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2014

meetings of the society
for more information on meetings and contact details see meetings page on www.royensoc.co.uk

Special Interest Group meetings occupy either a whole day or an afternoon (check www.royensoc.co.uk for details).

Sep 3 Aphid Special Interest Group
Venue: Harper Adams University
Convenor: Simon Leather

Oct 14 Behaviour Special Interest Group
Venue: Rothamsted Research, Harpenden
Convenor: Jason Chapman and James Bell 

Nov 5 Orthopterists’ Special Interest Group
Venue: Natural History Museum
Convenor: Björn Beckmann 

Nov 11 South-East Regional Meeting
Forest Entomology
Venue: Alice Holt Lodge, Surrey
Convenor: John Badmin

Nov 21 SW Regional Meeting
And now for something completely different... Exploring the fringes of entomology
Venue: Plymouth University
Convenor: Peter Smithers

2015
Mar 4 Verrall lecture by Prof. Sue Hartley, University of York

Venue: The Flett lecture theatre, NHM
Convenor: Archie K. Murchie

June 3 RES AGM
Venue: The Mansion House, St Albans

Sept 2-4 Ento’ 15 Annual Science Meeting and International Symposium
Insect Ecosystem Services
Venue: Trinity College Dublin
Convenors: Jane Stout

Olaf Schmidt

Archie Murchie

Eugenie Regan

Stephen Jess

Brian Nelson

2016
Sep 5-8 Ento’16 

Venue: Harper Adams University College, Shropshire

Convenor: Simon Leather
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Welcome to this edition of Antenna.

In this issue we offer a range of articles
that reflect the season. As a a child
growing up in the Surrey countryside I
remember summers as a time of running
and crawling through what Dylan
Thomas describes as hay fields high as
the house. Dens and adventure
abounded but always accompanied by
hordes of insects. Meadows like those of
my childhood are still vital reservoirs of
insect diversity as the article by Richard
Jefferson and Keith Porter reveal. 

Richard Harrington reports on the
50th birthday celebrations of the
Rothamsted Insect Survey and reviews
its role in the development of modern
entomology, providing a fascinating
history of what has become an
entomological institution.

As summer is often an occasion to
visit your local zoo we bring you news

of a new Insect House at Paignton Zoo in Devon. Investigate offers a very modern
perspective, using biomimetics as its theme while retaining the thrill of live insects
in abundance. 

We also have an insiders perspective of Butterfly World, an insect house on a
grand scale. Louise Hawkins offers an account of the daily challenges facing her as
the entomologist  on the project.

Val McAtear offers a tantalising glimpse of some of the rare books that she is
the custodian of in our library at Mansion House and we review a clutch of new
field guides to encourage you to go out into the field and explore those hay
meadows  and conduct your own insect survey. While our review of Drawing and
Painting  Insects may inspire you to add a few sketches to your field note-book.

In my previous editorial I discussed the possible role of insects in our diets, so it
was encouraging to see this topic being considered by the wider scientific
community. New Scientist fielded an article on insect farms earlier this year, and it
was also good to hear Sarah Beynon announce, at the launch of National Insect
Week, her intention to open a restaurant on her farm in Pembrokeshire that would
offer some insect based meals as part of its sustainable dinning experience. It
appears that insects will be on the menu far earlier than I anticipated.

We would also like to offer a warm welcome to our new president Professor
John Pickett and following the very humorous introduction to his plenary lecture
at the recent ECE in York, we look forward to a series of interesting contributions
to Antenna over the next two years.

After much discussion the editorial team have decided to alter the way in which
we receive details of entomological events. In future please send details of these
events to the Antenna email address (antenna@royensoc.co.uk), labelling them as
RES or non RES events. As a result of this change Duncan Allen who has been
collating the non RES events for the diary is stepping down from this post. Duncan
has put in many long hours to ensure that the diary arrived on time so on behalf
of the editorial team and the society we would like to offer an enormous vote of
thanks to Duncan. We wish him well in his future career.

Peter Smithers

EDITORIAL

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 images
should be at least 300dpi at an image
size that is either equal to, or greater
than the expected final published
size.

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.

Photos taken on film should ideally
be submitted as slides or as reasonable
sized prints for us to scan or
alternatively they can be scanned in
by authors provided the scanner is
capable of scanning at up to 1200dpi.

If an image is intended for the
front cover then the photograph
should be in portrait format (i.e. the
shape of the final image) and will
need to be quite a large file size (at
least 5,000kb) or a good quality slide
or print.

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
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On 4 June 2014 I was privileged to take
over, from Professor Jeremy Thomas,
the Presidency of the Royal
Entomological Society for the next two
years.

Besides the immense honour of
occupying the Presidency, I also take
over at a point of unprecedented
success by the Society thanks to not
only the elected officers and the
secretariat but also the fellowship and
membership, to whom I also extend my
thanks.  Jeremy represents a long line of
distinguished Presidents and I
compliment him on demonstrating not
only world-leading entomological
scholarship but also conspicuous
evidence of that currently much sought
after impact. In Jeremy’s case, the
exploitation of rigorous entomological
studies in the re-establishment of a
butterfly species, the large blue
Maculinea arion, once lost from British
fauna. I also thank Jeremy for his
leadership of a group comprising, in

addition to himself, previous council
members Professor Jenny Mordue,
Aberdeen University, Dr Gordon Port,
Newcastle University, Dr Bob
Clements, RES Council member, Dr
Archie Murchie, RES Secretary and
Agri-Food & Biosciences Institute,
Belfast and Mr Bill Blakemore,
Registrar and Chief Executive, who
have taken on the arduous task of
revising the by-laws, now completed
but still requiring legal ratification. It is
also good to know that our finances are
currently sound due to income from
our publications and wise investment
of the Society’s assets by the Registrar
and Chief Executive, for which I also
express thanks.

My own background is in chemistry
but my interest in entomology started
during early interactions with insects
and particularly the metamorphosis of
Lepidoptera. I was reminded of this at
the wonderful opening of National
Insect Week at the Natural History

John presenting the commemoration award when Professor Thomas gave the Southwood Lecture at Rothamsted Research on Monday 10th
March 2014 entitled “The Ecology and Conservation of Insect Parasites of Ants”. 

John Pickett

President, Royal Entomological Society

Rothamsted Research, West Common,

Harpenden, Herts, AL5 2JQ

From the President
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Museum, where we were welcomed by
Sir Mike Dixon, Director of the
Museum. I then had the privilege, as
my first public task as President, of
introducing our Vice Patron, Lord
Selborne GBE FRS DL FRES FIBiol,
who gave us his lively views on the
importance of insects. This was
followed by a questions and answers
session, some via the internet, Chaired
by the television personality Jonathan
Ross and a panel of entomology experts
who, together with Jonathan,
responded to the questions both with
wit and great expert insight. Indeed I
see events such as National Insect Week
and the membership of the Society
itself, being a strong and important
feature of engagement with the public
at all levels. I hope to offer my own
support further in this and in
publicising our routes to these
engagements.

I also strongly support the wider
engagement with the scientific
community. Besides the excitement
that insects offer and their public
engagement potential, we also have in
this class of arthropods, both beneficial
insects (offering eco-system services)
and pests that compete with the
sustainable provision of our own
sustenance. Many of the insects with
these roles now have either completely
sequenced genomes or other genomic
resources which, with continually rapid

development will offer great insights
into securing more eco-system services
and less pest damage. We must
continue to draw into our Society,
those practising the best entomological
science as well as those from areas that
could benefit from the study of insects
as model organisms and those that
work towards more sustainable pest
control. In doing this I hope that we
can expand our international impact
and membership and demonstrate our
ability to seek positive solutions to
problems, rather than to attempt,
sometimes with insufficient evidence,
to pass blame. Of course there are
contentious issues within the sphere of
entomology, but I commend the
example contributed recently by
distinguished UK members of the
Royal Entomological Society under the
leadership of Charles Godfray FRS,
Oxford University and including a
recent President, Professor Lin Field,
Rothamsted Research, in reviewing the
current knowledge of the much
debated issue of neonicotinoids and
bees (see Godfray et al. 2014, “A
restatement of the natural science
evidence base concerning neo-
nicotinoid insecticides and insect
pollinators”. Proceedings of the Royal
Society B 281: 20140558). In this
particular context, and in line with
their findings, it is gratifying that we
appear to be moving towards a bumper

year for the honey bee Apis mellifera
ahead of the EU imposed restriction of
the use of neonicotinoid insecticides.  

Although the debate is still believed
to be open by many, I personally
support the notion that the way
forward for securing sustainable food
production is with a ‘land sparing’
rather than a ‘land sharing’ option (see
Phalan et al. 2011 ”Reconciling
food production and biodiversity
conservation: land sharing and land
sparing compared”. Science 333:1289-
1291). However, if we are to justify
sparing land for eco-system services,
then we must endeavour to maximise
such services (see Hulme et al. 2013
“Conserving the birds of Uganda’s
banana-coffee arc: land sparing and
land sharing compared”. PLoS ONE
8:e54597), at the same time as
ensuring optimised production from
the agricultural land. It is my view that
this will be achieved by new, rigorously
researched science-based interventions,
which will require further testing of the
value of genetically modified organisms
(GMOs) in the context of insect-plant
interactions, as well as other advances
in crop protection. In a purely
entomological context, development of
GMOs may seem even more
provocative, but we must at least do
the experiments in order to assess their
potential value.
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Insects and

meadow flowers

Richard Jefferson

&  Keith Porter,

Natural England

Introduction

Flower-rich or species-rich hay
meadows are highly valued semi-
natural habitats which are rare and
threatened habitats in Great Britain
(Bullock et al. 2011, Natural England
2008, Blackstock et al. 1999). As a
consequence, lowland and upland
meadows are listed as habitats of
principal importance under section 41
of the Natural Environment and Rural
Communities (NERC) Act 2006
(Priority Habitats), and two types are
listed on Annex 1 of the EC Habitats
and Species Directive, and are of
European nature conservation
significance (Rodwell et al. 2007). Two
sub-types of the Meadows Priority
Habitats are exclusively managed as
hay meadows (MG3 Anthoxanthum
odoratum-Geranium sylvaticum, MG4
Alopecurus pratensis-Sanguisorba
officinalis), and two (MG5 Centaurea
nigra – Cynosurus cristatus grassland

and MG8 Cynosurus cristatus-Caltha
palustris) may be managed as either
meadow or as permanent pasture
(Crofts & Jefferson 1999, Rodwell
1992). For hay meadows, the sward is
normally cut for hay in the summer
(early to mid-July), and then the
‘aftermath’ growth is grazed by
livestock in late summer and autumn,
although upland types may also be
grazed in spring prior to shut up for hay
(Jefferson 2005). 

Whilst the unique botanical
assemblage and cultural significance of
hay meadows is well recognised
(Hopkins 1990, Peterken 2013), much
less is known about their insect fauna
and overall entomological interest, with
the possible exception of their value for
species foraging for nectar and pollen
and their role in supporting insect
pollinator populations, which are in
global decline (Potts et al. 2010). In the
UK, loss and fragmentation of flower-
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rich semi-natural grasslands is
considered to be one of several key
factors in the decline of bumblebees,
for example (Carvell et al. 2006).  

Some commentators have indicated
that hay meadows have a rather limited
insect fauna due to the drastic nature
of the management regime (Kirby
2001) but Waring (1990) provides
some insight into which species may be
present.

This article aims to describe the
potential composition of the insect
‘guild’ associated with the flowers and
seeds of herbaceous vascular plants in
meadows. This is a pertinent topic as
there have been suggestions that for
those grasslands managed as hay
meadows, changing their management
to maximise or enhance their
entomological interest (including
supporting pollinator populations),
could be beneficial. While their value
for insects could, in principle, be
enhanced by a change in meadow
management, this would require
departure from the so-called traditional
management that originally helped to
shape their current botanical value
(Kirby 1992).

Methods

Meadow plant species

A list of herbaceous vascular plant
species that regularly occur in
meadows (see introduction for
definition) was compiled using the
grasslands volume of the National
Vegetation Classification (Rodwell
1992) and using the first author’s
knowledge of British meadow
grasslands. It should be stressed that a
precise definition of meadows has been
used here and there are other types of
grassland or related vegetation that may
occasionally be managed as meadow
(see Peterken 2013).

This synthesis of published and
professional experience produced a list
of 104 species (Annex 1) which
amounts to around 29% of the total
number of native herbaceous vascular
plants (excluding grasses, sedges, rushes
and ferns/horsetails) considered by
Walker (2008) to be primarily
‘grassland’ species (356). Very few of
the species in Annex 1 are meadow
specialists per se and most can persist in
grasslands managed as pasture although
they may be much less frequent (e.g.
great burnet Sanguisorba officinalis).

Flower-feeding insects

definition and literature

search

The definition of ‘flower-feeding insect’
is generally taken here to mean that the
flowers and seeds of host plants are able
to support the development of the
insect larva from first to final instar
exclusively or predominantly or are the
main food source for adults. The
definition excludes species (usually
adults) that feed very widely on the
nectar and/or pollen of the flowers of
herbaceous species. These so-called
‘tourist’ species (Porter 1994)
include bumblebees and sawflies
(Hymenoptera), hoverflies (Diptera)
and various beetles (Coleoptera). For
these species, hay meadows provide a
significant seasonal resource of nectar
or pollen within a wider landscape
context.

A full search of the entomological
literature and the Biological Records
Centre’s Database of insects and their
food plants was undertaken and insects
associated with the pre-defined list of
meadow flowers were tabulated. Species
which fed on the flowers but also on
other plant parts were included where
there appeared to be a regular
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association of flower feeding. No
attempt was made to filter the resulting
list by habitat as such information is very
patchy and inconsistently recorded in
the literature. Thus, undoubtedly there
will be insect species in the inventory
that may not actually occur on the host
plant when it occurs in a meadow or
other type of grassland. Also, some
species, although associated with the
plant, may not actually be able to survive
certain meadow management regimes
due to cutting time, microclimate etc.
Thus, the list of flower-associated insects
needs to be seen as a potential list as
demonstrated, see box: Hay-meadow
management and its influence on insect
species composition (pg 153). This
shows the degree to which different
families within insect orders have
adapted to flower feeding.

Summary of species, host

plants and insect families

A full excel spreadsheet is available
from the first author on request.

Three hundred and ninety three
species of insect fit the definition of
being a flower-feeding insect. These
were represented by six orders
(Coleoptera, Diptera, Hemiptera,
Hymenoptera, Lepidoptera and
Thysanoptera) and 38 insect families
(see Figure 1). 

These feed on plants in 23 different
families. Figure 2 shows the relative
distribution of plant families by
number of insect feeding records. 

Two plant families account for over
50% of the insect species, the Asteraceae
(daisy family) and Fabaceae (pea
family). Both of these two plant families
were ranked in the first seven families
by Ward & Spalding (1993) in an
analysis of the numbers of all British
plant-feeding insects and mites
associated with the British flora. They
also found that these families have low
proportions of polyphagous insect
species. However, if a correction factor
is applied to take account of the number
of species within  the families in relation
to the number of plants in the British
flora, this elevates the importance of
families such as the Dipsacaceae (teasel
family) and Scrophulariaceae (figwort
family) and ‘downgrades’ the Rosaceae
(rose family) and Caryophyllaceae (pink
family). That is, the former families have
a disproportionate number of flower-
feeding insect associates in relation to
their contribution to the total British
flora. 

Figure 1: Insect orders and number of families of the specialist flower-feeding guild.

Figure 2: Number of flower-feeding insects by plant families.

Figure 3: Number of flower-feeding insects by Order.
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Lepidoptera (largely smaller moths)
make up 141 species in 15 families
followed by Diptera (109 species in
five families and Coleoptera (69 species
in seven families) (Figure 3). In broad
terms, of the insect orders that feed on
plants, only the Collembola and
Orthoptera are not represented.

In terms of feeding habits, the
majority have larval stages that feed in
various ways on a variety of parts of a
flower including the seeds. Thirty-eight
species spin flowers together forming
webs (larval Lepidoptera) and around

Bruchus rufimanus

Host plant breadth Number of insect species

One genus (Monophagous) 254 (64%)

One family (Oligophagous) 84 (21%)

Two or more families (Polyphagous) 56 (14%) (Aphids and thrips only)

78 species form galls in the flowers
(principally the Dipteran families,
Tephritidae (picture-winged flies) and
Cecidomyiidae (gall flies)).

The majority of flower-feeding
insects have a narrow host plant
spectrum. For example, of the 394
species, 85% are confined to feeding
within a single plant family. The
Thripidae are an exception but it was
postulated by Ward (1993) that greater
polyphagy in this family may be due to
depending on a microhabitat (pollen)
that is very ephemeral.

An example of a specialist insect/plant flower/seed-feeding

association

Globeflower (Trollius europaeus) is a boreal-montane perennial herb

associated with a variety of habitats such as open woodland, rock

ledges, marshy grassland but including damp meadows, especially in

upland areas. In Great Britain, the plant supports five species of

Chiastocheta (small flies of the Dipteran family Anthomyiidae)1. The

adults are the sole pollinators of the plant and the larvae feed on the

seeds of the plant.

There are records for three of the five species from northern England,

north Wales and Scotland and for the other two species, from England

and Scotland. All species are apparently scarce but may be under-

recorded.

This is an obligate mutualism with both ‘costs’ (loss of seeds) and

benefits (pollination and outcrossing) to the plant of which very few

examples have been documented. It is presumed that species of

Chiastocheta minimise competition by partitioning the seed resource

spatially and temporally.

1 Chiastocheta dentifera , C. inermella C. rotundiventris, C. setifera C.  trollii

This degree of monophagy is perhaps
unsurprising given a food resource that
is generally small in size, has a short
period of availability during the year
and a variable distribution at different
spatial scales. The form and phenology
of flowers and seeds will require a high
degree of specialisation on behalf of the
insect in order to successfully exploit
this food source. There are some
parallels with fleshy-fruit feeding
species (Jefferson 2004), particularly
the degree of monophagy and the short
duration of food availability. A
summary of the biology/ecology of
insect families can be found in Barnard
(2011). 

It would be interesting to know
whether the patterns described above
would hold true if the study were
extended to include flower feeding on
plant species associated with all types
of semi-natural grassland, the majority
of which are managed as pasture.

Factors influencing hay

meadow invertebrate

composition

The ‘true’ insect composition of the
specialist flower/seed feeding ‘guild’
of long-established hay meadows is
likely to be made up of species that
are adapted to a ‘traditional’ annual
hay cutting and aftermath and/or
spring grazing regime (see for
example Crofts & Jefferson 1999).
These will be insect species that can
i) complete the flower/seed feeding
part of their life cycle before the hay
is cut and the flower/seed  heads of
plants are removed and other aspects
of life cycle fit in with meadow
management or occur elsewhere –
examples might include orange tip
butterfly (Anthocaris cardamines) and
Ceutorynchus cochleariae, a weevil,
both with larvae associated with the
flower and seeds of cuckoo flower and
Phytomyza varipes, an Agromyzid fly
whose larva feeds on the seeds of
yellow rattle; and ii)  species that are
able to exploit the flowers of plants
that are able to flower after the hay
cut in the ‘aftermath’ such as devil’s-
bit scabious (Succisa pratensis), red
clover (Trifolium pratense) and yarrow
(Achillea millefolium) – an example
might be Griselda stagnana, a
micromoth, whose larva feeds on the
flowers and seeds of devil’s bit-
scabious.
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Hay-meadow management and its influence on insect species composition.

Cryptocephalus aureolus.

Many meadows have regular uncut
margins that will support insect species
that cannot survive the infield
management regime. These margins
can also provide a refuge for in-field
species when hay is being cut.
However, in many meadows, the
vegetation of permanent margins,
particularly when bounded by
hedgerows, is somewhat different to
the floristic composition of the rest of
the meadow due to altered
microclimate and deposition of leaf
litter (Crofts & Jefferson 1999). Such
margins are often less species-rich and
tall competive species, such as cow
parsley (Anthriscus sylvestris), are more
abundant.  Irregularly cut margins are
also believed to help perpetuate some
meadow plants through allowing
seeding and may similarly help to
maintain the persistence of some
flower- feeding insect species (Smith &
Jones 1991).

The suite of generalist flower-visiting
species not considered here (see
definition above) will also exploit
meadow flower species.  Whilst, these
foraging species will probably rely on
other nearby habitats to complete their
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life cycles, meadows will still form an
important resource particularly in
landscapes where other flowery
habitats may be scarce.  This may be
important to retaining the diversity of
pollinators within cropped landscapes
and thus supporting the pollination
service needed by some crop types
(Potts et al. 2010).

Hay-meadow management

and invertebrates

Prior to the onset of settled agriculture
at the start of the Neolithic period,
grasslands would have existed in
woodland glades and steep unstable
slopes, and would have been grazed by
native herbivores. However, it would
seem likely that there was no
equivalent natural process that mimics
the hay-meadow regime, although
occasional wildfires may be a
candidate.  Under these natural
scenarios the flower-feeding insects
described in this paper would probably
have been far scarcer than today.

It is likely that changes to the way
that hay meadows are managed would
benefit both generalist flower-visiting
insect species and possibly also
specialist flower-feeding species. These
changes might include specifying later
hay cutting dates to allow for certain
plant species to flower and set seed,
leaving margins uncut but subsequently
grazing them as part of the late summer
aftermath grazing regime and, making
changes to the grazing regimes (see
Figure 1b on page 153). Alternatively,
meadow and low-intensity pasture

management might be rotated but this
would need to be done at a landscape
scale to ensure a mixture of the
management types occurred in any one
year.

Given that the high-value plant
communities of hay meadows are
maintained by the management
described above, however, any changes
to this management have the potential
to cause adverse changes to the
botanical composition. Any proposed
changes would need to be carefully
assessed. There is, for example,
increasing evidence that consistent late
cutting  (for example, late July/early
August in the lowlands) leads to a
decline in floristic richness and increase
in competitive species (Humbert et al.
2012) and a build up of soil nutrients
over time (http://www.floodplain
meadows.org.uk/files/floodplain/
Cutting%20Article.pdf). Also, certain
species that thrive under a meadow
management regime may decline under
pasture management and there are also
risks of an increase in undesirable plant
species with conversion as detailed in
an experiment conducted on
unimproved neutral grassland in
Somerset (Tallowin & Griffiths 2013).

The aim should be to substantially
expand the area of such habitat
increasing connectivity and reducing
fragmentation as prescribed in the
Making Space for Nature report
(Lawton et al. 2010). This should
increase the overall diversity of insects
if it provided continuous availability of
nectar and pollen throughout the key

life stages of generalist flower feeders
including the life cycle of colonies of
social Hymenoptera.

It is also possible that insects capable
of exploiting any new management
regime may never colonise due to the
highly fragmented nature of the
existing resource; this may especially be
true of the specialist species.

The management changes with the
least likelihood for having a detrimental
botanical impact would probably
involve cutting all or parts of fields,
such as the margins later (but see
above), or leaving partial uncut margins
or fields which would also then be
subject to aftermath grazing later in the
year. Both options would allow a later
supply of nectar and pollen and, in the
case of the former, greater structural
diversity. With the latter, there may be
scope for rotating the areas such that
the same margins or areas would not be
left each year. Another option would be
to occasionally substitute a hay cut
with the introduction of grazing
animals at around the time hay would
normally be cut as this would involve a
much more gradual removal of the
biomass at least prolonging the
flowering of certain species.

Alternatively, and the approach
favoured by the authors, it may be
better to not risk such adverse botanical
changes and concentrate on creating
additional flower-rich grassland or
similar habitat in the surrounding
countryside for both generalist flower-
visiting species and, where possible,
specialist flower feeders.

Seed harvesting

Many existing meadows are
increasingly being used for seed
harvesting for the restoration and
creation of new species-rich meadows
to meet existing biodiversity initiatives
(Defra 2011). This in itself will have an
impact on insects and other
invertebrates. There is already
established guidance to minimise these
impacts (e.g. Crofts  & Jefferson 1999,
Waring 1990). 

Final thoughts

A better understanding of the insect
species composition of hay meadows
and their value and role in conserving
insects at a landscape scale would
appear desirable to inform future land
management strategies.  With
increasing interest in pollinators as an

Exapion genistae
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ecosystem service, any such
improvement in knowledge would
contribute to improved targeting and
delivery of sustainable agricultural
landscapes. 

It is hoped that this study will also
help to highlight the value of all semi-
natural grasslands for the specialist
flower-feeding guild of insects.
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Achillea millefolium Hyacinthoides non-scripta Primula veris

Achillea ptarmica Hypochaeris radicata Prunella vulgaris

Agrimonia eupatoria Knautia arvensis Ranunculus acris

Ajuga reptans Lathyrus linifolius Ranunculus auricomus

Alchemilla spp. Lathyrus pratensis Ranunculus bulbosus

Allium vineale Leontodon autumnalis Ranunculus ficaria

Anacamptis morio Leontodon hispidus Ranunculus flammula

Anemone nemorosa Leucanthemum vulgare Ranunculus repens

Angelica sylvestris Linum catharticum Rhinanthus minor

Bellis perennis Listera ovata Rumex acetosa

Caltha palustris Lotus corniculatus Sanguisorba minor

Campanula rotundifolia Lotus pedunculatus Sanguisorba officinalis

Cardamine pratensis Lychnis flos-cuculi Saxifraga granulata

Centaurea nigra Lysimachia nummularium Senecio aquaticus

Cerastium fontanum Medicago lupulina Serratula tinctoria

Cirsium dissectum Mentha aquatica Silaum silaus

Cirsium heterophyllum Meum athamanticum Stachys officinalis

Cirsium palustre Myosotis discolor Stellaria graminea

Coeloglossum viride Myosotis laxa Succisa pratensis

Colchicum autumnale Myosotis scorpioides Taraxacum spp.

Conopodium majus Narcissus pseudonarcissus Thalictrum flavum

Crepis capillaris Oenanthe pimpinelloides Tragopogon pratensis

Crepis paludosa Oenanthe silaifolia Trifolium dubium

Dactylorhiza spp. Orchis mascula Trifolium medium

Euphrasia spp. Persicaria amphibia Trifolium pratense

Filipendula ulmaria Persicaria bistorta Trifolium repens

Filipendula vulgaris Pimpinella major Trollius europaeus

Fritillaria meleagris Pimpinella saxifraga Valeriana dioica

Galium palustre Plantago lanceolata Veronica chamaedrys

Galium verum Plantago media Vicia cracca

Genista tintoria Platanthera chlorantha Vicia orobus

Geranium sylvaticum Polygala vulgaris Vicia sativa

Geum rivale Potentilla anserina Vicia sepium

Gymnadenia spp. Potentilla erecta Viola riviniana

Heracleum sphondylium Potentilla reptans

Annex 1. Vascular plants (forbs only) associated with grasslands managed as hay meadows.
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The Rothamsted Insect

Survey Strikes Gold

Richard Harrington

AgroEcology Department,

Rothamsted Research,

Harpenden, AL5 2JQ

richard.harrington@rothamsted.ac.uk

Party time

On 29th April, the Rothamsted Insect
Survey (RIS) celebrated its 50th
birthday. Current and past staff,
volunteers, funders and dignitaries
participated in a day of reminiscing and
looking forward. Ian Woiwod, former
Head of the RIS provided an
introduction entitled “The mythology
of the Rothamsted Insect Survey”,
tracing its origins back to the Egyptian
pyramids. Richard Harrington outlined
the uses to which the suction-trap
network is put today and Mark Stevens,
Lead Scientist of the British Beet
Research Organisation, highlighted the
importance of the RIS to the
agricultural industry. There were plenty
of posters and artefacts to view at lunch
time, although renewing acquaintances
and making new ones took priority. The
truly amazing birthday cake was the
talk of the twittersphere. It was cut by
Ian Tillotson, our longest serving

volunteer, who has clocked up 46 years
of light-trap operation and around 200
trap-years of identification. Volunteers
are the cornerstone of the RIS and each
of those present received a certificate
of thanks, as did all others who had ever
emptied a light-trap or suction-trap.
Tim Benton, University of Leeds and
UK Government Adviser on food
security, opened the afternoon session
by describing how the RIS contributes
to knowledge aiding ecosystem service
provision and how much more
information is still locked up in the
samples waiting to get out. Chris
Shortall, RIS Chief Ecologist, gave an
update on the uses of the light-trap
network and Martin Warren, Chief
Executive of Butterfly Conservation
(BC), outlined collaborations between
BC and RIS which have led to an
improved understanding of changes in
moth abundance and pointed to
mitigation options. A commemorative
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Early days- Johnny (standing) and Roy working on a suction-trap (left); Health and safety regulations were less stringent (right).

CB Williams and a 3D model that would be produced by a computer in seconds these days.
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plaque was unveiled by Robin Taylor
(Texas A&M), son of RIS founder Roy,
helped by Harpenden Town Mayor,
Councillor Rosemary Farmer. The
Rothamsted bar provided refuge for
further conviviality prior to a well-
attended public open meeting in the
evening.

History

The birth date is a moot point. 29th
April was chosen because on that day in
1964 the first RIS 12.2m suction-trap
began continuous operation at
Rothamsted, but much was already
happening and years of work had gone
in to reaching this landmark. The
Entomology Department (as it was
called then) at Rothamsted had a long
history of studies on insect migration,
ecology and population dynamics,
notably through the pioneering
quantitative work of C.B. Williams FRS
(“CB”), President of our Society 1947-
48, and C.G. (“Johnny”) Johnson. In
1948 CB and Johnny recruited L.R.
(Roy) Taylor to help investigations on
the population biology of insects of
importance to agriculture. Roy realised
that insect migration is crucial to their
population dynamics. He needed good
data from around the Country to
develop the mathematics of spatial
ecology. He and Johnny had designed
suction-traps to help understand
population dynamics, particularly of the
black bean aphid, Aphis fabae. Then the
publication of Rachel Carson’s “Silent
Spring” in 1962 led to huge concerns
over the environmental impact of
pesticides. The government made funds
available through the Agricultural
Research Council (ARC) for research
into what is now termed integrated pest
management. Realising the potential of
a thorough understanding of population
dynamics in relation to rationalising the
use of pesticides, Roy proposed a
network of 12.2m high suction-traps as
an early warning system and predictive
tool, and the ARC enthusiastically
embraced this idea. In the meantime
Roy had resumed studies on moths at
Rothamsted using the light-trap design
of CB. The trap at Barnfield (on the
Rothamsted Estate) was operated by
CB from 1933 to 1937 and again from
1946 to 1950 (during the war, the use
bright lights was somewhat frowned
upon!). Roy brought it back into
operation in 1960 and it has run
continuously ever since. In 1965 and
1966 two further traps were installed at
Rothamsted. By 1968, 60 traps were in

place, well distributed across the United
Kingdom. 

The power of long-term datasets and
the range of applications to which they
can be put increases with time. Fifty
years is short compared to some of
Rothamsted’s classical field
experiments, but the aphid and moth
sampling provide the most extensive
standardised data for any terrestrial
invertebrate groups anywhere in the
World. Many of the uses to which the
data have been put could not have been
foreseen at the inception. “Climate
change”, for example, hadn’t been
invented! This versatility is what has
enabled the RIS to survive the funding
attrition that has pervaded science since
the 1980s. The ARC became the AFRC
and then, twenty years ago, the BBSRC.
From 2012 the RIS has been funded as
a BBSRC National Capability, with
much needed support from the
agricultural industry, especially the
British Beet Research Organisation and
the Home Grown Cereals Authority,
and from Rothamsted’s Lawes
Agricultural Trust. The data have also
formed the basis of a wide range of
specific research projects funded by
BBSRC, NERC, Defra (Natural
England), the EU and others.  

Roy retired in 1984, leaving the
suction-traps in the very capable hands
of Mark Tatchell and the light-traps in
those of Ian Woiwod. Mark left in
1993, handing on the baton to myself,
and Ian left in 2008. The light-trap
network is now managed by Chris
Shortall. Many other wonderful people
have, of course, been essential to the
success of the group. 

International dimension

Suction-traps of the Rothamsted design
were soon deployed by aphidologists in
other countries, first France under the
direction of Yvon Robert (INRA Le
Rheu). Funding was mostly provided
by the governments and industry
bodies within individual countries,
leading to collaboration only being
possible on a rather ad hoc basis. Roy
and Yvon recognised the value of
standardising the procedures used in
the aerial sampling of aphids. In 1980,
travel funds provided by the
Commission of the European
Communities (CEC) enabled them to
organise a meeting of interested parties
at Rothamsted, which led to the
informal EC Experts’ Group known as
EURAPHID, and to the publication of

a handbook aimed at the rapid
identification of winged aphids (Taylor,
1981). EURAPHID meetings were
subsequently held at Brussels-
Gembloux, Belgium (1982) (Bernard,
1982); Montpellier, France (1985)
(Cavalloro, 1987) and Catania, Italy
(1988) (Cavalloro, 1990). 

After that, there was no funded co-
ordination until the establishment in
2000 of the EU Thematic Network,
EXAMINE (EXploitation of Aphid
Monitoring IN Europe). The seeds of
EXAMINE were sown at the Fifth
International Symposium on Aphids
held in 1997 in León, Spain. At this
meeting a workshop on suction-
trapping was convened (Harrington,
1998). The meeting led to a
reinvigoration of international
collaboration which resulted in a
successful application to the EU
Framework Programme 5. The main
purposes of the project were to
establish a common database for
deposition and retrieval of data from
the suction-trap network and to use
these data to examine the impacts of
climate, land-use and pollution on the
dynamics of aphids. Many publications
resulted (e.g. Cocu et al., 2005a,b,c;
Harrington et al., 2007). Further details
on the EXAMINE project can be found
at www.rothamsted.ac.uk/examine.

The EXAMINE database is still
functioning but, once funding for
EXAMINE ceased in 2003, few new
data were added other than by the UK
and Czech Republic. At a Europe-wide
scale the database is now incomplete,
and out of date technologically. At
Rothamsted, a new, more versatile
database is being developed by Paul
Verrier. In the past two years this work
has not been funded and has relied on
voluntary effort by Paul. 

Last November a meeting was
organised at Bäckaskog, Kristianstad,
Sweden by myself and Roland Sigvald,
long-term friend and colleague from
the Swedish Agricultural University,
Uppsala, to attempt again to
reinvigorate international collaboration.
Delegates from 12 countries including
China, South Africa and New Zealand
attended (in spite of the best efforts of
the St Jude’s Day storm), provided an
update on the status of suction-
trapping in their countries and
presented their work to a meeting of
the Nordic Association of Agricultural
Scientists (NJF, 2013). 

The new database (known as “Paul”)
was presented at the Bäckaskog
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meeting and all delegates
recommended its adoption as a
databank and as a means to facilitate
collaborative analyses. As with
EXAMINE, the database uses
Microsoft SQL Server. All Rothamsted
aphid and moth data from the suction-
trap and light-trap networks have been
uploaded to the new database. The
EXAMINE data have also been
uploaded. The database contains a
complete nomenclature for all included
taxa, host-plant information and
metadata on the traps. A menu of
predetermined retrieval options is
currently under development and will
allow tabular or graphical output. Once
the retrieval system is completed, a
JAVA application will be developed to
make the data available via the internet
in a password-protected environment
with appropriate access agreements.

Greatest hits

Data from the RIS have been put to a
wide range of uses. Here we provide a
simple statement on what we consider
ten of the most important fundamental
or strategic discoveries, and references
to further details.

Taylor’s Power Law (Taylor, 1961;
Taylor and Taylor, 1977; Taylor and
Woiwod, 1980; 1982; Taylor et al.,
1978; 1980; 1983)

The discovery of the power law
relationship between variance and
mean is essential to sequential sampling
programmes. Although the discovery
was made prior to the inception of the
RIS, one of the key early uses of the RIS
data was to investigate the relationship
further and seek an underlying
mechanism. 

Diversity statistics (Taylor et al., 1976;
Taylor 1978)

Taylor used the temporal replication in
data from the light-trap network to
compare a range of methodologies for
describing diversity and concluded that
the log series diversity index, ��, was
the most powerful discriminator being
less affected by sample size and
dominant species than other widely
used statistics. 

Density dependence (Woiwod and
Hanski, 1992)

The RIS data enabled the incidence of
density dependence in 5715 time series
of annual abundance of 447 species of
moth and aphid to be examined. This

analysis showed, for the first time, the
critical importance of long time series
in the ability to detect this important
cornerstone of population dynamic
theory. Density dependence was
detected in 79% of the moth and 88%
of the aphid time series longer than 20
years. 

Neutral Theory (Mutshinda et al., 2008)

Hubbell (2001) developed a
controversial theory to explain the
dynamics of biodiversity. This “unified
neutral theory of biodiversity and
biogeography” was based on the
assumption that trait differences
between trophically similar species had
no impact on their relative abundance
or speciation rates. Data from the light-
trap network were used to test a
version of Hubbell’s neutral model. The
model did not fit the data well because
ecological communities fluctuate more
than expected under neutrality.

Trait ecology of aphids  (Bell et al., 2012) 

The annual populations of 170 aphid
species were characterised in terms of
abundance and distribution in time and
space. Functional traits such as life-
cycle type and host-plant geographic
range sizes explained macro-ecological
patterns better than did taxonomic
relatedness. 

Winter mortality of aphids (Bale et al.,
1988)

Various authors had shown aphids to
supercool and to freeze at temperatures
below -20oC. It was assumed that they
could survive such low temperatures,
but data from the suction-trap network
suggested that temperatures much
higher than this were causing
significant mortality to the mobile
forms. Laboratory investigations
showed that aphids die at temperatures
much higher than those at which they
freeze (pre-freeze mortality), probably
as a result of membrane disruption.
This is a good example of how patterns
in long-term data can lead to testable
hypotheses to establish causality. 

Climate Change (Woiwod, 1997;
Conrad et al., 2002; Harrington et al.,
2007)

The data have been used to detect
effects of climate and other
environmental changes on the
phenology and abundance of aphids
and moths. Aphid phenology is
advancing throughout Europe but
more in the case of species

overwintering in the mobile stages
compared to eggs. Moth phenology is
also advancing, and climate change is
implicated in some recent moth
declines. 

Trophic mismatch (Thackeray et al.,
2010)

Holders of long-term datasets often
join forces to search for generalities.
Data from the light-trap and suction-
trap networks were used in a major
study of changes in phenology of 726
UK terrestrial, freshwater and marine
taxa. Most phenological events
advanced with time but those for
primary producers and primary
consumers advanced more than those
for secondary consumers, suggesting
that changes pose a threat to ecosystem
function because of potential trophic
mismatch.

Changes in biodiversity (Conrad et al.,
2006; Shortall et al., 2009)

Declines of many widespread and
common moth species have been
detected using RIS data collected since
1968, with many more moth species
declining in abundance than are
increasing in southern Britain but not
in the north. Total biomass of insects
caught in suction-traps declined over a
30-year period in the RIS Hereford
suction-trap but not at three other sites
(Starcross, Rothamsted, Wye). This is
probably related to changes in
agricultural practice, which were
greater over the period in question at
Hereford compared to the other
locations. The taxa involved in the
decline at Hereford are recorded.

Evolution of plant defences (Züst et al.,
2012)

Europe-wide suction-trap data,
combined with laboratory selection
experiments, showed that defence
chemotypes of Arabidopsis thaliana are
selected according to the relative
abundance of two specialist aphid
species.

The suction-trap network

today

The traps

We operate 15 suction-traps in the UK,
each 12.2 metres tall. The traps are
emptied daily in spring, summer and
autumn, weekly in winter. Aphids are
identified at Rothamsted and SASA
(Edinburgh), counted, and recorded on
our long-term database. 
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Forecasts and pest control

We have found strong relationships
between winter temperature and the
time that aphids are first found in our
traps, and their abundance. We use
these relationships to forecast when
movement into crops is likely to start,
and to predict the impacts of climate
change on pest problems. Compared to
50 years ago, many aphids are flying a
month or more earlier.

Insecticide resistance

We test individual aphids, in particular
the major pests Myzus persicae (Peach–
potato aphid) and Sitobion avenae
(English grain aphid), for their
resistance to a range of insecticides.
Molecular tools are used to detect the
mutations conferring resistance.

Plant viruses

Aphids are important vectors of crop
viruses. We detect the presence of
certain viruses in aphids and hence
their potential as vectors. The traps in
Scotland provide data in support of the
Scottish Seed Potato Classification
Scheme.

Informing pest control

We present all of this information in
web and email bulletins which are
issued every Friday and used by
practitioners to guide aphid control
programmes.

Not just aphids

We keep all samples. They are an
invaluable resource for studies of, for
example, the natural enemies of aphids
such as ladybirds and lacewings, wasps,
the mosquito vectors of West Nile
virus, and the midge vectors of
Bluetongue virus of sheep and cattle.

Fundamental science

The data are used in many projects,
often aimed at understanding the
processes affecting insect population
dynamics and community structure.

The light-trap network today

The traps

We currently have 84 light-traps in a
wide range of habitats. Each trap uses a
200 Watt tungsten bulb. Most traps are
emptied daily throughout the year. The
moths are identified by volunteers and
by a contractor, counted and recorded

on our long-term database. Samples are
not stored. 

Moth abundance and distribution

We have shown that two-thirds of our
common larger moth species have
declined significantly over the past 50
years, especially in southern Britain.
This is worrying as moths are good
indicators of the health of the
environment and are important
components of the food chain.
However, one third of species have
become more abundant. The reasons
for the changes are being investigated
and will inform conservation strategy. 

Not just moths

Other insects have been studied by
volunteers on an ad hoc basis, resulting
in numerous publications, several first
records of insect species in the UK and
at least two species new to science.

Wider applications

The data are used in a wide range of
projects, most of them aimed at
understanding population dynamics
and community structure in the face of
environmental changes, and developing
conservation strategies.

Barnfield light trap
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