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CHAPTER 1

Introduction















production by the CL. If pregnancy does not occur the CL degenerate rapidly,
and FSH release resumes, stimulating the recruitment and development of
another pool of follicles (Rowett, 1974; Ross et al., 2003).
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Graafian follicle

Figure 1.1 Development of ovarian follicles. Primordial follicles are activated to grow and
develop through the primary, secondary, antral and Graafian stages of follicular development
until ovulation. Most follicles degenerate and become atretic. An ovulated follicle becomes a
corpus luteum (CL), which supports pregnancy if fertilization occurs. (Different images are not to
the same scale.)
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Figure 1.3 Schematic diagram of the testis and epididymis. Septa divide the testis into lobules
containing seminiferous tubules in which spermatozoa are produced. Sperm from the
seminiferous tubules enter into the rete testis then to the epididymis through the efferent ducts.
Sperm mature as they pass through the head (caput) and body (corpus) of the epididymis and
are stored in the tail (cauda) of the epididymis before ejaculation through the ductus deferens.
Source: Ross et al. (2003).
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Figure 1.4 Cross-section of testis from a healthy rat showing various seminiferous tubules.
Stain: haematoxylin and eosin; scale bar = 100 um; (a) x100 and (b) x400.
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Table 1.1 Effects VCD on reproduction of female rats and mice

Animal Dose Route Duration of Effects References
treatment
Rats, 62:5,1120; O 5 days/week for Numbers of primary and secondary follicles decreased at high doses in mice, but (Chhabra et al.,
Mice 250, 500, 13 weeks not in rats 1990a)
1000 mg/kg
Rats 112552125, . - o .
45 9 and 18 Dermal 5 days/week for Numbers of primary and secondary follicles decreased in mice at the high dose (1 (Chhabra et al.,
e 13 weeks mg/animal), but not in rats at any doses tested. 1990a)
mg/animal
Mice 0.0625, 0.125,
0.25, 0.5 and
1mg/animal
Rats 80 mg/kg IP 30 days Oestrous cycles prolonged in adults but not in immature rats; number of primordial (Flaws et al.,
and primary follicles reduced to 33 and 38% of control (in adults), and to 19 and 1994)
45% of control (in juveniles). Growing follicles were reduced to 54% of control in
immature rats, but not in adults.
Rats 79.8 mag/kg P 10 days Follicular viability reduced via an effect on granulosa cells. (Springer et al,
1996a)
Rats 80 mg/kg P 6, 8,10, 12, 0or 15 Numbers of oocytes contained in primordial and primary follicles decreased (Springer et al.,
days. following 15 days of treatment, numbers of growing follicles not affected. 1996b)
Rats, 80 mg/kg P 6, 8,10, or 12 Percent atretic primordial follicles increased 4h after the last dose in mice on Day (Kao et al., 1999)
Mice days. 8, and in rats on Day 10. Significant loss of primordial and primary follicles first
observed on Day 12 in both rats and mice, and follicle damage to a greater extent
in mice than in rats.
Rats 80 mg/kg IP 1(single dose) Significant increase in the number of primary follicles (41%) at 15 days after a (Borman et al.,
or 15 davs single dose with VCD; significant reduction (50%) in the number of primordial and 1999)
y primary follicles after 15 days of treatment.
Rats 79.8 mg/kg P 15 days The numbers of primordial and primary follicles were reduced to approximately 37 (Devine et al.,
and 44% of the control. The numbers of secondary follicles were not affected. 2001)
Rats 80 mg/kg IP 30 days After 30 days of treatment, animals were killed at days 30, 60, 120, 240 and 360. (Mayer et al,

Treatment with VCD induced significant reduction in the number of primordial
follicles (31%) and primary follicles (49%) of the control on day 30. The number of
antral follicles in treated animals was reduced relative to control beginning on day
120. Prolonged oestrous cycles observed from day 349-360. Increase in circulating
FSH levels (day 120, 240, and 360) compared to control.

2002)
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CHAPTER 2

Effect of multiple periods of treatment with
4-vinylcyclohexene diepoxide on the fertility of

female rats (Rattus norvegicus)

Paper in preparation to be submitted to Biology of Reproduction















days; Group 2 animals (n=4 controls; n=8 VCD treated) were treated for two
periods of 10 days, separated by 21 days; and Group 3 animals (n=8 controls; n=8
VCD treated) were treated for three periods of 10 days, separated by 21 and 14
days respectively (Fig. 2.1). Oestrous cycles were monitored during these
intervening periods. At the end of the last gavage for each group, all animals were
killed and dissected for tissue collection as described below.

Effects of multiple periods of VCD treatment on fertility

Group 4 animals ( n=8 controls; n=8 VCD treated) were orally administered
with either corn-oil (control) or VCD (500mg/kg) for three periods of 10 days,
separated by 21 and 14 days respectively, as in Group 3. Following the final
gavage, all animals were paired with fertile, untreated males (female:male = 2:1)
for four breeding rounds to assess their breeding outcomes (Fig. 2.1). Towards the
end of gestation, females were checked daily for the birth of pups. The litter size of
the females was determined and pups removed as soon as possible after birth,
sexed, and weighed before euthanasia. At the end of the final breeding round, all
females were killed for tissue collection as described below.

D1 D10 D32 Da1 D56 D65 D 220
| | | | | |
| | | | 1 1 |
Autopsy (D11) Autopsy (D42) Autopsy (D66) Autopsy

10
e i

Group 2

14 days

.
. 8§é
Group 4 %/////M W Breeding period (4 rounds)

. 10-day gavage Interval penod betveen gavages

Group 3

D Breeding duration ‘ Autopsy time point

Figure 2.1 Experimental design. Animals were divided into four groups: Group 1, 2 and 3 animals
received either corn-oil (control) or VCD (500mg/kg) orally for one, two and three periods of 10
days, respectively. At the end of the last gavage, animals were killed and ovaries were collected for
histological assessment. Group 4 animals were treated as in Group 3, but following their last period
of gavage, they were paired with fertile, untreated males for four breeding rounds. At the end of the
last breeding round, animals were killed and the numbers of follicles were examined.
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Figure 2.2 Body weights (g, Mean + SD) of animals receiving either corn-oil (o) or VCD (500 mg/kg)(e) for (a) one period of 10 days, Group 1 (n=4
controls; n=5 treateds), (b) two periods, Group 2 (n=4 controls; n=5 treateds), (c) three periods, Group 3 (n=8 controls; n=7 treateds); and (d) three
periods, Group 4 (n=8 controls; n=8 treateds). Bar on x-axis indicates 10 day periods of treatment.



Table 2.1 Weights of non-reproductive organs (g/kg body weight)(Mean + SD) of female rats from
control and VCD-treated groups for the different treatment protocols.

Treatment protocol Tissues Control VvVCD
Group 1 Liver 39.12 £ 3.29 43 61 +1.54™
(10 days) Kidneys 7.43+0.18 8.25+0.67™
Adrenals 0.24 £ 0.03 0.26 + 0.04™
Spleen 212 £0.26 SrE0Z3"
Heart SHI2P£0213 357 £ 0305
Lungs 6.09 £ 0.36 5 33TEH0I6 T

(n=4) (n=19)
Group 2 Liver 38.47 + 3.87 39.76 + 4.81™
(10+10 days) Kidneys 6.69 £ 0.23 992 +£3 13"
Adrenals 0.22 +0.03 0.30 £ 0.07™
Spleen 2.00 £ 0.29 1.67 +0.19™
Heart 35025 3.45+0.34™
Lungs 552 +0.44 559 +0.71™

(n=4) (n=5)
Group 3 Liver 33.78 £ 1.80 37.59 + 6.48"™
(10+10+10 days) Kidneys 6.37 £ 0.26 719+ 0.57™
Adrenals 0.23 +0.03 0.24 + 0.04™
Spleen 1.71 £ 0.20 (A58 H0I3 7
Heart 3.16 £ 0.22 3132 +0:25
Lungs 4.71+043 5.50 + 1.06™

(n=28) (n=7)
Group 4 Liver 33.59 + 3.49 31.93 +4.58™
(10+10+10 days + 4 Kidneys 5.66 + 0.34 61005510514
Rregdingiguc; Adrenals 0.16 £ 0.02 0.15 £ 0.02™
Spleen 1.42 £ 0.21 1.30+£0.13™
Heart 299+ 017 8107 £ 0115%
Lungs 35302 3.94+061™

(n=8) (n=28)

Means between control and treated groups in each treatment protocol were compared using

Student t-test; values with " are not significantly different from control (P>0.05).
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Figure 2.3 Effects of different periods of treatment with VCD (500 mg/kg) on (a) the total ovarian
weight corrected for body weight (mg/100g body weight), (b) absolute total ovarian weight
(mg/animal), and (c) the total uterine weight corrected for body weight (mg/100g body weight),
(Mean + SD). Group 1 (n= 4 controls, n= 5 treateds), Group 2 (n= 4 controls, n= 5 treateds), and
Group 3 (n= 8 controls, n= 7 treateds) animals treated for one, two and three periods of 10 days,
respectively and killed shortly after the last dose. Group 4 (n= 8 controls, n= 8 treateds) animals
treated as in Group 3, but killed after 4 breeding rounds. The ovarian and uterine weights, corrected
for body weights, were transformed to arcsine prior to analyses. Means between control and treated
groups were compared using Student t-test; columns with * are significantly different (P<0.05), and
columns with " are not significantly different from control.
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Figure 2.6 Representative cross-section of an ovary from a rat following three periods of 10 days of
treatment with (a) corn-oil (control) and (b) VCD (500 mg/kg) and killed at the end of 4 breeding
rounds. The ovary of the control rat contains follicles at different stages of development, corpora
lutea (CL) and corpora albicantia (CA); whereas the ovary of the VCD-treated animal is devoid of
follicles. Stain: haematoxylin and eosin; scale bar = 500 um; x25.

2.3.6 Effects of VCD treatment on fertility

The number of females giving birth

For each of the 4 breeding rounds, all animals (8/8) in the control group
produced litters, whereas the numbers of animals producing litters in the VCD-
treated group decreased over time. In the VCD-treated group, 7 of 8 animals gave
birth in the 1% round, 6 of 8 in the 2™ round, 5 of 8 in the 3" round, and only 2 of 8
in the 4" breeding round (Table 2.3).

Litter size

The litter sizes for control animals were similar for each breeding round, with
an average of 12.4 pups per litter (Table 2.3), ranging from 5 to 18 pups. In
contrast, the average litter sizes for VCD treated animals that gave birth decreased
in each successive breeding round. Significant reductions in the litter sizes of
treated animals compared to control animals were found in the 2" breeding round
(7.7 pups per litter; t = 2.32, df = 12, P = 0.039), in the 3" round (3 pups per litter; t
= 6.01, df = 11, P < 0.0001), and in the 4" round (3.5 pups per litter; t = 3.58, df =
8, P = 0.007) (Table 2.3). Litter sizes in these successive breeding rounds ranged
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Figure 2.8 Effects of VCD treatment on the total number of pups accumulated over the 4 breeding
rounds. Values represent the total number of pups accumulated over time.

2.3.7 Effect of VCD treatment on interval to birth after pairing with males.

The average time to birth after pairing with fertile males ranged from 26 to 34
days and was not significantly different (P>0.05) between control and treated
animals (Table 2.4).

Table 2.4 Average interval (days) (Mean + SD) between introduction of fertile males and
subsequent births in control and VCD-treated groups.

Treatment Interval from pairing with male to births in females (days)
Round 1 Round 2 Round 3 Round 4
Control 26.1+46 344 +5.1 26327 26.8+5.6
(n=8) (n=8) (n=8) (n=8)
VCD 27.7 £6.8™ 317 LBT" 26.8+44™ 27.0+42"™
(n=7) (n=6) (n=5) (n=2)

Mean between control and treated groups were compared using Student t-test. Values with ™ are
not significantly different from control (P>0.05).
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Table 3.3 Weights (g/kg body weight)(Mean + SD) of non-reproductive organs of adult male rats following 15 days of oral gavage with either corn
oil or VCD (500mg/kg).

Organs Treatment Weight (g/kg body weight) at autopsy
Day 16 Day 30 Day 45 Day 60 Day 75 Day 90
Liver Control 39.09 £ 2.08 38.98 + 2.47 34.58 £ 1.96
VCD 43.98 + 455" 4544 +484 4246+3.10 4169 +1.02"™ 43.61+297  36.80 +3.23™
Kidneys Control 7.13 +0.58 6.24 + 0.28 6.51 + 0.62
VCD 7.94+066™ 7.58+0.07 6.76 + 0.28 7.03+0.18™ 6.95+0.26 6.91+0.32™
Adrenals Control 0:365E 052 0.25 = 0.09 0.18 £ 0.03
VCD 0.42 £0.07"  0.29 £ 0.07 0.28 + 0.06 0.25+0.01™ 0.19+0.04 0.22 £ 0.06™
Spleen Control 1.54 £ 0.10 1.56 £ 0.20 1.76 £ 0.47
VCD 1.68+0.07" 1.99+0.27 1l ol 017 1,80+ 05  1.62+ 048 1.40 £ 0.31%
Heart Control 292 +0.03 2.88+0.17 2:86:+£10.25
VCD 3.28+047™ 298 +0.05 3.23+0.19 2.71 £0.25™ 3.03+0.39 2162801081
Lungs Control 4.01 £ 0.31 3.24 +0.34 3:87£10:20
VCD 4.15+0.33" 4.07+£0.40 3.92 + 0.40 4.01+0.11" 3.44+0.35 3.46 £0.71™

Means between control and treated groups were compared using Student t-test. Values with " are not significantly different from control (P>0.05).






Table 3.4 Testis volume (cm?/kg body weight) and the weights of reproductive organs (g/kg body weight)(mean + SD) of the control and VCD-
treated juvenile male rats. Animals were orally administered either corn-oil or VCD (500mg/kg) for 15 days then killed (n=3 per group) on days 16,
60 and 90 in the control group, and on days 16, 30, 45, 60, 75 and 90 in the VCD treated group

Organs Treatment Day of autopsy
16 30 45 60 75 90
Testis volume Control 7.96 + 0.80 7/ {0ts) 2= (01 Y7 6.20 + 0.62
VCD 9.98+1.42" 9.64+0.75 795 =107 7.65%0.29™  6,89+0.51 07 £10I340
Testis weight Control 9.69 £ 1.20 7.42 £ 0.44 6.28 + 0.46
VCD 11.81£0.89" 9.24 + 0.59 7.99 £ 0.71 (503NN 0072 7.32 £ 0.29™
Epididymis Control 7.05+0.34 543 +0.42 514 +0.78
VCD IR0 50162 6.38 £ 0.75 SI3OEEIONI7 NG 3 1 )18 2 GI37 0151
Seminal vesicle  Control 3.28£10.25 4.92 + 0.86 294 +042
VCD 3129 08% 397 2 4.06 + 0.32 542 +0.39" 3.36+0.31 3102 0163
Prostate Control 4 INEO27 1.81+0.20 E70£0153
VCD 1045+ 0:15% 1.17 £ 0.32 1.56 + 0.19 1.42 £0.18™ 1.68+0.19 2.05+0.35™

Means between control and treated animals at each time point were compared using Student t-test. Values with ™ are not significantly different
from control (P>0.05).
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Table 3.5 Testis volume (cm3/kg body weight) and the weights of reproductive organs (g/kg body weight)(mean + SD) of the control and VCD-
treated adult male rats. Animals were orally administered either corn-oil or VCD (500mg/kg) for 15 days then killed (n=3 per group) on days 16, 60
and 90 in the control group, and on days 16, 30, 45, 60, 75 and 90 in the VCD treated group.

Organs Treatment Day of autopsy
16 30 45 60 75 90
Testis volume Control 6.44 + 0.40 7.16 £ 1.00 6.04 + 0.30
VCD 798+121™ 8.63+ 1.68 7.21+0.74 6.12+ 113" 6.95+ 1.03 521 £1:35%
Testis weight Control 71555 0511 7.04 £ 0.52 6.34 £ 0.43
VCD 8.64 + 1.09™ 9.01 £+ 0.67 7.39+0.22 587 £2/05% 6.72 £ 1.40 6.01 + 2.06™
Epididymis Control 6.01 + 0.48 652550188 4.97 +0.32
VCD 6.79 + 0.71™ 6.61 £ 1.55 5.38 + 0.63 4.03 +0.82™ 5.14 + 0.59 4.49 + 0.42™
Seminal vesicle Control 3.38 £ 0.49 4.74 £ 0.67 3.66 + 0.29
VCD 2.86 + 0.20™ 491 +1.01 424 +0.79 3.75 + 0.68™ 3931021 3.78 £ 0:07™
Prostate Control 1.49 + 0.23 1.87 £0.28 2.42 +0.88
VCD 4068 1.41+0.11 1.78 £0.18 1.58 + 0.40™ 1.96 + 0.20 2.21+042™

Means between control and treated animals at each time point were compared using Student t-test. Values with ™ are not significantly different
from control (P>0.05).
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Semlmferous tubules of testls

Figure 3.4 Histology of the testis. Representative cross-section of seminiferous tubules from a rat
dosed with VCD (500 mg/kg, orally) for 15 days and killed at 24 hours after the last dose showing all
normal stages of spermatogenesis (Ld: Leydig cells, ser: Sertoli cells, sg: Spermatogonia, sc:
Spermatocytes, and st: Spermatids). Stain: haematoxylin and eosin; scale bar = 100 um; (a) x100
and (b) x400.
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Figure 3.5 Histology of epididymis. Representative cross-section of caput epididymis from a rat
dosed with VCD (500 mg/kg, orally) for 15 days and killed 24 hours after the last dose showing
normal epithelium with well-defined basal and principal cells and the lumen filled with normal
maturing spermatozoa (col: Columnar epithelium, sp: Spermatozoa, and con: Connective tissues).
Stain: haematoxylin and eosin; scale bar = 100 um; (a) x100 and (b) x400.
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Figure 3.6 Effects of VCD exposure on litter size (Mean + SD) of fertile female rats paired with
control or treated males following 15 days of oral gavage with VCD (500 mg/kg) over 5 successive
breeding rounds. Each male was paired with two fertile females and litter size was calculated from
females that gave birth in each breeding round (n). Mean litter sizes between control and treated
animals in each round were compared using Student {-test at the significance level of 5%.

Table 3.6 Average time (days) (Mean + SD) between introductions of control and VCD-treated
males and subsequent births of fertile, untreated females for 5 breeding rounds

Treatment Time interval from mating to births (days)

Round 1 Round 2 Round 3 Round 4 Round 5
Control 231 £ 1.2 24.4 + 3.1 258+3.4 245+1.3 256+4.8
VCD 233 1.0 26.5+44™ 259+36™ 27.0+4.4™ 27.9+4.0%

Mean between control and treated groups were compared using Student t-test. Values with " are
not significantly different from control animals (P>0.05).
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Table 3.7 Sex ratios of pups from control and VCD-treated animals over 5 breeding rounds.

Breeding round Treatment Sex ratio (%) '
Males Females
1 Control 455 545
VEDE= 52.8 47.2
2 Control 5318 46.7
WieiDiE 454 54.6
3 Control 44 9 55,1
VED™ 515 48.5
4 Control 48.9 5l
VEPRE: 46.3 5307
5 Control 47 .4 5216
VCD "™ 47 .4 52.6

" Sex ratio of pups between control and treated groups in each breeding round were compared
using Chi-square test; values with ™ are not significantly different from control group (P>0.05).

Table 3.8 Body weights (g) (Mean + SD) of pups from control and VCD-treated animals over 5

breeding rounds.

Breeding round Treatment Body weight of pups (g) '
Males Females
1 Control 7.0+0.6 (ST == (015
VCD 74+£05™ G OEI0N G
2 Control 6.7 0.5 6.4+0.5
VCD 6.5+06" 6.1+06"
3 Control 6.8+ 0.5 6.2+04
VCD 7.0 05" 6.8+0.6"
4 Control 6.6 102 6.4+0.3
VCD 7.3 +0.9% 72+10"
5 Control 6.8+0.7 6.8+ 0.5
VCD 6.4+ 07" 6.9+06"™

TMean between control and treated groups in each breeding round were compared using Student t-

test. Values with "™ were not significantly different from control group (P>0.05).
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CHAPTER 4

Laboratory evaluation of bait uptake in ricefield rats

(Rattus argentiventer)

Paper in preparation to be submitted to Pest Management Science

74















Figure 4.1 The three forms of bait (kibble, granule and pellet) used in the study

In this trial, each form of bait was provided in a single feeder placed at the
corner of the cage for three days. For each day, a known amount of each form was
provided, and the remaining bait, including spillage, was removed on the following
day, then dried and weighed. Daily consumption of each bait form was recorded
over the period of trial. The calculation method for daily consumption is presented
in Section 4.2.3 below. The most accepted bait form determined from this trial was

used to prepare baits for the next trials in Phase 2.

Phase 2 — Uptake of baits containing different vegetable oils, food additives
and cereal flours

Trial 2. No-choice tests on uptake of baits containing different vegetable oils

This trial was conducted to evaluate the effect on bait-uptake by ricefield rats
of three vegetable oils which were available in the local market, including canola
oil, coconut oil, and sesame oil. In addition, neem seed oil was also tested as it is
known to reduce the fertility of rodents (Dhaliwal et al., 1998; Dhaliwal et al., 1999).
Four types of bait containing four vegetable oils were used; i) 5% canola oil
(commercial origin), ii) 5% coconut oil (freshly prepared at the local market), iii) 5%
sesame oil (commercial origin), and iv) 5% neem seed oil (Neeming Australia Pty
Ltd, Queensland, Australia). Each bait type was prepared by mixing the vegetable
oil (5%) with the base material which comprised broken rice (10%), wheat flour
(65%) and sugar (20%). Similar to Trial 1 this high concentration of sugar was
used; however, bait with this sugar concentration was observed to be very

attractive to ants, therefore a lower rate of sugar (5%) was used in the rest of the
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period; whereas the consumption for the granule or pellet bait ranged from 2 to 3 %
body weight (Fig. 4.3).

The results of Trial 1 indicated that ricefield rats preferred bait in the kibble
form over granules or pellets. Therefore in the following trials, all tested baits were

prepared in kibble form.

7.0 7

6.0 |

50 -
40
30 -
20 -
1.0 -
0.0 -

Kibble (n=7/8) Granule (n=4/8) Pellet (n=4/8)

Bait consumption (g eaten/100 g body wt)
(Mean + SE)

Figure 4.2 Average bait consumption (g eaten/100g body weight) (Mean + SE) over 3 days in no-
choice tests of different physical forms of bait. Each group contained 8 animals, but only
consumption for those considered to have consumed bait equal to or greater than 2% body weight
(n) is presented. Columns with different letters are significantly different (P<0.05).

70 -8 Kibble -8 Granule —&— Pellet
W 60 -
c "
(_3 +l
B & 50
:§
2= 40 -
=
g ‘§ 0 5
5D 20
88
D 1.0 -
0.0 T T )
1 2 8

Day of feeding
Figure 4.3 Daily bait consumption (g eaten/100g body weight) (Mean + SE) over the 3-day feeding

period in no-choice tests of different forms of bait: kibble (e), granule (m), and pellet (A).
Consumption was calculated for all animals in each group (n=8).
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Figure 4.7 Daily bait consumption (g eaten/100g body weight) (Mean + SE) by ricefield rats over 5-
day feeding period in no-choice tests of different coconut oil-based kibble baits: Coconut oil (e),
Intralipid (m), Wax (A), Anchovies (0), and Sardines (o). Average daily consumption was
calculated using all animals in the group (n=10).

Table 4.2 Average daily bait consumption (g eaten/100g body weight) (Mean + SE) of male and
female rats in no-choice tests of different coconut oil-based kibble baits. Average consumption was
calculated for all animals of each sex (n=5) in a group.

Daily consumption (g eaten/100g body weight) '

Bait types

Males Females
Coconut oil 3.70 £ 0.43 3.61+061"
Intralipid 471+0.28 541+ 057 °
Wax 4.22 +0.47 4.51+0.50 *°
Anchovies 3.49 +0.49 2.95+0.48 "
Sardines 3.61+0.53 250+048°

T Means from different groups were compared using one-way ANOVA. Values followed by different
letters are significantly different (P<0.05).
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Figure 4.11 Preference index (Mean + SE) in choice tests between two baits: (O) Wheat:rice flours
(1:1) vs. Wheat flour only; (O) Rice flour only vs. Wheat flour only; and (M) Rice flour only vs.
Wheat:rice flours (1:1) over 5-day feeding period.

Table 4.6 Average daily bait consumption (g eaten/100g body weight) (Mean + SE) by male and
female rats in choice tests of kibble baits containing different ratios of wheat and rice flour. Average
consumption was calculated for all animals of each sex (n=5) in the group.

Daily consumption (g eaten/100g body weight) t

Choice test Males Females
Wheat flour only 1.69 + 0.47 0.62 + 0.21
Wheat:rice flour (1:1) 4.23 £ 0.55* 416 + 0.27*
Wheat flour only 1.04 £ 0.32 0.77 £ 0.28
Rice flour only 4.13 £ 0.38* 4.33 £ 0.49*
Wheat:rice flour (1:1) 2.00 £ 0.35 1.82+0.42
Rice flour only 2.56 + 0.48 2.98 + 0.58

T Mean consumption between baits was compared using Student's t-test; values with * are
significantly different (P<0.05) from other bait in the choice-test.
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Figure 4.12 Daily bait consumption (g eaten/100g body weight) (Mean + SE) over 5-day feeding
period in choice test between bait containing intralipid (o) and 5% coconut oil (e). Average
consumption was calculated from all animals of the group (n=10); (a) animals had not been
exposed to either of the two test baits before being tested, and (b) animals had previously been
exposed to 5% coconut oil-based bait for 5 days before being tested.
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CHAPTER 5

Evaluation of bait uptake by ricefield rats using
Rhodamine B as a bait marker under

enclosure conditions

Paper in preparation to be submitted to Wildlife Research
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maintained moist and weeds were allowed to grow during the experiment (Fig.
5.1b).

(a)

Metal fence
i ' ‘ ‘ Plastic fence

(b) | Plastic netting on bamboo poles fixed on the outer fence to
keep out predators

-
»

- i - as ’
T e G ] g e, S MO R R W -

- Ae '3y
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Figure 5.1 Appearance of enclosures (25 x 50 m) at (a) start and (b) the end of experiment. Bait
stations were placed along the banks at equivalent distances. A moat was built along the fence and
plastic netting was fixed on the outer fence to avoid animal losses caused by predation or escape.
Water was maintained and grasses were allowed to grow over the period of experiment. Apart from
the kibble bait, animals could also access other natural food sources such as grasses, snails,
insects, small fish and amphibians available in the enclosures.
5.2.2 Animals

Wild ricefield rats (Rattus argentiventer) were caught from the fields around
Sukamandi using a linear barrier trap system (LTBS) with multiple-capture traps

(20 x 20 x 50 cm), by hunting and by digging burrows along banks. Adult non-
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rat. It was prepared by first mixing 0.3 g of RB powder with 20 mi of coconut oil and
then mixing this solution thoroughly with 1 kg of kibble bait which was then dried at
room temperature before use.

To minimise the potential influence of the colour of RB on bait uptake, the
kibble bait was dyed with a pink food dye that was similar to the colour of RB-
coated kibble bait (Fig. 5.2).

Figure 5.2 Plain kibble and Rhodamine B-coated kibble bait

5.2.4 Bait stations

Bait was provided in each enclosure using bait stations. The stations were
made using a plastic box (30 x 21x 12 cm), with two openings (5 cm x 20 cm)
along the sides to allow access to the bait. Kibble bait was placed in a solid glass
ashtray (diameter = 10cm) held in position in the centre of the box by three nails.
Bait stations were designed to minimise access by birds and had an overhanging
plastic cover to protect the bait from rain (Fig. 5.3).

Eighteen individually marked bait stations were used in each enclosure and
were placed along the banks equidistant from each other (Fig. 5.4). The position of

the stations was fixed throughout the experiment.
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Top covered with
a sheet of plastic

Figure 5.3 Bait station made of (a) plastic box (30 x 21x 12 cm) with two openings (5 cm x 20 cm),
feeder (ashtray) and (b) covered by plastic sheet on the top.
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Figure 5.4 Arrangement and identification of bait stations in enclosures
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Population sampling Trapped-out

(RB detecton) (RB detecton)
Rats in enclosure RB-marked RB-marked
kibble bat (1 mght) kibble bait (1 night)
\ A
Acclimaton Plan kibble bart UHR | Plain kibble UHR | Prain bait| UHR
(UHR, 5 nights) until asymptote (8-10 nights) (2 nights)| bat (4 nights) | (2 monts) | (3 nights) || (2 nights)
ROUND 1 ROUND 2

[:] Animals fed on unhulled rice (UHR)

[[T] Animals fed on plain kibble bait
Animals fed on Rhodamine B -marked kibble bait

Figure 5.5 Experimental design for bait uptake by ricefield rats using Rhodamine B (RB) as a bait
marker under field enclosure conditions.

5.2.6 Detection of Rhodamine B

At autopsy, approximately 8-10 whiskers from each side of the mouth of each
animal were collected. Preparation of whiskers for RB examination was undertaken
following the method described by Fisher (1998). Briefly, 4-6 whiskers were
mounted parallel to each other on a standard laboratory slide using Fluoromount-G
(SouthernBiotech) as the mounting medium. The whiskers were then covered with
a coverslip and examined under a fluorescence microscope set up with a light
source and filter combinations (Leitz Diaplan Fluorescence Microscope, Type 020-
437.035512834). A high intensity 200 W mercury lamp light source was used, in
conjunction with a permanent BG38 filter and Green filter combination block to
select for the emission of RB fluorescence. Under the fluorescence microscope,
whiskers marked with RB were identified by the presence of bright orange bands.

5.2.7 Measurement of bait consumption

Daily bait uptake

Daily bait consumption (Mc) was determined as the difference in weight (g)
between the amount added (M), and the amount remaining (Mg) after drying. A
correction was made for moisture changes for the amount added. This was
determined using a set of control bait samples (n=3). These were exposed to the
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Figure 5.6 Daily bait consumption (g eaten/day) by ricefield rats in three enclosures during the experiment. Bait coated with Rhodamine B (RB)
was provided overnight after 8-10 days of pre-feeding with kibble bait. Two days after RB-coated kibble bait was provided, population sampling
(kill) was conducted; approximately 50% animals from each enclosure were removed and killed to collect whiskers for RB detection. The
remaining animals were provided with kibble baits again for 4 days (days 14-17), and daily consumption recorded. Animals from enclosure 2 were
trapped out on Day 17. Animals from Enclosures 1 and 3 were used for a 2™ feeding round; after the completion of the 1* round, rats were fed
unhulled rice (UHR) for 2 days then kibble bait for 3 days (days 20-22) before being presented with RB-coated kibble bait overnight. Two days
later, all animals were killed to collect whiskers for RB detection.
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Table 5.1 Uptake of Rhodamine B-coated kibble bait by ricefield rats under enclosure conditions.

Enclosure No. trapped out® No. sampled® % RB-marked Estimated no. Amount eaten Amount eaten per
individuals® eating bait’ (g/rat)® 100g body wt.'
s 2" g 2 i 2" 1°! 2" 1% 2" 1% 2

round round round round round round round round round round round round
1 29 16 13 16 84.6 93.8 24.5 15 11.2 13.99 9.5 9.6

2 23 11 - 90.9 - 20.9 - 118 - 8.8 -

3 27 18 14 10 100 100 27.0 10 1.4 18415 9.0 9.9
Mean 91.8 96.9 1iE3 13.57 9.1 9.8
SD 7.7 4.4 0.1 0.59 0.4 0.2

“'No. trapped-out = Number of rats caught 2 days after each RB-coated kibble bait presentation;

No. sampled = Number of rats killed for RB detection after each round of feeding;

o

)
)
)

“ % RB-marked individuals = [(Number of animals marked with RB)/(Number of animals sampled)] x 100;
9 Estimated no. eating bait = [(% animals marked with RB in each round) x (Number of animals trapped-out after each round)]/100;

¢ Amount eaten (g/rat) = (Total amount of RB-coated kibble bait eaten in each round)/(Estimated number of animals eating bait in each round);
" Amount eaten per 100 g body weight = [(Amount of bait eaten per individual in each round)/(Mean body weight of individuals marked with RB in

each round)] x 100.
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Table 5.3 Proportion of animals with one and two RB-bands in their whiskers after being provided
with RB-coated kibble bait

Enclosure 1* RB bait exposure ' 2" RB bait exposure®
% animals with % animals with % animals with
1* round RB-band 2" round RB-band 2 RB-bands
1 846 93.8 56.3
(11/13) (15/16) (9/16)
3 100 100 90.0
(14/14) (10/10) (9/10)

" Animals were killed two days after the 1*' RB kibble bait provided
* Animals were killed two days after the 2™ RB kibble bait provided
Numbers in brackets are the number of animals marked with RB/total number of animals sampled

(a) 1* RB-band

(b) 2" RB-band

Figure 5.7 Whisker bands observed in ricefield rats after two single intakes (14 days interval) of
Rhodamine B-coated kibble bait under a fluorescence microscope. (a) 1 RB band near the tip of
the whisker, and (b) 2™ RB band close to the follicle of the whisker; scale bar = 1.0 mm
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Figure 5.8 Distribution of total bait consumption (g/statioB for each of the 18 bait stations in (a)
Enclosure 1 and (b) Enclosure 3 during the last 4 days (L) day 20; @) day 21; (0) day 22; and
(B day 23 of the experiment.















CHAPTER 6

General discussion and future directions























































































Appendix 2.1 Composition of baits containing different vegetable oils

Bait material Bait type
(% in weight)

Canola Coconut Sesame Neem Unhulled rice

oil oil oil oil

Broken rice 10 10 10 10 0
Wheat flour 65 65 65 65 0
Sugar 20 20 20 20 0
Canola oil 5 0 0 0 0
Coconut oll 0 5 0 0 0
Sesame oil 0 0 5 0 0
Neem oil 0 0 0 5 0
Unhulled rice 0 0 0 0 100 J

Appendix 2.2 Composition of kibble bait containing different food additives

Bait material Bait type ‘
(% in weight) . — : . J‘
{ Coconut oil | Intralipid Wax Anchovies | Sardines A
| Broken rice 10 10 10 10 10 |
Wheat flour 80 60 68 5 75
Sugar 5 3 5 5 S
Coconut oil 5 5 5 5 | b
Intralipid 0 20 0 0 0o |
Wax 0 0 12 0 0
Anchovies 0 0 0 5 0o
Sardines 0 0 0 0 5

Appendix 2.3 Composition of baits containing different ratios of wheat and rice flour

Bait material Bait type ;
(% in weight)

Wheat flour only Wheat : rice (1:1) Rice flour only
Broken rice 10 10 10 |
Wheat flour 80 40 o |
Rice flour 0 40 80
Sugar 5 5
Coconut oil 5
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