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ABSTRACT

Studies on the Auchenorrhyncha (Hemeptera - Insecta) of Pennine Moorland

with special reference to the Cercopidae.

Notes on the autecology of 32 species of Auchenorrhyncha from the
Moor House National Nature Reserve are given, Studies were made of the
microclimates of the common vegetatiop types on which these occur and it
is shown that the size and function as a temperature regulator of the
spittle (produced by nymphs of the Cercopidae) is associated with these
gradients.

Cercopid nymphs are shown to change feeding sites after moulting.



The need to change host plants and thus leave protective spittle is
thought to result in an increased mortality of nymphs (up to 3 per cent
per day). Overall nymphal mortality is not dependent on population
density.

In two cercopids (Neophilaenus lineatus and Neophi laenus exclamationis),

there are marked changes in population density in each year (1961 to 1963)
and these are partly attributed to climatic factors, The hatch of
Cercopidae is delayed, and development is retarded at high altitudes,

Nymphal mortality rates in a cicadellid (Macrosteles sexnotatus) and

a delphacid (Conomelus anceps) did not differ from those of the Cercopidae
studied, although they have no protective spittle,

It is concluded that cercopid spittle is of some survival value at
Moor House by enabling the nymph to avoid parasites, if not predators, and
unfavourable climatic conditions encountered whilst remaining stationary

on the host plant during feeding. These advantages are not sufficient to



give the Cercopidae a significantly higher survival rate than other
Auchenorrhyncha at Moor House,

Non-density dependent factors are thought to be responsible for a
major part of the changes in population density. A compensatory
mechanism at other stages of the life cycle has not been demonstrated,
Local extinction at the edge of the range is a result of climatic
factors, The population studied is probably below the density level

at which regulating mechanisms may occur.
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I. INTRODUCTION

Since 1952, studies of the fauna of the Moor House National
Nature Reserve have been in progress. The need for detailed surveys
of the animals of the Reserve has been pointed out by Cragg (1961),
and the present study was undertaken with the aim of supplementing
the general faunal data accumulating for the Reserve,

Many authors have laid stress on the great severity of the
climate at Moor House., An opportunity has therefore been taken to
study the Cercopidae in more detail than the rest of the Homoptera
Auchenorrhyncha, because members of this group are able in the
nymphal stages to provide themselves with a small enveloping micro-
climate known as “cuckoo-spit". The existence of this spittle has
also made possible quantitative sampling on a scale which would
otherwise have been difficult under Pennine climatic conditions,

The relatively low densities of Auchenorrhyncha at Moor House, com-
pared with lowlands, has also limited the scope of the present study.
The advantages of undisturbed study areas provided by a National
Nature Reserve, and the usefulness of data collected on such a
Reserve are, however, justifiable reasons for working there,

The British Cercopidae are represented by ten species which are
members of four genera. Apart from initial descriptions of the
species and occasional habitat records, only one of these species
has received much attention in the literature. Philaenus spumarius
is widely distributed in the Palaearctic and Nearctic regions and

“ 1663

is a serious pest of alfalfa and other hay crops in the United States
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and Canada and a considerable literature on its ecology has accumlated.
The emphasis on this species has led to neglect of related genera, for
example there appears to be only one detailed paper on Neophilaenus
lineatus, This is the work of Garman (1921) who in general, records
observations which are unsubstantiated by critical evidence. The
species is less common than P. spumarius in lowland localities of
Britain but is the most abundant cercopid of upland areas where it
occurs on grasses, sedges and rushes, Its importance on these upland
areas has made it the main subject of the present study although the

discovery of Neophilaenus exclamationis at Moor House during the

course of this work has allowed the study of a closely related species
on which no literature has been found. It has been possible to
estimate the mortality of the two Neophilaenus species at Moor House
and so by way of comparison, data has also been collected on the
mortality of representatives of the Cicadellidae and Delphacidae;
groups of Homoptera Auchenorrhyncha which do not have protective
spittle during the nymphal stages.

Many Auchenorrhyncha are polyphagous, and it is the opinion of
several workers on the group (e.g. Kontkanen 1950), that microclimatic
conditions may be more important factors in their distribution, than
the details of the vegetational cover., In describing the habitats
in which Auchenorrhyncha occur at Moor House, attention has been paid
to the microclimatic conditions encountered in the various vegetation
types. The effect of these on the spittles of Cercopidae is also

discussed,



II. THE STUDY AREA AND SAMPLING SITES

1.  LOCATION AND GENERAL PHYSIOGRAPHY

Most of the work described in this account was carried out on
the Moor House National Nature Reserve (N.R. 80) Westmorland, which
occupies 10,000 acres (4,000 hectares) of the Pennines (Nat. Grid.
Ref. NY/758329). The Reserve lies 12 miles to the east of Penrith
and 11 miles to the south of Alston. On the west lies the Pennine
escarpment which rises from the Vale of Eden up to the sumit ridge
formed by the rounded tops of Great Dun Fell (2,780 feet; 845 m.),
Little Dun Fell (2,761 feet; 842 m.) and Knock Fell (2,604 feet;
794 m.). This ridge is continuous with Cross Fell (2,930 feet;
893 m. ), the highest point of the Pennines, which lies just outside

the northern boundary of the Reserve. The greater part of the

Reserve slopes in an easterly direction from the summits down to the

River Tees, which bounds the Reserve on the north and east. This

3.

part of the area has an extensive cover of glacial drift overlaid by pea

which reaches 12 feet in thickness in places. The Reserve is dis-~

sected by numerous streams flowing into the Tees on the east and the

Eden on the west. These often expose the Carboniferous Yoredale
rocks which are made up of repeated bands of limestone, shale and
sandstone, with thin coal seams,

Most of the surface is covered by blanket bog except on the

higher slopes and along the stream valleys where shallower peat or

mineral soils allow the existence of rush and grass dominated areas,



PLATE 1,

THE JUNCUS SITE.

General view, The Juncus squarrosus is bounded
on the upper side by Calluna, and along its lower

edge by a narrow belt of Juncus effusus,

Detail of the vegetation. The Juncus (darker
areas) and Festuca can be distinguished, and one

of the pegs for the sample grid is visible,
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Trees were not introduced on to the Reserve until 1954, The general
features of the Reserve have been described by Conway (1955) and Cragg
(1961), and Johnson and Dunham (1963) have published a detailed mono-

graph of the geology of the area.,
2, THE SAMPLING SITES

From the area described, sampling sites were selected for study.
a) THE JUNCUS SQUARROSUS SITE (1,800 feet; 549 m.) PLATE 1.

A characteristic vegetation in which Juncus squarrosus is dominant

occurs at the edge of mixed moor vegetation where the peat is better
drained and shallower than on the Calluna moor, Juncus arrosus,
Festuca ovina and Polytrichum commune are the main constituents of the
flora (Table 1), The vegetation analyses used in this section are

from the Moor House records.

TABLE 1, DOMIN ANALYSIS OF THE JUNCUS SITE VEGETATION

Metre Square Quadrats

1 2 3 4 S

Juncus squarrosus
Shoot number 19 11 18 16 18
Domin scale 7 6 7 7 7
Agrostis tenuis - - - - 2
Carex nigra 3 3 - 3 2
Deschampsia flexuosa 1 - 1 1 -
Eriophorum vaginatum - 4 - - -
E. angustifolium 2 - 1 - -
Festuca ovina S S 1 7 S
Polytrichum commune 4 S 4 - 4



PLATE 2, THE NARDUS SITE.

A. General view with Valley Bog in the background.

B. A portion of the grid with the pegs visible,






FIG. 1 MAP OF THE MOOR HOUSE NATIONAL NATURE
RESERVE

One hundred foot contours are marked, and

the numbers refer to the sample sites.
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S.

Domin Scale :
x = Isolated, cover small 6 = 25 - 33% cover
1 = Scarce, cover small 7 = 33 - 50% cover
2 = Very scattered, cover small 8 = 50 - 75% cover
3 = Scattered, cover small 9 = ) 75% cover
4 = Abundant, 5% cover 10 = 100% cover
5 = Abundant, 20% cover

In the following account of the host plants of N. lineatus on
this site, all fine leaved grasses are grouped together and referred
to as Festuca. As the above table shows, a small proportion of this
may be Deschampsia which is virtually indistinguishable from Festuca
when not in flower.

A grid was established on a Juncus site to the north-west of

Great Dodgen Pot Sike (Fig. 1) in order to study N. lineatus nymphs

in 1961 and 1962,
b) THE NARDUS SITE (1,800 feet; 549 m.) PLATE 2.

On well leached mineral soils and re-distributed peat, Nardus

stricta is a common constituent of the flora and covers considerable
areas on the dip-slopes of the Pennine peaks, A representative site
was selected at the side of the Bog End track (Fig. 1), approximately

mid-way between the house and the end of the track. Nardus stricta

is dominant but is associated with some Juncus squarrosus, Deschampsia

flexuosa and Carex spp. A grid was established here in order to

sample nymphs of N. lineatus in 1961 and 1962.



PLATE 3. THE LIMESTONE GRASSLAND SITE.

A. General view of the grid.

B. Detail of the vegetation with a quadrat

(1/10 m®) in position.






6.
c) THE LIMESTONE GRASSLAND SITE (1,825 feet; 556 m.) PLATE 3,

Although at least 70 per cent of the area of the Reserve is
covered by deposits of blanket peat, there are small areas, particularly
along the banks of streams, where mineral soil has accumulated. The
sumit ridge of the Pennines also has similar deposits., On these
areas a grassland in which Festuca and Agrostis predominate is found.
At the foot of Rough Sike (Fig. 1), an area of Tyne Bottom Limestone is
overlaid by mineral soil supporting such a grassland. Approximately
one half of this area has an even deposit of soil and this was chosen
for the establishment of a grid on which to sample N. exclamationis
nymphs in 1962, A Braun-Blanquet analysis of the area is shown in

Table 2.  The area is very well drained and the soil is base-rich,

TABLE 2, BRAUN-BLANKET ANALYSIS OF THE LIMESTONE GRASSLAND SITE

VEGETATION
A B C
Agrostis tenuis 2 2 x
Festuca ovina 3 2 3
Festuca rubra - 2 -

Achillea millefolium 2 2 -

Carex caryophyllea - 2 -
Luzula campestris 1 x -
Thymus drucei 2 3 -

Trifolium repens 1 X -



Braun-Blanquet scale :

X = Isolated, cover small
1 = Plentiful, but of poor cover value
2 = Very numerous or covering at least 5%

3 = Any number of individuals, Cover 25 - 50%

TABLE 3, DOMIN ANALYSIS OF HUMMOCK AND HOLLOW VEGETATION
ON LIMESTONE GRASSLAND

Hummock Hollow

quadrats quadrats
Plant Species 1 2 3 4 1 2 3 4
Agrostis tenuis 4 4 § 3§ 7 t 4 6
Anthoxanthum odoratum - - - 1 - 2 - 2
Festuca ovina 6 8 7 17 6 8 8 7
Festuca rubra 3 - 3 2 - = 2 8§
Carex caryophyllea - 3 2 3 - - - -
Luzula campestris 3 3 2 3 3 2 2 3
Achillea millefolium 3 - 3 3 - - - -
Euphrasia nemorosa 3 2 1 2 - - - 1
Galium hercynicum - = - - 3 2 § 3
Galium pumi lum 3 3 4 4 - - - -
Plantago lanceolata - = = - 2 = = =
Potentilla erecta - = - - 3 3 3 3
Thymus drucei 6 x 4 S 3 § - =

Trifolium repens 3 3 - 3 T - - -

7.
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The other half of the limestone grassland area is made up of
a regular system of hummocks and hollows formed by the existence of
upstanding blocks of limestone divided by grikes, In the latter the
soil is deeper, but less well drained than on the hummocks, This
gives rise to a marked difference in the vegetation, although a
quadrat analysis of the hummocks and hollows suggests that the
difference is more qualitative than quantitative (Table 3). There

is, however, more Agrostis tenuis and Anthoxanthum odoratum in the

hollows than on the hummocks and certain herbs are restricted to one
or other of the two habitats, The commoner species are listed in
Table 3 and are classified by the Domin scale of abundance,

The physical features of these hummocks and hollows are discussed

in section V.,
d) THE DORTH GILL TRANSECT

In 1961, a transect on the eastern facing slopes to the north of
the Reserve at Hill Farm was sampled for N. lineatus nymphs. The
transect rose from the bridge across Dorth Gill (1,500 feet; 457 m.)
to the summit of the ridge above at 2,000 feet (610 m.). Juncus
squarrosus was the dominant plant at each of the six stations at 100

feet vertical intervals up this transect,

e) THE MIDDLE TONGUE TRANSECT
The steep western escarpment of the Reserve falls steadily from
the summit of Little Dun Fell (2,761 feet; 842 m.) down a triangle of

land bounded by Crowdundle and Middle Tongue becks known as Middle
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Tongue., A transect from 1,250 feet (381 m.) up to 2,250 feet (686 m.)
with stations at 250 feet vertical intervals was sampled in 1962.

Each of the stations had Juncus squarrosus as the dominant member of

the flora and nymphs of N. lineatus were sampled on this transect up
to 2,250 feet, beyond which they became too sparse for quantitative
work, Each of the stations had the same aspect and the slope of the
transect was constant, so that samples from each of the stations would

be mainly affected by the altitude at which they were taken.

f) OTHER SAMPLE SITES

In addition to the above mentioned sites, sweep net samples were

periodically taken on the following vegetation types :

i. Actively growing bog known as Valley Bog (Fig. 1). An area

characterized by Sphagnum and Eriophorum and small tufts of Calluna,

In spite of repeated sweeping, the area yielded few Auchenorrhyncha,

iif. Mixed Moor, Areas where peat erosion is taking place and the

dominant flora consists of Calluna, Cladonia and Eriophorum.

Although covering very large areas of the Reserve, this habitat is

poor in species of Auchenorrhyncha,

iii. Base-rich grassland. In a well drained hollow, known as Green

Hole, near to the source of Great Dodgen Pot Sike (Fig. 1), Deschampsia

and Holcus form much richer grassland than elsewhere on the Reserve,
with the exception of a cultivated meadow adjacent to the house (the

paddock) °
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iv, Urtica dioica, Common around the house,

V. Pteridium aquilinum, Abundant on Middle Tongue.

vi. Carex rostrata standing in a stagnant pool at Bog End.

vii. Juncus effusus on alluvial soils and in flushes.

3. THE CLIMATE AT MDOR HOUSE

The Reserve lies on the "Alston block"; the highest part of the
Pennine upland and the most consistently elevated region in England.
It is not therefore surprising that the climate is severe, with a high
number of rain days each year resulting in an average annual rainfall
of over 70 inches, The average summer and winter temperatures of
55°F (12.8%C) and 29.3%°F (~1.7°C) respectively are low, and strong
winds are common throughout the year, (Based on a ten year record
by Manley, 1943). Some mean temperatures recorded at Moor House
and on the sumit of Great Dun Fell are taken from Manley (1942,

1943) and are recorded in Table 4, A summary of 1961 and 1962
conditions have been extracted from the Nature Conservancy's records
and are shown in Table 5, where they are compared with average figures

over the 1953-62 period,

TABLE 4, MEAN JANUARY AND JULY TEMPERATURES AT
MOOR HOUSE AND GREAT DUN FELL.

Mean temp. °C.
Altitude (feet) Jan, July

Moor House 1,840 0.6 117

Dun Fell 2,735 =147 94
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Perhaps the most significant feature of the temperature records
is the existence on many evenings of a rapid fall followed by marked
fluctuations. Diurnal ranges of up to 40°F have been recorded.
Snow may lie on the ground until mid-May and frost has occurred in
every month of the year. Moor House may therefore be said to be
typical of the montane zone of Britain which has been described as
having features comparable to those at sea level in Iceland (Manley

1936).

TABLE 5, SUMMARY OF MOOR HOUSE METEOROLOGICAL DATA 1961 AND
1962 COMPARED WITH THE TEN YEAR AVERAGE (1953-62)

1961 1962 Average
1953-62
Mean maximum temperature °C 8+6 7¢5 8+6
Mean minimum temperature °C 2.5 11 1.9
% (Maximum + minimum) temperature °C 5¢6 4.3 502
Rainfall, inches 784 770 74.8
Number of rain days 241 251 245
Days with snow lying 8§ 79 S8
Average daily sunshine, hours 2.8 2.9 3e2
Mean monthly wind speed, knots 115 132 -

Manley (1936 and 1943) has described the climate of the area in
some detail and his figures for monthly maxima and minima over a ten

year period are recorded in Table 6.
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TABLE 6., MEAN MAXIMUM AND MINIMUM TEMPERATURES AT MOOR HOUSE
1932 - 1942 (FROM MANLEY 1943)

Month Mean daiay Mean dai&y Ax;rage

maximum C, minimum C, c.
J. 246 -1.4 0.6
F. 2+6 =1+9 0.3
M, 3.8 ~1e5 1.2
A. 6.7 0.1 33
M, 11.0 31 7.1
J. 139 5¢4 9.7
J. 153 7.8 116
A, 14.8 7.8 113
S. 12¢4 Se7 9.1
0. 8¢5 2.8 §e7
N. 4.7 0.2 244
D. 249 08 1e1

Year 83 203 563
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III. TAXONOMY AND AUTECOLOGY OF THE MOOR HOUSE AUCHENORRHYNCHA

e  TAXONOMY

a)  GENERAL

The naming of British Auchenorryhnchous Homoptera is still in a
state of flux because of the activities of Continental and American
workers who are introducing nomenclatorial changes as the old type
collections are re-studied. The only available British key for the
group (except for a Royal Entomological Society handbook on the
Fulgoromorpha - Le Quesne 1960) is the 1896 publication of J. Edwards,
"THE HEMIPTERA - HOMOPTERA OF THE BRITISH ISLANDS"., It has, however,
to be used with caution because few of his names remain unchanged and
many of his genera have been split. Preliminary identifications were
made with this key, but these have been checked and the names corrected
by reference to the extensive key for European Jassidae (Cicadellidae)
by Ribaut (1952)., This was made necessary by the importance placed
on the colour markings in the Edwards key, and the great variability
of these in the Moor House species, Ribaut's key is based mainly on
genitalia characteristics, particularly the form of the penis. For
examination of the latter, the last few segments of the abdomen were
heated in 3 per cent potassium hydroxide, The penis was then dis-
sected out and mounted in gum tragacanth on Bristol board, Identifi-
cations of the Cercopidae were checked with the key in Svenska

Insektfauna (Ossiannilsson 1946-47). Delphacidae (Fulgoromorpha)
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were identified with the Royal Entomological Society key (Le Quesne
1960). No descriptions of immature Cicadellidae are available but
certain immature Delphacidae have been described and keyed by Hassan
(1939). The check list of China (1950, 1951) is utilised in naming
the species in the present account and all identifications have been
checked by comparison with specimens in the British Museum (Natural
History).

With existing keys, it was only found possible to determine the

specific status of Psammotettix striatus by a preparation of the male

genitalia. The shape of the penis differentiates this species from
P. confinis and P. putoni, which do not appear to occur at Moor House.
Similarly, it proved difficult to decide whether the species of

Macrosteles occurring on Juncus squarrosus was M. sexnotatus (Fallén

1806), M. horvathi §Vagner, W, 1935),M. fieberi (Edwards, J. 1891),

M. frontalis (Scott 1875), or M. viridigriseus (Edwards, J. 1924),
without dissection. The latter three species can normally be
distinguished because the head markings are confluent. In many Moor
House specimens of M. sexnotatus, however, the dark pigments are
excessively developed and often appear confluent, Dissections showed

that they are abnormally dark specimens of M. sexnotatus which is

easily distinguished from the other species by the shape of the penis.
In general it may be said that there is a greater than usual

tendency towards the production of dark pigments in the Moor House

Auchenorrhyncha, making their identification difficult, Thus, almost

all the specimens of Tettigella viridis taken on the Reserve were of the
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dark variety suffusa, and an entirely black specimen of Neophilaenus
exclamationis has been taken., The tendency for insects to develop
dark pigments at high altitudes or latitudes has been recorded before
(e.g. Benson 1950). He is of the opinion that melanic forms are
more characteristic of high humidities than low temperatures. The
dark forms at Moor House were found in marshy places, but also at
high altitudes. The effect of low temperatures on dark pigment
production is complex, because although they tend to inhibit pterine
production thus leading to the occurrence of pale forms in the north
or on mountain tops (Hovanitz 1941), yet there are many examples of
low temperatures producing dark forms (Wigglesworth 1953). The
reason for the occurrence of dark forms at Moor House is therefore
obscure, Another characteristic of high altitude Auchenorrhyncha is
the common occurrence of brachypterous forms, In fact in species
which are known to exhibit macropterous and brachypterous forms, the
former have been taken only in the paddock area or at low altitudes
on Middle Tongue. Thus all the Delphacidae collected were brachy-
pterous with the exception of some macropterous Delphacodes pellucida
from the paddock (this species is brachypterous elsewhere on the
Reserve), and Kelisia vitipennis from Middle Tongue. All the
Delphacidae on the Reserve are known to have macropterous forms in
other parts of their range.

In his study of Plecoptera, Hynes (1941) came to the conclusion
that brachyptery is probably not an effect of temperature, because he

claimed that there is no evidence that latitude has any influence on
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the length of wings. Brinkhurst (1959), however, points out that

a number of workers have established that wing polymorphism is
commoner in northern latitudes (e.g. Lindberg 1929, Jordan 1943) and
at higher altitudes (Teyrovsky 1952), Hynes (1955) collected more
apterous Heteroptera at high altitudes. The significance of alary
polymorphism is still open to doubt, Hynes (1941) and Brinck (1949)
suggest that it may be an advantage to stoneflies in open mountainous
districts because insects with reduced wings are less likely to be
carried away by high winds. On the other hand, Ekblom (1941)
presented data which demonstrates that short winged forms of Gerris
(Heteroptera) are more cold resistant than long winged forms, Either
of these theories would fit the Moor House situation, but the second
seems most likely because flight is rare even in macropterous
Auchenorrhyncha. In the following section on autecology, distinction
is made between brachypterous individuals in which the wings are much
reduced, and sub-macropterous forms in which the wings are only a little

shorter than in normal specimens of the group,.
b) THE CERCOPIDAE

Although almost all the species named in this account have several
synonyms, some special mention must be made of the naming of Philaenus
spumarius, because the International Commission on Zoological Nomen-
clature has recently made a ruling which invalidates the name used by
American authors. Most recent papers on this species have used the
name P, leucophthalms based on the opinion of Horvath (1898), who

concluded that the insect described originally by Linnaeus as
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P, spumarius was in reality Aphrophora alni (which therefore becomes

hrophora spumaria)s Thus P. spumarius should be known as P,
leucophthalmus (Linnaeus 1758) which is the next name in order of
preference, American authors have accepted this, but the Inter-
national Commission have recently decided to interpret the identity
of Cicada (= Philaenus Stal 1854) spumaria Linnaeus 1758 as identical
with Cicada leucophthalmus Linnaeus 1758, following a recommendation
by Ossiannilsson (1957). Much of this confusion arises because of
the occurrence of several colour varieties of P, spumarius which
have in the past been described as distinct species, The naming of
the colour varieties in the present study is according to the
illustrations given by Halkka (1962), in order that data on their
frequency may be comparable with his.

The two species of Neophilaenus discussed have in the past been
referred to the genera Cicada De Geer, Philaenus (Stal 1864) and
Ptyelus Flor, before the erection of the genus Neophilaenus by Haupt
in 1905,

2, CHECK LIST OF MDOR HOUSE AUCHENORRHYNCHA

The species are named and arranged according to the check list

of China (1950, 1951).

SUPERFAMILY CICADOIDEA

FAMILY CEROCOPIDAE

Phi laenus Stal 1864

1. spumarius (Linnaeus 1758)



Neophi laenus Haupt 1905

FAMILY CICADELLIDAE

Ulopa Fallén 1814

Tettigella China and Fennah 1945

Oncopsis Burmeister 1837

Aphrodes Curtis 1831

Deltocephalus Burmeister 1838

Arocephalus Ribaut 1946

Jassargi_ls Zachvatkin 1934

Diplocolenus Ribaut 1946

Psammotettix Haupt 1929

Scleroracus Van Duzee 1894

2,

Se

4.

S.

6.

7e

8.

9.

10,

11,

12,

13.

18,

lineatus (Linnaeus 1758)

exclamationis (Thunberg 1784)

reticulata (Fabricius 1794)

viridis (Linnaeus 1758)

tristis (Zetterstedt 1840)

bifasciatus (Linnaeus 1758)

pulicaris (Fallén 1803)

punctum (Flor 1861)

pseudocellaris (Flor 1861)

abdominalis (Fabricius 1803)

striatus (Linnaeus 1758)

Sp. (female only)






Conomelus Fieber 1866
28, anceps (Germar 1821)
Calligypona Sahlberg, J. 1871
29, discolor (Boheman 1847)
30. pellucida (Fabricius 1794)
31, brevipennis (Boheman 1847)
Criomorphus Curtis 1831

32, sp. (damaged)

3 AUTECOLOGY OF THE MOOR HOUSE AUCHENORRHYNCHA
FAMILY CERCOPIDAE
1. Phi laenus spumarius

Present only along the lower fringe of the paddock area. Nymphs
from early June to late August and adults from August to September.

Seven colour varieties of the adults have been taken at Moor House.

2. Neophi laenus lineatus

Common on Juncus and Nardus areas up to 2,700 feet. Nymphs from

late May to late July. Adults from July to October.

3. Neophi laenus exclamationis

Common on Festuca / Agrostis grassland only, Distinguished from

the previous species by its smaller size and the presence of an " ! "
mark along the costal margin of the elytra. Nymphs from Mgy to July,

adults from July to October,
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FAMILY CICADELLIDAE
4, Ulopa reticulata

A hardy species found on, and around the roots of Calluna,

Nymphs and adults are found throughout the year at Moor House.

Se Tettigella vjridis

Only taken on the west side of the Reserve at altitudes below
1,300 feet on Middle Tongue, The species is easily taken by sweeping
Juncus effusus in September (nymphs and adults) and October (adults).

The dark variety suffusa is common.
6. Oncopsis tristis

Only one specimen has been taken on birch in Green Hole, These
trees were introduced to the Reserve in 1954, It is the only

arboreal species which has been taken on the Reserve.

7. Aphrodes bifasciatus

Taken sparingly on Festuca /Agrostis grassland in August and

September. Rarely taken by sweeping although it is not uncommon in
vacuum samples and therefore probably inhabits vegetation very near to
the ground surface. Although not taken higher than 1,850 feet at
Moor House, specimens have been collected by the writer at 2,700 feet
on Blencathra (English Lake District). The species exhibits marked

sexual dimorphism; only the males having distinctive markings on the

elytra.
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8. Deltocephalus pulicaris

Fairly common on Festuca / Agrostis grassland in August and

coomonly taken from the fine leaved grasses under bracken on Middle

Tongue.
9.  Arocephalus punctum
Very common on Deschampsia in Green Hole in August.
10, Jassargus pseudocellaris

Fairly common on Nardus in August and September and has been

taken rarely on Deschampsia, Juncus squarrosus and on the fine grass

under bracken on Middle Tongue,

11, Diplocolenus abdominalis

Common on Holcus, Nardus and Juncus squarrosus from early July

to late October. One of the most abundant Cicadellidae at Moor House,

Most specimens are sub-inacropterous,

12, Psammotettix striatus

Very common on Festuca / Agrostis grassland from late July to
October.

13. Scleroracus sp.

A single female referable to this genus has been taken by sweeping

Calluna in July on Knock Fell. It has not been possible to determine
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whether the specimen is S. striatulus or S. russeolus, because

females of these two species are indistinguishable,

14, Euscelis obsoletus

Fairly common on Juncus effusus in August and September. A

specimen carrying the cyst of a dryinid (Hymenoptera) parasite was

taken in October 1960,

18. Streptanus sordidus

Common in long, damp grass (Green Hole and Paddock) and also on

Nardus from late August to October,

16, Streptanus marginatus

Overwinters as a late instar nymph and adults appear in the

population in June on mixed moor, Brachypterous,

17, Macustus grisescens

Comnon on Juncus effusus in wet flushes from June to August,

18, Cicadula quadrinotata

Fairly commnon on Nardus and in valley bog in August and September,

In both cases it is probably associated with Carex species.

19, Cicadula intermedia

Common on Carex rostrata growing in stagnant pools and also taken

on Juncus effusus, Nymphs from mid-July to early August. Adults



August to October.

20, Cicadula frontalis

Fairly common on Juncus effusus on Middle Tongue up to about

1,200 feet. August and September,

21, Macrosteles sexnotatus

Very common on Juncus squarrosus and Nardus in August and

September, Also taken in valley bog and on Juncus effusus and may

even extend on to the mixed moor. Nymphs in July and August,

22, Cicadella notata

Taken sparingly on the Festuca / Agrostis hummocks in August.

23, Cicadella urticae

Extremely abundant on Urtica dioica in August.

24, Cicadella aurata

Taken rarely on Urtica in company with C. urticae,

25, Dikraneura sp.

Rare on marshy areas in Green Hole and on Middle Tongue, in

September,

24,
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FAMILY DELPHACIDAE
26, Megamelus notula

On Carex rostrata and Juncus effusus in very damp places.

Adults from June to September.

27. Kelisia vittipennis

On Juncus effusus up to about 1,200 feet on Middle Tongue in

September. Specimens taken were macropterous, and with the exception

of some Calligypona pellucida from the paddock, were the only

macropterous Delphacidae found on the Reserve.
28, Conomelus anceps

Very common on Juncus squarrosus where densities of over 1,000

nymphs / »> have been recorded in mid-June and over 50 adults / n° in

early September, The most abundant delphacid at Moor House,

29, Calligypona discolor

Taken sparingly on Juncus squarrosus in July.

30, Calligypona pellucida

Common in the paddock, Green Hole and on Nardus and Juncus

squarrosus, in August. Several specimens stylopised. All

brachypterous with the exception of those from the paddock which were

macropterous, Overwinters as the nymph,
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are 27 Cercopidae and Cicadellidae recorded from an inland elevated
area at 65°N in Sweden known as zsele Lappmark,. Only 11 of these
do not occur at Moor House and 6 of these do not occur in Britain.
Of the remaining 5, four are only taken on bushes and trees (the
trees at Moor House have only been planted since 1954) and the other
is rare in Britain, The cercopid species are the same in the two
areas, Thus excluding the tree living species, some 70 per cent of
the Asele Lappmark species occur at Moor House, This agrees with

Cragg's general comparison of the area with the sub-arctic.
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IV, SAMPLING TECHNIQUES

1.  QUANTITATIVE SAMPLING OF CERCOPID NYMPHS

a) INTRODUCTION

Methods described in the literature for estimating the densities
of Cercopidae, are restricted to species of economic importance.
Four principal methods have been used, viz:

1) Estimations of percentage infested stems.

2) " " gpittle masses per unit area.
3) " "  number of nymphs per stem,
4) " "  number of nymphs per unit area.

Chamberlin and Medler (1950) and Ahmed et al (1952), in their studies
of Philaenus spumarius, have used the percentage of infested stems of
the host plants as an index of the population density. The former
authors point out the disadvantages of this method and suggest that
the number of infested stems times the average number of nysphs per
infested stem would be a better measure, Pickles (1934) in his study

of the sugar-cane froghopper (Tomaspis saccharina Dist,) used a

variant of this second method in which he recorded the mean number of
nymphs from the sugar-cane stools, Although these methods allow
rough comparisons of population densities to be made, they do not give
an accurate estimate of the number of nymphs occurring per unit area,
Marshall and Gyrisco (1951) attempted to do this in a study of

P. spumarius by examining three areas one yard square, chosen at

random, and recording the number of spittle masses, Weaver and
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After such preliminary sampling it was decided to construct
a grid system to facilitate sampling and allow quadrats to be

denuded of spittles after they had been surveyed.

c) GRID SAMPLING

On each of the sites to be sampled, a grid system of con-
tiguous quadrats (Macfadyen 1957) was pegged out so that at a rate
of 40 quadrats (1/20 metre square) on each sampling date, the grid
would be ample for the whole nymphal season. Thus on the Juncus
site grid, over 1,000 quadrats were available, Each quadrat was
denoted by a four unit reference as in Fig. 2. The extreme upper
left quadrat would thus be named AIal‘ The quadrats were randomly
selected by drawing referenced cards out of a container. By this
means no quadrat was sampled twice, and the withdrawn cards acted as
a check on those quadrats already sampled.

The exact position of a quadrat on the grid was located by
placing canes in position to complete two sides of one of the major
aquares (e.g. AI). Notches on the canes allowed exact placing of
a 1/20 metre square wire quadrat on one of the minor squares of the
grid (e.g. aI). See Plate 3.

With the quadrat in position, a systematic search was made for
all the spittles within it and as these were found they were removed
and placed in numbered tubes - one for each quadrat. Although some
spittles were easily seen, others were only found by careful

searching. Only nymphs which were not feeding and had left their



FIG. 2 THE LAYOUT OF THE SAMPLE GRIDS

Reference pegs were placed at two corners
of each of the major squares, which enclose

16 quadrats, each 1/20 metre square.
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examined. A further 7 nymphs were found on the re-examination,
representing a possible 9 per cent error in the original sample
(Table 9). It is not possible to say whether this error is due to
nymphs which were present in the quadrats but were overlooked, or

nymphs which had migrated in to the quadrats from adjacent ones,

TABLE 9, ESTIMATION OF SAMPLING ERROR BY RE-EXAMINATION OF QUADRATS

Dates No. of No. of nymphs No. of nymphs
(1961) quadrats at re-exam- in original
re-examined ination sample
18-20 June 20 4 40
20-23 June 10 2 26
30 June = 2 July 10 1 13
Totals 40 7 , 79
Error = 9%

iii. Relative efficiency of sampling instars,

From the second instar onwards, N. lineatus produces a consider-
able quantity of spittle which would be difficult to overlook in the
search of the quadrats. It is therefore felt that the error due to
failure to find second, third, fourth and fifth instars is very small.
(See also sub-section d)(above). First instars, on the other hand,
often produce very small quantities of spittle which appear & little more

than drops of liquid in the leaf axils of the host. This may easily
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be overlooked especially at the base of Juncus squarrosus rosettes,

even in a careful search.

On 15 May 1962, 20 quadrats were denuded of instar one nymphs
and yielded seven specimens. Then on 18 and 25 May, these quadrats
were re-examined and a further 6 instar one nymphs were found,
Similarly, 10 quadrats which had yielded 3 instar one individuals on
25 May, gave a further 4 nymphs when re-examined on 29 May,. Those
found on re-examination could be either nymphs which were present on
25 May but not observed, or nymphs which had hatched after that date,
If the former, they would represent a 50 per cent error in the initial
sampling, but if the latter, they would represent a continuation of
the hatch of such a magnitude as to approximately double the population
density by 29 May. If due to inefficiency in sampling instar one,
this apparent doubling of the population density would not occur until
instar two was being sampled (from 4 June onwards). This was in fact
the case, and the apparent population density in 1962 approximately
doubled as instar two appeared in the population., It is therefore
assumed that the first premise is correct and due to the very small
amount of spittle produced, instar one was sampled with approximately
only 50 per cent efficiency.

Similarly an examination of the raw data from the Juncus and
Nardus sites in 1961 showed a peak in total numbers corresponding with
the peak of second instar occurrence (Fig. 15 ). The proportion of
first instars in the population does not rise sufficiently to allow an

explanation of this in terms of a further hatch, It is therefore most
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Therefore approximately 850 potential adults were removed. The
density of adults on the whole site was about lO/m2 and the site has
a total area of about 500 square metres, Therefore the total pop-
ulation on the Juncus sampling site was 5,000 adults. The 850
potential adults removed thus represent about 17 per cent of the

population,
f) ESTIMATION OF POPULATION DENSITY BY PERCENTAGE ABSENCE

If individuals of a species are distributed at random in a pop-
ulation, then the number of quadrats which will contain none, one, two,
three etc, individuals can be obtained from the theoretical Poisson
distribution. The proportion of quadrats containing no individuals is
e where m is the mean density per quadrat and € is the exponential.
Therefore the percentage absence is 100e ",

Svedberg (1922) showed that the logarithm of this expression has a
linear relationship to mean density, and this is so even if the
individuals in the population are not exactly randomly distributed.

(It is simply the slope of the line which is affected) (Blackman 1942),
It is therefore possible to use the percentage absence method of
estimating populations even if the animals are not randomly distributed,

Methods of sampling cercopid nymphs have already been discussed.

In the economic studies in progress in North America, it is usually only
necessary to rapidly compare several sites which have for example, been
differentially treated with insecticides. It was therefore thought

desirable to test the percentage absence method of estimating densities



FIG. 3

THE RELATIONSHIP BETWEEN THE LOGARITHM OF THE
PERCENTAGE ABSENCE, AND THE SPITTLE DENSITY
ON THE JWINCUS SITE IN 1961,

The regression (y = 1982 = 0.0186x) of the
points is shown, together with its confidence

limits (broken lines).





















FIG. 4 SECTIONAL DRAWING OF THE VACUUM EXTRACTOR.






PLATE 4. THE SUCTION SAMPLER,

On the left is the 12 volt battery mounted on a
pack frame, The hose from the vacuum is resting

across the cylinder (1/10 nz) used to delimit the

sample area,












ii. Efficiency of the Apparatus.

Homoptera were marked with a quick drying cellulose paint,
placed in a cylinder on the vegetation and allowed to return to
their normal resting or feeding positions on the plants, They were
then sampled according to different regimes as follows: (Tables
12 - 135,

On the basis of these tests, the 2:1:1 regime was adopted for
the Juncus site, and a 2:1 regime for the Limestone site. The
average extraction efficiency for the two sites was almost 90 per

cent.

TABLE 13. SUMMARY OF RECOVERIES BY SUCTION SAMPLER

No. of marked No. recaptured
Homoptera
Je Squarrosus
tests 1, 2 & 3 20 18
Limestone Grassland 40 34
Totals 60 52

Percentage recaptured 87



PLATE S,

THE THERMISTOR APPARATUS.

The cable runs from the bridge unit on the left
to a mounted F type thermistor. The height of
the probe in the vegetation can be adjusted by

sliding it up and down the vertical brass rod.
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V. THE MICROCLIMATES IN THE VEGETATION OF THE SAMPLE SITES
1« INTRODUCTION

Waterhouse (1955), Broadbent (1950) and others have demonstrated
the existence of marked gradients of temperature and humidity amongst
vegetation, Both these authors were working on relatively tall
vegetation in lowland conditions, and so an attempt has been made to
study the occurrence of such gradients on high altitude sites and to
compare the different vegetation types upon which Auchenorrhyncha
are found at Moor House, Because of the high incidence of strong
winds (at least 34 dgys with gale in 1961, and 42 in 1962) which have
a marked effect even on the air layers near to the ground, (e.g. a
wind speed of 4 m.p.h, was recorded at 3 cm. on the limestone grass-
land area on 28 August 1961) large gradients of temperature of the
type described by Waterhouse are not often encountered, Marked
differences between different vegetation types can, however, be shown,

The apparatus used is described in Appendix 1 and is shown in Plate 5,
2, COMPARISON OF JUNCUS AND LIMESTONE GRASSLAND SITES

Because readings could not be taken continuously, it is only
possible to illustrate the differences between these two sites by
quoting examples of data collected on the two areas.

Table 14 shows the humidity conditions at 11,30 hours on 24 August

1961 amongst Juncus squarrosus and Festuca/Agrostis only 2 metres apart.

(See Plate 7). Readings were taken as simultaneously as possible,






FIG, § TEMPERATURE GRADIENTS IN JUNCUS, NARDUS AND
FESTUCA/AGROSTIS

The readings were taken at 1530 hours on

11 July, 1962 when the screen readings were

as follows:
Wet bulb = 10.3°C. Dry bulb = 15.0°C.

SeD. = 8¢2 mm, Hg.

FIG. 6 HUMIDITY GRADIENTS IN JUNCUS, NARDUS AND
FESTUCA/AGROSTIS

Time and data as for previous graph.









PRATE 6. HUMMOCKS AND HOLLOWS ON THE LIMESTONE
GRASSLAND SITE.

The upstanding blocks of limestone, separated by grikes,
are clearly visible. The differences in the vegetation

can also be seen; that on the hummocks being taller,

PLATE 7, JUNCTION OF JUNCUS SQUARROSUS AND
FESTUCA/AGROSTIS.

The sharp distinction between Juncus (on the left), and
Festuca is shown. This site was used for comparison of
gradients in the two vegetation types, and also for the

samp}ing of N. lineatus and N. exclamationis nymphs,
described in Section VII,
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when the sun was periodically obscured by cloud showed that the
temperature gradient was quickly lost when the sun was obscured,

but re-established in conditions of insolation. An analysis of

the meteorological data during the months when Auchenorrhyncha are
present at Moor House (May to September), has shown that the required
wind speed and insolation conditions only occurred on 30 days (1961)
and 25 days (1962), out of a total of 150 days. Marked temperature
gradients are only likely to be established on these occasions,
Humidity gradients, on the other hand, are accentuated by high wind

speeds and are almost always present in vegetation at Moor House.
3. COMPARISON OF HUMMOCKS AND HOLLOWS ON LIMESTONE GRASSLAND. (PLATE 6)

The physiographic and floristic differences between the hummocks
and hollows on the limestone grassland have already been discussed.
These give rise to the development of different temperature and
humidity gradients. On days on which measureable gradients were
established (e.g. 15 August and 2 September 1961), the hummock
vegetation was found to be less humid than that in the hollows (e.g.
Mean saturation deficit on hummocks 6 mm. Hge, in hollows 38 mm. Hg.
at 14.00 hours on 15 August 1961). The readings are reproduced in
Table 16, Temperature gradients were also different in the two
habitats (e.g. Fig. 7). The vertical gradient is much steeper in
the hollows than in the taller vegetation of the hummocks. This
probellbly results from a difference in the positions of the “outer

active surfaces" (Geiger 1959) of the two vegetation types. The



FIG.

7

TEMPERATURE GRADIENTS IN HUMMOCK AND HOLLOW
VEGETATION ON THE LIMESTONE GRASSLAND SITE.

The readings were taken at 12.00 hours on
2 September, 1961 when the screen readings
were as follows;

Wet bulb = 11.6°C. Dry bulb = 17.7%

S.D. = 11.8 e Hgo












TABLE 17, THE TEMPERATURES INSIDE AND OUTSIDE SPITTLE IN
THE LABORATORY FIELD, DURHAM.

Temperature Temperature Difference
outside inside oC
spittle spittle

% %
273 26.8 = 0§
289 27.0 - 1.9
231 22.5 - Q.6
22.0 20.7 - 13
24.5 24.1 - 0.4
2444 236 - 0.8
2340 213 - 17
2246 217 - 0.9

This may be expected purely on the grounds that evaporation

from the surface of the spittle would cause cooling,

Spittle size:-~

The relationship of spittle size to its height from the ground

was examined on Juncus squarrosus at Moor House and the laboratory

field, Durham, Since spittles are roughly of a constant shape, the
maximum width was used as an index of its volume, This was
correlated with the height of the spittle above the ground surface,

In the laboratory field 30 spittles showed a negative correlation of
size and height (r = - 0.78), and this was also the case on the Juncus

(for 40 spittles, r = - 0.88). The data is reproduced in Figs. 8 and 9,



FIGS, 8 and 9

THE RELATIONSHIP BETWEEN SPITTLE WIDTH
AND ITS HEIGHT ON THE HOST PLANT.

FIG. 8 In the laboratory field, Durham

(y = 11499 = 0.257x)

FIG. 9 On Juncus squarrosus at Moor House

(Y = 153 = 1+12x)






The production of spittle is a bi-product of feeding and so
it may be expected that the nymphs will be unable to control the
size of their spittle to any great extent. This was tested experi-
mentally in the laboratory. Replicates of two experiments were

set up :

i, A portion of turf was cut and placed on a gauze in a desiccator
containing water up to the level of the gauze, This was sealed until
a high humidity (saturation) was established, and then 5 final instar
nymphs were introduced at various heights in the vegetation in each
of three such containers., To ensure that the nymphs should feed at
the positions at which they were placed on the host plants, the
desiccator was covered to exclude light. (It has been found that in
daylight, nymphs placed on a plant will move down towards the ground
surface before commencing feeding. In darkness, however, they do
not move before feeding. Thus nymphs in the field surrounded by a
metal cylinder with a glass 1lid moved down the host before feeding,
but did not move if the lid was opaque. This movement was therefore

a reaction to light and not to disturbance of the vegetation by wind).

ii. A similar experiment was set up in which the desiccators con-
tained a little water in the base, but calcium chloride was placed
above the vegetation, This had the effect of producing a gradient
of humidity ranging from 100 per cent at the water surface to 35 per
cent above the vegetation. Five final instar nymphs were introduced

into each of three such desiccators,






FIG. 10 THE RELATIONSHIP BETWEEN SPITTLE WIDTH AND
ITS HEIGHT ON THE HOST PLANT, IN EXPERIMENTAL
LABORATORY CULTURES

a) In a saturated atmosphere

(y = 7.96 + 0.035x)

b) In a humidity gradient of 35 - 100

per cent R.H. (y = 1175 - 0.89x).
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that the téﬁperature is also higher nearer to the ground ( a
typical incoming radiation-type gradient). The greater quantity
of spittle near to the ground acts as a more efficient insulator so
that the temperature depressing effect of the spittle is greatest
near to the ground surface where the temperatures are highest. It
is suggested that the relatively immobile nymph is protected in this
way from high temperatures which may develop near to the ground
during daytime in-coming radiation. Only if the insulating pro-
perties of the spittle prove inadequate will the nymph have to leave
its spittle and re-establish itself at a greater height (and thus a
lower temperature) in the vegetation. The less mobile cercopid
nymph has therefore less need to move up and down its host plant
than have the more active Delphacidae and Cicadellidae.

This hypothesis was tested by field measurements., Figs 11 and
12 summarise data collected on 30 August 1961 to show the type of
temperature and humidity gradients present in a stand of Nardus,
Both are of the types already described. At the same time, instar
five spittles at three heights in the vegetation were studied and
these are shown digrammatically in Fig. 12 with the temperature
differences inside and outside the spittles, The spittles closest
to the ground surface are the largest, and have the greatest insulating
effects Thus although cooling from evaporation will be lower near
to the ground surface, this is more than counteracted by the insulating

effect of the larger spittles,



FIG. 11

FIG. 12

TEMPERATURE GRADIENT IN NARDUS

At 14.00 hours on 30 August, 1961,

HUMIDITY GRADIENT IN NARDUS

At 14.00 hours on 30 August, 1961,

Spittle sizes at different heights are
shown diagrammatically and the temperature
difference between the centre of the
spittle and the surrounding air is given

alongside each one,
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Se THE EFFECT OF A HIGH TEMPERATURE GRADIENT ON AUCHENORRHYNCHA

OTHER THAN NYMPHAL CERCOPIDAE.

The development of marked gradients of temperature and humidity
has been discussed. It has been shown that the effects of these on
nymphal Cercopidae is minimised by the presence of their protective
spittle. In August 1962, sampling was carried out on the limestone
grassland hummocks to determine what effect such gradients had on the
vertical distribution of other Auchenorrhyncha without protective
spittle., Vacuum sampling was used but each sample was divided into
two., The upper half of the vegetation was sampled first, and then
the whole of the vegetation. Thus the first sample removed
Auchenorrhyncha from high on the grass, and the second sample removed
those remaining close to the ground surface.

On 3 August, cloud (total sunshine 0.3 hours) and a strong wind
(mean 15.8 m.p.h.) made conditions unfavourable for the development
of a temperature gradient on the limestone grassland. Under these
conditions, the upper half of the vegetation contained 14 ¥ 3.0
Auchenorrhyncha per square metre, and the lower half contained 18 X
4.5 per square metre. On 8 August, conditions were favourable for
the establishment of a marked temperature gradient of the type shown
in Fig. 7. Sampling the upper part of the vegetation only, ylelded
20 pd 8 Auchenorrhyncha per square metre, whilst the vegetation close
to the ground surface yielded none, Thus when temperature gradients
are absent, the Auchenorrhyncha are distributed throughout the
vegetation, but if the temperature close to the ground surface rises

as a gradient is established, they move into cooler (i.e. higher)

vegetation,
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sampling sites, The effect of altitude on the time of hatching and

the rate of development is discussed,
2,  DETERMINATION OF INSTARS

During the 1961 field season, N. lineatus nymphs collected
were rapidly sorted into instars according to the descriptions given
by Garman (1921). This appears to be the only description available
in the literature and recognises four instars, which are characterised
by the colour of the head and prothorax. The size range which he
quotes for his instar two is suspiciously largze and during the
sorting of Moor House material it was noticed that the nymphs fitting
the description of this instar covered a greater size range than
would be expected. Measurements were later made therefore of several
nymphal characters to confirm the number of instars. The measurements
were Of head width (across the eyes), first tibia length and wing
bud length, Nymphs were randomly selected until a total of 50
individuals in each size group had been measured. Frequency
distribution histograms of each of the characters measured showed
five distinct peaks (Fig., 13). The second and third peaks of these
histograms are composed of nymphs answering to the description of
Garman's instar two. It is likely that Garman failed to distinguish
between these two instars because his measurements were of the body
length of specimens preserved in alcohol - a very variable character

in soft bodied nymphs,



FIG. 13 FREQUENCY DISTRIBUTION HISTOGRAMS OF THE
NYMPHAL INSTARS OF N. LINEATUS,.

a) Width of head capsule.

b) Length of first tibia.
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First wing bud approximately 1.5 times the length of the
visible part of wing bud two (some overlap).
Antennae club-shaped.

Mean head capsule width 062 & 0.024 mm.

INSTAR 3.
Prothorax markedly lighter than head and limbs, but latter
lighter than in instar two. Meso- and metathorax darke.
Abdomen less yellow and red spots only slightly visible on
segments 4 and 5,
Antennae becoming elongated.
First wing bud 2 times the length of the visible part of bud 2,

Mean head capsule width 0¢85 — 0+029 mmn.

INSTAR 4,
Prothorax as pale as the abdomen. Meso- and metathorax dark.
Abdominal red spots still faintly visible, Last abdominal
segment and edges of the sternites darker,
First wing bud greater than fgve times the length of the visible
part of wing bud 2, |
Antennae markedly elongate.

Mean head capsule width 1+12 - 0.041 mm.

INSTAR 5.

More or less unicolorous yellow to brown. Abdominal red spots

lost.

First wing bud almost completely covering wing bud two.
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TABLE 22, PERCENTAGE INSTAR COMPOSITION AND MEAN HEAD WIDTHS OF THE
1961 JUNCUS POPULATION

Date Percentage Instars Mean Head Width Total Number
! 2 3 4 S populatggn (). ofsrglrglil;? n
May 17 9“4 6 480 58
22 77 23 S10 53
25 75 25 510 52
28 57 42 1 540 58
June 1 24 69 7 600 101
S S 70 25 670 154
8 6 43 50 1 730 113
12 38 61 2 770 106
15 13 80 7 840 104
18 16 72 12 850 97
21 4 57 39 950 79
23 3 S0 47 970 4
27 1 22 71 6 1080 85
30 6 75 19 1170 83
July 3 2 56 42 1260 64
6 32 68 1360 44
9 34 66 1350 41
12 7 93 1450 43
18 4 96 1460 26
Mean Head
width of 470 620 850 1120 1480
instars

(»)



FIG,

16

GRAPH TO SHOW THE DURATION OF INSTARS OF
N. LINEATUS ON THE JUNCUS SITE IN 1961

Each point represents the mean head width
of the population on a particular sampling
date., The horizontal lines are the mean
head widths of instars two to five,

pro jected onto this curve.
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b) THE EFFECT OF TEMPERATURE ON THE DURATION OF INSTAR ONE

i, In the laboratory.

Although laboratory facilities at Moor House are limited, it
was possible to rear N. lineatus nymphs up to the second instar by

removing squares of Juncus squarrosus turf from the field, and setting

them up in the laboratory in polythene containers in which a high
humidity was maintained. Five nymphs were successfully reared at
different mean temperatures and the number of days spent in instar

one are recorded in Table 24.

TABLE 24, THE DURATION OF INSTAR ONE OF N, LINEATUS, IN THE LABORATORY

Mean temperature Duration
o (Days - %).
cC.
125 8
10.8 10
1046 10
106 12

6.8 15

ii. In the field.

An estimate for the duration of instar one in 1961 has already
been made (19 days). In 1962, the earliest hatching date was observed
(15 May)s, Second instars had appeared in the population by 1 June,

giving an estimate for the duration of instar one of 17 days. In 1963,



FIG. 17

THE EFFECT OF TEMPERATURE ON THE DURATION
OF INSTAR ONE OF N, LINEATUS

Open points are field records and closed
points are from laboratory data.

(y = 1623 - 0.521x),
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TABLE 27, THE DENSITY AND COMPOSITION OF THE N. LINEATUS POPULATION
ON THE JUWNCUS SITE IN 1962

Date Instar Total2 + Standard Error
1 2 3 4 S per m
* %
May 15 10 10 (1-2)
* *
29 14 14 (1+6)
. * %
June 1 12 12 (1.4)
* %
4 12 1 13 (14)
* *
13 4 8 1 13 (1.8)
20 S S 10 2.1
26 1 6 1 8 1.8
July 3 2 4 6 13
12 3 2 5 12
19 2 2 4 13
25 3 3 1.0
Aug., 1 2 2 0.5

TABLE 28, THE DENSITY AND COMPOSITION OF THE N, LINEATUS POPULATION
ON THE NARDUS SITE IN 1961

Instar :
Date 1 2 3 4 S Total + Standard Error
per m?
% * .
June 1 48 30 78 (8+4)
* *
7 10 32 25 1 88 (12.0)
* %
14 4 17 29 2 52 (6+8)
* %*
20 1 11 29 8 49 (8¢8)
27 2 7 16 2 27 4.6
July 2 3 19 2 24 5.8
9 1 12 15 28 5.4
14 1 3 16 20 7.8
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B. THE SPATIAL DISTRIBUTION OF NYMPHS, AND THEIR MORTALITY.

1.  INTRODUCTION.

Although large scale patterns of distribution of animals are
readily detectable qualitatively (for instance the occurrence of one
species of Homoptera on Limestone Grassland but not on Mixed MOOr),
the more exact detection of non-randomness within small areas
requires a quantitative method.

Animal species are subject to a large number of variable environ-
mental factors which together with the biology of the species influence
its distribution, The interactions of such factors are many and
complex, but in a small enough area of study, it may be expected that
many of the factors will be constant in their effect. It may therefore
be possible to detect the existence of one or more important factors
if they have a disproportionate effect on the local distribution of
the species, As Greig-Smith (1957) has pointed out, because most
environmental factors do not have random effect, departure from
randomness of distribution of a species indicates that one or few
factors are influencing its distribution.

The features of the spatial distribution of the nymphs of
N. lineatus were studied in order to examine the applicability of this

statement to the present problem,
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2,  STATISTICAL TREATMENT OF THE DATA

The data used to determine the numbers of nymphs present in the
field were in the form of groups of randomly distributed sampling
units, If the nymphs were distributed randomly in these sample
units, the data for each date would be in the form of a Poisson
series, providing the number of individuals of the species in the
quadrats is low relative to the possible number that could occur,

It is a property of the Poisson series that the variance of the
samples should be equal to their mean. Blackman (1942) therefore

used the ratio of the variance to the mean as a measure of dispersion:-

§2 or s (x%)> Where x = number per sample.
% X(n=1) X = mean number per

sample.

= number of samples.

n
2 .
S = variance.,

Departures from unity in this ratio will indicate the presence of
regular distribution or aggregation in the population. Aggregations
will be indicated byzratio greater than unity and regular distribution
by a ratio less than unity.

Blackman considered that the departure from unity of the
variance : mean ratio in an expected Poisson distribution was signifi-
cant at the 5 per cent level of probability if the value was greater
or less than unity by two standard errors, The standard error is

equal to :

= —? Where N = the number of samples,
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It has since been shown by Bartlett (in Greig-Smith 1952a), however,

that a more correct value of the standard error is :

-2
‘ N-1

This equation is used in the present work although for a reasonably

Jarge number of samples, there is little difference between the two
estimates,

A great deal of confusion has arisen about the terms over - and
under - dispersal and they are thus best avoided, In this account
the term "aggregation" will be used to signify the tendency of
individuals to be clumped, and the variance:mean ratio method of
testing this will be referred to as the "coefficient of dispersion"
or V/M, although it is recognised that these are not ideal terms,

It may be mentioned that there are several other ways of
demonstrating non-randomness in a population, but the one employed
and described above seems adequate for the preéent purpose. It has,
however, been criticised on the grounds that it is dependent on the
size of the sample used (Skellam, 1952). This is a criticism which
may be levelled at all the methods of showing non-randomness in a
population. It simply means that the ratic is not an absolute
measure of the amount of aggregation, but indicates its presence and
allows comparison of different sets of samples of the same quadrat
size,

The variance:mean ratio is also incapable of demonstrating certain

types of non-randomess; for instance, a situation in which a generally












FIG. 18A

THE COEFFICIENTS OF DISPERSION OF NYMPHS AND
SPITTLES OF N, LINEATUS ON THE JUNCUS SITE
IN 1961,

The nymphs are represented by the solid line,
and the spittles by the broken line. The
horizontal line marks the point at which the
coefficient of dispersion (V/M) differs
significantly from unity. The vertical arrows

indicate the peak occurrence of the instars,
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that the coefficient was high in small (i.e. young larvae) and

became progressively smaller in larger (older) larvae, They

concluded that the larvae are gathered together in groups when they

are young (because the adults lay eggs in batches) and seem gradually

to disperse and to reach a random distribution when they are older,
Female cercopids usually lay eggs in batches, rather than

singly, cementing them in clumps in the axils of grass leaves, S0

it might be expected that they would show similar distribution

patterns to the wireworms, This is not the case.
4, VARIATIONS IN THE COEFFICIENT OF DISPERSION OF THE NYMPHS
a) THE JUNCUS SITE

The coefficient. of dispersion of the nymphs on the Juncus site
throughout their development period, is presented graphically in
Fig. 18. The horizontal line marks the point at which V/M differs
significantly from unity. The numbers per square metre of each
instar present during the nymphal season (with the exception of
instar 1) have also been indicated. The thick line represents the
coefficient of dispersion of the total numbers of nymphs present.
(lee. in its calculation, no account was taken of the instar com-
position of the population). In spite of this, it fluctuates with
the peaks of instar occurrence, and bears no relation to the total
numbers of nymphs present, which diminish throughout the season as
shown in Fig, 15. Clapham (1936) has shown that V/M tends to

increase with the mean without any real change in the distribution.









FIG. 19 THE COEFFICIENTS OF DISPERSIGN OF NYMPHS
AND SPITTLES OF N. LINEATUS ON THE JWNCUS
SITE IN 1962,

Key as for Fig. 18A,
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It might be expected that the coefficient of dispersion would
decrease as the total number of nymphs diminishes, or as any initial
aggregation, due to the habit of laying eggs in batches, breaks down
as the later instars disperse. It will later be shown (section VII)
that such a decrease in V/M with the mean does occur in another

cercopid studied (N. exclamationis), probably for one of the above

reasons, The same general trend seems to be present on the Juncus
and Nardus sites and is evident in the fact that the peaks of the
coefficient of dispersion curves tend to be lower as the population
densities diminish, This cannot account for the fluctuations in
V/M corresponding with the peaks of instar occurrence.

There is no evidence of significant aggregation on § June when
the 2nd instars are at maximum occurrence, but the peaks of instars
3, 4 and 5 all correspond with a high variance:mean ratio.

In 1962, the same situation was found on the Juncus site (Fig.19)
even though the population density was only about one fifth of the
previous seasons numbers. In this graph, the coefficient of dis-
persion of the nymphs is shown by the solid line, and the peaks of
occurrences of the instars are indicated by the numbered arrows. As
in 1961, there is no evidence of aggregation associated with the

second instar, but only with the later ones,
b) THE NARDUS SITE

Corresponding data from the Nardus site show similar variations

in the coefficient of dispersion in both years, although in this
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TABLE 32, OOEFFICIENTS OF DISPERSION AND NUMBERS OF NYMPHS PER
SPITTLE ON NARDUS SITE 1961,

Date Variance Mean of V/M of Nymphs Variance Mean of V/M of
of nymphs nymphs nymphs per of spittles spittles
spittle spittles

June 1 7.2 2.3 3.13 1.09 4.5 2.1 2:14
7 15.0 4.4 3.41 1414 7.6 346 2.11
14 4.6 2.5  1.84  0:93 4.9 2.7 181
20 7.6 24 3.17 1.16 5.4 241 2.57
27 2.1 1e4 155  0.96 1.8 1.4 1.29
July 2 3.6 1.2 3.00  0.98 4.0 1.2 3.34
9 2.9 1e4  2.07 1.14 1.5 1.2 1.18
14 3.2 1.0  3.15 1.18 1.5 0.9 1.76

Coefficients of dispersion showing significant aggregation are
underlined,






FIG. 20 THE COEFFICIENTS OF DISPERSION OF NYMPHS
AND SPITTLES OF N. LINEATUS ON THE NARDUS
SITE IN 1961,

Key as for Fig. 18A,






FIG. 21 THE COEFFICIENT OF DISPERSION OF NYMPHS
AND SPITTLES OF N. LINEATUS ON THE NARDUS
SITE IN 1962.

Key as for Fig., 18A,
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case there is a peak corresponding with the second instar, as well
as with the later ones (Figs. 20 and 21). The population density
on the Nardus site in 1962 was also only about 20 per cent of the
1961 numbers.,

The actual values of the coefficients on the two sites are not
comparable in the two years because the quadrat size was doubled in
1962 to facilitate sampling a low density population. This is not
important, however, as the interest in the data rests on the nature
of the fluctuations (which do bear comparison) and not on their

finite size.
S. VARIATIONS IN THE COEFFICIENTS OF DISPERSION OF THE SPITTLES

Tables 30 to 33 show that in addition to the variation in the
coefficients of dispersion of nymphs, their spittle masses also show
differences in the variance:mean ratios. When plotted on the same
graph as the nymphal data, however, certain discrepancies are

apparent:-
a) THE JWINCUS SITE (Figs. 18A, 19).

Whilst the nymphs (solid lines) on the Juncus site show highly
significant aggregation at the peaks of instars 3, 4 and 5, the
spittles (dotted lines) are aggregated on only two sampling dates in
1961 (associated with the peaks of instar three), and are never

significantly aggregated in 1962,



86.

In both graphs therefore, the two coefficient of dispersion
lines are widely separated because the aggregation of nymphs is not
due solely to the aggregation of the spittles on their host plants.

This is in contrast to the situation on the Nardus site,
b) THE NARDUS SITE (Figs. 20, 21).

In 1961 on the Nardus site, the two coefficients of dispersion
(nymphs and spittles) are similar (with the exception of one point
at 7 June - caused by the fact that on this sampling date, an
unusually large number of empty spittles were found). There is
therefore very little difference in the degrees of aggregation of
the nymphs and spittles. A similar correspondence is seen in the

1962 Nardus data,
6. THE SPITTLE/NYMPH RATIO.

The nymphs on the Juncus site show a greater degree of aggregation
than do the spittles because some spittles contain more than one nymph.
Whereas the number of nymphs in each spittle did not differ markedly
from unity in the Nardus population in either year (it fluctuated
between 0.9 and 1.10), in the Juncus population it reached as high as
1.5 animals per spittle, This is a mean of the spittles sampled from
each quadrat - in fact, one spittle contained five individuals., The
level of aggregation of nymphs in spittles does not remain constant,
(Figs. 22, 24) but it rose at the same time as the percentage of

nymphs found on Juncus squarrosus increased (Figs. 23, 25), and those




FIG., 22 THE NUMBERS OF NYMPHS OF N. LINEATUS
PER SPITTLE ON THE JUNCUS SITE IN 1961.

FIG, 23 THE PERCENTAGE OF NYMPHS OF N, LINEATUS
OCCURRING ON JUNCUS SQUARROSUS IN 1961,
AND THE OCCURRENCE OF INSTARS FOUR AND
FIVE.






FIG. 24 THE NUMBER OF NYMPHS OF N. LINEATUS
PER SPITTLE ON THE JUNCUS SITE IN

1962,

FIG. 25 THE PERCENTAGE OF NYMPHS OF N, LINEATUS
OCCURRING ON JUNCUS SQUARROSUS IN 1962,
AND THE OCCURRENCE OF INSTARS THREE,
FOUR AND FIVE.
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1 nymphs on Juncus than on Festuca. These figures probably represent
the hatching distribution. It has been shown that cercopid eggs
require a high temperature and a high humidity for hatching to occur
(Weaver and King, 1954). The temperatures of late May and early
June were sufficient in both 1961 and 1962 to initiate hatching, and
in 1961, both the Festuca and Juncus were sufficiently moist for
hatching and feeding of instar one, In 1962, on the other hand,
late May and early June was an exceptionally dry period and the
humidity at the base of the Juncus rosettes was markedly higher than
at the axils of the Festuca (See Table 15)., Therefore it is unlikely
that eggs laid on the Festuca would hatch, or that first instars
would find sufficient nutriment in the parched Festuca plants.
The percentage of first instars on Juncus was therefore higher than
in the previous year., When the dry spell was broken, eggs were able
to hatch, and nymphs were able to feed on the now moistened Festuca,
causing a decrease in the percentage of nymphs occurring on Juncus.
The relatively impoverished Festuca (as a result of the lack of rain)
could presumably only support instars one and two (for one of the
reasons advanced in the next section) and so the increase in the per-
centage of nymphs on Juncus occurred earlier (instar three) than in
1961, when the Festuca was much more luxuriant,

The differences between the coefficients of dispersion of the
nymphs and spittles on the Juncus site is due to the presence of more
than one nymph in some of the spittles, This is a phenomenon which

is associated with the Juncus site and not the Nardus site. Moreover,
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it only occurs on the Juncus site when a high proportion of the nymphs

are feeding on Juncus squarrosus rather than Festuca (normally the

later instars only). In the event of an early instar occurring on
Juncus, (e.g. the first instar in 1962), the tendency to aggregate
within spittles is present, and is reflected in a small peak in the
coefficient of dispersion corresponding with instar one (Fig. 19).
Spittles proved to be surprisingly durable in heavy rain and
there was no correlation between the increase in the spittle/hymph
ratio and heavy rainfall, which might have been expected to wash
spittles together. In spite of the stated views of Weaver and King

(1954), and Everly (1959), that aggregation of Philaenus spumarius

nymphs within spittles is associated with high population densities,

no evidence of this was found in Neophilaenus lineatus at Moor House,

The correlation coefficient of the spittle/nymph ratio and the
density of nymphs was negative (r = - 0.45 with 12 degrees of freedom,
P:> 0-1). A similar analysis carried out on Everly's original data
showed only a moderately positive correlation ( r = + 057 with 14
degrees of freedom, P‘<:0-02), so that their views may be an over-

simplification.
7. THE NATURE OF THE INCREASE IN PERCENTAGE OF NYMPHS ON JUNCUS

An increase in the percentage of nymphs occurring on Juncus
rather than Festuca could be due either to a positive move from one

host to the other, or to a differential mortality on the two hosts,












aggregated due to its rhizomatous method of spread (Chadwick 1960).
The aggregations of nymphs and spittles in 1961 and 1962 on this site
are probably due to this reason. The fluctuations in the degrees

of aggregation as measured by the coefficient of dispersion must,
however, be due to the movement of nymphs (since the host plants
remain stationary). They cannot be due simply to a change in
density, because although mortality could account for changes in the
coefficient in one direction, it could not conceivably account for
fluctuations of the type recorded.

The aggregations of instar three nymphs in 1961 on Nardus will be
broken down as they moult to instar four, if each instar has
different feeding preferences (either different hosts or feeding
sites on the same hosts), Thus the nymphs causing the aggregation
would move to another feeding site after moulting and begin to cause
a second, independent aggregation. This will lead to a high co-
efficient of dispersion again (the condition at the next peak) when
all the nymphs have moulted to instar four, and moved. During the
move, nymphs will tend to be more randomly distributed and V/M will
have a lower value,

Independent aggregations of the instars are traceable in the
sampling data. Table 36 shows the variance and mean of instars four
and five on the Juncus site 1961, treated independently. Each instar
shows an independent build up in the coefficient of dispersion

corresponding with the peaks in Fig. 18 (calculated from total numbers









nymphs show the usual fluctuations in the coefficient to correspond
with the instars, but the spittle fluctuations are much less pro-
nounced, Presumably the aggregations of nymphs within spittles is
of advantage (see above) to the nymphs but it can only occur on
sufficiently nutritive hosts, On the sites studied at Moor House,

it seems that only Juncus squarrosus fulfils these requirements and

is normally only utilised by the later instars,

It has been argued (Greig-Smith 1957) that the use of Poisson
distributions to account for discrepancies in field data "result
either in a statement of the obvious, viz. that a species is tending
to occur in compact clumps of several individuals, or in definition
of the pattern of distribution »n terms of constants to which no
precise biological meaning can be attached". Whilst both these
criticisms may be valid when one is considering the distribution of
plants (about which Greig-Smith is writing), it is not necessarily
a statement of the obvious to show that animals are occurring in
clumps rather than randomly distributed. It was certainly not
possible in the present study to see this with the naked eye. True,
the pattern of distribution has here been described in terms of
constants but it is because these constants vary from one sampling
date to another (unlike the situation in a plant population) that it
is possible to draw conclusions of biological meaning. In this
instance it has been possible to show different behaviour patterns on
different hosts, and a postulated movement of nymphs after moulting,
The importance of this last conclusion will be discussed in the section

on nymphal mortality.
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Fig., 18 shows that instar two in 1961, showed no significant
aggregation. The postulated movement of nymphs, giving rise to
the aggregation at the peak of instar three, would require fewer
nymphs to leave their spittles than if they had been aggregated
at instar two, Thus fewer nymphs might be expected to be at risk
of predation or desiccation when moving, and the survival rate is
correspondingly higher,

On the Nardus site, on the other hand, there is complete break
down of one aggregation and formation of an independent one, This
requires that more nymphs must abandon their spittle and the
survival rate is lower, Similarly, the fact that nymphs do not
change hosts between instars three and four is reflected in the
higher survival rate of nymphs on the Nardus site than the Juncus,
in both years.

It could be argued that the reason for the apparent high
survival rate of instar two on the Juncus site is because instar
two is not sampled as efficiently as instar three. This may be
true, but it does not affect the comparisons made with the Nardus
site and the conclusions drawn from these comparisons. It is
unlikely that instar two is sampled more efficiently on the Nardus
than on the Juncus, since spittles are much more easily seen on
Juncus than on Nardus. If the behaviour of all the instars are
comparable, it might be expected that there would be a steady
increase in the survival rate as the nymphs became larger, more

mobile and less liable to desiccation, This is found to be the
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S. OVIPOSITION

Oviposition was actually observed in the field at the beginning
of September in 1961 and 1962 (i.e. during the time when copulating
pairs were taken), and a female mated on 4 September 1962 and then

caged on Juncus squarrosus and Festuca had oviposited (on Festuca)

seven days later. Oviposition was not actually observed in this
case and the seven days is a maximum period, Thus, the egg laying
takes place about 4 weeks after the emergence of the adult. There
are thus only a few days between fertilisation and oviposition in

N. lineatus. It is suggested that this may be a significant factor
in the ability of the species to complete its life cycle over a wide

altitudinal range in the Pennines.
6. THE EGG

It has only been possible to find eggs of N. lineatus in the
field by cageing fertilised, gravid females on a small area and
carefully searching the vegetation after oviposition has taken place,
They were found to be deposited in groups of up to four eggs cemented
into the axils of Festuca by a hard, white substance. The eggs are

of a cream colour when laid, turning light brown with age.

7.  HATCHING

Weaver and King (1954) are of the opinion that overwintering dia-
pause in eggs of P. spumarius is broken by exposure to low temperatures,
Development then proceeds when certain conditions of temperature and

humidity are fulfilled. Thus, eggs of this specles
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Similarly, he found that if food was limiting to the larvae, increased
destruction of emerging adults led to an increased daily emergence of
adults because there was reduced larval competition for food, resulting
from fewer eggs having been laid. Thus there was compensation for the
effect of the Key-factor, and this compensation was related to the
population density. It may be argued that some such regulating

factor operated also in the case of Austroicetes to hold the pop-

ulations at a level about which fluctuations due to Key-factors
occurred, although local extinction of the species occurred at the
edge of the range (Birch 1957). It may be mentioned here that the
term “population" is being used in the present account in the sense
in which it was defined by Richards (1961) : "all those individuals
of a species whose lives are sufficiently integrated to have an
influence on one another",

It has been suggested that part of the difference in population
densities of N. lineatus and N. exclamationis in 1961 and 1962 at
Moor House was due to the catastrophic effect of climatic factors
acting on adults prior to oviposition. Simi lar reductions in density
from year to year were recorded in each of the species studied,
Unfavourable climatic conditions may be considered as a Key-factor in
Morris's sense in that they are partially responsible for the observed
changes in population density from year to year. Uwarov (1931) has
said that "any temporary deviations of the climatic factors, however
slight they may be, affect the percentage of survival, either directly
or indirectly (through natural enemies and food plants) and thus

influence abundance". Morris's other class of factors seem to operate











































































FIG. 30 THE THERMISTOR BRIDGE CIRCUIT
























