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Geographical and seasonal patterns of mortality in red grouse
Lagopus lagopus scoticus populations

Peter J. Hudson, David Newborn & Peter A. Robertson

Hudson, P.J., Newborn, D. & Robertson, P.A. 1997: Geographical and sea-
sonal mortality in red grouse Lagopus lagopus scoticus populations. - Wildl.
Biol. 3: 79-87.

Corpses of red grouse Lagopus lagopus scoticus were collected monthly
from 10, 1-km2study areas on managed grouse moorland for a period of 10
years. Six of the study areas were located in Scotland and four in Northern
England. A greater number of corpses were found on the Scottish study
areas than on the English and compositional analysis identified the relative
importance of death through parasitism in England. Stoat Mustela erminea
kills were more prevalent in England but fox Vulpes vulpes and large raptors
were more important in Scotland. Predators were more abundant in
Scotland and frequency of sightings positively correlated with number of
kills between study areas. There was a seasonal peak in mortality in spring.
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Demographic studies of animal populations aim to
estimate rates and patterns of fecundity, mortality and
dispersal. Estimating fecundity is usually straight for-
ward but estimating mortality and dispersal (emigra-
tion and immigration) is fraught with difficulties. One
approach to investigating mortality is to examine the
disappearance of marked individuals, however, disap-
pearance may mean emigration or an unrecovered
death. In vertebrate studies, accuracy in determining
mortality has improved within the past 20 years with
the development of radio tags that permit the worker
to follow individuals with little disturbance until the
time of death. Such studies provide an estimate of
mortality rate but only identify the proximate cause
of mortality (Kenward 1987, White & Garrott 1990).
However, even radio tracking does not provide all the
answers; a proportion of radio-tagged individuals are
lost due to transmitter failure and emigration and
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obtaining a large sample size is a time-consuming
and costly exercise. Undertaking such studies within
a single population is difficult enough but to under-
take seasonal, comparative studies on replicated geo-
graphic sites over a reasonable period of time
becomes prohibitively expensive in effort and cost.
In our detailed and extensive studies of the popula-
tion dynamics of red grouse Lagopus lagopus scoti-
cus we have taken three approaches to estimating
mortality and its causes: first, the standardised search
for and collection of corpses from study areas in dif-
ferent parts of the species’ range, second the use of
radio-tagged individuals and third, the experimental
manipulation of individuals and mortality factors
coupled with predictions of changes in survival
(Hudson, Newborn & Dobson 1992b, Hudson 1992).
This paper examines the seasonal and geographical
variation in the collection of red grouse corpses from
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10 study areas in Scotland and England over a period
of 10 years.

Materials and methods

Collection of corpses

Ten study areas of 1 km2were established on areas of
heather moorland, managed for the production of red
grouse (Hudson & Newborn 1995); four in North
Yorkshire, England and six in Inverness-shire,
Scotland. Study sites were selected as representing
variations in altitude, moorland habitat and grouse
density (Table 1). Most of the study areas were con-
sidered to hold separate grouse populations usually
because of breaks in habitat between populations,
although the two study areas Drumochter 1 and
Drumochter 2 were within 2 km of each other and
formed part of a contiguous area of grouse moorland.
Each area was searched during the third week of each
month between July and April for 10 years starting in
January 1986 and finishing in December 1995.
Searches were not conducted during the months of
May, June and July because this would have caused
undue disturbance to breeding birds. Searches were
postponed if harsh weather conditions made corpse
searches worthless.

Initially, each study area was searched on six passes
but after three years this was increased to 12 or more
passes when visibility was poor due to thick cover or
poor weather conditions so the observer felt satisfied
the site had been well covered. Each site was covered
by a minimum of 6 km at least 170 metres apart and
usually took about four man-hours. The searches
were undertaken by each of five main field workers
although others assisted at times. The direction of
search alternated each month (right angles to the pre-

vious month), thus ensuring an intensive coverage of
each study area. Each pass of the study area was
undertaken by walking slowly and scanning the veg-
etation with binoculars for signs of feathers or
corpses. When a sign was noticed, the transect path
was left and the worker walked to the sign to search
the area for a corpse. If a death was confirmed, stand-
ardised notes were taken, the corpse collected and the
field worker returned to the transect.

Detailed demographic data were also collected
from each study area by counting the number of
breeding pairs in spring and by assessing breeding
production in July (further details in Hudson et al.
1992h, Hudson 1992). Most shooting occurred dur-
ing the months of August and September and a post-
shooting count was undertaken in October. Table |
summarises these data.

Identification of corpses

A mortality was recorded if there were red grouse
bones, body tissues, guts or primary feathers present.
Clumps of feathers without bones or only secondary
feathers were ignored because fighting grouse can
leave such signs. However, the loss of a significant
number of primaries would have made the bird
unable to fly and probably resulted in death. All the
remains were removed but when there was a prepon-
derance of feathers, a sign (three secondary feathers
stuck in the ground) was left so that other workers did
not record the mortality on a subsequent visit. Each
field worker recorded all details on a standardised
record card including a sketch of feathers and other
signs. The surrounding vegetation was searched for
signs of mammal predators (faeces, urine odour,
corpse caching) or raptor predators (mutes, pellets).
The relative location of the corpse in the study area
was noted, whether the corpse was close to an object

Table 1. Characteristics of 10 study areas with details of grouse demography and environmental variables. For further details on how these
characteristics and variables are described see Hudson (1992). Bag records are means from 1980 to 1989.

Blind Ghyll Tam Moss Dallowgill Danby Low Drumochter 1 Drumochter 2 Lodge Dalwhinnie Moss Buachalle

Location Yorkshire Yorkshire Southern North York  Speyside, Speyside, Speyside, Speyside, Speyside, Speyside,
Dales Dales Dales Moors Scotland Scotland Scotland Scotland Scotland Scotland

‘Hens/km2 35.4 29.6 24 17.2 12.7 10.9 11.0 111 4.2 5.22
Young/hen 4.78 4.18 6.04 3.35 4.84 5.04 4.58 4.03 5.5 3.17
Bag/km2 8 87 146 52 8 8 7 7 4 4
Birds/km?2 80.0 94.3 76.4 59.0 53.4 52.5 38.4 44.7 16.3 17.6
Habitat Mire Mire Heath Heath Mire Mire Mire Mire Heath Heath
Altitude, m as.l. 550 520 350 200 560 520 540 500 410 450
No of wet days 180 180 140 120 180 180 180 180 160 160
Grazing Moderate High Low Low Low Low Moderate Moderate Low Moderate

1The number of hens/km2is the breeding density
2The number of birds/km2gives the total number of birds in October
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it may have collided with or a mound or post on
which a predator may have eaten the bird. Each
corpse was classified into one of four broad cate-
gories: 1) killed by a raptor, 2) killed by a mammalian
predator, 3) a thin bird with characteristics of death
through parasites or 4) birds that had probably died
from a violent cause not associated with a predator,
e.g. collision with fence or shot. The last category
included any birds where the cause of death was not
obvious. Grouse killed by parasites were usually
highly emaciated, often with a full crop, no external
signs of injury with a lack of leg feathering. In the
past we have shown that such deaths were associated
with the nematode Trichostrongylus tenuis and exper-
imental treatment of infected birds increased survival
chances (Hudson 1986, 1992, Hudson, Dobson &
Newborn 1992a, Hudson & Newborn 1995).
Individuals weakened by parasites and then killed by
predators would have been classified as killed by a
predator; this is examined in more detail by Hudson
et al. (1992a). The accuracy of each classification was
determined on a subjective ranked scale of 1to 5
(Table 2). Corpses classified as ranks 1 and 2 were
only based on weak evidence, whereas ranks 3-5
included individuals where there was good evidence
supporting the cause of death. Young birds were birds
less than nine months of age.

The suspected predator species for each corpse was
also recorded if possible according to the evidence
available and again the accuracy was subjectively
ranked on a scale of 1to 5 (see Table 2). The cause of
mortality of each corpse was assessed independently
by a second worker after the corpse was brought back
to the laboratory for forensic analyses and any corpse
discovered by an inexperienced field worker was
examined in situ by an experienced field worker. Any
differences in the classification of corpses were dis-
cussed and an independent assessment by other ex-
perienced field workers was sought. When we ob-
served a grouse killed or being eaten by a predator,
careful notes and observations were taken and used as

a reference for the classification of other grouse
corpses collected. Similar techniques have been used
and the ability to recover the corpses tested by previ-
ous workers (Jenkins, Watson & Miller 1964,
Redpath 1989).

Raptor Kills were characterised by distinguishing
features, in particular the presence of a notched ster-
num, tom chest muscles, a puff of feathers where the
raptor had struck the prey, signs of feathers being
plucked, mutes and pellets close to the Kill. Peregrine
Falco peregrinus kills or kills by other large raptors
frequently had a broken neck with the head separated
from the body by some distance. Peregrine kills also
exhibited a characteristic feather pattern reflecting
where the bird was struck and later plucked with a
strong dismemberment of the corpse, often with the
humerus broken. Smaller raptor kills were more care-
fully eaten, the humerus was not broken and the chest
muscles eaten carefully with distinct beak marks.
Distinguishing between large raptor kills, such as
peregrine, and small raptor, such as hen harrier
Circus cyaneus, kills was the most difficult task and
whereas clear evidence was required for classifica-
tion, in many instances this was not possible and the
kill was not classified further than a raptor kill.

Mammal kills showed characteristics of feathers
having been bitten rather than plucked and bones
crushed rather than snapped so distinguishing
between raptor and mammal kills was relatively sim-
ple. Red fox Vulpes vulpes kills were quite different
from raptor Kills, the carcass having been chopped
and eaten and often the guts and small parts of the
carcass remaining. Foxes frequently crushed the
humerus but peregrines would also break this bone.
Foxes frequently left the strong smelling caeca
behind and occasionally defecated or urinated close
by. Stoats Mustela erminea tended to partially bury
the carcass and eat part of the kill, characteristically
starting behind the head and neck and then eating part
of the chest muscles while not eating any of the
remaining part of the body, leaving a very cleanly,

Table 2. Subjective ranked scale used to identify predator type and predator species when examing corpses of red grouse.

Ranked scale Description
1 Cause of death unknown
2 Cause of death indicated but evidence weak (predator faeces, marks on the corpse).
3 Cause of death determined from evidence available and at least one obvious sign of cause of death such as notched sternum (raptor)
or crunched bones (mammal).
4 Cause of death determined from several obvious signs indicating the type of predator.
5 Cause of death known, kill observed
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partly eaten corpse. In Scotland evidence of wild cat
Felis silvestris and pine marten Martes martes Kills
were recorded but so few were found that these were
analysed simply as mammal Kills.

Care was taken when identifying Kills to ensure the
bird had not died from one cause and subsequently
been scavenged. The location of the corpse relative to
tracks or fences was noted and the signs of more than
one predator considered. In such situations it was
generally clear which predator had killed the grouse,
although if in doubt we considered that the mammal,
usually fox, was more likely to scavenge the corpse
than a raptor.

The time of death was estimated for each corpse as
having occurred either within the past week, within
the past month or more than a month ago. Corpses
that appeared to have been killed several months pre-
viously were assigned to one of the four previous sea-
sons: winter (December-February), spring (March-
May), summer (June-August) or autumn (September-
November). Corpses assigned to these seasons were
later distributed equally among the three months of
that season.

Predator presence

Assessing the abundance of predators and the relative
predator pressure requires long periods observing an
area of moorland and recording the presence and
movement of predators. This is time consuming and
difficult to record during both day and night. We
recorded the amount of time spent undertaking rou-
tine field work on each study area and recorded the

presence of raptor predators on each visit. If a raptor
was seen twice during a bout of field work, it was not
always possible to determine if this was the same
individual recorded twice or two different individu-
als. Relative density of raptors was expressed as the
number of raptors seen per 100 hours of fieldwork.
We also collected and recorded the number of fox
faeces as an indirect estimate of fox predator pres-
sure. We express the relative predator pressure as the
number of raptors, either hen harriers or peregrines
present per 100 hours of field work and the total num-
ber of fox scats recorded per 100 hours of fieldwork.

Results

Geographic variation in causes of mortality and
predator pressure
A total of 729 corpses were collected on the 10 study
areas over the 10 years of this study. The principle
cause of mortality on all study areas was predation
and in 8 of the 10 study areas the principle cause of
predation was raptor predation (Table 3).
Geographically the study areas fall into two dis-
crete groups with different predator species and pop-
ulation dynamics (Hudson 1992) so comparisons
were made between study areas at the low spatial
scale and between countries at the large spatial scale.
Significantly more corpses and Kkills by predators
were recovered on Scottish than on English study
areas (Mann Whitney U = 0, P = 0.01), with signifi-
cantly more raptor kills in Scotland than in England

Table 3. Cause of mortality assigned to red grouse corpses collected in England (N = 125) and Scotland (N = 604)from 1986-1995. Figures

are total numbers recovered. Further details in Table 1.

Cause of mortality

Study Area Raptor Mammal
Blind Ghyll 12 8
Tam Moss 16 19
Dallowgill 12

Danby 12 7
England total 52 37
%England 41.6% 29.6%
Drumochter 1 45 67
Drumochter 2 69 66
Lodge 46 24
Dalwhinnie 77 35
Moss 43 17
Buachalle 35 12
Scotland total 315 221

% Scotland 52.1% 36.6%
Total 367 258

% total 50.4% 35.4%
82

Parasite Other Total
7 2 29
19 1 55
5 2 22
0 0 19
31 5 125
24.8% 4%
0 21 133
0 21 156
0 4 74
0 14 126
0 7 67
1 48
0 68 604
0% 11.3%
31 73 729
4.2% 10.0%
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Table 4. Predator species associated with red grouse corpses, based on the corpses where the predator species was identified and the accu-

racy of the identification was ranked as 3 or higher (see Table 2).

Predator

Medium/Large Smaller
Study area raptors raptors
Blind Ghyll 4 0
Tam Moss 7 3
Dallowgill 1 1
Danby 1 1
England Total 13 5
%England 28.3% 10.9%
Drumochter 1 31 3
Drumochter 2 26 6
Lodge 21 5
Dalwhinnie 33 13
Moss 14 6
Buachalle 13 5
Scotland total 138 38
%Scotland 39.3% 10.8%
Total 151 43

% total 38.0% 10.8%

(U =0, P=0.01), significantly more mammal kills in
Scotland than in England (U = 2, P = 0.038), but sig-
nificantly more parasite Kills in England than in
Scotland (U = 0, P = 0.01). Since the data in the form
of proportions cannot be considered independent, we
used compositional analysis (Aitchison 1986), where
the proportions were converted to log ratios.
Compositional analyses identified significant diffe-
rences in the proportional cause of death between
English and Scottish study areas (F = 21.6, df = 3,6,
P =0.001) with a proportional trend running parasites
> raptors > mammals > found dead for the scale of
England to Scotland. There was a significantly high-

ft 40

2 4 0 2 4
RAPTOR SIGHTINGS/100 HOURS

Figure 1. Relationship between number of corpses collected and frequency of predator
sightings compared between study areas for: A) raptors and B) foxes.

WILDLIFE BIOLOGY «3:2 (1997)

6

FOX FAECES PER 100 HOURS FIELDWORK

Fox Stoat Total
3 2 9
9 5 24
1 2 5
5 1 8
18 10 46
39.1% 21.7%
53 4 91
57 2 91
12 2 40
21 0 67
14 0 34
10 0 28
167 8 351
47.5% 2.3%
185 18 397

46.6% 4.5%

er proportion of parasite-related deaths on English
than on Scottish study areas (P < 0.05). Whereas
there was a numerical difference between Scotland
and England, there was no difference in the relative
proportion of deaths attributable to the other causes
between the two countries. It would appear that
corpses are more frequently found on Scottish study
areas and more often killed by predators than on
English study areas. Proportionately, parasite-
induced losses are more common on English than on
Scottish study areas, but the other causes of loss
occur in similar proportions in the two countries. The
relative importance of different predator species also
varied between the two countries
(F = 15.284, df = 3,6, P < 0.005).
Compositional analysis identified
stoat kills as being proportionately
more common on English than on
Scottish study areas; small raptor
kills were spread equally between
the two countries, whereas fox and
large raptor kills were more common
in Scotland (P < 0.05 in all cases).
Details of corpses recovered where
there was clear evidence of the
predator species involved (rank > 3)
are summarised in Table 4.

The larger number of predator Kills
in Scotland is surprising because
densities of grouse, and hence the
number available for predation, is
consistently greater in England (see

8 10
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Table 1). However, observations on
the study areas indicate that relative
abundance of predators was greater
on the Scottish study areas (raptor m  England (N=4)
sightings: t = 3.66, df = 8, P < 0.01; 0 Scotland (N=6)

*0

fox faeces: t = 2.83, df = 8, P < b %
0.025): fox faeces were 5.3 times as E‘]
abundant and raptors 2.7 times as y
abundant in Scotland than in Eng- W 04

land. There was a positive relation-
ship between frequency of predator
sightings and ranked abundance of L NTr nnr
corpses collected from the study
areas both for raptors and fox faeces

(Spearman rank correlation, for rap- Wi | | I | 1 .
tors: rs= 0.644, P < 0.05; for fox fae- Sep Oct Nov Dec Jar Feb Mar Apr May Jun Jul  Atg
ces: rs= 0.824, P < 0.005, Fig. 1). MONTH

Seasonal variation in mortallty Figure 2. Mean frequency of corpses collected from English (N = 4) and Scottish (N =
There was a general tendency for the 6) study areas each month over a period of 10 years. Systematic searches were not under-
proportion of all corpses collected taken between May and July but corpses found in the study area were removed and their

(Fig. 2) and the proportion killed by numbers are shown.

= England = | England
(ZD Scotland o Scotland

| Li J 11 ec?;;!:l'“Xi q

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul  Ajg Sep  Oct Nov D Mar  Apr  May Jun "=Jul™= Aug
MONTH MONTH
I England | = England
o Scotland
Sep Oct Nov Dec Jan Feb Mar Apr May Jun  Jul  Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul  Aug

Figure 3. Mean frequency of corpses collected from English (N = 4) and Scottish (N = 6) study areas each month over a period of 10 years
related to causes of mortality: A) killed by raptors, B) killed by mammals, C) killed by parasites (England only), and D) ‘other".
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predators to peak in early spring both in English and
Scottish study areas. There were no significant diffe-
rences in the seasonal pattern of corpses between
study areas in Scotland or England (F = 3.444, df =
3,6, P =0.092) nor in the seasonal distribution of pre-
dation (F = 3.077, df = 3,6, P = 0.112). Combining
both England and Scotland, there were significant
differences in the proportion of total corpses found in
each season (F = 11.403, df = 3,7, P = 0.004) and in
the proportions attributable to predation (F = 15.397,
df = 3,7, P = 0.002). In both cases, a significantly
higher proportion of corpses (P < 0.05) were found in
spring, and fewer in autumn compared to winter and
summer (see Fig. 2).

The pattern of greatest mortality in February,
March and April (deduced from the high proportion
of corpses found at this time) holds true for grouse
killed by raptors and mammals both in Scotland and
England (Fig. 3). Examination of the data on preda-
tors at the specific level confirms that these patterns
of mortality are reflected in the four main predators
recorded during the study (peregrine, hen harrier, fox
and stoat) and that this seasonal peak was not a con-
sequence of a single predator species. However, care
should be taken when interpreting these data since
not all corpses could be assigned to a predator
species. Parasite-induced host mortality, although
only recorded in England, tended to be concentrated
in the spring months largely during March and April
(see Fig. 3c). The recovery of grouse in the 'Other'
category peaked in August, quite simply because a
number of grouse killed by hunters and not recovered
were found in the study areas (see Fig. 3d). The rela-
tively high peak in this category during the winter
reflected the accidental collision of grouse with
fences and other hazards, often associated with
snowy conditions (Hudson 1992).

Discussion

An examination of the geographical and seasonal
variation in the recovery of red grouse corpses from
10, 1-km2study areas over 10 years revealed some
interesting patterns. First, the relatively high rate of
corpse recovery from the Scottish populations with
numerically more corpses associated with predation.
Second, proportionately greater parasite-induced
mortality on the English study areas. Third, the sea-
sonal peak of mortality in spring. These findings and
their possible consequence for grouse population

© WILDLIFE BIOLOGY m3:2 (1997)

dynamics will be discussed after consideration of the
biases involved with the collection of corpses.

Biases in the collection of corpses

Estimating mortality through a single technique is
frequently biased and the optimal approach is to
apply a variety of techniques. Although seasonal vari-
ation in the frequency of corpse collection may
reflect seasonal changes in predator pressure, one
should not forget that the behaviour of predators also
varies during the year. Breeding predators are likely
to remove the prey to feed their offspring off the
study area during the summer months. As such, the
low recovery rate during the summer will reflect both
the reduction in the number of standardised searches
by field workers and also the behaviour of the preda-
tors. We feel that the data from September through to
April provide an accurate and comparative data set
between study areas. However, whereas we feel the
May to August data set provides reasonable data for
comparison among sites, we do not feel that strong
conclusions should be drawn from comparisons
among these and other months.

Parasite differences

The absence of parasite-induced mortality on the
Scottish study areas is probably a consequence of
density, because parasite burdens tend to be greater
on wetter moors and following years of high density
(Hudson, Dobson & Newborn 1985, Hudson et al.
1992b, Hudson 1992). Parasite-induced mortality
was not identified on the Danby study area in
England. This is a relatively dry, freely drained
heather moorland and analyses of shot birds also
showed relatively few parasites on this study area
compared with the other English study areas, which
tended to be wetter, and of which two were blanket
bogs (Hudson et al. 1985).

Predation differences between England and
Scotland

Comparisons between study areas indicate a greater
abundance of predators and an apparently greater
proportion of birds lost to predators amongst the low
density, Scottish populations. Several findings would
support the hypothesis that predation could result in
the lower breeding density recorded in these popula-
tions. These include higher predation rate, the pres-
ence of more predators and the between-site relation-
ship that accounted for some of the variation in
grouse breeding density from the number of raptor
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Kills. This does not mean that the English populations
had a lower overall mortality. Breeding production on
the English and Scottish sites was comparable, but
there was a greater mortality to hunting (see Table 1,
Hudson 1992) and this hunting mortality could have
been offset by the predation losses experienced by the
Scottish populations. Despite similar total over-win-
ter loss, including hunting, between high and low
density populations, this does not rule out winter
mortality as a cause of low breeding density in some
areas. If the strength of density-dependent winter loss
varied among different populations, this may influ-
ence spring numbers even though the average per-
centage loss remained similar. These results do not
demonstrate that the lower Scottish densities are a
consequence of this predation. Such a hypothesis
requires a detailed analysis of population data
between sites, coupled with experimental manipula-
tions which will be presented in a later publication.
Alternative hypotheses could account for the diffe-
rences in the mortality in England and Scotland. Poor
habitat quality in the Scottish populations, as a con-
sequence of grazing and other habitat management
procedures, could result in reduced carrying capacity
within the Scottish populations and consequently the
higher mortality through predation would have little
impact on the size of the breeding population. This
hypothesis is supported by a comparative study of
grouse bags between grouse moors in northeast
Scotland that found evidence that high-quality under-
lying rock and heather burning pattern were impor-
tant factors (Picozzi 1968). However, a more recent
study found that such a relationship did not hold true
with a more widespread comparison of bag records
(Hudson 1992). This is not to say that the quality of
food or cover provided by heather is unimportant for
the grouse, rather that it appears unlikely to account
for the geographic variations in density or mortality.
It remains possible that poor heather cover on some
moors may increase the susceptibility of grouse to
predators, but the impact of predation will also
depend on the abundance of predators. The low level
of predation and low numbers of predators on the
English study areas imply a lower predator pressure.
A third hypothesis is that spacing behaviour deter-
mines the density of breeding grouse and the non-ter-
ritorial, non-breeding birds are lost to predation.
Consequently, such losses have no overall effect on
breeding density. This hypothesis is supported by the
experimental removal and rapid replacement of terri-
torial birds and observations on survival and territori-
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al status (Watson & Jenkins 1968, Watson 1985).
Such work was conducted more than 30 years ago
when predator pressure was much lower (Jenkins,
Watson & Miller 1963, Hudson 1990, Hudson 1992).
More recent work found that such large differences in
territorial status and survival did not occur and that
experimentally removed birds were not replaced
(Hudson 1990, Hudson 1992). One may expect this
system to operate only at high density, as recorded in
several bird species (e.g. review by Davies 1978),
although a recent study on a low density population
found that the experimental implantation of testos-
terone resulted in treated birds expanding their terri-
tory size and reducing density (Moss, Parr & Lambin
1996). While the data collected in this study do not
test this hypothesis, it is difficult to explain the
between-area differences in density (Hudson 1992)
without incorporating the larger predator pressure in
Scotland. One could argue that the high predation
losses was simply a compensation for lower rates of
hunting on the Scottish areas, but the predation mor-
tality is also correlated with the abundance of preda-
tors, suggesting a link. It seems most unlikely that
losses to predation would be totally compensated for
through spacing behaviour, although low levels of
predation when grouse densities are relatively high
could result in total compensation.

There still remains the question of why predators
are both more diverse and more abundant on Scottish
than on English grouse moors? Hudson (1992) sug-
gested that the greater density of gamekeepers in
northern England keep predator numbers at a lower
level. Although he referred to predators that can be
legally controlled, there is evidence that illegal perse-
cution will locally reduce numbers of protected rap-
tors, particularly hen harriers (Bibby & Etheridge
1993). Additionally there is also a greater species
richness of upland birds in the Scottish Highlands
(Hudson 1988), which may help support a higher
diversity and abundance of predators.

We conclude that there are seasonal and geographi-
cal variations in the cause of mortality in red grouse.
Of all the corpses, parasitism was proportionately
more important in England than Scotland, but numer-
ically there were more corpses attributable to preda-
tion in Scotland. Since predation is a major cause of
mortality, it may well have an influence on the
dynamics of grouse populations, but further details
and analyses are required on year-to-year changes
and patterns of predation.
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