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Abstract

Moles are widely trapped as pests on farms and amenity land in Britain. Spring traps for killing mammals generally require welfare
approval in the UK, but mole traps are exempt. Previous research demonstrated wide variation in the mechanical performance of
mole traps. In this context, we aimed to produce new data on the welfare impact of kill-trapping moles in the field. We collected
50 moles trapped in southern England (November 2008-August 2009). Captures peaked during the peak in male breeding activity,
when captures were almost exclusively male. Post mortem and x-ray (radiation) examinations were conducted to determine injuries
and likely cause of death. No moles sustained damaged skulls or upper cervical vertebrae (which could cause unconsciousness imme-
diately). The primary identifiable cause of death for all but one mole was acute haemorrhage; this contrasts with the findings of the
only previous such study, in which only one mole showed clear evidence of haemorrhaging. Some moles may have asphyxiated
although it was not possible to determine this. Moles most likely became unconscious before death, but times to unconsciousness,
and death, can be determined only through killing trials and further investigation is urgently needed. This should be done through the
spring traps approval process; this could improve the welfare standards of trapping for many thousands of moles each year. Mole
trapping for long-term population control might be better targeted dfter the peak in male breeding activity, when females are more

likely to be caught, but this would threaten the welfare of dependent young underground.
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Introduction

European moles (Talpa europaea) are widely perceived as
pests throughout Britain and mainland Europe (Quy & Poole
2004). Moles are absent from the whole of Ireland, but in
Britain they are reported as pests by the majority of farmers,
and managers of amenities, such as racecourses, golf courses,
parks and ornamental gardens (Atkinson et al 1994; Sandra
Baker, unpublished data 2007). Perceived problems caused
by moles relate to the underground feeding tunnel systems
and associated spoil heaps (‘molehills’) that they produce.
Problems include coverage of grass or pasture with soil and
subsequent weed invasion, damage to silage production (by
contamination of silage with soil bacteria), machinery, plants
and drainage systems, and injury or risk of injury to people
and animals where tunnels collapse (Mellanby 1971;
Atkinson et al 1994; Quy & Poole 2004). In 1992, strychnine
poison was the most popular method of mole control among
British farmers (Atkinson et a/ 1994), but strychnine was
withdrawn from use for this purpose in September 2006. In
2007, British farmers and amenity managers reported kill-

trapping as their most often used method of mole control.
Kill-trapping was the method most widely considered
humane by farmers and second most widely (after live-
trapping) by amenity managers (Sandra Baker, unpublished
data 2007). Where mole control can be justified, trapping (eg
using scissor or Duffus [also known as half-barrel] traps) and
phosphine gassing are the main mole control methods
suggested by Natural England (2011): they recommend that,
if moles are live trapped, they are humanely despatched,
rather than released elsewhere, for welfare reasons.

Mole-catching is something of a tradition in Britain. Moles
have long been trapped as pests and once attracted a bounty
for their pelts (Mellanby 1971; Nicholls 2010). They have
been trapped using a variety of devices since at least Roman
times, but purpose-made metal spring traps first became
available in the 19th century (Nicholls 2010). The two main
types of mole spring trap used in Britain today are scissor
(pincer) traps and Duffus (half-barrel) traps (Natural
England 2011) (see Figures 1[a] and [b]). Both are designed
to catch moles around the body when a trigger plate or wire
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Figure |

Spring traps for killing moles showing scissor (pincer) trap (upper) and Duffus (or half-barrel) trap (lower). Photographs courtesy of S Baker.

is pushed, releasing the killing mechanism, which according
to Gorman and Stone (1990) kills the mole by crushing and
they are widely accepted by mole trappers to be humane.
These two types of trap offer different advantages in terms
of ease of setting and monitoring, visibility above ground,
and suitability for use in different situations (Nicholls
2010). Moles are widely trapped in Britain, Denmark and
France, and less widely so in The Netherlands and Germany
(Quy & Poole 2004). In their review of mole control
methods in Europe, Quy and Poole (2004) concluded that
while the deployment of traps is labour-intensive, trapping
may be one of the most effective methods of controlling
moles when conducted by an experienced operator in small-
scale applications. Other advantages of trapping are that it
can be targeted where damage arises and it is relatively safe
for non-target wildlife, users and other people.

Under the 1954 UK Pests Act, spring traps require welfare
approval. New trap types are expected to undergo killing tests

as part of this process. In England and Wales, traps need to
render the target animal irreversibly unconsciousness within
5 min in> 80% of 12 tests (Department for Food, Environment
and Rural Affairs [Defra], personal communication 2012;
Welsh Environment and Agriculture Team, personal communi-
cation 2012). These criteria are based on the Agreement on
International Humane Trapping Standards (AIHTS)
(http://ec.curopa.cu/world/agreements/prepareCreate Treaties
Workspace/treatiesGeneralData.do?step=0&redirect=true&tre
atyld=625). However, in their report (which preceded the Pests
Act), the Committee on Cruelty to Wild Animals stated that
regarding moles they had:

...no evidence that trapping causes unnecessary suffering,

except that one organisation mentioned that they had

been given to understand that the spring of the ordinary

type of mole-trap was too weak to kill instantaneously.

It is not clear which type of trap, or which organisation, they
referred to, but the Committee anyway concluded that they did:
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...not think it necessary to make any special recommen-

dations about the practices involving moles (Scott

Henderson 1951).
Consequently, mole traps were made exempt from the UK
spring traps approval process through the Small Ground
Vermin Traps Order 1958, and they remain exempt today.
However, previous research has questioned the humaneness
of mole spring traps available in the UK (Rudge 1963;
Atkinson et al 1994; Baker ef al 2012) and mole traps are
banned in some US states (eg Washington and
Massachusetts) on welfare grounds.

The proposals contained in the Agreement on International
Humane Trapping Standards (AIHTS), between the
European Community, Canada and the Russian Federation
(http://ec.ecuropa.eu/world/agreements/prepareCreate Treati
esWorkspace/treatiesGeneralData.do?step=0&redirect=true
&treatyld=625)), do not currently apply to mole traps.
However, in 2004, the European Commission proposed an
EU trapping Directive, which would set new standards for
the approval and use of traps for wildlife management in
Europe, and potentially alter which species were covered. A
report, released by the EU in 2011, examining options for
such a Directive, concluded that EU trapping legislation
should cover all trapped species (Talling & Inglis 2009).
However, the European Commission has since withdrawn
its 2004 proposal for a trapping Directive. Therefore, the
need remains to examine the case for including mole traps
in the UK approvals process. This may be something the
Law Commission will consider in its reform of UK Wildlife
Law (commenced 2011 and still underway in July 2014;
http://lawcommission.justice.gov.uk/areas/wildlife.htm).

Since mole traps have always been exempt from approval
requirements in the UK, no mole trap data are available from
the formal killing trials sometimes conducted as part of the
approval process (eg by the Animal Health and Veterinary
Laboratories Agency [AHVLA]). However, Baker et al
(2012) demonstrated wide variation in the clamping force and
impact momentum produced by mole spring traps of different
types (scissor, Duffus and talpa [a newer design, resembling
a wider scissor trap, with a different, stronger type of spring]),
and among mole traps of the same type, produced by different
manufacturers. Testing spring traps with killing trials under
captive conditions, and measuring time to irreversible uncon-
sciousness, is a crucial step in determining trap welfare
impacts. However, it is also important to test the trapping
system as deployed in the field (Broom 1999). For example,
Barrett e al (1989) found that free-ranging wild American
marten (Martes americana) were less well positioned in
C120 Magnum traps and less likely to experience double
strikes (affecting both head and thorax) than wild-caught
animals in captive trials. Such differences could have
important implications for animal welfare impacts. Previous
post mortem examination studies on moles kill-trapped in the
field have been inconclusive and based on limited sample
sizes, eg Atkinson et al (1994), or reported few details, eg
Rudge (1963), but both described animals being captured by
a variety of body parts including forelimbs and skin.
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We aimed to assess the potential welfare implications of
mole trapping, as carried out by trappers in the field. First,
we examined seasonal patterns in the sex of moles caught
and any relationships between trap type and the body-
weight and sex of mole caught. Then, we determined
injuries and primary identifiable cause of death (from here
‘cause of death’) using information from post mortem
examinations and x-ray images (radiographs). Ultimately,
we examined relationships between trap type, mole sex,
capture point (on the mole) and cause of death. Our main
goal was to produce new data, on the welfare impact of
kill-trapping in the field, which might inform decisions on
the inclusion of mole traps in the welfare approval system
established under the 1954 Pests Act.

Materials and methods

Carcase sourcing

We aimed to source mole carcases trapped by a range of
trappers using scissor or Duffus traps. During
autumn/winter 2008/2009, we contacted 15 professional
pest controllers, 24 golf courses, 15 ornamental parks or
gardens, and 180 farmers, in an effort to identify people
planning to trap moles in the subsequent few months, and
prepared to supply carcases for the study. We telephoned
potential participants in southern England (Oxfordshire,
Buckinghamshire, = Berkshire, = Warwickshire = and
Northamptonshire), briefly explained the background and
purpose of the study, and asked the following questions:
whether they trapped moles, and if so, which kind of traps
they used and when they planned to trap moles in the
coming season. Twenty-eight potential candidates agreed to
take part, those declining either having no moles (24% of
farmers), not routinely trapping their moles (43% for
farmers), only carrying out sporadic control of any kind
(13% of farmers), or not wishing to take part (7% of
farmers). One pest controller contacted expressed concern
that the study would be used by animal welfare organisa-
tions. We planned to collect a balanced number of moles
from each source, to minimise the possible effects of any
variation between trappers, but contributions were fewer
than expected and so we accepted all moles available.

Ideally, we would have accompanied trappers during trap-
checking but this proved impractical as they visited traps
at unpredictable times and, in general, trapping success
rates were low. Participants were asked to retain all
trapped moles for the study and to contact us when they
had a carcase for collection. They were asked not to
freeze carcases unless absolutely necessary and to keep
individual carcases separately and to record capture infor-
mation at the individual level.

Carcase collection and mole controller interviews

Where possible, trapped moles were photographed and
examined at the capture site, while still in traps, and after
removal from traps, for corroboration of pathological inves-
tigation. Carcases were individually labelled and bagged,
and handled with care to avoid them becoming damaged.
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Table I Number of trappers using traps of each type and
number of moles caught in traps of each type between
November 2008 and March 2009 and between April and
August 2009.

Trappers (n) Moles (n)
November- Duffus 5 24
March Scissor 4 5
April-August Duffus | 2
Scissor 3 19

Mole controllers were asked questions relating to each
capture, including the type of trap used, and the condition of
the mole when found. We explained to participants that all
data collected would be treated confidentially, and asked
them to sign a form providing their consent for using their
data in the study; their involvement was approved by the
University of Oxford’s ethical review process.

Post mortem and x-ray examinations

Carcases were collected fresh and subjected to complete
necropsy and x-ray examination within three days of
capture wherever possible. Pathologists examined each
carcase externally, and then dissected and examined it inter-
nally, for evidence of disease and trauma. A standard
post mortem examination report was produced for each
carcase. Capture point, primary cause of death and mole sex
were categorised and bodyweight recorded. Digital labora-
tory photographs were taken during the examination. After
post mortem examination, carcases were frozen and x-rayed
(ventro-dorsally and laterally), three moles per plate
(24 x 30 cm), using a Hunter X-Ograph veterinary x-ray set
(Xograph Healthcare, UK), at 40 kV and 20 mAs
(50 mA % 0.4 s) exposure, and digital x-rays were produced.

Statistical analysis

Interview data, post mortem examination results and
anonymised site details were stored in separate tables in an
Access database (Microsoft Office 2003). Data were
extracted for manipulation and analysis using SAS software
(SAS/STAT 2002-8). We used y* to test the effect of trap
type on the sex of mole caught, and a general linear model
to examine the relationship between mole bodyweight,
mole sex and trap type. Scrutiny of the appropriate plots
showed no evidence for problems with non-normality or
heterogeneity of variance. We used Fisher’s Exact test to
examine seasonal patterns in the sex ratio of moles trapped.
We conducted y’ tests (and, where sample sizes were small,
Fisher’s Exact tests) to examine relationships between cate-
gorical variables including trap type, mole sex, capture
point, and cause of death. There were insufficient data to
analyse three-way interactions among categorical variables
prior to conducting ¥’ tests.

Results

Carcases collected

Between 27th November 2008 and 10th August 2009
50 mole carcases were collected from 13 sources
(Table 1), including seven amenity managers, five
farmers and one professional pest controller. Each
provided between one and eleven trapped carcases (mean
[+ SEM]: 3.9 [+ 0.8]). Nearly equal numbers of moles
were caught in each type of trap (26 in Duffus traps, 24 in
scissor traps). Trappers used either scissor (n = 7 trappers)
or Duffus traps (n = 6 trappers), but not both, so we were
unable to examine any potential interaction between trap
type and controller (and hence source site). Moles
supplied by the same controllers may conceivably have
been caught with the same individual trap, so these
carcases may not be entirely independent. Of the
50 trapped moles available for analysis, 42 were dead on
discovery in the trap, one (caught in a scissor trap) was
alive, and we do not know whether the other seven were
dead or alive when found. The mean (+ SEM) time that
traps catching moles had been checked after being set was
32.2 (£ 2.4) h (range 5-67 h) and the trap in which the
live mole was found had been checked after 24 h.

The majority of carcases (48/50) were collected and
examined fresh, but two (both scissor trap captures) had
been frozen by controllers before collection (they were
caught over the Christmas period when the laboratory was
closed). Most carcases were assessed as being in good
condition for necropsy prior to post mortem examination
(47/50), two (scissor trap captures) as being in fair
condition and no condition was recorded for the remaining
carcase (a scissor trap capture). Based on palpation and
visual inspection, all moles were judged to have either a
full (n = 49) or a moderately full (n = 1) gastrointestinal
tract (stomach to rectum).

Seasonal patterns in sex ratio

Trapped moles included 33 males and 13 females, a sex
ratio of 2.5:1 (Figure 2), and four animals for which sex
was not recorded. These four were not included in the
following sex and bodyweight analyses. All females and
all but one male were considered to be adults, on the
grounds that their reproductive organs were fully
developed. The age of the other male could not be estab-
lished but its bodyweight lay within the range of the other
males. One female, trapped on 12/13th March, was
pregnant with three young. The sex of moles caught
differed over the months of the study (November
2008—August 2009) (Fisher’s Exact: P = 0.022, n = 46).
Almost all moles caught during winter and early spring
were males, while from April onwards males and females
were approximately equally likely to be caught (Figure 2).
This had the overall effect that males tended to be caught
during winter and early spring, and females later on.
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Figure 2
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Trap type and mole bodyweight and sex

Trap type did not affect whether heavier or lighter moles
were caught (F,,, = 0.29, P = 0.60) and there was no
evidence that the effect of trap type on bodyweight differed
between the sexes (£, ,, = 0.04, P =0.84). Sex, trap type and
month of capture were confounded to some extent, but this
did not affect the conclusions based on the general linear
model on trap type, mole sex and mole bodyweight, because
results were sufficiently clear anyway. Sex ratio differed
significantly between trap types, with a higher proportion of
males caught using Duffus (88%) than scissor traps (50%)
(x> = 8.25, P = 0.004, df = 1, n = 46). Most moles caught
between November and March were caught in Duffus traps,
and were male, while most caught between April and August
were in scissor traps, with no particular sex bias between trap
types (see Table 2). These results arose because individual
trappers used either Duffus or scissor traps (but not both) and
contributed carcases at different times of the year, eg
trappers 1-9 provided carcases exclusively between
November 2008 and March 2009 (n = 29) and trappers
10-13 supplied them between April and August 2009
(n = 21) (Fisher’s Exact: P < 0.001, n = 50) (see Table 1).
However we do not know how many traps any trapper used.

Capture point

Moles were caught at one of the following points on their
body: shoulder (shoulder blades 4%), thorax (rib-cage
behind shoulder blades 24%), thorax-abdomen (junction
between thorax and abdomen 14%), abdomen (soft body
between ribs and pelvis 56%) or hips (pelvic bones 2%)
(n = 50). Capture point differed marginally significantly
between Duffus (n = 29) and scissor traps (n = 21) (Fisher’s

Table 2 Number of moles of each sex caught in traps of
each type between November 2008 and March 2009 and
between April and August 2009.

Male (n) Female (n)
November- Duffus 22 2
March .
Scissor 4 I
April-August Duffus | I
Scissor 6 9

Exact: P = 0.054). Moles caught in Duffus traps were
caught primarily at the abdomen or further forward
(Figures 3 and 4), whereas most in scissor traps were caught
at the thorax, thorax-abdomen, or abdomen, with small
numbers caught at the shoulders and the hip (Figure 4). The
mole found alive in a scissor trap was caught at the thorax.
Capture point did not differ significantly between the sexes
(Fisher’s Exact: P = 0.579; males; n = 33, females; n = 13).

Injuries and primary identifiable cause of death

Visual inspection in the field, and palpation of carcases
during post mortem examination, suggested that some had
a broken spine at the capture point (eg Figure 5).
However, x-rays revealed that none of the 50 trapped
moles had any damage to their vertebrae (see Figure 6,
which includes the animal shown in Figure 5). One
animal that had been captured diagonally around the
thorax-abdomen, and had acute haemorrhage in both
those areas, also sustained nine fractured ribs in the
thoracic region (T5—11 on the left and T4-5 on the right).
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Figure 3
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Trapped carcase |2, photographed captured at the abdomen by a Duffus trap.
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All trapped moles had obvious evidence of crush injuries and
most had associated internal haemorrhage. During the
post mortem examinations, each trapped carcase was ascribed
a primary cause of death; these included acute haemorrhage in
the thorax (36.7%), abdomen (14.3%), or both (46.9%), and
interruption of venous return to the heart (2%) (n = 49). One
carcase was very autolysed with no obvious sign of haemor-
rhage, and no specific cause of death could be inferred (2%);

this was not one of the frozen carcases, both of which showed
clear evidence of acute haemorrhage in the abdomen.

Cause of death varied with both trap type (Fisher’s Exact:
P < 0.001, n = 49) and capture point (Fisher’s Exact:
P <0.001, n = 49). The majority of moles killed in Duffus
traps had acute haemorrhage in the thorax and abdomen or
the thorax (Figures 7 and 8). Most caught in scissor traps
had acute haemorrhage in the thorax, abdomen, or both
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despite some (as here) having a bent spine.

Trapped carcase 2, photographed following capture at the thorax by a scissor trap. None of the moles examined had broken vertebrae,

Figure 6
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X-ray (radiograph) of trapped carcases |, 2 and 3 showing ventro-dorsal (left) and lateral (right) views .

(Figure 7). Acute haemorrhage in the thorax was the
primary injury observed in the mole found alive in a scissor
trap, and it also had an enlarged spleen with lesions but this
was a pre-existing condition, not related to trapping.

In general, injury occurred at and/or forward of the capture
point. Those caught at the shoulder (n = 2), thorax (n = 11)
or hips (n = 1) had acute haemorrhage in the thorax. Those
caught at the thorax-abdomen had acute haemorrhage either
in the thorax (3/7), or thorax and abdomen (3/7), or they had
interruption of venous return to the heart (1/7). Moles

caught at the abdomen had acute haemorrhage in the thorax
(1/28), abdomen (7/28), or both (20/28). Subsidiary injuries
included blood clots on the heart, and haemorrhagic lungs.
Other damage included three cases of haemorrhagic testes
and/or seminal vesicles (one of these moles also had bruised
kidneys) and a fourth where the testes contained a bloody
pulp and major organs had been pushed cranially. These
damaged testes and seminal vesicles occurred in cases
where the primary cause of death was acute haemorrhage in
either the abdomen, or both the thorax and abdomen.
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Figure 7
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Trapped carcase 2| during post mortem examination, showing severe haemorrhaging throughout the thoracic and abdominal cavities as
a result of Duffus trapping.
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Discussion

Our results were extremely consistent, indicating that no
trapped moles died immediately as a result of damage to the
cranium or vertebral column, with the primary identifiable
cause of death in all but one case being acute haemorrhage,
and most likely associated haemorrhagic shock. In a
minority of cases, asphyxiation may have been the primary
cause of death, but this may not be detectable at
post mortem (although asphyxiation could potentially be
inferred depending on other findings at post mortem; see
later in Injuries and cause of death). We detected a seasonal
sex bias among trapped moles which has consequences for
mole management and welfare.

Sex and seasonality

We discovered a sex bias among trapped moles, with
2.5 males caught for every female over the whole period of
study (November—August). There was a strong seasonal sex
bias, with almost all moles caught between November and
March being male, and those caught between April and
August being approximately equally likely to be male or
female. Because trap type, sex and month of capture were
confounded, it could be possible, hypothetically, that
(earlier in the study period) females were detecting and
avoiding Duffus traps more effectively than males, but this
seems highly unlikely. However, while moles are thought to
maintain individual territories for most of the year, during
the breeding season males leave their normal ranges in
search of mating opportunities, and have been known to
more than double their territory size at this time. Females do
not seem to leave their normal range in this way. During this
time males also sleep for short periods in tunnels rather than
returning regularly to their nest chambers to sleep (Gorman
& Stone 1990). Such changes in behaviour among breeding
males are likely to increase their chance of capture at this
time. Breeding time among moles depends on geographical
location, becoming later with increasing latitude (Gorman
& Stone 1990). Male breeding activity and associated
molehill activity in southern England are likely to peak
between January and March (Godfrey & Crowcroft 1960;
Hartman 1995). This corresponds with our observations that
more males than females were caught during this period,
and that a female in our study was pregnant when trapped in
March. The three moles caught in November and December
were all male, but this may have occurred by chance, given
the small numbers concerned.

In 1960, Godfrey and Crowcroft observed that trapping
moles in Suffolk, south-east England, UK, produced an
excess of males. They attributed this to greater activity
among males, particularly in the breeding season, as well as
failure to trap for sufficient time. Hartman (1995) re-
analysed Godfrey and Crowcroft’s data and demonstrated
that they had caught significantly more males than females
in each month between January and April, but found no
significant sex bias in captures during other months of the
year. Our observation closely matched that of Hartman
(1995), who attributed his observed seasonal changes in the
sex ratio of trapped moles to behavioural changes, related to
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variation in hormone levels, and suggested that males move
more, and females less, during the breeding season.

The timing of mole trapping should depend on the desired
outcome. If the aim is to reduce current short-term activity, eg
for aesthetic or functional reasons on a golf course, or to reduce
molehill production on farm grassland immediately before
silage cutting, then trapping can be conducted whenever
considered necessary, since active moles (whether male or
female) are more likely both to be creating the unwelcome
molehills and tunnels, and to be caught. However, if the goal is
long-term population reduction, then because reproduction in
mammals is generally limited by the number of breeding
females, trapping should logically target this group.

Of course, there are welfare implications of trapping while
females have dependent young (Lodal 1999), unless (in the
highly unlikely event that nests can be found) the young
moles are humanely destroyed (see Sharp & Saunders 2005,
regarding rabbits), because this would result in young moles
being left to die of starvation or hypothermia. It has been
suggested that the welfare impact of lethal mole control
could be reduced by implementing a close season of
2-3 months during which mole control was banned to
protect breeding females and their dependent young (Lodal
1999). However, such a ban could be unpopular given that
it would effectively mean an embargo on control at what
might be the most effective time of year for long-term popu-
lation reduction. Furthermore, because the timing of
breeding in the European mole varies with latitude (Gorman
& Stone 1990; Lodal 1999), it might be difficult to devise
and police a suitable system. If a close season was intro-
duced there may be a demand for licensed control during the
close season for certain purposes.

In our study, most moles were caught between January and
March, and very few in April and May, and overall females
tended to be caught in summer after the breeding period
(Figure 2). Without information on trapping effort it is
difficult to interpret monthly patterns in the number of
moles killed, but our data suggest that trappers were not
killing moles (or perhaps even targeting them) effectively
for long-term population reduction. This is supported partly
by data from questionnaire surveys of British farmers and
amenity managers who reported that mole activity and
control on their land peaked in March/April (Atkinson et al
1994; Sandra Baker, unpublished data 2007). In contrast,
data from a small sample of householders reveal that
reported mole activity and control in domestic gardens
peaked in the summer and early autumn (Sandra Baker,
unpublished data 2007). These seasonal differences in
reported mole activity and control among different stake-
holder groups may result from a combination of factors
including differences in the visibility of molehills on
different enterprise types, and farmers and amenity
managers being less busy, and gardeners more interested, at
certain times of year. As a consequence, none of these
groups might be targeting moles effectively for long-term
population management. Instead, their control efforts may
be responding to damage as it becomes conspicuous or a
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nuisance. The apparent focus in this study of trapping
efforts during the peak in male breeding activity suggests
that trappers were targeting problem animals as they appear,
probably to reduce the short-term impacts of tunnelling and
molehill production. However, even if the effort is worth-
while, ethical questions remain regarding whether the
killing of primarily male moles during the breeding period
is justified (eg see Warburton & Norton 2009).

Capture and capture point

Of the 50 trapped moles available for analysis in this study,
42 were reported to be dead on discovery in the trap (all
26 Duffus and 16 scissor trap captures), one (caught in a
scissor trap) was alive, and we do not know whether the other
seven (all scissor trap captures) were dead or alive when
found. The majority of captures with both trap types occurred
either at the thorax, abdomen or thorax-abdomen (Duffus
96%; scissor 92%), but capture point differed marginally
significantly with trap type. Around three-quarters of moles
trapped in Duffus traps were caught round the abdomen,
while scissor trap captures were more evenly spread between
the thorax, thorax-abdomen and abdomen. This variation in
the pattern of capture points between trap types could be
related to differences in trap features and function. Although
Duffus and scissor traps are very different in design, the
trigger and the capture components in both types are a
similar distance apart (approximately 4 cm) and both might
therefore be expected to capture moles at a similar point on
their body. However, it may be that the different mechanisms
influence capture point differently, eg Duffus traps feature a
smooth garrotting wire, rather than opposing jaws, so when
the trap is sprung, the wire — if striking the thorax of a
mole — may tend to slip towards the softer/narrower
abdomen. Also, Baker et al (2012) demonstrated that
different spring types and trap designs can influence the
impact momentum and clamping force produced by break-
back traps for rats or mice. Duffus traps tend to have a
standard spiral spring while scissor traps generally have a
leaf-style spring (and both types may vary in quality among
manufacturers), and it may be that any consequent differ-
ences in impact momentum or clamping force (Baker et al
2012) influenced the capture point in this study.

Of the 22 mole carcases examined by Atkinson et a/ (1994),
the two caught in Duffus traps had, like most of our Duffus
trap captures, been caught at the abdomen, while the
majority caught in scissor traps (17/20) had been captured
around the shoulders (this may equate at least partially to
‘thorax’ in our study), and one each was caught at the
abdomen, the hip and the skin of the flank. All moles in that
study were found dead on inspection 24 h after setting the
traps. In Rudge’s (1963) kill-trapping study, 26 moles were
caught in Duffus traps and 32 in scissor traps, and it is
implied that Duffus trap capture points were limited to
forelimbs, thorax and abdomen, and scissor trap capture
points to thorax and abdomen. Given that Rudge (1963) and
Atkinson et al (1994), respectively, reported six of
60 trapped moles caught by forelimbs, and one of 22 caught
by the skin of its flank, we might have expected at least some

of our 50 to have been caught by an extremity. While we
asked trappers to supply us with all moles trapped during the
study period, it is possible that they did not, potentially
omitting carcases that had not been trapped cleanly.

Injuries and cause of death

A spring trap can directly kill a target animal in three main
ways (Parrott et al 2009). Ideally, it will strike the correct
anatomical location with enough impact momentum to
cause cranial or upper vertebrae fracturing, rendering the
animal immediately insensible before death. Alternatively,
the clamping force of the trap may cause death in one of two
ways. If the striking bar falls across the neck it can cause
occlusion of blood vessels supplying the brain. If it falls
across the body, thoracic compression can cause hypoxia as
a result of asphyxiation. There is evidence from a number of
animal species of a synergistic relationship between impact
momentum and clamping force in causing death (Warburton
& Hall 1995 and Benn et al 1980, cited therein). The impact
momentum generated by a trap will also cause physical
damage, eg to the nervous system, blood vessels and organs.
Parrott et al (2009) summarise some of the other impacts
that can occur when an animal is wounded but not killed
immediately by a trap. For example, haemorrhaging and
swelling may occur. These result in pain through the accu-
mulation of pressure or restricted venous return, where
pain-provoking substances cannot be eliminated from the
damaged area. If an animal is caught by an extremity, it
experiences pain instantly, followed by passing numbness
and increasing aching resulting from occlusion or injury of
major blood vessels and nerve depression (Gregory 2004).
Deep tissue trauma, eg bone fracture, is generally accompa-
nied either by immediate pain or by numbness and then
pain. Trapped animals are also likely to experience fear and
possibly cardiogenic shock (due to heart failure) and haem-
orrhagic shock (Gregory 2004). Being trapped but not killed
can cause severe distress (Parrott et al 2009).

Spring traps that crush the skull are considered to be the
most efficient and humane (Proulx & Barrett 1991; Mason
& Littin 2003). No moles in our study had damage to the
cranium or vertebrae, or any other skeletal damage, apart
from one animal that sustained broken ribs. In no cases
had the striking bar landed across the mole’s neck. No
carcases presented by trappers had been caught by extrem-
ities. One mole in our study experienced interruption of
venous return to the heart. The primary identifiable cause
of death in the remaining 48 (98%) of those 49 moles that
could be assessed was acute haemorrhage in the thorax,
abdomen, or both. No cause of death could be inferred in
the remaining (autolysed) carcase.

Haemorrhaging occurs when blood vessels are ruptured;
because the circulation is a pressurised system, blood vessels
are easily damaged. Which vessels are damaged in trapped
moles will depend on the point of capture, but they would
tend to be major internal vessels such as splenic vessels or
vena cavae (arteries have thicker walls than veins and are
generally stronger, while the aorta in particular is well
protected by the muscles of the back). Acute haemorrhage in
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the moles examined most likely led to acute haemorrhagic
shock (Gutierrez et al 2004), a severe clinical condition in
which a sharp drop in blood pressure occurs following
traumatic and haemorrhagic bleeding. Because of reduced O,
supply, ischaemia (local anaemia) may occur in vital organs
and irreversible change or death may result (Xu ef al 2011).
Haemorrhagic shock affects the central nervous, cardiac, and
renal systems (Falk e al 1992) and symptoms will depend on
the volume and rate of blood loss (Smith 1997). In humans,
severe haemorrhagic shock involves rapid blood loss,
increased heart rate, a profound drop in blood pressure,
delayed capillary refill, tachypnoea (rapid breathing) and
respiratory collapse, anuria (no urine output) and the patient is
lethargic and obtunded (dulled reflexes) (Martel et al 2002).

A possible alternative cause of death for those moles
trapped at the shoulder, thorax, or thorax-abdomen (42%,
n = 50) was asphyxia, but this would be difficult to identify
grossly at post mortem examination unless there was an
obstruction of the airway. However, if asphyxiation had
been a major factor we may have found more evidence of
this, eg more animals with fractured ribs, damage to the
trachea or larynx, haemorrhage in the respiratory tract etc.
Asphyxia could occur if there was mechanical interference
either with lung function (through damage or constriction
by a trap), or with movement of air through the trachea,
causing reduced oxygen levels (hypoxia), anoxia in the
brain and then unconsciousness (Talling & Inglis 2009). It
is also possible, but probably less likely, that some moles
captured at the abdomen may have asphyxiated, given that
in one mole the internal organs had been pushed cranially.
If some moles did die primarily of asphyxiation, then the
acute haemorrhaging identified in these particular animals
could have been a secondary feature of crushing by the trap.

The welfare impact of a trap depends on the time from the
beginning of the killing process to the point where irre-
versible unconsciousness occurs. Ideally, in welfare terms, a
trapped animal would die without experiencing any pain or
suffering, because it either dies, or becomes irreversibly
unconscious, immediately (Talling & Inglis 2009). To
render an animal unconscious, a trap needs to cause brain
malfunction; this may be achieved by direct physical
destruction of the brain, cervical dislocation, a significant
decrease in blood supply to the brain (including by cardiac
arrest, haemorrhage and haemorrhagic shock or constriction
of blood vessels supplying the brain) or by sufficient inter-
ference with the respiratory system (Talling & Inglis 2009).
In England, the approval of those new spring traps that are
not exempt from approval is usually based on killing tests on
free-moving animals in captivity, and a trap is recommended
for approval if at least 80% of 12 tests result in irreversible
unconsciousness within 5 min (Defra, personal communica-
tion 2012; Welsh Environment and Agriculture Team,
personal communication 2012). In their 2009 report to the
EU, the Food and Environment Research Agency (FERA)
suggested that a tiered system, including additional, shorter
thresholds of 3 min and 30 s, would encourage the improve-
ment of spring traps (Talling & Inglis 2009). The time to
irreversible unconsciousness from initial strike is deter-
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mined by loss of palpebral and corneal reflexes as described
by the ISO (International Organization for Standardization)
trap-testing standards (ISO 1999). There is extensive litera-
ture, particularly from Canada and New Zealand, on trap-
welfare testing. See, for example, papers by Gilbert Proulx
(Proulx et al 1994, 1995) and Bruce Warburton (Warburton
& Hall 1995; Warburton et al 2008).

Neither time to death nor time to unconsciousness may be
determined for moles in this study, on the grounds either that
they: i) died as a result of acute haemorrhaging, because
both times would depend on the quantity and rate of blood
loss (eg, see Gregory 2004); or ii) that they died of asphyxi-
ation, because both times would depend on the extent of
obstruction or constriction (Talling & Inglis 2009), and none
of these were known. Baker er a/ (2012) demonstrated
differences in mechanical (and potentially welfare) perform-
ance both between Duffus and scissor traps, and among
different brands of the same type of trap. This may have
been related to differences among trap features (eg spring
strength or type, the location of triggers and capture compo-
nents, the sensitivity of triggers) or the quality of compo-
nents. Therefore, it is possible that moles in this study, that
died of the same broad primary cause (eg haemorrhage or
asphyxiation), may have taken different times to become
unconscious or to die, but this would not be detectable or
measurable through post mortem examination. Also, differ-
ences in the impact momentum or clamping force produced
by traps may have affected whether moles died of haemor-
rhage or asphyxiation. In their report, Talling and Inglis
(2009) said that a trap that prevents the supply of blood to
the brain is thought to cause unconsciousness more quickly
than one that kills by asphyxiation. However, whether or not
a mole with acute haemorrhaging would become uncon-
scious more quickly than one that is asphyxiated is a matter
of degree. If the blood or oxygen supply to the brain was cut
off completely the mole would die very quickly. If blood
pressure was reduced or the level of oxygen in the blood
changed then the time to unconsciousness and death would
be very unpredictable. Experience of death among moles in
this study is likely to have fallen somewhere on a spectrum
between two extremes of acute haemorrhaging: i) where a
major blood vessel is severed the animal might lose
consciousness, and die, very quickly, through exsanguina-
tion and haemorrhagic shock; and ii) where a minor blood
vessel is severed the animal could take longer to die, but
would nevertheless most likely become unconscious before
death occurred. If the moles died of acute haemorrhaging,
they are unlikely to have bled to death over several hours
because, if bleeding was that slow, clotting mechanisms
would have come into play and the moles would have been
found to have died of other causes, such as dehydration or
starvation. If some of the moles asphyxiated, their experi-
ences could vary between extremes of complete obstruction
of the airways and a slight compression of the ribcage
reducing the amount of oxygen entering the bloodstream.

All trapped moles had either full or moderately full

gastrointestinal tracts at post mortem examination. Gorman
and Stone (1990) reported that moles need to fill their
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stomachs three times in a 24-h period. Mellanby (1971) fed
moles on earthworms containing barium and used x-ray
examination to demonstrate that food can pass through a
mole’s gut, from ingestion to defaecation, in the space of
3.5 h. Superficially, this might seem to suggest that full
gastrointestinal tracts at death indicate that moles died rela-
tively quickly, before any food (ingested prior to trapping)
could be processed and expelled as faeces. However, ilieus
(decreased gut transit) can occur following traumatic injury
and haemorrhagic shock (Moore-Olufemi et al 2005), and
so it is unlikely that anything can be inferred, from the
presence of food in the stomachs of trapped moles,
regarding the time to death.

Our findings regarding cause of death contrast with those of
Atkinson et al’s study (1994), in which only one of
13 moles examined, post mortem, was certain to have expe-
rienced internal haemorrhage; this animal had been caught
at the shoulder in a scissor trap. However, in common with
our study, Atkinson et al’s x-rays (1994) showed no
evidence of broken skulls, vertebrae, or other bones (except
one animal that sustained broken ribs in our study), and the
authors suggested that the muscles and bones of the
shoulder region may have protected the trachea, nerves and
blood vessels underneath from damage by the trap.
Atkinson et al (1994) concluded that their trapped moles
may have gone into shock, as a result of pressure applied by
the trap, and then became unconscious and died of circula-
tory failure or asphyxia, or that they may not have gone into
shock, instead starving or asphyxiating while conscious;
their study was inconclusive as a result. While our moles
also did not have any broken skulls or vertebrae, some
carcases had experienced sufficient soft tissue damage
around the capture point that their spine appeared broken
both upon initial external visual inspection and during
post mortem examination. It is possible that the spinal cord
may have been damaged in such circumstances, despite the
intact vertebrae. However, spinal cord damage is unlikely to
cause unconsciousness in a short time-frame. For an animal
to die from such an injury, the brainstem would have to be
involved, eg as would occur through cervical dislocation or
a direct, severe blow to the cranium.

It is impossible to determine the reason for the difference
between the outcomes of Atkinson et al’s (1994) study and
ours. However, one potential explanation is that Atkinson
et al (1994) stored all thirteen of their carcases in a freezer,
before post mortem examination, whereas only two of our
fifty carcases had been frozen. While both studies detected
haemorrhage in carcases that had been frozen (1/13 of
Atkinson et al’s [1994] and both of ours), freezing and
defrosting carcases before post mortem examination is not
recommended because soft tissues are damaged in the
process. This, combined with autolysis (where cells are
destroyed by the action of their own enzymes) makes the
interpretation of any findings and histopathology less
reliable than when fresh carcases are used, increasing the
likelihood of missing any evidence of haemorrhaging
(Nicholls et al 2008). A second possible explanation for the
discrepancy may lie with trap quality. While information

regarding trap brands was not available in either study, it is
possible that traps of different quality were used in the two
studies and that these produced different welfare impacts.
This is quite conceivable given that the studies occurred
more than 15 years apart and that traps of widely varying
price and quality are available on the market now (Baker
et al 2012). Baker et al (2012) demonstrated wide variation
in mechanical trap performance among different, currently
available, mole trap brands among both Duffus and scissor
traps. They suggested that different brands of mole trap
could produce different welfare impacts as a result. Lodal
(1999) made the point that the quality of mole traps available
then may have varied between brands, so it is likely that the
quality of some traps available today will vary from that of
some available in the 1990s. A third potential factor is that
the suppliers of carcases for this study may have withheld
some moles that they thought had not been trapped
humanely, eg those caught by extremities, whereas all the
moles caught in Atkinson et al’s (1994) study were trapped
by the authors themselves and delivered for post mortem
examination. In this regard and in contrast, our study may be
skewed towards ‘cleaner’ kills. In support of this, we note
that both Rudge (1963) and Atkinson et al (1994) reported
moles caught by extremities (see also Gorman & Stone
1990), whereas none of the fifty moles presented for our
study were reported to have been caught by extremities.

There are no data to relate mechanical performance of mole
traps with welfare impact. Also, other trap-testing studies
have revealed that acceptable thresholds for impact
momentum or clamping force are not directly related to
target species’ bodyweight and that these thresholds tend to
vary between strike locations within species (Zelin et al
1983; Warburton & Hall 1995). Therefore, the actual
welfare impact of mole spring traps cannot be extrapolated
from other trapped species and may be determined only by
killing trials on moles to assess time to irreversible uncon-
sciousness, as in the spring traps approval process (Baker
et al 2012). We believe that mole traps should no longer be
exempt from approval for this reason. Of course, it may be
that all currently available mole traps would meet the UK’s
current welfare standards, but this needs to be tested, as
illustrated by the case of the Fenn trap, which was long-
accepted in New Zealand for controlling stoats
(Mustela erminea), but which dramatically failed the
country’s new approval standards (Warburton et a/ 2008).

Animal welfare implications and conclusion

The need for mole control may be questionable in some
scenarios (Atkinson et al 1994). However, moles are
commonly killed in Britain and, in the absence of strychnine,
spring traps are likely to remain the favoured method of
control. Nevertheless, mole traps have always been exempt
from the UK spring traps approval process and, until recently
(Baker et al 2012), the humaneness of mole traps had rarely
been questioned in Britain (Atkinson ef al 1994).

Our results were extremely consistent, with no moles
sustaining broken skulls or upper cervical vertebrae (either
of which could cause immediate unconsciousness; Parrott
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et al 2009), and all but one having evidence of acute haem-
orrhage. While haemorrhage may have been the primary
cause of death for most moles, we cannot rule out the possi-
bility that at least some asphyxiated. Whether they died of
haemorrhage or asphyxiation, moles most likely became
unconscious before they died, but neither time to uncon-
sciousness, nor time to death, can be determined through
post mortem examination. When welfare approval of
spring traps was introduced in the UK, mole traps were
exempted, on the grounds that they were not thought to
cause unnecessary suffering (Scott Henderson 1951). It is
probably assumed that mole traps kill quickly by breaking
skulls or vertebrae, and this belief may be bolstered by the
facts that moles die out of sight, underground, and that
some trapped moles appear to have broken spines,
when — as we discovered — they do not. Mole traps of
varying quality, mechanical performance and potentially
welfare performance are widely available in the UK (Baker
et al 2012) and, while some or all might meet the UK
approval criteria, this can only be tested using killing trials
and further investigation is urgently needed. This should be
done as it is for other species in the UK, through the spring
traps approval process, and the exemption of moles under
the Small Ground Vermin Traps Order (1958) should
therefore be lifted. The Law Commission review of UK
wildlife law may be a potential vehicle for this.
Alternatively, a new EU Trapping Directive could specify
that traps for all species should require welfare approval
(Talling & Inglis 2009). This could improve the welfare
standards of mole trapping in Britain, potentially impacting
many thousands of animals each year.

The introduction of a close season of 2—3 months during the
breeding period could improve the welfare of breeding
females and their dependent young. However, this would
mean an embargo on mole control at what might arguably
be the most effective time of year to attempt population
reduction. The current focus of trapping efforts during the
peak in male mole breeding activity, as observed here, may
result in sub-optimal population control.
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