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Abstract 

In this project, the changes in the community of leaf-miners and their hymenopterous 
parasites were studied in relation to plant succession. Leaf-miners are insects that spend at 
least part of their larval existence feeding internally within the leaf. 

The leaf-miners attacking plants over a specific successional sequence at Silwood Park, 
Berkshire, U.K. were studied, and the changes in taxonomic composition, host specialization, 
phenology and absolute abundance were examined in the light of recent theories of 
plant/insect-herbivore interactions. Similar comparisons were made between the leaf-miners 
attacking mature and seedling birch. 

The factors influencing the number of species of miner found on a particular type of 
plant were investigated by a multiple regression analysis of the leaf-miners of British trees 
and plant properties such as geographical distribution, taxonomic relatedness to other plants 
and plant size. The results are compared with similar studies on other groups and a less 
rigorous treatment of herbaceous plants. 

A large number of hymenopterous parasites were reared from dipterous leaf-mines on 
early successional plants. The parasite community structure is compared with the work of 
R.R.Askew and his associates on the parasites of tree leaf-miners. 

The Appendices include a key to British birch leaf-miners and notes on the taxonomy 
and host range of the reared parasites. 
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Chapter 1 

Insect Communities and Succession 

1.1 Introduction 

In the last ten years much active research into the theory of insect-plant 
relationships has led to a wealth of predictions relating to the pattern of insect her-
bivory (Gilbert 1975, Crawley 1982). A large body of this theory relates to how 
the characteristics of plants, as they vary over a successional gradient, will in-
fluence the evolution and ecology of the insects that attack them and vice-versa. 
Empirical studies are now needed to test theory and also to allow theory to ad-
vance further. An illustration of this would be the relationship between the degree 
of herbivore polyphagy and the successional status of their foodplants. Depending 
on the emphasis attached to different processes, completely different predictions can 
be made. Further theoretical exploration of this issue cannot go ahead until empiri-
cal studies have shown which initial assumptions are correct (Rhodes and Cates 
1976, see also 1.3). 

There are two approaches to the empirical verification of insect-plant interac-
tion theory. The first is a detailed examination of a limited number of species 
using field observation with experimental manipulation in the field and laboratory. 
A second approach is to examine a much wider selection of species and to compare 
the trends observed with the predictions of theory. It is the second approach that is 
taken here, though it is realised that there, are limitations to this method. For ex-
ample the methodological problems of statistical analysis where it is not known 
what the correct independent unit of observation is, and also problems of causality. 
Nevertheless it is encouraging to note the crucial role played by the comparative 
approach in another ecological field; behavioural ecology (e.g. Crook 1964) which 
had a similar theoretical advance about ten years earlier (Krebs and Davies 1978). 

In 1977, Professor T.R.E.Southwood and Dr.V.K.Brown initiated a long term 
study into the relationships between insects and plants during secondary succession, 
work that has been led by Dr.Brown since 1979. The main part of this work has 
been an examination of the connection between herbivorous insect numbers and 
diversity and botanical factors such as plant taxonomic and stuctural diversity. The 
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initial results were published by Southwood, Brown and Reader (1979) and further 
results are either in preparation or in press (Brown 1982, Brown 1983, Brown and 
Southwood 1983, Southwood, Brown and Reader 1983, Stinson and Brown 1983, 
Stinson in prep., Hyman in prep.). The study described here, while forming part of 
the general scheme, is a divergence in that a restricted guild of herbivores; leaf-
mining insects, is examined over the successional gradient. Though a more restricted 
assemblage of insects is studied, this work still falls firmly in the comparative em-
pirical approach. However, the more restricted nature of this study enables the as-
semblage to be examined at the level of individual insect-plant interactions and for 
account to be taken of the third trophic level, neither of these things being possible 
when the complete, or a large section, of the herbivore community is under study. 

In the remainder of this chapter, the main areas of insect-plant theory that 
are relevant to changes in insect community structure over a succession are discus-
sed and their predictions stated. Chapter 2 defines the leaf-miner guild and reviews 
previous ecological studies of leaf-miners. In Chapter 3 the structure of the leaf-
miner community found attacking the plants over a specific succession at Silwood 
Park is described and interpreted in the context of the predictions in Chapter 1. 
One particular question is examined in more detail in Chapter 4; the factors deter-
mining the number of herbivore species attacking a particular species of plant. The 
study is based not only on the Silwood leaf-miner community but also on a wider 
literature based study of the complete British fauna. A more detailed review of 
work in this particular field is also given. In Chapter 5 the parasitoid community 
of the leaf-miners of early and late successional plants are compared. The data for 
the early successional plants were collected during the study while data for late 
successional plant miners comes chiefly from the work of Dr.R.Askew and his 
group (see Chap 5.3). Chapter 6 comprises the final discussion and conclusions. 
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1.2 Plant processes 

1.2.1 The theory of plant succession 

Probably the most important structuring force affecting the phytophagous in-
sect community is the nature of the underlying plant community. The course of 
plant succession determines in large part the changes in the insect community over 
succession. Plant succession is one of the oldest concepts in ecology, though in 
recent years it has been the subject of much renewed active research. The problem 
has been to provide a mechanistic explanation of the almost universally observed se-
quence in plants on a newly cleared site, from colonizing herbs, to normally a 
"climax" community of woody perennials. Running parallel to the community ap-
proach is the attempt to understand the characteristics of the individual species of 
plants of different successional stage in terms of selection operating on their life-
history strategies. 

The theory of succession proposed by Clements (1916) dominated plant ecol-
ogy until about 1970. His idea, the "facilitation" model, was that each successional 
plant assemblage altered the environment, by a process known as "reaction", so that 
it ceased to be suitable for the present plants but became more suitable for the 
development of the next assemblage. Another name for this is "relay floristics" 
which emphasises the sequential replacement nature of the process. In the early 
1970s, certain authors (e.g. Connell 1972, Drury & Nisbet 1972) pointed out that 
certain of the corollaries of the facilitation model were just not found in many suc-
cessions, especially secondary successions. (A primary succession occurs on com-
pletely new ground such as a lava flow whereas a secondary succession occurs on 
ground that has previously experienced a flora such as a ploughed field.) Drury & 
Nisbet catalogued the frequency with which individuals of late successional plants 
were found at early stages of succession. The facilitation model states that late suc-
cessional plants can only occur where the ground has been prepared for them by 
the correct sequence of earlier successional seres. 

Connell & Slatyer (1977) described three alternative models of succession and 
also suggested how they might be tested. The first model was the facilitation model 
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of Clements but the second and third did not contain the assumption that only a 
set of special early colonizers could survive at the intial stages of succession. In the 
second alternative, the "tolerance" model, all propagules could germinate as soon as 
they arrived and the presence of early successional plants would neither pave the 
way nor inhibit the development of later successional plants. The changes in the 
plant composition would result from the later successional plants arriving and grow-
ing. As their dispersal and reproductive powers are smaller than early successional 
plants and their growth slower, they would take some time to become common in 
the site, but once this had happened they would start to dominate it through their 
superior competitive abilities. In the third model, the "inhibition" model, the later 
successional plants can also survive in the site from the beginning but they are 
only able to develop when the death of an early successional plant creates a gap in 
which they can grow. When a gap appears it can either be occupied by an early 
or late successional plant but as late successional plants are able to survive dormant 
for a long time and as they live longer than early successionals, providing fewer op-
portunities for their replacement, they will come to dominate the site. 

The three approaches differ most fundamentally in the effect the present 
plant assemblage has on the assemblage that follows. In the facilitation model, the 
effect is positive while in the inhibition model, the effect is negative. In the 
tolerance model there is no effect. It is interesting to speculate how herbivory, 
especially insect herbivory, would affect the course of succession under the condi-
tions operating in the three models. If herbivory affected later successional plants 
to a greater degree than early successional plants, than under all the models except 
the facilitation model, a slowing down of the sequence. Under the facilitation model 
it would make no difference. If herbivory affected early successional plants to a 
greater degree or showed no differential effect; then under the facilitation model, 
succession would be decelerated as the process of reaction would be slowed down, 
under the tolerance model herbivory would make no difference, as the development 
of later successional plants is consequent solely on their life-history characters and 
not on the plants that preceeded them, while under the inhibition model succession 
would be accelerated as the number of possible openings for later successional 
plants would be increased. It is argued below that herbivory is likely to be higher 
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on early successional plants so the second half of this discussion will be the more 
relevent. 

Connell & Slatyer (1977) reviewed the evidence for the three models and 
found that though facilitation was frequently important in primary succession, where 
the initial environment was often inimical to all but a few species, it seldom ap-
plied to secondary succession. In secondary succession they concluded that the in-
hibition model was the most important. Mcintosh (1980) has criticised the ap-
plicability of many of the studies quoted by Connell & Slatyer and Hils & Vankat 
(1982), discussing the results of their experimental work in testing the two 
hypotheses and reviewing previous experimental work, came to the conclusion that 
both tolerance and inhibition processes may be operating simultaneously on different 
species of plant in the same succession. 

1.2.2 Life-history strategies of plants 

Early and late successional plants experience very different types of selection 
leading to contrasting life-history characteristics. For early successional plants, fast 
growth and reproduction will be at a premium since unless they grow and set seed 
relatively quickly the habitat will change and the site will be no longer suitable for 
them. Early successional sites are by their nature ephemeral and unpredictable and 
so that some of their progeny will have a chance of landing in a suitable environ-
ment, selection will be for a large number of small seeds. Late successional plants 
on the other hand, are growing in a highly competitive environment and fast 
growth and quick seed set will be sacrificed for competitive attributes such as per-
sistence, resource-stress tolerance and large size. They should produce large seeds 
with adequate resources to enable them to germinate in a crowded environment. 
For clarity the two extremes have been stressed, though it is better viewed as a 
continuum. 

To describe the suite of characters found in early and late successional 
plants and indeed the same sets that can be found in contrasted pairs of most or-
ganisms (Stearns 1976, Horn 1978, Pianka 1970) the terms r and K selection are 
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often used. Though implicit in much of the early ecological literature (Elton 1927, 
Dobzhansky 1950) it was MacArthur and Wilson (1967) who coined the terms, r 
and K refer to the parameters of the logistic equation, r-selected organisms are 
those that experience chiefly density-independent mortality and where selection will 
tend to increase r max. K-selected organisms are those that experience chiefly 
density-dependent mortality and where selection will increase their competitive 
ability at K, their carrying capacity (Roughgarden 1971, Charlesworth 1971, Clarke 
1972). 

The terms r and K selection have been much criticised (Vandermeer 1972, 
Gill 1972, Hairston, Tinkle and Wilbur 1970) but though they oversimplify, by 
compressing a huge range of life-history adaptations into a single dimension, they 
are still very valuable and have suffered from misunderstanding (Pianka 1972). It is 
perhaps significant that though Horn (1978) describes the terms as "barbaric" and 
May (1978) asks his readers to "pardon the obscenity", they both go on to use the 
terms. Pianka (1970) and Horn (1978) note that there is a certain amount of feed-
back involved in r & K selection. For example an r-selected plant will be favoured 
to increase its net reproductive rate. This will be favoured by a short generation 
time (Cole 1954) which will lead to the population tracking rather then damping 
environmental fluctuations (Southwood 1977). This will in its turn lead to fluctuat-
ing populations which will select for a further increase in net reproductive rate 
(Fretwell 1972). Other feedback loops can be drawn and this suggests that there 
may in fact be a natural dichotomy separating r and K selected organisms. This 
will be relevant in discussing the differences between woody and herbaceous plants. 
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1.3 Insect Herbivore Theory and Succession 

1.3.1 The anti-herbivore defences of plants 

The amount of resource a plant commits to anti-herbivore defence depends 
firstly on the level of herbivory it can expect and secondly on the magnitude of 
the conflicting demands of other processes, such as growth and reproduction that 
will vie for resources. Within the plant, the value of a specific organ to the plant 
will also influence how heavily it is protected (McKey 1974). The situation is a 
complicated function of the amount of anti-herbivore defence employed by the plant 
(Rhodes 1979). 

Ignoring any feedback effects and first concentrating on the resource alloca-
tion aspect, an early successional plant in an unpredictable environment will be 
selected to concentrate its resources on quick growth and reproduction. In addition 
as it exists in relatively ephemeral habitats, it can expect to be free from special-
ised herbivores and to be attacked chiefly by generalists. A late successional plant 
in a predictable environment will be 'bound to be found' by its herbivores allowing 
specialists to evolve. Feeny (1975, 1976) introduced the term "apparency" to sum-
marise the predictability and availability of a plant to its herbivores. In general, 
early successional plants tend to be unapparent while late successional plants are 
apparent. Feeny included in his original concept of apparency not only floral 
aspects of the susceptibility of discovery but also the host-finding adaptations of the 
insect. This contrasted with the views of Rhodes, Cates & Orians (e.g. Rhodes and 
Cates 1976) who pointed out a logical flaw in that natural selection will tend to 
maximise host-finding abilities by herbivores. "The leveling effect of natural selec-
tion ... renders the entire concept subject to disappearence" (Rhodes 1979). Ap-
parency is used here in Rhodes et al restricted sense. 

Anti-herbivore defences can be broadly split into two groups; mechanical and 
chemical. Mechanical defences include long hairs, tomentosity, egg mimics, leaf 
toughness, leaf shape, sticky exudates etc. They reach their greatest development in 
the tropics (Gilbert 1975). Chemical defences chiefly involve the so-called secondary 
plant substances, a diverse array of chemicals synthesized by the plant, but without 
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an obvious metabolic function. Recently, evidence has accumulated to support the 
old hypothesis (Stahl 1888, Fraenkel 1959) that they are part of the plant's anti-
herbivore defences (McKey 1974, Feeny 1976, Rhoades and Cates 1976). Secondary 
plant substances can act as poisons effective in small amounts or as digestibility 
reducing agents, reducing the nutritive quality of the food. The latter chemicals 
have to be present at quite high concentrations and are termed quantitative chemi-
cal defences while the poisons need only be present in small quantities and are 
known as qualitative chemical defences. 

A vast range of chemicals have been identified or suggested as qualitative 
toxins. Their mode of action is also very varied; alkaloids, pyrethrins and rotenoids 
attack the nervous system, cardenolides and saponins the muscles, while insect hor-
mone analogues have highly specific effects on the insects endocrine system. Mus-
tard oils, cyanides and unnatural amino acids are general metabolic poisons. The 
majority of these toxins are low molecular weight, lipophilic molecules that can 
pass across the cell membrane relatively easily. Normally they will not exceed 2% 
of the plants dry weight. Quantitative digestibility-reducing substances are usually 
present at much higher concentrations, even exceeding 60% dry weight. Most of 
these substances belong to the large chemical class tannins which in itself includes 
a wide diversity of substances. Their action is through cross-bonding peptide groups 
so as to limit the sites of enzyme attack and perhaps also complexing with the 
enzyme itself. Tannins can also complex with starch. Resins and silica are other ex-
amples of quantitative defences (Rhodes and Cates 1976, Rosenthal and Janzen 
1979). 

As quantitative defences are more expensive metabolically, it is to be expec-
ted that they are confined to K-selected or late successional plants whose energy 
budget would allow for their metabolism. Qualitative defences, on the other hand, 
would have a wider distribution including r-selected or early successional plants. 
This pattern of occurrence does in fact occur (Feeny 1976). Qualitative defences 
though valuable against a herbivore that has not encountered them before, are open 
to counter-measures such as detoxification mechanisms (Brattsten 1979). This in 
turn will lead to heterogenous qualitative defences, each plant group possessing dif-
ferent toxins so that an insect that has adapted to the defences of one plant is not 
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automatically preadapted to all the others. An insect that has broken down the 
qualitative defences of one plant is thus likely to come under selection pressure to 
specialize on it. This chain of reasoning leads to the crux of the feedback paradox, 
because of their spatio-temporal distribution, the early successional plants are par-
ticularly subject to generalist herbivores. However the nature of the plant defences 
selected for by this generalist herbivore pressure will itself be a selective force on 
the insect to become a specialist. (Rhodes and Cates 1976, Rhodes 1979.) 

A similar chain of reasoning can be applied to late successional plants. Be-
cause of their apparency, they are likely to be attacked by specialist herbivores and 
thus the quantitative defences they produce will tend to converge and this will lead 
to selection for specialism in the herbivores. Rhodes and Cates (1976) and Rhodes 
(1979) point out the symmetry in the relationships. However, the effect of qualita-
tive defences in apparent plants has been relatively ignored. The energy budget of 
early successional plants dictates the absence of quantitative defences but there is 
nothing to prevent late successional plants from supplementing quantitative with 
cheap qualitative defences. I think the presence of at least some generalist her-
bivores of woody plants plus their ability to use toxins will prevent their defences 
from converging and may thus lead to selection for generalism in their herbivores. 

Exactly the same type of reasoning can be used to describe the defence 
resource allocation between different parts of the plant. In comparison with old 
leaves, young leaves are relatively unapparent. Optimal plant defence theory sug-
gests that young foliage should be protected by qualitative defences and old ap-
parent leaves by quantitative defences a pattern which again seems to be confirmed 
by nature (Feeny 1976, McKay 1974). However, there are some complications that 
may influence this pattern. Quantitative defences may be incompatible with fast 
growth and so their absence in young foliage may be a physiological neccessity 
rather then an evolved strategy. Another aspect of plant physiology that complicates 
a discussion of anti-herbivore defences is the pattern of nutrient availability, par-
ticularly nitrogen. At the beginning of this section it was suggested that the level 
of anti-herbivore defence depended on the magnitude of herbivory as well as the 
conflicting demands of other processes. The magnitude of herbivory will frequently 
depend on the nutrients in the particular plant or plant organ attacked (McNeil 
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and Southwood 1978, Lawton and McNeil 1979, Mattson 1980). A direct com-
parison of the herbivore load on apparent and unapparent parts of the same plant 
must take into account the nutritional attractiveness of the parts. 

A plant may deliberately reduce the nutrient or water content of some part 
of its structure to make it less attractive to herbivores and reduce the level of at-
tack. This idea was suggested by Feeny (1976) who did not develop the idea and 
phrased his arguement in what could be construed as group-selectionist terms. 
Moran and Hamilton (1980) explored the circumstances under which this type of 
defence might evolve after pointing out that if by reducing it's nutrient content, a 
plant causes the herbivore to eat more to obtain its required food, it may in fact 
then sustain greater damage. They proposed that there were three sets of conditions 
which would favour such a defence strategy. Firstly, the case where a herbivore 
could distinguish between tissue of different nutrient content. Rather surprisingly 
they regard this as uncommon and more applicable to vertebrate herbivores, al-
Ithough examples of this type of behaviour are given by NcNeil and Lawton (1979) 
and Mattson (1980). The second case applies to insects with very viscous population 
structure which spend several generations on the same plant individual. Here reduc-
ing the intrinsic growth rate of the herbivore would result in a .benefit to the plant 
with the low nutrient adaptation. Lastly, they consider the case where low nutrient 
quality extends the herbivores life and causes it to eat more. However, as it lives 
longer it is more subject to parasitism and predation which may kill it before it 
can do much damage to the plant. A mathematical model showed that depending 
on the details of the age-specific mortality, nutrient reduction can be selected for in 
this manner. White in a long series of papers (1974, 1975 and included references) 
produces evidence that when a plant is forced to increase it's ambient nutrient 
levels by climatic stressing, insect survival often increases dramatically, resulting in 
population outbreaks. 

One way of reducing the cost of a defence system is to invoke it only after 
attack. Inducible defences have been demonstrated in many systems including both 
early and late successional plants (Green and Ryan 1972, Haukioja and Hakala 
1975 and Haukioja and Niemela 1977). Haukioja (1980) has found a very sophisti-
cated system of inducible defences in birch. If a leaf is attacked not only the 
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chemical defences in it but also in nearby leaves are stepped up. If a tree is 
defoliated one year then it will invest more resources in chemical defences for the 
next three years. 

Ideally it should be possible to make predictions from this theory as to the 
degree of specialization found in insects attacking plants of different successional 
age, on different organs of the same plant and on the diversity and absolute abun-
dance of these herbivores. Some attempted tests of the hypotheses are described in 
the discussions of chapter 3 & 4. However, the predictions depend crucially on the 
balance between the different feedback loops described above and our theoretical 
understanding of the processes involved is at the moment insufficient to make these 
firm predictions. At the moment plant defence theory suggests the questions to ask 
rather then the answers. Attempting what I hope is not too contrived an analogy, 
the relationship between theory and empiricism in this field has the same feedback 
loops as the plant/insect coevolution. This can be contrasted to evolution to an 
abiotic selection pressure or traditional scientific hypothesis testing. In the last ten 
years the theory of the subject has been extensively developed by Feeny, Cates, 
Rhodes, Orians and others and empirical work has not yet caught up sufficiently to 
allow another theoretical thrust. 

1.3.2 The influence of plant architecture 

The last section on plant chemistry chiefly concerned the number of in-
dividuals of which particular species feeding on a plant rather then the number of 
species. Chapter 4 contains a discussion of factors such as taxonomic isolation and 
the species area effect that will influence the herbivore species load of a plant. 
Plants of different successional stages vary significantly in the number of species of 
herbivore they can support, even when taxonomic isolation and species area are fac-
tored out (Lawton and Schroder 1977,1978, Strong and Levin 1979). Lawton (1979) 
has suggested that the physical size and complexity of the plant, summarised by 
his term, plant architecture, is the determining factor of this difference. 

Lawton (1978) deliberately defined plant architecture as a broad term to en-
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compass all aspects of the size, variety and diversity of plant structure and design. 
In practice, when architecture is measured in the field, one or other approximating 
indices, such as foliage height diversity (Murdoch et al 1972, after MacArthur 
1958) or species structure (similar to module, Harper 1981) diversity (Southwood et 
al 1979, Stinson in prep.) have to be used. Apart from broad comparisons between 
plants of different successional stage, architectural differences have been invoked to 
explain the changes in the diversity of insects on & particular plant species over the 
course of a season (Lawton 1978) and of seasonal and successional changes in com-
plete insect communities (Southwood et al 1979, Stinson and Brown 1983). 

There are two chief ways in which architecture may affect insect diversity 
(Lawton 1978, Lawton & Schroder 1978, Strong & Levin 1978). Firstly a larger 
plant may, by the very nature of its greater size, present a larger target for 
colonization by insects in both ecological and evolutionary time. In addition, as the 
probability of extinction is a function of the population size (May 1973), a larger 
plant will be able to support a larger population of insects and the chances of ex-

r 
tinction occuring through stochastic events will be reduced. (Feenys apparency 
theory is also relevant here.) 

The alternative explanation is in terms of resource diversity. A larger more 
complex plant presents a greater diversity of structures that can be partitioned or 
specialized upon in a feeding guild. Put crudely, a herbaceous plant could not sup-
port a wood boring insect or one that consumed the bark. However, important dif-
ferences may be more subtle than this. A pair of folivorous species on a tree may 
be able to divide the resource into upper and lower canopy, a procedure not avail-
able to species on a herbaceous plant. A more complex plant will also provide 
greater non-trophic resources such as overwintering and ovipositional sites. Related 
to this hypothesis is the idea of predator free space (Askew 1961, Lawton and 
Strong 1981, Price et al 1980), that species will take up positions in niche space so 
as to minimise overlap with other species in order to avoid their predators and 
parasites. This process would be facilitated in a complex environment. 

Distinguishing the two explanations is difficult as both are normally corre-
lated and designing an experiment that would keep one constant while varying the 
other is very difficult. (Indeed in explaining seasonal changes in diversity, architec-
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tural measures often covary with climatic and chemical factors.) The more obvious 
components of resource diversity can be excluded by choosing a single feeding guild 
as has been done by Neuvonem and Niemela (1981) when looking at the seasonal 
changes in Finnish Macrolepidoptera and has also been done in this study. However 
there is always the possibility of more subtle effects being important. 

1.3.3 The influence of the plants spatio-temporal distribution 

The relatively greater unpredictability of early successional plants has already 
been discussed in terms of anti-herbivore defence chemistry. In this section a few 
other consequences are mentioned. 

Lawton (1978) and Ward and Lakhani (1977) found that the probability of 
a plot of bracken or juniper containing all the species known from that foodplant 
in the regional list was proportional to the size of the plot. The larger the plot the 
greater the likelihood. If a statistic was calculated which represented the proportion 
of the regional total of insects found on a particular plant, then a higher measure 
would be expected from late successionals which typically occur in larger clumps in 
comparison with early successionals. The possible mechanisms behind this relation-
ship will be the same as for archipelago islands (Chapter 4). 

As well as the plants developing recognizable r and K-selected characters, 
the insects feeding on them may also diverge in life-history characteristics. Pianka 
(1970), has however argued, that all insects are relatively r-selected with the excep-
tion of such groups as tropical butterflies and Magicicada and a wide range of dif-
ferent adaptations may not be found. Insects feeding on early successional plants 
may be selected to increase their maximum intrinsic rate of increase at the expense 
of other factors to take account of the unpredictable nature of host finding. Some 
of the community consequences of this are discussed in Chapter 3. 

It was stated earlier that the new foliage of apparent plants might be 
relatively unapparent and so have a different type of insect defence chemistry. New 
foliage flushing at the beginning of the year would however be extremely predict-
able in a deterministic environment but climatic stochasticity reduces this. To be 
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able to utilize the leaves of woody plants, many insects, especially Macrolepidop-
tera, have to oviposit at exactly the right time so that the hatching larvae coincide 
with the first leaves. Too early and the larvae starve, too late and the chemical 
defences become such as to make the leaves too undigestible to grow on (e.g. 
Feeny 1970). Haukioja (1980) has suggested that birch may deliberately vary the 
time of its bud burst in order to escape in time from its herbivores. He also 
provides evidence that the variance in bud burst is greater on trees that were 
defoliated the year before. Though this may be a physiological byproduct it is in-
teresting to speculate that this may be another example of an inducible defence 
system. 

Finally the way an insect intakes use of a plant will be influenced by the 
other species of plant in the nieghbourhood (Tahvanainen and Root 1972, Root 
1973). Insects often have more difficulties detecting a host-plant surrounded by non-
host-plants in comparison with a pure stand of plants. This is the b asis of inter-
cropping. Atsatt and O'Dowd (1976) have proposed that selection will operate to 
maintain groups of plants that will co-operate to form a herbivore defence guild. 
Though they give many examples of one species of plant benefitting another, there 
is no evidence for the pattern of reciprocal benefit that would be required for such 
guilds to evolve without group selection, though in fairness, such evidence would be 
very difficult to obtain. Multispecies plant effects will vary in importance over suc-
cession as the diversity of plants changes. Typically the peak of diversity is in mid-
succession (e.g. Southwood et al 1979). 
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1.4 Interactions between Insects and Succession 

1.4.1 Competition between herbivorous insects 

Is competition an important structuring force of insect communities and will 
it's effects vary over succession? The prevalence of competition is one of the most 
contentious issues in modern ecology. Much of the disagreement arises from the 
central paradox of Shapiro (1975); 

"...competition is theoretically the most important organiz-
ing force in communities; empirically, it is exceedingly difficult 
to demonstrate at all." 

Lawton and Strong (1981) have recently summarised the patterns in com-
munities that might be attributable to competition and the experimental evidence of 
it's existence. The type of patterns they discuss include species-area effects, the fact 
that more complex or more persistent habitats have more species than simple or 
ephemeral ones, size differences between instars, community saturation, density com-
pensation and regular resource spacing. Each of these phenomena is explicable in 
terms of classical niche theory though in no case does competition offer the only 
explanation. Alternative explanations for the species-area relationship and the 
complex-persistent-habitat species richness effect are discussed in Chapter 4. In 
other cases simple single species response to weather, host-plant phenology and host-
plant chemistry will produce species distributions that fit some of the above pat-
terns. To take an exaggerated example, it could be argued that a phloem-feeding 
aphid and a leaf-chewing caterpiller had evolved to prevent competition with each 
other. A more parsimonious explanation would be that each had been selected to 
be efficient with it's particular feeding mechanism and that being good at feeding 
in one way precludes also feeding by the alternative. In addition, if the population 
of the two insects is being controlled by parasites, predators or pathogens, as the 
absence of competition normally implies, the populations of each insect may never 
get high enough for resources to become limiting. The action of predators, parasites 
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and pathogens may themselves cause patterns similar to those predicted by competi-
tion theory. Two species may not overlap if to do this would result in the parasite 
complement of one species attacking the other. This is the concept of enemy-free 
space (Askew 1961) which may be a key resource for insects on plants (see Section 
1.3.2). 

Lawton and Strong (1981) discuss the empirical evidence for competition in 
insects. Several carefully planned studies have failed to find it (e.g. Rathcke 1976 
(see reanalysis by DeVita 1979)). McClure and Price (1976) found limited competi-
tion between different leaf-hoppers ( .Erythroneura ) on Sycamore though insufficient 
niche differences were found to explain how the five species under study could 
have existed without other effects being important. Stiling (1980) found competition 
in Eupteryx leaf-hoppers on nettles though he suggests that parasitism may be as 
important in producing the small niche differences. 

Thus the evidence for competition among insects, specifically folivorous in-
sects, is poor and there is also no theoretical necessity for it. Having said that, it 
is wise to add the caveat that unlike species interactions such as predation, both 
species will strive to minimise competition and by definition it should be hard to 
find. Effects may exist to-day caused by past events; "the ghost of competition 
past", Connell (1975). The effect of infrequent severe competition during outbreaks 
on overall population dynamics is also uncertain. Nevertheless, it seems clear that 
competition should not be looked upon as the first explanation of any interspecies 
relationships at any successional stage. 

1.4.2 The effects of plants on herbivore enemies 

In a recent review Price, Bouton, Gross, McPheron, Thompson and Weis 
(1980) stressed the importance of including a consideration of the interactions of 
third trophic level, the enemies of herbivores; parasites, predators and pathogens, 
with plants. The importance of these will vary when different types of plants, for 
example those at the ends of the successional spectrum, are considered. 

Herbivore enemies frequently use host-plant characteristics as cues to locate 
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their prey. Normally the cue is chemical, for example Arthur (1962) demonstrated, 
using in olfactometer, that the ichneumonid Itoplectis searching for Rhyacionia 

preferred the odour of one pine species to another. Other examples are reviewed by 
Vinson (1976). It has been suggested (see 1.3.1) that early successional plants have 
a greater chemical diversity than late successional plants and this may facilitate 
host-plant finding for predation and parasitism by specialised insects in these plants. 

Those species towards the K-selected end of the spectrum, which invest much 
resources in herbivore defence, may also use resources to attract herbivore enemies. 
Resources are less likely to be available for such purposes in early successional 
plants. An example of this type of herbivore defence by proxy is the extra-floral 
nectaries which attract herbivore enemies, particularly ants, but also parasitoids 
(Bentley 1977). Shahjahan (1974) showed that parasitism of the bug Lygus was 
higher on plants which produced high quality nectar, fed on by parasitic braconids. 

There is, however, a balance that has to be struck by the plant in it's defen-
ces against herbivores as, like some artificial insecticides, some defences may in 
fact be more efficacious against the herbivore enemies. Encarsia has great problems 
parasitising white-fly on hairy varieties of cucumber (van de Merendonk and van 
Lenteren 1978) and some herbivores may sequester plant toxins for their own 
defence. 

Two other interactions between plants and herbivore enemies have already 
been mentioned in the previous sections. An architecturally complex plant may 
provide refuges in which a herbivore can escape the attentions, of a predator or 
parasite. When several herbivore species are concerned, competition for enemy-free 
space (see 1.4.1) may occur. As Price et al (1980) point out, the selective pressures 
on a herbivore when evaluating a plant as suitable or not will include not only the 
food quality of the plant but also the presence of predators and parasites (see also 
Soberon 1982). It has also been discussed (Section 1.3.1) that digestibility reducing 
chemicals might operate by increasing the development time of the host and render-
ing it open to attack by enemies for a longer period of time. Alternatively, plant 
defences, by reducing the fecundity of a host plant may influence the dynamics of 
the host-parasite or predator-prey interaction. A modest reduction in the fecundity 
parameter may result in a considerably lower equilibrium" population density (see 
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also 3.6.2). Whether such a change would benefit the fitness of the plant investing 
in the new fecundity-reducing defence must be carefully decided to avoid group-
selectionist arguements. 

Assemblages of plants may alter the herbivore-enemy interaction. Close 
proximity to a plant of a different species that produces a good nectar supply can 
increase the level of parasitism of herbivores on a neighbouring plant (van Emden 
1963). Read, Feeny and Root (1970) found sugar beet aphids to be attacked by 
Diaeretiella rapae, only if planted near crucifers, the host-plant of it's normal 
aphid. Such effects are likely to be prevalent in early successional habitats where 
there is a greater diversity of plants. However the reverse effects may sometimes 
occur; higher attack in monocultures. This is thought to come about through the 
non-host species partially masking or confusing, the true host plant cues (examples 
in Price et al 1980). 

1.4.3 Predator-prey and host-parasitoid interactions 

There is a vast literature covering the relationships between herbivores and 
their insect predators and parasites, especially the latter. Those studies specifically 
dealing with leaf-miners are mentioned in the next chapter while here only those 
aspects that are likely to change over a successional gradient are briefly discussed. 

One of the most important differences between a potential. host population on 
an early successional plant and another on a late successional plant is the spatio-
temporal distribution of the insects. Though there will be a spectrum of host dis-
tributions in each category with some overlap, in general the early successional host 
will be. more irregularly distributed and less predictable in comparison with the late 
successional host. The early successional host is also likely to be more highly clum-
ped (because of it's host-plant distribution). This is of importance due to the over-
whelming significance attached to a heterogenous distribution of the host, coupled 
with a parasite aggregative response, in the stability of host parasite interactions 
(Hassell 1978). Paradoxically the heterogeneity of early successional habitats may 
lead to stability which is the reverse of what is normally expected in succession 
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(Connell and Slatyer 1977). However other factors will work against this, the 
vagility of the habitat and the difficulty in finding a host. 

Trying to predict whether the third trophic level attacking herbivores should 
be more or less polyphagous at differing stages of succession is frought with the 
same problems of evolutionary feed-back loops as was found when trying to predict 
the degree of polyphagy of their hosts (see section 1.3.1). A parasite attacking 
early successional herbivores may have difficulty in locating it's hosts due to their 
unpredictability and this may lead to selection for polyphagy. However, as discussed 
in the last section, the chemical diversity of early successional plants is high and if 
toxins are sequestered by the host for it's own defences, this may lead to selective 
pressure for parasite specialization. Feedback loops become involved if hosts are 
selected to diverge chemically or otherwise when attacked by a group of 
polyphagous parasites. Again, as with their hosts, ecological theory is not fine-tuned 
enough to make specific predictions and empirical evidence is badly needed before 
theory can advance. 

A question associated with polyphagy but also a community level property is 
food web connectance and compartmentedness. The traditional wisdom of the 
synonymy of complexity with stability has been challenged on mathematical grounds 
(May 1972, 1973). Though complexity may allow stability, this is not to be expec-
ted from statistical or cybernetic theory but will be a function of how real 
ecosystems are constructed. The emphasis has now shifted to the question of how 
real communities differ from the artificially constructed communities of May (1972, 
1973), de Angelis (1975) and others. Two important properties are connectance, the 
percentage of non-zero terms in the interaction matrix (May 1973) and com-
partmentedness, the degree to which the community is divided into sub-groups with 
high connectance within the group but little connectance between groups. May 
(1972, 1973) showed that the increasing instability of model complex systems could 
be mitigated if the level of connectance dropped. Specifically, for stability to be 
found, the inequality; 

s(mC)-5 < 1 
(where C = connectance, s = average interaction strength and m = species number) 
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has to hold. Rejmanek and Stary (1979) have examined the parasitoid food webs 
centred on a large number of aphids and have found generally that as complexity 
increases the connectance does in fact drop. However, they do not distinguish be-
tween food webs centred on aphids on plants of different successional age. 

There is more controversy surrounding the importance of compartmentedness. 
Pimm (1979) has constructed artificial food webs, with a higher level of biological 
realism than May's, in which compartmentation does not enhance stability. However 
as Pimm points out, empirical data is really needed. Subsequently, Pimm and Law-
ton (1980) looked for compartments in all insect herbivore data sets that were 
suitable for such analysis (in fact only two). The first was rather restricted and 
produced ambiguous results while in the second, Askew's (1961) gall data, they 
concluded that they could find no evidence of compartments. The really interesting 
question is whether the dynamic behaviour of the system would create compart-
ments, de novo, that did not correspond to habitat or biological boundaries. Though 
they failed to establish it in this case, it does not mean that compartments separat-
ing say, miner and gall guilds, will not be important just because they have biologi-
cal correlates. If a block of stone is hit it will fracture first along lines of weak-
ness. Though they make the important point that it is incorrect to draw a boundary 
where one's knowledge ends, I think it is unlikely, as they suggest, that further 
work on non-galling oak-feeders or non-oak gall-formers will reveal much connec-
tance between members of Askew's community and other insects. The complete oak 
gall complex is itself a compartment. Unfortunately theory doesn't make any predic-
tions about the scale of compartmentation that will be significant (hardly 
surprisingly if the importance of the actual process itself is open to question!). Also, 
as Pimm and Lawton point out, by using binary presence or absence data, much 
potentially important subtlety is omitted 
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1.4.4 Competition between parasites 

The vast majority of insect hosts are attacked by more than one parasite and 
thus either directly or indirectly, the two parasites will interact with each other. In-
itially, when two or three species are present, it is still possible to analyse such a 
system analytically but with more species and when evolutionary processes are 
studied, a purely qualitative approach is forced. May and Hassell (1981) have 
produced analytical models of two parasite/one host system. They concentrated on 
stability and equilibrium properties and found that providing the two parasites had 
properties that led to stability when modelled individually, stability and host popula-
tion depression were not impaired by adding the second species and were generally 
increased. Allowing for competitive superiority of one species or facultative hyper-
parasitism, did not alter these conclusions. Obligate hyperparasitism invariably made 
the system less stable and increased the equilibrium population of the host. They 
also suggest that in the competitive case, stability criteria favour situations in which 
the worse competitor should have a greater host finding prowess. 

Encouragingly, the same predictions emerge from another way of looking at 
parasites; the study of parasite life history strategies. (The discussion below mainly 
follows Price 1975, Force 1974, 1975 and Askew 1975, 1979b). Parasites may 
either live inside the host and feed upon them from within (endoparasites), or live 
outside the host, consuming it like an ordinary predator (ectoparasites). The egg of 
an ectoparasite is laid on the surface of the insect and normally the host is killed 
outright since letting it continue development would result in the egg or young 
larva being sloughed off wth the skin. The ectoparasite is thus limited in the size 
of host it can attack; the host must be big enough at the time of oviposition to 
supply the complete food requirements of the parasite's development. En-
doparasites, on the other hand, can be injected into hosts far too small to provide 
for the complete growth of the parasite at the time of laying. The egg or young 
larv_a can lie dormant while the host continues to grow and even when the 
parasite begins feeding, the host may continue to grow. This is facilitated because 
normally the developing parasite judiciously eats relatively non-important parts of 
the host first. Another difference between the two modes of existence relates to 
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host defences which are relatively limited with respect to the ectoparasite, but far 
more formidable for the endoparasite (Vinson 1976). The most common type is en-
capsulation; a layer of host cells adheres to the parasite's surface, effectively suf-
focting the insect and causing its death. Two parasites frequently are found on the 
same host, and while in some cases both develop (most commonly where both in-
dividuals belong to the same species - superparasitism), normally one is killed by 
the other. The nature of the outcome depends on which of the two are ec-
toparasites and endoparasites. If both are endoparasites, then normally it is the 
oldest individual, the one laid first, that survives. Competition may be direct; many 
early instar endoparasites have huge mandibles with which they dispose of other 
parasites, or indirect; the larger of two endoparasitic larvae is frequently able to 
suffocate a smaller larva by using up the majority of the free oxygen in the host 
haemolymph. Alternatively, the host reaction brought about by the large larva is 
not sufficient to kill it but is lethal for the smaller individual. A large number of 
parasites only inject eggs into unparasitised hosts so competition is completely 
avoided. 

If one of the competitors is an endoparasite and the other an ectoparasite the 
ectoparasite normally consumes the host and the endoparasite. Thus, in general, en-
doparasites lose out in competition with ectoparasites. If both competitors are ec-
toparasites then the outcome is less certain, the elder parasite may eat the egg or 
young larva of the intruder before it grows but perhaps more commonly the youn-
ger ectoparasite develops as a facultative hyperparasite of the first. 

The above arguements are very general and ignore many of the fascinating 
idiosyncracies present in nearly every individual system. A younger endoparasite 
may be injected into an older endoparasite as a facultatively endoparasitic hyper-
parasite or occasionally an ectoparasite and an endoparsite may each leave enough 
of the host for the other to survive (Askew 1979b). Nevertheless, as a first ap-
proximation, selection should tend to favour endoparasites to lay as early as possible 
in as small a host as possible while ectoparasites should be under selection to at-
tack the host late. A young host, however, is a relatively unpredictable resource 
compared with an old host. The chances of a young host suffering parasite-
unrelated mortality is high and there is also the chance of subsequent ectoparasite 
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mortality. The differences in resource quality between young and old hosts run 
paralell to those between early and late successional habitats and the type of 
parasite utilizing each have been described as r and K-selected. Askew (1975) and 
Price (1975) have examined the relative fecundity of r and K-selected parasitoids. 

nA 
Typically early attacking eetoparasites produce many small eggs while late-attacking 
ectoparasites produce fewer larger eggs. Interestingly, one normal corollary of the r-
K spectrum, that a greater proportion of resources allocated to reproduction (Gadgil 
and Solbrig 1972) at the r end, does not seem to occur. Askew gives size (S) and 
number of eggs. (E) of representatives of the two groups, though both are inversely 
related to each other, if the sum volume of resources, S 3 E, is calculated, there is 
no difference (using T test at 99% significance level) between the two categories. 
The reason for this probably lies in the lack of alternative trophic claims for the 
resources and is a warning not to press the r-K metaphor too far. Force (1974) and 
Price (1975) have suggested r-selected parasites are better colonizers being found at 
low population densities where the superior competitive K-strategists do not occur. 
Both authors found evidence for this in the systems they studied. They also suggest 
that r-selected parasites will be found first in the evolution of a parasite community 
and that they will also ocur more frequently in early successional habitats and be 
more opportunistic. Both these predictions are tested for the leaf-miner community 
in Chapter 5. 



Chapter 2 
Leaf-mining Insects 

2.1 Definition 

Leaf-miners are insects with larvae which, for at least part of their lives, live 
and feed inside the leaf, leaving the outer epidermal walls intact. They do not in-
duce any new plant tissue formation that is subsequently utilized by the insect. 

This is a fairly workable definition, examples of the different types of miners 
are given in section 2.3. Leaf-miners of aquatic plants are ignored as these special-
ised insects were not included in the study. Some Endochironomus and 
Glyptotendipes species (Diptera; Chironomidae) excavate short mines, open at both 
ends, which they use as a filtering tube to collect algae suspended in the water 
(Hering 1951). These species would fall on the boundary of the definition. 

Considering how similar the galling and mining habit is, it is surprising that in 
general the two groups are taxonomically distinct. A few species from mining 
groups have become gall formers, for example in the Agromyzidae, the genus 
Hexomyza and the single species Agromyza erythrocephala. In the Tephritidae, 
both gall-formers and miners occur, though not in the same genus. This division 
suggests a qualitative difference in the two feeding habits. 

Gall-forming insects cause the plant to produce new tissue which is then fed 
on by the insect. In some cases a leaf miner will cause new plant growth (discus-
sed at length by Hering 1951). The tissue produced is normally in the form of un-
differentiated callus cells, though less frequently there may be regeneration of 
specific tissues such as the palisade layer. Some part of the response may be a 
generalised damage reaction though there is evidence that the miner itself is also 
involved as very similar shaped mines produced by different insect species, on the 
same plant, can result in differential tissue response (Hering 1951). It is known 
that some miners release cytokinins to manipulate the plant's physiology (En-
gelbrecht 1974) and it may be exudates such as this that form the basis of the 
plants response to different sorts of insects. 

In some cases, though these are infrequent, an insect from a typically gall-
forming group creates a working very similar to a mine. The Cecidomyiids of the 
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genus Cystiphora on Compositae and Monarthropalpus buxi on Buxus form small 
round pustules that might be taken as mines. However, some new callus tissue is 
produced which is fed on by the insect though this may be supplemented by sap 
translocated to the damaged area. On balance these insects are more naturally in-
cluded as gall formers. 

2.2 Taxonomic Distribution of Leaf-miners 
Table 2.1 gives the distribution by family of the approximately 700 species of 

British leaf-miners attacking terrestrial angiosperms. (Gymnosperms and aquatics dif-
fer qualitatively and are not included in this study.) Leaf miners are found in four 
insect orders (Fig. 2.1); Lepidoptera, Diptera, Coleoptera and Hymenoptera. The 
percentages vary when different plant groups are examined (Chapter 3) and also 
geographically. Though little is known of the leaf-miner community in the tropics; 
in the neotropical region, Coleoptera, especially Hispinae, are very numerous 
(Hespenheide 1979) whilst in Sri Lanka Lepidoptera were found to be the most 
frequently encountered order (pers. obs.). 

The leaf-mining habit has arisen many times as attested by the number of 
families containing miners. In some families (e.g. Gelechiidae, Yponomeutidae, Cur-
culionidae and Chrysomelidae) the distribution of miners is patchy, indicating 
several independent transitions. By an examination of the interrelationships of 
mining insects with their closest non-mining relatives, it should be possible to 
reconstruct the pathway to the mining habit. Ideally this should involve a study of 
world faunas, though some indication of what may have happened can be seen 
from the restricted British fauna. Firstly, miners may have evolved from internal 
shoot feeders. The most primitive European Nepticulid genus is Bohemannia, whose 
only species, B.quadrimaculella, is an internal feeder in the shoots of Alnus. The 
lowest members of the primitive mining genus Ectoedemia (subgenus Ectoedemia), 

mine chiefly in the petiole, only making a small blotch at the base of the leaf 



Table 2.1 

The Distribution by Family of British Leaf-miners 

Lepidoptera 395 
Nepticulidae 89 
Gracillariidae 84 
Coleophoridae 57 
Elachistidae 43 
Lyonetiidae 21 
Gelechiidae 21 
Yponomeutidae 16 
Momphidae 12 
Tortricidae 11 
Eriocraniidae 8 
Heliozelidae 5 
Incurvariidae 5 
Tischeriidae 5 
Oecophoridae 4 
Pterophoridae 4 
Epermeniidae 3 
Phyllocnistidae 3 
Alucitidae 1 
Noctuidae 1 
Scythridae 1 
Chorteutidae 1 

Diptera 229 
Agromyzidae 186 
Anthomyiidae 20 
Tephritidae 9 
Drosophilidae 5 
Scathophagidae 3 
Anthomyzidae 2 
Syrphidae 1 
Ephydridae 1 
Dolichopodidae 1 
Sciaridae 1 

Coleoptera 56 
Curculionidae 28 
Chrysomelidae 24 
Bruchidae 4 

Hymenopterra 18 
Tenthredinidae 18 

Totals 698 
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blade in the final instar. It is an intriquing possibility that these represent 
phylogenetic stages in the invasion of the leaf. A second route, from external leaf 
feeder, is illustrated by such groups as Cnephasia (Tortricidae) which feed as 
miners in their first instar and then subsequently as leaf spinners. Other non-mining 
Cnephasia and related genera are spinners throughout their larval life. In the 

i i 

Gracillaridae, most Gracillarinae are miners only in their early instars, later feeding 
externally in rolled leaves etc.. However some species, such as Acrocercops 

brongniardella and the whole of the Lithocoleljnae, are complete leaf-miners. As a 
contrast to these seemingly ordered relationships, the Anthomyiid genus Pegomyia 

contains leaf-miners, stem-borers, fungivorous and coprophagous species. 

2.3 Life Histories of Leaf-miners 

This section provides a brief narrative description of the leaf-mining habit, and 
the variety and diversity found within it. A much more detailed general discussion 
of the natural history of leaf-miners is given by Hering (1951) and for the 
American fauna by Needham et al (1936). 

The shape of the mine is extremely variable, though it often provides excellent 
species diagnostic characters. Hering (1951) has provided a detailed terminology for 
mine shapes, though this has not been followed here as it has been used by few 
subsequent authors. The use of the terms also tends to give the impression of dis-
tinct entities when in fact there is a continuum of mine forms. The commonest 
types of mine are the linear gallery and the blotch mine, though both may occur 
at different stages of the same larva's life. Some examples of unusual mine forms 
are Johannsonia acetosae which forms a spiral linear mine on Rumex, Phytomyza 

lonicerae on Lonicerae where the mine is stellate and Stigmella viscerella on Ulmus 

which gets its name from the viscera-like coils of its linear mine. The leaf morphol-
ogy, its boundary and veins, often influences the shape of the mine. Some species 
such as Fenusa pusilla always mine the area between two veins (of Betula leaves). 
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Stigmella regiella always follows the margin of the Crataegus leaf it mines in the 
first few instars. A large number of species are associated with the midrib. 
Liriomyza strigata mines beneath the midrib, only making short blind-ending excur-
sions into the leaf blade. The midrib provides a relatively safe refuge, hiding the 
miner and making parasitoid oviposition more difficult. 

In the vertical dimension, mines may be either full depth; all the mesophyll 
between the epidermises eaten away, or underside or upperside. In the latter cases 
the mesophyll adjacent to only the upper or lower epidermis alone is eaten. More 
rarely as in Phytomyza autumnalis on Cirsium, the miner may tunnel through the 
mesophyll without coming into contact with either epidermis. A qualitatively dif-

i 

ferent type of mine is made by early instar Gracillaridae and all instars of Phylloc-
nistidae, the larvae of which are of specialist form (see section 2.4) living within 
the epidermis, where they cut the vertical cell walls and drink the cell sap. The 
inner and outer cell walls of the epidermal layer provide the limits of the mine. In 

i 
the Gracillaridae which later mine in a more normal fashion, there is a 'hyper-
metamorphosis' between the sap and tissue feeding stages. Mines of non-dipterous 
insects frequently have silk in them. The function of this silk varies, in, some 
Phyllonorycter, the frass is bound together by it, perhaps to ensure greater hygiene. 
Lepidopterous larvae that pupate in their mines often spin a cocoon from silk. 
When Phyllonorycter and Parornix larvae enter their tissue feeding stage, the lar-
vae deposit strands of silk transversely across the mine on the exposed inner epider-
mal walls. As the silk contracts, it dries, causing the mine to balloon out into the 
characteristic 'tent' mine of these groups. 

Most species complete their lives as miners in a single leaf. In some groups 
however, the leaf is not sufficient to provide food for the whole period and the 
miner has to move to a new leaf. This is particularly likely to happen where the 
insect is relatively large (e.g. Pegomyia). There are two ways a miner can change 
leaves. First, by quitting the plants interior and moving across the external surface 
of the plant and second, by mining down the petiole of the spent leaf and up the 
petiole of a new one. The first pathway is used by Pegomyia and Bedellia 

somnulentella while the second is used by Fedalmia headleyella and Phytomyza 

ranunculi. 
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One problem internal feeders face, which is not as important to external 
feeders, is associated with living in close proximity to the frass they produce. In a 
species that forms a linear mine with little chance of the track doubling back on 
itself, there will be little problem. A larva in a blotch mine, as it moves around 
it's working, will however come into intimate contact with its own frass. Some 
blotch miners avoid this by voiding excrement through a hole in the mine (e.g. 
Acrolepia pygmeana, Ectoedemia subbimaculella) or by depositing frass in a cir-
cumscribed area such as the centre of the mine (Microsetia sexgutella) or the 
beginning of the mine (Messa. nana). Binding frass in silk was mentioned above. 
The arrangement of the frass is one of the most important diagnostic characters in 
identifying mines. Even at the ordinal level it may be useful. Because of the struc-
ture of their mouthparts, dipterous miners typically mine on their sides. In a linear 
mine, the ventral anus is thus situated on one side, when viewed from above. This 
position results in frass being deposited along the side of the mine, normally first 
on one side and then the other as the larva periodically turns to lie on its other 
side. A miner from the other orders will mine either with its ventral or dorsal side 
uppermost. The anus will thus be situated in the middle of the mine or at least 
will not constantly keep to the sides. Some miners slowly 'wag their tails' which 
results in the frass being distributed in arcs and forming a distinctive pattern 
known as coiling. Not all miners rigorously avoid their frass. Ectoedemia 

argentipedella deposits its frass in a central patch to which it retreats when not 
feeding. As well as being hidden by the frass, the larva is further protected by a 
change in colour in the epidermis which becomes dark and opaque in the region of 
the patch of frass. Whether this colour change is caused by something in the frass 
or whether it is due to some direct influence of the larvae is not established. 

Mining insects may deposit their eggs on the surface of the leaf or actually 
imbed them within it. In the majority of miners with external eggs, the larva eats 
through the base of the egg straight into the leaf without coming into the open. 
Groups that put their eggs inside the leaf normally have a specially adapted 
'ovipositor' (e.g. Eriocraniidae, Agromyzidae, Tephretidae and Tenthredinidae) while 
Curculionids use their rostrum to excavate a hole. Agromyzids feed from sap ex-
uding from ovipositor punctures and lay eggs only in a small proportion of the 
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holes (see Section 2.5). The Heliozelid Antispila pfeifferella lays its eggs in slits in 
the leaves of Swida. The female before ovipositing makes a series of 'practice' slits. 
Curiously the congeneric A.petryi invariably fails to make practice slits, their ab-
sence being diagnostic of the species. The majority of miners are solitary, though 
communial mines are found in several groups. The female Pegomyia lays several 
eggs in a neat row, the larvae from which develop in the same mine. 

A large number of insects spend only part of their larval existence as miners. 
In these species it is normally the earlier instars that occur in the mine. In a few 
cases the larvae will begin by mining in the petiole and only later enter the leaf 
blade (e.g. Ectoedemia sensu stricto and Heliozela). The restriction of mining to 
the early instars is particularly common in the Lepidoptera. The miner may go on 
to be an external feeder (e.g. Bucculatrix) though more normally the subsequent 
site will be at least partially concealed. Examples are larvae which later live in a 
spinning (Cnephasia, Epermenia), a leaf-roll (Calopti l ia, Calybites), a folded leaf 
(Parornix) or a case (discussed below). 

One group of miners that needs to be treated specially are the Coleophoridae. 
This is a large lepidopterous family, all but 3 in the genus Coleophora, containing 
56 miners in the British fauna, the other 48 being seed feeders. A typical mining 
Coleophora begins by excavating a small mine. It then constructs a portable case 
by cutting out the epidermises that formed the limits of its mine. In this case, the 
larva is able to move over the surface of the plant, propelling itself by its thoracic 
legs. When it comes to feed, the larva attaches its case to the leaf surface with 
silk and eats a small circular hole through the epidermis beneath the case. The 
larva then mines the mesophyll of the leaf with no more subsequent damage to the 
epidermis. The small, roughly circular mines, with no frass, (this is voided exter-
nally through the distal end of the case) and a small circular hole in the epidermis 
are characteristic of Coleophora. As it grows, the larva will frequently excise for it-
self a bigger case from one of its mines. Normally it is possible to identify a 
Coleophora from a knowledge of its foodplant and the structure of its case. 

Several other groups of miners produce cases. The genus Incurvaria lay their 
eggs many to a leaf. The larvae mine only in the first instar before excising a case 
and continuing to feed on the ground. The shape of the leaf with many circular 
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cut-outs is characteristic of this group. More frequently cases are built at the end 
of the larval period and are used for pupation on the ground (Heliozelidae, some 
Rhynchaenus, Phylloporia). 

Those species that mine throughout their larval life may either quit the mine 
or go on to pupate in it. All four orders contain species that do both and fre-
quently the same genus will display both types of pupation (e.g. Stigmella, 

Agromyza, Phytomyza). The pupae, as discussed above, may be in a silk coccon. 
Some Agromyzids pupate in the mine with their spiracles protruding through the 
epidermis (most internally pupating Phytomyza). In some species of external miners 
it is not infrequent to find the pupae attached to the plant in the vicinity of the 
mine (Stigmella aurella, Phytomyza chaerophylli). 

2.4 Morphological Adaptations to Leaf-mining 

The four orders of miners display differing degrees of specialization when com-
pared with their nearest non-mining relatives and the general groundplan of the 
order (Jayewickreme 1940, Hering 1951). The most substantial modifications are 
found in the Lepidoptera and Coleoptera whilst Hymenoptera, and to an even 
greater degree Diptera, remain relatively unspecialised. Three major trends can be 
identified in mining insects. 

1) Dorso-ventral flattening of the body 
2) Forward projection of the mouthparts (prognathy) 
3) Reduction in the size and number of legs 

As the generalised Cyclorrhaphan maggot has already lost its legs and has for-
ward pointing mouthparts, Diptera may be said to be preadapted to exploit the 
mining niche. Dorso-ventral flattening, the other major trend found in other orders 
of miners does not occur in Diptera because of the orientation of the mouthparts. 
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Although anteriorly directed, they work in the dorso-ventral plane, which means 
that the larva has to lie on its side to eat. It is necessary for the larva to roll 
from one side to the other, a movement which would be very difficult if the larva 
was dorso-ventrally or laterally flattened. 

The degree of specialization exhibited by mining larvae is strongly correlated 
with the morphology of the mine. Larvae in blotch mines, which are relatively spa-
cious, are the closest in structure to external feeders. Larvae in confined serpentine 
mines show greater specialization whilst the greatest adaptations are found in the 

V 
sap feeding epidermal miners of the Phyllocnistidae and Gracillaridae. 

Reduction in the number of legs is found in all orders. Lepidoptera and 
Tenthredinidae are sometimes found with reduced abdominal legs and normal 
thoracic legs (Coleophora) but more normally, reduction effects both sets of legs 

i. 
(Nepticulidae, Tischeridae, Phyllocnistidae and Eriocraniidae). In place of legs, 
small semi-spherical outgrowths of the body adorned with hairs or rugosity often 
occur (e.g. Eriocrania); these allow some mobility by giving the larva bracing 
points. If the larva retains an external feeding stage it restricts the amount of 
specialization possible. Phyllonoryc&r which is a complete miner has reduced 
thoracic legs with only 3 segments. The closely related genera Parornix, which 
feeds externally in the. last two instars, still has 4 segmented thoracic legs, even in 
the mining instars. Most coleopterous miners have lost their thoracic legs. 

Dorso-ventral flattening is chiefly found in groups with narrow confined mines 
(Lyonetia, Leucoptera, Tischeridae, Nepticulidae and sap feeders). The dorso-ventral 
flattening combined with the forward movement of the mouthparts has resulted in 
many groups having highly modified head capsules. Fig. 2.2a shows a typical exter-
nal feeder in which the head capsule in anterior view is divided by the epicranial 
suture, which is shaped like an inverted Y. As the head capsule has rotated for-
ward, the arms of the epicranial suture in several groups have diverged and even 
become parallel, typically connected posteriorly by a transverse bar. The vertex of 
the external feeding caterpiller now lies in the same plane as the face, and is 
produced posterio-dorsally (see fig. 2.2c). The posterior and lateral expansion of the 
head can be interpreted as making space for the jaw musculature as the height of 
the head is reduced. In addition, the antero-posterior articulation of the mandible 



a) Head-capsule and 
mandible of external 
feeding caterpiller 
(after Snodgrass 1935) 

lcm = 1mm. 

b) Head-capsule and 
mandible of epidermal 
leaf-miner 
(Phyllocnistus suffuse 
(after Jayewickreme 
1940) lcm = 1mm 
except mandible 
lcm = 0.03mm. 

c) Head-capsule and 
mandible of full depth 
blotch-miner 
(Leucoptera scitella) 
(after Jayewickreme 
1940), scale as in b). 
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rotates to become vertical, so that the mandibles open and close in front of the 
larva. In most groups the mandibles have become flattened with a reduced number 
of teeth in the horizontal plane. 

Associated with the above changes, a number of other modifications usually 
occur in the head region. The ventral surface of the labrum becomes extended for-
ward and may bear hairs and spines. These are probably associated with sap collec-
tion. The labrum of some groups such as Nepticula and Parornix may be dentate 
and function to cut tissue as the head is swung from side to side. The maxillae 
may also bare hair-like or hook-like structures which are probably involved in sap 
collection as are the hairs on the hypopharynx. The hypopharynx is often enlarged 
and of greater importance when compared with external feeders. It frequently takes 
the place of the prementum in forming the postero-ventral floor of the mouth 
cavity. The ocelli are often reduced and placed on the lateral margin of the head 
though they are nearly always present. 

The specialised requirements of the epidermal leaf-miners has resulted in a 
very highly modified larval structure though the adaptations are more accentuations 
of the structures discussed above than completely new. The mandibles (Fig 2.2b) 
are very flat horizontal blades with one distinct tooth and broad scythe-like cutting 
edges. The mandibles are used locked open, the cutting motion coming from swing-
ing the whole head rather than moving the mandibles individually. The labrum 
forms a large ceiling to the mandibles and probably acts to prevent the possibility 
of the mandibles rupturing the roof of the mine which in epidermal miners is very 
fragile, being only a cell wall thick. The hypopharynx is very large and hairy, 
projecting in front of the prementum. The hypermetamorphosis mentioned in the 

i. last section allows Gracillarjdae to switch from sap-feeding to tissue-feeding. The 
I Phyllocnistidae could be described as neotenous Gracilla^idae (a Hennigian wouL_d 

•1 
call them Gracilla^idae!) but even they undergo a partial hypermetamorphosis 
before the last instar which is non-trophic. 
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2.5 Ecological Studies of Leaf-miners 

This section reviews ecological studies of leaf-miners. The first four parts are 
concerned with population studies. There is a large literature of single population 
studies of miners, the majority referring to pest species. There is a danger that this 
may give a biased view of population mechanisms as, almost by definition, pests 
have high population levels. There is also a danger of trying to generalise 
phenomena to a whole class of insects. It would be naive to expect one type of 
density-dependent mortality to be the chief regulating factor for all the 700 species 
of British miners let alone all leaf-miners. Nevertheless, a knowledge of which fac-
tors are consistantly found to be most important will be useful in interpreting com-
munity structure. 

2.5.1 Mortality Factors 

a) Resource limitation 

This may occur either when the number of miners is such to defoliate the 
available supply of suitable food or , when miners are restricted to a single leaf, a 
miner may starve in a leaf too small to support it. The latter can be observed 
quite frequently in the field but normally is only a minor cause of mortality (Mar-
tin 1960). 

Full scale defoliation is seen most frequently in pest species. Pest species are 
in turn more common where an introduced plant species has been colonised by na-
tive miners (an example of this is the polyphagous South American Liriomyza 

species that attack many introduced crops, Spencer 1973) or where an introduced 
miner attacks native plants. Several introduced European tree-mining species have 
become important North American forest pests {Coleophora fuscedinella, Bryant and 
Raske (1975), Phyllonorycter blancardella, Pottinger and LeRoux (1971), Fenusa 

pusilla, Cheng and LeRoux (1969), Profenusa thomsoni Martin (1960), Messa 

populifoliella, Underwood and Titus (1968)). In all these cases, disruption of the 
normal suite of parasites and predators will have occurred. This may have resulted 
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in a transition from a parasite/predator mediated low equilibrium population density 
to a much higher resource limited level (Southwood and Commins 1976). 

Instances of resource limitation in natural populations are much less common. 
One exception seems to be in arctic ecosystems where high population densities of 
miners occur quite regularly. In Northern Finmark, Eriocrani^jJ spp. regularly 
defoliate small areas of scrub birch and in some years extensive defoliation takes 
place (Koponen 1973, 1974). Perhaps surprisingly, Eriocrania and reindeer have 
comparable effects on the birch. Occasionally spectacular outbreaks of normally rare 
species occur in. temperate climates. In Silwood in October 1979, the normally 
rather scarce Quercus nepticulid, Ectoedemia subbimaculella defoliated several 20ft 
oaks in a small part of the field station. The density of mines per leaf on some 
leaves exceeded 100. Meyrick (A.M.Emmet pers comm) observed a similar outbreak 
in the 1920s on oak by the closely related species Ectoedemia albifasciella. In Sri 
Lanka in 1981 the density of leaf-mines on trees appeared to be appreciably 
lower than that typically found on temperate region trees in England. Outbreaks do 
at least sometimes occur in the tropics, E.Schmidt Nielsen (pers. comm.) recently 
observed a primitive Dacnonyphan lepidopterous miner causing partial defoliation to 
trees in a Brazilian forest. 

Resource limitation may still occur without noticeable defoliation if the miner 
is restricted to a certain age or type of foliage. This aspect of resource limitation 
has been stressed by Janzen (1973). The possibility of this situation arising with 
Lyonetia clerkella which attacks regrowth Betula leaves is discussed in Chapter3. 

Resource limitation mortality may be either 'scramble' or 'contest' (Hassell 
1978). Virtually all the E.subbimaculella larvae in the Quercus leaves with over a 
100 mines died before becoming full grown. In other species cannibalism means 
that at least one individual normally survives (Condrashoff 1964, Murai 1974, Mar-
tin 1956). A more indirect mortality was observed by Martin (1960). At high den-
sities moths were forced to lay eggs on leaves already containing mining insects 
which killed the eggs by mining under them. 
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b) Predation 

Predation on leaf-miners is difficult to observe in the field and in comparison 
with parasitism is poorly studied. Very little is known of what attacks eggs. Cheng 
and LeRoux (1970) found coccinellids and thrips to attack the relatively large eggs 
of the sawfly Fenusa pusilla whilst Pottinger and LeRoux (1974) found acarines to 
be the most important predator of the eggs of the moth Phyllonorycter 

blancardella. 

A greater variety of larval predators are found. Hemiptera are generally re-
corded as the commonest insect, Lygeaids, Nabids and Mirids being the most im-
portant (Cheng and LeRoux 1969, 1970, Pottinger and LeRoux 1971, Askew and 
Shaw 1979a, James 1968). Other predators include Chrysopids (Cheng and LeRoux 
1969), vespine and polistine wasps (Cheng and LeRoux 1970), and ants (Faeth 
(1980)). The most important non-insect predators are birds (Pottinger and LeRoux 
1971, Cheng and LeRoux 1970, James 1968, Betts (1955), Gibb and Betts 1963, 
Itames and Ojanem (1977), Owen (1975)). All these references are to birds feeding 
on tree-mining species. Betts (1955) found that in autumn and winter, leaf-mining 
pupae and larvae made up a substantial part of the diet of Great Tits in Oxford. 
Phyllonorycter larvae and pupae are important in January when the majority of 
them would be in leaves in the litter layer. This indicates that the birds are forag-
ing on the ground, though young individuals of Fagus and Quercus do keep their 
leaves during the winter. The behaviour of the same population of Great Tits 
worked on by Betts, has been the subject of extensive research, especially on their 
foraging behaviour (for a review see Krebs and Davies 1978). This system would 
present an ideal opportunity for investigating the influence of a vertebrate predator 
on a leaf-miner. 

Predation of the pupal and adult stages is again very poorly known. In general 
they seem to be attacked by generalist predators of small insects rather than by 
specialists. Pottinger and LeRoux (1971) found that Acarines, Carabids, Mirids and 
Nabids would all eat Phyllonorycter blancardella pupae when presented to them in 
the laboratory and may be natural predators. Adult miners are frequently found in 
spider webs on their foodplant. 

In addition to what might be called deliberate predation, leaf-miners will also 
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be killed as a byproduct of herbivory by larger animals. Vertebrate herbivores such 
as rabbits and cows eat foliage containing mines as do larger larvae. Earthworms 
drag, deep into the soil, leaves containing miner pupae (Pottinger and LeRoux 
1974). However the mortality caused by this type of predation is by its nature in-
dependent of the miner population level and will be less important to the dynamics 
of the population than 'deliberate' predation. 

c) Parasitism 

Parasitism is an extremely important mortality factor of leaf-mining insects. I 
am including under this heading host-feeding, which should more accurately be 
described as a type of predation. However, it is intimately linked with parasitism as 
a searching female wasp has the choice of either laying an egg in, or feeding from, 
any host she finds. Leaf-mining parasites are almost always hymenopteran as 
Tachinidae, without a piercing ovipositor, cannot penetrate into a mine. 

The searching behaviour of leaf-mining parasites has been studied in only a 
few cases. Sugimoto (1978, 1979) found that the parasite of Phytomyza ranunculi, 

Kratochviliana sp. (probably = Chrysocharis pentheus as understood in Europe) 
alights on leaves at random and then searches for mines. The scanning is done both 
with the antennae and by inserting the ovipositor. When a mine is discovered, it is 
followed back until the larva is located. The two braconid parasites of Liriomyza 

bryoniae (Dacnusa sibirica and Opius pallipes) studied by Hendrikse and Zucchi 
(1979), Hendrikse et al (1980) and Hendrikse (1980) behaved similarly on the leaf 
but were able to utilize long-range cues, alighting preferentially on mined plants. 
Visual cues are also probably used by the Pteromalid Miscogaster rufipes which 
can be seen hovering around the leaves of Urtica dioica before landing on the 
brown mines of Agromyza anthracina and A.pseudoreptans (pers. obs.). Leaf-miner 
parasites can frequently be found searching the leaves of trees by running swiftly 
over one leaf and then jumping to another. Contact seems to be necessary before a 
mine can be detected. This behaviour is especially pronounced in the genus 
Achrysocharoides which can 'run' sideways very quickly. This behaviour, has been 
aptly termed 'waltzing' by Bryan (1980). Quednau (1967) found that Chrysocharis 
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laricinellae, a parasite of Coleophora laricella, seemed to employ no long range 
cues to find its host, but responded to a contact stimuli present in the host case. 
Louise Vet (pers comm) has recently observed that Phaenocarpa pullata which 
parasitises Pegomyia nigritarsis in its large blotch mine on Rumex, locates the lar-
vae by 'listening' with its antennae to the vibrations produced by the maggot feed-
ing. 

Having located a host, the parasite may either reject it, feed from it, or lay a 
male or female egg in it. Superparasitism avoidance is probably widespread as most 
leaf-miner parasites are solitary. It has been observed by Sugimoto (1979), 
Hendrikse and Zucchi (1979) and Quednau (1967) though in the last case this 
broke down in the absence of an alternative host. Hendrikse and Zucchi also found 
that the braconids they were working with distinguished between the different size 
classes of the host encountered. Many leaf-miner parasites, especially chalcids, need 
to feed to obtain resources to produce eggs (Flanders 1935). Mortality caused by 
host feeding can thus be quite appreciable (James 1968, Askew and Shaw 1979a, 
Miller 1973). Quednau (1967) found -that Chrysocharis laricinellae emerged with 
formed eggs in her ovarioles. If a host was not found, it was able to resorb the 
eggs, so increasing its longevity. New eggs could be produced after host feeding. 
This process has been variously described as phasic castration and cyclic ovulation 
(Flanders 1942). 

The sex ratio of leaf-miner parasites is often female biased as is general for 
the Hymenoptera. A marked protandry effect was found in this study for some 
species. Askew and Ruse (1974) discuss the extra-ordinary sex ratio allocation found 
in Achrysocharoides. Members of the genus are partially gregarious, often with the 
sexes segregated in different broods, and in several species with the females 
gregarious and the males solitary. Unlike the majority of the Hymenoptera, in this 
genus the female is often smaller than the male. The courtship and copulation of 
miner parasites has been described by Quednau (1967) and Bryan (1980). The im-
portant questions of whether males go to the host's foodplant to mate, relevent to 
sex ratio and speciation problems (Bush 1975, Hamilton 1967), is not known. En-
capsulation has been recorded at low levels by Askew (1968) and Hendrikse (1980). 
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d) Climate 

Weather can cause substantial mortality to miners. Drought may cause the 
leaf to lose its turgor, killing the egg or young larva (Cheng and LeRoux 1970), 
while frost kills diapausing pupae (Pottinger and LeRoux 1971, Koponen 1974). 
Climate may, in large part, determine the variation in population level from year to 
year. Bazinet and Sears (1979) found that the levels of pest infestation of two 
miners on Thuja occidentalis was determined by climatic winterkill, which varied 
from 6 to 60%. 

e) Plant antibiosis 

In section 2.3 plant growth response to mining was mentioned. It is possible 
that some induced growth may detrimentally effect the miner though I know of no 
study that has investigated this. The frequency with which mined leaves fall off 
their plants is often greater than for non-mined leaves (Faeth et al 1981, Hendrick-
son and Barth 1977, Owen 1978). Though this response may be a non-specific 
damage reaction, some mortality is caused by leaf dehiscence and the plant may be 
selected to shed mined leaves. Owen (1977,1978) goes further and suggests that 
herbivores in general, and Phytomyza ilicis in particular, are beneficial to the plant. 
By causing regular leaf fall, it is suggested that P.ilicis creates a regular flow of 
nutrients from the leaves to the roots much of which would be lost if the leaves all 
dropped .at once. Though Owen's idea is ingenious, it is vitually unfalsifiable, and 
its intricacy makes it susceptible to Occam's razor. 
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2.5.2 Natality factors 

a) Egg number 

The number of eggs varies from about 20 to about 300. Five species of 
Phyllonorycter laid on average 45, 45, 42, 25-34 and 22 eggs (review in Askew 
and Shaw 1979a), Coleophora serratella was found to have 52 eggs (Coshan 1974) 
Bedellia somnulantella\ 169 (Parella and Kok 1977), Agromyza frontella; 141 
(Hendrickson and Barth 1978). It will be interesting if further work confirms this 
apparent difference between the miners of trees and herbs; tree miners seem to lay 
fewer eggs. 

b) Climate 

Climate has two main effects on natality, firstly it can influence adult be-
haviour and secondly it can influence the relative synchrony of the miner and its 
host plant. Adverse weather, especially cool temperatures (Condrashoff 1964, Martin 
1960, Koponen 1974) or rain (Martin 1960) prevents female mating and oviposition 
from taking place. Wind will be important as most miner adults are too small to 
fly against even a light wind, and are always in danger of being blown away from 
their foodplant. 

Many insect species are only able to survive on their hostplants if the plants 
are attacked at a specific age. Changes in the nutritional composition of the leaf 
are the most common source of age-specific variability. The best studied example of 
this is the Winter Moth (Operophtera brummata) (Feeny 1970). Leaf-miners that 
feed in early spring may not be able to survive on more mature foliage (Martin 
1960, Connor and Simberloff unpublished). Hence selection will operate so that 
leaf-miner emergence is co-incident with the correct period of plant phenology and 
any climatic effect that introduced stochasticity into the system could potentially ef-
fect the species natality to a considerable degree. Condrashoff (1964) found that 
Populus tremula leaves were attractive to Phyllocnistis populiella only over a 7-10 
day window. If the temperature was below 10C over this period the aspen escaped 
serious herbivory. P.populiella normally matures about 40 eggs but Condrashoff 
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found that on average the moths only had the opportunity to lay 7 eggs. Miller 
(1973) failed to find a correlation between bud burst and Phyllonorycts.r infestation 
on different trees, but this may be because this genus mines during the summer 
when the rate of change of plant chemical differences has plateaued out. 

c) Adult nutrition 

The availabilty of food for the adult may influence its natality. Benschoter and 
Leal (1974) found that varieties of cotton with extra-floral nectaries attracted more 
leaf-miners (Bucculatrix thurberiella) to feed and then oviposit than varieties 
without nectaries. As discussed in Section 2.3, Agromyzidae obtain food from lap-
ping up exudates from wounds in the plant made by their ovipositor. Hussey and 
Gurney (1962) have investigated the f _ actors influencing the ratio of eggs laid to 
feeding punctures. They found that adding nitrogen or potassium to the plant 
reduced the ratio. The effect probably worked through the nutients fertilizing the 
plant and increasing the amount of metabolites in the sap. The insect then needed 
fewer feeding punctures to supply its nutrient requirements. Hendrickson and Barth 
(1978) found that one female Agromyza frontella could make 3769 perforations. 
This is the equivalent of 1.1cm 2 tissue destroyed and a egg/feeding-puncture r_atio 
of 27. As the mine itself destroyed only 0.64cm 2, this was quite significant. It is 
likely that the number of punctures recorded in this study was exceptional, 
Sugimoto (1979) found a egg/feeding-puncture ratio of 7. 

d) Adult behaviour 

Sugimoto (1978,1979), in detailed behavioural studies of the adult Phytomyza 

ranunculi, has investigated visiting rate, puncture batches and the influence of leaf 
size. All these results have been included in a giant simulation model which 
describes the resulting observed distribution of eggs, though its complexity makes it 
hard to interpret. The most interesting finding was that P.ranunculi avoided 
ovipositing on already mined leaves, (though it could only detect mines and not 
eggs). Sugimoto found no interactions between the adult flies. Martin (1960) also 
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found avoidance of mined leaves though this broke down at high densities. 
As with leaf-miner parasites, the important question of where mating takes 

place has been little studied though some authors have speculated whether it is on 
the host plant (Bryan 1980). A sex pheromone is known for at least one lepidop-
terous leaf-miner (Coleophora laricella, McMillan and Borden 1974). 

2.5.3 Spatial Heterogeneity and Migration 

The majority of field studies on leaf-miners have found remarkable spatial 
heterogeneity. This heterogeneity is found at all levels from the leaf (Miller (1973), 
Martin 1960) to the tree (Condrashoff 1964). Within the canopy, some authors 

> 

have found leaf-miner abundance to increase with height (Bryant and Raske 1975, 
Pottinger and LeRoux 1971, Overgaard Nielsen and Ejlersen 1977) while others 
have found more mines in the lower part of the canopy (Condrashoff 1964, Miller 

* . 

1973, James 1968). Connor and Simberloff (unpublished) found that the vertical 
peak of mine density switched from low down at the beginning of the year to high 
up later. The causes of this heterogeneity are conjectural and no doubt arise at 
least in part from purely stochastic effects. Other factors likely to be important are 
differential overwintering mortalities at different sites, microclimatic effects and dif-
ferences that occur from plant to plant in nutritional quality (White 1974, 1976). 

Movement of adult leaf-nliners is difficult to study and imperfectly known. 
Condrashoff (1964) reported that Phyllocnistis populiella moved considerably 
through Populus' stands searching for trees with the most suitable foliage. 
Phyllonorycter rtiessaniella has a winter generation on an evergreen Quercus and a 
summer generation on a deciduous tree, normally another Quercus. The distance of 
a deciduous oak from the nearest evergreen was found to affect the level of miner 
infestation (Delucchi 1958, Swan 1973). 
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2.5.4 Population Dynamics 

Is it possible to generalize from this discussion as to what are the chief con-
trolling and regulating factors of populations of leaf-miners? 'Regulating factor' is 
used to mean the density-dependent mortality or mortalities that determines the 
average population level and 'controlling factor' to mean the key factor mortality 
that determines the value around the average observed from year to year (Varley, 
Gradwell and Hassell 1973). 

The effect of the weather, both directly and indirectly (as discussed in 2.5.2) 
emerges as the most commonly observed controlling mortality. Parasitism/predation 
and resource limitation are the chief candidates as prime density-dependent regulat-
ing factors. Most evidence points to the former. Even taking into account Janzen's 
reposte to the dismissive remark about resource limitation, "the earth is green", 
that the earth was in fact coloured "phenol, tannin and anthocyanin", miners rarely 
seem to approach a population level where there is a danger of them running out 
of food. Predation and parasitism, particularly parasitism, is almost universal and 
usually at a high level. Theoretical work (review by Hassell 1978) shows how a 
parasite or predator could regulate a herbivorous insect, particularly when spatial 
heterogeneity and parasite aggregation at high host densities occur. There is some 
evidence for density-dependent parasitism in miners (Miller 1973). Two experiments 
relevent to these questions have been conducted by Faeth and Simberloff (1981a, 
b). In the first they enclosed an oak tree in an insect proof cage and in the second 
they transplanted an oak to an agricultural site away from its miners and their 
parasites. Introducing a miner population onto both oaks, they found that larval sur-
vivorship increased initially as would be expected if the miners were experiencing 
release from predation and parasitism. If the miners were being limited by their 
resources, larval survivorship would be expected to decrease in the absence of 
predators and parasites. Where theory at the moment is less helpful is in predicting 
the effect on the long-term dynamics of a species of rare outbreaks associated with 
severe resource-limited density-dependent mortality. It is possible that infrequent 
events, such as this which may never be observed during a short study, exert some 
influence on the average population level of a miner. o 
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2.5.5 Community Ecology 

Compared with single species studies, relatively little work has concentrated on 
leaf-miner communities. One of the main reasons for this is the taxonomic intrac-
tability of most non-European miner faunas. Outside Europe, the only major pub-
lished work is on the community of miners on North American E^agaceae, initially 
started by Opler (1974a,b) in California and now continued on the east coast by 
Faeth, Connor and Simberloff. Hespenheide is studying the hispine beetle miners of 
Central America though has not yet published. In Europe there is a large body of 
host association data (see Chapter 4), much of it collected by Hering (1957). 
Claridge and Wilson (1982) have used this data in studying the factors which.v 
determine the miner load of a particular species of tree (see Chapter 4). Askew 
and Shaw (1974), Shaw and Askew (1976), Askew (1975) and Askew (1981) have^ 
undertaken an extremely important long-term study of the leaf-miner parasitoid 
community of British trees. The studies listed in this section are the most directly 
relevant to this thesis and are discussed in detail in comparison with the present 
work in the following chapters. 



Chapter 3 
The Leaf-miner Community over a Plant Succession 

3.1 Location of FieldworK 
All the fieldwork in this project was done at Imperial College at Silwood Park, Berkshire. The plant 

succession studied took place on Bagshot Sands. As discussed in the introduction, this work is part of a lar-
ger project on the insect community over a plant succession and the same sites of known successional age 
were used as described by Southwood et al (1979). To provide additional information, most of the sites were 
augmented by including surrounding land of the same successional age. Betula, the dominant late succes-
sional species, was also examined at other sites in the field station. 

3.1.1 Sites of known successional age. 

For further information see Southwood et al (1979). Stinson (in prep.) and Hyman (in prep.) also 
describe these sites. Floral lists for the three sites are given in Tables 3.1 to 3.3 and their location in Sil-
wood on Fig. 3.1. 

Site 1 (Early Succession) 
This consists of a series of plots established in 1977, 1978, 1979 and 1980. The procedure used was to 

plough and herbicide the field in the autumn of the year before the site was initiated. The plot was then 
reploughed, harrowed and lightly rolled in the early spring before being abandoned. The plots are surroun-
ded on two sides by permanent grassland and on the other sides by experimental arable plots which con-
tained, during the period of the study, wheat, potatoes and cabbage. There was no danger of herbicide or 
insecticide drift from these sites. An oak tree stood 10m away from the sites. Southwood et al (1979) used 
27 X 15m plots of each age but adjacent ground abandoned at the same time was also included in this 
study. 

Site 2 (Mid Succession) 
In 1971, topsoil from a nearby building site, was deposited in the area that is now Site 2. Since then, 

apart from rabbit grazing until 1976, the site has been left undisturbed. The site is surrounded by per-
manent grassland and on one side by a copse of Acer pseudoplatanus. Here again, an area larger then the 
27 X 15m plot used by Southwood et al was considered. 



Table 3.1 

Plants recorded growing in Site 1 
1977 - 1981 by Brown et al 

Achillea millefolium 
Anagallis arvensis 
Arenaria serpyllifollia 
Capsella bursa-pastoris 
Cerastium fontanum 
Chamerion angusti folium 
Cirsium arvense 
Cirsium vulgaris 
Cbnyza canadensis 
Crepis capillaris 
Crepis versicaria 
Cytisus scoparius 
Epilctoiun montanum 
Fallopia convolvulus 
Galinsoga parviflora 
Galium aparine 
Geraniim dis sec turn 
Geranium nolle 
Hieracium radicata 
Hypericum pulchrun 
Hypericum humifusun 
Hypochoeris radicata 
Lactuca serriola 
Lotus oorniculatus 
Matricaria matricaroides 
Medicago lupulina 
Medicago sativa 
Myosotis arvensis 
Qrnithopus perpusillus 
Papaver dubiun 
Plantago lanceolata 
Plantago major 
Polygonum aviculare 
Polygonum persicaria 
Pulicaria dysenterica 
Ranunculus repens 
Raphanus raphanistrum 
Rumex acetosa 
Rumex acetosella 
Rumex crispus 
Rumex obtusifolius 
Sagina procurribens 

Senecio jacbbaea 
Senecio vulgaris 
Silene alba 
Solanum nigrum 
Sonchus asper 
Sonchus oleraceus 
Spergula arvensis 
Stachys sylvaticum 
Stellaria graminea 
Stellaria media 
Taraxacum officinale 
Trifolium campestre 
Trifolium dubium 
Trifolium hybridum 
Trifolium pratensis 
Trifolium repens 
Tripleurospermum inodorum 
Urtica dioica 
Veronica arvensis 
Veronica chamaedrys 
Veronica officinalis 
Veronica persica 
Vicia cracca 
Vicia hirsuta 
Vicia sativa 
Vicia sepiurn 
Agrostis canina 
Agrostis capillaris 
Agrostis stolonifera 
Anthoxanthum odoratum 
Arrhenathrum elatius 
Bromis sterilis , 
Carex muricata , 
Dactylis glcmeratus 
Festuca rubra 
Holcus lanatus 
Juncus effusus 
Luzula campestris 
Rileum pratense 
Poa annua 
Poa pratensis 
Poa trivialis 



Table 3.2 

Plants recorded growing in Site 2 
1977 - 1981 by Brown et al 

Acer pseudoplatanus 
Achillea millefoliim 
Anagalis arvensis 
Cerastiun fontanim 
Cirsian arvense 
Cirsiim palustre 
Cirsium vulgare 
Crepis capillaris 
Crepis vesicaria 
Geranium molle 
Glechoma hederacea 
Hypericum humifusan 
Hypochaeris radicata 
Linaria vulgaris 
Lotus corniculatus 
Planatago lanceolata 
Ranunculus repens 
Rumex acetosa 
Rumex acetosella 
Rumex crispus 
Sagina procurribens 
Senecio jacbbaea 
Stellaria alcine 
Stellaria graminea 

Taraxacum officinale 
Tri foil ium campestre 
Trifoliun dubiim 
Trifoliun pratensis 
Trifolium repens 
Tussilago farfara 
Veronica chamaedrys 
veronica persica 
Veronica officinalis 
Veronica hirsuta 
Vicia sativa 
Agrostis capillaris 
Agrostis stolonifera 
Anthoxanthim odoratim 
Arrhenathrun elatius 
Carex muricata 
Dactylis glcmeratus 
Festuca rubra 
Holcus lanatus 
Juneus effusus 
Luzula campestris 
Poa annua 
Poa pratensis 



Table 3 . 3 
55 

Plants recorded growing in Site 3 
1977 - 1981 by Brown et al 

** Quercus robur 
Sorbus aucuparia 
Rumex acetosella 
Rubus fruticosus 
Deschampsia flexuosa 
Holcus mollis 
Poa annua 
Pteridium aquilinum 
Betula pubescens 
Betula pendula 



I 

Figure 3.1 
Map of Silwood with 
location of sampling 
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Site 3 (Late Succession) 
An area of birch woodland, known as Hell Copse. The exact history of the wood is not known but it 

is thought to be approximately 60 years old. An area of 6000m 2 was examined around Southwood et al's 
(1979) woodland site, though their actual site was excluded from sampling because of the danger of results 
being biased by the pressure of work done on trees growing there. The woodland site was bordered on three 
sides by further similar woodland stretching down to a lake and on the last side by a belt of bracken, 20m 
deep, beyond which was permanent grassland. The area was divided into a 15m grid (See Fig. 3.2). The 
woodland contained a bracken filled glade. 

3.1.2 Young Betula sites 

Seedling B.pendula was examined at a site called Observatory Ridge (Fig. 3.1). About 1000 young 
birch plants, under lm high, grow in grassland at the edge of a patch of 8m high Quercus. The nearest 
mature Betula was approximately 50m away. 

The young B.pubescens area was in Cannon Wood, growing in a cleared area. The nearest mature 
Betula was 15m from the plants examined. The 400 seedlings were all under lm high. 

In both areas, the ground flora was chiefly Holcus mollis, with Festuca, Agrostis, Phleum, 

Anthoxanthum and Dactylis. The commonest dicot was Galium saxatile. In the B.pubescens site, Rumex 

.acetosella was abundant and in the B.pendula site, Ranunculus acris, Veronica chamaedrys and Plantago 

lanceolata were common. 

3.1.3 Timed Search Betula Sites. 

Ten additional birch sites were chosen for semi-quantitative timed search sampling. Their locations in 
Silwood are shown on Fig. 3.1. 



Figure 3.2 
Map of Site Three 

in 00 
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A Cannon Path. Mixed B.pendula and B.pubescens site. Open mixed woodland in-
terspersed by heathland. Other trees in the area; Sorbus aucuparia, Acer pseudo-

platanus, Quercus, Ilex, Carpinus and Fagus. The trees averaged 10m high. 

B Observatory Ridge. Isolated bushes of B.pendula, 5 bushes, about 5m in height, 
were sampled. 

C Pond Field. Mixed birch site. The trees were c.lOm high, growing in an over-
grown hedge. Acer and Quercus were also part of the hedge. 

D Nash's Footpath. 15m high B.pubescens from a wood bordering a footpath. 
Fagus and Sorbus aucuparia grew nearby. 

E Nash's Wood. 15m high B.pubescens growing in a thick wood. Leaves sampled 
were mostly from growth on the main trunk of the tree. Fagus, Acer and Sorbus 

aucuparia grew in the neighbourhood. 

F Rush Meadow. 10m high B.pubescens trees and some smaller bushes growing in 
damp grassland. The nearest trees of other species were Salix atrocinerea and Quercus. 

G Gunnes's Thicket. 15m high B.pubescens growing in a shaded wood. Leaves 
sampled were chiefly from growth on the tree's trunk. Acer and Alnus grew nearby. 

i 
H Silwood Bottom. A single 7m high B.pubescens tree in open grassland. To ex-

haust the supply of mines on this single tree took over twenty minutes, the length of 
the sampling period. 

i 

I Gunnes's Bridge. 15m B.pubescens trees in moderately open woodland with a 
bracken field layer. 3 birch trees were sampled and Quercus and Acer grew within this 
area. 

J Ashurst Path. 10m high B.pubescens growing at the edge of woodland. Acer was 
the only other tree species in the area. 
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3.2 Sampling Methods 

3.2.1 Early and Mid Successional Plants. 

Sampling of early successional plants consisted of two stages. Firstly, the plant species was searched to 
see if it carried any leaf-miners. This stage was non-quantitative to allow a greater number of plants to be 
examined. If leaf-miners were found and appeared at a density of approximately one per thousand leaves or 
more, a second stage quantitative sampling was initiated. Plants were chosen randomly for sampling using 
two different methods. For certain species such as Rumex obtusifolius, all the plants in the site were num-
bered and those to be sampled were chosen using random number tables. For most species a random loca-
tion was chosen using random number tables and all plants within a certain radius examined. The length of 
this radius varied for different plants. For ground cover species such as Veronica and Trifolium, a 25cm 
quadrat was used while for plants such as Cirsium, the individuals within a metre radius were examined. 

Each time a plant was examined, the following were recorded: a) the number of leaves, b) the number 
of mined leaves; and then for each mine: c) the species and d) whether the mine was tenanted, vacated or 
if it was possible to tell, parasitised. To increase the number of plants sampled, if the species consisted of 
many homogenous individuals (e.g. Veronica chamaedrys and Chenopodium album) the number of leaves per 
plant was calculated from 100 plants and thereafter, only the number of mines per plant was recorded. 

3.2.2 Mature Betula, Main Site. 

i 
The sampling procedure differed in detail from that employed in the early successional sites. Because 

of the size of the plant and the size of the area, sampling was based on choosing random points within a 
regular grid. Fig. 3.2 shows the full site divided into 15m 2 squares. Some of the grid squares contained no 
birch, but the 16 marked with a cross on the map did and were visited each sampling occasion. For each 
square, a position within it was chosen using random number tables. Any leaves within a 1.4m radius of 
this point were eligible for sampling. If no birch leaves were found, up to three other points were chosen. 
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The, reason for this was to prevent too many gaps in the sampling record but to avoid biased sampling of 
leaves in a square with little birch. If more and more points were chosen until some leaves were found, a 
square with a single atypical birch tree would appear in each months records and cause distortion. 

The most accurate method to pick leaves within the L4m radius would have been to number all the 
twigs and then pick them using random number tables. This was not feasible considering the number of 
leaves it was intended to sample. The method used was simply to grasp twigs without examining them first 
and then to record the number of leaves and mines on them. Though this departure from strict random 
sampling was unfortunate, the unseen principle was strictly adhered to, and there should be no bias toward 
picking preferentially, leaves with mines on them. 

The same information about the mine was recorded as for the early successional plants. The unit of 
sampling was the 'twig'. Unlike tree species such as Quercus and Fraxinus, Betula does not have discrete 
identifiable 'unit twigs'. Nevertheless, it presented the most useful intermediary sampling unit. The circum-
ference of the tree from which the twigs were being sampled was also recorded. 

3.2.3 Seedling Betula Sites. 

In both sites, individual plants were chosen by picking random points in a grid. The plants within a 
,5m radius in the B.pendula, and a 2m radius in the B.pubescens site, were examined. -The difference in the 
sampling radius reflects the differences in the density of seedlings in the two sites. The same information 
about the mines was recorded as in the main site except that plant height was recorded instead of bole cir-
cumference. 

3.2.4 Timed Search Sites. 

These sites were those chosen for semi-quantitative sampling. At each site, all the mines found within 
20 minutes searching were picked and taken back to the laboratory for sorting into species. Non-uniformity 
of the sampling conditions at each site reduced the information obtained from the absolute number of mines 
collected in each site, but the percentage composition of the samples was sound information. 
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3.3 Identification and Analysis 

3.3.1 Identification of Miners 

Though it was not strictly neccessary to be able to identify the miners, providing it was posible to 
separate one unnamed species from another, in practice nearly all the miners were identified, the majority in 
the field. A card-index of the host associations of all British leaf-miners was assembled from a scattered 
literature, and so the range of species that could be expected was known. Hering (1957) provides keys for 
the leaf-miners of all genera of European plants and more modern works on smaller groups exist. All species 
identifications based on mine structure were confirmed, where possible, by rearing the adult insect and then 
identifying it with the relevant taxonomic literature for the group. The literature used, both for the mine 
and adult insect, is tabulated in Appendix 1. Voucher specimens of all reared material have been preserved. 

3.3.2 Statistics 

The estimates of miner density were only meaningful when some measure of their standard error could 
be given. In general, nearly all the species of mines encountered were at a very low density so that their 
appearance in the sample could be considered to be a binomial variate. With this assumption, the standard 
error could be calculated from the formula; 

V 

(M/L) (1-M/L) 
L i 

where M is the number of mines in a sample and L the number of leaves. Two samples, Mi and M2 from 
Lj and L 2 can be compared by calculating d, the cumulative normal distribution variate; 

(M^LQ - ( M 2 / L 2 ) 
T (1 - T) (1/L, + l/La) 

where T is 



The Leaf-miner Community over a Plant Succcssion 63 

M, + M 2 

L, + L 2 

d = 1.96, corresponding to 95% confidence, was chosen as the test value. 
The binomial approximation assumes a random distribution of mines with respect to the sampling 

regime. In fact this is seldom likely to be true, though standard errors obtained by this method are robust 
against moderate departures from true randomness (Sokal and Rohlf 1969). Where the distribution was ob-
viously non-random, a standard error was calculated from the variance of the subordinate samples, though 
when the density is low, this results in very large standard errors. The possibility of fitting the negative bi-
nomial distribution to the data was explored but was found not to be useful. 

The timed search sampling results were analysed using multivariate ordination. Two methods were 
employed; a) Reciprocal Averaging and b) Centroid Sorting of Euclidean Distance. Analysis was performed 
using an ordination package developed by A.J.Morton and J.W.Bates on the University of London CDC 
7600 computor. 

a) Reciprocal Averaging 
Reciprocal Averaging is a multivariate method related to Principal Components Analysis (PCA) and is 

in fact sometimes classified as a variant of this procedure. It combines Gradient Analysis (though the 
chosen gradient may be,indirect) with successive approximation (Hill 1973). 

The following sequence of steps is carried out; • 

1) Attributes (i.e. species) are classed in one of two categories; A and B, and 
score 100 for A and 0 for B. If possible the categories are chosen to have some ecologi-
cal foundation, which reduces the amount of iteration needed later, though this was not 
possible here. 

2) Individual (i.e. stand) scores are then calculated as average attribute scores. 
3) The individual scores are then used to recalculate new attribute scores. These 

new scores are the averages of the individuals in which they occur. 
4) Return to step 1 and continue the successive approximation until stable values 

are obtained. 

The method works with both qualitative and quantitative data. The solution obtained however is not 
unique. Other solutions, analogues of subsidiary axes in PCA, also exist. The chief advantage of Reciprocal 
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Averaging is that it produces not only a good individual ordination but also a good attribute ordination. In 
addition, this method, unlike unstandardised PCA, corrects for species abundance. 

In this study, the results have been displayed by plotting points in the lst/2nd and in one case the 
lst/3rd axes planes. To a certain extent higher axes are dependent on lower ones but will sometimes show 
additional information. 

b) Centroid Sorting using Euclidean distance. 
Centroid sorting consists of the following operations: 

1) Similarity coefficients are calculated for all pairs of individuals. 
2) The two most similar individuals are combined, attribute by attribute to form a 

new synthetic individual. 
3) The components of the old individuals and any coefficients involving them are 

deleted. 
4) The process begins again with the calculation of new similarity indices. 

The similarity coefficient used in the analysis was the simple measure of Euclidean distance in n 
dimensional space where n is the number of attributes. The process described above produces a dendrogram 
or tree diagram. Additional information is gained by assigning a value to intermediate nodes. If individuals 
A & B are combined to produce C, it is normal to use the similarity coefficient (A,B), technically the 
measure of a simple fusion, as the best available measure of the heterogeneity of C. 

Euclidean distance has one disadvantage over other similarity coefficients in that it leads to the 
production, rather frequently, of chains (serial addition of individuals to a group) as opposed to distinct 
groupings. Neighbours in a chain do not represent an ordination sequence as similarity is calculated between 
an individual and the group as a whole. 
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3.4 Presentation of Results 

3.4.1 Herbaceous Plants 

Each species of herbaceous plant encountered in the sampling site is listed below with the mines found 
on it and any relevent comments. The plants are listed in the order of Clapham, Tutin and Warburg 
(1981). Beneath the plant its 'occurence'; the distribution on the sites is given. In most cases this is just 
descriptive though Stinson (in prep) and Hyman (in prep) are preparing quantitative descriptions of the flora 
of each of the sites. The next heading is 'miner' under which are listed the species of miners found on the 
plant in the site and also any other miner species found elsewhere in Silwood on the same plant. For those 
species that were quantitatively sampled, the results of this are given in a table with the following headings; 

Date Leaves Mine No. Density S.E. 

'Date' refers to the time in 1980 when the sample was taken and 'Leaves' to the size of the 
sample. 'Mine' is the species of miner; a number is given corresponding to the number of the species in 
the list below the plant name. 'No.' is the number of mines found, followed in brackets by the number 
tenanted, and 'Density', the density expressed as mines per thousand leaves. A 'S.E.', a standard error, 
was calculated from the binomial distribution, unless otherwise stated. References to the 'May generation' 
etc. refer to the time of larval feeding. 
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RANUNCULACEAE 

a ) Ranunculus repens 

Occurrence; 
Miners; 

A few scattered plants, Sites 1 and 2 
1 Phytomyza ranunculi (Agromyzidae) 

The only species on the site, elsewhere in Silwood; 
2 Phytomyza fallaciosa (Agromyzidae) 
3 Phytomyza ranunculivora (Agromyzidae) 

There were too few plants on the site to sample quantitatively. P.ranunculi has a winter 
generation in January and February, a second generation in May and either a third, more 
protracted generation later in the year, or possibly two overlapping generations. P.fallaciosa 

appears in June and August in two generations and in Silwood is less common then 
P.ranunculi. P.ranunculivora is found in the autumn and has only a single generation. Hering 
(1957) a key to distinguish the three species of mines but in practice they were found not to 
always give the correct answar. 

The only mine found on this species was an aborted Phytomyza sp. on July 17th 1980. 
Outside of the sites 5 flies were reared from this species which agreed , with P.horticola 

which is the only known dipterous miner on this genus in Britain. Unfortunately, all the flies 
were females and so the closely related polyphagous P.syngenesiae, separable on male 
genitalic characters, could not be excluded. 

PAPAVERACEAE 

a ) Papaver dubium 

Occurrence; 
Miners; 

A few plants in Site 1 (1979), (1980) 
1 Phytomyza (horticola ?) (Agromyzidae) 
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CRUCIFERAE 

a ) Capsella bursa-pastoris 

Occurrence; Common Site 1 (1979), (1980) 
Miners; v 1 Scaptomyza flava (Drosophilidae) 

The single miner was rare in the study area, only three individuals being found on June 
12th. A pair of Phytomyza rufipes were found in copula on a leaf of this species but no 
mines of this cruciferivorous species were found. 

b ) Raphanus raphanistrum 

Occurrence; Common Site 1 (1980) 
Miners; 1 Scaptomyza flava (Drosophilidae) 

2 Phyllotreta nemorum (Chrysomelidae) 
Sampled quantitatively from June 

D a t e Leaves M ine No. D e n s i t y S . E . 

12 June 6650 1 3 ( 3 T ) 0 . 4 5 .0 .26 
i 

16 J u l y 4560 No m ines 

4 A u g u s t 5630 No m ines 

Raphanus was sampled only on site 1 (1980). Had one square near the edge of the site 
been selected, a high density of Phyllotreta nemorum would have been found. This single 
square and areas adjacent outside the site had the year before been a Brassica field. 
Surprisingly P.nemorum had not colonised the rest of the site. 



The Leaf-miner Community over a Plant Succcssion 459 

VIOLACEAE 

a ) Viola tricolor 

Occurrence; Common Site 1 (1980) 
No mines. (None recorded from this species in Great Britain). 

HYPERICACEAE 

a ) Hypericum pulchrum 

Occurrence; Uncommon Site 2 
Miners; 1 Fomoria septembrella (Nepticulidae) 

4 mines were found in July on the few plants in the site. 

GERANIACEAE 

a ) Geranium dissect um 

b ) Geranium pusillum 

Occurrence; Uncommon Site 1 
Miners; The only British leaf-miner on Geranium; Agromyza 

nigrescens, was not found in Silwood Park. 
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CARYOPHYLLACEAE 

a ) Silene alba 

Occurrence; 4 plants Site 1 (1977) 
Miners; 1 Pegomyia albimargo (Anthomyiidae) 

2 Amauromyza flavifrons (Agromyzidae) 

Both species were common, P.albimargo in June and A.flavifrons in July. There were 
not sufficient plants in the study area to allow quantitative sampling though the density of 
mines on the few plants was about 5% of leaves mined by each species. 

b ) Cerastium fontanum glabrescens 

Occurrence; Scattered plants Site 1 and 2 
N o mines, miners have been recorded from the larger leaved Cerastium spp. 

c ) Stellaria media 

Occurrence; Common Site 2 
Miners; 1 Coleophora sp. (Coleophoridae) 

The only mines found on this species were in September when 3 Coleophora mines 
were found in Site 2. Each month several thousand plants were searched. No Coleophora are 
recorded from the leaves of S.media. However, two species, C.lithargyrinella and 
C.solitariella are known from S.holostea and it is probably one of these species. Unfor-
tunately no cases were found. 
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d ) Stellaria graminea 

Occurrence; Common Site 2 
Miners; None on the site, elsewhere in Silwood; 

1 Scaptomyza graminum (Drosophilidae) 

This species was found on S.graminea and S.alsine in March and April where these 
species grow in boggy places. It often reached quite high population densities, perhaps as-
sociated with the absence of parasitism (see chapter 5). 

e ) Sagina procumbens 

Occurrence; Uncommon Site 1 and 2 
No mines, leaves minute. 

f ) Minuartia hybrida 

Occurrence; Uncommon Site 1 (1977) 
No mines, leaves minute. 

g ) Spergula arvensis 

Occurrence; Uncommon Site 1 (1979), Abundant Site 1 (1980) 
No mines, leaves small. 

h ) Spergularia rubra 

Occurrence; Uncommon Site 1 (1977) 
N o mines, leaves small. 
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ACERACEAE 

a ) Acer pseudoplatanus 

Occurrence; Uncommon Site 1 (1977), Site 2 
Miners; 1 Heterarthrus aceris (Tenthredinidae) 

The only species on the site, elsewhere in Silwood; 
2 Stigmella speciosa (Nepticulidae) 
3 Caloptilia semifascia (Gracillaridae) 
4 Phyllonorycter geniculella (Gracillaridae) 

This is a typical woody tree fauna with gracillarids, nepticulids and tenthredinids. Only 
a single mine of H.aceris was found (on Site 2) though all Acer on the sites were searched. 
Acer appeared early in the succession due to the proximity of mature trees. 

CHENOPODIACEAE 

a ) Chenopodium album 

Occurrence; 1 Pegomyia spA (Anthomyiidae) 
2 Pegomyia spB (Anthomyiidae) 
3 Chrysoesthia drurella (Gelechiidae) 
4 Chrysoesthia sexguttella (Gelechiidae) 

The Pegomyia species were not distinguishable as mines though the adults were easily 
separated by the colour of their abdomen; spA - grey, spB - rufous. Two Pegomyia are re-
corded from Chenopodium', P.esuriens and P.interuptella, both with grey abdomen. SpA is 
probably P.esuriens. 
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Chenopodium was sampled from May to July, by August all the plants in the site had 
died. 

D a t e Leaves M i n e r No. D e n s i t y 

29 May 6130 1 / 2 2 ( 2 T ) 0 . .33 

12 June 8000 1 / 2 38 ( 1 2 T ) 4 . .8 

3 4 ( 4 T ) 0 . .50 

3 J u l y 7094 1 / 2 0 

3 23 ( 1 6 T ) 3 . ,2 

4 3 ( 2 T ) 0 . .42 

All species were found to have a highly clumped distribution between 
plants. Both Pegomyia species frequently change leaves and start a new mine. This presents 
problems when calculating the number of miner individuals present. The 38 mines found on 
12 June were on only 13 of the 400 plants sampled. The Chrysoesthia were also significantly 
clumped, the July sample of 23 mines were found on only 4 plants (if the distribution was 
Poisson, the mines would be expected to be on 22 plants). Curiously, of the three 
C.sexguttella found in the same sample, two were on plants with C.drurella. The basis for 
the preferential oviposition on certain plants is not known. It may just be a mechanistic 
result of a single female laying all her eggs in one area though there is the possibility that it 
may be an evolved response to predation (Hamilton 1971). Only a single generation of each 
of the species was observed in the site. Emmet (1979) records a second generation of 
Chrysoesthia in September which was observed on Chenopodium outside the site when all the 
plants within it had died. 

LEGUMINOSAE 

a ) Cytisus scoparius 

Occurrence; 
Miners; 

3 small bushes Site 1 
1 Agromyza johannae (Agromyzidae) 
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A few mines were found in 1980 in May and then as a second generation in July and 
August. The miner was much commoner in 1981. 

b ) Medicago sativa 

Occurrence; A small patch in Site 1 (1980) 
Mines; 1 Agromyza frontella (Agromyzidae) 

Mined leaves were found from late June to the end of September in at least two gener-
ations, though mines of all ages were present, throughout this period. 1272 mined leaves of 
the September generation were collected from plants growing outside the study area, of which 
180 contained mines. The M.sativa leaf is ternate and either one, two or three of the leaflets 
may contain mines. The table below shows the distribution of multiple mines and the expec-
ted distribution if oviposition was random. 

M i n e s Obs. E x p . 

0 1092 1053 

1 129 199 

2 42 19 

3 9 1 

Combining the last two categories and using the chi squared test, i 
the distribution of mines is non random, (chi 2 = 74.3, 2d.f., p<0.001) 

c ) Medicago lupulina 

Occurrence; Common Site 1 (1979), (1980), uncommon Site 1 (1977) 
Miners; 1 Agromyza frontella (Agromyzidae) 

2 Agromyza nana (Agromyzidae) 

Only a single mine of A.nana was found on June 12th. A.frontella was also found on 
June 12th when it was very scarce and quantitative sampling was not carried out. It became 
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commoner later in the year. 

Date 

3 Augus t 

5 S e p t . 

Leaves 

1400 

1288 

M i n e r 

1 
1 

No. 

41 ( 2 1 T ) 

66 ( 2 7 T ) 

D e n s i t y 

29 .3 

5 1 . 2 

S . E . 

4 . 5 

6 . 1 

Like M.sativa, the M.lupulina leaf is temate and the same analysis of the egg dis-
tribution can be done. 

Leaves 

0 
1 
2 
3 

Obs. 

1234 

50 

2 
2 

E x p . 

1224 

63 

2 
0 

The departure from a random distribution is non-significant, in con-
trast to M.sativa. A. frontella is a pest of Lucerne (Von Bollow 1953) in the USA. It is in-
teresting that the crop plant M.sativa supports a higher population of miners than the weed 
M.lupulina and that the distribution of the mines on both species is different. 

d ) Trifolium arvense 

e ) Trifolium striatum 
! 

These two species were both present on Site 1 (1977) but were confused. No mines 
were found, the leaves are rather small. 

f ) Trifolium campestre 

Occurrence; Uncommon Site 1 (1979), (1977) 
No mines found, the leaves are quite small. 
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g ) Trifolium dubium 

Occurrence; Common Site 1 (1977) 
No mines found, the leaves are quite small. 

h ) Trifolium repens 

Occurrence; Common Site 1 (1977), (1979) 
Miners; 1 Agromyza nana (Agromyzidae) 

The first mine was found on May 23, outside the study area. 

D a t e Leaves M i n e r No. D e n s i t y S . E . 

12 June 2244 1 11 ( 8 T ) 4 . 9 1 .5 

14 J u l y 4180 1 6 ( 4 T ) 1 . 4 0 . 6 

3 Augus t 3168 1 0 

25 S e p t . No m i n e s 

Mines occurred at low density from May to July. 

i ) Trifolium pratense 

Occurrence; Several large clumps Site 1 (1977), (1979) 
Miners; 1 Agromyza nana (Agromyzidae) 

The miner was first observed in June. 

D a t e Leaves M i n e r No. D e n s i t y S . E . 

12 June 1900 1 27 ( 6 T ) 14 2 . 7 

14 J u l y 1500 1 20 ( 6 T ) 13 2 . 9 

3 Augus t 1500 1 11 7 . 3 2 . 2 

8 S e p t . 1500 1 3 m ines on w i t h e r e d l e a v e s 

A.nana is commoner on T.pratense than T.repens but exhibits a similar phenology on 
both plants. Vacated mines remain visible for longer on the Larger tougher leaves of 
T.pratense. 
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j ) Lotus corniculatus 

Occurrence; Common Site 2 
Miners; 1 Coleophora discordella (Coleophoridae) 

One mine and one case were found on Sept 18th in Site 2. Several adults were caught 
in a moth trap at Silwood in June. 

k ) Vicia sativa 

Occurrence; Common Site 2, uncommon Site 1 
Miners; 1 Agromyza sp (Agromyzidae) 

2 Liriomyza congesta (Agromyzidae) 

Agromyzidae on Vicia proved very hard to rear and it was not possible to identify 
definitely the Agromyza sp.. Vicia leaves are pinnate and the unit of sampling was taken to 
be the leaflet. All the plants died after the June sample. 

D a t e Leaves M i n e r No. D e n s i t y S.E 

22 May 5245 1 22 4 . 2 0 . 8 9 

2 17 3 . 2 0 . 7 8 

12 June 6163 1 23 3 . 7 0 . 7 8 

2 26 4 . 2 .83 

It was impossible to determine whether a mine was tenanted without 
destroying it. From the evidence of successful pupation approximately 90% of the May 

} 

sample and 10% of the June sample of both species were tenanted. The table below shows 
the distribution of mines per plant; 
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No. per 22 May 12 June 

p l a n t 1 2 1 2 

0 69 75 90 90 

1 5 2 3 3 

2 2 0 0 1 

3 3 2 2 0 

4 1 0 1 0 

5 0 0 0 1 

6 0 0 0 1 

8 0 0 1 1 

10 0 1 0 0 

11 0 0 1 0 

Sum 80 80 97 97 

All four distributions are significantly non-random using a chi-squared 
test (p<0.001). 

1) Vicia hirsuta 

Occurrence; Common Site 1 (1977), (1979) 
Miners; 1 Agromyza sp. (Agromyzidae) 

2 Liriomyza congesta (Agromyzidae) 
The remarks about Vicia given above also apply here. No mines were found when this 

i 

species was searched in May but it is possible that some may have been overlooked as mines 
are extremely difficult to locate on this species. V.hirsuta died after the July sample. 

D a t e Leaves M i n e r 

12 June 11864 1 

2 
16 J u l y 12721 2 

No. D e n s i t y S.E 

2 0 . 1 7 0 . 1 2 

82 6 . 9 0 . 7 6 

20 1 . 6 0 . 3 5 

About 80% of the June sample was tenanted but only a single mine of the 
July sample. L.congesta was relatively commoner on this species than V.sativa and the mines 
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also seemed to appear later. The number of mines per plant in the June sample was as fol-
lows; 

0;34, 1;7, 2;5, 3;3, 4;1, 5;1, 6;2, 12;1, 23;1. 

Chi squared shows this to be a non-random, aggregated distribution (p<0.001). 

ROSACEAE 

a ) Rubus fruticosus s p . a g . 

Occurrence; Two small plants, Site 1 (1977) 
Miners; 1 Stigmella aurella (Nepticulidae) 

The only miner in the site, elsewhere in Silwood. 
2 Stigmella splendidissimella (Nepticulidae) 
3 Tischeria marginea (Tischeridae) 
4 Agromyza spiraea (Agromyzidae) 

A single S.aurella was found in the site. The mine fauna has many similarities with 
woody plants. 

ONAGRACEAE 

i 

a ) Epilobium ciliatum 

Occurrence; Common Site 1 (1977) 
N o mines, this is an introduced species. 
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b ) Chamerion angustifolium 

Occurrence; One patch in Site 1 (1977) 
Miners; 1 Mompha raschkiella (Cosmopterygidae) 

4 mines of this species were found in July and a second four mines in September. This 
species is known to have two broods. Mompha is a genus restricted to Onagraceae, containing 
several mining species though this was the only one encountered in Silwood. 

PRIMULACEAE 

a ) Anagallis arvensis 

.Occurrence; Uncommon Site 1 (1977) 
N o miners found, none recorded from this species. 

POLYGONACEAE 

a ) Polygonum aviculare 

Occurrence; Common Site 1 (1980) 
N o mines found. 

b ) Polygonum persicaria 

Occurrence; Uncommon Site 1 (1980) 
No mines found. 
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c ) Fallopia convolvulus 

Occurence; Uncommon Site 1 (1980) 

No mines were found in 1980 when this species was rather uncommon on the new site 
of that year. In 1981, however, the new site had a much higher density of F.convolvulus and 
it was heavily mined by the anthomyiid Pegomyia setaria. In June 1981, 23% of a sample of 
leaves were mined, but since Pegomyia is a genus that is able to change leaves, one larva 
will make several mines, which gives the impression of a higher mine density than actually 
exists. 

d ) Rumex acetosa 

Occurrence; Common Site 1 (1977), uncommon Site 2 
Miners; 1 Pegomyia nigritarsis (Anthomyiidae) 

2 Calybites phasianipennella (Gracillaridae) 
Mines were first found in mid-May. 

D a t e Leaves M i n e r No. D e n s i t y S, . E 

22 May 1812 1 9 ( 6 T ) 5 . 0 1. .6 

12 June 1247 1 55 ( 4 8 T ) 44 5, .8 

16 J u l y 1662 1 29 ( 2 0 T ) 17 3, .2 

2 1 ( I T ) 0 . 6 

4 Augus t 1113 1 15 ( 1 1 T ) 13 3, ,5 

2 1 ( I T ) 0 . 9 

3 S e p t . 1449 1 125 ( 3 4 T ) 86 7. .3 

2 12 8 . 3 2. .4 

See Fig. 3.3a. Pegomyia mines decay rapidly after the larvae have vacated them as 
the miner eats the majority of the living tissue of the leaf. Nearly all the mines encountered 
in the study were either tenanted or very recently tenanted. Though the figure indicates two 
broods, the distribution of size classes of larvae indicates that the second brood consists of 
two partially overlapping generations. Mines late in the year suffered from particularly high 
mortality while in the mine, the cause of which could not be ascertained. Calybites 
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phasianipennella has a single generation in July and August. After mining in it's early instars, 
at first epidermally, it rolls a strip of leaf. 

e ) Rumex acetosella 

Occurrence; Uncommon Site 1 (1977) 
Miners; 1 Pegomyia nigritarsis (Anthomyiidae) 

No mines were found on this species until September when they became quite common. 

D a t e L e a v e s Miner No. D e n s i t y S . E . 
3 S e p t . 1721 1 145 (87T) 8 4 . 2 6 . 7 

In the autumn Rumex acetosella produces larger leaves then during the summer 
which may have caused the sudden switch of Pegomyia from other Rumex species. At that 
time of year other species of dock were dying back on the site. 

f ) Rumex crispus 

Occurrence; Uncommon Site 1 (1977) 
Miners; 1 Pegomyia nigritarsis (Anthomyiidae) 

2 Calybites phasianipennella (Gracillaridae) 
By August all the plants on the site had died back. 

D a t e L e a v e s Miner No. D e n s i t y S . E , 
22 May 2 5 6 1 26 (23T) 102 19 
12 June 3 6 6 1 14 (3T) 38 10 
16 J u l y 3 2 3 1 8 25 8 . 6 

Off site mines were found until September. 
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g ) Rumex obtusifolius 

Occurrence; Several large patches Site 1 (1977) 
Miners; 1 Pegomyia nigritarsis (Anthomyiidae) 

2 Calybites phasianipennella (Gracillaridae) 
As with R.crispus, the plants on the site died back in August. 

Date Leaves M i n e r No. D e n s i t y S . E . 

22 May 553 1 2 ( 2 T ) 3 . 6 2 . 5 

12 June 1115 1 25 ( 2 3 T ) 22 4 . 4 

14 J u l y 1162 1 3 2 . 6 1 .5 

2 17 ( 1 7 T ) 15 3 . 5 

A single C.phasianipennella was found on a senescent leaf on August 6th. Off site 
mines were found as late as November. There were probably three generations on 
R.obtusifolius ( F i g . 3 . 3 b ) a s o n R.acetosa. 

SOLANACEAE 

a ) Solanum nigrum 

Occurrence; Common Site 1 (1980) 

No mines, there are no records of mines being found on this species. Elsewhere in Sil-
wood, Acrolepia pygmeana and Pegomyia interuptella were common on S.dulcamara. 

SCROPHULARIACEAE 

a ) Veronica chamaedrys 
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Occurrence; Common Site 2, a few plants Site 1 (1977) 
Miners; 1 Phytomyza crassiseta (Agromyzidae) 

D a t e Leaves M i n e r No. D e n s i t y S E. 

22 May 5184 1 39 ( 1 5 T ) 7 5 1 2 

12 June 5400 1 17 ( 2 T ) 3 1 0 7 

14 J u l y 5650 1 13 ( I T ) 2 3 0 6 

4 A u g u s t 6250 1 28 ( 1 6 T ) 4 5 0 8 

3 S e p t . 5950 1 10 ( I T ) 1 6 0 8 

The sampling (Fig. 3.4) suggests two broadly o v e r l a p p i n g generations. 
No significant clumping of mines was found. 

b ) Veronica persica 

Occurrence; A few plants on Site 1 (1979) 
Miners; 1 Phytomyza crassiseta (Agromyzidae) 

Four mines of this species were found on plants in the site. 

c ) Veronica officinalis 

Occurrence; Uncommon Site 1 
Miners; 1 Phytomyza crassiseta (Agromyzidae) 

A single mine was found. 

LABIATAE 

a ) Glechoma hederacea 

Occurrence; Rare, Site 2 
No mines found on the few plants in the site, elsewhere in Silwood, especially in 
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woods, Phytomyza glechomae was common on this species. 

PLANTAGINACEAE 

a ) PlantHago lanceolata 

Occurrence; Common Site 2 
Miners; 1 Aspilapteryx tringipennella (Gracillaridae) 

2 Phytomyza plantaginis (Agromyzidae) 
3 Cnephasia stephensiana (Tortricidae) 

Sampling was begun in April though the winter generation of A.tringipennella had been 
present since the preceding September. 

D a t e Leaves M i n e r s No. D e n s i t y S. E . 

28 A p r i l 2236 1 65 ( 6 3 T ) 2 9 . 1 3 . 5 

22 May 1432 1 28 ( 3 T ) 19. 6 3 . ,7 

2 8 ( 8 T ) 5 .6 2 . ,0 

12 June 1001 1 69 ( 6 2 T ) 6 9 . 0 8 . ,0 

2 89 ( 7 1 T ) 8 9 . 0 9. .0 

3 8 ( 2 T ) 8 . 0 2, .8 

16 J u l y 1838 1 16C l ( 4 9 T ) 8 7 . 0 6, .6 

2 48 ( 1 0 T ) 2 6 . 0 3, .7 

4 Augus t 2142 1 48 ( 1 2 T ) 2 2 . 0 3, .2 

2 34 ( 1 1 T ) 16. 0 2, .7 

25 S e p t . 953 1 33 ( 2 7 T ) 35 . 5 5, .9 

2 10 ( I T ) 10. 5 3, .3 

See Fig. 3.5. A.tringipennella has a winter generation and a second one in June and 
July. P.plantaginis has several overlapping generations during the summer. C.stephensiana is 
an extremely polyphagous species. 
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COMPOSITAE 

a ) Galinsoga parviflora 

Occurrence; Uncommon Site 1 (1977) 
1 Phytomyza syngenesiae (Agromyzidae) 

A single individual was found. A new host record. 

b ) Senecio jacobaea 

Occurrence; Common Site 1 (1977), (1979), uncommon Site 2 
Miners; 1 Cnephasia stephensiana (Tortricidae) 

2 Phytomyza syngenesiae (Agromyzidae) 
3 Liriomyza strigata (Agromyzidae) 

D a t e Leaves M i n e r No. D e n s i t y S . E . 

28 A p r i l 1000 No m ines 

(3 C.stephensiana f o u n d on p r e l i m i n a r y s e a r c h ) 

22 May 1077 1 8 ( 6 T ) 7 . 4 2 . 6 

12 June 1000 No m ines 

( B o t h P.syngenesiae and L.strigata f o u n d o f f s i t e ) 

3 J u l y 981 2 3 ( 3 T ) 3 . 0 1 .7 

3 2 2 . 0 1 . 4 

3 A u g u s t 1444 2 36 ( 5 T ) 2 5 . 1 4 . 1 

3 3 2 . 1 1 . 2 

25 S e p t . 498 2 2 4 . 0 2 . 8 

3 8 1 6 . 0 5 . 6 

All three species are polyphagous within the Compositae. The phenology 
of the two Agromyzids is hard to understand since they seem to be continuously brooded 
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throughout the summmer, attacking different hosts. Cultivated Senecio varieties in the green-
houses at Silwood are badly infested by P.syngenesiae, the Chrysanthemum Leaf-miner. In 
the greenhouses, the fly is continuously brooded throughout the year. Apart from Composites 
it will also feed on Lathyrus, a host recorded in greenhouses by Spencer (1973). In several 
cases miners were noticed on the site some time after they appeared on plants elsewhere in 
Silwood. The reason for this is probably that plants growing in the relatively dry and exposed 
sites were less advanced in comparison with plants growing in sheltered moist sites. 

c ) Senecio vulgaris 

Occurrence; Common Site 1 (1977), (1979) 
Miners; None on the sites, elsewhere in Silwood; 

1 Phytomyza syngenesiae (Agromyzidae) 
2 Trypeta zoe (Trypetidae) 

The remarks above about miners being found on lusher plants of S.jacobaea apply also 
to this species. The plants growing on the site were particularly small when compared with 
plants growing as weeds in agricultural fields where they had few competitors. T.zoe is re-
corded from several Composites but at Silwood it was found exclusively on S.vulgaris. 

d ) Tussilago farfara 

Occurrence; Two plants in Site 2 i 
Miners; 1- Euleia cognata (Trypetidae) 

Both plants were mined by this species which elsewhere in Silwood reached a high den-
sity on Tussilago, the majority of the leaves being mined. 

e ) Gnaphalium uliginosum 

Occurrence; Uncommon Site 1 (1979) 
No mines, the leaves of this species are rather small. 
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f ) Solidago virgaurea 

Occurrence; One patch, Site 1 
Miners; 1 Phytomyza syngenesiae (Agromyzidae) 

Only three mines were found, Solidago is attacked by several 
specific miners, none of which were found in Silwood. 

g ) Erigeron can_Jensis 

Occurrence; Common Site 1 (1979) 
N o mines, this species is an alien with relatively small leaves. 

h ) Achillea millefolium 

Occurrence; Uncommon Site 1 (1979), (1977) 
Miners; 1 Phytomyza syngenesiae (Agromyzidae) 

2 Coleophora sp (Coleophoridae) 

Only the polyphagous P.syngenesiae was found although two other Phytomyza spp. are 
found on this species. 

i ) Tripleurospermum inodorum 

Occurrence; Common Site 1 (1979), (1977) 
N o mines, the leaves are very finely divided. 

j ) Tanacetum vulgare 

Occurrence; One patch in Site 2 
N o mines were found though several are known from this plant, 
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k ) Cirsium arvense 

Occurrence; 
Miners; 

Common Site 1 (1977), (1979) 
1 Cnephasia stephensiana (Tortricidae) 
2 Cnephasia interjectana (Tortricidae) 
3 Scrobipalpa acuminatella (Gelechiidae) 
4 Coleophora peribenanderi (Coleophoridae) 
5 Phytomyza syngenesiae (Agromyzidae) 
6 Phytomyza cirsii (Agromyzidae) 
7 Phytomyza spinaciae (=autumnalis) (Agromyzidae) 
8 Liriomyza strigata (Agromyzidae) 
9 Pegomyia steini (Anthomyiidae) 

10 Spheroderma testaceum (Chrysomelidae) 

D a t e Leaves M i n e r No. D e n s i t y S, .E 

28 A p r i l 1792 1 9 ( 9 T ) 5 . 0 1. .7 

22 May 2212 1 30 ( 2 0 T ) 1 3 . 6 2 . ,5 

2 1 ( I T ) 0 . 4 

12 June 1576 1 4 2 . 5 1. .3 

8 1 0 . 6 

7 27 ( 1 0 T ) 1 7 . 0 3 . .4 

6 7 ( 2 T ) 4 . 4 1. ,7 

14 J u l y 1177 6 42 ( 6 T ) 3 6 . 3 5 . ,4 

7 21 ( 1 6 T ) 1 8 . 0 3 . 9 

8 1 .85 

3 3 ( 3 T ) 2 . 5 1. 5 

3 A u g u s t 1514 6 / 7 * 12 7 . 9 2 . 2 

6 21 ( 5 T ) 1 3 . 9 3 . 0 

7 6 4 . 0 1 . 6 
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23 S e p t . 1933 

9 1 0 . 6 

5 1 0 . 6 

6 / 7 • 22 1 1 . 0 2 . 4 

6 25 ( 5 T ) 1 3 . 5 2 . 6 

7 1 0 . 5 

10 6 ( 6 T ) 3 . 1 1 . 7 

3 3 ( 3 T ) 1 . 6 0 . 9 

Cirsium was found to have more miners then any other herbaceous plant. The fauna 
consists of Composite polyphages (No.s 1, 2, 5 & 8) and specialists on the genus Cirsium 

(the rest). P.spinaceae is morphologically indistinguishable as an adult from P.autumnalis (the 
name by which it used to be known) which mines Centaurea. Differences in the mine are-
thought to warrant specific status (Spencer 1972). Of the polyphages, the Cnephasia sp. are 
found in the spring, P.syngenesiae and probably Liriomyza strigata are continuously brooded. 
P.spinacea has been found at low density in May outside the patch though it is commonest 
in June and July. There are probably two generations. P.cirsii had a single generation on the 
site. A single mine of C.peribenandri was found in October; it is commoner on thistle in 
other parts of Silwood. This species mines in autumn, overwinters in its case, and resumes 
feeding in the spring. S.acuminatella has two generations, the first in July, the second in 
September. P.steini, and S.testaceum appear in the site in late summer though each of them 
has a second generation earlier in the year. It is very common that the first generation is of 
a lower population density than the second and migration between patches of hostplant may 
accentuate the differences in one location. S.testaceum became very common in the new site. 
of the year in 1982. . 

1) Hypochaeris radicata 

Occurrence; Uncommon Site 1 (1979) 
Miners; 1 Cnephasia sp. 

Two mines were found on 28th April when over a thousand leaves were searched. No 
other mines were found. 
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m) Lactuca serriola 

Occurrence; Common Site 1 (1979) 

No mines, the broad leaves of this species failed to attract even Compositae polyphages, 
though P.syngenesiae can be a pest of cultivated Lactuca (Spencer 1973). 

n ) Sonchus asper 

Occurrence; 
Miners; 

Common Site 1 (1980), uncommon Site 1 (1979) 
1 Liriomyza sonchi (Agromyzidae) 
2 Liriomyza strigata (Agromyzidae) 
3 Ophiomyia cunctata (Agromyzidae) 
4 Ophiomyia beckeri (Agromyzidae) 
5 Phytomyza syngenesiae (Agromyzidae) 
6 Scaptomyza flava (Drosophilidae) 

D a t e Leaves M i n e r No, D e n s i t y S, .E 

12 June 722 1 4 ( 4 T ) 5 . 5 2, .8 

3 5 ( 4 T ) 6 . 9 3, . 1 

2 1 1 . 4 

5 2 ( 2 T ) 2 . 8 2. .0 

12 J u l y 892 1 3 ( 3 T ) 3 . 4 1. .9 

2 39 4 3 . 0 6. .8 

3 A u g u s t 842 2 10 1 2 . 0 3 . .7 

4 1 ( I T ) 1 . 2 

6 2 ( 2 T ) 2 . 4 1. ,7 

23 S e p t . 623 2 1 1 . 6 

5 1 1 . 6 

The proportion of tenanted L.strigata mines is not given. This species is a 
midrib miner and to get that information would have entailed destroying the mine and killing 
the larvae. From larvae which pupated, this species was found to have at least two gener-
ations a year though it seems more likely that it is continuously brooded throughout the sum-
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mer. On Sonchus, L.strigata is found almost exclusively on the basal leaves. The two 
Ophiomyia species are very closely related and were only distinguished by breeding the 
adults, the mines appeared identical. S.flava is a new record for Sonchus, it is a polyphagous 
species. 

o ) Sonchus oleraceus 

Occurrence; Uncommon Site 1 (1980) 
Miners; 1 Liriomyza sonci (Agromyzidae) 

2 Ophiomyia sp. (Agromyzidae) 
3 Liriomyza strigata (Agromyzidae) 
4 Phytomyza syngenesiae (Agromyzidae) 

This species was not common enough for quantitative sampling, but the species seemed 
to occur at densities similar to those found on S.asper. In parts of Silwood, especially on dis-
turbed ground near buildings and roads, P.syngenesiae was found at tremendously high den-
sities on S.oleraceus and S.arvensis, completely defoliating the leaves and obliterating all 
trace of green tissue in the leaves. I have frequently found mines on Sonchus at this density 
on plants growing in pavements in the centre of cities. 

p ) Crepis capillaris 

Occurrence; Common Site 1 (1979) i Miners; 1 Cnephasia sp. (Tortricidae) 
One mine found on May 22nd though over 1000 leaves searched. 

q) Taraxacum officinale sp.ag. 
Occurrence; Common Site 1 (1977) 
Miners; 1 Ophiomyia sp. (Agromyzidae) 

2 Cnephasia stephensiana (Tortricidae) 
3 Liriomyza strigata (Agromyzidae) 
4 Liriomyza taraxaci (Agromyzidae) 
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5 Phytomyza syngenesiae (Agromyzidae) 

D a t e 

28 A p r i l 

23 May 

12 June 

Leaves 

730 

762 

625 

15 J u l y 667 

3 A u g u s t 492 

23 S e p t . 773 

M i n e r 

1 

3 

4 

2 
4 

4 

5 

4 

No. 

1 
No mines 

1 
11 (6T) 
21 ( 2 T ) 

11 (5T) 
16 ( 9 T ) 

2 ( I T ) 

26 ( 8 T ) 

D e n s i t y 

1 . 4 

1 . 6 
18.0 

3 4 . 0 

1 6 . 5 

3 2 . 4 

4 . 1 

3 4 . 1 

S .E , 

5 . 3 

7 . 2 

4 . 8 

8.0 

2 . 9 

4 . 1 

L.taraxaci is the only specific Taraxacum feeder. It appears from June to September 
though it was not certain how many generations this represented. 
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3.4.2 Birch 

The miner species found on birch at Silwood are listed in Table 3.4. 32 species were 
encountered and the adult, but not the mine, of another species was also found. Those 
species of miner found in England but which did not appear in the sampling are discussed in 
Section 3.6.1. Tables 3.5 - 3.10 give the densities of miners in the different sites. 

B.pubescens M a i n S i t e 1980; T a b l e s 3 . 5 , 3 . 6 . 

B.pubescens M a i n S i t e 1981; T a b l e s 3 . 7 , 3 . 8 . 

B.pubescens S e e d l i n g S i t e ; T a b l e 3 . 9 . 

B.pendula S e e d l i n g S i t e ; T a b l e 3 . 1 0 . 

The tables gives the mean density of each species at each sampling 
period plus the standard error. The results from the Timed Search Sites are displayed in 
Table 3.11. For each species at each site, the cumulative number of mines collected over the 
season is given. Fig. 3.6 summarises the information on species phenology that was obtained 
from the sampling. 

As more time was devoted to birch in comparison with the other species of plant, the 
miner species are discussed individually below. 

a) Eriocrania sp (Eriocraniidae) 
Eriocrania is the sole British genus (as currently interpreted) of the family Eriocraniidae 

and indeed of the sub-order Dacnonypha. There are eight British species, one on Quercus, 

one on Corylus and Carpinus and the other six on Betula. 

The identification of birch Eriocrania poses some problems. Two species are easy to dis-
tinguish; E.salopiella and E.sparrmannella (See Appendix 2). The mines of the remaining 
four are, at least at present, indistinguishable. Hering (1957) gives larval characters to iden-
tify the four species and though he states that further research is needed, these characters 
have been quoted in recent texts (Heath 1976, 1979). A collection of Eriocrania larvae was 
made and identified using Hering's key (I would like to acknowledge the help of Nicola 
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L e a f - m i n e r s f o u n d o n B i r c h a t S i l v o o d 

Sampling Programme 
LEPIDOPTERA A B C D E 
Eriocrania semipurpurella + + • + + 
E.unimaculella *1 
E.hawDrthi *1 
E.sangii *1 
E. sparrmannella + • • + + 
Ectoedemia argentipedella + • + + 
E. medio fasciella + • • + 
Stigmella lapponica + • • + + 
S. distinguenda + • + + + 
S. confusella + • . + 
S.betulicola + + . . 
S.luteela + . • • + 
Heliozela hanmoniella + + • 

Incurvaria pectinea + • + + 
Phylloporia bistrigella + + + + + 
Riyllonorycter ulmifoliella + + + + + 
P.anderidae • + + • 

P.cavella + • + 
Parornix betulae + + + + + 
Calqptilia betulicola + + + + + 
Caloptilia populetorum + + • • 

Lyonetia clerkella + + + + + 
Bucculatrix demaryella + • • • 

Ooleophotra serratella + + + + + 
C.ibipennella *2 + • + + 
DIPTERA 
Agromyza alnibetulae + + + + + 
COLEOPTERA 
Khynchaenus rusci + • + + 
Rairtfhus pulicarium *3 
Anoplus plantaris *4 
HYMENOPTERA 
Messa nana + + + + + 
Fenusa pusilla + + + + + 
Scolioneura betuleti + + + + 
Profenusa thcmsoni + 
A B.pubescens Main Site 
B B.pubescens Seedling Site 
C B.pendula Seedling Site 
D B.pendula Timed Search Site 
E B.pubescens Timed Search Site 

*1 These mines could not be distinguished frcm E.semipurpurella 
in the field. 
*2 See 3.6 for notes on other Cbleophora. 
*3 Mines found in SilwDOd only during casual searching. 
*4 No mines found though P.S.Hyman caught an adult in 1979 in 
Silwood. 



Table 3.5 

Mines on mature Betula pubescens, Main site, 1980. 

Apr 17 May 12 Jun 2 Jun 28 Jul 23 Aug 14 Sep 15 Oct 9 

Eriocrania 1.75 3.32 5.22 3.49 2 61 3.17 2.80 2.93 
.08 .66 .71 .58 51 .48 .49 .66 

Coleophora .89 .53 .19 20 . • • 

.62 .26 .14 14 • • 

Coleophora mines .80 5.03 1.45 60 .29 • .10 Coleophora mines 
.33 .78 .37 25 .15 . .10 

A.alnibetulae .19 .67 80 .96 1.28 1.01 
.14 .25 28 .27 .33 .39 

Parornix betulae .10 .39 10 .59 .60 .23 
.10 .19 10 .21 .23 .18 

Riynchaenus rusci .19 30 .29 .08 Riynchaenus rusci 
.14 17 .15 .08 . 

Incurvaria pectinea (3.00) (.59) • • 

P.ulmifbliella .77 6 03 2.79 2.81 4.18 
.27 78 .45 .49 .78 

Messa nana .77 30 .81 .60 .65 
. .27 17 .24 .23 .31 

Stigmella canfusella 90 1.10 2.55 1.89 Stigmella canfusella 
30 .28 .46 .53 

S.lapponica 30 .07 .26 .05 S.lapponica 
17 .07 .15 .05 

S.distinguenda .29 
.15 

.08 

.08 
• 

S.luteela .88 .85 .98 
.25 .27 .38 

E. argentipedella 1.47 .85 .98 E. argentipedella 
.33 .27 .44 

E.mediof asciella .37 .43 .33 
.16 .19 .22 

Lyonetia clerkella .52 .43 .33 Lyonetia clerkella 
.20 .19 .22 

C.betuliaola .22 .26 
.13 .15 • 

Phylloporia bistrigella • .26 
.15 

• 

B.dsnaryella • .08 
.08 

• 

Soolioneura betuleti 1.96 2.67 
.41 .63 

P.cavella . .17 .38 
• .12 .24 

Totals 2.64 4.65 10.92 7.54 12 14 13.82 16.35 17.05 
1.08 .78 1.02 .85 1 10 1.00 1.17 1.58 

The first line gives the miner density in mines per thousand 
leaves. The second line, italicised, gives the standard error. 



Table 3.6 

Tenanted mines on mature Betula pubescens, Main Site, 1980. 

Apr 17 May 12 Jun 2 Jun 28 Jul 23 Aug 14 Sep 15 Oct 9 

Eriocrania 1.75 3.32 1.26 .19 
.87 .66 .34 .13 

C.serratella .89 .53 .19 .20 
.62 .26 .13 .14 

A.alnibetulae .10 .10 .29 .51 .13 
- ' . . .10 .10 .17 .21 .13 

Parornix betulae .10 .29 .07 .34 
.10 .17 .07 .17 

Khynchaenus rusci 

Incurvaria pectinea 

P.ulmifbliella .77 5.81 2.00 .34 2.52 
.27 .76 .38 .17 .61 

Messa nana .48 .10 .51 .08 
.22 .10 .19 .08 

Stigmella confusella .70 .15 Stigmella confusella 
.26 • la 

S.lapponica . . 

S.distinguenda 

S.luteela .88 .17 
.25 .12 

E.argentipedella 1.42 .43 .56 E.argentipedella 
.32 .19 .29 

E.mediof asciella .13 .08 .05 
.13 .08 .05 

Lyonetia clerkella .29 .17 Lyonetia clerkella 
.15 .12 

Caloptilia betulioola .22 .17 Caloptilia betulioola 
.13 .12 

Riylloporia bistrigella 

B.demaryella 

Scolioneura betuleti .59 .42 
.20 .25 

P.cavella .17 .38 
.12 .24 

Totals 2.64 3.85 1.65 1.83 6.81 6.05 3.13 4.06 
1.08 .71 .40 .42 .82 .66 .51 .77 

The first line gives the miner density in mines per thousand leaves. The second 
line, italicised, gives the standard error. 1 

VO 



Table 3.7 

O O Mines on mature Betula pubescers, Main Site, 1981. 

Eriocrania 

E. sparxmannella 

C. serrate11a 

ODleofhora mines 

A.alnibetulae 

Parornix betulae 

Khynchaenus rusci 

Incurvaria pectinea 

P.ulmifbliella 

Messa nana 

Stigmella oonfusella 

S.lapponica 

S.distinguenda 

S.luteela 

E.argentipedella 

E.mediofasciella 

Lyonetia clerkella 

Calcptilia betulicola 

ftrylloporia bistrigella 

B.danaryella 

Scolioneura betuleti 

P.cavella 

Fenusa pusilla 

Totals 

May 6 

9.59 .81 

Jun 8 Jul 9 Aug 8 Sept 10 Oct 11 

18 

11 

.77 4.9• 3.03 1.10 l.OO 

.66 .58 .46 .27 .26 

.71 .83 .28 . 

.21 .24 .14 . 

.19 . 

.11 . 

.56 7.03 5.59 1.45 .80 

.84 .07 .14 .12 .18 
.07 .28 .21 .45 
.07 .14 .12 .18 
.21 .41 .14 .09 
.12 .17 .09 .• .09 

.13 .48 .48 .19 

.12 .28 .18 .09 

2.68 1*72 1.50 3.32 
.43 .34 .32 .48 

.34 .62 

.15 .21 
1.03 2.55 2.55 2.08 
.27 .42 .42 .38 

.29 1.59 1.03 .75 .23 

.29 .33 .27 .23 .13 
.14 .14 .41 
.09 .14 .17 

.21 .28 

.12 .11 

.28 5.59 5.10 

.14 .63 .59 

.28 .83 .52 

.14 .24 .19 
.07 .41 1.03 .98 
.07 .17 .27 .26 

.14 .14 

.14 .09 
.14 .21 
.09 • .12 

.07 .27 .69 1.42 

.07 .19 .22 .17 
.07 
.07 
.48 

• .18 

.26 19.48 18.19 19.21 16.00 
..16 1.15 1.12 1.14 1.04 O O 

The first line gives the miner density in 
mines per thousand leaves. The second line, 
italicised, gives the standard error. 



Table 3.6 

Tenanted mines on mature Betula pubescens, Main Site, 1981. 

Eriocrania 

C.serratella 

E. sparrmannella 

Stigraella lapponica 

S.confusella 

P. ulmifoliella 

Parorni* betulae 

E. argentipedella 

Stigmella luteela 

Messa nana 

Stigmella distinguenda 

Etiylloporia bistrigella 

Calcptilia betulicola 

Lyonetia clerkella 

Soolicneura betuleti 

Ibtals 

May 6 

9.62 
.81 
24 
39 

11 

Jun 8 

61 
19 
13 
27 
13 11 
62 
19 
62 
19 

Jul 9 Aug 8 Sep 10 Oct 11 

79 
89 

96 
44 

28 
14 
21 
12 
21 
12 
07 
07 

55 
19 
07 
07 
41 
55 
14 
10 
14 
10 

07 
07 
15 
10 
48 
18 
21 
12 

48 
67 

24 
29 

07 
07 

14 
10 

28 
14 
14 
lO 

00 
52 

The first line gives the miner density in mines per thousand leaves. Ihe second 
line, italicised, gives the standard error. 



Table 3.9 

Mines on seedling Betula pubescens 

toy 28 Jun 29 Aug 3 Sep 2 

Aralnibetulae .90 1.30 6.62 8.36 
.64 .58 1.23 1.51 

Fenusa pusilla 1.81 2.03 8.42 12.86 
.61 .37 1.39 1,86 

Lyonetia clerkella .60 41.16 
.37 3.34 

H.hammoniella 1.35 9.32 
.56 1.59 

Scolioneura betuleti 1.20 2.25 
.53 .78 

Messa nana 8.60 4.31 .45 . 
1.32 .55 .16 . 

Rrylloporia bistrigella .60 • 
.37 

Parornix betulae 1.36 .52 . 2.89 
.53 .19 . .46 

Stigmella betulioola . 1.29 . .31 
Calcptilia populetorun . .32 . .15 
Profenusa thansoni . .32 . .15 
Phyllonorycter . 1.93 . .38 
C.serratella 1.23 . . 

.57 • • 

Tbtals 12.67 9.39 19.24 80.70 
2.38 1.56 2.09 4.50 

The first line gives the miner density in 
mines per thousand leaves. The second line, 
italicised, gives the standard error. 

Oct 4 

8.02 
1.37 
10.42 
1.37 
59.21 
3.64 
8.21 
1.39 
4.21 1.00 

4.21 
.49 
.82 
.21 

3.27 
.43 

98.37 
4.60 



Tfeble 3.10 
Mines on seedling Betula pendula 

May 16 Jun 5 Jun 30 Jul 25 Aug 20 Sep 18 Oct 2C 

A.alnibetulae .68 .67 4.11 4.30 7.47 5.68 
.30 .34 .77 .78 1.27 1.37 

Parornix betulae 3.7£> .34 1.76 1.57 1.54 6.35 
.71 .24 .51 .47 .58 1.45 

C.serratella .14 . . . 
.14 . . . 

Oolecphora mines .14 .67 . . . 
.14 .34 . . 

Penusa pusilla 1.0 11.89 11.76 8.34 6.02 Penusa pusilla 
.41 1.31 1.29 1.35 1.41 

Riyllcnorycter 1.2 .15 .43 6.15 7.02 
.45 .15 .25 1.16 1.53 

Eriocrania .51 .43 . . 
.29 .25 . 

Lyonetia clerkella 2.30 109.35 160.76 Lyonetia clerkella 
.57 4.62 6.71 

Calopti 1 ia populetorun .43 .22 
.25 .22 . 

Cfeilqptilia betuletorum 2.44 4.61 9.36 Cfeilqptilia betuletorum 
.59 • 1.06 1.76 

H -hamnoniella .14 .65 
.14 .38 . 

Stigmella distinguenda .14 • • 
.14 . 

Fhylloporia bistrigella .14 .22 .69 
.14 .22 .48 

Messa nana . .22 .33 . .22 .33 
Scolioneura betuleti . . 1.34 

• • .69 

Totals minus L.clerkella 4.73 4.38 8.35 2.66 29.42 36.76 
.80 .86 1.63 1.74 2.50 3.44 

Totals 4.73 4.38 18.35 23.96 138.77 197.53 
.80 .86 1.63 1.83 4.95 7.28 

The first line gives the miner density in mines per thousand leaves. 
The second line, italicised, gives the standard error. 



Table 3.11 104 

Timed Search Sampling: Summed Results over the Year. 

Sites; A A ' B C C ' D E F G H I J 

Eriocrania 52 14 122 44 77 137 178 186 223 328 129 90 * 
E. argentipedella 0 0 39 31 2 5 11 0 2 13 0 6 
E.iediofasciella 0 0 0 0 3 4 9 3 9 10 4 14 
S.lapponica 3 1 8 1 12 39 3 13 5 17 13 13 
S. distinguenda 1 0 1 0 0 0 0 0 0 1 0 0 
S.confusella 0 0 0 0 0 12 2 16 9 0 12 9 
S.luteela 0 0 0 0 0 1 0 0 0 0 0 0 
I.pectinea 5 0 5 9 0 0 0 9 30 0 0 2 
P.Ullifollella 31 18 22 12 15 38 24 10 21 27 45 49 
P.cavella 1 0 0 1 0 0 0 0 0 0 1 0 
P.betulae 1 0 30 11 4 13 3 45 7 59 16 19 
P.bistrlgella 0 0 1 3 2 0 0 2 0 11 0 1 
C.betullcola 9 0 2 4 0 4 0 2 1 0 0 2 
C.populetorm 1 0 4 6 0 0 0 0 0 0 0 0 
L. clerkella 32 0 284 41 25 1 4 0 0 26 0 0 
C.serratella 1 1 1 3 2 1 0 0 0 8 1 1 
C.lbipemella 0 0 2 0 0 0 0 0 0 0 0 1 
Coleophora mines 77 12 24 64 27 6 23 7 25 121 23 34 
A.alnibetulae 4 0 3 1 0 2 17 11 2 0 3 2 
R.rusci 1 0 13 2 0 4 0 3 1 3 1 0 
M.nana 17 0 132 50 95 29 2 64 4 48 23 38 

F.pusilla 0 0 7 3 0 0 0 6 3 16 10 3 
S.betuleti 0 0 5 4 0 5 16 3 4 3 2 1 



igure 3.6 The Phenology of Birch Leaf-miners 

Month 
A M J J A S O N 

E r i o c r a n i a 
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E . a r g e n t i p e d e l l a 

E . m e d i o f a s e c i e l l a 

S . l a p p o n i c a 

S . c o n f u s e l l a 

S . l u t e e l a 

S . d i s t i n g u e n d a 

S . b e t u l i c o l a 

H . h a m m o n i e l l a 

P . b i s t r i g e l l a 

I . p e c t i n e a 

P h y l l o n o r y c t e r 

P . c a v e l l a 

P . b e t u l a e 

C . b e t u l i c o l a 

G . p o p u l e t o r u m 

L . c l e r k e l l a L 

B . d e m a r y e l l a 

C . s e r r a t e l l a 

C . i b i p e n n e l l a 

A . a l n i b e t u l a e 

R . r u s c i 

M.nana 

F . p u s i l l a 

S . b e t u l e t i 
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Cook in the course of her BSc project). The numbers of the four species found were; 

E.sangii 35 
E.semipurpurella 82 
E.utiimaculella 18 
E.haworthi 3 

(Hering's characters are used in the key in Appendix 2.) E.sangii and 
E.haworthi are both very distinct species but some specimens of the other two species did 
not completely agree with the key characters. E.semipurpurella invariably had a lateral 
projection on the first abdominal segment and frequently also one on the second segment as 
in E.unimaculella. In the latter species the dorsal thoracic spots were frequently obscure. It 
is thus possible that some specimens may have been assigned to the wrong species. Unfor-
tunately a series of pots containing examined larvae, put outside to over-summer, were 
destroyed by squirrels. 

With the exception of E.sparrmannella, all the Eriocrania species fly before leaf break 
and lay their eggs in unopened buds. Adult Eriocrania were obtained by beating birch with a 
stick and catching any moths that flew off with a butterfly net. The timing of adult captures 
in 1980 was as follows; 

E.unimaculella 
E.sparrmannella 
E.salopiella 
E.haworthi 
E.sangii 
E.semipurpurella 

33; March 18th - April 25th 

5; April 23rd 

Not found 

1; April 1st 

15; March 18th - April 6th 

46; March 18th - April 8th 

In 1981 a single E.sparrmannella was caught on May 16th. Eriocrania mines are 
found immediately after bud burst. Leaves are frequently distorted where the egg has been 
laid. Fig.3.7 shows the pattern of mining of Eriocrania over the year. The single pe^ak is in 
M^ay and June for all species except E.sparrmannella. No tenanted mines were found in the 
main site after June, but in the timed search sampling, E.sparrmannella mines were found 
until the 27th August. Eriocrania was more abundant in 1981 than 1980, a trend found in 
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several other species of birch miner. Mines of this group were found very infrequently on 
seedling birch in Silwood though this came as something of a surprise as Eriocrania mines 
will often reach high densities on young birch saplings growing on sandy heathland (this was 
observed on Studland Heath, Dorset in 1980 and Chobham Common, Surrey in 1981). High 
densities have been observed on birch scrub in the arctic (Koponen 1974). It is perhaps im-
portant that in both these areas, young birch far outweighs mature birch in abundance. The 
timed search sampling showed Eriocrania to be universally abundant at all sites. The number 
of mines found was sufficient to investigate the distribution of in-mine mortality in the dif-
ferent sites. Table 12 shows for each site the number of successfully vacated mines found 
and the number which contained a dead larva. In some cases the cause of death was 
parasitism but in most cases it was not possible to identify exactly how the larva died. The 
mortality figure does not include parasites that emerge from the larva after it has left the 
mine. Mines were not scored after the end of July as by then, weathering of the mine made 
correct species assignment difficult. For each site a 'k value' mortality measure (Varley, 
Gradwell and Hassell 1973) was calculated; 

k = log(DY + V) - log(V) 

where DY is the number of larvae that died young and V is the number that successfully 
vacated. The k values when plotted against miner density show no simple relationship (Fig. 
3.8a). The two sites, with the highest mortality are E & G, the two deep shade sites where 
the leaves collected were from the hairy bole growth. This type of leaf may be unsuitable for 
Eriocrania. In. the main site, Eriocrania was found most frequently in the open area and 
avoided the shaded part of the wood. 

On April 5th 1981 a female Eriocrania, probably E.semipurpurella, was observed laying 
eggs. Oviposition took about 15 minutes and having laid an egg, the female walked up the 
twig to lay another br jumped to a nearby leaf on another twig. This behaviour explains why 
the distribution of Eriocrania mines was obviously clumped when viewed in the field. 
However, in the absence of three dimensional sampling this was very hard to demonstrate 
quantitatively as the moths conception of a clumped group of leaves did not correspond with 
the s a m p l i n g unit, the twig. 



Table 3 . 1 2 1 0 9 

E r i o c r a n i a m o r t a l i t y a t T i m e d S e a r c h S i t e s . 

S i t e Dead V a c a t e d k v a l u e 

A 19 24 . 2 5 
A' 3 io . 1 4 
B 17 8 1 . 0 8 
C 7 22 . 1 2 
C' 4 43 . 0 4 
D 2 1 9 0 . 0 9 
E 79 4 7 . 4 3 
F 22 1 3 5 . 0 7 
G 57 65 . 2 7 
H 53 233 . 0 9 
I 18 96 . 0 7 
J 5 8 1 . 0 3 

See t e x t f o r f u r t h e r d i s c u s s i o n . 
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b) Ectoedemia argentipedella (Nepticulidae) 
Ectoedemia is a medium-sized genus which apart from leaf-miners also includes petiole 

and cambium miners. E.argentipedella mines late in the year, not appearing before the 
August sample. In the rr__jain site, this species was much commoner in 1981 than in 1980 
(Fig.. 3.8b). The timed search sampling revealed it to be common on both species of mature 
birch though it was not found on seedlings of either species. E.argentipedella, in common 
with several other species of microlepidoptera, is able to prevent the senescence of the part 
of the leaf immediately around the mine, forming what has been termed a 'green island'. 
Engelbrecht (1976), working on this species, found that this was brought about by the secre-
tion of cytokinen from the insect's labial gland. The increased concentration of the plant hor-
mone inhibits protein degradation and the transport of metabolites away from the region. 

E.argentipedella frequently is found with multiple mines per leaf. The pooled distribu-
tion of mines per leaf collected from the main site sampling and the timed search sampling 
was as follows; 

mines No. No. mines No 

1 72 6 3 

2 12 7 4 

3 11 8 0 

4 1 9 1 

5 1 >9 0 

Because of the absence of a zero class (the number of unmined 
leaves), this distribution cannot be compared directly with a random distribution. 
However the zero class will be very large and as this distribution differs significantly from 
random (using a chi squared test) with a zero class as small as 300, there can be little 
doubt as to it being significant. 

c) Ectoedemia mediofasciella (=wollhopiella) (Nepticulidae) 
This species mines at the same time as E.argentipedella, tenanted mines being only 
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found in August and September. Again, like the last species, it has not been found on see-
dling birch of either species. In the timed search it was not found on B.pendula and though 
specimens have been found on this tree (casual observation in Sussex), it genuinely seems to 
prefer B.pubescens. 

E.mediofasciella is considered as a very local species (Emmet 1976) but it was found 
in most localities in the south of England where the birch was systematically searched at the 
right time of year. The indistinctive mine-form may have led to it being under-recorded. 

d) Stigmella lapponica (Nepticulidae) 
Stigmella is a very large cosmopolitan genus of miners, the majority of species feeding 

on trees. Mines of this species were first found on June 5th (1980) and the last tenanted 
mine on August 3rd (1981). Emmet (1979) gives mid-June to early July as the larval period 
which thus appears too short. S.lapponica can complete its whole larval development in a 
week if ambient temperatures are optimal and this explains why even at the end of June 
only a small proportion of the mines found are tenanted. This species was rare in 1980 but 
quite common in 1981 (Fig 3.9a). 

This species was found on both species of mature birch but not on the seedlings. Of 
the 107 non-tenanted mines collected in the timed search sampling, 87 had successfully va-
cated and 20 had died in the mine (k=0.92). 

e) Stigmella confusella (Nepticulidae) 
Tenanted mines were found in July and August, (earliest July 14th (1980), latest 

August 23rd (1980). Throughout the sampling, this species was found only on B.pubescens 
and though during casual searching, a few were found on B.pendula, it does seem to strongly 
prefer the former species. This miner was of approximately equal abundance in 1980 and 
1981 though it appeared slightly earlier in the year in 1981 (Fig. 3.9b). 50 mines were col-
lected during the timed search sampling of which 11 had died in the mine (k=0.11). 
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f) Stigmella distinguenda (Nepticulidae) 
This miner was scarce, though individuals were found on both species of birch and on 

B.pendula seedlings. Only a few tenanted mines were found in July and August, though 
Emmet (1979) records this species as mining into October. This is generally regarded as 
another scarce species (Emmet 1976) though it seems to be extending its range (Emmet pers. 
comm.) and it was found in many localities throughout southern England. 

g) Stigmella betulicola (Nepticulidae) 
This species was only found on seedling B.pendula and B.pubescens, a preference that 

has been recognised for a long time (Emmet 1976, 1979). It was found in September and 
October in small numbers though the earlier generation recorded by Emmet (1979) in July 
was not found. Of the 8 mined leaves found, three had two mines, and one had three mines. 
Multiple mines per leaf are common in this species (Emmet 1976). 

h) Stigmella luteela (Nepticulidae) 
This species mines late in the year, the earliest mine was found on August 14th (1980) 

and tenanted mines continued into October. The miner was found on both species of birch 
but more commonly on B.pubescens. It was comparatively commoner in the Main Site than 
in the timed search sites. No mines were found on seedling birch. 

It is interesting that the three common species of mature birch Stigmella', lapponica, 
confusella, and luteela, have only a slight temporal overlap. From June to October there is 
always one species mining birch with only brief periods of overlap with two species mining. 

i) Heliozela hammoniella (=betulae) (Heliozelidae) 
Heliozela is a small genus of petiole-mining species that only enter the leaf blade in 

the final instar. Larvae in the petiole are very hard to detect and they only spend a short 
time in the leaf blade before excising an oval leaf case and dropping to the ground to 
pupate. It is probably because of this that no tenanted mines were found. This species be-
came common in August and September on seedling B.pubescens (Fig. 3.10a). A few mines 
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were found on seedling B.pendula but none were found on mature birch of either species. 

j) Phylloporia bistrigella (Incurvariidae) 
Phylloporia is a monotypic genus. This species was found on both species of birch and 

on both mature and seedling individuals though nowhere was it common. The first mine was 
found on July 1st (1980) and the last tenanted mine on September 6th (1981). P.bistrigella 
larvae cause large areas of the leaf to assume a different shade of green. On May 16th 
(1980) at the Timed Search Site F, large numbers of this species were found flying around 
the birch trees but surprisingly this was not reflected in the number of mines later in the 
year. 

k) Incurvaria pectinea (Incurvariidae) 
I.pectinea and other members of the genus mine only in the early instars before making 

a circular cut-out case and descending to the ground and feeding on detritus. The miner thus 
needs a relatively small amount of plant tissue and this allows the female to lay many eggs 
on a single leaf. The silouette of a leaf from which several I.pectinea have excised their case 
is very distinctive. Perhaps because of the brief period it spends as a phytophage, I.pectinea 
is unusually polyphagous. In Britain it has been recorded from Betula, Corylus, Malus, 
Crataegus and Sorbus aucuparia (new record) and on the continent, in addition to the above, 
Alnus, Acer, Prunus, Pyrus and Swida (Emmet 1979, Hering 1957). 

This species was found on mature B.pendula and B.pubescens. though it was generally 
uncommon and only a few mines found. Table 3.13 gives the egg and larval mortality as-
sociated with each of the mined leaves. The distribution of eggs per leaf is as follows; 

0 - 5 4 21 - 25 0 

6 - 10 6 26 - 30 0 

11 - 15 11 31 - 35 1 

16 - 20 6 36 - 40 1 

It is possible that the two very high density leaves were underes-
timates as some aborted workings may have been destroyed by successful miners. The mor-
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Table 3.13 

I n c u r v a r i a p e c t i n e a m o r t a l i t y i n m u l t i p l y m i n e d l e a v e s . 

T o t a l D e a d Dead V a c a t e d k v a l u e 

M ines Eggs L a r v a e M i n e s 

12 0 1 0 2 . 7 8 

9 0 7 2 . 6 5 

36 0 2 7 9 . 6 0 

3 1 9 17 5 . 7 9 

1 1 9 2 0 1 . 0 4 

1 6 1 1 5 0 1 . 2 2 

18 4 7 7 . 4 0 

4 O 0 4 o . o o 

6 4 2 0 . 7 8 

14 8 4 2 . 3 0 

1 8 6 4 8 . 3 5 

19 2 1 0 7 . 4 3 

6 0 6 0 . 7 8 

9 0 5 4 . 3 5 

12 7 4 1 1 . 0 1 

7 3 3 1 . 8 4 

1 1 0 9 2 . 7 4 

1 8 9 8 1 1 . 2 5 

6 0 3 3 . 3 0 

3 0 1 2 . 1 8 

12 0 1 1 1 1 . 0 8 

13 0 1 0 3 . 4 7 

16 1 1 4 1 1 . 2 0 

1 1 o 7 4 + . 4 4 

5 0 0 5+ O.OO 

3 0 1 2 . 1 8 

1 1 0 1 0 1 1 . 0 4 

12 1 1 0 1 1 . 0 1 

12 2 6 4 . 4 8 

7 
See text for further discussion 
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tality data in Table 3.13 is plotted in Fig. 3.10b against mine density per leaf. There is no 
significant relationship unless the two high density leaves are omitted when there is a weak 
density-dependent mortality. 

The selective pressure that has resulted in this highly clumped egg distribution in 
I.pectinea (and the closely related I.masculella on Crataegus) is uncertain. A concentrated 
herbivore attack may make feeding physically easier as has been found with Neodiprion 
pratti eating pine needles (Ghent 1960). However, working against this, it is known that birch 
has a strong facultative, localised, chemical herbivore defence response (Haukioja 1980). A 
second possible explanation is predator or parasite defence. If parasite searching was at a 
first approximation random; an adult female miner laying eggs singly would expect a certain 
proportion of them to be attacked while a female clumping all her eggs would expect all of 
them to be lost with a certain probability. The expected number surviving would be equal 
under either distribution though the variance would be much higher for clumped eggs. In this 
case it is not obvious which strategy would be selected, though theoretical studies indicate 
risk spreading (not putting all your eggs in one basket) is better (den Boer 1968). However, 
if the parasite or predator was unable to fully utilize the clump after it had been discovered, 
either through satiation or a physiological egg limit, then clumping would be expected. Unfor-
tunately, little is known of parasitism or predation in Incurvaria. The only literature record is 
of the ichneumonid Atrometus geniculatus which parasitizes the larvae after it has left the 
leaf (Fulmek 1962). 

1) Phyllonorycter ulmifoliella and P.anderidae (Gracillaridae) 
Phylonorycter is a large mining genus, the members of which initially make an epider-

mal mine before hypermetamorphosing into a normal mesophyll miner (see Section 2.3). The 
mines of these two species are not safely distinguishable. About 200 moths were bred from 
mines of this type on mature birch, all of which were P.ulmifoliella. Of the 10 moths reared 
from mines on seedling birch, 2 were P.ulmifoliella and 8 P.anderidae. P.anderidae is known 
to be associated with young birch (Emmet 1979) while P.ulmifoliella seems to prefer mature 
birch. The first P.ulmifoliella mine was found on May 29th (1981) and from then to leaf 
fall tenanted mines were present though with a pronounced peak in June/July and 
September/October, corresponding to two generations. Unlike most other species, 
P.ulmifoliella was more common in 1980 than in 1981 (Figs. 3.11a and 3.11b). P.anderidae 
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was very rare in the first generation but otherwise seemed to be found at the same time as 
P.ulmifoliella (Fig. 3.12a). The second generation mined very late in the year which caused 
problems in obtaining a population estimate when some of the leaves had begun to fall. The 
population dynamics and biology of P.ulmifoliella have been very well studied in comparison 
with other miners (James 1968, Askew and Shaw 1979, Shaw and Askew 1979). 

i m) Phyllonorycter cavella (Gracillaridae) 
An uncommon species, a few mines were found on both B.pendula and B.pubescens in 

September and October. 

(Phyllonorycter messaniella is a rather polyphagous species found on most Fagaceae and 
also less commonly on Carpinus and Tilia. This species was bred from Betula papyrifera 
(The North American Canoe or Paper-bark Birch) growing in Windsor Great Park and 
Winkworth Arboretum. It has not been recorded from native birches (Godfray 1981). 

i 
n) Parornix betulae (Gracillaridae) 

Parornix is a moderate sized genus, its species first feed epidermally, then hyper-
metamorphose into mesophyll miners and then finally leave the mine to feed on the inside 
surface of a folded leaf. Mines were first found on May 18th (1981) and tenanted mines 
were found until early july. A second generation of mines were found from August to Oc-
tober, a longer season than that recorded by Emmet (1979). P.betulae was found on both 
species of birch and on both mature and seedling individuals. It was, however, significantly 
commoner on seedlings. Like P.ulmifoliella this species was commoner in 1980 than in 1981 
and it also appeared later in the year in 1981 (Fig. 3.12b). 

o) Caloptilia betulicola (Gracillaridae) 
Caloptilia is another moderate sized genus with a life cycle similar to Parornix except 

that when it leaves the mine, instead of folding a leaf, it feeds in a rolled leaf. This species 
rolls a birch leaf transversely while the next species makes a longitudinal roll. This species is 
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bivoltine and though the first generation was found in May during casual searching, it was 
too uncommon to appear in the sampling. Second generation mines were found in August and 
September and were most common on seedling B.pendula (Fig. 3.13). Mines were found on 
both species of tree. 

p) Caloptilia populetorum (Gracillaridae) 
This species was only found on B.pendula, both mature and seedling individuals, though 

far more commonly on seedlings. The roll made by the larvae can be confused with the 
Tortricid, Acleris notana, which makes a similar working on young birch at the same time of 
year, August and September. 

q) Lyonetia clerkella (Lyonetiidae) 
Lyonetia is a moderate sized genus, all members of which are miners. Emmet (1979) 

records three generations a year for this species; May, July and September/October. This 
species feeds on a variety of roseaceous trees as well as birch. In Silwood L.clerkella was 
never found on Betula before July and only became abundant in September/October (Fig. 
3.14a). However mines were found on Maliis in May. It will be argued below that 
L.clerkella preferentially mines young birch leaves so its absence on birch earlier in the year 
is surprising. One possible explanation is that different host races exist. 

Though L.clerkella was found on both species of birch, it was more common on 
B.pendula and much commoner on young birch. This is probably related to the availability of i 
young leaves on the different classes of birch (see section 3.4). Young birch leaves are a dif-
ferent shade of green in comparison with older leaves and the preference of L.clerkella for 
these leaves was obvious though hard to quantify. To test this preference, two samples of 
leaves were taken. 
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1) Two collections of leaves were made from a single tree, one from mature growth and 
the second from young bushy growth around the base of the tree. 

Leaves Mines % 

Old Growth 1466 86 5.9 

New Growth 3301 69 2.1 

The differences were tested with a chi squared test and found to be 
highly significant (43.6 ld.f. p<0.001). Even this difference underestimated the strength of the 
preference as most of the mines on the old growth were on newly produced terminal shoots. 

2) The proportion of leaves mined as a function of distance from the end of the branch 
is shown for mature leaves of B.pendula on Fig. 3.14b. There is a pronounced concentration 
of mines towards the apex where the youngest leaves are. 

The densities of L.clerkella found on young B.pendula were the highest of any leaf 
mine on birch. When this density is compounded with leaf selectivity, multiple mining of 
leaves is to be expected. The distribution of multiple mining in the September and October 
B.pendula seedling samples was; 

1 166 5 7 

2 9 6 5 

3 13 7 , 1 

4 12 mean 1.47 

The distribution of multiple mines over the same period on seedling 
B.pubescens seedlings was; 

1 145 4 2 

2 31 5 1 

3 11 Mean 1.33 

Though the frequency of multiple mining is high, this is in all prob-
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ability a random distribution as the high degree of leaf selectivity would lead to a very small 
zero class. L.clerkella mining Malus, Sorbus cerasus, S.aucuparia and some arboretum Sorbus 
sp. were examined to see if there was any parallel leaf specialization on these species, but 
none was found. 

r) Bucculatrix demaryella (Lyonetiidae) 
Bucculatrix is a very large cosmopolitan genus, the larva mining when young. This 

species was found to be very uncommon in Silwood; 3 vacated mines and a larva were found 
on B.pendula seedlings on August 29th (1980) and a single vacated mine on mature 
B.pubescens on September 14th (1980). After mining in the first two instars the larva goes 
on to feed externally. 

s) Coleophora serratella (Coleophoridae) 
Coleophora is a huge genus containing miners but also many external feeders. (See note 

in Section 2.3 on Coleophora sp..) This species overwinters as a first instar larva and does 
the majority of its feeding in May and June and pupates in its case, often on the foodplant, 
in June. As discussed in Section 2.3, Coleophora sp. move from mine to mine so a count of 
the number of leaves mined is not a population estimate as it is for most miners. Observa-
tions in the laboratory indicated that a C.serratella individual would make about 8-12 small 
mines during its larval existence. 

C.serratella was found on seedling birch of both species as well as mature birch, 
though it was most abundant on the latter. It was approximately twice as abundant in 1981 
as it was in 1980 (Figs. 3.15a and 3.15b). This species is also found on Alnus, Corylus, 
Ulmus, Sorbus and Carpinus (Emmet 1979) and was recorded from all these foodplants, ex-
cept the last species, in Silwood. 

t) Coleophora ibipennella (Coleophoridae) 
The mines of this species could not be distinguished from those of the last but from a 

comparison of the proportion of cases of each of the two species found, this was much the 
less common. Cases of C.ibipennella were found on mature specimens of both birch species 
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but not on seedlings. 

u) Agromyza alnibetulae (Agromyzidae) 
This is the only dipteran miner on Betula, a member of a very large genus, mostly at-

tacking herbaceous plants and containing some non leaf-miners. This species was once thought 
to be conspecific with the species mining Alnus though this is now known to be distinct 
(A.alnivora) (Spencer 1972). This species mines from late May (first mine 25th May 1981) 
until October. There are two main peaks in June and August/September indicating two gen-
erations though some tenanted mines can be found from June onwards (Fig. 3.16a). 
A.alnibetulae is found on mature and seedling individuals of both species but is more com-
mon on seedlings (Fig. 3.16b). Like L.clerkella, A.alnibetulae shows a preference for newly 
produced leaves. An isolated tree outside the main sampling sites was found with a high den-
sity of A.alnibetulae in 1981. As many mines as could be found were picked and classified 
as to the distance of the mined leaf, in terms of number of leaves, from the apex of the 
twig. The results were; 

0-20 42 61-80 5 

21-40 5 81-100 2 

41-60 

Mines were concentrated on the most newly produced leaves. Some of 
these terminal leaves were in the centre of the tree so it is unlikely to be an effect due to 
sunlight or climate. 

Agromyzidae are chiefly miners of early successional plants. It is interesting that in at-
tacking a tree, this species preferentially attacks the unapparent (Feeny 1976, see section 1.3) 
parts of the tree; newly produced leaves and seedlings. 

v) Rhynchaenus rusci (Curculionidae) 
Rhynchaenus is a large genus of mining weevils. The first mine of this species (in fact 

vacated) was found on June 2nd (1980). This species was found on both species of birch but 
only on mature trees. 
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w) Messa nana (Tenthredinidae) 
Messa contains 5 species mining birches and willows. Males are found only rarely. This 

was the commonest of the sawflies mining birch. It was found on mature and seedling in-
dividuals of both species from May (earliest May 12th 1981) until October. It was not cer-
tain how many generations were involved as tenanted mines could be found throughout this 
period. In most sites, M.nana only became common towards the end of the year, but 
surprisingly in the seedling B.pubescens site there was a heavy attack in May. In the timed 
search sampling, 317 non-tenanted mines included 67 which had died in the mine (k=.10). 

x) Fenusa pusilla (Tenthredinidae) 
Fenusa is a small genus of sawflies, all mining trees. This species was uncommon on 

mature birch but common on seedling birch of both species. Mines were found from May 
(first record May 12th 1981) until October with tenanted mines found in May/June and 
August/September (Fig. 3.17b). Often multiple mines were found on a leaf. The distribution 
of these multiple mines in September/October on B.pubescens was; 

1 83 4 2 

2 28 5 1 

3 7 

A g a i n t e s t i n g for s i g n i f i c a n c e w i t h o u t a z e r o c la s s is imposs ib l e . 
However, this distribution is non-random with a zero class of 1000, which is almost cer-
tainly a conservative estimate of the leaves available. 

y) Scolioneura betuleti (Tenthredinidae) 
Scolioneura only contains two species, both mining birch. This species mines only 

mature birch late in the year. In Silwood the first mine was found on 24th August and 
tenanted mines could be found till the end of October (Fig. 3.17a). However in 1982 a mine 
was found of this species near Reading on July 31st. Mines were commoner in 1980 than in 
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Figure 3.35 

a ) SCOLIONEURR BETULET1 ON MRTURE B.PUBESCENS 

b ) FENUSR PUSILLR ON SEEDLING BIRCH 
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1981. 

z) Profenusa thomsoni (Tenthredinidae) 
Profenusa is a small cosmopolitan genus. 3 specimens were found on seedling 

B.pubescens. This species was only known until recently in Britain from 2 specimens (Benson 
1952) but mines are locally common and may have been overlooked (Shaw 1980). 
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3.5 Leaf Dynamics 

The results discussed in the last section need to be interpreted in terms of the pattern 
of leaf growth and turnover on the birch. In order to examine the flux in the number of 
leaves, an experiment in which birch leaves were painted and their mortality and numbers 
counted, was conducted in 1981. 

Two branches of mature B.pubescens and two branches of mature B.pendula, all grow-
ing near the bottom of the tree, at the height where the majority of mine sampling took 
place, were selected in early May after the first initial leaf flush and all the leaves marked 
by a small dab of cellulose acetate modelling paint. The same procedure was performed with 

r 
two B.pendula seedlings. In June, July and August, the number of leaves remaining from the 
May painting was counted and any new leaves marked with a different colour paint. 

Results; 1) Leaf Mortality. The cohort survivorship curves are shown in Figs. 3.18a and 
3.18b. Mortality was surprisingly heavy though less so in the seedling sites. The peak mor-
tality was in June. The cause of mortality was in most cases herbivory, especially by lepidop-
terous and sawfly caterpillers. 

2) Leaf Numbers. The total number of leaves over the sampling period are shown in 
Figs. 3.19a and 3.19b. For mature birch, there is only a slight increase after May, the num-
bers peaking in June and July. With seedling birch however, the increase in the number of 
leaves after May is very large, with approximately 15 times as many leaves present in 
August. 

Since this experiment was done, Maillette (1982a, 1982b, in press) has begun publishing 
her analysis of the structural dynamics of B.pendula. It is unfortunate that her work was not 
done earlier as' then the miner sampling could have been structured in the light of her 
analysis. Maillette uses the arrangement and dynamics of modular units to study growth pat-
terns, the methodology developed by Harper and others (Harper & Bell 1979, Noble, Bell 
and Harper 1979 etc.). Fig. 3.20a shows the pattern of birch growth through the year as 
described by Maillette. A bud begins growing in the spring and produces its first leaf on a 
short shoot. The bud may then remain short and not elongate or if may grow, producing new 
leaves as it grows. There are thus two types of leaves; short shoot leaves which are produced 
early in the year, few being added after the beginning of May, and long shoot leaves which 
are produced until August when elongation stops. The pattern of new leaf production will 
depend on the probability of a bud developing into a short or long shoot. Maillette found 
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that buds at the top of the tree were far more likely to develop into long shoots. Her figures 
for total leaf production (Fig. 3.20b) over the year are very similar to Fig. 3.19a. She does 
not discuss leaf turnover in her papers but remarks that 90% of all leaves produced are 
present in August which would indicate leaf mortality to be substantially lower in her sites 
than at Silwood. 
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3.6 Discussion 

The first part of the discussion deals with the birch sampling and the second 
part with the early successional plant sampling and comparisons between early and 
late successional plant miner communities. 

3.5.1 Birch 
a) Missing species. 

The following species of birch miners, recorded in Britain, were not found in 
the sites. 

Eriocrania salopiella\ rare, (Heath 1976) 
Stigmella continuella; locally common (Emmet 1979). 
Caloptilia stigmatella\ normal foodplant Populus and 

Salix, twice found on Betula, (Emmet 1979). 
Parornix loganella', a northern species, (Meyrick 1927). 
Phyllonorycter corylifoliella, common on roseaceous trees 

at Silwood, f.betulae found only in the north and west of the 
country on birch, probably represents a distinct species, (Emmet 
pers comm). 

Roeslestammia erxlebella; adults found at Silwood, most 
commonly mines Tilia, (Emmet 1979). 

Lyonetia prunifoliella; probably extinct (Emmet 1979). 
Coleophora alnifoliae, siccifolia, fuscocuprella, violacea 

and binderella. These are polyphagous Coleophora which have 
at one time been recorded on Betula, (Emmet 1979). 

Coleophora milvipennis; rare, (Emmet pers comm). 
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Coleophora orbitella; local, (Meyrick 1927). 
Atemelia torquatella; a northern species, (Meyrick 1927) 
Rhynchaenus jota and stigma; normal foodplant Salix, 

vagrant on birch (Scherf 1966, Hering 1957). 
Heterarthrus nemoratus, this species is recorded as com-

mon (Benson 1952) 

Comments; It is surprising that the distinctive mine of H.nemoratus was not 
encountered since Benson refers to it as common. Stigmella continuella is also not 
an uncommon species., There is a possibilty that Coleophora species were under-
recorded. Species can only be identified from their cases and not their mines and 
in some species the adult has to be reared. At least two larval cases of species 
that were neither C.serratella or C.ibipennella were found but it was not possible 
to identify them. 

b) The Main Site 
Fig. 3.21a and Fig. 3.21b show respectively the total number of mines and 

the number of tenanted mines found in each site over the sampling period. Fig. 
3.21a and other figures showing total numbers of mines, have to be interpreted 
carefully as they are not a simple cumulative abundance curve. As the leaf-paint 
experiments demonstrated, leaves are being lost, and new leaves grow, after the 
beginning of the season, so that the curves are in a sense mine survivorship figures. 
Similarly there, are problems with the interpretation of Fig. 3.21b and similar 
figures showing the total number of tenanted mines. These are strongly influenced 
by the duration of the mining period. Species such as Stigmella lapponica and 
S.confusella, though fairly common, contribute only very slightly to the total tenan-
ted mines in Fig. 3.21b as their larval period is so short. Phyllonorycter, on the 
other hand, spends several weeks as a larva in the mine, and then pupates in it. 
This group thus makes a large contribution to the total mines. 

When considering the effect of the miner on the tree, the total number of 
mines is important as a mine represents a loss of photosynthetic tissue whether it is 
tenanted or vacated. If miner predation is being considered, the sum of tenanted 
mines alone will be relevent. However in other circumstances, the important infor-
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mation will be the density of mines of a particular generation of a miner species. 
This information can be obtained by considering both types of mine totals. The 
tenanted mine totals will allow one to know when the miner is active, though due 
to the brevity of the time in the mine, many mines will be missed unless sampling 
is very frequent. However, as the mines remain, the maximum density of mining in-
sects can be deduced from the total number of mines. When there is one gener-
ation, as in Eriocrania or Stigmella lapponica for example, this is fairly easy, 
though where are there are two generations, such as Phyllonorycter, or a protracted 
emergence, e.g. A.alnibetulae, the effect of old mines and leaf fall have to be 
taken into account. The density of miners for the birch species, obtained by inspec-
tion using the above criteria, are given in Table 3.14. 

Fig. 3.21a shows a marked difference in total mines between 1981 and 1980, 
though the difference is chiefly at the beginning of the year. In both years there is 
a peak in June corresponding to the spring miners, though in 1981 this is ap-
proximately twice as great as in 1980. By the end of the season, the total number 
of mines on the tree are similar. Looking at the individual totals, both the two 
main spring feeding groups; Eriocrania and Coleophora (See Figs. 3.7 and 3.15a), 
show a considerable increase in abundance, approximately by a factor of two, in 
1981. Both species became common slightly earlier in 1981 than in 1980. This dif-
ference in abundance and time of occurrence is possibly correlated and may repre-
sent different degrees of synchrony between tree and insect (see Section 1.3) 
though to test this would need a considerable run of data. Of the species mining 
late in the year, the gracillarids, bivoltine miners with an epidermal feeding stages, 
were commoner in 1980 while most nepticulids were commoner in 1981. However 
the population densities only vary by a magnitude of 1 - 3 which is very low com-
pared with the fluctuations found in most insect populations. 

Fig. 3.22a and Fig. 3.22b show the log abundance/rank plots for the tenanted 
mines in 1980 and 1981. Only towards the end of the year were there enough 
species of tenanted mines to enable graphs to be drawn. In 1980, the lines are very 
nearly straight, indicating an ordered progression from a few common species to 
many rare ones. In 1981, the lines are more concave, reflecting the presence of 
some particularly common species such as Ectoedemia argentipedella in the Septem-
ber sample. Fig. 3.23a and Fig. 3.23b show the log abundance/rank plots for all 
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mines in the main site in 1980 and 1981. The plots are quite similar in the two 
years, the lines are all nearly parallel but tend to be steeper in July and October 
than in August and September. Comparing these plots with published log 
abundance/rank curves (e.g. Southwood et al 1979, Bazzaz 1975), the distributions 
found here are more equitable and less concave. The reason for this is that the 
other studies were examining a far more diverse spectrum of organisms while here 
only a single feeding type of insect was dealt with. 

Fig. 3.24a and Fig. 3.24b shows how Williams alpha varies over the season 
for tenanted mines and Fig. 3.26a and Fig. 3.26b the same for the Berger/Parker 
Index. In 1980 both indices show three peaks, a peak in early spring corresponding 
to the species that attack immediately after leaf flush, a second peak corresponding 
to the summer generation of bivoltine miners, and a third peak at the end of the 
year corresponding to the species that mine senescing leaves. In 1981, the same 
trends were found except that the diversity remained high all through late summer. 
The graphs for Williams alpha and the Berger/Parker indices of all mines, tenanted 
and vacated, are shown in Figs. 3.25 and 3.27. Williams alpha peaks at the end of 
the season in both cases as would be expected from a cumulative process. In 1980, 
Berger/Parker stays constant while in 1981 it falls off over the season, as the in-
fluence of the early season species, which were very abundant that year, wanes. 

c) Comparison of Mature and Seedling Birch 
Some of the differences between mature and seedling trees have been discus-

sed in Chapter, 1 in general terms. A leaf-miner will find mature and seedling bir-
ches different in a number of ways and this will affect the species found on each 
class of plant, their abundance and their phenology. The leaf-paint experiment il-
lustrated one major difference between mature and seedling birch. The number of 
new leaves produced during the year, after the initial flush, is rather small in 
mature birch compared with a huge increase in seedling birch associated with the 
growth of the plant. Young leaves differ from old leaves both in their defences 
against herbivory and in their nutrient content. In young leaves, qualitative defences 
will be proportionally more important then quantitative defences in comparison with 
mature leaves. As all the miners are birch specialists, or found on only a few other 
plant species, they will have become adapted to birch and probably possess 
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detoxification mechanisms against qualitative defences. Young leaves also have 
greater quantities of available nitrogen and other nutrients in their tissue. This 
results in seedling birch being better quality food. 

Seedling and mature birch also differ fundamentally in their size and architec-
ture. This will mean that a miner adapted to a seedling birch may not be able to 
find suitable conditions for it on a mature birch tree and vice-versa. For example, a 
species that hid in the grass around the base of a seedling birch when not oviposit-
ing, would find it harder to live in a birch forest, while the reverse would be true 
of a species that concealed itself in crevices in bark. These effects are qualitative, 
but a sun-loving insect might potentially oviposit on all leaves of a seedling birch 
while avoiding the relatively deeply shaded parts of the canopy when attacking 
mature birch. The resultant difference would be quantitative. An actual example 
where such effects may be important, can be found in the genus Phyllonorycter. 
The majority of the species in this genus are miners of trees but a few attack her-
baceous plants. Two such are the legume miners P.nigrescentella and P.insignitella. 
These species are closely related (apomorphic genitalia characters and also general 
facies) to P.quinqueguttella which mines low-growing Salix bushes particularly 
S.repens. In all probability, the nearest relatives to these three species (general 
facies, see also their position in the checklist; Bradley in Kloet and Hinks 1972, 
J.D.Bradley pers. comm.) are P.anderidae and P.lautellcr, the former mines birch 
(q.v.) and the latter Quercus but significantly in both cases, only the seedling and 
bush sized individuals are attacked. Thus these five species share the habit of at-
tacking low-growing plants, even when the same species of host exists as a tree. If 
they are, as suggested, monophyletic then this habit has been conserved even 
though they have evolved onto new host plants. 

P.anderidae is one of the species found in the sampling to have an absolute 
preference for seedling birch. The other two species in this category, Stigmella 
betulicola and Heliozela hammoniella are likely to also have a behavioural basis for 
avoiding mature birch. In the case of H.hammoniella, this may be involved with 
the early petiole-mining stage in its life cycle. Of the six species that were far 
more common on seedling birch but also found on mature birch, it is significant 
that two showed a marked preference for young leaves when they attacked mature 
birch (see Lyonetia clerkella and Agromyza alnibetulae). It is quite possible that 
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.some of the other species showed this preference; it was strongly suspected in the 
two species of Caloptilia, but they were not common enough on mature birch to 
prove this. As the leaf-paint experiment demonstrated, over an order of magnitude 
more new leaves were produced during the season on the seedling birch trees when 
compared with the mature birch trees. The greater abundance of these species on 
seedling birch individuals was thus a reflection of their preference for young leaves. 
As argued above, underlying this preference was probably either a response to the 
lowered anti-herbivore chemistry or the higher nutrient content or a combination of 
the two. (The effect of these factors on equilibrium population size is discussed in 
Section 3.6.2). 

If the guild of leaf-miners was structured by competition then young and old 
birch could be a dimension along which niche segregation could operate. If this 
were true then pairs of closely related species on mature and seedling birch would 
be expected. Two possible candidates for this are the pair of Phyllonorycter species; 
P.ulmifoliella and P.anderidae and Stigmella betulicola and one or more then one 
of the tree feeding Stigmella species. As argued in Section 1.4.1, it is unlikely that 
miners ever get sufficiently common for resource competition to be an important 
factor but competition for predator free space may be significant. As P.anderidae 
mines cannot be told from P.ulmifoliella mines and S.betulicola was too uncom-
mon, the parasite fauna of a pair of species on birch could not be examined. 
However, Phyllonorycter lautella on seedling oak attracts a very different as-
semblage of parasites when compared with mature oak feeding Phyllonorycter 
species (see Section 5.3). 

The species found on both classes of birch at similar frequencies tend to be 
those that attack the tree during the middle of the year. Eriocrania and 
Coleophora, species which peak in May and June, though found on seedlings, are 
uncommon and chiefly attack mature birch. At the time of year which they attack, 
all birch leaves, both on seedlings and full grown trees, are newly produced and 
probably chemically similar. Where mature birch is common, the majority of miners 
will be found on it as it is a more obvious resource. But, as mentioned under 
Eriocrania, in habitats such as recently burnt heaths where there is no old birch, 
the miners would be expected to be found on seedlings as indeed does happen.. At 
the other end of the year, those species that only appear in autumn and late sum-
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mer; Ectoedemia argentipedella, E.mediofasciella and Scolioneura betuleti are 
similarly confined, or are more common, on mature birch. These species specialize 
on old and senescing leaves. E.argentipedella is known to secrete cytokinins (En-
gelbrecht 1976) and this causes the formation of 'green islands', allowing feeding 
very late in the year, (cytokinin is a well known senescence inhibiter on in vitro 
leaf discs). Just before senescence, leaves would be at a low priority for metabolic 
defences and though there has not yet been a chemical investigation of this process, 
anti-herbivore defences might be expected to be run down towards the end of the 
year. The plant mobilizes nutrients in its leaf tissue before abscission and an in-
crease in the nutrient .flux would increase the quality of the leaf as food. If the 
chemistry of senescence of old leaves, present throughout the season on mature 
trees, differed from the senescence of seedling leaves, the majority of which are 
considerably younger, then this would be an explanation for the existence of a 
group of autumn feeding, mature tree miners. 

Fig. 3.28 shows the difference in miner density between seedling and mature 
birch over the year. Seedling birch experiences a considerably higher level of her-
bivory from mining. This is further discussed in Section 3.6.2. Figs. 3.29 and 3.30 
show the values of the Berger Parker Index and William's alpha, for the two see-
dling sites. The values of the Berger Parker are higher at the beginning and end of 
the season. The large number of Lyonetia clerkella is responsible for this in both 
sites but the spring peak in the B.pendula site is caused by the dominance of 
Parornix betulae and by Messa nana in the B.pubescens site. Fenusa pusilla causes 
a third peak in the B.pendula site in June while this is masked by other common 
species in the B.pubescens site. The abundance of F.pusilla also causes a drop in 
William's alpha in the B.pendula site which otherwise is fairly constant in both 
sites over the year, declining slightly in autumn as Lyonetia clerkella mines become 
very common. The major difference between the seedling sites and the mature 
birch is that the autumn peak in William's alpha does not occur in the seedling 
site. This is a reflection of the absence of the group of miners that specialize on 
mature senescing leaves. 

d) The Timed Search Sampling 
Groups of sites with similar attributes were selected, a priori, as multivariate 
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statistical methods should be used to test hypotheses rather then to create associa-
tions which may be spurious; 

1) Betula pendula ABC 
Betula pubescens A' B C' D - J 

within B.pubescens 

2) Trees growing with B.pendula A' C' 
Trees growing in pure stand D - J 

3) Trees in deep shade E G 
Trees in intermediate shade D I J A' 
Trees in open situations F H C' 

4) Isolated trees B H 
Semi-isolated trees A C F J 
Non-isolated trees D E G I 

5) Parts of the field station 
F G H J I E D C B 

Fig. 3.31 shows the dendrogram produced by the centroid sorting using the 
percentages of miners. The B.pubescens sites with the exceptions of the two sites 
(A' C') in which both species were present form a group, while the B.pendula sites 
and the mixed B.pubescens sites are not simply related. The tendency with centroid 
sorting to • produce chains is apparent in the latter group. Within the pure 
B.pubescens sites, the deep shade groups (E G) are closely linked and the inter-
mediate shade groups (D I J) are also clumped. The other divisions are not suppor-
ted by the analysis. The dendrogram produced by the untransformed data is rather 
similar (Fig. 3.32); (E G) and (D I J) are still most closely related to each other, 
but Site H is now removed from the pure stand B.pubescens group and only enters 
the dendrogram at a very high level. As Table 3.11 shows, the reason for this is 
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the very high number of mines found in this site which would distance it from the 
other sites regardless of mine composition. 

Fig. 3.33a shows the first axis of the reciprocal averaging for the site ordina-
tion. Again, all the pure stand B.pubescenns form a distinct group though one 
mixed site B.pubescens is included with them (A'). If the second axis is examined 
(Fig. 3.33b), then A' becomes separated and the 7 pure stands form a group most 
closely approached by C \ Fig. 3.34 shows the separation produced by the third 
axis. The deep shade sites, E and G, are closely associated and separated from the 
rest while the intermediate shade sites (D I J A') are also grouped together. 

By returning to Table 3.11, the basis of this separation can be understood. 
The B.pubescens pure stand sites differ from the others in having high densities of 
Ectoedemia mediofasciella, Stigmella lapponica, Stigmella continuella, Scolioneura 
betuleti and Eriocrania sp. They also have low densities of E.argentipedella, 
Lyonetia clerkella, (very pronounced), Messa nana and Rhynchaenus rusci. Within 
the B.pendula and B.pubescens mixed stand sites, there are wide variations in miner 
proportions, e.g. E.argentipedella and L.clerkella. It is difficult to identify specific 
components of separation within the B.pubescens pure stand subgroup. The most 
closely linked pair; E and G, share low numbers of Stigmella lapponica, 
S.confusella, Parornix betulae and Messa nana. 

Fig 3.35 shows the reciprocal averaging ordination with respect to the miner 
species. Solid points are species with low overall numbers whose position may be 
slightly arbitary. The first axis divides very convincingly along the division used to 
separate the B.pubescens pure stand sites from the other sites. Lyonetia clerkella, 
Rhynchaenus rusci, Ectoedemia argentipedella and Messa nana form a diffuse 
group low on axis one which seems to reflect species preference. If the rare species 
are excluded, there is little separation on axis two, except that Coleophora damage 
form an outlier. Coleophora (See Section 2.3) is an unusual leaf miner because of 
its mobility. It is encouraging that Coleophora damage and Coleophora seratella 
cases should be so closely associated in the ordination. The majority of the 
Coleophora damage is done by this species and if the two species had mapped 
apart, the ordination procedure would be suspect. 

In conclusion the timed search sampling showed that the miner fauna of the 
two tree species is different, but in mixed sites there is an interaction between the 
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two groups. The amount of shade a site provided proved to be a significant factor. 
This may have operated directly on the miner or more probably was mediated via 
the different types of leaves found in different parts of the birch tree. Leaves col-
lected in the heavy shade sites were generally "hairy" regrowth leaves at the base 
of the tree. The other site divisions were not confirmed by the sampling. 

3.6.2 Comparison of Early and Late Successional Miner Communities 

a) Species number per plant. 
Fig. 3.36 shows the number of species of miners found on each species of 

foodplant. Birch has over 3 times more miners then the nearest herbaceous plant. 
In the next chapter, the same graph is plotted from a literature survey of all plant 
genera (though without a zero class) and though birch does have a large number of 
miners compared with other late successional plants, the difference between early 
and late successional plants shown in Fig. 3.36 is real. A discussion of the factors 
influencing the number of species of miner per plant is given in the next chapter. 

b) Phenology 
Fig. 3.37 shows the number of mines active at different times of the year. As 

discussed in Section 3.6.1c, the peak number of miners on birch comes near the 
end of the year with a smaller peak at the beginning of the year. On early succes-
sional plants, considered as a whole, there is a single peak in mid-summer. Though 
to a certain extent, there will be an averaging effect when many species of plants 
are considered together, early successional plants will not have the seasonal change 
in plant chemicals found in later successional species with large amounts of quan-
titative defences. Qualitative defences are present from the earliest leaf bud and 
are not synthesized on maturation like quantitative chemicals. At the end of the 
season many plants die back completely and though there may be some relocation 
of nutrients in rootstocks etc., this is not on the same scale as deciduous trees. 
Whereas trees typically have a concentrated growth period with high nutrient flux 
early in the season, early successional plants (and indeed, as the leaf-paint experi-
ment showed, young birch seedlings) typically have a longer continuous growth 



164 

Figure 3.36 

25. -i 

20. - DISTRIBUTION OF MINER S P E C I E S PER PLANT 

15. -

10. -

5. 
BETULFI 

0- n n , n 
o. 5 . 1 0 . 1 5 . 2 0 . 2 5 . 3 0 . 35 

NUMBER OF MINER SPECIES PER PLANT 



Figure 3.37 

3 5 . n 
MINERS ON HERBRCEOUS PLRNTS 

J F M R M J J R S O 

3 0 

25 

20 

a : 1 5 

1 0 - -

5 - -

MONTH 

b ) . 16. n 
T E N R N T E D M I N E S 

B e t u l a 

1 2 - -

a. LD 

~ 8 . -

CD 2= 
=> 

o. 50. 100. 150 
DRYS IRFTER RPR IL IST) 

2 0 0 -



The Leaf-miner Community over a Plant Succcssion 166 

period. 
Thus the nutritional and chemical status of early successional plants will 

remain far more constant when compared with late successional plants. Other things 
being equal, the peak of miner activity on early successional plants would be expec-
ted to coincide with the best climatic conditions in mid-summer which would agree 
with Fig. 3.37b. 

One obvious constraint on miner phenology is the life-history of the host 
plant. The Vicia species in the site died by the beginning of August so their 
miners were forced to feed earlier. The large leaved Rumex species also died back 
by August, though in this case they and their miners could be found in other 
habitats in the field station later in the year. However, by considering all the early 
successional plants on the site together, most of the individual variation from 
species to species will be masked. The effect of parasitism on miner phenology is 
discussed in Section 5.4. 

c) Absolute Abundance 
An important question in comparing community structure of the miners of 

early and late successional plants is what factors determine the typical absolute 
abundances of species and how these might be affected by features that vary over 
succession. Essentially the problem is one of population dynamics though the 
majority of work in this field has been directed at analysing dynamic behaviour 
and stability (Hassell 1978). Lawton and McNeil (1979), however, have examined 
the features of herbivore biology that will influence absolute abundartce under the 
title; "Between the devil and the deep blue sea, on the problems of being a her-
bivore". The devil and the deep blue sea refer to the two chief forces affecting 
herbivore populations; the food quality of the plant and the parasites and predators 
in the next trophic level. Using coupled predator/prey difference equations derived 
originally from the Nicholson Bailey equation and incorporating the refinements in-
troduced by subsequent workers, they conclude that the chief determining parameter 
will be r, the rate of increase. Plant nutritional quality and chemistry will have a 
major effect on r. 

"...we would predict that insects attacking ephemeral, early 
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successional herbs and weeds ... will have higher r values than 
those exploiting perennial long lived plants." 

High r values imply large equilbrium populations and also a greater propen-
sity for the population to become unstable and outbreak in populations controlled 
by parasites and predators. The high variance of population size in early succes-
sional plants will be accentuated by the more fragmentary nature of their habitats 
and the importance of inter-patch colonization. Lawton and McNeil go on; 

"Hence we might expect the average population sizes of 
insects which attack non-apparent plants to be higher than those 
attacking apparent plants and to fluctuate more. ... These 
predictions urgently need testing along a successional gradient 
over a comparatively small spatial scale." 

Elsewhere they make the point that such a comparison should be made be-
tween similar organisms using a common scale. It is suggested here that leaf-miners 
make an excellent subject to test such a prediction. The presence of a record of 
their feeding activity allows accurate estimates of absolute abundance while they oc-
cupy a narrowly circumscribed feeding niche that will limit extranious variation. 
Restricting the comparison to a single locality fulfils Lawton and McNeils criterion 
of a comparatively small spatial scale. 

For the birch, the population estimates of Table 3.14 were used (see Section 
3.6.1b) and similar estimates were obtained for early successional plants using the 
same procedure (Table 3.15). To make comparisons more meaningful, the population 
size, expressed in mines per thousand leaves, has been multiplied by the fraction of 
the leaf surface taken up by the mine. The resulting unit of population size is the 
fraction of leaf photosynthetic area occupied by the mine. If, as an initial ap-
proximation, the assumption is made that the miner can attack any leaf on the 
plant, then the measure also approximates to the population size depression below 
carrying capacity. (The surface area of the mine and leaf were measured on the 
'Optimax' image analyser by kind permission of the Overseas Spraying Machinery 
Centre, Silwood Park). 
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The results are displayed in Fig. 3.38 Each point along the X axis represents 
a plant species and the value along the Y axis represents the density of a miner on 
that species. The number of points for each plant species represents more then the 
number of miner species as if a species has two generations they are plotted 
separately. From A to B along the X axis, species from the early successional sites 
are plotted in no special order. C is seedling B.pubescens, D; mature B.pubescens 

(Main Site 1980). If a species density is below 0.1% mined leaves this is marked 
with a Y value of T. 

The resultant graphs are not amenable to any staightforward statistical 
analysis but the results nevertheless clearly support Lawton and McNeils hypothesis. 
Ignoring the species present at very low density, on Fig 3.38, the majority of early 
successional species fall in a band with log densities of between 1 and 5 while the 
majority of miners of mature birch have a density of below 1. Lawton and McNeil 
proposed that the same trends would be found between apparent and non-apparent 
parts of the same species and indeed the miners of seedling birch have a higher 
typical density than those of mature birch. Even within a single category, for ex-
ample seedling birch, the species that preferentially attack the unapparent new 
growth foliage have a higher population density. L.clerkella and A.alnibetulae 

(Table 3.14) are examples of this. Assessing the variance of absolute abundance is 
again statistically difficult when very rare species are present, though the figures 
show that compared with other plants, the densities of miners on mature birch are 
all very similar. 

Thus the results are consistant with the quality of the food determining via 
the rate of increase of the insect, the typical abundance of the species. As Lawton 
and McNeil point out, parasites and predators on ephemeral plants will experience 
greater problems in foraging which will tend also to lead to an increase in equi-
librium abundance and reinforce the plant-mediated effect. However modelling indi-
cates that this effect will be comparatively small, a large variation in the 
parameters of the parasite submodel having a small effect on abundance whilst 
modest changes in r cause a large effect. 
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Chapter 4 

The Number of Leaf-miner Species on Different Plants 

4.1 Literature review 

In 1961 Southwood compared the number of insects feeding on tree species in 
different places where the abundance of the tree varied (see also Southwood 1973). 
For example, in a comparison between Britain and Russia, the tree species with the 
highest herbivore load in Britain were deciduous trees such as Quercus, Salix and 
Betula while in Russia, insects were particularly common on pine and spruce. The 
pattern of abundance of insects reflected the relative abundances of their host 
plants. Similar trends were found in comparisons of the British and Cypriot her-
bivore faunas, and British and Swedish faunas. Southwood suggested that the size 
of the herbivore fauna of a plant was a function of the historical age of the plant 
in the area under study and also the relative abundance of the plant during that 
period. His comparisons indicated the importance of relative abundance while sup-
port for the historical aspect came from a regression of the number of insect 
species on a plant against the number of Quaternary remains of that plant species 
(the data from Godwin 1956). The analysis was at the plant generic level and 
though Southwood did not carry out a formal residual analysis, he pointed out that 
species rich genera such as Salix and Populus came above the regression line as 
did most Roseaceae. Of those species below the line, Ilex and Taxus he suggested, 
were there because of biochemical and structural perculiarites and Fraxinus because 
of its taxonomic isolation. Why Corylus had a depauperate fauna was not known. 

At the time of Southwood's work, ecological theory was not sufficiently advan-
ced to provide a framework upon which his data could be interpreted. From 1961 
to 1974 no major work of this type was published though during this period the 
way in which ecological processes were viewed underwent a radical transformation. 
In community ecology, the single most important work was MacArthur and 
Wilson's, "The Theory of Island Biogeography" (1967). Though ostensibly concerned 
with geographical islands, the "island biogeographic paradigm", as Americans call it, 
found wide application elsewhere including the treatment of different plant species 
as islands (Janzen 1968, 1973). 
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One of the axioms of the new ecology was it's stress on equilibrium proper-
ties. Many of the old theories of community diversity relied on non-equilbrium 
processes, but by 1974, equlibrium explanations could offer more plausible explana-
tions for nearly all these phenomena (to-day a more pluralistic approach is taken). 
One of the few pieces of uncontested evidence for a non-equibrium explanation was 
Southwood's historical explanation for the the herbivore load of British trees. Strong 
(1974a, 1974b), while recognising that Southwoood had proposed both relative abun-
dance and historical age to be important, went further and said that an objective 
test of the data showed relative abundance alone to be the sole relevant predictor 
of herbivore load and the correlations between species load and the fossil record to 
be adventitious due to correlation between recent abundance and the fossil pollen. 

Strong obtained his estimate of the abundance of British trees from the dot 
maps of Perring and Walters (1962). The maps were a result of a nationwide dis-
tributional mapping scheme undertaken by the Botanical Society of Great Britain. 
The country was divided into 10km 2 squares and if a species was recorded from a 
particular square, it was marked by a dot on the map. Counting the dots produced 
a measure of the recent abundance of the plant. Like Southwood, Strong worked at 
the generic level although the dot map scheme worked at the level of the species. 
Strong obtained a measure of the distribution by summing the component species. 
This procedure led to some odd results and has been criticised. It is further discus-
sed in Section 4.2, though it is relevant to mention here that a reanalysis, using as 
a measure of the generic distribution the number of squares containing at least one 
member of the genus, produced results qualitatively identical to his. 

The method Strong used to assess the relative effects of the two correlated 
regressors was to examine the extra sum of squares added to the multiple regres-
sion when each predictor was added last (see also Section 4.2). Adding the fossil 
record second added very little extra to the sum of squares explained by the 
regression while adding plant range second, added considerably more. (The best fit 
was obtained by log transformed data). Apart from his statistical argument, Strong 
stated that the ubiquitousness of the species-area relationship would make it in-
herently more likely to be important and that the imperfectness of the fossil 
record would make it unlikely to be a good independent predictor. Specifically he 
pointed out that Southwood treated fossil records from the beginning of the Quar-
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ternary in the same way as records from the end. It was possible for a species 
common in the early Quarternary to become very rare or even extinct by the 
present day and still have a large expected number of herbivores. 

Strong (1974b) suggested two possible mechanisms underlying the species area 
effect. Firstly, that species-area and habitat heterogeneity were correlated, which he 
favoured, and secondly that a small distributional range may lead to an increased 
probability of extinction. He quotes SimberlofFs, then unpublished work, on the in-
sect fauna of mangrove islands as evidence of the latter but suggests that the 
population size of even very small host plant islands may be large enough for this 
factor not to operate. Range fragmentation may work to produce small populations 
but will also protect the population from contagious mortality. Throughout his 
papers he stresses the asymptotic nature of species accumulation. Introduced trees 
come exactly where they are expected on the regression line, indicating that the 
time to the asymptote may be as little as 500 years. He, however, does not suggest 
how the feed-back necessary to produce the asymptote will work or whether it will 
operate through competitive effects. He also makes it clear that he is considering 
processes that work in ecological time. Evolutionary interactions he concludes, will 
lead to a second asymptote, but over a time scale so long that it will not obscure 
the first asymptote in ecological time (see also Simberloff 1976). 

Opler (1974) examined the leaf-miners of Californian Fagacae, the majority of 
which were species of Quercus. The Californian Fagacae form an isolated group, 
separated by deserts from other members of the family. The leaf-miners of 18 
species were examined and the vast majority were found to be monophagous. The 
distribution of the 18 oak species were obtained from botanical sources and when 
this was regressed against miner load, a very good fit was obtained (r 2 = 96%) (a 
log/log transformation was found to give the best fit). The ecological range, the 
number of habitats a species occurred in, was also estimated and although this 
gave a significant regression with species number, it was highly correlated with 
range and the relative effects of the two regressors could not be separated. 

Opler, to a far greater extent than Strong, interpreted his results in the light 
of island biogeography theory. His timescale was however evolutionary; Strong's 
second asymptote. Opler envisaged the number of miners on a tree species to be an 
equilibrium between colonization, which he recognised to be virtually synonymous 
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with speciation, and extinction. As in geographical island biogeography, area would 
increase the likelihood of colonization, chiefly he suggests through a more 
widesppread plant species offering a greater variety of potential habitats that may 
prove to be suitable for the new species. A decrease in area would increase the 
chance of extinction as the probability of extinction is a function of population size 
which is itself limited by area. The applicability of island biogeography to host 
plants is further discussed in Section 4.4. Crucial to test this theory is the 
demonstration of species turnover (Connor and McCoy 1979). Opler in fact found 
the reverse, some fossil leaves had leaf-miners of extant species indicating stable 
relationships lasting from the mid-Miocene. He ascribes this to the stability of the 
equilibrium, with very low colonization and extinction rates. I am uncertain as to 
what he means by this, as an island biogeographic equilibrium is only stable 
numerically with a dynamic turnover of species. Species constancy indicates other 
processes at work. Low extinction rates will similarly lead to a high variance in the 
equilibrium species number and low stability. 

Opler makes the interesting point that genera can be ranked as to their order 
of colonization. Rare trees will have only a few leaf-miners but these will always be 
of the same genera. He also discusses diversity as a function of range though his 
measure of diversity, the Shannon-Wiener index, is affected by sample size (May 
1975) which in his study is correlated with range. 

Lawton and Schroder (1977a, b) extended this type of analysis from trees to 
other types of plants. Their entomological data came from the series of monographs 
of different plants published as the Biological Flora of the British Isles from 1948 
to 1973. They obtained their plant range data from Perring and Walters (1962). 
The plants were split into 5 groups; perennial herbs, woody shrubs, weeds and an-
nuals, monocots and aquatic dicots, though the last group was too small to analyse. 
The four groups each gave significant species-area relationships (see Table 4.1). The 
slopes of the regression were not significantly different from each other nor were 
the residual variances, but the intercept, which can be interpreted as the typical 
value of the herbivore species load after the effect of species-area had been 
removed, varied. The four categories could be ranked; 

woody shrubs > perennials > annuals > monocots 



T a b l e 4 . 1 

S u r v e y o f S p e c i e s - a r e a S t u d i e s o f H e r b i v o r e S p e c i e s l o a d . 

Herbivore Plant r2 Author 
Leaf-miners Oaks 90 Opler (1974) 
All insects Trees 89 Strong & Levin (1979) 
All insects Woody Shrubs 85 Lawton & Schrfider (1977) 
Cynipids Oaks (California) 72 Cornell & Washburn (1979) 
All insects Perennial herbs 71 Lawton & Schroder (1977) 
All insects Trees 61 Strong (1974a,b) 
All insects Annual plants 59 Lawton & Schrtider (1977) 
Macrolepidoptera Trees 57 Neuvonem & Niemela (1981) 
All insects Monocotyledons 51 Lawton & Schrttder (1977) 
All insects Schrubs 49 Strong & Levin (1979) 
Cynipids Oaks (Atlantic) 41 Cornell & Washburn (1979) 
Agromyzids Umbelliferae 35 Lawton & Price (1979) 
All insects Herbs 28 Strong & Levin (1979) 
Microlepidoptera Umbelliferae 24 Lawton & Price (1979) 
Leaf-miners Trees 19 Claridge & Wilson (1982) 
Leafhoppers Trees 16 Claridge & Wilson (1981) 
Leaf-miners Trees 12 This study 
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Strong's data indicated that trees would come above woody shrubs. 
Lawton and Schroder went on to consider the effect of taxonomic isolation in 

the form of the number of other species in the genus. Plotting the residuals of the 
species-area curve against this measure, they found a significant regression only in 
the case of the monocots. Two explanations are put forward to explain this pattern 
of species load. Firstly unapparent plants (as defined in Section 3.1) such as an-
nuals would be found less often by herbivores than apparent plants, such as trees 
and woody plants. If the number of species was a balance between colonization and 
extinction, this would decrease the equilibrium by reducing colonization. Plants such 
as monocots and annuals, are also architecturally less complex than trees and herbs 
which leads to a decrease in niche diversification and fewer opportunities to avoid 
competition or predators. Lawton and Schroder made two other points. First, 
aquatic dicots had long been known to have a depauperate fauna though the exact 
reasons for this are uncertain. Secondly, the absence of taxonomic isolation effects 
may have reflected the inadequacy of the data though why it should have been 
found in monocots was strange. One possible reason they suggest is that the species 
pool of possible colonizers on monocots was small while on other groups was much 
larger and swamped any effect of taxonomic isolation. 

Strong and Levin (1979) conducted a similar analysis to Lawton and Schroder 
though working with a larger data set (they extracted insect records from the 
Biological Flora and also other literature sources). They worked at the level of the 
genus. After the species-area effect had been factored out, they found trees to have 
more species than shrubs which in turn had more species than herbs. Unlike Law-
ton and Schroder, they found few differences within the herb categories though 
they noted that the contradiction may have resulted from the different taxonomic 
levels of the two studies. Ferns and weeds did seem to be relatively depauperate, 
the former perhaps because of its plant chemistry ( = taxonomic isolation?) and the 
latter perhaps because weed ranges have been expanded through the activity of 
man and the insects have not yet caught up. Weeds are thus in the pre-asymptotic 
stage. Strong and Levin consider that in the colonization of a plant, most new in-
sects arrive fairly quickly without the need of any evolved changes. 
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"Parasite/plant associations that evolve slowly must be 
only a small fraction of the total number and the majority of 
parasite species in these systems must be acquired with only 
minor evolutionary modifications via immigration from other 
plants." 

Strong and Levin suggest that differences in the number of species between 
growth Category is caused by differences in plant architecture. A more complex 
plant is bigger and acts as a larger sampling unit, can support a larger population 
and so reduce the probability of extinction and can offer a greater range of niche 
subdivisions. Exactly the same three explanations can be used to explain the 
species-area relationship though there are formidable problems in both cases in dis-
tinguishing between them as all may act in concert. Concerning host plant range, 
they note that the presence of a species-area relationship, an empirical description, 

I 
does not necessary indicate an island .biogeographic dynamic equilibrium. Strong 
and Levin doubt the usefulness of this; approach to host islands. Different islands 
will be different 'distances' to different potential colonizers depending on the 
idiosyncracies of the interactions between the individual plants and insects. Local 
host extinctions seem to be a rare event, even in very small host populations and 
the time scale of colonization and extinction normally are not contemporaneous (see 
also Strong 1979). They also find that the way in which plant apparency theory 
fits in with their study is confused by insect plant co-evolutionary feedback (see 
Section 1.3.1). Examining outlying residuals for well developed chemical defences 
may reveal some patterns (note Southwood's 1961 remarks about Taxus and Ilex). 

Claridge and Wilson (1978) re-examfned Southwood's (1961) tree data. They 
pointed out that though the British insect data was probably the most complete for 
any region, it still was very imperfect and should be treated with caution. They 
performed the Southwood regression using the improved pollen data of Godwin 
(1975); .firstly using the records for the whole quaternary, secondly the interval 
since the last ice age, at which time Britain was probably completely treeless, and 
lastly the pollen records in the latest time division which spans the last 2000 years. 

V They obtained significant regressions against the fossil data and suggested that the 
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fossil records over the last 2000 years may be a good measure of recent abun-
dance. (In the same paper they discuss leafhopper abundance in terms of host-plant 
range, see below.) Birks (1980) discusses the problems of using the pollen records, 
especially the complicating effects of differential production and preservation. He 
presents a table of the time each species has existed in Britain since the last ice 
age and regresses this against Southwood's insect data. He gets a non-significant 
regression except when introduced trees are added (most of these were introduced 
in the last 600 years). He concludes that the geologic-time hypothesis has been 
prematurely discarded though his results are quite compatible with Strong's analysis 
if the pre-asymptotic stage is 300 to 400 years long. 

With the exception of Opler's work, the studies discussed so far have dealt 
with the complete herbivore assemblages of plants. A number of studies have ex-
amined restricted groups or guilds of insects. Lawton and Price (1979) examined 
the Agromyzidae of British Umbelliferae. The insects records were obtained from 
Spencer (1972) and the plant ranges from Perring and Walters (1961). The species-
area regression explained 34% of the variance which compared with previous studies 
is comparatively low. The residuals from this regression were tested against size, 
leaf form, plant life history and taxonomic isolation. Only size and leaf form, which 
were themselves intercorrelated increased the variance explained. No competitive or 
predator effects were found when the number of parasitoid records for each host 
plant were considered. 

One of the most striking things about the Agromyzid data was the number of 
umbellifers, often quite abundant species, with no Agromyzids at all. Lawton and 
Price suggest that what they are examining is a pre-asymptotic community, not in 

V 

equlibrium. They suggest that most speciation and colonization is slow, unlike the 
Rhagoletis studied by Bush (1975), and that a plant could continue accumulating 
species until competition became important. They remark that competition is 
generally unimportant in folivorous insects (see also Lawton and Strong 1981) and 
thus probably acts as a weak break on herbivore accumulation. As Lawton and 
Price recognise, this view contrasts with the asymptotic colonization found by 
Strong (1974). They suggest that specialist groups such as leaf-miners have 
colonization rates much lower than the majority of other insect groups which mask 
their slow non-asymptotic accumulation when whole faunas are considered. 
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Cornell and Washburn (1979) studied the Cynipine oak gall wasp communities 
of Atlantic and Californian oaks. In California 378 insect species attack 26 tree 
species and in the Atlantic region 159 insect species attack 11 species of trees. No 
species, tree or insect, is found in both regions. Insect data were taken from a 
series of extensive monographs of American Cynipines which included systematic 
surveys of the oak species. Both regions have significant species-area regressions but 
the Californian regression explains 72% of the variance while the Atlantic regression 
only 41%. The slope of the regression is considerably higher in the Californian 
region, where the oaks are distributed in a small geographic region, compared with 
in the east where the oaks are distributed from Canada to Florida. The effect of 
climatic changes over the region may tend to cloud the species-area effect in the 
second case. The east coast is also topographically more uniform than the west, 
where the rugged nature of the land may allow fragmentation of tree and insect 
ranges and speciation. This may explain the differences in the slopes of the regres-
sion. Cornell and Washburn go on to discuss the modes of speciation likely to be 
important for Cynipines. By comparing the faunas of related oaks they consider 
host switching to be relatively rare compared with intra-host species radiation and 
co-cladogenesis, parallel radiation of insect and host. This view leads them to con-
clude that host oak range overlap will not be important in determining gall diver-
sity. ^ 

In their 1978 paper, Claridge and Wilson examined the relationship between 
the number of mesophyll feeding Typhlocybine leaf-hoppers on British trees and the 
range of the trees. In 1978 they found no significant relationship though Claridge 
and Wilson (1981) using a larger sample of both insects and trees (probably repre-
senting the vast majority of the insect-plant associations of this group), found a 
weakly significant relationship explaining 16% of the variance. (Rey, McCoy and 
Strong (1981), noting that as the sampling effort increased, the relationship became 
significant, intimated that further collecting would demonstrate a more significant 
effect. Claridge and Wilson (1982a) showed this to be untrue.) No significant effect 
of taxonomic isolation, measured as the number of species in the genus, could be 
detected. Claridge and Wilson point out that the best species-area relationships for 
specialised guilds are obtained when the host plants are taxonomically homogenous 
(see Opler 1974, Cornell and Wasburn 1979). They suggest that chemical effects, 
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by preventing the trees from being statistical replicates of each other, work to 
obscure the species-area relationship. They also note that introduced trees frequently 
pick up a leafhopper fauna as large or larger than comparable native trees. 

Claridge and Wilson (1982b) in an analysis of the species-area relationships of 
British leaf-miners, found results that agreed with the leaf-hoppers except that 
taxonomic isolation was now a significant effect. Their results are compared in 
detail with this study (which was conducted independently) in Section 4.4. 

Neuvonefl and Niemela (1981) have undertaken a detailed study of Finnish 
Macrolepidoptera. As well as the simple dot map measure of range, they use an 
actual abundance estimate, obtained from a survey of Finnish forests. Height, leaf 
size, and taxonomic isolation were also examined, the measure of taxonomic isola-
tion being the number of plant' species in the same order. A multiple regression 
analysis was carried out using plant data at both the specific and generic levels. 
The results showed total frequency to be the best regressor, range was highly corre-
lated with frequency and showed no independent effects. Of the other regressors, 
both height and taxonomic isolation significantly increased the variance explained. 
Discussing their results, the effect of height, they conclude, is unlikely to be due to 
niche segregation as all the insects were of the same feeding type; leaf chewers, 
and there is very little evidence for vertical and horizontal segregation of tree 
Lepidoptera. With regards species-area, like Strong they doubt the usefulness of a 
restricted island biogeography approach and agree with Strong (1979) and Connor 
and McCoy (1979) as to the possible mechanisms underlying the species-area effect. 
They quote a reanalysis of Claridge and Wilson's (1981) leafhopper study in which 

i 
taxonomic isolation, when measured at the plant ordinal level, correlated with leaf-
hopper abundance. 

Further evidence for the importance of taxonomic isolation, comes from Con-
nor, Faeth, Simberloff and Opler (1980). They show for Strongs (1974a) analysis of 
Southwood's data, a rank correlation between the residuals from the species-area 
curve and taxonomic isolation (though they warn that plant architecture may be in-
volved here as taxonomically isolated trees are frequently small in size). In their 
view, the limit to the herbivore accumulation asymptote is set by both species-area 
and taxonomic distance from relatives. 
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4.2 The factors influencing the leaf-miner species richness of British trees. 

This section is based on a regression analysis of the number of British leaf-miners at-
tacking different host plants and a variety of regressors derived from the host plant such as 
plant range, taxonomic isolation, intrageneric species richness and plant height. The first part 

> n 

describes how the various measures were obtained, the second part comprises statistical notes 
and the last part gives the results of the study. 

4.2.1 Materials and Methods. 

a) Leaf-miners numbers. 

The species list for each genus of plant was constructed from an extensive literature 
search which resulted in a card-index catalogue of the host-plant associations for all British 
leaf-miners. Hering's (1957) treatise on all European miners was an important base and this 
was supplemented for the Lepidoptera by Emmet (1979), Diptera; Spencer (1972), Hymenop-
tera; Benson (1952) and Coleoptera; Scherf (1964), Cox (4.2). These were themselves supple-
mented by many taxonomic and natural history publications. The definition of a leaf-miner 
given in Section 2.1 was applied throughout, though only in a very few cases was there any 
doubt, one example being the Buxus cecidomyiid; Monarthropalpus buxi which was rejected 
(see Section 2.1). 

The list of miners used is given in Appendix 3 and the totals for each genus in Table 
4.2. In part of the analysis, the guild of miners is divided into its taxonomic components. 8 
groups are distinguished; 

1) Nepticulidae 
2) Gracillaridae: Lithocoletinae 
3) Gracillaridae: Gracillarinae 
4) Coleophoridae 
5) Other Lepidoptera 
6) Diptera (Agromyzidae) 
7) Hymenoptera (Tenthredinidae) 
8) Coleoptera (Curculionidae & Chrysomelidae) 
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Table 4.2 
The Leaf-miners of British Woody Plants 

Plant Genus Nep G, L G, G Col OL Dip Hym Clp Sum 
Acer 2 3 4 0 0 0 1 0 10 
Alnus 2 5 2 3 2 1 2 5 22 
Betula 8 4 4 9 14 1 5 5 50 
Sambucus 0 0 0 0 0 1 0 0 1 
Viburnum 0 1 0 1 1 0 0 0 3 
Euonymus 0 0 0 0 1 0 0 0 1 
Cornus 0 0 0 1 4 1 0 0 6 
Corylus 3 2 1 4 2 0 0 1 12 
Carpinus 4 3 1 2 1 0 0 0 11 
Castanea 0 1 0 0 3 0 0 0 4 
Fagus 2 2 1 0 0 0 0 1 6 
Quercus 10 9 4 5 5 0 1 3 37 
Q.ilex 1 1 2 0 0 0 0 1 5 
Aesculus 0 0 0 0 0 0 0 0 0 
Ilex 0 0 0 0 0 1 0 0 1 
Fraxinus 0 0 1 0 »1 1 0 0 3 
Frangula 0 0 0 0 1 0 0 0 1 
Rhamnus 1 0 0 1 1 0 0 0 3 
Crataegus 7 2 1 5 4 0 0 3 22 
Malus 6 3 2 5 5 1 0 3 25 
Prunus 4 3 2 5 7 0 0 3 24 
Pyrus 5 2 0 2 1 0 0 1 11 
Sorbus 5 4 2 2 3 0 0 2 18 
Populus 4 2 1 0 4 3 3 8 25 
Salix 5 6 1 3 1 3 1 7 27 
Tilia 1 1 0 0 0 1 1 6 11 
Ulmus 3 2 0 4 2 0 1 1 13 
Buxus 0 0 0 0 0 0 0 0 O 
Totals 68 44 23 25 32 11 15 19 237 

Nep; Nepticulidae 
G,L; Gracillaridae, Lithocoletinae 
G,G; Gracillaridae, Gracillarinae 
Col; Coleophoridae 
OL; Other Lepidoptera 
Dip; Diptera 
Hym; Hymenoptera 
Clp; Coleoptera 
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With the exception of the highly synthetic group 5, all are natural groupings. The 
variance in taxa rank of the groups is forced by the numerical differences in the size of dif-
ferent groups of miners. Totals for each group are also given in Table 4.2. 

b) Plant characteristics. 

(Table 4.3 gives the value of each regressor for the different tree genera.) 
1) Range within the British Isles 

In the literature there are several lists of plant ranges based on Perrings and Walters 
(1961) (Strong 1974b, Claridge and Wilson 1981 etc.). However, none completely agreed with 
the details of the present study (Claridge and Wilson were working at the level of the 
species for example). All ranges were re-counted from Perrings and Walters. The procedure 
for genera with more than one species was to count the number of squares in which at least 
one member of the genus was present. In practice this was done by photocopying the dot 
maps onto tracing paper and then overlaying the members of the same genus for counting. 
Strong's (1974a,b) alternative method was to sum the number of squares occupied by the 
component species. This leads to huge range estimates for species-rich genera such as Salix. 

Range then becomes a dummy variable for intra-generic species richness. The range estimates 
included Ireland. 

2) Taxonomic Isolation 
2 measures of taxonomic isolation were explored. Firstly, the number of other plant 

genera in the same family and secondly the number of plant genera in the same order. 
I 

3) Intrageneric Species Richness 
Simply the number of species in the genus. The microspecies of the Sorbus aria, 

S.intermedia and S.latifolia species aggregates, which may only deserve subspecific status, are 
not treated separately. Systematic botanical data came from Clapham, Tutin and Warburg 
(1981). 

4) Plant height 
Two measures were explored; the maximum recorded height of a plant in the genus and 

the average maximum height of the species in the genus. The data on plant size came from 



Table 4.3 
Table of dependent and independent variables 
used in the multiple regression analysis. 

Plant genus Miners Range 
Acer 10 3083 
Alnus 22 2233 
Betula 50 2733 
Sambucus 1 3024 
Viburnum 3 1713 
Euonymus 1 1006 
Cornus 5 993 
Corylus 12 2278 
Carpinus 11 678 
Castanea 4 1071 
Fag us 6 1961 
Quercus 37 2602 
Q.ilex 5 124 
Aesculus 0 1503 
Ilex 1 1865 
Fraxinus 4 2410 
Frangula 1 383 
Rhamnus 4 538 
Crataegus 22 2335 
Malus 25 1324 
Prunus 24 2626 
Pyrus 11 23 i 
Sorbus 18 2515 
Populus 25 1913 
Salix 27 3246 
Tilia 6 , 1570 
Ulmus 13 2525 
Buxus 0 6 

T a x . I s o l . S p . G e n . M a x . i i t . 

2 3 30 
7 1 26 
7 2 25 
2 - 2 1 0 
2 2 6 
1 1 6 
1 2 4 
7 1 6 
7 £ 30 
7 1 30 
7 1 40 
7 3 37 
7 1 30 
2 1 25 
1 1 15 
1 1 45 
2 1 5 
2 1 10 
5 2 10 
5 1 10 
5 4 25 
5 2 15 
5 5 25 
2 3 35 
2 21 25 
1 2 32 
1 3 38 
2 1 10 

(DO 

M i n e r s ; T h e n u m b e r o f m i n e r s o n e a c h , p l a n t g e n u s . w 
R a n g e ; G e o g r a p h i c a l r a n g e o f s p e c i e s i n k m 2 . 

T a x . I s o l . ; N u m b e r o f o t h e r g e n e r a i n s a m e o r d e r . 
S p . G e n . ; N u m b e r o f s p e c i e s i n t h e g e n u s . 
M a x . H t . ; M a x i m u m h e i g h t o f a p l a n t i n t h e g e n u s . 
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Clapham, Tutin and Warburg (1962). 

5) Taxonomic extent of the study. 
24 genera of angiosperm woody shrubs are included in the basic study. The effect of 

including 3 groups of wholly introduced plants; Aesculus, Castanea and Quercus ilex is also 
examined. (Quercus ilex is here treated as separate from Quercus so that this study is com-
parable with Southwood (1961) and Strong (1974a,b)). The genera considered are listed in 
Table 4.2. Gymnosperms were excluded from the study as they share virtually no miners with 
Angiosperms, even at the family level, and because of their qualitatively different leaf mor-
phology. Buxus was also omitted as its distribution of 6 dots does not reflect its true current 
distribution which has been expanded by man. In addition, the problem of distinguishing 
natural from artificial records makes it unlikely that the 6 dots represent a proper measure 
of its distribution before the activities of man. 

4.2.2 Statistical notes. 

a) Transformations before regression. 

The majority of species-area relationships are expressed as log/log transformations, i.e. 
the log of both dependent and independent variables are taken. There are two reasons for 
this, one statistical and the other quasi- biological. Firstly if the true relationship between the 
two variables is not linear but some monotonicly increasing function, then a double log trans-
formation will increase the fit as it will tend to linearise the relationship. In addition the 
double transformation will tend to normalize the residuals and lead to an increase in homos-
kedasticity. These reasons for applying the transformation are completely independent of any 
biological effects. 

Several theoretical species abundance distributions such as the lognormal (Preston 1962) 
reduce to a power model species-area relationship; 

S = cA z 

where S is the species number, A the area and c and z fitted parameters. Taking the log of 
both sides gives the linear relationship; 
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LogS = zLogA + Logc 

This relationship is the basis of much of island biogeography theory. As Connor and 
McCoy (1979) have pointed out, a good fit to the double log species area relationship has in 
the past been erroneously used as evidence for an island biogeography dynamic equilbrium. 
This is wrong on two counts; firstly other biological explanations to a power model exist and 
secondly as May (1974) has pointed out, the power model may be just a reflection of the 
central limit theorem with no biological interactions present. They argue that in the absence 
of specific evidence pointing to a particular underlying biological mechanism, the species-area 
relationship must be treated as an empirical description. A log/log transformation should be 
used if it betters the fit but not automatically as a biological necessity. Connor and McCoy 
re-analyse a large selection of geographical species-area relationships, in most cases the power 
model fits best though the exponential model; 

S = c e M 

LogS = zA + Logc 

often provides a better fit. (This historically antedates the power model). Occassionally, the 
untransformed model is best. 

S = zA + c 

In this analysis, the properties of the 4 permutations of transformations are checked to 
see which is the best fit. 

b) Regression. 

Simple least squares regression and its derivative multiple regression methods are used 
here though some of the assumptions necessary for its strict application are violated. One 
problem is that virtually nothing is known of the distribution of errors around the regression 
line. Theoretically, to use the regression analysis, these should be both normal and homos-
kedastic (equal variance) though moderate departures from either do not result in major 
problems (Sokal and Rohlf 1969). 
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A more important problem is error in the independent variables. In a normal regression, 
the true relationship between the dependent and independent variable is; 

y* = a + /9x + c 

x is fixed and y is an additive combination of a constant (a) and a proportion (/3) of x and 
an unknown error term e. Suppose now that there is an error in the determination of x such 
that the point x;' yj' is only an approximation to the true point xj and y s, where; 

Xj' = x, + 
yi' = yi + ci 

The slope of the regression line is; 

b = (Sxi'yf) / (2xj' 2) 
* (2(xj + 5-Xyi + / 2(Xi + 5i) 

(after the origin has been redefined as the mean of the distribution) 

Cov(X,Y) / ff(x)2 + a(5) 2 

If Cov(Xj, Cj) = 0 and 6 = 0 then this collapses to the normal regression analysis but if 5 

0 then the dominator will be too large and b will be a biased estimator of the true slope. 
Some other problems of this type of regression, termed functional or law-like relationships, 
are given by Sprent (1969) and Kendall and Stuart (1967). Without further assumptions both 
maximum likelihood and least squares methods fail to give estimates of the regression 
parameters. Some knowledge of cr(c)2 and <r(6)2, even if it just their ratios, is needed. Sprent 
(1969) provides a graphical argument of why the information on the departure variances is 
needed to fit the straight line, this is reproduced in Fig. 4.1. Clearly a straight line through 
a) is. acceptable but not through b). As we have no knowledge of either e or 5, it is thus 
necessary to make the assumption that compared with c, 5 is relatively small. 
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Figure 4.1 

The Effect of Error in the Variables of a Regression 

a) Dependent Variable error large 
compared with Independent. 

Dependent 
Variable 

Independent Variable 

Independent Variable 
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c) Stepwise Regression. 

The basic multiple regression technique used here is stepwise regression. This and the 
other statistical analysis was carried out using the MINITAB statistical package (University 
of Pennsylvania) run on the Imperial College Computers which are linked to the Silwood 
Park Computer Centre. 

In most of the stepwise regressions used here, all regressors are initially present and the 
programme calculates their coefficients, the equation constant and the amount of variance ex-
plained. In addition for each variable, a T statistic is calculated to assess the importance of 
the regressor. The T value is the square root of an F statistic. This F statistic is most easily 
interpreted ^s the extra sum of squares explained when that particular regressor is added last 
to the'multiple regression, divided by the mean sum of squares of the residual (the variable 
sum of square will always have 1 degree of freedom and be the same as the variable mean 
sum of squares). The resultant F statistic will have (1, N-P-l) degrees of freedom where n is 
the number of observations and p the number of variables. The programme computes a T 
statistic * for each variable and in the second step removes the variable with the lowest T 
value. A new equation is calculated with the remaining variables and this procedure continues 
until all T values are above a cut-off level (T = 2 , p<0.05 at 20d.f. was used unless otherwise 
stated). The programme was fully interactive and different combinations of variables could be 
explored by forcing certain predictors into the equation when this would be biologically mean-
ingful but would violate the T level cut-off. Unless otherwise stated, however, the stepwise 
regression was a simple removal of variables. The results are displayed in a table (e.g. Table 
4.5a) where the rows refer to each step and the columns the coefficients (the first column 
gives r 2). The T value is placed beneath the coefficient with asterisks denoting the sig-
nificance levels. 

4.2.3 Results 

a) Single regression analysis of the whole guild. 

The least squares linear regression equations with a double log transformation of leaf-
miner numbers on each of the four predictors is given in Table 4.4a. The amount of variance 
explained by the equation (r 2) and the F value significance is also given. Taxonomic isolation 
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T a b l e 4 . 4 

a ) S i n g l e r e g r e s s i o n s o f l e a f - m i n e r s p e c i e s l o a d 
on B r i t i s h t r e e g e n e r a . 

Taxonomic i s o l a t i o n ; t h e number o f o t h e r g e n e r a i n t h e o r d e r . 
L o g ( S + l ) = . 8 0 l L o g ( T . I . ) + .648 

r 2 = 39% F ( l , 2 2 ) = 13 .98 p<0 .005 

Spec ies r i c h n e s s ; t h e number o f s p e c i e s per p l a n t g e n u s . 
L o g ( S + l ) = .63 5 L o g ( S . R . ) + .828 

r 2 = 21% F ( 1 , 2 2 ) = 6 . 0 4 p<0 .025 

Maximum h e i g h t o f p l a n t s i n t h e genus . 
Log ( S + l ) = . 637Log (M. 11. ) + .224 

r 2 = 23% F ( l , 2 2 ) = 6 .76 p<0 .025 

S p e c i e s a r e a ; t h e g e o g r a p h i c a l d i s t r i b u t i o n o f t h e g e n u s . 
L o g ( S + l ) = . 5 0 l L o g ( S . A . ) + .631 

r 2 = 13% F ( 1 , 2 2 ) = 3 .23 p < 0 . 1 

b ) M a t r i x o f c o r r e l a t i o n c o e f f i c i e n t s o f t h e f o u r p r e d i c t o r s 
used i n t h e m u l t i p l e r e g r e s s i o n s t u d y o f t h e l e a f - m i n e r 
s p e c i e s l o a d o f B r i t i s h t r e e g e n e r a . 

T a x . i s o l . 
S p . r i c h . 
M a x . h t . 
S p . a r e a 

T a x . i s o l 

- 0 . 0 4 
0 .17 
0 . 0 4 

S p . r i c h . 

• N .S . 

0 . 3 0 
0 .42 

M a x . h t . 

N .S . 
N .S . 

0 .42 

S p . a r e a 

N .S . 
p<0 .05 
p<0 .05 

) P e r c e n t a g e V a r i a n c e E x p l a i n e d by S i n g l e R e g r e s s i o n s under D i f f e r e n t T r a n s f o r m a t i o n s 

U n t r a n s . Log I Log D Log Log 

Spec ies A rea 19 15 16 13 
T a x . I s o l a t i o n 33 33 37 39 
Spec ies per Genus 9 18 11 21 
Max. H e i g h t 9 15 16 23 

U n t r a n s ; A l l v a r i a b l e s u n t r a n s f o r m e d 
Log I ; I ndependen t v a r i a b l e s logged 
Log D; Dependent v a r i a b l e l ogged 

Log Log; A l l v a r i a b l e s l o g g e d 
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emerges as highly significant, maximum height and species per genus are also significant but 
species-area is non-significant. The regressions are plotted in Figs. 4.2 and 4.3. The fit of the 
three other combinations of log transformation (see note on transformations in 4.2.2a) was 
also explored (untransformed, dependent variable logged (exponential) and independent vari-
able logged). The amount of variance explained by each combination is given in Table 4.4c. 
Taxonomic isolation remains the most important regressor under all conditions. The double log 
transformation provides the best fit for all regressors except species-area where, perhaps 
surprisingly, it provides the worse. In the case of species-area, the best fit is provided without 
any transformation. The equation is; 

S = .0063 (S.A.) + 2.17 
r 2 = 19.2% F(l,22) = 5.21 p < .05 

See fig. 4.4. 

b) Regression analysis of the whole guild using several regressors simultaneously. 

Unfortunately the four regressors are not statistically independent. The amount of 
variance explained by all four regressors is not the simple sum of the single regressions 
(which would equal 96%). The matrix of correlation coefficients for the four regressors is 
given in Table 4.4b. Sprecies-area is significantly correlated with both species number per 
genus and maximum height at the 95% level. A multiple regression using four regressors 
gives the following equation; 

Log(S + 1 ) = .098Log(S.A.) + 7.64Log(T.I) + .31 lLog(M.H.) 
+ .503(S.G.) - .179 

r 2 = 69% F(4,19) = 10.59 p < 0.001 

which is highly significant, almost 70% of the variance being explained. 
Stepwise regression (See 4.2.2c) was performed to assess the contribution of each regres-

sor. The regression was done on double log transformed data, single log transformations and 
also on the untransformed data. 

In the double transformed analysis (Table 4.5a), species-area shows up as a very poor 
predictor in the presence of the other variables. Its T value of 0.46 is insignificant. When 
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T a b l e 4 . 5 

a ) S t e p w i s e R e g r e s s i o n o f t h e T r e e L e a f - m i n e r s a g a i n s t f o u r R e g r e s s o r s 
A l l V a r i a b l e s Logged 

Step r 2 C o n s t . T . I . S.G. M.H. S .A . 

1 69% - 0 . 1 8 0 . 7 6 0 .53 0 . 3 1 0 . 1 0 
4 .57 2 .71 1 . 6 4 0 .46 
* * * * 

2 69% 0 . 0 9 0 . 7 6 0 . 5 6 0 . 3 4 
4 . 6 6 3 .11 1 . 9 4 
* * * * * + 

3 63% 0 .45 0 .83 0 .67 
4 .82 3 .68 
* * * * * 

b ) S t e p w i s e R e g r e s s i o n o f t h e T r e e L e a f - m i n e r s a g a i n s t f o u r r e g r e s s o r s 
Dependent V a r i a b l e Logged , E x p o n e n t i a l Mode l . 

S tep 

1 
r 2 

61% 

Cons t , 

0.26 

T . I . 

0 . 1 1 
4 . 1 3 * * * 

S.G. 

0 . 0 3 6 
2 .04 + 

M.H. 

0 .0075 
1 . 4 0 

S .A . 

0 .00005 
0.61 

60% 0 . 3 1 0 . 1 1 
4 . 2 9 *** 

0 . 0 4 0 
2 .59 * 

0.0088 
1.81 + 

54% 0 . 4 6 0.12 
4 .43 * * * 

0 .045 
2 .77 * 

T . I . 
S.G. 
M . a . 
S .A . 

Key 
Taxonomic I s o l a t i o n 
S p e c i e s per Genus 
Maximum H e i g h t 
S p e c i e s A rea 

* * * . t P < 0 . 0 0 1 
• * . / P < 0 . 0 1 

• . 1 P < 0 . 0 2 5 
+ ; P < 0 . 1 
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species-area is removed (Step 2), the significance of both species per genus and maximum 
height are increased as these were previously correlated with species-area. Maximum height 
still falls below the minimum level of significance required to remain in the analysis ( T = 2 ) 
though it is significant at p<0.1. In Step 3 it is removed, leaving only taxonomic isolation and 
species per genus. The significance of species per genus has again been enhanced by the 
removal of a correlated regressor. From this analysis it can be concluded that taxonomic 
isolation is extremely important. Species per genus is also significantly related to leaf-miner 
species number while maximum height remains on the border of significance. There is no 
evidence that species-area contributes to the regression above what can be expected from its 
statistical interaction with other variables. 

Turning to the exponential analysis (Table 4.5b), the fit is marginally worse but other-
wise the pattern of analysis is identical. Table 4.6a shows the analysis of untransformed data. 
Taxonomic isolation remains a strongly significant regressor throughout but the pattern of the 
other regressors is different. Initially, none of the other three variables are significant, though 
species per genus is marginally better then species-area and maximum height is very poor. 
After maximum height is eliminated, the significance of species-area improves to a greater 
degree then species per genus due to its higher correlation with maximum height. At this 
stage, Step 2, species-area and species per genus are functionally identical in effect but be-
cause species-area has a slightly higher T value (1.55 as opposed to 1.53), species per genus 
is excluded. The species-area effect is now significant at p<0.025. If, however the analysis is 
forced to omit species-area, instead of species per genus, at the last step, species per genus 
now becomes significant at the same level. The untransformed analysis provides a con-
siderably worse fit than the other two analyses though taxonomic isolation still emerges as 
the best regressor. Maximum height is now of no importance and the statistical interaction 
between species-area and species per genus prevents any decision on their relative importance. 
As discussed in 4.2.2b, the assumptions underlying regression analysis are more likely to be 
violated in the untransformed analysis. 

For completion, Table 4.6b shows the fourth combination. Compared with the exponen-
tial and power models, the fit is poor. Taxonomic isolation again is unequivocably significant 
and species per genus is also significant. The other two regressors both fail. 
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T a b l e 4 . 6 
a) S t e p w i s e R e g r e s s i o n o f t h e T r e e L e a f - m i n e r s a g a i n s t f o u r R e g r e s s o r s 

No T r a n s f o r m a t i o n . 

Step r2 C o n s t . T . I . S .A . S.G. M.H. 

1 54% - 7 . 1 0 2 .98 0 .0033 0 .85 0 . 0 8 
3 .56 1 .21 1 .52 0 . 4 8 

* * 

2 53% - 6 . 4 6 3 .02 0 .0038 0 . 8 4 
3 . 7 0 1.55 1 .53 

* * 

• 3 47% - 6 . 5 2 2 . 7 8 0 .0055 
3 .37 2 .44 

* * * 

b ) S t e p w i s e R e g r e s s i o n o f T r e e L e a f - m i n e r s a g a i n s t Four R e g r e s s o r s . 
I n d e p e n d e n t V a r i a b l e s Logged . 

S tep r 2 C o n s t . T . I . S.G. S .A . M.H. 

1 58% - 2 8 . 0 21 .3 13 .4 7 .2 4 .7 
3 .73 2 . 0 1 0 . 9 9 0 .73 

* * + 

2 57% - 2 8 . 5 2 2 . 0 14 .2 9 . 0 
3 .97 2 .18 1 .33 
** * 4. 

3 53% - 0 . 8 22 .5 17 .9 
3 .99 2 .98 
* * * * 

Key 
T . I . ; Taxonomic I s o l a t i o n 
R . G . ; Spec ies per Genus 
S . A . ; Spec ies a r e a 
M . H . ; Maximum H e i g h t 

***; p * * . p 

* ; P 
+ ; p 

< o . o o i 
< 0.01 
< 0 .025 
< 0.1 
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Residual Analysis 
If the residuals from a single regression are plotted against a second variable then an 

idea of the importance of the second variable after the first is excluded is obtained. The 
analysis is not as discriminating as stepwise multiple regression but has the advantage of al-
lowing the effects of individual data points to be recognised. Normally, (Lawton and Schroder 
1977, Lawton and Price 1979, Claridge and Wilson 1981) the residuals from the species-area 
regression are used for plotting against other regressors. This is done first but because of the 
importance of taxonomic isolation a residual analysis is also performed on the residuals from 
this regression. 

1) Species Area Residuals Plots against the following regressors. 
i- Species Area. Such a plot serves to emphasize the discordant points from the single 

regression. Sambucus a common plant with very few miners has the highest residual. 
Frangula and Pyrus both have large influences on the regression because of their rareness. 

ii- Taxonomic Isolation. The regression is highly significant; F(l,22) = 16, p < 0.001, r 2 

= 42%, (Fig. 4.5a). Sambucus stands out again with a high residual. Its large deviation from 
the species-area regression is not explained by a large number of closely related plants. 

iii- Species per Genus. F(l,22) = 2.8, n.s.. r 2 = 11%. Sambucus again has a very 
high residual. Salix has a large effect on the regression due to the large number of species 
in the genus. 

iv- Maximum Height. F(l,22) = 3.21, p <0.1, r 2 = 13%. A very weakly significant ef-
fect. Cornus (Max.Ht. 4m) has a very large effect on the regression. 

The above analyses were performed on residuals from the double log species-area regres-
sion. It was repeated on the untransformed regression. Taxonomic isolation remained sig-
nificant when plotted against the residuals, the other variables were all insignificant. 

2) Taxonomic Isolation Residuals Plots against the following regressors. 
i- Taxonomic isolation. No single observation stands out by virtue of a large residual or 

by having a disproportionate influence through its position on the X axis. 
ii- Species Area. F(l,22) = 4.75, p < 0.5, r 2 = 18%, (Fig. 4.5b). Sprecies-area explains 

a significant amount of the variance after taxonomic isolation is excluded. Sambucus stands 
out with a large residual while Frangula and Pyrus have a large effect on the regression 
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through their position. 
iii- Species per Genus. F(l,22) = 14.06, p < 0.002, r 2 = 39% (Fig. 4.6a). The highly 

significant regression is surprising as it is more significant then the equivalent double regres-
sion of taxonomic isolation and species per genus. Sambucus has a very large residual and 
Pyrus has a large effect due to its rareness. Interestingly, Salix, the very species rich genus, 
does not fall outside the regression line. 

iv- Maximum Height. F(l ,22) = 6.63, p < 0.25, r 2 = 23%, (Fig. 4.6b). This regression 
is also significant. Cornus through its small size has a large influence on the regression while 
Fagusy a large tree with only a small number of miners has a large residual. 

As regards the relative importance of the four regressors, the residual analysis is in 
agreement with the multiple regression though it does not distinguish between correlated 
predictors. Correlation between the independent variables is the reason why, with the excep-
tion of taxonomic isolation, the residuals from the species-area regression are poorly related to 
the other predictors. The residual analysis with taxonomic isolation was more successful be-
cause of its statistical independence. The analysis showed that Pyrus and Frangula frequently 
had a large effect on the regression because of their rareness. Similarly with respect to 
height, the small stature of Cornus gives it a large influence. Sambucus is an outlying point, 
a very common tree with only a single miner while Fagus for its height has few mines. Only 
under certain circumstances does the species richness of the genus Salix stand out against 
the regression. 

c) The effects of including Buxus and introduced trees. 

As discussed in Section 4.1, Buxus and three foreign trees (Castanea, Aesculus and 
Quercus ilex) were excluded from the initial analysis. The effects of including them in a 
power model analysis are considered below. 

1) Buxus 

Table 4.7a shows the stepwise regression analysis with Buxus present (compare with 
Table 4.5a). The only major difference with Buxus included is that species-area increases in 
importance and begins to explain a significant amount of the variance. The leaf-miner/species-
area single regression is shown in Fig. 4.4b. It explains 28.5% of the variation' (F( 1,23) = 
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T a b l e 4 . 7 

a ) S t e p w i s e R e g r e s s i o n o f T r e e L e a f - m i n e r s a g a i n s t f o u r R e g r e s s o r s 
(Buxus i n c l u d e d as one o f t h e t r e e G e n e r a ) . 

S tep r2 C o n s t . 

1 74% - 0 . 5 9 

2 71% - 0 . 4 1 

T . I . S .G. S .A . M.H. 

0 .77 0 . 5 0 0 . 2 4 0 .27 
4 .65 2 .63 2 .33 1 . 5 0 
* * * * + 

0 . 8 1 0 . 5 6 0 . 2 8 
4 .85 2 . 9 8 2 .68 
* * * * * * 

3 61% 0 . 3 9 0 .86 0 . 7 5 
4 . 5 9 3 . 7 8 
* * • * * 

b ) S t e p w i s e R e g r e s s i o n o f T r e e - l e a f - m i n e r s a g a i n s t f o u r r e g r e s s o r s 
( I n t r o d u c e d t a x a i n c l u d e d ) . 

S tep r 2 C o n s t . T . I . S .G. S . A . M.H. 

1 61% - 0 . 3 9 0 .76 0 . 6 8 0 . 2 1 0 .13 
4 . 0 4 3 . 1 0 1 .07 0 . 6 5 
* * * * * 

2 60% - 0 . 3 2 0 . 7 9 0 . 7 0 0 .23 
4 . 4 1 3 .27 1 .22 
* * * * * 

3 57% 0 . 3 8 0 .77 0 . 8 1 
4 .28 4 . 1 6 

Key 
* * * . P < 0 .001 

* * . P < 0 .01 
* . P < 0 .1 
+ ; P < 0 .1 
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9.21, p < 0.01). However the very low position of Buxus on the X axis with a range value of 
only 6 causes it to have a very large effect on the regressiom equation. To a certain extent 
species-area is now acting as a dummy variable to distinguish Buxus from the other trees. As 
discussed in 4.2.1, little confidence can be placed in the range value for Buxus, and since it 
has such a large effect on the species-area regression, it seems best to omit it. 

2) Introduced trees. 
Table 4.7b shows the stepwise regression analysis with the three foreign trees added. By 

adding the three trees the fit is worsened and the effect of maximum height is reduced. The 
latter effect is due to the three trees all being both large (Max.Ht. 30,30 & 25m) and 
relatively depauperate with regards miners (4,5 & 0 respectively). The loss of variance ex-
plained, which may be due to the introduced tree not having time to equilibrate, is further 
discussed in 4.4. 

d) Analysis of the subcomponents of the guild. 

Table 4.2 shows the number in species in each subcomponent, as defined in 4.2.1, of 
the complete guild feeding on each genus of trees. Table 4.8 shows the correlation coeffi-
cients between each subcomponent. The majority of these are significant, indicating that the 
pattern of utilization of the different host genera follows the same rules for different groups 
of leaf miners. The Diptera are an exception as they are uncorrelated with nearly all other 
groups of miners. Part of the reason for this is that they are only represented by 11 species. 
The only plant genera in which there are more than a single species of Diptera are Salix 

and Populus. There seems to have been a small radiation of Paraphytomyza on Salicales. 
The relatively small numbers of leaf-mining Hymenoptera and Coleoptera on trees may also 
have contributed to some of the low correlations involving these groups. 

Table 4.9 shows the first step in a stepwise regression in the number of miners of each 
group against the four regressors under a double log transformation. Diptera and Hymenop-
tera are non-significant, again perhaps partially because of the small numbers involved. 'Other 
Lepidoptera' is also non-significant, though this is an extremely heterogeneous group and any 
pattern may have been lost in the individual biologies of the species concerned. The other 5 
regressions are significant, the Lithocolettinae in particular are highly significant. Considering 
the five significant regressions, taxonomic isolation is important in all five cases. Species per 
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T a b l e 4.6 
a ) C o r r e l a t i o n C o e f f i c i e n t M a t r i x 

Subcomponents o f t h e G u i l d o f t h e T r e e L e a f - m i n e r s . 

N G (P ) 

II - ** 
(J(P) .80 
G (G) .66 .74 
C .79 .58 
OL .64 .38 
D .07 .15 
T .40 .37 
CI .58 .60 

G(G) C 0L 

* * * * * * 
* * * * * 
_ * * * * 

.56 - * * 

.58 .82 

.01 -.02 .11 

.52 .46 .68 

. 40 .46 .50 

D T CI 

* * * 

* * 
* * * 
* * 

* * 
_ * * * 

.44 — ** 

.71 .66 

b ) C o r r e l a t i o n C o e f f i c i e n t M a t r i x 
R e s i d u a l s f r o m t h e M u l t i p l e R e g r e e s s i o n o f t h e T r e e L e a f - m i n e r 

Subcomponents 

N G(P) G(G) C OL D T CI 

N _ * * • * * * 
G(P) .42 - • . . 
G(G) .41 .47 - * . 
C .70 .24 .28 - * * * 
OL .58 .05 .47 .76 - • * * 
D - . 0 5 .07 - . 0 9 .05 .06 - • * 
T .31 .16 .39 .45 .68 .39 - * • 

CI .24 .19 .00 .21 .35 .79 .62 -

Key 
N N e p t i c u l i d a e 

G ( P ) G r a c i l l a r i d a e ; L i t h o c o l e t i n a e 
G(G) G r a c i l l a r i d a e ; G r a c i l l a r i n a e 

C C o l e o p h o r i d a e 
OL Other L e p i d o p t e r a 

D D i p t e r a 
ri Hymenoptera 

CI C o l e o p t e r a 

** p < 0 . 0 1 
* p < 0 . 0 5 
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Subcomponents o f T r e e L e a f - m i n e r G u i l d 
F i r s t S t e p o f S t e p w i s e M u l t i p l e R e g r e s s i o n 

r 2 Cons. T . I . S . A . S.G. M.H. 

N e p t i c u l i d a e 75% 0 . 0 7 0 . 7 4 - 0 . 1 2 0 . 4 6 0 . 2 8 
14 .50 5 .96 - 0 . 7 7 3 .14 1 .98 

* * * * * 4. 

G r a c i l l a r i d a e 84% - 0 . 5 0 0 . 6 1 0 .07 0 . 4 1 0 .25 
( L i t h o c o l . ) 24 .42 7 .09 0 . 6 3 4 . 0 6 • 2 .55 

* * * * * * * * * * 

G r a c i l l a r i d a e 68% - 1 . 1 7 0 .43 0 . 3 1 0 . 0 3 0 .17 
( G r a c i l l . ) 10 .33 4 .38 2 . 5 1 0 . 2 4 1 .55 

* * * * * * * 

C o l e o p h o r i d a e 50% - 0 . 1 9 0 .67 0 . 1 3 0 . 3 2 - 0 . 1 9 
4 .77 4 . 0 0 0 . 6 2 1 .65 - 1 . 0 2 . 
* * * * * 

O t h e r 20% 0 . 0 0 0 . 3 6 _0.11 0 . 1 9 - 0 . 0 9 
L e p i d o p t e r a 1 . 2 1 1 .90 0 . 4 4 0 . 8 9 - 0 . 4 2 

+ 
D i p t e r a 16% - 0 . 3 0 - 0 . 1 2 0 . 1 4 0 .13 0 . 0 1 

0 . 9 4 - 0 . 9 3 0 . 8 8 0 .86 0 . 0 6 

Hymenop te ra 29% - 0 . 5 9 0 . 0 3 0 . 1 2 0 . 0 9 0 .26 
1 .92 0 . 1 9 0 . 7 0 0 . 6 1 1 .71 

C o l e o p t e r a 54% - 0 . 6 6 0 .46 0 . 1 5 0 . 4 4 . 0 . 1 4 
5 .67 2 .94 0 . 7 6 2 .43 0 . 8 0 

Key 
F i r s t Row; r 2 , c o n s t a n t and c o e f f i c i e n t o f v a r i a b l e s 

Second Row; F v a l u e f o r r e g r e s s i o n and v a r i a b l e s 
T h i r d Row; S i g n i f i c a n c e l e v e l 

T . I . ; Taxonomic I s o l a t i o n 
S . A . ; Spec ies A rea 
S . G . ; Spec ies pe r Genus 
M.H . ; Maximum H e i g h t 

* * * ; p < 0 . 0 0 1 
* * ; p < 0 . 0 1 

* ; p < 0 .025 
+; p < 0 . 1 
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genus is the second most important regressor, coming into the analysis at a significant level 
at the first step in 4 out of 5 cases, the exception being Gracillarinae. Maximum height is 
important for Phyllonorycter and marginally for Nepticulidae. Sprecies-area enters the regres-
sion significantly only for the Gracillarinae. The rank importance of the regressors is the 
same as that found in the complete guild regression. The surprising thing about the analysis 
is the amount of variance that can be explained in the Nepticulidae and Phyllonorycter, in 
the latter case only 16% of the variance is left unexplained. 

In Table 4.8b, the residuals from the fourfold multiple regression of each subcomponent 
are correlated with each other. Of the 22 significant correlations in Table 4.8a, 11 are still 
significant. If the remaining variability after the effects of the four regressors have been 
removed was just stochastic error, then no correlation would be expected between them. The 
number of significant correlations remaining suggests that there are still some non-random ef-
fects left that could possibly be explained. 

e) Other possible regressors. 

Several alternative regressors were also investigated. 
i- Average Height. Instead of taking the maximum height of a plant in the genus, the 

arithmetic mean height of the species in the genus was used. This regressor behaved in the 
same way as maximum height, but in all cases explained less of the variance. 

ii- Taxonomic isolation; Genera per family. As an alternative to using the number of 
genera in the same order as a measure of taxonomic isolation, the number of genera per 
family was used. The behaviour of this regressor was the same as genera per order but in-i 
variably its effect was less significant. 

iii- Age of Taxa in Britain. For those genera that an age in Britain could be assigned 
from Birks (1980), a regression was performed to see if taxon age affected the number of 
miners. No significant effect was found. 

4.3 Early Successional Plants 

Having discussed in detail the pattern of leaf-miner distribution on woody 
plants, it is important to determine whether these patterns are also found in early 
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successional species. Fig. 4.7 shows the number of mines found on each plant 
genera in the two categories. The figures were prepared from the card-index of 
British miner/plant associations (see Section 3.1). The number of mines on woody 
plants is decidedly greater. This trend would have been accentuated if a zero class 
had been included. This class was omitted because of taxonomic problems (some 
small and newly created plant genera have tended to be lumped with more traditi-
onal genera for the purpose of recording insects by entomologists). The number of 
miners per plant species found in the sampling sites (Fig. 3.36) probably gives a 
better picture of the paucity of miners on early successional plants as it includes a 
zero class. 

One explanation for this differences might be found in the degree of 
monophagy between leaf-miners attacking the two classes of plants. The number of 
plant genera attacked by each species of miner is shown in Fig. 4.8 for her-
baceoues and woody species. A statistical comparison is not possible as the underly-
ing distribution of plant genera is different in the two groups; there are far more 
herbaceous genera then woody genera, and herbaceous plants typically have a 
higher genera per family ratio than woody plants. Nevertheless, both assemblages 
are characterised by a very high level of monophagy with a rather similar tail to 
the distribution. One difference is the small number of very polyphagous species 
found on herbaceous plants which attack plants of many genera (e.g. Cnephasia sp. 
(Tortricidae) and Scaptomyza sp. (Drosophilidae)). Also, a few species confined to a 
single family with many genera (e.g. Phyllotreta on Cruciferae) are found on her-
baceous plants while no woody family contains more then 5 tree species. When 
these difference are taken into account, the pattern of monophagy is very similar 
between the two groups. 

It was not feasible to run the type of analysis performed in the last section 
on all herbaceous plants because of the huge number of species and the laborious-
ness of obtaining a measure of range from the dot maps. One solution to this 
problem is to concentrate on a subset of herbaceous plants as was done by Lawton 
and Price (see 4.1). It is difficult to compare their analysis with that in the last 
section as it was performed at the species level within a family. Consequently the 
most important regressor in the tree leaf-miner study, genera per order, would not 
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Figure 4.8 
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be applicable. Their curve contains a large number (60%) of points with no insects. 
If these are taken away, the relationship is non-significant, but if they are left in, 
32% of the variation is explained. Though this is higher then that explained by 
species-area in my analysis, the number of zero points inflates the figure and in 
reality there is likely to be less difference. 

When the guild of tree leaf-miners was separated into its subcomponents, one 
of the noticeble things was the correlation between the different groups. No parallel 
effect is found in herbaceous plants. In Fig. 4.9, the number of Phytomyza and 
Agromyza species found on different plant families is regressed against each other, 
the zero class omitted as it cant be properly defined. There is no significant cor-
relation. 
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4.4 Discussion 

4.4.1 Comparison with Claridge and Wilson (1982) 

Claridge and Wilson found 19% of the variation in leaf-miner load to be accounted for 
by the species-area relationship and a further 23% by plant taxonomic relatedness. They 
separated the leaf-miners into four sub-component assemblages corresponding to the four in-
sect orders involved and found only Lepidoptera to form a significant species-area relation-
ship. 

The results of this study broadly agree with the above, despite the major differences in 
methodology, some of which are listed below. In the current study: 

1. The plant taxonomic level was the genus. 
2. Taxonomic isolation was taken as genera per order. 
3. Two extra regressors were used. 
4. Only native angiosperm trees were included. 
5. A more restrictive definition of leaf miner was used. 

The difference in the % variance explained by species area, 19% in Claridge and 
\ 

Wilson's study and 13% in this study, is unlikely to .be significant though it is surprising that 
the taxonomically more heterogeneous group of plants treated by Claridge and Wilson should 
display a larger species-area effect. Their measure of taxonomic isolation was equivalent to 
species per genus in this study though it is not directly comparable because of the different i 
plant taxonomic levels of the two studies. Nevertheless the variance explained by species per 
genus was very similar in the two studies. The greater importance of taxonomic isolation in 
the present study came from looking at suprageneric relationships. The two studies both 
found the pattern of miners of the Lepidoptera to be better explained by the regressors than 
the other smaller orders. 
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4.4.2 Sources of error in the variables 

Apart from statistical problems (see Section 4.2.3), there are two types of biological 
error that could interfere with this type of analysis. In the first place inaccuracy in measur-
ing the different variables, or where the measured variable only approximates to the true 
biologically meaningful variable, bad fit between the two. Both will increase the level of un-
explained variance. This will be a problem when deciding why the species-area relationship is 
a good fit in one case and a bad fit in another. It will not, however, result in spurious cor-
relations. The second type of error is .systematic error, if only a certain selection of plants 
were examined for herbivores and the data used without caution, then it might be concluded 

i 

that the criteria used in selecting the plants for sampling in the first place influenced the 
herbivore community. This is a more dangerous type of error as instead of just obscuring 
true relationships, it can throw up false ones. 

Examining the independent variables first, plant range is normally calculated from 
geographical distributional maps, often dot map schemes. At least in the case of the British 
work, the dot maps are probably quite accurate except for certain species such as Malus and 
Buxus where only native records were accepted. From the point of view of species-area 
relationships, the provenance of the plant is immaterial. The dot map range is only an ap-
proximation to the true biological range measure which will include tree abundance. A single 
rare tree in a 10km 2 square will get equal weighting to a tree dominant in the area. 
Neuvonefi and Niemala (1981) have sought to get round this by using true abundance es-
timates. Although this does give a better fit to the herbivore data, it is only slightly better 
than the range measure. There is some danger of systematic error as the dot map range has 
an upper limit that will not reflect extreme abundance. 

Taxonomic isolation is a measure of the 'gap' between a species and its nearest rela-
tives that has to be jumped by a potential colonizer. A true measure would include chemical 
and physical differences and would be extremely hard to construct. In this study it was 
found that taking the number of species sharing the same order was a better regressor than 
the number in the same family. This indicates that taxonomic relations at a quite high level 
are important. There is thus a possibility of some systematic error as isolation at higher than 
ordinal level will not be accounted for. However, this trend if it exists will tend to reduce 
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the importance of taxonomic isolation. 
Species per genus is an exact number measured without error after assumptions about 

the exclusion of microspecies etc. have been made. 
Maximum height is also measured with no systematic error. It is a difficult regressor to 

characterise as it represents an architectural measure and will probably be important through 
correlations with plant size, resource diversity etc. 

The final variable is the dependent variable; in this study leaf-miner number on dif-
ferent genera. Leaf-miners have been a relatively popular group with naturalists, not to the 
extent of the macrolepidoptera, but certainly more worked than the non-leaf-mining members 
of the microlepidoptera, Diptera, Coleoptera and Tenthredinidae. Probably more is known 
about the early stages of Agromyzidae than any other Dipteran family of non-economic im-
portance. The leaf-miner/plant associations of the British fauna are thus very accurate and 
nearly complete. One danger might be that rare plants have not been examined as thoroughly 
as common species but this is unlikely as amateur entomologists deliberately search out rare 
plants for examination. 

In the case of specialist guilds such as leafhoppers and leaf-miners, the error of deter-
mination of the dependent variable is therefore probably small. (However, care must be taken 
in using literature results. For example Lawton and Price (1979) used Spencer's (1972) host 
records for Umbellifer Agromyzids but while the leaf-miner records are probably accurate, 
the internal stem-boring Agromyzids are far less well known. Allen (1941) found 6 records of 
stem-borers while examining a very few species of Umbelliferae in one locality. Spencer omit-
ted her records because of problems in applying the right name to these species, but though 
the species may be uncertain, the records are nevertheless good. Re-calculating Lawton and 
Price's analysis with the new records makes little qualitative difference because of the size of 
the zero class. A systematic search of rare Umbelliferae for internal stem borers may, 
however, well make a difference). 

Where whole herbivore assemblages are examined, the danger of systematic error is 
much larger (Kuris et al 1980, Claridge and Wilson 1978). One particular problem has been 
the misuse of records from such sources as South (1908) which gives the foodplants of 
British macrolepidoptera. South's purpose in giving the food-plant was not ecological but so 
that a naturalist might rear the moth in question from the egg or caterpiller. In the case of 
a fairly monophagous species there will be no problem, the correct food-plant will be cited 
but it is unlikely that the complete food-plant range of a polyphage will be given. Systematic 
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error will occur if only the plants the polyphage is most frequently found on, normally a 
common species, is given and if rare plants are not systematically checked for common 
polyphage species. In addition, South's foodplant assignations for less common moths were 
frequently arrived at by catching gravid adult females and letting them lay eggs on a selec-
tion of foodplants. Common species are naturally provided first and if they prove suitable 
they enter the literature as the foodplant and rarer plants that may be equally suitable are 
never tested. Common species of plant thus accumulate large faunas by systematic error. This 
point is returned to below. 

4.4.3 The pattern of herbivore accumulation on plants. 

'This study and the other studies described in Section 4.1 attempt to explain the size of 
the herbivore species load on different species or genera of plants in a specific area. Apart 
from the intrinsic interest of each study, the pattern in the ways different regressors explain, 
or fail to explain, the herbivore species number of different groups of plants and insects will 
also furnish information about the underlying mechanisms giving rise to the observed patterns. 

What are the possible ways in which a type of plant growing in a circumscribed 
geographical area can gain or lose insects from its herbivore complement? Table 3.10 shows a 
suggested classification. Herbivore gain is divided into processes that need genetic change and 
those that occur without new genetic adaptation. New insect/plant associations which neces-
sitate genetic change include the case where the fundamental niche of the insect is widened, 
i.e. the insect becomes adapted to feed on a new plant while also feeding on its original host, 

i 
and also the case where a host shift is followed by speciation. The classic example of the lat-
ter is Bush's work on Rhagoletis fruit fly (review Bush 1975). The number of herbivore 
species on a plant can also increase without host shift. This occurs when a species attacking 
a particular plant divides into two species. This may occur either allopatricly or sympatricly 
and while this type of speciation without host shift is common (many monophyletic leaf-miner 
groups are found on one host plant, see also Cornell and Washburn 1979), virtually nothing 
is known of the mechanics. If the plant taxa level under study is above species level, genus 
for example, then co-cladogenesis, parallel speciation of host plant and herbivore, will also 
form a separate category. 

Two types of ecological increase in a plant's herbivore number can be distinguished. 
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Table 4.10 
The Different Processes affecting the Herbivore Species Load 

HERBIVORE GAIN 
1. Evolutionary Gain (genetic change involved) 

a. Niche Expansion (fundamental niche) 
b. Host Shift and Speciation 
(c. Co-cladogenesis) 

2. Ecological Gain (no genetic change involved) 
a. Geographical Range Expansion of Herbivore 
b;- Niche Expansion (realised niche) 

i) Geographical Range Expansion of Plant 
ii) Behavioural Change 

HERBIVORE LOSS 
1. Global Extinction (no possibility of re-colonization) 
2. Local Loss 

a. Local Extinction 
b. Niche Contraction 
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Firstly an insect may increase its geographical range so as to occur in the area under study. 
The macrolepidoptera Lithophane leauteri and Eupithecia phoeniciata have recently colonized 
Great Britain, feeding on Chaemycypris, from a continental source on Cupressus. Secondly, 
an insect which previously had the potential to feed on a plant species may switch to it, the 
change involving behavioural rather than genetic alterations. Probably the most common ex-
ample of this is when an introduced tree is immediately attacked by native herbivores (see 
for example the work on Nothofagus, Welch in prep.). In principle other scenarios can be en-
visaged; an insect may begin to occur on a new food plant when its preferred host becomes 
rare, though I know of no example of this. 

Herbivore loss can be divided into global extinction, the species ceases to exist and 
local extinction, where it becomes extinct only in the area under study. Alternatively the 
species may still continue to exist in the area under study but fail to feed on the host plant, 
a type of niche contraction. 

In interpreting the results of the different studies it is necessary first to know the effect 
the various plant characters, used as independent variables, will have on the different modes 
of herbivore loss and gain and secondly which processes, will predominate in the set of in-
sects and plants under study. The independent variable common to all the studies is species 
area or host plant range. As Strong (1979) and Connor and McCoy (1979) have pointed out, 
the species area effect is a composite of three different processes (see also 4.1) which may 
be summarised as follows; 

1. Sampling Effect; an abundant plant will come into contact with 
more species of potential colonizer through a statistical sampling effect. 

'2. Area per se; a rare plant will only be able to support a small 
herbivore population increasing the chance of extinction. 

3. Habitat Heterogeneity; A common plant is likely to grow in a 
wider variety of habitats; edaphic, climatic and topological. This will have 
two results; i) to increase the probability that a potential colonizer will 
find conditions suitable for it on a new host plant, ii) to allow the plant 
to come into contact with a greater number of species that may harbour 
potential colonizers. 

The second most common regressor used is taxonomic isolation, this is normally thought 
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to describe the size of the jump needed to switch from a plant species to its nearest relative. 
A third group of regressors describe architectural features of the plant, examples of this are 
leaf size (Lawton and Price 1979, Neuvonefl and Niemela 1981), plant height (Lawton and 
Price 1979, this study), and plant life history (Lawton and Price 1979). Architecture may ef-
fect species accumulation through a sampling effect related to size and through resource 
diversity (see Section 1.2). For studies at the generic level, species per genus is not a 
measure of taxonomic isolation but almost of generic structure with effects analagous to 
species architecture. Finally a fourth type of regressor is historical time. 

Which types of herbivore loss and gain will be influenced by the regressors listed 
above? Evolutionary host shift would be expected more often to occur towards a common 
plant through both habitat heterogeneity and the sampling effect. Taxonomic isolation would 
work against host shift by increasing the number of simultaneous mutations required for suc-
cessful colonization. As the chance of a single beneficial mutation is very low, the probability 
of several occurring quickly becomes vanishingly small. Architectural measures are also likely 
to facilitate this type of process, either by the sampling effect, or through increased resource 
diversity offering more potential niches. When historical time is considered the question of 
whether evolutionary species accumulation asymptotes becomes important. This is considered 
below. The reason why a host shift is sometimes followed by speciation has been discussed by 
Bush (1975). Of the regressors used, taxonomic isolation will increase the likelyhood of 
speciation as the gene complexes necessary to adapt to the two hosts will become less com-
patible. Historical time may also be important. 

Little work has been done on within host plant speciation (see Cornell and Washburn 
1979). How the different regressors would effect such a process is highly speculative. Ar-
chitectural diversity may allow greater resource division within a tree and more opportunities 
to avoid predators, thus allowing two sibling species to coexist. Without even knowing if this 
type of speciation is likely to be sympatric or allopatric, the effect of range can only be 
guessed. A rare species may exist in more isolated populations facilitating allopatric speciation 
whereas the chances of sympatric speciation occurring on a very widespread common species 
may be higher. 

The study of evolutionary processes is beset with difficulties, it is seldom possible to 
test ideas by experimentation and hypotheses must be tested by matching them against ob-
served patterns of species distribution. An idea will then become accepted if it does not con-
tradict the majority of observations. It is thus inevitable that until a large body of evidence 
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has accumulated, the discussion of evolutionary phenomena will be somewhat speculative. 
Turning to ecological processes, host shift will be influenced by taxonomic isolation as a 

species" of herbivore is only likely to be pre-adapted to a host plant of similar characteristics 
to its normal, food plant. Species area effects may occur through sampling or habitat 
heterogeneity while plant architecture, working via sampling and resource diversity can also 
be expected to operate. Geographical range expansion will be influenced by host plant range 
as a rare species will be more difficult to find and colonise. There is now a considerable 
body of evidence that these ecological effects operate over relatively short periods of time; 
for example crop plants introduced to an area quickly accumulate a constant number of pest 
species (Strong 1974c, Strong, McCoy & Rey 1977) while introduced species pick up a com-
plement of generalist native herbivores quite soon after arriving (Welch in prep.). This 
evidence makes it unlikely that time will ever be a good regressor in examining ecological 
species accumulation. 

Is there an asymptotic number of species on a host plant? It is useful to retain the 
division here between ecological and evolutionary processes. The two types of process will 
generally operate on different time scales (this assumes that the Rhagoletis type of speciation 
is relative uncommon). Two kinds of asymptotic equilibrium can be envisaged; dynamic and 
static. In a dynamic equilibrium both colonization and extinction are non-zero and the equi-
Ibrium results from a balance of the two processes. At the equilibrium point, there is a turn-
over of species. This is the island biogeography model (MacArthur and Wilson 1967). The al-
ternative static equilibrium occurs when both extinction and colonization are near zero. 
Colonization may have stopped either because the pool of potential colonizers has been used 
up or because the existing assemblage of species on a host plant resists the establishment of 
a new species. There is a non-asymptotic alternative to equilibrium levels. This approach to 
animal diversity has been much developed by Connel (1978, 1979) with respect to tropical 
rainforests and coral reefs while Lawton and Price (1979) and Price (1979) have discussed 
non-equilibrium herbivore distributions. Periodic disturbances are necessary to prevent an even-

U 
tual asymptote from being reached though these need to ^extremely infrequent if the develop-
ment and radiation of the community is slow. 

Considering evolutionary processes, the reasons why island biogeography equilibrium are 
unlikely to be applicable have been discussed by Strong and Levin (1979), Strong (1979), 
Kuris et al (1980) and Neuvonen and Niemela (1981). One of the main arguments is that 
colonization and extinction are not temporally continuous functions and frequently operate 
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over different time scales, the evidence for frequent herbivore extinctions is also poor (Strong 
1979). Janzen (1974) has discussed the possibility of a static equlibrium through the resis-
tance of a community to new invaders through competition but the evidence for competition 
being a potent structuring force in herbivore communities is poor, especially for folivores 
(Lawton and Strong 1981). The competition arguement is easily rephrased in terms of 
predator free space though again there is a lack of good evidence (Price et al 1980). The 

.evidence for non-equilibrium community structure is better. Lawton and Price (1979) note the 
number of vacant niches in the Umbelliferae Agromyzid community (they stress that what we 
perceive^ as a vacant niche may not be the same as what the fly sees, but nevertheless a 
strong arguement remains). They also use as evidence lack of a species-area relationship but 
though this may be true, a good species-area relationship does not definitely imply an 
asymptote as stated by Strong (1974a, b). If the probability of colonization is a function of 
the host plant range and colonization is a rare event, then a relationship between herbivore 
numbers and range will be found under non-asymtotic conditions. Opler (1974) noted that as 
all his oaks were of the same historical age, yet varied in species number, time was not im-
portant. As argued above this need not be true. 

Looking at ecological processes, the evidence for an asymptote is much better (Strong 
1974c, Strong, McCoy & Rey 1977). The same remarks as those given above for island 
biogeographic effects and competition mediated static equilibrium apply here also. However, 
the major difference is that there is a limit to the number of possible species that can 
colonise a host without evolutionary adaptation that normally only operates on a much longer 
time-scale. As these species find the host plant, the rate of accumulation levels off until an 
asymptote occurs. The number of pre-adapted species to a particular host plant will be 

• strongly influenced by taxonomic isolation which will be expected to have a large part in 
determining the level of the asymptote. 

Having presented a rather elaborate classification of the processes that are operating in 
herbivore species accumulation, does this help in the interpretation of the results in Table 1. 
Some studies include only single guilds of specialist insects, the vast majority of which are 
highly monoplugous (leafminers; Opler 1974, Claridge and Wilson 1982, this study, 
Agromyzids; Lawton and Price 1979, leafhoppers; Claridge and Wilson 1981, cynipines; Cor-
nell and Washburn 1979). In these animals, the vast majority of host shifts will involve 
genetic adaptation and thus by our classification be evolutionary. Opler (1974) in his study 
found 90% of the variance to be explained by species-area, the highest of any study. One of 
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the reasons for this is that the set of plants under study were closely related which reduced 
the importance of taxonomic isolation (Claridge and Wilson 1978, 1981, 1982). In addition 
the pattern of speciation predominantly involved host shifts rather than within host plant 
speciation (Cornell and Washburn 1979). The latter process probably acounted for some of 
the reduced variance explained in Cornell and Washburn's (1979) study of cynipines on the 
same oaks. In the list of studies above, the two Californian oak studies are exceptions, in the 
others the species-area effect accounts for a much smaller proportion of the variance. Some 
of the reasons why Atlantic Coast oaks and their cynipines should show a lower species area 
relationship were discussed in Section 4.1. The other studies are British and one conclusion 
could be that the structure of a herbivore community is qualitatively different in an area 
where the plant community consists of species which are not closely related to one another 
and where the large complexes of closely related species such as the American oaks have not 
evolved. (There is a further complication that while herbivores treat the different American 
oaks as individual resources, the majority of their insects being species-specific, other genera 
such as the European Sorbus species contain genera specific rather than species specific her-
bivores. The importance of taxonomic isolation to evolutionary processes has been 
demonstrated in leafhoppers (Neuvonen and Niemela 1981) and leaf-miners (Claridge and 
Wilson 1982, this study). 

There is, however, a problem in testing the effect of species area on herbivores in the 
British Isles when most of the processes are evolutionary in nature. In all probability, our 
complete herbivore fauna has arrived since the last ice age, probably from colonization from 
the continent. The level of endemicity in the British fauna is very low and though some 
evolutionary host shifts may have occurred in the British Isles followed by colonization of the 
continent, the vast majority of evolutionary adjustments to the herbivores found in Britain are 
likely to have taken place on the continent. Thus, if species-area is important in determining 
the .number of herbivore species on a plant in groups where evolutionary processes 
predominate, then the relevant area for studies of British insects will be some measure of 
Continental Europe. Time will also have to be considered if the relative abundances of tree 
species has varied in the recent geological past. Some correlation is likely to exist between 
the abundances of trees in Britain and on the continent, nowhere in Europe are there exten-
sive Frangula forests for instance, so the British range will not be completely irrelevent, but 
this may be another explanation for the importance of species-area in the Californian oak 
studies as in these cases the complete range of the host-plants was being studied, it is tempt-
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ing to suggest that one reason why Betula has such a large number of herbivores is that it 
has a very large range throughout Eurasia and is dominent over large areas. 

Lawton and Price (1979) have already discussed the unlikelihood of equilibrium condi-
tions in the Agromyzids of Umbelliferae. If, as argued above, a good species-area relationship 
is not proof of an asymptote, there seems no good evidence in favour of evolutionary equi-
librium in any of the studies. 

Apart from the examination of specialised groups, other studies have looked at whole 
herbivore assemblages (Lavvton and Schroder 1977, Strong 1974a,b, Strong and Levin 1979, 
Neuvonen and Niemela 1981). Such studies would include herbivores subject to both chiefly 
evolutionary and ecological processes. In general the amount of variance explained for these 
studies of European plants is larger than similar studies that have looked at specialist guilds 
on the same plants. It is thus reasonable to suppose that this increased fit comes from 
ecological processes. Taxonomic isolation has also been shown to operate in these studies 
(Connor et al 1981, Neuvonen and Niemela 1981) as would be expected. As discussed in 
4.4.2, there is a special danger of systematic error inflating the species-area relationship of 
polyphagous insects. 



Chapter 5 

The Parasites of Leaf-miners and Succession 

5.1 Introduction 

Parasitism of leaf-miners by Hymenoptera as discussed in Chapter 2 is likely to be very 
important, both as a major mortality factor and as probably the single most important 
regulatory measure of population size. The pattern of the leaf-miner parasite assemblage; the 
number of species, their degree of monophagy, and their percentage incidence will have a 
large effect on the leaf-miner guild and any comparison of the leaf-miners of early and late 
successional plants should also include a study of the third trophic level. 

There are two major problems in building up a picture of the parasite community. 
Firstly, parasitic Hymenoptera are rather poorly known taxonomicly and in some groups the 
basic taxonomic research upon which any ecological studies are necessarily based has just not 
been done. Secondly, there is the logistic problem of the amount of rearing that has to be 
done before enough data is available for conclusions to be drawn. Fortunately the parasites of 
tree leaf-miners have been the subject of an extensive study by Askew and his co-workers 
(see Section 5.3) who have obtained quantitative data on a large percentage of the species in-
volved. , Askew's work was done in the north of England and to check that the community he 
describes was similar in the south, a limited amount of. rearing of tree leaf-miner parasites 
was carried out in 1980. Only a few minor differences were found (see Section 5.4) so the 
community as described by Askew was assumed to exist at Silwood. 

In contrast to tree leaf-miners, no quantitative studies of the parasites of the leaf-miners 
of herbaceous plants have been undertaken except for those dealing with a single or a few 
species of host (e.g. Dye 1977). In 1981 a parasite rearing programme was carried out with 
the aim of building up a picture of the parasites of herbaceous plants. As the majority of 
herbaceous plant miners were dipteran (See Chapter 3) and as the limited amount of rearing 
of non-dipteran herbaceous plant miners in 1980 showed them to be frequently attacked by 

cU 
taxonomicly intractable groups such as the Campoplegine Ichneumonids, it was further 
decided to concentrate on Diptera. 

Section 5.2 gives details of the selection of miners, the techniques of rearing and how 
the species of parasites were identified. Section 5.3 gives the results of the 1980 tree leaf-
miner rearing and Section 5.4 the results of the dipterous leaf-miner parasite rearings. Section 
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5.5 compares the parasite communities attacking tree leaf-miners and herbaceous plant dip-
terous miners. 

5.2 Materials and Methods 

5.2.1 Selection of miners 

1) Tree Leaf-miners. 
Askew's work, though covering all tree-miners was concentrated on the lithocoletine gracil-
larids (i.e. the genus Phyllonorycter). As the purpose of this sampling was to confirm that 
Askew's summary of parasite host associations from the north of England also applied in the 
south, most effort was put into rearing Phyllonorycter. All tree species growing in Silwood 
were checked for Phyllonorycter and collections made of the species found. Any other miner 
was collected at the same time though the large (and difficult to rear) family Nepticulidae 
was ignored as Askew gives relatively few host parasite associations. 

2) Herbaceous Diptera miners. 
Collections of miners for rearing were confined to Silwood Park to reduce the effect of 
geographical variation. Throughout the season (starting in April), at the beginning of every 
fortnight, a circular transect was walked round Silwood including all the main habitat types. 
As many species of plants as possible were examined and checked for the presence of leaf-
miners. If tenanted leaf-mines were found, then during the remainder of that week collections 
of mines were made from those plants. The second week in the cycle was normally devoted 
to quantitative sampling in the birch sites, but some further collecting was made during this 
period when time allowed. The majority of miner species found in the transect search later 
provided quantitative parasite data though some species provided no records for one of 
several reasons; 
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1) The host plant was not sufficiently common to support enough individuals of the 
miner species for sampling, e.g. Phytomyza symphyti on Symphytum officinale. 

2) Though the plant was common, the miner was rare, e.g. Liriomyza sonchi on 
Sonchus s p p . a n d L.taraxaci o n Taraxacum officinale. 

3) Some species showed a very high level of synchrony in their mining period coupled 
with a short generation time. One species in particular (Paraphytomyza hendeliana on 
Lonicera periclymeni) was largely missed as nearly all the mines were completed in the non-
sampling week. 

4) Some species failed to develop when brought into the laboratory (Pegomyia 

genupuncta from Arctium nemorosum, P.steini from Cirsium arvense and Agromyza johannae 

from Cytisus scoparius). 

I am very grateful to Dr.G.C.McGavin who reared the parasites from fern leaf-miners. 
Parasite-rearing records are given in the tables for all species as even when too few parasites 
have been reared for the data to be representative of the parasite community attacking a 
particular miner, the individual records are of some interest as so little rearing has been done 
from these groups. 

5.2.2 Rearing methods 

1) Diptera 
The collected mines were brought into the laboratory for rearing. Initially they were sorted 
and the identification of the mine checked. If two species were present and their mineforms 
were distinct then these were separated. The area of the leaf containing the mine was cut 
out, except when the size of the leaf was small enough for this to be unnecessary and the 
mines laid in the bottom of a plastic 4lunch box' container. Humidity was kept high by 
keeping the box air tight and placing a germination disc soaked in water on one side. Be-
cause of the number of mines being reared, it was not feasible to keep them individually in 
tubes though this was done occasionally when it was useful to link a particular insect with a 
particular mine. Normally there was little problem in keeping the leaf fresh enough for the 
larvae to complete their development and to pupate. Development was speeded up in the 
warmth of the laboratory. It is appreciated that this treatment may affect certain species 
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with an obligate larval diapause. 
The miner species can be divided into those that pupate internally in the leaf and those 

that quit the leaf before pupating. In the first case, the miners and their parasites normally 
hatched from the leaf fragments in the rearing box before the leaf had decomposed. If the 
leaf decomposed quickly, then the miner pupae and any ectoparasite pupae were dissected 
and placed on a germination disc in a perspex 'butter dish' container. Dissection of inter-
nally pupating mines was avoided, if possible, as pupae were damaged very easily because the 
spiracles protrude through the leaf epidermis and are easily sheared off. 

In the case of externally pupating miners, the vast majority of the species pupated on 
the walls of the rearing container and unlike most Lepidoptera did not require soil, moss or 
other pupation medium. The pupae were picked up and placed on soaked germination pads in 
'butter dish' containers. The leaves from which the larvae had emerged to pupate were 
retained as most ectoparasites pupate in the leaf. Usually all the insects and their parasites 
emerged at the same time. However occasionally, one species of parasite, or even a second 
burst of hosts and parasites, emerged considerably later. All cultures were kept for at least a 
year, and some groups such as Pegomyia will be kept for a second year, to check for late 
emergences. 

Certain species required special rearing techniques. Rumex leaves autolyse very quickly 
after picking. It was found that a good way to rear Rumex miners was not to cut up the 
leaves but to sandwich them between pieces of absorbant paper. Normally the larvae pupated 
in the folds of the absorbant paper, though in the case of the Rumex miner Pegomyia 

nigritarsis and others in the same genus, fresh leaves were given as new food as the larvae 
are able to initiate new mines. The autolysis of the leaf may cause a bias against ec-i 
toparasites in this group. This is further discussed below (Section 5.5). 

Pegomyia steini and P.genupuncta were unable to pupate in the rearing container. Some 
P.steini were reared when soil was provided but no P.genupuncta, Further study into the 
pupation requirements of these species are needed before parasite data can be obtained. This 
may account for the dearth of parasite records in the literature concerning these species. 

Pupae were overwintered from November in an outside insectary. Normally they were 
brought indoors in March. Nearly all the individuals of one species, Agromyza johannae, 

perished in this period and very few parasite records were obtained. 
Each collection of miners was given a number. This number appeared on all containers 

used for the collection and on the data labels of the parasites and hosts reared from the 
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mines. The number cross referenced to a rearing book where day to day records of emergen-
ces etc. were kept and also to a card index where the rearing records were collated under 
the headings of both the host and the parasite. 

2) Lepidoptera 
Lepidopterous miners were reared in the manner recommended by Emmet (1976, 1979). Ex-
ternally pupating species were given a mixture of sand and peat to pupate in while the inter-
nally pupating Phyllonorycter were overwintered outside in muslin bags and brought inside in 
March. Other details are as for the dipterous miners. 

5.2.3 Identification 

Appendix 3 lists the works used to identify the parasites. Wherever possible literature 
identifications have been checked against named specimens in the British Museum. Only 
when there is no doubt as to the identification of the insect is the full name given. If the 
name is most probably correct it is given in parenthesis but otherewise it is given a letter 
(i.e. sp.A). However the parasite/host associations recorded here will not be published until 
either all the species have been compared with authenticated specimens or submitted to a 
specialist for verification. Though this may seem excessive caution, many interesting biological 
phenomena have been obscured through erroneous records entering the literature (see com-
ments in Griffiths 1964). Some notes about identification are given below for each family. 

Eulophidae 
With the exception of the sub-family Tetrastichinae, recent keys exist to most species 

and fair nomenclatural stability has been obtained. The parasites of tree leaf-mining insects 
which are in large part made up of eulophids have been especially studied by Askew and his 
co-workers using biological as well as classical taxonomic criteria. Dr.Askew kindly checked 
the determinations of the difficult Chrysocharis nephereus species group. The Tetrastichinae, 
all Tetrastichus could not be identified though only a few individuals were reared. 49 species 
were encountered over the three years, most of these have been compared with specimens in 



Life-miner Parasites 228 

the BM. 

Tetracampidae 
The single species (Epiclerus panyas) was identified using Boucek (1958) and checked 

at the BM. 

Pteromalidae 
Only the subfamily Miscogasterinae were reared and these have been keyed by 

Graham (1969) though species separation is generally more difficult than in the Eulophidae. 
Identifications were checked at the BM though for some genera this was not very useful as 
only a small proportion of the British species were represented. This was particularjytrue in 
the genus Seladerma. 

Braconidae: Exothecinae 
One species (Colastes braconius) was reared. Dr.M.R.Shaw kindly checked the iden-

tification. 

Braconidae: Alysiinae 
i) Tribe, Dacnusini. This tribe, a major component of the parasites of Agromyzidae has 

recently been extensively revised by Griffiths (1964, 1966a, b, 1967, 1968a, b) who has also 
collected all early literature records and vetted them in the light of his revision. The Grif-
fiths collection is currently (September 1982) being incorporated into the national collection 
and so it has not been possible to compare the literature identifications with named 
specimens. 38 species were found 

ii) Tribe Alysiini. Apart from the few species that attack Agromyzidae, the rest of the 
tribe is in need of revision (T.Huddleston pers comm). The few (6) species encountered were 
identified using the papers listed in Appendix 2 which supplement the last treatment of the 
British Alysiini by Marshall (1885). 

Braconidae: Opiinae. 
Two genera, Biosteres and Opius were encountered. Fischer (1973) revised the 

Palaearctic fauna, giving long descriptions of each species. Unfortunately his keys are very 
brief and use characters that frequently vary within bred series or are difficult to measure 
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without error (Wharton 1977). The national collection has not been sufficiently worked on to 
be used • for identification (T.Huddleston pers. comm.). Identifications were possible in 
Biosteres and Opius subgenus Apodesia (both groups of large species, parasites of Anthom-
yiidae) but letters have had to be assigned to the many small species attacking Agromyzidae. 

Other Braconidae and Ichneumonidae 
Any icneumonoids reared from microlepidoptera were sent to Dr M.R.Shaw who kindly 

examined them. No identifications were possible for Campopleginae. 

Cynipoidea 
Two species of Eucoilidae were identified using Quinlan (1978). 

5.3 Tree leaf-miner parasites 

Table . 5.1 gives the results of rearing parasites from the different species of 
Phyllonorycter found at Silwood. The format is the same as Table 1 of Askew and Shaw 
(1974) for comparison. The trees from which the mines were taken are given in the table 
and the mine species to which these correspond are given below. 

Malus; Phyllonorycter blancardella, (genitalia checked). 
Alnus; Lower surface mines of Phyllonorycter kleemannella were collected though as 

well as 35 P.kleemannella, 1 P.froelichiella and 4 P.alnifoliella were also reared. It is thus 
not possible to definitely ascribe host records. 

Acer; Phyllonorycter geniculea from Acer pseudoplatanus (A.campestre is not found at 
Silwood but a few mines of P.platanoidella (perhaps = P.sylvella) were found on 
A.platanoides. 5 imagos and the Eulophid Chrysocharis nephereus were reared). 

Quercus 1; Mines collected from full grown trees. It is not yet possible to distinguish 
all the Phyllonorycter spp. of oak (Harper and Langmaid 1979). P.roboris, P.harrisella, 

P.heegeriella, P.quercifolia and P.messaniella all occur at Silwood. In the parasite collection, 
the majority of mines were of P.quercifolia. 
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Table 5 . 1 

Parasites reared frcm Fhyllonorycter species 

Ma A1 Ac QI Q2 Qi Fa Cr Ca Sa Ul So Lo 

Elacertus inunctus 1 3 5 
Cirrospilus diallus 1 5 2 
Cirrospilus lyncus 5 8 1 1 
Sympiesis sericeicornis 4 2 14 1 5 5 2 3 1 5 
Sympiesis grahami . 6 
Sympiesis gordius 3 1 
Pnigalio pectinicornis 6 8 3 24 1 2 8 
Pnigalio longulus 
Pediobius alcaus 1 8 15 
Pediobius saulius 1 
Chrysocharis lacmedon 8 2 5 4 
Chrysocharis nephereues 3 4 3 6 6 2 5 2 
Chrysocharis phyrne 24 
Chrysocharis gonna 18 
Achrysocharoides cilia 5 
Achrysocharoides aceriana 14 
Achrysocharoides latreilla 4 
Achrysocharoides splendens 8 
Achrysocharoides zv»oelferi 28 
Achrysocharoides niveipes 
Achrysocharoides atys 12 8 15 6 
Achrysocharoides carpini 8 
Achrysocharoides sp.A 4 
Clostercera trifasciatus 1 
Tetrastichus sp. 1 1 
Oolastes braconius 5 5 28 4 . 8 1 
Apanteles circunscriptus 5 24 
Encrateola laevigata 3 
Scanibus annulatus 1 

Hosts 35 35 3 5 12 84 14 24 5 44 24 46 78 

Key 
The Phyllonorycter species found on each host plant are given in the text. 

Ma - Malus Cr - Crataegus 
A1 - Alnus Ca - Carpinus 
Ac - Acer Sa - Salix 
Ql - Quercus 1 Ul - Ulmus 
Q2 - Quercus 2 So - Sorbus 
Qi - Quercus ilex Lo - Lonicerae 
Fa - Fagus Be - Betula 
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Quercus 2; A collection of Phyllonorycter lautella mines, a species in large part con-
fined to seedling oaks. 

Q.ilex; Phyllonorycter messaniella, spring generation. 
Fagus; Phylllonorycter maestingella. The mines of P.messaniella were found infrequently 

on this host. * 
Crataegus; Phyllonorycter oxycanthae 
Carpinus; The uppersurface mines of Phyllonorycter quinnata were collected. P.tenella 

and P.messaniella are both found at Silwood mining the lower surface though both are un-
common. 

Salix; Phyllonorycter salicicolella. 44 P.salicicolella were reared from S.caprea and 
S.cinerea though two individuals of P.viminiella, not normally associated with these sallow 
species, also emerged. 

Ulmus; Phyllonorycter schreberella. P.tristrigella also occurs at Silwood thogh less com-
monly. 

Lonicera; Phyllonoryctor trifasciella. P.emberizipennella was also found infrequently at 
Silwood. 

Betula; Phyllonorycter ulmifoliella. Birch Phyllonorycter species are discussed in Section 

In addition, the following parasites were reared from miners on Betula collected during 
the timed search sampling. 

3.4. 

Eriocrania sp. 1 Scambus {annulatus) 
10 Chrysocharis nephereus 
2 C.gemma 

28 Pnigalio longulus 
Coleophora serratella 
Coleophora ibipennella 
Parornix betulae 

1 G.areator 
1 Gellis areator 

3 Elachertus inunctus 
2 Sympiesis serjceicornis 
6 Apanteles xanthostigmus 
3 Rhysipolis hariolator 

Ectoedemia argentipedella 4 Chrysocharis nephereus 
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3 Cirrospilus vittatus 

In t he main p a r t , the p a r a s i t e / h o s t associa t ions recorded here a re 
those that would be expected from Askew's work and the assumption that his community, 
worked out in the north of England, is similar in the south appears justified. The minor dif-
ferences found are discussed below. 

For each host plant, Askew records more species of parasites than those found here. 
This is a function of the huge number of parasites reared from each host, frequently over a 
thousand. The parasites recorded here are generally those that were the most frequently 
reared by Askew. 

Askew found Phyllonorycter lautella from Quercus rare and was not able to make a 
specific parasite list from this host. The data here shows Chrysocharis phryne to be the most 
common parasite. Askew found this parasite to be common on P.sorbi on Sorbus aucupariae 
but to be otherwise rare. It does show a preference for low growing plants, Askew recorded 
it as commoner on P.maestingella mining hedges than full grown trees. The preference of 
P.lautella for Quercus seedlings from which this collection was made may explain why it was 
attacked by this species. (Also 8 parasites, sent to me by Philip Stirling, bred from the rare 
P.insignitella in the Outer Hebrides from Trifolium were C.phryne). The unidentified 
Achrysocharoides sp A corresponds exactly to the 'Achrysocharoides forms near 
splendens/cilla: Form B' described by Bryan (1980). She obtained a large number of this 
form from P.lautella in Avon. 

8 specimens of Achrysocharoides atys were reared from Phyllonorycter on Alnus. This 
is not one of the usual hosts for this species; Roseaceous trees and shrubs, but the specimens 
correspond exactly with the description of A.atys and appear indistinguishable from A.atys 
reared from Roseacea. (The culture was also checked to make sure no Roseaceous tree leaves 
had been included in error). Askew's Alnus Phyllonorycter species were chiefly P.froelichiella 
and P.alnifoliella whilst P.kleemannella was the most common in this collection which might 
possibly be significant. Further collections from the same trees will be made to see if more 
individuals are reared. 

Askew records two chalcid parasits from P.messaniella on Quercus ilex, the same two 
were found here. One of these, Chrysocharis gemma is also found attacking Phytomyza ilicis 
on Ilex and Leucoptera spartifoliella on Cytisus (Askew and Boucek 1968). All three share 
the characteristic of being miners of tough leaves or stems. It is thus surprising that two 
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parasites were reared from Eriocrania sp. on Betula. One was reared from Phytomyza nigra 
on Holcus lanatus and a singleton also from Stigmella aurella on Rubus fruticosus sp. ag.. 
Though it is possible that a second species is being confused, this seems unlikely as C.gemma 
is probably the most distinctive of all the chalcids encountered her. The potential host range 
of this species seems wider than previously supposed. Carpinus was not included in the tree 
species studied by Askew though subsequently Bryan (1980) has reared many hundred 
parasites from this tree and described the specific Achrysocharoides carpini from P.quinnata. 
Interestingly this is a predominently thelytokous species. Askew also reared only a few 
specimens of Phyllonorycter trifasciella on Lonicera. This species is the only Phyllonorycter 
whose parasites are dominated by Braconids as opposed to Eulophids. 

The males of Sympiesis ser.Jceicornis (and its sibling species S.grahami) are unusual in 
not having pectinate antennae, the other male chalcids in their genus and in most related 
genera, possessing them. In 8 cases males were found with small protuberances where pectin-
nae would be expected in other species. Askew (pers comm) says that he has come across 
this before in S.se^iceicornis but only extremely rarely. This characteristic seems to be par-
ticularly common in the Silwood population. 
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5.4 Dipterous Leaf-miners of Herbaceous Plants 

The results of the rearing programme of dipterous leaf-miners are summarised in three 
tables. Table 5.2 gives the parasites reared from agromyzids except those from hosts in the 
genus Phytomyza which appear in Table 5.3. Non-agromyzid hosts are listed with their 
parasites in Table 5.4. The host-plants of the leaf-miners are listed in Table 5.5. Because 
many of the species of parasites are poorly known and literature host records rather confus-
ing, the discussion of individual parasite species makes rather stolid reading and is put in an 
appendix (Appendix 5). 



s 
A.ab Agromyza alnibetulae 
A.al Agromyza alnivora 
A.an Agromyza anthracina 
A.fe Agromyza ferruginosa 
A.fr Agromyza frontella 
A.jo Agromyza johannae 
A.na Agromyza nana 
A.pp Agromyza pseudoreptans 
A.rf Agromyza pseudorufipes 
A.sp Agromyza potentillae ( = spirae) 
(Dc) Agromyza lucida & Cerodontha pygmaea 
C.ir Cerodontha ireos 
A.fl Amauromyza flavifrons 
A.la Amauromyza labiatarum 
A.ve Amauromyza verbasci 
L.pu Liriomyza pusilla 
L.ta Liriomyza taraxaci 
L.so Liriomyza sonchi 
P.me Phytoliriomyza melampygs 



Table 5.2 

Parasites reared Iran Agramyzidae (except Pnytcniyza) 

A.ab A.al A.an A,fe A.fr A. jo A.na A.pp A.rf A.sp (Dc) C.ir A.fl A.la A.ve L,.pu L.ta L..so P.me 

Pnigalio soemius 1 
Hemiptarsanus unguicellus 1 3 
Diglyphus isaea 2 
Pediobius acantha 16 
Chrysocharis polyzo ^ 
Chrysocharis naenia 14 
Chrysocharis lirianyzae 5 
Chrysocharis amyite 1 
Chrysocharis pentheus 1 
Tetrastichus sp.B 6 
Seladerma tarsale 1 
Miscogaster maculatus 1 
Miscogaster rufipes 11 5 
Miscogaster elegans 26 
Stichtomischus sp.A 2 
Stichtcmi schus sp B 2 
Dapsilarthra balteata 7 2 14 
Dapsilarthra rufiventris 1 
Exotela jhryne . 1 
Exotela hera 18 
Exotela fLavicoxa 1 

Exotela lonicerae 
Eacnusa abdita 6 
Eacnusa evadne 7 
Chorebus daimenes 2 
Chorebus flavipes H 
Chorebus tribolymyzae 34 
Chorebus credne 12 
Chorebus lateralis 27 17 
Chorebus misellus 2 
Chorebus cinctus 7 
Chorebus asramenes & 
Chorebus deione - 4 
Chorebus sp.B 3 
Cpius polyzonius 3 
Cpius sp.A 49 
Opius sp.B 1 
Cpius sp.C . 1 2 
Opius sp.D 2 
Cpius sp.E - 1 
Cpius sp.F 1 
Cpius sp.G 2 
Cpius sp.H 3 
Cpius sp.J 2 8 
Opius sp.L 34 
Cpius sp.0 2 
Colastes braconius 2 1 1 

Hosts 2 1 43 4 35 3 4 15 45 5 8 9 3 5 0 3 0 7 38 
to U> LH 



1 P.angelicae 
2 P.angelicastri 
3 P.aquilegia 
4 P.artemesivora 
5 P.chaerophylli 
6 P.cirsii 
7 P.crassiseta 
8 P.glechomae 
9 P.harlemensis 
10 P.(horticola) 
11 P.ilicis 
12 P.minuscula 
13 P.myosotica 
14 P.plantaginis 
15 P.primulae 
16 P.ranunculi 
17 P.spinaciae 
18 P.symphyti 
19 P.syngenesiae 
20 P.nigra 
21 P.nigra/milii 
22 P.milii 



Table 5 . 3 
Parasites reared fran Eftytanyza 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15.16 17 18 19 20 21 22 

Haniptarsanus unguicellus 1 2 12 4 12 11 2 5 2 
H.fulvicollis . 3 10 
Diglyphus isaea 2 (6) 1 4 17 16 38 
D.poppoe 2 2 
Pnigalio aoeraius 1 ^ 2 

Cirrospilus vittatus 
Chrysocharis germa 28 

1 2 

C.naenia 1 4 1 5 2 
C.melaenis 1 2 5 1 3 2 
G.arayite 1 
C.pubicornis 8 5 8 15 33 5 
C.pentheus I 4 

Pediobius acantha 16 4 6 18 4 
EJpiclerus panyas 7 2 4 
Sphegigaster pallicomis 4 2 
Cyrtogaster vulgaris 1 5 
Miscogaster maculatus 1 39 1 5 
Seladerma (tarsale) 3 J 43 
Seladerma (diffine) 3 9 

Seladerma sp.A 5 
Dapsilarthra rufiventris 2 2 11 2 
Exotela flavicoxa 9 
E.cyclogaster 8 7 
E.spinifer 31 
E.gilvipes 1 
Dacnusa laevipectus 22 2 513 
D.maculipes ' 5 14 1 92 2 6 14 1 
D. areolaris 4 38 35 80 5 
D.plantaginis 15 
D. discolor 75 
D.adducta 2 1 

D. macro spi la 3 
D. (tarsalis) 3 
D. sp.A 1 
Chorebus alecto 1 
C.amasis 22 
C.aphantus 1 10 1 
C.sylvestris 91 
C.armida 5 \ 
C.kaita 2 

C. sp.A 16 
Cpius sp.D 2 
O. sp.E 5 

0. sp.I 2 

0. sp.K 46 
O. sp.M 19 
O. sp.N 255 

Colastes braconius 13 9 10 4 1 24 29 

Flies 124 11 0 1 255 35 35 7 50 4 3 3 1 28 78 420 88 6 240 140 - 250 

to GJ G\ 



Table 5.4 

Parasites reared frau Diptera except Agrcrnyzidae. 

P.n P.A P.s P.d C.b C.h C.p E.h T.z T.a S.g S.f 

104 Biosteres carbonarius 
B.wiesmielli 
Cpius rufipes 
O.ruficeps 
O.ocellatus 
Cpius sp.P 

Dapsilarthra (florimela) 
D.dictynna 
D.apii 
Phaenocarpa (conspurcator) 
Dacnusa temula 
Colastes braconius 

Halticcptera pate11ana 
H.smaragdina 
Xestomnaster chrysochlorus 
(Skeloceras truncatun) 
Lamprotatus picinervis 
Seladerma sp.B 

Trybliographa gracillime 
T.cilliaris 

68 
2 

73 

27 
4 

52 

31 

47 

58 71 

24 

Flies 117 21 11 95 45 6 125 

P.n Peganyia nigritarsis 
P.s Peganyia setaria 
C.b Chirosia betuleti 
C.p Chirosia parvicornis 
T.z Trypeta zoe 
S.g Scaptcmyza graminun 

P.A Peganyia sp.A 
P.d Peganyia dulcamaria 
C.h Chirosia histricina 
E.h Euleia heraclei 
T.a Trypeta artemesivora 
S.f Scaptcmyza flava 

fO u; O 



Table 5 . 5 

Host-plant List of Leaf-miners Iran Which Parasites were Reared. 

Ehytomyza angelicae Angelica sylvestris 
Phytcmyza angelicastri Angelica sylvestris 
Phytcmyza aquilegiae Aquilegia var. 
Ehytomyza artemesivora Artemesia vulgaris 
Riytorayza chaerqphylli Gonopodium ma jus 
Anthriscus sylvestris Anthriscus sylvestris 
Cbnopodiun ma jus Heracleum sphondylium 
Riytcntyza cirsii Cirsium arvense 

Cirsiun palustre 
Fhytcmyza crassiseta Veronica chamaedrys 
Ehytcmyza glechcmae Glechcma hederacea 
Ehytcmyza lonicerae Lonicera periclymeni 
Riytomyza horticola Papaver dubium 
Ehytomyza ilicis Ilex aquilifolium 
Riytcmyza minuscula Aquilegia var. 
Ehytamyza myostica Myosotis sylvestris 
Phytomyza plantaginis Plantago lanceolata 
Fhytamyza primulae Primula *polyanther' 

Primula vulgaris 
Phytcmyza ranunculi Ranunculis acris 

Ranunculus repens 
Ranunculus ficaria 
Ranunculus flamnula 

Riytcmyza spinaciae Cirsium arvense 
Riytomyza symphyti Symphytum officinale 
Hiytcmyza syngenesiae Sonchus asper 

Sonchus oleraceus 
Sonchus arvensis 
Senecio jaccibaea 
Senecio vulgaris 
Solidago virgaerea 
Galinsoga parviflora 
Achillea millefoliim 

Riytomyza nigra Holcus lanatus 
Arrhenathrun elatius 
Alopecurua prat ens is 
Anthoxanthim odoratum 
Festuca rubra 

1 Brcmus hordeaceus 
Ehytcmyza milii Holcus lanatus 

Foa trivialis 
Bromus hordeaceus 

Agromyza alnibetulae Betula pendula 
Betula pubescens 

Agranyza alnivora Alnus glutinosae 
Agrcmyza anthracina Urtica dioica 
Agrcmyza ferruginosa Symphytum officinale 
Agromyza frontella Medicago lupulina 

Medicago sativa 
Agromyza johannae Cytisus scoparius 
Agromyza nana Trifolium repens 

Trifbliun dubium / 



Agrcmyza pseudoreptans 
Agrcmyza pseudorufipes 
Agrcmyza spirae 
Agrcmyza lucida 
Cerodontha pygmeae 
Cerodontha deschampsiae 
Cerodontha ireos 
Amauranyza flavifrons 

Amauranyza labiatarun 

Anaurartyza verbasci 
Liriomya pusilla 
Liriomyza taraxaci 
Lirianyza sonchi 

Paraphytcmyza cornigera 
Phytol iriomyza melampyga 
Pegcrnyia nigritarsus 

PegcnryLa interruptella 
Peganyia sp. 
Chirosia histricina 
Chirosia parvicornis 
Chirosia betuleti 
Euleia heraclei 

Euleia cognata 
Trypeta zoe 
Trypeta artemesiae 
Scapbomyza flava 

Scaptcnyza graminum 

Urtica dioica 
Myosotis scorpiodes 
Filipendala vulgaris 
Deschampsia cespitosa 
Deschampsia cespitosa 
Deschampsia cespitosa 
Iris pseudocorus 
Silene alba 
Lychnis coronaria 
Lamium album 
Stachys sylvatica 
Ajuga reptans 
Teucrium scorodona 
Scropularia nodosa 
Bellis perennis 
Taraxacum officinale 
Sonchus asper 
Sonchus arvensis 
Lonicera periclymeni 
Inpatiens parviflora 
Rumex obtusifolius 
Rumex crispus 
Rumex acetosa 
Rumex acetosella 
Solanun dulcamara 
Chenopodion album 
Pteridiun aquilinun 
Pteridiun aquilinum 
Dryopteris felix-mas 
Heracleun sphondylium 
Angelica sylvestris 
Tussilago farfara 
Senecio vulgaris 
Artemesia vulgaris 
Sonchus asper 
Raphanus raphani strum 
Stellaria alsine 
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5.5 Discussion 

5.5.1 The taxonomic distribution of the parasites 

The taxonomic distribution of the parasites reared from dipterous leaf-miners is as fol-
lows; 

Braconidae Exothecinae * 1 

Alysiinae 41 

Opiinae 20 

Eulophidae Elachertinae * 1 

Eulophinae * 5 

Entedontinae 9 

Tetrastichinae 1 

Pteromalidae Miscogasterinae 15 

Tetracampidae Tetracampinae 1 

Eucoilidae Eucoilinae 2 

An asterix marks an ectoparasitic taxa. 

When compared with the community of parasites attacking the miners 
of trees, this assemblage is very much dominated by Braconidae. Apart from the single 

i 
Exothecinae; Colastes braconius, which is abundant in both communities and a few other 
Braconidae and Ichneumonidae discussed by Shaw and Askew (1976), the tree miner 
parasites are all chalcids, the majority of them Eulophidae (Askew and Shaw 1974). To a 
certain extent the taxonomic differences in the parasites will reflect the underlying taxonomic 
differences in the hosts. The Alysiinae and the Opiinae are two large groups almost ex-
clusively restricted to parasitising cyclorraphous Diptera and have undergone a wide radiation 
on these hosts. The Miscogasterinae are pteromalids similarly restricted to Diptera as are two 
of the smaller groups found here; the Tetracampidae and the Eucoilidae. The Eulophidae on 
the other hand, attack all four orders of mining insects and frequently, in the same genus, 
different species can be found attacking all four orders as well as species restricted to one 
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(e.g. Chrysocharis and Pnigalio). 

5.5.2 Host Specialization 

There are two questions here; what proportion of the species are specialists and 
generalists and what are the selective forces which brought about this distribution and 
secondly, what are the characters linking together hosts that share parasites in common. The 
effect of four factors on these questions; host taxonomy, host plant effects, host behavoiur 
and habitat, are examined below. 

a) Host taxonomy 
The most obvious factor that will influence the range of hosts attacked by a parasite 

will be their taxonomic similarity. By definition, the host is an inimical environment for the 
parasite and the parasite will require certain adaptations to allow it to survive and feed on 
the host. Closely related parasites will be similar in their host defences, nutritive quality etc. 
and a parasite adapted to one will be quite likely to be able to feed on the other. The more 
distantly they are related, the greater the behavioural and physiological plasticity that will be 
demanded of a parasite and the less likely its chances of surviving on both hosts. This argu-
ment will be expected to be more forceful for endoparasites which are in very intimate con-
tact with their hosts. 

In Table 5.6 the parasites reared during this study are classified by the smallest 
taxonomic unit that embraces all their hosts. A few species attack hosts in several orders 
though none is restricted to a single order without being further restricted to a single family. 
Beneath family level, a species may be restricted to genus, species group or species. The 
species group category contains an element of arbitariness as few Diptera have been formally 
divided at subgeneric level. The data for Table 5.6 come chiefly from the rearing programme 
though the literature has also been checked to see if any species has been mis-categorised 
through biased host rearing. Because of the absence of literature for the lettered Opius 
species these, and a few other problematic species, have been omitted to prevent bias. 
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Table 5 . 6 

Host Specificity of Parasites reared fron Dipterous Leaf-miners 

Category 1; Attacking several orders of miners. 
Category 2; Hosts restricted to one family. 
Category 3; Hosts restricted to one genus. 
Category 4? Hosts restricted to one species-group. 
Category 5; Parasite species-specific. 

Category 1 Dapsilarthra dictynna 
Golastes braconius Skeloceras truncatum 
Cirrospilus vittatus 
Chrysocharis gerrma Category 4 
Chrysocharis pentheus Seladerma (diffine) 

Dacnusa areolaris 
Category 2 Dacnusa tarsalis 
Hemiptarsanus unguicellus Chorebus aphantus 
Diglyphus isaea Chorebus sylvestris 
Chrysocharis naenia Chorebus armida 
Chrysocharis amyite Miscogaster rufipes 
Pediobius acantha Miscogaster elegans 
Cyrtogaster vulgaris Exotela hera 
Miscogaster maculatus Dacnusa abdita 
Dapsilarthra rufiventris Chorebus lateralis 
Exotela flavicoxa Halticoptera patellana 
Dacnusa maculipes 
Dacnusa adducta Category 5 
Dapsilarthra balteata Exotela gilvipes 
Chrysocharis liriomyzae Dacnusa plantaginis 
Chorebus misellus Exotela spinifer 
Cjpius polyzonius Dacnusa discolor 
Seladerma (tarsale) Dacnusa macrospila 

> Chorebus amasis 
Category 3 Chorebus kama 
Hemiptarsanus fulvicollis ChordDus sp A 
Diglyphus poppoe Exotela phryne 
Chrysocharis melaenis Exotela lonicerae 
Chrysocharis pubicornis Dacnusa evadne 
Epiclerus panyas Chorebus flavipes 
Sphegigaster flavicornis Chorebus credne 
Exotela cyclogaster Chorebus cinctus 
Dacnusa laevipectus Chorebus asramenes 
Chorebus alec to ChordDus deione 
Chrysocharis polyzo Opius ocellatus 
Chorebus daimenes Dapsilarthra apii 
Chorebus tribolymyzae Dacnusa temula 
Biosteres carbonarius Xestomnaster chrysochlorus 
Biosteres wiesmielli Lamprotatus picinervis 
Qpius rufipes Trybliographa gracillime 
Opius ruficeps Trybliographa cilliaris 
Dapsilarthra (florimela) 



Life-miner Parasites 243 

The data from Table 5.6 has been summarised below. 

Host Specificity Category; 1 2 3 4 5 

Braconidae Ectoparasite 1 
Braconidae Endoparasite 7 11 8 19 

Eulophidae Ectoparasite 1 2 2 
Eulophidae Endoparasite 2 4 3 

Pteromalidae Endoparasite 3 2 4 1 

Tetracampidae Endoparasite 1 
Eucoilidae Endoparasite 2 

T h e e x p e c t e d d i f f e r e n c e b e t w e e n t h e h o s t s p e c i f i c i t y of e n -
doparasites and ectoparasites does in fact occur. The one ectoparasitic braconid is the 
only braconid to attack more than one order while no ectoparasitic eulophid is further restric-
ted than at the generic level. Within the endoparasites, some groups are more specialised 
than others. The endoparasitic eulophids have host ranges similar to the ectoparasites in the 
same family while the pteromalids tend to be more specialised and the braconids even more 
so with a large proportion of species restricted to one or a few closely related species. 

The host distributions found by Askew and Shaw (1974) for the same taxa attacking 
tree miners were very similar. As the community was dominated by the the relatively 
polyphagous Eulophidae, the level of host generalism was higher than the present community. 

bj Host-plant Effects 
Though all the hosts of a parasite may be confined to a single genus, it is rare for all 

the members of that genus to be attacked so Table 4.6 can give a misleading impression of 
polyphagy. Frequently the host range of a parasite can be better described in terms of the 
host-plant taxonomy than the taxonomy of the hosts. Examples of this are given below. 
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Parasite Host/Host restriction 

Halticoptera patellana 
Chrysocharis polyzo 
Exotela hera 
Dacnusa abdita 
Chorebus lateralis 
Opius sp.C 
Exotela cyclogaster 
Dacnusa areolaris 
Dacnusa adducta 
Chorebus aphantus 
Chorebus sylvestris 

Chirosia / Filicopsida 
Agromyzidae / Monocotyledons 
Agromyza / Urtica 
Agromyza / Urtica 
Agromyza / Urtica 
Agromyza / Urtica 
Phytomyza / Compositae and Umbelliferae 
Phytomyza / Graminea^and Compositae 
Agromyzidae / Gramineae 
Phytomyza (Agromyzidae?) / Graminea 
Phytomyza / Lonicera 

Problems arise when different hosts on the same plant are related and it is then dif-
ficult to know if the parasites are responding to taxonomicly similar hosts or hosts sharing 
the same food-plant. In three cases, two species of agromyzid in the same genus were reared 
from the same host in sufficient numbers to compare the composition of their parasite fauna; 

i- Agromyza anthracina and A.pseudoreptans on Urtica dioica. 
Parasite fauna very similar; five parasites were reared and all but one, Miscogaster rufipes, 
were reared from both hosts in approximately equal numbers. 

Q 

ii- Phytomyza milii and P.nigra on Graminae, mostly Holcus lanatus. 
The mine anid larvae are very difficult to distinguish and ectoparasites could not be placed to 
host species. The pupae, however, are distinct and the endoparasites of the two species were 
qualitatively very similar though one species {Dacnusa areolaris) was found more commonly 
on P.nigra and another (Seladerma tarsale) more commonly on P.milii. 

iii- Phytomyza spinaciae and P.cirsii on Cirsium arvense. 
These species shared no parasites in common. One reason for this is host behaviour; 
P.spinaciae pupates in the mine while P.cirsii is an external pupating species. This is discus-
sed further below. 

Another way in which host-plant effects can influence the parasite community is if the 
same host on different plant species is attacked by different parasites. In leaf-miners this will 
happen relatively infrequently because of the high level of host specificity but in this study 
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two species were reared from different hosts in large enough numbers for such an effect to 
become apparent. The rearing records are given in Table 5.7. In the first example: 
Phytomyza syngenesiae on Sonchus asper and Senecio jacobaea, there is a large difference in 
the percentage parasitism (9% and 75% respectively). Seven species of parasite were reared 
from S.jacobaea while only two from S.asper though this difference is probably only a func-
tion of the rarity of parasites on the latter host. Part of the explanation for this difference 
may come from the different habitats of the two plant species. Sonchus asper grew in 
recently cleared ground and in the first year site of the succession experiment. S.jacobaea is 
more a plant of mature grassland. This would be a type of habitat selection by parasites 
which is further discussed below. It would be interesting to do a controlled experiment to 
test this, putting out the same species of plant with unparasitised miners in different habitats 
to look for qualitative and quantitative differences in the rate of parasitism. (An experiment 
along these lines using P.syngenesiae on Marigold had to abandoned due to a plant disease.) 

Unlike the first case, the two host-plants of Pegomyia nigritarsis grew close together 
and were also more closely related taxonomicly. The distribution of the three common 
braconids attacking this species was thus perhaps more surprising. While Biosteres 
carbonarius attacks mines on both species of hostplant, Dapsilarthra (florimela) was only 
reared from R.obtusifolius and Opius rufipes only from R.crispus (with the exception of a 
single individual on the other plant). It seems that each species only searches host-plants of 
one species though an alternative explanation is that two host species are involved. The latter 
explanation is thought unlikely, even considering how poorly the Anthomyiidae are known 
from a taxonomic viewpoint. N o differences could be found in the genitalia of male flies 
bred from the two host-plants though some behavioural differences in oviposition strategies 
were observed. P.nigritarsis, like many Pegomyia, lays its eggs in neat rows, the larvae from 
which make a communial mine. The modal egg batch size on the large-leaved R.obtisifolius 
was 3-5, on the slightly smaller leaved R.crispus; 3, and on the much smaller leaved 
R.acetosa and R.acetosella', 95% of the eggs were laid singly (only a few parasites have as 
yet been bred from the latter two host-plants). The biology of the Rumex mining Pegomyia 
and their parasites appears to offer good opportunities for further research. 
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Table 5.1 

Parasites of Hosts reared from two Host-plants 

a) Phytanyza syngenesiae 

Hosts 
Dacnusa areolaris 
Diglyphus isaea 
Chrysocharis melaenis 
Chrysocharis naenia 
Chrysocharis pubicornis 
Seladerma tarsale 
Golastes braconius 

Sonchus asper 
221 
17 
0 
0 
0 
0 
O 
5 

Senecio jacobaea 
15 
20 
2 
2 
1 
2 
3 
14 

b) Peganyia nigritarsis 

Rumex crispus Rumex obtusifolius 
Opius rufipes 33 1 
Cpius ruficeps 1 0 
Dapsilarthra (florimela) 0 47 
Biosteres carbonarius 21 35 
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c) Host behaviour 
Some evidence was found of parasites attacking hosts that shared behavioural characters 

that cut across host taxonomic and host-plant divisions. Most agromyzids pupate outside the 
mine but quite a few pupate within the leaf in the mine. One group of parasites; Pediobius 
acantha, Chrysocharis pubicornis, Epiclerus panyas and Cyrtogaster vulgaris were only bred 
from internally-pupating hosts. The majority of these hosts were species of Phytomyza, though 
not all closely related within this large genus. Internal pupation is less common in non-
Phytomyza Agromyzids, though the only host outside Phytomyza that Pediobius acantha was 
reared from was the internally-pupating Cerodontha ireos. It should be mentioned that this 
division breaks down if literature records are included (e.g. Boucek and Askew 1968). 
However, such catalogues as Boucek and Askew (1968) cover whole zoological regions (it is 
possible that parasite behaviour varies geographically) and also includes old literature records, 
the specimens upon which they were based not being seen by the authors. 

A second example of a behavioural characteristic was given by Askew and Shaw 
(1974). Chrysocharis gemma attacks taxonomicly very different hosts on plants that share the 
characteristic of tough leaves. In Section 5.3, some exceptions to this rule were discussed. 
C.gemma was found attacking Phyllonorycter messaniella on Quercus ilex and Phytomyza 
ilicis on Ilex. A second parasite of P.ilicis, previously its only known host, is Sphegigaster 
pallicornis (=flavicornis). S.pallicornis was also reared from Phytomyza spinaciae on Cirsium 
arvense. Here again the two hosts share the characteristic of having a host plant with tough 
leaves. 

d) Habitat Differences 
There was suggestive evidence that some of the polyphagous parasites attacked miners 

found in a particular habitat. Diglyphus iseae and Dacnusa maculipes were found most com-
monly on hosts such as Phytomyza nigra, P.milii, P.ranunculi and P.plantaginis which have 
host-plants that grow in grassland and were not found on leaf-miners of woodland plants. It is 
likely that further rearing will reveal more differences as it needs a very large number of 
specimens to remove the effects of the other host selection factors discussed above. Records 
were kept of the different habitats from which collections of the same species of leaf-miner 
were made. No significant correlations between habitat and parasite fauna composition were 
found, though this was chiefly due to the parasite fauna of most host species being 
dominated by specialists which attacked the host wherever it was found. 
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5.5.2 The level of parasitism. 

Table 5.8 summarises the number of parasites found in the 23 species from which most 
parasites were reared (the criterion used was the same as Askew and Shaw (1974); at least 
40 parasites reared). Fig. 5.1a shows the distribution of the percentage parasitism. The 
average is 70% and all but three species had over 50% parasitism. The percentage parasitism, 
as used here, is the ratio of parasites reared to the total numbers of hosts plus parasites 
emerging. This is not quite the same as the proportion of larval mortality attributable to 
parasitism which could only be ascertained through extensive sampling of different aged 
mines. The actual larval mortality caused by parasites will be increased by host feeding 
which is very common in Eulophidae and also in some Pteromalidae (Askew and Shaw 
1979b). Host-feeding was estimated in two collections; 10% of mines of Phytomyza ranunculi 
of which 58% produced parasites had dead larvae with the appearence of being host fed 
(n=246) while only 3% of Agromyza anthracina mines, 53% of which produced parasites, 
were host fed (n=94) . Host-feeding will be strongly influenced by the taxonomic composition 
of the parasite fauna. In the case of leaf-miners, it is likely to be more important in tree-
feeders where Eulophidae are dominant. 

Possible explanations can be given for the low level of parasitism in the few cases on 
the left hand side of Figure 5.1a. P.syngenesiae was discussed in Section 5.5.1b, while 
P.chaerophylli is a species which mines early in the year. It seems that hosts can gain some 
protection by mining in early spring. While the first generation of P.ranunculi in January and 
Febuary has only 24% parasitism (n=116) , the May - June generation has 69% (n=973) . 
Not included in Table 5.8 is Scaptomyza graminum which mines in April. 125 flies and no 
parasites were reared from this species. It is also interesting to note that the few parasites 
reared from mines in early spring are all relatively polyphagous. The third species with under 
50% parasitism is Phytomyza milii/nigra. Why this was so is not known though other collec-
tions of grass-feeding agromyzids would be interesting to see if parasitism is influenced by 
plant growth form. A very low rate of parasitism was also found in Phytoliriomyza 
melampyga, 38 flies were reared but only a single parasite; the polyphagous Colastes 
braconius. P.melampyga feeds in the south of England only on introduced Impatiens sp. 
(I.capensis in Silwood). It is possible that British parasites have not yet evolved to search 
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Table 5 . 8 

Table of the 23 Hosts fran Which most Parasites were reared 

Host species P H % S B 1 2 3 4 5 0 

1 Peganyia nigritarsis 283 117 .71 8 .37 1 0 * 5 0 1 0 
2 P.dulcamarae 52 9 .85 1 1.00 0 0 * 1 0 0 0 
3 Chirosia histricina 106 4 .96 3 .55 0 0 0 * 1 0 0 
4 C.parvicornis 71 11 .87 1 1.00 0 0 0 * 1 0 0 
5 Agromyza anthracina 74 43 .63 5 .36 0 0 0 * 5 0 0 
6 A.pseudorufipes 90 45 .67 6 .54 0 0 1 1 2 * 2 
7 (Deschampsia cespitosa) 40 5 .89 10 .35 0 * 4 0 0 2 4 
8 Cerodontha iraeos 97 9 .91 5 .68 1 1 * 1 1 1 0 
9 Amaurcmyza flavifrons 45 3 .95 3 .76 1 0 0 0 0 * 2 
10 A.labiatarun 40 5 .89 4 .85 0 3 * 1 0 0 0 
11 Phytcmyza angelicae 265 124 .68 3 .96 0 1 0 1 0 * 1 
12 P.chaerophylli 81 255 .24 7 .48 0 • 4 2 1 0 0 
13 P.cirsii 55 35 .61 5 .56 0 2 0 0 * 3 0 
14 P.crassiseta 42 35 .54 6 .52 0 3 0 2 * 1 0 
15 P.lonicerae 134 50 .73 6 .68 1 2 1 * 1 0 1 
16 P.ilicis 44 4 .94 4 .64 * 1 1 1 1 0 0 
17 P.minuscula 50 3 .94 2 .92 1 0 0 0 0 * 1 
18 P.plantaginis 77 28 .73 9 .19 0 4 1 0 * 1 0 
19 P.primulae 103 78 .57 7 .73 1 4 1 0 * 1 0 
20 P.ranunculi 669 420 .61 13 .77 1 5 * 3 0 3 1 
21 P.spinaciae 111 88 .56 12 .35 2 6 2 * 1 0 0 
22 P.syngenesiae 95 240 .28 8 .40 1 3 3 * 1 0 0 
23 P.nigra/milii 197 390 .34 15 .41 3 8 2 * 1 0 o 

Key 
P Number of parasites 
H Number of hosts 
% P/(HfP) 
S Number of parasites species 
B Berger Parker Index (see text) 
1 Number of parasites in host specificity category 1 

of Table 5.6 
2 Category 2 
3 Category 3 
4 Category 4 
5 Category 5 
0 Number of Opius sp., not included in Table 5.6 
* Category in which most abundant parasite occurs 
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this novel host-plant. 
Fig. 5.1b shows the number of parasite species attacking each of the 23 miner species 

in Table 5.8. The average number is 6.2 (5.6 if numbers 7 and 23, categories that include 
two hosts, are omitted). A Berger Parker Dominance Index was calculated for each case 
(defined as the ratio of the commonest, to the sum of all, parasites) and this is plotted in 
Fig. 5.2. No particular pattern emerges as to species dominance, values typically ranging 
from .3 to 1.0 with a mean of .61. When the values of the Berger Parker Index are regres-
sed against parasite number the correlation coefficient is -0.1, so there is effectively no 
relationship between number of species and dominance. In columns 6 to 11 of Table 5.8, the 
number of parasites in each host specialization category (Table 5.6) are given. In 12 cases 
(63%), the commonest species is in the most specialized category attacking that particular 
host. The Opius species were excluded from this calculation, but if the high degree of 
monophagy suggested here is correct this will reinforce the trend. Askew and Shaw (1974) 
similarly found the most dominant species was normally a specialist. 

Table 5.6 shows that the Phytomyza species tend to have a large number of the more 
polyphagous parasites. In Table 5.9 a matrix of the percentage similarity coefficients of the 
23 hosts with each other has been calculated. Percentage similarity was used instead of alter-
natives (e.g. Cole's and Jacard's Coefficients, Southwood 1978) as it is less biased by rare 
and missing parasites. Percentage similarity is calculated by working out the % representation 
of each species of parasite in the parasite fauna of each host. Then, for each pair of hosts 
which have parasites in common, the lesser of the two percentages of each shared parasite 
are summed.. 

a l 
Table 5.9 has been structured so that the hosts are grouped together taxonomicly. The A i 

overall average percentage similarity is 2.8. If anthomyiids alone are considered, the average 
value is 13.3 though this may be misleadingly high as there are only two pairs of closely re-
lated species included here from this family. The average for the Agromyzidae as a family is i 
3.8 and this rises to 6.8 if only the genus Phytomyza is included. If only those Phytomyza 
that pupate internally are examined, the average percentage similarity is now 15.6. There is 
also a high level of percentage similarity between Cerodontha ireos which pupates internally 
and the internally pupating Phytomyza spp. This analysis confirms the importance of the 
taxonomic relatedness of the host and the host behaviour discussed in Section 5.5.1. The 
levels of percentage similarity found here are less than those found by Askew and Shaw 
(1974), in the tree leaf-miner community. They calculated the percentage similarity for the 
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Phyllonorycter of different trees, though they worked at the host-plant rather than the host 
species level. Their average similarity was 36%, much higher than that found here. In addi-
tion, whereas the different families of leaf-mining Diptera on early successional plants have 
few parasites in common, Askew and Shaw's data show a far higher number of parasites in 
common between different families and even different orders. Thus, when comparing the food 
web structure of the miner communities on early and late successional plants, the early suc-
cessional community has lower average connectance and higher compartmentedness. 

As discussed in Section 1.4.4, Price (1975) and Force (1974) in their analysis of 
parasitoid behavioural strategies, have suggested that those with 'r-selected' characteristics; 
high fecundity, low competitive ability etc. should predominate in early successional com-
munities and should also be more opportunistic. This first prediction is confirmed here, the 
number of endoparasites, which have many properties in common with Price and Forces's 'r-
selected' category, are higher in this early successional community, both in number of species 
and also in number of individuals when compared with the tree leaf-miner data. However, 
both in Askew and Shaw's (1974) data and in the data here, the endoparasites are the more 
specialist group with a narrower host range. It seems likely that the details of parasite biol-
ogy make coarse comparisons between their behavioural strategies and the normal r-K con-
tinuum invalid. Endoparasites are unable to compensate for their poor competitive abilities 
with ectoparasites by increasing their host range, as say an ordinary insect predator might, as 
they need to be highly adapted to their host because their larvae are in such close contact 
with it. This results in selection for increased specialization, both to avoid host defences and 
to find hosts that will subsequently not be ectoparasitised. It may be that the spatial and 
temporal unpredictability of early successional hosts makes it difficult for a polyphagous 
parasite, not finely attuned to a specific host to survive and so easier for highly specialised 
endoparasites to flourish in the absence of heavy ectoparasite mortality. This would result in 
a preponderance of monophagous endoparasites in early successional communities. Such a dis-
cussion is necessarily speculative when only a single data set is being examined and where 
the influence of the host taxonomic composition is hard to gauge. As more parasite com-
munities are investigated, the significant trends will become apparent. Ultimately it may then 
be possible to suggest 'assembly rules' for the construction of parasitoid communities. The 
best known example of such an approach is Diamond's (1976) study of bird communities in 
islands of the New Guinea archipelago. From a study of the composition of the bird fauna 
of many islands, he was able to suggest certain permissable and impermissable combinations; 
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rules that had to be followed in the evolution of the community. Tantalizing glimpses are 
now available of what may be possible in parasitoid communities. In Askew and Shaw's 
(1974) and Bryan's (1980) study of the Phyllonorycter species parasites, nearly every host 
plant has an Achrysocharoides species specific to it. Alnus lacks one but its place is taken 
by Sympiesis grahami, a monophagous sibling species to the polyphagous Sympiesis 
sericeicornis. It is tempting to say that the absence of a specific Achrysocharoides on Alnus 
feeding Phyllonorycter allowed S.grahami to evolve into the niche. In this work, the discon-
tinuous distributions of Miscogaster rufipes and M.elegans (see Appendix 4) when sampled at 
a single locality, on hosts which both can attack and the non-overlapping host-plant preferen-
ces of Opius rufipes and Dapsilarthra (florimela) may be further examples. 
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Chapter 6 

Conclusions 

Leaf-mining insects are useful tools in testing ecological theory relating to community 
structure. It was found that the large majority of species could be identified in the field 
while the persistence of the mine after the pupation or death of the larva allowed a far 
greater degree of accuracy in the estimation of the composition and relative abundance of the 
members of the community than would be possible for external feeding insects. The parasite 

al 
assemblage attacking leaf-miners is taxonomicly relatively well known which also facilitates 
ecological studies though some groups (e.g. Opiinae, Tetrastichinae and Campopleginae) 
remain troublesome and are in need of taxonomic clarification. 

The taxonomic composition of the leaf-miner communities of trees and herbs are dif-
ferent. On trees, Lepidoptera predominate and Diptera are comparatively rare while on her-
baceous plants, Diptera are the commonest miners. Leaf-miners tend to be highly 
monophagous, only a few species having host ranges incorporating many genera. After al-
lowances were made for differences in the taxonomic structuring of woody and herbaceous 
plants, no differences were found in the level of host specialization occurring over succession. 
The predictions of plant/insect herbivore theory on this question were discussed in Section 
1.3 and found to be ambiguous due to evolutionary feed-back loops. The evidence here sug-
gests that for leaf-miners, the opposing" selective pressures cancel each other out and this, 
coupled with the high degree of adaptation that is likely to be needed for a phytophage 
living in such intimate association with its food-plant, has resulted in a uniformly high level 
of host specialization. It would be interesting to see if a similar study on externally feeding 
phytophages would also reveal no difference in the level of polyphagy between tree and herb-
feeding species. From a purely non-quantitative examination of host-associations in British 
Lepidoptera' (taking into account the problems of published host records discussed in Section 
4.4.3), I think this is quite likely. 

A comparison of the absolute abundances of leaf-miners on trees and herbs supports 
Lawton and McNeill's (1979) prediction that the herbivores of early successional plants are 
commoner than those of late successional plants when abundance is expressed in comparable 
units. This prediction was arrived at from assessing the effects of expected changes in the 
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values of parameters of a population model over succession. The prediction is also slightly 
counter-intuitive in that at first glance it would appear likely that an unpredictable early suc-
cessional plant would escape heavy attack through its 'unapparency'. The fact that the 
reverse happens vindicates Lawton and McNeill's method of mathematical formulation and 
also shows the importance of using terms such as 'apparency' in Rhodes and Cates restric-
ted terms rather than as Feeny originally defined them (see Section 1.3.1, p. 12). In Section 
1.2.1 (p.6), the effect of herbivory on the course of plant successsion was discussed. The ef-
fect depended on which model of plant succession operated and on whether herbivory was 
higher on early or late successional plants. The evidence here indicates early successional 
plants to be more heavily attacked and as studies quoted on p. 10 indicate the inhibition or 
tolerance models (probably a combination) to be responsible for the floral changes, the most 
likely effect of insect herbivory is to accelerate plant succession. A test of this prediction will 
be available soon from work done at Silwood by Clive Stinson. He carefully documented the 
course of plant succession in two newly abandoned sites over two years. One site was 
regularly treated with insecticide to prevent insect damage while the other was a control. He 
is presently analysing the work. 

One of the possible limitations of the conclusions from this study regarding absolute 
abundance over succession is that birch was the only tree in the succession examined. 
However, visual inspection of other trees shows no evidence that birch is atypical in this 
respect though two trees; Ilex and Quercus ilex stood out from other trees in having high 
densities of a miner on each {Phytomyza ilicis and Phyllonorycter messaniella). Part of the 
reason for this is perhaps that these are the only examples of evergreen trees with winter 
miner populations. The parasite rearing records in Chapter 5 show winter generations of 
miners to be less severely hit by parasitism than summer generations and this would result in 
a higher equilibrium population. Because of their abundance P.ilicis and P.messaniella are 
the most frequently studied of all leaf-miners but care should be taken in generalizing aspects 
of their biology to all miner species. 

The different strategies of chemical defence discussed in Section 1.3.1 are almost cer-
tainly the cause of the differences in the phenology of mining insects attacking early and late 
successional plants. On late successional plants there is a peak of miner attack in early spring 
and another in late autumn. These peaks coincide with the times of maximum nutrient flux 
while the spring peak also coincides with the period of minimum quantitative anti-herbivore 
defences. The chemical investigation of the status of such defences in senescing leaves has 
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yet to be done so whether the autumn peak miners are responding purely to the nutrient flux 
or also to lowered quantitative defences cannot yet be determined. On early successional 
plants, while there is a high variance in miner phenology, no peaks comparable to the peaks 
found on late successional plants were observed. It is suggested that this is due to herbaceous 
plant chemical defences being primarily qualitative toxins with little seasonal change and also 
to a more uniform nutrient flux associated with a more constant growth pattern. 

Nearly all the differences between early and late successional plants are paralleled by a 
comparison between mature and seedling birch. The typical absolute abundance of miners is 
higher on seedling birch and the phenology is less biased towards spring and autumn feeding 
peaks. There is also a difference in species composition between the miner assemblage attack-
ing the two forms of birch. The majority of species making up the late autumn peak are ab-
sent from seedling birch while a number of species specialize on seedling birch. In addition 
another group of miners preferentially attack the most newly produced leaves. As the produc-
tion of leaves is continuous throughout the summer on seedling birch while it is restricted to 
a far greater degree to a spring flush in mature birch, these species are far commoner on 
seedling birch. It is thus possible to partition the birch leaf-miner community into groups 
with different feeding strategies. 

Another difference between the miners of early and late successional plants is in the 
number of miner species found attacking a particular species of plant. This difference was 
first noted by Lawton and Schroder (1977) and Strong and Levin (1979) who ascribed it to 
architectural differences between plants of different growth forms. Leaf-miners are restricted 
to feeding in the mesophyll of leaves, an architectural unit common to all the plants studied 
here. The fact that the differences in the species load first noted by Lawton and Scroder are 
still present means that other processes above crude architectural effects are in operation. 
The more subtle architectural effects such as competition for enemy-free space and canopy 
division are almost impossible to exclude completely, but little evidence for such resource 
division was found with the exception of the species found only atacking seedling birch dis-
cussed above. I believe that an additional explanation for the differences in species load be-
tween early and late successional plants will involve the relationship between the dynamic 
processes of colonization in evolutionary time and the spatio-temporal distribution of the plant. 
As architectural measures are related, through the life-history strategy of the plant, with the 
spatio-temporal distribution, architecture and species load will co-vary though without being 
causally linked. Another aspect of this difference is the degree of organization of the two 
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communities. As discussed in Chapter 4 there is a remarkable degree of similarity in the way 
different groups of leaf-miners have colonized the different tree genera; a tree with many 
species of one group o—f miner is likely to have many species of another. This type of or-
ganization does not occur in early successional communities (see for example Fig. 4.9). It 
seems likely that the relative temporal and spatial constancy of trees has allowed communities 
with a far greater degree of order to develop. However, as discussed in Section 4.4, the ap-
pearence of ordered patterns in communities, while being a necessary condition, is not a suffi-
cient condition, to describe the community as asymptotic; mature and resistant to further 
development. 

The more detailed analysis of the species load of tree genera fully supports Claridge 
and Wilson's (1982) conclusions on the relative unimportance of the species-area relationship 
in describing the numbers of species of specialist herbivores. It is also suggested that some of 
the other drawbacks of using species-area relationships in this type of work have not been 
fully appreciated; particularly the systematic error that is likely to be present in much of the 
literature and also the importance of distinguishing between processes operating in ecological 
and evolutionary time. For the latter type of process there are formidable problems in analys-
ing the British fauna as it has probably been completely recruited from the continent since 
the last ice age. Also a species-area relationship is not proof of an asymptotic species ac-
cumulation. The importance of taxonomic relatedness in determining the species load is also 
confirmed and relationships at as high a level as the ordinal between plants are shown to be 
important. In all, approximately 70% of the variance in the number of leaf-miners of dif-
ferent genera can be explained and over 80% of the variance of some of the component 
groups. 

The limited rearing programme of the leaf-miners of trees for their parasites showed no 
major inconsistency with the huge data set amassed by Askew, Shaw and their co-workers, 
chiefly from the north of England, and hardly any host associations not recorded by them. 
The rearing records from early successional dipterous miners on the other hand, contained a 

j 

high proportion of new host records, several probably undescribed species and revealed several 
areas where taxonomic work is needed to sort out confused species groups. 

The taxonomic relatedness of the host, the effects pf the host-plant, the behaviour of 
the parasite and habitat were all suggested to be factors influencing the host range of the 
parasites examined, in that order of importance. These factors have similarly been shown to 
be important in determining the host range of the parasites of late successional leaf-miner 
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parasites (Askew and Shaw 1974). Comparing the community studied here with their work 
and taking into account that in 12 years work they have reared a considerably larger number 
of parasites than were reared here, the early successional community contains a far larger 
proportion of specialist endoparasites and few polyphages. This leads to a low level of connec-
tance in the community matrix which may contribute to the less ordered organization of the 
early successional community. The degree of compartmentedness is also higher in the early 
successional parasite community. These results broadly agree with the theories of parasitoid 
community structure advanced in particular by Force and Price. One exception is the level of 
host specialization expected in 'r-selected' parasitoids, which is probably due to these 
parasites tending to be endoparasites which are unable to widely diversify their host range be-
cause of their need to be finely adapted to a host in which they are an internal parasite. 
The levels of parasitism recorded here are high but of the same magnitude as Askew (1976) 
has shown to be typical for internal phytophages. 

It is fully recognised that none of the theories discussed in Chapter 1 will be confirmed 
or fall on the basis of the work presented here or any other similar work. It is the nature of 
such theories that they remain immune to simple controlled testing and that their eventual 
acceptance or dismissal will result from the accumulation of evidence both from experiments 
on particular species and broader comparative studies such as this one. I believe it is even, 
as yet, too early to say whether the eventual goal, an understanding of what is called com-
munity ecology is attainable. It is possible that the morass of idiosyncracies and stochastic ef-
fects that characterise real life communities of plants and animals will forever frustrate our 
attempts to find general principles that will satisfy our scientific curiosity and hopefully 
provide us with guidelines for managing the environment. Nevertheless, it still remains one of 
the most exciting challenges in ecology to-day. 
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Appendix 1 

A Key to British Birch Leaf-miners 

A key to the leaf-miners of birch is given. The key is based primarily on 
Hering (1957) and incorporates more recent work, particularly by Emmet 
(1976, 1979). I have also seen a translation of Hering's key to birch species 
by R.James (manuscript). I have not examined specimens of species marked 
by an asterix and their description and placement is purely from the literature. 
Two asterixes indicates that it may not be possible to separate all individuals 
mines by the characters given in the couplet. 

Mine small, roughly circular, full depth with a small round hole in the upper 
or lower epidermis and no frass. The miner lives in an external case and 
makes several mines. Coleophora sp. 
Several species are included here which are identifiable by their cases though 
the key given by Hering needs to be revised. R.W.Uffen is currently preparing 
keys to the cases of this genus. 
Mine nearly always with frass, no small round hole in the epidermis. 2 

Mine ends with an excised portion which appears as a hole at the the end of 
the mine. 3 
Mine not ending with an excised portion. 6 

Mine begins in petiole and ends in the leaf blade. Heliozela betulae (7,8) 
Mine in the leaf-blade only. 4 

Excised part of mine as big or bigger than the rest of the mine. Frequently 
many mines in one leaf, larvae mine only in early instars. 

Incurvaria pectinea (5,6) 
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Leaf excision small compared with the rest of the mine. 5 

5 Mine wide linear, almost always along the edge of the leaf till near the end. 
Rhynchaenus rusci (5 - 7) 

Mine initially very narrowly linear, meandering across the leaf before becoming 
a blotch with an oval excision on one side. The part of the leaf distal to the 
linear mine is frequently a different shade of green and the leaf often distor-
ted. Phylloporia bistrigella (6 - 9). 

6 Mine with some silk except in very early instars where the mine is restricted 
to the epidermis which appears silvery green. 7 
Mine with no silk (except in the cocoon) and never restricted to the epidermis 

14 

7 Mine small, irregularly branched with no frass but some silk threads. 
Recurvaria nanella * (8 - 10). 

Mine initially epidermal, a blotch, or more rarely linear. The miner then 
makes a blotch mine with silk threads layed across the epidermis which, as 
they dry, contract, throwing the epidermis into ridges and puckering the mine, 
making a tentiform working. 8 

8 Initial mine often quite long, not included in the tentiform working which is 
very small, less than 7mm long, with indistinct ridges. The larva quits the 
mine and feeds in a rolled leaf. 13 
Initial mine normally included in the tentiform mine which is larger than 7mm 
and has distinct ridges. The larva either spends its whole life in the mine or 
later feeds in a fold: 9 

9 Tentiform mine weak, quickly browning, with frass smeared rather than 
granular. Larva quits mine to feed in a fold, either in the same leaf or an ad-
jacent one. Parornix betulae & loganella * (5 - 7, 8 - 9. 2 gen.) 
The two species are not distinguishable on mine characters. P.loganella is 
restricted to the north. 
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Tent mine stronger, normally staying green longer with granular frass. Pupation 
in the mine. 10 

10 Upper surface mine, only found on birch in the north of Britain. 
Phyllonorycter corylifoliella (7, 9 - 10. 2 gen.) 

Lower surface mine. 11 

11 Lower surface of mine with 7 to 12 folds, mine 1.5 to 2 cm long. 
Phyllonorycter cavella (8 - 9) 

Lower surface of mine with 5 to 6 folds, mine smaller, 1 - 1.5cm long. 12 

12 Naked pupa, only on birch seedlings. 
Phyllonorycter anderidae (7, 9 - 10. 2 gen.) ** 

Pupa in cocoon, chiefly on mature birch. 
Phyllonorycter ulmifoliella (6 - 8, 9-10. 2 gen.) ** 

13 Initial mine long (1-2 cm), larva later rolls a birch leaf along the vertical 
axis. Only on seedling birch. Caloptilia populetorum (8-9) 
Initial mine short (>lcm), later rolls a birch leaf transversely. 

Caloptilia betulicola (5, 8-9. 2 gen.) 

14 Frass in threads, mines early in the year. 15 
Frass not in threads. 20 

15 Mine initially linear or nearly linear, beginning away from the edge of the 
leaf. 16 
Mine a blotch throughout, beginning of the mine at the leaf edge. 17 

16 Mine initially linear before becoming rectangular, colour of mine browner, 
head brown, mines from mid-June. Eriocrania sparrmanella 
Mine initially broadly linear, becoming an elongated oval, colour of mine 
greener, head pale brown, mines from mid-May. Eriocrania salopiella 
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17 Larva grey. Eriocrania sangii 
Larva yellowish. 18 

18 Abdominal segments 2-7 with small lateral projections. Head in last instar 
white with brown mouth. Eriocrania haworthi 
Abdominal segments 3-7 without projections, head brownish. 19 

19 Larva with small lateral projections on abdominal segment one, no blackish 
spots on first thoracic segment, head pale yellowish brown. 

Eriocrania semipurpurella ** 
Larva with small lateral projections on abdominal segment two, 2 blackish 
spot on the first thoracic segment, head brown. Eriocrania unimaculella ** 

20 Mine, at least initially, with a linear portion. 21 
Mine with no linear portion. 30 

21 Lower surface of mine has a thin web containing frass. Often several larva per 
leaf, overwinters in a cocoon in the mine. Atemelia torquatella (9-10)* 
The outside of the undersurface of the mine without a web. 22 

22 Pupates in the mine. 23 
Does not pupate in the mine. 25 

23 Does not pupate in a cocoon, mine initially pear-shaped, then irregular. Mines 
in late autumn, often many to a leaf. Ramphus pulicarium (9-11) 
Pupation in a cocoon. 24 

24 Cocoon disc-shaped, large mine, beginning at leaf edge with initial part con-
trastingly brown, frass inconspicuous. Hetararthrus nemoratus (6-9) 
Cocoon spherical, mine of one colour. Only occasionally found on birch. 

Rhynchaenus jota & stigma* 

25 Upper surface mine, appearing green with frass in spirals or curved lines. Nor-
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mally on Roseaceous trees. Leucoptera scitella (6-9) 
Frass not in spirals. 26 

26 Mine irregularly circular with a round black spot in the middle (5mm 
diameter). Ectoedemia argentipedella (8-10) 
Mine without central black spot. 27 

27 Mine begins at leaf edge, often with distinct initial frass mass. 28 
Mine begins away from leaf edge, often with distinct initial frass mass. 29 

28 Mine on upper surface only, appearing greenish. Distinct frass plug at the 
beginning. 

Messa nana (5-10. At least 2 gen.) 
Mine full depth, appearing brown with evenly dispersed frass. Mine appearing 
darker near origen. Scolioneura betuleti (8-10) 

29 Distinct blackish frass plug at leaf centre, mine upper-surface, appearing green. 
Profenusa thomsoni (8-9) 

Mine without frass plug, frass evenly dispersed. The mine normally remains 
between two lateral veins. Often several mines to a leaf which may coalesce. 

Fenusa pusilla (5-10. At least 2 gen.) 

30 Initial mine linear, developing into a blotch later. 31 
Mine linear throughout. 32 

31 Mine very long and narrow before abruptly expanding into a blotch. Probably 
extinct. Lyonetia prunifoliella (7-8)* 
Mine initially irregularly linear before broadening into a small blotch. Frass 
nearly filling the mine which is uppersurface and greenish. 

Ectoedemia mediofasciella (7-8) 

32 Very small irregular linear mine that doubles back on itself and is full of dark 
frass. The larva feeds externally and the presence of this species is most easily 
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recognised by the skeletonization of the leaf and the small silk pads spun by 
the larva when it moults (ecdysis cocoons) rather than by the inconspicuous 
mine. Bucculatrix demaryella (8-10) 
Mine larger. 33 

33 Frass in two rows on either side of the mine which is very long, convoluted, 
and of a distinctive yellowish-green colour. 

Agromyza alnibetulae (6-9. 2 or more gen.) 
Frass in the middle of the mine or filling the mine, never restricted to the 
sides. 

34 

34 Egg inserted in the midrib or leaf vein. Frass distributed in a thin dark cen-
tral line. Mines early in the year, the leaf frequently distorted. 

Anoplus plantaris (5-6) 
Egg not inserted in a vein. 35 

35 A very long linear mine which frequently causes discolouration of the leaf. 
Larva has very obvious segmentation with large indentations between the seg-
ments. The frass-free portion at the end of a vacated mine over four times 
longer than broad. Lyonetia clerkella (5-10. 2-3 gen.) 
Frass free portion less than three times as long as broad, segmentation 
obscure. 36 

(The following couplets are from Emmet 1976) 

36 Frass dispersed. 37 
Frass linear. 38 

37 Mine starting from a brown spot; frass green without clear margins. 
Stigmella continuella 

Mine not starting from a brown spot; frass black, coiled, but leaving narrow 
clear margins. Stigmella distinguenda 
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38 Mine long and angular with narrow linear frass in its second half. 39 
Mine shorter and more contorted; frass broken linear and thicker. 40 

39 First quarter of mine filled with cloudy green frass. Stigmella lapponica 
Frass black and linear throughout. Stigmella confusella 

40 Mine much contorted at the start; larva yellow with pale brown head and 
without dark abdominal spots. Seldom gregarious, chiefly attacks mature trees. 

Stigmella luteela ** 
Mine less contorted at the start; larva yellow with darker brown head and 
dark abdominal spots. Frequently gregarious, attacks chiefly seedling birch. 

Stigmella betulicola ** 
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Appendix 2 

Taxonomic Literature used to identify Leaf-miners & Parasitoids 
LEAF-MINERS 
General 
Lepidoptera 

Diptera 

Coleoptera 

Hymenoptera 

Hering 1957 
Heath 1976 
Emmet 1979 
Meyrick 1928 
Pierce & Metcalfe 1922 
B.E.N.H.S. 
Bradley, Jacobs & Tremewan 1969 Gracillaridae 
Patzak 1962 Coleophoridae 
Traugott-Olson & Scmidt-Nielsen 1977 Elachistidae 
Bradley, Tremewan & Smith 1973, 1978 

Tortricidae 
Seguy 1934 
Spencer 1972, 1976 Agromyzidae 
Hennig 1978 Anthomyiidae 
d'Assis Fonseca 1965 Drosophilidae 
Hendel 1927 Tephritidae 
Joy 1932 
Fowler 1887-1891 
Scherf 1964 Curculionidae 
Cox 1976 Chrysomelidae 
Benson 1952 Tenthredinidae 

PARASITOIDS 
General 
Eulophidae 

Tetracampidae 

Pteromalidae 
Eucoilidae 
Braconidae 

General 
Dacnusini 

Alysiini 

Opiinae 

Fulmek 1962 
Askew 1968 
Boucek & Askew 1968a 
Graham 1959, 1963 
Askew & Ruse 1974 
Askew & Coshan 1973 
Bryan 1980 
Domenichini 1966 
Boucek 1958 
Boucek & Askew 1968b 
Graham 1969 
Quinlan 1978 

Marsh 1971 
Griffiths 1964, 1966a, 1966b, 1967, 1968a, 1968b 
Nixon 1944, 1945, 1946, 1947, 1948, 1949, 1954 
Fischer 1971 
Konigsmann 1959 
Papp 1968 
Marshall 1891 
Wharton 1977 
Marshall 1894 
Fischer 1962, 1971b, 1973 
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Appendix 3 

The Leaf-miners of British Tree Genera 

Acer Stigmella lapponica 
Stigmella speciosa Stigmella confusella 
Stigmella aceris Phylloporia bistrigella 
Caloptilia rufipennella Incurvaria pectinea 
Caloptilia hemidactylella Heliozela hammoniella 
Caloptilia semifascia Lyonetia prunifoliella 
Calybites pyrenaeela Lyonetia clerkella 
Phyllonorycter platanoidella Bucculatrix demaryella 
Phyllonorycter geniculella Caloptilia populetorum 
Hetararthrus aceris Caloptilia betulicola 

Parornix loganella 
Alnus Parornix betulae 
Stigmella glutinosae Phyllonorycter corylifoliella 
Stigmella alnetella Phyllonorycter cavella 
Heliozela resplendella Phyllonorycter anderidae 
Bucculatrix cidarella Phyllonorycter ulmifoliella 
Caloptilia elongella Roeslerstammia erxlebella 
Caloptilia falconipennella Atemelia torquatella 
Phyllonorycter rajella Coleophora serratella 
Phyllonorycter strigulatella Coleophora milvipennis 
Phyllonorycter stettinensis Coleophora alnifoliae 
Phyllonorycter froelichiella Coleophora siccifolia 
Phyllonorycter kleemannella Coleophora fuscocuprella 
Coleophora serratella Coleophora violacea 
Coleophora alnifoliae Coleophora orbitella 
Coleophora binderella Coleophora binderella 
Heterarthrus vagans Coleophora ibipennella 
Fenusa dohrnii Heterarthrus nemoratus 
Agromyza alnivora Messa nana 
Rhynchaenus testaceus Scolioneura betuleti 
Rhynchaenus iota Profenusa thomsoni 
Rhynchaenus stigma Fenusa pusilla 
Anoplus roboris Agromyza alnibetulae 

Rhynchaenus alni 
Betula Rhynchaenus iota 
Eriocrania unimaculella Rhynchaenus stigma 
Eriocrania sparrmanella Rhynchaenus rusci 
Eriocrania salopiella Anoplus plantaris 
Eriocrania haworthi 
Eriocrania sangii Carpinus 
Eriocrania semipurpurella Eriocrania chrysolepidella 
Ectoedemia argentipedella Stigmella floslactella 
Ectoedemia mediofasciella Stigmella carpinella 
Stigmella continuella Stigmella microtheriella 
Stigmella betulicola Incurvaria pectinea 
Stigmella luteela Parornix fagivora 
Stigmella distinguenda Phyllonorycter tenerella 
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Phyllonorycter messaniella 
Phyllonorycter quinnata 
Coleophora serratella 
Coleophora currucipennella 
Castanea 
Tischeria ekebladella 
Tischeria dodonea 
Bucculatrix demaryella 
Phyllonorycter messaniella 
Corylus 
Eriocrania chrysolepidella 
Ectoedemia mediofasciella 
Stigmella floslactella 
Stigmella microtheriella 
Incurvaria pectinea 
Bucculatrix demaryella 
Parornix devoniella 
Phyllonorycter coryli 
Phyllonorycter nicellii 
Coleophora serratella 
Coleophora fuscocuprella 
Coleophora violacea 
Coleophora binderella 
Rhynchaenus stigma 

Crataegus 
Ectoedemia atricollis 
Stigmella perpygmaeella 
Stigmella paradoxa 
Stigmella hybnerella 
Stigmella oxyacanthella 
Stigmella regiella 
Stigmella crataegella 
Incurvaria masculella 
Leucoptera scitella 
Bucculatrix crataegi 
Parornix angelicella 
Phyllonorycter oxyacanthae 
Phyllonorycter corylifoliella 
Scythropia crataegella 
Coleophora coracipennella 
Coleophora siccifolia 
Coleophora trigeminella 
Coleophora hemerobiella 
Coleophora anatipennella 
Trachys minutus 
Rhynchites pauxillus 

Fagus 
Stigmella tityrella 
Stigmella hemargyrella 
Parornix fagivora 
Phyllonorycter messaniella 

Phyllonorycter maestingella 
Rhynchaenus fagi 
Frangula 
Bucculatrix frangulella 
Fraxinus 
Caloptilia syringella 
Prays fraxinella 
Ilex 
Phytomyza ilicis 
Malus 
Ectoedemia atricollis 
E.pulverosella 
Stigmella pomella 
Stigmella malella 
Stigmella oxyacanthella 
Stigmella desperatella 
Leucoptera scitela 
Parornix scoticella 
Callisto denticulella 
Phyllonorycter blancardella 
Phyllonorycter cydoniella 
Phyllonorycter corylifoliella 
Coleophora coracipennella 
Coleophora cerasivora 
Coleophora siccifolia 
Coleophora violacea 
Coleophora hemerobiella 
Coleophora anatipennella 
Recurvaria nanella 
Phytomyza heringiana 
Rhynchites pauxillus 
Trachys minutus 
Incurvaria pectinea 
Yponomeuta padella 
Populus 
Ectoedemia argyropeza 
Ectoedemia turbidella 
Stigmella trimaculella 
Stigmella assimilella 
Paraleucoptera sinuella 
Caloptilia stigmatella 
Phyllonorycter comparella 
Phyllonorycter sagitella 
Phyllocnistis unipunctella 
Phyllocnistis xenia 
Heterarthrus ochropoda 
Messa glaucopsis 
Messa hortulana 
Agromyza albitarsis 
Paraphytomyza populi 
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Paraphytomyza populicola 
Paraphytomyza tremulae 
Rhynchaenus decoratus 
Rhynchaenus rufitarsis 
Rhynchaenus stigma 
Rhynchaenus salicis 
Zeugophora flavicollis 
Zeugophora subspinosa 
Zeugophora turneri 
Prunus 
Ectoedemia spinosella 
Ectoedemia atricollis 
Stigmella plagiocolella 
Stigmella prunetorum 
Tischeria gaunacella 
Lampronia oehlmanniella 
Lyonetia prunifoliella 
Lyonetia clerkella 
Parornix finitimella 
Parornix torquillella 
Phyllonorycter sorbi 
Phyllonorycter pomonella 
Phyllonorycter cerasicolella 
Pseudoswammerdamia combinella 
Paraswammerdamia spiniella 
Scythropia crataegelli 
Coleophora cerasivorella 
Coleophora adjectella 
Coleophora violacea 
Coleophora hemerobiella 
Coleophora anatipennella 
Recurvaria nanella 
Rhynchites pauxillus 
Trachys minutus 
Ramphus oxyacanthae 

Pyrus 
Ectoedemia atricollis 
Ectoedemia pulverosella 
Stigmella minusculella 
Stigmella oxyacanthella 
Stigmella pyri 
Bucculatrix crataegi 
Phyllonorycter mespilella 
Phyllonorycter corylifoliella 
Coleophora cerasivorella 
Coleophora hemerobiella 
Rhynchites pauxillus 
Trachys minutus 
Ramphus oxyacanthae 

Quercus 
Eriocrania subpurpurella 
Ectoedemia quinquella 
Ectoedemia albifasciella 
Ectoedemia subbimaculella 
Ectoedemia heringi 
Stigmella atricapitella 
Stigmella ruficapitella 
Stigmella roborella 
Stigmella svenssoni 
Stigmella samiatella 
Stigmella basiguttella 
Tischeria ekebladella 
Tischeria dodonea 
Heliozela sericella 
Bucculatrix ulmella 
Caloptilia alchimiella 
Caloptilia robustella 
Caloptilia leucapennella 
Acrocercops brongniardella 
Phyllonorycter harrisella 
Phyllonorycter roboris 
Phyllonorycter heegeriella 
Phyllonorycter saportella 
Phyllonorycter quercifoliella 
Phyllonorycter messaniella 
Phyllonorycter muelleriella 
Phyllonorycter distentilla 
Phyllonorycter lautella 
Coleophora lutipennella 
Coleophora flavipennella 
Coleophora currucipennella 
Coleophora ardeaepennella 
Coleophora palliatella 
Profenusa pygmaea 
Rhynchaenus pilosus 
Rhynchaenus quercus 
Rhynchaenus avellanae 

Quercus ilex 
Stigmella suberivora 
Caloptilia leucapennella 
Acrocercops brongniardella 
Phyllonorycter messaniella 
Rhynchaenus sp. 
Rhamnus 
Stigmella catharticella 
Bucculatrix frangulella 
Coleophora ahenella 
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Salix 
Ectoedemia intimella 
Stigmella salicis 
Stigmella auritela 
Stigmella obliquella 
Stigmella repentella 
Caloptilia stigmatella 
Phyllonorycter viminiella 
Phyllonorycter salicicolella 
Phyllonorycter dubitella 
Phyllonorycter spinolella 
Phyllonorycter quinqueguttella 
Phyllocnistis saligna 
Coleophora viminetella 
Coleophora albidella 
Coleophora currucipennella 
Heterarthrus microcephalus 
Paraphytomyza tridentata 
Paraphytomyza langei 
Agromyza albitarsis 
Rhynchaenus decoratus 
Rhynchaenus foliorum 
Rhynchaenus iota 
Rhynchaenus salicis 
Rhynchaenus stigma 
Zeugophora flavicollis 
Ramphus oxyacanthae 

Sorbus 
Stigmella sorbi 
Stigmella oxyacanthella 
Stigmella nylandriella 
Stigmella magdalenae 
Stigmella torminalis 
Leucoptera scitella 
Parornix anglicella 
Parornix scot ice I la 
Phyllonorycter sorbi 
Phyllonorycter mespilella 
Phyllonorycter lantanella 
Phyllonorycter corylifoliella 
Coleophora serratella 
Coleophora anatipennella 
Trachys minutus 
Lyonetiaclerkella 
Ramphus oxyacanthae 

Thelycrania 
Antispila pfeifferella 
Antispila petryi 
Coleophora ahenella 
Phytomyza agromyzina 

Tilia 
Stigmella tiliae 
Bucculatrix thoracella 
Phyllonorycter messaniella 
Roestlerstammia erxlebella 
Ulmus 
Stigmella marginicolella 
Stigmella ulmivora 
Stigmella viscerella 
Bucculatrix albedinella 
Phyllonorycter tristrigella 
Phyllonorycter schreberella 
Atemelia torquatella 
Coleophora serratella 
Coleophora limosipennella 
Coleophora badipennella 
Coleophora violacea 
Rhynchaenus alni 
Fenusa ulmi 
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Appendix 4 
Taxonomic and Biological Notes on the reared Parasite Species. 

EULOPHIDAE 
1 Cirrospilus vittatus 

A single specimen was bred from a dipteran host though it was more com-
mon on tree leaf-miners. Askew and Boucek (1968) record this species from a 
diverse array of hosts, the majority leaf-miners, but also less frequently as a 
parasite of sawfly eggs. Occasionally gregarious or hyperparasitic. 

2 Diglyphus iseae 
A common parasite of agromyzids, found on many different genera but not 

outside the family. Has been used as a biological control agent on Phytomyza 
syngenesiae and this species was introduced into greenhouses in Silwood to see if it 
would control this pest. Agromyza frontella, Phytomyza chaerophylli, P.crassiseta 
and P.nigra/milii are new host records. 

3 Diglyphus poppoea 
Recorded here from Phytomyza artemesivora and P.spinaciae and in the 

literature from P.atricornis (= syngenesiae and horticola) (Askew 1968) and 
Phytomyza ranunculi (Dye 1974). Much less common than D.isaea though perhaps 
with as wide a range of hosts. Several other Diglyphus species are known to attack 
leaf-miners but were not found in this study. 

4 Pnigalio soemius 
A parasite of lepidopterous, dipterous and coleopterous leaf-miners, especially 

those attacking herbaceous plants. This species was bred from four species of 
miners but only in small numbers. 

5 Hemiptars*nus unguicellus 
A very common parasite recorded from a number of hosts, particularly 

Phytomyza. Though commonest on dipterous miners, Askew (1968) records 
Elachista megerlella, a moth, as a host. It was mentioned in Section 3.5.2 that 
Phyllonorycter messaniella was bred from the American birch, Betula papyrifera, in 
Windsor Great Park and Winkworth Arboretum. Surprisingly, two specimens of this 
chalcid were bred from these mines. Askew and Boucek (1968) also give a record 
of a Chamaemyiid as a host. 

6 Hemiptarsanus fulvicollis 
The female may be either macropterous or brachypterous. The fully winged 

form is rare and was not recorded. H.fulvicollis was bred only from P.plantaginis 
(new record) and P.ranunculi (host recorded by Dye 1974), both species living in 
grassland and seems to have a more restricted host range than H. unguicellus. The 
related H.dropion which has been recorded parasitising leaf-miners (Askew 1968) 
was swept twice from low herbage during casual collecting but was not bred from 
any mines. 

7 Pediobius acantha 
Bred from six agromyzid species, all new records except P.ilicis. All six 
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species share the habit of pupating in the mine as opposed to externally. A single 
individual from Paraphytomyza tridentata mining Salix viminalis (also pupating in-
ternally) was probably this species, though the sculpturing and colouring differed 
slightly from normal. Askew and Shaw (1974) record this species in addition from 
two more internal pupating species; Paraphytomyza populi and Phytomyza 
periclymeni. Provisionally it can be said that in Great Britain P.acantha is confined 
to internally pupating Agromyzidae on both trees and herbs though there are some 
Central European records from microlepidoptera. 

8 Chrysocharis gemma 
The host range of this species was discussed in Section 5.3. 

9 Chrysocharis pentheus 
This species was only found commonly on P.spinaciae. It is known from other 

agromyzids and from Stigmella mines on trees (Askew and Coshan 1973). 

10 Chrysocharis polyzo 
Only bred from Cerodontha ireos on Iris though Askew and Boucek (1968) 

give some other old records, this species is most frequently found on agromyzid 
miners of monocots. 

11 Chrysocharis pubicornis 
This species is restricted to agromyzids except for a single record of one bred 

from a leaf-mining drosophilid (Askew and Boucek 1968). In this study it was 
reared only from internally pupating agromyzids. P.spinaciae is a new record. 

12 Chrysocharis amyite 
Reared from Agromyza potentillae (1 specimen), Amauromyza labiatarum (2) 

and Phytomyza primulae (1) (new record). Askew and Boucek (1968) record it 
from several other agromyzids. 

13 Chrysocharis melaenis 
Found on many agromyzids of herbaceous plants especially Phytomyza (Askew 

and Boucek 1968). P.angelicastri and P.spinaciae are new records. 

14 Chrysocharis naenia 
Recorded from a wide variety of agromyzids (Askew and Boucek 1968). 

P.angelicae, P.cirsii, P.primulae and P.syngenesiae are new records. 

PTEROMALIDAE 

Miscogasterinae 
1 Sphegigaster pallicornis (=flavicornis) 

This species is a well known parasite of Phytomyza ilicis (Cameron 1939) and 
Graham (1979) records a single specimen from P.nigritella (as P.ramosa) which at-
tacks Knautia and Succisa. In this project S.flavicornis was reared from P.ilicis 
and two specimens from a new host P.spinaciae on Cirsium. 
2 Cyrtogaster vulgaris 

Reared from four species of Phytomyza, all internal-pupating species. Askew 
(1965) records it from a few other Phytomyza and a Cerodontha sp., all species 
which pupate internally. He remarks that a literature record from Oscinella frit 
needs confirmation. The host range of this species thus seems similar to Pediobius 
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acantha in showing a restriction to internally pupating species. The records from 
P.spinaciae and P.plantaginis appear to be new. 

3 Halticoptera smaragdina 
Graham (1969) gives Euleia (Philophylla) heraclei as the only British host 

record. This was the only host found in this study. Graham also quotes some 
Swedish literature records of this species from leaf-mining agromyzids and 
Drosophilids though these records perhaps need confirmation as prior to Graham's 
revision, the Halticoptera were poorly known and this species is rather big to 
parasitize Agromyzids. 

4 Halticoptera patellana 
Graham records Trypeta zoe (as Spilographa zoe) and an unknown host on 

bracken as British rearing records as well as Swedish literature records from 
agromyzids for which the same notes given under the last species also apply. 
Graham also remarks that the species is commonest where bracken occurs, so the 
rearing records given in Table 5.2 are no surprise. H.patellana is established as an 
important parasite of Chirosia parvicornis and C.histricina which mine the leaves of 
Pteridium. H.patellana was also reared (35 individuals) from C.albifrons which lives 
externally, rolling the leaves of bracken. A second species Graham associates with 
bracken, without any definite host records is H.collaris. This was found to attack 
C.albitarsis (9 individuals), an internal rachis miner. The two closely related species 
of Halticoptera thus seem to divide up the Chirosia species on bracken without 
overlap. 

Another species of Halticoptera, H.aenea was extremely abundant in the suc-
cession sites from sweep net collections. It has been recorded as a parasite of leaf-
mining Agromyzids but in this case the host was probably Scaptomyza graminum 
(Drosophilidae) feeding in the stems of Spergula arvensis. S.graminum was found 
by C.S.Stinson (pers comm) to reach a peak of 3895 adult flies per square metre. 
In the BM there are specimens of Halticoptera aenea reared from S.graminum on 
Spergularia rupicola. 
5 Seladerma (tarsale) and Seladerma sp.A 

S.tarsale was reared from Phytomyza nigra, P.milii and P.syngenesiae. The 
specimens agree with the description of tarsale in Graham (1969) and match most 
of the specimens under this name in the national collection. However, as the 
characters separating species in the diffine species group (sensu Graham) of 
Seladerma are rather difficult and as not all specimens are represented in the BM, 
tarsale is best kept in brackets. Specimens bred from Phytomyza crassiseta are 
smaller and do not completely agree with normal tarsale though as the characters 
are chiefly relative measurements which are likely to be affected by size, this will 
probably turn out to be just a variety from a small host. For the moment they are 
called Seladerma sp.A. 

6 Seladerma (diffine) 
For the same reasons as those given under S.tarsale, diffine is kept in 

brackets. All specimens came from P.spinaciae, an internally pupating species on 
Cirsium. T H e only host given by Graham is P.conyzae which like P.spinaciae 
pupates internally on a composite, in this case Inula. 
1 Seladerma sp.B 

A single male Seladerma was bred from Chirosia betuleti. The key to males 
in Graham (1969) does not include all species and this specimen would not key 
out, ending up in the antennatum or diffine species groups (sensu Graham). 
Females will be needed to place this species, there are no other records of a 
Seladerma from an Anthomyiid. 
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8 Stichtomischus (groschkei) sp.A and sp.B 
Two specimens of sp.A were reared from Agromyza potentillae (—spirae) and 

two of sp.B from Agromyza johannae. S.groschkei was described by Delucchi 
(1953) though when Graham (1969) revised the genera and provided keys to the 
species, he placed a question-mark by the species as he had not seen the type. 
Both sp.A and sp.B key to groschkei though sp.A is the one Graham had in mind 
as the specimens in the BM under this name match sp.A exactly. Graham also 
gives A.spirae (with Phytomyza sphondyliivora, P.aconitophila and Calycomyza 
artemesiae) as a host. Dr.Askew checked my placing of sp.B as near S.groschkei 
and said that he had swept a similar insect from Cytisus, the host-plant of 
Agromyza johannae. Thus we are left with the unsatisfactory position of two 
species, either of which (though sp.A is more likely) or conceivably neither is 
Delucchi's groschkei. Delucchi described 4 other Stichtomischus from reared 
material though his descriptions (Delucchi 1953, 1955) make it unlikely that they 
refer to sp.A or sp.B. Unfortunately the types in Delucchi's collection are unavail-
able for loan at the moment (J.Noyes pers comm). 

9 Miscogaster elegans and M.rufipes 
M.elegans was reared from Agromyza pseudorufipes in quite large numbers. It 

was not reared from Agromyza spp. on Urtica which Graham (1969) gives as it's 
main host though the closely related M.rufipes was. Curiously Agromyza rufipes, 
which is now known as A.abiens is given as a host of M.rufipes from material bred 
from Echium, Cynoglossum, Borago, Lycopsis and Myosotis. The picture is further 
complicated as after these specimens were deposited in the museum, Nowakowski 
(1964) revised this group of Agromyza, creating Agromyza pseudorufipes as the 
miner on Myosotis. Modern lists of host plants for A.abiens do not include 
Myosotis (e.g. Spencer 1976) so the M.rufipes from an Agromyza on Myosotis 
were probably bred from A.pseudorufipes, the host species found here for 
M.elegans. This means that the two Miscogaster species were reared from the 
others host in Graham, though he does give as an additional record for M.rufipes, 
the Urtica feeding Agromyza reptans (which once again may not be the true host 
as A.pseudoreptans was split off from A.reptans by Nowakowski 1964). 

This leaves a rather confused picture. While at Silwood M.rufipes was found 
on A.anthracina and A.pseudoreptans and M.elegans from A.pseudorufipes with no 
overlap despite the collections being made from the same area of Silwood at the 
same time, elsewhere in Britain the reverse combinations may be found. Other 
records from Graham not mentioned above are M.elegans from Phytobia (now 
Amauromyza) labiatarum on Teucrium and both species from Phytomyza symphyti 
on Symphytum. 
10 Miscogaster maculata 

A rather polyphagous species recorded from a number of hosts by Graham 
(1969) in Britain. The following are not mentioned by him: Phytomyza angelicastri, 
P.chaerophylli and P.spinaciae though he does not list foreign records. It has been 
reared from several Agromyzid genera including miners of monocots and dicots, and 
both species that pupate internally and externally. 

11 Xestomnaster chrysochlorus 
Reared only from Trypeta zoe, a host found by Delucchi (1953) in Germany. 

The only British record in Graham is from another Trypetid leaf-miner; Acidia 
(now Euleia) cognata, though he sites Phytomyza atricornis (=syngenesiae or 
horticola) as a possible host. The latter is very small to support a chalcid as big as 
X.chrysochlorus and the true host is probably T.zoe which is frequently found on 
the same plants as P.syngenesiae. 
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12 Lamprotatus picinervis 
4 specimens reared from Pegomyia nigritarsis on Rumex. Graham (1969) 

records 6 from a Pegomyia sp. on Rumex collected at Oxford. 

13 {Skeloceras truncatum (=mirabile)) 
Reared from Pegomyia nigritarsis and P.setaria. The series bred is very vari-

able in such characters as propodeal sculpturing, relative antennal length, the incor-
poration of the 7th funicular segment into the clava and in general body colour. 
More than one species might be present though the series could not be split into 
discrete groups without intermediaries. Some specimens correspond exactly with 
S.truncatum which has been reared from a host on Rumex acetosa (Graham 1969). 
The structure of the antennae in some individuals approaced Lamprotatus. Apart 
from Lamprotatus picinervis, L.splendens has been reared from P.nigritarsis (Deluc-
chi 1955, Claridge 1958). 

BRACONIDAE 
ALYSIINAE: ALYSIINI 
1 Dapsilarthra florimela 

This species keys to D.florimela in Marshall (1894) and in the most recent 
revision of the genus by Konigsmann (1959). In Konigsmann's key, the penultimate 
couplet refers to whether the first segment of the radius is longer than the breadth 
of the stigma. In florimela it is shorter (Marshall's description agrees with this 
though he does not give the actual ratio). Konigsmann gives Pegomyia nigritarsis as 
a host, one of the insects from which the present species was reared. Neither Mar-
shal nor Konigsmann describe the mandibles but otherwise the species reared here 
exactly matches their description. 

However, confusion arises through Fischer's (1971) treatment of the genus. In 
his key, florimela has the width of the stigma less than the first segment of the 
radius, at variance with the description and illustration of Konigsmann and with no 
explanation for the difference. The present species keys to D.multiarticulata, a 
species described by Marshall (1898) from an Algerian specimen though the type is 
lost and Fischer designates a lectotype. However, Fischer's description of 
D.multiarticulata corresponds exactly with the reared specimens and does not con-
tradict Marshall's or Konigmann's description of florimela. The most distinctive 
character of multiarticulata is the widened form of the mandible (which the 
specimens bred here have) which is not mentioned in any of the descriptions of 
florimela. D.multiarticulata is known from 5 males (Fischer 1971). 

Obviously the confusion surrounding this species can only be cleared up by an 
examination of types {florimela in Dublin, multiarticulata in Budapest) which it is 
hoped to do in the near future. I personally believe that D.multiarticulata will be a 
synonym of D.florimela. Unfortunately, another name has entered the literature. It 
seems Fischer intended to describe his species under the name Dapsilarthra 
pentapleuroides. He only came across Marshall's description of multiarticulata at 
page proof stage and though he amended the text, pentapleuroides n.sp. appears in 
a figure caption. As no description is given under this name it is a nomen nudum. 

2 Dapsilarthra dictynna 
Matches very well the descriptions in Konigsmann (1959) and Fischer (1971). 

Fischer records as a host Pycnoglossa (=Chirosia) flavipennis from Pteridium 
aquilinum (Fischer in error calls Chirosia a Trypetid) without a reference though 
this may be the reference given by Griffiths (1964) in a footnote (p.555). The 47 
specimens from Chrirosia histricina appear to be a new host record. 
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3 Dapsilarthra apii 
A well known parasite of Euleia heraclei (Griffiths 1964, Fischer 1971) the 

host from which these specimens were reared. Fischer gives as a second, rather 
surprising host, the psilid Psila rosae. 
4 Dapsilarthra balteata 

This species was foun^.d attacking Agromyza pseudorufipes, A.spirae and bred 
from Deschampsia cespitosa, probably from both A.lucida and Cerodontha 
pygmaea. Griffiths (1966a, 1966b, 1968a, 1968b) records it from several other 
Agromyza and a few other agromyzids. Agromyza sp. are the most favoured host. 
A.pseudorufipes is the only new record. 

5 Dapsilarthra rufiventris 
Like D.balteata, this species is fairly polyphagous within the Agromyzidae 

though whereas D.balteata favoured Agromyza spp., D.rufiventris favours 
Phytomyza spp., the record here from Agromyza spirae is the first from the genus. 
Phytomyza ranunculi and P.nigra/milii are new but less surprising host records. 

6 Phaenocarpa (conspurcatur) 
31 individuals bred from Chirosia betuleti. The insects key to this species in 

Marshall (1894) and Papp (1968) though neither key includes all the species in the 
British list and the genus needs revising on a regional basis. Some features, par-
ticularly the shape of the mandible, do not completely match the detailed descrip-
tion of this species in Papp. In addition Papp quotes Petersen (1956) with regard 
to this species biology who associates it with horse, sheep and cow-dung. The only 
species of Phaenocarpa associated with leaf-miners is P.pullata from Pegomyia 
nigritarsis (Pungerl pers. comm.). Unusually for a leaf-miner parasite (and unlike 
P.pullata) this species has a protuberant ovipositor. 

ALYSIINAE: DACNUSINI 

1 Exotela phyne 
A single specimen was bred from Agromyza alnivora. Only 5 other specimens 

are known; Nixon (1954) caught two as adults while Griffiths (1966a) bred two 
from ''Agromyza alnibetulae' on Alnus, though subsequently Agromyza from Alnus 
have been separated from A.alnibetulae as A.alnivora (Spencer 1969). 

2 Exotela hera 
Bred from both Agromyza anthracina and A.pseudoreptans on Urtica. Grif-

fiths (1966a) also records this species from these hosts (he refers to 
A.pseudoreptans as A.urticae) and in addition records it from the third nettle 
species, A.reptans. This species seems restricted to nettle Agromyza, like Nixon 
(1954), I have found it commonly when sweep-netting nettles. 

3 Exotela flavicoxa 
One individual was bred from either Agromyza lucida or Cerodontha pygmaea 

on Deschampsia cespitosa and nine from Phytomyza nigra/milii. Griffiths (1966a, 
1968) records this species from a number of Agromyza and Cerodontha species, all 
from Graminae, but not from Phytomyza. This species appears restricted to 
Agromyzidae on grasses. 

4 Exotela lonicerae 
All 15 previously known specimens of this species have been bred from 

Paraphytomyza hendeliana (Griffiths 1966b). Apart from 8 E.lonicerae reared at 
Silwood, a fur ther 10 were reared from the same host collected in Kent. Both hosts 
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and parasite have only a single generation and overwinter as a pupae. 

5 Exotela cyclogaster 
Bred from Phytomyza angelicae and Phytomyza chaerophylli from Angelica 

and Anthriscus respectively. Griffiths (1966b) divides this species into three sub-
species, sonchini; chiefly from p.marginella but some continental records from Um-
belliferae, cyclogaster sensu stricto and umbellina', both from Umbelliferae. The 
characters used are the antennal segment number and colour variation though some 
individuals are not placeable. All the specimens reared here matched umbellina. 
Griffiths records specimens bred from P.chaerophylli (as P.anthrisci) as umbellina. 
He had no specimens from P.angelicae though a single specimen from 
P.angelicastri was intermediate between umbellina and cyclogaster. As Griffiths 
remarks, this group is probably in the midst of active speciation. 

6 Exotela spinifer 
Found commonly on P.cirsii (but not P.spinaciae) on Cirsium, a host recorded 

by Griffiths (1966b) who also mentions P.lappina and P.alpina as hosts. All three 
hosts, but not P.spinaciae, are external pupating species. 

7 Exotela gilvipes 
One individual from P.ranunculi, its only known host (Griffiths 1966b). 

8 Dacnusa laevipectis 
Reared in very large numbers from P.ranunculi and from two other 

Phytomyza. Griffiths records it from 18 Phytomyza sp. but from no other genera. 
This species was found to be particular common early in the year and also 
parasitised P.ranunculi in its winter generation in Febuary and March. 

9 Dacnusa maculipes 
Reared from eight agromyzids, all in Phytomyza, Griffiths records it from no 

less than 57 hosts including agromyzids other than Phytomyza. This is the most 
polyphagous of all Dacnusini. 

10 Dacnusa areolaris 
This was reared from Phytomyza syngenesiae, P.nigra, P.milii and possibly 

P.horticola. Griffiths records it from P.atricornis (which subsequently he himself 
split into P.syngenesiae and P.horticola), P.asteris and P.nigra. P.milii is a new 
record. The host range of D.areolaris seems thus to be internally pupating 
Phytomyza on composites and grasses. The opportunity arose to see if individuals 
reared from one host were able to parasitize the other. D.areolaris reared from 
P.milii and P.nigra on Holcus lanatus successfully parasitized P.syngenesiae. 
11 Dacnusa plantaginis 

Reared from Phytomyza plantaginis, Griffiths (1966b) records it from this 
host and also from a second Plantago feeding species, P.griffithsi, not found in Sil-
wood. 

12 Dacnusa discolor 
Reared from Phytomyza primulae on Primula vulgaris and on garden varieties 

of Primula. Griffiths (1966b) gives this species as a host and also a single 
specimen from P.sedicola though this needs confirmation. 

13 Dacnusa adducta 
Reared from Phytomza nigra. Griffiths (1968a, 1968b) records it from 

Liriomyza flaveola and Cerodontha pygmaea but from no Phytomyza. All three 
hosts attack Graminae. 
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14 Dacnusa macrospila 
Reared from Phytomyza ranunculi, the only known host. 
A single specimen of a Dacnusa related to macrospila was reared from 

Phytomyza cirsii, an unusual host for this group. Unfortunately the specimen was 
damaged and more material will have to be bred before its identity can be estab-
lished. 

15 Dacnusa (tarsalis) 
3 individuals agreeing with this species description were reared from 

P.spinaciae. Griffiths (1966b) gives P.autumnalis (the true P.autumnalis from 
Centaurium, not the Cirsium feeding species, spinaciae, that until recently (Spencer 
1976) was called this) and P.farfareae. This would not be a surprising new host 
record but as D.tarsalis is not a very distictive species they need to compared with 
authenticated specimens. 

16 Dacnusa ahdita 
Reared from Agromyza anthracina but not A.pseu3Adoreptans, though Griffiths 

(1966a) has reared two specimens from this host (under A.urticae). It also 
parasitises related Agromyza on Boraginaceae. 

17 Dacnusa evadne 
Reared from Agromyza potentillae, the only host given by Griffiths (1966a) 

(under the synonym, A.spiraea). 
18 Dacnusa temula 

This species is unusual in Dacnusa in not attacking an agromyzid. It was 
reared from Scaptomyza flava, the only host mentioned by Griffiths (1966b) (as 
S.flaveol). 
19 Chorebus daimenes 

Bred from Liriomyza sonci, a host given by Griffiths (1966a) who records it 
from six other Liriomyza, chiefly but not exclusively from Compositae. 
20 Chorebus flavipes 

Bred from Cerodontha ireos, the only host given by Griffiths (1968b). 
21 Chorebus tribolymyzae 

Reared commonly from Amauromyza labiatarum but not from A.flavifrons, a 
second host given by Griffiths (1968a). A.flavifrons was attacked in large numbers 
by Opius sp.L which was not found on A.labiatarum and may have prevented 
parasitism by C.tribolymyzae or outcompeted it. 

22 Chorebus credne 
Reared from Agromyza potentillae, a host given by Griffiths (1966a) who also 

records another roseaceous-mining host A.rubi, not found in Britain and more 
surprisingly, Agromyza alnibetulae from Alnus and Betula (the Alnus host was 
probably A.alnivora). Too few specimens of either the last two hosts were bred to 
say if C.credne attacks them in Silwood. It has been noted before that Betulaceae 
and Roseaceae often share the same leaf-miners despite not being closely related 
(Hering 1951). 

23 Chorebus lateralis 
Reared from Agromyza anthracina and A.pseudoreptans, the hosts given by 

Griffiths (1966a) who also gives A.ferruginosa on Symphytum. 
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24 Chorebus misellus 
Reared from Agromyza frontella. Griffiths (1968a) gives as this species com-

monest host, Liriomyza congesta which was found on Medicago sativa at Silwood 
with A.frontella. I am satisfied, however, that the hosts were not confused. It is 
also known from Phytomyza atricornis (=syngenesiae or horticola) and two other 
Liriomyza species. 

25 and 26 Chorebus cinctus and C.asramenes 
Reared from Deschampsia cespitosa where three species of host were con-

fused; Agromyza lucida, Cerodontha lucida (both common) and Cerodontha 
deschampsiae (rare). Griffiths (1966a, 1968b) records C.cinctus from A.lucida and 
C.asramenes from C.pygmaea, the only hosts for either species. Unfortunately, all 
that can be said is that these records do not contradict them. 

27 Chorebus deione 
Reared from Agromyza pseudorufipes. Griffiths records it from several 

Agromyza on Boraginacea including a single specimen from this host. 
28 Chorebus alecto 

A single specimen from Phytomyza artemesivora. This is a new host record 
though it attacks several other externally pupating composite Phytomyza sp. (Grif-
fiths 1966b). 
29 Chorebus amasis 

Apparently only known from 7 specimens, 6 of them reared from the host 
found here, Phytomyza crassiseta (Nixon 1945, Griffiths 1966b). 

30 Chorebus sylvestris 
Reared commonly from Phytomyza lonicerae, a host given by Griffiths 

(1966b) (as P.xylostei). Specimens have been bred from P.aprilina collected outside 
Silwood, the other British host given by Griffiths (as P.lonicerella). It is restricted 
to Phytomyza on Lonicera (and the closely related Symphoricarpus) though on 
P.periclymeni (closely related to the other species), it is replaced by C.xylostellus 
which has not yet been recorded from England. 

31 Chorebus kama 
Reared from its only known host, P.ranunculi (Griffiths 1966b). 

32 Chorebus sp.A 
15 specimens reared from Phytomyza spinaciae belonged to a species related 

to C.aphantus and C.sylvestris though different from both. It seems likely that this 
is an undescribed species. 
BRACONIDAE: OPIINAE 
1 Biosteres wiesmielli 

Reared from a Pegomyia species (esuriens or interuptella) on Chenopodium 
album. Fischer (1973) records it from a wide variety of Delia and Pegomyia 
2 Biosteres carbonarius 

Reared from Pegomyia nigritarsis on all species of Rumex. Fischer (1973) 
records it from many species of Pegomyia and Delia. Biosteres rusticus which is a 
parasite of some Pegomyia and Delia was swept quite frequently from the succes-
sional sites but was never reared. 
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3 Opius ruficeps 
Two specimens from P.nigritarsis on Rumex crispus. Fischer (1973) records it 

from several Pegomyia. Belongs to the subgenus Apodesmia. 
4 Opius rufipes 

Reared from Pegomyia nigritarsis, predominently from Rumex crispus. Also 
two specimens from Pegomyia setaria. Fischer (1973) gives P.hyoscyami as an addi-
tional host. Reviewing the records of Opiinae found parasitising Pegomyia from Fis-
cher (1973) and those found here, the host range is more restricted in the present 
case. Fischer collected his records from the whole of Europe and also does not in-
clude numerical abundances. The combination of the huge geographical area and 
the inclusion of rare parasites tends to lead to a far wider parasite list than that 
applying at a single site. O.rufipes is also in the subgenus Apodesmia. 
5 Opius polyzonius 

Bred from either Agromyza lucida or Cerodontha pygmaea on Deschampsia 
cespitosa. Fischer (1973) records the former as well as other grass feeding 
Agromyza species as hosts. Subgenus Apodesmia. 
6 Opius ocellatus 

Bred from Euleia heraclei, the only host given by Fischer (1973). Subgenus 
Apodesmia. 
7 Other Opius 

The Opius reared from agromyzids are less well characterised in comparison 
with the anthomyiid and trypetid parasites discussed above. It was only possible to 
assign letters rather than names to species. A key to the 15 species found is given 
below, not that it will be useful for identification but so that the characters used 
to separate 'species' can be judged. Terminology is after Fischer (1973) and Whar-
ton (1977). Where possible Fischer's subgeneric position of the species is given but 
the characters he used to define subgenera are sometimes difficult to judge or vari-
able. For example the first couplet in his key to subgenera (Fischer 1973, p.69) 
refers to the presence or absence of the 'Riichen'griibchen', the mesonotal pit. 
Wharton (1977) has pointed out the difficulties with this character in an Alysiine 
genus, Aspilota, where bred series of specimens from a single locality contain in-
dividuals both with and without pits. His comments are probably also valid for the 
Opiinae. A small proportion of Opius sp.N almost completely lack the pit found in 
the majority of the others and a single specimen could easily be assigned to the 
wrong subgenus. Other characters discussed by Wharton and used by Fischer 
(propodeal rugosity, insertion of the vein nrec) also have problems and these are 
compounded at the specific level. The key below nevertheless, follows Fischer 
(1973) as closely as possible. 

Posterior margin of mesopleuron notched: subgenus Apodesmia. 
(The notched mesopleural margin is probably an unambiguous apomorphic 

character. The majority of Apodesmia are large species from Anthomyiids, 
trypetids and large Agromyza. All British species except O.ocellatus are in Mar-

Depression or pit in the middle of the mesonotum. 
Pit absent, mesonotum smooth. 

2 
11 

Sternauli with rugose sculpturing. 
Sternauli absent or smooth. 

3 
4 
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shall (1891) though Dunning (1953, unpublished PhD) has reared a ninth 
{0.polyzotiius\ the only species in the subgenus with a red thorax, a very distinc-
tive insect). The four species encountered were discussed above. 

Posterior margin of mesopleuron smooth, mandibles not widened at base, (subgenus 
Utetes.) sp.P 

4 Mouth open (gap between clypeus and mandibles less than the thickness of the 
mandibles measured where they cross). 5 
Mouth closed. 9 

5 nrec antefurcal (Recurrent vein received into Cell CI ) , subgenus Allotypus. sp.E 
nrec postfurcal (Recurrent vein received into Cell C2), 6 

6 Propodeum wrinkled or rugose posteriorly, though otherwise smooth, subgenus 
Misophthora. 7 
Propodeum rugose throughout, subgenus Nosopoea. 8 

7 44 antennal segments, stigma very long and parallel sided. sp.B 
24-28 antennal segments, stigma wedge shaped. sp.C 

8 30 antennal segments, mesonotal pit highly developed, petiole only a little longer 
than broad. sp.G 
27 antennal segments, pit small, of normal development. Petiole over one and a 
half times longer than broad. sp.H 

9 Propodeum rugose throughout, subgenus Cryptonastes. sp.M 
Propodeum smooth except at the most posterior part, subgenus Nosopaeopius. 10 

10 Sculpture on petiole irregular. sp.L 
Sculpture on petiole composed of regular longitudinal striations. sp.L 

(Two species, O.ochrogaster and O.lucidus in the subgenus Nosopaeopius 
have this type of distinctive petiole. They are separated on the relative lengths of 
the veins r2 and cuqul in Fischers (1973, p206) key to the subgenus. The series 
of 34 bred from Amauromyza labiatarum spanned both species in this character 
and also contained examples of the minor colour differences given by Fischer) 

11 Mouth closed, subgenus Opius 12 
Mouth open, subgenera Pendopius and Opiothorax. 13 

12 Mandibles expanded ventrally into a second tooth, (O.pallipes). sp.D 
Mandibles normal, not expanded at the base. sp.I 

13 Head red. sp.J 
Head black. 14 

14 Base of mandibles expanded (as in couplet 12). sp.A 
Base of mandibles not expanded. 15 

15 Petiole regularly but minutely punctate, matt . sp.K 
Petiole unsculptured, gloss. sp.O 




