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Sub-lethal effects of the anticoagulant rodenticides bromadiolone and chlo-
rophacinone on breeding performances of the barn owl (7yfo alba) in oil palm
plantations

Subletalny vplyv antikoagulaénych rodenticidov bromadiolonu a chlérofacinonu na
hniezdnu uspes$nost’ plamienky driemavej (7yto alba) na plantazach palmy olejovej

Hasber SALIM, Hafidzi MOHD NOOR, Noor Hisham HAMID, Dzolkhifli OMAR, Azhar KASIM,
Che Salmah MD RAWI, Abu Hassan AHMAD & Mohd Rizuan ZAINAL ABIDIN

Abstract: This study investigated the effects of the first generation anticoagulant rodenticide chlorophacinone and the second
generation rodenticide bromadiolone on the population and breeding performances of barn owls at oil palm plantations. Three
treatment plots were established: one baited with chlorophacinone, one with bromadiolone, and the third kept rodenticide-free.
Four rat-baiting campaigns which coincided with barn owl breeding season were carried in the rodenticide-treated plots. The oc-
cupancy rate of nest boxes, clutch size, brood size and fledging rates of the barn owls in each plot were monitored weekly
throughout the study. Freshly regurgitated pellets from barn owls were collected from all occupied nest boxes at weekly intervals
during the development of nestlings in each breeding season. The results show that the occupancy rate of the nest boxes was sig-
nificantly higher in the rodenticide-free area compared with both rodenticide-treated areas. Similarly, the breeding performances,
such as clutch size, brood size and fledging success, were higher in the rodenticide-free area compared with the rodenticide-treat-
ed areas. Results of high performance liquid chromatography (HPLC) analysis showed that 20.56% (mean residue: 1.335 + 0.073
ng/g) and 28.89% (mean residue: 0.777 + 0.032 ng/g) of the collected regurgitated pellet samples from the rodenticide-treated
areas contained bromadiolone and chlorophacinone residue, respectively. The mean brood size and fledging success of the barn
owls showed a strong negative correlation with the mean concentration of rodenticide residues present in the regurgitated pellets
and with the percentages of pellets detected having such residues (R2 > 0.44, P < 0.05). Similarly, the mean clutch size of barn
owls was negatively correlated with the mean concentration of rodenticide residues and with the percentages of pellets detected
with these residues. However, the correlation was not significantly different (R2 > 0.34, P > 0.05). In general, the higher the
amount of residues detected, the lower the breeding performance parameters measured in this study.

Abstrakt: Stadia skima vplyv prvej generdcie antikoagulaéného rodenticidu chlérofacinonu a druhej generacie bromadiolonu na
parametre hniezdenej Gispesnosti plamienky driemavej na plantazach palmy olejovej. Zalozili sa tri pokusné plochy: jedna oSet-
rend chlorofacinonom, d’al$ia s bromadiolonom a tretia kontrolna bez rodenticidu. Na chemicky oSetrenych plochach sa pocas
hniezdnej sezony rodenticid vykladal Styri krat. Obsadenost’ hniezdnych budok, velkost znasky, pocet vyliahnutych mladat
a podiel vyletenych mlad’at plamienky sa zist'ovali v tyzdennych intervaloch. Z obsadenych hniezd sa tiez v tyzdennych interva-
loch zbierali vyvrzky. Z vysledkov vyplyva, ze podiel obsadenych budok bol statisticky vyznamne vy$$i na chemicky neosetrenej
ploche nez na plochach s vylozenou otravenou navnadou. Rovnako aj parametre hniezdenia — velkost’ znasky, pocet vyliahnutych
mlad’at a pocet vyletenych mlad’at — dosahovali vyssich hodn6t na neosetrenej ploche. Z vysledkov z vysokoucinnej kvapalinovej
chromatografie (HPLC) vyplyva, ze 20,56 % (priemerna koncentracia rezidui: 1,335 + 0,073 pg/g) a 28,89 % (priemerna koncen-
tracia rezidui: 0,777 + 0,032 pg/g) z vyvrzkov zozbieranych v rodenticidom osetrenych plochach obsahovalo rezidud bromadi-
olonu alebo chlorofacinonu. Priemernd velkost znaSky a pocet vyletenych mlad’at negativne korelovali s priemernou
koncentraciou rezidui rodenticidov vo vyvrzkoch a s relativnym podielom vyvrzkov obsahujtcich tieto rezidua (R?> > 0.44,
P < 0.05). Negativne koreloval s tymito charakteristikami aj priemerny pocet vyliahnutych mlad’at, avsak $tatisticky nevyznamne
(R2>0.34, P > 0.05). ZovSeobeciiujic mozno konstatovat’, Ze ¢im vysSie bolo mnoZstvo chemickych rezidui vo vyvrzkoch, tym
nizsie boli parametre hniezdnej uspesnosti.
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Introduction
Rats have been considered an agricultural problem in
Malaysia for many years, particularly in relation to oil
palm cultivation (Wood 1994, 2001, Turner & Gillbanks
2003, Chung 2012). Damage to oil palm by rats is in-
flicted throughout the growth of the palm, regardless of
age, leading to losses of seedlings through attacks in
nurseries, damage to both newly planted palms and
mature plants, and damage to inflorescences and fruit,
causing severe loss in oil yields (Khoo et al. 1991, Tur-
ner & Gillbank 2003). At commercial plantations, che-
mical control using anticoagulant rodenticides
integrated with biological control using the barn owl
Tyto alba has been used against rat populations at
Malaysian oil palm plantations since the late 1980’s
(Wood & Chung 2003). However, application of antico-
agulant rodenticides in combination with the natural
propagation of barn owls has raised concerns of poten-
tial secondary poisoning of the latter. Owl populations
were reported as declining in numbers when anticoagu-
lant rodenticides were introduced at oil palm plantations
against rat pests (Duckett 1984, Naim et al. 2011).
Monitoring programmes on exposure to anticoagu-
lant rodenticides in the United States, Canada and
Europe have shown evidence of extensive contaminati-
on of anticoagulant rodenticides in owls (e.g. Stone et
al. 2003, Thomas et al. 2011, Albert & Wilson 2009,
Walker et al. 2012, Sanchez-Burbudo et al. 2012). Con-
tamination with anticoagulant rodenticides is considered
to be one of the most detrimental threats to wildlife
(Erickson & Urban 2004). Recently, there have been
concerns about the effects of anticoagulant rodenticides
on the breeding performance and subsequently on
populations of barn owls. Anticoagulant rodenticides
are suspected of affecting animal reproduction and may
also have detrimental effects on the breeding perfor-
mance of barn owls (Naim et al. 2011, Olsen et al.
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1993). A non-invasive technique for detecting residues
in pellets for the assessment of secondary risk of poiso-
ning of barn owls has been developed and is useful for
determining contamination by anticoagulant rodenti-
cides (Gray et al. 1994, Eadsforth et al. 1996). However,
no attempt has been made to study the relationship bet-
ween anticoagulant residues in owls and their reproduc-
tive performance. Hence, the specific objective of this
study is to evaluate the secondary risk of poisoning from
anticoagulant rodenticide, with particular reference to
bromadiolone as a second generation anticoagulant and
chlorophacinone as a first generation rodenticide, on
population and breeding performances of barn owls at
an oil palm plantation.

Material and methods

Study sites and treatments

The study was conducted at mature oil palm plantations,
at FELDA Jengka 24 (N 03°45’, E 102°25), FELDA
PPPTR (N 03°53", E 102°30) and FELDA Kota
Gelanggi 5 (N 03°577, E 102°35"), Jerantut, in the State
of Pahang, Malaysia. All of the areas had a similar
planting density of 136 palms per ha (Fig. 1). The age of
the palms was from 20-22 years old and their height
about 9 meters. Previous data (2008-2010) provided by
the plantations showed the occupancy rate of nest boxes
at the sites to be about 40-50% of the total number of
nest boxes. The nest boxes, made of highly durable fi-
berglass (50 cm width x 15 cm length x 61 cm height),
were installed at a height of 7 m above ground and were
distributed approximately at a density of one box per 15
ha.

Forty-two nest boxes (14 nest boxes/area) were
chosen for sampling. Each study site comprised app-
roximately 210 ha. The distance between the sites was
approximately 15 to 20 kilometers. Thus, the sites were
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sufficiently far apart to prevent barn owls from hunting
across the sites. Two types of anticoagulant rodenticides
— chlorophacinone (0.005% a.i.) and bromadiolone
(0.005% a.i.) — were applied at FELDA PPPTR and
FELDA Kota Gelanggi 5, respectively. FELDA Jengka
24 was kept rodenticide-free as the control plot. All are-
as had been previously baited with chlorophacinone in a
single application. The last application of chlorophaci-
none in the areas had been conducted by the estate
management in February 2010, or a year before this
study commenced.

ig. 1. Collecting of pellets on the study site (a), nestling ready to fledge from nest box (b)
br. 1. Zber vyvrzkov na $tudijnej ploche (a), mlada opustajuce hniezdnu budku (b)

For the purposes of the study, baiting was conducted
twice a year, in March and September, which coincided
with the peak breeding season of the barn owls in the
study areas. The first baiting campaign was carried out
from 7-10 March 2011, the second from 20-24 Sep-
tember 2011 and the third baiting campaign was carried
out from 26-29 March 2012. The fourth and final bai-
ting campaign was conducted from 10-13 September
2012. Each campaign involved two rounds of baiting.
Bait was placed at the base of every palm tree in the
designated plots.
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Breeding performance of

barn owls and collection of
regurgitated pellets

Nest boxes occupancy, clutch size, brood size and num-
ber of juveniles fledged were recorded at weekly inter-
vals for all selected nest boxes throughout the study
period. Nestlings (more than 8 week-old) were consi-
dered to have successfully fledged if they were no
longer found in the nest box. Data was collected for
four breeding seasons.

Fresh regurgitated pellets from barn owls were col-
lected from all occupied nest boxes at weekly intervals
during the development of nestlings in each breeding
season (approximately 9 weeks). The regurgitated pel-
lets from each nest box were counted, weighed, pooled
and labelled before being sent to the laboratory. The
pellets were stored at —20°C and thawed to ambient
temperature prior to laboratory analysis. The residue
content in the pellets was then quantified using high-
performance liquid chromatography (HPLC) analysis.
Analysis of rodenticide resi-
dues
Anticoagulant rodenticide residues in regurgitated pel-
lets of barn owls were used to determine the barn owls’
level of exposure to the rodenticides. The residues were
determined by HPLC coupled with fluorescence
and UV detectors (Naim 2010). Whole samples were
placed in a 100 mL polypropylene tube, and 40 mL of
the extraction solvent, an acetone—chloroform mixture
(1:1, v/v), were then added into the tube. Two grams of
anhydrous sodium sulphate was added to enhance the
extraction of analytes. The mixture was then homoge-
nized by shaking the tube in a vortex for 3 minutes and
leaving it to stand for approximately one hour. The
mixture was then filtered using filter paper and re-ex-
tracted with the extraction solvent (20 mL). The com-
bined filtrates were then evaporated to dryness using a
rotavapor at 35 °C. The resulting residue was dissolved
in 10 mL methyl tert-butyl ether. The extract was puri-
fied in an aminopropyl column, eluting with 10 mL of
methyl tert-butyl ether—acetic acid glacial (90:10, v/v)
after being conditioned with 2 mL methyl tert-butyl e-
ther. The extract was again evaporated to dryness using
a rotavapor at 40 °C, reconstituted with 1 mL of mobile
phase and filtered using a Cronus Filter Yellow. The so-
lution was then transferred into vials and placed in an
auto-sampler for HPLC analysis.
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Tab. 1. Occupancy rate (mean % #* S.E.) of barn owls nest
boxes (n = 42).

Values in rows with different letters are significantly different (P
< 0.05) by Tukey’s test (in Tabs. 1-4)

Tab. 1. Obsadenost budok (n = 42) plamienkou driemavou
(priemerné % + S.E.).

Hodnoty v riadkoch s rozdielnymi pismenami sa liSia Statisticky
vyznamne (P < 0.05, Tukeyov test). 1 — hniezdna sezéna, 2 —
bromadiolon, 3 — chldrfacinon, 4 — bez rodenticidu, 5 — priemer
(v Tabulkach 1 —4)

breed. bromadiolone? chlorophacinone® rodenticide-
season’ free*

1 50.00 £ 0.84 a 42,86+ 1.46 a 40.48 +0.20 a
2 35.71+1.00 a 57.14+0.38b 92.86+0.13 ¢
3 34.52+0.88a 64.29+1.19b 100.00 £0.00 c
4 28.57+£0.92 a 42.86 £ 0.53a 100.00 +0.00 b
mean® 37.20%+1.14a 51.79%1.34 bc 83.33+3.60c

Tab. 2. Clutch size (mean + S. E.) of barn owls
Tab. 2. Velkost znasky (priemer + S. E.) plamienky driemave;j

breed. bromadiolone? chlorophacinone® rodenticide-
season’ freet

1 467+0.10a 4.88+0.24a 4.04+0.10a
2 3.03+0.22a 3.07+0.07 a 447 +0.18a
3 3.08+0.15a 3.14+0.37 a 421+0.12a
4 3.44 £0.08 a 3.67+0.12a 6.02+0.31b
mean® 3.56+0.10a 3.69+0.10a 469+0.11a

Tab. 3. Brood size (mean * S. E.) of barn owls
Tab. 3. Pocet vyliahnutych mladat (priemer = S. E.) plamienky
driemavej

breed. bromadiolone? chlorophacinone® rodenticide-
season’ freet

1 3.83+0.14 a 3.08+0.14 a 3.83+0.27 a
2 3.00+0.35a 3.00+0.71a 3.38+0.11a
3 2.88+0.04a 3.25+046a 411+0.36b
4 2.73+0.02a 417 +£0.18b 5.52+0.26 ¢
mean®  3.11£0.06 a 3.38+0.07 a 421+0.12b

Tab. 4. Fledging success (mean + S. E.) of barn owls
Tab. 4. Pocet vyletenych mladat (priemer + S. E.) plamienky
driemavej

breed. bromadiolone? chlorophacinone® rodenticide-
season’ freet

1 3.38+0.19a 3.25+0.27 a 3.83+0.06 a
2 1.75+0.09a 2.17+0.21a 3.25+0.07 b
3 200+0.12a 242+0.09a 4.00+0.09b
4 1.67+0.12a 2.78+0.12b 470+0.18 ¢
mean® 220+0.10a 2.65+0.06a 3.95+0.07b
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The HPLC system (Water, USA) consisted of a con-
troller (model 600) with a multi-solvent delivery sys-
tem, plus an auto-sampler (model 717), an ultra violet
(UV) detector (model 2996) and a fluorescence detector
(model 2475). A reversed-phase Nucleosil & Nucle-
odur® C18 column (5 pm particle size, 4.6 mm (ID) x
250 mm (L)) was used for analysis (Macherey-Nagel,
Strasbourg, France).The mobile phase for detection of
chlorophacinone was acetonitrile—-Ortho phosphoric
acid, 0.5% (90:10 for v/v), while the mobile phase for
detection of bromadiolone was Methanol—distilled wa-
ter—Acetic acid glacial (75:20:5 for v/v). The injection
volume was set at 20 puL, and the mobile phase flow ra-
te was 1.0 ml/min. The UV detector was monitored
from 240 to 340 nm, with quantification done at 285 nm
for detection of chlorophacinone. The fluorescence
detector was set at 310 nm excitation and 390 nm for
detection of bromadiolone.

Quality assurance

Rodenticide residue concentrations were quantified by
comparison with analysis of bromadiolone and chloro-
phacinone standards (Sigma-Aldrich, Germany). The
response of both rodenticides was linear for 6 standard
solutions at concentrations of 0.01, 0.1, 0.5, 1, 5 and 10
mg/kg. The linearity of calibration was assessed from
linear regression of the response (area) versus concen-
tration of rodenticides, resulting in a R? value of 0.999.
The average retention time of bromadiolone and chlo-
rophacinone was 4.5 and 6.0 minutes, respectively. To
validate the methodology, samples of pellets were
spiked with three fortification concentrations of 1.0, 5.0
and 10.0 mg/kg of each standard. Recovery rates were
assessed from the spiked control samples of rodentici-
des in the regurgitated pellet samples with the fortifica-
tion concentration. It was evident that both rodenticides
showed good recoveries at low and high concentrations
ranging from 85% to 89%, respectively. Detection li-
mits for each rodenticide were assessed from calibration
standards using statistical regression with three replica-
tions. The estimated limit of detection of the bromadi-
olone and the chlorophacinone were 0.005 mg/kg and
0.002 mg/kg, respectively. A blank containing methanol
was injected between each sample to monitor for possi-
ble contamination of the carry over.

Data analysis
The nest boxes occupancy rate, clutch size, brood size
and fledging success were analysed using the Statistical

Analysis System (SAS) for Windows version 9.2. Para-
metric variables were compared using one-way analysis
of variance (ANOVA). Associations between breeding
performances (nest boxes occupancy, clutch size, brood
size and fledging success) with a concentration of
residue detected in a regurgitated pellet and the numbers
of pellets detected with anticoagulant rodenticides were
analyzed using the Pearson correlation test. Values of P
< 0.05 were considered to be statistically significant.

Results and discussion

Occupancy rate of nest boxes
Nest boxes in all areas were occupied by barn owls in
all four breeding seasons (Tab. 1). The rodenticide-free
area recorded the highest mean occupancy rate at
83.33%, with a 100% occupancy rate achieved in the
3rd and 4th breeding seasons. Furthermore, the results
indicated that bromadiolone was the most detrimental to
barn owls, with a mean occupancy rate of nest boxes at
37.20% compared with chlorophacinone (mean
51.79%). In the first breeding season, the occupancy ra-
te was comparable in all areas, ranging between 40.48 to
50%. This result was predicted, since all of the areas had
been previously baited with chlorophacinone. However,
in the second breeding season, the occupancy rate of the
nest boxes in the bromadiolone-treated area decreased to
35.71%. Similarly, in the third and fourth breeding sea-
sons, the occupancy rate of the nest boxes in the
bromadiolone-treated area showed a decreasing trend.
The lowest occupancy rate was the 28.57% recorded in
the fourth breeding season. In contrast, in the second
breeding season the occupancy rate in the chlorophaci-
none-treated area increased to 57.14%. Similarly, in the
third breeding season the occupancy rate of the nest
boxes in the chlorophacinone-treated area increased to
64.29% but dropped slightly to 42.82% in the fourth
breeding season.

Clutch size

The mean clutch size in the rodenticide-free area was
consistently higher compared with those in both areas
treated with rodenticides in all seasons except the first
breeding season (Tab. 2). The highest mean clutch size
was recorded in the untreated area in the fourth season,
i.e. 6.02 £ 0.31 and was significantly higher (P < 0.05)
compared with the rodenticides-treated areas. Similarly,
Lenton (1984), who conducted his study in Peninsular
Malaysia, found the mean clutch size of barn owls at a
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Tab. 5. Number and percentage of pellets detected with residue of rodenticides. D = detected, ND = not detected
Tab. 5. Pocet a podiel vyvrzkov obsahujucich rezidua rodenticidov. D = obsahujuci, ND = neobsahujuci. 1 — hniezdna sezéna, 2 —

bromadiolon, 3 — chlérfacinon, 4 — bez rodentocidu, 5 — priemer

breed. season'’ bromadiolone?

chlorophacinone?®

rodenticide-free*

D ND %D D ND %D D ND %D
1 8 37 17.78 1 34 24.44 0.0 45 0.0
2 9 36 20.00 13 32 28.89 0.0 45 0.0
3 9 36 20.00 12 33 26.67 0.0 45 0.0
4 11 34 24.44 16 29 35.56 0.0 45 0.0
mean® 9.25 35.75 20.56 13.00 32.00 28.89 0.0 45.0 0.0

Tab. 6. Mean concentration of residues (ug/g) of rodenticides
(mean £ S. E.) in collected pellets

Tab. 6. Priemerné hodnoty koncentracie rezidui (ug/g)
rodenticidov (priemer + S. E.) vo vyvrzkoch. 1 — hniezdna sez6-
na, 2 — bromadiolon, 3 — chlorfacinon, 4 — bez rodentocidu, 5 —
priemer

breed. bromadiolone? chlorophacinone® rodenticide-
season’ free*

1 0.769 + 0.056 0.550 + 0.028 0.00 + 0.00
2 0.911 £0.073 0.680 £ 0.047 0.00 + 0.00
3 1.970 £ 0.079 0.733 £ 0.059 0.00 £ 0.00
4 1.692 + 0.042 1.144 £ 0.016 0.00 + 0.00
mean® 1.335+0.073 0.777 £ 0.032 0.00 £ 0.00

rodenticide-free mature oil palm plantation to be 6.6,
and Naim et al. (2011) reported the mean clutch size of
barn owls in Malaysia in an immature oil palm environ-
ment without baiting to be 5.43.

The results also indicated that there was no differ-
ence (P > 0.05) in the clutch size between the two
rodenticide-treated sites in all seasons. In the bromadi-
olone-treated area the highest clutch size recorded was
4.67 = 0.10, while the lowest was 3.03 + 0.22. The
clutch size in the chlorophacinone-treated arca was
comparable: the highest clutch size was 4.88 + 0.24 and
the lowest was 3.07 + 0.07. This result was in agree-
ment with Naim et al. (2011), who reported that the
mean clutch size of barn owls in an immature oil palm
environment under rodenticides application ranged from
3.95 to 4.83.

Brood size

The results show that brood size in the rodenticide-free
area registered an increasing trend, with a total brood
size mean of 4.21 + 0.12. The highest brood size in the
rodenticide-free area was 5.52 + 0.26, and the lowest
was 3.38 + 0.11 in the first and fourth breeding seasons,
respectively (Tab. 3). Lenton (1984) reported a mean
brood size of 4.6 at oil palm plantations. In contrast, the
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bromadiolone-treated plot showed a total brood size
mean of 3.11 + 0.06. The highest mean brood size in the
bromadiolone-treated area was 3.83 + 0.14 chicks and
was recorded in the first breeding season, while the
lowest was in the fourth breeding season (2.73 £ 0.02).
The chlorophacinone-treated area, meanwhile, showed a
fluctuating trend, with a total mean brood size of 3.13 +
0.07. The highest corresponding brood size mean was
3.25 + 0.46, found in the third breeding season, and the
lowest brood size mean was 3.00 + 0.71, detected in the
second breeding season. There was significant differen-
ce (P<0.05) in the brood size among the treated areas in
the third and fourth breeding seasons. In general, ap-
plication of rodenticide in the field resulted in a lower
brood size among barn owls.

Fledging
tivity

The barn owls in the rodenticide-free plot consistently
showed significantly higher (P < 0.05) mean fledging
success compared with the rodenticides-treated plots in
all breeding seasons except for the first breeding season,
in which the number of fledglings from all of the study
areas was comparable (Tab. 4). The mean fledging suc-
cess in rodenticide-free plot was 3.95 + 0.07 (78.04%)
and significantly higher (P < 0.05) compared with the
bromadiolone- and chlorophacinone-treated plots, which
had values of 2.20 £ 0.10 (26.57%) and 2.65 + 0.06
(39.84%), respectively. This finding is in agreement
with Naim et al. (2011), who reported fledging success
at 77.9% in a rodenticide-free area and as low as 10 to
36% in rodenticide-treated areas. Similarly, Lenton
(1984) recorded the fledging success of barn owls in a
rodenticide-free area to be 81.2%. In this study, no sig-
nificant difference (P > 0.05) in fledging success was
detected between the two rodenticide-treated areas
except in the fourth breeding season. It declined drasti-
cally in the second breeding season (1.75 = 0.09) and
again in the fourth breeding season (1.67 = 0.12), but

success and produc-
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Fig. 2. Relationship between (a) mean concentration of residues (ug/g) and mean clutch size, (b) percent of pellets detected with
residues and clutch size, (c) mean concentration of residues (ug/g) and mean brood size, (d) percent of pellets detected with
residues and brood size, (e) mean concentration of residues (ug/g) and fledging success, and (f) percent of pellets detected with

residues and fledging success

Obr. 2. Vztah medzi (a) priemernou koncentraciou rezidzi (ug/g) a priemernou velkostou znasky, (b) podielom vyvrzkov s reziduami
(ug/g) a priemernou velkostou znasky, (c) priemernou koncentraciou rezidzi (ug/g) a priemernym poc¢tom vyliahnutych mladat, (d)
podielom vyvrzkov s reziduami (ug/g) a priemernym poc¢tom vyliahnutych mladat, (e) priemernou koncentraciou rezidzi (ug/g)
a priemernym poc¢tom vyletenych mladat a medzi (f) podielom vyvrzkov s reziduami (ug/g) a priemernym poctom vyletenych mladat

the differences in fledging success in the second breed-
ing season were not significant (P > 0.05).

Barn owls exposed to rodenticides have difficulty
maintaining a suitable population. The fledging success
in the rodenticide-treated areas, particularly the area
treated with bromadiolone (just 1.67 in the final season
of the study), suggests that the birds are at risk of not
maintaining a suitable population. The lower fledging

success in the rodenticide-treated areas in the fourth
breeding season, particularly the bromadiolone area,
was due to the death of several nestlings during their
development stage. Henny (1969) calculated that a
breeding success of at least 1.9-2.2 fledlgings per
breeding pair is the minimum reproductive rate required
to maintain a suitable barn owl population. Based on
this calculation, barn owls in bromadiolone-treated plots
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have a reproductive rate too low to maintain a suitable
population.

Rodenticide residues in pel-
lets collected from barn

owls

Residual analysis of rodenticides in regurgitated pellets
has been acknowledged by many researchers as the
most useful non-invasive technique to study the risk of
secondary poisoning of owls through the consumption
of rodenticide-ingested prey (Newton et al. 1990, Gray
et al. 1994, Eadsforth et al. 1996, Coueurdassier et al.
2012). The residues of rodenticides, i.e. bromadiolone
and chlorophacinone, in regurgitated pellets were eval-
uated to in order to assess the risks of secondary
poisoning of barn owls and the subsequent impact on
the reproductive performances of barn owls.

The analysis of pellets regurgitated by barn owls in
all breeding seasons shows that bromadiolone and
chlorophacinone were successfully detected in the pel-
lets samples collected from the rodenticide-treated sites
(Tab. 5). Due to the large number of samples, only 45
samples (5 samples per week during 9 weeks of nestling
development) were analysed in each treatment for each
breeding season. Of the 180 pellets collected from the
four breeding seasons in the bromadiolone-treated plot,
20.56% of regurgitated samples contained bromadiolo-
ne, with a mean residue of 1.335 + 0.073. The highest
residue was detected in the third breeding season, with a
mean residue of 1.970 + 0.079 pg/g. In the chlorophaci-
none-treated plot, 28.89% (n=180) of pellets contained
residue, ranging from 0.550 to 1.144(g/g of net weight
(mean: 0.777 + 0.032 pg/g). No residue was detected in
any of the samples (n=180) collected from the rodenti-
cide-free plot (Tab. 6).

Pearson correlation analysis showed the mean clutch
size of barn owls was negatively correlated to the mean
concentration of rodenticide residues present in the re-
gurgitated pellets (Fig. 2a) and to the percentages of
pellets detected with residues (Fig. 2b). However, the
correlations were not significantly different (P = 0.051).
Similarly, the correlation between the mean cutch size
and percentages of pellets detected with residue were
not significantly different (P = 0.103). The results indi-
cate that application of rodenticides in the field has no
effects on the clutch size of barn owls. Lenton (1984)
stated that if barn owls consume poisoned rats, the
rodenticides will be transferred to eggs but will not dis-
rupt egg production. This would indicate that the roden-

120

ticides are being metabolized and the rodenticide load
presumably removed in the form of one batch of addled
eggs. Barn owls are indeterminate egg layers and would
thus keep laying until a clutch of rodenticide-free eggs
is produced (Lenton 1984).

There was a negative correlation between brood size
and the mean concentration of rodenticide residue pre-
sent in regurgitated pellets (Fig. 2¢) and with the per-
centage number of pellets detected with residue (Fig.
2d). Both parameters were significantly correlated to the
brood size of the barn owls (P = 0.038 and P = 0.049).
The high numbers of addled eggs in rodenticide-treated
areas, particularly the bromadiolone plots, reduced the
hatchability of eggs and consequently the brood size.
The result clearly shows that exposure to an anticoagu-
lant rodenticide as an environmental pollutant can lead
to decreased hatchability of eggs and reduced brood
size. There was a strong significant negative correlation
between mean fledging success and mean concentration
of rodenticide residues present in regurgitated pellets
(Fig. 2e, P = 0.018) and with the percentage of pellets
detected in the residue (Fig. 2f, P = 0.001). This obser-
vation indicates that some of the nestlings in rodentici-
de-treated areas failed to fledge and died during
development. The nestlings in the bromadiolone- and
chlorophacinone-treated areas faced the risk of secodary
poisoning by feeding on rats that had ingested poisoned
bait being brought to the nest.

Conclusions

The rate of nest boxes occupancy and breeding perfor-
mance of the barn owls in the plots treated with both the
first and second generation anticoagulant rodenticides
were lower compared with areas not treated with roden-
ticide. The ingestion of poisoned rats by the barn owls
poses a risk of secondary poisoning and produces a det-
rimental effect on the breeding performances of the
birds. The lower occupancy rate and reduced breeding
performances of the barn owls in both of the treated
plots were due to the sub-lethal effects on the parents
and the nestlings, substantiated by the detection of resi-
due in the regurgitated pellets in both rodenticide-trea-
ted plots.

The findings of this study could help improve the
implementation of Integrated Pest Management (IPM)
in rat control at oil palm plantations which have the
presence of barn owls, such as in the type of rodenticide
used and the timing of its application. In general, the
risk of exposure to bromadiolone in barn owls is higher
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than chlorophacinone, suggesting a greater potential for
secondary poisoning from the former than the latter.
Thus, chlorophacinone is recommended over bromadi-
olone. Single application of a rodenticide during the
non-breeding season (April-June) of 7. alba could
reduce the damage to fruit bunches of oil palm while
also reducing the risk of secondary poisoning of barn
owls. Application of rodenticides should not be carried
out during the breeding season in order to prevent mor-
tality of nestlings and affect the breeding performance
of barn owls.
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