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SUMMARY

This paper presents data from trials of a lumbricide (worm-killing) chemical to
reduce bird rumbers on an airfield by reducirg the available food supply.

himbers of feeding birds, worms and other invertebrates were monitored in
adjacent 1 ha treated and untreated areas from 1 MNovember 198% ro 2 April 1990

Jara for bird numbers were [nconclusive due to low numbers being present on
slrner area for most of the winter, Results for worm numbers shewed no
significant reduction in the sprayed areas, possibly due to long grass
ureventing penetration to the zoil itself. Soil surface [nvertehrates showed
sipnificant long-rerm reduction In numbers as a result of spraying. Tvpical
rmamples of data for the various species groups identified are given,

The potential for the use of lusbricides In airfield bird contrel is discussed,
aleng wich the possible problems which could result from the continued

disruption of the grassland ccosystem by chemical treatment. The mostC
profitable use of lumbricides is likely to be for small scale treatment of short
grass surips slongside runwavs and around other [nstallations. Airfield-wide

application s not currenlly recommended. Further work is planned [or 1990-31
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1. INTRODUCT LON
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fhe Togical stavring point for the study was Lo concentrate on Lhose spacles

which ate recoguised as the most hazavdous on UK ajirfields, ie lapwing

o vanellus?, golden plover (Pluvialis spricaria), black-headed
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since the
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{Tomiin & Spencer, 1976)
and thal bird numbers can he reduced by removing worms using granulated
e

ulfarn (Caithness, 19863, Neither of these chemicals i approved for wse
as a lumbricidein the UK however. Earthworms {(Lugbricidae) are known to formw a
significant part of the diet of all of the species listed above, the remaincer
consisting lavgely of other grassland invertchrates (Cramp & Simmons, 1983,
Barnard & Thompsomn. L385). & lumbvicide chemical approved for use on amenit
srassland and sports turf was choscn (Ministry of Apriculture, Fisheries and
Food, Health and Safety Dxccutive, 19883, the active irgredient of which (za
AGH) dis alse effective against a wide rvanpe ol insects, spiders and other
invertebrate species,

As well an Investigating the effectivencss of the lumbri o in terms of
redicing bird numbers, consideration mustl he given to the fnpact of the chemcia
on the prassland ecosystem, Little inforration is available on how a grasslard
invertebrate population responds in the long terw to the application of what is
a relatively pevsistent pesticide. The desirability of large scale pest
use neads to be carefully consideved in the light of increasing concern ahaus
the envirenment and the public relations implications iwld not be dircgarded,
The data gathered from this project will allow the ARY Lo of(er detailed advice
o aerodromes contemplating the use of Luxhricides 4

shide

a bilvd deterrent.

2.  METHODS

s oairfield at Salmeshury,
T9E,

The study was conducted at British Acrospace
Lancashire UK from 1 Nevember 1989 o 2 aApvil
Three experimental areas, each 200w x 100m in oxtent were mavked our on Lhe
airfield and cach divided in half to produce three paivs of plete each 100w x
LiOw.  One plot frem ecach pair was selocted *o De treated wilh the chenical,
otherwise they were managed identically. The chemical was applied in November
1989 at the manufacturers recommended dosape. At the time of applivation the
grass sward was approxlimately LOcm high. The bird and invertebrate populations
present. an the plots both bhefore and aftler treatmont wo
following methoeds.

merj tored by the




2.1 Birds: The numbers and species of birds present on the threce pairs of
plots were determined by counting the number of birds feeding on cach plet at
half-hourly intervals from G700 to 1100 hrs (the peried of maximum feeding
activity) dally for two weeks before and after spraving.

7.7 Worms: Worm populations were estimated by taking a total of 40 randomly
dispersed zoll sawples (20 from each plot) from each experimental area. The
s01] samples measured 20cm x 20cm x 10cm deep. ERuach sample was hand sorted and
the worms present measured and counted. Hand sorting is recognised as the most
cifective technique for remeoving worms {rom soil samples, particularly the
larger burrowing species (Edwards & Lofty, 1972). One set of samples was taken
hafore spraying, and cwo further sets at 6 and 30 days after apraving
respectively.

2.3 Seoil surface invertebrates: A series of 25 pitfall traps {(plastic cups
set into the ground containing a preservative solution into which the
invertebrates fall (Southwood, 1978)) was laid out in a grid pattern on each
cach plot..  The traps were approximately 25m apart. Traps were emplled at
approximately Lwo-weekly intervals, once before spraying and for a total of 5
months afterwards, All invertebrates trapped were classilied into broad
Laxonomic groupings (Table 2) and in some Insztances scparated arbitrarvily by
size in order to emphasise those likelv to be of impotrtance In the diet of the
birds being astudied. The pumber of individuals present In each group was
determined, and the trested and untreated arcas compared using t-tests.

3. HESULTS

Monitoring of the ihree pairs of plots before apraying showed some significant
differences between the different arveas, eg. palr A had a significantly lower
worm population than pairs B and € and also held significantly fewer feoeding
hirds {t test P<.05%). The cffect of the chemical treatment was, however, uniform
across all three pairs of plets. Data are, therefore, not pooled across the
three areas, but are presented for one pair of plots only (area C) for the sake
of brevity. A full account will be published elsewhere.

3.1 Wird numbers and behaviour: Tahkle ] gives the data peoled over all bird
species for the number of individuals observed feeding on the treated and

Al untreated plots both before and after spraying. Before spraying
sigrificantly more birds fed on the plot which was subsequently treated., After
treatment there were still more hirds feeding on the treated plot, but the
difference was ne longer statistically sipgnificant.

3.2 Worm numbers: Table ? shows the data for the mean number of ecarthworms
recovered from the 20 turf samples taken from each half of the experimental

olot before, & days after and 30 daye after spraying. The spray had no
discernable effect upon worm numbers. The mean number per sample did not differ
significantly at any stage of the experiment. There are several pessible
reasons for the lack of effectivencss against worms which are discussed later.
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Table 1.

arc standard errors of the means.

Mean numbers of birds observed Feeding on treated and untreated areas

before and after application of the treatment. Figures in brackets

a)_  DPRE-TREATHMENT (42 observations)

Plot Ci

Mean Mo, 24,01 (6.35)

by POST-TREATMENT (27 obzservations}

Plot. CiI (unsprayed)

Moan Ko,

.9 (1.9

Plot Cii t

473 (7.9 2. 84
Plot Cii (spraved) [

908 (9.1) 1.61

0.007

Table 2. The mesn numbers of sarihworms present in 20 soll samples taken
from each exparimental piot before, €& days after and 30 days after
trearment with a lumbricide, Figures in brackels are standard
errors.

a) PRE-TREATMENT

Plot GC1

2=
L
=

Mean No. per sample 4.5 o

h) 6 DAYS AFPTER TREATMENT
Plot Ci (unsprayed;
Mean No. per sample 14.3 (2.3
c)_ 30 DAYS AVTER TREATMENT

Plot Ci {(unspraved)

Mean No, per sample 12.6 (2.2)

Plot Cii L
a6 (1.8 1.63

Plot Cii {(mpraved) t

.0 (1.5 1.

Plot Cii {spraved) L

a4 (8] 1.15

e
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Table 3. The groups into which invertebrates were divided from the pitfall
trap samples and the speciecs, genera or families which constituted
the majority ol individuals in each group (where no particular
species dominated 'various species' are indicated).

Invertebrale Group Constituent Taxa
Coleoptervar larvac > Smm length {Hydrophilidae, Dytiscidae)
Coicopteran larvae < Smm lenpth { " * }
adult coleoplerans (Helophorus sp, Carabldae,

Siaphalinidae)

Collembolans {Various species)
Arachnids {Various species}
Adult Diprera > 3 wm length {Scathophagidae)
Adult Diptera < 3 mm length {Nematocera)
Nipteran larvae {Tipulidae)
luambricidas {(Various specles)
Homopterans (Phrophaidae)

- Saropterans (Various specics)
Hymenopterans (Various species)
dcarina (Varieus species)

3.3 Seil surface invertebrates: Table 3 lists the groups inte which the
contents of the pitfall traps were divided, and gives the species, pgenera or or
Famiiv which constituted the majority of individuals in each group.
Tdentificatior was carried out on a pragmatic basis since Lthis study is
concerned with invertebrates as the f{ood supply of birds rather than with the
ffect of chemical ireatment. on inscect species per se.

T1orust bhe enphasised Lhatb pitfall trapping does not glve a complete picture of
i fnvertebrate fauca in a grassland. The number of individuals trapped will

v deponding on activicy levels, and hence temperature, and on the
sugceptibility of particulsr species to pitfall trapping (some species may be
le to avoid or escape from the traps). The technique is, however, useful for
giving a measure of relative abundance of species or groups of specles in
corparable areas. It is not unreasonable to assume that particular species are
equally susceptible to pltfall trapping in two adjacent 1 ha plots and that the
elfects of temperature on activity levels will be similar. Other studies have
shown that the number of beetles caught in pitfall traps iz preportienal to
their total abundance (Baars 1979). Pitfall trapping can, therefore, be used to
give a weasure of the relative abundance of some species groups in the treated
and untreated arcas, but gives no indication of total species composition or
absolute numbers in the invertebrate population. For this reason data on the
actual numbers captured are given for only one specles group (coleopteran larvae
> Smm long) (n order Lo illustrate how variation in trapping efficiency ran in
paratlel in both pless (Fig. 1} presumably due to changes in weather

conditions. The remainder of the data are expressed as plots of the t stacistic
dpalnst time. The t Lest measures the magnitude of the difference between the
mean values for the numbers of Individuals captured in the two plets relative to
the variance of the mean. Since pitfall trapping gives a measure of relative
abundance only, the t statistic [s a more useful measure of the impact of the
chemical treatment on invertebrates relative to those in the untreated areas.
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Factors such &S variation in temperature, rainfall etoc can he assumed to be
wriferm across the LWo plots, leaving the © statistic as a measure of the
effecslveness of the pesticide treatment alone. Figs. 2. 3, 4, 5 and b show the
data for coleeplerin larvae over o mm, adult Celeoptetra, col lempola Arachnids
and Diprera over 3 mo respectively. These groups have been choscd to show
Lypleal patterns in rhoe data and Lo illustrate some of the potentlal problems
that way result frow the use of lumbricide chewicals. Other groups which were
trapped in quf ficient numbers Lo allow meaningful analysis show gimilar pascerns
+5 those illustrated.

4 4 Coleopteran larvace over 5 mm in length (Fig. 1): There was 10 difference

bo-ween Lhe two plots before spraying, and numbers Lrapped fell in both plots
immediately afier spray application due ro cold weather. Kunhers remained vers
low in the sprayed area for over 50 days helore recovety commenced. The

recovery coincided with an inerease in nurbers crapped In the unpsrayed plot
Which coinecided with a witd spell of weather. This indicates that the Jong LT
¢ffectiveness of chemical treatments will depend on how weathar conditions
govern the growth and reproduction, and hence the 1TeQOovVeLY rime, of the

fnvertebrate populations concerned. Fig. 2 chows Lhe wvalue of the t statistic
for the data pletted in rig. 1. Sipnificant difterences In population ook about
20 days to occur, and the maximim 41 ffevential occurred afrer 79 days. 150 days

wlapsed before the treated pepulation recoversd to the level of the untreated
e The vimes takan Lo respond 10, and recover Erom, pesticide treatment will

not. enly wvary with weather conditions hut with the 1ife history and hence
reproductive state ot the animal concerned. Species which overwlnter 4= larvse.
reproducing ouly in the sumeer months must rely solely on jmnigration to restor
a population, whilst those able to reproduce all year round may be &able L0
recover more quickly if weather permits.

3.5 Adult coleopterans (Fig. 3): significant ajfferences weie detected almos:t
immediately, but 1t chould be noted that there wore differences hetwsen plots
which neared statistical significance before Che rreatment was applicd. As wich
coleppteran lagvac, she maximum effect was not imeediate bul oecurred after 55
daye, again coinciding with mild weather. The population had recovered after

140 davs.

3.6 Collembola (Fig. 4): although these are too small to feature

in the diet of the impertant bird species, they ate prey To many other prasslad
invertebrates and hence form an impertant part of the food chain. The wmaximu
impact oOn collembolans was achicved after 100 davs, followed by a rapiad
recovery. The difference between populations had disappeared after 120 davs.
This rapid populatien recovery is schieved by tho collembolan's capacity for
very rapid reproduction in suitable conditions. The warmer SPring weather
enavpled a rapid population recovery to take place, indicating that chemical
creatments applied in summer may have shoricr term impacts &S populations can
recover more quickly.

3 7 Arachnida (Fig. 5): There was alrcady & significant difference between the
plots before treatment. The application of the chemical increased the size of
the difference between plots, and no recovery had raken place by the end of the
axperimental period at 150 days. Spilders are recognised as one of the major
predators in grassland ecosysteus {Curry, 1987y and thelr removal may allow
other species to Increase their population sizes beyond normal levels (see
helow) .
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Figure 1. The mean number of coleopteran larvae over 5 mm in length captured
per pitfall trap per day for treated (@) and untreated (+) plots. Vertical

bars are standard errors of the means. The timescale is from 9 November 1989
to 2 April 1990.
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Figure 2. The value of the '’ statistic comparing the mean number of
coleopteran larvag over 5 mm in length caught in the treated and untreated
plots. The 5% threshold of statistical significance is indicated by the
dashed line. Timescale as for figure 1. 4,
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Figure 3. The value of the '’ statistic comparing the mean number of aduit
Coleoptera caught in the treated and untreated piots. The 5% threshold of

statistical significance is indicated by the dashed line. Timescale as for
figure 1,
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Figure 4. The value of the *t’ statistic comparing the mean number of
Collembala caught in the treated and untreated plots. The 5% threshold of

statistical significance is indicated by the dashed line. Timescale as for
figure 1. 538
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Figure 5. The value of the 't statistic comparing the mean number of
Arachnida caught in the treated and untreated plots. The 0.1% threshold of
statistical significance is indicated by the dashed line. Timescale as for
figure 1.
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Figure 8. The vaiue of the 't’ statistic comparing the mean number of
Diptera caught in the treated and untreated plots. The 5% threshold of
statistical significance is indicated by the dashed line. Timescale as for
figure 1. 39




Diptera over 3 wm lenglh (Fig. 6): 4= with orther groups, a signiticant

was achileved after about 10 davs. The difference remained at around the
sig ance level until about 120 davs. Ar this point 4 very rapid
population recovery took place which resulted in a significant increase in Lhe
diptervan population of the treated plot compared to the untreated one after 1530
: is incrcase is indicared by a negative value of Lhe t statistic in

Fig

g. £, Tha population recnvery coincided with thas of the collerholan
populacion and way have resuirted from the emergence of adults from pupse wnder
I 1

the soil surface in responsc to warmer weather or from immigration of winped

inx
individuals. The Targe reduction in the numbers of spiders, sald to consume up
to 30-30% of emervging dipterans In some sftuations {(furry, 1987) may hawve

allowed the populsation in the treatred avca to ovorshoot |

5 normal lavels,
A, DISCUSSION

4.1 Bird numbers: The data on the bivds themselves are inconclusive.

Desptte the fact thal the airfiecld frequently held in excess of 2000 lapwings,
gulle and polden plovers and usually scveral hundred starlings, the birds moved
around the alrfield whiist feeding and were on the plots guite infrequently.
Thiv fact, combined with the gradual reduction in numbers as birds moved out in
response to colder weather resulted in a sparse data set, especially in the
midwinter pervied when the effect of the chemical was at {ts waxlmue., The lack
of significant differences between the numbers of bhirds feeding on treated and
untireated arcas should not, av this stage, be taken as an indicarien that the
candidate lunbricide has no potential as a hird control agent. Further work,
during periods of higher bird numbers, is planned for

1aa0-91.

4.2 Worm numbers: No significant differences were detected betwen the two
piots either before or after the application of the lumbricide. There are threc
possible explanations for this result, Firstly, that the chemical itself was
ineffective or improperly applied. This seems urnlikely in the light of the
Lilghly significant effect on the soil surface invertebrates. Secondly, the
sampling technique used may not have bheen senzitive enough to datect small
changes {n worm populations relative to the variability in their distribution.
This also appcars unlikely, as the constant vslues of mean and standard error
for all three samples taken from the unspraved section Indicate Lhat the
technique copes with the wvariability to give a repeatable measure of
abundance. The third possible explanation is that the chemical may have failed ¥
to penetrate below the soil surface in sufticient quaniity to be effective due

to the long grass (15-20cms) on the experimental plots. This seems the most

likely explanation since the chemical formulation is usually ewmployed on

golf greens or other amenity turf which is nermally kept short. C(aithness

(1986) suggests that long grass, with a densc laver of dead material at the seil

surface, may prevent the effective penctration of Tiguid bascd Lumbricides to

the soil. Tumbricides may, therefore, be more cffective on short grass arcas

bordering runways and taxiways where birds often gather to feed on worms,

particularly during periods of wel weather when worms are closer to the surface.

4.3 Soil surface invertebrates: The chemical had a profound c¢ffcet on the
mumbers of sewveral invertebrate pgroups 1ikely to form part of the dict of
problem bird species on airfields. Those groups trapped in sufficient numbers
to allow meaningful analysis showed broadly similar patterns, with significant
reduction in nuebers after about 1O daye, the maximun differential between
sprayed and unsprayed areas after 50-70 davs and recovery, {except in the casc
of arachnids} after 100-150 days. 7Thess timings should be interpreted with
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care, however, since pitfall trapping is dependent on the activity levels of the
invertebrates and hence on temperature. If, for example, the chemical reduces
activity In those individuals it deesz not kill, or changes their response to
variations in temperature, then the maximum effect at 50-70 days could he a
measure of differences in activity levels at that time rather than in numbers.
The recovery times and time of maximum effect are likely to be shorter in the
sumrer when higher temperatures will result in greater general activity and
ircreased reproduction, allowing recovery of populations by immigratioen and
reproduction to proceed more guickly. Some difficulty is therefore likely to be
encountered in targeting what is a broad spectrum and fairly persistent
pesticide against invertebrate groups other than worms.

The main probtem Tikely to be encountered if lumbricides are used repularly on
sirfields ig the disruption of the prassland ecosystem. The removal of worms,
which are known to contribute to soil structure and fertility (Curry, 1987) may
jead to drainage problems and poor grass growth if repeated over a number of
vears, Tncreased expense may result i{f spiking of the turf and the application
of fertilizers are subsequently required. The removal of grassland predators
such as spiders may result in a superabundance of their prey species later in
the year, If this occcurs further insecticide applications may be required to
control population exploszions of seme species that would not otherwise have
posed a problem, but which could be major bird attractants.

5. CONCLUSION

The ultimate test of any bird control measure is whether it reduces the number
of birds, and hence the risk of a birdstrike, on a particular area. This
invesgtipation has not been able to prove that the lumbricide was effective in
achleving this aiwm, The data deo suggest, however, that the use of this
lumbricide will reduce the numbers of a variety of invertebrate species which
iay form part of the diet of birds on airfields. The fact that the chemical did
not appear to penctrate effectively long grass swards and did not reduce worm
nurhers significantly suggests that its greatesc potential is for use on short
prass areas bordering runways and around other installations. The limited use
of lumbricides [n these areas also aveoids the potential for large scale
disruption of the grassland ecosystem resulting in problems caused by unchecked
population increases In certain specics which would require further expensive
chemical control.
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