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Hello and welcome to Antenna 44(4).
Preparing this Editorial in early October,
I can’t help but feel a sense of déjà vu;
the last being written in April as we
adjusted to Round 1 of lockdown in the
UK, and this contribution being penned
just as we’re re-entering the ring for
Round 2! While none of us will have
been immune to the chaos caused by
COvID-19, it’s been heartening to see
how the entomological community has
adapted to what’s become the ‘new
normal’ over the last nine months.
Whilst I greatly missed seeing the
Antenna team ‘in the flesh’ at our
Annual Meeting in September, for
example, the alternative online format
adopted prompted record attendance

and afforded all present a carbon-neutral glimpse at one another’s home decor! As
usual, this was a hugely enjoyable meeting, with many great ideas tabled and
approved to improve Antenna over the coming year. Thanks, as always, to all those
involved. If you have any ideas of your own, we’d welcome these to be shared at
‘antenna@royensoc.co.uk’; there should also be the opportunity to comment on
Antenna in the RES Membership Survey.

As evidenced in this issue’s Society News, the Antenna Annual Meeting wasn’t
the only recent RES gathering to ‘go virtual’. Both the Behaviour and Infection &
Immunity SIGs took to ‘the cloud’ with resounding success, as did judging for the
2019 Wallace Award, where Jesamine Bartlett quite literally ‘Zoomed’ to first place.
Whilst some of our regular Society News items have had to be benched for now –
including Richard’s EnTeam – we’re delighted to still be able to bring you Peter’s
latest Hon Fellow Interview with Jane Hill, plus an enthralling update on Daneway
Banks Nature Reserve. We’re equally pleased to feature a ‘Letter from the
President’ in 44(4), courtesy of Helen Roy. Helen has kindly offered to make this
a regular feature during her term, setting a standard we hope other president’s
might follow in the future. We also have three Letters to the Editors to get the
Issue underway, with a response from David Hubble to Mike Edward’s
correspondence concerning insect hotels and introduced species.

As Richard reported in his Editorial for 44(3), we’ve been hugely humbled by
the response to our call for articles early in the pandemic, with your entomological
efforts here bolstering our copy bank to help fill Antenna cover-to-cover through
COvID-19. This issue features no fewer than six fantastic and varied submissions,
with Stuart Reynolds opening our articles section with a ‘Spotlight’ on when, why
and how insects got their wings. Other subjects covered include the north black
bog ant, insect fossils, the entomology of non-native plants, and mating in the
speckled bush cricket. Given this deliciously diverse line-up, the only common
theme that comes to mind is ‘unpredictability’; apt then that Helmut van Emden
closes this section with his ‘Tales of the Unexpected’. 

Please do keep the submissions coming in – on any and all entomologically-
interesting topics – your input here is greatly appreciated and all accepted articles
will be published, even it takes an issue or two to get them into print. For those
wanting to check our author and image guidelines, these will shortly be available
online via the Antenna website, freeing up even more pages to feature your
continuing contributions! You’ll find our Book Reviews published on the website
already, with four new entries appearing online since the last issue; from Peter
Brown on Ladybird Beetles of the Australo-Pacific Region, John Walters on the Atlas
of Water Beetles of Britain and Ireland and Peter Smithers on both the Dictionary of
Natural History of the British Isles and Britain's Butterflies (4th Ed).

Wishing you all a safe and happy seasonal break.

Dave

Guidelines
for

submitting
photographs

To maintain a high quality we suggest
that submissions for Antenna be
presented via e-mail or on CD. Files
must be in a PC-compatible format,
preferably in MS Word.

Electronic images can be
embedded in the Word document but
we will also require separate
electronic images. These should be
the full size image (.jpg or .tiff) from
the camera even after the author has
edited the file.

Please do not submit images that
have been printed from a computer
on a domestic inkjet or laser printer.
Even if the camera is a good one and
photo-quality paper is used, the
graininess is very hard to deal with. If
plain paper is used, the prints are
virtually unusable.

If an image is intended for the
front cover then the photograph
should be in portrait format and
again should be the full size image
from the camera even after the
author has edited the file.

To give an idea as to what happens
when the image is not of sufficient
size, take a look at these two
photographs. One is 300dpi and the
other is 72dpi.

300dpi

72dpi

EDITORIAL
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Correspondence

Guaranteeing the Uniqueness of a Species Name Using 3NF

Dear Editor,

I am a software engineer who has been examining causes of errors in the Linnaean taxonomic system and would welcome
any comments from readers.

The scientist and mathematician E.F. Codd established a series of rules for the design of complex data storage systems, with
the goal of ensuring logical consistency. His design rules now form the basis of all relational databases across all disciplines, as
well as data recording in spreadsheets. These rules are typically referred to as the rules of data normalisation, which are then
grouped into sets of rules known as normal forms (NF).

Whilst there are now several normal forms, for this purpose we need only consider Third Normal Form (3NF). A system
can be considered to be in 3NF if every unique object/idea has a unique identifier, such as a name. The benefits of being in
3NF are many, though the particular interest for this study is the ‘guarantee of uniqueness’. This means that, once a system is
in 3NF, every reference to a unique identifier is permanently guaranteed to be correct.

The Linnaean taxonomic system is an almost 300-year old system for the classification of life, designed to provide the scientists
of the time with a framework to unify disparate nomenclature in an era where communications could take weeks. This
taxonomic system can be regarded as one of the oldest relational data systems in existence. The term ‘relational’ refers to the
notion that each entry to the system relates to other entries in the system, for example the link between a species and genus,
or genus and family. As such, it is possible to apply Codd’s design rules to the Linnaean taxonomic system. Applying these rules
will enable us to ensure 3NF, providing the much sought-after guarantee of uniqueness. In taxonomic terms the guarantee of
uniqueness ensures that, outside of human error in determination, any reference to a type is, and will always be, correct.

To illustrate, consider the species Nomada integra (Brullé 1832). This species has apparently been recorded 97 times on the
NBN Atlas at the time of writing, been assessed for the GB Red List by Falk, and features in many collections. There’s just
one problem: none of these references to N. integra refer solely to material which matches the type of N. integra as defined by
Brullé in 1932. This is because, in 2017, Notton & Norman published material showing that what had been considered N.
integra in Great Britain (and possibly Ireland) was comprised of both N. integra and N. facilis. Consequently, these materials
referring to N. integra are in fact referring to an aggregate of N. integra and N. facilis.

This statement immediately raises a conflict between the requirements of the Linnaean taxonomic system: the name N.
integra should refer only to specimens which are considered the same as the type specimen of N. integra, and the requirements for
our guarantee of uniqueness: There should be one and only one occurrence of an identifier.

viewing this in a table starts to provide the answers:

This table is a classic demonstration of another of Codd’s normal forms: Second Normal Form (2NF). 2NF happens when
an identifier is not unique, and is typically solved by the addition of another ‘translational’ aspect to make the system 3NF
again. This additional aspect is, by definition, not currently independently defined within the Linnaean taxonomic system,
though taxonomists frequently use it. The solution is already presented in the above table and indeed implicitly throughout
the Linnaean taxonomic system: that there is a difference between the type specimen and other specimens considered to be
the same as the type. This is evident in the ruling that a type specimen may not be replaced without considerable effort, as
the type is the ultimate point of reference. Evidence of attempts to upgrade the Linnaean taxonomic system to 3NF are
already present in the ‘sensu stricto and sensu lato’ epithets:

Here we can see that each ‘used name’ is unique and corresponds to a unique ‘intended type(s)’ entry. However, the sensu
system has a serious flaw which results in a return to 2NF. The flaw arises from the idea that the type name is the ‘correct’
method of identification, without any sensu epithet. In other words, the sensu system is considered a temporary diversion
which should eventually be reverted to drop the sensu epithet. This leads to the following:

Used name Intended type(s)

Nomada integra Nomada integra

Nomada integra Nomada integra or facilis

Used name Intended type(s)

Nomada integra sensu stricto Nomada integra

Nomada integra sensu lato Nomada integra or facilis

Time period Used name Intended type(s) at writing Final understanding

Initial Nomada integra Nomada integra Nomada integra or facilis

Post split Nomada integra sensu stricto Nomada integra Nomada integra

Nomada integra sensu latu Nomada integra or facilis Nomada integra or facilis

Post split ++ Nomada integra Nomada integra Nomada integra
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The first and fourth entries demonstrate the problem. When these are extracted, they look as follows:

This is the exact problem that the sensu system attempts to fix. Once again, the system is back in 2NF. It is therefore
impossible to remove a sensu epithet once one has been used without also reverting to 2NF, meaning that the sensu system is
not a solution.

Until the Linnaean taxonomic system is placed into 3NF, attempts to create solutions which rely on a 3NF system will
continue to fail. This includes solutions which aim to address taxonomic confusion, and any solution which attempts to
aggregate taxonomic knowledge in search of a ‘universal’ checklist. Codd’s rules of normalisation provide guidelines to resolve
the difference between the assumed 3NF manner in which the Linnaean taxonomic system is used, and the 2NF state that
the system is currently in.

Rowan Edwards

Used name Intended type(s)

Nomada integra Nomada integra or facilis

Nomada integra Nomada integra

Nectar feeding in the carnivorous bush cricket, Saga pedo (Orthoptera, Tettigoniidae)

Dear Editor,

Four years ago, close to my home on the Triestine karst in northern Italy (and as reported in Antenna), I was fortunate enough
to observe and photograph an unusual sequence of events – an adult Saga pedo bush cricket preying on a female praying
mantis (McGrath, 2018).

Since then, I have learnt that S. pedo has been recorded taking Mantis religiosa before, at least under captive rearing conditions
(Krištín and Kaňuch, 2007). Indeed, a number of reports, many based on captive rearing experiences, confirm that S. pedo is
entirely carnivorous (Fontana et al., 2002; Schall, 2002).

Nevertheless, on 10 June 2020, I observed a nymph of S. pedo imbibing nectar
from the flowers of rue plants (Ruta divaricata), having climbed up to the
inflorescences that were standing above the level of the surrounding grasses.
Here it paused to place its mouthparts at the base of a flower’s ovary where it
meets the petals – and where the nectaries are located – and conspicuously
imbibed whatever was there, presumably nectar (see photo). It then moved
forward a few centimetres and repeated the behaviour at another flower,
continuing for several minutes. 

Despite S. pedo being considered (till now) entirely carnivorous, many other
species of bush crickets (Tettigoniidae) are omnivorous to greater or lesser
extents (Benton, 2012). Two endemic Australian subfamilies of the Tettigoniidae, however – the Phasmodinae and
Zaprochilinae – are nectar and pollen feeders (Mugleston et al., 2018). Interestingly, Mugleston et al. (2018) show that the
Saginae (the subfamily to which the genus Saga belongs) diverged early from, but is a sister lineage to, the Phasmodinae and
Zaprochilinae, as well as a third Australian endemic subfamily, the Tympanophorinae.

Schall (2002) confirmed that the S. pedo he reared for some ten years did not eat vegetables or fruit, but would drink water,
especially if the terraria in which they were being reared had not been misted for a few days. He also noted that Matthey
(1941) had recorded S. pedo taking a bite from a cherry, but it is considered that this was also an effort to obtain liquid. An
internet search in multiple languages for observations of S. pedo imbibing nectar proved negative. I believe, therefore, that
what is documented here is truly an unusual behaviour for this fascinating insect, a behaviour unrecorded until now.
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Disclaimer: The ideas and opinions expressed in this letter are those of the author (Peter F. McGrath) and do not necessarily
represent the view of the author’s employer, UNESCO. 

Peter F. McGrath
Trieste, Italy

Email: petermcgrath30@hotmail.com
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Entomological record hunting in the pages of Antenna

Dear Editor,

Reading David Hubble’s article on Lockdown Entomology in the last issue of Antenna (44:3), my eye was taken to the image
of Osmia bicornis on page 110. It is actually a male of Osmia cornuta, as is the image of one disappearing into the bee hotel
on page 112. This photo of the male shows the white ‘beard’ below the antennae, which in O. bicornis is dirty brown/white.
The red of the metasoma is also more intense, and the mesosoma black, so that the whole insect is more contrasting in colours
in O. cornuta, this also being true of females. Structural and size differences also exist between the two species, though these
are not distinguishable in the photo.

Osmia cornuta is a continental species which is not frequent on the Channel coasts, but more southern and continental. At
BWARS we suspect that this species has been introduced along with ‘stocked bee hotels’ offered commercially. We are
currently aware of populations of this bee around London, the first in 2014 in Greenwich, the most recent in Guildford in
2020. Most of these have come to our notice through photos of ‘Osmia bicornis’ and this is another one. I wonder if lockdown
might provide more records.

The presence of the bee fly Anthrax anthrax, another continental species and a cleptoparasite of aculeates, using cavity nests
(collections of which is what ‘bee hotels’ are) in Cambridgeshire further suggests this mode of colonisation; although this
species has become frequent around bee hotels in the Netherlands and could, conceivably, have got here on its own.

Even within GB, the popularity of ‘bee hotels’ has resulted in what look like long-distance and sudden distributional shifts
in Osmia bicornis, which was suddenly found nesting in bee hotels in Midlothian, Fife and Perthshire during the early part of
this century.

This provides an interesting conundrum, given the sort of reactions of fellow allotment holders noted by David: does it
matter? Importing a ‘species not normally present’ is an offence under the Wildlife and Countryside Act – as long as it is done
‘knowingly’. As both species have a colloquial name of ‘Red Mason Bee’ it could be a genuine case of ‘not understanding’ –
scientific names are there for a very good reason. 

I must question the wisdom of encouraging any deliberate long-distance movement of live insects without very careful
scientific consideration of the issues involved, whatever the ‘help our bees’ message, which is clearly a factor in this case.
Actually, just providing empty nesting tubes of a sensible diameter (many of the commercial ones are completely hopeless)
in a garden will attract a reasonable range of cavity-nesting bees and wasps, especially if the holes are of varied diameters. Cut
lengths of bamboo, placed within a short piece of drainpipe, are both cheaper and more effective than most of the commercial
nests which are advertised, even by ‘conservation’ charities!

Mike Edwards

Response from David Hubble

Thanks for the correction – interesting to know. The bees in question were found in my garden in Hampshire, using home-
made ‘insect hotels’. If they have indeed come in with stocked bee hotels I imagine they are widespread. Given they are not
mentioned in Falk & Lewington (2015) nor in Benton (2017), I wonder if they are under-recorded by general recorders
(including myself in this case as I specialise in beetles) due to unfamiliarity?

Osmia bicornis female closing her nest with
mud. Photo: Mike Edwards.

Osmia cornuta female. Photo: Greg Mabbett,
supplied by Tom Mabbett (Naturetrek).
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There is no doubt that the past summer was unusual. It was
a worrying time for many people and there has been no
respite from COvID-19 through the winter months.
Throughout the summer, I took the opportunity to spend a
little more time observing and recording insects in my garden
and the surrounding countryside.

At the start of lockdown, I began moth trapping. I had
been meaning to do so for many years and this seemed the
perfect time. Every night I put the light on in the trap and
every morning I enjoyed the delights, with a cup of coffee in
the garden. Utterly captivating. All of the many species were
exquisite but I confess to having a few favourites: the pale
tussock, Calliteara pudibunda, elephant hawk-moth,
Deilephila elpenor, and spectacle, Abrostola tripartita.  

I also spent ten minutes whenever I could taking part in
the UK Pollinator Monitoring Scheme Flower-Insect Timed
Counts. Sometimes I had no insects landing on the flowers
within my small quadrat and other times there would be a
flurry of activity. Whatever the count, it was an incredibly
relaxing lunchtime activity.

I hope that you also had many enjoyable insect moments
throughout the year. 

As the temperatures fell and the light began to fade earlier
and earlier each day, I thought of the months ahead when
many insects become dormant and mostly hidden away. I
definitely miss the chance garden encounters with various
insect species and get very excited when I see a winter-active
bumblebee. However, there has been lots to keep me busy. 

The ways in which the Society ensured that the Special
Interest Group meetings continued, despite the restrictions,
was inspiring. The commitment and enthusiasm from the

organisers and participants was wonderful to see. I am
enjoying the ongoing programme of meetings and thank
everyone involved for providing these opportunities for
sharing the excitement of entomology far and wide. 

These are exciting times for the Royal Entomological
Society, as we launch the Grand Challenges project and
invite you all to get involved with sharing your ideas on
priorities for entomology in the coming years. I am also
looking forward to working with you all more and more as
we launch the members’ survey. We all have an opportunity
to inform and shape the future of our Society. 

A number of colleagues have stepped down from their
positions within the Royal Entomological Society over the
summer. All have given in many and varied ways over many
years and I thank them for their commitment to entomology
and the Society. Kirsty Whiteford decided to move on to
pursue new opportunities. I would like to thank Kirsty for
her dedication to the Society and wish her well with her new
endeavours.

I am so privileged to work with such an amazing team of
staff and trustees. They have all worked so hard to make
progress in implementing some of the actions from the
recent governance review. I hope you will consider joining
us. Please do get in contact with me if you have any questions
about the roles available. 

I hope that you all stay well and enjoy entomology
throughout the winter months. I am looking forward to
another wonderful edition of Antenna to entertain me on the
winter evenings. Thank you to the amazing production team
for ensuring that our Society magazine is something we can
all look forward too.      

Letter from the President
Helen Roy
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The astonishing evolutionary success of insects

Nine years ago, writing for Antenna, I reviewed the
extraordinary evolutionary success of insects. Reviewing
some then contemporary discussions about the number of
extant insect species, I plumped for a figure of about 3.6
million (Reynolds, 2011). Since then there have been new
attempts to estimate the diversity of insects. In a careful
accounting exercise Stork (2018) has now revised the
probable total count up to about 5.5 million species. Most
recently, García-Robledo et al. (2020) have reflected still
further on the problem, upping the possible number of
species to c. 8.8 million while making it clear that they
consider that the true figure could be much larger. It’s clear
that the total estimated number of insect species
considerably outnumbers the sum of all other animal kinds.
This certainly seems like an evolutionary triumph. 

Insects are evolutionarily successful because

they have wings

Why are insects so successful? I suggest that the answer is so
obvious that it stares us in the face every time we look at an
adult insect. Insects have hyperproliferated because they have
wings. Because only insects could fly at the time their wings
first evolved, they were the only animals able to get to where
the surface area of the environment is largest, i.e. the surfaces
of land plants. In addition, and as was suggested by Robert

May in 1988, smaller species of animal will be most
numerous just because more of them can be fitted into the
space that’s available. 

Put simply, when insect wings first evolved around 400
million years ago, being able to fly enabled their owners to
exploit a much larger volume of environmental space than
their competitors. Whereas their apterygote relatives were
limited to a thin layer just above and just below the land
surface, winged insects were able to fly to the tops of tall plants
and there exploit the huge, fractal surface area of all the aerial
leaves of the plants that were at that time demonstrating their
success at turning carbon dioxide into biomass. The
species:area curve has been described as the nearest thing that
ecology has to a general rule (Lomolino, 2001), but when you
can fly, you live in three dimensions not two. In this way, wings
opened new evolutionary horizons for insects.

Being able to fly enables insects to disperse to new
locations during their lifespan, whether they are looking for
a new host plant if they are herbivorous, seeking new prey
items if they are predators, escaping from predators if they
are not, finding a mate to have sex with, or locating a suitable
egg laying location. Dispersal by flight leads to increased
reproductive success and (within limits set by the physical
environment) also a bigger geographic range. These factors
enhance persistence in evolutionary time and space, and thus
in the long run provide greater opportunity for speciation
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through adaptation to different niches. It’s no surprise that
dispersion ability is correlated with species richness (Irmler
et al., 2010). Wigglesworth (1973) was insistent that the
adaptive advantage in having wings is that it facilitates
dispersal. Its hard to disagree with that conclusion.

But there are probably other advantages. Another factor in
the evolutionary success of insects is their unparalleled ability
to exploit plants as food. During the Devonian geological
period, when insect wings first evolved (see below), the
ancestors of insects were just one of a number of animal
groups that had recently colonised the land, pursuing the
opportunity presented by the proliferation of vascular plants
in this new habitat. But it was the winged clade of insects that
succeeded most spectacularly as herbivores. This was a great
evolutionary opportunity. The biomass of available plants on
land must have been very great; as an indication of this, over a
period of about 60 MY at that time, photosynthetic fixation
of atmospheric CO2 pumped down CO2 concentration in the
air from c. 2000 ppm to 1000 ppm (Foster et al., 2017). We
don’t know much about plant diversity at that time, but it
seems safe to presume that then, as now, herbivory required
the ability to avoid plant defences, and therefore to move from
site to site to find the most suitable plants to eat; wings must
have been essential to such mobility. Even today insects are by
far the most important consumers of green plants (Futuyma
& Agrawal, 2009), and the trophic interaction between insects
and plants is mostly one in which specialists consume highly
defended resources. Although communities of insects on trees
are complex (Brändle & Brandl, 2001), most insects are
specialists and monophagy is by far the most common trophic
habit among insect consumers of plants (Forister et al. 2015).
It couldn’t be like this without the mobility that wings give to
adult insects, enabling them to find their own special food even
when it is patchily distributed.

You can’t be a specialist unless you can detect and then
move towards the object of your specialist interest. Thus,
possession of wings also drove other adaptations. The
evolutionary innovation of flight likely required the
simultaneous development of sophisticated sensory systems
that are used to orient to relevant features of the
environment, and highly organised nervous systems that can
process this information to organise complex behaviours.
And moving in three dimensions is more complex than just
two; in the same way that the cockpit of a jumbo jet has a
lot more instruments than a juggernaut, the brain of a flying
insect needs to be a lot bigger with more inputs than that of
a non-flying apterygote. Increased brain power, directly
required by the possession of wings, provided insects with
evolutionary opportunities that would not have been
available without flight. 

One such opportunity was the chance to co-evolve with
angiosperms as pollinators; the fantastic modern variety of
flowers has developed through competition among flowering
plants to attract insect pollinators (Hu et al., 2008), and
without the ability of flying insects to orient to flowers
according to their species, pollination would not have evolved
as it has. Another evolutionary open goal waiting for winged
insects to score was the chance for highly mobile flying insects
to co-evolve as parasites with other insects as hosts.
Hymenoptera is one of the largest hexapod orders, in which
it is probable that the majority of species are parasitoids. A
parasitoid’s way of life is only possible for insects that are
highly mobile and well equipped, with sufficient sense organs
and neural processing power to locate and successfully

parasitise hosts. Predictably, trophic networks involving
parasitoids indicate a high degree of specificity, and this has
in turn driven growth of hymenopteran diversity (Forbes et
al., 2018). None of this would have been possible without the
mobility conferred by the possession of wings.

When and in what kind of arthropod did insect

wings first appear?

Obviously, the ancestors of insects had to leave the sea and
colonise the land before they could evolve wings and take to
the air. Insects are members of the Phylum Arthropoda,
paraphyletic to the Crustacea. The generally accepted closest
relatives of the Hexapoda (the class-level grouping that
includes both winged insects and the ancestrally wingless
Apterygota) are Remipedia, an obscure and tiny class of
blind, venomous crustaceans, which today live only in caves
connecting freshwater aquifers to the sea (Schwentner et al.,
2017). Genomic comparisons indicate that Remipedia
diverged from the line that led to hexapods at some time in
the Palaeozoic, more than 444 MY BP. 

What would the first terrestrial insect-like organisms have
looked like? There is a group of modern insect relatives that
don’t have wings. Although Remipedia have lots of
appendages, modern apterygotes all have six legs, so that we
can call them Hexapoda. They include Protura (coneheads),
Collembola (springtails), Diplura (two-pronged bristletails),
Archaeognatha (jumping bristletails), and Zygentoma
(silverfish). Just how closely related to insects these various
groups are is the subject of continuing debate. It’s difficult to
be sure because it all happened such a long time ago, and
perhaps in the context of thinking about the origin of wings,
it doesn’t really matter. The hexapodan phylogenetic tree
proposed in a very influential paper by Misof et al. (2014)
has the wingless Zygentoma as closest relatives of insects
proper, diverging from them c. 420 MY BP. Other
apterygotes are generally agreed to be less closely related to
insects, and their lines of descent separate at increasingly
remote times up to c 480 MY BP. The date proposed by
Misof et al. for the ancestral divergence from silverfish has
recently been backed up by new genomic evidence from
Manni et al. (2019). But phylogenetic divergence is one
thing; the possession of actual wings is another, and there are
various opinions as to when the first winged insect could
have been captured by an imaginary prehistoric sweep net. 

To see actual wings, we had better look at the fossil record.
Fossils of insect-like creatures from the Early Devonian
period are all wingless and resemble modern apterygote
groups, but by the Early Carboniferous, winged insect fossils
are abundant, placing the origin of insect wings no later than
360 MY BP. The earliest known obviously insect-like fossil is
from the Scottish Rhynie (Pragian), c. 396–407 MY BP
(Engel & Grimaldi, 2004). This creature had jaw articulations
that unambiguously show it to be a member of the
Hexapoda; it is very similar to today’s Zygentoma (silverfish)
but it isn’t clear if it had wings. But after this splendid fossil,
there is nothing, and a 62-million-year period (the ‘Hexapod
Gap’) now follows in the fossil record in which no insect
fossils have yet been found. Not until the Pennsylvanian, c.
323–299 MY BP, are insect fossils found again, and by this
time we find that winged insects very like modern
Palaeoptera and Neoptera are already abundant and diverse,
with holometabolous insects (i.e. those undergoing a
complete metamorphosis with a pupal stage) appearing
shortly thereafter. 
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The reason for this long gap (>50 million years) in the fossil
record is not clear. It was originally suggested that the absence
of insects (and also of other animal groups) from rocks of this
age may have been due to low levels of atmospheric oxygen,
which (it was supposed) would have made flight (known to
require high rates of metabolism) impractical (Ward et al.,
2006). Unfortunately for this idea, Schachat et al. (2018) have
now shown that O2 levels during the gap were not low, and
so hypoxia cannot have caused the apparent absence of fossil
insects. Instead, these authors plausibly suggest that it simply
took a long time for insects to become sufficiently numerous
to be fossilised in any quantity. We are thus no nearer to
locating the exact moment at which the first flying insect took
to the air. But surely fossils from this period must exist
somewhere? That would indeed be a great opportunity, and
we can only hope that a geologist’s hammer will find the
missing link in the Upper Devonian. 

Did insect wings evolve only once?

This seems likely but it isn’t certain. Two major taxonomic
divisions of winged insects, Palaeoptera (Odonata and
Ephemeroptera, both unable to fold their wings over the
abdomen) and Neoptera (all other extant insect orders,
which can fold their wings in this way) are usually
recognised. In fact, however, the status of Palaeoptera is
uncertain. Although the maximum likelihood phylogeny
presented in Misof et al. (2014) strongly indicates (bootstrap
support >95%) a monophyletic origin of the insects as a
whole (i.e. it suggests the paraphyletic status of insects and
silverfish), the subsequent divergence of Palaeoptera and
Neoptera illustrated therein is in fact not strongly supported
(<75%); moreover, the node at which Ephemeroptera and
Odonata diverge is also not well supported. On the other
hand, Misof et al. (2014) did find strong support for the
monophyletic origin of Neoptera. Most readers of this very
well-known paper probably don’t notice the text’s note of
caution, in which it is said “additional evidence… will be
necessary to corroborate” the status of the Palaeoptera. 

Lack of certainty on this important point is a well-
recognised problem in the guild of insect phylogeneticists;
three different possible branching sequences are possible;
alternative groupings to the Palaeoptera being designated
Metapterygota (early divergence of Ephemeroptera) and
Chiastomyaria (early divergence of Odonata) (see Fig. 1). A
recent re-examination by Simon et al. (2018) using transcript
sequences from a larger sample of species has unfortunately
failed to resolve the question. Although Simon et al.’s analysis
gave strong confirmation (bootstrap support 100%) in favour

of Palaeoptera, and convincingly failed to give significant
support to Metapterygota, the alternative grouping of
Chiastomyaria could not be dismissed. Resolution of this
question is not helped by the fact that Odonata and
Ephemeroptera themselves diverged a very long time ago, at
the Devonian–Carboniferous transition, the deepest node
within the hexapodan clade, occurring c. 360 MY BP. In the
authors’ words “the Palaeoptera problem has to be
considered an unsettled issue of insect systematics”. It will
doubtless continue to give useful employment to molecular
insect phylogeneticsts for some time. Meanwhile, it remains
possible that the divergences preceding the origin of the
palaeopteran groupings might represent multiple origins for
insect wings. Whatever the manner in which Ephemeroptera
and Odonata diverged from the neopteran lineage, we can’t
be sure that these events took place at a time when the
ancestors in question actually had wings. 

Implications of having wings for metamorphosis

Both in a journal article (Bellés, 2019) and in his recent
excellent book on Insect Metamorphosis [reviewed in Antenna
43 (3), 143-145], Xavier Bellés has emphasised that the
evolution of the winged condition almost certainly necessitated
the adoption of metamorphosis among insects. All arthropods
are encased in a chitin-protein exoskeleton (“cuticle”) that must
periodically be moulted to allow for increase in body size. In
preparing to moult, a new larger, folded cuticle is produced
within the old one; when the new cuticle is ready, the old one
is largely destroyed and its material content reabsorbed for
recycling. Moulting arthropods undertake an impressive feat of
escapology in which the body, now encased in its new
exoskeleton, is extracted from the old skin. Although great feats
of moulting agility are used to extract long appendages with
complicated shapes from the old cuticle sheath, there are limits
to what can be achieved. In particular, moulting of fully
functional, flat and fragile wings is likely to be very difficult,
and thus adult insects do not moult. 

Actually, there is an exception to this; adult mayflies
(Ephemeroptera) are a special case in entering a short pre-
adult stage (the subimago) that already has fully inflated
wings and is capable of flight, which is rapidly followed by a
moult to the final adult stage (Edmunds & McCafferty,
1988). It’s not clear why Ephemeroptera differ from all other
insects in undertaking an additional post-nymphal moult. It
seems likely that this is in fact a special adaptation to the
mayfly lifestyle; all insects in this order are fully aquatic as
nymphs, and most emerge from the last larval skin whilst still
in the water. It may be that the abundant cuticular

Figure 1. Three hypotheses for the early branching events within pterygote evolution: a. Chiastomyaria (Ephemeroptera + Neoptera) in red,
b. Metapterygota (Odonata + Neoptera) in grey, and c. Palaeoptera (Ephemeroptera + Odonata) in blue. Reproduced with permission from
Simon et al. (2018).
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microtrichia of the subimago confer special hydrofuge
properties on this stage’s body surface, and this may be
beneficial during escape from the water surface, while the
adult’s aerial reproductive life would perhaps be easier once
the subimaginal skin has been shed. There is no agreement
as to whether the subimago corresponds to a second adult
stage, a terminal nymphal stage or even a pupa-like condition. 

Thus, because it is so difficult for an insect to moult once
it is in possession of fully functional wings, moulting ceases
in the adult stage of almost all insects. This is achieved in
many cases by the apparently desperate measure of
destroying the prothoracic glands, the structures that
produce ecdysone, the steroid hormone that initiates
moulting in all arthropods. This sets the scene for other large
scale developmental and physiological changes associated
with the terminal moult, which achieves what we call
metamorphosis.

This in turn poses a life history strategy problem for insects.
Because the evolutionary innovation of wings results in the
cessation of moulting, there is a drastic change in reproductive
allocation of resources. Instead of continuing to moult in the
reproductively mature (i.e. adult) condition, which allows the
adult animal to continue growing and undergo multiple
rounds of reproductive activity, perhaps surviving for years in
this condition (this happens in all apterygotes, including
Zygentoma, the taxon most closely related to insects), winged
insects must cease both growing and moulting when they
become adults, thus limiting their remaining life span. Instead,
they adopt a “big bang” reproductive strategy that maximises
reproductive output in a short period of time. Although some
adult insects (like cockroaches) can undergo multiple rounds
of egg laying over months to years, a high proportion of insects
adopt an approach in which they mobilise all their stored

reserves in favour of a single round of capital reproduction,
as would be expected in an organism with an uncertain future
(Houston et al., 2006).

From what pre-existing structures did wings

develop?

When inventing new traits, evolution generally tinkers with
existing structures and functions, rather than creating new
ones from scratch (Jacob, 1977), and wings appear to be no
exception to this rule. Two principal competing theories of
wing formation exist, both of which assume that wings are
modifications of previously existing structures. First, and
perhaps most consistently popular, the paranotal hypothesis
was built on the observation that winged fossil insects from
the cockroach-like order Palaeodictyoptera not only possess
quite conventional-looking wings on the meso- and meta-
thoracic segments, but also have smaller lateral extensions
(paranota) from the notum (dorsal surface) of the prothoracic
segment. Guy C. Crampton (1916), supported by R.E.
Snodgrass (1935), suggested that present-day insect wings are
derived from these ancestral structures (see Figure 2).

This idea is attractive because it enables us to see the
innovation of wings as resulting from tinkering with
previously existing structures. In line with this, Kukalová-
Peck (1978) found that paranotal structures were also
present, although smaller, in preadult stages (nymphs) of
Paleodictyoptera, where they appear similar to the wing pads
on late stage nymphs of modern hemimetabolous insects like
cockroaches and grasshoppers. It is supposed that differential
growth of the T2 and T3 paranota would have occurred
during maturation, exactly as takes place in these modern
groups, leading to the formation of wings. 

Figure 2.
Left panels: (1) Examples of fossil Dictyoptera; A. Stenodictya lobata (from Brongart, 1890); B. Lemmatophora typica (from Tillyard, 1928).
Both insects are adults with meso- and metathoracic wings, but they also display smaller paranotal lobes on the prothorax. Illustration reproduced
from Snodgrass, 1935.  (2) Alternative phylogenies for Paleodictyptera, as sister group of Palaeoptera (green) or as sister group of Neoptera
(orange). (A) Stenodictya lobata, adult male, late Carboniferous, Gzhelian, Commentry, France. (B) Rochdalia parkeri, nymph, Late Carboniferous,
Bashkirian, Rochdale, Lancashire, UK. See the original paper for more detail. Reproduced with permission from Prokop et al. (2017).

Right panel: (3) Top: Wing pad, Idoptilus sp., Late Carboniferous, Moscovian, Mazon Creek Lagerstätte, Illinois, USA. (A) Photo of wing pad;
(B) Reconstruction of wing pad to show articulated joint. Middle: Palaeodictyoptera family, Late Carboniferous, Bashkirian, Upper Silesian
Coal Basin, Sosnowiec−Klimontów, Poland. (C) Photo: Thoracic part of exuvial cuticle including wing pads; (D) Reconstruction of original
exoskeleton and wing pad tracheation; (E and F) Micrographs of basal parts of prothoracic and mesothoracic wing pads. Bottom: Lycodemas
cf. adolescens, FM PE31983, Late Carboniferous, Moscovian, Mazon Creek Lagerstätte, Illinois, USA. (G) Photograph of wing pad; (H)
Reconstruction of wing pad including articulated joint; (I) Micrograph of basal part of wing pad.  Scale bars represent: (A)–(D) 3 mm;
(E),(F),(I) 1 mm; (G),(H) 5 mm. Reproduced with permission from Prokop et al. (2017).
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various suggestions for the original adaptive role
(“purpose”) of paranota have been made that include
facilitating gliding flight, sail-like propulsion while floating on
water, and thermoregulation. Wigglesworth (1973) considers
some of these possible roles. For a wing to function in flapping
flight, as is the case in insects today, the paranotal extensions
would need to be articulated and suitable muscles would need
to be present in thoracic segments. We can’t see inside these
fossils, but a paper by Prokop et al. (2017) has revealed
evidence of clearly discernible articulations at the base of all
three pairs of wing pads. Although the articulation of
prothoracic paranota is less well-developed than those on
segment T2 and T3, that it is there at all suggests that paranota
of all three thoracic segments are homologous. This doesn’t
necessarily mean that prothoracic paranotal pads were used
in flight. Even though less mobile than the proper wings of
T2 and T3, they could, for example, have been sufficiently
mobile to be useful solar collectors, being orientable by
muscular action to regulate heat gain from sunlight.

The other major theory for the origin of wings, the
ancestral gill, or exite hypothesis, was also first raised in the

19th century. It was revived by Wigglesworth (1973) who
credited Sir John Lubbock (1873), and C.W. Woodworth
(1903 – citation in Wigglesworth’s paper) as among his
predecessors. The basic idea is that the developmentally very
versatile branched segmental limbs of crustacea, which in
some species form gills, are the origin of insect wings. These
were supposed to derive specifically from the subcoxal region
of limbs, the more distal parts of which had subsequently
been lost. This idea was taken up by Kukalová-Peck (1978;
1983) and was given a significant boost when Averoff &
Cohen (1997) isolated gene homologues expressed during
wing development in Drosophila from the crustacean Artemia
franciscana, and found that they were expressed during the
shrimp’s development in the distal epipodites of the thoracic
legs, exactly as predicted by the gill/exite theory.

More recently, these two hypotheses have been reconciled
by a number of studies showing that both are correct. Insect
wings are in fact formed through the respecification of tissue
that is located in two different places in less derived
arthropods, the most proximal region of the meso- and
metathoracic legs, and the lateral (i.e. paranotal) region of

Figure 3. Top (A-C): Two classic competing wing origin hypotheses and the newer combinational (dual) model for the origin of insect wings.
(A) Arthropod leg ground plan. The proximal coxopodites (ECX and/or SCX) and their exites are proposed as possible wing origins in the
gill/exite hypothesis. CX, coxa; ECX, epicoxa; SCX, subcoxa; TR, trochanter. (B) The locations of two proposed wing origins (blue and
yellow) in ancestral insect ground plan. Blue, notal expansions; yellow, proximal coxopodites (pleural plates in extant insects) with their
exites. (C) Wing serial homologs in Tribolium (green). The two wing serial homologs in the prothoracic segment (T1) appear to be homologous
to two proposed wing origins (blue and yellow tissues in B). The merger of these two tissues in Tribolium produces ectopic elytra in homeotic
transformation, consistent with the combinational wing origin model. Reproduced with permission from Clark-Hachtel et al. (2013).
Bottom (D-E): Two distinct sets of cell populations contribute to the formation of insect wings. (D) Two distinct sets of wing serial homologs
in the first thoracic segment (T1) of Tribolium. Upon homeotic transformation, the tergal (blue) and pleural (yellow) wing serial homologs
merge to form a complete wing (green). (E) Wing disc development in Drosophila. The dorsal primordium (DP) is composed of two separate
groups of cells (yellow and blue). TP: thoracic primordium, vP: ventral primordium.
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the dorsal tergites. This is called by Clark-Hachtel &
Tomoyasu (2020) the combinational (dual) model. The
essentials of the scheme are illustrated in Figure 3. There
seems little doubt that studies of this kind are closing in on
the part of the body from which evolution has crafted one
of its most famous inventions, the insect wing.  A number of
genes involved in wing development have been investigated,
including vestigial, apterous, nubbin, and optomotor-blind.
These genes are all expressed in both the subcoxal and tergal
regions and knocking down their expression with RNAi in
either place has the expected result of preventing wing
formation, just as predicted by the dual model. 

But the crucial task now will be to find the transcription
factor networks that we must presume have driven the
patterns of expression whose operation differs between basal

insects and their apterygote relatives. It is these genes that
exert high level control over the recruitment of the genes that
actually make the wing. To identify these genes we need to
compare the genomes of actual insects with insect-like
creatures that don’t have wings. A paper by Manni et al.
(2019), which describes the genome of the modern bristletail
(dipluran) Campodea augens, is thus a step in the right
direction. The paper emphasises that many of the functional
and morphological innovations of the Class Hexapoda first
appear in this organism, the closest living outgroup to proper
insects. But a research programme like this is indeed very
ambitious. The hexapods that we would really like to
investigate lived almost 400 million years ago. Only if we are
lucky will we find that their evolutionary trajectory has left
identifiable traces in the genomes of organisms still alive today.
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Grey dagger (Acronicta psi) larva. (Photo by Malcolm Storey) – see Figure 5.

Introduction

Many plant species have been introduced to the UK, both
deliberately and accidentally. Stace & Crawley (2015), in
their compendious book Alien Plants, estimate that, in Britain
and Ireland, a staggering 2,068 alien or non-native vascular
plant species1 have been recorded since 1987, amounting to
around 60% of the British flora. Up to 2,000 more non-native
species have been recorded prior to that date. Of the former,
around 63% are naturalised, with the remainder generally
unable to form self-sustaining populations without continual
re-introduction.

It is well known, from a plethora of agronomic and
ecological studies, that introduced plants rapidly recruit a
suite of insect herbivores. The mechanisms have been well-
researched, although there remains much to understand
(Padovani et al. (2020) and references therein). In the British
Isles, the Database of British Insects and their Foodplants
(DBIF) (CEH, BRC, 2016) has data on the herbivorous
insect fauna of plants including non-native species. This is
discussed in more detail later.

The purpose of this article is to raise the profile of this
topic, its potential significance for biodiversity and hopefully
to stimulate further systematic recording and research.

What are the key issues for biodiversity?

To date, only a small number of introduced non-native plant
species have established and caused detrimental impacts on
biodiversity in Britain and Ireland. These include
rhododendron Rhododendron ponticum, Indian balsam
Impatiens glandulifera and several aquatic plants, including
New Zealand pigmyweed Crassula helmsii. The ‘tens rule’
suggests that 10% of non-natives imported into a region
appear in the wild, 10% of these establish, and 10% of the
establishing species, i.e. 0.1% of imported species, are invasive.
This rule of thumb holds in Britain and Ireland for flowering
plants (Williamson, 1996). However, it seems that is not
possible to arrive at any general conclusions about links
between plant species’ attributes and their invasive ability
(Manchester & Bullock, 2000). Thus, it is a major challenge to
identify, at an early stage, plants that may prove problematic
for biodiversity in the future. The most likely source of such
species is ornamental plants – either those already established
in parks and gardens or novel species entering the horticultural
market. However, certain introduced plants may provide
conservation benefits. Schlaepfer et al. (2011) argue that they
may provide habitat or food resources for rare species, serve
as functional substitutes for extinct taxa, and provide desirable

1 Includes Neophytes – alien plants that have been recorded in the wild since 1500 and neonatives – plants originating in the area without direct human
involvement, but have arisen as the result of hybridisation between a native and alien taxon or between two alien taxa, or as a result of evolution from an alien
or neonative taxon. This number excludes the 197 species of archaeophytes – these are alien plants that have been present in an area in a wild state before 1500.
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ecosystem functions. They speculate that non-native species
might contribute to achieving conservation goals in the future
because they may be more likely than native species to persist
and provide ecosystem services in areas where climate and
land use are changing rapidly and because they may evolve
into new and endemic taxa.

A review by Bodsworth et al. (2005) concluded that there
are several examples of invertebrates of conservation concern
using non-native plant species. This includes larvae and adults
feeding on the vegetative parts of the plant, as in the case of
some moths and beetles, as well as adult insects visiting the
flowers to collect nectar and pollen, as in the case of several
species of fly, bee and wasp. 

Alexander et al. (2006) also make the point that certain
introduced species of tree may provide other aspects of
wildlife value, such as habitats for epiphytic bryophytes and
lichens, fungi, and for fauna associated with dead wood or
feeding on pollen, nectar or fruit. 

Certain naturalised, non-native species may harbour lower
numbers of foliar-feeding insect species but support a high
biomass of insects, which may provide a valuable food
resource for other species. Sycamore (Acer pseudoplatanus)
is an example, generally hosting fewer species compared to
native trees with a similar geographical range and
architecture (Kennedy & Southwood, 1984), but with a large

herbivorous insect biomass, including the common sycamore
aphid Drepanosiphum platanoidis, one of two dominant aphid
species feeding on the tree.

Research into the flora and fauna of domestic gardens in
the UK has led to increasing recognition of their wildlife
value in the widest sense (Smith et al., 2006). More
specifically, Smith et al. highlight the utilisation of the large
variety of alien plants by herbivorous insects.

Another aspect is the existence of novel plant communities
consisting of single or mixed non-native plants, with or
without the presence of some native species such as Buddleia
davidii and Conyza spp. scrub (after Stace & Crawley, 2015)
occurring along railways, in disused quarries, and on urban
wasteland. The latter areas may consist of often diverse
assemblages of native and alien species that are unlike semi-
natural vegetation in their species composition. Recent
studies have shown that such ‘brownfield’ sites can harbour
high insect and other invertebrate species diversity, including
several scarce species (Bodsworth et al., 2005). 

Novel plant communities can thus provide a valuable
additional resource for a range of fauna. It could be argued
that, provided they are not supplanting or adversely affecting
existing semi-natural vegetation of high conservation value
or causing other negative impacts, they make a valuable
contribution to British biodiversity.

Fig. 1. The introduced species greater periwinkle (Vinca major) – one of the top 52 most abundant British neophytes by number of hectads,
here growing with native species including dog’s mercury, ground ivy, bramble and ivy on the edge of ancient woodland in Lincolnshire. The
species belongs to the Periwinkle family (Apocynaceae), which does not have any native species in the British flora. The recorded insect fauna
is rather small, which might be predicted given its taxonomic isolation.
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What is known of their insect fauna? 

Our knowledge of the herbivorous insect fauna of British
non-native plants appears to be somewhat inadequate,
perhaps apart from those species that have major commercial
importance, such as certain crop (including forestry) species,
although not all of these have become naturalised.

The main source for information on the herbivorous insects
of non-native plants is the DBIF. This is a very useful resource
but it is acknowledged that it is still work in progress (Smith &
Roy, 2008). Despite this, host plants have not been sampled
systematically with variation in recorder effort. DBIF thus
either lacks, or has incomplete entries for, some non-native
plants, possibly for around 10% (Smith & Roy, 2008; Padovani
et al., 2020), and data for scarcer native plants are also deficient.

Stace & Crawley (2015) listed the top 52 most abundant
neophytes in Britain and Ireland based on the occupancy of
hectads (10 x 10 km squares). Of their top 52, nine ‘species’
(17%) do not have entries in the DBIF. Admittedly, of these,
one is a hybrid (hybrid bluebell Hyacinthoides x massartiana)
and another is a distinctive garden subspecies of a native
woodland herb – variegated yellow archangel Lamiastrum
galeobdomon ssp. argentatum. 

There are few specific published studies on the insect
fauna of non-native plants. Those that the author is aware of
include for Buddleia davidii (Owen & Whiteway, 1980) and
the Lepidoptera of Nothofagus procera and N. obliqua (Welch
& Greatorex-Davies, 1993), sweet chestnut Castanea sativa
(Parsons & Greatorex-Davies, 2006) and alien cypresses
(Agassiz, 2004). 

Where are species recruited from and what are

the key factors?

There are three main sources of insects that have colonised
novel non-native plants. Many will have switched from native
plants, usually, but not always, taxonomically-related to the
non-native species (though in many cases the species may
still maintain populations on its existing native host). Some
will have been accidently imported with the host plant and
a small number have been deliberately introduced, while
other more mobile species may have colonised from the
continent. An example of the latter is the rapid range
expansion of the horse chestnut leaf miner Cameraria
ohridella (Lepidoptera: Gracillariidae) across Europe (Pocock
& Evans, 2014). This species attacks horse chestnut Aesculus
hippocastanum, introduced to Britain and Ireland in the late
16th century and the commonest of the three species of
introduced horse-chestnuts. 

There is a large evidence base on the topic of the
mechanisms of recruitment of insect herbivores, with research
generally commencing from the late 1970s to the present. It is
beyond the scope of this article to cover this in any depth. In
summary, the probability of an introduced plant species being
colonised by native insects depends on many different factors,
including the plant’s physical, chemical and phenological traits,
as well as the phylogenetic or taxonomic isolation of the
species, the size of the native family/genus species pool to
which it is related, its abundance or distribution in the
introduced range, the habitat it exploits and the time since it
was introduced (Padovani et al., 2020). Although apparently
not much researched, the context of the habitat or plant
community the non-native species is growing in, especially the
abiotic environment and associated plants and plant
communities’ species diversity, may also have an influence.

Fig. 2. The introduced neophyte, common fiddleneck Amsinckia
micrantha (Borage family (Boraginaceae)). An example of a species
with no entry in the DBIF. Now widespread in arable land especially
in eastern England and Scotland. Probably introduced from North
America in grain/agricultural seed and wool shoddy. First recorded
in the wild in the early 20th century. (Photo by R.G. Jefferson)

Fig 3. Mullein moth Cucullia verbasci larva. Now established on
Buddleia davidii. (Photo by R.S. Key)
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Fig. 4. The flowers of horse chestnut Aesculus hippocastanum – a 16th century introduction to Britain & Ireland. (Photo by R.G. Jefferson)

Plant History Relatedness category

Number of insect/mite

species recorded in

DBIF

Notes

Cotoneaster horizontalis

(wall cotoneaster)

The most widespread of the

naturalised cotoneaster

species. 82 species have

been introduced for

ornamental purposes.

Species originate from China

& Asia. Wall cotoneaster has

been recorded from 1316

hectads in Britain & Ireland

(34%). 

There is a single native

species in the genus –

Cotoneaster cambricus – but

its native status is much

debated. The genus is part of

the Rose family (Rosaceae).

The latter has the highest

number of herbivorous insects

of any British plant family

(Ward & Spalding, 1993).

10 (34)1

The insect species found on

Cotoneaster spp. consist of

species feeding on a wide

range of herbaceous and

woody shrubs/trees, plus a

few that are otherwise

confined to native members

of the Rosaceae.

Buddleia davidii (butterfly-

bush)

First introduced from China in

1896. First recorded in the

wild in 1922. Recorded from

1974 hectads (51%).

A member of the family

Scrophulariaceae with no

native members of the genus

but with three native genera

in the family including

Verbascum and Scrophularia.

34

Associated insects are mostly

polyphagous or generalist 2

moth species apparently

feeding on a wide range of

other herbaceous and woody

plants but with a few species

that feed on native

Scrophulariaceae

(Verbascum & Scrophularia

spp.), including the weevil

Cionus scrophularia

(Coleoptera: Curculionidae),

the mullein Cucullia verbasci

(Lepidoptera: Noctuidae) (Fig.

3) and the leaf-miner

Amauromyza verbasci

(Diptera: Agromyzidae).

Juglans regia (walnut)

Possibly native in Greece &

the Balkans. A Roman

introduction from SE Europe to

Britain (Archaeophyte). Widely

planted and naturalised, most

commonly in England.

Recorded from 684 hectads

(21%).

No native members of the

family (Juglandiaceae) occur

in Britain & Ireland.

14 (9 )3

Two aphid species

(Homoptera: Callaphididae)

(Figs 6 & 7) are only known

from walnut 4. The aphids are

presumed to have colonised

either by long-distance

dispersal or were introduced

with the tree (or both).

1 It is probable that individual species of Cotoneaster suffer from under-recording of their herbivorous insects so the figure for the genus as a whole is

given in parentheses.2 Note the caution about the accuracy of statements about diet breadth in the empirical literature (Loxdale & Harvey, 2016).3 The

figure is inflated by non-native species and probable ‘tourist’ species (sensu Moran & Southwood, 1982) not feeding on the plant – the likely number is

nearer the figure in parentheses.4 There are also two species of herbivorous mites that are exclusive to walnut.

Table 1: Three examples of introduced plants and their insect fauna.
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Fig. 7. Chromaphis juglandicola (alata) on walnut.
© https://influentialpoints.com

Fig. 6. Panaphis juglandis (male alata) on walnut. 
© https://influentialpoints.com

Fig. 5. Grey dagger (Acronicta psi) larva. This species feeds on a wide
range of broadleaved trees and shrubs including species of
Cotoneaster. (Photo by Malcolm Storey)

Table 1 provides examples of introduced species that cover
three different situations – firstly, an introduced species
where there is a British native species in the same genus
(Cotoneaster); secondly, one where there is no native species
in the genus but there are some in the same family (Buddleia
– Scrophulariaceae); and thirdly, a species that does not have
any native species of the family (Juglans – Juglandiaceae). 

The complexity of the factors influencing the accumulation
of herbivorous insects is illustrated by the fauna of turkey oak
(Quercus cerris). This species was introduced to Britain and
Ireland in the early 18th century as an ornamental tree and
originates from southern and eastern Europe. It has become
widely naturalised in Britain and Ireland and has been
recorded from 1,293 hectads, around 34% of the total (Stace
& Crawley, 2015). Its close native relatives, the pedunculate
oak Quercus robur and sessile oak Quercus petraea, have a very
large number of associated herbivorous insects, collectively
having more species than any other tree in Britain apart from
the willows (Salix spp.) (Kennedy & Southwood, 1984). The
genus Quercus has the highest number of galls (around 50
species) of any plant genus (Redfern, 2011). 

The fauna of turkey oak has a species richness somewhat
less than that of the native oaks – around half the number
that feed on pedunculate oak. However, the specificity of this
fauna to oaks is not significantly different to that of the fauna
on the native oaks, according to Southwood et al. (2004).
Thus, a significant proportion of the species pool of oak

insects is present on turkey oak, but these herbivorous
species are not as abundant as on native oaks. Southwood et
al. (2004) concluded that leaf miners and gall makers (which
are more intimately associated with the leaf), are scarcer on
turkey oak. The introduction of turkey oak to Britain, Ireland
and other countries has enabled several heteroecious species
of gall wasps (Hymenoptera: Cynipidae) to expand their
European range over time, previously being restricted to
south-eastern Europe (Redfern, 2011). These are species
which require turkey oak for the sexual generation and
pedunculate or sessile oak for the agamic generation and are
found where the two species of oak co-occur. In Britain, eight
of these gall wasps are species in the genus Andricus and, all
bar Andricus aries, have sexual galls on turkey oak. Species
of two other genera have recently been found – Aphelonyx
cerricola with an asexual gall on turkey oak with the sexual
generation host being unknown, and Neuroterus saliens with
both generations on turkey oak.

Range expansion into Britain and Ireland has occurred by
natural colonisation and by accidental introduction, although
Andricus kollari was a deliberate introduction as its marble
gall is used for tanning leather, dyeing cloth and ink-making
due to its high tannin content.

Redfern (2011) states that more species may arrive in the
future and existing colonists are still spreading, with the rate
of invasion varying between species.

Why is a better knowledge important?

Fundamentally, knowledge of the insect fauna of introduced
species is important basic biological information. Padovani et
al. (2020) call for more systematic and controlled sampling
to be carried out at a broader geographical scale. They go on
to make the case for a better understanding of the processes
underlying insect accumulation on non-native plants. This
may give useful insight into the accumulation of species in
novel anthropogenic habitats in general. 

As mentioned earlier, non-native plants may act as hosts
for desirable or rare insect species and other wildlife,
including as important sources of pollen and nectar. There is
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evidence that some non-native plants and their habitats also
play host to a unique and distinctive fauna. For example,
Padovani et al. (2020) report that around 10% of DBIF insect
taxa have only been sampled from non-native plants.

Perhaps there may be scope for harnessing the skills of the
entomological recording community in order to start filling
the gaps in our knowledge? 
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Fig. 8. Gall of Andricus grossulariae f. agamic on pedunculate oak. (Photo by Malcolm Storey)
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The Black Bog Ant (Formica picea):

a species under threat

Ray North

Fig. 1. Formica picea workers

Introduction

The Black Bog Ant, Formica picea (Nylander, 1846), is
restricted to bogs, valley mires and wet lowland heath, mainly
in southern England and Wales. It can be distinguished from
most bog-inhabiting ant species by its shiny black appearance
and large size, approximating 6-8mm in length (Fig. 1). It was
listed as a priority species in 2007; now the risk is even
greater because of accelerating habitat fragmentation and
climate change.

Distribution of Formica picea

I was commissioned to carry out surveys of the New Forest
and Dorset for F. picea during 1998-2003 (Table1). The
species was already known to occur in large colonies at
Rhossili Down and Cors Goch, Llanwch in Carmarthenshire,
South Wales and was thought to be confined to the southern
counties of England and Wales. However, in the last 15 years
or so, it appears to have been present much further north. In
2007 two nests were confirmed in the Gwaun valley,
Pembrokeshire, South Wales (Hudson, 2008). In the same
year it was recorded in West Yorkshire, north of Leeds,
(http://s i fol inia.blogspot.com/2007/12/death-of-
monarch.html) and in 2013 it was found near Colebrook in
Northern Ireland (National Biodiversity Network Atlas;
nbnatlas.org). These records might indicate a gradual
movement of F. picea northwards, perhaps to avoid increasing
temperatures and drier conditions in the south. Migration
northwards would nevertheless be hampered by habitat
fragmentation. Bogs and mires could be considered to be
insular ecosystems, and without the ability to adapt to a

rapidly-changing climate, many bog species may soon
disappear (Cartwright, 2019).

Habitat preference of Formica picea

Much of the information on the distribution and habitat
preferences of F. picea is based on observations from
unpublished data collected from surveys. The principle
vegetation community in which nests were found is valley
mire, which includes Erica tetralix, Calluna vulgaris, Myrica
gale, rushes (Juncus spp.) and grasses where Molinia
caerulea is dominant with a sub-community of E. tetralix,
C. vulgaris and Eriophorum angustifolium; this vegetation
type is found in acidic soil with low levels of nutrients. The
ants construct nests mostly in tussocks of Molinia, although
other plant species such as Erica or Calluna may be present
within the tussock. The leaves or stems of the vegetation
support a pile of plant fragments, or solaria, where the
brood are maintained at the optimal temperature and
humidity (Fig. 2). Although constructed in bogs, nests are
never near open water, but Molinia tussocks may be
surrounded by deep runnels filled with water from small
streams (Fig. 3). At several sites, the valley mire plant
community, particularly on peat seepage slopes, consisted of
E. tetralix, Sphagnum compactum and other Sphagnum species
in the open and wet areas. On drier parts of mires and bogs,
M. caerulea occurred in variable amounts with C. vulgaris and
M. gale. Formica picea workers were often discovered in
cushions of Sphagnum moss (Fig. 4) and other cushion-
forming mosses like Polytrichum. Single nests were sometimes
found in drier humid heath, but were never found in areas
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Key: present = known to occur, but data not available for nos. of nests; - = no data available. Data summarised from the author’s own records,
personal communications (with Pinchen), the NBN Atlas (and entries therein by Baldock, Collins and Jarmen) and, in chronological order:
Lucas (1997), Else (1998), Orledge et al. (1998), Pinchen (2001), Pontin (2005), Hudson (2008) and Sifolinia (2008).

Period

Site and Grid Ref (where available) Pre-1997 1997-2000 2000-2011 2011-2019

Foulford Bottom - SU190058 3 5 0 -

Ridley Bottom - SU199061 - 2 - -

Ridlley Plain (on hill) - SU211066 - 21 3 7

Ridley Plain (in valley) - SU217072 - - 8 7

Slufters Bog - SU222095 2 3 - -

Buckherd Bottom - SU215084 - 23 4 5

Harvest Slade Bottom - SU216070 0 2 0 -

Backley Bottom - SU223086 - 9 - 1

Vales Moor (Broad Bottom) - SU1904 - 1 0 -

Cranes Moor - SU194024, SU196023 - 3 1 -

Kingston Great Common NNR - SU185023 - 2 - -

Holmsely Bog - SU225013 13 3 - -

Wivelery Bog West (Avon Water) - SZ245999 8 8 - -

Penny Moor (Denny Bog) - SU352050 0 0 1 -

Roydon Wood - SU313001 28 37 - 1

Dibden Bottom - SU394063 - 2 0 -

Rakes Brakes Bottom - SU222125 - 3 0 -

Dogwood Bottom - SU217063 2 1 - -

Ferny Crofts - SU373055 - 1 - -

Ackercomb Bottom - SU198075 - 3 - -

Acres Down - SU267087 - 1 - -

Duckhole Bog - SU258030 - 1 2 -

Blackgutter Bottom - SU206166 - - 1 -

Milkham Bottom - SU218099 - - 5 -

Crabtree Bog - SU226027 present 0 - -

Matley Bog - SU333072 >20 0 - -

Red Hill Bog - SU2601 present 0 - -

Shatterford Bottom - SU342062 present 0 0 -

Common Moor (Burley) - SU205047 6 0 - -

Dur Hill Down - SU202013 1 - - -

Colony Bog - SU930592 - - present -

Pirbright Ranges - SU921595 - - present -

Hartland Moor NNR - SY943852, SY946856 >100 18 1 -

Morden Bog NNR - SY913923 5 2 1 -

Parley Heath - SZ0998 1 0 - -

Cor Goch, Llanllwch NNR - SN3618 111 148 - -

Rhossili Down - SS426901 12 74 - -

Gwaun Valley, Pembrokeshire - - 2 -

Chevin Forest Park - SE207444 - - present -

Colebrook, N. Ireland - - - present

where there was a uniform diversity of valley mire vegetation,
such as the Narthecium ossifragum – Sphagnum papillosum
communities of Shatterford Bog in the New Forest. Nests are
never found in wooded areas or Carr (a type of waterlogged
wooded terrain that, typically, represents a succession stage
between the original reedy marsh and forest). 

I have recorded F. picea from about 24 sites in the New
Forest and three in Dorset. It is evident from the survey data
(Table 1) that F. picea was local in the New Forest at the time
of the surveys. Cranes Moor, Harvest Slade Bottom, Denny
Bog and Holmsley Bog held early records but surveys in 1997
failed to find any nests. However, nests were rediscovered at
these sites in 1998 and 2002. Furthermore, in 2003 a single

nest was discovered at Penny Moor (Denny Bog), where F.
picea was thought to have been extinct since about 1970.
Several new sites where F. picea had not been previously
recorded have now been added to the list (Table 1).
Populations were thought to have declined on Hartland Moor,
as a detailed survey carried out in September 1998 found only
two nests, but a further 16 nests were found in September
1999. Colonies have been found on the Surrey heaths but the
size of the population is not known. Two sites in South Wales,
Cor Goch and Rhossili Down in Carmarthenshire, have the
largest populations, with between 100 and 200 nests. 

In July 2019 I returned to the New Forest and found that
the largest F. picea populations occurred at sites on Ridley

Table 1. Known sites and nest numbers for Formica picea in the UK..



Antenna 2020: 44 (4) 169

plain, Buckherd Bottom, Backley Bottom and Roydon Wood.
On Ridley plain, where water levels are maintained from peat
seepages, F. picea populations are still thriving. At Buckherd
Bottom and Backley Bottom, there appears to have been a
decline in nest numbers since the 1997-2003 surveys. The
most obvious decline was at the Roydon Wood site where only
one nest was found after two hours of searching. At these sites,
the water table was very low and much of the bog had been
invaded by bracken. Backley Bottom was also found to be very
dry, mainly consisting of mud rather than water-filled runnels,
as in the past. This is likely to be the consequence of a very
hot and dry summer. The decline of bog habitat at these sites,
and possibly other sites, may be the direct result of higher
ambient temperatures and a low water table, producing
change in vegetation and loss of diversity – Sphagnum in
particular. This is evidenced by the amount of bracken now
invading many of the New Forest bogs and mires.

Importance of Vegetation structure

Formica picea is restricted to peat bogs in temperate zones and
southern boreal regions (Spitzer and Danks, 2006). Surveys
suggest that F. picea flourishes where water emerges from
seepages in the peat and circulates in deep runnels between
tussocks of vegetation. This gives rise to the unique vegetation
characteristic of lowland mires and bogs. Though F. picea is
also found in drier conditions of humid heaths, populations
here may be small, usually only one or two isolated nests.

Soil moisture is the primary determinant of botanical
composition. Mires damaged by drainage lack clear
vegetation zones (North et al., 2003). What seems to be
important to F. picea is proximity to a vegetation mosaic
where most stages of the plant communities or zones are
present together. This was certainly the case with some of
the large sites such as Buckherd Bottom, Ridley Plain and
Roydon Wood in the New Forest, and in South Wales. Where
the mosaic of vegetation is very poor, sites have only one or
two nests, or F. picea may be absent altogether. 

vegetation structure may be an important factor
determining locations of nests. Orledge et al. (1998)
suggested that the most favoured nest sites are those where
the vegetation is relatively short. Fieldwork carried out at
Roydon Wood in 2000 showed that nests were found both
in grazed and ungrazed areas. vegetation in parts of bogs
supporting the largest concentration of nests/solaria had a
mean maximum height of 70cm. Cutting back the vegetation

to simulate grazing may be detrimental to F. picea, resulting
in colonies vacating the solaria after about 6 weeks, perhaps
due to exposure to excessive solar heat. These conditions
appeared to favour Lasius spp., which were found to invade
experimental plots (North, 1998). These effects were more
pronounced after about a year, when further movements of
F. picea, Lasius and Myrmica nests were more evident (North,
1998, 2000). 

Formica picea appears not to depend on any species of plant
as a food, although they have been seen to collect nectar from
the flowers of ericoid species during the summer. The workers
have been observed carrying tiny Diptera, but very few
workers were seen to climb small birch trees to reach sucrose
baits, although large numbers were foraging in a Molinia
sward below the trees (North, 1998). It is likely that F. picea
harvests secretions from homopterous insects, such as aphids
found on roots and stems of vegetation growing through the
nest and solaria (Fowles and Hurford, 1996).

Hydrology 

The wetland sites described in the New Forest and elsewhere
depend on a high water table to create the ideal vegetation
community for F. picea; the most viable populations are
found in the valley mires, where water filters through the
peaty soils from rain runoff or ground water. Since hydrology
determines the plant communities, seeping water may be
important for stability of populations because it gives rise to
mosaic vegetation types. It also has a cooling effect, keeping
internal temperature and humidity of solaria optimal for
development of the brood. In the New Forest, the largest
populations of F. picea were found where the water table was
relatively high (Tubbs, 1986). 

Optimal microclimate conditions

The optimal conditions required by F. picea were investigated
at Cors Goch, South Wales (North, 1998). Nests were most
numerous where relative humidity at the surface of peat
exceeded 80%. The humid conditions created by peat and
vegetation were most likely responsible for stabilizing the
internal temperature and humidity of the nests, even when
the ambient temperature was in excess of 25°C and the
humidity around 49%. Over 90% of solaria which had an
internal relative humidity of 75-80% and temperature of 17-
18°C were found to contain brood. This could be the optimal
microclimate for the development of brood. 

Field observations showed that F. picea nests and solaria often
moved to different locations, possibly because the colonies
were selecting optimal microclimatic conditions. Strimming
vegetation in field plots around nests stimulated relocation,
possibly due to exposure to direct solar radiation and drying of
the soil and vegetation. However, workers continued to forage
in the vegetation until the ambient temperature reached
around 27°C, before returning to the nest. 

Tolerance to low temperature and waterlogging

Generally, ants tend to avoid flooded or waterlogged
conditions (Sendoya et al., 2014), but some ant species are
able to survive complete inundation by water (Nielsen,
1997) and these have evolved various mechanisms to achieve
this (Philpott et al., 2010). Bogs and mires are subject to
flooding and to freezing temperatures in winter. In spring,
they may be subjected to flooding after heavy and prolonged

Fig. 2. Formica picea nest in a tussock of Molinia.
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rain. Building nests in tussocks of vegetation above the water
table would provide some protection against the nest
becoming waterlogged. Formica picea appears remarkably
resilient to waterlogged conditions and low temperature.
However, North (2001) demonstrated that hibernating
colonies tend to be exposed to lower temperatures near the
top of a tussock, possibly as a trade-off to avoid getting wet
at the base of the tussock. A temperature gradient was found
inside vegetation tussocks; a difference of almost 2.5°C
between the top and bottom, the bottom being the warmest.
In a nest found in winter, workers were clustered in the top
10cm of the tussock, presumably to avoid the saturated soil
at the bottom. The temperature inside the nest galleries,
which contained hibernating workers, was between 0.3 and
0.5°C. 

Formica picea workers, when completely submerged in
water, are highly active for several minutes, appearing to walk
beneath the surface, after which they become still and fold
their legs beneath the thorax. In one study, when two groups
of workers were submerged in water at 20°C and 4°C for 3
days, both groups showed 66% mortality. The survivors
demonstrated apparently normal locomotor activity after
being removed from the water (North, unpublished report).
It therefore appears that F. picea may be able to survive
inundation for several days. Another mechanism for survival
may involve taking advantage of air trapped in the nest
galleries during periods of flooding (Nielsen, 1997).

Why does Formica picea favour certain bogs?

Generally, bogs and mires should present ideal conditions for
survival, but the species is present in only a select few. Its
ability to disperse is extremely poor, so it would be unable

to migrate to new areas and establish new colonies because
of habitat fragmentation (Mabelis and Chardon, 2005;
Mabelis and Korczynska, 2012). Another possibility is that F.
picea is unable to compete with more aggressive generalist
ant species living in bogs, especially Lasius platythorax.
However, there may be several reasons why F. picea colonies
are limited in their distribution, such as microclimate,
intraspecific competition and habitat fragmentation. 

Microclimate

It may be that F. picea is confined to bogs due to its preference
for cooler microclimatic conditions. Owing to the high
specific heat of water, peaty soils with a high water table resist
rapid warming. Consequently, mire and bog microclimates are
highly heterogeneous. The hummocks, hollows and slopes
provide a variety of microclimatic conditions due to a variable
vertical thermal regime, and exhibit diurnal variations in the
surface temperature compared to the deeper layer of peat
(van der Molen and Wijmstra, 1994). The thermal regime
creates a habitat that is unique and is exploited by
invertebrate bog specialists, which would find it very difficult
to survive elsewhere. Boloria aquilonaris and Boloria eunomia
are peat bog butterflies considered to be glacial relicts. The
heterogeneity of bog habitats provides a refuge for these
species. Turlure et al. (2010) showed the survival rates of the
caterpillars were greater in the early vegetation succession
zones (Sphagnum communities) of bogs, where humidity is
highest. The Sphagnum hummocks provide humid and cool
conditions, optimal for the survival of the caterpillars. Boloria
eunomia prefers the somewhat darker, colder and wetter
microenvironment created by the Molinia tussocks of bogs
(Turlure et al., 2011). This suggests that F. picea might be

Fig. 3. Example bog habitat on Ridley Plain, New Forest, where
Formica picea is present. The vegetation consists mostly of Molinia
tussocks with Erica, Calluna and Myrica. The Molinia tussocks are
surrounded by water-filled runnels.

Fig. 4. Nest of Formica picea in Sphagnum Moss, with brood.


































































