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ORIGINAL ARTICLES

Exposure of spring-staging pink-footed geese Anser
brachyrhynchus to pesticide-treated seed

Jesper Madsen

Madsen, J. 1996: Exposure of spring-staging pink-footed geese Anser brachyrhynchus
to pesticide-treated seed. - Wildl. Biol. 2: 1-9.

The Svalbard population of pink-footed geese Anser brachyrhynchus is concentrated
in western Jutland, Denmark, from early March to early May. During spring, the geese
shift feeding habitat from grasslands and stubble fields to new-sown fields. To avoid
crop damage, grain bait is provided at five sites. The aim of this study was to quanti-
fy the exposure of geese to, and the ingestion rates of, pesticide-treated seeds, and to
evaluate the potential effects at the individual and the population level. During spring
1994, approximately 7% and 1% of the total number of goose-days were spent on new-
sown cereal fields and new-sown pea fields, respectively. After the commencement of
sowing, about 25% of all goose-days were spent in new-sown fields. Late-departing
individually marked geese made more frequent use of new-sown fields than early-de-
parting individuals (P < 0.001). Geese foraged intensively in new-sown fields early in
the morning and sometimes late in the evening. Due to high feeding profitability of the
new-sown grain compared to grass, the geese obtained half or more of their daily en-
ergy intake by feeding on new-sown cereal fields, even where bait grain was provid-
ed. Spring-sown barley is treated with the fungicide Imazalil and peas are usually treat-
ed with Thiram. The daily Imazalil ingestion rate by an 'average' goose was estimated
at 9-15 mg active ingredient (a.i.), or 3-5 mg a.i./kg body mass, which is two orders of
magnitude below reported LD values for various species of test birds. Imazalil may
have sub-lethal effects, especially on geese using the new-sown cereal fields for con-
secutive days, but the low toxicity and high mobility of the compound suggest that ef-
fects are minor and short-lived. The daily Thiram ingestion rate by the geese was not
quantified, but it is calculated that a goose would have to eat about 100 g of peas to
reach a level of Thiram ingestion (200 mg/kg diet), which could have sub-lethal ef-
fects on reproductive parameters. A goose foraging on new-sown peas can accomplish
this within less than one hour. Special management precautions should be taken to de-
ter geese from exploiting new-sown pea fields.
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The Svalbard breeding population of pink-footed geese ~ March to early May (Madsen 1982, 1984). There, geese
Anser brachyrhynchus numbers 27,000-34,000 individu-  put on weight (Madsen 1985, unpubl.) in preparation for
als (Madsen & Mitchell 1994) and is concentrated on  their long-distance migration to and reproduction in Arc-
staging areas in western Jutland, Denmark, from early  tic breeding grounds. Geese forage on new growth of
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grass on pastures and salt marshes, but
they also feed on newly sown cereal
fields where they take the grain on or
below the surface of the soil. In spring,
the geese gradually shift from grass-
land to new-sown fields (Madsen
1984) where they attain much greater
daily energy intake rates (Madsen
1985) .

The increasing use of newly sown
fields has raised several concerns.
Farmers have complained about dam-
age to their cereal crops caused by
geese; to mitigate these problems, the
National Forest and Nature Agency of
the Ministry of the Environment and
Energy has provided bait grain at an
increasing number of sites in order to
distract geese from the new-sown
fields. Furthermore, geese are ex-
posed to pesticides through the inges-
tion of new-sown grain.

The amounts and types of pesticides
ingested have not been addressed. The
aims of this study, which was carried
out in spring 1994, were 1) to quantify the utilisation of
newly sown fields, 2) to record the types of pesticides
used as seed dressings, 3) to estimate daily intake rates of
pesticides, and 4) to evaluate the potential effects at the
individual and the goose population level.

1994 (left).

Study area
Areas used by the geese

During spring, the pink-footed geese use 12-14 sites in
western Jutland, distributed from Tegndermarsken in the
south to Vejlerne in the north (Fig. 1). They feed in salt
marshes, rough and cultivated pastures, stubble fields,
winter cereal fields, newly sown cereal and pea fields, and
baited fields. In the new-sown cereal fields (mostly bar-
ley), the geese primarily eat the unger-
minated grain on the surface and in the
upper 2-3 cm of the soil immediately
after sowing (Lorenzen & Madsen
1986) and usually abandon an area
once grain has sprouted.

Area

Filsp

Southern/eastern Ringkpbing Fjord

Figure 1 Site names referred to in the text (right), and distribution of pink-footed geese
in western Jutland, expressed as the number of goose-days from mid March to mid May

1970s. Because of the increasing goose damage conflict
with farmers, bait has been provided at Bgvling Fjord in
the Nissum Fjord area, at Skjern A east of Ringkebing
Fjord and atFilsg since 1990, and at HarbogrTange since
1991 (see Fig. 1). Approximately 300 kg of unsprayed
barley is spread daily at each site, and, at Vest Stadil
Fjord, often 600 kg. Vejlerne remains the only larger ar-
ea where bait is not provided. The period of baiting in
1994 is shown in Table 1

March 1994 was unusually wet and in western Jutland,
the spring sowing of barley was delayed by approximate-
ly one to two weeks compared to normal. In western Jut-
land, the time of sowing varied locally (see Table 1).

According to local grain suppliers (Superfos,
Ringkgbing, and Shell LandbrugsService I/S, Lemvig)
who supply seed grain to farmers in the areas used by

Table 1. Commencement of spring cereal grain sowing in 1994 in six areas in western Jut-
land, Denmark, of relevance for pink-footed geese, and periods of grain baiting to allevi-
ate the goose damage to cereal fields.

Time of sowing Period of baiting”

10 April - 14 April
12 April - 20 April

11 April -17 April
7 April - 9 May

e : ; Stadil Fjord 24 April - 7 May 20 March - 10 Mayb
Balt.m.g’ time of sowing and Nissum Fjord 15 April - 25 April 12 April - 9 May
pest|0|de use Harbopr Tange 15 April - 25 April 12 April - 9 May
The National Forest and Nature Agen- ~ Veilerne 14 April - 16 April no baiting
cy started to provide bait grain at one ainformation supplied by the National Forest and Nature Agency;
site, Vest Stadil Fjord, in the early  bbaiting started a little earlier than usual to attract geese for capture.
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geese, the only pesticide regularly used on spring-sown
barley grain is the fungicide Fungazil. Imazalil is the ac-
tive ingredient (a.i.) of Fungazil, usually used at a dosage
of 50 mg a.i./kg grain. The pesticide Thiram (a fungicide)
is used on spring-sown peas, applied at approximately
2 g a.i./kg seed. However, in some years seed dressing is
not applied to seed peas. In 1994, peas were untreated in
the Nissum Fjord area but treated in the Filsg and Skjern
A areas.

Methods
Counts and habitat distribution mapping

Field work was carried out from mid March to mid May
1994 by four observers, who had divided the sites among
them. On average, four counts were carried out each
week, recording the number of geese in each habitat with-
in a site. Counts were made from cars using telescopes
and were evenly distributed throughout the daylight
hours. Eleven habitat types were distinguished: salt
marsh, rough pasture, cultivated pasture, stubble, under-
sown stubble, set aside fields, winter cereals, winter rape,
new-sown cereals, new-sown pea and cereal bait. From
the daily count results, the number of goose-days per
habitat type was calculated for ten-day periods and for the
spring season as a whole.

Individual-based habitat use

To describe individual variation in the utilisation of new-
ly sown fields, birds carrying neck-
bands with individual codes were re-
corded at all sites and habitats during
the daily counts. Each spring since
1990, the National Environmental Re-
search Institute has caught and marked
pink-footed geese with blue neck-
bands with individual codes in order to
measure individual life histories and
migratory strategies within the popu-
lation. Approximately 360 marked in-
dividuals, of which 37 were first-win-
ter birds, were alive in the spring of
1994 (Madsen unpubl.). Under good
weather conditions with no haze, fog
or strong winds, neckbands can be
read at a distance of 400-700 m with a
telescope (20-60 x magnification).

Cereal bait

Activity budgets
To describe the diurnal pattern in ac-

MAR2 MAR3 APR1

Grassland

flocks of geese were followed from arrival on the feed-
ing grounds in the morning to departure to the roost sites
in the evening. Because of the long daylength, the day
was split over two observation days. At intervals of 15
minutes, the activity of the flock was scanned (method af-
ter Altmann 1974), and the number of individuals en-
gaged in different activities was counted. The following
activities were distinguished: resting, feeding, walking,
flying, aggression, and others. The habitat was recorded
each time.

The method, however, turned out to be difficult to ap-
ply, because geese often flew long distances between
new-sown fields, bait sites and other habitats, thus mak-
ing it impossible to track the same birds throughout a day.
Only in Vejlerne, where there were no baited sites, was
the method applied successfully on two full days. At all
other sites in western Jutland, the method had to be modi-
fied. To do this, the entire flock of geese utilising the bait-
ed site at Bpvling Fjord and the surrounding field feed-
ing grounds was scanned at different times each day dur-
ing a four-day period (5-8 May). At four-hour intervals
(at 6, 10, 14 and 18 hrs, respectively), the observer sur-
veyed the entire potential feeding area, and for each flock
encountered, the habitat used and the activity of the flock
was scored. From this, a crude habitat-based activity bud-
get could be established.

Daily intake rates

To estimate daily food and energy intake rates, feeding
time in each habitat type, pecking rates, ingestion rates

APR2 APR3 MAY1l MAY2

_ | Stubble § || Winter-green cereals

N New-sown cereals j|H New-sown peas

Figure 2. Habitat use by pink-footed geese in all of western Jutland, mid March to mid

May 1994, expressed as the total number of goose-days spent in each habitat type per 10-

tivity and habitat utilisation, single  day period.
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and, energy retention rates need to be quantified. In a pre-
vious study (Madsen 1985) pecking, ingestion and reten-
tion rates of pink-footed geese feeding in pastures and
new-sown cereal fields were described. From the habitat
based activity budgets, the daily foraging time in each
habitat could be calculated. Pecking rates on new-sown
cereal and pea fields were measured as the time it took a
goose to make 25 pecks (timed on a stop watch). Daily
food and energy intake rates were then calculated, using

VEJLERNE

NISSUM FJORD

RINGKOBING FJORD

" Grassland [__] Stubble Winter-green cereals

Cereal bait New-sown cereals  [ggvj New-sown peas

ingestion and retention rates from the above-mentioned
study.

However, in the baited sites, it was difficult to discrim-
inate between geese pecking grain and shoots of grass. To
estimate crudely the daily energy intake of an 'average'
bait-feeding goose, the intake was calculated from the
known daily amount of grain provided and the number of
geese present in the area.

The daily intake of seed dressing pesticides was esti-

HARBOOR TANGE

STADIL FJORD

FILSO

| Stubble j™ j Winter-green cereals

Grassland

jwsj Cereal bait A1 New-sown cereals  |*<j New-sown peas

Figure 3. Habitat use by pink-footed geese in six sites in western Jutland, mid March to mid May 1994, expressed by the relative number

of goose-days in each habitat category per 10-day period.
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mated from the daily intake of grain in the new-sown
fields and the known concentration of a.i. of the pesticide
in the applied formulation of seed dressing. Weights of
barley grain and peas as well as formulations of seed
dressings used were supplied by local grain suppliers.

Results
Habitat utilisation

From mid March to mid May 1994, the pink-footed geese
were concentrated at seven major sites in western Jutland,
with the largest concentrations at Vest Stadil Fjord and
Nissum Fjord (see Fig. 1). In western Jutland, pink-foot-
ed geese used different habitats in sequence (Fig. 2):
From mid March to early April 1994, the majority of
geese foraged on grassland, followed by stubble, cereal
bait and to a minor degree, winter cereals. From mid April
to early May, most geese were observed on bait; remain-
ing stubble fields had been ploughed and thus lost impor-
tance. Use of grasslands likewise decreased. In all, the
geese made little use of new-sown cereal fields and new-
sown pea fields. By mid May, when the majority of the
population had emigrated, most geese foraged on new-
sown cereal fields. For the spring as a whole, bait sup-
ported nearly 50% and grassland 35% of all goose-days,
whereas only 7% and 1% of goose-days were spent on
new-sown cereals and peas, respectively.

A high degree of variation in local habitat use reflect-
ed local differences in feeding opportunities (Fig. 3). In
Vejlerne, where no baiting was carried out, geese prima-
rily fed on stubble fields at first, and later primarily on
grassland. After the start of sowing,
geese also foraged on new-sown
fields. In the other areas, bait attracted
the majority of geese. At all sites,
geese were also observed foraging on
new-sown fields. Only at Nissum
Fjord did new-sown pea fields play a
role.

Individual variation in use of
new-sown fields

Of approximately 360 neck-banded
individuals, the 347 observed more
than twice in April 1994 were includ-
ed in the analysis. Single individuals
were observed up to 13 times feeding
on new-sown fields; however, 181 in-
dividuals (52%) were never observed
on new-sown fields. There was no dif-
ference in use of new-sown fields
between first-winter and older birds number of times.

WILDLIFE BIOLOGY «2:1 (1996)

(dividing the number of times an individual was observed
on new-sown fields into four categories (0, 1, 2, >2
times); 9= 2.293, df = 3, P> 0.05). The frequency of use
of fields by individuals increased with time (Fig. 4; rs=
0.533, N = 347, P <0.001) as well as with the time for the
last observation (which is an approximation of the time
of departure) of an individual in western Jutland (rs =
0.484, N = 347, P < 0.001). There was no difference
between the time of departure of first-winter birds versus
older birds (dividing the period 1 April to 15 May into
four periods; %2= 6.261, df = 3, P > 0.05).

Activity budgets
From Vejlerne, two full diurnal activity budgets can be
pieced together, both from the second half of April when
sowing of spring cereals had commenced (Fig. 5). Sup-
plementary observations indicated that these activity bud-
gets were representative of the daily routines of the goose
flocks present there. In the morning, the geese started to
feed on new-sown cereal fields and foraged intensively
for 2-3 hours. Then they moved to grassland (either salt
marsh or cultivated pasture) where they stayed during
most of the day, feeding less intensively and spending
most of the remaining time roosting. On one of the two
observation days, the geese returned to the new-sown
fields in the evening, to feed intensively for ca 2 hours be-
fore flying to the roost site. This bi-modal feeding on new-
sown fields was observed in two out of four evening ob-
servations.

In the Bgvling Fjord area, where bait was spread in the
morning (usually between 08.00 and 09.00 hrs), geese

NO OF DAYS AFTER 1 APRIL

Figure 4. Relationship between date and the number of times individual neck-banded pink-
footed geese were observed on new-sown fields in spring 1994. Line gives the average
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1 Grassland x New-sown cereals

100

QA= O

40

28-30 APRIL

06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21
HOURS

Grassland x New-sown cereals

Figure 5. Diurnal foraging activity of pink-footed geese shifting
between new-sown cereal fields and grasslands during the day at
Vejlerne. The data shown in each graph was combined from two
days. Upper graph: 06.00-12.30 hrs on 22 April and 12.45-21.00 hrs
on 24 April 1994; lower graph: 06.30-13.00 hrs on 28 April and
13.15-21.00 hrs on 30 April 1994. Horizontal bars show average val-
ues.

flew to new-sown fields in the early morning, foraged in-
tensively for 2-4 hours after which the majority moved to
the bait site (Fig. 6). On the bait site, geese usually fed for

100

80
__| Resting

IHH Feeding grassland
j Feeding bait

m  Feeding new-sown

06 10 14 18
TIME OF DAY

Figure 6. Foraging and resting activity of pink-footed geese at
Bpvling Fjord, shifting between new-sown cereal fields, a bait site,
and grasslands. Scans were made four times during the day and av-
erage values are shown from four observation days, 5-8 May 1994.

short periods (ca 30 minutes) and then roosted; if the
geese resumed feeding later on, they foraged on grass (K.
Essendrop, pers. comm.). By noon, few geese fed on new-
sown fields, but by evening, flocks returned to feed be-
fore roosting. Grassland outside the bait site was only
used in the mornings and evenings.

Daily food and energy intake rates

Average pecking rate for geese foraging uninterruptedly
on new-sown cereal fields was 0.35 pecks/second (SD =
0.09, N = 47). For geese foraging on new-sown peas, av-
erage pecking rate was 0.20 pecks/second (SD = 0.15,
N = 14). The pecking rate of grass feeding geese was esti-
mated at 2.29 pecks/second in a previous study (Madsen
1985).

From the activity budgets, pecking rates and published
feeding energetics parameters (Madsen 1985), a daily en-
ergy budget can be derived for the flocks of pink-footed
geese in Vejlerne (Table 2). On the two observation days,
geese spent 48% and 27% of the day available for feed-

Table 2. Daily energetics of an 'average' pink-footed goose foraging on both new-sown cereal fields and grassland during a day of observa-

tion at Vejlerne in April 1994.

Date Type of habitat ~ Time spent % foraging Feeding Pecking Total no Energy Total energy
in habitat time rate0 of pecks intake/ intake
(min) (min) (sec) peckb (J) (kJ)
22/24 April  Cereal field 450 77.6 349 0.35 7,270 219 1,592
Grassland 445 48.8 217 2.29 29,884 14 418
sum: 2,011
28/30 April  Cereal field 240 89.6 215 0.35 4,477 219 980
Grassland 690 64.2 443 2.29 60,961 14 853
sum: 1,834

*pecking rates in grassland habitat from Madsen (1985)
bfrom Madsen (1985).
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Table 3. Daily energetics of an 'average' pink-footed goose foraging
on both new-sown cereal fields, grassland, and bait grain during a
day of observation at Nissum Fjord, 5-8 May 1994.

Type of habitat ~ Feeding Pecking Total Energy Energy
timel rateb noof intake/ intake

(min)  (sec) pecks peck'(J) (KJ)
Cereal fields 260 0.35 5,422 219 1,188
Grassland 225 2.29 21,572 14 442
Bait grain6 88 608
sum: 2,238

acalculated from activity budgets (see text)

bpecking rates in grassland habitat from Madsen (1985)
cfrom Madsen (1985)

6energy intake calculated from daily bait dosage (see text).

ing in the new-sown fields, respectively. However, due to
higher levels of feeding intensity and higher profitability
of grain compared to grass, geese received 79% and 53%,
respectively, of their daily energy intake from feeding on
new-sown fields. The calculated energy budget on new-
sown fields rests on the assumption that the geese pick a
grain for each peck, which may lead to an overestimation
of intake rates.

In the Bpvling Fjord area, the average daily spread of
grain on the bait site was ca 360 kg (data provided by the
Forest and Nature Agency). With an average of 3,250
geese in the area during the observation days, the geese
on average achieved an intake of 111 g bait grain, equiv-
alent to 608 kJ. On the new-sown fields, the geese on av-
erage ingested 217 g grain, equivalent to an intake of
1,188 kJ. The food intake on grassland can only be indi-
rectly estimated. Assuming that the bait is depleted 2-4
hrs after having been spread (K. Essendrop, pers. comm.),
i.e. at Bpvling Fjord by 12.00 hrs, birds still foraging at
the bait site by 14.00 hrs all fed on grass. The daily ener-
gy intake from grass is thus estimated at 442 kJ. On a dai-
ly basis, geese thus obtained 53% of their daily energy in-
take from feeding on new-sown fields, although they on-
ly spent 32% of the day there (Table 3).

Table 4. Estimated daily intake rates of Imazalil by an 'average' pink-footed goose feed-
ing on new-sown cereal fields on two days of observation at Vejlerne and Nissum Fjord,

1994.
Vejlerne Vejlerne
22/24 April 28/30 April
Daily no of kernels ingested" 7,270 4,477
Daily intake (g)b 291 179
Daily intake of Imazalil (mg)1 145 9.0
Intake/kg body weight (mg/kg)d 4.5 2.8

Ibased on values in Tables 3 and 4, assuming that each peck represents an intake of a ker-

nel
bbarley kernel weight: 0.04 g
cusing a dosage of 50 mg a.i./kg ' grain

dbody weight in early May is 3.2 kg (population mean) (Madsen unpubl.).

WILDLIFE BIOLOGY m2:1 (1996)

Nissum Fjord

Daily intake of pesticides

Based on the estimated daily food intake rates, individu-
al geese in Vejlerne took 179-291 g new-sown grain on
the two observation days (Table 4). At Bpvling Fjord,
where geese had access to bait, they ate on average 217 g
grain from the new-sown fields. Given the concentrations
of Imazalil in the Fungazil seed dressing, it is estimated
that a goose daily ate 9-15 mg a.i. Imazalil (see Table 4).
Because the calculations are based on the assumption that
each observed peck represents an ingestion of a grain,
these estimates are probably slight overestimates.

Only at Nissum Fjord did new-sown peas contribute
significantly to the diet of geese. Because geese were so
infrequently observed on new-sown peas, the food intake
rates and, hence, the potential Thiram intake rates could
not be properly quantified.

Discussion

The intensified use of bait in the 1990s has alleviated the
goose damage problem in western Jutland and has also
decreased the potential problem of exposure to pesticide-
treated grain. In the 1980s, the pink-footed geese moved
between sites, feeding on the most recently sown fields
(Madsen unpubl.). Then, pesticide intake rates were,
therefore, probably higher than they were in 1994. Fur-
thermore, in a late season like 1994, geese had less time
to exploit new-sown grain, whereas in earlier seasons,
they may have better opportunities to shift among areas
sown at different times. Hence, due to the late sowing sea-
son and the intensified baiting programme, the exposure
of pink-footed geese to pesticide-treated grain was prob-
ably less in 1994 compared with previous years.
Judging from the overall habitat distribution of pink-
footed geese, the use of newly sown cereal fields ap-
peared to be of minor importance and ingestion of pesti-
cide therefore negligible. However, the diurnal habitat-
based activity budgets showed that the geese flew to the
newly sown fields for relatively short
periods of the day, but foraged at high
intensity and on a food resource of
high profitability. At Vejlerne, where
no bait was provided, the geese ob-
tained half or more of their daily ener-

58 May gy intake from the new-sown fields,
5,422 and even in areas where bait was pro-
1201; vided, the geese gained half of their
34 daily energy intake on the new-sown

fields. Hence, in terms of energy in-
take rates, new-sown fields were the
most important habitat.

The study showed that it was the late
departing geese which made most in-
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tensive use of the fields and, hence, were most exposed
to pesticides. In a late season such as 1994, early depart-
ing geese may not use new-sown fields at all. In the peri-
od from approximately 25 April to mid May 1994, the
majority of geese remaining in western Jutland probably
made daily feeding flights to the new-sown fields, and
this is likely to resemble the situation for the majority of
geese in a year with normal sowing conditions.

For Imazalil, toxicology tests on birds have shown LD9
(the acute oral dosage by which 50% of a test population
dies; Hudson et al. 1984) values of >2,500 mg/kg body
mass for mallard Anas platyrhynchos (Beavers & Fink
1979) and 2,000 mg/kg body mass for pheasant Phasia-
nus colchicus (van Ravestyn & Marsboom 1986). For
bobwhite quail Colinus virginianus and mallard, LC®
(the concentration in the food by which 50% of a test
population will die; Heath et al. 1972) values of 6,290 and
5,620 mg/kg diet, respectively, have been reported
(Anon. 1991). In a study on bobwhite quail, LCD (22
weeks of exposure) exceeded 61.6 mg/kg diet per day,
and with dosages of up to 61.6 mg/kg/day there were no
observable effects on body condition, food intake rates,
nor on egg production or chick survival (van Cauteren et
al. 1988). Tests with rainbow trout Salmo gairdneri indi-
cate that Imazalil does not accumulate in the organism but
is metabolised/exchanged relatively fast (half-life 27-43
hrs) (Weytjens et al. 1989).

The daily ingestion rate of Imazalil by pink-footed
geese feeding on new-sown cereal fields was estimated at
9-15 mg a.i., or 3-5 mg a.i./kg body mass. Intake rates
were thus far below reported LD®values. A worst case
scenario is that the geese would exclusively cover their
daily energy demands by feeding on new-sown cereals,
which might in some areas have been the case before the
intensified baiting programme began. In such a situation,
the daily intake of Imazalil would amount to approxi-
mately 26-42 mg a.i., or 8-12 mg a.i./kg body mass, which
is still more than two orders of magnitude below report-
ed lethal dosages.

With an Imazalil dosage of 50 mg a.i./kg grain, a goose
which feeds on new-sown cereal for just one day (i.e. an
acute poisoning) obtains an ingestion which is two orders
of magnitude below the reported LCHvalues. If a goose
feeds on new-sown cereal fields for 2-3 weeks (i.e. amore
chronic poisoning), the pesticide ingestion is comparable
to the above-mentioned test of reproductive effects on
bobwhite quail. In the quail, the 50 mg/kg is within the
range where sub-lethal effects could not be detected.

New-sown peas, which may be treated with Thiram,
were only occasionally and locally used by the geese.
Toxicity tests of Thiram on birds have shown highly vary-
ing LD® values, viz., between 100 mg/kg body mass in
passerines (Schafer et al. 1983) and >2,800 mg/kg body
mass in mallard (Hudson et al. 1984). LCS values of

>5,000 mg/kg diet have been reported for pheasant and
mallard (Heath et al. 1972). However, Thiram is known
to have sub-lethal effects on reproductive parameters
even in low concentrations; the 'no-effect' level has been
estimated at between 10 and 350 mg/kg diet, depending
on the test species (e.g. Riedel & Grtin 1986, Elder 1964).
Theoretically, if the 'no-effect' level for pink-footed geese
is set at 200 mg/kg diet, and the dosage of Thiram in new-
sown peas is 2,000 mg/kg, a goose has to ingest 100 g of
peas to reach the thresholdllevel. With a pecking rate of
0.2 secland a seed weight of 0.27 g (and assuming that
the goose takes a seed for each peck), this level will be
reached after 31 minutes of uninterrupted foraging. If the
geese are actively feeding, this can be accomplished with-
in less than one hour of visiting a new-sown pea field. At
Bpvling Fjord, flocks of geese were observed feeding in
new-sown pea fields for up to two hours but seed dress-
ing had not been applied in that area in 1994. However,
in other areas and years, seed dressing is applied; then
there may be some risk that geese are poisoned to an ex-
tent where sub-lethal effects will occur.

To conclude, after the commencement of spring sow-
ing of barley and despite an intensive baiting programme
to distract geese from the new-sown fields, new-sown ce-
reals constitute the most important food for pink-footed
geese during their stay in western Jutland. In some areas,
flocks of geese also utilise new-sown pea fields. In a nor-
mal spring season, the entire population is likely to be ex-
posed to Imazalil treated spring barley, and in some years
a fraction of the population is exposed to Thiram-treated
peas. Late departing geese are likely to make most use of
new-sown fields and are, hence, most exposed to pesti-
cides. It cannot be excluded that Imazalil may have sub-
lethal effects on pink-footed geese, especially for birds
utilising new-sown cereal fields for several consecutive
days, but the low toxicity and high mobility of the com-
pound and its metabolites suggest that effects are minor
and short-lived. Thiram, however, may be ingested by
geese in dosages which may have sub-lethal effects onre-
productive parameters. Even though Thiram is apparent-
ly not used in all seed peas, special management precau-
tions should be taken to deter geese from exploiting new-
sown pea fields. More research is needed to quantify the
exposure of the pink-footed goose population to Thiram-
treated pea fields in order to evaluate potential impacts.
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