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Morphometrics can be used to quantify a trait of ecological significance by detecting phenotypic plasticity responses. Pomacea	 canaliculata (golden apple snail), an invasive agricultural pest, is an ideal model for demonstrating the organism’s capability to morphologically transform in answer to environmental changes because of its slow mobility and known resilience to different ecological conditions. This study aims to explore a case of phenotypic plasticity, specifically a case of agro-ecotype, in geographically isolated, rice field populations of P.	canaliculata	from	Mindanao, Philippines through the use of traditional and geometric morphometrics methods. Relative warp scores of the landmarked aperture, dorsal and whorl shapes of 
P.	canaliculata, as well as some conchological measurements were subjected to Correlation Analysis Based on Distances (CORIANDIS) software, a tool which can visualize congruence and disparity of multivariate traits. Significant phenotypic variation is revealed among P.	 canaliculata	populations,	 to which females exhibit greater plastic responses than males.	This variability could be due to geographical isolation, as well as varying agricultural practices to counter-attack snails since these said practices can also affect some of the physico-chemical factors that influence P.	canaliculata	morphology. Evaluating these variations can therefore aid in understanding the very nature of this pest and consequently support integrated pest management control. This study has also revealed the efficiency of morphometrics and CORIANDIS in describing an organism’s morphological variations.   

Keywords:	Variations Traditional Geometric morphometrics CORIANDIS Agro-ecotype 

© 2016 IASE Publisher. All rights reserved.
		
1.	Introduction 

*Phenotypic plasticity refers to the potential of an individual’s genotypes to produce different phenotypes when exposed to diverse environmental conditions. Variations in phenotypes among the individuals in a population could result from both genetic and environmental sources, specifically biotic-abiotic trait interplay (Gilbert, 2010). When the environments with which a genotype is confronted are heterogeneous, the resulting development of alternative phenotypes is often an adaptive strategy to minimize loss of fitness in a harsher environment or to maximize fitness in a favorable environment (Relyea, 2002; Madjos et al., 2015). Miner et al. (2005) stressed that phenotypic variation in morphometric traits is widespread in nature which may often be an adaptive mechanism 
                                                 * Corresponding Author.  Email Address: genelyn_madjos@yahoo.com (M. Genelyn) 

reflecting the environmental effects in the ecological niches of a population. Furthermore, according to Robinson and Parsons (2002), evolution of population-specific norms of reaction is more remarkable if there is low dispersal among populations. 
Pomacea	 canaliculata, commonly known as golden apple snail, is an excellent model in eco-evolutionary genetics because of its slow mobility and known resilience to varying environmental conditions. Considered as one of the “100 worlds’ worst invasive species, it has remarkably developed suitable phenotypes as a form of adaptive mechanism and has the potential to be ecologically damaging especially in agricultural fields. Several studies such as size determination at reproductive maturity, developmental stages assessment, growth rate evaluation (Demetillo et al., 2015; Taguiling, 2015) together with recent phenotypic variation analysis  on population structure (Torres et al.,	2011; Mahilum and Demayo, 2014a,b; Moneva et al., 
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warp axes constituted the shape variables that were used in the subsequent statistical analyses. The software was used to introduce shape variables into a Principal Component Analysis (PCA), and to visualize the warping associated with the various principal components (PCs). These components represent relative warps in the context of a TPS (thin-plate spline) approach (Burela and Martin, 2011) to provide a graphical representation of shape and to compare the sets of data (Addis et al., 2010).  Differences in the centroid sizes among populations were tested using Multi-Variate Analysis of Variance (MANOVA).  
2.5.	 Correlation	 analysis	 based	 on	 distances	
(CORIANDIS)	Correlation analysis based on distances (CORIANDIS) was also applied. This integrates all the six characters (landmarked aperture, dorsal, whorl and non-landmarked length, width and number of whorls) in order to observe underlying differences and sources of variability among groups in terms of congruence among characters (Tabugo et al., 2010, 

Anies et al., 2015). CORIANDIS software version 1.1 beta by Márquez and Knowles (2007) has been used to determine associations among multivariate datasets, trait variance or disparity, congruence and multivariate covariance measure on how similar the interspecific locations of characters of the species or populations. The option “Projections on compromise space” will plot all the specimens/groups and traits in the same space. The squared distances of each group to the origin are then computed for each of the shape data sets, and plotted in a stacked bar graph to give an overall impression of the differences between the populations of P.	 canaliculata (Tabugo et al., 2010).	
3.	Results	and	discussion		Most of the morphological variations of P.	
canaliculata are accordingly due to the effects associated with the environment, either phenotypic responses (plasticity) or particularly those which act during ontogenetic development (Benítez, 2013). Table 1 shows the mean data on the conchological features measured traditionally.		

	
Table	1: Mean data on shell morphometrics of P.	canaliculata	in the three geographically-isolated ricefields in Mindanao, Philippines Sites P.	canaliculata Sex Mean morphometric data of P.	canaliculata collected from the three sampling sitesLength(in cm) Width (in cm) # of whorlsButuan Male 12.48 7.66 4.06  Female 13.85 10.38 4.13 Iligan Male 31.87 15.73 3.93  Female 33.00 18.37 4.23 Pagadian Male 30.90 27.10 4.23  Female 32.57 29.23 4.37    These differences in the mean traditional morphometrics supports phenotypic plasticity phenomenon since P.	 canaliculata were taken from different geographical regions, thus different environment made them varied from one another (Miner et al., 2005). According to ESSC (2002), the topology and the evolution of the geological land masses are some of the factors in the variability of both floral and faunal species. Among the three sites, 

Butuan has different geologic evolution which was formed as a deltaic plain from the deposition of river sediments flowing through the Agusan River, the third longest river of the Philippines. On the other hand, Iligan and Pagadian were part of the mainland of Mindanao. Table 2 shows the physico-chemical factors of the three sampling sites known to affect the shell morphometrics of P.	canaliculata.	
	

Table	2: Physico-chemical factors of the three sampling sites in Mindanao, Philippines Sites Physico-chemical parameters (mean value)Water depth (in cm) Water Temperature (in °C) Water pH Butuan 51.00 28.87 4.50 Iligan 28.00 28.33 7.33 Pagadian 32.00 29.10 7.00    The physico-chemical parameters also vary so with the practices to counter-attack snails based on interviews from the local farmers. Accordingly, Butuan rice fields are treated with strong molluscicides while Pagadian rice fields are treated with biological measures by inducing ducks before seedling transplantation. Iligan rice fields are treated with both cultural and biological practices. These practices could be a factor in contributing to the snail’s population phenotypic diversity since these 

practices can also affect some of the physico-chemical factors that influence P.	canaliculata.	In several experiments, an increase in the aperture and width expansion was found to be adaptive responses to their burrowing mechanism when exposed to strong molluscicides, high temperatures, low water depth and unfavorable water pH. In other certain instance, changes are often accompanied by a change in spire height and aperture size; high, narrow spires and small apertures may reduce predation (Chiba, 2009; 
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