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'While ruder heads stand amazed at those prodigous
pieces of‘natdre. as Elephant, Dromidaries, and tamels:
These I confesse, are the colossus and Majestick pieces
of her hand; but in these narrow Engines there is more
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makers ' .

Sir Thomas Browne, Religio Medici 1642.
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Chapter one

Introduction
Fleas (order Siphonaptera : class Hexapoda) are
holometabolous ectoparasites of homiothermic verte-
brates. Based on the similarity in the thprax and

jumping mechanisms they are thought to have evolved from
a mecopteroid ancester (Tillyard 1935, Hinton 1958,
Schlein 1979). The adult fleas feed on the host's blood;
they do not usually stay on the host for any great
length of time (corporeal population) but, with the
eggs,larvae and pupae, form a suprapopulation in the
host's home (see Cole & Koepke 1947, Esch, Gibbons &
Bourque 1975). Exceptions to this are found in the
family Vermipsyllidae where eggs and larvae are free
living, and in Uropsylla tasmanica Rothschild
(Pygiopsyllidae) whose adults and ova occur solely on
the fur of the host (Dasyurus spp. and Sarcophilus sp.)
while the larvae live subdermaly (Dunnet 1970).

The earliest known fossil fleas are of two
specimens from the Lower Cretaceous (Riek 1970). One
specimen, 1in many respects, resembled modern sticktight
fleas (Echidnophaga spp.)., the other was an impresslon
of an askewed squashed insect. Smit (1972) throws doubt
on this being siphonapteran. A specimen found in Baltic
amber, (since lost, see Holland 1964), which dated

from the lower Eocene (Dampf 1810), was classified as

Paleopsylla klebsiana Dampf a member of the family



Hystricopsyllidae. This family 1is associated with
rodents and insectivorous mammals. P.klebsiana is very
similar to modern forms of the genus Paleopsylla which
today mainly parasitize shrews. Since the genus is very
specialized Peus (1968) concluded that the order as we
know it today was fully developed by the Eocene.

The family Ceratophyllidae are more recent and
are thought to have arisen from the family
Leptopsyllidae, which today are found only on the rodent
genus Mus (Traub, Rothschild & Haddow 1886). The
earliest known fossil murids are from the Miocene (24
million years BP) with their precursors in the Eocene
{circa 40-70 million vyears BP, Macdonald 1984). The
Leptopsyllidae presumably evolved after this time. Both
the Leptopsyllidae and the Ceratophyllidae are
considered monophyletic, the 1link between them being
based on morphology and zoogeography (Traub et al.
op.cit.).

In general ceratophyllids are not found on
primitive or more ancient groups of mammals eg.
marsupials and tend to parasitize more recently evolved
sciurids and certain cricetids or have secondarily
adapted to birds. N

This family of fleas is overwhelmingly boreal
in distribution; the evidence strongly suggests North
America as the aboriginal homeland as it is for their
major rodent host families Sciuridae and Cricetidae.
These two rodent families appear in the fossil record in

the Oligocene (25-40 million years BP). It is inferred



therefore that ceretophyllids evolved after this time.

The history of this family's secondary
adaptation to birds is unclear but today 47 of the 155
families of birds (307) are major hosts to the family.
The evidence for a recent evolution is the remarkable
similarity between different genera in the modification
of the 8th sternite of the male into claspers. Such
morphological homogeneity, which 1is unparalleled in the
order, suggests recent evolution without the need or
time frame for the development of the gross anatomical
differences which are typical between‘genera in other
families of Siphonaptera.

Of the 47 families of birds parasitized by
ceratophyllids, the Hirundinidae 1is the most heavily
infested group with 30 species of ceratophyllids being
recorded in association with different species (Traub et
al. op. cit). fhe evolution of the Hirundinidae is
unclear - as few fossils have been found. In this study
only one reference was found to fossil hirundines, this
was for the North American species Petrochelidon
pyrrhonota (now Hirundo pyrrhonota), found in deposits
of the late Pleistocene (Wetmore 1356). It was during
the Pleistocene that much of the Northern hemisphere was
periodically covered with ice with warmer inter-glacials
intervening. Today H.pyrrhonota is still a widely
distributed breeding species in North America, nesting
in caves and on cliffs and is parasitized by 5 species
of ceratophyllids. Excavations at an archaeological site

at Lovelock Cave, Nevada (Nelson 1972) produced



specimens of the fleas Ceratophyllus petrochelidoni
Wwagner and Ceratophyllus celsus Jordan, two of the
species associated with H.pyrrhonota today. The level at
which these specimens were found was radio-carbon dated
at 4570+110 -years BP. No remains of H.pyrrhonota were
found at this site but today C.petrochelidoni is
specific to H.pyrrﬁonota while C.celsus has also been
recorded from the sand martin, Riparia riparia. Since
both C(.petrochelidoni and C(.celsus are now associated
with H.pyrrhonota and its' remains have been found in
deposits pre-dating this time, it seems propable that
the two sub-fossil Ceratophyllus were from the nests of
H.pyrrhonota. _ N

It seems likely therefore that hirundines have
colonised the northern hemisphere since at least the
late Pleistocene (circa 11000 vyears BP) and that the
species of ceratophyllids assofiated with them today
have evolved sometime after that. Further, at least in
the case of H.pyrrhonota, it may be presumed that the
association has existed For_at léast 4500 years.

The family Hirundinidae comprises 17 genera and
some 17 species which are found throughout the world,
although most are tropical. Members of this family are
insectivorous, feeding almost entirely on the wing.
Their nesting habits fall into two categories:

(1) building nests of mud under overhangs on either
cliffs or buildings:
(2) nesting in holes either excavated in soft river

banks, quarries, etc., or in existing holes in trees.



The 11 species breeding in the northern hemisphere are
migratory with those breeding in North America
overwintering in South America whilst those 1in western
Europe overwinter in Africa. Species breeding in eastern
Europe and N.Asia overwinter in India and S.E. Asia.
Between them they are parasitized by 30 species of
ceratophyllid and 9 of these are associated with the
house martin Delichon urbica and its sub-species.

Three sub-species of Delichon wurbica L are
recognised. These have different breeding ranges
throughout Europe and Asia and are Delichon urbica
urbica D;u.merfdiona7is, and D.u.lagopoda (Howard &
Moore 13980). All of fhese sub-species build enclosed
dome shaped nests ofrmud under overhangs on cliffs or
buildings. The sub-species found in Britain is D.urbica
urbica which breeds throughout Europe and West and
éentral - Asia. It is a common summer visitor breeding
throughout the BritishiIsies and often nesting in
_colonies. under the eaves or overhangs of buildings
(Bouldin 1968) or under overhangs on cliffs (Clark &
McNeil 1981). Reproduction, energetics, growth rate and
feeding of this sub-species has been studied extensively
in Britain by Bryant (1973, 1975a, 1975b, 1978a, 1978b,
1979) and Hﬁils & Bryaﬁt (1973)? The procesé of nest
building in D.u.urbica was first described by White
(1788) whilst the characteristics of nest sites and nest
architecture have been examined more recently by McNeil
& Clark (1977,1983).

Ectoparasitic arthropods often form complex



suprapopulations on the bodies or in the homes of their
hosts. The sub-species of D.urbica have 12 species of
flea associated with them (Ceratophyllus hirundinis
(Curtis), C.farreni farreni Rothschild, C.rusticus
Wagner, C.delichoni Nordberg, C.maculatus wagnef.
C.caliotes Jordan, C.orites Jordan, Orneacus watersoni
(Jordan) and O0.oreinus (Jordan) (Cefatophyllidae) and
Frontopsylla laeta (Jordan & Rothschild, F.cornuta Ioff
and F.setegera Smit (Leptopsyllidae). Also commonly
associated with the body or nest of D.u.urbica are at
least one species of hippoboscid (Crataerina hirundinis
L), one hemibteran (Oeciacus hirundinis Jen.), one mite
(Dermanyssus hirundinis Hermann), and two mallophagans
(Philopterué excisus Nitzsch and Degeeriella gracilis
(Nitzsch)).

All of the flea species, of course do not share
precisely the same geographical ranges and this would
exclude the possibility " of inter-specific competition
between them. This.is true of a number of flea species
for example the small mammal fleas Anomiopsyllus walkeri
Barnes and A.nudatus Baker which occur on the same
species of host (Neotoma fuscipes Baird) but are
separated by altitude (Barnes 1965, Barnes, Tipton &
Wilde 1977). However, a number of species .of martin
fleas have been recorded together. For example Dunnet &
Allan (1955) found C.farreni, C.rusticus, F.laeta and
O.watersoni in the same nest on sea cliffs in Scotland.
Dunnet (1962) in Norway records C.hirundinis and

C.caliotes and Mehl (1967) also in Norway found



C.farreni, C.rusticus and C.delichoni; Jordan (1937)
records C.hirundinis, C.orietes, C.caliotes and
0.o0oreinus in Kashmir; Darskaya (1964) in thé USSR
records C.hirundinis, C.farreni and C.delichoni.

In Britain 7 species of flea have been recorded
from the nests and bodies of D.u.urbica. Three of these,
C.hirundinis, C.farreni farreni and C.rusticus are
recorded from nests loéated on buildings and cliffs. Two-
other sﬁecies, 0.watefson1 and F.laeta, are recorded
from nests on sea cliffs only (George 1974). The two
_remaining species (Ceratophyllus gallinae (Schrank) and
C.fringillae (Walker) have a wide range. of passerine
hosts and are usually introduced into house martin nests
by intruding house sparrows (Passer domesticus L.)
(George oOp. cit.).

Previous studies on these species have tended
to examine temporal effects, distribution and abundance
(Dunnet . et al. op. <cit., Rothschild 1947, 1963,
Claassons 1965) and a few have examined the abiotic and
biotic factors which may affect distribution and
abundance. Jurik (1974) in Czechoslovakia examined the
effects of some physical parameters such as nest lining
material and elevation ﬁsiC) of the nest, but could not
demonstrate any differences in abundance of C.hirundinis
and C.rusticus with these variables. Darskaya (0p. cit.)
in the USSR also commented on nest lining material but
made no critical appraisal.

A relationship that allows the  three

congeneric and monoxenous species of flea C.hirundinis,



C.farreni and C.rusticus to share the same host and
inhabit the same nest suggests that either
intra-specific control is sufficiently strong to
minimize inter-specific competition, or coexistence is
permitted either by sufficient niche segregation or
through extrinsic controls such as predation. Day &
Benton (1980) consider that fleas have three major
mechanisms to avoid competition; 1) spatial separation
while feeding; 2) selection of different micro-habitats;
3) temporal separation.

In this study I have attempted a detailed
examination of some of the abiotic and biotic factors
which may influence distribution and abundance of each
flea species, as well as those factors which may control
inter- and intra-specific competition. To achieve this
the following aspects were examined.

1) The effect of different geégrébhical localities
within England, and the characteristics of each nest
site and nest which may influence the flea community.
This was studied by the collection of nests and
examination of each abiotic factor in relation to the
numbers of each species in each nest.

2) All stages of the life cycle of these fleas species
are found in the nest, therefore, nest environment both'
in the presence and absence of the martins was studied.
3) Flea emigration was investigated because the numbers
of each flea species in a nest will depend on the
numbers arriving at a newly built nest.

4) Survival of the fleas in the absence of the host was

investigated in both field and laboratory studies.




Therefore, in nests used by the martins for a second
season a flea community will be established; the size
and composition of this community will to some extent be
controlled by the ability of the fleas to survive the

winter and then to breed in the next season.

5) The metabolic activity of the fleas will vary
throughout the year with different environmental
conditions. This will control survival of the fleas
throughout the year, therefore metabolic activity was

investigated using a respirometric method.

6) Feeding of adult fleas was investigated using a
number of uwnusual hosts since survival of each species
will depend on reproduction for which an adequate food
supply is required.

7) To investigate inter- and intra-specific competition,
the increase of each species populations throughout the
martins’ breeding season was investigated in the field

and by experimentation in the laboratory.



Chapter Two

Nest construction,study areas,nesting sites,nest
environment,collection of nests,collection and

identification of fleas.

2.1 Nest constuction by Delichon u. urbica.

Nests are built under eaves or other suitable
overhangs on buildings or, more traditionally, on
ciiffs that erode to form angular niches. The outer
wéll of a nest is constructed o; mud by both sexes. The
source of the mud is usually close by the nest site

although martins have been known to travel as far as

1.25km (pers. obs.), when other potentidal sources were
much closer. The mud is collected and transported in

the martin's mouth, (Plate 1): the volume of each

3

mouthful i1is approximately 0.21ch

Initially the mud is stuck to the wall of the
building or rock face Jjust below the eaves or a rock
averhang and forms a platform on which the wall of the
nest 1s built upwards and outwards until it_reaches the
overhang, the whole structure thus forming a cup with
the entrance hole a£ the top (Plates- 2,3 & &). The mud
varies in thickness from 3cm at the base to 1cm at the
entrance hole. The volume of mud used and time taken to

construct "the nest varies depending on the angle that

10



the wall of the nest has to fill and the distance

travelled to collect the mud. Recorded volumes varied

from 180cm’ to GOOCma. The constuction of a nest
containing 500cm’ of mud would take 12 to 14 days and
‘requife around 2,500 mouthfuls of mud (McNeil & Clark
1877).

On completion the bottom of the nest is lined
.with suitable materials found in the vicinity of the
nest site; materials favoured most are grass and
feathers. By the end of the breeding season the nest
"lining - is compressed into thé bottom of the nest to

form-a pad not usually déeper than 2cm.

2.2 General description of study areas.

2.2.1 Leicestershire (including Rutland).
Leicestershire is situated 1in the &east
midlands of England (Fig.1). Leicester City itself

covers an area of 73.37 sz and although numerous
streams, parks and gardens offer a source of nesting
material few buildings within the city boundary provide
suitable overhangs to allow nest building. Elsewhere in
the county many towns and wvillages have gince the
nineteen sixties been greatly expanded by housing
developments. The nature of the des;gns for buildings
within these developments has led to an enormous

increase in potential nesting sites for martins. Many

11



Fig.1 Study areas

Derbyshire

eicestershire

Mullion

. Coverack
Pistol Cove
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Plate 1.

Martin's collecting mud from the bank of a stream

Plate 2.

Martin's nest after building for four days.



Plate 3.

Martin's nest after building for eight days

Plate 4.

)

Complete martin’s nest.



of these towns and villages have streams or rivers
flowing through .or close by them and the margins of
these water courses provide a sourqe of mud for nest
constuction. Gardens provide a ready source of nest
lining material particularly grass from lawn cuttings.
In the more rural areas grass cuttings are replaced or
added to with cut stems of cereals. Feathers from a
variety of bird species are also commonly used with
these other materials. Nests were collected from a
large number of different 1localities in this county

(Fig. 2).

2.2.2 Cornwall.

Cornwall is the most south western county of
England occupying the tip of the south west peninsula.
All the nest sites were on the Lizard close by thé sea.
0f the three sites where nests were collected Mullion
{grid ref SW6819) was.épproximately 1km from the sea;
the thgee nests collected at this site were on a
building. The mud used in the construction of these
nests and the nest lining material was collected from
the margins of a stream approximately 200m from the
house (pers.com house ownner). The nests at Coverack
(grid ref SW785182) were on two buildings within 30m of
the sea. The mud uséd in the constuction of these nests
probably came from the intertidal Zone of the beach as
many sea urchin spipes were found 1in the mud walls.

Nests at Pistol Cove (grid ref SW 7011) were located on

12



a sea cliff which is formed from Serpentine. This cliff
has supported a colony (1-9 nests) of martins since at
least 1975 ( Clark & McNeil 1980). No source of mud for
building the nests was obvious and mud examined from
the nests gave no clue as to the source. Possibly, as
at Coverack the beach exposed at low tide was the
nearest source. The nest lining materials at all three
sites consisted of grass, feathers, and at Coverack and
Pistol Cove a few pieces of twig and seaweed. The
lining materials occured either singly or in
combination. All these materials were common in the

accumulated debris at the high tide mark.

2.2.3 Derbyshire.

The county of Derbyshire lies in the north

west midlands of England. Nests were collected from
only one site 1in this county, limestone cliffs in
Cheedale, (grid ref. SK 1272). Limestone cliffs erode

to form angular niches and overhangs which provide

excellent nesting sites for martins (Plate 5).The
cliffs rise to approximately 30m above the River
Derwent. A colony of martins has nested at Cheedale

since at least 1939 (Jourdain & Witherby 1939); between
1979 and 1980 approximately 62 nests were recorded but
only 15 of these were accessible for collection. Large

numbers of shells of the gastropod Hydrobia jenkinsi
were found 1in the mud walls of these nests indicating

that the banks of the Derwent were the source of the

13



mud as this mollusc was abundant along its margins. The
linings found in these nests comprised feathers,grass
and occasionélly sheeps’ wool, all of which could be
gathered close to the nest site. The area around

Cheedale is mostly grassland used for grazing sheep.

2.3 Environment in the nests.

Fleas develop in the nest therefore the
micro-climate within the nest 1s relevant. The
temperatures within three nests attached to a house
eaves in Thurnby, Lelcestershire (grid ref. SK 646039)
were measured continuously from May 1976 to April 1977
using a Grant multichannel recorder. Thermistor probes
(50mm long by 3.2mm in diameter) were inserted into
each of the nests 1hrough a small hole (3.3mm 1in
diameter) drilled in the base of the nest. The probes
were allowed to rest between the mud wall and nest
lining, while a fourth probe was attached to the house
wall alongside the nests to measure ambient temperature
(Plate ©6). Wires connecting the probes to the recorder
were passed through “the top of a window into a room
where they were connected to the recorder. Temperatures
were recorded automatically every hour and coilected
for analysis at the end of each month when the recorder
'battery was renewead.

Relative humidity was measured in two ways.

14



Plate 5

Martin's nest on a natural site

Plate 6.

Grant recorder probes in nest (1), and measuring

ambient temperature (2).



First, air samples were withdrawn from the nests with

a 20cc hypodermic syringe the end of which was inserted
through a small hole (3.3mm diameter) that had been
drilled into the wall of the nest near its base and on
the opposite side to the one bearing the thermistor.
The syringe contained a strip of cobalt thiocynate
paper 1.5cm wide by 3cm long. The assemblies were Kkept
in sealed polythene bags containing silica gel until
used, to ensure that they were completely dry.
Immediately the air sample had been withdrawn from the
nest a plastic cap was placed onto the open end of the
syringe and the whole syringe was then resealed in a
polythene bag. The hole in the side of the nest was
plugged with a piece of plasticene. Two assemblies were
kept unused on each occassion as controls.

Seventy two hours after the air sample was
taken the cobalt thiocynate paper was removed from the
syringe, placed between two slides with a small amount
of liquid paraffin and examined in a comparator (C.f
Solomon 1957). The method was tested in the laboratory
before using in the field by withdrawing samples of air
from just above saturated solutions of MgC125H20
(407-457 RH) and NaCl (907-95Z RH) (cf winston & Ba£;s
1960) . The 1laboratory tests gave satisfactory results
(within 57%). Samples were taken once a week from the
three nests that contained the temperature probes as
well as the ambient humidity but only during the time
that the martins were in residence. During the winter

months humidity was taken only once a month when the

15



temperature recorder battery was changed.

The second method used a Vaisala relative
humidity meter and probe. The probe, which contained
the humicap sensor, measured 3.5cm  long by 1cm in
diameter and, because of i1its size, was inserted into
the nest via its entrance hole. Temperature was taken
using a direct read Grant recorder with a thermistor
probe which was inserted into the entrance hole of the
nest at the same time as the humidity probe.
Measurements were made once a week between May and
October 1880 1in one nest on the same eaves as the
1976/1977 data. This method was used to extend the
previous data.

In two of the three nests studied in 1976/77
the 1lining material comprised grass and feathers; in
the third nest which was taken over by sparrows in the
autumn of 1976 a large amount of extra lining material
had been introduced in the form of straw, feathers and
newspaper. Nests taken over in this way usually have
their entrance holes enlarged and the extra lining
material can be seen protruding from the hole. The
bottom of the nest, however, was lined with grass which
was assumed to be the original 1lining used by ghe
martins. The lining material in the 1980 nests
comprised grass, feathers and some hair.

In figures 3-6 the temperature data for the
three 1976 nests has been extracted for five day
periods for each of the following nest conditions:

martins incubating eggs (Fig 3.), martins with young
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(Fig 4.), unoccupied nest in winter (Fig 5.) and a
sparrow occupied martin nest in December (Fig 6). The
temperature data were recorded to provide background
imformation on how temperature varies under different
conditions. Although the fleas in the nest will be
affected by temperature fluctuations it was not
possible to monitor the flea populations
simultaneously, therefore the data collected here do
not relate to the flea populations in the nest. As this
was the case the temperature data was condensed by
taking a mean for each hour for all three nests and
then condensing further by taking the mean for each
hour over a five day period for each of the above nest
conditions to give the average fluctuations over a
twenty four hour period. The graphs therefore show a
mean and range of temperatures recorded.

Comparing the graphs Figures 3 and 4 there
appears to be greater fluctuations in temperature when
young are present (22°c-32°C). In the nests with young
there is a peak around 2100 hr which is probably due to
the adult birds coming in to roost, initially giving
off heat as a result of flight and then, their output
dropping as they settle and become inactive. Simil%r
results have been reported previously for the house
martin (Summers 1975), and for other passerine species
eg. eastern house wren Troglodytes aedon aedon (Baldwin
& Kendeigh 1932).The rise at 0600 hr is probably due to
the adults becoming active prior to leaving for

foraging.
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Fluctuations in temperature are less marked
in incubating martins, (29°c-34%c) the variations in
the data due to the adult martins changing incubation
duties. During both incubation of the eggs and rearing
of young fthe temperature inside the nest was usually
between 5°¢ and 10°C above ambient. Throughout the time
that the nests were empty during the ﬁutumn and winter
months the temperature within the nests stayed within
two degrees of ambient. In the nest that was occupied
by sparrows in the winter the nest temperature during
the day dropped almost to . ambient and only rose a
little be%ore dusk; presumably the sparrows were only
using the nest at night (1600-0800 hr) for roosting
{(max. temp. 34oc)(Fig 6.). |

Humidity within these nests appears to be
independent of the ambient humidity; Tables 2:1 & 2:2
show the mean and range for each month and for each
nest condition.  When " the martins are present the
relative humidity would be influenced by their présence
eg. respiration, as well as the moisture contained in
the nest lining materials and mud walls. The humidity
in unoccupied nests would perhaps, be expected to be
influencéd more by the ambient humidity which does not
always seem to'bé the case. Presumably with the ambient
relative humidity undergoing continuous rapid changes
the humidity within the nest is influenced more by the
moisture in its mud walls. In both the unoccupied nests
and sparrow occupied nest i1in winter the relative

humidity was on average higher than martin occupied
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nests in the summer {summer mean 60.87, winter mean
72.07). The mean ambient RH for these periods were
(summer mean 55.57, winter T70.07). The range of
humidities recorded between the nests and the ambient
would indicate that overall the relative humidities in
the nest are close to ambient.

The humidities obtained for nests occupied by
young martins are similar to those recorded by Summers
(op. cit.). He also used cobalt thiocynate paper in one
artificial nest to measure relative humidity but
because artificial nests were used they could be
removed from the eaves without too much disturbance to
the birds; he was therefore able to insert strips of
cobalt thiocyanate paper into different parts of the
nest 1lining. He left these strips in place for three
days. On examination at the end of this period he
recorded a low relative humidity at the bottom of the
nest (457), 507 in the middle and 657 at the surface of
the 1lining material. The humidities in natural martins
nests with young recorded in this study are close to
the surface readings found by Summers (op.cit.).

The methods used in this study (withdrawing
an air sample and inserting a probe) would only reco;d
overall conditions and not pick up any differences as
found by Summers in different parts of the nest. No
evidence in the results obtained suggests any
difference between the two methods used for measuring

humidity.
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2.4 Collection and recording nests.

One hundred and fourty six nests were
collected from the eaves of buildihgs at thirty six
locations 1in Leicestershire and one location (Sutton
Bonnington SK 504255) just over the county boundary in
Nottinghamshire during the autumn of 1974. This last
collection was 1incorporated 1in the Leicestershire
collection. Each nest was removed by hand, and
immediately sealed in a polythene bag and labled. This
collection formed the basis for the analysi; of
ﬁopulatioﬁs. Other collections were made subsequent to
this both from house eaves and two cliff sites. In
Leicestershire {1977 25 nests, 1978 5 nests, 1984 18
nests &% 1985 24 nests all from house eaves), Cornwall
1978(12 nests from house eaves),1979 (12 nest§ from
house ' eaves and & from a sea cliff) & 1980 (11 nests .
from house eaves and 1 nest from a sea cliff),
Derbyshire (1979 11 nests and 1980 & nests from a cliff
site) For each nest the foilowing information was
recorded:

1. Eave shape. This may influence the surface area of
mud wused in the nest constuction. Four shapes were

recognized, grading from 1,which would present the

smallest area, to 4, which presents the greatest (see

Fig.T7).
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Fig.7

window

hinge

Types 1 and 3 in cross section.

Types 2 and 4 in front elevation



2. The texture of the wall material to which the nest
was attached. Different wall materials have different
insulation abilities which may influence nest
micro-climate. The materials involved were plain brick,
painted-dash, stone and plaster.

3. Orientation of the nest site, some directions may
be more exposed than others and may in turn influence
micro-climate. Direction was taken with a magnetic
compass which was subsequently reduced to eight points
of the compass 1n order to facilitate analysis.

4. Age of the nest. This was recorded because the
population density of fleas may vary with age. It was
however, difficult to obtain accurate ages for
individual nests, unless they were built in that year.
As a 7result, nests were classified where possible as
‘'new’ (built in the vear of collection) and 'old’
(older than one year).

5. The weight of nest 1lining material. This was
measured because the quantity of lining material may
affect micro-climate and area of 1living space. The
lining consisted mostly of grass, feathers and straw.
These 1individual components were noted but were not
weighed separately. As other materials, such as haif,
occurred 1in so few nests it was decided that their
presence would be unlikely to influence the flea
populations.

6. Colonial and non-colonial nests. Nests at some
localities occurred together aon the same eaves or

building. As some interchange of fleas may result under
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these conditions this was recorded for consideration in
the analysis.

‘The nests were classified into four groups:

1.Nests wused by martins for breeding in the current
season. These were invariably associated with a
quantity of droppings immediately below fhe site,
except when the householder had removed the mess.

2. Nests used by sparrows for breeding in the current
season. In most cases the sparrows had introduced larée
quantities of extra lining material and built a normal
sbarrow nest 1inside thé martin nest. Often the mud
entrance hole had been enlarged and considerable
structural damage was evident.

3. Nests built in the current season but not used
(deserted). Often these showed structural Qamage and
usually lacked any 1lining material. Where 1lining
material was present it was-a;ways in an advanced state
of decomposition. No droppings were evident either
inside or outside such nests.

4. Nests built as temborary quarters. Such nests are
built very quickly late in the breeding season, have
very thin walls and no 1lining material (McNeil and

Clark, 1977).
2.5 Sorting for fleas.

The nests were kept in a constant temperature

room at 15%: and sorted as soon after collection as
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possible. Nesting material was sorted for fleas by
removing a little at a time from the bag and gently
rolling it between the fingers and thumb over a white
tray. Fleas dropping from this material into the tray
were collected by pooter. A small vacuum pump was
employed with the pooter and a face mask worn to avoid
inhalation of dust, feather scales and other irritant
nest debris.

The fleas, both adults and larvae and other
arthopods from the Leicestershire 1974 collection were
preserved in 707 ethanol. Prior to identication the
fleas were desclerotized 1in 107 KOH and cleared in
clove o0il (cf. Smit 1957). The nomenclature follows
that of Kloet & Hincks (1975). Other arthropods
collected were preserved in 707 ethanol and identified
to the lowest taxinomic level that could be achieved in
a reasonable time; these are listed in the appendix 1.

Fleas from nests collected in 1977/78/79/80/
84/85 were anaesthetised with CO , placed alive onto a
microscope slide under a cover slip and identified with
the aid of a compound microscope. These fleas were used
for a wvariety of experiments discussed 1n later
chapters. In a few nests collected in winter and spriﬁg
a pad of cotton wool soaked with ethyl acetate was
introduced into the nest before collection in order to

kill the fleas in situ to see if they overwintered in

the cocoon or emerged before the martins returned.
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Normally when nests are examined after collection the
fleas are actively moving around and so it is difficult
to know whether they had already emerged from the
cocoon before <collection. In addition to the nests
collected fér the field survey a number of nests were
obtained for which the mud wall of the nest was missing
and no imformation on the nests histpry was available
and could not therefore be included in the rest of the
field 'data. They were however a useful source of
material for the various experiments

discussed 1in later chapters. These nests came from

Carlisle (6), Lincolnshire (10) and Rutland (6).
2.6. Identification of the fleas.

Five species of flea belonging to the family
Ceratophyllidae were found ;Ceratophyllus hirundinis
Curtis, Ceratophylilus farreni farreni Rothschild,
Ceratophyllus rusticus ‘Wagner, Ceratophyllus ga?linae
Schrank  and Ceratophyllus fringillae Walker. The
following characters were used in their identification
using Smit's (1957) key and drawings.

Males.

Tergum nine 1n male fleas 1s modified 1into
claspers which form a sexual <clasping organ. This
together with the shape of the apical membranous lobe
of sterni£e eigat are characteristic for each species

(Figs.8-10).
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Females.
The shape and angles produced by tergum eight and
rsfernite seven are charcteristic for each species as 1is
the shape and proportions of the bulga and hilla of the

spermatheca (Figs 11-13).
2.7 Geographical distribution.

The first éhree species .are monoxenous
parasites of the house martin and are commonly found in
both nests on_ buildings and on natural sites throughout
the Bri£ish Isles (George 1974),although C.rusticus
tends to be more abundant in nests on sea cliffs
(Dunnet et al ap.cit.). The remaining two species have
a wide range of passerine hosts and are usually
introduced into martins nests by intruding house
Sparrows. Both these species are common over much of
the British Isles alfhbugh both spééies'have vet to be
recorded from Cornwall, indicating a possible scarcity
in the west of the country.

OQutside of Britain the following
distributions have been recorded for these species by

Traub et al (op. cit.).
C.hirundinis.

Palearctic: Eurasia: Europe and European
USSR, north almost to Artic Circle in Sweden, south to

central Italy and Greece. Alps, but not Spain nor
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France, nor steppe regions of European USSR, although
occurring south 1in north Caucasus area, Caucasus and
Crimean mountains, also Turkey, Lebanon and Algeria.
Mountains of central Asia: Afganistan, Kashmir,
Dzungarain Alatau, western Mongolia. Found from sea

level to 1900 m in the west, and from around 1000-3200m
in the east. Found in the nest of the house martin both

in natural sites and (more commonly) on buildings.

C.farreni farreni.

Palearctic: British Isles - eastwards to
European USSR, northwards to include southern Sweden
and Finland, southwards to Netherlands and northern
plains of Germany and Poland; also found 1in
Czechoslovakia, southern Greece, northern Algeria;
European USSR excluding steppes, including Crimean
mountains, Caucasus mountains and north Caucasus
plateau. In east: mountains of central Asia: the Altay
of Tuva ASSR and Mongolia, Barguzin Range east of Lake
Baykal. Sub-species C.farreni choi in Japan in nests of
the Japanese house martin Delichon dasypus.
Found from sea level to 1800m (northern Europe: séa
level to 300m). In nests of the house martin in both

natural and man made sites.

C.rusticus.

Palearctic: British Isles, east to Poland,
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eastern Czechoslovakia and Baltic coast of USSR, north.

to southern Norway, central Swedeh and southern Finland

{Aland) ; to south. Alps of Frénce. Switzerland,
Austria, “and northwestern Jugoslavia; Greek and
Caucasus mountains. Found from sea level to 1700m in

nests of the house martin on natural sites and on

buildings.

C.fringillae.

.Palearctic:  Europe, east to Ciscaucasia
around the Aral Sea, Ust-Yurt, Tadzhikistan and
Afganistan.

C.gallinae.

Holarctic & Australasian: Europe, east to the
Caucasus and western Siberia; also introduced into

eastern USA.,Alaska,Australia and New Zealand.
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Fig.8

movable process of clasper

clasper

sternum 9

sternum 8

C.hirundinis male
Clasper, sternum 9 and sternum 8

C.farreni male

Clasper, sternum 9 and sternum 8



Fig.9

C.rusticus male

Clasper, sternum 9 and sternum 8



Fig.10

C.galiinae male

Clasper, sternum 9 and sternum 8

C.fringlllae male

Clasper, sternum 9 and sternum 8



Fig.11

tergum 8

Ny

SR

spermatheca

::’_«(/

sternum 7

‘.

C.hirundinis female

]

.Sternum 7 and 's'permatheca,
and part of tergum 8

C.farreni female

Sternum 7 and spermatheca



Fig.12

C.rusticus female

Sternum 7 aﬁd speratheca,

and part of tergum 8



Fig.13

C.gallinae female

Sternum 7 and spermatheca

Q_.fringillae female

Sternum 7 and spermatheca



Chapter 3

Analysis of the 1nitial survey.
3.1 Introduction

As alreédy discussed in chapter 1, previously
published works have examined the differences in
abundances and indicate possible preferences of
C.hirundinis, C.farreni and C.rusticus but have not
attempted to examine 1n detail the factors which may
determine their distribution and population densities.
This initial survey was intended to examing some abiotic
factors which may influence the fleas' distributions and
population densities.

123 of the 146 nests collected in the autumn
of 1974 had been used by martins in the 19?4 season, and
consequenfly these lonly could be used to examine the
ablotic factors which might affect the densities of
"fleas in recently vacated nests. Using the variables
listed in chapter 2 (pages 21-24) the relationship
between the numbers of each species and the measured
variables was examined wusing a number of statistical

methods which are indicated where appropriate.

3.1 Results

The numbers of each species of flea for each
nest with all the abiotic.variables recorded are
presented in Table 3:1. The total fleas recovered from
the 146 nests examined was 22,723 comprising_ five

species. Table 3:2 shows the total numbers for each sex
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of each species.

The sex ratios are in gqodlagreement with
those found by other workers which shows an imbalance in
favour of females (see, for example, Rothschild (1847)

and Dunnet & Allan (1955).

3.2.1 Multiple regression analysis.

Stepwise.multiple regression analysis was used
to investigate the relationship, if any, between the
humbers of one species of martin flea, and the numbers
of the other two species. The weight of nest lin;ng
materials was included in the analyses since this was
the only other continuous variable recorded. The other
recoraed habitat characteristics are at best
discontinuous. The values for numbers of each species of
flea in a nest were clearly aggregated, and hence all
flea data not only for regression analysis but for all
other parametric analyses were trahsformed to
logarithms;

The results of the. multiple regression
analyses are set out in Table 3:3. With C.hirundinis as
the dependenp variable the analysis first extracted
C.rusticus (337 of wvariation) followed by C.farreni
which accounted for a further 137 of variation. weight
of lining material did not contribute significantly.

C.farreni when used as the dependent variable
correlated only with C.hirundinis which accounted for
237 of variation.

Both C.hirundinis and weight of lining

29



material correlated with C.rusticus as the dependent
variable with C.hirundinis accounting for 337 of
variation and weight of lining material'accounting for
only a further 27 . The weak correlation .betweeq
C.rusticus and weight of lining material suggests that
there 1is a tendency for higher numbers of this species
to occur in nests with more lining material.

Pos;tive correlations between the 'three
species of %leg indicate a general trend for higﬁ
numbers to occur in the same nest as high numbers of the
other two species and suggests that they may. be
responding to the same or similar conditions of the
nest. It was therefore decided to examine the
relationship between each species and the abiotic
variable weight of nest lining without the other species
as independent variables using regressgon analysis. No
correlations were abtained for any species. The weight
of nest lining material was correlated with the total
%léa number Sf Fieas but accounted for only 3.247 of
variation (R=0.18) which however was signiFicant (Table

3:3).

3.2.2 Analysis of remaining parameters.
The. remaining parameters were either

discontinuous or, in the case of orientation,

non-linear. The numbers aof fleas were‘ tested for
differences between (i) different eaves shapes, (ii)
orientation, and (iii) surface texture of the building,

using a one-way anhalysis of variance in each case. The

number of nests -collected from each of these variables
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are given 1in (Table 3:4).

As already stated the numbers of fleas were
markedly aggregated and the log transformations used
should more or less normalize these data. However,
comparing the variances for each species and total
number of fleas between the variables in each parameter
showed quite large differences for some aof them. A
Bartlett's test for homogeneity of wvariance on log
transformed data revealed that C.hirundinis and total
number of fleas in the data for surface texture, and for
C.rusticus in the data for orientation were
non-homogeneous. fherefore- the. non-parametric
Kruskal-Wallis one-way analysis of variance was applied
to all data as well as the parametric analysis since.the
two are not mutually exclusive. However, when the two
gave the same results only the parametric test is

reported.

Eaves Shape.

As dicussed in the previous chapter the shape
of the eaves may 1nfluence the amount of mud needed to
build an enclosed nest and therefore the size of the
nest. A parametric and Kruskal-Waliis one-way analysis
of variance on' the numbers of each speciés and total
number of fleas associated with each eaves shape showed
there to be no significant difference between the means
C.hirundinis, F=1.5216; C.farreni, F=1.300; C.rusticus,

F=2.3642; total number of fleas, F=1.1525; P>0.05, DF

3,119 in all cases).
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Table 3:4.
Number of nests collected and their use in 1974 for the
number of buildings, orientation, wall material,

colonial and non-colonial nests.

Eaves Martin Sparrow Derelict/
type occupied occupied temporary
nests nests nests
1 82 10 3
2 23 S 1
3 14 3 1
4 4 0] 0
Total 123 18 5

Orientation

North : 12 2 0
Northeast 13 1 0
Northwest M 2 0
East 12 4 2
West 17 0 1
South 17 3 0
Southeast 28 5 1
Southwést 13 1. !

Total 123 18 5



Table 3:4 continued.

Wall material Martin Sbarrdw Derelict/

occupilied occupied temporary

naests nests nests
Brick 70 . 10 3
Painted brick 7 -3 1]
Painted dash 18 4 2
Stone 26 0 a
Plaster 2 1 0
Total o123 : 18 ' 5
Colonial 76 : 5 0
Non-clonial &7 13 5
Total 123 18 5
New nests 78 - 8 1
0ld nests 32 3 1

Total 101 ) 11 2

Total number of 89 buildings.



Direction.

The direction (orientation) that the nests
faced may affect the micro-climate in the nest and
therefore their suitability for the fleas. The results
for both parametric and Kruskal-Wallis one-way analysis
of variance however showed there to be no significant
difference between the means for any species or the
total number of fleas (C.hirundinis, F=1.3257;
C.farreni, F= 1.68202; C.rusticus, F= 1.2402; total fleas

F= 1.1472 P>0.05 DF 7,115 1n all cases).

3.1.4 Wall material.

Different wall materials to which the nests
were attached may also affect the micro-climate in the
nest, and the rougher surfaces may increase the living
area/sheltering places for all stages of fleas. Three
main types of surface were recorded, brick, painted dash
and stone. Nests from two other surfaces, painted brick
(7 nests) and plaster (3 nests), were omitted as they
were too few for meaningful analysis. Using a
Kruskal-Wallis one-way analysis of variance,ranking the
values from least to greatest, gave signifi;%nt
differences for all three species and total flea
population with surface texture. On inspection of the
mean ranks it was apparent that all three species
populations were considerably lower in nests on stone
surfaces (Table 3:5). Mann-Whitney U tests for each

species and total number of fleas between brick and
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Table 3:6.
Results of the Mann-Whitney U tests for C.hirundinis, -
C.farreni, C.rusticus and total numbers of fleas between

different wall materials.

C.hirundinis

Mean Rank z P
Brick £3.93
Painted Dash 51.78 1.14 P>0.05
Brick _ 51.90
Stone 38.29 2.07 0.01<P<0.05
Painted Dash 27.33
Stone 17.13 2.67 0.001<P<0.01
C.farreni
Brick 45.65
Painted Dash 44,89 0.11 P>0.05
Brick 52.56
Stone 36.31 2.51 0.01<P<D.05
Stone 18.40
Painted Dash 25.64 1.96 0.01<P<K0.05

Table 3:6 continued.



Table 3:6 continued.

C.rusticus
Brick

Painted Dash

Brick

" Stone

Stone

Painted Dash

Total numbers of
Brick

Painted Dash

Brick

Stone’

Stone

Painted Dash

43.867

53.19

34 .42

16.13

28.87

fleas

43.90

51.92

52.81

35.58

28.28

.38

.13

.63

.16

.62

.10

P>0.

0.001<P<D.

0.001<P<0.

P>0.

0.01<P<QO.

0.001<P<LO.

1

01

05

05

01



painted dash surfaces showed no significant difference’
between the two, but in all cases brick and painted dash

were significantly different to stone (Table 3:6);

Nest lining.

Only the numbers of C.rusticus were correlated
with the amount of 1lining material in the regression
analysis, and then only very weakly. To investigate the
possible effects of lining materiél a further comparison
of each flea species and the total flea population
between nests with lining (108 nests) and those without
(15 nests) was made. These showed no significant
differences between the means (C.hirundinis t=0.77:
P>0.05, C.farreni t=0.42: P>0.05 C.rusticus t=0.36:
P>0.05) (see Table 3:7).

A further comparison wa s made between the

major lining materials. Three major'constitdents of the

lining material were identified: 'grass’ comprising
cuttings of grass leaves; ‘'feathers’' from a number of
bird species; and "straw’ being the thick stems of
cereals. More than onhe of these components could occur

in any one nest and were not weighed individually. The
mean densities for each flea species 1n the presence and
absence of eéch component of the lining material were
therefore compared using t-tests on log transformed data
(Table 3:8).

All three species were significantly more
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abundant in nests containing feathers than those that
did not. Similarly, nests containing grass vyielded
significantly more fleas than those without. Straw
showed no significant differences from nests without
straw and all three species populations were marginally
less abundant in nests containing straw than in those
lacking it.

A comparison of the weights of lining material
between old and new martin occupied nests, agaln using a
t-test, showed that there was significantly more 1lining
material in the o0ld nests (t=2.57 0.01<P<0.05) {(see
Table 3:9) indicating that additional material was added
in nests older than one season.

The flea populations in new (one season old,
78) and nests older than one season (32) may vary;
therefore they were compared using t-tests on log
transformed data. No significant differences were found
between the means for any flea species or the total flea
population. The results are given in Table 3:10 and
suggests that the increase in lining material in older
nests 1is having nho effect on the numbers of fleas and in
fact the mean number in old nests was less than new

nests except for C.rusticus.

Flea populations in Colonial/non-colonial nests.

It is assumed in the above analyses that all
nests are equally susceptible to colonization by fleas.
Differential rates of movement between nests could well
occur and, in particular, there could be a greater

interchange between colonial (76 nests) than non-
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colonial (4#7) nests. (Nests were considered colonial
if they were on the same building).

As colonial nests may have related densities
which would disrupt any attempt to normalize the data by
log transformation, it seemed safer to use a non-
parametric test for any comparison of flea populations
between them. A Mann-Whitney U test for each species and
total flea populations with the lowest number ranked at
1 between colonial and non-colonial nests showed a
significant difference for C.rusticus only. The mean
ranks showed that fewer C.rusticus occurred in colonial
nests (Table 3:11).

Although overall no significant differences
were found between new and old nests it was decided to
re-run the Mann-Whitney U tests between colonial and non
colonial nests this time separating them into the two
age catagories. No significance difference was found for
any species between one year old colonial and
non-colonial nests. When colonial and non-colonial nests
older than one year were compared only C.rusticus showed
a significant difference (Table 3:11). It should be
noted, however, that of the 32 nests more than one year
old, only seven were non-colonial. B

The greatest number of nests found in a colony
was eight at Wing (SK894023) while three colonies with
seven nests (Medbourne SP800%30, Sileby SK610152,
Whetstone SPS556974) were recorded. If any interchange of
fleas was taking place between nests in these larger

colonies the variance between nests for the numbers of
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each flea species would be significantly less than the
overall variance for non-colonial nests. In these
colonies only C.hirundinis occured in sufficient numbers
for analysis. The variances obtained for C.hirundinis
and total flea numbers in each colony are given in Table
3:12. When these variances were compared with the
variance for C.hirundinis in non-colonial nests only
Sileby was significantly different.

The variance for the total number of fleas in
nests from these colonies were then compared with the
variance of the total number of fleas in non-colonial
nests. This time no significant result was obtained for
any colony.

These results, taken together suggests that
little interchange of fleas takes place between nests in

colonies.

House sparrow (Passer domesticus) occupying martin
nests.
When martin nests are occupied by house

sparrows for winter roosts they usually introduce large
amounts of nest 1lining material. A comparison of éhe
weight of 1lining material between nests occupied by
martins (123) and "martin' nests occupied by sparrows
(18) confirmed this impression (t=4.21,P<0.001) (Table
3:9) showing that there was significantly more lining

material in the sparrow occupied nests. The introduction

of a large quantity of lining material and the
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disturbance, at a time of year when the fleas would
normally be 1n a quiescent state, may affect their
numbers.

The numbers of martin fieas were therefore

d -

compared between the 18 sparrow occupied martin nests
and 123 martin occupied nests using a one-tailed
Mann-Whitney U test. This test was used on these data as
the variances were found to differ significantly between
‘martin’ and 'sparrow’' occupied nests for C.rusticus. 1t
therefore seemed better to use a non-parametric test for
-all these .data. A one-tailed test was used to see 1if
‘there was a réduction in the numbers of fleas in the
sparrow occupilied nests.

Significant differences were found between
_mean ranks for C.hirundinis and the total flea
population only. The results of the Mann-Whitney tests
are given in Table 3:13. This suggests that the presence
of house sparrows 1is affecting the most abundant
species, C.hirundinis. The result for total flea numbers
is probably due to the large number of C.hirundinis
contained in it. The numbers of species occuring in

sparrow nests and the number of nests are given below.

Species Number Number of sparrow
of fleas occupred martin nests

C.hirundinis | 1,983 12

C.farreni 323 ' 10

C.rusticus 20 7
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Table 3:13.

Results of

C.farreni, C.rusticus and total numbers of

Mann-Whitney

u

te

3

ts

for

martin and house sparrow occupied nests.

Total martin

Species

C.hirundinis
C.farreni
C.rusticus

Total fleas

nests (123).

Mean Rank

Martin

73.11

70.76

71.93

72.94%

Sparrow

51

68.

60.

52.

.59

62

18

82

M

-12

.20

.20

.91

C.hirundinis,

fleas between

Probability

0.001<P<0.01
P>0.05
P>0.05

0.01<P<0.05



Multiple regression analyses using each
speclies of flea as the dependent variable with the other
two species as independent variables on the flea
populations in each sparrow occupied nest gave no
significant correlations. The loss of correlation
between C.hirundinis and the other two species was
presumably caused by the overall reduction in numbers
and the fewer observations.

The flea populations of temporary (3 nests)
and deserted (3 and 2 nests respectively) were examined
separately. Fleas were found in only one nest of each
type; 192 C.hirundinis in a temporary nest, and 4d and 49
C.hirundinis, and 19 C.farreni in a deserted one. The
presence of the host for only a short period of time
would account for this paucity.

Both C.gallinae and C.fringillae occurred in a
few nests,the highest numbers occurring in sparrow
occupied nests. In only one nest were more than 20
individuals encountered with 224 3092 C.gallinae and 124
169 C.fringillae. Because of the paucity of these
species they were not used in any of the analyses.

A few likely predators namely staphylinid

beetles, spiders and mesostigmatig mites, were
encountered 1in some nest, but were too few for any
statistical analysis. The variety of arthropods

associated with house martin nests is well documented
(see Hicks 1871). The only non-predatory taxon which may
affect the flea populations were the larvae of
Lepidoptera, all Tinea sp., which may chew the flea

cocoons (George pers. comm.). These were encountered in
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most nests, but a Kendall's tau rank correlation test
showed no correlation between them and the abundance of
the fleas (tau=0.0038117 ;P>0.05). All other arthropods

collected with the fleas are listed in appendix 1.

3.3 Discussion.

The results of this initial survey confirm
previously published data (eg. Dunnet & Allan, 1955)
that the bulk of the flea populations remain in the nest
throughout the year.

A relationship that allows for three
congeneric and monoxenous species of flea to share the
same host and inhabit the same nest suggests that either
intra-specific control is sufficiently strong to
minimize inter-specific competition, or coexistence 1is
permitted either by sufficient niche segregation or
through extrinsic controls, e.g. predation. The lack of
inter-specific competition is certainly supported by the
results of the multiple-regression analyses (Table 3:3)
which show positive relationships for C.hirundinis with
both C.farreni and C.rusticus. This relationship
suggests that conditions favourable for C.hirundinis are
also favourable for both the other species, while.;he
lack of any correlation between these latter two species
may be due to their relatively low numbers, and
particularly in C.rusticus, the marked aggregation of
their numbers in the data.

Amongst nests on man-made structures the
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important features appear to be the nest lining
material, and - the texture of the surface to which the
nest was ‘attached. Both Jurik (1974) in Czechoslovakia
and Darskaya (1964) in USSR commented on nest lining
material but did not attempt a critical aepraisal. nor
did either dive sufficient detail for satisfactory
comparisons.

The results of the analyses on individual nest
lining materials (Table 3:8) indicate that all three
. species are affected by the components of the nest
lining. Both .feathers and grass compact much more than
straw and this m;y affect the micro-climate of the nest
although no significant differences were found in the
abundance qf the three flea species between nests with
lining and those without. Similarly the very weak
correlations obtained for C.rusticus and for the total
number of fleas, and the lack of any correlation for the
other two species, with the quantity of nest Xining
material in the regreésion analysis further suggests
that quantity of material is of little importance in
controlling flea numbers. The results overall for nest
lining material therefore suggest that these species are
able to tolerate a wide range of nest linings and nest
Aconditions.

The relation between each species and wall
material is difficult to explain. The characteristics of
these materials may influence humidity and thermal

insulation in the nest. Wall material may also vary in
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texture, rougher surfaces perhaps ‘offering more
sheltering places than smoother ones thgreby increasing
the avallable 1living space. Certainly on inspection of
nest sites brick and painted dash appeared to have
rougher surfaées than stone whiéh had been faced and
were smooth.

No significant efFéc; of orientation of the
nests were detected in any specieé. This suggests that
the degree of exposure to which the nest or nest site 1is
subjected is not influenhcing the flea populations
significantly..

Althéugh. many fleas associated with birds
nests are known to emigrate (eg. Bates, 1982: Darskaya,
1964 ; Jurik, 1974), in this study, the only detectable
difference between ‘colonial’ and 'non-colonial’ nests
was that C.rusticu§ was more abundant in non-colonial
nests, although in all species the mean ranks were
greater for non-colonial nests. These results suggest
that there is little movement between nests 1in colonies
and that colonization of new nests, and any
re-colonization of o0ld nests, relies on transportation
by the martins.

The time at which each species reaches the
nest and becomes established is likely to affect the
composition of the nest community and consequently the
autumn nest densities would vary considerably.
Thereafter the densities are likely to be affected by a

variety of factors including the availability of the
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host, the characteristics of the nest and the associated
nidicoles.

The result of the comparison between new and
old nests was perhaps a little surprising. It is clear
from these data that considerable numbers of fleas are
present in nests in the autumn and that these overwinter
and form the breeding population in the next spring. The
colonization of new nests on the other hand relies on
the transportation of fleas by the martins. The few
records that exist for the numbers of fleas carried by
the martins (eg. Rothschild 1852) show that very few are
usually transported at one time and therefore one
assumes that the starting population in a newly
constructed nest is small. If this is the case one would
have expected that the older nests with the larger
starting populations would have had a much larger autumn
population than a nest in its first season. This of
course assumes that the bulk of the overwintering
community survives the winter and is fecund in the
following spring. Unfortunately no information is
available on this aspect or the length of the life cycle
for these species. Other species of bird flea, for
example C(C.gallinae and C.styx have been observed mov;ng
away from blue tit and sand martin nests respectively in
the spring (Bates op. cit. and Humphries 1969)
indicating that at least part of the overwintering
population had survived the winter.

The occupation of martin nests by sparrows had
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a significant effect on C.hirundinis and the total flea
population. The reduction in this species may be due to
the general disturbance of the nest in the autumn, a
time when all three species are in an inactive state.
The presence of sparrows would presumably cause the
fleas to become active and perhaps seek a blood meal,
although there was no evidence of fleas collected from
sparrow occupied nests having fed recently. It 1is
surprising that C.farreni and C.rusticus are not
apparently similarly affected. They are, however, less
abundant overall than C.hirundinis and although
individually may not show a significant drop in numbers
in sparrow occupied nests may contribute to the overall
reduction in the total flea populations.

The results of this 1initial survey suggest
that a few of the abiotic factors are operating to
influence the flea populations. These collections were
all made 1in the autumn soon after the martins had left
the nests and so the samples represent the range of
species composition which can exist at one time in one
geographical 1location. These collections, however, give
no clue as to how each species density changes through
the year or is affected by biotic controls (for examb&e,
the effects of the martins themselves).

Day et al. (op. cit.) consider that fleas have
three major mechanisms to avoid competition. First, some

species separate spatially while feeding. Prasad (1872)
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showed that two rat fleas Xenopsylla cheopis and X.astia
prefer different <feeding sites on the host, X.cheopis
feeding on the posterior portion with X.astia on the

anterior part of the body.

The second mechanism is sensitivity to
micro-habitat selection. Day et al. (op. cit.) noted
several species in which the external environment

surrounding the host and its nest was as important as
the nest 1itself. George (1953) examined the numbers of
the fleas C.gallinae and Dasypsyllus gallinulae (Dale)
in nest boxes used by the pied flycatcher Muscicapa
hypoleuca. When comparing the number of fleas between
the different directions the nest boxes faced, he found
that nest boxes facing between southwest and south
yielded more than four times as many fleas as those
facing northwest and southeast. Prevailing winds in the
study area (Forest of Dean, Gloucestershire) were
southerly and westerly. George took this as an
indication that the direction 1i1in which the nest box
faced affected the microclimate in it. D.gallinulae
tends to be associated more with nests near to the
ground, in wet habitats. It was unusual therefore to
find this species in the drier conditions wusually B
associated with nest boxes. Dasypsyllus is a tropical
genus and George considered that wunder adverse
conditions this species would do less well than

C.gallinae, which is recorded from a much wider range of

passerine nests. On comparing the ratios of the numbers
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of gallinulae to gallinae in the south west and south
facing nests the ratio was 1:12 whilst in the north west
and south east facing nests the ratio was 1:54. The
reduction of a more sensitive species, George
considered, was further evidence that micro-climate was
affected by direction.

Thirdly, Day et al. (op. cit.) considered that
if intense inter-specific competition takes place
between a number of species it may result in temporal
species separation. They investigated this aspect with
four species of flea Conorhinopsylla stanfordi Stewart,
Epitedia faceta (Rothschild), Opisodasys pseudarctomys
(Baker) and Orchopeas howardii howardii (Baker) in the
nest of the American Flying Squirrel (Glaucomys volans
volans). They found that the breeding cycles of these
four species were staggered so that only the adults of
one speciles predominated in the nest during a given
month of the year.

Of these three consideratiaons for avoiding
inter-specific competition the results from this initial
survey suggest that the response to different wall
materials and nest lining materials shown by
C.hirundinis, C.farreni and C.rusticus may possibl;‘be
connected with differences in environment with different
materials. As previously stated the direction the nest
faced does not seem to affect any of these species.

It seems unlikely that each species 1is breeding

at a different time as the martins’' breeding season
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covers such a short period of the year. Further there 1is
little evidence that these species of flea breed outside
the martins’ breeding season although Gordeyeva (1969)
found engorged C.hirundinis in sparrow occupied martin
nests ~in the spring before the return of the martins.
Spatial distribution of adults of these species on the

host has not heen investigated.
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Chapter 4.

Analysis of further cbllectipns from Leicestershire,
Derbyshire and Cornwall.
4.1 Introduction

The analysis of the initial survey indicated
that some abiotic factors were affecting the flea
populations. This was of course only in one geographic
locality, Leicestershire, at one time. Dunnet & Allan
(1955) in Scotland found that over a few years the
species composition and abundance of martin %leas varied
between localities and, where collections were made at
the same localities .over successive years the
differences 1in species composition and abundance were
maintained. They also found at one site annual
differences in the flea populations. Rothschild (1947 &
1963) made two collections with sixteen ye#rs betweeﬁz
them (1946 & 1952) and found that the species
'cbmposition had completely changed from one dominated by
C.hirundinis and C.rusticus to one dominated by
C.farreni.

- The evidence suggests therefore that if a
species 1s common in one area it is likely to remain so -
for a short while even though -the nests may be destroyed
each year (which Dunnet et al. (op.cit.) had to do in
order to determine the species present). Presumably in
this situation there were enough nests left untouched in
the area, forming a reservoif of fleas that could be
picked wup by martins visiting the older nests in the

spring, roosting in them, and then moving on to build
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new nests and incidentally taking some of the fleas with
them. The dominant flea species therefore would be
likely to remain the dominant species in that area. In
the situation where the colony 1s more isolated and
where the nests are destroyed each vyear, the'species
composition may be expected to be less stableAbetween
years.

If the composition of the nest lining material
is playing a part in determining how well a particular
species does, and there was some suggestion of this in
the results from 1974, particular materials may remain
stable in one area over a few years, but may change over
a much longer period of time, perhaps due to a change in
land use in the surrounding area, eg. pasture to arable.

To see whether flea population densities vary
temporally and geographically further collections were
made 1n Leicestershire in 1977, 1978, 1984 and 1985 as
far as possible from the same areas as the 1974
collection. Collections were also made in the county of
Cornwall on the Lizard peninsula in 1978, 1979 and 1980
to examine temporal effects in a different locality.

In the 1974 data, no significant difference in
flea populatiaon size was found between nests that Jére
one season old and those older than one season. As
discussed in the previous chapter this was a surprising
result assuming that the bulk of the fleas survived the
winter to form a much larger breeding population in the

spring than in newly bullt nests.

To investigate this aspect nest collections
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were made in Leicestershire in October and December 1877
and March 1978, and again in October 1984 and then in
January and April 1985. 059 problem encountered was that
as the winter progresses more martin nests are taken
over by house sparrows and many nests are removed by the
householders, making it difficult ¢to obtain a large
sample of nests in the spring. All the nests from
Cornwall were collected in the autumn.

In order to see whether the fleas overwinter
in their cocoons ethyl acetate on a piece of cotton wool
was intoduced into the ngsts before collection to kill
the fleas 1n situ. This was done in the Leicestershire
1977/78 collection only.

In the 1initial survey it was felt that the
shape of the eaves might be important as this may
dictate the size of the nest and therefore the living
area 1inside. The eaves were classified 1-4 depending on
the siie of the %ngle they produced. An analysis of
variance on the flea populations with eaves shape failed
to show any significant differences between eaves type.
In these collections the volume of mud in the wail of
the nest was measured in a measuring cylinder, after all
the fleas had been extracted from the nest, by crumbling
it into a fine powder. This gave a rather more precise
measure of the volume of mud in the nest wall and, as
the thickness of the wails between nests are similar
(see McNeii & Clark 1977) indicated changes in the size

of the nest lumen. The volume of mud was included in the
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regression program. Using this method it was found that
the assumption that the greater the angle of the eaves
the more mud would be required to build a nest was
false, as often less mud had been used to construct a
nest on eaves with a large angle than one with a smaller
angle, see Table 4:1.

In addition to these collections from house
eaves, a small collection of nests was made from inland
cliffs at Cheedale 1in Derbyshire in October 1879 and
1980 and maritime cliffs in Cornwall, in October 1979.
These were used as a comparison with the flea
populations in nests on buildings.

Little data are available for flea populations
in nests on inland cliff sites. Dunnet et al. (op. cit.)
examined three nests from a quarry in Aberdeenshire and
found only C.hirundinis in 'large numbers' (SiC). They
also examined nests from sea cliffs in NE Scotland and
found that C.rusticus was by far the most abundant flea
in this situation. In collections made from sea cliffs
in SW 1Ireland (Claassons 1965), and the Isle of Man
(Roberts 1975) found that again C.rusticus was the most
abundant species, although it should be noted that in
both the NE Scotland and the Isle of Man collecti;ns
both C.hirundinis and C.farreni were present albeit in
small numbers. In SW Ireland no C.hirundinis was found
in ¢cliff nests (Claassons 0p. cit.). Cliff sites as
opposed to eaves on buildings are generally thought of
as being a more exposed and wetter habitat (George pers.
comm. ), and this may be a factor which favours the

occurence of C.rusticus.
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To test whether the moisture content was
significantly different between nests on buildings,
inland and sea cliffs, a strip of cobalt thiocyanate
paper was sealed in the polythene bags with the nests on
collection. This was done with all nests collected from
cliffs and seventeen of the nests collected frpm house
eaves 1in Lelcestershire 1977/1878 and Cornwall 1978-80.
The nests were stored in a constant temperature room at
approximately the same temperature as the ambient when
collected until sorted for fleas, usually between three
days and one week later. The cobalt thiocyanate paper
was then subjected to the procedure described in chapter
2.

The nests in these collections were sorted for
fleas 1in the same way as the 1974 collection, and all
statistical tests using numbers of fleas were performed
on log transformed data, using both parametric and non-
parametric tests. Where these gave identical results the

results from the parametric test only are given.

Results.

4.2 Leicestershire 1977 and 1978.

The data for the nests collected in the period
October 1977 to March 1878 are set out in Table &:1
which shows all the parameters recorded. The flea data
are clearly dominated by C.hirundinis while C.farreni
was recorded at low densities i1n only 13 nests (range
1-52) whilst C.rusticus was found in only three

nests. This species was not used as a dependent variable
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in the regression analysis or any of the other analyses.

C.gallinae was found in two nests.

4.2.1 Multiple Regression Analysis (Table 4:2).
’ Multiple regression analyses were only
performed on the twenty five martin occupied nests with

all the environmental variables which approximated to a

continuous distribution ie. volume of mud in the nest
wall, nest 1lining (both as total mass and as the
separate constituents). These were tested over all three

months of collection ie. October, December and March,
and for the individual collections where there were
sufficient data. The dependent variables were taken
initially as the total flea populations, but then both
C.hirundinis and C.farreni were taken separately as the
dependent variable with the other species as the

independent variable.

Total fleas over the period.

When regressed on all variables with nest
lining taken as a whole, no éorrelations were obtained.
Similarly none was obtained when the program was re-run

with the nest lining components separated.

Species of flea only.
A regression with C.hirundinis as the
dependent variable with C.farreni as the only

independent variable gave a significant positive result,
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accounting for 191 of variation with R=0.4370

(0.01<P<0.05).
Individual species with abiotic variables.

The multiple regressions were re-run this time
using each individual flea species as the dependent
variable against the~ physicél variables and the other
two species. In the regressions with the weights of nest
lining components ‘combined, C.hirundinis as the
dependent variable was pos%tively correlated with
C.farreni and as before accounted for 197 of variation.
C.farreni when used as the dependent Qari?ble again only
correlated with C.hirundinis. Re-running the program
with the nes; lining components separated gave a
positive <correlation for C.hirundinis as the dependent
with C.farreni as the first correlate (19% of variation)
and the 1lining material 'feathers'’ as the second
correlate accounting for a further 13.771 of variation
(R=0.5734;0.001<P<0.01). C.farreni as the dependent
variable, again correlated only with C.hirundinis.

So far all of the regressions, except for
those with total number ' of fleas as the dependent
variable, have had the species of flea included with the
abiotic variables as independent variables. C.hirundinis
and C.farreni were positively correlated in the
regressions where only fleas were used as variables as
well as‘with ébiotic variables. To see i1f the presence

of the fleas as independent variables were in any way
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affecting which abiotic_ variables were extracted the
regressions were run again with Jjust the abiotic
variables against each species as the dependent variable
on the data treated as one collection. No change in the
abiotic correlates was observed, indicating that the
regression was treating each variable separately.

The data have so far been considered as a
single sample but comérise three samples collected at
different times ie. 14 nests collected in October 1977,
6§ 1in Decembér and 5 in March 1978. When the effect of
time of collection was introduced as a component,with
each species as the dependent variable and the other as
an independent vafiable, C.hirundinis showed a strong
positive correlation with time (27.77. of va?iation;
R=0.5259; 0.001<P<0.01),with C.farreni as the second
correlate (a further 17%).. The data for C.farreni in
both December and March were too few for any useful
results to be expécted and no correlations . were

obtained.

4.2.2 Analysis of the other variables.

The remaining parameters were either
discontinuous or in the case of orientation (direction),
non-linear. The populations associated with orientation,
were not considered worth analysing as only four
directions were involved_ all falling within an arc.of
1309

Nests were collected from three surfaces only

brick (11), painted dash (12) and painted brick (2).
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This last category was ommited from the analyses. The
flea ﬁopulations in nests from brick and painted dash
surfaces were compared using a t—éest. The populations
for C.hirundinis, C.farreni and total number of fleas
were not significadtiy different between the two
surfaces  (t=0.29;P>0.05; t=1.82 and t=1.14;P>0.05
respectively see Table 4:3).

The bbpulations associated with nests in
colonial or non-colonial nests were compared using
Mann-Whitney U tests. Although little evidence was found
in the- 1974 data to suggest that nests in,colonies had
related densities of. fleas it seemed safer to continue
using a non-parametric test for compgring'colonial with
non-colonial nests. The flea populations between neQ or
old nests were cohpared using t-tests. The numbers of
nests associated with each of these variables is given
in Table 4:4. |

The populations vassociated with nests ~in
colonial and _non—colonial nests were compared using a
Mann-Whitney U tesﬁ. The results of fhe Mann-Whitney U
test between <colonial and non-colonial nests are given
in Table 4:5 and show no significant differences between
the two for either species or total number of fleas. As
the number of nests in each <colony -was small a
comparison between individual colony variances with the
overall variance for non-colonial nests was not worth

attempting.
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Table 4:4.

Number of nests collected and their use in
Leicestershire 1977/78 for the number of buildings,
orientation(direction), surface texture(wall material)

colonial and non-colonial nests.

Orientation Martin Sparrow
occupied occupied
nests nests
North . 9 . 0
Northeast 5 0
Northwest & 3
West 7 2
Total 25 )

wéll material

Brick 11 0
Painted dash 12 5
Painted brick 2 0
Total 25 5

Eaves type

1 13 5
2 10 o
3 2 ' ]
Total 25 5

Table 4:4 continued.



Table 4:4 continued.

Colonial

Non-colonial

Total

New nests

0ld nests

Total

Total number of buildings

14

25

15

10

25

17



Table 4:5.

Results of the Mann-Whitney U tests for C.hirundinis,

C.farreni and total number of fleas between colonial and

non-colonial nests for Leicestershire 1977/78.

Species Mean Rank 4
Colonial Non-colonial
C.hirundinis 12.29 13.91 0.5474

C.farreni 11.50 14.91 1.2191

Total fleas 11.86 14 .45 0.8759

Probability

P>0.05

P>0.05

P>0.05



The flea populations in new and old nests were
compared using t-tests. No significant differences were
found for any species or the total number of fleas.
C.hirundinis (t=0.008;P>0.05, C.farreni t=0.35:P>0.05

and total fleas t#0.18;P>0.05 (see Table &4:86)).
Comparison of lining materials.

The 1lining materials comprised vmainly cut
grass and feathers, and straw occurred in only one nest.
In thifteen of these nests feathers were absent and 1in
only two nests .was grass absent. All nésts collected>
contained some iining material;

The 1974 results for tvype of nest lining
material indicated that individual nest lining
components and total weight of 1lining material as
affecting the flea populations. In the regression
analysis for Leicesterghire -1975/79, collections no
significant correlations were obtained for total weight
of lining material. When the nest lining components were
separated, however, C.hirundinis was positively
correlated with the weight of feathers.

As the majority of nests <contained both
feathers and grass in combination no comparison of flea
population densities could be made on a presence/absence
bﬁsis between them.

The total weights of nest lining material were
éompared between new and old martin ocgupied nests using

a Mann-Whitney U test which showed no significant
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difference between the two (z= 0.4079;P>0.05), which is
contrary to the results for the 1974 collection where
there was significantly more lining material in the old

nests.
Other Arthropods.

A similar variety of arthropods was
encountered in this collection to those found in 1974.
Most nests contained the larvae and pupae of Tineidae
and puparia of the hippoboscid Crataerina hirundinis. A
few nests contained Afanea, Acari and Coleoptéra but all
were too few for any analysis with flea populations. A
Kendalls tau rank correlation between numbers of each
species of flea and tineids gave a tau-value of
0.248843;P>0.05). (A1l the arthropods collected are
listed in appendix 1).

Comparison of fleas between the three collections.

Iin the multiple regressions C;hirundinis
showed a strong positive correlation with time. This
indicated that there was higher numbers in the winter
and spring collections. This increase in numbers could
be due to 1larvae pupating during the winter months
although very few lafvae were encountered in ‘the autumn
colle&tion. What this result does show, however, is that

there is no significant decrease in the numbers of
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C.hirundinis between October and March.

The numbers of C.hirundinis were further
analysed between collections using a one-way analysis of
variance. No significant difference was obtained
indicating that mortality is not having a major effect
on overwintering fleas, at least until March
(F=3.38462'22;P>0.05). In the nests treated with ethyl
acetate prior to collection the majority of fleas were
contained in cocoons or were in the process of breaking
out of them (see Plate 7). Presumably the disturbance
caused by the introduction of the ethyl acetate soaked
cotton wool was sufficient to cause emergence. This
shows that the vast majority overwinter in their
cocoons. This agrees with observations on other species
of bird fleas for example C.gallinae and C.s.styx {Bates

1962) .

House sparrow occupied nests.

Two of the five nests which had been occupied
by sparrows contained fleas: in both «cases 14
C.hirundinis. The low numbers of fleas in these nests is
more dramatic than in the 1974 data and, despite<;he

small sample, 1s a further indication that the presence

of sparrows has a deleterious effect on the populations

of martin fleas.
In the 1974 data a significant increase in the
amount of lining material was found 1in sparrow occupied

nests compared to all the martin nests. In this
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collection it was surprising to find one sparrow
occupied nests with no 1lining material although the
other four nests appeared to have more lining material
than the martin nests. A Mann-Whitney U test confirmed
that there was a significant increase overall in the

sparrow nests. The results are given in Table 4:7.
4.2.3 Discussion

This collection, although much smaller than
that of 1974, shows some similarities. C.hirundinis was
again the most abundant species but C.farreni was the
next most abundant and on}y a very few C.rusticus were
recorded. In the 1974 data, the abundance of these last
two was reversed. Comparing the numbers of C.hirundinis
between 1874 and 1977 using a Mann-Whitney U test showed
that it was significantly more abundant in this
_collection than in 1974. The numbers of C.farreni were
not significantly different between the two years'but
there were significantly fewer C(C.rusticus in this
collection. The results of the Mann-Whitney test are
given in Table 4:8.

Ih the 1974 data C.rusticus was positively
correlated with C;hirundfnis accounting for 3371 of
variation. With this result in mind it would seem
unlikely that the 1low numbers of C.rusticus in this
collection were due to the larger populations of
C.hirundinis out-competing C.rusticus. This is of course

unless there is a critical density at which one species
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Table 4:7.

Results of the Mann-Whitney U tests for the weight of
nest lining material between martin and sparrow ocupied

nests Leicestershire 1977/78.

Total martin nests.

Mean Ranks z Probability

Martin(25) Sparrow(5)

14.2 22.40 1.9203 0.01<P<0.05

Table 4:8.
Comparison of flea populations between 1974 and 1977/78

collections.

Species ) ' ﬁean Rank oz Probability
1974 1977 |

C.hirundinis 69.04 101.34 3.4375 0.001<P<0.01

C.farreni 76.26 65.82 1.1348 P>0.05

C.rusticus 79.37 50.56 3.4026 0.001<P<0.01



Plate 7.

C.hlrundlnis killed with ethyl acetate in the act of

emerging from its cocOon.



will out-compete another. Unfortunately with so few
C.rusticus present in Leicestershire 1977/78 no analyses
were possible.

In the regressions described earlier,
C.hirundinis was positively correlated with C.farreni,
which was also the case in the 1974 data. This again
suggests that conditions suiting one species are also
suitable for the others if they are 1in sufficient
numbers to colonise a nest 1in the first place. This
relationship further suggests that there 1is no
inter-specific competition between them at the densities
encountered. But although quite strongly correlated
(R=0.4370), the correlation accounted for only 197 of
variation in this collection and 137 of variation in
1974 leaving a large amount of variation unaccounted
for. The very low numbers of C.rusticus encountered in
the Leicestershire 1977/78 collection is difficult to
explain. Temporal differences have been demanstrated for
the same site between collections a number of years
apart (Rothschild 1947 and 1963), but this was for all
three species. However, whatever factors influence their
distribution, the species may be affected
differentially. B

The nest 1lining materials were the same as
those found in the 1974 collection. In the regression
analysis C(.hirundinis was the only species to correlate
with 1lining material extracting feathers as the only
correlate. This accounted for a significant amount of

variation in the equation and, as with the 1974 data,
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suggests that individﬁal lining materials can affect the
flea populaﬁibns. Né differences were found 1in the
amounts of lining material between new and old nests,
with also no differences in the flea populations between
the ¢two. In the 1974 collection significant diffe;ences
in the amouht of lining materials were found between new
and old nests. In this collection although no
significant difference was found between the two..on_
average nests older than one season had 377 more lining
than those built in the year of collection.

It 1is easy to see that nests being used in a
second season are likely té have new lining material
added to that left from the previous season. This would
then lead to an increase in the weight -of lining
material in nests older than one season.

The result of the regression with time
included produced a significant positive correlation
with C.hirundinis suggesting an increase in its numbers
through the winter months. As discussed earlier fhis
apparent increase may have been due to the few remaining
larvae in the autumn pupating and adding to the number
of adults found in the spring. However, such a large
increase in its numbers between October and March is
unlikely bésed on the few larvae encountered in autumn
nests. The numbers of nests collected in December and
March were small (6 and 5 respectively). In each of
these collections there are a few nests (3 and 2
respectiQely) that have very hiéh numbers. It seems

likely therefore that these few nests with high numbers.
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were collected by chance from two suburbs of Leicester
not sampled in October, and therefore the correlation
between C.hirundinis and time is not meaningful. This
result, however, does suggest that there is no
significant mortality in overwintering fleas. This
result was further confirmed by the comparison between
the three collections by a one-way analysis of variance
which showed no significant differences between the
three collections.

These data suggest that large numbers of fleas
survive the winter. As only a few fleas are apparently
carried to new nests on the martins, old nests are
likely to have larger starting populations in the
spring. Assuming the fleas that survive over winter are
fecund, larger autumn populations would be expected,
which 1s not the case in this or the 1974 collection 1in
nests older than one season. It may be possible if the
life cycle 1is short for the populations to achieve a
maximum for any one nest within one season.

The results for each species with wall texture
produced no significant results for species or total
number of fleas. The same result was obtained between
the same surfaces in the 1974 data. B

No significant difference in flea populations
were found between colonial and non-colonial nests. This
is 1in agreement with the 1974 collection and further
suggests that the proximity of other nests does not

influence the size of the flea populations

significantly. The size of the nest would also seem to
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be of no importance within the sizes recorded.

A similar variety of other arth;opods was
encountered in this collection to those found in 1974
(see appendix 1). But were too few in number for any
analyses with the flea populations.

In this survey fewer abiotic factors appear to
be influencing the flea populations compdreq with those
in che 1974 data. The comparisons' betweeﬁ the two
collections shows that the abiotic variable nest lining
material has a variable effects on the fleas which
changes with time. The. other abiotic variables wall
texture, volume of mud, nest age, coloniality ;nd

presence of sparrows are more constant.
4.3 Cornwall 1978,1979,1980.

The data for the nests collected in the period
Octobér 1978 to October 1980 are set out in Table 4:9
which shows all the parameters recorded. The data for
C.hirundinis and C.farreni are similar for each years
collection. C.rusticus was more abundant in the first
vear's collection but overall is a scarce species.

As with the Leicestershire "collections,
multiple regression analyses were pérforméd using all
three species of flea, volume of mud and the weight of
nest 1lining material, both as individual components and
combined. These were initially tested over all three
years by firstly takiég as fhe dependent variable the
total number of fleas 1in each nest with the abiotic
variables as independent, and then each separate species
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in turn as the dependent variable against the abiotic

variables and the other two species.

4.3.1 Multiple regression analysis.

Total fleas over the period.

When regressed on all variables with nest
lining as a whole and with the the nest linings
separated the total number of fleas collected gave no

significant correlations.
Individual species over the period.

The multiple regressions using each species as
the dependent variable against thé other two species
again produced no correlations. Re-running the
regressions this time with . the abiotic Variable#
included similarly revealed no significant borrelation
for any of the flea species.

Runﬁing the program with‘ the neét lininé
components separated yielded no significant results for
C.hirundinis or C.farreni. C.rusticus as the dependent
variable <correlated only with the nest lining material
straw as a positive component accounting for 11.47 of
variation (R=0.3383,0.01<P<0.05)(Table 4:10). Multiple
regression analyses wusing each flea species as the
dependent variable against the opher two species showed
there to be no correlation betwen them.

The majority . of nests in the Cornwall
collection were taken at Coverack (32 nests). Only three
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nests 'were collected outside of this locality and these
were all at Mullion in the 1978 collection. These three
nests all contained relatively high numbers of all three
specles of flea; it was therefore decided to refanalyse

the data excluding the nests from Mullion (Table 4:%11).

Total fleas over the period at Coverack..

When regressed on all variables with nest
lining components combined or separated the total number
of fleas collected gave no significant correlations.
Individual species over the period at Coverack.

Multiple regressons using each species of flea
as the dependent variable with the other two species as
independent variables vielded no correlation with
C.hirundinis. C.farreni extracted first C.rusticus as a
positive correlat; accounting for 14.47 of variation
(R=0.3794,0.01<P<0.05) with C.hirundinis as the second
correlate which was also positive and accounted for a
further 191 of variation (R=0.5787,0.001<P<0.01).
C.rusticus when used as the  dependent variable
correlated first with C.farreni as a positive correlate
accounting for 14.47 of variation with C.hirundinis as
the second correlate extracted as a negative component
and accounted for a further 137 of wvariation
(R=0.5262,0.001<P<0.01).

The 1lack of correlation between C.hirundinis
and either of the other .two species 1is slightly
surprising since C.hirundinis is extracted as a second

correlate with both. In the case of C.farreni both
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C.hirundinis and C.rusticus are positively correlated,
and this appears to be a case of complementation. ie. to
some extent low numbers of C.rusticus balance high
numbers of C.hirundinis and vice versa to produce an
overall positive relationship. This 1s confirmed by a
positive correlation (R=0.5168, 0.001<P<0.01) between
C.farreni and the sum of the other two species.

The regressions were re-run this time with the
abiotic variables included. With nest lining components
combined the regressions gave the same results as the
regressions without the abiotic variables included.

Re-running the regressions with the nest
lining components separated and C.hirundinis as the
dependent variable, extracted first, as a negative
component, the 1lining material straw accounting for
20.77%Z of variation (R=0.4553,0.01<P<0.05) with C.farreni
second as a positive correlate accounting for 13.77 of
variation (R=0.5869, 0.001<P<0.01) and thirdly grass
again as a positive correlate accounting for a further
15.97 of variation (R=0.7102,0.001<P<0.01}.

C.farreni as the dependent variable extracted
first C.rusticus as a positive correlate accounting for
147 of variation with C.hirundinis as the seegnd
correlate also as a positive component accounting for a
further 197 of variation. Thirdly grass was extracted as
a negative component accounting for a further 11.5% of
variation. C.rusticus as the dependent variable gave the
same results as the regressions with only the three

species included.
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The variable, volume of mud, was not extracted
as a correlate 1in any of these regressions indicating
that this variable 1is not influencing the size of the
flea conmunity.

Regressions: Separate collections (1978,1979,1980).

{Table 4:12).

Total fleas in individual collections.

When regressed on all variables but taking
nest lining material as one variable, no correlation was
obtained for any of the collections. Re-running the
regressions with the nest lining components separated
yieldeq no correlations 1in the 1978 and 1979 data. For
the 1980 data a negative correlation with straw was
extracted accounting for 407 of variation
(R=0.6332,P<0.001). However, with only one nest
containing straw in this .collection - the result is

meaningless (Table 4:12).
Individual species.

The regression was're—rUn with each species of
flea in turn as the dependent variable and the other
species as the independent variables. with C.hirundinis
- as the dependent variable no correlations were found
with the other two species in the 1978 or 1979
collections. In the 1980 <collection this species was

strongly correlated with C.farreni (R=0.8064,P<0.001)
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accounting for 657 of variation. With C.farreni as the
dependent variable a strong positive correlation with
C.rusticus was found in the 1978 data (R=0.8009)
accounting for 6471 of variation. In the 1979 collection
no correlations were obtained. In the 1980 collection
this species was, as hoted above, positively correlated
with C.hirundinis accounting for 657 of variation.
C.rusticus as the dependent variable correlated only
with C.farreni in the 1978 collection only.

Re-running the program first with the nest
lining material combined and then separated gave the
same results as the regressions with Jjust fleas except
far C.rusticus in the 1980 collection, but with only 3
out of 11 nests containing C.rusticus the result is
meaningless.

As with the Leicestershire 1977/78 data the
regressions were re-run without the fleas as independent
variables. No «change in the abiotic correlates was
observed. The results of the multiple regressions for

the separate collections are given in Table 4:12.

4.3.2 Analysis of the other variables.

The other variables, as with the other
collections, were either discontinuous or non-linear
(orientation). Nests from only three directions were

recorded, east (8 nests), south (3 nests all at Mullion)
and southeast (13 nests). With only three directions

represented and with only three buildings involved it
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seemed of no value analysing flea populations with this
variable since orientation would be confounded with
buildings and location.

Similarly no analyses were performed for
coloniality or nest age. All nests were colonial with
all of the 1978 nests older than one year and all new in
the 1979 and 1980 collections.

Nests were collected from only two types of
wall material. No comparison of the flea populations
were made as this variable would also be confounded with

building and location.
4.3.3 Flea populations between yvears at Coverack.

In the Cornwall data nests were collected from
two buildings at Coverack and one building at Mullion.
To examine the temporal effects on flea populations they
‘were compared between the three collections using a
one-way analysis of variance excluding the Mullion data.

The analysis of variance between collections
gave significant results for C.hirundinis and
C.rusticus. The .Student-Newman—Keuls range test showed
that C.hirundinis was 1e;s abundant in 1978 compared
with both 1979  and 1980, while C.rusticus was
significantly more abundant in the first year. The 1979
and 1980 .collections did not differ significantly in
either case while C.farreni showed no significant change
(Table 4:13).

The collections at Coverack came from two
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buildings 400 meters apart, a stone cottage and the

lifeboat station. The analysis of variance was re-run
this time comparing the flea populations between
collections from the two buildings at Coverack
separately (Table 4:14). No significant differences were

found between collections from the stone cottage. Also
no significant differences were found for C.farreni
between collections at the lifeboat station.
C.hirundinis was absent from the lifeboat station in
1978, therefore the 1979 and 1980 collections for this
species were compared wusing a t-test which showed no
significant difference between the means. In the
lifeboat station collection no C.rusticus were found in
the 1980 collection. The variances between 1978 and 1979
for this species and between all three collections for
total number of fleas were non-homogeneous; therefore
the «collections for C.rusticus were compared using a
Mann-Whitney u test and for the total number of fleas
using a Kruskal-Wallis one-way analysis of variance
(Table &4:14). A significant result was obtained for
C.rusticus between 1978 and 1979 collections, the larger
mean in 1378 indicating that this species was more
abundant in that year's <collection. However, —fhe
non-significant result for the Kruskal-Wallis test with
total numbers of fleas showed that overall there was no
significant difference 1n the total flea population
between years.

To see how the flea populations differed in

the same locality between nests on different buildings,
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the data were analysed further by comparing the
population densities of each species between ‘each
building in each year using t-tests. No significant
difference between the‘means were found for C.farreni in
any collection (Table 4:15). The numbers of C.hirundinis
and C.rusticus were not significantly different between
the two buildings in the 1979 collection. C.hirundinis
was not found iﬁ any nests taken from the lifeboat -
station in 1978 with C.rusticus absent from nests taken

from this building in 1980.

Nest lining material.

Thé nest lining material in these collections
comprised érass, feathers and straw. dther materials
such as seaweed occured in a few nests but as there were
only a few bieces in each case they were not considered
in any analyses. In three nests, no lining was present.

The type of lining material used yaried
between years at.Coverack. In the 1978 collection straw
was present in all but two nests, featﬁers in all but
three and grass in none while one nest contained no
lining. In 1979 straw was absent, grass occured in seven
nests, feathers in six and in two nests there was no
lining material. In the 1980 collection feathers occurgd
in seven nests, grass also in seven with straw in only
ane. |

Although the lining components varied between
years on comparing the total weight of lining material,

using a Kruskal-Wallis one-way analysis of variance, no
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significant differences were found between collections
{Table 4:16).

To see if the total weight of lining material
differed between the two buildings at Coverack in the
same year they were compared using a Mann-Whitney U
test. . No significant differences were obtained between
the two for 1978 and 1579. In the 1980 collection a
significant difference was found between the two, with
more 1lining material occuring in nests on the stone
cottage.

The 1lining materials were examined further by
comparing the weights of the individiual 1lining
materials between the two buildings in the same year. In
all cases no significant difference was found. It is
unclear why significantly more material was used in
nests on the stone cottage in 1980. The individual
lining materials were - the same as those for the life
boat station with no significant differences in the

individual weights between the two (see Table 4:17).

Other Arthropods

A similar variety of arthropods was
encountered in this collection to those found in the
other collections. Most nests contained a few larvae and
pupae - of Tineidae and puparia of the hippoboscid
Crataerina hirundinis ‘but all were too few for any
statistical analysis (see appendix 1).
4.3.4 Discussion

The results from these collectioné show that

over three successive years at the same locality the

T2



Table 4:16.
Results of the Kruskal-Wallis one way analysis of
variance for total weight of lining material betWeen
years at Coverack.
Mean Rank Chi- Probability
square
1978 1979 1980

19.56 15.45 13.64 2.1871 P>0.05



Table 4:17.
Results of the Mann-Whitney U tests for total weight and
individual lining materials between nests on the

lifeboat station and stone cottage Coverack for each

year.
Mean Rank z Probability
Total weight
Lifeboat Stone
Station Cottage
-1978 5.40 4&.50 0.4920 . P>0.05
1979 7.88 3.75 1.8915 P>0.05

1980 4.50 8.63 0.0424 0.01<P<0.05

—

Individual lining materials.

1978 Mean Rank z Probability

Lifeboat Stone

Station Cottage
Feathers 6.00 3.75 1.2566 "P>0.05
Grass None’
Straw 4.90 5.13 0.1235 P>0.05

Table 4:17 continued.



Table 4:17 continued.

1979 Mean Rank Z
Lifeboat -Stone
Station Coétage
Feathers 7.56 4.38 1.5441
Grass 7.75 4.00 1.7644
Straw’ None
1980 Mean Rank . z
Lifepoat Stone |
Station Cottage
Feathers 5.43 7.00 0.7831
Grass 5.29 7.25 0.9813

Straw 6.29 5.50 0.7559

Probability

P>0.05

P>0.05

Probability

P>0.05
P>0.05

P>0.05



numbers of C.hirundinis and C.rusticus varied
significantly but C.farreni and the total number of
fleas did ﬁot. The results for the collections on the
two buildings at Coverack show fhat in colonies quite
close together the flea populations differ
significantly. The composition and abundance of the flea
populations on the stone cottage were not significantly
different between vyears. On the lifeboat station the
populations of C.hirundinis and C.rusticus differed
significantly over the three vyears whilst C.farreni
remained stable.

All .the nests in 1978 wefe older than one
year. The results with the data for the two buildings
combined suggests that the populations of C.hirundinis
and C.rusticus are affected by the age of the nest. The
clearing of nests in 1978 and 1979 would mean that the
next season’'s flea populations in new nests would be
starting with fleas which the martins had carried with
them. Therefore, the composition of the flea community
might change from season to season. However, i1f that was
.the case it might be expected that thé same would apply
to both buildings which is not the case. Also one would
have expected the populations of C.farreni to be
similarly affected, which is also not the case.

One _possible explanation for "the greater
stability 1in -the flea populations associated with the
stone cottage is that the facing of the stone to which
the nests were attached was heavily weathered with many

deep cracks. If a proportion of the flea population
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pupated in these <cracks and survived until the next
spring they would be available to colonise any new nests
built in the following season. (A closer inspection of
the stone surface of the cottage might have yeilded
evidenée to support this inference). The nests collected
by Dunnet & Allan (1955) in NE Scotland were from
granite buildings. If the faces of these were rough and
creviced part of the flea population could have been
left "behind when the nests were collected. In this
situation it might explain the annual stability they
observed in some colonies. The painted dash surface at
the lifeboat station was comparatively smooth and it ié
unlikely that any of the flea commuﬁity was left behind.
The results of the regression analyses with
the three species of flea varied depending on whether
the data were treated as one collection or the three
years treated separately. In the data treated as one
collection no relationships were‘?oun& between species.
When the data for Mul;ion were excluded from the
regressions, a positive relationship was found between
C.farreni and each of the other two species. Also in
these data C.rusticus was positively correlated with
C.farreni but negatively correlated with C.hirundinis.
However, the amount of variation accouﬁfed for by the
regressions was small (<207Z). This suggests that overall
the presence of one species is not greatly affecting the
abundance of the other two at the densities recorded.
Taking the regressions for the separate years,

however, produced very strong positive correlations
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between C.farreni and C.rusticus in 1978 and a similar
correlation between C.hirundinis and C.farreni in 1980.
No correlations were obtained in the 1979 data although
large populations of C.hirundinis and C.farreni were
present. The lack of correlation between these two
species was substantiated by using rank correlation
which showed no correlation between them. The very
strong positive relationships found in the other years
suggests that the overall conditions were suitable for
both species and that at the densities recorded were not
in competition with each other. If this is the case it
also suggests that the nest conditions varied over the
three years.

Of the abiotic variables measured, the nest
lining materials varied significantly between the
collections. In the more extensive 1974 data in
Leicestershire there seemed to be some 1interaction
between the type of lining material and the fleas. The
paucity of C.hirundinis in the 1978 collections may have
been due 1in part to the " presence of straw. This 1is
supported to some extent by the results of the
regressions with the three collections combined where
C.hirundinis was negatively correlated with straw—énd
positively correlated with grass. But even so these two
correlates together accounted for only 301 of the
variation. C.farreni also responded to the type of
lining material and was positively correlated with
grass. This also only accounted for a small part of the

variation (127) and suggests that overall the effects of
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the lining material on the flea populations 1is
relatively slight.
In the separate years collections only grass

and straw were extracted as correlates with C.rusticus

and total flea numbers respectively 1in the 1980
collection. However, with only 3 nests containing any
C.rusticus and only one nest containing straw , these

results are meaningless.

As in the two collections from Leicestershire
(1974 and 1977) the size of the nest appears to have
little effect on the flea populations. Also when the
volume of mud was used as the dependant variable with
the weights of the individual nest linings separated and
combined no correlations were obtained. The size of the
nest therefore would appear not to influence the martins
in the amount of lining material they use.

In conclusion the hypothesis that a species
will remain common in one area over a period of time 1is
supported in these data by C.farreni only. The nearest
martin nests to those at Coverack from which fleas could
have been transported is not known. The nearest
buildings known to support a colony of martins was at
Mullion, 12km away, which supported large population;.of
all three species 1in 1978. At the request of the house
owner not all of the nests were collected from this
site, therefore a population of fleas would almost
certainly have been available there in the spring of
1979. Even so the colonisation of fleas in any new nests

at Coverack in 1979 would still have relied upon the
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martins visiting these or other nearby nests.

If a proportion of the flea population was
left behind in the stone facings of the cottage at
Coverack this would of course have been the nearest
source of fleas for the colonisation of new nests on
both this building and the life boat station. In any
event it would seem that a large part of the variation
in the flea populations is aue to chance transportation
on the martins. Thereafter the populations are affected
to some extent by the abiotic factors, which seem td
vary from one situation to another. fhe often large
amount of variation unaccounted for in the data is
presumably due to random variation as well as to biotic

or unmearsured abiotic factors.

4.4 Leicestershire 1984 and 1985.

The data for the nests collected in the period
October 1984 to April 1985 are set out in Table 4:18
which shows all the parameters recorded. As with the
flea data in the 1977 collection C.hirundinis is clearly
the dominant species of the three, with C.farreni and
C.rusticus second and third respectively. C.gallinae
occﬁred in only three nests and C.fringillae in one. The
same variables were used in the multiple regression

analysis as for the previous collections.
L.4.1 Multiple regression analysis.
Total fleas over the period.

Using the total number of fleas as the

17
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dependent variable the regressions with both nest lining
_compqnents combined and treated separately extracted
only the volume of mud as a negative component

accounting for 317 of variation (R=0.5574;P<0.001).
Individual species over the period.

An initial analysis using only fleas in the
regression gave a strong positive correlation between
C.hirundinis and C.rusticus (R=0.4481; 0.001<P<0.01)
accounting. for 207 of variation. Re-running the program
with the total 1lining and with C.hirundinis as the
dependént variable extracted again only C.rusticus (201
of variation). When C.farreni was used as the dependent
variable it correlated only with the volume of mud as a
negative component whigh accounted for 127 of variation
(R=0.3501;0.01<P<0.05). C.rusticus correlated first with
the volume of mud as .a negative component (26171 of
variation, R=0.5116;0.001<P <0.01), with C.hirundinis as
the second correlate accounting for a further 107 of
variation, (R=0.600T7; 0.001<P<0.01) as a positive
component.

Re~running the regression with nest lining
components separated gave the same results as thg:
regressions with the nest linings combined, (see Table

4:19).
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Regregsions with individual collections.

As in the previous collections the data so
far .have been treated as one sample but in fact are the
results of three 'separate collections (October.1984,
‘January 1985 and April 1985). Adding the variable time
to fhe regressions and re-running the program with each
species of as the dependent variable gave no significant
correlations with this variable. In the data.ForAApril
1985 there were too few C.rusticus for inclusion in the

regressions.
Total fleas.

The only significant correlétion extracted
with the total number of fleas as the dependent variable
was feathers as a positive component accounting for
64.47 of variation (R=0.8025;P<0.001) 1in the April

collection.(Table 4:21).

Individual species.

Running the regressions with each species of
flea as the dependent variable with the_ other two
species Aas'independent variables produced a sigﬁificant
positive correlation between C.hirundinis and C.rusticus
in the October 1984 collection accounting for 33/ of
variation (R=0.5727:;P<0.001). In the regressions‘for the
January 1985 collection C.hirundinis was positively
cofrelated with C.farreni accounting for 427 of the
va;iation (R=0.6469;P<0.001)(Table 4:20). No other
significant correlations were obtained.
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The regressions were re-run using each
species of flea as the dependent variable with the
abiotic wvariables included with the other two species.
The regressions with the weight of 1lining material
combined gave correlations for C.hirundinis as the
dependent variable with C.rusticus only in the October
data as before. Similarly in the January data C.farreni
was the only correlate and no correlatlons were obtained
in the April data.

Using C.farreni as the dependent variable
gave no correlations for tﬁe October data, a positive
correlation with only C.hirundinis in .the January
collection and no correlations in the April data.

Re-running the program with 1lining materials
separated gave no further correlations for any species.

The results are presented in Tables 4:21.
Without fleas as independent variables.

Removing' the fleas as indepeﬁdent variébles
and re-running the program with only abiotic independent
variables against each species of flea in turn as the
‘dependent variable on the three collections treated as a
whole extracted the same abiotic correlates as when the

fleas had been included for all three species.
4.4.2 Analysis of the other variables.

The flea populations associated with the other

variables in this collection as in the previous
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collections were examined using a number of statistical
tests.

In this collection there was a sufficient
number of nests facing a variety of directions to
examine any relationship between the flea populatio;s
and the direction the nest faced. Nests from five
generalised directions were collected, although of these
only. two nests came from an east facing wall. The
numbers of each species and the total number of fleas
for each direction were compared by a one-way analysis
of - variance. This test showed that there were no
significant differences between directiops for any
species or the total number of fleas (C.hirundinis,
F=1.5216; C.farreni, F=0.8502; C.rusticus, F=1.8358;
total number of fleas, F=1.6263; P>0.05, OF 4,33 in all
cases). This agree;‘ with the results from the 1974
collection. These results therefore suggest that the
degree of exposure of the nest site is not affecting the
flea populations. No analysis of flea populations were
attempted  with this variable on the individual
collections as relatively few nests were associated with
each direction in each collection.

Nests were collected from three types of wall
material brick (25), painted dash (14) and blaster {(3).
Two nests from each of the surfaces brick and painted
dash were sparrow occupiéd ‘and are omitted from the
analysis. Also as only three nests came from a plaster
surface they too were ommitted. The flea populations in
nests collected from Brick and painted dash sgrfaces
were compared usihg t-tests. No significant difference
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between the means was obtained for C.farreni nor for
C.rusticus between surfaces. A significant result was
obtained for C.hirundinis and for the total number of
fleas which showed both to be more abundant in nests on
brick surfaces to those on painted dash (Table 4:22). As
with orientation the number of nests for each wall
material were too few for any meaningful analysis on the
individual collections.

The total number of fleas and individual
species populations in each nest were then examined
using t and Mann-Whitney U tests for the effects of nest
age and whether the nest was colonial or non-colonial.

The t-test between new (10) and old (28) nests
showed no significant differences between the means for
any species or total number of fleas {(Table 4:23). This
agrees with results from all the other Leicestershire
collections.

In this <collection twentyseven nests were
colonial and twelve non-colonial (+3 non-colonial but
sparrow occupied). The greatest number of nests in one
colony was eight from Walcote (SP567838). The other
colonies comprised between two and four nests. Comparing
the wvariances for the numbers of each species and total
number of fleas between nests at Walcote with the
variance for noh-colonial nests, a significant
difference was found for the total number of fleas only.

The results are given below.
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Species Walcote s? s? for the twelve
non-colonial nests

C.hirundinis -- 0.24113 0.13556

C.farreni . - 0.21882 0.12768
C.rusticus -—- 0.37806 0.80095
Total fleas -- 0.16305 0.64628

The total number of fleas between colonial and
non-colonial nests were examined further using a
Mann-Whitney u test (Table 4:24). No significant
differences were found for any of the flea species or.
the total number of fleas which confirms the results

from the previous collections.

Species between collections.

A comparison_ was made between the three
'cblléctions for each species and "the total flea
population using a Kruskal-Wallace one-way analysis of
variance. No significant differences were found for any
comparison, although the chi-square value for C.rusticus
was very nearly significant Chi-square= S.7638(P>0.05).
This is in agreement with the Leicestershire 1977/78
results between collections. These results together
imply that there 1is no significant reduction in the

overwintering flea population.

83



S0°0<d s9L8°0 ’ L1921 05°81 seeTs Teljo}

G0°'0<d €EG586°0 80" Lt Nw.cw. snJoLisna )

S0 0<d 80SE" 1 80° €2 S8 Ll ntmLLmu.U

50°0<d 50%0° 1 . 1z 22 . mw.r_ sfugpunaty*)
Amw:oaou|:oz TetTuoyo)d

>uﬁAMnunoum z Nuey ueal . mmﬂumnw

‘68/%9861 PATYSIBISAITE] UT §35au TeTUOTOI-uou pue

[RTUDTOD uaamiag uorieTndod BaTs TeI03 PU® SAILISNJ") ‘(UIJURS") 'SLULPUNILY"]) 104 53591 N ABUITUM-UUEBK BYL HO S3ITNSaY

“92:%Y @t1qey



Nest lining material.

The nest lining matérial in this collection as
in the other Leicestershire collections mainly compfised
feathers and grass. In eighg‘ nests straw was also
present along with these materials. As these components
were in combination it was not possible to examine the
flea populations with individual lining materials on a
presence absence basis.

The combined weights of lining materials in
each nest were compared for new and old nests using a
t-test. No significant differ?nces were found implyiné
that in this collection there had been no significant

addition of lining material in second year nests (t=0.58

P>0.05).

Other Arthropods

A ‘range of érthropods other than fleas were
collected from these nests. In comparison with the other
collections a similar range of taxa was encountered and

are listed in appendix 1.
Sparrow occupied nests.

Although nests that were occupied by sparrows
in this collection were not. intentionally collected
three nests iﬁ the April collection and one in January
had been used or were being used by sparrows. Two of

these contained a few martin fleas .and the two with no
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martin fleas contained only C.gallinae or C.fringillae.

The very marked reduction in the numbers of
martin fleas and the presence of C.gallinae and
C.fringillae is in agreement with the other collections,
again indicating'the deleterious effect of the sparrows -
on the martin flea populations.

The composition of nest 1lining material in
these nests was the same as martin occupied nests, but
as with sparrow occupied nests in the previous
collections appeared in greater quantity. On comparing
the weight of 1lining material between the sparrow and
martin occupied nests ‘using a one tailed t-test a
significant t value was obtained. The higher mean in the
sparrow occupied nests confirmed this impression (Martin

nests mean= 7.6263+1.086, Sparrow nests mean=16.00+3.583

t=2.24 0.001<P<0.01).

4.4.3 Discussion

The results of this collection agree in part
with those obtained for the other Leicestershire and the
Corﬁwall collections, but differ on a number of points.
C.hirundinis was again the most abundant flea with
C.farreni the next. 1In the regression analyses on the
whole collection C.hirundinis and C.rusticus were
positively correlated.although only 20/ of the variation
was - accounted for. C.rusticus was found in fewer nests
than C.farreni and at a lower density. In fact
C.rusticus was absent in 20 of the 38 martin occupied

nests. Re-running the regression taking out
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nests with no C.rusticus resulted in the loss of the
correlation between it and C.hirundinis (R=0.3869;
P>0.05). Calculating a Kendall tau rank correlation on
ranked data vyielded a in agreement with the regression
analysis (nests with .zero C.rusticus included z=2.73;
0.001<P<0.01 and excluding nests without C.rusticus
z=1.67;P>0.05). These results indicate that nests'with
no C.rusticus tend to have lower numbers of
C.hirundinis.

Amongst the abiotic factors, the texture of
“the sqrface to which the nest was attached- appears to be
important for C.hirundinis and the total number of
fleas. Both were more abundant in nests attached to
brick surfaces than those on painted dash. As suggested
in the earlier sections the rougher texture of the brick
surface may increase the living area, but if this 1is the
case it is not clear why the populations of the other
two species are not similarly affected. Both C.farreni
and C.rusticus occur in very much lower numbers than
C.hirundinis in this collection which may be why no
significant results between surface texture was obtained
for them.

In the . regression analyses C.farreni,
C!rusticus and the total numbér of fleas were negatively
correlated with the volume of mud in the nest wall. This
is 'the first collection in which this variable has had
any effect. The implication is that fewer fleas are
found in larger nests. This result therefore does not

support the hypothesis that if the living area is
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increased the number of fleas willlincrease to fill 1it,
as suggested for wall materials with rough sufaces. The
comparison of this and other abiotic variébles between
collections will be considered later.

The nesf lining material both as the total
weight and as separate weights of the comporients were
extracted in the April collection only. The total number

of fleas was positively correlated with the lining

material feathers. A response to this lining material
was noted in the 1974 collection. Its presence may
influence the conditions in the nest, and since it

accounted for 887 of variation in the April colléction.
may influence syrvival through the winter.

The greater amount of lining material in new
nests in this collection cannot be explained. In the
previous collections in Lelicestershire the older nests
contained significantly more lining material, which
might be expected if the nésts were relined in their
second se;son. However, the amount of nest liniﬁg
material does not seem to be affecting the flea
populations and there was no difference between the flea
populations in nests older than one season and nests
built in the season of collection.

The variables orienfation and coloniality
showed no significant differences for any species or
total flea numbe;s, which is in  agreement with the
previous collections. This further supports the view
that the position of the nest is not important to the

flea populations and that there is no significant
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interchange between nests in colonies.

The age of the nest again showed there to be
no significant difference between new and o0ld nests. As
already discussed for the Lelicestershire 1877/78
collection if all the fleas that overwinter breed in the
next season larger autumn populations might be expected
in older nests, which is not the case. But, as already
suggested if the life cycle is short it may be possible
for the populations to achieve a maximum for any one
nest within one season.

The results for the sparrow occupied nests
follow the same trends as the previous collections with
a significant reduction in the numbers of martin flea
and the appearance of both C.gallinae and C.fringillae.
A significant increase in the total weight of lining
material was found, but since the quantity of lining
material does not seem to be affecting the populations
of martin fleas to any great extent the presence of
sparrows as previously discussed 1s having a more direct
effect.

The conclusions from this collection then are
very much the same as for the other collections. That is
that the 1large amount of variation unaccounted fog‘in
the analyses is due in part to the chance transportation
of the fleas by the martins. Thereafter, their
populations are affected by a few abiotic factors,
although these change in there importance from one
collecting occasion to another. In Lelicestershire

C.hirundinis remains the most abundant species and
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because of this is mofe likely to be transported to_new
nests thereby :emaining the dominant species over a
period of. time. The populations of the other two species
are more variable and fluctuate between collections in
their dominance. These aspects will be considered
further in the section on the comparisons between

collections.

4.5 Nests on cliffs.

The data for the nests collected from cliffs
at Cheedale in Derbyshife, 1979 and 1980 and Pistol Cove
in Cornwall 1979 are'set.out in Table 4:25 which also
shows all the parameters recorded. Only a few of the
abiotic variables wused in the analyses of the flea
populations 1n nests collected from house eaves could be
used on these data; those used were the weight of the
various lining materials and the relative humidity of
the nest on collection. Other abiotic variables that
could be applied to nests on cliffs such as orientation,
volume of mud, colonial or non-colonial and nest age
were not used for the following reasons. All the nests
at Cheedale ‘were on a north facing cliff and at Pistol
Cove all nesﬁs faced southwest. Nests on cliffs are
often inaccessible for hand-collecting and therefore
have to be knocked down with much loss of the mud wall,
making a meaningful measure of the mud wall of the nest
impossible. It 1s possible that, because of this loss

some of the fleas were also lost, but, since the vast
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Table 4:25.
Data from nests collected from cliff
Derbyshire and Pistol Cove, Cornwall.:

c.f= C.farreni,. C.r= C.rusticus, F=

{(g).

Cheedale 1979

Nest C.hd C.he C(C.fé C.fe C.ré C.

1 4 20 72 166 0
2 8 16 0 6 1.
3 0 1 0 7 0
4 0 1 0 1 0
5 “ 9 5 17 1
6 . 0o . o0 19 24 0
7 0 0 9 13 22
8 0 0 7 19 14
9 4 3 6 4 2
10 6 9 12 16 3
11 23 29 27 31 2

Cheedale 1980

12 3 5 61 157 2
13 14 20 26 60 ()
14 0 0 23; 36 7
15 4 6 27 61 0

Pistol Cove 1979

1 18 o 138 168 186 1
2 0 . 0 | 0 0 2

3 12 60 48 61 .378 3
b 0 0 40 80 115 1

S 0 0 124 - 262 423 4

nests at Cheedale,
C.h= C.hirundinis,

Feathers, G= Grass

re F G

o 1 6
0 1 6
0 2 5
0 1 4
3 1 3
0 2 1
13 0 4
3 2 &
3 o 8
4 q 9
4 1 8
13 0 6
0 1 6
26 0 8
b 0 )
52 1 2
5 1 5
96 2 3
30 0 6
36 2 3



bulk of the fleas in nests from eaves were in the nest
lining material the loss on collection fram cliff nests
was considered negligible. It should be noted, however,
that in nests from eaves because they were collected by
hand the fleas had time to emerge from their cocoons
which may have made a difference to where. on
examination, they were 1in the nests. All the nests
collected from these cliffs were close together, and
thus were all classed as being in a colony. Lastly the
ages of the nests could not be determined as, unlike
nests on houses, there was no 'householder’' to ask how
long the nest had been there or when it was last used by
martins.

The most abundant species at Cheedale was

C.farreni which occured in all fifteen nests (range

1-238). C.hirundinis was the next most abundant
occurring 1in eleven nests (range 1-52) with lastly
C.rusticus occuring 1in ten nests (range 1-35). None of

the nests collected appeared to have been used by
sparrows (enlargement of the entrance hole, extra lining
material) but in one nest 2819 C.gallinae occurred.

The nests from Pistol Cove in Cornwall are

clearly dominated by C.rusticus which occured in all

five nests (range 7-859). C.farreni was found in four
nests {(range 109-386) with C.hirundinis occurring in
only two nests (range 18-72). As only a few nests were

collected at Pistol cove no regression analysis was

attempted.
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4.5.1 Cheedale multiple regression analysis.

The variables used in these regressions were
C.hirundinis, C.farreni, C.rusticus and the weights of
the lining materials, feathers and grass, both combined
{total 1lining) and separated. As the separate years
collections were small the regressions were performed on

the two combined.

Total fleas.

Using the total number of fleas as the
dependent variable with the lining materials combined
and taken separately the analyses gave no-significant

correlations.

Individual flea species.

When each flea species was used 1n turn as the
dependent variable with the other two as the independent
variables no significant correlation was aobtained.
Re-running the regressions adding the nest 1lining
materials baoth as combined and as separate components
also produced non-significant regressions for the two

collections separated or combined.

L .5.2 Species between collections.

The collections at Cheedale 1980 and Pistol
Cove 1979 were both small, with four and five nests

respectively. It, however, seemed worthwhile to compare
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the abundances of each species between the three
collections. The population densities of each species
were compared between collections using a Kruskal-Wallis
one-way ahalysis of variance. Where this was significant
each collection was compared with each of the other
collections separately wusing a Mann-Whitney U test
(Table 4:26).

The analyses show that the numbers of
C.hirundinis were not significantly different between
collections. C.farreni was more abundant at Cheedale in
1980 than in 1979, (P<0.001) but neither collection was
significantly different from Pistol Cove nests.
C.rusticus was significantly more abundant at Pistol
Cove than in either collection from Cheedale which were
not significantly different from each other (Table 4:

26).

Nest 1lining material between collections.

The lining materials at both sites comprised
mainly feathers and grass. Other 1lining components
occurred namely sheep’'s wool at Cheedale and seaweed at
Pistol Cove. However, as they occurred in very small
amounts in only a few nests they were not used in-;ny
analyses. A comparison of the weights of individual
lining materials between the three collections using a
Kruskal-Wallis analysis of variance revealed no
significant differences between individual components or
total weight of lining material (Chi-square=1.42 & 0.84%

P>0.05 respectively). This indicates that the

differences between the populations of C.farreni and
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C.rusticus hetween collections 1is not influenced by the

type or guantity of nest lining material.

Other Arthropods.
Very few arthropods other than fleas were

tound in these nests. At Cheedale in both years, adult

staphylinid beetles of the species Tachyporus
chrysomelinus (Linn) were present in a few nests but no
other arthropods were found. At Pistol Cove one nest

contained the Isopod Ligia oceanica (Linn) and two nests
adult Calliphoridae. All were too few for any comparison

with the fleas.

4.5.3 Discussion

The results of these collections show that the
populations of C.rusticus were significantly higher in
nests at Pistol Cove compared to those at Cheedale. A
number of other workers have commented on the abundance
of this specles in nests on sea cliffs (eg Dunnet &
Allan (1955) ., Claassons (1965) and Roberts (1975)). As
stated in the 1ntroduction sea cliffs are thought to be
the wetter habitat. The humidities recorded in nests at
Cheedale and Pistol Cove are compared along with tg;se
recorded from buildings in the next section.(p 96).

C.farreni was significantly more abundant in
1980 than 1in the 1979 collections at Cheedale but
overall was found 1in the majority of nests on both

occasions at Cheedale and at both sites. The numbers of

C.hirundinis were not significantly different between
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any of the collections but this species was generally at
a low'density compared to the other two species. In both
Dunnet et 37. (op. cit.) in Scotland and Roberts (1975)
in the Isle of Man collections, C.hirundinis occurred in
very low numbers in nests from se; cliffs. The results
of the Pistol Cove collection confirms that this'species
does occur 1in nests on sea cliffs but clearly is not
nearly as abundant as it is in nests on buildings.

Nests on <cliffs are generally destroved in
winter, mainly by the effects of wind and rain (pers.
obs.}), therefore virtually all nests are newly built in
the next season and their populations started with fleas
transported on the martins. As discussed earlier it 1is
possible, given a surface with sufficient cracks that a
proportion of the flea population may pupate or shelter
within them. If this iﬁ the caselthen these would be

available in the next year and some sort of stability in

the species ‘composition could ~ be maintained in
successive years. There 1s a hint of this in the
Cheedale data. Unfortunately the numbers of nests

available for collection varied from year to year and
the second year's sample from this site was small.

In conclusion it would seem that as all three
species were present at both sites the conditions for
fleas overall are similar to those found in nests on
buildingé. ,HaVing made this generlisation, however,
there does ;eem to be a gradient of conditions with
C.hirundinis most abundant in nests on buildings at one

end and C.rusticus in nests on sea cliffs (based on
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these and other workers data) at the other whilst
C.farreni is equally at home in both. Nests on inland
cliffs seem to be somewhere in the middle with fairly
low populations of both C.hirundinis and C.rusticus but

d
with C.farreni again quite abundant.

L.6 Relative humidity in nests at the time of

collection.

As mentioned earlier in this chapter the
relative -humidity . was measured in all cliff nests and
all nests from the two buiiding§ at Coverack in 1979 and
1980, as well as in seventeen of the nests collected in
Leicestershire in 1977/78.

.Relative humidities were recorded 1in nests
from Leicestershire 1977/78, Coverack Lifeboat spation
1979 and 1980, Coverack stone cottage 1980, Cheedale,
1879 and Pistol Cove, 1979. The number of nests with the
means and ranges for relative humidity are given in
Table 4:27.

To see if the moisture content in the nests
differed significantly between collections the relative
humidities recorded were compared using a Kruskal-Wallis
one-way analysis of variance and Mann-Whitney U tests.
The nests from buildings were separated into different
wall textures to see if this had any bearing on the
humidities recorded.

The anglysis (Table 4:28) shows that there

were significant differences between some of the
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Table 4:27.

Mean relative humidities recorded from nests collected
from buildings 1in Leicestefshire 18977 and 1978, Coverack
1979 and 1980 and c¢cliffs at Cheedale Derbyshire and
Pistol Cove,.Cornwall.

Number of nests shown in brackets.

Locality Mean+SE Range

relative

humidity/
Leicestershire 1977/78
Brick(5) 66.66+3.22 50-80
Painted dash{(12) ’ 59.37+3.59 45-70
Cornwall
Coverack Life boat Stn. 1979(7) 78.00+4 .08 70-85
- -- -- -- 1980(7) 77.14+3 .84 55-85
Coverack stone cottage 19739(5) 77.00+6.04 60-90
- - -- -- 1980 (4) 65.00+5.40 55-80
Pistol Cove 1979(5) 85.00+1.58 80-90

Derbyshire, Cheedale 1979(11) 69.00+3.16 45-85
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collections. The humidities recorded at Pistol Cove were
significantly higher than nests in all the other
collections except for the Coverack 1980 stone cottage
collection. The nests from Cheedale were not
significantly different from any of the nesfs froﬁ
buildings. In the nests from buildings both the
collections from brick and painted dash surfaces in
Leicestershire 1977/178 had significantly lower
humidities than those recorded on both buildings at
Coverack in 1980 but not from those recorded for these
s;tes in 1979. The two Leicestershire samples were not
significantly different from each other.

The number of nests for which humidity was
recorded was small and represents the moisture content
of the nests at the time of collection. What may be
important from the fleas point of view 1is how the
moisture content changes throughout the year. Fleas,
particulérly at the pupal stage, are vulnerable tq
dessication (Humphries 1967) therefore. some minimal
moisture content 1is required for further development.
Presumably too high a humidity would also be detrimental
encouraging fungal and bacterial growth. The humidities
recorded at the time the nests were collected would be
affected~by the ambient conditions, particularly if some
nests were collected in months with a high rainfall.

- In the data for relative humidity collected at
Thurnby, Leicestershire (see chapter 2) the relative
humidity in unoccupied nests was close to ambient. As

weather conditions varied from one locality to the next
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and from one year to another the climate preceding the
collection of the nests may be relevant. The weather
conditions for the month and preceding month in which
the nests were collected was obtained from Bracknell
meteorological station for Leicestershire 1977,
Derbyshire 1979 and Cornwall 1978,1979 and 1980. The
climate for these localities during the martin breeding
season has not been considered as the data from Thurnby
indicate that the micro-climate in occupied martin nests
is independent of the ambient. The data for the
September and October iq gach locality are summarized in
Tablé 4:29.

Comparing these data for each locality shows
that the wettest c;nditions occurred for the coilections
for Cornwall 1979 and 1980 and Derbyshire 1979 with the
lowest in Leicestershire. Comparing these data with the
humidities obtained from the nests suggests that they
were indeed affected by the ambient conditions in so far
as Leicestershire had the 1lowest rainFail and lowest
nest humidities. Clearly however, within a locality
differences can occur between sites even though they are
subject to very similar weather conditions. Although the
daéa from Thurnby shows that the micro-climate in the
nest 1is independent of the ambient conditions this may
not be true for nests in more exposed places such as
cliffs, which may truly be wetter throughout the martin
breeding season.

Comparing the data for each species of flea

in the collections where humidity was measured
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Table 4:29.
Weather conditions prevailing in the preceding month and .

month of collection of nests where relative humidity was

recorded.

Locality Month/Year Temperature Rainfall.Mean.

Mean Max Mean Min (mm) Wind

Speed
(Km h-1)
Leic. Sept 1977 16.7 8.9 ) 18 10.74
-- Qct 1977 14.5 | 7.1 27 10.00
Cornwall Sept 1979 16.4 12.5 37 16.66
-- ' Oct 1979 15.0 10.8 106 18.89
Cornwall -Sept 1980 17.1 12.4 67 20.00
-- Oct 1980 13.2 8.7 17 21.85
Derby Sept 1979 16.1 10.5 53 10.7¢6

-- Oct 1979 14.8 9.8 102 11.686



C.rusticus is very obviously more abhundant in nests from
Pistol Cove than in any other collection. The population
densities of each species were compared between these
collections using a one way anhalysis of variance and SNK
range test. The results (Table 4:30) show that
C.hirundinis was significantly more abundant in the two
Leicestershire 1877 samples than those from Cheedale or
Pistol Cove but were not significantly different from
any other collection or from each other. C.farreni was
significantly more abundant in nests from Pistol Cove,
Cheedale and Coverack stone cottage 1980, 