Springtails - in search
of Britain's most
abundant insects

been discouraged from studying them. Even
Charles Darwin appears to have been unimpressed
by these “wingless, dull-coloured minute insccts”
Darwin 1571),
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Orchesela vilosa on
iverwort. S ok,

Darwin's view was not shared by everyone, and
certainly not by his clos friend Sir John Lubbock,
who, in 1873, published Monograph of the
Collembola and Thysanura, Tt was Lubbock who
fiest used the name “Collembola” for springeails,
and his monograph was an importane zoalogical
andmark in that i critcally appraised the disor
ganised state of springeal taxonomy, drawing

i 1o the problem of synonymy caused by
the inconsistent naming of specics by diferent
workers. The monograph also served to highlight
the diversiy and beauty of springeails,

of calour plates (painted by the deaf and dumb
artist AT Hollick) which, to this day, remain unr-
aled in their detail and qualiy. During the 20th
century, interest in springeail taxonoms increaseds
many new spesies have been described and the
world st now numbers nearly 6,800 specics,
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epidocyrtus cyaneus, one of the commonest
spv\ngmk T s and gacns.
o suberanean spces ued
iy st
i

compared with 130 ised by Lubbock

187
comprehensive taxo.
nomic key 1o the Britsh species had been
published since Lubbock's monograph, a situation
which, together with the small size of springeais,
has undoubiedly hindered our understanding of
ther ecology in comparison with that of other

As we begin the 215t century, the relatively low
profile of springtails as members of the British
faumaand in ol s ol b st 10
. Biology of the Springtails was
Sobtaved Hopkin 1955t o comprehen

change

sive account of springtail biology in more than 40
years. In addition, the preliminary version of A
Key 1o the Springtails of Britam and Ireland is
cureently being tested (Hopkin 2000

This will be
the frs identifcation guide to the Britsh spring:
i e o whichtheeare t st 29 s
snce Lu

ock's manograph. The springtail key

e e e o 3 g

scherme, to ascereain for the first time the regional
diseibutions of Brtish species. Concurrently with
these developments, rescarch studies are sarting
10 unravel the complex ecological intcractions of
springtails, revealing the porential importance of
example as promorers of
decomposition and sl fetility, as prey for benefi

cial farmland archropods, and as sensitive indica

tors of the effeces of farming practices, including
those of pesicide use, o ‘non-target”fauna,
Evolution and classification of springtails
Springaais, alon with proturans (Protura) and
brisdeails (Diplura and Thysanura), have radi
omally been placed inthe insect Subv-class Aprery
ot the so-called ‘primitive wingless insect' that
have never evolsed wings. This higher taxonomy
be found in many entomalogical texthooks
and field guides (.5, Chinery 19931

However, it
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microscope, the sudden and momentary appear-
ance of these sacs from underneath the body is
certainly a peculiar sight. The ventral-tube sacs
have also been observed to aid in righting the
animal when i lands upside-down afer a jump.
“The ventral tube is clearly an important organ of
springtals and gave rise o Lubbock's name
“Collembola’, from the Greek colle (glue) and
embolon (piston).

n name of ‘springeail’ on the other
hand, clearly relates to the posterior jumping

hi

in search of Britain's most abundant insects

ant in supporting predator populations at times
of low pest abundance (Sunderland et al. 1997).
Sexeral predatory ground beerles and rove beetles
have evolved morphological adaptations. that
enable them to feed as stenophagous (specialis)
predators  slmost entirely upon _springiails.
Ground bectles of the genus Noriopbilus and rove

the ground beetles Leistus spp. and
pilicornis use stout setae around the mouthparts

organ. Wh
side of the body by the retinaculum, which acts
eather like a catch. When the catch' s eleased, he
furcula springs downwards and backwards under

propelling the  insect

ings have shown thatspringrails somersault during
ajump and can travel several centimetres in  frac:

retrace the furcula while in fight are able o jump
again as soon as they land, whereas other species
need a bricf period of rest between jumps.

“The morphology of springails varies markedly
with. theie vertical distribution. Species lving.
above ground are often brightly pigmented, with
eyes (comprising up to ight oceli on each side of
the head), long antennac,and a well-developed
furcula, Among them s our largese Bricsh spring:
ail, Tomocerus longicornis, which reaches up to
6mim i length (excluding antennac). On the other
hand, specics that live enirely below ground are
typically small,unpigmented (white), blind species
with short antennac and a furcula that i reduced
toa smallstub, o lacking altogecher.

Ecological importance of springtails

Animportant prey resource.
Almost all polyphagous (generalist predatory
arthropods fecd to some extent on springtails,
with money spiders  (Linyphiidac), predatory
mites (Acari) and ground beetles (Carabidac)

springeails as an alernative prey could be impor-

pin down springails where the beedl’s mandibles
hem. Not all atacks on springaails
succeed, and springtailsare often seen with anten
nac of uncqual lengths, where one or more anten
nal scgments have been lost to a predator;
regenration of the ast segment can occur, which
makes the antenna look normal but with fewer
than the usual number of segments. All predators

pri caten by vertebrate
ikife, nchding insecivorous birds and small
mammals. Indecd, springrails themselves may be
caten dirccly by vertebrates, sometimes in large
numbers (Hopkin 1997)

cails may in wn be

Springtails as consumers
“The die of springails i varied. Most speces are
fungivorous, with fungal hyphae being, preerred
over mostother food typess but springeals also eat
pollen grains and partally decomposed leaf lter,
while some species are herbivorous and others
5. They have been observed fecding on
pathogenic nematodes and may assist in
their control, bur, conversely, they could have an
undesirable effcct if they eat entomopathogenic
s or fungi that control insect pests.
Springuails which feed upon plant-pathogenic
fungi are inherently beneficial, and a number of
studies (see Hopkin 1997) have proposed the use
ofthese species 3 a means of biologically control-
ling fungal plane diseases, for example by intro-
ducing springrails into plant pots in glasshouses.

“The fecding behaviour of springtails can influ-

plan

nematodes

facces derived from the ingestion of dead vegeta-
ton increase the surface area of partally decom-
posed material that can be colonised by primary

mposers such as bacteria and fungi. The
facces are also an important source of nitrates in
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forestsoils and may aid dispersal of the spores or
cysts of fungi, bacteria and other soil organisms.
Springtail grazing tends to stimulate bacterial and
fungal growth and, in legumes, can improve nitro-
gen fixation by increasing the number of root
nodules (Lussenhop 1996). Selective grazing on
the other hand may reduce fungal biomass of
some species and affect the species composition of
primary_decomposers. The overall impact

springails on decompostion is difficult to quan-
tify i the field given the complexicy of interac-

rare or absent, as in acidic or polluted stes.
One way of investigating the role of soil animals.
composition and nutrienccycling s 1o
construct miniature ecosystems - known as micro-

search of Britain's most abundant insects

errestral plmu e symbioe o
with these

fungi make a major
o 10 the maintenance of plant biodiversity and
0 ecosystem funcrioning (van der Heijden e al
1998). Ifthe feeding aceiviries of springtails affect
AM fungi, then clearly these animals could have
an imporcant impact upon biodiversity and
ecosystem functioning,

It was inically supposed that springeail, being
predominantly fungivorous, reduce
i of the mycorrhiza and are thus detrimental to
plant growth. But recent choice experiments have

eat non-AM

~ that permit controlled manipulation of individ-
ual ccosystem components. A number of studics
have compared model ecosystems with and with-
out springuails, or with different numbers and
bundance of springeal species, to investigace
thei effcts on ccosystem processes. Probably the
most famous example of such an experimental
approachis the Ecotron’ (Lawton 1994, but even

fungi, a behaviour that might actually favour |v|am
growth by reducing competition between
Thinal and non ol fungal i, of by
increasing niteogen mineralsation (Gange 2000).

e alo other ways in which springeails
could porentially have s bencficial impact on plan
srowth, including the intriguing possibilty that
feeding upon mycorchizal fungi would cause

this relatively complex model
only seven springual species, compared with the
40 or 50 that may be present in temperate arable
fields or woodlands. Microcosm experiments have

changes

on the same plant, by alering the plant’s nurrent
status. There is, indeed, evidence from a non
mycorthizal study that the presence of springtails

of indi-

vidual springail species can strongly affect nutri
enceycling, such as nitrogen mobilisation (Mebes
Fiser 1998), but such single-species manipula-
tions are diffcul 1o relate t0 real ecosystems, as
nocall species have equal ecological weight
(Lawton 1994), and because the combined effcts
of several species can differ considerably from the
efects of the same species individually (Mebes &
Filser 1998). Notwithstanding these interpreta

aphids fecding upon the leaves of clover (Scheu er

1 1999) I casy o see that this trophic cascade
could extend even further, as predatory mites in
the sil, by preying upon the soil springeails, could
also contribute 1o the effects on above-ground
herbivore performance. These are certainly excit-
i, if rather complex, times for studying spring-
tails in food-web ecology!

Pest status

springeails in
ems  probably have, on balance, a beneficial
cily increases nutrient
availability o planes (Hopkin 1997).

Springtails in multi-trophic interactions

“The soils of most ecosystems contain a rich abun-

dance and diversity of arbuscular-mycorthizal
(AM) fungi. The roots of around 80% of all
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Theobald (1910) listed 23 springeal species as
injurious 1o various crops, but early records of
causing crop damage are rather
shaky, as the mere presence of insccts on
damaged plan was often enough for farmers to
brand them as the culprits. There is no doube that

thivorous springails can damage field
crops, mainly by chewing away at stems or roots,
butattacks are usually localised and bricf A range

these insects

certain he
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raises the possibilty that spring:
ails exised on Earth even carlce
(Sherwood-Pike & Gray 1985
Molecularevidence suggests that
the ancestor of springeails was a
multsegmented crustacean-fike
aquatic animal that became
progeessively adapted to. erres
wialensironment. As land plants
evolved and increased i
complexity, so springtails rads-
aed 1o exploit the available
niches and today they occupy &
wider lobal distribution-than
any other arthropod group. An

Tomoceruslongicornis. e 1o

is now widely recognised tha Apterygota s not a

monophyletic group and that the springgails and
prowurans are related only distanly to the truc
imsects, although the phylogenetic position. of
springeails i stll uncertain (Giribet & Ribera

2000}, Current opinion (Hopkin 1997, based on

a striedy cladistc cassification, retains Collem.
ol as insects in the broad sense, 353 Class within
the Hexapoda, but together with the proturans
they form a separate group (Parainsectal from the
other ‘true” insects (Fuinsecta).

The fossil springeail Rbyiclla praceurson,

discovered togecher with Devonian plant frag:
ments in Lower Devonian chert in Aberdecnshire,
Scotand, s direc
existed at least 400 million years ago, But spring:

¢ cvidence that Collembola

ails are soft-bodied, so their remains are rarcly
fosslised. The discovery of Silurian coprolites

Gosilised facces) that could be of springtal origin

Orhesells cinta o common spcis o woodinds,
edgerows and gardens. i i

specimens  preserved i

millon-year-old amber. (fosi
ied plane resing, which bear 3 remarkable
resemblance to extant specis (Hopkin 1997),
Springtail biology basics

Springails are ofen referred to both as members

arthropods (they rank among, the
members of the Arthropoda). Morphologically
most springeais fall into two disinct groups: the
clongate Arthropleona, which hase clearly scpa
rate thoracic and abdominal scgments, and the
Symphypleona, in which part of the thora is fused
with the abdomen o give the body an overal glob.
ular appearance. A notable fearure that distn
I
ahdomen has, at most, only six scgments, It s o

all other insects is that the

guishes springs

unique 1o springails that growth and moulting
continue afte the animals have reproduced

There are usually three types of ventral
o the abdomen: a “ventral tube’ on
nent, & “retinaculum’ on the third

ent, and the jumping organ or “furcula’ on

the fourth segment. The ventral tube acts as an
adhesive organ on slippery surfaces and is impor
fant 0 regulating the animal’s water balance
Flongate thin-walled sacs contained within the

retracted again, When viewing springtails under o
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ofplan s il for i, when

surface-dwelling “garden spr

Bow

hort
'

s s he s o selings opkin

rocts. However, pingail e pes of sugar be
only when alternative food sources are unavail

occurs weeds. are complerely

remoed by herbicide use (Larink 1997),

ail damage means

rihern Furope. It s worth remark

hat Sminthurus viridis, a specie

mwmm al. 2000

dmermesEabiR e W Exiand A K P o
New Zealand (Topping & Lovei 1997)
Side-effects of pesticides

Agricultural filds

types in Britain (arable

ind surfce), and within hese sprinaie are
often our most abundant archeapods. Though noe

pests, they are likely o he exposed t0 a range af

However, side-effects of pesicides on springtails,
in comparison with other arthrapods, have beer
very poorly studied. Most laboratory tests of

pestiide cffects have used easily culured species,

The Lucerne-flea Sminthurus virids,

soilinhabicing
Hopkin
about a5 ecologically sound as

omiacandid, (1997)

remarks, this is

some predators (Toft & Wise 1999),

el springail where predator-prey
The most realistic way to decermine cffcts o

ampron 2000), Synchetic. pyrethroids,
which are the most frequently used insecicides in
Britain, appear in general to he more harmful to

in laboratory tests that exclude predators,
Jining the limications of standardised laboratory
test methad,
Fungicides can be harmiul 1o springsails hoth
direely and by removing their fungal food supply
Frampron & Wratten 2000),

ence plant-mycorrhiza associations

interactions in which springails participate. An

Brish Widie
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toring suudy, for example, repeated use of
organophosphate insccticides in five consecutive
years led 10 the vireual disappearance of the
springail Entomobrya. nicoleti from a sprayed

re quickly and was
noc adversely affected in the long term (Frampron
2000

Tt is a mystery why these specis respond so
differenty. Pechaps they differ in their dispersal
powers, and hence their abiliy to repopulate the
sprayed area. In fact, surprisingly e is known
about springual dispersal behaviour in temperate
ccosystems, perhaps because these animals, in
which moultng occurs throughout the life cycle,
are not very amenable to mark-recapture studics.
Another posible explanation could be that, i E.
nicoleti has 2 more. fragmented distribution
pattern, the springgails would be les able o reach

arthropods colonise fields from source popula-
but onl

moulted T. longicornis are dark grey but become
yellow i colour as ther scales wear off, while O.

sometimes i
lans, s he vy paerned Entomobrya
ivalis (2mm).

The aforementioned species are elongate in
appearance, being members of the Order Arthro.
pleona. Globular-shaped springtails of the Order
Symphypleona are also widespread and abundant
i fields, woodlands and gardens, but most, such

yellow specks on leaves, ar too small to dentify
without 2 microscope. An exception is the
Lucernc-flca (3mm), which can be abundant on
clover and legumes. Its bright green, rounded
body is unmistakable when viewed through a
hand lens,although at a distance these animals are
sometimes mistaken for aphids.

emerged that this may also be true for some
springsail species (Alvarez et al. 2000). There is
obviously much we need to learn about the ccol-
oy of our most abundant insects,
Springtails of fields, woods and gardens
Field and woodland habi
many as 40 different spec
any are tiny, subterranean animals that are
rarely noticed. One of the most widespread
springails seen on the ground surface in agric
wral fields throughout Europe, and also in
gardens, is Lepidocyrtus cyaneus (1.5mm long
when fully grown). Viewed through a hand lens,

s can each harbour as
s of springail, though

A!u) common on the soil surface in fields and

s, particularly in damp areas, are large
Gl e spengtas ofthe e st and
Isotomurus, Many of these are plin, but some,
such as Isotomurus maculatus. (2.5mm), have

rgerspringaails are reltively casy to
oking closely at the soil surface, unde
stones and logs, in leaf litter and on paths and
walls. They sometimes occur indoors, partcularly
where temperature
they can

productive places
vegetable matier is decomposing (compost heaps,
leaf lcer, or rotting wood), or where there are

ches of algac or moss

with the ground surface, so that insects walking
acrossthe ground fall into it Traps can be lft for
several hours, but the longer the trapping period,
the higher the risk that the caprured springrails
dehydrated or be arta preda-
s, beetes or spiders that fal into

vated fields, although they are often present in
hedgerows. These include. the large Tomocerus
longeor and Orchtela i i bothof

common in gardens and casily
i i o s Freshly
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wails are very susceptible to dehydration, 50 it is
prudent to place a piece of damp tisue paper at
the bottom of each pitfall trap or collecing tray.
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more. permanent collcting tub or “culture
box’ can be made by fillng an ice-cream or
ine tub o a depth of 1-2cm with plaster of
Paris, which, when moistencd, will proxide a more
reiable source of humi

marga

Crevices in the surface
make ideal places for springrais o lay thei ¢
When provided with  id (perforated to permit air
» such a culture box can be used to
keep springtails alive for weeks or even months, if
suitable food s present (dried baker's yeast is
adequate a5 a food for some specicsl. The
longevity of springeails kept in culture boxes
tiing. the right combination of
humidity  and
food, which differs among the

ing with ths is periodically 10
tip the springaais into 3 clean
culture bos,

162 low magnifcation (10-40
times) binocular microscope is

including
springeails, that i present,
Identitying springtails
Identifcation of most springeail
species requires the use of

good-quality compound micro.

scope. However, some of our  Tomocerus fon
larer speces 3re disinctive Uoloo 3D
enough to be identifiable with %9 dunbanst

the naked eye or with the aid of
ahand lens. Unfortanately, few insect texthooks
and field guides can be relied upon for sccurate
springe
with those pictured here should be sufficient 0
idenify ad he lrge, common species Orch.
esellacincta, Orchesella villosa,  Sminthurus
viridis and Tomocenus longicornis,

For the more determined ‘collembologist with
Key to the Springtails of
Britan and lreland el nable enficarion of ol
il
olowing

entification, but comparison of insects

sof th

ritsh springeail species when the final version is

published,

2 period of evaluation

in search of Britain’s most abundant insects

(Hopkin 20001, This wil he the most authoria
five identification key to British springtails since
the monograph of Lubbock (1873) and should
benefit studies of springeail ecology, which have
undoubtedly been hindered i the past by the diff
culty of species identifcation,

Conservation
There are many reasons for ensurin the survival
of individual species, in particular the nced 10
protect or enhance biodiversity and ccosystem
fanction. To ensure the survival of a specics, it s
essential 0 know its geogeaphical distribution and

ar. For springeails, however,
hardly any information exists
omhe disribuion of spcis in
Britan exally have no
idea how rare, or endangered,
many of our springeail species
are. Bven for the  specics

itis ot possible to pcture their
patterns
resional scale. There i clearly a.
comyelingcae o he i
tions of - springaails
mappec, and this ask has been
strted ar the

distribuion on o

of o

University of

o obser
AT ok o i aleady showing

that certain springeails have

restrieted.oceurrence. in Great
Britain and Ireland. (hepiwwws gacal
soologylcollembolasmap). Amrida - maritima,

for example, is a coastal specics, whil the b
distinctive Lathriopyga longiseta app
confined 1o the south-west of England. However,
there are large parts of Briain where, so far, the
nce of springuails has not been investigated,
Ry 1 North Wales el e
Lake Distict and much of Scorland. The mapping.
scheme will he launched as a formal Collembola
vecording scheme n 2003 i order 0 improve the
coverage ofthe distribution maps. Ultimately, this
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should allow the true distribution of speces to be
determined, as well as changes in parterns of
spei diibusons o e, Orly then hall
we have  cear ictor ofthe stat of healehof our
springtal communities,
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Southampton and Steve Hopkin s a Senior
Lecturer in Zoology a the Universty of Reading.
Both are committed collembologists’ with a specal

. Nl oo
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