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Abstract

Despite the large number of cranefly species only two have been convincingly associated with crop damage. The
larvae ofTipula paludosaare commonly found as pests in both grassland and spring cereals whereas those of
T. oleraceaare only established as pests of winter cereals following crops of oilseed rape in the rotation. The
latter, however, is probably the species involved in opportunistic situations involving various minor crops. These
epidemiological contrasts are attributable to differences in the morphology and behaviour of the adults of the two
species in relation to crop rotations. Larvae are sufficiently similar as to cause confusion in identification and this has
hampered development of a clear picture of the ecology of the two species. Little is known about the distribution of
T. oleracealarvae butT. paludosalarvae are largely regulated by climatic factors, especially rainfall, although the
operation of these varies across the distribution range. Many natural enemies have been identified but a commercially
viable control method using them has not yet been developed for either species. Control ofT. paludosais relatively
easy using broad-spectrum insecticides but inconsistent kills have been observed with winter pesticide applications
againstT. oleracea. Determination of those fields requiring applications in advance of the damage remains the major
problem, especially in grassland and winter cereals, to be resolved for the management of leatherjacket pests.

Pest species

Craneflies, colloquially known as Jenny or Daddy long-
legs, are easily recognised as large flies with slender
bodies and long legs. They can be readily distinguished
from several other similar families by the absence of
ocelli, the presence of two anal veins on the wings
and a V-shaped suture dividing the praescutum from
the scutum (Coe et al. 1950). Craneflies belong to the
family Tipulidae, sub-family Tipulinae, GenusTipula–
the long palped craneflies. The Tipulidae is the largest
Dipteran family in the UK and contains 303 species
(Smith 1989). The larvae of the group can be found
in a wide range of habitats including decaying wood,
moss, marsh land, mountainous areas and agricultural
land (Brindle 1958). The common feature of the larvae

is that they are found in moist environments; the larvae
of some species are wholly aquatic with one species,
Geranomyia unicolorHaliday, breeding in salt water
(Coe et al. 1950).

Despite this large number of species, only a
handful are reputed to cause damage to agri-
cultural and horticultural crops.Nephrotoma flax-
escensL., N. appendiculataPierre (Jones and Jones
1984), T. variipennis Meig., T. vernalis Meig. and
T. subnodicornisZetterstedt (Blackshaw 1992) are
occasionally cited as minor pests but the two species
most frequently referred to areT. paludosaMeig., the
marsh cranefly andT. oleraceaL., the cabbage crane-
fly. The larvae of these two species are often considered
together under the descriptive term, leatherjackets.
Authors of past papers have recognisedT. paludosa
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as the more important of the two in terms of agri-
cultural impact (Blackshaw 1985, Brownbridge and
Selman 1989) but few have actually distinguished
between the species in the field; most authors refer to
leatherjackets as the larvae ofTipula species (White
and French 1968, Tucker and Cutler 1979, Blackshaw
and Newbold 1987). This is largely due to the difficulty
in obtaining an accurate identification of the larvae.

Distribution

Leatherjackets occur in cool temperate regions of
northern Europe and have been reported as pests
in England (e.g. Mayor and Davies 1976), Scotland
(Newbold 1981), Northern Ireland (Blackshaw 1983a),
Ireland (Greenan 1966), France (Ricou and Douyer
1975) and Germany (Lange 1963). There are also
reports of damage in other European countries such as
The Netherlands and Norway.T. paludosahas success-
fully invaded and colonised similar climatic regions
of north-western USA (Jackson and Campbell 1975).
Other suitable areas may be colonised in time.

Early reports ofT. oleracealarvae are scarce. De
Jong (1925) reported thatT. oleracea larvae were
found frequently in Germany (in 1922) following
a wet autumn, resulting in damaging larval popu-
lations. Sellke (1936) reared adultT. oleraceafrom
larvae which had been found damaging kohlrabi in
a greenhouse. In the UK, Coulson (1959) recorded
adult T. oleraceaat the Moor House Nature Reserve
in Westermorland, but was unable to locate the larval
habitat despite being able to ascertain the habitat for
another 42 species that were also recorded as adults.
Milne (1966) reported the same problem. Cuthbertson
(1926) noted thatT. oleracealarvae were found at the
roots of grasses on the hills above Kilmory, Isle of Bute,
and further records were made some years later when
a study of grassland in Northern Ireland and Scotland
revealed thatT. oleracealarvae were most frequently
recorded in Bute (Humphreys et al. 1993a).

Despite the inability of Coulson (1962) and Milne
(1966) to pinpoint the whereabouts ofT. oleracealar-
vae, the general consensus was that the larvae were
present in grassland. Again, this probably relates in
some way to the fact that researchers working with field
populations have been unable to differentiate between
the larvae of the two species, but were able to trap both
adults in traps set near grassland sites. Humphreys et al.
(1993a) used their isoelectric focussing technique to

carry out a survey of leatherjacket distribution in north-
ern Britain and showed that the larvae ofT. oleracea
were not commonly found in agricultural grassland and
thatT. paludosawas the predominant species. Never-
theless, the difficulty in dealing with past information
pertaining to leatherjackets is that there is often no way
of confirming which species is actually the subject of
some of the literature.

Identification

At the beginning of the twentieth century there was
confusion over the identification of the adults of the
T. oleraceagroup. Theobald (1913) and Rennie (1916)
believed thatT. paludosahad two generations per year
in England. It is, however, likely that reports of the
earlier generation were actuallyT. oleracea. The con-
troversy over the identification was finally settled by
De Jong (1925) who successfully separated the adults
of each species and addedT. subcunctansto the group.
Despite this, photographic evidence ofT. oleraceapro-
vided by Silantjev (1931) shows female adults with
short wing to body ratio, a characteristic which is typ-
ical of T. paludosa.

The adult stages ofT. paludosa, T. oleraceaand
T. subcunctans(=T. czizeki), although quite similar
in appearance at first inspection, can nevertheless be
reliably separated by several physical attributes (Den
Hollander 1975). The distance between the eyes, the
number of antennal segments and the wing length can
be reliably used to distinguish between the adults (Coe
et al. 1950). Ventral spacing between the eyes of both
T. paludosaandT. subcunctansis at least 1.5 times the
maximum width of the antennal scape whereas that of
T. oleraceais at most subequal. In addition,T. paludosa
has 14 antennal segments compared to 13 for the other
two species. The wing length to body ratios are suffi-
ciently distinct that it is reasonably easy to determine
femaleT. oleracea(wings longer than abdomen) and
T. paludosa(wings shorter than abdomen) in the field.
The males of both species do not have such a marked
difference in terms of wing length to body ratio but can
be readily separated by the other diagnostic features.

By contrast to the adults, the larvae are morpho-
logically very similar (Theowald 1957, 1967, Brindle
1959). They are elongated, cylindrical, a little tapered
anteriorly and truncated at the rear (Coyler and
Hammond 1951). The body is enclosed in a tough
integument which gives rise to the name by which they
are commonly known, leatherjackets. There are four
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instars which vary in weight and size, and these differ-
ences further add to the complexity of separating the
larval stages. Brindle (1958, 1959, 1960, 1967) pro-
duced both notes and keys on the differentiation of the
larvae to species level. The identification of the larvae
of T. oleraceaandT. paludosacentres on examination
of the anal papillae as well as noting slight differences
in size and colour. In practice these keys have not met
with consistent success when used by researchers in
the field. As a result, the life-cycle and habits of field
populations are almost always accorded toT. paludosa,
which is by far the most common species found on the
wing.

The problem of larval identification was tackled
by Humphreys et al. (1993a) who used isoelectric
focusing (IEF) to distinguish between the larvae of
T. paludosaand T. oleracea. Proteins were extracted
from fourth instar larvae, the subsequent staining pat-
tern obtained revealed protein banding patterns which
consistently distinguished between the two species at
all stages of development. A limitation of this method
is the inability to differentiate betweenT. paludosa
and T. subcunctans. Further studies using, for exam-
ple, genomic DNA technology may deliver a method
that can distinguish all three species.

The eggs of T. oleracea and T. paludosa are
markedly different, with those ofT. oleraceabeing
much smaller and, more notably, having a long coiled
terminal filament (Bodenheimer 1924, Sellke 1936).
It is thought that this terminal filament, which uncoils
into a long sticky thread, is positively related to the
degree of wetness of their breeding areas (Hemmingsen
1952) and that it attaches the egg to a substrate and
prevents it from being washed away by rains or floods
(Hemmingsen and Theisen 1956). Several other mem-
bers of the family have egg filaments and these species
are normally associated with wet environments, e.g.
T. rufinaMeig. (Cuthbertson 1926).

Life-cycle

Biology

Researchers, when referring to the life-cycle of leather-
jackets, generally allude to the life-cycle ofT. paludosa
which has been well documented (Rennie 1916,
1917, Barnes 1937, Laughlin 1967).T. paludosahas
one generation per year. The adults emerge from
pupation from June to September (Rennie 1917)
and peak emergence can vary regionally. Coulson

(1962) found that peak emergence occurred at Moor
House Nature Reserve in northern England in late
July and that this was six weeks earlier than emer-
gence peaks obtained from Rothamsted Experimental
Station further south. Blackshaw (1983a) found that
peak emergence in Northern Ireland occurred mid-
August to mid-September and Sellke (1936) reported
that, in Germany, the peak emergence time was early
September.

Female adultT. paludosaare gravid at emergence
and are not able to fly far (Dobson 1972); personal
observation suggests no more than 4–5 m in any fly-
ing bout. Mating takes place almost immediately and
eggs are laid, in one batch (Cuthbertson 1929), amongst
the herbage and particularly amongst grasses. Coulson
(1959) observed that female flies laid the majority of
eggs close to the site of emergence.

The larvae hatch out after about 14 days and are a
pale sandy colour. The body consists of thirteen seg-
ments; the spiracles are found on the last segment
and, in the first instar small, tufts of bristles can also
be seen around the anal papillae. The larvae start to
feed on the bases of stems and roots immediately. The
larvae pass through the first two instars quickly and
usually overwinter in the third instar stage (Coulson
1962). They can be active at temperatures as low as
5◦C (Blackshaw 1992) and so can continue to feed dur-
ing periods of mild weather in winter. They become
more active and feed voraciously in the spring when
the soil begins to warm. When fully grown they reach
approximately 3–4 cm in length and then stay within
their burrows for about 6–8 weeks from June to August
before making their way to the soil surface to pupate.
They remain as pupae for approximately two weeks.
Adult emergence can occur over a period of several
weeks but peak numbers are normally seen from mid-
August to mid-Sepetember in the UK. In total the larvae
spend a minimum of nine months in the soil (Rennie
1917).

By contrast the information collated on the life-cycle
of T. oleraceais not as definitive and, indeed, some
of the past observations of leatherjackets in ‘unusual’
situations (Anon 1953) might have arisen from differ-
ences in the life-cycle ofT. oleraceacompared with
T. paludosa.Despite its recognition as an agricultural
pest, the larvae ofT. oleraceahave, historically, only
been recorded independently fromT. paludosaon rare
occasions (De Jong 1925, Sellke 1936). Recently, how-
ever,T. oleraceahas been associated with widespread
damage to winter cereals in northern Britain (Coll
et al. 1993a,b).
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Generally speakingT. oleraceais not found in abun-
dance at any one location and appears to be less
common thanT. paludosa(Coe et al. 1950). Where
researchers have trapped adult flies using either light
traps (Pinchin and Anderson 1936, Dobson 1974)
or water traps (Blackshaw 1983b), the total num-
bers of adults caught are always low in compari-
son toT. paludosa.In Scotland, Rennie (1917) noted
that T. oleraceawas found in cereal land but was
less frequently met with thanT. paludosa. Dobson
(1973, 1974) caughtT. oleraceain suction traps at
Ardmore (Dumbartonshire), Lawmuir (Lanarkshire),
Threave (Perthshire) and Craibstone (Aberdeenshire).
Although the overall numbers ofT. oleraceacaptured
in Dobson’s studies were less than the number of
T. paludosa, there were some occasions when the num-
bers ofT. oleraceaexceeded those ofT. paludosa.

As the femaleT. oleraceais a stronger flier than
T. paludosa (Coulson 1959) more flies might be
expected to be caught in light traps, the fact that they
are not, further emphasises the difference in abundance
between the two species.T. oleraceafemales are able
to fly when gravid and lay their eggs in several batches
(Cuthbertson 1929) and this, combined with their abil-
ity to fly well due to their greater wing : abdomen length
ratio, implies that they lay their eggs over a wider area
thanT. paludosaso that local concentrations of larvae
do not appear frequently.

The flight period recorded for this species, both
in the UK and abroad, further illuminates the dif-
ference between the two species. Like several other
European tipulids, namelyT. meditterraneaLacksche-
witz, T. orientalisLackschewitz andT. plumbeaFabri-
cius (Den Hollander 1975),T. oleraceahas frequently
been reported as a bivoltine species with a spring gen-
eration and a late summer/autumn generation. In Italy,
Del Guercio (1914) recorded adults flying in mid-
March and again from September to October; Silantjev
(1931) reported flights from July to October in Russia;
Sellke (1936) noted flights in Germany from May–June
and again in September–October.

In the UK, Miles (1921a) observed two distinct flight
periods at the end of April through to June and again
from September to October.T. oleraceawas recorded
at Craibstone in Aberdeen from May to the end of
October and no marked separation of the flight peri-
ods was apparent (Dobson 1974). Hancock and Gray
(1975) carried out a survey of craneflies in Lancashire
and found thatT. oleraceawas the most abundant
species recorded. It appeared every month from May
to November and there was a tendency to two peaks

with the first mid-July to early August and the second
between 4th October and 7th November. The authors
remarked that there were more than two broods per
season with staggered emergence. The peak of flight
activity of T. oleraceais not clear and, furthermore,
there is some indication that the number of generations
per year may be variable (Coll 1996). The variation in
flight periods is probably due to the difference in cli-
matic conditions and it is thought that the number of
generations may vary between years and within locali-
ties (Den Hollander 1975). This variation may be suffi-
ciently great to result in only one marked flight period
in any year in colder, northern areas.

Development

The fact thatT. oleraceahas been considered to have a
bivoltine life-cycle suggests that the larvae do not spend
as much time in the soil asT. paludosa, and that there-
fore the usual life-cycle described for ‘leatherjackets’ is
not appropriate forT. oleracea. Furthermore, the litera-
ture shows that much of the laboratory work carried out
on leatherjackets has been carried out onT. oleracea
(Carter 1973a,b, 1975, Vlug 1990). This is because the
animal can be more easily manipulated thanT. palu-
dosa.Laughlin (1960) showed thatT. oleraceacould
complete the whole life-cycle from egg to adult in an
average of 11–12 weeks if kept at a constant temper-
ature of 21◦C. By contrast,T. paludosahas a repu-
tation for being difficult to culture in the laboratory;
unlike T. oleraceathey have a diapause period and,
because they spend a longer period of time in the soil,
they are likely to incur larger mortalities. The devel-
opment ofT. paludosalarvae can be followed because
larval instars can be separated on the basis of head
capsule width and posterior spiracular disk diameter;
gender in the 4th instar can be determined the same
way (Blackshaw and Moore 1984).

Mating

Stich (1963) studied the courtship pattern of
T. oleracea in some detail. It involves a series of
stimulus response reactions – grabbing, mounting, pin-
ning, searching and ‘kissing’ – followed by a sliding
reaction. The routine is fixed for this species and
copulation will not take place if the procedure is not
carried out in this exact sequence. Only active males
and unfertilised, receptive females are able to complete
the whole process, consequently this prevents mating
between males, fertilised females and other species.
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Furthermore, Pinchin and Anderson (1936) studied
the nocturnal activity ofT. oleracea.Most activity
occurs just after sunset and again just after midnight,
whereas the activity ofT. paludosaincreased at day
break.T. oleraceamales were shown to be active ear-
lier than the females whereasT. paludosamales were
active slightly later in the day than the females. Never-
theless, in both species the activity of the sexes did
coincide, presumably this is also an important feature of
the mating process. In addition to this, Downes (1969)
found that the femaleT. oleraceawas attracted to the
male by pheromones.

Crop damage

Host range

Adult craneflies present no concern in terms of crop
damage as they do not feed on plant material. The
larvae, however, are recognised by farmers, advisers
and gardeners as a serious threat to plant establish-
ment (Anon 1984). They are considered a major pest
of permanent grassland, reseeds and spring cereals
(French 1969, Rayner 1975, Newbold 1981) but are
not restricted to these crops. Reports of leatherjacket
damage from a variety of crops confirms that they are
polyphagous in their feeding habits (Table 1).

Grassland

Damage occurs in both reseeds and established swards.
However, autumn reseeds with cultivations coinciding

Table 1. Summary of crops attacked by leatherjackets.

Crop attacked Author

Grass Miles (1921a), White and French (1968),
French (1969), Rayner (1978), Newbold (1981),
Clements and Carr (1983), Blackshaw (1984, 1985)

Spring cereals Golightly (1967), Rayner (1975), Newbold (1981),
Knight and Oakley (1983)

Swedes Anon (1981)
Potatoes Anon (1989)
Turnips Cameron (1918)
Strawberries Miles (1921b), Theobald (1929), Alford (1984)
Loganberries, blackberries, raspberries Alford (1984)
Maize Gair et al. (1983), Brunel (1973)
Clover Mowat and Shakeel (1988), White and French (1968)
Brassica crops, peas, beans, lucerne, carrots, Anon (1953)
celery, lettuce

Sugar beet, sweet-corn Emmet (1992)
Berries, tobacco, various vegetables and ornamentals Campbell (1975)

with the T. paludosaflight and oviposition period
are far less vulnerable than spring reseeds, especially
where the latter follows a ley (see under Spring cere-
als below). In surveys of grass reseeds (Bentley 1984,
Bentley and Clements 1989a,b, Clements et al. 1985
and Ellis et al. 1984) leatherjackets were not implicated
as damaging pests in England and Wales. The majority
of damage from leatherjackets is to long term leys and
pastures. Blackshaw (1985) estimated that leatherjack-
ets were responsible for in excess of £15 million worth
of damage in grassland in Northern Ireland alone each
year.

Strickland (1964) raised the point that there was
little reliable information from which losses caused
by leatherjackets could be calculated. White (1967)
addressed this issue and found in four years of exper-
imental work (1963–66) that complete sward destruc-
tion in grassland occurred at a population level of
4.9 million leatherjackets per hectare or greater but
that lower populations could affect yield and partic-
ularly ‘early bite’, when the value of grass is at its
highest. Further results indicated that, in newly sown
crops, populations of less than 1.25 million per hectare
caused little loss but Strickland (1965) demonstrated
that populations in excess of this could result in mea-
surable yield loss. White and French (1968) recorded
yield increases of 74% following control of populations
of 4.0– 4.5 million larvae per hectare and complete
sward destruction at population levels of 5–6 million
per hectare. However, in Northern Ireland such dam-
age has been noted from populations of less than half
this size (Blackshaw, unpublished data). This is not
always the case; populations greater than 2 million per
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hectare do occur in the Province (Blackshaw 1983b)
and elsewhere but the degree of damage is dependant
on the condition of the grass plants. Sward destruction
in Northern Ireland is frequently associated with shal-
low rooting soils and heavy applications of slurry in
the autumn. Under these conditions, plants are stressed
and find it difficult to recover from attack. It is also
worth noting that damage can be exacerbated by birds
searching for and feeding on leatherjackets.

Leatherjackets below these population levels have
been shown to cause measurable yield loss –>0.5
(Strickland 1965),>1 (Lange 1963),>0.95 (French
1969) and 1.14 million per hectare (Newbold 1981).
These studies were directed towards fields of known
large leatherjacket populations; Blackshaw (1984)
studied the effect of controlling much smaller popu-
lations of leatherjackets. He found significant herbage
yield increases from controlling populations as small
as 132,500 per hectare by applying insecticides in
September and concluded that average losses in estab-
lished grass from leatherjacket attack were>0.5 t dry
matter per hectare in Northern Ireland. Loss per leather-
jacket (ca. 1 g of dry matter per leatherjacket) was
greater than that reported for either north-east England
(French 1969) or south-west Scotland (Newbold
1981).

Newbold (1981) showed that control in January gave
greater silage yields in May than in March. Blackshaw
(1984) extended this process by comparing insecticides
applied in September, October and March and con-
firmed that the earlier the chemical treatment is applied
the greater the yield response. There can be signifi-
cant economic benefits from adopting such a strategy
(Blackshaw 1985). Even earlier control may be pos-
sible. Mowat and Jess (1986) showed that pesticides
applied to grass in the summer, before cranefly ovipo-
sition, could reduce the subsequent leatherjacket pop-
ulation by 85% and it has been argued (Mowat and
Blackshaw 1986) that such treatments would also con-
tol frit fly ( Oscinella fritL.) and the Ryegrass Mozaic
Virus vectorAbacarus hystrixNal.

A temperature differential betweenT. paludosa
feeding and grass growth may be a determining factor
in explaining this process. In Ireland, for example, grass
growth effectively ceases below 5◦C (Brereton 1981)
but leatherjacket activity has been observed at these
temperatures (Blackshaw 1992). Feeding will occur
in maritime temperate zones over winter when grass
growth is minimal so that resulting damage is cumu-
lative and yield losses can be related to the period of
exposure to attack.

Whilst sward destruction as a result of leatherjacket
attack is important to individual farmers, the impact
of leatherjackets on national herbage output is largely
as a result of sub-chronic or insidious feeding by the
majority of populations. It is likely that this position
is reflected on individual farms with losses subsumed
within overall yield variability.

Spring cereals

Spring cereals suffer on an annual basis; the larvae
feed on emerging shoots, cutting them just at, or below,
ground level. The presence of a ragged edge at the point
where the plant has been severed is frequently indica-
tive of leatherjacket feeding. Occasionally leatherjack-
ets will feed on the leaves and they can also hollow
out the grain (White and French, 1968), which sub-
sequently prevents germination. Ultimately, feeding
damage results in the appearance of bare patches in
the field, which is often the first sign of damage that is
noticed by the grower.

Leatherjackets have historically been associated
with spring cereals and farming experience has linked
extensive damage with those crops that are sown into
ploughed up grass swards. The effect of this rotation is
to expose seedling crops to attack at their most vulner-
able stage and at a reduced plant density when com-
pared with grass. Blackshaw (1988) investigated the
importance of this rotation in determining the incidence
of damage and was able to show that populations above
the economic threshold in spring barley were extremely
rare when there had been two or more seed-bed prepa-
rations since grass was last grown.

Despite the long association between leatherjack-
ets and damage to spring barley there have been few
published data on yield losses. Golightly (1967) and
Rayner (1969) reported experimental studies, although
the similarity in reported rates of loss suggests that they
may have been commenting, in part, on the same data
(Blackshaw et al. 1994).

Winter cereals

Recently, leatherjackets have caused substantial yield
losses to winter cereals in northern Britain (Coll et al.
1993a,b). Leatherjacket damage is normally seen in
the spring, however in the late eighties leatherjack-
ets were reported in a ‘new situation’ in the north
and east of Scotland and in Northern Ireland. Farmers,
advisers and consultants reported that leatherjacket lar-
vae were found causing damage in October–November
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in crops of winter cereals with characteristic damage
symptoms – bare patches and plants severed across
the stem. These larvae ranged in size from second to
fourth instar at a time whenT. paludosawould not have
progressed beyond second instar. In some cases large
populations, exceeding 5 million per hectare, were
found but even small populations, less than 650,000
per hectare, seemed to cause significant economic dam-
age. In addition, growers were sometimes finding lit-
tle success with the insecticides which were otherwise
commonly used successfully for leatherjacket control.

In 1989 the damage caused by these larvae was so
significant that some fields of winter wheat were not
expected to produce an economically viable crop and
as a result the crops had to be ploughed in; other farm-
ers reported losses of 2–4 t ha−1 (C. Coll, unpublished
data). Although leatherjackets are commonly recog-
nised as an agricultural pest, their occurrence in this
situation could not have been anticipated from knowl-
edge of the life-cycle ofT. paludosa.The timing of
damage, size and numbers of the larvae and the crop-
ping patterns involved did not concur with the char-
acteristics ofT. paludosadamage. Given the fact that
these observations had been noted over several years, it
appeared that this was not a unique situation but rather
a new development in the pest potential of leatherjack-
ets. When larvae collected from these fields were reared
through to the adult stage they were all identified as
T. oleracearather thanT. paludosa. It appeared that a
new pest scenario had arisen.

Attacks on winter cereals byT. oleraceaare strongly
associated with a preceding crop of oilseed rape. By
the time of the early flight period ofT. oleraceain
May/June, the rape canopy will prevent the normal dis-
persal of adults emerging within the crop (Coll et al.
1993a, Coll and Blackshaw 1996). Second and subse-
quent generations are constrained within the rape so
that damaging populations can be present when the
winter cereal is drilled.

Other crops

The wide range of non-Graminacae crops reported as
attacked by leatherjackets (Table 1) indicates that at
least one species has developed a broader polyphagy.
These crop damage events are indicative of opportunis-
tic or exploitative behaviour by the pest, which is fur-
ther reinforced by the sporadic nature of attacks. In
the absence of a firm evidence these attacks cannot be
attributed to any one species but the biology and dis-
persal behaviour differences would suggestT. oleracea
is the problem rather thanT. paludosa.

Population prediction

Leatherjacket populations have been monitored in
grassland intended for spring barley over a number of
years in the UK by advisory organisations. Soil sam-
ples are normally taken from a sample of fields using
a corer and returned to the laboratory where the larvae
are extracted by heat (Blasdale 1974) or by washing
through a bank of sieves. When the larvae have been
extracted a population estimate can be made. Once
these figures have been collated they may serve as a
warning of ‘high risk’ years for spring barley growers
or they may highlight particularly susceptible localised
patches. Blackshaw (1990a) used data from Northern
Ireland surveys to identify geographic regions of dif-
fering risk of leatherjacket attack.

An alternative system of identifying ‘high risk’ years
has been developed by Blackshaw (1990a). This sys-
tem relies on a climate based multiple regression model
which allows an estimation of the mean annual popu-
lation. However although this method has proved to be
effective at estimating the annual mean population, it
was not developed to forecast the population in indi-
vidual fields and this is important in terms of reducing
insecticide use and costs to individual growers. There-
fore this model was later extended to predict frequen-
cies of field population densities (Blackshaw and Perry
1994). An attempt by McCracken et al. (1995) to model
leatherjacket numbers in individual fields was unsuc-
cessful but may provide some useful pointers for the
future.

A DIY method for farmers was developed by Stewart
and Kozicki (1987). This involves inserting 10 cm
diameter plastic pipes into the ground and filling them
with a saturated salt solution. The leatherjackets come
out of the soil and float to the surface where they can
be counted. Despite being simple and safe it has not
proved popular because of the large volume of water
that needs to be carried into a field and the time the
process takes. In an attempt to increase its adoption,
Blackshaw (1990b) developed a sequential sampling
method from the Stewart and Kozicki (1987) technique
which allowed comparable decisions to be taken but at
an estimated labour saving of 36%.

Economic thresholds

Grassland

Early economic thresholds (the population at which
the value of expected damage equals the cost of
control) were based on empirical observation and
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generally settled on populations of 1 million per hectare
or greater being worthwhile controlling in established
swards (e.g. Maercks 1953). Since these observations
were invariably made in the late winter or early spring
when damage was visible, they did not account for over-
wintering cumulative yield loss.

French (1969) considered leatherjacket damage in
the context of nitrogen application. He based his con-
clusions on calculated thresholds and reasoned that at
populations less than 2.5 million per hectare in early
spring it was cheaper to apply extra nitrogen than an
insecticide ‘unless maximum economic quantities of
nitrogen are already being used’. In the latter situation,
his threshold was 865,000 per hectare. Blackshaw and
Newbold (1987) argued that although this approach
was valid, its applicability depended upon the objec-
tives of the farmer. Where a specified level of herbage
output is required then additional nitrogen may be a
cheaper option than an insecticide. If the objective
is to increase total grass production, however, then
both nitrogen and an insecticide should be consid-
ered because the effects are additive (Blackshaw and
Newbold 1987). French et al. (1990) returned to this
subject in a study of leatherjacket control in upland
pasture. Although they reiterated the conclusions of the
earlier study (French 1969), their data showed that sep-
arate responses to nitrogen and insecticide applications
were apparent and cumulative.

Newbold (1981) also calculated an economic thresh-
old for leatherjacket control in grassland in south-west
Scotland. This was based on a value of £75 t−1 of
herbage dry matter and a linear relationship between
pre-treatment leatherjacket numbers and yield increase
following insecticide application. He concluded that it
was worthwhile controlling populations greater than
2 million per hectare in January. The data presented by
Blackshaw (1984) suggest that thresholds for the same
control time in Northern Ireland would be consider-
ably lower than this and probably less than 1 million
per hectare.

Of critical importance to the calculation of an eco-
nomic threshold for leatherjackets in grassland is the
value put on herbage by its transformation into ani-
mal products (Doyle and Elliot 1983). Grass may also
have a value through the release of land for alterna-
tive uses such as cereals; the use to which additional
grass resulting from pest control is put will determine
its value (Blackshaw 1983c) and hence influence the
threshold.

Cereals

In spring barley, the economic threshold is estimated to
be 0.6 million per hectare (Anon 1994) but calculations
based upon the yield loss data presented by Golightly
(1967) and Rayner (1969) suggests a threshold of about
0.25 million per hectare (Blackshaw et al. 1994). No
thresholds have yet been proposed forT. oleracealar-
vae in winter cereals but they are likely to be lower than
in spring cereals (Blackshaw et al. 1994) because win-
ter crops are not able to compensate as well as spring
crops for leatherjacket damage (Coll et al. 1993b).

Population regulation

Density independent factors

Due to the impact of leatherjackets as agricultural pests,
factors affecting the survival of the larvae have been
well studied. Paradoxically,T. oleraceahas been the
prefered laboratory organism althoughT. paludosais
the more widespread pest. The climate, and especially
soil moisture, plays an important part in the survival
of the larvae. The eggs and the larvae of both species
are sensitive to desiccation, the eggs ofT. oleracea
particularly so (Laughlin 1958b, 1967, Meats 1967,
1972). Milne et al. (1965) concluded that a short-
age of moisture in September and October, at egg-
laying time, resulted in a low larval population dur-
ing the following growing season, and French (1969)
also suggested a relationship between larval survival
and rainfall. Blackshaw (1983b), however, found that
autumn larval populations had a negative relationship
with summer and autumn rainfall in Northern Ireland,
and suggested that there are a number of positive and
negative factors which act to sustain and suppress the
population.

Certainly there seems to be a delicate balance
between the survival of the larvae of both species and
the moisture content of the soil. Despite being suscep-
tible to desiccation, and being more readily found in
heavier soils, mortality has been induced by soil flood-
ing (Meats 1970) to such an extent that this is a recom-
mended control procedure in some parts of the world
(Anon 1986). Meats (1970) showed that larvae will sur-
vive in pure water until they starve and suggests that
some reaction between the soil and water is responsible
for the death of the larvae. Deoxygenation may play a
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part but other factors such as nitrites, ammonia, nitro-
gen gas and a variety of toxic sulphides are thought to
have some role.

The population of leatherjackets has been shown
to fluctuate from year to year with peak years being
observed at approximately 5 year intervals (Cohen
1953, White 1963). The characteristics of each individ-
ual pasture may also influence the size of the leather-
jacket population. McCracken et al. (1995) found that
the leatherjacket population in pasture land in the west
of Scotland could be related to three environmental
variables, namely: aspect, distance from the sea and
tendency to water logging; three farm management
variables, silage use, use of organic fertiliser and sward
height during winter; and the number of leatherjack-
ets in the pasture in the previous year. It was thought
that these variables affected the leatherjacket popula-
tion through their association with the soil moisture and
microclimate, sward productivity and nutrient content.

Natural enemies

Although climatic conditions are considered to be more
important to population regulation than the effects of
natural enemies (Blackshaw 1992), there are many nat-
ural agents which can exert some pressure on the larval
population including other insects, vertebrates, viruses,
bacteria, nematodes and fungi (Table 2). The larvae
are subject to two known viruses. The first of these,
Nuclear Polyhedrosis Virus, was discovered by Rennie
(1923) and is characterised by pale-coloured, inactive
larvae. By contrast the second virus, Tipula Iridescent
Virus (TIV), produces larvae with a bluish tinge (Xeros
1954). A series of studies carried out by Carter (1973b,
1974), examined the effect of TIV onT. oleracealar-
vae. This virus is found commonly in field popula-
tions and can lead to larval death (Ahmed 1968). It
was shown, however, that the larvae had developed a
high resistance to infectivity when this virus entered
by mouth, the natural mode of transmission. Conse-
quently it was considered that the development of resis-
tance to TIV was the reason why epizootics were rarely
observed in the field.

An unidentified parasite was detected by both
Sherlock (1973) and Carter (1976). This parasite was
described as a spore forming bacteria, on the basis of
its morphology. Green (1981) argued, however, that if
this parasite was a bacterium, with a long vegetative
cell and a central spore, the vegetative cell would be
expected to disintegrate within a few days of the death
of its host. This was not the case with the observed

parasite; free spores were never detected. Furthermore,
attempts to culture the organism on artificial mate-
rial failed (Carter 1976). Green (1981) suggests that
this was either a very unusual bacteria or a protozoan.
Nevertheless the impact of this parasite on the leather-
jacket population was not found to be substantial by any
of these authors.

Other researchers have examined the effects of
predators on the larval population. Chapman (1994)
examined the predatory effect of the ground beetle
Pterostichus melanariusIlliger, and found that the bee-
tles actively killed larvae from May onwards. Never-
theless, it was recognised that beetle activity tended to
coincide with the period in which tipulid larvae became
relatively inactive, as they approached pupation. Con-
sequently feeding damage would already have occurred
by the time the beetles were active. It is, however,
recognised that the long term impact of the predatory
behaviour of beetles on leatherjackets has not yet been
fully evaluated. In a similar vein, Barbash (1988) and
Barbash et al. (1991) showed that starlings,Sturnus vul-
garis L., could significantly reduce leatherjacket pop-
ulations but not to such an extent that resulted in yield
benefits to the grass, on which they were feeding. In
addition a parasitic wasp,Anaphessp., was found to
have attacked 44% of tipulid eggs examined in North-
ern Ireland (Blackshaw unpublished data). The role of
this wasp in terms of population control is not yet fully
understood but it is thought that it may have future
potential as a control agent (Kelly 1989).

Given the list of predators which can feed on the
larvae ofTipula spp., it must also be recognised that
these larvae play an important role in the food chain
of other animals, including mammals such as shrews,
hedgehogs and moles. Not all scientists are in agree-
ment with the need to reduce the population ofTipula
spp. and research suggests that leatherjackets may be
an important component in the diet of birds (Beintema
et al. 1991, McCracken et al. 1992: Bignal et al. 1996).
In some areas there may be a move to encourage
leatherjacket populations to prevent the demise of other
species, such as the chough (Pyrrhocorax pyrrhocorax
L.) in Islay (McCracken 1990).

Cannibalism

Cannibalism has been observed among larvae (Barnes
1937, Laughlin 1958a, Freeman 1966, Ahmed 1968,
Barbash 1990). Leatherjackets are armed with large
mandibles and these have been described not only as
tools for feeding but also as weapons of offence. In
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Table 2. Natural enemies ofTipulaspecies as reported in the literature.

Species/family Development stage affected Author

Vertebrate Talpa europaeaL. Larvae Kluyver (1993)
Sturnus vulgarisL. Dunnet (1955, 1956)
Ciconiaspp. Dunnet and Paterson (1968)
Corvusspp. Feare (1984)
Vanellus vanellusL. Barbash et al. (1991)
Pyrrhocorax pyrrhocoraxL. Beintema et al. (1991)
Charadriiformesspp. McCracken (1990)

McCracken et al. (1992)
Insects Tachinidae Larvae Carter (1976)

Maercks (1953)
Siphona geniculata(de Geer) Larvae Rennie and Sutherland (1920)

Carter et al. (1981)
Phaonia signata(Meig.) Larvae Griffiths et al. (1984)
Anaphessp. Egg Kelly (1989)
Pterostichus melanarius(Ill.) Larvae Chapman (1994)

Nematodes Mermithidae, Thelastomatidae Larvae Rennie (1924)
Carter (1976)

Neoaplectana carpocapsaeWeiser Larvae Lam and Webster (1972)
Panagrolaimus tipulaen. sp. Larvae Lam and Webster (1971)
Rhabditis tipulaen. sp.
Steinernema feltiaeFilipjev Larvae Peters and Ehlers (1994)

Fungii Entomophthoraceae Larvae Müller-Kögler (1957)
AdultsT. paludosa

Entomophthora arrhenoctonan. sp. AdultsT. paludosa Keller (1977)
Entomophthora gigantean. sp. Adults Keller (1978)
Empusa caroliniana(Thaxter)

Protozoa Gregarinidae Larvae Carter (1976)
Diplcystis tipulaen. sp. Sherlock (1979)
Coccidia Larvae Carter (1976)
Microsporidia Beesley (1975)
Rickettsiella tipulaen. sp. Larvae M̈uller-Kögler (1958)
Entamoeba Larvae Mackinnon (1912)

Virus Tipula Iridescent Virus (TIV) Larvae Ricou and Douyer (1975)
T. oleracea Carter (1976)
T. paludosa Carter (1978a,b)

Carter et al. (1983)
Tipula Nuclear Polyhedrosis Virus (NPV) Larvae Xeros (1954)

Carter (1976)
Green (1981)

Bacteria Bacillus thuringiensisvar. Larvae Lam and Webster (1972)
Thuringiensis(Berliner) T. paludosa
Bacillus thuringiensisvar. Larvae Waalwijk et al. (1992)
IsraelensisGoldberg and Margalit Evans and Keatinge (1996)

laboratory experiments fatal attacks upon each other
were recorded at a rate of 3% per day (Freeman 1966).
The larvae will not only attack and feed on other healthy
larvae but they will also feed on the cadavers if they
encounter them and this is an important behavioural
feature in the transmission of TIV (Carter 1973b). The
effect of and reason for cannibalism has been disputed;
Bodenheimer (1923) suggested that it was a reaction to

feeding deficiency, whilst Sellke (1936) argued that this
was not the case and that cannibalism was the excep-
tion for some and not the rule and that, furthermore,
it was probably density dependent. The effect of can-
nibalism on field populations has not been quantified
but laboratory based studies suggest that it is, indeed,
density dependent and, as such, may play a significant
role in population regulation (Barbash 1988).
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Prevention of damage

Chemical control

Leatherjackets are easily controlled in grassland by a
single insecticide application but there have been few
studies comparing the efficacy of approved insecti-
cides. Rayner (1978) compared sprays of chlorpyrifos
(0.72 kg a.i. ha−1) and triazophos (0.88 kg a.i. ha−1) and
found average mortalities of 78.8% and 69.8% respec-
tively. In the same series of experiments he achieved a
kill of 74% with gamma-HCH at 1.6 kg a.i. ha−1. These
mortalities were not significantly different but subse-
quent workers (e.g. Newbold 1981, Blackshaw 1984,
and French et al. 1990) have used chlorpyrifos as an
experimental tool and reported kills in excess of 90%.

In cereals there have been even fewer published
studies on chemical control of leatherjackets. Rayner
(1969) reported that a 70% kill was satisfactory and
later confirmed the superiority and consistency of
chlorpyrifos spray treatment compared with other
products (Rayner 1975).

There has been some doubt about the efficacy of
chlorpyrifos against leatherjackets in organic soils
(Sparrow et al. 1973, Rayner 1975) although this was
not borne out by later studies (Rayner 1978, French
et al. 1990).

Organo-phosphate insecticides such as fenitrothion,
quinalphos and triazophos are approved for use in
grassland but chlorpyrifos is probably the chemical
most favoured by growers and advisers (Clements et al.
1992). One of the carbamate molluscicides, methio-
carb, is claimed to reduce the leatherjacket population
in cereals but effective control is not guaranteed.

There is some concern that the insecticidal control
methods employed are not specific and may have dele-
terious effects on other soil invertebrates and predators
(Aveling 1981, Vickerman 1988). In response to these
concerns Clements and Bale (1988) and Clements et al.
(1992) showed that the effect of chlorpyrifos on birds
and mammals was minimal, both where the birds were
feeding directly on treated grass and when the birds
fed on affected invertebrates. Similarly, Turner et al.
(1990) found no adverse effects of this insecticide on
the carabid beetle,P. melanarius.

Cultural control

Initial control methods used on golf courses relied on
the fact that leatherjackets respond to excessive mois-
ture in the soil by coming to the surface; greens were

deliberately soaked and the larvae were trapped under
a tarpaulin (Morison 1951). In agricultural systems it
has been demonstrated that although attacks are fre-
quent on crops which follow grass in the rotation, these
attacks can be prevented if the grass is ploughed in July
or early August and the herbage is well buried (Anon
1984).

Soil cultivation is the one procedure that is known to
reduce numbers of leatherjackets and markedly reduce
the incidence of damage (White 1967, Blackshaw
1988). Mortality during the preparation of a seed-bed
has been estimated to be as low as 20% (LaCroix and
Newbold 1968) but observed to be 70% in a designed
experiment (Blackshaw 1988). The effects of cultiva-
tion on leatherjacket numbers may be long-lasting with
population levels not peaking until 7–10 years after
reseeding (Kell 1988), suggesting a prolonged recov-
ery period.

Rolling the soil has also been shown to restrict lar-
val movement and encourage plant growth and this
can reduce damage to cereals. There is no evidence
that rolling will have a similar impact on larval stages
in grassland. However, Kell and Blackshaw (1988)
reported that rolling in the summer could reduce the
number of adults. They showed that it was possible
to impede the emergence of craneflies for approxi-
mately four weeks by trapping pupae under a soil cap.
Given the behaviour ofT. paludosa, this should result
in reduced numbers of eggs being deposited in the field
and hence fewer leatherjackets present. This hypothesis
awaits testing.

Drainage has been recommended for leatherjacket
control (Maercks 1941) and, where soil moisture
availability is a limiting factor at critical stages of the
life-cycle (Milne et al. 1965), this may be an appro-
priate strategy. In Northern Ireland, where excessive
soil moisture may act to limit leatherjacket numbers
(Blackshaw 1983b, 1990a), drainage of fields could
exacerbate the problem. In the only study of its kind,
Kell and Blackshaw (1988) compared leatherjacket
numbers in a field with four different drainage sys-
tems. They found significant differences between num-
bers recovered from the different systems but could not
relate them to soil moisture content.

Biological control

Early efforts at manipulating natural enemies concen-
trated on TIV but met with little success. It has been
postulated that cannibalism is the main mode of trans-
mission of TIV (Carter 1973a,b) and this limits the
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mechanism for introduction into a field population.
Application of TIV in live and deadT. oleraceaagainst
field populations of leatherjackets successfully intro-
duced the virus into the population but only at low levels
(Carter 1978a,b). Kelly (1989) was able to demonstrate
that TIV innoculatedGalleria mellonellaL. larvae and
TIV treated bran could also be used.

The problem with using such ‘packets’ of TIV to try
and establish epizootics is the relatively low probabil-
ity of individual leatherjackets encountering a source
before viability is lost. Encapsulation of the virus could
increase persistence in a bait and hence may improve
transmission rates. Even if this occurred, however,
there still remains the problem of producing sufficient
virus on a commercial scale whenin vitro methods do
not exist.

More recently,Bacillus thuringiensis(e.g. Waalwijk
et al. 1992) and predatory nematodes (e.g. Peters
and Ehlers 1994) have been tested as biological con-
trol methods for leatherjackets. Significant population
reductions can be achieved in the field but applica-
tion costs are presently substantially higher than with
conventional insecticides and may only be justified if
chemicals are prohibited and there is a high risk of crop
failure.

Discussion

The evidence for leatherjackets as a major pest of estab-
lished grassland is compelling. It is also apparent that
visible signs of damage such as bare patches or sward
destruction may not be the major component of the
losses suffered by agriculture, rather it is the insidi-
ous attacks from many small populations that result
in aggregated damage across the distribution range
(Blackshaw 1985).

These losses to grassland are almost entirely
attributable toT. paludosa(Humphreys et al. 1993b)
and arise from its biology, morphology and behaviour.
The rapidity with which gravid females are mated after
emergence at dusk (Cuthbertson 1929), the inability of
females to fly far before shedding the majority of eggs
(Dobson 1972) and the deposition of the majority of
eggs before daybreak (Coulson 1959) cause localised
population growth. The development of significant
populations may take several years (Kell 1988) and can
only occur in established grass because it provides a rel-
atively stable habitat. The evidence from control stud-
ies is that leatherjacket feeding damage in grassland
is cumulative over the winter with substantially higher

losses per leatherjacket prevented by earlier applica-
tions of pesticide (Blackshaw 1984, Newbold 1981).

For the most part farmers have learnt to live with this
low level of damage and may not even be able to utilise
extra grass production because of other limitations (e.g.
housing) on the number of stock that can be carried.
Many farmers also have the option to increase nitrogen
applications if they require more grass, as a cheaper
option than applying insecticides (French 1969, French
et al. 1990).

Control of leatherjackets is relatively expensive and
it is therefore important to identify those grass fields
where insecticide application is economically justified,
since this strategy is most likely to maximise returns
to the industry and minimise pesticide use (Blackshaw
1985). There are two operational requirements for this
strategy to be implemented. There needs to be a robust
and relevant economic threshold and an effective mon-
itoring method.

The loss per leatherjacket varies regionally
(Blackshaw and Newbold 1987) and herbage yield
response (crop loss avoided) increases with earlier con-
trol (Blackshaw 1984). The historical approach to eco-
nomic thresholds forT. paludosathat results in a single
break-even population value inadequately addresses
this issue. In any one region therefore, the threshold
model for leatherjacket damage to grass needs to take
into account both the population size and the time until
harvest when the yield response will be delivered and
also accommodate differing values of herbage depend-
ing on end-use. Conceptually this is possible and would
result in a series of parallel threshold population curves
over time – a dynamic threshold response plane. This
level of information is, however, only available for very
few parts of the distribution range ofT. paludosa.

A further modification to the historical threshold
approach is to consider the impact of control decisions
now on populations in future years. If the observation
by Kell (1988) that leatherjacket populations take 7–10
years to fully develop following cultivation is borne
out, then control in a single season can be expected to
give rise to yield benefits in future years. Using this
argument, it can be seen that all thresholds in the liter-
ature are too high. Furthermore, regular disruption of
theT. paludosapopulation build-up would limit the fre-
quency of in-field monitoring and make annual assess-
ments unnecessary.

No matter the threshold, monitoring for leatherjack-
ets in grassland remains an issue. Only the Stewart
and Kozicki (1987) method has been specifically devel-
oped for farmers but suffers from a high labour demand
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and larval counts are subject to large sampling errors
(Blackshaw 1987a). Furthermore, this approach is lim-
ited by the need for the larvae to be large enough to
be seen and identified. This normally does not happen
until late October, by which time some yield reduc-
ing damage will have already occurred and machinery
access to fields may be limited by wet soils.

There is a clear need for an in-field forecasting sys-
tem if leatherjackets are to be economically managed
in grass. The localised build-up ofT. paludosapopu-
lations in grassland suggests that monitoring of flying
adults may be indicative of population size. Unpub-
lished studies (R.P. Blackshaw) have failed to find a
consistent relationship between adult catches and sub-
sequent larval numbers and a more detailed knowledge
of relationships between soil types, weather and sur-
vival of eggs and first instar larvae will be necessary
to develop this approach. Substantial errors, however,
can occur in the counting and sexing of adult tipulids
even with training, making simple cranefly monitoring
systems problematic (Blackshaw 1987b).

Cultivations cause high mortality levels (Blackshaw
1988) and so it is only a minority of spring barley crops
following grass that are at risk of economically dam-
aging leatherjacket attacks. There is annual variability
in regional population levels which has been detected
by monitoring programmes (Cohen 1953, White 1963,
Blackshaw 1983a) but this knowledge is of little rel-
evance to individual crops because of localised popu-
lation variations. It can be argued, therefore, that the
leatherjacket forecasting systems developed by advi-
sory organisations in the UK have been ineffectual and
that regional population forecasting is irrelevant to the
needs of spring barley growers.

In contrast to the situation in grass, the Stewart
and Kozicki (1987) sampling method provides spring
barley growers with a technique applicable to a pre-
ceeding grass sward. Samples can be taken at any
time over the winter prior to cultivation with insecti-
cides being applied when suitable conditions exist. The
effects on leatherjacket populations of both cultivation
(Blackshaw 1988) and natural mortality (Blackshaw
1994) need to be considered in order to establish an eco-
nomic threshold. This links back to the need to develop
dynamic thresholds for use in grassland.

Leatherjacket damage to winter cereals is primarily
attributable toT. oleraceaand is associated with pre-
ceding crops of oilseed rape (Coll et al. 1993a,b). Nor-
mally the greater dispersal power of the adults, when
compared withT. paludosa, prevents localised popula-
tion developments. Adults arising from eggs laid into

rape in the autumn, however, become trapped under
the rape canopy and constrained to oviposit within the
crop to give rise to a second generation of larvae before
harvest which is present at the time of cultivation (Coll
and Blackshaw 1996).

Leatherjacket pest problems arising from either
T. oleraceaor T. paludosaderive from the biology
and behaviour of each species. They occur, however,
because of the coincidence of favourable crop rota-
tions. Changing these rotations could minimise dam-
aging attacks but farmers have adopted them for sound
economic reasons. Generally leatherjackets are not suf-
ficiently important as pests to alter rotational practice.

There appear to be four strategic approaches that
farmers can use to manage economically damaging
T. paludosapopulations:

1. react to outbreaks in individual crops (largely the
current position);

2. employ monitoring and intervention against
thresholds;

3. establish a regular cycle of intervention with an
insecticide treatment in permanent grassland every
3–5 years;

4. use rotations so that grass is resown every 3–5 years
and ensure that no spring barley crop follows more
than two years of grass.

For T. oleraceaattacking winter wheat the problem is
not yet sufficiently understood to be able to predict
those years and/or regions in which numbers will build
up under oilseed rape. If such predictions could be
made then a range of options opens up.

Environmentally, the use of monitoring and thresh-
olds is to be encouraged though the economic model
of control strategies presented by Blackshaw (1985)
showed that the margin for monitoring was small. In
other words, the cost of monitoring, especially with
a method like that of Stewart and Kozicki (1990),
will usually outweigh the direct financial benefits. This
argues for a new, low cost, method to be developed.

Non-chemical control options forT. paludosaare
presently limited to cultivation. The potential to time
rolling to disrupt adult emergence (Kell and Blackshaw
1988) may offer an alternative that will allow a pro-
phylactic approach without insecticides. Research is
needed to prove an impact on local larval numbers and
to establish optimum timing in relation to predicted
emergence dates.

Despite the many years of research into leatherjacket
problems there has been little development away from
a reactive insecticide approach to control. In part this
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has been due to the relative success of pesticides in
alleviating problems but it is also because the spatial
scale of research (e.g. into regional forecasting) dif-
fers from the localised nature of most damaging pop-
ulations. Greater awareness of the underlying biology
has suggested new approaches and associated lines of
research.
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