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Table 9. Topical LD50 doses (ug insect-1) of nine insecticides for young larvae of four butterfly
species
(OP=organophosphorus, Ca=carbamate, OC=organochlorine, Py=pyrethroid, CH=chitin
inhibitor)

Water-sensitive papers (Ciba Geigy 5.2
cm x 7.6 cm) were placed on both sides
of the target plants at Monks Wood to
register drift deposition. These papers
gave a quick visual guide to drift, and
image analysis provided relative
estimates of deposition at different
distances downwind.

The laboratory tests with the large white
butterfly showed a 700-fold range in
toxicity, from dimethoate (least toxic) to
diflubenzuron (most toxic) (Sinha, Lakhani
& Davis 1990). Three-day-old green-
veined white were found to be two to
three times less sensitive, and a field trial
with large white and green-veined white
together confirmed this finding. The other
two butterfly species were likewise less
sensitive weight for weight (Table 9).

In an initial series of field trials with four
compounds (Sinha  et  a). 1990),
dfflubenzuron was again the most toxic.
At a rather high wind speed of 4.25 m s-1,
it gave an LD50 distance of 6.7 m for
large white. In all other cases, the LD50
distance was <1 m (Table 10). Likewise,
the estimate for LDIO distance for
diflubenzuron was almost 16 m, while for
the other compounds it was <2 m.

A second series of field trials compared
drift effects from diflubenzuron at five
different wind speeds. The drift
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Table 10. Estimated downwind distances (dso and d10 from exponential models) at which 50%
and 10% of large white butterfly larvae are killed by spray drift from four insecticides under
similar experimental conditions. (Mortality assessed after one day for fenvalerate and after three
days in other cases)

deposition, as determined from the water
sensitivity papers, was clearly related to
wind speed (Figure 37). Thus,
approximately equal deposits were
recorded at 2 m, 4 m, 8 m and 16 m
distances for wind speeds of 2.5 m, 3.5 m,
4.0 m and 5.3 m s-1 respectively. At the
lowest wind speed of 2.0 m s-1, the LD50

distance for large white was about 1 m
and there was negligible kill beyond 4
m. At the highest wind speed of 5.3 m s-1,
the drift killed over 95% of larvae up to
16 m, and no LD50 distance could be
estimated. Intermediate wind speeds
gave intermediate results, with high kills
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Figure 37 Spray drift deposition on water-sensitive papers at different
wind speeds. Five trials with diflubenzuron. Means and ranges from paired
receptors

for the first few metres and then a
decline (Table 11, Figure 38).

This effect was also seen in the field
bioassay for cypermethrin plus demeton-
S-methyl. The estimated LD50 distance
here was about 5 m for a wind speed of
2.5 m s-/, while estimates for LD10
distance were between 14 m and 20 m,
depending on the model used. The two
field bioassays for triazophos gave



Table 11. Estimated downwind distances
(from logistic and exponential models) at
which 50% and 10% of large white larvae are
killed by spray drift from diflubenzuron at
different wind speeds under similar
experimental conditions

dso
Wind speed Logistic/ Logistic/

(m s-1) exponential exponential

4.0 5.5/5.4 5.5/15.7
5.3 >16 No estimate
2.0 1.1/1.0 2.613.2
3.5 7.617.7 26.9/25.3
2.5 8.0/9.3 17.3/28.0

estimates for LD50 distance of 2.4 m and
4.1 m at similar low wind speeds.

On the basis of contact toxicity and
maximum approved rate of application,
pirimiphos-methyl and triazophos would
appear to be the most hazardous to large
white larvae in the field, followed by
fenitrothion and then diflubenzuron.
However, the last three of these
compounds also act as stomach poisons,
while pirimiphos-methyl has strong
vapour action, so their overall relative
toxicity in the field may be different. Of
the four compounds tested
experimentally - phosalone, fenitrothion,
fenvalerate and diflubenzuron - only
diflubenzuron produced significant
mortality of larvae more than 2 m from
the sprayer.

The results for diflubenzuron, at wind
speeds of 2.0-4.0 m s, were comparable
with those for triazophos (at half the full
recommended application rate) and for
cypermethrin at wind speeds of 1.5-2.7 m
s. The highest logistic estimates of LIDio

100 -•-•—•

80

to.

20

•

\.

•

•

5.3

2.0

distance for these three sprays, in the
absence of hedges, etc, were 27 ni, 11 m
and 20 m respectively. Buffer zones
which are adequate for large white are
likely to be adequate for green-veined
white, common blue and hedge brown
larvae under similar conditions of
exposure.

The most extreme case of drift hazard
was recorded when the mean wind
speed was 5.3 m sl (at the upper limit of
force 3 on the Beaufort scale).
Diflubenzuron spray drift caused 97% kill
at 16 m under these conditions, which
should clearly be avoided.

The study shows that some of the most
widely used insecticides, such as
pirimicarb, phosalone and dimethoate,
pose very little risk to butterflies.
Diflubenzuron is extremely toxic but is
little used in Britain. The greatest field
hazards to butterflies may, therefore, be
from triazophos, cypermethrin,
fenitrothion and pirimiphos-methyl, which
are all used quite widely. Buffer zones of
the order of 20 m may be needed for
triazophos and cypermethrin under
conditions of moderate wind.

More field-scale tests are required on
these compounds. Further work is also
needed on the effects of hedges in
deflecting or trapping spray drift
deposits, and on the extent to which
spray drift may penetrate woodland
margins. Most important, however, is the
need to measure the effects of spray drift
from aerial spraying, as desk study
estimates suggest that buffer zones
should be considerably greater for some
insecticides to afford protection to
sensitive species.
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Figure 38. Mortality of large white butterfly larvae exposed to
diflubenzuron spray drift at three different wind speeds (see Table I I)
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Dr S N Sinha, from the Indian Agricultural
Institute, made a valuable contribution to
the work in 1988. He was supported by a
British Council fellowship.

B N K Davis, T J Yates and K H Lakhani
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Climate change  -  the mild
winter of 1988-89
(This work was funded by the Department of
the Environment)

The exceptionally mild winter of 1988-89
provided an opportunity to observe the
responses of the UK flora and fauna to
the type of warm conditions that could
occur in the 21st century as a result of an
enhanced greenhouse effect. This co-
ordinated project collected observations
on temperatures (University of East
Anglia), hydrology (Institute of
Hydrology), ecological impacts (ITE and
the Unit of Comparative Plant Ecology
(UCPE), University of Sheffield),
freshwater impacts (Institute of
Freshwater Ecology), and impacts on
agriculture and horticulture (University of
Nottingham). Over 100 people were
consulted.

The mean temperature in central
England in the period December 1988 to
March 1989 was 2.6°C above the 1961-80
average, and was the second mildest
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Figure 39 Difference between the mean temperatures in December 1988-February 1989 in the UK and the long-term mean (1961-80) for

December-February DC) The greatest temperature anomaly is shown over the Firth of Forth (dara by courtesy of P D Jones, Climatic Research

Unit. Umversity of East Anglia)

winter recorded since 1659. In
December-February there were 29 10000
fewer days below 5°C than the 1961-80
mean, including 23 consecutive days
above 5°C during the Christmas-New
Year period. The centre of the greatest 9000

anomaly (warmest compared with
1961-80) was over north-eastern England
and eastern Scotland (Figure 39). The 8000

winter was characterised by westerly air
flows (18 more westerly days than
normal) 7000

Mild winters in Britain tend to be
relatively wet. 1988-89 was especially
unusual in being dry. Over England and
Wales, the period from November to
January was the driest since 1879, and
followed a relatively dry autumn. By
contrast, the north-west of Scotland
recorded more ram than usual (Figure
40). with incessant driving rain causing
heavy red deer  (Cervus elaphus)
mortalities. By mid-February, there was
concern over the water resources in
England, but groundwater levels
increased following heavy rainfall in
March and April
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Observations of up to 17 native plant
species at the six 1TE Stations, and of
over 200 plants in East Lothian (by
Professor F T Last), showed that most
species that normally flower before April 0
flowered several days or weeks earlier 200 1200 2200 3200 4200 5200 6200

than normal in 1989 (Figure 41). Easting

Figure 40. Precipitation in December 1988-February 1989 as a percentage

However, some plant species flowered or of the 1961-80 average (data by courtesy of N W Arnell, Institute of

came into leaf at the same time as Hydrology)
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normal, presumably because their spring
phenology  is  controlled more by
daylength and winter chilling than by
spring temperatures. For example,
blackthorn  (Prunus spinosa)  flowering
and horse chestnut  (Aesculus
hiPpocastanum)  leafing were very early,
whereas honesty  (Lunaria annua)  and
most apple  (Malus  spp.) varieties

Mean for
1978-88

0 5 10 15 20 25 30 35 40.
Week

Figure 41. Number of species flowering during 1989 in a garden in East
Lothian compared with the mean number in 1978-88. The vertical bars denote
two standard deviations (data by courtesy of Professor F T Last)

flowered at the same time as in previous
years.

Observations on plant growth during
March in Derbyshire supported the
theoretical expectation of UCPE that
species with small amounts of DNA per
cell grew mUch earlier than normal, and
hence competed more vigorously with

,

vernal species which have large DNA
amounts

Conifer seedlings in forest nurseries did
not 'harden off' as expected About 2-3
million transplants died in cold storage,
and a similar number died after
outplanting.

Many invertebrate species were active
during the winter. Black and green
aphids built up large populations, and
aPhicides were quickly sold out to
farmers. There were also major
outbreaks of the green spruce aphid
(Elatobium abietinum)  on spruce  (Picea
spp.). Moths were unusually active in
March-April, and many hibernating
butterfly species were sighted during the
winter. Species such as the red admiral
(Vanessa atalanta) and painted lady
(Vanessa cardw)  successfully
overwintered in southern England Slug
populations were higher than for about
ten years, partly as a result of the wet
summer and autumn of 1988 and the
continued growth of vegetation and crops
during the mild winter..

The Royal Society for Nature
Conservation recorded common frogs
(Rana temporaria)  spawning several
weeks or months earlier than in previous
years (Figure 42). Reptiles were also
active during the winter, but some
suffered from fungal disease or from cold
weather in March-April 1989.

Bird movements and behaviour were
unusual. Oystercatchers  (Haematopus
ostralegus)  returned to their breeding
grounds early; and many bird species
exhibited full breeding behaviour in mid-
winter.

Freshwaters were about 2°C warmer than
average, and no ice cover was recorded
on most lakes. However, the mild winter
had no dramatic effect on freshwater
biology. Model simulations suggested that

ODecember

MJanuary

February

N  March

II  April

1984 1985 1989
Figure 42. Phenological records of first date of spawning of the common frog in 1984, 1985 and 1989 (data by courtesy of
the Royal Society for Nature Conservation)
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the warm temperatures in 1988-89 would
have had little effect on the seasonal
dynamics of  Daphnia,  or on the long-term
survival of brown trout  (Salmo trutta).

The mild winter had large effects on
agriculture, partly by affecting crop
growth and development, and partly by
affecting the spread and survival of
diseases, pests and weeds.

Pigeon  (Callumba  spp.) numbers were
high, but pigeon damage was generally
less than normal on crops like oilseed
rape because alternative food supplies
were plentiful. In contrast, rooks  (Corvus
frugilegus)  damaged many autumn-sown
crops as they foraged for leather-jackets
(Tipulidae) that were usually active.. Rat
(Rattus  spp.) and mouse  (Apodemus  spp.,
Micromys minutus)  populations were
higher than normal, and Rentokil
reported record sales; however, the mild
winter may have been only one of
several contributory factors. Many weeds
survived the winter, as did volunteer
cereals and potatoes which could carry
pathogen inoculum.

Winter wheat crops were 2-3 weeks
more advanced in the early part of the
season, but they flowered only 7-10 days
early and yields were near normal.
However, some cereal crops were
affected early and severely with mildew,
yellow rust and barley yellow dwarf
virus. Unusually large quantities of
fungicides (as well as aphicides and
molluscides - for slugs) were used.

Grass continued to grow throughout the
winter, and sheep, which cause less •
trampling damage, were kept out late
and turned out early. Some stock
keepers were deceived by the lushness
of the grass, and failure to feed
supplements led to pregnancy toxaemia,
milk fever, and hypomagnesaemia.

In general, early vegetables and flowers
were oversupplied and prices were low.
Disease and early regrowth caused
problems in stored onions.

Overall, the mild winter revealed many
aspects of the natural and managed
environment that respond to unseasonally
warm winter conditions, and those
aspects that fail to respond. It also
revealed a complex pattern of 'winners'
and 'losers': some organisms benefitted
from growth, development or activity in
the winter, others did not. The complex
set of observations posed many questions
that need to be addressed in a more
scientific manner and to be confirmed by
further observations. To that end, a
programme of research on the impacts of
climatic warming on the UK flora and
fauna has begun in ITE, and the
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Department of the Environment has
commissioned a further set of
observations on the impact of the hot
summer of 1989 and the mild, wet winter
of 1989-90.

M G R Cannell



Population ecology
Most of ITE's research on population
ecology is concerned with understanding
the factors that influence the abundance
and distribution of wild plants and
animals. Such an understanding  is
essential for the effective conservation of
wildlife, and is helpful in the design of
control programmes for pest species. It
also enables us to predict more
accurately the effects of land use
changes on particular species.

The six projects described below are all
concerned with species of importance to
man, either as pests or as conservation
priorities. Thus, the rabbit is a
widespread pest of farmland-whose
reproductive rate is legendary. The work
described forms part of a larger project
designed to understand the various
factors which influence rabbit breeding
rates. The work on squirrels is
concerned with factors affecting
numbers, and examines why the
introduced grey squirrel has so
successfully replaced the native red
squirrel in most of Britain. Another
popular mammal which has declined in
numbers is the otter. However, a good
population still remains in Shetland and in
other parts of Scotland, where the effects
of habitat, food supply and pollutants are
being studied to provide information of
use in conservation.

The article on butterflies examines the
impact of road construction on
populations. It shows that several species
can thrive on the flowers present on
verges, and that roads are less of a
barrier to dispersal than was once
feared. It also suggests ways in which
road verges could be adapted at the
construction stage to support a wider
range of butterfly species.

The last two papers discuss some effects
of land use changes on certain bird
species, showing how the lapwing has
declined under modern agriculture, while
the oystercatcher has increased. The
effects of modern forestry on the
capercaillie are also examined, as are
the effects of changed grazing pressure
on certain moorland species.

These projects form a small part of a

much wider programme aimed at
understanding the various pressures on
plant and animal life in present-day Britain.

The effect of a plant
compound on reproduction in
rabbits

Research begun in the 1960s in the USA
on the montane vole  (Microtus montanus)
first suggested that a plant compound
may affect mammalian reproduction. This
vole inhabits upland grasslands in
western North America. Breeding begins
each year within days of the first flush of
grass growth, yet the time that this flush
occurs can vary by more than one month
between years. Consequently, the voles
must use some cue other than, or in
addition to, the change in daylength to
time their breeding. It has been
suggested that some factor in the new
plant growth itself may trigger breeding,
and, eventually, a compound was isolated
which seemed to act in this way (Sanders
et al.  1981). Field studies using food
treated with the compound appeared to
confirm the hypothesis (Berger  et al.
1981), although the experimental design
was open to criticism.

The compound isolated was 6-methoxy-2-
benzoxazolanine (6-MBOA). This is an
indoleamine, and, as such, has a similar
structure to melatonin, which is a
hormone in vertebrates. Melatonin  is
important in the photoperiodic responses
of mammals, and is produced by the
pineal gland which lies just beneath the
top of the skull. Melatonin synthesis is
inhibited by daylight, so large amounts
are only produced during the night.
Consequently, there is a daily cycle of
melatonin concentrations in blood, with
high levels at night and low levels during
the day. In addition, there  is  a seasonal
cycle, with high levels for a longer
period of each day during winter, and for
a shorter period during summer. It has
been demonstrated in a number of
mammals that this annual cycle modulates
the timing of seasonal breeding.

Unlike most mammals, rabbits do not
have oestrus cycles, and consequently do

not ovulate spontaneously. The surge of
luteinizing hormone (LH), which induces
ovulation, only occurs in response to, and
immediately following, copulation. Thus,
the reproductive condition of female
rabbits cannot be determined simply by
measuring plasma levels of reproduCtion
hormones, as in other female mammals.
However, an assessment of reproductive
condition can be obtained by giving a
single injection of gonadotrophin-
releasing hormone (GnRH), which causes
a surge of LH in exactly the same way as
copulation. LH levels reach a peak 15
minutes after injection, and this surge
causes the ovaries to produce the steroid
hormone progesterone, which itself
reaches a peak about 60 minutes after
injection.

Most of the work on photoperiodic
control of seasonal breeding in mammals,
and the involvement of melatonin, has
involved species which show
spontaneous oestrus cycles. The
objectives of this study were (i) to
investigate the, seasonal cycle of
response to GnRH in a reflex ovulator,
the rabbit; (ii) to determine if melatonin
modulates this cycle; and (iii) to see if
the plant compound 6-MBOA affects the
cycle by mimicking the action of
melatonin. Compounds of similar
molecular structure to natural hormones
often act either in the same way as the
natural hormone (agonists) or by
inhibiting the natural hormone
(antagonists). Whether a compound acts
as an agonist or antagonist depends on
the exact molecular structure and its
effect on metabolism and binding to
natural receptors.

Experiment 1

Female European rabbits  (Oryctolagus
cuniculus)  were kept individually in large
cages, with free access to food and
water. The cages were kept outdoors,
protected from rain and wind, but
exposed to natural daylight. Each rabbit
was given a monthly injection of GnRH,
and blood samples were collected in the
hour following the injection.
Concentrations of LH and progesterone
were measured in the plasma from these
samples by radioimmunoasSay.
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