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ABSTRACT

Population dynamics of the Natterjack were studied at one of its
major British locations, a 40 ha sand-dune site containing 21 fresh-
water pools near Formby, Merseyside.

The animal was sampled throughout its life cycle. Female fecun-
dity was determined and mortality estimated for juvenile stages.
Adult populations were estimated using mark-recapture analysis and
spawn counts. Histological analysis of phalangeal sections provided
information on adult growth and mortality. Spawn strings were moni-
tored to hatching. Larval and metamorphosing tadpole populations were
sampled by quadrat. The relative importance of mortality factors was
quantified for ova and larvae using key-factor analysis. Adults were
also studied after the breeding season.

Sympatric populations of Common Toad (B. bufo) larvae are present
at Formby. As other workers have claimed these compete with Natterjack
larvae, larval thermal physiologies of both species were compared in
relation to their likely developmental success under field conditions.

Results indicate that adult mortality rates are higher for males.
than females, possibly due to reproductive stress during the pro-
tracted breeding season. Males have higher growth rates and breed at
an earlier age. Female Natterjacks have much higher fecundities than
Common Toads.

Mortality of ova is caused by desiccation and fungal infection
while larval mortality is attributable to desiccation and predation.
Key-factor analysis indicates inconsistency of mortality factors
between years. Although low recruitment occurred during the study,
there was no evidence for population decline. Common Toad larvae have
lower metabolic rates and greater acclimatory abilities than Natterjacks
at similar temperatures suggesting that Common Toads are able to cope
with a wider range of field temperatures.

A life history strategy for Natterjacks is proposed based on rapid
colonisation of, and opportunistic recruitment in, ephemeral water
bodies which provide suitable thermal environments and reduced competi-
tion and predation. Conservation measures for Merseyside populations
are discussed.
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CHAPTER 1

INTRODUCTION

1.1 The Status of the Natterjack

The Natterjack Toad (Bufo calamita Laur.) is the rarest of three
anuran species native to Britain. Due to the large decline in numbers
it has experienced since the 1940's (Beebee, 1973) it has recently
received special legal protection. Originally this was conferred by
the Conservation of Wild Creatures and Wild Plants Act, 1975, now
superseded by the Wildlife and Countryside Act 1981. Under this act
it is illegal for any life stage to be killed, injured, taken, sold,
or kept in possession except under licence. However, this act ;an do
little to protect the Natterjack's habitat through loss or destruction.
Many of the largest remaining colonies have been included within
Nature Conservancy Council (NCC) National Nature Reserves (NNR's). 1In
these reserves the habitats are maintained and safeguarded against
destruction, which together with appropriate management procedures
allow populations to be conserved and enhanced. In addition, all other
major colonies are protected by Site of Special Scientific Interest
(SSSI) designation. Under the 1981 Act, this ensures the site usage is
not changed without notification and consultation. The previous system
has on occasion failed to meet this objective, and so the NCC's
objective is that all these sites should becomes NNR's unless a
comparable level of safeguard is, or can be, assured by other means

(NCC, 1983).

The numbers of adult Natterjacks in Britain are not accurately

known. Beebee (1976) estimated the population as less than 30,000.




Cooke (1980) gives a figure of 20,000, Cooke (1981) attempted to
classify the British colonies into size classes. These figures are

summarised in Table 1.

1.2 Distribution of the Natterjack

1.2.1 Distribution in Europe

The distribution of the Natterjack is well documented, the
earliest recorded limits to its range described by Boulenger (1898).
Frazer (1983) points out it is a more westerly counterpart to
B. viridis which occupies a similar ecological niche. Found only in
Europe, it is a western species becoming less widespread and more
localised to the north and east (Fig.1). The species reaches its
northernmost limit in southern Scotland, west Sweden, and parts of
Russia. It is widely distributed in Spain and Portugal, these
countries forming the southernmost limits to its range. Beebee (1983a)
states that Spanish specimens have been found at altitudes of 1700 m
in the Cantabrian mountains, and has apparently been found at an
altitude of 2600 m in the Pyrenees. It is found in France, the
Benelux countries, Switzerland, and West Germany. Beebee (19793a) lists

10 colonies occurring in western Soviet Russia.

1.2.2 Distribution in the British Isles

Beebee (1978) suggests that the Natterjack entered Britain about
7000-5000 years ago during a climatic optimum, but the species was

restricted to the southern coast due to forest cover. Deforestation by




Table 1.

County/region

Lincs
Norfolk

Hants

Merseyside

Lancs
Cumbria

Dumfries &
Galloway

Site

Saltfleetby
Holkham
Winterton
Syderstong
woolmer
Redrocks
Hightown
Cabin Hill/Altcar
Formby
Ainsdale
Birkdale
Cockerham
North Walney
Sandscale
Roanhead
Dunnerholme
Sandwide
Lady Hdll
Millom
Haverigg
Kirksanton
Annaside
Eskmeals
Ravenglass
Windscale
Braystones

Workington
Allonby

Mawbray Gravel Works

Wolsty
Silloth

North Solway Coast

Estimated size of Natterjack populations in Britain (Cooke,
1581)

Estimated size of
adult population

10
100
100°'s
10's (-100)
10's
10's (-100)
10's
1000's
100's
1000°'s
100's
10's (-100)
100°'s
100's
10's
10's
10's/100's
10°'s
1000
100's
10°s
10's
1000's
1000's
100's
10's
10°'s
10's
100's
10's
100's
1000°'s



Figure 1. European distribution of the Natterjack Toad (Bufo calamita)
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man, reaching a peak about 3000 B.P., then allowed the species to
spread northwestwards forming a "corridor" through the country.
Spellerberg (1975) who earlier described colonization of Britain

takes the view that herptiles spread around the coast. The

alternative theory is proposed by Yalden (1980). Examination of
pollen and climatological histories for Britain show that the
distribution of the Natterjack is more likely to represent a post-
glacial spread occurring around 9500 B.P. During this period the low
sea-level allowed the animals' access into Britain from Europe via a
land bridge. A similar connection stretching from north-east Donegal
to the island of Islay and Jura in south-west Scotland allowed the
animals' access to Ireland (George, 1962). During this period, a
rapid improvement in climate, coupled with a lack of forest cover
after the last retreat of the ice, provided open conditions suitable
for northwards colonization. Subsequent development of forest cover,
together with climatic deterioration restricted the animal to refugia
of open habitats such as dune systems, and heathlands produced by
forest clearance. The development of open habitats during the

Neolithic probably permitted an extension of range, particularly in

southern England.

The past distribution of the Natterjack in Britain is shown in
Fig. 2. Before 1960 the Natterjack occurred on the coastal dunes of
north Wales, Merseyside, Cumbria, East Anglia and Lincolnshire, and on
the coastal merse of the Scottish Solway (NCC, 1983). However, it has
disappeared from the Suffolk, Hampshire and north Wales coasts. Inland
heath colonies were centred around London and East Anglia, of which all

but 3 are extinct. Cooke & Banks (1983) 1ist 38 colonies currently in




British distribution of the Natterjack.
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Britain. 1In Ireland there are only 2 colonies still in existence
in County Kerry. Gresson & O'Dubhda (1974) state that Natterjacks

appear always to have been restricted to this area of Ireland.

In Britain the declines of Natterjacks have been greater on
heaths than in coastal areas (Beebee, 1977). 1In 1976, Beebee
reported the elimination of Natterjacks on the north Wales coast
through holiday developments. Heathland has been lost through
housing development and agricultural reclamation (Frazer, 1983).
Afforestation and self-seeding of pine into unmanaged heathlands is
probably an important cause of habitat loss, indeed the early stages
of afforestation may favour Common Toads (B. bufo) producing adverse
competitive interactions (Beebee, 1977). Mathias (1971) had
previously shown that cooler, shady conditions favour the growth and
development of Common Toads over Natterjacks. Beebee et al (1982)
report the loss of 2 heathland ponds due to acidification for unknown
reasons. Collection by humans may have been detrimental to the
Natterjack at sites such as Frensham, Surrey and extensive gassing of

rabbit burrows may also have had an effect (Prestt et al, 1974).

1.2.3 Distribution on Merseyside

The north Merseyside population is considered to be one of the
largest in Britain (Table 1), although even here the Natterjack may
have undergone a decline. Reliable population estimates are not
available, and so its past and present status is difficult to assess.
Hardy (1939) describes it as abundant near Ainsdale but does not give
any numbers, while Simms (1966) stating that there were three main

breeding concentrations between 1961 and 1964 gives neither numbers



nor locations. Beebee (1976) claims the population on Merseyside in
the 1930's was "hundreds of thousands". Prestt et al (1974) give an
estimate of 10,000 adults in 1970, while Corbett & Beebee (1975)
suggest less than 5,000. It is not clear how any of these estimates
were obtained. The apparent decline of Natterjack populations in
the 1970's was attributed to local drainage lowering surface water
tables and thereby causing the loss of Natterjack breeding pools
(Corbett & Beebee, 1975; Beebee, 1977). However Smith (1978a) sugges-
ted that the trend towards drier slacks was mainly due to infilling
of old slacks with blown sand and organic matter, coupled with a low
rate of production of new slacks. This trend was exacerbated in the
1970's by a lowering of the sand dune water-table due to a series of
years with lower "effective" rainfall (Campbell, 1978) i.e.
precipitation minus evapotranspiration. A study of water relations

on the north Merseyside sand dune system by Clarke (1980) confirms this

hypothesis.

The earliest reference to Natterjacks on Merseyside appears to
be that of Byerley (1856). He describes it as more common than the
"ordinary toad" at Southport, and common at Bootle. Greening (1888)
studied the animals at Wallasey in Wirral, "where this toad abounds".
The national status of the animal is givenas "local rather than rare”

and it is described as being abundant at Formby.

In an important paper, Standen (1914) describes visits to a
colony at West Kirby, Wirral where he found all life stages of the
species present at the same time. As well as giving a description of

the animal and its biology, he makes this significant statement:



"The Natterjack, in disappearing from many of its ancient
habitats, is but sharing the fate of many other interesting members
of our local fauna in being pushed out by the inexorable advance of
bricks and mortar, and by agricultural improvements, etc. No true
lover of Nature can repress a feeling of regret that this is so, but
the fact remains, and one can only hope it may still hold its own in

some of the more remote corners of our coast".

He concludes by arguing that it may be justified to remove a
number of Natterjacks from the vicinity of growing seaside towns to

more suitable areas where they would be comparatively free from

molestation.

During the early 1900's the Natterjack's decline on Wirral
through loss of habitat due to the building of golf links is
described by Coward (1910,1917). During the course of construction,
Natterjack breeding pools were drained for land reclamation. Perry

(1934) blames the gradual decrease of the West Kirby colony upon

picnickers and collectors.

Many early descriptions of the Natterjack on Merseyside can be
found (Hardy, 1939; Perry, 1945; Ellison, 1959; Simms, 1966) but in
most cases only single colonies are described and no attempts are made

to assess the abundance of the populations at these sites.

Cook (1976) and Smith & Payne (1980) describe the 'distribution
of sites in north Merseyside and the numbers of spawn strings found.
Cook (1976) lists 52 wet sites between Southport and Crosby, and

gives descriptions of their physical characteristics. Of these, at



least 39 were used for spawning in 1976, with over 450 spawn strings
being laid. Smith & Payne (1980) list 132 wetland sites in the same
area, and give a figure of 2001 spawn strings deposited. Of these,

they noted that the highest proportion of strings were laid in the

Ainsdale NNR (47%) and the next most important site was Cabin Hill/

Altcar Rifle Range (18%).

1.3 The Bioclogy of the Natterjack

Reviews of the basic biology and ecology of the Natterjack have
been published by Smith (1964), Beebee (1979a,1983a) and Frazer (1983},

but a detailed population dynamics study seems not have been

attempted.

Beebee (1979) showed that they occupy a variety of habitat types
although Natterjacks show a marked preference for dry, sandy solls in
which they can easily burrow (Smith , 1964). The earliest reference
to this habitat feature appears to be that of Jenyns (1835).

Preferred breeding sites are characterised by being shallow, exposed,
often ephemeral in nature, with little or no aquatic vegetation. This
was recognised as early as the 1800's (Newman, 1869; Warner, 1884;
Greening, 1888). 1In Britain the pH of breeding pools range from 5.5

to 8.0, although in East Anglia and in heathland pools values as low

as 4.0 have been recorded (Beebee, 1983a). lIonic strengths and ionic

contents are not clearly correlated with use by Natterjacks (Mathias,

1971)-

Mathias (1971) using mark-recapture showed extensive individual

variation in home range. He showed that after the breeding season each
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toad may occupy a home range of 200-600 m for some time, and then
move to a new site up to 1400 m distant. No territoriality was

detected and translocation experiments revealed no homing instinct.

Flindt & Hemmer (1968) used mark-recapture to demonstrate that only

17.5% of a population was still present in the study area one year
later. ©Smith & Bownes (1978) marked 536 toads. The following
breeding season they recaptured 86, of which 44% were at the original

site and 34% in the same general area, while 22% had moved to more

distant sites up to 2.2 km distant.

Behavioural studies by Arak (1983) of breeding Natterjacks

at Ainsdale, Merseyside have shown that male mating success is related

to body size and call frequency. Other aspects of breeding behaviour

e.g. the tendency towards satellitism by smaller males was investi-
gated. Similar laboratory studies on Common Toads have been carried

out by Davies & Halliday (1977,1978,1979). 1In a previous study at

Ainsdale, Mathias (1971) showed that differences in breeding behaviour
between Natterjacks and Common Toads reduced the possibility of inter-
specific mating. He failed to observe any relationship between
Natterjack activity and weather conditions. However a relationship
has been found by Blankenhorn (1972). Thus, as is described by Smith
& Flynn (1977), there is more breeding activity on mild, damp nights
than on cool, windy ones. During the breeding season Natterjack

mating behaviour is primarily nocturnal in contrast with the more

diurnal B. viridis (Flindt & Hemmer, 1967) and Common Toad (Mathias,

1971).

Smith (1974) studied hybridization between Common Toad and

11



Natterjacks. Under controlled conditions he demonstrated 5%
viability although the progeny showed gross deformities. In the
field he found 9% viability although again the offspring were

deformed. None survived to adulthood.

An early study of Natterjack physiology was carried out by
Standen (1914). He showed that immersion in 50% sea water was
"speedily fatal" to toadlets, but spawn and tadpoles seemed not to be
affected by occasional influxes of salt water into breeding pools.
Mathias (1971) studied temperature and salinity tolerances in larval
and adult Natterjacks. He found that Natterjacks were able to
develop under slightly more saline conditions than Common Toads. The
maximum tolerance of the latter was 2.9°/ - 4.3°/ while for Natter-
jacks it was 4.3°/, - 5.6°/,. He also showed that larval Natterjacks
had a critical thermal maximum of 29-33 °C whereas Common Toads survived
only 20-25°C. These experiments were concerned mainly with critical
maxima, death or failure to develop being taken as criteria for
observations. The manner in which these factors acted upon the animal
were not investigated. This contrasts with many American studies on
other anuran species (e.g. Zweiffel, 1968; Brattstrom, 1970;
Hutchinson & Hill, 1978; Feder, 1982) in which oxygen consumption and
the acclimation abilities were measured. These are possibly more
relevant to an animal which may undergo large shifts in temperature in
the wild. The effect of pH on larvae (Beebee & Griffin, 1977), iron

precipitates, and organic pollution from decaying matter (Mathias,

1971) have been studied. Roberts (1981) showed the Natterjack could
breed successfully in pools polluted with organic wastes from a

denatured tobacco waste tip in the Merseyside dunes.
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Beebee (1979a) has collected many references on the breeding
biology of Natterjacks, detailing differences in timing and length of
the breeding seasons through its geographical range. Estimates of
egg production have been made (Mertens, 1964; Kowalewski, 1967;
Curry-Lindahl, 1975; Kadel, 1975) and Hemmer & Kadel (1971) demonstra-
ted that the number of eggs laid is proportional to female size.
Population age structure and survival has not been investigated in
Natterjacks. This contrasts with studies of a population of Common
Toads in mid-Wales (Gittings et al, 1980; Gittings, 1983) which have

quantified recruitment.

Mark-recapture studies have been used to estimate the sizes of
Natterjack breeding populations (Flindt & Hemmer, 1968; Blankenhorn
et al, 1969; Heusser & Meisterhans, 1969; Mathias, 1971; Smith &
Flynn, 1977) but in some of these (Mathias, 1971; Smith & Flynn,
1977) problems associated with sampling are thought to have given

underestimates of population size.

Only one detailed study of larval survival has been made (Kadel,
1975) . He attempted to estimate survival rates by following the
fates of 32 spawn strings (116,000 ova) . He demonstrated 90% survival
to hatching and 0.3% survival to metamorphosis. Larval mortality
factors reported include desiccation of breeding pools and pollution
of pools by cattle (Bridson, 1978), fungal infection (Smith, 1974)
and predation by other amphibian species (Heusser, 1970,1971). Kadel
(1975) attempted to quantify these, but he did not examine differences

in larval survival between years or the changes in relative importance
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of different mortality factors. Laboratory studies of predation by
invertebrates (Mathias, 1971) and vertebrates (Kadel, 1975) upon
Natterjack tadpoles are difficult to relate to field conditions.
Metamorphosis has been quantified for Natterjacks (Beebee & Beebee,
1978) but this was under laboratory conditions with minimal predation

of larvae.

1.4 Aims of this project

As already noted, the Natterjack toad is a nationally endangered
species, specially protected by the Wildlife and Countryside Act,
1981. While much information is available concerning the environ-
mental requirements and general ecology of the species, many aspects
are poorly understood. 1In particular there is a lack of detailed
population dynamics studies. The need for such studies was recently
confirmed by the NCC's Herpetological Reyiew (NCC, 1983). It stresses
the need for long term investigation of population dynamics and
trends, particularly for important sites. "Natural" population regu-
lating factors including catastrophic factors should be considered,

and the way in which these can be modified by management.

The north Merseyside coast has the largest population of Natter-
jacks in Britain (Cooke, 1982) but despite much general survey work
since 1972, conservation management of the species is not based upon a

sound understanding of population dynamics.

Cabin Hill/Altcar Rifle Range forms a virtually isolated group of
approximately 21 breeding sites which are thought to hold the largest

breeding population of Natterjacks in Britain (Cooke, 1982). Many
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data have been collected almost annually since 1972 on distribution
and breeding success. These data form an appropriate baseline on
which to develop a more intensive study. A proposed golf course
development at Cabin Hill (see Chapter 2) means information is
urgently required as a basis for managing the Natterjack population
and its habitats. A detailed population dynamics study of the Cabin
Hill Natterjacks was therefore considered appropriate. It was hoped

that knowledge gained would assist conservation of the species both

in Merseyside and in other parts of Britain.
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CHAPTER 2

SITE DESCRIPTION

2.1 Introduction

The study site chosen for this project is a section of the north
Merseyside sand-dune system between Hightown and Formby (Grid
Reference SD 285055), (Fig. 3). The area studied during the breeding
season contains 21 freshwater wetlands of varying size within fixed
grassy dunes, the largest being approximately 450 m x 50 m. This,
together with three others, is a borrow pit formed in 1970/71 during the
excavation of a sea defence bank, indeed most of the wet sites appear to
be of artificial origin. A footpath which flooded regularly from 1981
onwards was also included in surveys. During the post-breeding pericd a
2.5 km length of the adjacent sand dunes and foreshore between Formby
coastguard lookout and the River Alt estuary was studied. The northern
edge of the site is bordered by mixed woodland while the eastern and

western edges are bounded by cultivated farmland and Liverpool Bay

respectively (Fig. 4).

The site contains two areas of land under different ownership.
The southern area of approximately 12 ha forms part of the Territorial

Army Volunteer Reserve Training area at Altcar. The northern part,
known locally as Cabin Hill, contains about 28 ha of land owned by the

Trustees of the Formby Settlement. This forms part of an area subject

to planning consent for the proposed Liverpool Bay Golf Course.

Throughout this thesis the site will be referred to as Cabin Hill. The

relative positions of the wetsites and the numbering system adopted for

this study are shown in Plate {.
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Figure 3. Sketch map of Merseyside showing the location of the study
site. Built up areas west of the Liverpool-Southport

railway line are shown hatched. Inset: North-west England

wds o

showing location of sketch map.

‘. i
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Figure 4. The Cabin Hill study site.
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Plate 1. Aerial photograph of Cabin Hill breeding pools. Overlay

the numbering system used during the study.
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2.2 Topography

The Merseyside sand-dune system is the fourth largest in Britain,
much of which is given Grade 1 (nationally important) status in the
Nature Conservation Review (Ratcliffe, 1977). Smith (1980a) describes
the areas as "one of the finest examples of a calcareous west-coast
dune system, being extremely rich floristically and including many
rare species”. -The Cabin Hill area shows features of classic dune
succession except for localised damage at beach access points.

Detailed ecological surveys of the area have been carried out by

Smith (1978a,1980a).

The embryo dunes form a broad belt up to 45 m wide in places.
These rise to a maximum height of approximately 10 m OD and have a
mean slope angle of 9°, range 5-14°, There is a sharp boundary
between the embryo dunes and the intertidal zone. A slope or "bank"
of 57° separates the intertidal zone (4.5 m OD) from the embryo dunes

(7.0 m OD) over a distance of about 1 m.

The embryo dunes are backed by mobile dunes which rise to an
average height of 16.5 m OD although there are two dunes 200 m south of
Albert Road which reach a height of 23 m OD. The latter are within an
area of severe damage caused by sandwinning in the 1940's. The mobile
dunes form a belt approximately 30 m wide in which slope angles are
steeper than within the embryo dunes, mean 24°, range 17-45°.

Smith (1980a) notes that in several places a series'of parallel ridges,
running approximately north-south, can be detected but local sand

movement has often erased this original pattern of dune formation.

The mobile/fixed dune transition is up to 100 m wide in places,

being absent only where active sand deflation from the mobile dunes is

20



taking place (Smith, 1980a). Following Smith (1980a) this is described

as a distinct community. The maximum height of the dunes along their

seaward edge is 9.5 m OD, with a mean slope of 13° range 4-25°,

The fixed dunes give way to almost level ground within the
training area and behind the sea defence bank. Along their seaward
edge the fixed dunes rise to a height of 8.0 m OD while the training
area lies at approximately 6.5 m OD. Small blow-outs occur in the
fixed dunes, most being near to beach access points and possibly
induced by trampling (Smith, 1980a). Dune slacks are also present in
an area north of Albert Road and while some of these have been formed

by sand extraction others appear to be natural features.

The sea defence bank is 650 m long and 35 m wide at its base.
From its southernmost point it runs in a NNE direction for 320 m after
which i1t runs NE. The sides slope at 15° and it has a maximum height
of 8.7 m. Assocliated with the bank are borrow pits which flood and
form part of the Natterjack breeding area (pools 1,3,4,15). With
very few exceptions, all the areas which flood at Cabin Hill are man-
made in origin, although pool 18 has been modified by vehicle activity.
The majority of sites appear to be areas created by vehicle activity,
some of which have been deepened by hand-digs in subsequent years.
Topographical information for all wet-sites studied is given in Table

2. Depth contour maps are given in Appendix 1.

2.3 Soils

The soils of the Merseyside sand dune system have been classified

as belonging to the Ainsdale association (Hall & Folland, 1970).
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Table 2.

Pool
No.

1

2

10

11

12

13

14

15

16

o

17

18

20

21

Slack type

Semi-aquatic

Wet

Semi-aquatic

Wet

Semi-aquatic

Wet

*750 m2 in 1981

Origin
Borrow pit

Semi-natural

Borrow pit

Vehicle activity

Borrow pit
Vehicle activity
Footpath

Mine craters
Semi-natural
Natural

Natural

Vehicle track

Summarx;of.breeding site information

ApproX 2 Comments
area (m )

16250 2 scrapes added 1976
5000 Salix dominance
4125
1250
550
300
300
700 Deepened by M.0.D., 1977
350
600 Deepened by M.0.D., 1977,
325 "
150 Declared out of bounds,
175 M.0.D., 1982
2%5 Deepened by N.W.W.A., 1978
2000
759 Deepened by N.W.W.A. 1978
300
16*
2000
1800 "Mature" vegetation domin-
1500 ated by Salix repens

900
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These are formed on incoherent calcareous sand thus producing an

alkaline soil. Clarke (1980) found 2-4% CaCO., by weight in dune sand.

3
The pH values quoted below are taken from Smith (1980a) The embryo

dunes comprise raw, mobile sand with little or no organic matter, and
a high pH (8.55). The mobile dunes are also characterised by unconsol-
diated raw sand with a high pH (8.1-8.2). As in the embryo dunes there
is much bare sand and a low frequency of plant roots. In the mobile/
fixed dune transition the soil profiles are immature, mainly raw

sand. &aAgain, high pH's are recorded (8.2-8.5) however there are
areas with a high frequency of Festuca rubra,in which accumulation of
organic matter canbe detected with a lower pH (7.9). On the fixed
dunes organically rich, but weakly structured pararendzina soils form
which have a pH of 7.8-8.2 in the A horizon. In the seasonally
flooded wet-sites ground-water and peaty gley soils form. These
conslst of surface accumulations of organic matter, sometimes peaty in

nature, over grey, structureless sand with prominent rusty mottles.

parh'c. ,G

Clarke (1980) found that theﬂsize structure of the dune soils is

highly sorted with a mean size of 0.19 mm, and a porosity of approxi-

mately 40%.

2.4 Climate

The north Merseyside climate is maritime in nature but the coast-

1

line has a fairly low average rainfall of 81-84 cm.yr- (Hall & Folland,

1967) . Savidge, Heywood & Gordon (1963) give figures for mean annual
rainfall in South Lancashire from 1916 to 1950. Their figures show
mean rainfall of 89 cm on the coast. The average seasonal sequence is

a cool, wet winter, a relatively dry spring and summer becoming
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progressively warmer, succeeded by a warm and often wet late summer
and autumn. However, considerable variation occurs between years.
The following figures taken from Clarke (1980) show this variation

clearly.

Table 3. Monthly rainfall totals at Southport (expressed in mm)
(Clarke, 1980) -

Year Jan. Apr. Jul. Oct.
1057 64 10 118 114
1960 166 42 112 76
1963 12 54 32 98
1966 34 78 53 124
1969 74 111 70 154
1972 70 62 71 38
1975 134 48 62 34
1977 57 47 20 02

Weather data for this study were obtained from the Ainsdale

Sand Dunes National Nature Reserve, courtesy of Dr. R. Pegg,

University of Liverpool. These aregiven inFigs. 5 and 6. During this

study considerable variation in weather patterns was experienced.

In 1981 a mild winter was followed by a very wet spring and an
absence of drought. During November 1980-January 1981 a total rain-
fall of 262 mm was recorded, while from February 1981-April 1981 the
total precipitation was 258.9 mm. The wettest month during this

period was March, when 171.7 mm rainfall was experienced.

The weather in 1982 returned to more "normal" conditions,
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Figure 5. Total monthly rainfall for the study period (data from
Ainsdale NNR recording station). Numerals above histograms

indicate the number of days on which rain fell during each

month.

25



1982

1980

180

160

1

l.. T 8 4 ¥+ 4 bk 0

R *
L 3N B NN BN BN
L B B B L]
T B B &
- l'l LI -
LN N BN » L N ]
- 4 & B B 0 B
¥ 4 E F B & * B &k &
a s R EEEE AN L]
- m W I N R E R EERLREREREEREEEEEEEEEEEEEREEN]
- .'i L I ] 4 F B & & 0B = F & F & B & 4 % &4 % % 5% b »
" r N & w ¥ & w kW N AT YRR A
L ] [ | W I E NN E N & F F & w 2 0 R G G Ay E
1ﬂ‘ - 4 % % 2 B} % N § B FS Y AN ST Y EFEREE LR E LR
& & % & B % B B L 20 BE BN BE DN BN N DR TR BN BN BN BE I BN BN
«F8 8 & F 2 B % % 5 % B bk w & BE ALK ETA BB S k= | B |
| N ] s & & & B 4 & & u &+ % u b mor b B o B & W OEEE K
N E YA EEEE N A EEEE N N T E T

% % 4 % & & K ¥ * 4% a1 % & & + 42

* % ¥ & B " " A E YRR YRR

B ¥ & & & b & & B "4 & u & % &+ § ¥ b A § =

O " & & B % L B E BB BS FEE KSR ET R
B % F & % u ¥ AR E ¥ AR B & BB F B B BRE B S

1- N N EERNEEEREEREREEEREEREERENRNENENERNY NN
B B N IR E N EREEEEREEEREEE

* & & & k » v & ¥ F B ¥ v 4 §F By EYFE RSB

* N B % %N B b w" B ESR AR R PR Y PR

» #F 2 4 % B k& B & N % & % % F B B B B § & & &

- & % = on -'.
L BN ] -

LI B B BN B
u l‘i L

- T Fa

B & B -‘-‘

& & N

L N B T 1

L L N ]
B x & 0 B *ED
" % b &= w & & &9
" " % 2 ED

L

]
u
- L I ]
* & B & B B " PR BN L]
% W a

L NI RN ER]
BE & % B &8
" & B 4 B R uE @
LI LI NN TR
LI IR N N
LA IR N I
L
L ]

L . -
B T = - B » .
LI e R K B
= LI N .. :I!
e =
. .lii‘-‘i‘i.t.i-t.i-l" 1.1 it -
L N R I B N
| ] [} *
L | ]
- at * e Tt
» - R ol
SO SRR e e e e, L L L RSN N e
» & B A& - --l.l"'...‘ " L N NN L N N . °
N N R R E RN N e - - AN A R
R EE TN N - . LAY S kA LR N
L . s i . L L L N
a u ™ o & LI L I N I BN I B R ] " w

- s o om * » x4 N B oEeom * & % 4 =
N e N N R I I S e e ot he i
. A . L) AN NN
» IR EEE
LR N I O W 1.‘
L] . » -

¥ F R 4 & * A=
] .‘l‘- e i.‘ - ﬂ‘f ‘*--.'-I.I.i‘-- .'-l. .l-
-1‘-‘ . AN FrFEYEE - -'1 » n'-' e
- L LR B L] & % & " B L N L B
-1‘1‘l L) . ¥ ww L) NN’ '-'l
. » l-i » i' --. - * % B &N LILE RN NN »
v E . P et " “

]
L
E & & % ¥ & % 3 & B & & I‘I.I.l I'i‘i.i‘l. ‘lil‘ "'

-I---.'...‘.‘.ﬁll".'.‘."'."'.-.‘-"‘.'

L B N I W W N N N
M L R I S I it A weee e e e " e eyt
P L T T L L T T A I R M M L N M
- s &k s g . LRI NN YN
' '- -.. L B B B e ll-
- ™ " ") *
L [ ] » .

LB BN ]

RANRN -

L]
bk & &
- &

(WW) FIvdNIvY

- -
r # F 4 4 B % OB R OR E B 2 % 4 & B F N
Y EEEEEEE T N EEE RN
- B F & 4 W & 5 F ¥ K KN EF K A F SRR AY RN O RN
LI N BN B N LI L N B L NN B NN I B B B
4 4 &4 & & W ¥ R W F A F F A A W A F A F RS A A 4
" 4 & % % % " ¥ g =g ¥ 4 4 = % B B K1
= % 4 & n xw % B % " B 4 A4 B "R ¥ 3R E Ay FE AR
R & & B R "N B R 4 4 F Bk B F % B1
* # § B E HE u ¥ B ¥" % 4 ¥ ¥ N OB B W B B 488
» 4 1 4 & * 4 b W * ® 2 & 4 & & B
F®
-
& B
.
+

1983

r_¥
y " & 8 F BB BS
L L B

*
»
] L |

# " " B FOFT R Y VFEE

Ew b
-I'! L B N
4 % & & ¥ 8§ 9§

= b w

. ]
a d w & & & B & - 4 b ® * . 9§ E = =
'WEREENENNEREEREE SRR R ERMNREJRIN.
a a4 B % 4§ & ¥ 3 F % PF ¥ [ ]
WENEEEEEEMEEREERENENN,)
"B B R . 4 d & & BB R S BB | ]
FEEEBE T B I I L N - & &
NN & & " B 4 U ] -
- 4 9 % B E B = 2 W L
& & um % ¥ LI I N

L DN

L L L L L I L

LI L L N L NN I O B |
s Fon

L | | ] - Em T W 9§ =
L J I.I LI N B B BN B B R ) l'l * B B + ¢ 8 g ag
in

* B F 2w Fan

¥ L
» * BB W BB
'. -l.I.I.I-‘ LN RN N R EERNEREERENNEN.
r e e e e e . T % F F 3 F & A EAERF R

N EEEY Y
‘. 'l.i.i‘l'l‘i & m

"‘-""""-"I
R

] L ]
] ]

a
* & F & 0 A U N B W
L ] L
»

180

1

140
120
100

ATHINOW 1IV10l




Fl

Ainsdale NNR recording station).

26



16

':\~| . - - LR
‘:‘:’ u » - s B am
L] L | L . LR
“:,]' LI L LR E N N
* B & & B 4 B F B % & &
l‘-.} H a4 % & F % F ¥ B & & % B &% & b ou & ¥
# & v & & & & A &
LR L O DL N N I N L 01 & @
& & & b B & & B B K = ¥ b
7 ¢ b ¥y FY ¥y E R L O B
= A F 4 FFFYERE PR
A " B % B 0 A B A L L 3 BN
LR DL I L L LI N N
&% & & B & A BB L »
LI N N B »

x4 B
LEE BE K BB
LIE BN B BN
L K BE B B |

»* % ¥+ 5 ¥ 4

-
]
h & & b ww i-

&« 4 B ¥ B & & & &  Hh F B B F K F & 2 % 2 b 4 % % & B % % = k& F K i FE SN RS
| e B BN BN BN BE BRI BN I AN B IR I AR O I I R R EEENEIERNENERNENNEEREERERDEERERHMSE'
N N E R EE R R EE R A R E R EE EE E N E e E E S E T E Y E
LI BN R R R EREE B EEREEREREEBEEEEEEREEEEREEEERNEBEEREEREERENEEEREEREEENNE]
(I N E RN ENEREEEREEREEREEEENEENEESNEEEEEEERENEEEREEEEREEENES a4 4 5§ B &
....'. I‘I‘i"‘i-'..‘. . ".‘..‘...‘I.‘.‘..'l*l‘." '-I“‘l I‘I-i"‘l‘l . & & & B w b =
- -» L] L - 8 & &
LI N IR N NN N NN LR R NN LR NN AR R RN * ¥ ¥+ B
& R ® % & 5% F F 2 BF A A & F " w ok E i FTYFREFF T RY R EYT BRE AOS
" &« B B B B ¥ & 2 * B B 40 " F BN BB A - F Bk B dE kK F R F R OEE RS F ®* & B
* % 4w # & B a 9 3 * + 4 a = k& & wu # .- F & & 4 B & a4 # & &
% B % A nw kRSN F B SE ¥ & & & & & 4 & & F & B k¥ & k & 4 R A mR "R R R
L IR | a & LI N BN BRI EEREEEREEREEREEEREEEREEEREE R EREREEEEREEREEREERR:
L B I 1T 8 & ¢ B " 1 & % & & & & & o & & 9 K 4 F wuw odh h h ¥ N F &
LB | L ] » & & & & 2
L L L * vy a2 & aa & B & & a = » 4 B & " 4§ 5 0 ¥FE N
L B N | W W NN
* F & & LI L B L B & B 9 L L ] E W 4 5 " FF B
% % & & ¥ # & & & 0 % & A R BB
a5 w a - u ] - - " F & & &

]
-
L ]
]
L ]
]

% W
»
* &
]

T & 1 8 4
* % 4w

& & k30
L L L N B

& % & ¥

[

LI I
a

L IR
& u

1980

&*
L |

T & F B

ey
e A
. el L B
- * . v 4 .
AN - O L T I I
*a s un N N N L L *®
s a N S S e e e S N S
. M -'..“‘-‘ it B L I |
e a e
e

l.l.i-"
i" L | l.l‘-:l 1.1.1.1‘.' -
- ‘1.-.-|_¢‘... e

L

"L *
L BN 1‘- '--
R ."i-l L |
- [ |

»
L
¥ aw g -'. . n
- |

-
..""I-I -
LA N Y
- T '.‘i'*‘l‘i |‘i LR B B

L )

[ ]
* B g L I |

LU R B N l‘i.

| B | * % 9 0
et : . .l-i-l L l'l LI B Y
ate b .‘.I LI ] LU B IR B "1.1‘1.1

s PR - - L ] I.l-i-l-l " a bk a

-

. vy 1 9 & 4 »

16

1983

L] rF Y = # % m » % §h 1 & g a4 8 A 4
LI B | L I N NN RN NN NN L L L S
'l:-.i'-. -l'i'..i-i'lil‘i'i.l.hilii‘l‘l‘-.Q. atetdtet '.“""".-.'..‘.."..
LR LN B N E R R RN NEEE
a * & F kBT kPR R AR B ROEOR W 9 4 4 & B
*x BB & &S 0 8 KB EE PR R E * 8 % B 4 F & ¥ AR M ‘,’
L L I N B B O R e * 8 B 4 |' ol N R e
.r. -i.I' .i- * & F & n 5 B0 B ¥ F W ¥ .-l-t:l.lil'iilii-lil'l‘li
a u L L B ¥ »u » N ] ] LI B I ] l.l.l'.-l.i.i.l.l‘l.
# 4 1 4 % & F oL N &8RN O R ' .i. ! e i
'.'.‘-.“-'i.n.-‘-. 1.1‘- a4 5 ¥ B 8 B 8 % F & ¥y b2 ¥ 2w L 1'i.i-i'l‘i.i.l.lli'
.-' P L L -'.'.'.'-‘.'.'.'. - I‘I-l'i.l.l.l‘l‘l‘i'I'I.I.-.'--'-' “a"se"a"
*« 8 F " N7 A K LIE N N BRI I I A AN N R
a & 30 00 unn B B & F A R kN R A E S B | I I -“.I- PP L L N LR
. -I.i.l‘l'!'i-i.l"-l # &k B A 58 % B 30 BN B A h o R i.‘.I.'.-‘I-"‘.I".-'i‘i
AR N R A R 'l.l.l.i-i' . .1 LEE BN B N | I I I L IR ENEETEYENR
e L A A N A e e '111 LN N N NN R N BN R

LR L IR L I N N NN TN a
i'i l.l LI B B A I N ] a4 & 8 B i'l 1'i.l.!‘i.i L ‘i.!-t.t F %
s .I. “I‘I.I..'..I-I'I'I.' “i.--i.i'l.l-lit-i ¥ & 8 % FE B A 4 8 FR ERRE
» * k& 8 5 b & F B R Y OE WO E R AW n l.i'l-l.i i'l » -.I.I.i.l.I'l' ﬂ
4 7 v @8 = & B LI BN EE NN EEREERERNE’ = % & & b F b 0
'iii'i'l‘i L IR R N R RN N R E N Y]
a"ave¥s 'i‘I.l‘l-l'l‘I'l.I.I. .l.l.l-i‘l'l-l.iit # 4 §F B BB A AR
" % B & B 4 Wy | I | ] i e -I. .-
- & NN a » » [
L N E NN EE Y
'l‘i I.i'i i'iii‘l.l . . - . RN
'y a¥s ” | L ] | N | I‘l.l. :
L ] " 8 A
* b
L I N
] »
-

L l.'.l-l‘l."'
i.i 4 % F®F BB

-
12
10

8

LI N L R B B
¥ 55 aa L
LR BE B IR
TRk k& 5 @
] L]
i

L |

L L L N I

L) T ¥
]

-
)
]
L
]
-
- ¥
»

]
]
[
- =
*
]
-

- &
= B A
LR

]
L]

L N
i B k w»

L

L I B
| I N 1 -- -'
[ |

LN
- . '.'i -

|
- .‘.'-‘ * B ¥ & T v B B . %

o <

| ]
"4 Frew I..‘
| ] a ¥

- F ¥ B 4 &N L N BN - &
..' LML N B E LR ERERBEERERENEEENERENENRENENRIER.
u u

" & & & 4 B
4 o & & & & B & & 2
L ]

4
12
10

(Jo0) 3HNLYHIAWIL AlIva NVIW

MONTH



characterised by a spring drought. Little rain fell throughout April
and early May (total 65.4 mm), and during late May and June the

weather was hot and sunny (average daily temp. 16.6°C).

A mild, dry winter in 1982/83 was followed by a spring drought
during March. However between late March and May . there was heavy

rain (75 mm). The following summer was hot and dry, punctuated by

occasional thunder storms.

2.5 Hydrology

Clarke (1980) studied groundwater balance at Ainsdale Sand Dunes
NNR. Prolonged observations have shown that water-table trends are
similar throughout the dune system, so Clarke's study is also relevant
to Cabin Hill. He found seasonal variations in the level of the
water-table. From 1972 to 1977 inclusive there was a mean amplitude
of approximately 60 cm. The water-table was at its highest in late
winter and early spring, and at its lowest in early autumn. He also
found that the size of dune ridges has an important effect on the water

levels of adjacent slacks. Large ridges catch more water and thus

raise small slacks considerably.

Comparison of annual trends in groundwater levels with weather
data from Southport showed that rainfall is the "dominant factor in
changes of groundwater levels at Ainsdale". Clarke demonstrated
cyclical variations in the weather. Thus there were wet periods during

the early 1960's and late 1960's, and relatively dry periods during

the mid 1950's, mid 1960's and mid 1970's. However, seasonal changes
in individual years were not well explained by rainfall alone. Total

moisture storage and the rates of evapotranspiration from slack floors



were also important in affecting groundwater balance and hence slack

water levels. Local water abstraction had no observable effect on

groundwater levels.

Variations in groundwater level can have considerable effects
upon the associated slacks leading to premature desiccation or
excessive flooding. Clarke (op. cit.) gives figures for changes in

the annual water table, measured at the same sites, for the years

1972-1980 (Table 4).

Table 4. Annual water table changes at Ainsdale, 1972-1980 (from

Clarke, 1980)

Max. water table depth

Year
(relative to ground level (cm). Well 4)

1972 -14
1973 -31
1974 -18
1975 -6
1976 -21
1977 +20
1978 -11
1979 +10
1980 +20

Fluctuations in the water table at Cabin Hill occurred during the
study period. The highest water table yet recorded in the dune system
occurred in 1981. Many of the pools were deeper, larger in area, and
persisted for a longer period than previously known. Thus pools 6,7,

8 and 9 formed one continuous water body, as did pools 16 and 17, the
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latter two connected by a flooded footpath (P). Site 17 was flooded
to such an extent that it formed a sheet of water reaching to the
grenade practice range. In previous years it had consisted of a
series of small pools in old land-mine craters. Slacks 1,2 and 20
were also joined. The maximum recorded depth for pool 1 was 110 cm.
The majority of pools persisted until mid/late June although others
held water until late July. Some pools e.g. 1,7,8,14,16 did not dry
out that year. A summary of maximum depths and persistance of all
pools during the study period is given in Table 5. 1In 1982 pool levels
were considerably lower than the previous year, the maximum deptl; for
pool 1 was recorded as 80 cm. The pools also persisted for a shorter
period, with many drying by mid April. Pools 16 and 17 were not
connected, although the footpath between them did hold water for a
short period. The mild, dry winter of 1982/83 resulted in a low water
table at the beginning of the breeding season. The maximum recorded
depth for pool 1 was 75 cm. During March the pool levels dropped but
levels were restored during wet weather in late March and April.
During the subsequent hot weather the pools dried fairly rapidly, many

sites being dry by early/mid June.

2.6 Vegetation

2.6.1 Dune Vegetation

Smith (1980a) has described the main vegetation types in the dunes
south of Formby Point, including part of the study area. The embryo
dunes are dominated by Agropyron junceiforme with occasional clumps of
Elymus arenarius. Strand line species such as Atriplex hastata and

Cakile maritima can be found in some years. The mobile dunes are
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Table 5. Maximum depths and persistence of breeding pools during the

study period

Pool Max. depth (cm) Pools dried

No. 1981 | 1982 | 1983 1981 1982 1983
110 96 90 * *

2 62 - - -Mid July Mid May Early June
3 56 40 34 " Late May *
4 52 36 27 " Mid May Late May
5 35 20 15 | Mid June Early May Late June
6 20 8 10 | Mid June Late April Late June
7 * Early May *
77 50 39
8 * * %
9 20 20 13 | Mid June Late April Early June
10 68 50 44 | Late June Early July *
11 59 44 35 * Early June *
12 33 - - Mid June Late April -
13 54 - - Late June - -
14 73 60 48 * * *
15 50 34 27 | Late July Early June Mid July
16 97 80 74 % * *
17 38 23 25 | Late June Late April Mid June
P 40 25 17 | Early June Mid April Mid June
18 35 20 15 | Late June Late April Mid June
19 35 - - Mid June Early April Early June
20 38 - - Mid July Mid April Late May
21 30 - - Late June Mid April Mid June

* Pool did not dry out completely.

- Unrecorded
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characterised by Ammophila arenarta with scattered clumps of Elymus
arenarius, Eryngium maritimum and Euphorbia paralias. Further inland,
the transitional zone between the mobile and fixed dungs is character-
ised by an increased species diversity dominated by Festuca rubra and
Ammophila arenaria. In some sheltered areas Hypochoeris radicata,
Leontodon taraxacoides and the shrubs Populus gileadensis and Salix
fragilits can be found. Fixed dunes are characterised by an almost
complete sward, and abundant Festuca rubra and Poa pratensis. Salix
repens 1s also present in damper areas. Associated species include
Carex arenaria, Rhinanthusminor, Cerastium spp., Lotus corniculatus,
Ononis repens and Rubus caesius. Cattle are kept within the fenced
area on the northern half of the field site for most of the year.
Grazing pressure leads to, and maintains, a shorter fixed dune turf.

However no particular effect on species composition has been noticed.

2.6.2 Slack vegetation

Ranwell (1972) has suggested a simple classification of dune
slacks based on the average water table and associated vegetation type:
1. Semi-aquatic: Water table never more than 0.5 m below the soil

surface; flooding from autumn to spring; amphibious hydrophytes
represented in the flora.

2. Wet slack: Water table never more than 1 m below the soll surface;
the bulk of the flora mescophytic; bryophytes particularly abundant;
relatively few grass species.

3. Dry slack: Water table between 1 m and 2 m below surface at all

seasons; grasses abundant.

Cabin Hill contains examples of semi-aquatic and wet sites,
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containing a high diversity of at least 87 vascular plants (see

Appendix 2).

Although the slacks share many plants in common it is possible
to make a generalised description of the different vegetation. Thus
semi-aquatic slacks contain species such as Eleocharis palustris,
Equisetum palustre, Galium palustre, Juncus inflexus, J. gerardz,
Hydrocotyle vulgaris, Mentha aquatica, Ranunculus flammula and Samolus
valerandi. Many of the wet slacks are dominated by Salix repens,
Agrostis stolonifera and Juncus articulatus. On the margins Epipactis

palustris and Parnassia palustris can be found.

Vegetation is also dependent upon slack depth and age. Thus
there is a difference inthe vegetation of newly formed "slacks" such
as no. 21 and "mature slacks" such as nos. 2, 19 and 20. This is
largely a matter of lower relative cover and degree of scrub
invasion in the "younger slacks". Typical colonisers of bare sand in
new slacks and excavated scr%pes are Agrostis stolonifera, Anagallis
tenella, Carex serotina, Eleocharis quinqueflora, Juncus articulatus
and Samolus valerandi. However, many colonisers are apparently poor
competitors and are replaced by other species as the slack matures
(smith, 1978a). The deeper areas in slacks often support emergent
aquatic species such as Iris pseudacorus and submerged aquatic plants

such as Chara spp.

2.7 Proposed Liverpool Bay Golf Course - Planning background

In 1975 the Mount Rule Land Company submitted a planning applica-

tion for a golf course in the southern part of Formby Point. The
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affected area, in the ownership of the company, consisted of sand-dunes
north of Range Lane, together with adjacent agricultural land. In
1976, a further application included a small area owned by the

Trustees of Formby Settlement at Cabin Hill adjacent to Range Lane.
This did not affect any Natterjack breeding sites, and outline planning

permission was granted by Sefton Municipal Borough Council.

In 1979 an application for detailed planning permission was made
which now included the whole of the Cabin Hill site, an option to lease
that area having been agreed between the golf course company and the
Trustees. However a revised SSSI schedule had been prepared by the
Nature Conservancy Council, including Cabin Hill in the newly establi-
shed Altcar Sand Dunes and Foreshore SSSI. The 1979 application did
not include land previously granted outline planning permission in
1976. The NCC opposed this application and discussions were held
between all the interested parties. In September 1979 planning per-
mission was granted on the basis of a detailed agreement between the
NCC and the company. This placed constraints on many aspects of
construction and operation and required the golf course company to
lease an area containing most of the Natterjack breeding sites to NCC
for establishment of a National Nature Reserve. However, apparently

due to financial difficulties, golf course construction did not begin.

By 1983 the option to lease Cabin Hill had expired and the NCC
made it known that they proposed to negotiate directly with the
Trustees a lease for the whole of their Cabin Hill holdings, including
the frontal dunes. They would then sublet those areas not needed for
the NNR to the Company. Meanwhile, research had indicated a larger

area would be needed that than previously agreed with the Company.
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Therefore the Company has modified its course layout to take account

of these new requirements.

At the time of writing, NCC has indicated that it is generally
satisfied with the new design, subject to a number of points of detail
which must be clarified before a revised planning application can be

submitted to the local authority.

In the summer of 1984, NCC signed a lease with the Trustees for
the whole of the Cabin Hill dunes and began wardening and managing

the site.
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CHAPTER 3

METHODS

3.1 Adults (Breeding Season)

3.1.1 Introduction

Several methods are available for determining the size of Natter-
jack populations (Beebee, 1979a). Direct methods involve counts of
adults gathering at breeding pools; counting the number of calling

males; counting the number of spawn strings deposited. Indirect

methods use mark-recapture surveys.

Smith & Flynn (1977) censused adult Natterjacks using newly
excavated breeding sites at Ainsdale. In this case the sites were
easy to search and all toads discovered were marked. However, up to
8 return visits to the same site over a period of 5 weeks revealed a
majority of unmarked toads on each occasion. They concluded that only
a small proportion of toads using those sites were discovered on each
visits and that the maximum direct count for each site gave a gross
underestimate of the likely population size. Smith & Payne (1980)
concluded that the use of direct counts was likely to give underesti-
mates of adult population numbers for the following reasons:

1. Many breeding sites are large and well-vegetated and therefore

difficult to search.
2. Adult Natterjacks move between water bodies during the breeding
season (Mathias, 1971), therefore a proportion of the population

will probably be absent from the breeding sites at any particular

time.

3. Adult activity seems to be related to prevailing weather conditions,
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many more toads being found on mild, damp nights than cool, windy
ones (Smith & Flynn, 1977).

4. The numbers of adults assembling at breeding waters increases
early in the season then declines. The peak of activity may last

only for a few days (Mathias, 1971) and its timing is difficult to

predict.

The use of counting calling males at the breeding sites has little
value for estimating population size, as it is not possible to distin-
guish more than 10 individuals in a breeding chorus (P.H. Smith pers.

comm.). This was confirmed (pers. obs.) when attempts weremade to

count calling males.

Counting spawn strings can only give an estimate of the number of
females spawning. The method also has certain problems associated with
it (Beebee, 1979a). Underestimates will be given if spawn strings are
missed and if part of the female population does not take an active
part in breeding. Overestimates will be obtained in cases of multiple
spawning or 1f broken strings are mistaken for two. The method can
therefore can only give a rough estimate of the number of females

present.

Mark-recapture has been used extensively for estimating the sizes
of anuran populations (Jameson, 1955; Pearson, 1955; Smith & Flynn,
1977; Smith & Bownes, 1978; Gittings et al, 1980; Gittings, 1983)
although many marking methods have been used. The most popular method
has been toe-clipping (Hamilton, 1934; Storm & Pimentel, 1954;

Jameson, 1955; Pearson, 1955; Pyburn, 1958; Turner, 1960; Frazer, 1966;
Mathias, 1971; Smith & Flynn, 1977; Smith & Bownes, 1978; Schaub &

Larsen, 1978), whereby toes are removed singly or in combination.
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However, as Collier (1970) mentions, this can result in inflammation
of the digits. Clarke (1972) found a reduction in captures of

B. woodhouset fowleri with increasing numbers of toes clipped. He
concluded that the effect was mainly due to the absence of toes rather
than the open wound. This indicated that the toads were more depen-
dent upon their agility than was previously assumed by investigators
using this technique. Jaw tags (Raney, 1940; Raney & Ingram, 1941)
also lead to increased mortality due to wounding and infection of
marked animals. Numbered and colour coded waistbands (Breder et al,
1927; Savage, 1934; Frazer, 1966) are useful but can prove slow to fit
or can be lost. Moore (1954) attempted to affix numbered ‘running
shorts' but this proved inoperable especially at night in heavy rain.
Smith (1964) mentions tattoing the web of the foot but gives no
indication of performance. Wisnieswki et al (1980) describe the use of
a 'Panjet' marker to inject alcian dye intracutaneocusly in Common Toads.
This method had previously been used successfully by fisheries
biologists (Kelly, 1967; Hart & Pitcher, 1969), and had proved useful
with small or immature specimens as well as large, adult fish (Riley,
1966; Hart & Pitcher, 1969; Smith, 1970; McIlwain & Christmas, 1975).
Wisnieswski et al (1980) found the method was successful in Common
Toads. Injuries caused by the technique were minimal (0.0005%)

and. individuals were recaptured bearing marks for the current and
previous breeding seasons. They indicated that the method might be
considered for long term studies, although they noted that, where
combinations of marks were used, failure of one mark could produce
spurious results. However, due to its ease of use, longevity of mark,

and low injury rate this method was chosen to estimate the Natterjack
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population at Cabin Hill.

3.1.2 Methods

During the breeding season visits were made between 19.30 and
02.00 hrs to search for toads. Each pool was circuited in turn and
toads located using a hand-held torch. This was Smith & Flynn's (1977)

method 3 whereby captures were randomised with respect to time. When

toads were captured they were sexed using the presence or absence of
nuptial pads (Smith, 1964), weighed and snout-vent length to the
nearest mm recorded. They were then given an individual mark using an
Alcian dye (obtained from E. Gurr Ltd.) injected by a 'Panjet’
inoculator obtained from F.H. Wright Dental Manufacturing Co.,
Kingsway West, Dundee, Scotland. A marking scheme adapted

from Wisniewski et al (1980) was used, toads being marked ventrally
using combinations of up to 8 marking positions on the legs (Fig. 5).

Each point was given a numerical value so that a binary coding

scheme could be employed (point 1 = 1, point 2 = 2, point 3 = 4,

point 4 = 8 etc.). This meant that a total of 255 toads could be
marked with one colour dye. This marking scheme was extended by using
two extra marking positions on the upper legs. (denoted by X's in Fig.

7 ). Thus toads 256-510 were given an extra colour mark on the upper

left leg.

To facilitate searching, the 21 pools comprising the site were
divided into zones, although with changing environmental conditions
and rates of pools drying this scheme and the number of visits had to

be modified between years (Table 6).
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Figure 7.

The marking scheme adopted for mark-recapture surveys (see

text 3.1.2 for explanation).
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Table 6., Mark-recapture schemes adopted during the study period

Year Mark;iizzgture iia Pool, No.'s recaptureNz;ca sions
1981 28/3-30/6 1 S5=14 8
2 16,pP,17,18 8
3 3,4,15 8
4 1,2,19,20,21 8
1982 17/4-25/4 1 3,4,15 8
11/5-18/5 2 1,2,20 7
23/5-28/5 3 8,10,14,16 S
1983 28/4-1/5 1 1,2,3 3
11/5-17/5 2 8,10,14,15,16 6

Difficulties were experienced in 1983 due to mechanical problems
encountered with the 'Panjet!. Thus the number of recapture occasions
was reduced so that the whole site could be investigated as soon as

possible.

Results were submitted for analysis by the MARKREC computer
programme developed by Dr. M.V. Hounsome of. Manchester University
Museum. The methods considered for use in this study were those of
Manly & Parr (1968), Jolly (1965), and Fisher & Ford (1947). Begon
(1979) reviews the mathematical requirements of each method. The
disadvantage of the Manly-Parr method is that it requires a large
extensive sample for the initial capture with correspondingly large

numbers of multiple-recaptures for reliable estimates (approximate
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sampling intensity of 40%). The Fisher-Ford method requires consider-
ably fewer data than Manly-Parr, Bishop & Sheppard (1973) found that
the Fisher-Ford method was more accurate than the Manly-Parr and Jolly
n methods when sampling intensities were low (< 12%), survival rates were
low (approximately 0.5) and/or population sizes were low (< 1000).
However, the method assumes a constant and age-independent survival
rate. For such a study as the present one (i.e. within-year captures
over a short period) the daily survival rate is more a measure of the
availability for capture and as this can vary with Natterjacks due to
the effects of weather upon calling (Smith & Flynn, 1977), this method

was discounted in favour of the Jolly stochastic model (1965).

.
3.2 Determination of Population Age Structure
3.2.1 Introduction

Length-frequency analysis using probability graph paper can be

used to detect age-groups in animal populations (Harding, 1949, Cassie,
1954) . However, using this method to distinguish cohorts of Natterjacks
at Cabin Hill proved unsuccessful as inflexion points denoting year

» groups were not clearly definable.

An alternative method of determining age is to use annual growth
zones (Peabody, 1961). Schroeder & Baskett (1968) used growth marks
on the posterior limb of the pterygoid bone to study age in a
population of Rana catesbeiana. They found that this method was
useful for estimating post-metamorphic age up to 6 years. Barbault

et al (1979) used growth rings in femoral sections to distinguish

age-groups of .B, pentoni. This method has also been employed to

study Triturus vulgaris and T. e¢ristatus (Hagstrdm, 1977) and
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T. alpestris (Smirna & Rocek, 1976), Growth rings occur in specimens
exhibiting different rates of bone growth between summer feeding and
winter hibernating periods. They consist of relatively broad

periosteal bone layers separated by narrow resting lines representing

the hibernation period.

The disadvantage of all these methods is that they necessitate
killing the animals being studied. An alternative method is to use
phalangeal sections (Hemelaar & Van Gelder, 1980; Gittings et al,
1982), which allows the collection of samples by toe-clipping living
animals. Clarke (1972) found mortality in toe-clipped B. woodhousez
fowleri increased with the number of toes removed. Removal of single

toes from a small sample of Natterjacks (4729, 339¢) was not expected

to have any major adverse effects upon the population at Cabin Hill.

3.2.2 Methods

During the 1983 breeding season, samples were collected after
mark-recapture visits were completed. Captured toads were sexed,
weighed, and measured for snout-vent length before a hind toe was
removed using dissecting scissors. The toes were labelled for future
identification and stored at -20°C until analysis. Following Gittings
et al (1982) each toe was hoiled in tap water for 30 mins to remove
skin and muscles, and placed in Gooding and Stewards' decalcifying
fluid overnight (Carleton & Short, 1954). After decalcifying, the
toes were serially dehydrated in alcohol, and following clearing in
xylene, embedded in paraffin wax., Sections 20 p thick were cut using
a Cambridge rocking microtome. Gittings et al (1982) used freezing

microtomy techniques, but initial trials with this method gave
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unreliable results. Although the whole toe was sectioned, only
sections from the central region of the diaphysis were used for age
analysis, as growth rings are absent or incomplete in the epiphysis
(Hemelaar & Van Gelder, 1980). The sections were counter-stained
using Ehrlich's haemotoxylin and Eosin, mounted in DPX, and examined
at x100 magnification. The growth rings stained pink/light purple
and the resting lines dark purple. The age of each toad was deter-
mined by counting the number of darkly stained resting lines per
section. All complete sections were counted for each sample. For
toads collected during the breeding season before any current-year's
growth has occurred, the outer margin of the bone is regarded as an

additional resting line (Hemelaar & Van Gelder, 1980; Gittings et al,

1982) .

3.3 Spawn and environmental factors

3.3.1 Introduction

A.literature survey revealed few quantitative investigations of
anuran spawn survival. Herreid & Kinney (1966) investigating survival
of Rana sylvatica larvae carried out direct counts of eggs in spawn
masses. They counted eggs in 52 masses and found a mean number of
778 eggs per mass. However, observations by Smith (1977,1978b,1979,
198Cb) at Cabin Hill suggested that larger numbers of Natterjack
spawn strings could be expected during this study. For the years
1977-1980 he found totals of 109, 366, 224, and 222 spawn strings
respectively. As it was intended that the maximum possible number of
strings be investigated it was felt that direct counting would prove

too time consuming. Licht (1974) investigating R. aurora and
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R. pretiosa populations estimated the survival of spawn by holding an
egg mass in his hand and counting 100 eggs at random. It was felt
that a modification of this method would allow estimates of eggq

numbers and survival to be made during this study.

3.3.2 Methods

During daily visits to Cabin Hill, each pool was circuited and
searched for spawn strings. Wwhen found, the developmental stage was
noted, and each string was marked using an individually numbered plastic
peg. This allowed subsequent observations to be made on the fate of
each string. Before estimating egg numbers, the following variables
were noted: water depth; depth of spawn; distance of spawn from
shoreline; substrate/vegetational type; % vegetation cover;
vegetation height. Water pH was measured using a WPA Environmental
Multi-Probe kit. This also allowed later measurement of water
temperature and oxygen concentration to be made during 24 hour

monitoring. Spawn was identified using guidelines by Smith (1964).

To estimate egg numbers, each string was gently lifted from the
pool bottom and floated into a shallow plastic tray, where it was
untangled and measured using a 30 cm rule, the string being folded to
allow measurement. Three 15 cm sections were then chosen at random
and all the eggs within each counted. From these counts the mean
number eggs cm-1 was calculated which, multiplied by the total length
of the string gave an estimate of the total number of eggs present.
Strings were then returned to where they were found. The total

number of dead eggs was counted directly rather than estimated in
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cases where numbers were low. However, where the majority of the
string was affected, thenumber of dead eggs was estimated. The
accuracy of this method was checked by counting eggs in large sections
of strings chosen randomly, and comparing this number with the
estimated value. The method was found to overestimate by an average
of 8%, but this was not considered to be unreasonable. In those

cases where the spawn could not be measured e.g. too entangled with
vegetation the stage of development was noted, the length estimated
visually, and a mean number of eggs cm._1 for that stage of development

used to estimate the total number for that string.

Four stages of development were described: blastula, tail bud,
tailed, hatched. The first 3 are equivalent to stages 1-17, 18-19,
20-23 of Pollister & Moore's (1937) table for anuran development.
'Hatched' refers to tadpoles during the period before they become
free swimming. In subsequent visits to the site the strings were not
removed again, however the developmental stage was described and any
further mortality noted by measuring lengths of spawn affected by

fungus (Saprolegnia).

3.4 Female fecunditx and body size

3.4.1 Introduction

A simple technique for determining fecundity is to kill a sample

of females and count eggs in the dissected ovaries. This well

established method has been used in many studies of fish populations

(e.g. Macer, 1974; Wilkinson & Jones, 1977; Babiker & Ibrahim, 13979;

Davis, 1979). However, it was desirable to use a method which did not

involve killing individuals. Caging spawning females was chosen as it
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allowed data on body size and egg number to be collected, after which

females could be released.

3.4.2 Methods

Cages with an open base measuring 25 cm x 25 cm x 30 cm were made
from wire mesh. 1In the evening, the combined weight of pairs found
in amplexus was determined without separating the individuals. A
cage was placed over each pair and secured to the floor of the pool
with skewers. The following day the post-spawning weight of the male
was measured. This was subtracted from the combined weight to give an
estimate of initial female weight including the weight of spawn. It
was assumed that male weight loss during spawning was negligible.
This method was used as initial attempts, involving separating pairs
before weighing, resulted in cessation of breeding activity. However,
pairs could be handled and weighed while still amplexed without causing
undue disturbance. Egg numbers were estimated using the method

described in Section 3.3.2.

3.5 Tadpoles and invertebrate predators

3.5.1 Introduction

Several methods have been used to undertake quantitative surveys
of larval amphibian survival. Whitaker (1971) and Licht (1974) used
hand nets to collect tadpoles. However this type of sampling does not
produce results easily comparable with other workers, and the numbers
of tadpoles caught only gave crude estimates of relative changes in

numbers of tadpoles in the pond. Mark-recapture surveys have been

46



used to estimate the sizes of tadpole populations using different

methods of marking. Warburg et al (1979) used tail clipping to mark
tadpoles of Salamandra salamandra. It is possible however, that this
method may lead to increased predation of the study organism by causing
difficulty in locomotion. Neutral Red staining of tapoles has been
used by several workers (Herreid & Kinney, 1966; Wijnands, 1972;
Guttman & Creasey, 1973), however Cooke (1978) found that the staining
regimes used in these stﬁdies were "too severe" when used on Common
Frogs (R. temporarta) particularly if population estimates were made
on several occasions during one season, and led to increased mortality,
possibly due to selective predation of stained tadpoles. Cecil &
Just (1979) working with KA. catesbeiana were able to inject acrylic
dyes under the skins of tadpoles. Calef (1973) used funnel traps in
1000 m; quadrats, and captive populations to relate the numbers caught
per day to the density of tadpoles present. He then multiplied his
estimated density by the area of the quadrat and summed the number of
quadrats used. However this method is problematical since it assumes
2

that trapping occurs over a known area (1000 m ). Also it is not

certain that trapping will occur even if tadpoles are present.

In view of the problems associated with the above methods, a
continuous qaudrat survey technique was used. This offers the advan-
tages of giving information on tadpole distribution, causing no
tadpole mortality, and allowing other species of amphibians and

invertebrates to be monitored concurrently.

3.5.2 Methods

Tadpole numbers were estimated using a stratified-random sampling
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technique. Samples were taken randomly using a 0..25 m2 quadrat with net

walls within depth strata (0-10 cm, 10-20 cm etc.) charted from
transects of all the pools made at the beginning of the study period.
Continuous depth readings taken at fixed points allowed the changing
depth strata to be plotted and their areas to be calculated. The
number of samples taken per pool was varied according to a fixed index
of precision (20%). The advantage of this method is that it takes into
account changes in the areas of the pools. The number of quadrats

needed was calculated from Elliot (1971) using the equation:

n=2s(L+2
X K
where n = number of quadrats required
X = mean number of tadpoles per quadrat
K = index of clumping in population.

As tadpoles remained within a few centimetres of the pool bottoms,
3
estimates of numbers were expressed perm2 rather than per m . The

numbers of possible invertebrate predators e.g. dytiscids, odonatans
were taken concurrently during quadrat surveys. Identifications were

made using a standard text (Macan, 1979 ). Tadpoles were identified

using guidelines by Smith (1964) and Smith (1974).

3.6 Thermal relations in Natterjack and Common Toad larvae

3.6.1 Introduction

Beebee (1979b) used a mathematical model to investigate sympatric

populations of Natterjacks and Common Toads. He showed that after

introduction, Common Toad populations increased while Natterjacks
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declined, although the rate of disappearance was slower for dune
sites than heath sites. He attributed this to predation of
Natterjack larvae by Common Toad larvae, but did not consider other
factors, in particular the physiological requirements of the two
species. In an earlier paper Beebee (1977) showed that increasing
usage of heathland pools by Common Toads is related to afforestation
of sites. This may lead to a change in physical conditions which

differentially favour metamorphic success of Common Toads.

Noland & Ultsch (1981) investigated the importance of temperature
and dissolved oxygen concentrations on microhabitat selection by
tadpoles of R. pipiens and B. terrestris. They related laboratory
studies of critical thermal maxima (CTM), defined as the mean
temperature at which locomotor activity became disorganised and the
animals lost their ability to escape from conditions that lead to
their death (Hutchison, 1961), and oxygen consumption to physical
conditions in the field. DMNoland & Ultsch (op ci?) found differences
in thermal and oxygen requirements for the two species, and also

differences in the physical parameters of their habitats. They

suggested that B. terrestris is adapted to high temperatures while
R. pipiens is better adapted to variations in oxygen availability.
Mathias (1971) found that Common Toad tadpoles had lower CTM
(25-28°C), and could develop at lower temperatures than Natterjacks,

suggesting that Common Toads would fare better in cooler pools.

Monitoring over a 24 hour period at Cabin Hill revealed fluctua-

tions in pool temperatures (13-23.5°C) and oxygen concentratioﬁs
(3.8-17.8 ppm). In view of this it was decided to study thermal

dependence of oxygen requirements of Common Toads and Natterjacks and
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its role in the relative breeding success of the two species.
Investigations were made into thermal preferanda of larvae; the

effects of temperature upon larval oxygen consumption and growth;
and also the ability of both species to acclimate to changes in

temperature. The following questions were asked:

1. Is there any difference in the effect of temperature upon
metabolic rate (oxygen uptake) between Natterjacks and Common
Toads, and what implication does this have for metamorphic
success under conditions experienced during development in the
field?

2. What implication does this have for reproductive stfategies

chosen by €ath species?

3.6.2 Method

Animals: For each species, 10 freshly laid spawn strings were chosen
randomly from Cabin Hill. In the laboratory these were held in 5 1
plastic beakers containing aerated, dechlorinated tap water at 15°C.
The water was changed every two days, and dead spawn removed as it
appeared. On hatching, 6 groups of 50 tadpoles were transferred to a
constant 10°C environment. Another 6 groups were held at 20°C. All
were contained in 5 1 plastic beakers on a 12 hr photoperiod. The
water was changed weekly and tadpoles fed on lettuce and Elodea

canadensis.

Growth studies: Samples of 25 randomly chosen tadpoles at each

acclimation temperature were weighed at weekly intervals. Larvae

were weighed in milligrams using a Stanton Unimatic CL 51 balance.
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Individuals were removed from water filled petri dishes using an
inverted pasteur pipette, placed on filter paper and gently blotted.
They were then transferred to the balance, weighed, and replaced in
water. The tadpoles did not appear to suffer any adverse effects
from this trea?ment, measurements being made as rapidly as possible
to minimise stress. Observations were also made with 2 groups of

10°C acclimated Common Toad tadpoles shifted to 20°C during week 3.

Oxygen consumption: Oxygen consumption was measured at weekly intervals
using a polarographic electrode; the Y31 Biological Oxygen Monitor 53
(Yellow Springs Instruments, Ohio). This consists of 4 removeable

glass reaction chambers (20 mm dia. x 70 mm length) surrounded by a

water jacket. A Clark-type electrode is mounted in a

lucite plunger, shaped so that all air can be expelled from the
chambers by a slot on the side of the plunger. The electrode has a
platinum cathode and silver anode bathed in potassium chloride solution
and separated from the reaction chamber by a membrane. When operating,
the current flowing between the electrodes is directly proportional to
the oxygen concentration of the medium within the reaction chamber.

The output (0-10 mV) was recorded using a Servegor 120 chart recorder.
Relative oxygen consumption values obtained during experimentation were
converted to actual oxygen consumption using tables of oxygen concen=
trations in water at the experimental temperatures. Clark-type
electrodes require a continuous movement of liquid over the membrane
to maintain steady-state readings. Normally this 1s achieved by using
18 mm dia. magnetic stirrers. However, to prevent excessive distur-

bance of tadpoles, these were replaced by 15 mm sections of wire
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agitated by an under-assembly magnetic stirrer. This, together with
random locomotory movement by the tadpoles, was considered adequate to
prevent any localised reduction of oxygen concentration around the
electrode which might have affected readings. The temperature of the

chambers was held constant with an accuracy of £+ 0.1°C using a Haake F3

heater-cooler unit.

Controls of 2 mls fully aerated water were used to calibrate the
chart recorder at maximum deflection for both experimental temperatures.
Sterile water was used to prevent oxygen uptake by micro-organisms
influencing the results. Five randomly chosen tadpoles from each
acclimation temperature were used for oxygen consumption readings.

Each tadpole was introduced into the reaction chamber containing 2 ml

of sterile, aerated water, the electrode inserted, and all air bubbles
expelled. For each tadpole, the oxygen consumption was measured at
10°C and 20°C for 15 mins, after which the tadpole was weighed (see
above) and returned to the holding vessel. For the final set of
measurements (week 5) oxygen consumptions were measured at 5°C intervals
between 5°C and 30°C. This allowed oxygen requirements to be measured

across a full range of temperatures which might be encountered in the

field.

During week 6, thermal preferanda of both species were measured.
A temperature gradient was created in a 2 m section of 7.5 cm dia.
plastic gutterihg, using a thermostatic heater set at 40°C at one end
of the gutter, and cracked ice at the other. Ten tadpoles were placed
equidistant along the length of the gradient. To reduce movements
associated with foraging behaviour by the tadpoles, Elodea canadensis

was placed uniformly along the gutter. After 50 mins the temperature
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of the water adjacent to each tadpole was recorded using a 0-50°C
thermometer. The tadpoles were removed and then placed equidistant
along the gradient. This was repeated a maximum of 5 times for each
tadpole after which the tadpoles were returned to the holding

vessels.

3.7 Metamorphosis

Previous workers (Storm & Pimentel, 1954; Whitaker, 1971) have
successfully used combinations of fences and sunken traps around
breeding pools to study the emergence of metamorphosing anurans.
Unfortunately, public access to the site, and army activity on the
training areas precluded the use of this sampling method at Cabin Hill.
Initial attempts at using pitfall traps and board traps around the
edges of the pools did not produce reliable results. Because of these
difficulties, metamorphosing toadlets were estimated indirectly by
monitoring the numbers of 4-legged tadpoles within the pools, during
the course of quadrat surveys (described in section 3.5.2). Searches

were also made around the pools for fully metamorphosed toadlets.

3.8 Other amphibians

Although primarily concerned with Natterjacks, observations con-
cerning breeding biology of other amphibians (Common Frogs, Common
Toads) at Cabin Hill were maintained for the study period by Dr. P.H.

Smith and myself. Common Frog spawn numbers were estimated visually,
but only the presence or absence of Common Toad spawn was recorded.

Presence or absence of larvae was recorded for both species, and
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metamorphosis estimated visually. Quadrat surveys of Common Toad

tadpoles were undertaken during the course of this study using the

method described previously (section 3.3.2).

3.9 Adults (Post-breeding season)

From previous observations (Mathias, 1971; P.H. Smith 7n 1litt)
adult Natterjacks were seen to move away from the breeding pools and
disperse along the frontal dunes after the breeding season. A second
mark-recapture scheme was undertaken to provide details of adults'’
movements along the fore-dunes and also provide a more accurate
population estimate by reducing the heavy bias towards males at the
breeding sites. Accordingly a 2.5 km stretch of dunes adjacent to the
breeding area was searched for toads. This ran from Formby Coastguard
Lookout in the north to the River Alt estuary in the south. To facili-
tate searching, driftwood was placed on the dunes in the hope of
attracting toads which are kgown to shelter under flat objects
(P.H. Smith in ?1t%). The dunes were marked off at 100 m intervals by
posts driven into the ground so that capture positions could be
identified. On capture, the same procedure as that used in the
breeding season was employed. The toads were sexed, weighed, and
snout-vent length to the nearest mm noted. The animals were then given

an individual mark using the 'Panjet' inoculator, and released.
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CHAPTER 4

‘RESULTS

4.1 Population estimation, 1981-83 Breeding season

4.1.1 Data analysis for the study period

Male and female capture data for the study period are given in
Table 7. Overall capture rates were low, with an excess of males,
This is due to males remaining longer at the breeding pools than
females which visit briefly to spawn (Smith, 1964). The female data
did not lend themselves to mark-recapture,analysis,and so population
estimates were only calculated for the male breeding population. This
problem has been encountered by previous workers (Smith & Flynn 1977;

Smith & Bownes, 1978).

4.1.2 Testing the assumption of Jolly's (1965) Stochastic Method

Mark-recapture models contain underlying mathematical assumptions.
The results are thus only explainable in biological terms if these
‘assumptions are valid. If these requirements are not fulfilled,
interpretation of results proves difficult, and a different method of
population estimation may have to be applied (Caughley, 1980).
Jolly's (1965) method makes the following assumptions:
1. All marks are permanent and noted upon capture.
2. All individuals, whether marked or not, have an equal chance ot
capture,
3. Capturing, handling, and marking one or more times has no effect

upon an individual's chance of dying/emigrating.
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Table 7. Male and female captures, Cabin Hill. Breeding season

1981-83
No. of toads No. of toads No. oOf
captured recaptured recaptures

Males 1981 519 48 49

1982 521 142 254

1983 048 180 244
Females 1981 54 2 2

1982 43 5 9

1983 118 0 0
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4, Capturing, handling, and marking one or more times has no effect
upon an individual's subsequent chance. of recapture.

5. All individuals, whether marked or not, have an equal chance of
dying/emigrating.

6. Sampling periocds are short in relation to total time.

In previous mark-recapture surveys of Natterjack populations
(e.g. Mathias, 1971; Smith & Bownes, 1978) these assumptions were not
tested although difficulties in gathering data were noted. For this
study, mathematical tests described by Begon (1979) were used to check
the validity of the data. 1In 1981, low numbers of captures (Table 7)
resulted in data unsuitable for this type of analysis. Therefore the

following refer to the 1982 data,

i. All marks are permanent and noted correctlz on caEture.

The Panjet marker has been used successfully in studies of fish
populations (e.g. Hart & Pitcher, 1969) and although it has only
recently been applied to amphibians (Wisniewski et al, 1980) it has
proved to be a reliable method of marking. During this study, Panjet
marks were clear and easy to read. The three colours used (Alcian
blue, green, and yellow) were easily distinguished against the
animals' pale ventral surface, and there were nolproblems in reading

code numbers.

2. All individuals, whether marked or not, had an equal chance of

caEtur e

Random sampling within the population was investigated using
Leslie's (1958) test., 1Ideally this requires a sample of at least 20
individuals known to have survived 3 intermediate recapture occasicns,

If the sample is smaller, the test can be applied, but the results
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may be unreliable,

The analyses for all three sub-areas sampled in 1982 are given in
Table 8, Of these, only data for sub-~areas 1 and 2 could be used to
calculate ¥* values. Random sampling was confirmed for sub-area 2 but
not for sub-area 1. Although in both cases the number of individuals
susceptible to sampling (G) .was below the ideal minimum, twice as many
animals were available in sub-area 2 (G = 12) as sub-area 1 (G = 6).
In the case of sub-area 3 where G = 3, no ¥?* values were computable,
These results indicate sampling was probably random, but there were
too few data to confirm this. Analysis of 1983 recapture data (Table
9) for sub-area 2 (G = 14) supports the hypothesis of random capture

(p > 0.1),

If capture was non-random, the most probable explanation would be
a tendency to recapture territorial males remaining at favoured
calling sites. Territoriality has been shown in Natterjacks (Arak,
1983) , larger toads being more successful in male-male interactions than
smaller toads. Therefore recapture rate of 'larger' individuals
could be greater than for 'smaller' males. This was tested by x*
analysis usingthe 1982 data for male captures in sub-area 1, Toads
were classified into one of four size groups (S 50 mmy 51-55 mm;
56-60 mm; > 60 mm). The analysis is given in Table 10, and shows no

particular size group had a greater chance of recapture (x* = 4.23,

p > 0.1).

The overall conclusion is that capture of Natterjacks was

probably random.
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Table 8. Leslie's (1958) test for random sampling of male Natterjacks

at Cabin Hill,b 1982

Sub area 1. G = 6

Day of No. of No. of
Frequency
capture |Jcaptures recaptures
’ 4
i (g i) (gi) X
2 3 9 0
3 2 4 1
4 4 16 2
9 29 3
6 9 23
_ 81 _
Actual sum of squares = 23 -5 = 9-5-
9 29
Expected variance =€ "3 = 0.69
9.50
2 _— ———te—
X 0.69 13.77 (with 5 d4d.f.)

p < 0.05 (.. Non-random sampling)

Sub area 2. G = 12

i (g,) (g,)° X £x ALy XEx
2 S 25 O O
3 5 25 1 2
4 5 25 2 20
15 75 3 9
31
Actual sum of squares = 31 -~ %22-5- = 12.25
E;pected'variance =%g---%§- = 0,73
X = 22:23 _ g 78 (with 11 d.f.)

p > 0.1 (.. Random sampling)
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Table 8 (continued)

Sub area 3. G = 3

P |
i (g,) (9;) X
2 3 0
3 3 1
4 3 2
9 27
. 89
Actual sum of squares = 27 -3 - O
Expected variance =*%--7%;- = 0.

.« Captures too small for sensible estimate.
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Table 9. Leslie's (1958) test for random sampling of male Natterjacks

at Cabin Hill, 1983

Sub area 2. G = 14

i gi g;_ X fx xfx XEax
2 1 1 0 0
3 6 36 1 S
4 4 16 2 12
11 o3 3 0
14 11 17
. 121
Actual sum of figures = 17 - Vil 8.36
: _ 11 203
Expected variance =94 " 796 0.52
8.30
2 _ Do -
X 0. 50 16.07 (with 13 4d.f.)

p > 0.1 (.. Random sampling)

61



Table 10, The effect of size (age) upon an indiwvidual's chance of

recagture

Size < 50 mm | 50-55 mm |56-60 mm | > 60 mm | Total
Recaptured 4 26 17 1 48
Not-recaptured 15 70 72 15 172
Total 19 06 89 16 220

X! = 4.232 (with 3 4.f.). p > 0.1

.. No size group exhibited a greater recapture rate compared to the

rest of the population.
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3. Capturing, handling, and marking one or more times has no effect

upon_an individual's chance of dying/emigrating

Due to the relative novelty of marking amphibians by Panjetting
this test was particularly important., Field observations by myself
and previous workers (Wisniewski et al, 1980) suggest that Panjetting
mortality is negligible. Wisniewski et al (1980) report < 0.01%
marking mortality. During the present study 3 (0.2%) marked toads
were found dead, although it was not clear whether this was due to the
marking process. The effect of marking was tested by determining
whether toads marked for the first time were recaptured as frequently
as those already marked (Begon, 1979). The results are given in

Table 11.

The results are rather difficult to interpret. Significant and
non-significant values were found for all sub-areas (Table 11). Thus
in sub-area 1 there was a tendency for toads marked on days 2, 3 and 7
not to be recaptured. This is also true for sub-area 2 (day 4) and
sub-area 3 (day 4). However, for all other marking occasions there
was no evidence for initial marking mortality. It is important to
note that Natterjack captures (and hence recaptures) are affected by
the prevailing weather conditions (see below). This may have affected
the analysis giving rise to conflicting results. Checks were made
around the pools each morning after marking, but no dead, marked

animals were found.

It is concluded that there is no strong evidence that marking

increased mortality.
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Table 11. The effect of marking upon subsequent recaptures of male

Natterjacks at Cabin Hill, 1982

Sub area 1
Example: Day 2 captures

Captured after Not captured

Total
day 2 after day 2
1st captured day 2 8 41 49
and released
Recaptured day 2 7 5 12
and released
Captured day 2 15 46 61
and released
x* = 7,05 (with 1 4.f,) p < 0.001.
Analysis X* value Probability level
Day 3 16.26 < 0.001
Day 4 0.39 > 0.5
Day S 0.07 > 0.9
Day 7 5.00 < 0.05
Day 8 3.79 > 0.05
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