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Abstract,

This short term research was conscerned with an Agromyzid
parasite -Phytomyza ilicis,Curt, ~which attzcxs young

unthickened leaves of lley aguifolium, causing the Tormation

of brown- yellow blotches or mines on the lzaf surface, Few
papers related to P, ilicis have besen published, and no recorded
work has been given for the North Eust area of England, despite
the fact that the holly leaf miner /holly tree associstion
provides a useful system for the study of plant-insect
relationships. : '

Aims of the investigation were to determine whether differences
in levels of infestation existed between trees of varying age
and sex within tThe same area. Varistion in infestation with
height and aspect was investigated, together with egg mortality.
Later mortality factors by bird~attack and different species

of parasites was also examined. The life-~cycle of P,ildicis

and 1its parasites was recorded From the mature larval- sdult
stages. Adult Sphegigaster flavicornis were recorded from
suction-traps only. o

The study was carried out within Hollingside W%Wood,Durham city
G.R. NZ.,276 405.51ixteen holly bushes were examined on the basis
of their isolation or proximaty to other holly vushe=s, position
with respect to other vegetation, height and diameter, degree

of healthiness based on the number of leaves psr twilg, sex and
position with repect to gradient within the main wood. Six
suction~traps were set up within a group of three adjacent trees

The size of bushes examined varied between 1.7-9.6 metres,
Problems with sampling are discussed, and it was decided

sample beftween 325-4300 leaves depending on the size of 4
The idesl sample size was 800-1000 leaves. Leaves were eXx
for the presence of eggs, the number of eggs per leaf, th
position along the midrib, the number of mines per leafl and
their position on the leaf, Xach mine was examined for ovird-
attack, and for the presence of both larval and pupal parasites.
Leaf~sections were obiained from each tree for leaves of the
1877 seascon, to determine whether cuticle thicikness. influences

the level of infestation between trees. Cuticle thickness s

was found to be unimportent in determining whether a leaf was
mined or mnot, however cuticle thickness uvltimately is important
since adult P,ilicis can only attack young leaves where ths
cuticle is undeveloped.

y
A variation in the time of emergence for adult P, ilicis was
observed when compared with accounts given by Miall and Taylor
(1907), Downes(1931), although the general pattern of the
life-cycle was similar. '
No significant difference in the level of infestation was
observed between trees, although total mine and egg number
varied significantly. Spatial distribution did not apvesr to
influence the density of mines, and no significant difference
in population density with regard to position within Hollingsicde
Wood was found. Aspect and height influenced both total mine
and egg number.

Egg mortality was observed T
were not significant.Bgg d
the viability of eggs wit
was density-independant,

'y between trees but differences
wias observed to influence
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by the larval parasite, C. gemma,and by sn undetermined
mortality factor influencing survival in the early stages of
development. Thepupal parasites observed were C.gyma and
S.flavicornis.
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L. Introduction

Le. The host, Tlex angu ifolium

The holly tree Jlex zsguifolium is widespread as an understborey
component of many tyoves of woodland: in scrub communities and as
a hedgerow tree, oflen being planted for this reason. Its
distribution is probebly determined mainly by its sensitivity

to prolonged frost. Peterkin and Lloyd (1967), found it to be
absent from sreas where the mean temperature of the coldest
months of the J‘Dr falls below - C.59C and it has been sugeested
that the eastern houndary of holly is determined by the dogrea
of winter cold, (Iversen 1944).

De Candolle (1855) and Iversen (1944) also found holly distribution
1o be influenced by the mean temperature of the warmest month
cing sbsent from areas where this did not exceed 12°¢, Tn
n holly is naturally absenth irom areas where the July
sure fails to exceed 1808 ﬁ

In accordance with Peterkin and LLoyd (1967), no subspecies have
been described, although 140 forms have been named, many of which
are of horticultural origin (Dallimore 1908). Varieties have béen
based on the pendulous habit, colour of bark, yellow berries,
variegated follage, leaf shape and size, leal curvature, number

of spines and thelr abnormal occurance on the leaf surface (Elwes
and Henry 1913). ‘ '

The leaves grow up to 10 cms long and 40 cnf in area, and are
alternate and simple. Holly leaves increase in area in the
second snd subseqguent years, althouzh shaded leaves are thinner
and larger in area. Their shape is ovate, elliptic or oblong,
the mergin being undulste or sinuate - dentate, with large spine
pointed teeth. However leaves of older trees and individuals in
shsded habitats tend to become entire, refaining only the sharp
apical svine. The adaxial surface ¢f the leaves 1s dark-green
and glossy, the lower surface being ypllow green and non~glossy.

Shoot extension, leaf formation and root elongation commences early
in lay, and extends over 2 months, however in the Durhem city ares
G.R. NZ 276 405, where sampling was.carried out, climatic factors
were less favorable, hence maximum leaf extenglon wasg retarded
until lste dJune.

1b. Insect species associated with Ilex sguifolium

Holly has a small number of associated insect svecies compared

with other temperature region trees. Southwood (1 61) hypothesized
that the number of insect species associated with a tree was a
reflection of the cumulative abundance of that tree in a particular
country throughout recent geological history. Thus the dominant
native trees should have most insect species, the recently introduced
ones fewest.
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6.

Holly is revorted to have T associated insect species in Britain,
while that of osk (Qu us sp.), has 284, (Southwood 1961). The
lack of insects on holly throughout the geographical range is
marked and is assunmed to be associated with either structural or
biocbfnical features. Histological barriers to pathcegenic and
inscet atback include the cuticle and epidermis (Ripley and

Van Heerdan 1939; Tanton 1962; Agarwal 1969; Feeny 1970).

Plantes also contain secondary substances, 1.e. phenols, tannins,
lignins, alkaloides and glycosides which reduce infection in
specific species of plonts and digestion by ingect feeders.
(Frecnxel 19%3, 59, 69: Lipke and Fraenkel 1956, Wood 1967).

Peeny (1970), found that the concentration in the spring of

feeding cgtgrujlwers of the winter moth Operophtera brumata L.,

and obther species of Lepldoptera on osk trees in kngland, were
reluted to seasonal changes in the texture snd chemical comvosition
of the leaves. Leaf tougnness was though to be the chief proximate
factor preventing winter moth larvae from feeding normally on
mature ook leaves, the most important uvltimate factor beirg
geasonal decline in available nitrogen. This decline is due to

the decresse in leaf protein concentration and to increasecd

concentration of leaf tammins., The ability of tannins to form
complaxe with proteins, and therefore reduce the availability

of nitrogen. to plant feeders, is believed to enharnce theilr
0@{cu%1wﬂ functim in plents. Thus although there eppears to be a
cgufficient - supuly of food, it may not be available as suitable
food for pnytophagou% insccts and other herbivores. The fact that
tannins are widespread within the pls nt hingdom mﬂy,;uvgest a
similar phenouwenon exists with other plant/tr pecies.

Bracken, an understorey shrub, is also known to have a range of
specific chemical defences. These include bound ecyanide molecules
in addition to ecdysones,the latter aciting as a defence against
insects since it prevents larvae from completing their life-cycle.

o

Cther factores besides chemical defense may influence herbivore
diversity associated with a partjo ular plant species, i.e. it
is known that thne number of insecis feeding on a plant is a
function of the geographical range of the species and of the v
architecture., Thus trees being more comvlex than grasses, tend
10 have more available niches, resulting in reduced comneintL
for food and space between insect feeders.

{4

Few papers related to Ilex aguifolium and its parasites have bheen
published, thus it is difficult to postilate reasons why insect
feeders occur with such low frequency: although structural defcence
mechanlsms appear mo«t ObVlOUue ‘ '

-

Peterkin and Lloyd (1967) have ~gsummarized. the insect feeders ahd -

plant peathogens as GOﬂlmted with Ilex aguifolium as foliows ;& .
Hemiptera - Aphididae - Aphis dlicis Kalt. R -*0“‘“w
i . *. . } . . ,‘\3‘
Lepidoptera - Geometridas icnsis viretats Hb. Lo
Lycaeridas Celastrina argiolus L. 1st brooé

mainly on flower budJ of holuy, gecond maluly on ilower buds of
1vy e '




Torticidae Rhopobota naevana Hb,
Diptera - Agromyzidae Phytohysza ilicis <Curt.

Plant Fathogens (Woore. 1959)

Armillaria mellea (Vahl ex. fr.) Kruuwmer.
Helicobasidiunm purpureum Pat.
Phyilosticta aquitolina Grove (Peace 1962).
Vialooo Lnuv@mycw {fr.) S=zaccardo.
ora phacidioden Grey.
}hyTOPMqu ilieis ﬁvndknbﬁﬂen and Young (Herridge 1963).

The most important parasite of Tlex aguifolium is the holly

leaf miner, Phytomyza ilicis Curt, which svends the whole of the
larveld period within the leal of the Lost plant, and is responsible
for the formaition of yellow-bronze blotches observed on the lewves
of infected trees, The parasite 1s unusual smongst the Agromyzidae
in that it pupates within the leaf. Other species of Agromyzidse
i.e. Phytomyza conii and P. sponcylii, on completion of feeding,
leave bthe mine through a semicirculsr exit slit before pupation.
(Hering 1951).

Few papers related to P. ilicis have been published since liall

and Taylor publishned their vaper in 1907, on the structure and

life hic 10ry of the holly-fly. A small account is given in Lewig
and Taylor (1974), but the main papers are an account by Cameron
(1939) on the hoily leal miner and 1ts parasites, and that by

Owen (1975), rclated to the efficiency of blue-tits Parus caerulens,
preying on the larvae of P. ilicis.

The reasors why so little work has centred around Tlex aguifolium
and its insect parasites is probably related To its lack of
economic 1mno*t(nc in this country. Cameron's work in North
America was initiated because of the need to control the unlimited
spread of the accidentally introduced leaf miner to that country.
On the west coast of Britisa Columbiza, Zuropean holly is exbtensively
cultivated and since it cannot be successfully grown in other paris
of Neorith Americs, an industry hos developed. However the holly
leaf miner, unrestreined due to the absence of natural enemiesg in
this area, has resulted in as many as 75 - 80 % of leaves being
disfigured as a result of mine formation. . Hence from a commercial
point of view the trees zre reduced in valuvue and are also rendered
less ornamental and atiractive. The overall effect has not been
demostrated, but it 1s possible that leaf-blotching may have
adverse effects on the health of trees, due to the wholesale
removal of photosynthetically active cells.

PO e

In Britain holly grows extensively, hence its economic. importance
‘is reduced. - \ : . R -~

o = PR

The holly leaf miner/holly tree associc Llon provides. d-useful .
systen for the study of plant/insect relationship. This L
relationshin may be in the form of shelter, food or transport, =~
and for P- ilicie i1s essential for the completion of the life~
cycle.,
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Phytomyza ilicis provides a useful tool in the study of

insect population dynamics., From mine examinations, mortality
factors, parasite species attacking hoth larvae,/ and the number

of healthy adults emerging can be determined and can be used in
the construction of life~tables. Many variasbles contribute to
mortality in a population, however the main fluctuations are ,
usually due to only a few factors, i.e. key-factors. From analysis
of life~tables it is possible to determine the key-factor for
population change and density - dependant effects. (Morris 1959,
Varley and Gradwell 1963). An examole of the use of life-tuble
data in determining key-factors is given by Williamson (1872),

for the pine-looper moth, Buvnalins piniarius, where the key-Tactor
was larval mortality. However for this investigation key-factor
~analysis was lmvossible since P. ilicis was at the larval -~ pupal
stage before the study was initiated, hence there was insufficient
date.
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Distance from Leaf base
for egg laying By P. ilicis.
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The egg hatches, but the first stage larva remaing in the midribd
until September -~ November, when it leaves the central vessels
and enters the soft ereen outer tissuvueg. The larva feeds on

the varenchyma below the epidermis until large blotches appear on
the leaf surface. The mine reacies maximam size in Kerch, and
usually occurs on the upper epidermis, although it can be found
on both surfaces. Between July and March the larva moults twice
pagsing through 3 larval %tagés, the first lasting from July to
December, the second from December to Jaruary, snd the third from
February uniil the iormatiou ol the pupae lale in March. DBefors
pupating the mature lerva prepares a thin triangulsr area on the
cuticle of the leal againet which a hinged emergence plate of
similer size on the puparium will abut, so that escape by the mature
fly w11i be ensily accomplished.

Whilet feeding on the leaf tigsues tne larva lies on its side, but
before entering thne pupal stage 1t turns onto its back so thal the
vertical surface 1s pressed against the epidermis and its ant@riov
spiracies & projected L>Tou~1 the attenusted area of the cuticle,
The imago makes ite escape from the leaf by pressing the ptillnum
aamin Tt the ninged emergence nlz2te on the vuparium, which in {turn
I8 the thin cuticle ebhove it. (4 detailed account

i ii=all and Taylor (1907).

o oen e Ty

cans tarouw

l
s given by

2.3 Parasites of Phytomyza ilicis

Before 1939, only one pvrevious record of a parasite of the holly
leaf-miner was recorded -~ Dacnusa maculata,Gour (Braconid), on

P. dlicig in Italy. Cemeron (1939) was the first to record the
Tisted species of parasites on P. ilicis,
Chelcidoidea
Fulophidae 1. Chrysocharis gemma (Curt), Walk.
2. Chrysocharis syma, Walk.
3. Pleuroctropils fmvzt? Welk.
4, Closterocerus trifascistus, Walk,
5. Tetracamnos sp.
Pteromalidae 6. Sohegigaster flavicornis, Walk,
T. Crytogaster vulgaris, halk,
; 8. Eutelus sp.
Tchneumanoides
Braconida 9. Opius ilicis, Nixon.

A key to the identification of all species at various stages of
development is given by Cameron (1939). A brief discription

“and life-history of the parasites found during thi” dAnvestigation
conly will be given. Any supplementary 1nformatlon ig given in
-detail in the forementioned paper. - o - .

a) Chryuonnxfzs gemma (Curt)y, Walk.

This was observed to be the commonest varasite of the holly
leaf-miner in the South of England. (Cameron 1938) 30-40% of

fly larvae found during the investigation by Cameron (1937-

1938), were atbtacked by this species., In 1938, at Burnham Beeches,
Bucks. 71 from a 100 possible hosts were infected. The species

is widely distributed throughout Europe, Africa, America and -
Australasia, '



Ra s}
A,

Female C, gemma have an unusual habit of overwintering in the

adult stare. Kes laying oceurs towards the end of February in

Southern England. A small number of femsles may be found to

~oviposite as late ag Apri], although few host larvae are

availshle, A single egg is laid through the cuticle of the leaf,

and is deposited in the body cavity of the larva. BSuperparasitism
way occur but is infreguent. ~

Attacked larvae of P. wlmcjs become yellow and have a dirty
pale yCl&D\ colour, i contrasts with the turgid bright shiny
lemon colour of healthy larvas.

Incubstion of the perasite eggs lasts from 7 - 10 days, according

to temnerature after which the first stage larvae appear. Theée

larvs is sssumed to pass through at least three distinct stages

and is mature after 16-20 days. After feeding is completed the

larva remains in the resting stage for 8-10 days beflore the

y 2tion of prepupa, hence larval life lasts for avpro: ngu@ly

(5. Time spent in the prevupal and pupal stages is 3

33 dcy respectively. Cameron (1939) ouotes pupae of C. S, ge

as beirg found from 12th April onwards., A description of
evelopmental staeges is given by Cameron (1939).

b.) Chrysocharis syma, Walk.

C. syma 1s a parasite of The pupa and has only been recorded in
"1‘:*"’“"‘“"‘“""’“3 < E
tngland, Scotland and France.

)

When the fact that this varasite attacks the Uupae only is
considered, the general bilology of the species is similar to that
given for C. gemma. Eggs are laid internally in the fly pupse
during April, depending on the availability of the latter. Larval
development is qimilﬂr to that of C. gemma; the prepupal and pupal
stages lasting for 14 and 19 days. Adult emergence was found %o
occur from early July onwards. Again a description of the /
r?e-wr“!mpm@n'{;r;l C"’C'“’&S '1<1 grvnn “H’\_ @e'tall bv C,jﬂ?@'f"c’_)'n {_‘Q%Q)

¢.) Sphegigaster flavicornis, Walk.

The gspecies was found to be fairly well distributed throughout
aregs exanined by Cameron. Ite geographical range is North and
Central FEurope. A small number of host records are available and
it aopears that members of the genus Sphegigaster parasitize leaf
mining and stem-boring Diptera, in addition to gall-making species
of the family L901domjldac. A few specieg also att&oh aphids.

According to Cameron (1939), the parasite becomes active on- the
holly tree in ecarly April. Oviposition is time consuming, SlPCQ e
the insect must bore through the cuticle of the leaf snd thb,LOhgh
skin of the puporium, and usually extends over 30 minutes., The
egg is then devosited externally on the pupa of Phytomyza ilicis, .
Incuoaizon lasts from 4 - 7 days concluding in the emergence  of
the Iirst stage larva, winich feci% cxtefnﬂLiy on the host pup=ri
Five larval stadia exist. ©The larva feeds actively for 11 - 137
days, after wiich 1t enters a resting Derjod spanning 5 days before
it becomes s prepuva. Thne prepupal and pupal stages last for 2
days and 6 days respectively, and adults ewerge from late June
onwards although some individuals fail to complete metamorvhosis
until the middle of August,

[a)

.‘




In this investigation parasites were observed at the nature
larval stage -onwards. A keyv for clasgification of larval,
prepupa and puval stages is explained in Cameron (1939).
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2.4 Sample area,

The srea chosen for investigation runs pﬂrajjc] to Hollingside
Liane, Durham city, G.R. NZ.276 40%, and is part of the main
Hollingside Wood. The approximate ares is indicated on Fig. 3a.
and spans 116 metres along the length of the lan@, and 37 metres
into the wood. The wood is deciduous, prominent species of trees
being osk (Quercus vatraes), beech (Fagus VlVQtICd) sycamore
(Acer n:auromnﬁcnumu&)g c1lver birch (Hetuls Dpnuulu)? with a few
gpecles 0f DCOTLS Fine \Elnu sylvestris). Holly vropagates both
from secd and via under ground rhizomes, thus young bushes tend
to spread laterally and sre often clump d within a small area.

i

Sixteen holly bushes were chosen for exsmination on the basgis of
thelr dsolation or vproximaty to other holly bvbushes, vosition with
reanect to other vegetation, height and diamster, degree of
healthiness baged on the number of leaves per twig, sex and position:
Vitb rUnp@Ct to gradient within the main wood.. '

s

(Table 1.).

Trees examined were of varied morphology. Multi-stemmed structures
were eéxasmined e.g. Tree 10, where three individual trees arose fron
a single main structure. Other btushes were small, having no provjﬂbnu
main structure but seemed to be formed i%omaamass of Jateral
branches. Under shade conditions branches tend to become vendulous,
and on reaching itne ground these form sdventitious roots, thus
root suckers are common e.g. Trees 4 and 7. The older hence taller
trees tended to have fewer leaves ver branch 2t higher 1evels,‘t“@
former naving fewer teeth ver leaf, and these were observed to be’
less shiny when compared with leaves taken from lower levels.
Aspect was also found to influence the number of leaves found per
branch.

Thus trees examined varied in growth form and position with respect
to the lsne. Those nearest Hollingside Lane were assumed to suffer
more from exposure since they were not as sheltered as trees ‘
within the wood itself. However they were overshadowed to a lesser
degree by dominant vegetation. After 6 metres, the ground sloped -
steeply downhill, (1 : 2 gradient), hence trees exsmined on these
sites (3,4,5,6,7,8,10,15,16) experienced differing physical
conditions -~ leaching, water availability - from those situated at
the top of th= slope (1,2,11,12,13,14). ’

Six.suction-traps were set up in a group of three adjacent trees,
situated on 51001ng terrain, within Durhem University field-
station (Pig 32.), at varying heights above ground level to monitor
the emergence of P. ilicis adult flies of the 1977 season, and
those adult flies during egg-laying. The traps were also .intended
to monxtor the number of parasitic flies of Phytomyza ilicis.

Detaills for each tree sampled and their proximaty to each other
is given in ¥ig. 3b, Table 1. ‘
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FIG. 3,B.

Map of tree distribution within the area of investigation outlined in @w%w 3 Amv
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The sim of the investigation was to measure the level of infestation

withnin a defined a2, thus trees examined had to be representative
of the sine & ange of Tlew aguifolium within the area, The

mes eyvaming

size of bush varied between 1.70 and 9.60
TW®S~hﬁd this coupled with the dlrregular growith palttern of

x posed a major problem with regard to choosing a suitable
Ling mebhiod, sirce one method was not applicable to all trees.

LOU leaves was taken from each traw to sstimat
stion.  Stokes (1969), estimated a mininua

ERLEE concluding that this estimate would
correcet figure for infestation. TITn this
¢t of parasitism was investigated znd since
e was found to- vary between trees, it was
as many leaves as was practical (i.e. 3295 -
: on bthe size of the tree). Collection of
from mid~April until late duly, Tthus only
of bhe complete growbn cycle was examined for
the begining of the 1978 season.

ne Cfl G588

*ﬂrjaticn in the level of infestation with aspect and height was
nvestigated and 1 discussed later. Assunming no significant

‘vmr aTwov in infestation with both aspect and height, then a random

X can be adoopted. However should a dlfL@» ence
bﬁﬁWﬁen dif"%“mnt areas of the same tree be found, then ideslly
more leaves snpould be sampled from aress indicating lowest
injﬁetﬂu“one It is extremely difficult to obtain a genuinely
random 1 uhogzs or leaves and in this study population
censity is sed as thc valu@ per 100 leaves sampled. As the
numbcr o : sanuLcd for sach tree varied, this was a good
method for nmaking OQmprlSonr between trees. To get an absolute
estimate of vopuletion density is difficult since the total number
of leaves on the ftree is recguired and this posed another unsolved
saapling problem, which i1s discussed in detail leter,

Various semple sizes were Taken for earlier trees examined to

estimate the mininpum sample size required and the variation in
accurscy wilth incressed sampling effort. Results are discussed
later. *

Initially for Tree 1. 42 twigs of similar length were sampled
to investigate variation in levels of infestation with aspect
snd 6 twigs were also sampled wer 50 cm height interval to
investigate height veriation. Although .these twigs were of~similm@
length, the number of leaves supportéd by each twig variéd and s
posed; oroblems with deta analysis. Thus the:number of tw;gs _
sgmnlﬁﬁ ver tree wag reduced and the final nuwber. of leaves veér

saanple was et conotent for esse in statistical analysis. The
.Hl\«il).Od 5
starting from the base of the bush and samvled randomly over the
entire bush to the apex. The final numbur of leaves obtained
per tree depended on the size of the sample tree.

o

was silmple. Twigs were sa np?eu at regular 1ntwrv&lug§7



All leaves sampled were examined for the presence of eges, =2nd

e 22 numbers per leaf were recorded, The position of eggs along
the midrib was also measured. Presence or absence of a mine on

a leaf was recorded, together with the number of mines suvpported
by the leaf =and their position, i.e. whether on the adaxial or
abaxial leaf surface. Each mine was examined for bird attack
characterized by a V-shaped peck-mark within the mine, for small
triangular emergence holes characteristic of adult P. ilicis

and for small round emergence holes characteristic of the adult
parasites of the leaf-miner, (Lewis and Taylor, 1974). Opened
mines were examined and contents identified under s binocular
microscope. Thus it was possible to determine the number of adults
which hod emerged successfully, the number of individusls, i.e.
both meture larvae and pupae which were parasitized, the species

of parasite present, the extent of development and finally the
number of individuals which had died from undetermined factors.
liines from which C. gemma, the larval parasite had emerged, were
characterized by the absence of the orange pupal case of P, ilicis ,
coupled with the black shiny remains of the Chrysocharis pupal
case,

Individuals extracted from the mines were also measured.

A 100 leaves per tree were sampled for the new seasons growth
and the number of eggs per 100 leaves determined,

3.2 Suction-traps.

Six suction-traps, were established at three height intervals,

1,3 and 6 metres above ground level, within a clump of three
holly trees within the field-station site (Fig. 3a), and operated
from two battery chargers. These were emphtied at weekly intervals
throughout the investigation and the contents examined. The traps
were set up during the middle of April, when adult C. gemma are
abuncant and continued running until late July, when it was hoped
to sample all adult parasites snd adult P, ilicis. Insects were
identified to family level initially but detailed examination

of trap contents was too time-consuming, thus trap contents were
only examined for leaf-miners and their parasites.

3.3 Leaf-section.

The level of infestation by P, ilicis is known to fluctuate
between sample trees, and since it was one of aims of the investw
igation to determine possible causes for this variation, both

leaf and cuticle thickness for Ilex aguifolium leaves was measured.

A random sample of 7 leaves from 1977 season, which had been mined
and a further sample of 7 leaves without mines were obtained for
each tree, so that a total of 14 leaves were taken for the entire
tree. Obviously cuticle thickness will have increased since

the eggs were first laid, but it was hoped that any variation in
both leaf and cuticle thickness would still exist between trees,
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An initial sanple of leaves from a single holly tree was taken
Tet ether sny relationship vetween size, leal thick-

Lo deternmine wh

ne=g and cuticle thickness for bhoth the upper and lower ijﬁcrmi“
existed. Size Wag found to influence both leaf and cuticle thick-

ness, (section 4.4), thuﬁ the sigze of sampled leaves for all Tre@*
was koeplh as unlfoxx as possible. During the current seasons

growbh,leaves of VATIOM” sizes wvere ssmpled from the same tree to
monitor cuticie omvo1ovmonug gince it is at this stage that leaves
are )'1 { 7’11 @(:1 S)\/ w b

For wll lesves sampled 2 thin section was taken across the midrib
(7ig,L7) and the thickness of the leafl at sites a,b,c were
measured, Initislly cuticle thickness was messured at the three
points, but 1ittle wﬁriation betveen a and ¢ was found, thus
wsurements were reduced to a and be A transverse section was
prensred for each leafl ns follows and mean values fTor leaf and
cuticie thicuness obtained for each tree, ‘

2. sections -

All secltions were fized in Rawlins fluid overnignt. They were
then iumersed in 70X alcohol for agoroximately 1 hour, after

which they were transferred to §5% and two changes of absolute
alcohol respectively, for 1 hour duration with each change of
fiuid. Tue sections were then placed in a 1:) alcohol/xylene

fluid for 1 hour, followed by two changes of pure xylene for

1 hour with each change of Tluid. BSections were trensferred to

a ¥ylene/wax wixture at 57°Cfor 1 hour. Three changes of fresh
wax was used over a 12 hour period. The fthird change was left
overnight, The tissues were then blocked in fresh wax containing
0.5% ceresin and left to hsrden. 7.5 usections were cut on a
mwicrotome and floated on warm vater to flatten the wax-sections.
Fach grouv of leaves were placed on a glass slide, which had been
spotted with egg albumin/thymol mixture and smeared over the slide
to prevent clouding of the final tissue~ sectlon, The slides were

AR e YAl

dried on a hot-plute at grvu&

Finally the jmmersion process was reversed for each slide, each
change of fluid lasting for 1 hour. The slides were then immersed
in water and stained with 1% aqueous safranin. The staining
process was taken back to the xylene stage and each section mounted
in a D.P.X. mcuntant and left to harden. '

Each section was measured for leaf thickness at X40 magnification
and for cuticle thickness at X400. All values were converted to
cCms . ’
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4, Dis snon of r»qults.

4,1 Data for individuml treeg,
4,1.1 Problems with sample size.

When Stokes (1969), carried out his investigation on Phytomyza
ilicis for Ancient Camp area of North Wales, the qamplxhg

method adopted was extremely complex and resulted in 100 - 150
leaves being sampled for each site. In this investigation the
accuracy associated with a small samvle size, and that of a
larger sample was compared for each tree. The problem with a
small sample size, apart from being unrepresentative of the

entire ftrece, is that a small increase in total egg or mine number
per hundred leaves sampled, results in a considerably higher
estimate of infestation. Phytomyza mines are clearly visible thus
from a small sample, levels of infestation for the entire tree tend
to be overestimated as a result of subjective errors, hence by
using large samples for overall estimates of infestation, and by
sampling twigs of similar size only, it was hoped to reduce the
amount of subjectivity.

The physical description of each tree examined together with
proximate Vegmt tion is given in Table 1, and the extent of ,
isolation of each tree is indicated in Fig. 3b. TFrom a theoretical
viewpoint the proximaty of itrees to each other was assumed fo
influence the level of infestation of individual trees, the
reasoning being that trees closer together are more likely to be
reinfected by adult Phytomyza from acdjacent trees, whilst trees
further from the main concentration of adult flies prove less
favoursble hosts, since more time is wasted travelling between
trees and s#arching for suitable oviposisition sites. HMeasurecments
of height and dizmeter for the sample trees indicate Dotn age and
growth vigour, and this may also influence levels of infestation,
since healthy trees presumably provide a more favourable en"iroment
for the completion of the life-cycle . e

Trees sampled can be catergorised on the b351s of position within
the wood; i.e. those gituated on the edge cf the wooéd at the top
of the bank (Trees 1,2,11,13,14), those intermediatery in vosition
(Trees 3,5,8,9,10), and flnally those at the base of the slope
posltloned v1tn1n the wood itself.

A summary of the number of Samole and sample size is given in
Tgble 3. The results based on 100 leaves sampled is given in
Tab1c4', Pig.4 . Generally a bigger sample gize rezduces the
estimated values for egg den81ty, total mines observed and that
for infestation. Exceptions to this are estimates for Trees 6 and
7T, where values increased with sample size. A summary of resulis
for all parameters investigated for 16 trees, together with the
total number of leaves sampled is given in Table 5. Large
deviations in estimates for all parameters were observed for Trees
2,6,7,9,11, accordlng to the number of 1eaveo sampled.

For Tree 1, Table 3 and 4 , three samnples were taken, i.e. 100,
1,384 and 3,108 leaves, and as for all results, the number of
leaves with mines, total number of mines, total number of egss
was determined. These values were expVeaﬂ@d ver 100 leaves, in
order that comparisons between samples and ultlmﬂteiy between
trees, could be nmade. ,
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Tablécsosnosessess

SUMMARY OF RESULTS FOR ALL TREES BASED

ON 100 TEAVES SAMPLE

i

Egps perklOO

Tree Noe Mines per 100 Infestation
’ . Leaves Leaves SuLf’.
1 | 15400 17,00 15,00 ;i’gg
2 17,00 16,00 17,00 ig:gg
3 15,00 18,00 15,00 %gfggi
4 16,82 17,76 15,5 ;f?g
5 29.66 37429 21,00 2272
6 20,39 26,23, 18,5 1400
T 21,30 29,91 23,5 ;9’20
8 9462 10,58 8.8 i:@ig
9 21,00 27,00 21,00 L;,;i
10 30,00 45,00 26,00 J‘:;f
11 18,00 24,00 17,600 {)f
12 18,00 28,00 16,00 1125
13 12,00 13,00 12,00 12:%
1 25400 56.00 24,00 22:2]
15 \14900“ 169(:‘(? 13,00 ?g iz
16 14,00 21,00 12,00 12022
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Levels of infestation (%)
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FIG, 4
Variation in the rate of infestation for the 16 trees examined and based

on a total of 100 leaves sampled per tree.

: ,

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Trees sampled.
VAN :
A /A . Variation in total mmm.\ mine number
N \ \ with sample tree.
/N \ \ a ’
r \ AS P \0/ . - / - \ /
/ \ / - \ / A A\
L . a / — \ ! % M // / // -
.v\xl/:x.t\\ / / AT /.e\ o=, . Bggs per 100 leaves.,
X/ % & X Xeeox Mines per 100 leaves,

o

-
-
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Trees sampled.
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Estimates of infestation for Tree 1 with 100 leaves was 15 &
3.35 for 1,384 and 3,108 leaves, estimstes were 11.56 T 2 38
and 10,36 ¥ 0.5 respectively. Thus for a X 300 fold incrcase
in leaves sampled estinmates for infestation were rzduced by
33%, Considering results for 100 1@g“w°ampla and 1,000 leaf-
gample, no difference in the overall level of 1nfestthcn was
found since the coniidence intervals overlapped.

For Tree 2, three samples were taken but were of 100,900 and
1,384 leaves. Values for infestation again were varlcd, 17.0 %
3.76, 7.22 L 0.8 and 8.74 % 0.89 respectively. Thus a X9 fOLd
increase in sample size reduced the estimate by 41%. Little
difference was found betwwer 900 and 1,384 leaf-samples.

Four samples were taken for Tree 3. These were of 100, 1,403,
1,600, and 4,300 leaves as given in Table 3and4 . .Again variation
wag observed with sample size. For 100 leaves, estimates were
15,0 £ 3,35, for 1,403 leaves - 15.97 £ 0.98, for 1,600 leaves
16,31 - 0.98, and finally for 4,300 leaves ~ 17.84 % 0.58,

Thus for Tree 3, excluding the results for small sample size,
increasing the number of leaves sampled from 1403 to 4,300
imoroved the estimate to such a small degree when maximun values
were considered, that under normal sampling pwocceduveo, it
appears 1,000 leaves are sufficient to give reliable estimates.
In this investigation, an idea of the number 2nd also species

of parasites attacking Phytomvza was reguired, thus it was
necessary to sample as many leaves as was practlcal in terms of
time and el feot upon the host tree.

For Tree\6$ a X2%4 fold increase in semple size had little influence
on the overall estimates for infuatatlon, however the errors
involved with too smsall a sample size is indicated for Tree T,
Table 3€.

Thus the ideal minimum samples size for all treco was taken asg

800 -~ 1,000 leaves where the size of the trees permitted. The
sample size teken for Tree 16 was too low for an accurate estimate.
4 more realistic figure would be approximately 10%. 'deally nore .
leaves should have heen collected.

4.1.2, Summary of results for all parameters investigated.

The results for total egz -~ density, mine number, and overall
infestation for the 16 sample trees is given in Tableb . Using
Chi-~sqguare tests the differences for all parametesrs between trees
was investigated for significance, thn values for infestation
were compared X° was found to be 30.2. This was significant at
5% level, The result was insignificant at the 1% level. The
trees were ranked according to size and tested using a 2X2
contingency ~ test, to determine whether height of trees was

the factor causing the observed variation. Results were
insignificant ot 5% level. Thus the overall ]uvels of in festatlon
are independant of teight and it was assumed indevendant of the
diameter of bushes altiough this was not tested. ’


http://estiirtat.es
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“ : P
Caleulated X values for egg-density variation between trees
and total mine variation gave values of 50.24 and 33.85
respectively. Both results were significant at 5% and 1% level
of significance. From Tableb , using egg-data as estimates of
population density, Phytomyza. density is highest for Trees 5,
6, 10, 12 and 15. Those least affected being Trees 1,2,8 and 13.
Lowest values were observed for Trees 1 and 2, and these were
the most isolated (Fig., 3b). Treeo 4 and 5 were clumped into
a small area, 1mllazjy for Trees 6 and 7, with approximately
15 metres between thece areas. Tgg-density estimates were close
for Trees 4 and 5, but not so for 6 and 7. Trees 8 - 14 were
clumped within a restricted area thus assuming the previous
hypothesis 1s correct egg-~density was expected to be higher
within this area. When mean values were comnared for the three
main areas, egg-density was gr<9test far units 6 Ty thus although
isolated tleeq tended to have lower population den51rv of Phytomyza
little @ifierence was observed between moderately spaced trees
and those within a restricted space.

From Tablesl andd it would appear trees nearest the road have lower
levels o0f infestation conmpared with those further into the wood.
Areas where greatest difference between egg-density existed were for
those tress at the top of the slope and those situated on the slope.
Comparisons of the mean values for egg-density gave t+ - 1.06 at

5% level of significance. The tabulsated value was 2,31, therefor
the Olffel“QCé wag insignificant.

4

Trees 3 and 10 were female trees, identified by the red berries
from the previous season, and these were found to have high velues
for both total egg number and mine number. However no conclusions
could be drawn gince it was very difficult to sex the remaining
trees., Absence of berries was notv an sccurate indication of sex, .
hence for discrimination between trees, more effort should have
been put into sexing them prior to the investigation.

4.1.3  Aspect variation.

Investigation into possible variations in the level of infestation
with aspect wass carried out for Trees 1,2,3,4,9, and 9, i.e. over
the size range of trees sampled. :

For Tree 1, Tableb,42 twigs were sampled per 31de of the tree for
all heights and these were of similer lengths. However the

numnber of leaves per twig varied. Those on the East-facing side
were more sparse probably due to competition for light with
neighbouring vegetation., Leaf number on the West-facing side was
highest hence growth was more vigourous. Thus equal numbers per
side of the tree were ultimately sampled. The size for Tree 1

was 346 lesves since this was the maximum possible for the Bastern
asoect without causing damage to the tree.  (Table 6D,

Comparisons for the different sample sizes are indicated in Table 6c ,
the error involved with reduced sample size being slight except |
for results from West-—side, where sample ize had been reduced by
69%. The calculated value for X®to test for differences in ‘
infestation with aspect, using data for total mine numbers was
6.40 for 3 degrees of fre@don\at the 5% level of significance
(Appendix 2.). This was lower than tabulated values for X,

hence no significant difference reasulted, although from Table be,
both infestation and total mine density appeared to be higher on
Fast and South-facing sides.
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A significant difference however in the number of ‘egos 1aidﬁ

per 100 leaves with aspect was observed., The calcuvlated X~

was 13.1 compared with a tabulated value of 7.81., This was
significant at both 5 and 1% levels (Appendix? ). Fewer eges

were laid on Noth-facing leaveg, maximum values for leaves on
Eastern-facing areas, possibly because the latiter is more sheltered.

For Tree 2 the final sample size was 346 per side of the tree,
Comparisons in the level of infestation for total mine data gave
e significant difference with aspect at 5 and 1% levels of
significance, (Table?b) (Appendix2 ). For ege density data,

a significant difference was observed at both levels of significance .

(Appendix?2 ). lMaximum eges were laid on East-facing leaves,
however fewest eggs were found on Westerly leaves., Total mine data
gave a similar result, North and South-facing leaves having similar
levels of infestation (TableT7c ). ‘

for Tree 3, 400 leaves were sampled per side of the tree and the
variation with aspect is indicated in Table8h. Results for both
egs density and total mine number were significant at both 5 and
1% levels of significance (Appendix 2 ). However infestation

was lowest on the Eastern-side i.e. 11.00 T 1.5, and highest on
the Western~iace i.e. 22,50 = 2,08. Corresponding values for eggs
per 100 leaves were 14.50 and 32.00,

For these three trees a comparison between the results based

on & constant sample of twigs and that for constant leaf number
were compared, (Tables 6c, Tc,80c). A sample size of 300 - 400
leaves were taken as the most practical. :

For Tree 4, the total sample size was 346 leaves per side of the
tree (Tableg ). Values for X% for both egg-density and total

mine nunmber gave significant result. For ftotsl mine mumber the
caleoulated X° was 18.17 compared to a tabulated value of T7.81;

and that for egp—-density wzs 31.43 compared with 7.81. These

were significant even at the 1% level (Appendix 2 ). In terms

of egg-—density data, the lowest population densities were ochserved
Tfor Esst and South~Tacing sides, maximunm for the West side. This
trend was observed for ftotal mine data.

For Tree 5, the sample size was 400 leaves,(TeblelQ ). An ‘
insignificant differences at the 5% level was observed for total
mine data (Apgendix?2 ), i.e. calculated value Tor X* was 7.19,
compared with a taburated value of T7.81l. For egg-density data,
bwhe result vwas significant at both 5 and 1% levels i.ei calculated
value for X% was 15.22 compared with a tabuleted value of 7.81.
Differences between egg number was small for East, North and
Southern aspectss lowest values apgpearing for the West side.
Bimilar trends were observed with total mine data,

For Tree 9, =z total sample size of 00 leaves ver side of the tree
was used (Teblelj ). No significant difference was observed for
both egg-density and total mine number (Appendix 2 ) although from
raw data, Bastern areas had higher values for both egg and mine
number. ' :
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Thus a difference in the level of infestation with aspect

was observed for most trecs investigated, however no constant
trend was observed. Genera lly maximum infestation was observed
for East-facing areas,

4,1.4, Height variation.

e eyt e AT S e S0 SRR e P G gt B e e

Variation in the level of infestation with height was tested

for Trees 1, 3 and 10. Ttwas difficult to sample trees at heights
above 5.5 m, besides any results obitzined would be unrelizble
since branches near the crown of tall trees tend to produce fewer
leaves per twig.

For Tree 1, samples of 6 twigs per 50 cm height intervals were
taken for each side of the tree. (Table 12 ). As no significant
difference in infestation was found with aspect, the values were
bulked and exuressed as given in Table 13 . A significant '
difference in total mine number with height was observed. The
calculated value for X* was 21.95 which is significant at Dboth

5 and 1% levels (Appendix 2 ). The highest incidence of minesg
was observed for the height inmervalqblco - 150cm, lowest levels
of infestation being associated with branches nearest the ground,
and at the crown of the tree (F1g5 Y. A significant difference
for bulked data was observed again at 5 and 1% significant levels,
for egg data (Appendix 2 ). However although the number of twigs
sampled was constant, the total number of leaves varied. Thus
although a difference was observed winen total mine data was compared
with height, when these results were exovressed ver 100 leaves,
little Varlatlon was observed.

Since egg distribution was influenced by aspect, tests feor significanz
difference in egg density with both aspvect and height were carried
out. For the EBast-facing area of Tree 1, {(Appendix 3 ), a significant
difference resulted at 5% level, i.e. ca;culated X* was 15.95

compared with a tabulated value of 9.4¢. However at the 0 - 50 cm
height interval, agsin leaves were sparse, thus resuits obtained

were erroneous and 1t is probable that ege—-density is independant

of height. For other aspects tested significant resulis were

obtained but once more the sample size was inconsistent with

regard to the number, hence no conclusions were drawn with regard

to significance although from raw data it appears that population
density is higher in the 100 -~ 150 cm interval.

For Tree 3, the problem of varying total leaf number sampled with
each height interval was overruled, since a constant sampie sige

of 300 leaves was used (Tableys4 ). X?*results for both total .
nine number and egg-density indicate significant results at both

5 and 1% levels (Appendix 3 ). For total mine data, highest
infestation occurred between intervals 0 - 50 and 200 cms, maximum
values peaking at 50 - 100 cm interval. From 300 cms upwards

the level of infestation tailed off. Similar trends were observed
from ege~density data except that levels remained stationary
between 150 and 400 cm dropping rapidly from 400cm upwards. TFor .
Tree 6, no variation in total mine data or egg-density was observed
with nelght. (Tablel5 ), (Appendix3 ).
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Tree 10 wds very large, three main stems arising from a single
rhizome, thus an initial sample was taken (Table 16a). A
significant difference was observed (Aovendix3 ) at 1% level
using total mine data, lowest levels of infestation being recorded
for extreme heights. Results for the main samples are given in
Table 16b. Results for egeg-density and total mine number were
very significant at 1% level, i.e. for mine density the calculated
value for X™ was 53.37 compared with a tabulated value of 18.48
and that for egg-density was 80.4% compared with 18.48 for
tabulated values (Appendix 3 ). Highest values for both egg and
mine data were found at 50 - 100 cms. After 250 cms, values

for both parameters were reduced considerably.

In summary, it would appear that the level of infestation for
Phytomyza is influenced by height, minimum values being recorded
from 300 cms upwards.

4,2, Egg distribution and egg mortality.

The frequency of 2 or more mines per leaf was very low for all
trees examined (Table 17 . For Trees 1,2,4,7,8,9,11,12,13,16,
thie maximum mine number was 2. Haximum mine number for the
remaining trees was 3, but the incidence of 3 mines

per leaf was very low in comparison. Where 3 mines were found
generally only 1 of these developed successfully to the pupal
stage. Usually the second and third mines were empty o~ contained
shrivelled contents, e.g. for Tree 3, 3 mines were found on one
leaf, Two were very small hence the larvae had suffered from
early mortality factors. The third developed normally but was
attacked by birds., On a few occasions 3 pupae were found within
a single leaf, although mines were formed on both sides of the
leaf t0 reduce competition for food. It follows that 2 larvae
within a leaf will develop more successfully compared with 3.
Even so the number of leaves having 2 mines of which only 1
developed normally, was high. For Tree 11, for a sample of 45
Jesves where 1 egg h=d given rise to 1 mine, the number of empty
mines and those containing dead larvae was determined, and was
found to be 17.78%. A similar estimate for leaves containing

2 mines gave a value of 23.33%. Thus it would appear that
competition between several larvae within the leaf reduces the
survival of any one,

For egg-density per leaf, maximum numbers observed were 5 per
leaf; although the frequency was low i.e, Trees 3,6,9,10,14 and
15, The frequency of viable egss, i.e. those developing to form
visible mines tails off as the number of eggs carried by each leaf
increases. Where 5 eggs per leaf were laid, the maximum number
surviving to the larval stage was 2. The distribution of
Phytomyza eggs for all trees was examined and in every case was
fourid to be clumped (Table 18), Tree 15 had the largest number

of leaves with 5 eggs per leaf, ' !
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Table ocsbe

(Tree 1.) Distribution of P. ilicis eggs over Ilex Aquafolium
Frequency
Eggs Mines 1 2 3
1o - 248 - -
2 - 48 13 -
3 - " 2 -
4. - - 2 -
5e - - — -
(Tree 2.)
Frequency
Eggs Mines 1 2 3
1. - 93 - -
2 - 19 3 -
3 - 3 1 -
4. - - - -
e - - - -
(Tree 3.)
Frequency
Eggs Mines 1 2 3
Te - 536 - -
e - 170 24 -
3e - 34 7 -
4o - 8 3 1

5 - - 2 -
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Table ° 0'16? ®

(Tree 4)
Frequency
Eggs Mines
1. -
2 -
3. -
4. -
56 -
(Tree 5.)
Frequency
Eggs Mines
1. -
2. -
3. -
4. -
Se -
(Tree 6.)
Frequency
Eggs Mines
T -
2. -
3. -
4o -

5 -

155
30
10

230
72
21

167

49




Table o.td.

(Tree 7.)
Frequency

Eges

1.

2.

3.

4.

De

(Tree 8.)
Frequency

Eggs

1.

2.

3

4.

5

(Tree 9.)
Frequency

Eggs

1.

2,

3

4.

5e

Mines

Mines

Mines

(%3]
fiav]
£l

48

45
17

121

36




D3

TMﬂe.ll.

(Tree 10,)

Frequency

Eggs Mines 1 2 3

1. - 340 - -

2. - 94 33 -

30 bt 32 20 5

4. - 10 6 2

50 - 1 1 -

(Tree 11.)

Frequency

Bggs Mines 1 2 3

1e - 56 - -

20 - 11 3 -

3 bt 1 - -

4. - - - -~

54 - - - -

(Tree 12.)

Frequency

Eges Mines 1 2 3

1. 1 101 - -

2. - 37 9 -~

3 1 13 6 -

4. had 2 - -

5e - - - -




Table ooebde

(Tree 13,)
Frequency
Eggs Mines
1. et
2. hd
3. -
4. -
5. -
(Tree 14.)
Frequency
Bggs Mines
1. had
2- -
3 -
4. -
5 -
(Tree 15.)
Frequency
Eggs Mines
10 -
20 had
30 -
4. -

50 bt

54,

61
14

169

35
10

129
38
10




Table . 1:5; .

(Tree 16.)
Frequency
Bggs Mines 1 2 3
1. - 45 - -
2o fad 7 5 -
30 - 2 - @
4. - 1 3 -

5. - - - -




Table o.wm@o
Distribution of P, ilicis eggs for all Trees Examined

FREQUENCY VALUES

Egg Number Per Leaf X 5@ s2s ¥ Distribution
0 1 2 3 4 5
2786 | 248 | 61 13 2 0 0,134 0,188 S x CLUMPED Tree 1.
1263 | 93 | 22 4 0 0 0,108 0.145 " " Tree 2.
3195 | 536 | 194 | -4t 12 2 0.257 0.382 " n Tree 3.
1214 | 155 | 39 12 2 0 0.186 0.268 " " Tree 4.
1146 | 230 | 94 29 13 3 0.403 1.93 " " Tree 5.
830 | 167 | 63 13 2 1 0.32 0.449 " " Tree 6.
248 | 48 | 10 3 0 0 0.237 0.299 " " Tree 7.
604 | 45 | 19 4 1 0 0.141 0.227 " " Tree 8.
1138 | 121 | 40 14 8 2 0.187 0.383 " " Tree 9.
2083 | 340 | 127 57 18 2 0.314 0.531 " " Tree 10.
586 | 56 | 28 - 4 - 0.131 0,173 " " Tree 11.
585 | 102 -| 92 60 8 - 0.309 0.493 " " Tree 12.
601 61 38 6 8 - 0.158 0.237 " " Tree 13.
799 | 169 | 86 42 12 5 0.208 1.04 " " Tree 14.
464 | 129 | 96 | 57 20 10 0.402 0.641 " " Tree 15.
311 | 45 | 24 6 16 0 0.226 0.385 " " Tree 16.
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The percentage mortality ol eggs for each tree, i.e. (tots

nunier of mgxo) - (total number of visble wines ,Toauocd)

divided by total egg number was determined (Pable 199, rdditional
information for egg mortality ie given in TaVble 1SL. From Table 1%«
generally the higher the total number of eggs, the higher the
percentage fallure rate for egg deV@lOpment to the larval stage.

For Table 1L9busing information for the entire tree, this trend

was not so apparent. Meximum egg mortality was observed for Trees
3,5,8,9910.312E and 15. Minimum egg mortality was observed for

Trees 1,2 and 16, ‘

Fig., 9 indicates total egg number plotted against total viable

mines produced. From regression snalysis, values for the straight .
line eguation, y = mx+c were given as y = 0.73 x+4.86, correlation
coefficient (r) of 0.9985. When egg mortality ver 100 leaves '
was plotted against egg density per 100 leaves, a straight line
graph y = 0.0027x - 0.0081 was found, and r equalled 0,947

(FPigl0 ). ‘

From Fig.1ll percentage egg mortality versus egg number, an 1

value of 0.31 was observed, which is significant at 5% level

of significance only. The values for the straight line equation
were y = 0,0098x+420.17. For a density-dependant relationship

tj operate, an increase in egg-density should result in a
prooortlonal incre=se in egg moritality. Although this was outlined
to some degree in Fig.13, the fluctuation around mortality values
for low levels of egg numbers is too great. When the frequ@ncv
data for egg numbers ver leaf Table 17, was expressed as % values
for total egg density per tree, trees expected to have uigher %
nortality assuming reduced survival of eggs with increasing number
borne ver leaf, were Trees 3,5,8,9,10,12, and 15. Those with
highest survival were for Trees 1, 2;«,@ T413,14, and 16, (Table \Ga)
These results were confirmed in Table 20, Thu it appesrs that
egg~density ver leaf is important in d@termlnlng the number of
eggs which survived per leaf hence total viable number for the
entire tree. However The reiwtlonsnlm between egg mortality

and egg-~density was assumed to be density = independant.

4.3 Major sources of larval and pupal‘martality for E. 'l'ci,e

Egg mortality was observed to raenge from 8.79% - 32.32% (Table \Qa).
Factors influencing survival of both pupae and larvae within the f
mine were investigated, and recorded as in Table 21, fach factor
was expressed as a % value of the total number of mines recorded
for each tree as given. TFrom the point of view of mine mortality
najor factors influencing the survival of P, dlicis was attack by
birds and infestation by the larval varasite, Chldsocharis gemmsa,

A large proportion of mines examined were found ©LO D€ €ilDLY,

and these were generally of small diameter, (compsre 0,.5%0.75 cm
with 3.0x1.38 cm for a mine containing F. 111c1s nunae) Obvvoum'v
these eggs had developed to the early larval stage, butl reasons

for larval mortality were undetermined. .VWhere more than 1 mine

was found per leaf 1t is likely that sowme factor is operating

to ensure the survival of 1 larva at tne exvence of others,

however this does not explain why empty,mlnes were recorded for
leaves with only 1 mine.
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Table + 93

Percentage Mortality of eggs from sampled Trees

Tree No. Total No. of No. Surviving % Mortality
Eggs Laid to produce mines of Eggs
Tree 1. 417 340 18447
Tree 2. 149 124 16.78
Tree 3. 1105 804 27.24
Tree 4. 271 219 20,93
Tree 5. 571 411 28,02
Tree 6. 345 272 21.16
Tree 7, 77 62 20.83
Tree 8. 99 67 32.32
Tree 9, 262 286 29.01
Tree 10, 847 617 28,15
Tree 11, 88 67 23,86
Tree 12, 262 182 30453
Tree 13, 113 90 20.35
Tree 14. 314 245 21,97
Tree 15, 312 227 27.24
Tree 16, 91 83 8.79




Table .90

Estimates of Egg failure to produce viable larvae

(Tree 1.)
(Bulked Data)
Aspect Total No. of Total No. of % Failure of
Bggs Mines Eggs Larvae
East 98 17 21.43
West 115 96 16,52
North 67 60 10.45
South 137 107 27.01
Height Total No. of Total No. of % Failure of
Eggs Mines Eggs Larvae
O=50cns 60 51 15,00
50=100cms 64 57 10,94
100=50cms 103 75 ‘ 27.18
150=200cms 80 65 18.75
200-250cms 73 63 13,69
200=300cms 37 29 21.62
(Tree 2.)
Aspect Total No. of Total No. of % Failure of
Bggs Mines Eggs Larvae
East 65 48 26,15
West 20 i8 10,00
North 34 29 14.71

South 30 29 3.33
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(Tree 3.)
Lspect Total No. of Total No. of % Failure of
Bggs Mines Eggs Larvae
Bast 58 47 18.97
West , 128 94 26.56
North 80 59 26.25
South 94 69 26,60
Height Total No. of Total No. of ¢ Failure of
Eggs Mines Eggs Larvae
0=50cms 97 T 26,80
50=100cms 131 86 34435
100-150cms 104 76 26,92
150-200¢cms 84 67 20,24
200=-250cms 8 59 24.36
250=300cms 79 61 22.78
300«350cms 68 52 23.54
350~-400cms 69 35 49.28
400-4%0cms 35 28 20,00
(Tree 4.)
Aspect Total No. of Total No. of % Failure of
Eges Mines Eggs Larvae
East 51 39 23453
West 103 76 26,21
North 57 46 19.30

South 47 40 14.89
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(Tree 5.)
Aspect Total No. of Total No. of % Failure of
Eggs Mines Eggs larvae
130 89 31.54
97 75 22,68
158 105 33.54
142 107 24.65
(Tree 9.)
Aspect Total No. of Total No. of % Failure of
Eggs Mines Eggs Larvae
Bast 52 , 41 ‘ 21.15
West 46 33 28,26
North 47 ' 33 29.79
South 41 34 17.07
(Tree 6.)
Height Total No. of Total No. of % Failure of
Eggs Mines Egge Mines
O0=50cms 40 32 20,00
50=100cms 34 26 23453
100-150cms 33 24 27.27

50=200cms 44 33 25,01




(Tree 10.)
Height Total No. of Total No. of % Failure of
Eges Mines Eggs Mines
0=50cms 119 79 32,61
50=100cms 124 98 20,97
100=150cms 100 78 22,01
150«200¢cms 122 83 31.97
200~250cms 104 76 26.93
250-300cns 54 39 27.78
300=-350cms 64 50 20.63

350=400cns 45 36 20,00
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Table o290,

Egg = frequency data for leaves with 1 and 3 eggs per leaf,

expressed as a % of total frequency recordings for all trees.

Tree No, 1 egg per leaf 3 eggs per leaf
1 5914 3611
2 62442 2.68
3 48451 3e71
4 55496 4433
5 40,28 5.02
6 61440 3677
7 62434 3490
8 4845 4404
9 46,18 5e34

10 40414 6473
11 63,63 0

12 38,98 22,90
13 53498 5631
14 53482 13637
15 41,35 18,27
16 49445 6459
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Egg mortality per 100 leavesg

62,
}f‘igclm.

Egg mortality per 100 leaves plotted
against egg density per 100 leaves.

i

5 T | I AN I 2o
Egg density per 100 leaves




Egg mortality.

38

34

32

16

14
12

10

FIG.11.

%

egg mortality plotted against egg number.

Egg densgity.

%
f. .
% * ;
o
*®
»
*
% A
» ¥ //4/
K
/ ,
/ /
% L
100 300 500 900 1100

{
1200




Factors influencing survival of P. ilicis within the leaf :
given in Table 21, Figs.l? 13,14, andl5 . With the exception
of Trees 6,11,13 and 16 the major cause of mortality within the
lesf was attack due to bird«feeﬁing. Attsck by birds was most
prominent for Trees 2,5,9 and 10, accounting for 70.16, 57.18,
49,46 =and 48.62% of total factors resvectively,(Fig.l3 ) Trees
least affected were 6,7,13,14,15, and 16, where values for
bird-~pecks were 19, 8)7 3( 10, 24.44, 24.90, 15.86 and 8. 44%.

For Tree 6, 37.50% of larvae survived to the pupal stage (Fig.l3 )
O0f the remsining factors larval parasitism by Chrysocharis gemma
was the most important cause of mértality, and this accounted for
22.06%. Attack by bird-feeding accounted for 19.85%.

For Tree 11, attack on mines by feeding birds, the number of
successiul larvae surviving t» the pupal stage, and the totsl
number of empty mines observed were found to be of equal value

when expressed as a ercentage of total recordings (Fig.13 ). They
each accounted for 23 88% of total recordings.

¥or Tree 13, the prominent factor was attack by C¢ gemma, and
this was true for Tree 16, Values observed were 32.22% and
33.73% res ulvely, Highest larval survival to the pupal stage
was ooscxved for Trees 14 and 15, i.e. 57.14 and 33.48%.

From Fig.1l3 ,14, and 15, the variation in imoportance of each factor
with respect to sample trees is outlined. The number of larvae
surviving to pupation was under 40% for all sites examined, excevt
for Tree 14, where survival was exceptional, i.e. 57.14%, TPrzes
1,6,9,15 and 16, h~d values of 33.30 - 37.50% for larval - pupae

survival, Minimum survival due to the influence of other mortality
factors was observed for Trees 2,3,10, and 12, mhere values bhetween
16.48 - 20.16 were recorded. The incidence of C. gemms attacking

larval P, ilicis was recorded in Fig.l4. The pa ra31te was not -
recorded jor Trees 1 and 2. Maximum incidence was recorded for
Prees 13,15, and 16 i.e. 32.22, 31.28 and 33.73% respectively.
Larvae least affected by the para51t@ were from Trees 3,5 and 14,
where values of 8.88, 3.72 and 9.00 were recorded.

In relation to otier factors influencing survival of P. ilicis
within the mine, the number of empty mines recorded were low.
Trees where maximum numbers of empty mines were recorded were
13,15 and 16 (Fig.1l5 ), where values of 14.44, 16.74 and 20.48
were observed. Mines least affected were for Trees 9 and 10,

The variation in the number of unhealthy P.ilicis larvae extracted
from the mines is given in Fig.1% , this factor being of least
~dimportance. The highest values for unhealthy larvae were recorded
for Trees 6,7 and 11, i.e. 6.25, 8.06 and 14.93%.

Chi~sguare tests for significant differences between trees for
bird-pecks, attacx by C. gemma, the number of empty mines and
successful development to pupal stages were tested. It was thought
initially that error would be introduced “into the results, since
all trees were sampled within a given time period, hence exposure
time for the last trees to be examined would be greater, especially
with regard to bird-attack.



Pable 21.

Factors influencing P. ilicisg survival after successful egg

development (to the pupal stage). 5
Mortaiity Factor expressed
Factor as % of total
Bird peck 175 5147
Chrysocharis
Jemma~larval 0 ¢
Parasite ‘
Unhealthy 12 3.52
P, ilicis
larvae
Empty mines | 29 8.53
Larvae :
surviving tol124 36,47
pupal stage.

1 Mortality Factor expressed
Factor as % of total

| Bira peck 87 70,16

\\\\ Chrysocharig

gemma. 0 0
Unhealthy
P, ilicis 3 2.42
larvae :
Empty mines 9 T.26
Larvae
surviving to{ 25 20,16
pupal stage.] -
Mortality Values expressed
Factor |as % of total.
Bird peck 459 57.38
C. gemma
larval 71 8.88
parasite
Unhealthy , -
P. ilicis 33 413
larvae
Empty minés T4 9,25
Larvae
surviving to| 163 20,38

pupal stage.

TREE 1.

TREE 2,

TREE 3.
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to pupae

Mortality Factor expreéSed
Factor as % of +total
Bird peck 70 3%2,82

C. gemma A7 22,71
Unhealthy

P. ilicis 13 6.28

lavae

Empty mines 23 11,11

Larvae

surviving tol 54 26,09

pupal stage

Mortality Factér expressed
Factor as % of total
Bird peck 215 57.18

C. gemma 14 3.72
" Unhealthy

P, ilicis 23 6.12

larvae

Empty mines| 29 T.T1
Larvae to

Pupae 95 25.27
Mortality Factor expressed
Factor as % of total
Bird peck 54 19.85

C. gemma 60 22,06
Unhealthy .

P. ilicis 17 6.25

larvae :

Empty mines| 39 14.34

Larvae

surviving 102 37.50

TREE 4.

TREE 5.

TREE 6.
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Mortality Factor expressed
Factor ras % of total
Bird peck 23 3710

C. gemma 12 19.%5
Unhealthy .

P, ilicis 5 8.06

larvae

Empty mines 6 9.68

Larvae :

surviving tof 17 27 .42

pupal stages '

Mortality Factor expressed
Factor as % of total
Bird peck 30 44.78

C. gemma 10 14.93
Unhealthy

P. ilicis 2 2.99

Empty mines 8 11.94

Larvae

surviving 17 2537

to pupae ,
Mortality Factors expressed
Factors as % of total
Bird peck 92 49.46

C. gemma 20 10,75
Unhealthy

P, ilicis 10 5,38

Empty mines 2 1.075
Larvae

surviving to} 62 3%.%%

pupae

TREE T,

TREE 8.

TREE 9,



Tl

Mortality

Factors expressed
Factor as % of total:
Bird peck 300 48,62
C. gemma 96 15.56
Unhealthy
-P. ilicis 27 4,38
larvae
Empty mines | 142 23,01
Larva
surviving to| 122 19.77
pupae
Mortality Factors expressed
Factor: as % of total
Bird peck 16 23,88
C. gemma 9 13.43
Unhealthy
P, ilicis 10 1493
larvae
Empty mines | 16 23%.68
Larvae
surviving 7
to pupal 16 2%.88
stage
Mortality Factor expressed
Factor as % of total
Bird peck 60 32.97
C. gemma %9 21.43
Unhealthy
P, ilicis 6 3429
larvae
Empty mines | 45 24,75
Larvae to ‘ )
pupal stage | 24 26.67 7

TREE 10,

TREE 11,

TREE 12,




Mortality Factor expressed
Factor as % of total
Bird peck 22 24,44

C. gemma 29 32422
Unhealthy

P. ilicis 2 2,22
larvae

Empty mines 13 14,44
Larvae to e

pupal stage 24 26.67
Mortality Factor expressed
Factor as % of total
Bird peck 61 '24.90

C. gemma 22 9.00
Unhealthy

P, ilicis 2 0.80
larvae

Empty mines | 20 8.16
Larvae 5
surviving to 140 57‘14
pupal stage '
Mortality Factor expressed
Factor as % of total
Bird peck 36 15.86

C. gemma 71 31.28
Unhealthy

P, ilicis 5 2.20
larvae

Empty mines | 38 16.74
Larvae

surviving to| 76 33,48

pupal stage

TREE 13,

TREE 14.

TREE 15,



Mortality

Exprressed as

| Factor % of total
Bird peck 7 8.44
C. gemma 28 33,73
Unhealthy :
P, ilicis 4 4.82
larvae '
Empty mines 17 20.48
Larvae
surviving
to pupal 27 3253
stage.

TREE 16;
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FIG. 12,
Summary of the factors influencing survival of P. ilicig within
the mine to the pupal stage, expressed as a histogram,

TREE 1,

P, ilicis larvae (unhealthy)e‘

ettt e i 0,

Enpty minese.

P, ilicis pupae,

Bird pecks.

TRERE 2.

P. ilicis larvae (unhealthy).

Empty minese.

S P, ilicis pupae.

Bird pecks.

TREE 3,

C. gemme, (larval parasite).

P, ilicis larvae (uﬁhealthy)o

Empty mines.

P¢‘ilici§ pupac,

Bird pecks.
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FIG, 12

Summary of the factors influencing survival of P, ilicis within
the mine to the pupal stage, expressed as a histogram,

TREE 4.,

C. gemma,

EL;ilicis larvae (unhealthy)

Enpty mines.

P, dlicis pupae.

Bird pecks.

TREE 5,
C. gemma.
\*\\\ P, ilicis larvae (unhealthy)
Empty mines.
P. ilicis pupaes
Bird pecks.
TREE 6.

C. gemma.

P, ilicis larvae (unhealthy)l. '

.
e

_ Empty mines. \ e

P, ilicis pupae.

Bird pecks. _ /

i 1 { ! ] ! I 1 1 = i i

4 b | I ! 1] ¥ )
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PIG.12.

6.

Summary of the factors influencing survival of P, ilicis within
the mine to the pupal stage, expressed as a histogram,

TREE 7.

C. gemma,

P, ilicis larvae (unhealthy).

Empty mines.

P, ilicis pupaes

Bird pecks.

TREE 8.

C. gemma,

P, ilicis larvae (unhealthy).

Empty mines.

P. ilicis pupae.

Bird pecks.

'y

1

C. éem@g.

P, ilicis l’arvae (unhealthy):
Empty mines. J
P. ilicis pupae.

Bird pecks.
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FIG. 12
Summary of the factors influencing survival of P. ilicig within the mine.
to the pupal stage; expressed as a histogram.

C. gemma,

P, dlicis larvae (unhealthy).

Empty mines.

P, ilicis pupae.

Bird pecks,

TREE 11,

C. gemma,

P, ilicis larvae (unhealthy).

S Empty mines.

P, ilicis pupae.

Bird pecks.

TREE 12.

C. _gemma,

P, ilicis 1arvae»(unhea1thy).

Empty mines.

P. ilicis pupae.

Bird pecks. oy

i [ 3 ]
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i i po—— et : ‘
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FIG. 12. \
Summary of the factors influencing survival of P. ilicis within

the mine to the pupal stage, ezpressed as a histogram.

TREE 13.

C. gemma,

P, dilicis larvae (unhealthy).

Empty mines.

P, ilicis pupae.

Bird pecks.

TREE 14,

C. gemma.

P, ilicis larvae (unhealthy)

Empty mines.

P, ilicis pupae.

Bird pecks.

TREE 15.

C. gemma.

P..iliois larvae (unhealthy).

Empty mines..

P, ilicis pupae.

Bird pecks.

/
/
7

} s 3 | i i i

1 T ¥ L 1 t } i
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Pig. 12.
Summary of the factors influencing survival of P.ilicis
within the mine to the pupal stage, expressed as a histogram.

C.gemna ,

~P. ilicis unhealthy larvae.

empty mines.

I P. ilicis pupae.

‘ i Bird pecks. .

10 30 20 10 20 % Mbrtality Pactor.
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Thus these trees would appear to have suffered more merely
because they were exposed for a longer period before any
measuremnents were taken. From Fig.13 , however this seems
unlikely.

The calculated X;Lfor variation in bird-feeding between trees

was 22.85 (Apvendix4 ). The tabulated value at 5% significance

was 25, thus no significant difference between trees was observed.
The difference for C. gemma between trees was significant. The
calculated X* of 32.37 was significant at 1% level. No significant.
difference between trees with regard to unknown mortality was
observed. A calculated value for X© of 17.24 was obtained. -
Significant differences between trees for larvae to pupae survival
was obtained at 5% level i.e. calculated X* of 25.43 compared

with tabulated values of 25, although this was insignificant at

1% level. These calculiations were based on Table?2? , where

results were expressed as values per 100 leaves. This method

of expression was good for total ege number and mine number data,
however gince the number of bird-pecks, and attack by larval
parasites, depended on the number of eggs surviving to produce
mines 1.e, total mine number per tree, it was better to exvress
these values as % results for total mine number as in Table2l,
Where % values were compared, significant differences were obtsined
for all parameters between ftrees, and this was assumed to be the
‘most accurate representation of the data.

Larvae surviving to the pupal stage, apart from further attack

by feeding birds are liable to attack by pupal cvarasites. The
species of parasites observed during this investigation were
Chrysocharis syma and Sphegigaster flavicornis. C. syma was found
from the mature lxval stage to The adult stage only. 5. flavicorrs
was recorded from the mature - prepuval stage. A defailed
discugsion will be given later.

A summary for parasite species and numbers of individual parasites
recorded for each tree is given in Table?3 , together with values
for non-parasitised puvae. Each figure is expressed as a % of the
total recordings. The variation in the extent of attack by each
species for the trees examined is given in Fig.1l6 . C. syma

is the most important pupal parasite and was recorded from all
trees. Hignest figures for parasitism hy this species was for
Trees 4 and 6, where values of 55.56 and 56.86 were obtained.
Lowest incidence was observed for Trees 1, 7 and 8, % parasitism
being 4.03, 11.76 and 5.8% respectively. The % parasitism by
Sphegigaster flavicornis fluctuated between trees, having lesst
effect on pupae extracted from Trees 1,14,15 and 16, Highest
levels of attack were recorded for Trees 4,5,6,9,10 and 11 where
values of 18.52, 21.05, 25.49, 25.80, 29.41 and 31.25 were obtained.
% pupal parssitism recorded for Trees 1,2,3,5,6,7,14,15 and 16
fell between O - 50%. Values between 50% and 82%, were observed
for remaining trees. Differences between trees was tested using:
X Rtests and significant differences were observed at 1% level,

A summary of % pupae resistingparasitism.is outlined in Table 23,
Healthiest pupae were recorded from Trees 1,2,7 and 8, least
pupal survival being observed from Trees 4,6,9,10 and 11.
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Table .W.w....

‘Summary Sheet for Trees sampled 1 - 16

Tree No.

Te
2.
e
4o
55
6.
7.
8o
e
10,
11e
12
13,
14,
15. .
16

Bggs per
100 Leave

13:42
10.77
25,70
18,58
33.24
32,06
23,70
14,08
18.71
3137
12,06
30.93
15.83
28,21
40.21
20,84

Mines per
100 Leaves

10,94
8.96
18.60
14,69
23,92
25,28
19.08
9.53
13429
22,37
9.94
21.49
12,61
22,01
29.25
20,65

Bird~Pecks

C. gemma per

per 100 Leaves 100 Leaves

5663 0

6.29 0

10,67 1.65
4.69 3.15
12,51 0,815
5.02 5.58
7.08 3.69
4.27 1.42
6.57 1.43
1111 3455
2.37 1.34
7.08 4.60
3.08 4.06
5¢48 1.98
4.64 9.15
1.74 6.97

Emptymineper
100 Leaves

0,93
0,650
1.72
1.54
1.69
3,62
1.85
1.14
0.14
50,26
2,57
5431
1.82
1, 0
4.90
4.22

Larvae Pupae
per 100 Leaves

3,99
1.81
379
' 3.62
'5.53
9.48
5023
2.42
4.43
4,52
2.37
3.54
3.36
12.25
9,79
6.72
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Table 23.

Summary for parasite species and numbersattacking P; ilicis pupaes

i

Paragites Expressed Parasites Expressed
as % of totdl as % of total
Chrysocharis 5 4,03 Chrysocharis 7 28,00
Sphegigaster Sphegigaster
Flavicornis 4 3623 ¢lavicornis 2 8.00
Unidentified Unidentified :
parasites 3 2.42 parasites 0 0
Non-parasitized| 112 {9032 Non~parasitized| 16 64.00
‘pupae pupae
TREE 1. TREE 2.
Paragites Expressed Parasites Expressed
as % of total as % of total
C. syma 45 |27.61 C. syma 20 5550
S. Flavicornisi14 S, Ylavicornis|10 18,52
Unidentified Unidentified
Parasites 3 1.84 Parasites 3 7.41
Non~- Non=-
parasitized J01 61,96 parasitized 10 18452
pupae pupae
TREE 3. TREE 4.
Parasites Expressed Parasites Expressed
as % of totall as % of total
C. suma 26 {27.37 C. syma 58 56,86
S. flavicornide0 |21,05 S. flavicornis|26 25.49
Unidentified Unidentified
parasites 0 0] parasites
Non- Non-- /
parasitized {49 |51.58 parasitized 18 17.65
pupae pupae f
TREE 5. ...~ TREE 6.
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Parasgites Expressed Parasites Expressed
as % of ‘ as % of
leaf total leaf total

C. syma 2 11,76 C. syma 1 (2) 5.8 (11.6)

S. flavicornis 2 11.76 S. flevicornis I (2) 5.8 (11.6)

Unidentified _ - Unidentified

parasites parasites 0 0

Non-parasitized .| 13 7647 Non-parasitized 15 88.24

pupae pupae '

TREE 7. TREE 8,

Parasites Expressed Parasites Expressed
as % of as % of
total total

C. syma 24 88.70 | C. syma 14 40,20

S. flavicornins | 16 25.80 S. flavicornis 30 29.41

Unidentified Unidentified

parasites ~ 0 o} parasites 2 1.96

Non-parasitized | 22 35.48 Non-parasitized 29 28443

pupae pupae

TREE 9. TREE 10.

Parasites Expressed Parasites Expressed
as % of as % of
total total

C. syma 6 3750 C. syma 14 46,67

S. Flavicornis 5 31.25 S. Flavicornis 5 16667

Unidentified - Unidentified - o~

parasites parasites g

Non-~parasitized | 5 31.25 Non-parasitized| 11 36,67

pupae pupae
TREE 12.

 TRER 11.
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Parasites

Expressed

Parasites Expressed
' as % of total as % of total
C. syma 9 3750 C. syme 57 40.71
S. flavicornis 4 16,67 S. ¥ lavicornis 25 1.79
Unidentified Unidentified
parasites - ‘parasites -0
Non-parasitized 11 45.80 Noh—parasitized 58. 41.43
pupae pupae
v
TREE 13, TREE 14.

Parasites Expressed Parasites Expressed

: as % of total as % of total
C. syma 33 43,42 C. syma 12 44,44
S. Flavicornis 2 2.63 S. €lavicornis 1 3.70°
Unidentified Unidentified
varasites - parasites -
Non-parasitized 53+95 Non-~parasitized 14 51.85

pupae

41

pupae

TREE 15.

TREE 16.




cIsqunuU e84

tgednd pezrirseaed auoy
*goqTorRIBd PSTITLUSPTUR

*STUI0OTABL] 'S

Ve
g
K
/

*gzsxy sydues usoMidq joegje-otisexed JO

At " OId

£3TsuequT 8Ug UT

UOT3BIIEN

*0¢

*0¢

‘ot

*06

cO@

0L

‘08

06

“*00L

‘ustgrseaed ofejuedasg’



Thus sumarizing for all information obtained, and taking total
egg number as estimates of population density per tree, for Tree
1 for 10C eggs originally laid :-

18.47 succumbed to ege mortality.

41.97 were esten by birds.

9.83 died due to unknown causes,.

2.88 were killed by pupal parasites,
26.86 were assumed to emerge successfully.

I e N
D L] E 3 @ ®

Similar data was obbained for other study Trees and summarizged

in Table 24, Hence after all mortality factors have been accounted
for, those pupae unaffected could be assumed to emerge successfully.
This assumption wmay over estimete emergence since it is possible
that furither mortality will be encured esvecially by bird-attack.
Values obtained for trees studied later in the sampling program
were more accurate since P, ilicis had begun to emerge and actual
values were recorded and used in comparisons. For. most trees
sampling was completed before adult emergence, hence ideally,

later samples for all trees should have been taken, but due to

8 time restriction this was not feasible, The final sample was
taken for Tree 14 on 17.7.78, and at this point 46 from a possible
58 pupae emerged, and 3 of the remaining pupae were dead.

Acecording to Miall and Taylor (1908), adult Phytomyza were abundent
trhroughout June thus it is difficult to postulate whether remaining
pupae are later in development because of the less favourable
climate experienced in Northern areas when compared with sites
studied by the forementioned workers, or whether these pupae are
unhealthy hence will fail to complete development regardless.
Adults were recorded for Trees 12,14,15, and 16, i.e, from 12.7.78
onwards, The actual recordings for emergence are given in Table <4 ,
Thus by comparing the values for assumed P. ilicis emergence, after
all wmortality factors have operated, excluding Tree 1, the values
range between 3.42 and 18.47%y a significant difference at both

5% and 1% levels existing. Most flies were assumed to emerge from
Trees 1,7, and 14, thus for Tree 1 even though infestation was low,
the number of successful emerging adults was the highest.
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SUMBARY OF IPACTOR TMFLULNCING 'THi JURVIVAL O

100 1GGS OF P.ILICTS

oAMPLuD PR TG

Ei R v B W %ﬁ § - . ' %Eﬂ 2 E
Sl uE | Seed| g, 2018, 0t a8 8|28 Hal
1 Bl oA ATESE| SRES | DREG | SOBHE| 588 5T
TREE Nos § S0 I A B MoHAo e BalBEY RBRlasxe o

1 18647 141,971 9.83 0 2,88 26,86 -

2 16,78 [58,39 | 8,05 0 6,04 | 10.74 -

3 27424 141,54 | 9.68 6.43 5,61 9.14 -

4 20693 125,27 | 13,00 16,97 15,88 3,61 -

5 28,02 |37.651 9.11 2.45 8,06 8,58 -

6 - fe1.16 15,65 | 16.23 17.39 24435 5622 -

7 20.8% |29.87 | 14.29 15.58 5,19 16.88 -

8 32,32 30,30 | 10,10 10,10 2,02 15,15 -

9 29,01 {35.11 | 4.58 7.63 15,27 8.40 -
10 28,15 [35.42 | 19.95 11,33 8.62 3442 -
11 2%,86 [18,18 | 29.55 1,02 12,50 5.62 -
12 30,53 22,90 | 1.91 14.89 7.25 4420 4.00 12/7/78
13 20.53 119.47 | 13.27  |25.56 11,50 9.73
14 21,97 19.43 | 7.01 7.01 26011 18.47 14.33 17/7/78
15 27,24 11,54 | 13,78 22,76 11,22 13,14 4.49 13/7/78
16 8479 | 7.69 | 23.08  [30.77 14,39 | 15.38 2,02 13/1/78




4.4, Teal sechion results,.

The results of wvarious U“TQM®t€TQ - leaf length, width, =and

leaf thickness, measured at three sites a,b, and ¢ on the leaf

cory ~eeponding to the midrib and two points elther side of the
midrib, within the leaf blade is given in Table2g .  These

points corregsponded to egu-laying sites and areas where leaf
pilercing was coummon. beasurements for cubticle thickness ai

these sites for both the upper and lower epidermis is also

given in Tablegs . All measurements are in mm, ahd the leaves

were saupled from the same trees. Fig.l8 indicates leaf length
plotted ag@ln%t leaf widths , These were significantly correlated
i.e, v = 0,9181. The straight line @quatzan obtained was

¥y = 0.67%X = 2.5%. For leaf thickness measurements taken in the

leaf blade plotted against leaf length (Fig.19 ), a significant
correlation was obteined. Values for the str@lghf line equation
were y = 128.14x% - 6.64, when r = 0.5L., For leaf thickness
measured across the midrib, the straight line equation obltained
was v = 58,36x - 7.48, with r = 0.78. Thus 1t would appear that
leaf length and midrib thickness are more strongly associated.

When leaf thickness was plotted against leaf width, r was 0,52

for measurements of leafl thickness taken within the leaf blade,

and r wasg 0,67 when nmeasured at the midrib., Values for the
straight line equation obtained were y = 120x - 14.48 and y

36.77% - 5.81 respectively (Fig 20 ). Leaf length was plotted
qgainqt cuticle thickness at th& three sites for both the uprer
and lower epidermis (¥Fig.21,22),(Table25 .) The mean values for
cuticle thickness at the miarib for the upper and lower epidermis
using the range of leaves provided in Table 25were compared.

The mean values were equivalent, and any differences in individual
recordings were insignificant. Thus an r value for leaf length
plotted sgainst cuticle thickness for the upper evidermis only

was obtained. ILeaf length and cuticle thickness at both the
midrib and within the leaf were not significantly correlated.

The v value for cuticle thickness at the midrib against leaf length
was O,301. An r value of 0.08 was obtained for cuticle thickness
within the leaf blade plotted against leaf length (Fig. 23 ).
Where Jleaf thicknese was plotted against cuticle thickness at the
midrib, an insignificant result was obtained i.e. r = 0.108 (Fig.24).
Thus for the size range of leaves sampled, leaf size and leaf
thickness were found to be significantly correlated, whilst cuticle
thickness is independant of leaf size despite the trend of increasing
cuticle thickness with leaf size as indicated in Figs.21,22,23,24,

Leaves of the current seasons growth were collected on 22.6.78,
when leaf expansion was on the increase, Leaf measurements were
obtained as described earlier. Results for leaf length, width,
leaf thickness measured at the three forementioned sites, and
cuticle thickness for the uvper epidermis only are given in Table 20,
The values for sites z and ¢ were bulked and the mean values
obtained. For group 1, it was difficult to measure the cuticle
thickness since the leaves were young and fragile and all
differentiation was in the early stages., Five leaves were sampled
per grouvn and mean values obtained. From Table 26, as leaf size
increagses the leaf expands and the cuticle thickness increases
both in the leaf blade and across the midrib. PFig.2% indicates
how the cuticle developes with increase in age and size.
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Fig.l7Leaf-Sections

il
i

Section taken across
~ leaf,

Areas where measurements taken.




Rreadth mm.

60 4
50

40 |

20

807

70°

30 1

10 .

Fig 18.

0

Leaf width plotted zgainst leaf length.

'Y
o x
*
10 20 30 40 50 60 70 80

Leaf length(mm ).



100

Tength of leaves (mm)

Width of leaves (mm)

90

80

70

60

40
30

20

10

90
80
70
60
50
40
30

20

10

94,

Pigl9. Length of leaves plotted against mean leaf thickness across
leaf either side of midrib,
at the midrib,

(2).
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Fig 2la. Leaf length plotted against cuticle thickness
(upper epidermis.)
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Pig.22a. Leaf length plotted against cuticle thickness

at the midrib for lower and upper epidermis.
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Fig23 Cuticle thickness plotted against leaf length{blade).
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Length
35
50
42
43
35
55
50
55
52
57
55
17
64
69
62
83
70

Leaf Thickness

Width a
18 0.4
25 0.4
28 0.4
29 0.4
30 0.4
30 0,46
38 0.4
30 0.48
33 0.4
25 0.4
38 0.36
47 0.56
40 0.48
44 0,52
38 0.44
60 0.5
54 0.44

Leaf Blade, Midrib and Cuticle Thickness (Measurement in mm)

o

0.9

0.7

0.84
0.96
0.86
1.22
1,00
1,00
1.14
1.06
1.00
1.30
1,16
1.38
1.16
1.32

1.18

jo

0.4

0.42
0.4

0.4

0.4

0.50
0.54
0,48
0.36
0.44
0,36
0,50
0.44
0.64
0,50
0.46
0.46

a

A.mmxéonm

1.,0x10 ~

A.mmxdoam

5x107
NoWNgO]W

151072

1x10™2

7.57>
75x1072
7.5%102

10x10™2

1.2572

1.072

1,2572
1.2572
7.57

A.mnm

Upper Epidermis

b

éewmxéoxm

1.25x1072

1.53x10™2

1.25%10™2

10x10™2

131072
A»lem
1,637
8,877
1,252
1.2572
1,872
1,572
1.572
1,252
1,2572

damum

m.
%1072
12102
1.5%10™>
1.2572
q.mN;Olw
AxAOIm
1,132
1,132

Aoonm

A.oam

1,072

A.Nmum

Cuticle Thickness

g

d.mmxéonm

1,0x10™2

1x10™2

7.5%107>

1,0x10™2

A.Nmnéonm

1.0%1072

1,252
1.2572

1.2572

Lower Epidermis

b

Amxgonm

1.25x10™2

A.mmxgoxm

1.0x1072

1.25x10™°

1.3872

A.mxm

1.6272

e

1.25%1072

1x10™2

A.mmxéqam

1.0x10~2

NomNAO]W

1.13%107°




Continued

Leaf Thickness Cuticle Thickness

Upper Epidermis Lower Epidermis

Width 2 ) e 2 b e a k e
80 55 0.56 1.28 0.56  1.07° 1.8872 1,252 1.2572 1.872 1,072
75 44 0.48 1.09 0.5 1.2572 1,82 1072 1.2572 1,252 1,072
30 15 0.42 0.68 0.42  0.0075 8.75x10™2 8.75x10™°  1.125x10°2  1.5x1072  0.01
25 15 0.48 1.10 0.70  0.01 0.01 0.0125 0.01 0.01 0,0125
27 17 0.44 0.68 0.38  0.01 0.01 0.0138 0.0125 0.0075 0.0125
16 10 0.34 0.64 0.26  0.0075 0.0075 0,01 0.0125 0,005 0.0015
23 10 0.38 0.54 0.38 0,01 0.015  0.01 0.01 0.01 0.015
28 20 0.28 0.530  0.28  0.0025 0,0113 -~ 0.015 0.0125 0.0075 0.0125
36 20 0.4 1.10 0.44  0,0125 0.015  0.0150 0.0175 0.0125 0.,0125
48 28 0.36 0.70 0,40  0.0125 0.0125  0.01 0.0125 0.009 0.010
48 25 0.36 0.68 0.36  0.0125 0,015  0.0125 0.0125 0.01 0,01
32 15 0.42 0.88 0.54  0.01 0.01 0.015 0.0138 0.0125 0.01
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Table .

Rl

cecne

17

28,30
47.40
55.20
74450

61.33

% Leaf

T e Y N

Width {mm)

10.25
16425
29.75
3750

53400

ot

‘-‘;&5
i
®
P
]

Leaf Thickness

b

0.2

0.32
0e30

Ce34

Hidrib

CeT2

Ge72

086

Ue86

o

0426
0e32
0.30
Ge34

0636

Unpeyr Ep VAR

Cuticle Thickness

2

0.,0008

0.0012

0.004

0.004

0.003

(.006

0,005

0.005

0005

G.01
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ComparL“o*q of new leaf cuticle thickness at the midridb with
cuticle thickness at the midrib for the srevious seasons grovih
gave a significant difference in values even at 1% level of
significance (4t « %.5). Thus new leaf tissue offers less
resigtance to penetrating organisms; hence they are more prone
1o attack compared with older leaves for which the defence
barrier is more developed.

Early in the investigation it was hypothesized that leaf cuticle
thickness may influence the rate of infestation of individual

trees by P. ilicis, since thinner leaves are more easily penetrated
by the ovipositor. This bhypothesis was investigated, but since
leaf size and thickness have been shown to be correlated, leaves
used in comparisons between trees were of a similar size $0 reduce
error. Mean leanf thickness 0f minel lecaves were compared with the

thickness of unmined leaves, (Table27 ). These resulits were
related to estimates for population density of P. ilicis per tree

using egg number per 100 leaves.

When leaf thickness for the two sets of leaves (Table 27), were
compared using a 2 x 2 contingency test, results obtained proved
that the observed differences in leaf tthJncbs for mined =znd
unmined leaves was insignificant. Thus the choice of leaf for
oviposition and ultimately the overall rste o infestation was
indepencant of leaf thickness,

The values for the cuticle thickness measured at three points
compared with values for population density are given in TableZ28
for the upper epidermis only. The values obtzined at a and ¢
were Dulked and mean values used.

From Table 28, ftrees with lowest population densities were Trees
1,2,8,11 and 13. TFor Tree 1,2 and 11 the values for cuticle
thickness were high thus infestation would be excected to be lower
in these ceses since a developed cuticle will impede oviposition.
For Tree 13, cuticle thickness wag very low hence egg density was
expected to be higher. For high pepulstion 6ﬁSlt1€S i.e. Trees
5,6 and 15, the values for cuticle thickness we“@ nlgh, In these
cases following a similar argument, infeststion was exuvected to

be lower, since a thicker cuticle was assumed to 1mpea egg laying
by adult Fhytomyza . When cuticle thickness and pOpulatiQn density
were tested, again using a 2 x 2 contingency test, resulits obbtained
were insignificant. Thus it would appear that the Lnienenty of
infestation is independant of cuticle thickness. However it is
obvious that cuticle thickness is important in egg laying since
only new growth is infested. Hence it is probable that differences
in tune cuticle thickness for individual leaves on the samoule trees
do not impede oviposition by adult leaf miners, providing the
cuticle is below the critical level., All measurements concerning
leaf data was carried out on infested leaves of the 1977 season,
‘henca it would have been useful; time provided, to follow the
increase in cuticle thickness of the n@w,season‘@ growth to

d@turan@ the critical cuticle thicknegs preventing furbther eg
laying. Also comparisons between population density snd lesf

parsmneters are more meaningful at the begining of the geason where
error between trees due to posaible dlfief&nces in rates of
development are minimal.



Table 27.

Tree No.

10,
11,
126
15.
14.
15.
16,

Results for leaf thickness between mined and unmined leaves

106,

X Leaf thickness of leaves

with Mines (mm)

a

0655
0043
0046
0639
0.39
0,36
0.37
0651
0.35
0.49
0,42
0.43
0,39
0.39
0041

b

1032
1.12
1,07
1,10
1.24
1.13
1,01
1012
0.97
1.0

1.08
1.03
0,96
0,98

1.06

c
0,50
0.45
0.41
Oe41
0.41
0.41
0.37
0.52
0.35
0042
0.46
0.45
0.41
0,38
0.39

;-Leaf thickness of leaves

without Mines (mm)

a

0.47
0.43
0.41
0039
0.43
0.45
0.37
0.46
0442
0449
0.40
0.57
0040
0,38
0.35

C

0,46
0,42
0,41
0.4

0s43
0.44
0,33
0.44
0.43
0,49
0,40
0.41
0.4

0,32

0,36

Lggs per
100 Leaves

10.77
25.70
18,58
- 33424
32,06
23,70
14,08
18.71
31.37
13,06
30.93
15.83
28.21
40,21
20,89



Regults for cuticle thickness measured at the midrib for Trees

kggs per 100 leaves

13442
10,77
25,70
18058
33424
32.06
23.70
14.08
18.71
3137
13.06
30.93
15.83
28,21
40.2

20,89

1 - 16

X Cuticle thickness

b

0.015
0,013
0,01

0,013
0.015
0,015
0,008
0.011
0.013
0,013
0,013
0.01

0,009
0,015
0,01

.01

&a

0,008
0,008
0,006
0,01

0,008
0,009
0.006
0.008
0,008
0.008
0,008
0,008
0,006
0,01

0,006
0,008

Tree No.

10
i1,

15,
14,
15,
16,
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Fig.2e T.8.Leaf-section taken across the mine caused by
burrowing P,ilicis.larva.

(m ag #130)

a.Across the midrib.

b.Within the leaf lamina.
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Table .a;?.

Tree No. P, ilicis Pupae
X Length Width

1o 269 1.23

2. A 2.87 1.21

3, 2.82 0.95

4o 2.88 1.20

5e 2.89 1.24

6o 2.75 1,28

Te 2,94 1.20

8 2.94 1.20

% 2.9 1o11
10, 2.85 1.20
11, 2,85 1.13
126 2.65 1,20
13 2.73 1,22
14 2,66 1.10
15 . 2,82 1.24
16 2.66 1.10

Variation in the size of P, ilicis pupa with Sample Tree




VL

Table 9.,

Ce mma Pupae
Tree Noo Length Width
1. - -
2. - -
3. 2.01 0,62
4o . 2,05 0,73
5e 2,08 0,75
6o 2.01 0.70
Te 2,07 0,68
8, 1,63 0,55
9. 2,01 0,69
10, 1.95 0,68
11, 2,11 0,72
12, 2,03 0,67
1350 2,09 0,68
14, - -
156 | 1.6 0.35
16, 2.00 0,6

Variation in the size of C, gemma with Sample Tree
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Table o3+ee

C, Syma Pupae
Tree No. Length Width
1e 2.1 0.8
2e 2.0 0.7
3 2.06 0.8
4. 2.0 0,6
5. 2:2 0.7
6. 2.16 . 0.88
To 2,19 0,95
8 Not Not
° Measured Measured
9. 2.5 1.1
10, 202 0,89
11. 2.1 0,96
12, 2.16 0.74
13, 2.1 0.8
140 | 2.25 0.85
15. ‘ 2.2 0.8
16, A 2,66 0.3

Variation in the siie of C syma with Sample Tree




&

mad

v

o
=
]
o
o




Table +.37e

Mine Size. cm. C. gemma. mm. Body Length
% Body Width

1.95 x 2.6 2.5 x 1.0
1.95 x 0.65 1.9 x 0,7
1.3 x 0.975 166 x 0.5
2.28 x 1.30 1.7 x 0.6
2,76 x 2.28 1.9 x 0.7
2,28 x 1.30 2.0 x 0,7
2,93 x 1.95 2.6 x 1.0
5.9 x 1.30 2.4 x 0.9
0.81 x 0,65 14 x 0,3
2.28 x 0,65 2.5 x 0.9
2,11 x 1.79 1.9 x 0,7
2.2 x 0.49 2,0 x 0,7
3.58 x 2.93% 2.5 = 1.0
3.25 x 0,65 2.5 x 0.9
2.28 x 1.63 2,0 x 0,75
0.975 x 0.65 1.2 x 0.4
2.28 x 0,975 2,0 x 0,75
2.11 x 1.79 1.9 x 0.6
2,61 x 1.3 2.5 x 1.0
1.79 x 2.925 1.7 x 0.6
1.3 x 0,975 1.6 x 0.5
1.95 x 0.813 1.9 x 0.5
0.975 x 0,975 1.5 x 0.6
2,93 x 2.61 2.5 x 0.9
1,95 x 1.3 ‘ 1.9 x 0.7
3.9 x 1.3 2.6 x 1.0
1.79 x 2.925 2.5 x 1.0
1.3 x 1.3 14 x 0.4
2.925 x 1.3 _ 2,5 x 1.0
2.76 x 1.3 2.3 x 0,9
1.95 x 1.79 1.9 x 0.6
1.95 x 1.63 1.9 x 0,5
1.14 x 0.813 1.5 x 0.5
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5, Discussion.

A variation in the time of emergence for adult Phytomyza ilicis
was observed when compared with accounts given by Mzall and Taylor
{1907}, and Downes (1931), although the general pattern of the
life-cycle was fairly consistent with fthier account.

In accordance with these authors, adult emergence was maximum
during mid June, and flies were observed To be plentiful amongst
holly bushes. This however, was never the case during this
investigation. Suction~traps positioned within a clump of 3 holly
trees failed to collect any adult flies, although a few adults

of the pupal parasite, Sphegigaster flavicornis were collected.
The Tlight pattern of adult flies may have influenced. whether they
were collected in traps, since both adult Chrysocharis gemma and
C. syma were observed to hop like flies between leaves when inter-
fered with (Cameron 1939)., Thus it is possible that flieg avoided
these areas above the traps from which samples were extracted,

The behaviour of adult P, ilicis wasg not recorded, hence it is
impossible to determine accurately why these adults were absent

in samples.

For this investigstion P, ilicis adults were first recorded from
ond June, 1978.A = s2mple of 49 pupae was collected from which 7
adults had already emerged. However maximum emergence was observed
during early July where 45 from a sample of 118 pupae had emerged.
Body measurcments for adult P. ilicis were 2.1 mm for body length
and 0,6 mm for body width. The head was black and the abdomen,
consisting of 9 segments was brown. The halteres were white, The
tiorax, a dark fluorescent green/black colour. The antennae were
long and segmented.

Chrysocharis gemma, a larval parasite was extracted from samples
taken 164h Ney, 1918, where the parasite was at the pupal stage
of development. The vupae were shiny jet-black and were essily
identified since they lay free within the mine. Wing and leg
rudiments, eyes, mouth appendages, in addition to thorax and
abdominal segmentation were clearly marked. Body measurements
gave mean values for body length of between 1.6 - 2,08 mm and
$0.35 = 0.75 for body width. Cameron (1939), quotes values of 1.75 =
2.60 mm for body length, and 0.65 - 1,04 for body width. Adult
C. gemma were first recorded from samples taken on 14.6.78, but
most had emerged by 13.7.78. Adult C. gemms were reddish brown
in colour which fluoresced under the microscope. The thorax and
abdomen were very much thinner than those of C. syma, hence could
be distinguished easily. Miall and Taylor (1907), observed that
the peak of emergence for this species was the middle of June,
although my results suggested peak emergence to be later. for the
Durham area.

Chrysocharis syms, a pupal parasite, was recorded at the mature
larval stage from samples taken on 15.5.78. The prepupal été e
Was_recor@®d from late May onwards. C. syma larvae were f;tkind
fusiform in shape, being a greyish white in colour with a‘;entral
mass of black faeces. lleasurements of the mature larva@Awere
1naopuratﬁ'sinee the samples had been stored for some time in
a}cogol priar to measurement. The mean value for body length and
w;dfm for the mature larvae was 1.86 mm x 0.89 mm, baméron‘(i939)
quotes Yalues of 2.14 mm x 0.97 mm for body length and w{dti
fespectlvgly, Thre prepupal stage was distinctive CThisniql
characterized by broad thoraic segments which are’bOth smo;th
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the number of oricsles per Al tended to be reduced, At
tnese hedights infestation by P. ilicis was low. It is possible
vhat few egeus are laid in these leaves beczuse protectinn from

predators is poor. It 1s cgually likely that since the number
of leasves at the top of the trees tend To be reduced the amount
of useful nost material is reduced, tnus P, ilicis populations

are generally lower comp=rsd with other areas. Hence reinfection
by orevious sessons' adults will be low at these elévations

wsmp7v because less adults sare avallable.  Fig. 39 illustrates
the increase in bird attack witii total mine number per sample.
Pfhe straight line graph is typical of =z relationship sxuected
frOm a r=ndom b%QTPh by the birds withous Smsrﬂhlng images being
formed, Howsver Tinbergen (1960), sugegested that prey specles

ol

e overlookad by searching virds when avallable in low numbers,
thus the cwopo*tlon taken will be less than expected on =2 rinéom

haqig. As the number of prey incroases, encounters with them
also increases, and the birds would la=rn to conslentrate on
characte r1qtﬂc clues frow the prey i.e. a svecific sesrching
image is develooed, HRancom qearoh is uncomnmon since most
predators will tend to spend more time in areas where the vrey
ATEe more NUMarous,. 'ergh40»‘indicates the increasge in % bird
attack with increasing total mine num%%“& The curve apuears
to level out at total numbers of 800 mines ner sample. Fig.4l
illustrates thne inﬂr@“%e in mine attack rainst the tot=l number

o
5
8.4

Gf viable mines in the sample, again a o =0 relationsaip is
nbgerved with the xurve ie V@Lllng off above TUU mines per sample.
Thnese r@suits sugzest that sas the total viable mine Dovulatloq
increases, the birds learn to secarch more effectively for the vrey,
thus incresaging the proporition of G““V taken as their density ‘
incresses, The response may level off becsuss of tae COmhln a
effacts of satiation and handling Lkmee Buch a2 response is ftypical
of most vertebrate predators,.  When the uvrey density is low the |
oredator will concentrate on other orsy or seek areas where the
prey density is higher, and this would account for the variation

in bird atvack vetwsen trees, »
Chrysocharis syma was tne m>qﬁ important pupal pvar=gite and

was recorded from all trees (4.3), Trees most infested by the
parasite were Trees 4 and 6, wne“% values of 55.56% and 56.86%
were Ootﬁlﬂﬁd Lowest values for Trees 1, 7 and 8 ware foungd
“with corresponding values of 4, O;, 11.76, and 5.8%. Sphegigaster

flavicornis w=s sparse for %11 treszs, highest levels being
“@oorr'd from Trﬂ@s 4,5,6 10 and 11. C;ﬂg@mf, accountead for

§ 9
48, ’W of varasites recorded, C. syma 34.0 5. Tlavieornis
li.j %y and unidentified carasites a ,QWﬁﬁc for 2 14%, OfF

pupal pPTaSme% only, C. syma accounted for 56.07% and Sphegigaste:
flqvxoq rnis 29 8?% Whjiqt unidentified varasites accounted for ‘
l_n_/ﬁ‘

During 1937 - 38 Cameron (1939) working in Bu“&ingbamqn‘“@ Surrey,
New Forest in Hampshire and Forest of:Dean in Loust»r%njfas ‘
found the order of abundance of varssites to de a) Chrysocharis
“mmﬂ%, b) Svhegigaster flavicornis, followed very ClOQ?LJ and

for some areas was superseded by Chrysocharis syma
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i bserved that 30 - 40% of fly larvae were found +n ha attoosked

de o
vy C. gemmsa, and is in accordance witn results obtained in this
investigation. C. .syma extracted from pupae at Burnham Grove

Bucks, were found to range from O - 13.8% and is considerably
lower than estimates observed for the Durham area. Sphegigaster

flavicornis infestation rates varied besitwesn O - 16,6% and is
in accordance with results obtained to date. Obviously the
exnenu of parasite infestation depends on the number of hosh
pupse available but results obtsined were conclusive and €. syma
was found to be the domimant pupal varasite. T

suffar from larval parasite attack.

are unheslthy and shrivelled possible due o hacterial
~infection, or as a result of competition for food where
these larvae were extracted Trom leaves having more
than one lime per leaf.

°

Thus summarizing for the entire sanvle ares, for 100 egos initial
leid = '

1. 25. suffer from egs mortality.

2. 32 are atitacked by feeding birds.

3 o

4

W OO
G e pygn

L)

5.7 9.57 suffered from early mortality factors.

5.  10.51 ‘were attacked by gpupal parssites.

Te 9.85 eggss survived to ovroduce viable heslthy pupae which -
ware agssumed o emerge successfully.

Thus for 100 sges or;giﬂally laid, the overall survival is very
ow with only .85 eggs- surv1v1ng all mortality factors to the
upal stage.

t"‘ﬁf““t
a.ximum number
‘D {‘T’HJI“
L5, 5, andb
gayimunm intfestati
Tt would bz expec
woilld be Thoss where
iee, Trees 1, 7, and . g ne e
ny valid conclusions can be drawn - unt il the =nd of the =22z laving
seriod, '

KT R Y r o
were Tress

SEE S

1L

bed
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13

L A0,
Summary of the number of eggs for 1978 geason
Laid poxr ieaf. up to 17th July, 1978. -
Table ..33% | -
i3 ’ Frequency for Egg No.
Tree No. Eggs per 100 1. 2. 3. 4,
leaves
1. 31 . 26 5 -
2. 46 26 4 4
e 41 29 > 4
4, 40 28 6 -
D 12 10 1 -
6. 65 34 10 1
7. 39 21 8 -
a8 20 16 2 -
S. 54 34 10
10, Not sampled - - -
23, I 18 8 2
12, 48 17 8 5
13. 20 16 2 -
14, 37 24 2 3
15. 74 390013 3
1e. ] 3 -



Table .27,

Number of pupae avoiding parasitism expressed as % of total

number of pupae recorded peﬁ tree,

’Tree No. % Healthy Pupae
1 | 90,40
2 o 64,00
3 61,96
4 18,56
5 51657
6 1765
7 - 76,50
8 88,24
9 35,50

10 - 23,78
11 31.25
12 37,00
13 48.54
14 ' 41,43
15 5400
6 , 51.80




5. Conclusions.,

i o

A significant difference in 1nIﬁ%+ati m cetween th sixteen
n ance

samvled trees was found at 9% level of significance, but this
wzas insignificant at 1% l@V@l.’Lﬁw overall Jevel of infestation
was independant of both the height and diamester of the trees.
Total mine nuwbver and egs density varied significantly

petweasn treszs, It was assumed that spatial isolation would
influence the level of infestation, since trees close togather
are more liable to reinfection by P.ilicis. from neighbouring
treas than isolated trees, vnltHOUQH lowest values were obsaerve
for Preesl and 7, and thess were also tne most isolatad, llttl'
difference was found in population density beiween moderately
seaeed trees and those within a restricted area. Both aspect
and helght were observed 1o influence egg/mines density.

Highest population density was rwc“vded genarslly from the

East side. Maximug egg numbers were obS2rved betw en 160-150¢m

Fi\

height interval, pcpuiatgow density Taaklnv conglderably at
heights above jOOcm. Reasons Tor the differences in &gg/nﬁne
density within and between trees are many(section 5), but the
most obvious factor influencing the number of eggs laid is the
availability of susceptible host m:twrﬁala Cuticle tnicknass

vas not found to influence whether 2 leaf was mined or not

when CJMS%T?%A“: b tw“%n cutlole tnioaﬁu;a for wined 'nﬂ unminad

lL;vma wea significant & erence in cuticle
thicaness 3w s also Qonwlv“de Cuticle sigzge however
is dimport si P.ilicis can only mine young holly
leaves, an b aves develop they become resistant to

&ttﬂcxa

Maximin nuuber of eggs  per leaf ogbserved was 5, from which

only 2 was observed vo survive to. the larval stage. Viebility
was raduced with increased egg dansity, and this was thought

tn reduce competion betwsen individuals for both food qnﬁ %Daom
hencs incresse the chance of survivel of any one indiviual
larvs, Several theories are postulated and are outlined in
sectbion 5. Fgg d found to mnfll ence the viability

of eszs within eafl o ths relationsinip batweren egg Qbealit
and density was densilty-indevendant.

ortality of larvae within 1t
attacs by the lLlarval parasit
mortality factor influencing
develoopunent. The major source
01 by ﬂﬂ?u“ltp attacK. Th@', TATAE -

during toe in estigation were C.syms and 5.flavicornis C.syma
was the most common pupal parasit site

by bird-attack,
a1 unknown

e, but when all parasite
species were considered,C. gemma was the CQmmunvvte

ast for T?ém 15,

re far TreeZ and

1 parasites was

aving least efi{ect upson Tresll.
o

while attack by feeding bi
least savere for Tres 16,
greatest for Trees 16,the former

Egg mortality was greatest

L i

-
>

or Trecd,«nc len
ris was most seve:
Attacx from larval

N

("“’

Pupsl parasites had greatsst effect vpon Tresld and least effect
upon Trezed. Treell ,although it was not raeardvﬁ a8g hav1ﬁg
a nign valus for the nuwbsar of pupae avoiding parasitism, the

asesumed suceesstul eme rToencas ars Af]’“““?‘tf‘;w..,
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141,

the new seasons growth more oawmulies turoveghout the

£ laying period are reguired before any valid conclusions

be drawn. : .
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7. tppendix 1.

Rawlins Fluid (universal fixative)
100 cm 50% alcohol.

6.5 cm Formalin,
2.5 cm Glacial acetic acid.

Appendix 2.

Difference in infestation with aspect.

. rd . = . RPN
Calculated x. Tabulated x = Significanca. Aspect,

(5%sig).

6.40 ' 7.81 Not sig.(mines) Tree 1.

13.11 7.81 : Sig (eges)
15.08 7.81 R (mines) Tree 2.

30.35 7.81 oo (eggs)
17.03 | 7.81 ' " {mines) Tres 3.

28.70 7.8 " (egas)
18.17 | - 7.81 ' . (mines) = Tree 4.
31.43 S 7.81 , "o (eggs)

7.19 7.81 Not sig.{wines) Tree 5.
15.22 7.8% Sig. (egzs)

1.25 7.81 Not sig.(mines) Tree Y.

1.31 7.81 Not sig.(eggs)
21.95 11.07  sig.  (aines) Tree 1. (height
35.95 11.07 coem - (eggs)

, Appendix 3.
® for sig.diff. with aspect and height.

15.595 9.49 Sig. (mines) Tree 1. |
21.52 | 11.07 e {mines)
17.65 9.49 | " (mines)

30.43 11.07 " (mines)
47.34 15.51 5ig. (mines) Tree 3.
68.95 15.51 " (eges)

2.03 Not sig.(mines)’ Tree 6,

2.13 B " (egegs)
10,43 5.99 for initial sample Trea theight
53.37 14.07 " (mines) i

e

80.45 14.07 DR - (eggs)




fferences in egs 7nsity

. 2 . ) X
Caleculatbed x Tabulated x
5,24 . 25 .1

25.0 sig.
in C.genma attack between trees,

a
O sig.
ttack batween Lrsess,

€
in C.syma a

111.28 25.0 sig .

Differsnce in the no, of non-parasitised pupac between fTrass,
15C 83 25.0 sig.

Difference in empty mine no, between traes,

17.24 25,0 not sig.
Difference in the larvae-—pupae survival between itrees,
2543 25..0 not sig.
Differe

e 2 S
ence 1in the no. of bird-pecks betweesn trees.
0

, not sig.
in the % sgg mortelity between tress.

23.15 25.0 not sig.
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