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Abstract:  The toxic effects of the alkaloids, Norharman and a mixture 
of L-N-Methylcrotonosine/Linearisine (M/L mixture), on two 
organisms, Gambusia puncticulata and Veronicella sloanei were 
determined. The effect of the alkaloids on the fecundity of Thiara 
granifera was also investigated. Norharman was harmless to G. 
puncticulata but the M/L mixture inflicted 55.5% mortality on fish 
populations. The alkaloids had narcotizing, repellent and anti-feedant 
effects on V. sloanei. The M/L mixture suppressed the development of 
hatchlings in the brood pouches of T. granifera. Norharman and the 
M/L mixture reduced the number of hatchlings released from the brood 
pouches of T. granifera by 60 and 40%, respectively. 
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Introduction 

The bioactivity of secondary metabolites such as 
saponins, alkaloids, steroids, flavonoids and tannins is 
well documented (Evans and Evans, 2002; Mott, 1987). 
They are believed to be responsible for defence as well as 
the pesticidal, medicinal and allelopathic properties of 
plants (dos Santos et al., 2003; Hafiza et al., 2002; 
Amusan et al., 2000; Hostettmann and Marston, 1987; 
Kloos and McCullough, 1987; Youdeowei and Service, 
1983). Alkaloids comprise the largest class of secondary 
plant substances (Harborne, 2012). They are believed to 
function as growth regulators and insect repellents or 
attractants (Harborne, 2012). Norharman is an indole 
alkaloid (Jitendra and Singh, 2009) and L-N-
methylcrotonosine and linearisine are isoquinoline 
alkaloids (Stuart and Cava, 1968). Norharman is present 
in some members of the family, Zygophyllaceae (Jitendra 
and Singh, 2009) while methylcrotonosine and linearisine 
are found in some Croton species (Stuart and Cava, 1968). 
Norharman and a mixture of L-N-methylcroronosine 
/linearisine were isolated from the aqueous extracts of the 
plants Guaiacum officinale (family: Zygophyllaceae) and 
Croton linearis (family: Euphorbiaceae), respectively 
(Ellis-Tabanor, 2010). To evaluate the bioactivity of 
Norharman and an L-N-methylcrotonosine/linearisine 
mixture, three test organisms, Thiara granifera, Gambusia 
puncticulata and Veronicella sloanei were exposed to 
solutions of the alkaloids. 

The Test Organisms 

It is imperative to know the toxicity to fish of any 
substance that may be proposed for use in the aquatic 
environment. Gambusia puncticulata (Caribbean gambusia) 
is non-endemic to Jamaica but commonly occurs in most 
Jamaican freshwaters (Bennett and Hyslop, 2005). 
Veronicella sloanei, the terrestrial Pancake Slug is found 
throughout the Greater and Lesser Antilles (Fields and 
Robinson, 2004). It is described as an aggressive, 
phytophagous and opportunistic pest (Fields and Robinson, 
2004; Stange and Deisler, 2004).  

Thiara granifera is a small, invasive gastropod 
commonly found in Jamaican freshwater habitats. The 
young are carried in a brood pouch behind the head prior to 
release (Fretter and Graham, 1994). This process is under 
parental control (Berry and Kadri, 1974). In Jamaica, 
specimens of T. granifera breed throughout the year and 
have at least two periods of juvenile recruitment (Ellis-
Tabanor and Hyslop, 2005). One way to control the 
numbers of snails of this invasive species may be by 
disrupting reproduction as their reproductive characteristics 
allow them to rapidly colonize and dominate freshwater 
habitats (Dudgeon, 1986; Berry and Kadri, 1974).  

The objectives of this study then were to determine the 
toxicities of the alkaloids Norharman and L-N-
methylcrotonosine/linearisine to Gambusia puncticulata 
and Veronicella  sloanei. The effects of the alkaloids on the 
fecundity (number and size of hatchlings) in Thiara 
granifera were also investigated. 
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Materials and Methods 

Bio-assays of Norharman and L-N-
methylcrotonosine/Linearisine Mixture against 
Gambusia puncticulata  

Specimens of Gambusia puncticulata were collected 
from the Mona Reservoir near to the University of the 
West Indies, Mona Campus, Jamaica and housed until 
required for use in aerated aquaria (45×23×23 cm) 
containing de- chlorinated tap water treated with 
Nutrafin Aqua Plus tap water conditioner. They were fed 
standard fish flakes. Female fish of body length of 3.0-3.5 
cm were selected for testing. The fish were exposed to 
Norharman (11.91 mg L−1) and the M/L mixture (40.55 
mg L−1) and percent mortality was recorded after 24 h. 
The concentrations represent the 24 h LC50 values of the 
alkaloids against T. granifera. For each toxicant, four 
treatments including one control (de-chlorinated tap 
water only) were prepared in 2000 mL glass beakers, 
each containing 1000 mL of treatment. The treatments 
were set up in three replicates. Three specimens of G. 
puncticulata were added to each treatment. Wire mesh 
covers prevented fish from jumping out. Fish which 
floated on their backs and did not respond to prodding by 
a blunt seeker were recorded as dead. 

Exposure of Veronicella sloanei to Treated Soil 

Specimens were collected from the Botany Garden of 
the Department of Life Sciences of the Mona Campus of 
the University of the West Indies and used immediately. 
Four slug cages were made by using large plastic 
containers (27×17×7 cm) covered with lids. Each lid was 
modified to allow aeration of the cage. This was done by 
cutting a hole (24×14 cm) into the lid, then stapling a 
portion of wire mesh of pore size 1.0×1.0 mm over the 
hole. Soil (loam type) collected from the habitat of the 
slugs was placed on the base of the cages to a height of 1.5 
cm (weight of soil = 365 g). The soil in three cages was 
saturated with 150 mL of the toxicant, equivalent to the 24 
h LC90 of Norharman (123.75 mg L−1) and the M/L 
mixture (218.22 mg L−1) against T. granifera. The fourth 
cage was a control containing soil saturated with de-
chlorinated tap water only. The cages were set up in three 
replicates. Five slugs (4.0-4.5 cm body length) were 
placed on the saturated soil in each cage. The behaviour of 
the slugs was observed for the first hour of exposure. 
Escape indexes were derived from the percent of slugs 
that climbed away from the treated soil after the first 
60min of exposure. They were prevented from avoiding 
contact with the soil for at least six hours by putting them 
back on the soil if they attempted to climb up. After a 24 h 
period, the slugs were observed for mortality.  

Feeding Experiment: Veronicella sloanei 

Slugs were kept for two days without food in cages 
containing loam soil moistened with de-chlorinated tap 
water. Lettuce leaves (Lactuca sativa) were soaked for 
12 h in a solution equivalent to the 24 h LC90 of 
Norharman (123.75 mg L−1) and the M/L mixture 
(218.22 mg L−1) against T. granifera. Soaked leaves 
were cut in square pieces (4×4 cm) and three square 
pieces were placed in each of three cages containing five 
slugs (4.0-4.5 cm in body length). A similar cage was set 
up as control except that it contained three pieces of 
lettuce leaf that were not soaked in extract. The 
experimental set up was replicated thrice. After 24 and 
48 h, evidence of feeding and the effects of feeding on 
the slugs were noted. During the experiment, the soil in 
the cages was kept moist with de-chlorinated tap water.  

Fecundity Test  

Specimens of Thiara granifera were collected from 
the Mona Reservoir. The snails were reared in glass 
aquaria (60×30×37.5 cm) containing de-chlorinated tap 
water aerated by conventional air pumps with plastic 
tubing and standard air-stones. They were fed shredded 
lettuce leaves (Lactuca sativa) ad libitum. The water 
temperature and pH were measured at least once per 
week. The mean temperature was 27±1°C and pH varied 
between 7.5-7.9. The water in the aquaria was changed 
once per week and dead snails were removed and 
hatchlings transferred to other aquaria. 

Six snails (12-14 mm shell height) were selected 
from the rearing aquaria and added to each treatment. 
Snails were exposed to a 12 h light: 12 h dark 
photoperiod. Over a six week period, treatments of 0.115 
mg L−1 of Norharman and 0.753 mg L−1 of L-N-
methylcrotonosine/linearisine mixture, representing 10% 
of the LC10 values of the substances against Thiara 
granifera, were administered. The treatments, including 
a control of de-chlorinated tap water, were prepared in 
glass aquaria measuring 30×15×15 cm in three 
replicates. Each aquarium contained 1000 mL of 
solution. During the experiment the treatments were 
renewed every three days.  

Hatchlings were removed from the treatments every 
three days, counted and shell heights measured. At the 
end of the experiment the adult snails were removed 
from the treatments and preserved in 70% ethanol. The 
brood pouch was dissected by crushing the shell in the 
region of the body whorl. The broken pieces of shell 
were removed to expose the viscera consisting of the 
head-foot with the operculum attached. The viscera were 
cut behind the head and placed on a microscope slide. 
The brood pouch was opened, water was added and 
seeker was used to dislodge the young snails onto a glass 
microscope slide. These were viewed with a compound 
microscope fitted with an ocular micrometer (1 µm = 
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0.04 mm). The shell height of each offspring was 
recorded. All young snails in the brood pouch from one 
shell whorl in size upwards were counted and measured. 
The brood count data were added to the number of 
hatchlings produced in each replicate by the snails, 
during the experiment. The number of hatchlings per 
snail was calculated. 

Data Analysis 

The data were arranged into size-frequency 
distributions. Kruskal-Wallis, Mann-Whitney and Chi-
squared tests were done by hand on the data using 
documented procedures (Zar, 1999). 

Results 

Norharman (11.91 mg L−1) was not toxic (0% 
mortality) to G. puncticulata for an exposure period of 
24 h. However the L-N-methylcrotonosine/linearisine 
mixture (40.55 mg L−1) inflicted 55.5% mortality on G. 
puncticulata. Norharman (123.75 mg L−1) and the M/L 
mixture (218.22 mg L−1) were not lethal to V. sloanei for 
an exposure period of 24 h. Upon exposure to both 
substances, the slugs became immobile initially for about 
60 sec, after which most of them started to move rapidly 
from the treated soil and up the sides of the cages. The 
slugs in the control cages did not show the initial 
immobility or the rapid movement. Those slugs that 
remained on the treated soil either curled the body into a 
ball and /or secreted excess mucus. The escape indexes 
of slugs exposed to Norharman and L-N-
methylcrotonosine/linearisine mixture were 87 and 80% 

respectively. The escape index of slugs in the controls 
for both substances was 40%. 

Table 1 shows that the lettuce leaves treated with 
Norharman and L-N- methylcrotonosine/linearisine 
mixture were not eaten by slugs during the first 24 h. 
Only after approximately 36h was the food consumed, 
but there was no resulting mortality. Feeding was 
significantly less in the treatments (p<0.05) compared 
to controls indicating feeding inhibition by the 
toxicants. Also, the percent of leaves (soaked in 
Norharman) eaten by the slugs within 48 h (16.75%) 
was significantly less than the percent of leaves (soaked 
in the mixture of L-N- methylcrotonosine/linearisine), 
(50%) eaten by the slugs (p<0.05). 

From Table 2, significantly (p<0.05), fewer hatchlings 
were produced by snails exposed to Norharman (4.0±2.0) 
than by those in the L-N-methylcrotonosine/linearisine 
mixture (6.0±4.0) and in the control (8.0±4.0). Norharman 
reduced the number of hatchlings in the brood pouches as 
well. The number of hatchlings released into the aquaria 
was significantly less in snails exposed to L-N- 
methylcrotonosine/linearisine mixture than in the 
control (p<0.05). Table 3 reveals that when counts were 
combined   the    1.1-2.0 mm   size   class  is  dominant. 
 
Table 1. Feeding of slugs (% leaves eaten) for exposure periods  
 of 24 and 48 h  
Treatment 24 h 48 h 
Norharman - 16.7 
L-N-methylcrotonosine/linearisine  - 50.0 
De-chlorinated tap water 33.0 70.0 

 
Table 2. Mean number of hatchlings per parent snail, Thiara granifera (± standard error) obtained from the aquaria, the brood 
 pouches and the aquaria and brood pouches combined 
 Mean number of hatchlings/snail 
 ---------------------------------------------------------------------------------------- 
Treatment Brood pouch Aquaria Combined  
Norharman (0.115 mg L−1)  2.0±1.0 2.0±1.0 4.0±2.0  
L-N-methylcrotonosine/linearisine (0.753 mg L−1) 3.0±2.0 3.0±2.0 6.0±3.0 
De-chlorinated tap water 3.0±1.0 5.0±3.0 8.0±4.0     
 
Table 3. Class/Frequency distribution of hatchlings of Thiara granifera 
 Size class 
 ---------------------------------------------------------------------------------- 
Treatment 0.1-1.0 mm 1.1-2.0 mm 2.1-3.0 mm  
From aquaria and brood pouches 
Norharman (0.115 mg L−1)               19 (18.3%) 74(71.2%) 11 (10.5%) 
L-N-methylcrotonosine/linearisine (0.753 mg L−1) 56 (30.3%) 111 (60.0%) 18 (9.7%) 
De-chlorinated tap water 39 (17.6%) 165 (74.3%) 18 (8.1%) 
From brood pouches only 
Norharman (0.115 mg L−1)  9 (19.0%) 36 (77.0%) 2 (4.0%) 
L-N-methylcrotonosine/linearisine (0.753 mg L−1) 46 (53.5%) 37 (43.0%) 3 (3.5%) 
De-chlorinated tap water 27 (33.3%) 48 (59.2%) 6 (7.4%) 
From aquaria only 
Norharman (0.115 mg L−1) 10 (17.5%) 38 (66.7%) 9 (15.8%) 
L-N-methylcrotonosine/linearisine (0.753 mg L−1) 10 (10.0%) 74 (74.8%) 15 (15.2%) 
De-chlorinated tap water 12 (8.3%) 117 (81.3%) 12 (8.5%)     
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Table 4. Mean number of hatchlings per snail per day (± standard error) 
produced by T. granifera in each treatment 

 Brood pouches Aquaria Combined 
Norharman 0.05±0.02 0.05±0.02 0.10±0.04 
M/L mixture 0.07±0.05 0.07±0.05 0.14±0.10 
De-chlorinated tap water 0.07±0.02 0.12±0.07 0.14±0.10 

 
Table 5. Mean number of hatchlings per treatment (± standard error) 

produced by 30 specimens of T. granifera 
 Brood pouches Aquaria Combined 
Norharman 16±3 9±5 35±8 
M/L mixture  29±4 33±3 62±7 
De-chlorinated tap water 26±0 48±0 74±0 
 
The higher percentage of young snails in the smallest 
size class (0.1-1.0 mm) for snails exposed to the M/L 
mixture may indicate slower growth rate of hatchlings in 
this treatment. Chi-squared tests performed on the raw 
frequency data reveal that the frequencies of the 0.1-1.0 
mm size class were significantly different between 
Norharman and the M/L mixture (p<0.05) and between 
the M/L mixture and the control (p<0.05); but not between 
Norharman and the control. Snails exposed to Norharman 
released no hatchlings from the brood pouch after 
approximately four weeks, while those exposed to the 
M/L mixture released hatchlings throughout the six week 
exposure period. Table 4 reveals consistency in the mean 
number of hatchlings produced per day by snails in all 
treatments. Overall hatchling numbers were significantly 
lowers (p<0.05) in snails exposed to the alkaloid 
treatments, with the lowest values found for Norharman-
exposed individuals (Table 5). 

Discussion 

The bio-assays of Norharman and L-N-
methylcrotonosine/Linearisine mixture against 
Gambusia puncticulata reveal that whereas Guaiacum 
officinale should be safe for field application, Croton 
linearis should be used with caution in the aquatic 
environment. The production of excess mucus is an 
indicator of poisoning in slugs but they are known to be 
well equipped to detoxify poisons (Aguiar and Wink, 
2005). In this study, it is possible that the slugs 
detoxified the initial quantity of toxicant absorbed and 
then secreted mucus to prevent further contact with the 
toxicant or to nullify its effects. The escape indexes 
probably indicate that the slugs were irritated by both 
substances and were trying to escape from an 
environment detrimental to their survival. The results of 
the feeding experiment (Table 1) support the findings of 
Birkett et al. (2004) that alkaloids exhibit antifeedant 
properties towards slugs. The effects of both Norharman 
and the L-N-methylcrotonosine/linearisine mixture point 
favourably to their use in agriculture/plant protection as 
repellents or for lowering damage caused by slugs.  

T. granifera is known to retain hatchlings in the 
brood pouch in the presence of toxicants (Ellis-Tabanor 
and Hyslop, 2005). It is possible that the release of 
hatchlings was reduced by the parent snails because the 
alkaloids posed some degree of risk to the survival of the 
hatchlings (Table 2). The mode of action of Norharman 
involves its accumulation in tryptamine-associated neurons 
of the central nervous system and irreversible interaction 
with a specific gene DNA sequence (Louis et al., 2008). If 
Norharman exhibits this mode of action in T. granifera, 
then the damaged nervous system will adversely affect 
development and release of hatchlings from the brood 
pouches. Prentice (1983) reports that young T. granifera 
are released when they are approximately 2 mm in 
length. This implies that the M/L mixture either induced 
the transfer of embryo from the ovary to the brood pouch 
leading to an accumulation of the 0.1-1.0 mm size in the 
brood pouch or suppressed the development of the 
embryos from this size to the larger sizes, 1.1-2.0 and 
2.1-3.0 mm (Table 3).  

The brood pouches of snails exposed to both alkaloids 
contained hatchlings of the three class sizes. Hence different 
size hatchlings were released from the brood pouches 
(Table 3). Prolonged exposure to Norharman may cause 
snails to stop releasing hatchlings from the brood pouch 
after a time. Similar interference with reproductive 
processes has been demonstrated by alkaloids from the 
plants, Peganum harmala (Zygophyllaceae) (Abbassi et al., 
2003) and Catharanthus roseus (Nalina Sundari, 1998). 
Since Norharman and the M/L mixture exhibited 
antifeedant activities in Veronicella sloanei perhaps feeding 
in T. granifera was also adversely affected thereby 
contributing to a lowering of its reproductive performance. 

Isoquinoline alkaloids are known to inhibit 
respiratory enzymes for example monooxygenase, to 
destroy cytochrome P-450 and to interfere with the 
biosynthesis of amino acids and proteins in cells (Singh 
and Singh, 1999). It is possible that the development of 
hatchlings may have been impeded by the improper 
functioning of the respiratory and metabolic enzymes 
and by interference with the biosynthesis of proteins as a 
result of exposure to the alkaloids. 

Conclusion  

The results indicate that Norharman is safer than L-
N-methylcrotonosine/linearisine for use in the aquatic 
environment. Prolific reproduction in T. granifera 
enables rapid colonization and dominance in freshwater 
habitats. Norharman and the M/L mixture allow 
population control of the species through their negative 
effect on fecundity. The data substantiate the potential of 
these compounds for use as molluscicides both for 
invasive aquatic species and in agriculture and pest 
management for slug control. 



Margelette Ellis-Tabanor et al. / OnLine Journal of Biological Sciences 2015, 15(1): 30.35 
DOI: 10.3844/ojbsci.2015.30.35  
 

34 

Funding Information 

The cost and related expenditure were covered by the 
corresponding author. 

Author’s Contributions 

Margelette Ellis-Tabanor: Designed and conducted 
experiments. Drafted, corrected and gave final approval 
of the manuscript. 

Dwight Robinson and Eric Hyslop: Gave 
technical support and advice; corrected and gave final 
approval of manuscript. 

Ethics 

All authors have read and approved the manuscript 
and declare that there is no conflict of interest. 

References 

Abbassi, K., Z. Atay-Kadiri and S. Ghaout, 2003. 
Biological effects of alkaloïds extracted from three 
plants of Moroccan arid areas on the desert locust. 
Physiol. Entomol., 28: 232-236.  
DOI: 10.1046/j.1365-3032.2003.00329.x 

Aguiar, R. and M. Wink, 2005. How do slugs cope with 
toxic alkaloids? Chemoecology, 15: 167-177.  
DOI: 10.1007/s00049-005-0309-5 

Amusan, O.O.G., P. Dlamini, J.D. Msonthi, L.P. 
Makhubu and B.B. Dlamini, 2000. Some medicinal 
plants used in traditional medicine in Swaziland. 
UNISWA Res. J. Agric. Sci. Technol., 4: 20-26. 

Bennett, K.L. and E.J. Hyslop, 2005. A molecular and 
morphological study of Gambusia spp. in certain 
Jamaican rivers. Proceedings of the 7th Conference. 
Faculty of Pure and Applied Sciences, May 16-19, 
The University of the West Indies, Kingston, 
Jamaica, pp: 67-67. 

Berry, A.J. and A.B.H. Kadri, 1974. Reproduction in the 
Malayan freshwater cerithiacean gastropod, 
Melanoides tuberculata. J. Zool., 172: 369-381. 
DOI: 10.1111/j.1469-7998.1974.tb04113.x 

Birkett, M.A., C.J. Dodds, L.F. Henderson, L.J. Leake 
and J.A. Pickett et al., 2004. Antifeedant compounds 
from three species of Apiaceae active against the 
field slug, Deroceras reticulatum (Muller). J. 
Chemical Ecology, 30: 563-576. 
DOI: 10.1023/B:JOEC.0000018629.58425.18 

dos Santos, J.A.A., T.C.B. Tomassini, D.C.D. Xavier, 
I.M. Ribeiro and M.T.G. da Silva et al., 2003. 
Molluscicidal activity of Physalis angulata L. 
extracts and fractions on Biomphalaria tenagophila 
(d'Orbigny, 1835) under laboratory conditions. 
Memorias do Instituto Oswaldo Cruz, 98: 425-428. 
DOI: 10.1590/s0074-02762003000300024 

Dudgeon, D., 1986. The life cycle, population dynamics 
and productivity of Melanoides tuberculata (Muller, 
1774) (Gastropoda: Prosobranchia: Thiaridae) in 
Hong Kong. J. Zool., 208: 37-53.  
DOI: 10.1111/j.1469-7998.1986.tb04707.x 

Ellis-Tabanor, M. and E. Hyslop, 2005. Effect of 
sublethal concentrations of endosulfan on growth 
and fecundity of two species of snails. Bull. 
Environ. Contaminat. Toxicol., 74: 1173-1178.  
DOI: 10.1007/s00128-005-0704-1  

Ellis-Tabanor, M., 2010. Molluscicidal activity of 
selected Jamaican medicinal plants against thiara 
granifera (Lamarck, 1758), (gastropoda: 
prosobranchia: thiaridae). Thesis PhD., University 
of the West Indies, Jamaica. 

Evans, W.C. and D. Evans, 2002. Trease and Evans 
Pharmacognosy. 15th Edn., W.B. Saunders, 
University of Michigan, London,  
ISBN-10: 0702026174, pp: 585  

Fields, A. and D.G. Robinson, 2004. The slug 
Veronicella sloanei (Cuvier, 1817)-an important 
pest in the Caribbean. Proceedings of the 70th 
Annual Meeting American Malacological Society, 
(AMS’ 04), At Sanibel Island, Florida, USA.  

Fretter, V. and A. Graham, 1994. British Prosobranch 
Molluscs: Their Functional Anatomy and Ecology. 
1st Edn., Ray Society, London, ISBN: 090384237, 
pp: 820. 

Hafiza, M.A., B. Parveen, R. Ahmad and K. Hamid, 
2002. Phytochemical and antifungal screening of 
Medicago sativa and Zinnia elegans. J. Biolo. Sci., 
2: 130-132.  

Harborne, J.B., 2012. Phytochemical methods: A guide 
to modern techniques of plant analysis. 1st Edn., 
Springer Science, New York,  
ISBN-10: 9400959214, pp: 278.   

Hostettmann, K. and A. Marston, 1987. Plant 
Molluscicide Research: An Update. In: Plant 
Molluscicides, Mott, K.E. (Ed.), John Wiley and 
Sons Ltd, New York, ISBN-10: 047191228x, pp: 
299-320. 

Jitendra, K.P. and D.K. Singh, 2009. Molluscicidal 
activity of Piper cubeba Linn., Piper longum Linn. 
and Tribulus terrestris Linn. and their combinations 
against snail Indoplanorbis exustus Desh. Indian J. 
Experimental Biol., 47: 643-648.  

Kloos, H. and F.S. McCullough, 1987. Plants with 
Recognized Molluscicidal Activity. In: Plant 
Molluscicides, Mott, K.E. (Ed.), UNDP, Geneva, 
Switzerland, ISBN-10: 0-471-91228-X, pp: 45-108.  

Louis, E.D., E. Rios, K.M. Pellegrino, W. Jiang and P. 
Factor-Litvak et al., 2008. Higher blood harmane (1-
methyl-9h-pyrido[3,4-B]Indole) concentrations 
correlate with lower olfactory scores in essential 
tremor. Neurotoxicology, 29: 460-465.  
DOI: 10.1016/j.neuro.2008.02.013 



Margelette Ellis-Tabanor et al. / OnLine Journal of Biological Sciences 2015, 15(1): 30.35 
DOI: 10.3844/ojbsci.2015.30.35  
 

35 

Mott, K.E., 1987. Plant Molluscicides. 1st Edn., John 
Wiley and Sons Ltd. New York.  
ISBN-10: 047191228x, pp: 326. 

Nalina Sundari, M.S., 1998. Inhibitory activity of 
Catharanthus roseus alkaloids on enzyme activity 
and reproduction in Euproctis fraternal (Lepidoptera: 
Lymantridae). Ann. Applied Biol., 133: 149-154. 
DOI: 10.1111/j.1744-7348.1998.tb05815.x 

Prentice, M.A., 1983. Displacement of Biomphalaria 
glabrata by the snail Thiara granifera in field 
habitats in St. Lucia, West Indies. Ann. Tropical 
Med. Parasitol., 77: 51-59. PMID: 6882056 

Singh, S. and D.K. Singh, 1999. Effect of molluscicidal 
components of Abrus precatorius, Argemone 
mexicana and Nerium indicum on certain 
biochemical parameters of Lymnaeu acuminata, 
Phytotherapy Research, 13: 210-213.  
DOI: 10.1002/(SICI)1099-
1573(199905)13:3<210::AID-PTR421>3.0.CO;2-F 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Stange, L. and J. Deisler, 2004. Introduction-biology-
identification-key to slugs of Florida including 
intercepted species-economic importance-
management-selected references. University of 
Florida, U.S.A.  

Stuart, K.L. and M.P. Cava, 1968. Proaporphine 
alkaloids. Chem. Rev., 68: 321-339.  
DOI: 10.1021/cr60253a004 

Youdeowei, A. and M.W. Service, 1983. Pest and Vector 
Management in the Tropics. 1st Edn., University of 
Wisconsin, Longman, London, pp: 399.   

Zar, J.H., 1999. Biostatistical Analysis. 1st Edn., 
Prentice Hall, India, ISBN-10: 8177585827, pp: 
663.  


