

56.12982,-4.61287

Table 1 . Occurrence of Hydra spp. at collecting sites visited during the course of the survey.

5 Mm 5 pm
5 pm 5 pm

3

a.) b.) C.) d.)

Fig. 1. Stenoteles of some Hydra spp. found during the course of the survey. All micrographs were taken at a magnification of

xlOOO utilising oil immersion, a.) H. circumcincta from Loch Torr, Isle of Mull, b.) H. oxycnida from Forth and Clyde Canal,

Clydebank (note the highly pointed terminal end), c.) H. oligactis from Dawsholm Park, Glasgow, d.) H. vulgaris from

Dawsholm Park, Glasgow.
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Recent insect records from North

Ayrshire's sand dune systems

dunes north of Ayr. These are the Stevenston Beach

LNR, the SWT’s Gailes Marsh reserve (adjacent to

the Western Gailes SSS1) and the Ardeer Peninsula

area (Fig 1).
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ABSTRACT
Recent survey work has confirmed the importance

of Ayrshire’s sand dune systems for Coleoptera and

aculeate Hymenoptera. Several species in both

groups were shown to be either rare in Scotland or

else near their northern limits for the UK.

INTRODUCTION
The Ayrshire coastline includes some of the longest

stretches of sandy beaches in the west of Scotland.

These are well known as tourist destinations,

having given rise, at least in part, to the term "the

Costa Clyde", and attract many visitors every year.

They are frequently backed by dune systems and

grassy ‘links’ that in places have been developed

into some of the best golf courses in the country.

A comprehensive review of South West Scotland’s

sandy coast was produced some years ago for the

Countryside Commission for Scotland (Mather,

1979) and although somewhat out of date it still

provides a valuable summary of the nature and

dynamics of the individual beaches. The report

includes every beach in Ayrshire from the very

small to the very extensive and summarises their

biological and conservation interest. In particular

these beaches and their associated dunes and links

are important for their entomological interest with

two having been designated as Sites of Special

Scientific Interest (SSSI) by Scottish Natural

Heritage (SNH). This is in part because several

insect species, principally beetles, approach their

northern limits in the United Kingdom on these the

Ayrshire beaches.

The two SSSIs are at Turnberry (NS119055) and

Western Gailes (NS320350) and in addition the

beach and dunes at Steventson Beach (NS265406)
has been recognised by SNH and North Ayrshire

Council as a Local Nature Reserve. There are also

Scottish Wildlife Trust Reserves at Shewalton

(NS323373) and Gailes Marsh (NS325359) both of

which are situated on sandy grassland behind the

beach.

This paper details records from three areas of sand

Stevenston Beach

Ardeer Peninsula

\
l

w* 1

£

V
s
.

V v
Shewalton

Gailes Marsh

Fig. 1 . Location of sampling sites.

This paper focuses on two groups on which recent

survey work (since 2010) has been carried out

namely Coleoptera and aculeate Hymenoptera. In

the Coleoptera extensive records date back to the

early twentieth century while Hymenoptera records

are generally more recent.

METHODS
Survey work was carried out by BP, IH and Gill

Smart during the period from 2010 to 2015. This

involved the use of pitfall traps, sweeping, pan traps

and general searching.

Pitfall trapping

Plastic tubs were sunk into the ground so that their

tops were level with ground surface. The top was
covered with wire mesh to prevent mammals and

other large animals from gaining access and a small

quantity of (undyed) antifreeze was poured into the

bottom. The traps were placed in lines for ease of

checking and emptied at regular intervals.

Sweeping

Sweeping consisted of walking through grassland

and open dunes whilst sweeping an aerial net back

and forth through the vegetation. Additionally,

many specimens were explicitly targeted with a net

or pot as they nectared on flowerheads or flew close

to the ground. If insects were crawling on the

ground or other hard surface, they were often

potted directly.

Pan trapping

Yellow bowls filled with either water or isopropyl

alcohol were positioned on the ground and on tree

boughs in order to attract and kill flying insects.

Bowls on the ground are particularly useful for

catching spider-hunting wasps.
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Trap nesting

Trap nests are artificial nesting sites, which attract

nesting bees and wasps. At the end of winter, bee

and wasp cocoons are removed from the trap nests

and put in separate pots until the insects emerge

and can be identified. Two types of trap nest were

installed on the Ardeer Peninsula: bundles of hollow

Common Reed stems and wooden blocks into which

6.5 mm and 10 mm diameter holes had been drilled.

RESULTS
Coleoptera

There is a history of beetle collecting in Ayrshire

that dates back to the early twentieth century. In the

early years of that century Anderson Fergusson was
very active, with Roy Crowson adding many records

in the middle of the century (Glasgow Museums
BRC). Since then Garth Foster has contributed a

huge number of records including many from the

SWT reserve at Shewalton. More recently Shona

Blake has carried out site condition monitoring for

SNH at the SSSIs at Turnberry and Western Gailes

(Blake, 2004a,b). Consequently there is a solid body

of records with which to compare more recent

finds.

Since 2010 BP and IH have surveyed parts of Gailes

Marsh, Stevenston and Ardeer (including the

adjacent Garnock area) and it is these records that

are presented here. It has been difficult to

determine which records merit inclusion. The JNCC

website provides a list of species that are

considered to be significant and ranks them
according to their Red Data Book status and rarity.

However, these lists are in the process of being

reviewed for a number of groups, and so, where

available, the results of these reviews have been

used. It has been decided that all species with some
sort of recognised status should be included.

However, the above categories have been decided

upon at a national (UK) level and do not necessarily

reflect the importance of a species in either a local

or Scottish context or in a wider biogeographic

sense. The obvious source of information on the

distribution of a species is the National Biodiversity

Network (NBN). This has been used in this paper

but it is recognised that the completeness of the

available record sets for many species and even

whole families is inconsistent and that for many
species a subjective assessment must be made of

their distribution and status.

In total 196 species were recorded between 2011

and 2015. Of these 13 have been accorded some
sort of rarity status including one Red Data Book

species (Table 1). To some extent the other species

on this list are rather arbitrary because of the

inconsistencies mentioned above. For example, the

NBN would suggest that some species effectively

stop at the Scottish border (eg Sitona suturalis

Stephens, 1831), although this is likely to be due to

a combination of under-recording and under-

reporting.

However, it is clear that a number of species are

genuinely rare, coastal species, at least in Scotland.

These include Phylan gibbus (Fabricius, 1775),

Hypocaccus rugiceps (Duftschmid, 1805), Morychus

aeneus (Fabricius, 1775) and Typhaeus typhoeus

(Linnaeus, 1758) all of which are listed as qualifying

species in the notification documents for the

Western Gailes SSSI (Blake, 2004b).

In addition there are two species that require

special mention because of their apparently

anomalous occurrence here. Leiodes nigrita

(Schmidt W.L.E., 1841) is a rare Red Data Book

species found in centra! and southern England and

appears to be a woodland species. The NBN gives

only four post 1990 hectads for it with north Wales

being the nearest record to Scotland. There appears

to be no obvious explanation for this beyond the

fact that Leiodes spp. are small and difficult to

identify and so this species may have been under-

recorded and may be more widespread than

currently indicated.

The other species that appears to be surprising is

Stictoleptura rubra (Linnaeus, 1758), a longhorn

beetle whose main distribution is in the south and

east of England with a concentration in East Anglia.

It is a naturalised immigrant which is found in

conifer woodland and it may be that it is spreading

north, as there has been a recent report of its

occurrence in the Lothians (Scott Shanks, pers.

comm.).

These two apparently woodland species highlight

the fact that these coastal systems extend inland

and include coastal heath and both coniferous and

deciduous woodland, as well as areas of wetland

and open water. This accounts for the large species

list for these sites and the variety of habitat

preferences that are shown.

Aculeate Hymenoptera

A significant amount of aculeate recording took

place in Ayrshire in the late nineteenth and early

twentieth centuries by collectors such as Andrew

Dalglish, James Clark and Henry Thomas, as well as

the members of several local natural history

societies (Clark, 1909). Little further recording took

place until the early 21st century, when several

recorders, including IH, Gill Smart and Alistair

Murdoch, started collecting, focussing much of their

recording effort on sand dune habitats in

Stevenston and Irvine. In total, 113 species of bee

and wasp were recorded between 2010 and 2015 at

the study sites, including 31 species with a

conservation status. Included in this paper are all

UKBAP, Red Data Book, Nationally Scarce and

Scottish Biodiversity List species (Table 2).
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Species National Distribution in Post 1990 Gailes Ardeer Stevenston

Sta Scotland hectads Marsh Peninsula Beach

tus in Scotland#

Acilius canaliculatus NS Found in fen carr >10 X

Aegialia arenaria * Coastal, local 7 X X

Agrypnus murinus * Coastal, local 3 X

Amara fulva * Nb Local >10 X

Anomala dubia * Rare, east coast 3 X

Brachypterus glaber Scattered, mainly

coastal

5 X

Ceratapion onopordi Local 2 X

Cidnopus aeruginosus * Inverness and

Berwick

3 X X

Coelositona cambricus Records north to

Perth

0 X

Dyschirius thoracicus * Local, records

north to Fife

5 X X

Gabrius osseticus * Nb Southern

Scotland

0 X

Grypus equiseti * Nb Local, not >10 X

uncommon
Hadroplontus litura Sporadic to west

Sutherland

0 X X

Harpalus rubripes * Local, east coast 5 X X

Harpalus tardus * Local, east coast 7 X

Hydrothassa Scattered in 8 X X

marginalia south and east

Hypocaccus rugiceps * Na Rare in Scotland 0 X X

Kateretes rufilabrus Rare in south X

Leiodes nigrita RDBK Very local south

and central

England

0 X

Microdota amicula * Mainly east coast >10 X

Morychus aeneus Mainly east coast 5 X

Oedemera virescens NS Widespread

south Scotland

>10 X

Orobitis cyaneus Local, north to

Perth

0 X

Oxystoma cerdo * Nb Mainly in south 0 X X

Philonthus

rotundicollis

Northern species 0 X

Phylan gibbus * From Carlisle

south

0 X X

Pissodes pini Northern species 6 X

Protapion apricans Local, widely

distributed

0 X

Rhinoncus castor * Local, widely

distributed

X X

Sitona suturalis Local 0 X

Stictoleptura rubra South and east

England

0 X

Syntomusfoveatus * East coast

Scotland

6 X X X

Trichosirocalus Local 1 X

troglodytes *

Typhaeus typhoeus * Rare 0 X

* Species recorded previously

# Data from the NBN

Table 1. Significant beetles.
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Species National Distribution in post 1990 Gailes Ardeer Stevenston
status Scotland hectads Marsh Peninsula Beach

in Scotland#

Ancistrocerus SBL Widespread >10 X

parietum

Andrena ruficrus RDB3 Widespread, but

local

>10 x X

Andrena nigriceps Na Rare 0 X

Anoplius concinnus SBL Local, sandy/

gravelly wetlands

>10 X

Anthophora furcata SBL Widespread in

south

8 X

Ceropales maculata SBL Very local 10 X X

Colletes daviesanus SBL Widespread >10 X X

Colletes floralis UKBAP Widespread in

western dunes

>10 X X X

Colletes fodiens SBL Very local in south 1 X X

Crabro peltarius SBL Coastal, local >10 X X

Crossocerus SBL Local >10 X

megacephalus
Dipogon variegatus SBL Very local 4 X X

Dryudella pinguis SBL Coastal, very local 3 X X

Ectemnius continuus SBL Local and coastal in

south

>10 X

Harpactus tiniudus SBL Coastal, very local 1 X

Hedychridium ardens SBL Coastal, local 5 X X

Hylaeus brevicornis SBL Very local; confined

to SW coast

2 X

Lasioglossum SBL Locally common in >10 X X

villosulum south

Megachile

centuncularis

SBL Local >10 X X X

Nomada fabriciana SBL Local in the south 8 X

Nomada SBL Very local 8 X

leucophthalma

Osmia bicornis SBL Common and

widespread in south

>10 X

Osmia caerulscens SBL Very local in south 3 X

Oxybelus Na Ardeer and Irvine 0 X

mandibularis only

Oxybelus uniglumis SBL Very local in

southern dunes

2 X X

Pompilus cinereus SBL Local, coastal 9 X X

Priocnemis schiodeti Nb Widespread but 2 X

rare

Pseudomalus auratus SBL Local 8 X

Sphecodes gibbus SBL Local in south 0 X

Symmorphus
bifasciatus

SBL Very local in south 2 X

Tachysphex SBL Local in coastal 9 X X X

pompiliformis dunes

SBL: Scottish Biodiversity List

# Data from the NBN

Table 2. Significant aculeate Hymenoptera.
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The Scottish Biodiversity List is a particularly useful

list against which to evaluate aculeate assemblages,

because it contains a relative abundance of bee and

wasp species.

The expansiveness and industrial legacy of

Stevenston’s and Irvine's dunes have interacted to

produce an exceptional diversity of habitat features,

which explains much of the diversity of aculeate

species recorded.

Deadwood is an important component of high

quality aculeate habitats. However, Scottish dune

systems are generally too small to contain large

quantities of deadwood. Gailes Marsh and the

Ardeer Peninsula are unusual in that they support

several large, unmanaged areas of woodland

characterised by a large volume of deadwood. Many
trees have died as a result of wind damage, others

have been felled and left in place as part of site

remediation activities. Wasps such as Ectemnius

ruficornis (Zetterstedt, 1838), Mimumesa dahlbomi

(Wesmael, 1852) and Crossocerus megacephalus

(Rossi, 1790) nest in the tunnels in deadwood

created by beetle larvae, whereas the flower bee,

Anthophora furcata (Panzer, 1798), excavates its

own holes in rotten wood. Additionally, the

abundance of trees at these two sites is important

for Andrena ruficrus (Nylander, 1848), a Red Data

Book mining bee which forages almost exclusively

on Sallow.

Several other habitat features are worthy of

mention owing to their importance to aculeate

Hymenoptera. On the Ardeer Peninsula, sand

quarries and ditches dug down to below the water

table support the local spider-hunting wasp

Anoplius concinnus (Dahlbom, 1845), which hunts

spiders at the edge of sandy waterbodies. Another

Scottish Biodiversity List spider-hunting wasp,

Dipogon variegatus (Linnaeus, 1758), makes its nest

in the old walls of ruined industrial buildings at

Stevenston Beach LNR and the Ardeer Peninsula.

The soft mortar of ruined industrial buildings at the

latter site also provide nesting opportunities for

Osmia bicornis (Linnaeus, 1758), as well as several

other species of solitary bee and wasp.

Another reason for Stevenston’s and Irvine's

diverse aculeate assemblage is their location in the

south of the country. As is the case for many beetle

species, Stevenston's sand dunes mark the northern

limit of the range of several species of bee and wasp.

For example, there are no Scottish records of

Colletes fodiens (Geoffroy, 1785), Hylaeus brevicornis

(Nylander, 1852) or Oxybelus mandibularis

(Dahlbom, 1845) north of Stevenston.

DISCUSSION

Coleoptera

As previously mentioned it is difficult to accurately

assess the status of most species of beetles in

Scotland. The Scottish Biodiversity List (SBL,

accessed January 2015), which was compiled to

"highlight the species of principal importance for

biodiversity conservation in Scotland" (Biodiversity

Scotland, accessed January 2015), includes only 89

species of beetle. Compared to over 4000 known
species in the UK and over 1100 species in Ayrshire

alone this seems a very small figure. Indeed most of

these 89 species are aquatic with only around 17%
being terrestrial. This reflects the fact that the only

species review available to the SBL when the list

was drawn up was one for aquatic beetles (Foster,

2010).

As the great majority of the species caught during

the 2010 - 2015 period were terrestrial, reference

was made to the last comprehensive review of

beetle status (Hyman and Parsons 1994). This is

now out of date and a series of reviews, such as that

of Foster (2010), is currently being undertaken.

However, these include only species which,

nationally, are categorised as belonging to one of

the Red data Book categories or else as Nationally

Rare/Scarce and do not reflect regional differences

in distribution.

This is particularly important when considering the

Scottish situation. Beetles, like most invertebrates,

tend to be more species-rich in the south of the

country with numbers declining northwards as they

are limited by climate and habitat availability.

Ayrshire, with its relatively mild and moist climate

and extensive sandy beaches, provides conditions

that are not readily available elsewhere.

It is worth noting that a number of species do

extend further on the west coast when the habitat is

suitable. Aegialia arenaria (Fabricius, 1787),

Agrypnus murinus (Linnaeus, 1758), Amischa

bifoveolata (Mannerheim, 1830) and Hypera

nigrirostris (Fabricius, 1775) are all found further

north, notable in the Uists with their extensive

beaches.

Hymenoptera

For several reasons, it is relatively easy to evaluate

the quality of a specific site in terms of its aculeate

assemblage. First, there are only approximately 243

species of bee and wasp known from Scotland

(Cathrine, Harrison, Macadam, & Bairner, 2011;

Dawson et al., 2011), making the Scottish fauna

relatively easy to evaluate site lists against. Second,

although aculeates are under-recorded, enough

recording has been undertaken to allow species'

distributions and scarcity to be relatively well

understood. Third, over 20% of all Scottish bee and

wasp species have a conservation status. Because of

these factors, it is clear that the sand dunes of

Stevenston and Irvine support a nationally

important aculeate fauna. The 113 species recorded

at the three study sites represent almost half of the

Scottish list.
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It is highly likely that there are many additional

species of bee and wasp present at these three sites

but which have yet to be recorded. For example, no

Passaloecus or Ttypoxylon species have been

recorded, despite the fact these wasp genera

contain several widespread species. A large

proportion of the Scottish wasp fauna nests in dead

wood and woody stems and these habitat features,

although present at the study sites, have been

relatively neglected in recording terms. More
recording effort directed at areas of deadwood and

scrub would undoubtedly expand the site lists,

adding several from the genera Crossocerus,

Trypoxylon and Passaloecus.

CONCLUSIONS
The recent records confirm that the beaches of

Ayrshire are still of national significance for their

beetle and hymenopteran fauna, even outside the

statutorily designated sites. Although only a fraction

of the available habitat was sampled during the

study period many of the previously recognised

target species are still present and several new
species of importance have been identified.

These habitats have been encroached upon in the

past by industrial and urban developments as well

as by golf course construction. Some of these

developments, for example at Ardeer, have created

a mosaic of habitats that may well have benefited

biodiversity but in general they have led to a

reduction in area and quality of the habitat. In spite

of that they have retained a lot of their original

interest. There are still proposals to create yet more
golf courses and to develop recreational facilities on

some of the currently under-developed areas.

Hopefully this paper will help to underline the

conservation value of these beaches and lead to a

reappraisal of their protection by Scottish Natural

Heritage and the local authority.
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The non-native flatworm, Kontikia

andersoni Jones 1981 (Seriata,

Geoplanidae) in Scotland

Geoffrey Wilkinson

North East Scotland Biological Records Centre,

Aberdeenshire Council, Woodhill house, Westburn

Road, Aberdeen, AB16 5GB

E-mail: geoffrev.wilkinson(u>aberdeenshire.gov.uk

On the 31 st October 2014, a specimen of the non-

native flatworm Kontikia andersoni Jones 1981 was

found by the author in moist leaf litter at

Martnaham Wood (NS392170) in Ayrshire. A

second specimen from Ayrshire was found on the

3 rd January 2016 in a similar situation at Coilsholm

Wood (NS452243). K. andersoni is readily

distinguished from other British flatworms by the
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presence of three dark dorsal stripes running

lengthways on an otherwise pale brown body

(Jones, 2005). Unfortunately, both specimens dried

out whilst in captivity and were not retained.

However, digital photographs were taken of the

specimen from Coilsholm Wood and submitted to

Brian Boag and Hugh Jones (Fig. 1) of the Terrestrial

Flatworm Recording Scheme for confirmation.

Fig. 1. Specimen of K. andersoni from Coilsholm Wood,

Ayrshire (NS452243).

K. andersoni was first described as a species new to

science based on specimens collected from Antrim,

Northern Ireland in 1976 (Jones, 1981). It has since

been recorded from scattered locations in Ireland,

Isle of Man and western parts of the British Isles

(Isles of Scilly, Cornwall, Somerset and Colonsay)

(Hugh Jones, pers. comm.). The origins of British

and Irish populations are unknown but it is likely

the species is native to the Indo-Pacific region based

on shared affinities with a species group restricted

to this area (Jones, 1981; Anderson, 1986).

The only other record of K. andersoni in Scotland

relates to a specimen collected from under dead

wood in the formal gardens of Colonsay House on

the Isle of Colonsay, Argyll in 2005. The formal

gardens have actively imported plant material from

the southern hemisphere since at least the 1930s

and it is probable the flatworm arrived within

associated soil. The garden also hosts other

antipodean flatworms including the New Zealand

flatworm Arthurdendyus triangulatus (Dendy) and

Kontikia ventrolineata (Dendy) (Hancock, 2006).

The two records of K. andersoni from Ayrshire are

curious for their occurrence in the wider

countryside. Studies of the New Zealand flatworm

in Scotland suggest that gardens and nurseries were

colonised first since their arrival in 1965 and only

more recently did they spread into the wider

countryside (Boag and Yeates, 2001). If K.

andersoni followed a similar invasion pattern then

we might expect more records from formal gardens

and nurseries than is currently the case. It is likely

the species has been overlooked and as yet there

are too few records to elucidate its invasion trends

in Britain. Therefore, naturalists are invited to

submit records of K. andersoni and other flatworms

to the Terrestrial Flatworm Recording Scheme

http://www.brc.ac.uk/scheme/terrestrial-

flatworm-recording-scheme .
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Sex ratio of the stonefly Perla

bipunctata (Plecoptera: Perlidae)

in the River Carron

C. R. Macadam

Buglife - The Invertebrate Conservation Trust,

Balallan House, 24 Allan Park, Stirling, FK8 2QG

E-mail: craig.macadam(a>buglife.org.uk

Perla bipunctata Pictet, 1833 is one of the largest

stoneflies in Europe, with males measuring 14-18

mm in length and females 30-33 mm (Hynes, 1941,

1977). It has a merovoltine life history, i.e. it takes 3

to 3.5 years to develop from egg to emergence as an

adult (Feeley et al., 2009). Peak emergence of P.

bipunctata adults typically occurs over two to three

weeks towards the end of May and into the start of

June (Costello et al., 1984; Feeley et al., 2009).
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Although the sex ratio of other adult UK stoneflies

has been investigated (Petersen et al, 1999; 2004),

to date the sex ratio in P. bipunctata has not.

Hand searches were undertaken on two areas of

exposed gravel beach adjacent to the River Carron

in Carron Glen near Denny (NS786832) on the 30th

May 2016. The study area is at an altitude of 99 m
above sea level and covers an area of 95.4 m 2

. The

area was completely un-vegetated, and consisted of

cobbles overlying fine gravels with some sand. The

river at this point is a third order stream draining a

catchment of approximately 170 km 2 predominately

comprised of glacial tills overlaying igneous rocks.

The catchment is impounded for water supply, and

the flow of the river is therefore heavily regulated.

Searches consisted of systematic stone turning

across the study area. Specimens of P. bipunctata

encountered were collected to prevent the

possibility of re-counting them if they dispersed

into unsearched areas. Following the completion of

hand searching after two hours the numbers of

males and females were recorded.

A total of 49 individuals was collected, comprising

32 males and 17 females. With the total area

searched being 95.4 m 2
, this gives a density of 0.51

specimens/m 2
, and a sex ratio of 1.88 males to

every female. All specimens were found within a

metre of the river, the majority of specimens being

close to the water edge. All specimens were found

under stones with fine damp gravel below. No

specimens were found in drier gravels further up

the beach. Disturbed specimens readily took to the

water where they moved across the surface with a

running motion before finding land again. Perlidae

are predominantly active during the night so it is

unlikely that further specimens entered the study

area during searching.

Previous studies based on the collection of larvae

have found sex ratios ranging between 0.6:1 and

0.8:1 in favour of females (Feeley et al., 2009).

However, the difficulty in determining the sex of

immature larvae in the early instar stages means

that these ratios contain a degree of estimation. By

looking at the prevalence of sexes in the adult stage

a more accurate understanding of the sex ratio can

be made. Studies of emergence of adults have

shown a similar female bias in Leuctra fusca

(Linnaeus, 1758), L. nigra (Olivier, 1811), L.

hippopus Kempny, 1899, Amphinemura sulcicollis

(Stephens, 1836), Nemoura cinerea (Retzius, 1783)

and Nemurella picteti (Klapalek, 1900), but no

significant deviation from 1:1 for other species

(Peterson et al., 1999, 2004). The predominance of

males in this study could be due to a phased

emergence of the adults from the river. A recent

Irish study has revealed a similar male bias in P.

bipunctata (Hugh Feeley, pers. comm.). Male

stoneflies typically emerge ahead of females,

although this difference in emergence timing is

often slight (Hynes, 1976). The early emergence of

males by several days has previously been observed

for Irish P. bipunctata populations (Feeley et al.,

2016).

Males of P. bipunctata are brachypterous (short-

winged) and therefore flightless. It is therefore

likely that they remain close to the emergence site

at the water edge. In contrast, females can fly and

may disperse into bankside vegetation, returning to

the river's edge to mate. Stoneflies drum their

abdomen on the substrate to attract a mate. The

male drums when it is ready to mate and the

unmated female responds. The male then

approaches and the sequence is repeated until they

find each other (Hynes, 1976). It is possible that the

predominance of males in the study area was due to

multiple individuals homing in on the drumming
signals of unmated females which have recently (<

24 hours) emerged along the river edge.

The sex ratio of adult P. bipunctata shows a distinct

male bias, which contradicts results from studies on

larvae. Further studies are required to determine

whether this difference is due to the phased

emergence of adults with males emerging before

females, or due to the attraction of males to

unmated females.
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Recently discovered portraits of

two 19 th century Loch Lomondside
naturalists

John Mitchell

In 1847 and at the age of nine years old, James Cosh

came to east Loch Lomondside when his father took

employment as a carpenter on the Duke of

Montrose's estate. There the Cosh family made their

home in one of a row of small cottages at the Smithy

of Buchanan. After presumably attending the parish

school at Milton of Buchanan, James entered

Glasgow University on a scholarship to study Latin

and Greek, graduating Master of Arts in 1861. Later

the same year he enrolled as a theological student at

the Reformed Presbyterian Divinity Hall in Glasgow

in order to prepare for the ministry. The

accompanying pencil sketch of James Cosh (Fig. 1)

was drawn while he was still a student at the

University.

22 Muirpark Way, Drymen, Glasgow G63 ODX

INTRODUCTION
Portraits of most 19 th century naturalists in the west

of Scotland are few and far between, especially for

the periods when they were at their most active in

the field. Two such portraits have recently come to

the writer's attention - a botanist and a zoologist

having particular associations with Loch

Lomondside. Both came up with an especially

noteworthy record for the area - a unique cruciate

form of a common fern and a previously

undescribed hybrid between two game birds.

AMES COSH (1838-1900)

Fig. 1. Sketch of James Cosh as a young man drawn by his

brother-in-law, Joseph Henderson, who in later life

achieved fame as a seascape painter.

It was during James Cosh's residence in Glasgow

that he gravitated towards the short-lived Glasgow

Naturalists Society 1858-1866 formed by students

at Anderson's College (now the University of

Strathclyde). He was acknowledged for contributing

a number of fern records from the vicinity of his

Buchanan home for a 'List of localities for ferns

around Glasgow and its Watering Places' which

appeared in Volume 4 of the Society's manuscript

magazine (Anon, 1863). Not mentioned in the above

account however, is Cosh's discovery in 1861 of an

extraordinary form of lady fern Athyrium filix-

femina, the probable reason for the omission being

that this variety was not given a name by leading

authority Thomas Moore until after the magazine

article appeared. Moore pronounced the variety to

be a queen amongst lady ferns and dubbed it

'Victoriae' accordingly (Sadler, 1864). Also known
locally as the Buchanan Fern, every one of its pinnae

(side branches) is divided into two and the pair set

at right angles, which, together with their opposite

partners on the other side of the rachis (stem), form

a diagonal cross. Apart from the lattice-work effect

created by the overlapping pinnae, each one of the

divided branches is completed by a pendulous tassel

at its tip (Fig. 2).

Britain at the time of James Cosh's discovery was in

the grip of 'Pteridomania' or 'fern fever', with

professional and amateur collectors alike scouring

the countryside for the most choice specimens

(Allen, 1969). Understandable under the

circumstances, Cosh did not allow his outstanding

find to remain in situ for very long. In fact it was dug

up the very next day. The root-stock was divided,

half being taken for safe keeping to the Duke of

Montrose's fern garden at nearby Buchanan Castle

(Druery, 1910). In cultivation the plant thrived,

being admired by excursionists from the

Andersonian Naturalists Society of Glasgow when
they visited the castle grounds in August 1898

(Ross, 1900). At some point in time a portion of the

original root-stock of A.f.f. 'Victoriae' was

transferred from the Buchanan Castle fern garden to

the Duke and Duchess of Montrose's summer home
at Brodick Castle on the Isle of Arran (Eyre-Todd,

82



1930). To this day a magnificent clump of the fern

can still be seen growing there beside the bottom

gate to the walled garden (Mitchell, 1991; Fig. 3).

Fig. 2. Herbarium examples of the Buchanan Fern A.f.f.

'Victoriae'.

Fig. 3. Although the fernery at Buchanan Castle no longer

exists, A.f.f. 'Victoriae' can still be seen in the walled

garden at Brodick Castle on the Isle of Arran.

Where James Cosh disappeared to after his student

days in Glasgow were over has puzzled UK fern

historians for years. The mystery was eventually

solved when his biography was published in

Australia in 1991. It is now known that within a few

months of being licensed by the Presbytery of

Paisley in October 1865, the newly qualified

Reverend Cosh had married and set sail for the the

other side of the world. After four years of enduring

all manner of privations as a missionary to the New
Hebrides islands in the south Pacific, a breakdown
in his wife Janet's health brought on by the tropical

climate forced a move of the Cosh family to New
Zealand. There James was employed in a temporary

ministerial post for a year before taking over a

church at Balmain in New South Wales, Australia.

Once established, he rose steadily through the

ecclesiastical ranks to be elected Moderator of the

Federal Assembly of Presbyterian Churches

throughout the whole of Australasia. In recognition

of his achievement, an honorary degree of Doctor of

Divinity was conferred on him by the University of

Glasgow in 1892. James's progress in Australian

academic life was no less impressive, culminating in

1899 with his appointment to the chair of Oriental

and Polynesian Languages at the University of

Sydney (Denne, 1991).

Despite the demands of dual careers, James Cosh

still seemed to find the time to pursue his interest in

the natural world. Family correspondence shows

that he was sending specimens of Antipodean ferns

to his brother Stephen back in Scotland. Victorian

naturalist families frequently inter-married (Allen,

1976), the in-laws of Cosh's third son Jack - the

explorer James Calvert and wildlife

writer/illustrator Louisa Atkinson - were both

botanists of note. The botanical baton was passed in

turn to James Cosh's grand-daughter, Janet Louise

Cosh (1901-1989), who made a detailed study of the

flowers and ferns of the Southern Highlands of New
South Wales. Today, her extensive plant collection

from the region is divided between herbariums at

the University of Wollongong and the Fitzroy Falls

Visitor Centre in Morton National Park (Clarke &
Haynes, 2012).

JAMES LUMSDEN (1851-1911)

In contrast to James Cosh's humble beginnings,

James Lumsden was born at the privileged end of

the social scale. His father, Sir James Lumsden, was a

prominent Glasgow businessman who served as

Lord Provost of the City 1866-69 (Irving, 1879).

Young James was brought up in Glasgow's

fashionable West End, the family's summer
residence at Arden House (Fig. 4) well situated on

the south-west shore of Loch Lomond. He would

seem to have developed an interest in wildlife early

in life, for while still in his teens he was elected a full

member of the Natural History Society of Glasgow.

At society meetings James Lumsden was able to rub

shoulders with some of the leading zoologists in the

west of Scotland, who undoubtedly influenced him

as to the importance of making a permanent record

of his observations. The outcome was that he set

about compiling annotated check-lists of Loch

Lomondside's birds and mammals, both of which

appeared in the Proceedings of the Society (Mitchell,

1998).
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Fig. 4. Arden House on Loch Lomondside at the time

James Lumsden inherited the estate.

On succeeding to the Arden Estate in 1879, he felt

able to retire from business life in order to devote

more time to countryside pursuits. A keen field

sportsman (Fig. 5), like many other country

gentleman of the period James began to build-up a

collection of stuffed birds representative of the

district. Ahead of his contemporaries in one respect

however, he pioneered the use of binoculars rather

than the gun in field ornithology (Lumsden, 1887).

The old maxim 'what's hit is history, what's missed

is mystery' was slowly giving way to an acceptable

alternative of a detailed description of the living

bird.

Fig. 5. For this carte de visite, as a field sportsman James

Lumsden chose to be photographed in his Norfolk

shooting jacket instead of the more usual formal attire.

To update his original bird and mammal check-lists,

Lumsden entered into correspondence with other

Loch Lomondside proprietors, gamekeepers,

boatmen, etc. with a view to securing additional

records which might otherwise be overlooked. By

1895 and in collaboration with Alfred Brown

(Secretary of the Loch Lomond Angling

Association), James Lumsden was in a position to

publish A Guide to the Natural History of Loch

Lomond and Neighbourhood. Included in the Guide

are photographs of a cross between a pheasant

Phasianus colchicus and a capercaillie Tetrao

urogallus, a male shot on the Arden estate in

November 1890 (Lumsden & Brown, 1895; Fig. 6). A
full description of this first ever recorded hybrid

between the two species appeared in The Scottish

Naturalist (Eagle Clarke, 1891).

Fig. 6. One of the two photographs of the Arden pheasant

x capercaillie hybrid, which appeared in Lumsden’s &
Brown's 1895 Loch Lomondside 'Guide

1

.
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Wild orchids in suburban
localities around Glasgow
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The status of suburban gardens as a potential refuge

for wild flowers was highlighted by Dickson (1991).

The flora of gardens is dominated by weeds of

grassland and arable ground but may also include

species more typical of meadows, hedgerows and

woodlands. The biodiversity of wild plants in such

gardens goes mostly undocumented but a study of

one such garden on the south side of Glasgow (at 27

Newark Drive) over a 25-year period was presented

by O’Reilly (2012). Among the more iconic flowers

cited by O'Reilly was the Broad-leaved Helleborine,

Epipactis helleborine (L.) Crantz, an orchid which

appears to have a stronghold among the suburban

gardens in Glasgow, occurring in 47 of the 90

tetrads surveyed by Dickson et al. (2000).

Although several other orchid species are present in

scattered localities throughout Glasgow, only the

Common Spotted-orchid, Dactylorhiza fuchsii

(Druce) Soo, and the Northern Marsh-orchid,

Dactylorhiza purpurella (T. & T.A. Stephenson) Soo,

are widespread, being recorded in 75 and 34 of 90

tetrads respectively. Dickson et al. (2000) state that

singleton Common Spotted-orchids can be expected

to turn up almost anywhere in Glasgow, but

surprisingly none was ever observed in the garden

at Newark Drive over a period of observation

extending from the 1970s to 2011. The property

(and garden) at Newark Drive was sold in the

autumn of 2012 but lay empty for two years before

re-furbishment commenced in 2014. The garden

was completely neglected during this period and

became considerably overgrown. In July 2014 two

flowering spikes of Common Spotted-orchid were

observed on the overgrown front lawn. They did not

survive into 2015 as the lawn was subsequently

covered with building materials. However, just

across the road, on the overgrown lawn at 28

Newark Drive (which coincidently had also been

vacant for a couple of years) a single large flowering

spike of Common Spotted-orchid was seen in July

2015. These finds represent the first record of this

orchid for Pollokshields (tetrad T54 in Dickson et

al., 2000, NS5662 in Watson, 2013).

A little further south in the present garden of MO’R

at Stratton Drive, Giffnock (NS 55812 59025)

Broad-leaved Helleborine has been continuously

present, with up to a dozen plants per annum, over

the last 23 years (1993-2015). It is, until now, the

only wild orchid recorded from Giffnock (tetrad T73

in Dickson et al., 2000, NS5458 in Watson, 2013).

No Common Spotted-orchids have been observed

within the Stratton Drive garden but a small group

has been established in a nearby garden at 39

Moorburn Avenue (NS 5557 5925). In June 2015

there were five large flower spikes growing at the

edge of the front lawn and also among weedy

patches on the gravel driveway. Those on the lawn

appear to have been carefully protected from

mowing and on the driveway have likewise been

helped by an evident lack of weeding. According to

the owner, the orchids arrived unassisted and, with

a little help, have persisted for several years. In

recent years the Northern Marsh-orchid has also

been observed by MO’R growing in Giffnock on a

small grassy verge in the grounds of the postal

sorting office at Burnfield Road (NS 5598 5980). In

June 2015 a group of five flowering spikes was

present, though by the end of July they had been

mown. These recent observations represent the

first records of the latter two orchid species in

Giffnock.

Given the right conditions orchids may become

locally abundant even within managed suburban

85



habitats. At the former SEPA office in Peel Park, East

Kilbride (about 800m south of tetrad 86 in Dickson

et al., 2000) Common Spotted-orchids occurred in

moderate numbers in unmown grassy verges and

regularly sprouted in bare patches in shrubbery

beds next to the office building. The Northern

Marsh-orchid was even more frequent in the

vicinity of the business park growing on mown
roadside verges and hybrid spotted/marsh orchids

were also not uncommon in the area. The

abundance of the Northern Marsh-orchid appears to

have increased here in recent years, possibly due to

a less severe verge-side mowing regime. In June

2015 around 250 flowering plants were counted

along the verges of Redwood Crescent and at the

junction of Redwood Crescent and Redwood Place

(NS 6042 5484) a colony of around 400 flowering

spikes occurred on a poorly drained grassy slope.

Distributions of other orchid species around East

Kilbride and throughout Lanarkshire are provided

by Macpherson (2016).

Even in a relatively modest suburban garden it is

possible to nurture the development of an

impressive mini-meadow of orchids, as has

occurred in the garden of SL in Milngavie (NS 542

746, about 500m north of tetrad T3 in Dickson et al.,

2000). While mowing the lawn in 1997, the year

after moving in, SL noticed five Common Spotted-

orchids and one Greater Butterfly-orchid,

Platanthera chlorantha (Custer) Rchb. Mowing was
halted and was thereafter only done before the

orchids had appeared in the spring and after they

had set seed in the autumn. All fertilisers and lawn

treatments were avoided. By 2009 the number of

Common Spotted-orchids had risen to 594

flowering spikes, seeding themselves across the

lawn, in flower beds, and even in abandoned pots

and occasionally among gravel on the drive. The

Greater Butterfly-orchid did less well but reached a

total of 17 flowering spikes in 2013. In the last two

years the numbers of both species have dropped off

dramatically, with only 23 Common Spotted-orchids

and seven Greater Butterfly-orchids being found in

2015. As the Common Spotted-orchid plants

seemed to colonise different parts of the garden

from year to year, it seems possible that in some
way they were exhausting the soil and finally had

nowhere else to colonise; this could, for example,

have been related to the dependence of orchids on

mycorrhizal fungi (see McCormick et al., 2012).

Meanwhile, two Broad-leaved Helleborines

appeared in a heavily shaded part of the garden in

2006 and have been increasing there ever since,

with 21 flowering spikes in 2015. All three species

are relatively common within the Milngavie area,

but probably go unnoticed in gardens due to lawns

being mown before the orchids flower spikes

become apparent. Just a little further north at

Dumbrock Loch the populations of eight orchid

species have been monitored for over 30 years

(Parkes & Longrigg, 2015).
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A prodigious coliembolan

'swarming' event on Kames Bay,

Millport

P.G. Moore

32 Marine Parade, Millport, Isle of Cumbrae KA28
0EF

E-mail: p.geoff.moore@gmail.com

Alerted by a friend to the presence of "patches

looking like black oil but seething with minute

creatures" on the high-tide mark at Kames Bay,

Millport, Isle of Cumbrae (OS Grid REF: NS550173)

on 5 August 2016, I set out to examine the cause of

his concern. Several reports exist concerning mass

strandings of insect swarms (Coleoptera, sawflies

and Tipulidae) dying at sea and being cast-up on the

high-tide line of beaches in Britain (Scott, 1926a,b).

Anticipating, however, that the cause of this sighting

might be stranded rafts of collembolans, my
suspicion was soon confirmed. But I have never

seen patches of such size locally. The biggest patch,

several animals deep and more-or-less rectangular

in shape, measured some 110x22 cm. It alone must,

conservatively, have contained tens of millions of

animals. Some dozen-or-so smaller patches were

scattered about: in depressions in the sand, among
the rocks and stranded seaweed, all within a few

metres of one another.

The common scavenging coliembolan Anurida

maritima (Neanuridae) is often reported high on
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marine shores (Dexter, 1943; Barrett and Yonge,

1953; Morton, 1954). Due to its hydrophobic cuticle,

it is frequently observed being blown in rafts across

the surface of rock pools. 1 have certainly witnessed

such rafts locally, perhaps containing hundreds of

individuals, many times in the past but I have never

seen writhing masses of collembolans on this scale

on a sandy beach before. The propensity to 'swarm'

among collembolans, especially Hypogastruridae,

has been widely reported (Turk, 1932; Hopkin,

1997). Hopkin (2007:4) noted: "swarms occur

following synchronised reproduction in conditions

of ideal humidity and temperature and abundant

food supply." Swarming seems likely to be a

dispersal strategy. Sankey (1952) reported a swarm
of the species Ceratophysella longispina

(Hypogastruridae) on a vertical chalk surface

adjacent to a road in Surrey that was estimated to

contain 100 million individuals. Morton (1954: 199)

stated "Anurida maritima often swarms” without

giving details. However, 1 was unconvinced that the

Karnes Bay swarm was of that species. After

microscopic examination, 1 tentatively identified my
material (animals varying in size between 0.9 and

1.6 mm and blue/black in colour) as Hypogastrura

?litoraIis based on Hopkin's key (2007), although 1

did not have the best clearing chemicals available

(necessary for detailed appreciation of species-

specific limb setation patterns). Their true identity

was subsequently confirmed authoritatively as the

commoner H. viatica by Dr Peter Shaw, who informs

me that many 'Anurida maritima' records are likely

to be that species.

Davenport (1995) described zooplankton

strandlines on the sub-Antarctic island of South

Georgia that constituted a predictable food supply

for shore-foraging sea birds. The unpredictability of

the littoral collembolan bonanza herein described

leaves open to question whether any shoreline

predators might have benefited; birds would be the

most likely opportunists. Hopkin (1997) listed a

host of species recorded as preying on springtails:

juvenile toads, lizards, birds and a number of

arthropod groups (harvestmen, pseudoscorpions,

beetles, mites, wasps), but these examples related to

fully terrestrial environments.
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Notes on Opiliones (Harvestmen)

on Great Cumbrae Island

P. G. Moore

32 Marine Parade, Millport, Isle of Cumbrae KA28
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E-mail: p.geoff.moore@gmail.com

The handbook on the Fauna, Flora and Geology of

the Clyde Area published in 1901 for the local

committee for the Glasgow meeting of the British

Association for the Advancement of Science (Elliot

et al., 1901) listed 12 opilionid species, including

records then from only two of the Clyde islands:

Arran and Bute. Currently, 13 species are recorded

for 'Argyll & Bute' on the National Biodiversity

Network's (NBN) Gateway website

(https://data.nbn.org.uk; accessed 5 September

2016). Eight species (Lacinius ephippiatus,

Leiobunum rotundum, Mitopus morio, Nemastoma

bimaculatum, Opilio saxatilis, Paroligolophus

agrestis, Phalangium opilio and Platybunus

triangularis) are currently recorded from Great

Cumbrae Island, with only one record, for

Phalangium opilio, listed from Little Cumbrae Island

on that website.

The Harvestman recording Scheme (run by the

British Arachnological Society,

http://srs.britishspiders.org.uk ) currently lists 10

species from these islands and 10 for VC100, adding

Oligolophus tridens and Megabunus diadema to

those earlier records (both these species recorded
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by Michael Hogg in 1993).

My collecting, using sweep-netting, hand-picking

and pitfall-trapping methods, at sites on Gt Cumbrae

Is. has so far revealed the presence of five species

with one, Dicranopalpus ramosus, being new to the

island, as follows:

Family Nemastomatidae Simon, 1879

Nemastoma bimaculatum (Fabricius). One among
coastal vegetation from the immediate supralittoral

zone in pitfall trap, 24 October 2015 Grey Craigs

NS184565.

Family Phalangiidae Simon, 1879

Oligolophus tridens (C.L. Koch). This species is often

abundant among coastal vegetation from the

immediate supralittoral zone, as witnessed by pitfall

trapping around the island's perimeter. 20 October

2015 (3) Indian's Head NS162577; (2) West of

White Bay NS174592; (abundant) Ballochmartin

Bay NS182571; (2) Grey Craigs NS184565. 24

October 2015 (many) Sheriff's Port NS151555;

(many) Indian's Head NS162577.

Megabunus diadema (Fabricius). One in my front

garden (22 April 2016 NS171547). One on wall of

my garden office (20 May 2016).

Family Leiobunidae Silhavy, 1946
Dicranopalpus ramosus (Simon). Two atop nettles in

shade under tree canopy in my back garden (20

September 2015 NS171547). One basking in

sunshine on south-facing wall of my garden office

(29 July 2016). Two similarly atop nettles as earlier

(31 July 2016). One on west-facing wall of veranda

of garden office (24 August 2016).

Leiobunum rotundum (Latreille). Two atop nettles in

shade under tree canopy in my back garden (20

September 2015 NS171547). Five basking in

sunshine on south-facing wall of my garden office

(29 July 2016). One on outside wall of my house (2

August 2016). Two on nettles in shade under tree

canopy in my back garden (13 August 2016).

COMMENTS
The beautiful little parthenogenetic species

Megabunus diadema is easily overlooked and

Oligolophus tridens seems most common at the very

edge of the coastal vegetation. Dicranopalpus

ramosus arrived in Britain from the Mediterranean

region having been discovered first at Bournemouth
in 1957 (Hillyard & Sankey, 1989). It was recorded

in Ireland in 1994; its spread being linked there to

the dumping of garden cuttings (Cawley, 1995). It

seems to have a liking for conifers and is almost

certainly moved with plants, landscaping materials

etc. The earliest Scottish record for D. ramosus is

from the Edinburgh area in 1995. Its subsequent

dispersal has been impressive (Davidson, 2010; see

also

http://www.naturespot.org.uk/species/dicranopalp

us-ramosus: accessed 5 July 2016). It was recorded

in Glasgow in 2007 (Rutherford, 2009) and it had

reached Largs (in a garden) by 2008 (Harvestman

Recording Scheme); a short ferry crossing to

Cumbrae, with vehicles crossing all day long. It was

recorded on Arran in August 2016 (Harvestman

Recording Scheme).

It is worthwhile mentioning also that any

Platybunus species encountered should now be

checked for P. pinetorum, another recent arrival in

the UK which has been recorded on several

occasions in the Glasgow area

(srs.britishspiders.org.uk/portal.php/p/Summary/s

/Platybunus+pinetorum; accessed 5 September

2016) but which does not figure in Hillyard and

Sankey's key (1989). As well as D. ramosus and P.

pinetorum there are at least two species of

Leiobunum and Opilio canestrinii invading the UK
and liable to turn up anywhere. In addition, Nelima

gothica, originally thought to be restricted to

islands/coastal areas has become quite widespread

in recent years, sometimes far from the coast

(Hillyard, 2005), and might be expected on

Cumbrae.

Since validation of records is an ever-present issue I

shall be depositing voucher specimens in the

Hunterian Museum, Glasgow.
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BOOK REVIEWS

Amphibian survey and monitoring

handbook.
John W. Wilkinson

Pelagic Publishing, Exeter, 2015. 120 pages,

paperback, colour photographs, diagrams in black

and white. ISBN 978-1-78427-003-2, £29.99

After a brief introduction to amphibians, this

handbook comprises three main chapters, covering

before, during and after survey work, followed by a

resources chapter. The book is short (the three

main chapters are less than 90 pages), but packed

full of information. It is written in a chatty, often

jocular style (much use of interjections with

exclamation marks), and is easy to read. However, I

wonder who it is aimed at. The general style seems

aimed at people who have never surveyed

amphibians, nor who have ever written a scientific

report before, but the content ranges from

extremely basic advice to much more complex

matters such as radio-tracking. Another issue is

geographical scope. Wilkinson admits that his main

experience is in the UK and the book’s main

emphasis is on the kinds of surveying that could be

done in Britain; for example, he gives considerable

attention to Habitat Suitability Index (HSI)

assessment for great crested newts (I am not aware

of HSI’s for other species). However, he does try to

internationalise by referring to amphibians found

elsewhere and by mentioning resources needed to

work in other countries, but the level of detail

provided is too little and too selective to be of much
use. My guess is that a young UK amphibian

researcher planning survey work abroad might find

the book a helpful introduction, but not much more,

and that a researcher in, say, Brazil would find it of

very limited use.

I found myself listing unexpected omissions and

points I would take issue with: here are some. For

20 years, the main sourcebook for amphibian

survey work has been Heyer et al. (1994); this is

listed under ‘other useful textbooks’ in chapter 5

but ought surely to be in the early preparations

chapter; more surprisingly, Dodd’s recent book

(2010: Amphibian ecology and conservation), which

provides an authoritative update on methodology, is

not even cited. IUCN is not in the index and the IUCN

Red List for amphibians is not mentioned in the text

(though some photographs of amphibians have

their IUCN status mentioned). In addition, the two

main websites on amphibian diversity, taxonomy

and conservation (Amphibian Species of the World;

Amphibia Web) are not mentioned. This is very

surprising and is not because of lack of space: they

could fill the dead space in Box 1.1 on page 8. The

section on great crested newt surveying does not

mention the requirement to demonstrate training

when applying for a licence. The discussion of risk

assessments says that many organisations will have

a lone worker policy; 1 feel this is unsatisfactory for

a book aimed at beginners and including working

outside the UK, especially when considering lone

female workers; my institution would simply not

allow this. Chapter 4 includes a substantial section

on report writing; this is not specific to amphibian

surveying at all, and many books and courses cover

how to do this, so I wonder on its inclusion here; the

section surprisingly omits any advice to have the

draft report read over by a knowledgeable person

before submitting it. Chapter 4 also briefly goes into

mark-recapture methods, including toe-clipping,

but only superficially mentions the ethical issues:

should we really be encouraging newcomers to the

field to use this controversial method?

Overall, the author’s enthusiasm and

encouragement is refreshing, and I learned some
useful pieces of information, but 1 feel there is

considerable room for improvement, especially in a

short book priced at £29.99.

Roger Downie

The Flora of Lanarkshire.
Peter Macpherson

Pisces Publications, Newbury, 2016. 392 pages,

hardback with 24 colour plates, location maps in

black & white. ISBN 978-1-874357-74-2, £30 (to

GNHS Members).

The book is divided into three parts: Background,

Catalogue and Analysis, completed by a gazetteer of

place names, a reference list and comprehensive

index to the scientific names, including the now
standardised common names.

The Background starts with a succinct introduction

to the methodology and criteria used for recording,

which is followed by a useful summary of historical

recording. Peter has been exceptionally careful in

trying to acknowledge all of the many past and

modern contributors, as the five pages of recorders

and specialists listed readily demonstrate. Peter

documents the input from the latter, which helps to

ensure the reader that the many spectacular

records later in the book are expertly verified, and

most are represented by voucher specimens now
held at the herbarium in Glasgow Museums (Herb

GLAM).

There are brief, perhaps too brief, accounts of the

landscape, geology and climate. Peter was primarily
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focussed on his speciality, the plant recording, and

thought that this information could be readily

sourced elsewhere, which is increasingly true;

however I suspect he may well have expanded on

some of this text as the publication process

progressed. The first section finishes with an in

depth look at botanical divisions and places of

historical interest, which has a connection to the

discussion in the final part of the book.

Brief is not a description that can be applied to the

heart of the book, the Catalogue, but the short

introduction should be carefully read so as to fully

appreciate the wealth of information contained in

the following 324 pages. The layout follows that of

the standard British Flora by Clive Stace (the 2010,

Edition 3) and older readers may be confused in

places by some of the changes in plant family

delineations and order. However it is compatible

with the recent Flora of Renfrewshire (2013) but

differs slightly from the older Changing Flora of

Glasgow (2000).

Each species is mentioned, with both scientific and

common (where one exists) names, followed by the

first record and details of other historic finds. There

follows information on modern finds with notes on

the habitat and county distribution. Recorder

initials (if not PM) and grid references are also

presented. Distribution dot maps are provided for

all but the commonest or rarest species, where this

useful graphic presentation is not so critical.

The final 33 pages are devoted to the Analysis,

which looks in detail at the preceding dataset and

its application to plant conservation. The initial

plant totals are quite staggering for a local flora,

with 2054 taxa (i.e. including infraspecific,

microspecies and hybrids), of which 1153 are

considered non-native. This latter number is then

broken down into various categories. Be prepared

for some high numbers and lengthy lists of scientific

names, but this is inevitable given the wealth of new
records - including an amazing 741 new vice-

county records! The long lists are difficult to read

but are a very useful collation of the various sub-

categories. I suspect Peter has done this without the

aid of a database or spreadsheet, reflecting his

meticulous record keeping. This is followed by a

perhaps more astonishing list of new records at a

country level: 33 new to Britain and Ireland, and 66

to Scotland!

Following a short section on plant frequency,

attention turns to a discussion about habitats and

places, before briefly describing issues related to

botanical and site conservation. As one might expect

in the descriptions of places there are lengthy

sections on some of Peter’s more favoured and

rewarding waste ground sites (including bings and

coups), very useful information for the urban

botanist. However there are also some valuable

floristic descriptions of more natural habitats

particularly in the southern uplands and along the

Clyde valley and its tributaries. There is a very brief

mention of a few of the more notorious non-native

species. His almost dismissive account of

rhododendron and comment that woodland

populations ‘do not pose a threat’ may be

questioned by some readers (although its

infestations are not as widespread as in more

western parts of Scotland). The account of his

enquiries to medical practices, about local

occurrences of adverse reactions following contact

with Giant Hogweed, is very informative and

provides sober balance to the often hysterical

reaction to the plant in the press.

The final pages conclude with humorous anecdotes

about the incidents and perils that he has

encountered during his 25 years as a recorder.

The colour section adds to the overall feeling of a

high quality publication. The 24 colour plates are of

a high quality and demonstrate a range of habitats

and places, with close up images of some of the

many fascinating finds. It is a credit to Peter’s

daughters Lorna, Elspeth and Barbara, and Peter

Creed of Pisces Publications, that this magnificent

book has been produced, at such a high quality and

low price. We all owe them a debt of gratitude for

their great efforts.

We can all join with the family in feeling sadness

that Peter didn’t live to see final publication but

there is consolation that he had written the final

manuscript and was receiving the first page layouts.

And we can be sure that Peter would have been

delighted to see his book appear on his bookshelf,

and take pride of place with the earlier Glasgow

Flora and that of adjacent Renfrewshire. There is

now an unparalleled robust dataset and knowledge

of the flora of west central Scotland, thanks in a

large part to Peter’s efforts. Any member with an

interest in the local, and indeed national, flora

should get hold of a copy of this data packed and

attractive book.

Keith Watson

The Flora of Renfrewshire
Keith Watson

First published by Glasgow Museums and Pisces

Publications in 2013 with support from Glasgow

Natural History Society, Botanical Society of the

British Isles, Renfrewshire Council, University of the

West of Scotland and Paisley Natural History

Society. 408 pages, hardback, colour photographs,

location maps in black & white. ISBN 978-1874357-

54-4, £44.99

1 was delighted when asked to review Keith

Watson's long awaited 'Flora of Renfrewshire'. 1 was

brought up in Clarkston and have lived in Bridge of
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Weir for 36 years and it was the plants in

Renfrewshire that inspired me to study Botany. The
privilege has been mine to accompany Keith

recording some interesting sites near my home. His

knowledge is truly comprehensive acquired through

25 years botanising in Renfrewshire and
surrounding areas. Keith is Glasgow Museums’
Botany Curator. He is also the co-author of 'The

Changing Flora of Glasgow’ and has been the

recorder for Renfrewshire (vice county 76) for the

Botanical Society of the British Isles since 1994.

This is the first full flora of Renfrewshire. Keith’s

aim was 'to list all the plants - native and alien, past

or present - recorded as growing wild in

Renfrewshire'. To do this, he has thoroughly

researched and included all historical records of

plants in Renfrewshire. However, this book is so

much more than a check list. The
acknowledgements alone reveal the range and
depth of professional knowledge incorporated. The
introductory chapters include geology, soil, climate

and detailed habitat definitions and descriptions.

The changing environment from prehistory to

modern times is described too, along with the

history of recording in Renfrewshire.

The catalogue of species includes more than

143,000 records, mostly made at 1 km square level.

Over 1500 species accounts include status, first

record, distribution and ecology and is represented

on over 660 dot maps. There are also 24 pages of

colour plates of maps, and photographs of

landscapes and notable species. In his analysis,

Keith discusses the patterns of change in the

distribution of species in relation to the

environmental variables described in the

introduction. Consequences of agricultural

practices, development and urbanisation are

discussed fully. This leads on to assessment of

conservation issues, and present categories of

species protection and habitat protection are

examined critically, reflecting Keith's work and
influence in local conservation. A table detailing

botanical hot spots follows this discussion,

illuminating just how many interesting species,

nationally threatened and endangered ones

included, can be found in Renfrewshire. A real

botanical treasure trail is laid out to be explored.

This book will undoubtedly have a long lasting

legacy. It represents a milestone in recording in

Renfrewshire. It will be an invaluable reference in

conservation issues as well as a reference for

professional and amateur botanists and naturalists.

It has enough general interest to be attractive also

to anyone interested in their local area. When it was
first published in September, 2013, it was
deservedly chosen as 'Book of the Month’ by the

Books from Scotland website.

Alison Moss
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OBITUARIES

The Glasgow
Naturalist

Volume 25 Part 3

Journal of

THE GLASGOW NATURAL HISTORY SOCIETY

Peter MacPherson FRCP, FRCR, FLS, MBE
1925-2015

With an interest in natural history since childhood

Peter joined the Glasgow Natural History Society in

1967 and became a very important member,
actively writing on plants until his sudden passing

in his 90 th year. Peter’s schooling began in Inveraray

Grammar School, Argyll, continued at Keil Boarding

School in Dumbarton and at 16 years of age he

entered the Anderson College of Medicine in

Glasgow. In 1947 he gained the triple licentiate

qualifications LRCP (Edinburgh), LRCS (Edinburgh)

and LRFP & S (Glasgow). His medical career finally

led to a consultancy in neuroradiology at the

Southern General Hospital, Glasgow, and presidency

of the British Society of Neuroradiology.

Peter's botanical activity led not just to the

presidency of the Glasgow Natural History Society

but also to that of the Botanical Society of the

British Isles, as well as to a fellowship of the

Linnean Society and to the national honour of

Member of the British Empire for services to natural

history (2002). At the age of 11 Peter began
collecting plants in 1936 and won school prizes for

that in both 1937 and 1938. Though his first

botanical publication was not till decades later there

then came numerous publications, many of them in

the Society’s journal. His first presidential address

was The Doctrine of Signatures (1982). There were

papers in Watsonia, the journal of the Botanical

Society of the British Isles, such as Colonisation of

the Glasgow Garden Festival Site Three years on:

implications for recording (presidential

addressl993).

Peter's magnum opus is the recently published

Flora of Lanarkshire (September 2016). In a funeral

eulogy his daughter Elspeth stated "Every summer
he travelled to all corners of Lanarkshire as he

strove to record every plant in every square km of

the county, letting no obstruction defeat him. As

well as his vasculum and camera, the botanising kit

in the boot of the car included bolt cutters, a

grappling hook, high visibility vest and on occasion

a small ladder.” It is a very handsome volume of 392

pages with 24 colour plates, each with four or five

splendid, apposite photographs, mostly of plants

but also of a few landscapes. It is very sad that Peter

did not live to see the volume in print. Had he lived

just a little longer then he would have had great

satisfaction. Now The Flora of Lanarkshire has

joined The Changing Flora of Glasgow (Dickson,

Macpherson and Watson 2000) and The Flora of

Renfrewshire (Keith Watson 2013). The flora of

west-central Scotland has never been better known.

These three books are databases for the late 20 th

and early 21 st centuries. Future work will reveal

changes and should lead to the better

understanding of the causes of change.

just how important to the Society Peter was is made
fully clear just by listing offices he held: treasurer

1973-77, president twice (1979-81andl984-86),

meetings secretary 1980-82, vice-presidentl982-

84, trustee 1983-91, Lloyd-Binns fund committee

member 1993-2015 and councillor 1987-89. Over

the years Peter led many botanical excursions. The

Society made Peter an honorary member in 2010.

Throughout its long history the Society can have

had very few more devoted members than Peter.

The Society has benefitted greatly from his

generous legacy of £25,000.

James Dickson
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Eric Westbrook Curtis IMA, FLS

1927-2016

Born in Acton, Middlesex on 10 th September 1927

and passing away at the age of 88 in Glasgow on 5 th

November 2015, Eric had had a long, highly

successful career in horticulture. Eric’s training was
in both the Royal Botanic Gardens at Kew and the

Edinburgh College of Agriculture and his first

employment was at the former. Full details can be

found in Curtis (1989), Donaldson (2015) and

Hume (2015).

For 36 years being in charge of the Glasgow Botanic

Gardens, Eric was a man of wide interests; he was
very approachable, kindly, wise and enthusiastic.

His passion for plants was very obvious with a

particular love of the genus Begonia, as can be seen

clearly both by a visit to the Gardens and by looking

at the beautiful colour photographs in his 2006
book.

My first encounter with Eric was in 1957 (or

perhaps 1958) soon after his appointment as

Curator of the Gardens in 1956. As a member of the

University honours botany class, I was in the palm

house examining some plant or other very closely

(appearing too closely perhaps?) and Eric came
over smartly to see what I was up to. A few years

later we met again first in 1962 and again in 1966
when I had returned from botanical researches on

the remote South Atlantic archipelago of Tristan da

Cunha. I had brought back some ferns, notably filmy

ferns, to be grown in the splendid, charmingly green

and moist Filmy Fern House. Eric was very pleased

about that.

Eric was elected editor of The Glasgow Naturalist

and efficiently oversaw the publication of five

issues, one per year, between 1979 and 1983.

Keeping the format of the journal Eric produced a

series of short articles on "Naturalists in Glasgow":

Sir William Hooker, David Douglas, Thomas Hopkirk

and William Hunter.

Keith Fraser, Director of Parks and Recreation,

wished to make an important contribution to the

Glasgow Garden Festival in 1988. From that, with

Eric's wholehearted, unwavering support,

developed the Glasgow Expedition to Papua New
Guinea 1987 to collect plants to be displayed in the

Tropicarium, one of the major attractions of the

Festival. Trades House of Glasgow, with the

Incorporation of Gardeners' total involvement led

by William Hunter as Deacon Convenor, generously

funded the Expedition. The main objectives were

begonias, ferns and orchids. For seven weeks in the

Spring of 1987 the collecting was carried out in

several localities in Papua New Guinea with myself

as leader, Ewen Donaldson, who succeeded Eric in

1992, as deputy leader (begonias), Keith Watson

(orchids), Graham Stevenson (ferns) and Norman
Tait (photographer), all three of the Botany

Department of the University. Members of the GNHS
took part in various displays at the very successful

Festival (Dickson and Tait 1988).

In 1981 Eric was elected to a Fellowship of the

Linnean Society of London and in 1991 Eric was

awarded an honorary MA by Glasgow University.

His retirement began in 1992 and the years since

then were very productive, not least in the writing

of two books, one about the Kibble Palace and the

other a general history of the Gardens (two

editions). From 1988-1989 Eric was president of

the Kew Guild, an club for former employees and

trainees of Kew Gardens.

Eric ran the Gardens with great competence and

there are certainly two very worthwhile, lasting

changes he made that stand out: The M.L McIntyre

Begonia Trust and the Friends of the Glasgow

Botanic Gardens. Like Eric a keen begonia lover,

from the 1970s Mr Malcolm McIntyre, was

connected with the Gardens. Following his death, at

his widow's desire there was established the M.L

McIntyre Begonia Trust for the study and

promotion of the genus Begonia and the collection

of the genus at the Gardens. In the early 1990s Eric

set up The Friends of the Gardens for "The

enhancement of education for the public benefit by

supporting and furthering the activities of Glasgow

Botanic Gardens as a centre for education, research
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and public amenity.” Currently there are about 220

members. Long may it flourish and the GNHS too.

Eric is survived by his wife, Mary, and sons Neil and

Ewan.

James H. Dickson
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PhotoSCENE 2015-16

PhotoSCENE Natural History Photographic Competition

This competition is sponsored by Glasgow Natural History Society and the University of Glasgow's Institute of

Biodiversity, Animal Health and Comparative Medicine. Its aims are to promote interest in Natural History and

the work of SCENE (Scottish Centre for Ecology and the Natural Environment, the University’s field station at

Rowardennan), linkage between the Institute and the Society, and providing pictures for publicity. It was first

setup in 2011. During this time, participation in the competition has increased, and prizes to the tune of £800 per

year have been awarded at the Society’s photographic nights each February. There were 65 entries in 2015-16

and 8 shared prize-winners.

David Palmar

Treecreeper Certhia fcimiliaris. Paul )erem. Lower Cashel

woods, Loch Lomondside Nikon D7000 body, Nikon 70-

ZOO mm f/2.8 lens (ISO 400, f/4.8 1/270), and Nikon SB-

600 Hash. 09/07/15.

Glassfrog male Hyalinobatrachium orientate. Anna
Andrusaite. Nikon D5300 with a AFS DX N1KKOR

1855mm 1:3.55.6G VR Lens. University of Glasgow

Tobago Expedition 2015.

Banded demoiselle Calopteryx splendens. Chris

Mclnerny. Dumfries and Galloway. July 2014.
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Oleander hawkmoth Daphnis nerii. John Knowler.

Thistle Industrial Estate, Stirling.

Crab. Chris Pollock. Nikon d5100 dSLR and a Nikon AF-S

DX Micro NIKKOR 40mm f/2.8G Lens. University of

Glasgow Tobago Expedition 2014.

Small pearl-bordered fritillary Boloria selene on

Bogbean Menycmthes trifoliate. Sarah Longrigg.

Milngavie, VC86, 19/06/2015, Canon Powershot A720 IS.

Loch Lomond. Agnieszka Wojciechowska. Canon EOS

60D body and Canon EF 17-40 mm f/4L IS USM lens.

01/08/2015.

Harvestmen Mitopus morio. Male (dark), female (light). Mandy Glass. Campsie Fells. Sony Cybershot.

September 2015.
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PROCEEDINGS 2015

Proceedings 2015
The lecturer’s name and title of lecture are given for most meetings as is the location. All meetings were

reasonably well attended.

January 13 th

Tutorial from: Robyn Stewart "Glasgow’s

aquaphobic water voles". Lecture from Charlotte

Hopkins “The Scottish Marine Protected Area

network: are we considering climate change?” Boyd

Orr Building.

February 10 th

Photographic Night. Members’ slides or digital slide

shows, plus photographic competition results. Boyd

Orr Building.

March 10 th

AGM followed by a lecture from Dan Harries

"Scotland’s Living Reefs”. Boyd Orr Building.

March 13 th

Joint lecture with Hamilton and Paisley Natural

History Societies from Rory Crawford "The global

seabird programme".

April 14th

Tutorial from Ruth Olden "Govan's graving docks:

documenting an urban wilderness". Lecture from

Jennifer Dodd "New insights to inform the

conservation of aquatic resources: an overview of

the IBIS project so far”.

May 12 th

Tutorial from Joneen Clarke "The Cuningar Loop - a

Commonwealth legacy”. Lecture from Kathryn

Elmer "Crater lake colonisation and rapid speciation

by cichlid fishes".

June 9 th

Summer Social.

Excursions

18 day excursions and 1 weekend excursion were

held throughout the year.

September
Exhibition meeting: Members’ natural history

exhibits. Graham Kerr Building.

October

Tutorial from Steve Campbell. Close-up

photography of nature: from phone camera to

microscope lens (Goodfellow Lecture); Lecture from

David Menzies Orchids and their pollination. Boyd

Orr Building.

November
Lecture from Katherine Jones, Ross MacLeod and

Malcolm Appleby. Giving sparrows a sparkle: house

sparrows, silver-smithing and surveying, (jointly

with RSPB Glasgow). Graham Kerr Building.

November
Blodwen Lloyd Binns Lecture. Long term effects of

early life conditions; consequences for individuals,

populations and conservation biology; Pat

Monaghan. Graham Kerr Building.

November
University of Glasgow Lecture: Scotland’s

remarkable mosses and liverworts - an

internationally important flora. Gordon Rothero.

(Jointly with Friends of Glasgow Botanic Gardens).

Bower Building.

December
Christmas Dinner followed by a lecture from David

Palmar London Airport, Whitehall and the Palace.

Officers and Council elected at the 2015 AGM

President

Roger Downie

Vice Presidents

Alison Moss

David Palmar

Laura Allen

General Secretary

Mary Child

Assistant Secretary

Lyn Dunachie

Treasurer

Susan Futter

Winter Syllabus

Roger Downie

Social Secretary

Avril Walkinshaw

Excursions

Alison Moss and George Paterson
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Membership Secretary

Richard Weddle



Librarian

Janet Palmar

G.N. Editors

Dominic McCafferty

Ian Wilkie

Newsletter Editor

David Palmar

University Liaison Officer

Barbara Mable

Section Convenors

Richard Weddle: Bio-recording

Alison Moss: Botany

Norman Storie: Ornithology

David Palmar: Photography

George Paterson: Zoology

Councillors

Gillian Simpson

BLB Executive

Secretary, Treasurer

Scientific Advisors Peter Macpherson and Roger

Downie

Technical advisor Richard Weddle

Financial Advisor Bob Gray
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The Glasgow Naturalist

Advice to Contributors

1. The Glasgow Naturalist publishes articles, short notes

and book reviews. All articles are peer reviewed by a

minimum of two reviewers. The subject matter of articles

and short notes should concern the natural history of

Scotland in all its aspects, including historical treatments

of natural historians. Before submitting your article

please read the detailed Instructions for Authors at:

http://www.glasgownaturalhistory.org.uk/gnat.html A

summary of the instructions are given below.

2. Full papers should not normally exceed 20 printed

pages. They should be headed by the title and author,

postal and email address. Any references cited should be

listed in alphabetical order under the heading References.

All papers must contain a short abstract summarising the

work. The text should normally be divided into sections

with sub-headings such as Introduction, Methods, Results,

Discussion and Acknowledgements.

3. Short notes should not normally exceed one page of A4
single-spaced. They should be headed by the title and

author's name, postal and email address. Any references

cited should be listed in alphabetical order under the

heading References. There should be no other sub-

headings. Any acknowledgements should be given as a

sentence before the references. Short notes may cover,

for example, new locations for a species, rediscoveries of

old records, ringed birds recovered, occurrences known
to be rare or unusual, interesting localities not usually

visited by naturalists, and preliminary observations

designed to stimulate more general interest.

4. References should be given in full according to the

following style:

Pennie, l.D. (1951). Distribution of Capercaillie in

Scotland. Scottish Naturalist 63, 4-17.

Wheeler, A. (1975). Fishes of the World. Ferndale Editions,

London.

Grist, N.R. & Bell, E.J (1996). Enteroviruses. Pp. 381-90 In:

Weatherall, D.J. (editor). Oxford Textbook of Medicine.

Oxford University Press, Oxford.

5. An organism's genus and species should be given in

italics when first mentioned. Thereafter the common
name is only required. Please use lower case initial

letters for all common names e.g. wood avens, blackbird;

unless the common name includes a normally capitalised

proper name e.g. Kemp's ridley turtle. The nomenclature

of vascular plants should follow Stace, C.A. (1997). The

new Flora of the British Isles, (Second Edition). Cambridge

University Press, Cambridge. Normal rules of zoological

nomenclature apply. When stating distribution, it may be

appropriate to give information by vice-county.

6. All papers, including electronic versions, must be

prepared on A4, double spaced throughout, with margins

of 25mm, with 12 point Times New Roman font. Tables

and the legends to figures should be typed separately and

attached to the end of the manuscript. The Editor can

make arrangements to have hand-written manuscripts

typed if necessary.

7. Tables are numbered in arabic numerals e.g. Table 1.

These should be double-spaced on separate sheets with a

title and short explanatory paragraph underneath.

8. Line drawings and photographs are numbered in

sequence in arabic numerals e.g. Fig. 1. If an illustration

has more than one part, each should be identified as 9 (a),
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