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Editorial

Antenna is 50 years old, and in this
year's four issues we will
celebrate that milestone in
various ways, starting by
reproducing the very first item in
Volume 11ssue |, a letter from the
President, J.D. Gillett. Volume 50
Issue 1 has a decidedly golden
theme, including the cover, which
shows this issue’s ‘Featured Insect’,
the spectacular American Golden
Tortoise Beetle. Our Librarian has
written about The Aurelians - the
magnificent painting that hangs
in the Council Room. ‘Aurelians’ is a term for insect (especially butterfly
and moth) collectors and is derived from the golden colour of many
chrysalids. Do you have any pictures of golden insects? If so, please
send them in and we'll try to use them during the year.

The other items in this issue are also worth their weight in gold. We
have a fascinating Research Spotlight on vibrational communication in
insects, an article on how the law does and doesn’t protect insects, an
article on how insect conservation and apple production go hand-in-
hand in South Africa, and an article on the work being done by our
Conservation Science Team to help save the Large Blue butterfly in
Denmark. We see the welcome return of Embiopteran Tools. The
Embioptera are the webspinners, so you will soon see the relevance of
the title. We also feature some of the pictures which won a gold star in
the Society’s photographic competition.

We have several new and wonderful staff members in the Society, so
thought it time to provide a ‘Who’s Who' so you can put faces to names
and roles. Hopefully, you will meet many of them in-person at our
forthcoming events — there are reports on recent events herein to
tempt you. Walter Leal is the subject of our Honorary Fellow Interview,
and we celebrate the incredible entomological life of Ken Davey, who
was also an Honorary Fellow.

Many thanks to all who have contributed to this issue — and to the
past 50-years of Antennal

Richard Harrington

Letter from
the President

Welcome to Antenna’s 50" volume! Over the past half century, both the
world and entomology have changed profoundly. Back then, insect
science largely focused on pest control, reflecting societal priorities in
agriculture, public health and a rapidly industrialising world. The
discipline has since broadened and deepened, supported by
transformational advances in technology and analytical tools. Today,
there is a well-established appreciation of insects as vital contributors
to ecosystems and as organisms worthy of conservation and
restoration. And entomology is increasingly interdisciplinary.

The RES itself has also changed. This year, our headquarters will return
to London, to a fabulous, modern, welcoming building for staff and
members. We will continue to work to be more diverse and inclusive -
when Antenna was first published, the RES had never had a female
president, and now it's had five! And we will reaffirm our commitment to
advancing insect science, and scientists, for generations to come.
Congratulations and here’s to the next 50 volumes of Antenna.

Jane Stout
President
Royal Entomological Society
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First letter from
the President

The President at the time of the first
Antenna was (John) David Gillett
OBE, DSc, Hon FRES. He was on
Council from 1964 to 1966,
Treasurer from 1975 to 1977 and
President from 1977 to 1979. His
main interests involved blood-
sucking insects, working at the
London School of Hygiene and
Tropical Medicine, Brunel University
and in many countries where these
insects spread diseases. He was
also a world expert on airships!
Here is the very first article to
appear in Antenna.

Correspondence: From the
President

It is difficult to understand the urge
to travel to other planets in the
hope of finding those little green
men, when we have perfectly good
candidates here on Earth,
antennae and all. | refer, of course,
to the insects, those strange
beings so different from ourselves
and our fellow vertebrates, that
were already a going concern long
before we intruded. The insects,
with their external skeletons and
complex mouthparts, their six legs,
one or two pairs of wings and,
above all, the unorthodox way in
which many of them grow up, are
far stranger than anything that
could ever be thought up by man,
even in his most imaginative flights
of fancy.

These strange fellow inhabitants,
green or not, are found almost
everywhere: they inhabit the
surface and burrow deep within
the soil; they live both on and in
fresh waters and, above all, they
are present in the air, actively flying
or drifting even over the oceans.
Hardly a plant in the garden or
field, scarcely a tree in the forest is
without its associated insects.
Human habitations too provide
shelter and food for insects, some
conspicuously flying round the
light, others less conspicuously
chewing away at our precious
books or even the very structure of
houses themselves. Yet others, with
seeming consummate skill, push
infinitely refined hypodermic
needles into the very lumen of our
capillaries and getting away with a
drink of fresh warm blood.

Insects are everywhere from the
high arctic to the tropics. J.B.S.

Haldane once described the weevil
as God’s favourite animal, so many
variations are there on the
curculionid theme. But for sheer
numbers of individuals and
exploitation of every habitat, | often
think that ants must be counted a
close rival. Over much of the world
it is almost impossible to touch any
vegetation, whether the limb of an
isolated tree in open savanna or a
blade of grass at the edge of a tiny
island, without a column of ants
immediately invading one’s arm.

Insects, then, are ubiquitous, with
vast numbers of individuals in the
cooler regions and vast numbers
of species in the tropics. Their
strangeness has invited our
curiosity and attention from
earliest times. They are the ideal
subjects for studies on behaviour,
cytology, development, ecology,
endocrinology, flight, genetics,
growth, physiology, population
dynamics, sociology ... and so on.
But insects can be creatures of
great beauty in themselves, both in
form and function: butterflies are
surely unsurpassed by anything in
nature, not even among plants or
birds; and what could be more
fascinatingly beautiful than the
movements of a dragonfly
hawking over a summer pond?

Insects, however, have their dark
side: they compete with us for our
food. They bring about such
gigantic losses of the crops we
cultivate as to threaten our
livelihood, not only during the
growing period of these crops, but
also during storage after
harvesting. And these problems
multiply as we intensify our effort.
Insects, too, still bring disease and
suffering to untold millions; it is
sobering to reflect that, apart from
starvation (also largely an
entomological problem) malaria
alone still ranks as the most
important killer of mankind,
destroying about one and a half
million people every year, and
bringing misery to countless
others.

If the appalling economic and
medical problems resulting from
these rivals are somewhat
daunting, let us not forget for a
moment the benefits that insects
also bring. These are not marginal;
our very existence depends on
them: flowering plants, or at least a

a

very high proportion of them,
would not be present today were it
not for the activity of insects. Quite
apart from its economic
importance, this unlikely
association between two such
disparate groups of living
creatures is a never ending source
of wonder. It was to foster the study
of these strange, sometimes
beautiful, sometimes sinister but
always interesting and often
informative fellow beings that the
Entomological Society of London
was founded nearly 150 years ago.
And it is to further these studies
that the Society continues to
flourish today. But the Society was
also created to bring together
those of us who share these
interests, whether in our spare time
or as paid professionals. Today,
with an increased number of
Fellows, many of whom live and
work abroad, this aspect is even
more important. Antenna seeks to
fulfil this want.

Antenna replaces the former
Proceedings; it is a bulletin aimed
not only to cover the regular
meetings of the Society, but also to
bring matters of entomological
interest to the attention of Fellows
wherever they may be. It will serve
as a link between Fellows,
providing correspondence
columns for those who wish to air
their views or bring certain matters
to the attention of others. It will also
provide news of Fellows and act
generally as a vehicle of
communication and exchange of
ideas. | congratulate the editor,
Peter Hammond and his able
assistants, Alan Stublbs and Dick
Vane-Wright, and all who have
had a share in the planning of this
new venture, and wish Antenna the
success it clearly deserves.

J.D. Gillett
President 1977 to 1979
Royal Entomological Society
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CORRESPONDENCE

Correspondence

Information sought

Can you help? In relation to
climate change, | am looking for
examples where a shift in the
phenology (as can be caused by
global warming) of a plant-
feeding insect results in better or
worse synchronisation with a
critical stage in the phenology of
its host plant.

Background

In my research career at Reading,
I have been a lone entomologist
among plant scientists. Their
interests have often been the
regulation of plant development,
involving processes quite different
from those that affect insects. |
have identified three very different

Opinion Piece 49(4)

Dear Editors,
Regarding the Opinion Piece:
Artificial Intelligence and insect
mouthparts: hallucinations begat
a nightmare vision (Antenna
49(4),182-185), fact can be
stranger than fiction, see below.
Ed Jarzembowski

Don't worry, the fossil ant below is
only 45 mm long and 2 mm
across.

Specimen of the type genus of hell ants,

Cretaceous Haidomyrmex, with open jaw
(Courtesy of Nathan Hochrein).

ANTENNA 50(1)

mechanisms that would result in
plants responding less to global
warming than insects.

It has proved easy to verify this
prediction, since there are many
records of dates in different years
of events such as seedling
emergence and first flowering of
plants, as well as of insect events
such as first sightings. It is clear
that the number of days
advanced per 1°C increase in
temperature during the time
period spanned by the data for
each species is consistently
greater for the insects.

Unfortunately, the records for
plants and insects are not linked,
they are independent. | have only

found two examples where a
difference in response of an insect
species and its host plant to an
increase in temperature has
affected their synchronisation;
both concern forest pests, and
one of these results is from an
experiment in controlled
temperature rooms.

Hence this appeal for examples
both from the literature or just
anecdotal from anywhere around
the world. If recording insect
phenology or the effects of global
warming on insects is your area of
interest, | would be most grateful
to hear from you.

Helmut van Emden
h.fvanemden@reading.ac.uk

PTG o 5 ‘ P - 2
Magnusantenna wuae Du & Chen, an extinct coreid true bug (with a somewhat
predictable name!). The inclusions are all from burmite (Burmese amber) from the
mid-Cretaceous at 99Ma. Scale bar 5 mm. Creative Commons.

Heads of various genera and species of Cretaceous hell ants
(Hoidomyrmecinae) from Vince Perrichot. Scale bar 0.5 mm.
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Listen to the music: ants

This Research Spotlight is about
how ants and other insects detect
vibrations in the solid materials
beneath their feet, what these
vibratory signals mean, and how
the insects react to them. As we
shall see, interfering with this
sensory system may ultimately be
useful in ‘green’ pest control.

Ants (Formicidae) were the first
insects discovered to be
insensitive to airborne sounds but
nevertheless able to respond to
vibrations in the solid substrate.
As the twentieth century opened,
it was already known (Janet, 1893;
Wheeler, 1903) that many ant
species produce airborne sounds
by scraping one part of the cuticle
over another, a behaviour known
as ‘stridulation’. An example of
this is shown in Fig. 1; this shows a
leaf-cutting ant, but the anatomy
and the behaviour are quite
similar in many other ants. It had
been known since antiquity

Stuart Reynolds
Department of Life Sciences
and Milner Centre for Evolution,
University of Bath
s.e.reynolds@bath.ac.uk
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Pt The beat

% beneath my feet:
 vibrational
communication
in ants and other
insects

(Aristotle, 1970) that stridulation is
a means of communication
between the sexes of
grasshoppers, crickets, cicadas,
etc. Yet in the opening years of
the 20" century, the significance
of the stridulatory sounds made
by ants was unknown, and since
ants do not possess anything that
looks like an ear, it was uncertain
whether the insects that
produced these sounds could
even hear them.

In 1903, provoked by this
apparent black hole of insect
physiology, a Philadelphia
medical doctor, Adele M. Fielde,
and a Harvard undergraduate
(later Professor), George H. Parker,
converged on the Marine
Biological Laboratory at Woods
Hole in Massachusetts, then (os
now) far from solely occupied
with life in the sea. Fielde and
Parker brought with them a
collection of musical instruments;
they planned to discover whether

ANTENNA 50(1)
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Figure 1. Digging behaviour and stridulation in leaf-cutting ants. (a) Workers of Atta vollenweideri carrying soil pellets during nest
excavation. Photo: Oliver Geissler. (b) Gaster movements (indicated by arrow) produce stridulation signal. Drawing: Malu
Obermeyer. (¢, d) Stridulation organ of an Atta cephalotes worker (note scale bars). SEM images: Flavio Roces. (a)-(d) are
reproduced (slightly modified) with permission from Sendova-Franks (2012). (e) Above: measured acceleration values over time.
The calibration bar (acceleration in cm s2) is valid for both plots. Recordings were filtered below 500 Hz. Below: power spectrum of
the signal illustrated above. Reproduced with permission from Pielstrom et al. (2012).

captive ants would react to the
music with a change in their
pattern of movement. This test of
the insects’ ability to hear was not
in itself a novel idea; the world’s
most famous biologist, Charles
Darwin himself, had performed
similar experiments on
earthworms (oligochaetes, not
insects!) around 20 years
previously. Typically, Darwin’s
experimental plan had been
simple, effective and
economically described (Darwin,
1881). It involved playing notes
from all sorts of musical
instruments, including a whistle, a
bassoon and a piano, while
watching a container of worms.
When individual notes were
played ‘loudly’ while close to the
container in which the worms
lived (but not touching it), the
worms didn’t move a muscle. But
when the same musical
instruments were physically
connected to the container (i.e.,
when placed on top of the piano),
the worms quickly reacted by
twitching. Darwin concluded
“Although [worms] are indifferent
to undulations in the air audible
by us, they are extremely sensitive
to vibrations in any solid object”.
Fielde et al. (1907) now extended
Darwin’s musical approach to the
Formicidae. Eight different species
of ant were exposed to sounds
and substrate vibrations
produced by a piano, a violin and
a Galton whistle (a ‘dog whistle’
producing high frequency sounds
that cannot be heard by the
human ear). The experimenters
concluded that, like Darwin’s
worms, ants are unable to hear

ANTENNA 50(1)

aerial sounds but are exquisitely
sensitive to vibrations in the
substrate (Fielde et al., 1907). The
new study went considerably
further than Darwin’s in testing
which vibration frequencies are
effective. Fielde and Parker found
that different ant species reacted
to different musical notes; all were
very sensitive to very low
frequencies, such as the lowest
tone on their full-size piano
keyboard (bottom A at 27 Hz). The
ranges of vibrational frequencies
causing a reaction were not only
unexpectedly wide but also
variable between species; while
the top effective frequency in the
myrmicine ant, Cremastogaster
lineolata, was only one octave
above middle C, or 522 Hz, a
formicine ant, described by the
authors as Lasius umbratus (but
which was probably Lasius
aphidicola - Schér et al, 2018)
was able to detect frequencies
three octaves higher, top C at
4176 Hz (Fig. 2). Other ant species
had narrower frequency ranges
because they were less sensitive
to the highest notes. These results
were described by Fielde et al.
(1907) without the benefit of
statistical analysis; in those days
the reader just had to take it on
trust that sufficient replications of
the experiment had been
performed!

As far as | can tell, these musical
studies constitute the first
published evidence that any
insect can perceive and react to
substrate vibrations. Only later did
Eggers (1928) suggest that the
subgenual organs of insect legs
(a type of chordotonal organ)

a

have the specific function of
detecting such substrate
vibrations, an assertion that was
experimentally confirmed for
locusts by Autrum (1941).
Meanwhile, the question of the
significance of substrate
vibrations in ant behaviour was
shelved (Straup, 2021).

Good vibrations: social
communication in ants

Of course, the realisation that ants
can detect substrate vibrations
with great sensitivity immediately
begs the question of what those
vibrational signals ‘mean’. In other
words, how does the insect
benefit in fitness terms from being
able to ‘hear’ them? Are the
vibrations that are of interest to
the ants produced by their own
species, or other insects? Or do
the ants benefit by detecting
environmental sounds of an
entirely different origin?

This supplementary question
requires a different sort of
experiment. We need to be able to
listen in on the insects’ vibrational
world — now termed the
‘vibroscape’ (Sturm et al, 2021).
This is much less easy than the
Darwinian piano-and-bassoon
approach, because vibrations in
the substrate are localised and
carry only tiny quantities of
energy. As a result, we humans
can't actually hear what's going
on underneath the insects’ feet
with our own ears. But once clever
instrumental methods to detect
and classify the vibrations have
been devised, we can correlate
the signals with behavioural
reactions. This allows us to ask the
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Figure 2. Fielde and Parker's musical experiment. Various species of ant (just four of those tested are shown here) were tested to
determine their reactions to a range of substrate vibration frequencies (designated in Hz). The substrate vibrations were produced
by striking the key of a piano (as shown here) by bowing a violin or blowing a whistle. The ants were contained in an experimental
arena that was physically connected to the musical instrument. The range of frequencies that caused a behavioural reaction is
shown for each species by a broad black horizontal line. The insects did not react at all to the same sounds if they were not
physically connected to the instrument. Images: Fielde: public domain image from Stevens, 1918; Parker: public domain image from
http:/ /ihm.nim.nih.gov/images/B20665; Cremastogaster lineolata: image by Conor Cashman, CC BY; Formica fusca: image by
Marie Lou Legrand, CC BY-NC; Stigmatomma pallipes: image by Nick Bédard, CCO 1.0 Universal; Lasius aphidicola: image by Tom

Murray, CC BY-ND-NC.

insects themselves what the
substrate vibrations ‘mean’ to
them - in other words, to reveal
their evolutionary adaptive
significance.

Although the question of
whether ants can detect
substrate vibrations is still
contested (Hickling et al, 2000;
2001; Roces et al.,, 2001), most
entomologists are now convinced
that aerial sounds are at best only
a minor component of the ant
sensory world. Moreover, although
other forms of adaptive
significance are not ruled out, it
appears that the function of the
vibrations is mainly that of
intraspecific communication
within the colony. Just as Fielde et
al. (1907) had speculated, the
vibrational signals detected by
the ants are produced by the ants
themselves.

The vibrations originate from a
‘file-and-scraper’ apparatus very
like the Latin American percussive
musical instrument called a guiro.
Ants from a number of different
families possess a stridulatory
organ that is found between the
petiole and the gaster, where the

edge of the petiolar or
postpetiolar scraper (the
plectrum) is rubbed against a
ridged surface (the pars stridens)
(Hunt et al, 2013) (Fig.1).
Phylogenetic analysis reveals that
such structures are not ancestral
within the Formicidae but have
evolved on at least five occasions
within the family (Golden et al,,
2016). Stridulation is extremely
common among ants; in the two
largest subfamilies, representing
the majority of ant diversity, 95%
of myrmicine species and 42% of
ponerine species possess d
stridulatory apparatus.

But this is where the scientific
trail of early twentieth century
work on ant vibrational
communication goes cold. There
was no proper follow-up to the
prescient speculation of Fielde et
al. (1907) about the importance of
such signals in ants until the
publication of a landmark paper
(Markl, 1965) by Hubert Markl of
Harvard University. This clearly
demonstrated a social
communication role in leaf-cutter
ants for stridulatory vibrations
conducted through the substrate

a

(but not through the air).

We now know that in ants of
many species, different types of
stridulatory signal are generated
according to the ecological and
developmental circumstances of
the ants that emit them. An
almost certainly incomplete
catalogue of associations
between vibratory signals and
behavioural context is given by
Golden et al. (2016); ants have
been noted to stridulate when
excavating a new nest, foraging
or retrieving food, feeding each
other (trophallaxis) and
manipulating brood, as well as
during nest emigration and
conflict with conspecific colonies.
The signaller's caste may be
communicated by vibrational
signals, ant queens may stridulate
to signal their non-receptivity to
males, and worker ants may
stridulate when attacked by a
predator. Masoni et al. (2021) have
shown that several of these
behavioural associations are
present in a single species, the
Acrobat Ant (Crematogaster
scutellaris) (Myrmicinae). This ant
produces vibratory signals in the

ANTENNA 50(1)



frequency range 250-4,000 Hz,
which differ in their temporal
organisation between castes and
when the ants are in the presence
of food or are physically
restrained (Fig. 3).

Temporal associations between
signals and responses, of course,
are insufficient to prove that
signalling is selectively
advantageous, but evolutionary
innovations in interspecific
interactions often shine a
powerful light on the adaptive
functions of particular traits within
a single species. In this case, it
turns out that the stridulatory
signals of a host ant species can
be dishonestly mimicked by
myrmecophilic mutualists and
social parasites to trick the host
into accepting them as ‘guests’ in
the nest. Larvae and pupae of
riodinid and especially lycaenid
butterflies, as well as a socially
parasitic carabid beetle, Paussus
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favieri, all of which live in ant
nests, emit signals that
manipulate host workers to
respond to the guests as they do
to signals of the host queen,
showing significantly higher levels
of trophallaxis and guarding
behaviour than are elicited by
host worker ant calls (Schénrogge
et al, 2017). The existence of such
deceit is perhaps the surest
indication of the adaptive value to
the victim of these vibrational
signals in honest intraspecific
communication.

Not just ants

Even while little or no progress
was being made to understand
the phenomenon in ants, it was
realised that substrate vibrations
were important to mate-finding in
other insects, especially in the
order Hemiptera. A monograph by
Ossiannilsson (1949) on the sexual
vibratory signals produced by 79

different Swedish species of
Auchenorrhyncha (planthoppers)
is generally cited as the original
source of the modern approach
to insect vibrational
communication. Ossiannilsson
even made old-fashioned
phonograph recordings of the
‘sounds’, but other insect sensory
physiologists were evidently not
yet ready for his suggestion that
vibrations in the substrate
represented a major new sensory
modality in insects. A later paper
by Moore (1961), which
investigated the vibrational
‘sounds’ produced by 11 species
from five families of Hemiptera
and 13 species from four families
of Auchenorrhyncha and
Sternorrhyncha also deserves
considerable credit for
stimulating further research.
Conclusive evidence that, in
these insects, communication
between the sexes is achieved via
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Figure 3. Caste-specific vibrational signalling in the ant Crematogaster scutellaris. Panel A: images of Worker and Queen. Photos
by Michael Kukla, CC BY-SA 4.0. Panel B: Examples of oscillograms of substrate-borne vibratory signals during restraining
experiments — note that different castes produce signals with distinct characteristics. Panel C: (a) chirp duration, (b) chirp
dominant frequency (Hz), and (c) Root Mean Squared (RMS) amplitude of substrate-borne vibrations produced by stridulation.
Qfw: queens’ forward chirp; Qbw: queens’ backward chirp; Mfw: males’ forward chirp; Mbw: males’ backward chirp; Wfw: workers’
forward chirp; Wbw: workers’ backward chirp. B and C are slightly modified from Masoni et al. (2021), CC BY 4.0.
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substrate vibrations rather than as
airborne sound had to wait for
technological advances in
recording vibrational ‘sounds’.
Eventually, it became possible to
monitor substrate vibrations by
using a record player cartridge; to
make tape recordings of the
signals; to analyse them in an
oscilloscope; and to replay them
to the insects through an amplifier
and loudspeaker. Two important
papers of this kind (there are
others by the same authors) were
those by Ichikawa et al. (1974) and
Ichikawa (1976); in this work the
planthopper Nilaparvata lugens
was shown not only to be able to
detect conspecific vibrational
signals through substrate
transmission, but also to respond
with appropriate behavioural
reactions.

Despite this mid-20t" century
rediscovery of vibrational
signalling in insects, the reaction of
the research community remained
slow. Even a decade after
Ichikawa's important contribution,
the Royal Entomological Society’s
12%" Symposium volume Insect
Communication (Lewis, 1984) still
concentrated overwhelmingly on
chemical signals, with only two
chapters out of 16 chosen to
discuss auditory communication,
and coverage of vibrational
signals being limited to less than
one page of text and just 12
references.

Since then, however, there has
been a remarkable turnaround,
with a more than exponential rate
of increase in publications on
insect vibrational signalling. An
exhaustive literature search by
Turchen et al. (2022) found no
fewer than 831 papers on insect
vibrational communication. While
insects from 17 Orders had been
reported to use vibrational
signalling for intraspecific
communication, the list was
dominated by Hemiptera (31.5% of
cases), Hymenoptera (21.8%) and
Coleoptera (13.5%).

Vibrational sexual signalling in
psyllids

There are far too many scientific
papers on insect vibratory
signalling for me to mention them
all, but I should say something
about vibrational signalling in the
Hemipteraq, the insect order that is
most strongly represented as
communicating in this way. An
impressive example is the use of

substrate vibrations for sexual
signalling in the superfamily
Psylloidea.

Both sexes of psyllids have been
known since the 1960s to produce
‘buzzing’ sounds, which are
characteristic of the emitting
species. In early work it was not so
easy to characterise these
signals. An attempt by Campbell
(1964) to characterise psyllid
sounds in musical notation (Fig. 4)
deserves notice; perhaps this was
a direct throwback to the original
Darwinian approach. Today,
however, it is much easier to
record, display and analyse in
detail the vibrational signals, and
video recordings can be used to
correlate the insects’ behaviour
with vibrations. While we almost
certainly still have much to learn
about vibrational signalling in
these insects, it is clear that the
most important function of psyllid
vibrations is in sexual
communication.

Adult male and female psyllids
produce distinctive vibrational
signals, using them to locate each
other on their own host plant by
‘duetting’ (Lico et al, 2022). The
male signals his presence by
emitting a species- and sex-
specific signal, which advertises
his own presence, and this solicits
a reply from an available female
that can hear him. The female’s
response is to emit a different but
also species-specific vibrational
signal that encourages the male
to seek her out. Just as in music,
the stereotyped timing and
sequential relationship of the
male and female calls defines the
nature of the ‘duet’. The vibratory
signals are structurally complex,
being made up of distinctive
patterns of trills and chirps. The
temporal structure of the calls
within a species is rather constant
compared to the more variable
detail of vibration frequency and
amplitude of the vibrations within
these signal components (Fig. 4).

On the other hand, the sheer
variety of vibratory signals found
within the superfamily is very
great. These calls have now been
characterised from more than 100
species of psyllid. This is only a tiny
fraction of the Psylloideaq, a
superfamily comprising eight
constituent families, with 4,000
species in more than 200 genera
worldwide, many of these being
serious crop pests. It is evident
from what has been done so far,
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that most if not all species within
this superfamily use substrate
vibrations as an essential part of
their mate-finding behaviour.
The mechanism by which
psyllids produce vibratory signals
was until recently unknown,
although it was suggested that
they might arise from a
stridulatory contact between the
wings and the abdominal cuticle.
Polajnar et al. (2024) have now
shown, however, that in the Pear
Psyllid (Cacopsylla pyrisuga), the
vibrations are not stridulatory but
are produced by oscillatory
movements of the wings while
they are held immobile at their
bases. Physical contact of the
wings with the underlying body
wall appears not to be required. It
seems likely that this is also true of
other psyllid species. Presumably,
the vibration produced by wing
movements is transmitted to the
rest of the body from the wing
bases and only then to the
substrate. This, then, is a similar
phenomenon to the vibrations
used by honey bees and bumble
bees engaged in ‘buzz pollination’
(vallejo-Marin, 2019).

Good vibrations: sexual and
social signalling

What are the general principles of
vibrational sexual and social
signalling? Here are a few
examples of recent research in
this area. Vibrational signalling
may be important in speciation:
female mason bees from two
geographically separate
subspecies (Osmia bicornis rufa
and O. bicornis cornigera) prefer
to mate with males from their own
subspecies, which use the correct
vibrational signals during
courtship (Conrad et al., 2015;
2019).

Vibrational signalling is often
competitive: in the cicadellid
Aphrodes makarovi, both males
and females participate in
vibrational duetting, which assists
males to locate females, but the
females simply mate with the first
male to arrive. When more than
one male is present, males may
adopt different calling strategies.
Some males ‘eavesdrop’ a male—
female duet maintained by a rival,
exploiting the rival male’s
advertisement calls by silently
approaching the female. To
interfere with an ongoing male—
female duet, males may also emit
masking signals that overlap part
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Figure 4. Vibrational duetting in psyllids. Panel A: An attempt by Campbell (1964) to characterise the vibrational signals of two
species of psyllid from New Zealand, Cardiaspina fiscella and C. maniformis, using musical notation. C. fiscella is shown (image by
Joseph Knight, CC NC-BY). Panel B: Macrohomatoma gladiata, male and female adults. Photo by Janis N. Matsunaga, Department
of Agriculture, State of Hawaii, USA. Panel C: Vibrational signals in duetting M. gladiata. From Liao et al. (2019).cc BY 4.0."

of the female reply, thus delaying
the rival's progress in reaching the
female (Kuhelj et al,, 2017).

Vibrational signals can be
‘jlammed’ by competitors: in the
Neotropical Brown Stink Bug
(Euschistus heros) on bean
plants, females produce substrate
vibrations that attract males to
search for and approach the
calling female. Duetting then
leads to mutual emission of the
courtship song and mating. These
vibratory signals are readily
disrupted when signals from ‘rival’
stinkbug species (Chinavia ubica
and Chinavia impicticornis) are
present in the environment (Dias
et al, 2021). The adaptive function
of such trans-species interference
is not immediately clear but may
be an incidental consequence of
intraspecific competition for
mates.

Substrate vibrations may be
integrated with airborne signals:
crickets have been famous as the
source of airborne sounds for
more than 2,000 years, yet it is
becoming increasingly evident
that the well-known sexual
advertisements and courtship
signals emitted by males contain
both airborne and substrate
components, involving
simultaneous wing stridulation,
body tremulation, and leg drum-
ming. In the House Cricket
(Acheta domesticus) the
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relationship between these
components of vibrational signal
is complex and changes as the
male approaches the female
(stritih-Peljhan et al, 2024).

Vibrational sexual signalling
may contribute to speciation. If
this is so, then it would be
expected that vibrational signals
would be evolutionarily labile, and
this appears to be the case in the
Pacific Field Cricket (Teleogryllus
oceanicus), in which foreleg
drumming produces sexually-
related vibrational signals and
appears to be evolving rapidly
(Wikle et al., 2023).

Intraspecific communication
using substrate vibrations is not
only sexual in nature: vibrations
can also be used to generate
spatial order with a population.
For example, newly hatched
Falcaria bilineata (Lepidoptera:
Drepanidae) caterpillars establish
solitary leaf-tip territories (~10 mm
wide) from which they exclude
conspecifics, advertising their
presence by producing
multicomponent vibratory signals
which increase in frequency when
outsiders approach more closely
(Matheson et al, 2025).

On the other hand, producing
substrate vibrations may also
reduce the risk of predation:
communally-living caterpillars
(Drepana arcuata) use vibration
signals to attract conspecifics to
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retreat from exposed feeding
positions to form social
gatherings, where they are less
vulnerable to predation or
parasitisation (Yadav et al, 2017).

Bad vibrations: eavesdropping
by predators and parasites
Substrate vibrations are not used
only in sexually-related and social
intraspecific communication, but
also in eavesdropping by
predators and parasites, which
can ‘tune in’ to vibrations produced
by their victims (Virant-Doberlet et
al, 2019). For example, pit building
antlions Euroleon nostras are sit-
and-wait predators that use
vibrational signals from
approaching insects to estimate
both the distance and the direction
of their prey (Martinez et al,, 2023).
Some parasitoid wasps locate their
insect prey by detecting substrate
vibrations produced by the latter
(Meyerhofer et al,1999; Broad et
al, 2000).

Substrate-transmitted
vibrational signals mediate
colony defence in many social
insects, and it has been
suggested that these vibrations
deter predators (quters etal.,
1979). Of course, this deterrence
may be because the vibrations
are directly confusing or
damaging to the potential
predator, or because they
advertise the availability of other



defences such as distasteful or
poisonous chemicals. Vibrational
deterrence appears to be
phylogenetically ancient among
Blattodea. Sillam-Dussés et al.
(2023) investigated 20 species of
termite (Isoptera) as well as the
wood roach, Cryptocercus
punctulatus, and found that
vibratory alarm signals arose at
the base of the group, while
chemical alarms have evolved
independently in several
cockroach groups and at least
twice in termites. Vibroacoustic
alarm signalling patterns are
most complex in the relatively
recently evolved Neoisoptera,
where they are often combined
with chemical defences. The
ancient origin of vibratory
defence signalling implies that
the vibrations have at least some
directly deterrent effect.
Substrate vibrations may also
be used by potential victims to
recognise the approach of a
predator. This isn't strictly
signalling, but more a case of a
vulnerable individual assessing
the suitability of its environment.
An example is the recognition of
the approach of hunting spiders
by Meadow Spittlebugs (Philaenus
spumarius) (Cercopoideaq,
Aphrophoridae); replaying a
vibrational signal that mimics the
predator provokes a ‘freeze’
response by the spittlebug in
which movement ceases
(Spadavecchia et al., 2025).

Pest control using vibration

The use of vibrational sexual
communication among insects
leads quickly to the idea that it
might be possible to interfere with
these signals in order to reduce
reproductive success. And indeed,
it turns out that artificially
generated substrate vibrations
can be used to control insect
pests of crops through Vibrational
Mating Disruption (VMD). This
looks like a terrific ideq, since the
great thing about vibrational
signals is that they disappear
straight away — no vibrational
residues to cause trouble later on!

Moreover, because the vibrational
signals are species-specific, such
interference could in principle be
narrowly targeted. It has been
estimated that as many as
195,000 insect species across all
orders may be susceptible to
such pest suppression techniques
(Cocroft et al, 2005), which offers
plenty of opportunity to explore
such control techniques.

The first reported attempt at this
approach was that of Saxena et al.
(1980), who yet again resorted to
the good old Darwinian musical
strategy. They used a harmonium
(a portable reed organ) to
generate complex aerial sounds
with a low fundamental frequency,
but also containing higher
frequency harmonics, which they
played to insects in the laboratory,
while male insects were given the
opportunity to approach and mate
with females. Continuously playing
the note G3 (~ 200 Hz) over a
period of several minutes
decreased the mating success of
the Cotton Jassid (Amrasca
biguttula) on cotton plants by 90%.
Fundamental frequencies in the
range 200—-300 Hz were most
effective for both this insect and
also the Brown Planthopper
(Nilaparvata lugens) on rice plants,
but these treatments were more
effective when the note contained
higher overtones. To prevent
mating over longer periods it was
necessary to play these sounds
continuously for long periods (up
to several hours) at an intensity of
72-76 db (a sound pressure similar
to a vacuum cleoner), the
collateral noise pollution from
which would almost certainly rule
this out as a practical method of
pest control. Although it's amusing
to learn yet again of the utility of
the ‘musical instrument’ approach
to experimentation on insect
vibrational signalling, | think that it's
unlikely that anyone ever thought
that playing live or recorded
harmonium music to fields of
crops would become
commonplace.

Since this pioneering work,
however, many refinements have

a

been attempted and, in particular,
it has been possible to apply
artificially generated vibrational
stimuli direct to plants without
audible sound. Significant
suppression of insect pests on a
horticultural crop has been
achieved for two different species
of whitefly growing on tomatoes
in protected environments. Males
of the Greenhouse Whitefly
(Trialeurodes vaporariorum)
transmit vibrational signals to
females at 250—375 Hz. In work by
Berardo et al. (2022), artificial
vibrations were generated by a
computer-programmed mini-
shaker attached to a vibroplate
that was connected to the
compost in which the tomato
plants were growing; the shaking
frequency distribution
emphasised the fundamental
frequencies of the insect’'s own
vibrational signals and was
applied continuously over several
days to the host plant pots.
Populations of adult and nymphal
whiteflies on the shaken tomato
plants grew significantly less
quickly than controls and at 57
days, the number of whiteflies on
the shaken plants was reduced by
30% compared to controls.

In a slightly different approach,
Sekine et al. (2023) grew
tomatoes on a metal frame that
transmitted vibrations at 30 Hz
and 300 Hz to the plants and any
insects that were present on
them. 300 Hz was effective in
reducing T. vaporariorum
population growth, while 30 Hz
was not. Similarly, Yanagisawa et
al. (2024) were able to control
another whitefly species, Bemisia
tabaci, on tomatoes; in this case,
the vibrational signals were
applied as 1 min of pulsed
stimulation every 30 min. During
the 1 min ‘on’, the 100 Hz vibratory
signal was applied in a cycle of s
‘on” and 9 s ‘off’, following an
interval of 29 min. This pattern,
which had been devised
specifically to avoid habituation
to the applied signal, was highly
effective, reducing B. tabaci
nymphs by 40%.
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There remain many ‘known
unknowns’ in relation to the
development of effective
vibrational pest control; these
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Introduction

Insects form the largest and most
diverse component of Britain’s
biodiversity. They pollinate crops
and wild plants, recycle nutrients,
regulate populations of other
organisms, and form the base of
food webs that sustain birds,
mammals, amphibians and
reptiles. They also play a central
role in cultural life, inspiring art,
literature and public fascination.
Yet despite their ecological and
social importance, insects are
largely absent from British law
and policy.

While some species benefit
from statutory protection, the
overwhelming majority of
invertebrates receive no explicit
legal recognition. For many, their
fate depends on proxy
protections applied through
habitats, general biodiversity
duties, or indirect legislation such
as pesticide controls. This article
explores the current state of
insect protection across England,
Wales and Scotland, comparing
how each jurisdiction addresses
invertebrates in terrestrial
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ecological law. It assesses where
meaningful safeguards exist,
where gaps persist, and why
insects, despite being excellent
biological indicators, continue to
fall through the cracks of
environmental policy.

Insects as biological indicators
Biological indicators are
organisms whose presence,
absence or condition provide
insight into ecosystem health.
Insects are exceptionally well
suited to this role. They occupy
almost every terrestrial niche,
respond quickly to environmental
change, and interact with plants,
soils and other animals in ways
that reveal the state of
ecosystems more reliably than
single vertebrate species or
vegetation types.

Butterflies, for example, are
among the most widely used
bioindicators of terrestrial
ecosystems. Long-term
monitoring schemes such as the
UK Butterfly Monitoring Scheme
demonstrate how species like the
Speckled Wood (Pararge aegeria)
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expand in response to climate
warming, while habitat specialists
such as the Marsh Fritillary
(Euphydryas aurinia) decline with
grassland loss (Fox et al,, 2015).
Freshwater insects provide
equally powerful signals: the
presence of pollution-sensitive
mayflies (Ephemeroptera) and
stoneflies (Plecoptera) is routinely
used to assess river health.

Other groups offer subtler but
equally critical insights. Ground
beetles (Carabidae) are used in
agri-environment research to
measure soil health and tillage
impacts. Hoverflies (Syrphidae)
indicate the availability of flower
resources and the condition of
wetland margins. Ants reflect soll
composition and disturbance
regimes.

Despite this, the potential of
insects as bioindicators is not
embedded in most statutory
frameworks. Ecological impact
assessments often focus on birds,
bats and vascular plants, even
though insects may be more
sensitive to disturbance. As a
result, policies risk missing early
warning signals of biodiversity
decline.

Britain's legal landscape

The legal frameworks that
govern biodiversity in Britain
arise from a combination of
domestic legislation and
international commitments,
including EU-derived measures
and multilateral environmental
agreements. While there are now
clear differences in approach
between England, Wales and
Scotland, these largely reflect the
effects of devolution and
differing policy priorities rather
than Brexit itself or the loss of EU
funding. Nonetheless, all three
countries continue to share a
common legislative backbone
rooted in long-standing
domestic statutes and
international obligations.

The following sections examine
the main laws and policies
relevant to terrestrial
invertebrates, assessing their
contributions and limitations.

The Wildlife and Countryside Act
1981

The Wildlife and Countryside Act
1981 (c.69) (WCA) remains the
cornerstone of species protection
in Britain. Schedule 5 of the Act
lists species afforded full
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protection from killing, injury,
disturbance and, in some cases,
damage to their places of shelter.
For invertebrates, the list is
strikingly short — fewer than 80
species out of the tens of
thousands present in Britain
(UNCC, 2022).

Examples include the Fisher's
Estuarine Moth (Gortyna borelii
lunata), the Large Blue butterfly
(Phengaris arion) and the Sussex
Emerald moth (Thalera fimbrialis).
These species benefit from strong
safeguards: damaging their
habitats or intentionally disturbing
them can result in prosecution.
However, the listing process is
slow, heavily reliant on Red Data
Book status, and infrequently
updated. Many petitions for listing
— such as for the Stag Beetle
(Lucanus cervus) or the oil beetle
(Meloe proscarabaeus) — have
been rejected on the grounds that
populations remain locally strong,
even though declines are well
documented.

As a result, Schedule 5 creates a
two-tier system in which a tiny
minority of insects receive direct
protection, while the maijority,
including many declining
pollinators and saproxylic beetles,
are excluded.

Habitats Regulations

The Conservation of Habitats and
Species Regulations 2017 (SI
2017/1012) in England and Wales,
and the Conservation (Natural
Habitats, &c.) Regulations 1994 in
Scotland (as amended),
implement the EU Habitats
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Directive. These Regulations
protect species listed on Annex II
(requiring designation of Special
Areas of Conservation) and Annex
IV (requiring strict protection).

For insects, the list is again
narrow. In Britain, Annex species
include the Southern Damselfly
(Coenagrion mercuriale) and the
Large Blue butterfly. Legal
obligations for these species are
stronger than under the WCA:
their breeding sites and resting
places must not be damaged or
destroyed, and deliberate capture
or disturbance is prohibited.

Yet the Habitats Regulations are
largely silent on the vast majority
of invertebrates, despite their
ecological roles. In practice,
Special Areas of Conservation
may safeguard insect-rich
habitats incidentally, but insects
are not the drivers of designation.

The Environment Act 2021

The Environment Act 2021 (c.30)
represents a major reform in
England, introducing Local Nature
Recovery Strategies (LNRS) and a
statutory requirement for 10%
Biodiversity Net Gain (BNG) in new
developments. While the Act’s
ambitions are significant, insects
are not explicitly mentioned.

The biodiversity metric
underpinning BNG focuses on
habitat condition and
distinctiveness, with little
reference to invertebrate
assemblages. Habitats critical to
many insects, such as bare
ground, early successional
stages, and decaying wood, are

Figure 1. Shrill Carder Bee (Bombus sylvarum) foraging on Downy Burdock (Arctium

tomentosum). Credit: Ivar Leidus (CC BY-SA 4.0).
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undervalued in the metric. This
creates a risk that developments
will deliver net gains on paper
while failing to support insect
populations in practice.

Wales and Scotland have not
introduced equivalent statutory
BNG requirements, though similar
principles are being explored
through planning reforms and
biodiversity duties.

The NERC Act 2006 and devolved
biodiversity lists

The Natural Environment and
Rural Communities Act 2006
(c.16) places a “biodiversity duty”
on public authorities in England
and Wales, requiring them to
“have regard” to conserving
biodiversity. The Act also
established Section 41 (England)
and Section 7 (Wales) lists of
species of principal importance.

These lists include many insects,
from the Shrill Carder Bee
(Bombus sylvarum) (Fig. 1) to the
Violet Click Beetle (Limoniscus
violaceus). In theory, public
bodies should consider these
species when making decisions.
In practice, the duty is weakly
enforced. Reviews by the
Environmental Audit Committee
have described it as “toothless”
(EAC, 2017), and many locall
authorities remain unaware of
their obligations.

In Scotland, the Nature
Conservation (Scotland) Act 2004
(asp 6) created the Scottish
Biodiversity List (SBL), which also
includes numerous insects.
Scotland has taken biodiversity
duty reporting more seriously,
with statutory requirements for
public bodies to report every
three years. Nevertheless, there is
little evidence that this has
translated into meaningful gains
for insects on the ground.

CITES and wildlife trade controls
The Convention on International
Trade in Endangered Species of
Wild Fauna and Flora (CITES)
regulates international trade in
threatened species, including a
small number of insects that are
attractive to collectors or have
commercial value. The United
Kingdom remains a Party to CITES
in its own right, and the
convention is implemented
domestically through the retained
EU Wildlife Trade Regulations and
the Control of Trade in
Endangered Species Regulations

2018, which establish offences,
permitting requirements and
enforcement powers.

In practical terms, this means that
import, export, re-export and
certain forms of commercial use
of listed insects are subject to a
licensing system. For example, the
Satanas Beetle (Dynastes
satanas), a large rhinoceros
beetle from Bolivig, is included in
CITES Appendix Il because of
pressure from international
collecting; any international trade
in this species, including
movements into or out of the UK,
must comply with CITES
documentation requirements and
corresponding domestic permit
controls. This framework can
provide an important safeguard
for a small number of highly
collectible insect taxa by ensuring
that trade is monitored, controlled
and, in principle, kept within
sustainable limits.

However, the scope of CITES is
necessarily narrow. It applies
only to species listed in its
Appendices and is concerned
with regulating international
trade, rather than addressing
broader drivers of insect decline
such as habitat loss, pollution or
pesticide use. As such, CITES
operates as a complementary,
trade-focused layer of
protection that sits alongside
domestic species protection,
habitat conservation and
environmental management
laws, rather than as a
comprehensive mechanism for
conserving Britain's insect fauna.
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Bee disease and pest orders
Bees receive unique attention
under plant health and animal
disease legislation. The Bee
Diseases and Pests Control
(England) Order 2006 (SI
2006/342), and equivalents in
Wales and Scotland, regulate the
movement of honey bees and
require notifiable disease
reporting.

Scotland has gone further by
designating the islands of
Colonsay and Oronsay as a
reserve for the native Dark
European Honey Bee (Apis
mellifera mellifera) (Fig. 2). Under
the Bee Keeping (Colonsay and
Oronsay) Order 2013 (SSI
2013/279), only this subspecies
may be kept there, protecting a
genetically important population.
This represents one of the few
examples of legislation crafted
specifically for insect
conservation, rather than
incidental protection.

Invasive Alien Species legislation
The Invasive Alien Species
(Enforcement and Permitting)
Order 2019 (SI 2019/527)
implements EU Regulation
1143/2014 on invasive alien
species. For insects, the Asian
Hornet (Vespa velutina) (Fig. 3) is
the most notable example, with
restrictions on keeping, breeding
and releasing. While this provides
a framework for rapid
eradication responses, it is
reactive rather than proactive
and covers only a small number
of species.

Figure 2. Dark European Honey Bee (Apis mellifera mellifera) worker emerging from brood cell.
Credit: Abalg (Public domain).
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Figure 3. Asian Hornet (Vespa velutina). Credit: Charles J. Sharp (CC BY-SA 4.0).

Pesticide and chemical controls
The regulation of pesticides under
the Plant Protection Products
Regulations 2011 (SI 2011/2131) and
related statutory instruments has
profound indirect effects on
insects. The restriction of
neonicotinoid insecticides,
following evidence of harm to
pollinators, illustrates how
agricultural law can shape insect
populations. However, the
framework prioritises human
health and crop protection, with
biodiversity often a secondary
consideration. Emergency
derogations granted for
neonicotinoids on sugar beet in
England in recent years highlight
the fragility of these safeguards.

Environmental damage
regulations

The Environmental Damage
(Prevention and Remediation)
(England) Regulations 2015 (SI
2015/810), and equivalents in
Wales and Scotland, transpose
the EU Environmental Liability
Directive. They cover “protected
species and habitats” and impose
duties to prevent and remediate
environmental damage. In theory,
this could apply to insects listed
under the WCA or Habitats
Regulations. In practice,
thresholds for action are high, and
the legislation has rarely been
used to protect insects.

Where insects do benefit

Despite the gaps, there are
positive stories. The Large Blue
butterfly is a flagship example.
After becoming extinct in Britain in
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1979, it was reintroduced using
populations from Sweden. Its
listing under both the WCA and
Habitats Regulations ensured
targeted habitat management
and research funding, leading to
one of the most successful insect
conservation programmes in
Europe (Thomas et al,, 2009).
Another success is the legal
protection of the native honey
bee population on Colonsay,
demonstrating how devolved
powers can be used innovatively.
Similarly, the inclusion of
numerous insects on Section 41/7
and SBL lists has at least raised
awareness and provided a basis
for conservation funding.
Invasive species law has also
mobilised public action against
the Asian Hornet, with citizen
science reporting networks
established across Britain. These
examples show that law can
make a tangible difference when
insects are explicitly recognised.

Where gaps remain

The gaps in legal protection for
insects are nonetheless stark, and
they fall into several recurring
themes.

Coverage

The most fundamental
shortcoming is that only a minute
fraction of Britain’s insect diversity
is directly protected in law. Fewer
than 80 species are listed on
Schedule 5 of the Wildlife and
Countryside Act 1981, out of an
estimated 24,000 terrestrial insect
species in the UK (JNCC, 2022).
This represents less than 0.4% of
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the total fauna. Even when other
instruments such as the Habitats
Regulations are considered, the
proportion barely rises. By
comparison, almost all bat
species, all cetaceans, and every
native amphibian and reptile
species enjoy statutory protection.
This imbalance reflects a historical
bias towards vertebrates as
conservation ‘flagships’, leaving
the maijority of invertebrates
invisible to statutory frameworks.

Duties

The biodiversity duties set out in
the Natural Environment and Rural
Communities Act 2006 (England
and Wales) and the Nature
Conservation (Scotland) Act 2004
are potentially powerful but
weakly enforced. Public authorities
are legally obliged to “have
regard” to biodiversity, but the
wording is vague and compliance
is rarely monitored. Reports by the
Environmental Audit Committee
(2017) concluded that many local
planning authorities are unaware
of their duty or lack the resources
to act on it. Consequently, insects
listed as “priority species” under
Section 41, Section 7, or the
Scottish Biodiversity List often
remain unsupported by practical
measures.

Policy silence

Insects are largely absent from
national policy frameworks and
planning guidance. Documents
such as the National Planning
Policy Framework in England
emphasise biodiversity more
generally but make little or no
mention of invertebrates.
Guidance for ecological survey
work often focuses on birds, bats,
reptiles and Great Crested Newts
- groups that have benefitted
from strong statutory drivers. By
contrast, few protocols exist for
mandatory insect survey, even in
high-value habitats such as
ancient woodlands or heathlands.
The silence at policy level
cascades into silence in practice,
with developers and consultants
less likely to consider insect
assemblages unless specifically
required.

Survey requirements

A maijor practical gap is the
absence of statutory survey
triggers for most insects.
Developers are routinely required
to survey for bats or newts if



habitats are suitable, but there is
no equivalent legal hook for
insects. Even species protected
under the WCA or Habitats
Regulations are rarely flagged
unless specialist entomologists
are engaged early. This results in
under-recording, with populations
potentially destroyed unknowingly
during development. Without
mandated surveys, the data
deficit continues, reinforcing the
perception that insects are rare or
absent.

Metrics

The introduction of Biodiversity
Net Gain (BNG) in England, under
the Environment Act 202],
illustrates how insects can be
sidelined by design. The statutory
biodiversity metric assesses
habitats based on
“distinctiveness” and “condition”,
yet undervalues critical features
for invertebrates such as
ephemeral pools, exposed sandy
soils, flower-rich brownfield sites
and deadwood habitats. These
habitats are often assigned low
scores because they appear
degraded or transitional, even
though they are hotspots for
invertebrate diversity. As a result,
BNG may incentivise replacement
of insect-rich sites with more ‘tidy’
but ecologically poorer habitats,
perpetuating losses under the
guise of net gain.

Together, these shortcomings
perpetuate a cycle of neglect.
Insects are overlooked in law,
which leads to weak policy
guidance, which in turn leads to
limited survey effort and
inadequate data. The resulting
invisibility is then used to justify
their exclusion from policy and
legal mechanisms, locking in a
downward spiral that is difficult to
reverse.

Comparative perspectives
Across England, Wales and
Scotland there is notable variation
in the number and strength of
insect-relevant terrestrial ecology
laws. Scotland achieves slightly
higher coverage, supported by
proactive measures such as
specific protections for distinct
honey bee populations and more
robust biodiversity duty reporting.
England, despite the scale and
sophistication of its policy
framework, performs relatively
poorly because of its heavy
reliance on habitat-based

approaches and weak
enforcement of biodiversity
duties. Wales sits between the
two, with ambitious legislative
frameworks but comparatively
limited delivery on the ground.
Taken together, these contrasts
show how devolution can enable
innovation, while also creating
risks of fragmentation and
inconsistency in the overall
regulatory landscape.

Implications for practice

For ecologists, planners and
conservationists, these legal gaps
have real consequences. Insect
surveys are rarely mandated, so
practitioners must advocate for
them proactively. Biodiversity Net
Gain offers opportunities to
promote insect-friendly habitats,
but success depends on
challenging the undervaluation of
early successional habitats and
deadwood.

Engagement with policy
processes is essential.
Consultations on LNRS guidance,
BNG metrics, and pollinator
strategies provide avenues for
entomologists to press for
greater insect recognition. Public
engagement is also powerful:
charismatic insects such as
bees, butterflies and dragonflies
can galvanise support for
broader invertebrate
conservation.

Conclusion

Insects are vital to Britain’s
ecosystems but remain marginal
in its laws. The Wildlife and
Countryside Act and Habitats
Regulations protect only a few
species. Biodiversity duties and
Section 41/7/SBL lists include
many more but lack
enforceability. New mechanisms
such as BNG and LNRS risk
sidelining insects if metrics
undervalue their habitats.

At the same time, the proposed
Planning and Infrastructure Bill
signals further change to the
planning system in England.
Although it is not yet on the
statute book, its emphasis on
streamlining decisions and
accelerating housing and
infrastructure delivery could
either entrench the current
marginalisation of insects, if
assessment of individual
projects is weakened and there
is heavy reliance on broad
habitat metrics, or create new
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opportunities where any related
nature restoration mechanisms
give clear priority to habitats that
support rich invertebrate
assemblages. Its final form will
be critical in determining
whether future planning law
narrows or widens the gap
between ambition for
biodiversity and the protection of
real insect communities on the
ground.

Examples such as the Large
Blue reintroduction and Colonsay
honey bee protection show that
law can be transformative when
insects are recognised. To
address biodiversity decline
meaningfully, insects must be
brought from the periphery to
the centre of policy. That requires
stronger duties, better
integration into planning
frameworks, and recognition of
insects as essential
bioindicators.
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Flowers, fruit and fynbos:
how to conserve

beneficial insects in a

biosphere reserve

In the heart of South Africa’s Cape
Floristic Region (CFR) biodiversity
hotspot (Fig. 1), lies the rugged
fynbos-clad mountains (Fig. 2).
Fynbos is a tough bushy,
Mediterranean type of vegetation
adapted to cool, wet winters and
hot, dry summers. The region is
famous not only for its
exceptional biodiversity—one of
the richest floras on Earth—but
also for producing some of South
Africa’s finest apples in suitable
terrain among the peaks. Yet, like
so many other agricultural
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landscapes around the world, this
region faces a growing challenge:
how can it sustain both food
production and biodiversity within
the same space?

Across the globe, agricultural
intensification has simplified
landscapes and reduced insect
diversity (Habel et al, 2019; Batary
et al, 2020). Pollinators and
natural enemies alike have
declined under increasing
pesticide use and habitat loss
(Biesmeijer et al, 2006; Potts et al,,
2010; Knauer et al,, 2025). In the

CFR, more than 30% of natural
fynbos has already been
transformed by agriculture and
urbanisation (Cowling et al,, 2003).
Apple production is important in
this modified environment, being
significant for the local
agricultural economy (Fig. 3).

In recent years, we have worked
with South African fruit growers to
test whether it is possible to move
from conventional agriculture to
an agroecological approach by
establishing wildflowers in the
apple orchards. Our aim was to

I Cape Floristic Region

- Kogelberg Biosphere Reserve

Figure 1. The Cape Floristic Region biodiversity hotspot at the southern tip of Africa with the
position of the Kogelberg Biosphere Reserve arrowed. Map by Charl Deacon.
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Figure 3. An apple orchard with weedy interrow strips nestled among the mountains in the Kogelberg Biosphere Reserve. Credit: Peter Steward.
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explore whether increasing floral
resources could help restore
beneficial insects like pollinators
and parasitoids while improving
apple production at the same
time. As Biosphere Reserves are
aining so much significance
today 784 globally in 142
countries), our experiments took
place within the Kogelberg
Biosphere Reserve (KBR), a
UNESCO Man and the Biosphere
site in the southwestern Cape. The
KBR includes a core conservation
zone surrounded by buffer and
transition zones where farming
and biodiversity conservation
coexist (Pool-Stanvliet et al., 2018)
(Figs 2 and 4). This geographical
setting provided the perfect
outdoor laboratory to test
agroecological ideas in practice.
We researched 36 commercial
apple orchards, each growing the

Golden Delicious cultivar, to
establish experimental floral
resource strips between orchard
rows. Each orchard contained
three 40 m transects with floral
plots planted in February 2018.
One of the transects was sown
with indigenous Lobularia
maritima (Sweet Alyssum) (Fig. 5
top), another with a diverse mix of
11 flowering local species (Fig. 5
bottom), and a third left as an
unmanipulated control
dominated by grasses and weeds
(Ratto et al, 2021, 2025) (Fig. 3).
The floral species were chosen for
their extended flowering period
and attractiveness to a wide
range of insects. Lobularia
maritima especially, has been
shown to support both pollinators
and parasitoids in various
cropping systems (Begum et al,
2004; Balzan & Wéickers, 2013). The

- — o = -
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apple orchards were embedded
within landscapes that ranged
from highly natural (>50% natural
habitat) to low natural habitat
(<20%) within a 500 m radius,
allowing us to test how landscape
complexity interacts with local
floral management.

A tale of two services: pollination
and pest control

Our research involved two
complementary investigations.
The first focused on pollinators
(Fig. 6) and their impact on apple
yield and fruit quality (Ratto et al,
2021). The second looked at
hymenopteran parasitoids, the
tiny but vital insects that help
control crop pests while also a
major component of natural
ecosystems (Ratto et al, 2025).
Both studies used standardised
pan trapping and field

-

Figure 4. The Biosphere Reserve concept. The core zone (C) in the centre is a formally proclaimed protected area dedicated to biodiversity
conservation and the maintenance of ecosystem processes. Around this zone is the buffer zone (B) with low-intensity human land use and
employing agroecological principles. Outside the buffer zone is the transition zone (T), also employing agroecological principles, but slightly
more extensively than in the buffer zone. In reality, these zones are much more convoluted than shown here (From Samways, 2020).
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Figure 5. Experimental single flower strip (Lobularia maritima) (top) and a diverse flower strip (bottom). Credit: Peter Steward.
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observations, but each targeted
different groups of beneficial
insects (Fig. 7). For the pollination
study, we also ran pollinator
exclusion experiments to quantify
the contribution of insects to fruit
set, and to estimate the economic
value of these services.

During the apple bloom, we
recorded over 6,000 insect
visitors across the experimental
orchards. The endemic Apis
mellifera capensis (Cape Honey
Bee) was by far the most
common visitor, accounting for
89% of all flower visits. Smaller
wild bees, hoverflies, beetles and
moths made up the rest of the
assemblage. We found that floral
strips significantly increased
honey bee activity within
orchards. For every additional
square metre of floral cover,
honey bee abundance increased
by roughly 15%. Interestingly, while
managed honey bees were
relatively unaffected by the
surrounding landscape, wild bees
were more abundant in orchards
surrounded by natural fynbos,
confirming the importance of
maintaining native vegetation
near farms (Garibaldi et al.,, 2011;
Kennedy et al., 2013).

Pollination experiments
revealed that open-pollinated
flowers set more and larger fruit
than those excluded from insect
visitors. Apples pollinated
naturally were on average 8.6%
heavier and 4.7% wider than those
from insect-excluded branches,
with significantly higher sugar
content. Even a small-scale floral
intervention translated into
tangible economic benefits:
orchards with floral strips
produced apples worth R4,160
more per hectare (c. £165)
compared with control plots.
While the system remains heavily
dependent on managed honey
bees, these results suggest that
modest increases in floral
resources can improve both
pollination and fruit quality,
offering a win—win for growers
and insects alike.

While pollinators steal the
spotlight, the success of any
orchard ecosystem also depends
on its natural enemies,
particularly parasitic wasps that
help suppress pest populations. In
a follow-up study on the same
orchards, we investigated
whether the same floral
enhancements that benefited
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Figure 6. An indigenous Apis mellifera capensis pollinator visiting apple flowers. Credit: Peter
Steward.

Figure 7. A pan-trap station. Credit: Peter Steward.
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