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ABSTRACT

The Pomacea canaliculata is one of the most successful invasive species that are capable of destroying a wide range of plants especially rice
fields. The dynamic environment of rice fields and farmers’ management practices to control pests may trigger these organisms to change
their morphology and genetics. Thus, this study is conducted to observe the phenotypic variations of P. canaliculata in relation to rice varie-
ties and geographic distance. This study used landmark-based geometric morphometric analysis to evaluate the morphology of golden apple
snails. The samples of P. canaliculata were collected from three different rice«varieties within three barangays of Diplahan, Philippines. The
results show that sexual dimorphism and shell shape variations exist within, between, and among the populations of P. canaliculata. Pheno-
typic plasticity and genetic differentiation may have been the coping mechanisms for P. canaliculata to survive in the rice field environments
and geographic isolation. It is recommended however that more studies be conducted about P. canaliculata’s responses towards different en-
vironments not only in rice fields but in other fresh water ecosystems.
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INTRODUCTION

HENOTYPIC plasticity refers to an organism's ability to alter

phenotypically in response to its ‘surroundings (Madjos and

Anies, 2016). Individual organisms that belong in different envi-
ronments are able to detect environmental cues early in life and dis-
play phenotypes that are most suited to the environment they will
experience later in life. Phenotypic plasticity can be adaptive or non-
adaptive, but it always involves a change in gene expression, wheth-
er morphological, physiological, or behavioral, and some cases in-
clude all three (West-Eberhard, 2008). Gilbert (2010) emphasized
that an individual's phenotypic plasticity in a community of organ-
isms can be influenced by both genetic and environmental factors,
particularly the interaction of biotic and abiotic traits.

P. canaliculata an invasive agricultural pest has always been a
topic for having a disastrous characteristics in many agro-ecosystems
making them as one of the 100 world worst invasive species. They
can destroy wide range of plants such as azolla, duck weed, algae,
water hyacinth, rice seedlings and other succulent leafy plants. This
makes them an organism that has evolved suitable phenotypes as a
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form of adaptive mechanism and is potentially capable of causing
ecological damage, particularly in agricultural fields, if not con-
trolled (Guerrero, 1989; Cagauan and Joshi, 2003; Joshi, 2005; Joshi
et al., 2005; Cowie, 2006; Kho, 2011; Mahilum and Demayo, 2014).
Many farmers in the Philippines are battling the invasive organism
golden apple snail, which poses a severe threat to rice production due
to its plant-eating and reproductive abilities. P.canaliculata in the
Philippines behaves differently than in other countries, such as Japan
and Argentina, in that it takes longer to mature and lay eggs (Dong et
al., 2011). According to Cabuga et al. (2017), geographical location
is a crucial element in the species’ spreading.

The recent study concerns on describing the phenotypic plasticity
within, betweem, and among the populations P. canaliculata using
geometric morphometric analysis. Geometric morphometric is the
finest technique for characterizing shape and shape variations among
biotic elements. Geometric morphometric analysis has advantages
over standard measurements when it comes to studying the conse-
quences of differences in organism orientation, location, and position
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(Bookatstien, 1991; Chiu et al., 2002; Rohlf, 2003; Zelditch et al.,
2004; Cabuga, 2017). As a result, this study employs the geometric
morphometrics method, particularly landmark-based geometric mor-
phometric analysis, to examine the shell shape of P. canaliculata that
was collected from various irrigated rice fields in Diplahan, Minda-
nao, Philippines. Because the irrigated rice fields were geographical-
ly isolated, this study will offer fresh information on how the popula-
tion of the various organisms varies in each location.

METHODOLOGY

Collection and Preparation of Samples

Collection of golden apple snail samples in rice fields were hand-
picked by the researcher while wearing rubber gloves. Barangay
Ditay, Barangay Pilar, and Barangay Tinongtongan were the three
barangays of Diplahan, Mindanao, Philippines, that were chosen as

golden apple snail sampling locations (Figure 1). Each location used
the same rice varieties for the collection of samples (Table 1). A total
of 270 individuals of golden apple snails were collected, with 30
samples (15 male and 15 female) of each rice variety in each baran-
gay. The shells were boiled with water, then was cleaned with tap
water after removing the meat with a pin (Mahilum & Demayo,
2014). Cracked shells and spires that had eroded were discarded.
The presence of the penis sheath, which is'indicative of males, are
used classify snails according to sex (Torres et.al., 2011) (Figure 2).
To obtain the desired images of the shell, an iphone 7 was used. The
camera was positioned on a tripod from the top of the shell to keep
the distance consistent and to get good images of the samples (Mahi-
lum & Demayo, 2014). The shells are photographed in 2D orienta-
tion with its aperture and ventral side pointing to the x axis.

Table 1. Summary of the rice varieties from the different micro-geographical distances.

Ditay Pilar Tinongtongan

NSIC Rc 160 (Tubigan 14)
NSIC Rc 222 (Tubigan 18)
NSIC Rc 400 (Tubigan 35)

NSIC Rc 160 (Tubigan 14)
NSIC Rc 222 (Tubigan 18)
NSIC Rc 400 (Tubigan 35)

NSIC Rc 160 (Tubigan 14)
NSIC Rc 222 (Tubigan 18)
NSIC Rc 400 (Tubigan 35)

Figure 1

Geographical

presentation of the different sampling sites, (a) Barangay Ditay (7.7324° N, 122.9635° E), (b) Barangay Pilar (7.6853° N, 122.9945° E)

and, (c) Barangay Tinongtongan (7.8197° N, 122.9297° E).
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Figure 2. An image of the Pomacea canaliculata’s penis sheath
in front of the gills which is located inside of its mantle cavity
(Lui et al. 2016)

Data Acquisition

Landmark Assignments

The number of landmarks on the shells were digitized in two-
dimensional Cartesian coordinates using the tpsDig ver.2 program
(Fig. 3) (Rohlf, 2004). All specimens were photographed with
three replicates to minimize measurement error (Dvorak et al.,
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2005; Hampong O. B,
2018). The software obtained the
landmark points' x and y coordi-
nates, were used as raw data for
further analysis. The GLS
(General Least Squares) Pro-
crustes superimposition meth-
od was used to scale, translate,
and rotate the landmark configu-
rations , against the consensus
configura- tion (Bookstein, 1991;

Rohlf and Marcus, 1993; Drydeh and Mardia, 1998; Hampong O.
B., 2018).

Figure 3. Designated landmarks of the ventral/apertural view of P.
canaliculata’s shell.

Analysis of Data

Landmarked-based Geometric Morphometric (GM) Analysis
Thin plate splines were used to graphically demonstrate patterns
of shape variations based on landmarks that indicates the altera-
tion of the reference to each specimen (Bookstein, 1991). The
digitized landmark shells of male and female P. canaliculata was
run individually. All specimens were digitized, including 15 male
and 15 female specimens each rice variety. tpsDig ver.2 software
was used in digitizing the two-dimensional Cartesian coordinates
of the obtained number of landmarks on both the dorsal and ven-
tral/apertural sides of the shell (Fig.3) (Rohlf, 2004). All_speci-
mens were digitized with three replicates to minimize measure-
ment error (Dvarak et al., 2005). The software obtained x and y
coordinates of the landmark points which is considered as the raw
data was used for further analysis (Hampong, 2018). The TpsUtil
program was used to build Tps file and make links file.

Relative Warps Analysis

The GLS (General Least Squares) Procrustes superimposition
method were used to scale, translate, and rotate the landmark
configurations against. the consensus configuration (Bookstein,
1991; Rohlf and Marcus, 1993; Dryden and Mardia, 1998). The
tpsRelw version 1.46 were used to do the relative warps analysis
(Bookstein, 1991). (Rohlf, 2008). Relative warps analysis corre-
sponds to a Principal Components analysis of the covariance ma-
trix of the partial warp scores, which are different scales of a thin-
plate spline transformation of landmarks (Fig. 4) (FrieR, 2003).
The first and second relative warps, according to Hammer et al.
(2001), are usually the most relevant.

Discriminant Function Analysis
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The discriminant analysis was performed to see if the observed
variance in shell shapes in golden apple snail populations between
rice varieties is statistically significant. It was used ‘to deter-
mine what percentage of right classifications are equal to or high-
er than the cut-off score of 75%, which is considered significantly
different (Hammer et al., 2009). It was also utilized to determine
population shape differences and equality of means of the com-
pared groups using Hotelling's t-squared, which yielded a p value
(p0.05). PAST version 3.0 software was used to conduct the sta-
tistical analysis.

Multivariate Analysis of Variance

Multivariate Analysis of Variances (MANOVA) was used for the
analysis of the relative:warp scores for the shape of male and
female shell per variety and per sites populations of golden apple
snail. MANOVA is a type of multivariate analysis that determines
whether or not humerous samples have the same shape. Statistical
values such as Hotelling's p(same), Wilk's lambda, and Pillai
trace are available. The p(same) of Hotelling denotes a pairwise
comparison of the mean shape. A comparison of the error vari-
ance/covariance matrix and the effect variance/covariance matrix
yields Wilk's lambda. It would establish the link between a num-
bers of factors. Wilk's lambda has a small (near to 0) value when
the groups are well divided, and a large (close to 1) value when
the groups are poorly separated (Torres et al., 2010). The Pillai
trace is used to determine whether two sets of variables are inde-
pendent. The greater the value of the Pillai trace, the greater the
contribution of the given effect to the variance. PAST version 3.0
will be used to perform MANOVA.

Canonical Variate Analysis

The male and female datasets was combined and analyzed using
Canonical Variate analysis to detect variance between groups as
compared to the pooled within-group variation. To compare pat-
terns of inter-population variance, CVA was used. The canonical
variate were displayed in the form of an ordination and will be
dispersed throughout the groups. PAST 3.0 were used to perform
CVA.

RESULTS AND DISCUSSION

Sexual Dimorphism

Within the populations of P. canaliculata from the barangay of
Ditay, Pilar, and Tinontongan the difference in the shell shape
mean is illustrated in Table 2. It indicates a considerable disparity
in the shell shape of male and female populations within the dif-
ferent micro-geographic distances.
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Figure 4. Discriminant Function Analysis (DFA) [a,c,e] and i |
Cayhuuuuuunonical Variate Analysis (CVA) [b,d,f]

plots showing distribution of relative warp scores of o

ventral shell shape variability of the pooled male and §1s o = M
female individuals of P. canalculata populations of 2
Brgy. Ditay, Brgy. Pilar, and Brgy. Tinongtongan,
Diplahan, Zamboanga Sibugay areas using landmark-  —
based GM analysis.

Figure 4 depicts the distribution of relative warp scores on ven-
tral shell shape variability of male and female populations among
the different areas using DFA and CVA plots. Barangay Ditay,
Pilar, and Tinongtongan have percentage values of 79.63%,
86.3%, and 78.52% respectively. According to Hammer et al.
(2009), correct categorization equal to or higher than the cut-off
score of 75% is significant. As a result, these values imply that
male and female populations have distinct shell shapes, which
shows the prevalence of sexual dimorphism in the populations of
P. canaliculata fromdifferent geographic locations. The graph, on
the other hand, reveals a lot of overlap between male and female
populations. This means that the shell morphologies of the vari-
ous populations are still comparable (Hampong 2018).
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Figure 5. CVA scatter plot showing ventral shell shape variability
among populations of P. canaliculata from different rice
types collected from (a) Brgy. Ditay, (b) Brgy. Pilar, (c)
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Brgy. Tinongtongan, Diplahan, Philippines using land-

mark-based GM analysis.

T14M T14F T18M T18F T35M T35F
T14M 3.23569E-10 5.00609E-10 0.00581439 1.20603E-07 7.71881E-10
T14F 2.83048E-05 1.51183E-10 0.000164316 0.00081728
T18M 1.07101E-11 1.79548E-06 0.000755536
T18F 9.53859E-09 1.53696E-12
T35M 0.000596681
T35F
(a) Wilk’s lambda: 0.03032 F: 6.091 p(same): 1.208E-85 Pillai trace: 2.314 F: 5.238 p(same): 3.271E-71

T14M T14F T18M T18F T35M T35F
T14M 8.37602E-11 6.00324E-10 2.614561E-09 4.70561E-09 8.9692E-11
T14F 9.16283E-10 1.09484E-13 0.0142274 0.000127168
T18M 8.30278E-16 2.51064E-10 7.66178E-10
T18F 1.89244E-12 7.94058E-12
T35M 0.000151588
T35F
(b) Wilk’s lambda: 0.0134 F: 8.245 p(same): 1.862E-120 Pillai trace: 2.656 F: 6.89 p(same): 8.841E-100

T14M T14F T18M T18F T35M T35F
T14M 5.67607E-09 9.2361E-08 0.00597969 8.18874E-05 5.61772E-07
T14F 0.000100471 3.13143E-09 0.0101495 0.000429034
T18M 3.4352E-08 5.55825E-05 0.000143825
T18F 3.52909E-06 2.33337E-05
T35M 0.000332923
T35F

(C) Wilk’s lambda: 0.04896 F: 4.982 p(same): 3.714E-66 Pillai trace: 2.136 F: 4.535 p(same): 2.2E-58

Legend:
Male (T35M). Tubigan 35 Female (T35F)

Tubigan 14 Male (T14M), Tubigan 14 Female (T14F), Tubigan 18 Male (T18M), Tubigan 18 Female (T18F), Tubigan 35

Table 3. Hotelling’s pairwise comparison in the ventral shell shape variances between pooled individuals of P. canalicula-
ta of the different rice varieties (Tubigan 14, Tubigan 18, and Tubigan 35) from (a) Brgy. Ditay, (b) Brgy. Pilar,

(c) Brgy. Tinongtongan, Diplahan,

Figure 5 shows a scatter plot of populations from several rice
varieties, both male and female, with a low degree of overlapping,
indicating a meaningful pairwise comparison.result. The figure
also shows how variants are split apart. The relative warps (RW1
and RW2) in the figure also indicate the variability in shell shape
between populations. This results is supported by the the Ho-
telling pairwise comparison of shell shape variability between
GAS populations that is shown in table 3. It demonstrates that the
pairwise comparison of male and female, as well as the popula-
tion of different rice types, has significant p(same) values. It con-
firms that the p(same) comparison of sex and rice types groups
has significant values, indicating that there is sexual dimorphism
and differentiation because of rice types in the population. The
Wilk's Lambda is also near to zero, whereas the Pillai trace has a
large value, indicating that the groups are highly divided (Torres
et al 2010).
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Figure 6. CVA scatter plots showing shell shape variability
among populations of GAS within sexes and between
micro-geographic locations collected from (a) Tubigan
14, (b) Tubigan 18, (c)Tubigan 35 rice varieties using
landmarked-based GM analysis.

Ditay 5.53589E-18 1.76639E-23
Pilar 1.85806E-14
Tinongtongan

Wilk’s lambda: 0.0125 F: 19.86 p(same): 4.191E-60 Pillai trace: 1.743 F: 17.15 p(same): 1.893E-55

FEMALE Ditay Pilar Tinongtongan
Ditay 1.09961E-12 2.55013-21
Pilar 2.02545E-14

Tinongtongan

(@)

MALE Ditay Pilar Tinongtongan
Ditay 1.2943E-14 1.04271E-22
Pilar 2.20831E-14

Tinongtongan

Wilk’s lambda: 0.01725 F: 16.54 p(same): 7.993E-54 Pillai trace: 1.686 F: 13.58 p(same): 1.263E-47

FEMALE Ditay Pilar Tinongtongan
Ditay 2.58049E-18 3.78123E-20
Pilar 6.72467E-15

Tinongtongan

Wilk’s lambda: 0.01294 F: 19.47 p(same): 1.991E-59 Pillai trace: 1.764 F: 18.84 p(same): 1.04E-58

(b)

MALE Ditay Pilar Tinongtongan
Ditay 1.86543E-19 3.87048E-23
Pilar 2.70125E-16

Tinongtongan

Wilk''s lambda: 0.009578 F: 23.04 p(same): 2.346E-65 Pillai trace: 1.79 F: 21.53 p(same): 2.062E-63

FEMALE Ditay Pilar Tinongtongan
Ditay 6.65345E-14 6.79201E-25
Pilar 1.421E-17

Tinongtongan

Wilk’s lambda: 0.01394 F: 18.67 p(same): 5.709E-58 Pillai trace: 1.701 F: 14.35 p(same): 1.946E-49

(©

MALE Ditay Pilar Tinongtongan
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Wilk’s lambda: 0.02051 F: 14.96 p(same): 1.822E-50 Pillai trace: 1.665 F: 12.54 p(same): 4.812E-45

Table 4. Hotelling’s pairwise comparison in the same rice varie-
ty’s [(a) Tubigan 14, (b) Tubigan 18, (c) Tubigan 35]
ventral shell shape variances between pooled individuals
of P. canaliculata among different areas using land-
mark-based GM analysis.

Table 4 shows the mean shell shape variability by sex and loca-
tion as described by Hotelling's pairwise comparison. Within sex-
es and between micro-geographic distances, significant p(same)
values are found, implying that sexual dimorphism and differenti-
ation because of geographic distances exists. The CVA scatter
plots in Figure 6, which show the general split-ups of the variants,
confirm this results. The image depicts how male and female
populations from various micro-geographic locations are well
segregated. This is supported by Table 4, which shows that Wilk's
lambda is near to zero in male and female populations from dif-
ferent locales. This indicates that the geographic distances have a
significant impact on P. canaliculata population differentiation.

The results showed that morphological differences between
sexes, rice types, and geographical distances have significant
values. This tells us three things: first, the large variation between
sexes indicates that there is sexual dimorphism in terms of the
shell. Second, the large differences between rice varieties suggest
that P. canaliculata phenotypic characteristics are linked to the
hosts they utilize. Third, the considerable variance between P.
canaliculata populations over short geographical distances indi-
cates that environmental factors and their low mobility influence
the phenotypes of population members.

CONCLUSION

The findings of this study show that sexual dimorphism and shell
shape variations exists between the populations of P. canaliculata
collected from different rice types and short geographic distances.
In addition, geometric morphometric, particularly relative warp
analysis and superimposition, can be utilized to assess phenotypic
changes in P. canaliculata shell shape morphology. The observed
shell shape differences in this study could be caused by various
environmental and genetic factors that lead to phenotypic plastici-
ty of this invasive species in response to various rice varieties and
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geographic distances. Moreover, the causes of sexual dimorphism
on organisms are not yet clear, more genetic and ecological re-
search is needed to better understand the nature of the organism's
variations. In addition, the conclusions and findings of this study
in relation to the rising problem of invasive species may lead to
the reconsideration of an effective management strategies and
proper control of P. canaliculata.

ACKNOWLEDGMENTS

The researcher wants to express her heartfelt gratitude to numer-
ous people who made this study possible. Prof. Omar Bryan M.
Hampong, Prof. Jether P. Sumpo, Prof. Jameyla A. Ladias, and
Prof. Nor-Aina E. Salipada for giving this opportunity to learn
and discover new things. For taking their time and effort to pro-
vide an insightful comments and suggestions for improving the
study. Above all, I want to express my gratitude to the Almighty
God for the guidance and supplications. Thank you, Dear God.

REFERENCES

Abdullahi, G., Muhamad, R., Manjeri, G., & Sule, H. (2021).
Morphometry of the invasive Pomacea spp (Gastropa:
Ampullariidae) from rice fields of Peninsular Malaysia.
Acta Entomology and Zoology, 2(1), 55-60. doi:
https://doi.org/10.33545/27080013.2021.v2.ila.31

Arfan, A.G., Muhamad, R., Omar, D., Nor Azwady, A A., &
Manjeri, G. (2015). Comparative life cycle studies of
Pomacea maculate and Pomacea canaliculta on rice
(Oryza sativa).Pakistan Journal of Agricultural Scienc-
es, Faisalabad, Pakistan. Retrieved from
http://www.pakjas.com.pk

Barnes, M.A., R.K. Fordham, R.L. Burks and J.J. Hand. 2008.
Fecundity of the exotic apple snail, Pomacea insularum.
J. North Amer. Bentho. Soc. 27:738-745.

Cabuga, C.C. Jr., Sularte, R.P., Acob, M.C.O., Eleazer, M.M.P,,
Tiempo, C.T.M,, Joseph, C.C.D., Angco, M.K.A,, . ..
Arriza, S.M. (2017). Describing shell shape variations
and sexual dimorphism of golden apple snail, Pomacea
canaliculata (Lamarck, 1822) using geometric mor-
phometric analysis. International Academy of Ecology
and Environmental Sciences, 7(3), 123-139. Retrieved
from
http://www.iaees.org/publications/journals/ces/online-
version.asp

Cooke, S., & Terhune, C. (2015). Form, and geometric morpho-
metrics. The Anatomical Record, 298(1), 5-28. doi:
https://doi.org/10.1002/ar.23065

Cowie, R. (n.d.). The golden apple snail: Pomacea species in-

PAPER ID: AJAMR092022006

cluding Pomacea canaliculata (Lamarck, 1822) (Gas-
tropoda: Ampullariidae. Retrieved from cabdi-
rect.org/cabdirect/abstract/20217200026

Devrim, A. (2003). Generalized proscrustes analysis and its
application in photogrammetry. Institute of Geodesy
and Photogrammetry ETH-Hoenggerberg, Zuerich.
Retrieved from
https://www.researchgate.net/publication/319433409

Discriminant function analysis. (2008). Retrived from
https://www.aphis.usda.gov/animal_health/surveillan
ce_toolbox/docs/epi_surv/discriminant_analysis_stats
oft_textbook.pdf

Dong, S., Shentu, X., Pan, Y., Bai, X., Yu, X,, & Wang, H.
(2011). Evaluation of genetic diversity in the golden
apple snail, Pomacea canaliculata (Lamarck), from dif-
ferent geographical populations in China by inter sim-
ple sequence repeat. African Journal of Biotechnology,
10(10), 1777-1783. doi: 10.5897/AJB10.853

Elena, R.G. (2020). From foes to friends: viral infections expand
the limits of the host phenotypic plasticity. Advances in
Virus Research. Retrieved from
https://www.sciencedirect.com/topics/agricultural-and-
biological-sciences/phenotypic-plasticity

Estebenet A. L., Martin P. R., 2003 Shell interpopulation variation
and its origin in Pomacea canaliculata (Gastropo-
da:Ampullariidae) from Southern Pampas, Argentina. J
Moll Stud 69:301-310.

Estebenet al, Martin PR, Silvana B. Conchological variation in
Pomacea canaliculata and other South American Ampul-
lariidae (Caenogastropoda, Architaenioglossa). Biocell
2006; 30(2):329-335.

Galan GL, Porquis HC, Bulasa MAR. Shell Band Pattern of
Golden Apple Snail (Pomacea cancaliculata, Lamarck)
in Selected Aquatic Habitats. International Journal of
Environmental Science and Development 2015;
6(8):625.

Goodfriend, G. A. (1986). Variation in land-snail shell form and
size and its causes: A review. Systematic Biology.

Hampong, O.B. (2018). Describing phenotypic plasticity and
genetic diversity of the rice ear bug (Leptocorisa orato-
rius) in relation to its host utilization and population dif-
ferentiation due to geographic distance (Master’s the-
sis). College of Science and Mathematics Mindanao
State University- Iligan Institute of Technology, Andres
Bonifacio Avenue, lligan City, Philippines.

Holt, R. (1987). Population dynamics and evolutionary process:
the manifold roles of habitat selection. Evolutionary
Ecology, 1:331-347.

Horgan, F.G. (2018). The ecophysiology of apple snails in rice:
implications for crop management and policy. Annals of



Asian Journal of Advanced Multidisciplinary Researches (AJAMR), Vol. 2, Issue No. 3, September 2022
ISSN Online: 2782 — 9057

Available online at https:/ /msubuug.edu.ph/journal

Asian Journal of Advanced Multidisciplinary Researches
ISSN: 2782 - 9057

Applied Biology 172. 245-267. doi:
https://doi.org/10.1111/aab.12424

Jones, J. (2001). Habitat Selection Studies in Avian Ecology: A
Critical Review. The Auk, 118, 556-562

Joshi R.C. (2007). Problems with the management of the gold-
en apple snail Pomacea canaliculata: an important
exotic pest of rice in Asia. In: Vreysen M.J.B., Robin-
son A.S., Hendrichs J. (eds) Area-Wide Control of In-
sect Pests. Springer, Dordrecht. Retrieved from
https://doi.org/10.1007/978-1-4020-6059-5_24

Liu, Y., W. Han and Z. Xian. 2011. Effect of different tempera-
tures on growth, development and feeding of Pomacea
canaliculata. J. South Agric. 42: 901-905.

Madjos, G. & Amparado, O. A. (2016). Morphometrics approach-
es to studying phenotypic plasticity in Pomacea canalic-
ulata (golden apple snail). International Journal of Ad-
vanced and Applied Sciences, 3(4), 50-56. doi:
http://www.science-gate.com/IJAAS.htm

Madjos, G., Demetillo, M., Baguio, MJ., & Torres, A. (2015).
Phenotypic variation in populations of Pomacea cana-
liculata (golden apple snail): A case of agroecotypes.
Retrieved from
http://www.aes.bioflux.com.ro/docs/2015.432-441 .pdf

Mahilum, J.J., & Demayo, C. (2014). Describing lake populations
of the golden apple snail, Pomacea canaliculata using
landmark-based geometric morphometric  analysis.
Journal of Entomology and Zoology Studies, 2(4), 139-
144, Retrieved from
https://www.entomoljournal.com/archives/2014/vol2issu
e4/PartC/55.pdf

Miner, B. G., Sultan, S. E., Morgan, S. G., Padilla, D. K. and Re-
lyea, R. A. (2005). Ecological consequences of pheno-
typic plasticity. Trends in Ecology and  Evolution,
20(12), 685-692

Moneva, C.S., Torres, M.A., Wada, T., Joshi, R., & Demayo, C.
(2012). Relative warp correlation analysis based on dis-
tances of the morphological shell shape patterns of
Pomacea canaliculata Lamarck from Japan and the
Philippines. Advances in Environmental Sciences; Cluj-
Napoca 4(1), 12-21. Retrieved from
https://www.proquest.com/openview/f522396bcc07f88
483bbe7d1dfa49db5/17pg-
origsite=gscholar&chbl=2046426

Moneva, C.S., Torres, M. A., & Demayo, C. (2012). Sexual di-
morphism in the shell shape of the golden apple snail,
Pomacea canaliculata (Lamarck) using geometric mor-
phometric analysis. Egypt, Acad. J. Biolog. Sci., 4(1),
39-46. Retrieved from
https://eajbsz.journals.ekb.eg/article_13537_8fe1048e0
811e56¢1f7e093a07b124b7.pdf

PAPER ID: AJAMR092022006

Nayar, N.M. (2014). The origin of rice. Origin and Phylogeny of
Rices. Retrieved from
https://www.sciencedirect.com/topics/agricultural-and-
biological-sciences/phenotypic-plasticity

Nedorezov, L.V. (2017). Analysis of variance: comfortless ques-
tions. International Academy of Ecology and Environ-
mental Sciences, 7(3), 91-99. Retrieved from
http://www.iaees.org/publications/journals/ces/online-
version.asp

Othman, A., & Latip, S. (2021). Antifeedant activity of Peltopho-
rum pterocarpum and Ipomoea aquatic extracts as bo-
tanical pestecides against Pomacea canaliculata. IOP
Conf. Series: Earth and Environmental Science 685,
012028. doi:10.1088/1755-1315/685/1/012028

Qiu, J.-W. and K.L."Kwong. 2009. Effects of macrophytes on
feeding and life-history traits of the invasive apple snail
Pomacea canaliculata. Freshwater Biol. 54: 1720- 1730

Ranamukhaarachchi, S.L., & Wickramasinghe, S. (2018). Golden
apple snails in the world: introduction, impact, and con-
trol ‘measures. Asian Institute of Technology, Bangkok,
Thailand. Retrieved from
https://www.researchgate.net/publication/312976059

Ramos; S., & Rickard Liow, S. (2011). Discriminant function
analysis. John Wiley & Sons, 9-11. doi:
http://dx.doi.org/10.1002/9781405198431.wbeal 0335

Stone, J.R. (1998). Landmark-based thin-plate spline relative
warp analysis of gastropod shells. Department of Zoolo-
gy, University of Toronto, 47(2), 254-263. Retrieved
from https://watermark.silverchair.com/47-2-254.pdf

Suartini, N.I., Bidura, N., Budaarsa, K., Wayan, N. (2020). Shell
morphology of golden apple snails (Pomacea canalicu-
lata) from irrigated rice fields in Bali, Indonesia. Inter-
national Journal of Fauna and Biological Studies 2021,
8(1): 101-104. DOl:
https://doi.org/10.22271/23940522.2021.v8.i10b.800

Teo, S.S. 2003. Damage potential of the golden apple snail
Pomacea canaliculata (Lamarck) in irrigated rice and its
control by cultural approaches. Int. J. Pest Manage. 49:
49-55.

Teo, S.S. 2004. Biology of the golden apple snail, Pomacea cana-
liculata (Lamarck, 1822), with emphasis on responses to
certain environmental conditions in Sabah, Malaysia.
Mollus. Res. 24: 139-148

Torres, M.A., Joshi, R., Sebastian, L., & Demayo, C. (2011). Ge-
ographic phenetic variation in the golden apple snail,
Pomacea canaliculata (Ampullariidae) based on geomet-
ric approaches to morphometrics. Advances in Environ-
mental Sciences- International Journal of the Bioflux
Society, 3(3), 243-258. Retrieved from
http://www.aes.bioflux.com.ro



Asian Journal of Advanced Multidisciplinary Researches (AJAMR), Vol. 2, Issue No. 3, September 2022
ISSN Online: 2782 — 9057

Available online at https:/ /msubuug.edu.ph/journal

Asian Journal of Advanced Multidisciplinary Researches
ISSN: 2782 - 9057

Tamburi NE, Martin PR. Allometric and trophic effects on shell
morphology of Pomacea canaliculata (Caenogastropoda,
Ampullariidae) from a geometric morphometrics view-
point. Molluscan Research, 2013;33(4):223-229. 27.

Tamburi NE, Martin PR. Effects of food availability on reproduc-
tive output, offspring quality and reproductive efficiency
in the apple snail Pomacea canaliculata. Biological In-
vasions 2011;13(10):2351-2360.

Wagele, H. (2004). Potential key characters in Opisthobranchia
(Gastropoda, Mollusca) Enhancing Adaptive Radiation.
Organisms, Diversity & Evolution, 4, 175-188

West-Eberhard, M.J. (2008). Phenotypic plasticity. Encyclopedia
of Ecology. Retrieved from
https://www.sciencedirect.com/topics/agricultural-and-
biological-sciences/phenotypic-plasticity

Xue, B.K., & Leibler, S. (2018). Benefits of phenotypic plasticity
for population in varying environments. National Acad-
emy of Sciences 115(50), 12745-12750. doi:
https://doi.org/10.1073/pnas.1813447115

Yoshida, K., K. Hoshikawa, T. Wada and Y. Yusa. 2013. Patterns
of density dependence in growth, reproduction and sur-
vival in the invasive freshwater snail Pomacea canalicu-
lata in Japanese rice fields. Freshwater Biol. 58: 2065-
2073

PAPER ID: AJAMR092022006 9



