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Introduction
The cause of regular crashes in the numbers of red grouse has been of considerable
interest for many years to those involved with grouse moor management.The
presence of Trichostrongylus tenuis, a parasitic strongyle or threadworm which lives in
the gut of red grouse, has been recorded in the literature for more than 100 years.
The disease it causes is often referred to as strongylosis.

The biology of the parasite and its relationship with the host have been studied in
detail. Research has established that the strongyle worm can cause regular and large-
scale reductions in the numbers of grouse and the parasite control can be effective in
reducing the losses of grouse to disease.

To reduce the severity of these population crashes, parasite control is practised
on many moors.The Game Conservancy Trust has been conducting research into
direct parasite control methods within red grouse since the early 1980s and this
pamphlet sets out this knowledge and best practice guidelines for parasite control
that are currently available.

Strongylosis and red grouse
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Adult strongyle worms live in the blind-ended part of the gut known as the caeca,
which are long, paired tubes. Red grouse have long caeca averaging 70cm, the length
being an adaptation to extract nutrients from their poor fibrous diet.This threadworm
has a relatively simple life-cycle.The worms mate within the grouse caeca, where each
female worm can produce around 110 eggs a day.These eggs are passed out with the
caecal droppings. Caecal droppings are the dark brown, soft ‘chocolate mousse’
consistency droppings, not the hard fibrous type that look like cigarette butts.The eggs
hatch into microscopically small, free-living larvae within the caecal droppings and feed
on bacteria and organic matter.They moult twice as they grow in the caecal pats,
developing into infective larval stage called ‘L3’.

Infective larvae have a double skin-like sheath, do not feed but leave the droppings
and ascend adjacent heather plants, using a thin film of water to ‘swim’ up the plants.
They make their way to the growing tips where they are most likely to be ingested by
a feeding grouse.The ingested larvae travel through the gut of the grouse to the
caeca, where they moult for a final time and develop into adult worms.They then
mate and the cycle starts again. Under optimal conditions the life-cycle can take as
little as two weeks.

Biology and life-cyle of Trichostrongylus tenuis
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Cold temperatures slow the development of the eggs. At 5oC strongyle eggs take
several days to hatch, whereas at temperatures exceeding 15oC most eggs hatch
within 24 hours. High humidity is vital for hatching and survival. Eggs may, however,
remain viable in dry conditions for considerable periods at low temperatures.The
free-living larval stages require temperatures above 6oC and relatively humid
conditions to be active. During periods of cold weather, the parasites halt their
development, but stay alive. Periods of dry or hot weather kill the larvae both within
the caecal pats and as free-living stages on the heather plants by desiccation.

Two main periods have been identified when grouse pick up the larvae - in the
summer by ingesting infective larva and in the late winter/early spring by again
ingesting infective larva and also from larvae hatching in the guts after a period of
non-development or hibernation.

During the autumn and winter months, not all infective larvae develop
immediately into adult worms in the caeca.The L3 larvae shed one sheath and then
temporarily stop developing and attach themselves to the caecal wall.These are
known as ‘arrested’ or non-developing larvae.The arrested larvae over-winter in the
host and resume their development into adults in March and April. Arrested stages of
gut parasites are difficult to kill with drugs (anthelmintics) and may be the cause of
some poor results in parasite control programmes, as they can start developing again
after the control programme has been conducted.

Strongyle worms and eggs found in the caeca of a red grouse as seen under an electron microscope. (The Game Conservancy Trust)
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Effects of strongyle worms

Once the infective larvae have developed into adult worms in the caeca they then
burrow into the caecal wall where they can cause considerable damage.They reduce
the digestive efficiency of the grouse and ultimately their condition.Weak and dead
grouse are often seen from late February onwards, with the classic ‘owl-like’ flight from
the red grouse the first indication of a parasite outbreak.When the birds are flushed
they have a weak gliding flight usually in a downhill direction. Grouse can be found
sitting in the heather, too weak to get up when disturbed. Dead birds can be found
anywhere on the hill, but mainly in gutters and streams, too weak to climb back out.

Grouse with high infections of strongyle worms appear to give off more scent
during incubation than hens with reduced worm burdens.This increased scent
emission can increase predation rates on adult grouse and eggs during incubation.

Worm infections are likely to increase dramatically when high grouse densities
coincide with mild, damp conditions.Worm burdens in excess of 3,000 worms per
bird start to have an impact on a bird’s condition and its subsequent reproductive
capacity. In some cases numbers of worms can build up to very high levels with
extreme examples of worm burdens in a bird of over 30,000 worms recorded.

Recent studies have found up to one free-living infective larva per gramme of
heather. (The average daily intake of heather by red grouse is between 60 and 80
grammes per day.) Worm survival in the grouse is good with an average life
expectancy of two years.

How many of your shot grouse were carrying strongyle worms? (The Game Conservancy Trust)
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OUR RESEARCH HAS
SHOWN:

Experimental reduction of
worm burdens in female red
grouse caused better over-
winter survival and increased
breeding success.

Worm burdens increased as
grouse density increased.

Large-scale experiments
demonstrated that the reduction
of worm burdens through the
application of drugs to kill
worms (anthelmintics) reduced
the severity of grouse crashes.

Grouse killed by mammalian
predators had higher parasite
burdens than grouse that had
been shot.

Experiments demonstrated that
grouse with high worm burdens
were more vulnerable to
mammalian predators.
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EQUIPMENT NEEDED FOR
WORM COUNTING

If you are intending to conduct your
own worm counts, you will need
the following equipment:

2x Specialist brass sieves, one with
a 810um mesh, the other with a
212um mesh

1x pair of sharp pointed scissors
1x 300 or 500 ml measuring

cylinder
1x Petri dish with gridded lines
1x High sided washing tray
1x 10 or 20 ml syringe (without

needle), plus 8cm of medical
tubing, 3mm diameter

1x 500ml beaker
1x Angle poise lamp 
1x Black tile

The majority of the above
equipment will have to be
purchased through specialist
scientific equipment suppliers.

Worm counts

Assessing grouse for worms
To help combat the disease, it is essential that regular assessments of worm burdens
are made to give an early indication of a build up in worm numbers. A random
sample of 10 adult grouse and 10 young grouse should be taken from the bag at the
end of a day’s shooting. Sampling should be undertaken on each beat at the start of
the shooting season and at the end. If time and resources allow, a third sample half
way through the season is advisable.

Worm burdens in the young grouse reflect the numbers of parasites available for
grouse to pick up through the summer months from the period when they hatch
until they are shot.Worm burdens in the adult grouse reflect the rates grouse picked
it up in the previous autumn and spring.

Counting worms 
Game Conservancy Limited’s Advisory Services for both Scotland and the North of
England can conduct worm counts. Or they can be conducted by the keepering staff
on the estate.The Advisory Service also runs courses on the instruction of worm
counts and the equipment required to undertake these.

Worm counts can be conducted on the guts of freshly shot grouse and guts that
have been frozen.The bird’s age, sex, date and probable cause of death should all be
recorded before the worm count is started.

The two brass sieves are placed in a sink on top of each other, with the larger
meshed sieve on the top. A piece of pipe is inserted into the plug which is found half
way up the top sieve.This allows for a continous flow of water to wash through the
sieves washing the gut contents and worms out.

To remove the guts from the dead bird, an incision is made above the cloaca
(anus) with a sharp pair of scissors, two or three fingers are then used to reach in and
over the bird’s gizzard and gently withdraw its gut.This should be done gently as
breaking the gut makes counting the worms very difficult.The end of the gut is then
snipped from the body and laid out on the sink top. If time allows, the gut should be
placed in water for two to three hours to make washing it out easier.

The gut is then gently teased apart with the two caeca identified and removed
from the rest.The two caeca are then snipped away, one is taken and cut open for its
full length, divided into three pieces of roughly equal size (because it is more efficient
to wash it in three pieces), and placed in the top sieve. It is not necessary to count
the worms in both caeca, as research has shown no statistical difference between the
numbers of worms in each caeca.The spare caeca can therefore be disposed of.

Water is then gently jetted over the guts to create a swirling action to separate
the worms and caecal material from the gut wall.The caecal gut wall is retained on
the top larger sieve and the caecal material is washed right through and the worms
are trapped on the smaller meshed bottom sieve. It takes about 10 minutes for the
caeca to be completely washed through.

The contents that have been trapped on the bottom sieve, are then washed; the
sieve is placed upside down in a high-sided wash tray, tilted to one side, and 300ml of
water from a measuring cylinder added.The water plus the worms are then collected
and carefully transferred to a 500ml beaker.The beaker is then gently stirred to
distribute the worms evenly through the water ; a sub sample of 10ml of water
containing the worms is removed from the beaker with a syringe and emptied into a
petri dish.

The petri dish is then placed on the black tile with the anglepoise lamp
positioned to shine the light through the side of the dish aiding the identification of
the worms.The petri dish should be gridded out to aid counting of the worms. Lines
can be drawn on the bottom of the petri dish with a glass or tile cutter.The worms
resemble 1cm long pieces of white cotton and are easily visible with the naked eye.
Three separate sub samples of 10ml each should be taken from the beaker and
worms counted, make sure the water in the beaker is well stirred before each
sample is taken.

Help is at hand

Game Conservancy Limited’s
Advisory Service can conduct
worm counts on your behalf.Please
contact 01828 650543 for further
information.
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The number of worms in each grouse is then calculated by adding the three 10ml
counts together and then multiplying the resulting figure by 10.This gives an estimate
of the number of worms in the original 300ml sample (see box right) and the worm
contents of one caeca. As there are two caeca per bird, multiply the resulting figure by
two.The three 10ml sub samples should be within 10% of each other. If this is not the
case after the initial three samples have been taken, continue until it is the case.

In the example shown (see box right), we calculate the worm burden in the
sampled grouse to be 4,100 worms.

WORKED EXAMPLE OF
CALCULATION

Number of worms
Count 1 (10 mls sample). 68
Count 2 (10 mls sample). 70
Count 3* (10 mls sample). 94
Count 4 (10 mls sample). 67

* Counts 1,2 & 4 are used, as count 3 was

not within 10% of the rest.

Worms in 30 mls 
[add counts 1+2+4] 205
Worms in 300 mls 
[one caeca] x 10 2,050
Worms in bird x 2 4,100

(Laurie Campbell)
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There are currently two basic techniques for controlling strongyle worms in red
grouse. One is a direct catch-and-treat method, and the second is an indirect method
using quartz grit coated in palm oil, which is then impregnated with an anthelmintic
chemical (a worm-killing drug).They both have advantages and disadvantages with
neither method achieving 100% worm eradication.

However, by correct implementation of these techniques, reductions in worm
burdens are possible, with a corresponding increase in grouse productivity and survival.
Using information from our National Gamebag Census, it is also possible to see the
effects on grouse bags where estates use medicated grit and or dosing (see Figures 1
and 2).

Reducing worms in the host
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Effect of gritting and dosing in the Pennines

and Scottish Borders. Note: the estates repre-

sented by the green columns (no parasite

control) were always where fewest grouse

were shot.

Figure 1

No grit no dose

Grit no dose

Grit and dose

Direct dosing
This involves catching individual grouse at night by spotting them with a high-powered
light and then administering an oral anthelmintic drug to them. Currently the most
commonly used drug is Levamisole hydrochloride, which kills the worms in the
grouse, allowing the grouse to regain body condition. However, its effects are very
short-term and re-infection occurs within 48 hours.

Figure 2

Effect of gritting and dosing in the Scottish

Highlands. Note: the estates represented by

the green columns (no parasite control) were

always where fewest grouse were shot.

No grit no dose

Grit no dose

Grit and dose
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The major period for the treatment of the birds is through the winter months
into the early spring where the aim is to get grouse into good body condition before
the start of the breeding season. By catching and treating the grouse through the
winter when temperatures are low, the possibility of re-infection is reduced (larvae
are not available for ingestion at temperatures below 6oC).

All catching and dosing should be finished by mid-April. Once hens become heavy
with eggs, handling may cause undue stress.

The best nights for lamping and catching grouse are those also ideal for lamping
foxes and rabbits, ie. a dark night with little or no moon, no snow cover, no rain or
snow, with a slight breeze (strong wind makes catching difficult). Catching can be
carried out on foot, working in pairs, but the majority of estates that are successful at
catching grouse use an eight-wheeled all-terrain vehicle (such as an ‘argo-cat’),
although these are best on areas that have relatively flat terrain without large gutters
criss-crossing the area.

If the dosing is to be conducted on foot then it is better and easier to work in
pairs.The basic technique is to walk across the hill, scanning the ground in front
looking for the tell-tale bright shine from the grouse’s eye.The area of ground needs
to be searched systematically by covering the area with a series of parallel passes.
Once a grouse has been spotted, walk straight to it while searching the area with the
beam to locate any other grouse roosting in the vicinity.

Once the bird is in the net, make sure the net is kept firmly on the ground so that
it cannot escape under the edge.Very carefully take the grouse out of the net,
handling it firmly to prevent it from struggling. Keep the bird’s wings close to its body
at all times. Speed is of the essence once it has been caught, so the birds need to be
dosed and tagged as quickly as possible to avoid stress.The bird should be held under
one arm and the neck very gently held straight.The beak is then opened and the
tube attached to the syringe is gently slid down the throat, slowly push the plunger in

Direct dosing a grouse. (Peter Moore)



to deliver the anthelmintic. It is important that the tubing goes over the top of the
tongue and is not pushed too far in otherwise the crop can be damaged.

The bird can either be marked with a numbered wing tag or a numbered leg ring.
Take a note of the number, along with capture date and location, before the bird is
released. By recording the date dosed, location and age, these facts are then available
if the bird is subsequently shot or found dead at a later date.The bird should be
released as soon as possible after capture, being placed carefully under thick heather.
Extra heather can be placed over the bird to keep it sitting tight. It should sit quietly in
the heather while you carefully withdraw and look for the next bird. In areas with high
grouse densities it is possible to catch more than 10 an hour on an exceptionally
good night.

When using an argo-cat the basic principles are the same regarding handling and
dosing the grouse.The major difference is the amount of ground that can be covered.
The argo-cat should be fitted with a roll bar for the safety of the occupants; otherwise
no other adaptation is necessary.

A team of three people is required, one to drive the argo-cat, one to operate the
lamp and the third person to operate the catching net.The argo-cat is used to
traverse the moor systematically on parallel passes so that all the ground is covered.
The lamp operator scans the ground looking for the reflection from the grouse’s eye.
The lamp should be held up high at operator’s eye level to increase the likelihood of
spotting a bird.The argo-cat should be driven by the light of the lamping beam, not its
own headlights.

Once a bird has been spotted the argo-cat is driven towards the bird, with the
spotlight trained on the bird constantly. A few yards back from the bird the net
operator gets out of the back of the argo-cat and walks alongside.The argo-cat is
driven alongside the grouse, with the spotlight still directed straight at the bird.The
net is then placed over it. From then on, the procedure is for the same as for dosing
and tagging the bird and returning it to the heather.Whether on foot or in an argo-
cat it is essential to double-check that you have all the necessary equipment and that
it is easily accessible with cold hands in the dark.

Once an area has been successfully covered over a number of nights it should be
left for two to three weeks before being covered for a second time. Quite often only
one bird out of a pair is caught the first time, so the second mission provides an
opportunity to catch the other bird. Experimental work has shown that the removal
of worms from hen grouse by direct dosing with an anthelmintic (Levamisole
hydrochloride) is a short-term, but highly effective way of reducing worm burdens in
heavily-infected grouse, resulting in increased survival and breeding production.

10

A pile of medicated grit.

(The Game Conservancy Trust)

(Laurie Campbell)



Indirect methods (medicated grit)
Heather makes up 80% of grouse diet. It is therefore very difficult to get them to take
artificial feed impregnated with an anthelmintic drug. Grouse do, however, consume
large quantities of quartz grit.They store it in their gizzards where it aids grinding up
tough fibrous heather. Grit is constantly picked up by the birds and passed out when
it becomes rounded and smooth and its grinding ability is reduced. Part of the
traditional management of grouse moors is to place quartz grit out on the hill at
convenient locations for the birds. For reducing worms in grouse, quartz grit is used
that has been treated with a thin covering of palm oil into which an anthelmintic drug
is impregnated.This is known as ‘medicated grit’.

Medicated grit was developed in the 1980s by the Strathclyde Chemical Company
in conjunction with The Game Conservancy Trust.The drug used in medicated grit is
fenbendazole, sold by Hoechst Animal health under the trade name of Panacur.
Panacur is ideal for the job as it is not soluble in water and does not break down in
sunlight. Split dose drugs work by allowing the bird to take in small amounts of the
anthelmintic over a period of days. We assessed the effect of medicated grit in a
comparative worm burden trial with six paired sites, with one of the pairs using
medicated grit and the other site using ordinary quartz grit.We found that medicated
grit reduced the worm burden by an average 44%.This initial trial was followed up
with a large field experiment based on one moor in the North Pennines over five
years. In this study, one site received medicated grit, and a second site received plain
quartz grit.The grit treatment was switched after three years to take into account any
physical differences in the sites.The results from the field experiment showed that
breeding success can be increased by 40% by applying medicated grit, with an average
of six chicks per hen from the medicated site compared with fewer than three from
the plain quartz site (see Figure 3). It also reduced worm burdens in treated grouse by
31%. Reducing parasite numbers helps to improve the body condition of the grouse
and reduces scent emission especially during incubation, making the birds less
vulnerable to mammalian predators.

How to apply medicated grit
To gain the greatest uptake by red grouse of medicated grit an effective gritting
system needs to be established, providing access to a number of grit heaps in each
grouse territory. As medicated grit is relatively expensive the initial gritting pattern
should be established using ordinary quartz grit.

A lattice pattern of grit piles should be established across the moor at least every
250 metres, resulting in several grit piles being available in each grouse territory. At
high grouse densities increased numbers of grit heaps will provide more heaps in
grouse territories and reduce the distance grouse have to travel to find them.The grit
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Young per hen in July (using radio-tagged

hens). Note: the average clutch size per hen is

eight.

Figure 3
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piles should be put out in obvious places, on short vegetation within close proximity
to mature heather to act as escape cover.The grit should be placed in conical heaps
to make them more conspicuous and help prevent weathering. Surrounding grit heaps
with stones or a wooden frame helps to keep the grit in a heap, making it more
obvious to the grouse. Some keepers use wooden boxes set into the peat to retain
the grit in a heap for longer.

Edges of grips and the top of small stones are often good sites. Some keepers cut
a turf about 35cm square and turn it over to make a gritting site. Once a gritting
pattern has been established and the grouse are using the heaps, they should be
marked so that the same heaps can be used in subsequent years.This may mean
putting the gritting sites out on known compass bearings and noting them on a map,
or marking the lines of grit heaps with small wooden posts. During harsh snowy
conditions grouse can find it very difficult to find grit. Providing additional grit on sites
where the snow has blown clear may be beneficial during these periods. Medicated
grit is placed out on the established gritting sites once all the shooting has stopped on
the moor in December.

Each pile of medicated grit should be between 0.5 kilogramme and one
kilogramme per heap. A tonne of medicated grit should be enough to cover about
1,400 hectares (3,500 acres).The heaps should be monitored throughout the winter,
with sites that are frequently used replenished as required.The medicated grit is
designed to break down slowly over time. After two months of exposure to the
elements, the levels of anthelmintic within the grit will have dropped and the heaps
should therefore be topped up with fresh grit to ensure the highest possible drug
levels are available to the grouse. It is good procedure to top up all heaps with
medicated grit in early March. No medicated grit should be put out on the hill after
the end of March.

On some estates other animals are attracted to the heaps of medicated grit, with
some estates reporting large amounts of grit being eaten by rabbits and sheep.To
address this problem, we have put grit into 40 centimetre square boxes 15cm deep,
and have fastened a 2.5 centimetre square wire mesh over the top of the box.The
mesh does not appear to put off the grouse, but the rabbits and sheep cannot gain
access. Non-galvanised wire mesh should be used as some products can be toxic.

Important note:
As medicated grit is a free access drug, it is important that the statutory legal
withdrawal period for the active anthelmintic is adhered to. Do not use medicated grit
after the end of March.This is to prevent any anthelmintic getting into the human food
chain via shot grouse. Access to medicated grit can then be resumed once the shooting
season has finished.
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(Laurie Campbell)

One free-living infective worm larva can be found

for every gramme of heather at the tip of the

plant. (Laurie Campbell)
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To get the maximum benefit from controlling gut parasites, direct dosing and the
application of medicated grit can be done at the same time. Direct dosing is best
undertaken during periods when autumn worm burdens in the grouse are very high,
perhaps 5,000 worms per bird, combined with high grouse densities.To reduce the
re-infection rates after dosing, it is advisable to apply medicated grit at the same time
as the catch-and-dose regime is done.

Medicated grit should be used as the grouse population is starting to increase and
when worm burdens are relatively low. It should be continued as the population
builds up. However, if grouse densities are very low (below 10 pairs per square
kilometre) the use of grit would not be practical. As the medicated grit is only
reducing the worm burden by around 30% to 40% it has limited success as a control
procedure when only used in years of high worm burdens and when the grouse
population is likely to crash.

Neither method is guaranteed to give record densities year after year, nor do they
replace the traditional management tasks of habitat management and predator
control.They do, however, provide management options that can reduce the severity
of a crash and cycles by slowing the build up of parasite populations.

By reducing worms in hen grouse, anthelmintics enable more chicks to be reared
and thereby increase numbers of grouse in the autumn available for shooting.

Research has shown that provision of medicated grit resulted in a mean increase of
two chicks per hen. On an average moor, the mean spring density is 26 pairs per 100
hectares (250 acres). If 40% of the extra grouse produced were harvested, this would
provide an extra 10.5 brace of grouse in the bag per 100 hectares per year.

Medicated grit can enhance the economic viability of grouse moors by increasing
the July grouse population and providing more grouse to harvest.

Summary

(Laurie Campbell)
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Strongylosis position statement

The Game Conservancy Trust is committed to developing techniques that reduce the
impact of the parasitic strongyle worm Trichostrongylus tenuis on the sustainable
management of red grouse.We have assessed the impact of strongyle worms on
grouse numbers and breeding success and have developed two complementary
parasite control techniques that reduce worm burdens.We consider that:

The benefits of parasite control will not be fully manifested in the absence of
appropriate habitat and predator management.

Experiments throughout the 1980s showed that the use of orally-administered
anthelmintic did, by reducing worm burdens, increase grouse survival and breeding
success in those years.

A combination of experiments within one moor and a series of comparisons
between moors have shown that grit treated with fenbendazole and ingested by
grouse reduces worm burdens and thereby increases breeding success and
grouse bags in those years.

Research findings under set experimental conditions may not be reflected across
all practising moors. Differences may be attributable to efficiency of application,
which often deviates from current best practice recommendations.

The development of a grit coating, which provides greater efficacy and allows
greater persistence of the anthelmintic, will be a major focus for future research
and development.

From the Strongylosis Working Group 2002(Laurie Campbell)
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Advisory Services

Game Conservancy Limited’s Advisory Service provides professional advice on all
aspects of game management including red grouse.

For more information contact:
Liz Scott on 01425 651013 or your local advisor shown below:

We thank RP Hodson and Oval for their
generous sponsorship which has enabled
us to produce this guide.
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