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We investigated previously observed but unexplained differences in incubation
success between wild and hand-reared common pheasants Phasianus colchi-
cus. Hand-reared birds are widely released in late summer in Britain and else-
where to supplement wild stocks for shooting purposes. We radio-tracked 53
wild and 35 previously released reared female pheasants occupying simulta-
neously the same areas on a game-keepered estate in eastern England between
February and mid July 1999 and 2000. Predation of adult birds was compar-
atively low for both wild and reared birds, and overall survival did not differ
between years or between groups. However, of 52 nests incubated by wild females
49% hatched, whereas of 30 nests incubated by reared pheasants only 22% hatch-
ed. Mayfield estimates of daily nest survival probability thus differed signifi-
cantly between groups. However, predation of eggs was similar for both wild
and reared birds. Instead the observed difference in hatch rates was due to nest
abandonment, with more reared females (41%) deserting apparently unmolested
nest sites than wild females (6%).
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Each year, around 25 million hand-reared juvenile com-
mon pheasants Phasianus colchicus are released in late
summer into the British countryside to supplement
wild stocks for shooting (Tapper 1999). The scale of
pheasant rearing operations means that most of these
birds hatch from eggs carried in mechanical incubators
and are reared in pens without the presence of adult birds
until release at, typically, 6-8 weeks old (Anon 1996).
A proportion of these released birds survive the winter
shooting season and go on to attempt breeding along-
side wild populations in the following year.

Female pheasants nest on the ground, and after lay-
ing the clutch they incubate eggs for about 25 days (Rob-
ertson 1991a). During this period, they are exposed to
predators and other hazards and nest success, though vari-
able from one site to another depending on management,
is often very low (Robertson 1991a). In many parts of
the UK, even where habitat conditions are suitable (Tap-
per 1999), wild productivity is too low to support free-
living populations (Robertson 1991a). Predation by
foxes is often the major cause of death (Gdransson
1980, Hoodless, Draycott, Ludiman & Robertson 1999,
Sage, Robertson & Wise 2001).

Hand-reared females that survive the shooting season
have a lower probability of breeding successfully than
wild ones (Hill & Robertson 1988, Robertson & Dowell
1990, Brittas, Marcstrom, Kenward & Karlbom 1992,
Lief 1994), and thus the general poor breeding perfor-
mance of pheasants in the UK is due in part to the pre-
dominance of released birds in the population. In addi-
tion, there is a particularly poor survival of released birds
in the year after release (Brittas et al. 1992, Lief 1994,
Hill & Robertson 1988). In a review of radio-tracking
data for more than 250 female pheasants, Robertson
(1994) found that, before and after nesting, reared birds
were at least five times more likely to die than wild birds.
Like Robertson (e.g. 1991b), we define wild birds as
those derived from nests in the wild, regardless of the
possible released status of their parents.

Interestingly though, Robertson (1994) found no dif-
ference in survival during the nesting period. Despite
this, some work has indicated that hatch rates of nests
atwhich incubation was initiated are lower in reared than
in wild birds (Woodbum 1999, Lief 1994). If predation
rates during incubation between reared and wild females
are similar, we do not have an explanation for the ob-
served reduced hatching success in reared birds. More-
over, there is no evidence to suggest that released females
are less likely to attempt to incubate a nest than wild fe-
males (Hill & Robertson 1988).

Therefore, our aim was to compare nest hatching
rates in a large sample of radio-tagged wild pheasants

with a similar sample of reared pheasants occupying,
simultaneously, the same area and subject to the same
conditions. By documenting the causes of nest failure,
we could identify the reason for any differences in
hatch rates that may be observed.

Methods

Our study was conducted on a mixed farming and
shooting estate in Suffolk, eastern England, during
1999-2000. The 13-km2estate is split into two areas or
beats, managed differently for game. On the smaller 5.7-
km2beat, no pheasants were released. A gamekeeper,
under the management of The Game Conservancy
Trust, controlled mammalian predators (i.e. red foxes
Vulpes vulpes, stoats Mustela erminea and weasels
Mustela nivalis) and avian predators (i.e. crows Corvus
corone and magpies Picapica) and managed breeding
habitats to maximise wild pheasant productivity on
this beat (see Sage 2000, Draycott 2002). Management
of foxes, in particular, was a priority, and these preda-
tors were maintained at a low density compared to many
other game areas (see Sage 2000).

On the larger 7.3-km2 beat, managed by the estate
gamekeeper, several thousand pheasants were released
each year, and while wild game production was encour-
aged, less effort was put into specific management to
enhance breeding success. In particular, while predator
control intensified on the wild beat during the breeding
season, this would have become a secondary activity on
the releasing beat as the gamekeeper focussed on hus-
bandry associated with the released birds. To facilitate
this study, all the released pheasants were fitted with met-
al year-specific coloured patagial wing tags for three
years prior to the first year of this study, to ensure that
any caught bird could be immediately distinguished as
either wild (defined here as hatched from nests in the wild)
or hand-reared. In August, the hand-reared birds were
released into open-topped release pens in the estate
woodlands at an age of 6-7 weeks, and gradually dis-
persed into the surrounding habitats over the following
weeks. While most of these birds stayed within the
boundary of the release beat, an unknown but, for the pur-
poses of this study, sufficiently large proportion moved
onto the wild beat where they coexisted with the wild
birds and provided our study population.

In February of each year, following the shooting sea-
son, we captured surviving wild and hand-reared birds
using funnel traps baited with grain placed by the game-
keeper across the wild beat on seven sites in 1999 and
eight in 2000 (Taber & Cowan 1969). In 1999,47 wild
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females and 26 hand-reared females were fitted with
radio-transmitters and re-released, and in 2000,39 wild
and 34 reared females were radio-tagged. All hand-
reared birds caught and radio-tagged were less than
one-year old, distinguishable by the colour of their wing
tag. The age of wild birds was indeterminate at tagging
although subsequent analyses of proximal feathers
(Woodbum 1999) indicated that 93-100% were also one-
year olds. Radio-transmitters were assembled and en-
capsulated by the authors using circuitry (produced by
Corintech UK Ltd.) with standard battery and aerial
attachments. They weighed less than 17 grams and
were attached to the birds using necklace collars.

Pheasants were located every two or three days prior
to nesting. Any birds that could not be located were re-
corded as lost and did not contribute further to the
study. Potential nest sites were located by noting the re-
occurrence of an individual in a particular location. As
soon as the bird was found away from this location, the
spot was carefully approached and the nest confirmed.
After this, incubating birds were located from a distance
at least daily, and when birds were recorded away from
their nest on two successive occasions, the nest itself was
again observed, and clutch size was noted. Birds found
away from intact clutches on successive occasions were
intensively monitored to distinguish feeding excursions
from abandonments. In most cases nest outcome was
thus established, where possible from the available evi-
dence, within two days of the event. Outcome was cate-
gorised as 'hatched’, 'nest predated’, 'hen predated’,
‘abandoned' or 'other".

Many individuals nested again after failed attempts,
and for these re-nests the procedure was repeated. Nest
habitat type was also noted so that a basic comparison
between groups could be made. Data collection was ter-
minated on 15 July each year, when nesting activities
by most birds had ceased. The proportion of each nest-
outcome category was compared between groups using
logistic regression. Group (wild or reared), year (1999
or 2000) and nest number (first or re-nest) were includ-
ed as categorical explanatory variables. The proportion
ofradio-tagged females that were known to have survived
the study period was also compared between groups, ac-
counting for the effect of year, using logistic regression.

Clutch size was compared between groups and years,
using two-way analysis of variance. The statistical tests
were carried out using Systat 9.0 (Anon 1999).

Estimates of daily nest survival for each bird were cal-
culated in accordance with Mayfield (1975). The effect
of group (wild or reared), year and nest number on
daily nest survival (the number of successful nest days,
S) was tested using a generalised linear model with bino-
mial error term (total nest days, T) and logistic link func-
tion (Aebischer 1999). Two-way interactions between
the fitted terms were included. Mayfield estimates of dai-
ly nest survival based on selected terms were calculat-
ed. This analysis was carried out using Genstat 4.2
(Anon 2000).

Results

Over our two-year study period, a total of 146 female
pheasants were successfully tagged and tracked at least
once during March. Of these, the fate by 15 July was
known for 88, and 82 nest sites were monitored (Table
1). The large proportion of tagged birds that were lost
during the study period (40%) was due to variable
range and reliability of the radio transmitters.

The proportion of females captured from each group
did not differ between the seven capture sites used in
1999 and between the eight sites used in 2000 (X26= 6.93,
P =0.33 and X27= 13.59, P = 0.059, respectively).

Female survival

The proportion of birds surviving to the end of the study
period (Fig. 1) did not differ between years (XA =
1.08, P = 0.39) or between groups (X2 = 0.86, P = 0.43),
and there was no significant interaction between year
and group (x2i = 0.76, P = 0.44). Most birds from
each group that did not survive were predated, although
five reared birds died in poor condition during incuba-
tion.

Nesting

There was no difference in the selection of nest habi-
tat types between years (x22- 3-25, P = 0.20) or groups
(X2=2.06, P =0.36) with the majority of both wild and

Table 1. Number of radio-tagged females and associated nests available during the study period.
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Figure 1. Proportion of hens in each fate category during the period 15
March -15 July in 1999 and 2000. Overall, 56% of the 53 wild and 35
reared radio-tagged hens survived. This figure does not include the pro-
portion of radio-tagged birds for which the fate was not known. The
category 'Died' indicates that carcasses were found without evidence of
injury. The category 'Killed' indicates hens run over by car or mower.
There was no difference between groups (wild or reared, see text).

reared birds nesting in field margin habitats rather than
in the crops themselves (Table 2). The likelihood of a
bird re-nesting did not differ between years (X2 = 0.30,
P = 0.64) or between groups (X2 = 0.24, P = 0.69).

Considering both first and second nest attempts, the
likelihood of a nest hatching did not differ between years
(X2= 1.10, P = 0.40). In both years, wild birds were more
likely to hatch a nest than reared birds (Fig. 2; X2= 14.0,
P <0.001), but there was no significant interaction be-
tween year and group (X2=3.91, P = 0.19). Clutch size
did not differ between years (first nests only; F 19= 0.06,
P =0.80) or between groups (F190= 1.36, P = 0.25; mean
+ 1SE: wild 12.4 + 0.8, reared 11.1 + 0.9).

In the analysis of Mayfield estimates of daily nest sur-
vival probability, two-way interactions between nest
number (first or second nests), group and year were not
significant, nor were nest number and year (P > 0.05 in
all cases). Daily survival probability of nests depend-
ed on group (X2 = 5.60, P = 0.020) and was lower for
reared birds (0.942 + 0.012) than for wild birds (0.971 +
0.006).

Table 2. The number and proportion (in %) of basic nesting habitat
types selected by wild and reared hens for all nests from both years.
There was no difference between groups (X2= 2.06, P = 0.36). Note
that records of nest habitat type for three birds in each group were
lost.

Figure 2. The proportion of pheasant nests in each fate category from
the sample of 52 wild and 30 reared pheasant nests monitored in this
study in 1999 and 2000 combined. More wild birds hatched nests
than reared ones (see text). The category 'Predated’ refers to predation
of eggs.

The differences in hatchability and daily survival
probabilities were accounted for by the greater pro-
portion of reared birds that abandoned their nests (sig-
nificant difference between groups; X2L = 10.56, P <
0.001) rather than nest predation rates (there was no
significant difference between groups; X2 = 0.02, P >
0.05; see Fig. 2). Predation of a female during nesting
was not registered for any nest. All of the females re-
corded as having died (see Fig. 1) were found within
three days after abandoning incubated nests.

Discussion

We found no differences between wild and hand-reared
pheasants in clutch size and the number of nesting at-
tempts, as has been found by some authors (Brittas et
al. 1992, Lief 1994), but not others (Hill & Robertson
1988). We observed unusually low mortality due to
predation of both wild and hand-reared adult females
compared to otherwise similar studies of breeding suc-
cess in pheasants (Brittas etal. 1992, Lief 1994, Hill &
Robertson 1988, Sage et al. 2001). This low predation
rate of incubating hens in particular, may be the reason
why abandonment of nests was revealed for the first time
in our study as a significant activity of the group of hand-
reared pheasants.

While nest searching and radio-tagging have been
found to influence survival and productivity in game-
birds (e.g. Bro, Clobert & Reitz 1999, Robertson 1991a),
in a comparative study such as ours, both groups would
be equally affected. Also, because age may affect breed-
ing success in gamebirds (Woodbum 1999), we aimed
to compare similar aged, i.e. juvenile, pheasants. Our anal-
ysis of proximal feathers suggests, however, that a
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small proportion of our wild birds might not have been
juveniles. This could not account for our findings though,
as abandonment was still comparatively rare amongst
the remaining majority ofjuvenile wild birds.

It has been suggested that over several decades the rear-
ing process itself may have produced a genetically dif-
ferent bird, and that this may cause behavioural differ-
ences of the kind we observed (Robertson 1991b). One
study did compare breeding in two groups of pheasants,
both of which were hand-reared in the normal way, but
one of which descended from long-term wild stocks
while the other descended from a long-term game farm
stock (Sage et al. 2001). This genetic difference caused
differences in subtle aspects of the birds’behaviour, for
example, their response to a disturbance and choice of
nest habitat. Survival, however, was the same for each
group over any period, and there was no difference in
nest outcome although as indicated, unlike in our study,
losses of incubating females to predators were high.

Another possible explanation for our findings may
be related to diet. Due to the availability of cereal
grain ad libitum during the rearing and releasing pro-
cess, hand-reared and fed juvenile gamebirds have
less well developed digestive tracts than wild ones (Pu-
taala & Hissa 1995). It is likely that these differences
would persist in adult birds, as other morphological char-
acteristics did in the study of Ohlsson & Smith (2001).
As a consequence, hand-reared females might be less
efficient at digesting and assimilating their diet of wild
seeds and shoots (Draycott, Butler & Carroll 2000,
Schulze, Fehlberg & Pohlmeyer 1994). Hand-reared
pheasants may also have poorly developed feeding
behaviour. It has been shown, for example, that preda-
tor evasion responses are reduced in pheasants reared
without the presence of adult birds (Dowell 1990).

Given poor physiological and possibly behavioural
adaption to a wild diet, it is likely that hand-reared fe-
male pheasants that survive the shooting season will be
especially vulnerable to poor nutrition as they try to accu-
mulate reserves for egg-laying and incubation (Beer
1988). Britenbach & Meyer (1959) found that pheasants
can lose 80% of their body fat during a 25-day incuba-
tion, while Robertson (1994) suggested that reared
birds will lose around twice as much total body mass
as wild birds. Recently, Draycott, Parish, Woodburn &
Carroll (2002) reported that hand-reared pheasants in
the UK, that were not fed during the spring, had reduced
pre-incubation fat reserves compared to wild birds.
They and Hoodless et al. (1999) also found that providing
grain to hand-reared pheasants in spring via feed hop-
pers did improve aspects of their breeding performance.

In a study of daily nest attendance by pheasants dur-

ing egg laying, birds in poorer condition spent less time
on the nest (Persson & Gdéransson 1999). Though we did
not study the relationship between the condition of in-
cubating females and nest outcome, we noted that the
five pheasants that had left their nests and were found
dead shortly afterwards were all from the hand-reared
group, and were all emaciated. Therefore, it is plausible
that an inability to accumulate sufficient reserves for the
incubation period caused the poor hatching in hand-
reared pheasants in our study. Testing of this hypothesis
should be the aim of further work in this area.

Acknowledgements - the study site gamekeeper, Martin Ed-
wards, helped us catch and study his pheasants. Nicholas Ae-
bischer advised us on the experimental design and data anal-
ysis.
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