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Abstract A muskrat-poisoning campaign, u ing 
carrot baits containing the fiTSt generation anticoagu-

• lant chlorophacinone, was carried out by profe -
sional governmental trapper in a tudy area in 
Aander (North Belgium). A single poisoning cam
paign in one half of the study area (2.07 km2) wa 
carried out between 17 and 19 April 2000, while a 
similar campaign was carried out in the econd half 
of the tudy area (2.66 km2) a fortnight later. The 
survival rate of radio-tagged mu krats was compared 
between the treatment group con isting of animal 
that were known to have been potentially expo ed 
to the poison baits (because they were re ident in
side either tudy area half during, and at least 5 day 
after, the poisoning campaign), and the non-treat
ment group consisring of animals that had clearly not 
been exposed to the poison baits. The urvival rate 
did not differ between the treatment and non-treat
ment animals prior to the poisoning campaigns. Af
ter the poisoning campaigns, however, the urvival 
rate of the treatment animals dropped dramatically 
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while that of the non-treatment animal remained 
constant. All treatment animal (frr t campaign: n = 
3; second campaign: n = 7) died between the fifth 
and tenth day after the di tribution of the baits in their 
environment, and all showed haemorrhage on po t
mortem. The majority of these animals (73%) had 
died above ground illustrating the danger of econd
ary poisoning. The study confirm that chloro
phacinone, de pite having been used for more than 
30 years, till appears to be effective against musk
rats. The Iabour required for both baiting campaign , 
however, wa ub tantially more than anticipated. 

Keywords anticoagulant; Kaplan-Meier; pe t con
trol; pe t management; poi oning; rodenticide; wild
life management 

INTRODUCTION 

Belgian fur farm fir t introduced muskrats, Ondatra 
:ibethicus L, from North America in 1928 (Mayné 
1935). Before the licence for the e farm were 
su pended in 1930 ome animal had managed to 
escape. These animals founded a population that 
expanded rapidly, and during the 1950 and 1960 , 
merged with population originating from France 
and the Grand Duchy of Luxembourg (EPPO 1974; 
Geeraerts 197 4). 

The control of mu krats in Belgium ha been 
legally enforced since 1938 mainly because of the 
damage they eau e to agricultural erop and drainage 
y tem . Two types of control method are currently 

in use: trapping and po i on ing. A variety of trapping 
device are u ed uch as slam traps, bait traps, and 
drowning cage . The use of some type of trap , that 
are widely used at pre ent, might be banned in future 
on the ground of concerns for animal welfare 
following the implementation of new Europea~ 
Union directives. Re trictions on the u e of eertaio 
type of traps may lead to an increa ed u e of 
rodenticide . 

Chlorophacinone, a ftr t generation indane-dione 
anticoagulant, i the only poi on u ed for the control 
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of muskrats in Flanders. A bout 1 rnillion carrot baits 
each containing 2 mg chlorophacinone are distri
buted along the banks of Flemish watercourses 
annually. Moens & Colin (1971) registered a drarn
atic reduction in field signs of muskrats following 
two successive applications (8-30 day intervals) of 
chlorophacinone baits adrninistered along the banks 
ofwaterways in the "Eau Blanche" basin in southern 
Belgium in 1968. Since then, muskrat control by 
poisoning has generally been considered to be both 
effective and efficient. There are, however, environ
mental concerns regarding primary or secondary 
poisoning of non-target wildlife. The Flemish 
Govemrnent is, therefore, seeking to reduce, or even 
abolish, the use of poisons for muskrat controL 
Unfortunately, compared with the vast literature on 
rodenticide use in brown rats, Ratrus norvegicus, 
there are very few reliable data available on muskrat 
population responses and control to evaluate the 
consequences of such a policy. There have been no 
confmned reports of the development of resistance 
arnong muskrats, although resistance to first gener
ation anticoagulants is widespread in other rodent 
species (Greaves 1996). It is surprising, perhaps, that 
although the application of the more toxic second
generation anticoagulants appears necessary for the 
control of brown rats, black rats, and house mice, 
chlorophacinone is still used exclusively for the 
control of muskrats. The effectiveness of 
chlorophacinone has recently been confmned by a 
laboratory trial in which 199 out of206 (i .e. , 96.6%) 
wild-caught muskrats from Flanders died within 17 
days (mean = 8. 7, SD = 3.0 days) after the 
consurnption of a single carrot bait containing 2 mg 
chlorophacinone (Stuyck & Tuyttens, in 
preparation). We conducted a field trial to 
complement these laboratory tests that provide only 
limited information on the effectiveness of poisons 
in reducing populations of animals in the wild. In this 
field trial we investigated the effectiveness of 
chlorophacinone u se against muskrats by estimating 
the survival rate of radio-coUared animals before and 
after a poisoning carnpaign. 

METHOOS 

Live muskrats caught at different locations in 
Flanders (North Belgium) during routine control 
operations by professional rat catchers were 
collected and temporarily housed at our research 
station. Rats weighing 646-1131 g (mean = 844 g, 
SD = 124 g, n = 24) were anaesthetised (IM 
injection of 0.03 ml/k:g medetomidine and 0.05 ml/ 
kg ketamine) and fitted with a Biotrack TW-5 
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radio-tag (Biotrack Ltd., Wareham, UK) around 
their neck. These tags were equipped with activity 
and mortality sensors. 

Between 17 February 2000 and 27 April 2000, 
24 tagged animals (10 males, 14 females) were 
released in our study area near Sint-Niklaas (Fig. 1). 
The study area is a 4.73 km2 rural area with 
extensive watercourses and is generally considered 
to be suitable habitat for muskrats. lt is an 
agricultural area with predominantly pasture and 
crops (maize and cereals) but also some small 
isolated patches of woodland. No control operations 
have taken place in this study area since July 1999 
(Tuyttens & Stuyck unpubl. data). At the time of the 
present experiment, field signs of muskrat activity 
had become abundant indicating that population 
density was high (rough es ti mate of 50-100 
muskrats/k:m2) . A control operation was deemed 
necessary as the damage to dykes and crops could 
no Jonger be ignored. 

The study area was divided into two halves (A 
and B) separated by a watercourse about 10 m wide 
contained within dykes at both sides. Both areas 
were subjected toa poisoning carnpaign carried out 
by the local team of 4-6 rat catchers of the Flemish ,.._ 
Government. We did not inform them about the 
specific objectives of this experiment because we 
wanted the poisoning campaign to be representative 
of other such operations elsewhere in Flanders. We • 
had anticipated that this team of trappers would not 
need more than 0.5 day to prepare the carrot bait 
plus 1 day to di stribute the baits along the 
watercourses in each half of the study area. This 
estimate was confirmed following a thorough 
survey of the study area by an independent , 
experienced rat catcher and team leader who had 
been responsible for the division of Iabour of the 
Flemish Government trappers in the province of 
East and West Flander for many years. 

Carrots were sliced across their length into pieces 
a bout 4 cm long. A co re cylinder of 2.6 x 1 cm was 
scooped out at one end and put back in place after 
the cavity had been filled with 0.8 ml caid oil 
solution (Rhone-Poulenc Agro SA) containing 
2.5 g/1 chlorophacinone. Baits were distributed 
along the banks of watercourse and ditche 
wherever signs of muskrats were detected. The 
poisoning operation in area A (2 .07 km2) was 
carried out from 17 April 2000 until 19 April 2000. 
The one in area B (2 .66 km 2) was carried out a 
fortnight later, from 3 May 2000 until 8 May 2000. 
Each part of the study area was only baited once. 
The number of carrot bait distributed during, and 
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Fig. 1 Map of the watercourses 
in study area halves A and B. The 
total length of all watercourses in 
the total area is 54.85 km. The black 
lines indicate the boundaries of the 
study area halves, and the grey 
lines the watercourses (thickness 
of the Lines represents the size of 
the watercourses). 

0 200 400 600 800 1 000 Me tres 

the number of person-days required for, the 
respective poisoning campaigns were recorded by 
the team leader. As far as possible, care was taken 
that the number of tagged animals in both halvesof 
the study area was similar at the start of the first 
poison campaign and that the average time that had 
elapsed since day of release was equal. The latter 
was considered necessary as a previous study had 
shown that the mortality rate of tagged muskrats 
depends on the time interval post-release (Tuyttens 
& Stuyck unpubl. data). Otherwise the sites of 
release were chosen randomly. 

The approxirnate position of tagged animals was 
foliowed every 1-4 days by radio-track ing them 
during daytime by car using a Telonics TR-2 
receiver with an omnidirectional Televilt 5/8 
antenna (Televilt TVP Positioning AB, Lindes berg, 

lf Sweden). Subsequently, their exact position was 
located on foot using a Televilt RX-8910HE 
tracking receiver or the TR-2 receiver with a Televilt 
four-element Yagi antenna. The activity and 

mortality sensors allowed us todetermine whether 
the animals were still alive or not. Dead muskrats 
were colleered for post-mortem examination. In 
particular, we looked for evidence of internal 
bleeding as the cause of death following 
chlorophacinone uptake. Collared muskrats that had 
died inside a burrow were excavated. The day of 
death was estimated by taking into account the most 
recent evidence ofbeing alive (movement, sighting, 
field signs, active pulse) in conjunction with the 
degree of decomposition. 

Collared animals that were known to have been 
potentially exposed to chlorophacinone poisoning, 
because they had been resident in the treated study 
area half during and shortly after (for at least 5 days) 
the administration ofthe poison baits, were allocated 
to the treatment group. Animals that, at that time, 
were staying in the other half of the study area, or 
outside the study area, were allocated to the non
treatment group. It was, therefore, poss ible that 
animals that had functioned as controls for the first 
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poison campaign were included in the treatment 
group for the second poison campaign. One animal 
that could not clearly be allocated to one group or 
the other, because it lived close ( <50 m) to the line 
of the study area halves and was known to have 
moved across this line, was excluded from the 
analysis. 

Survival of radio-tagged muskrats was estimated 
using the KapJan-Meier method (Kaplan & Meier 
1958). The Kaplan-Meier (K-M) approach defines 
survival during the ith time interval post-release as: 

S; = (r;- Y;)/r; 
with r; being the total number of animals at risk of 
dying during the ith interval post-release, and Y; 
being the total number of deaths during interval i. 
We calculated this probability of survival for every 
day starting with the release of the first animal ( 17 
February 2000), and ending with the la t day that a 
tagged animal was known from radio-teiemetry 
records to have been at risk of dying following 
release ( 17 August 2000). The survivorship 
functions (White & Garrott 1990) of the treatment 
and non-treatment animals were compared before 
and after the start of the poisoning campaign for 
areas A and B combined, as wellas separately. 

We used the log-rank test (Pollock et al. 1989) 
to test whether the survival rates following the start 
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of each poison campaign differed between treatment 
and non-treatment animals. The same test was used 
to verify that the survival rates before the start of 
the poison campaigns did not differ between the e 
two groups of animals. 

RESULTS 

Number of baits and person-days 

Combined for both areas, a total of 5511 
chlorophacinone baits were distributed during 27.5 
person-days (Tab ie I). Slightly fewer baits/krn2 and 
more bait per person-day were distributed in area 
A compared with area B. As a consequence more 
person-days were required to cover a square 
kilometrein area B than in area A. On average, an 
area of 0.17 km2 was covered during one person-day. 
If each bait contained 0.8 mi caid oil, then about 4.4 I 
caid oil or 11 g chlorophacinone was di tributed 
during thi experiment. In area B at Jea t 0.97 I caid 
oil was distributed per km2, while in area A this wa 
only 0.88 l/krn2. Many more bait were positioned, 
and many more per on-days were required, per unit 
of area in the present poisoning campaign a ~ 
compared with the one described by Moens & Col in 
(1971) (Table 1). 

Table 1 Comparison of the poisoning campaign in Sint- ik.laas (pre ent tudy) with the poi oning campaign in 
"Eau Blanche" basin described by Moens & Colin (1971). 

Moen & 
Present study Colin ( 1971) 

(Fir t 
Area A AreaB Total campaign)• 

Area (km2) 2.07 2.66 4.73 240.00 
No. of baits di tributed 2279 3232 5511 12057 
No. person-days required 10.5 17.0 27.5 70.0 
Baits!km2 1101 1215 I 165 50 
Per on-days/km2 5.07 6.39 5.81 0.29 
Baits/person-day 217 190 200 172 
Area (km2)/per on-day 0.20 0.16 0.17 3.43 
No. of tagged animals suspeeled to have died 

from poisoning 3 7 I I t ? 
No. of above that were found above ground 3/3 4!7 8/11 ? 
No. of days (x+ SD) between poison-expo ure 
and death 5.7 (0.6) 7.3 ( 1.7) 6.8 ( 1.6) ? 

~Only the fust, and not the follow-up, poisoning campaign wa c?n idered in the tudy by Moen & Col in ( 1971 ). 
One muskrat that could nol clearly be allocated a a treatment ammal was al o found on post-mortem to have died of 

anticoagulant consumption. 
? These data were nol quantified in the study by Moens & Col in ( 1971 ). 
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Fig. 2 Survivorship functions of 
the treatment and non-treatment 
muskrats before and since the poi
soning experiment in areas A and 
B, and in both areas combined. 

ni 
> 
-~ 
::1 
(J) 

Q) 
> 
~ 
3 
E 
::1 
0 

ni 
> 

-~ 
::1 
(J) 

Q) 
> 
~ 
3 
E 
::1 
0 

ni 
> 

-~ 
::1 
(J) 

Q) 
> 
~ 
::1 
E 
::1 
0 

Area A 

1.0 

0.8 

r non-treatment I I ~ treatment 

0.6 r-

0.4 
2 

c, =0.161 
2 

C 1 = 6.391 

0.2 p = 0.688 p =0.011 

0.0 +---.-----.----,--t-é-.--...,.---..---,--.---,..l 
-80 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
-80 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
-80 

·60 -40 -20 0 20 40 60 80 100 120 

days since start of poison exposure 

Area B 

1 I non-treatment 
~ treatment 

l , -----
(· 

c ,
2 
= 0.052 

p =0.8 19 

~ 

-60 -40 -20 0 20 40 60 80 100 120 
days since start of poison exposure 

C 1
2

=0.754 

p =0.385 

-60 -40 

Areas A+B 

non-treatment 
~ treatment 

c,· = 12.729 

p < 0.001 

~ 0 ~ ~ 60 60 100 120 

days si nee start of poison exposure 



38 

Poisoning campaign in area A 
By the frrst day of the poisoning campaign in area 
A, four collared muskrats were known to be resident 
within the treatment area and six animals were 
known to reside outside this area. Six other animals 
had died, and three had disappeared, between the day 
of release and the start of the poisoning campaign 
(these animals were included in the survival estimate 
for as long as they were known to be alive (White 
& Garrot 1990)). The treatment group was released 
on average 27.3 (SD = 17 .2) days before the on et 
of the poisoning campaign. The non-treatrnent group 
was released on average 31.2 (SD = 20.9) days 
before the onset of the poisoning campaign. 
Additional non-treatment animals were released 
outside area A shortly afterwards: one on the frrst 
day, and four on the ninth day, after the onset of the 
experiment. 

Fig. 2A shows that, before the poisoning 
campaign, the survival rate of muskrats inside area 
A was comparable with that of rats outs i de this area 
(X1

2 = 0.161 , P = 0.688). From the tart of the 
poisoning onwards, however, the survival curves of 
the treatrnent and non-treatment animals differed 
significantly (X1

2 = 6.391 , P = 0.011). Between the 
fifth and sixth day after frr t potenrial exposure to 
ch1orophacinone baits , the survival rate of the 
treatment group dropped to zero . Po t-mortem 
examination strongly sugge ts that all three 
treatment animals had died of intemal haemorrhage 
indicative of anticoagulant uptake. All three animals 
were found dead above ground. The fate of the 
fourth collared animal that wa resident in area A 
at the onset of the poisoning campaign is not known. 
After having been out of radio contact for 6 day 
this animal was found alive out ide the study area. 
Ten days later it disappeared again and never 
reappeared. It could not be determined with 
certainty whether or not this animal had been 
exposed to the poison baits. As mentioned in 
Methods, this animal wa excluded from the 
statistica! analyses. 

Poisoning campaign in area B 

By the first day of the poisoning campaign in area 
B, seven collared muskrats were known to be 
resident within the treatrnent area (treatrnent group) 
but only two animals were left that lived outside this 
area (non-treatment group). Furthermore, one of 
these non-treatment animals diedon the econd day 
of the experiment. Such a mail sample ize of the 
non-treatment group prevented any stati tical 
analysis for comparing the survival rate of the 
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treatment versus non-treatment animals after the 
onset of the poisoning campaign. 

Fig. 2B shows that before the poisoning campaign 
the survival rate of muskrats inside area B was 
comparable with that of muskrats outside this area 
(X1

2= 0.052, P = 0.819). As was the case in area A, 
a few days after the onset of the poison campaign, 
the survival curve of the treatrnent animals dropped 
very quick:ly. All seven treatrnent animals had died 
between the fifth and tenth day after their fir t 
potential exposure to chlorophacinone baits (mean 
= 7.3 days , SD = 1.7 days). Post-mortem 
examination trongly suggests that all treatment 
animals had died of internal bleeding indicating 
anticoagulant uptake. Four of these animals had been 
found dead above ground, whereas three were dug 
out from their underground dens. 

Poisoning campaigns in areas A and B 
combined 

As there wa no difference between areas A and B 
in the survival ra te of the non-treatrnent (X1

2 = 0.477, 
P = 0.490) and treatrnent (X1

2 = 2.399, P = 0.12 1) 
animals, we combined the data from the two 
poi oning campaigns. Fig. 2C shows that the 
survival rate between the treatment and non- "' 
treatment animal of area A and B combined 
differed significantly after the onset of the poisoning 
campaign (X1

2 = 12.729, P<0.001 ), butnotbefore • 
(X1

2 = 0.754, P = 0.385). 

DISCUSSION 

When the pharmaceutical company Lipha SA frr t 
introduced chlorophacinone a a rodenticide in 1961 
they claimed it to be con i tently more effective than 
warfarin (Anonymou 1965). The e claim have 
been partially confrrmed (Giri het al. 1972). Meehan 
(1984) add that a poor kill i u ually due topoor 
bait uptake. Other author have hown that rodent 
resi tant to warfarin may how a imilar level of 
cro -re i tance to fir t-generation anticoagulant 
uch a chlorophacinone (Rowe & Redfem 1968; 

Lund 1971; Greave 1996). Unfortunately, nearly all 
published data on chlorophacinone is derived from 
experiment on rodent other than the mu krat. 

Our re uit confirm that the strategie distribution 
of carrot baits containing chlorophacinone along the 
banksof watercour e and ditche till appear to be 
an effective control strategy again t wild mu krat 
in Flander . All radio-collared animals known to 
have been resident in the area ubjected to a ingle ~ 
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chlorophacinone-baiting campaign died within 10 
days. All showed haemorrhage, the most obvious 
symptom of anticoagulant poisoning, on post
mortem. The only possible survivor (for at least 16 
days) was an animal for which we could not 
determine whether or not poison baits had already 
been distributed in its immediate surroundings 
before it left the treatrnent area. 

Although the difference in survival rates between 
the treatrnent and non-treatrnent groups was very 
pronounced, generalisations from our results should 
only be made with appropriate caution. Despite the 
acclimation period, the possibility cannot be 
excluded that radio-coHaring and translocating 
muskrats rnight have affected their susceptibility to 
the poisoning campaign. There are five reasons why 
we nevertheless opted for this approach. First, direct 
observation of individuals by radio-teiemetry 
allowed exact deterrnination of which animals had 
been, and had not been, potentially exposed to the 
poisoning campaign. Second, it also enabled us to 
retrieve the animals for post-mortem examination. 
Third, it avoided the need for estirnating muskrat 
popwation density for which there exists no protocol 

~ I that has been validated in the lower countries of 
Europe. Fourthly, it was previously shown that after 
a short acclirnation period (c. 20 days) the movement 

. pattem and mortality rate of radio-collared and 
translocated muskrats stabilised (Tuytten & Stuyck 
unpubl. data). Fifthly, the muskrat population in 
Flanders is severely perturbed anyway due to the 
widespread control operations. 

The development of resistance to chloro
phacinone has not yet been reported in muskrats. The 
presumed Jack of genetic variation in the Flander 
population, founded from a smal I number of anirnals, 
might explain this apparent Jack of re istance to 
chlorophacinone, despite the wide-scale use of this 
anticoagulant since the late 1960 . Moreover, the 
development of anticoagulant resi tance may be 
irnpeded by the widespread u se of mechanica! con
trol methods as well . lt should bestres ed, however, 
that the muskrat population in Belgium has never 
been properly screened for rodenticide resi tance. 
Recently, we measured the vitamin K-epoxide
reductase-activity of the I i ver of 20 muskrats from 
Flanders using chromatography (Th ij en & Stuyck 
unpubl. data). One of the sample showed reduced 
sensitivity to warfarin comparable with that of 
heterozygous warfarin-resistant brown rat . Further 
tests are required to determine whether or not 
anticoagulant-resistance has evolved among the 
muskrat population in Flanders. 

Apart from being effective, chlorophacinone 
poisoning is also generally considered to be a very 
efficient method for cantrolling muskrats. According 
to Moens & Colin (1971) a poisoning campaign 
requires only a quarter of the time to achleve the 
same level of control with conventional trapping 
techniques. In their study, 70 person-days were 
required to strategically distribute 12 057 baits in a 
240 km2 area during their frrst poisoning campaign, 
and 52 person-days were required for the distri bution 
of 8681 baits during the follow-up campaign. By 
contrast, in our experiment 23 tirnes more baits were 
distributed, and 20 tirnes more person-days were 
required, per unit of area compared with the frrst 
poisoning campaign by Moens & Colin ( 1971) 
(Table l). This comparison illustrates that factors 
other than the control method may hugely influence 
the effort required in the field. These factors may 
include, among others, the geography, topography, 
and accessibility of the terrain, the den ity of 
watercourses in the area, and the density ofthe target 
muskrat population. Our results also suggest, 
perhaps, that the efficiency of poisoning is often 
overrated. After con uitation with an experienced 
trapper, we had anticipated that one team of trappers 
(con isting of 4-6 professional trapper ) could have 
carried out the poisoning campaign in each half of 
the study area in ju st 1.5 day . In reality, the number 
of per on-day required was almost twice as many. 

The que tion of whether poi oning i a 
sufficiently efficient strategy for the ucce fut 
control of mu krats in large area remain 
unanswered. lf the poisoning campaign in our study 
area were representative of other such operations in 
the province of East Rander , the number of trapper 
employed would have to be doubled to be able to 
carry out a poisoning campaign in the entire province 
once a year. With the manpower available at pre ent 
(about 2.5-3 per on-days/km2/year), only sporadic 
control efforts aimed at specific (i.e., the mo ·t 
problematic) location appear fea ible. 

Pe t control trategie need to be evaluated with 
regard to other criteria as well. For example, there 
is a growing con en u that , if the control of a 
sentient being i deemed necessary, it ought to intliet 
as little uffering a po sible. The impact on non
target animal and tran fer of residue through the 
food web need to be considered a well. Moen & 
Colin ( 1971) could not see any danger tonon-target 
animal of the poisoning campaign they de cribed 
given the mali quantity of caid oil used, the 
exclusive di tribution of baits near active mu krat 
burrow and the rapid consumption of the e bait by 
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the target animals. In our opinion, however, the 
ecological consequences need to be investigated 
much more carefully. There have been for example, 
no rigorous tests on how often non-target animals 
consume the carrot baits containing chlorophacinone 
and how this affects their health. Our results 
emphasise the potential for secondary poisoning, 
since roughly three-quarters of the poisoned 
muskrats were found above ground and freely 
available to scavengers and predators. 

CONCLUSIONS 

The strategie distri bution of carrot baits containing 
chlorophacinone still appears to be an effective 
strategy for the control of muskrats in the wild . 
Although probably much more efficient than 
conventional trapping methods, oUT results show that 
the Iabour required for such a campaign can be 
considerably more than previously reported or 
generally assumed. Also, such a strategy appears 
more suitable as a one-off campaign to quickly 
reduce very probiernatie populations than as a 
sustained maintenance control strategy, because of 
concerns a bout primary and secondary poisoning of 
non-target species, animal welfare, and the 
development of resistance. On the basis of OUT results 
and the smal] amount of information available at 
present, the widespread use of the more toxic and 
persistent second-generation anticoagulants for the 
control of muskrats in Flanders would be hard to 
justify. 
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