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Environmental pollution

This Research Programme aims to study
the input of pollutanis to terrestrial and
freshwater ecosystems, their transfer
through these systems and through food
chains, and their impact on plant and
animal populations.

A group at ITE Edinburgh has been
investigating the deposition of
atmospheric pollutants for more than 15
years. Early estimates of the amount of
acidic deposition falling on the different
parts of the UK were based mainly on
collection and analysis of rainfall in open
collectors. Working with others, the
Edinburgh group has shown that this
approach is unsatisfactory as it ignores,
or grossly underestimates, the
contribution of a number of important
deposition processes. The first article in
this section discusses one of the
processes that leads to enhanced
deposition of acidic pollutants in upland
areas. This kind of work has led to new
estimates of the amounts of acid
pollutants being deposited in the UK, and
has shown that in some areas the total
deposition is almost double the earlier
estimates.

The amount of acidic pollution deposited
at a given location is partly determined
by the nature of the vegetation canopy.
The composition of the incoming rainfall
1s then modified as it passes through the
vegetation canopy and the underlying
soils. The second article illustrates the
impact that vanations in tree species can
have an atmospheric deposition and on
the changes in chemistry which take
place as solutes are transferred through
the soil/plant system. The choice of
species can have a major impact on
inputs and solute transfers to waters.

Acidification of surface waters in parts of
the UK has led to a decline in
populations of salmonids and in the
diversity of invertebrate populations.
There has been little work, however, on
the impact of acid waters on amphibians.
The third article describes experiments
which examined the response of captive
populations of the common frog to
variations in acidity; it illustrates the
difficulties inherent in any attempt to
assess impacts of pollutants on populations.

The next report discusses another,
although very different, impact study
which examines the influence of
agricultural pesticides on non-target
insects in areas adjacent to sprayed
ground. Such information is important
because many of our insect species
survive in refuges such as hedgerows,
and because many protected sites, eg
Nature Reserves, where insects breed
are surrounded by agricultural land. The
results of such studies help to define the
size of the buffer zone required to
protect sites from the impacts of drifting
spray.

The final paper illustrates an area of
work which will become increasingly
important in ITE in the coming years —
the assessment of the impacts of climatic
change. In this example, the influence of
the mild winter of 1988-89 on plant,
insect and animal populations is
examined for indications of the changes
which might be expected if such mild
winters become a regular feature of
British weather.

The effect of hill cloud on
pollutant deposition

(This work was partly funded by the
Department of the Environment)

The deposition of acidity and sulphate in
rain is being monitored routinely
throughout the UK (Review Group on
Acid Rain 1990). The geographical
pattern in mean acidity, along with the
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concenirations of major anions, sulphate
(SO4%) and nitrate (NO®), with which it is
associated, shows largest values in the
east Midlands and East Anglia and the
smallest values in north-west Scotland. In
marked contrast, the wet deposited
acidity shows largest values in the high-
rainfall areas of north and west Britain.
The areas most sensitive to acidic inputs
include many of the high-rannfall, high-
altitude regions of Wales, Cumbria and
western Scotland (Acid Waters Review
Group 1986). However, the rainfall
chemistry monitoring networks from
which the acidic inputs are estimated are
confined to low ground (<400 m). In
order to estimate wet deposition on hills,
rainfall composition has been assumed to
remain constant with altitude.

A collaborative project between ITE and
the University of Manchester Institute of
Science and Technology (UMIST) is
testing this assumption, in field studies of
the rain chemistry and hill cloud
composition with altitude in Cumbria and
southern Scotland. The measurements
show that, in the presence of hill cloud
enveloping the high ground, rainfall from
higher levels intercepts the hill (cap)
cloud droplets and increases the amount
of rain at the higher elevations by the
well-known seeder-feeder process
(Figure 29). This process is the principal
cause of the orographic enhancement in
rainfall over the uplands in western
Britain. Although the seeder-feeder
mechanism is widely recognised, the
tonic composition of the hill cloud and its
effect on wet deposition is new. In

Frontal cloud
(seeder)

Wind direction - " 4
=

Valley ~200 m

Figure 29. Diagrammatic representation of the seeder-feeder process for
enhancing concentrations of ions in rain on hills
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addition to marine-derived sodium 1on
(NA™), chloride (C1) and sulphate (SO2),
the atmospheric aerosols contain S0,
NOj; and hydrogen ion (H"), resulting
from anthropogenic emissions of sulphur
dioxide (SO,) and oxides of nitrogen
(NO,). These aerosols are present in the
size range 0.1-1.0 pum radius; they are
too small to deposit from the atmosphere
by gravitational sedimentation, and are
not washed efficiently from the
atmosphere by falling rain. They do,
however, form efficient nuclei for the
formation of cloud droplets, and are
readily activated into cloud droplets as

moist air is lifted over the hills. The cloud
droplets are typically 3-15 pm radius
and, unlike the aerosols on which they
were nucleated, they are efficiently
washed out by falling rain. At the sites of
measurements in Cumbria (Great Dun
Fell and Corney Fell), the concentrations
of major ions in hill cloud are large
relative to those in rain, as shown in
Figure 29.

The larger concentrations in cap cloud
than rain upwind of the hill lead to an
increased concentration of major ions in
rain with altitude (Fowler et al. 1988). The

magnitude of this increase varies with
meteorological conditions but is typically
a factor of two between the valley (<200
m) and the summit (847 m) sites. The hills
in Cumbria at 850 m above sea level are
in cloud on some part of 220 days in each
year, and the annual duration of cloud at
such sites is in the order of 2000 h; these
sites are generally in cloud during frontal
rain. The enhancement of wet deposition
Is, therefore, a common feature of this
area. The mechanism of seeder-feeder
enhancement of wet deposition over
Great Dun Fell has been simulated using
a mathematical model (Choularton et al
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Figure 30. Annual inputs of atmospheric sulphur in rain and snow
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Figure 31.

Annual inputs of atmospheric sulphur by cloud water

to the UK (excluding marine sources). The map includes the effects
of seeder-feeder 'scavenging’ of hill cloud, 1986-88
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1988) which reproduces quantitatively the
observed changes in wet deposition with
altitude. Both the experiments and the
model have been successfully extended
to a series of hills across Cumbria, from
the coast at Corney Fell to the Pennines
at Creat Dun Fell.

The satisfactory simulation of the
observed wet deposition from these
studies has been used to extrapolate to
the upland areas of the rest of the
country (Fowler et al 1990). For this
extrapolation the average concentration
of individual ions in the 'scavenged'

Plate 11
the Scottish borders, using micrometeorological techniques

feeder cloud water was assumed to be a
factor of two larger than that in the
seeder rainfall (at Creat Dun Fell the
average concentration of feeder cloud
was four times that of the seeder rain).
The enhanced rainfall at upland sites
over coastal rainfall rates was assumed to
result entirely from seeder-feeder
scavenging. Using these simplifying
assumptions, revised wet deposition
estimates Incorporating seeder-feeder
effects have been calculated for the
entire country, and Figure 30 shows the
results for non-marine sulphate. At
mountain-top sites in Snowdonia,

Equipment to measure rates of cloud droplet deposition on a high-elevation forest in

Cumbria, and the west central Highlands
of Scotland, the wet deposition of
sulphate, nitrate, ammonium and acidity
Is increased by up to 70% over the
earlier estimates. On the lower ground
(<800 m), the effects are very small and
do not significantly alter the map.

These new estimates of wet deposition
are particularly important for studies of
stream- and groundwater chemistry in
catchments. The improved understanding
of inputs is being used to construct
catchment budgets for sites being
monitored intensively in Wales. However,
further work is necessary to show
whether the extrapolation to remote
areas of north and west Scotland is
correct.

The hill cloud droplets are deposited
efficiently on vegetation, and studies of
droplet deposition in collaboration with
the Department of Applied Physics at
UMIST have shown the drop size
dependence of the deposition rate. The
measurements use micrometeorological
techniques above the plant canopy to
estimate rates of droplet deposition. The
equipment shown in Plate 11 includes
profile anemometers, three-dimensional
sonic anemometers, cloud droplet sizing
Instruments (Knollenberg FSSP), and a
rapid-response cloud liquid water content
instrument (PVM). These studies have
enabled a model to be developed of the
deposition of cloud water on hills in the
UK (Gallagher et al. 1988; Fowler et al
1990). The model uses the aerodynamic
roughness of vegetation, deduced from
vegetation height with wind speed and
cloud statistics, to estimate annual inputs
to each 20 km grid square for the
country. The results for cloud deposition
of sulphur are shown in Figure 31.

These studies of wet deposition and
cloud water deposition form a component
of the Department of the Environment's
pollutant deposition and effects research
programme, and have been incorporated
In the recent review of acid deposition in
the United Kingdom (RGAR 1990).

D Fowler
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Variations in solution
chemistry under four tree
species at Gisburn

It is well established that the acidity and
chemistry of rainwater change as it
passes through a forest canopy, and that
the proportion of such water flowing
down the main branches and bole
(stemflow) may be modified to a different
extent from the water falling only through
the canopy (throughfall). These
modifications to water chemistry are not,
however, the only ones occurring as the
water passes further through the
ecosystem, prior to leaving the site as
drainage water: the forest floor and
different horizons of the soil also exert
their influence. Few studies compare the
relative importance of these various
modifications to solution chemistry for
different species at the same site. Data
for acidity and sclute chemistry are
presented here for stands of four tree
species - Scots pine (Pinus sylvestris),
Norway spruce (Picea abies), alder
(Alnus glutinosa) and oak (Quercus
petraea) — established at Gisburn in 1955.

The comparisons between throughfall
and stemflow were made in the two-year
period, November 1983 to October 1985.
The more complete water chemistry
profiles for bulk precipitation, throughfall
(only), forest floor leachate and soil
leachates from the base of the Ah horizon
and from within the B/C horizon were
determined in 1987 as part of a CASE
studentship by M lles, jointly supervised
by ITE and Professor H G Miller
(University of Aberdeen).

Stemflow and throughfall
comparisons

The contributions of stemflow, per unit
area of stand, to the total input of
throughfall and stemflow are shown for
each tree species and year in Table 6, in
terms of both water volume and
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Table 6. Contribution of stemflow as a percentage of total annual input (stemflow + throughfall)

fo the forest floor, Gisburn

Water volumes Acidity
Scots Norway Scots Norway
pine spruce Oak Alder pine spruce Oak Alder
Nov 1883-Oct 1984 10.5 15.0 11.4 11.5 147 22.4 244 25.9
Nov 1984-Oct 1985 9.8 16.3 12.1 10.6 139 18.9 23.8 26.0

deposited acidity. Relatively more water
1s contributed by stemflow in spruce
(15-16%) than in the other stands
(10-12%), although this difference is not
reflected in the acidity. The proportion of
the total annual acidity reaching the
forest floor as stemflow is higher for both
deciduous broadleaves (¢ 25%) than in
the two conifers - not through absolute
increases in stemflow acidity, but
because of reductions in throughfall
acidity during the summer in-leaf period.
The stemflow percentage for Scots pine
(c 14%) is the smallest In acidity terms,
with Norway spruce intermediate at ¢
20%. For all four stands, between-year
variation was slight, suggesting that
stemflow percentage (volume and
acidity) is a function of stand
characteristics rather than weather. This
finding contrasts with interception
percentages, which are very dependent
on the pattern and intensity of rainfall

As an example of the importance of
stemflow in the transfer of other ions from
the canopy to the forest floor, the data for
alder are shown in Table 7. Such transfer
depends not only on the relative
quantities of water involved, but on ionic
concentrations. Because stemflow
contains higher concentrations than
throughfall of sodium (Na), chloride (Cl),
sulphate (SO,%) and calcium (Ca), in
addition to acidity, the importance of the
stemflow pathway for these ions is
greater than that indicated by the
proportion of stemflow water alone.
Conversely, stemflow represents a
smaller than expected route for both
forms of nitrogen (N), phosphate-
phosphorus (PO,4-P) (averaged for the
two years) and potassium (K).

However, whereas the above .
percentages apply to the unit area of a
stand, stemflow is concentrated round the
bases of the trees. Therefore, the
localised effects of stemflow must be
considerable, especially in respect of
acidity inputs.

Water chemistry profiles

The acidity of water measured at any
stage in its passage through the profile,
from incident rain to soil runoff, will be
the net outcome of acidifying and
neutralising processes. The former
include acid pollutants captured by the
canopy (mainly SO,% and nitrate (NOg)),
the creation of organic acids associated
with organic matter turnover and the
release of NOs (especially following N
fixation in the case of alder), and the
imbalance in ion uptake by roots. In
practice, inputs of gaseous ammonia
(NH3) - converted to the ammonium
(NH,) ion and, therefore, having some
theoretical neutralising potential — also
have an acidifying effect. Its nitrification
to NO; by bacteria in the forest floor or
soil, and its role in enhancing the canopy
absorption of sulphur dioxide (SOy)
through co-deposition can both lead to
increases 1n acidification. The various
acidifying influences are mainly
counteracted by exchange and
adsorption processes. The different
species of tree at Gisburn appear to vary
considerably in these respects, and an
attempt is made here to interpret the
varlations in acidity (with both species
and profile position) by reference to the
changes in the other measured ions.

Figure 32 summarises the acidity (shown
as H ion concentration) in the water of
the various sampled strata (Figure 33)
under the four tree species. In the
throughfall, there is a clear distinction
between conifers, in which acidity is
identical and appreciably greater than in
the incident rain, and broadleaves, which
also have almost identical acidities to
each other, although appreciably less
than the conifers and marginally less than
in the rain. In the forest floor waters, the
cohifer/broadleaf split disappears: acidity
under pine and alder rises sharply, that
under oak much less so, and spruce
scarcely at all. Relative differences
between species alter yet again as some
neutralisation occurs in the upper mineral

Table 7. Contribution of stemflow as a percentage of total annual flux (stemflow + throughfa]])
to the forest floor for other ions. Alder stands, Gisburn

Na K Ca Mg PO, NO, NH, Cl SO%
Nov 1983-Oct 1984 11.7 8.8 12.7 12.4 59 47 47 115 18.7
Nov 1984-Oct 1985 118 1.9 14.6 10.0 11.3 4.1 45 12.4 18.2
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Figure 32. Profile showing strata in which waters
were sampled for chemical analysis

soll, acidity under alder falling especially
steeply. Only in the deeper, clayey B/C
horizon is the buffering marked enough
to cause convergence of all four species
to a level of acidity less than that of the
incoming rainwater. How are these
differences reflected in the other ions,
presented as concentrations in Table 8?

The potentially acidifying Cl ion is more-
or-less fully balanced by its associated
Na ion, and hence both of these ions can
be ignored in the present discussion.
Similarly, in the rain, throughfall, and
(except for alder) the forest floor water,
NO; is balanced by NH,, PO, levels
range from insignificant to small, and
hence SO, represents the main
acidifying anion, except in the mineral
soll strata where NO3; may appreciably
exceed NH, Despite the greater
concentration of SO4% in spruce
throughfall compared with that of pine
(the denser spruce canopy possibly
trapping more pollutant sulphate-sulphur
(SO,%-8) through dry and occult
deposition and/or having a more leaky
canopy for SO), the resulting net
acidity is identical in the two conifers.
This result can be attributed to the
greater leaching from spruce canopies,
relative to those of pine, of all three
bases, Ca, Mg, and especially K, in
exchange for some of the SO,*-
generated acidity. The forest floor is the
main seat of organic acid production for
all species, reflected in the steep rises in

concentrations of total organic carbon in
waters from this horizon, followed by
sharp falls in soil waters. Spruce again
apparently counteracts this potential
acidification in the forest floor much
better than pine, by additional Ca
release (in this stratum, Mg and K

releases are similar): the two conifers
thereby diverge markedly in acidity
terms within this siratum.

The large rise in acidity associaied with
the forest floor waters of alder, which
become almost as acid as those of pine,
mainly relates to the fixation of N and its
subsequent nitrification to NOs. Despite
the partial neutralisation of this NO;-
based acidity by a large concomitant
increase in the release of all three bases,
the net acidity remains high. Waters
under oak are the least acid of the four
species throughout the profile. As a
deciduous broadieaf, pollutant SO,% (and
NOs5) inputs are low under oak, and the
concentration of NOs in both the forest
floor and soil waters remains as low as
that in rain, reflecting low organic matter
turnover and associated N mineralisation
In this species.

Although the high levels of acidity in the
forest floor are subsequently reduced in
the Ah mineral soil horizon, in all four
species, this reduction is not generally
associated with any overall change in the
total concentration of base cations.
Although Ca levels do rise slightly, this
increase is counterbalanced by the
sharply reduced release of K in this
stratum. Rather, in this upper soil horizon,
aluminium (Al) mobilisation plays the
major neutralising role, the different
levels of which - in this horizon only -
reflect those for acidity in the four
species. In contrast, in the B/C mineral
soil horizon, Al concentrations decline
again, and buffering is provided by
considerable increases in Ca release,
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Figure 33 Annual means of acidity (H ion concentration peq
I'), based on fortnightly sampling, December 1986-December

1987, at Gisburn
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Table 8 Mean annual concentrations (ueq I'') of major fons in water profiles under four tree species at Gisburn, 1987
TF = throughtfall, FF = forest floor leachate; A = Ah horizon (upper mineral soil) leachate; BC = B/C horizon (lower mineral soil)

leachate
Species Level SO,4-S NOs-N  PO,4-P Cl Na Ca Mg K Al NH,-N H pH
Rain 71 24 2.2 92 94 26 16 8 <1 21 37 443
Oak TF 113 25 13.2 128 113 55 34 34 <1 43 23 4863
FF 138 22 6.7 131 130 113 66 34 20 39 60 4.22
A 202 21 1.0 175 184 132 49 10 58 1 37 443
BC 238 8 0.9 209 229 296 51 6 18 0 5 529
Alder TF 114 20 2.1 144 129 69 38 32 <1 25 30 482
FF 170 247 6.1 190 162 186 87 66 40 44 136 387
A 197 265 1.0 189 180 240 71 20 118 <1 63 4.20
BC 207 174 08 159 193 344 65 7 24 0 9 504
Spruce TF 328 76 8.5 274 240 130 79 95 7 99 72 414
FF 299 58 7.1 241 217 194 74 74 40 61 82 4.09
A 356 19 0.8 316 304 183 72 18 105 1 70 4.16
BC 474 24 0.6 389 344 506 81 8 34 0 7 515
Pine TF 242 70 7.1 265 231 88 60 57 14 99 71 414
FF 278 127 14.2 262 258 108 81 72 38 136 1580 3.82
A 373 99 1.1 327 342 160 79 33 167 3 107 397
BC 444 77 0.5 439 409 - 452 95 13 80 0 20 4710

Note: Pine data based on only six replicates per 26 occasions; other species 18 replicates

Aluminium is assumed to be Al+++

which is especially high in the two
conifer soils where it is supplemented by
some increase in magnesium (Mg). K
levels are low in all B/C waters.

The soil water data provide an
indication of the chemistry of drainage
waters from the different stands. In
general, high levels of acidity, Al and
NO; are to be avoided from the point of
view of aquatic biota and water
potability; losses of base cations also
represent reductions in the site’s fertility
status. (The soil waters contain zero or
negligible levels of PO, and ammonium-
nitrogen (NH,4-N).)

As a result of the acidifying influences
within these four ecosystems, and the
release of other ions in response to them,
the chemistry of the drainage watets 1s
likely to vary appreciably according to
tree species. In addition, however,
because the chemistry of the soll waters
usually differs markedly between the Ah
and the B/C horizons, the depth at which
the drainage originates will also be
important in terms of potential losses of
solutes. At present, this depth is not
known for Gisburn, but is likely to vary
with season, water probably flowing
mainly from the less-buffered upper soil
very wet conditions) in winter when
these gley soils are normally saturated
lower down. Waters under pine are the
most acidic and most Al mobilisation
occurs at either soil depth, together with
high levels of total base cations
(comparable with those from spruce);
NO; mobilisation is second only to that
under alder. Conversely, levels of acidity
and most other lons are lowest in the soil
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waters under oak.

The likely predominance of drainage
from the B/C horizon in summer would
permit the greater buffering of the acidity
in this deeper clayey soil in all four
species, but at the cost of increased Ca
losses. In contrast, relatively large
species differences remain in the B/C
waters for NO;, Mg, and Ca. These
differences can be summarised as follows.

Acidity of Ah horizon waters:
pine > spruce = oak

Al concentration in Ah horizon waters:
pine > alder = oak

NOQj concentration in Ah and B/C horizon
waters:
alder > pine = oak

Base cation concentrations in B/C horizon
waters:
spruce = pine > alder > oak

Can these tree species differences for
Gisburn be extrapolated to other sites?
Such extrapolation would need great
care because the relative degree of
'scavenging’ of acidic atmospheric
pollutants by the different species of tree
- notably the apparently large difference
between evergreen conifers and
deciduous broadleaves — may vary with
pollution levels. The relative responses of
the trees to these potentially acidifying
pollutant anions by cation exchange
could also vary with tree age. Further,
the endogeneous acidifying factors
related to organic matter turnover

(production of NO; and organic acids)
will almost certainly vary with site, as
may the acidifying imbalance between
cation and anion uptake. Nevertheless,
for polluted sites, evergreen conifers are
likely to have more adverse effects than
deciduous broadleaves on the acidity of
soil waters and the other associated
solute levels noted here. Similarly,
through its N fixing properties, alder is
likely to lead to more of the undesirable
consequences than other native
broadleaves. Its use as a buffer between
conifer stands and watercourses could
well, therefore, be counter-productive.

A H F Brown

Effects of acid waters on the
survival of frogs
(This work was funded by the Central

Electricity Generating Board and the Nature
Conservancy Council)

In certain upland regions in Britain,
surface waters are either naturally acid
or susceptible to acidification: many such
waters have become more acid as a
result of the deposition of airborne
pollutants, and changes in soil water and
drainage assoclated with afforestation.
Numerous laboratory studies have
demonstrated sublethal and lethal effects
of acid conditions on embryonic and
larval amphibians, and evidence of acid-
related stress and mortality has been
found in the field. However, a lasting
impact of acid conditions on amphibian
populations has only been inferred.



ITE has a long-standing commitment to
carry out ecotoxicology siudies where the
primary objective is io benefit wildlife.
As part of a study of the impact of
acidification on the common frog (Rana
temporaria), an experiment was camed
out at ITE Monks Wood in 1989 which
was designed to evaluate the single and
combined effects of some conditions
associated with acid waters on the quality
and quantity of froglets arising from
populations of tadpoles.

Earlier laboratory experiments had
shown that low pH and elevated levels of
dissolved aluminium could reduce rates
of growth and development of individual
tadpoles (Cummins 1989). The laboratory
results supported the hypothesis that
lowered tadpole density, resulting from
acid-related embryo mortality, could lead
to faster growth and development among
surviving tadpoles, in spite of the direct
suppressive effects of low pH. The latest
experiment was performed out-of-doors,
with larger populations of tadpoles, and
included a greater number of variables
than previous experiments.

Common frog tadpoles were raised to
metamorphosis in 54 pools, each of 200
litres, arranged in three blocks of 18, in
which initial tadpole density and water
chemistry were manipulated. Water in
the pools was made up to simulate
acidified and unacidified natural soft
waters. In each block, one-third of the
pools were initially circumneutral (pH 7),
and two-thirds were acid (pH 4.1 or pH
4.3); aluminium (800 g Al I'') was added
to six of the 12 acid pools. Two further
treatments - initial calcium concentration
(1 or 4 mg Ca I'Y) and initial tadpole
density (90, 180 or 360 tadpoles pool!) -
were applied factorially to the six pools
with each combination of pH and
aluminium. The experiment thus
comprised 18 treatment combinations in
an incomplete factorial design, which was
replicated in three randomised blocks
(A, Band C).

Early in the experiment, tadpole survival
(Figure 34) was reduced by low pH
P<0.0001), and reduced further by the
addition of aluminium (P<0.006). In non-
acid pools, early survival did not differ
significantly between calcium treatments,
but in the acid pools early survival was
lower at the lower level of calcium
(P=0.08) - the effect of calcium on
survival was greatest in the block where
acid pools began at pH 4.1 (A) rather
than pH 4.3 (B and C). Calciumn has been
shown to ameliorate sodium loss by acid-
stressed tadpoles (Freda & Dunson 1984).

The proportion of tadpoles surviving the
early part of the experiment, prior to the

00+
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Figure 34 Tadpole survival during the penod prior to the
earliest metamorphosis. Each bar shows the mean for three pools.
Values below bars show initial numbers of tadpoles per pool
Early survival was lower In acid water than in neutral water, and
lower still in acid water with aluminium added. In acid water,
survival was lower at the lower of the two calcium concentrations
replicated in three randomised blocks (A, B and C).

earliest metamorphosis, decreased with
increasing density. This effect of density
was weakest in acid pools with additional
aluminium, where early mortality was
high. Thus, density-dependent mortality
appeared to be ameliorated by mortality-
caused by acid conditions. Mortality was
strongly density-dependent later in the
experiment; there was a significant
negative correlation between the number
of pre-metamorphic survivors in a pool
and the proportion of those tadpoles that

achieved metamorphosis (Figure 35).

Acid pools in block A were more acid
than those in blocks B and C. In blocks B
and C, early mortality in acid pools was
offset by a reduced density-dependent
mortality, to the extent that there was no
significant net effect of acid conditions on
the proportion of introduced tadpoles
metamorphosing. In block A, early
mortality in acid pools was greater than
the resultant reduction in density-
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Figure 35. The relationship between number of tadpoles
surviving in a pool prior to the earliest metamorphosis (n;) and
the proportion of those tadpoles reaching metamorphosis

(p = n/m). In the Figure, 0 = arcsin p. Different symbols
distinguish initial tadpole densities: 90 tadpoles pool"; 180
tadpoles pool™’; 360 tadpoles pool’. The greater the number of
tadpoles In a pool at the time when metamorphosis began, the
smaller the proportion of those tadpoles that survived to become

froglets
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dependent mortality later on, and survival
to metamorphosis was significantly lower
in acid pools than in non-acid pools.

In acid and non-acid pools, the mean size
of froglets decreased as initial tadpole
density increased. Mean size at
metamorphosis was greater in acid pools
than in non-acid ones; furthermore,
among acid pools, mean size at
metamorphosis was greater when
aluminium was added, and also at the
lower of the two levels of calcium. These
effects of pH, aluminium and calcium can
all be attributed to reduced tadpole
density, resulting from mortality caused
by the acid conditions. In acid pools,
most of the mortality that occurred took
place early in the experiment, and the
consequent reduction of density allowed
surviving tadpoles to grow more rapidly
than tadpoles in equivalent, non-acid
pools. In the non-acid pools, survival was
high initially, leading to poorer growth
and greater mortality in the later stages
of development. Consequently, even
though survival to metamorphosis in acid
and non-acid pools was similar under
some treatments, the greater mean size
of tadpoles in acid pools meant that
froglet biomass was greater there than in
non-acid pools (Figure 36).

Overall, increasing initial tadpole density
led to an increase in the biomass of
froglets produced. However, there was a
significant interaction between density
and low pH. In acid pools, biomass

increased as density was increased,
whereas, in non-acid pools, the
intermediate initial density produced the
highest biomass of froglets (Figure 36).
Thus, within the range of conditions in
this experiment, froglet biomass was
limited by density effects at
circumneutral pH, and by effects of acid
conditions at low pH.

High tadpole densities in non-acid pools
also led to delayed metamorphosis.
Analyses of the numbers of froglet that
had left pools by the time an unscreened,
control pool dried up indicated a greater
impact of desiccation on non-acid pools
than on acid ones.

These results demonstrate that simple
comparisons of the outputs of froglets
from pools in more or less acid areas
may fail to detect acid stress on frog
reproduction. A range of acid conditions
may exist in which acid-related mortality,
in the embryonic or early larval stages, is
offset by a consequent relaxation of
crowding effects. Although the relative
importance of these factors is likely to
vary, according to resource availability
and predation pressure, for example, the
absolute effect of acid conditions on early
survival ultimately limits the scope for
successful reproduction. Acidification
within the range of conditions in which
compensation can occur may have a
much smaller impact on recruitment to
frog populations than would be predicted
from simple laboratory studies - it may
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Figure 36. Total live mass (biomass) of newly metamorphosed
froglets. Each bar shows the mean for three pools. Values below
bars show initial numbers of tadpoles pool . Biomass was limited
by crowding effects in non-acid pools, whereas initial tadpole
density limited biomass in acid conditions. Overall, in spite of the
early mortality caused by acid conditions, acid pools were
capable of producing a froglet biomass at least as great as that

from non-acid pools
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even prove beneficial in some respects,
but further acidification could produce a
sudden and rapid decline in recruitment
as early, acid-related mortality became
critical.

C P Cummins
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'Spray drift impacts on non-

target organisms
(This work was partly funded by the Nature

Conservancy Council and the Department of
the Environment)

Agricultural sprays are designed to kill
pests, weeds and diseases within the
crops where they occur. Some
compounds are effective against a wide
range of species, and are therefore likely
to affect non-target plants or
invertebrates, including those of
conservation value which occur in field
margins and adjoining habitats. The
hazard to such species depends on their
intrinsic susceptibility to a compound,
and to the extent of spray drift downwind
of a sprayed area. The possible effects of
spray drift were reviewed by Williams et
al (1987), but data are needed in order
to assess buffer zones for protecting
sensitive species. Research has,
therefore, been done on this topic with
respect to higher plants, ferns, lichens,
terrestrial and freshwater invertebrates,
and initial work on hative plants is
described by Marrs et al (1989). This
report summarises the work done on
insecticides and terrestrial insects.

There are three main aspects:
1. choosing species whose phenology

and behaviour may render them
vulnerable to insecticides;

2. measuring the relative toxicity of

different compounds to these selected
species;

3. measuring drift deposition and
mortality profiles downwind of sprayed
areas in relation to site factors and
operating conditions.

Butterfly larvae were chosen as the test
organisms because of their conservation



Interest, and because there is good
Information available on their occurrence
In fleld margins (Dover 1986) and on their
general ecology (eg Thomas 1986;
Pollard, Hall & Bibby 1986). For
experimental purposes, the large white
butterfly (Pieris brassicae) (Plate 12) was
found to be particularly suitable as it can
be bred continuously and its larvae are
produced in large numbers. Three other,
non-pest, species were used for
comparison, namely green-veined white
(Pieris napi), common blue (Polyommatus
1carus) and hedge brown (Pyronia
tithonus), all of which occur in field
margins or adjacent habitats.

Laboratory experiments were carried out
initially on two-day-old large white larvae
(Plate 12 inset) with nine insecticides to
determine LDs from topical applications.
Fewer Insecticides were similarly tested
on the other three species but, because
of their smaller size at hatching, the tests
were made when the larvae had reached
a comparable size.

B S5 S

Plate 13 Spraying carrots with triazophos

insects were taken back to the
laboratory, and mortality was assessed
over three to four days. Experimental and
logistic models were fitted to the data to
estimate 'LDsy distances' and ‘LD,
distances), ie the distances at which 50%
and 10% mortality would occur under the
prevailing conditions. LD,y distances are
more appropriate for determining buffer
zones but can be estimated less
accurately than LDg, distances.

Plate 12,  Large white butterfly, with (inset)
larvae killed by spray drift

Field bioassays were then done under
experimental conditions at ITE Monks
Wood. Commercial insecticide
formulations were sprayed on an open
area of short grass, using standard
hydraulic equipment and maximum
recommended application rates (boom
length 6 m, height above ground 80 cm,
pressure 2 bar, speed 6 km h'!,
discharging spray at 200 litres

ha !). Four passes were made covering
an area of 70 m X 24 m to simulate the
cumulative effect of drift from the outer
zone of a sprayed field. Wind speed and i e ht
direction were monitored on a portable ; i O
anemometer. Target insects on cabbage 3 E
(Brassica spp.) plants or on horse-radish . i

(Armoracia rusticana) leaves were placed L& 2 B
Plate 14 Experimental array of horse-radish leaves and caterpillars, with anemometer and
collectors for measuring spray drift deposits 0-32 m downwind of a sprayed area

at intervals between 0 m and 32 m
downwind (Plate 13). After spraying, the

This approach was also used to assess
the effects of drift from actual crop
spraying. Two bioassays were done for
triazophos applied to carrots for carrot fly
control (525 g ai ha™') at the Arthur
Rickwood Experimental Husbandry Farm
at Mepal, Cambridgeshire (Plate 14). One
bioassay was done for cypermethrin (25
g ai ha!) plus demeton-S-methyl (325 g ai
ha!) applied to brussels sprouts at Upper
Caldecote, Bedfordshire.
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Table 8. Topical LDy, doses (ng insect™) of nine insecticides for young larvae of four butterfly

species

(OP=organophosphorus, Ca=carbamate, OC=organochlorine, Py=pyrethroid, CH=chitin

inhibitor)

Insecticide Group Large white

G-v white

Common blue

Hedge brown

Dimethoate OP 0.439

Pirimicarb Ca 0.386

Phosalone OP 0.0270
Endosulfan ocC 0.0155
Fenitrothion OP 0.0029
Pirimiphos-methyl OP 0.0025
Fenvalerate Py 0.0013
Triazophos OP 0.0011
Diflubenzuron Cl 0.0006

0.834
0.0686

0.0077

0.0013

0.0240

0.0273

0.0051

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 al. 1990),
diflubenzuron was again the most toxic.
At a rather high wind speed of 4.25 m 57},
it gave an LDsg distance of 6.7 m for
large white. In all other cases, the LDsp
distance was <1 m (Table 10). Likewise,
the estimate for LD10 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

Table 10, Estimated downwind distances (dg, and d,, from exponential models) at which 50%
and 10% of large white butterfly larvae are killed by spray drift from four insecticides under

0.1+

Log cover (%)

deposition, as determined from the water
sensitivity papers, was clearly related to
wind speed (Figure 37). Thus,
approximately equal deposits were
recorded at 2m, 4 m, 8 mand 16 m
distances for wind speeds of 2.5 m, 3.5 m,
4.0 m and 5.3 m s respectively. At the
lowest wind speed of 2.0 m s, the LDsg
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,
the drift killed over 95% of larvae up to
16 m, and no LDs, distance could be
estimated. Intermediate wind speeds
gave intermediate results, with high kills

Wind speed (ms™)

T T T 1 1
4 6 8 12 16
Downwind distance (m)

N L)

T
1

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).

similar experimental conditions. (Mortality assessed after one day for fenvalerate and after three

days in other cases)

Estimated distances (m)

Insecticide Application rate Wind speed dso dio S-methyl. The estimated LDS50 distance
here was about 5 m for a wind speed of
Phosalone 700 4.0 028 066 . 2.5 m s}, while estimates for LDyq
]}_:e“”"”h‘on 1050 30 082 L.o4 distance were between 14 m and 20 m,
gnvalerate 30 30 057 1.32 de di h d d. Th
Diflubenzuron 100 425 6.70 1584 pending on the model used. The two

field bioassays for triazophos gave
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This effect was also seen in the field
bioassay for cypermethrin plus demeton-



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

dso dio
Wind speed Logistic/ Logistic/
(msh exponental exponential
40 5.6/5.4 6.5/15.7
53 >16 No estimate
2.0 LV/1.0 2.6/3.2
35 1.6/1.17 26.9/25.3
2.5 8.0/8.3 17.3/28.0

estimates for LDs, 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 LD

distance for these three sprays, in the
absence of hedges, eic, were 27 m, 1l m
and 20 m respecitively. 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 s! (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 11)

Dr S N Sinha, from the Indian Agricultural
Institute, made a valuable coniribution io
the work in 1988. He was supported by a
British Council fellowship.

B N K Davis, T ] 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 mn December 1988-February 1989 in the UK, and the long-term mean (1961-80) for
December—February (°C). The greatest temperature anomaly Is shown over the Firth of Forth (data by courtesy of P D Jones, Chimatic Research
Unit, University of East Anglia)

winter recorded since 1659. In
December-February there were 29
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+

100004

anomaly (warmest compared with Bl roove 200
1961-80) was over north-eastern England B 175-200
and eastern Scotland (Figure 39). The 8000 B 150175
winter was characterised by westerly air i) 1§g :Zg
flows (18 more westerly days than g 175 o
normal). 20004 - 44 75
[] Below 50

Mild winters in Britain tend to be
relatively wet: 1988-89 was especially 6000
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 rain 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 3000+
England, but groundwater levels

increased following heavy rainfall in

March and April 2000

Northing

50004

40004

Observations of up to 17 native plant
species at the six ITE Stations, and of 10004
over 200 plants in East Lothian (by
Professor F T Last), showed that most
species that normally flower before April

flowered several days or weeks earlier %00 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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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)

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 eatly,
whereas honesty (Lunaria annua) and
most apple (Malus spp.) varieties

1984

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

1985

1989

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-Apnl, and many hibernating
butterfly species were sighted during the
winter. Species such as the red admiral
(Vanessa atalanta) and painted lady
(Vanessa cardui) 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
(Kana 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

December
EJ'anuary

% February

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 (Saimo 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.

Crass 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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Figure 61. Diagram of Solardome' fumigation chamber. A, fan filter unit; B,
flow splitter; C, air ducting; D, mixing chamber; E lay-flat tubing; F,
ventilation cowl: G, duct to second Solardome chamber

adjustable up to two complete air
changes per minute.

Gas control and delivery systems,
together with gas analysers and a
sampling system for monitoring dome gas
levels, are housed nearby in the systems
control building, and all supply and
sample lines are ducted underground to
the domes. Ozone Is generated by a
laboratory ozonator (Wallace & Tiernan,
Tonbridge, Kent); SO, and NO, are
supplied from cylinders of compressed,
pre-diluted gas, as opposed to the pure
gases used in the earlier, larger
‘Solardome’ systems (see Lucas, Cottam &
Mansfield 1987). The advantage of this
system is an easier control of pollutant
concentrations, without the need for
expensive mass flow controllers. Instead,
flows are maintained using constant

Plate 28. Misting unit 1n operation
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differential regulation-type controllers
with needle valves (Rosemount Ltd,
Stockport, Cheshire). All domes are fitted
with supply lines for the three pollutants
and PTFE sampling lines. The levels of
pollutants in air sampled from the domes
are measured using Monitor Laboratories
analysers for Oz and NO,, and a Meloy
flame photometric analyser for SO

Studies on the effects of acid mists on
plants are conducted in a closed 7.3 m X
3.3 m polythene tunnel, divided internally
by polythene sheeting into four treatment
bays. Each bay is fitted with a Sonicore
atomising station (Lucas Dawe
Ultrasonics, London), which can provide
low volumes (0.4-8.0 1 h'!) of treatment
solutions at particle sizes in the range
5-30 um (equivalent to fogs/clouds).
Treatment solutions are made up In the

10

Dry weight ()

0

systems control building and pumped
underground to the treatment bays,
where they are ultrasonically atomised 1n
a compressed air stream (Plate 28).

The facilities have been used for a range
of experiments aimed at determining the
effects of pollutants on the growth and
physiology of plants. One example 1s an
investigation of the effects of low
concentrations of SOy, NO, and Oj,
together with the additional stresses
imposed by wet acid deposition, on the
growth of white clover (Trifolium repens)
cv ‘Crasslands Huia'. The experiment was
conducted on 6-week-old seedlings
grown in 7.5 cm diameter pots containing
John Innes no. 2 potting compost.
Atmospheres within the glasshouses were
set to provide treatments of:

i. charcoal filtered air (control)
. SO;+NO;

i, Og

v, SOz+NOz+O’3

Concentrations of SO, and NO, were
maintained at 40 ppb, except for two
additional peaks, one of 3 h at 80 ppb on
Thursdays, and one of 3 h at 80 ppb,
immediately followed by | h at 110 ppb
Os, on Tuesdays. Monitoring the dome
atmospheres ensured that concentrations
remained +2 ppb of the desired levels.

There were three experimental blocks of
20 plants in each dome, the positions of
which were rotated weekly. Five plants
from each block were allocated to
receive one of four acid mist treatments.
For all misting treatments, plants were

pH 5.6}
pH 4.5
OpH35
pH 2.5

Control SN

03 SN+03

Figure 62, Mean dry weight yields of white clover after being
exposed for 15 weeks to different aerial pollutants and acidified

mist treatments



taken from the domes and transferred to
the polythene tunnel misiing system. The
mist ireatmenis were three 4 h exposures
(Mondays, Wednesdays and Fridays
each week) of:

i pH 25
ii. pH 35
iii. pH 4.5
iv. pH 5.6

which provided a total wet deposition of
6 mm per week Mist solutions were
made in deionised water by adding
equimolar concentrations of ammonium
nitrate and sulphuric acid. Supplementary
watering of plants was done by watering
can at a rate of 24 mm per week, using a
simulated acid rain solution of pH 4.5
(made up by additions of sulphuric acid
and nitric acids in the ratio of 7:3, by
volume).

Plants were removed from the treatments
after 15 weeks of exposure, their roots
washed free of soil, and then dry weights
obtained. The results are shown in Figure
62. An analysis of variance of the data
revealed significant differences (P<0.001)
between both gaseous and acid mist
treatments, and a significant (P<0.001)
interactive effect of gases X mists on
total plant dry weights. Averaged over all
misting treatments, there were reductions
in total plant dry weights of 16.6% for
SO,+NO;,, 43.6% for O3 and 59.4% for
SO,+NO,+03, in comparison with control
plants. For misting treatments, a lower
yield was averaged over all gas
treatments at pH 2.5, compared to pH 4.5
and pH 5.6. The significant interaction of
gas X mist treatments revealed that yield
reductions which were attributed to the
more acidic mist treatments (pH 2.5 and
3.5) were not significant in the Oz and
SO, +NO,+ 05 treatments; the severely
harmful effects of these gaseous pollution
treatments appear to override any effects
of the mists.

T W Ashenden, C R Rafarel and S A Bell
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Analytical chemistry group

Qver the past few years, the group has
been going through a process of review

and change. Reviews have been
necessary to respond to the heavy and
changing demands for analytical services
from ecological scientists and to update
the book Chemical analysis of ecological
maternals (Allen 1989), which has become
a standard text since it was first
published in 1974.

This text was based on the routine
methods pioneered and developed from
agricultural and water quality methods,
applied and modified in ITE's Merlewood
laboratory for conservation experimental
work. The book contained separate
sections on soil, vegetation and water
analysis, and covered all aspects from
sample collection to calculation of results.
Full practical details were provided for
well-tried and tested methods, with
manual and semi-automated options to
allow users to select a procedure to
match their facilities. The second edition
now includes theory, methodology and
practical hints, based on 30 years of
experience 1n supplying chemical data, a
vital component to ecological research.
The text has been completely revised
and updated to reflect the rapid growth
in technology and the change in
emphasis from conservation to applied
ecology. The section on instrumental
procedures has been extended to
incorporate liquid chromatographic
methods and a vast experience in
automated methodology. Advances in
computing, statistics and data evaluation
procedures promoted a radical revision
of the final chapter, whilst the emphasis
in water analysis was shifted towards the
handling of solutions from nutrient cycling
and pollution studies.

Several of the analytical facilities
available to the group have been
upgraded over the last three years.
During 1989, the major commissioning
work on an inductively coupled
plasma/optical emission spectrometer
(ICP/OES) was completed. This
instrument uses a sequential scan to
perform multi-element analysis for the
wide range of applications required.
Methods have been developed and
tested for routine analysis of major
cations on aqueous solutions (sodium,
calcium, magnesium, iron and aluminium).
ICP/OES has been particularly useful for
trace metal analysis in soil and
vegetation. In some instances (eg boron),
the sensitivity and performance of the
instrument have proved far superior to
other methods available.

High demand for the analysis of aqueous
solutions has also required reorganisation
of the anion determinations, previously
carried out on dispersed continuous flow
equipment. Upgrading the equipment
and the addition of a large capacity

autosampler and computernised
controV/data processing system have
enabled the grouping of all water
methods, and provided the option to
operate the analysers unattended
overnight.

Improving laboratory operations to
increase sample throughput inevitably
results in greater demands in terms of
data handling and report preparation. In
anticipation of these demands, our
strategy has been to upgrade each
analytical instrument to incorporate a
personal computer (PC)-based data
handling package, thus enabling the use
of purpose-designed software from the
different manufacturers, and then to link
each data system to the main Station
computing network. Thin-wire ethernet
has been installed, and each PC
communicates with the Station's VAX
mainframe computer via PCSA, which
provides a network communication for
automatic and transparent file storage.
Data collation/manipulation and report
generation can then be completed using
any of the extensive range of facilities
and packages available on the mainframe
machine.

It is still too early to assess the full
benefits of upgrading the automated
analytical equipment, but, even during
the difficult commissioning period, there
has been a gradual increase in
throughput. Our records show that 9000
samples (7000 natural waters) have been
analysed for 70 000 determinations, an
increase of 40% over the last two years,
at similar staffing levels.

During the last year, the group made a
major contribution to cycling/leaching
studies carried out under contract in
Devilla Forest, by developing a
methodology to measure sulphur and S-
35. Labelled S was applied to soil under
trees, and its progress was followed
through the ecosystem. Sample
preparation techniques were developed
for leachates (throughfall and stemflow
solutions), pine needles, and soils to
overcome interferences in the counting
procedure. Pre-concentration of leachates
was required to detect precisely both the
S-35 by alpha counting (using a high
ionic tolerant fluor) and the sulphate ion
chromatographically. Matrix interference
proved to be a major problem in
vegetation acid digests, but was
eventually avoided by using an oxygen
bomb combustion procedure. Soil
leaching was simulated by sequential
aqueous extraction, pre-concentration of
combined extracts, and then
measurement of S components.

As a laboratory involved in long-term
studies, it 1s important that the chemical
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data produced are reliable and of
consistent quality. In addition to the
rigorous internal quality control
procedures developed, the group
participates in national and international
standardisation schemes to monitor
performance and contribute to the
scientific community as a whole. This
year we have advised on the
methodology for EEC certified reference
material, and set up a scheme for a large
‘international programme studying tropical
soil fertility. Our work has also extended
to the Sudan, where we have advised on
the development of ecological analysis
and provided technical support to
comrmission equipment.

In addition to supporting contract work
led by other ITE scientists, the group
itself continues to generate income for
the Institute by providing a service for
sister organisations, such as the British
Antarctic Survey and the Nature
Conservancy Council, as well as
universities and private companies.

A P Rowland
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