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ABSTRACT 
Background: The viviparid snail Vivipara angularis, is one of the widely distributed freshwater 
gastropods from four populations in Lake Dapao, whose morphology has been recently studied 
and whose morphological size and shape variation were to be due to ontogenetic allometric 
growth, environmental or ecological effects affecting their trajectory or growth pattern. 
Objective: We compared the shell morphology of samples by using morphometric methods on 
landmark data from digitized shell images to determine and evaluate differences in size and 
shape components within and among four populations through multiple regressions. Results: 
Multiple linear regression results showed that size and shape have high and significant positive 
correlation among four populations of V. angularis. There is significant variation among 
populations concerning shell shape and size. Conclusion: Shape of the viviparid snails change 
concurrent with developmental changes of the body size. The four populations shared genetic 
similarity and the same growth pattern or trajectory. 
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INTRODUCTION 

  
Shell shape of V. angularis is characterized by a longer shell length than shell width, and a longer spire in 

relation to aperture height (Pace, 1973; Liu et al. 1979). The morphological variation in the shell shape is 
frequently observed due to allometric growth between juvenile and adult snails, different environmental 
conditions or ecological factors such as wave action or predator attack, which can result in isolated populations 
such as V. angularis in this isolated lake. Gould (1996) define allometric growth as different proportions 
correlated with changes in the absolute magnitude of an organism or a specific part under consideration. 
Variations in the apices and increased thickness of the shell as an anti-predation adaptation (Cotton et al., 2004) 
are among of some common patterns of allometric growth in gastropods. Reid (1996) viewed allometric 
relationships in gastropods as genetically determined and their morphological variation in shell morphology 
resulted from genetic differences and evolutionary change. In addition, allometry can also cause morphological 
shell variation within populations, not only due to growth patterns but also to sexual dimorphism (Purchon, 
1977). 

The growth of the viviparid snails is determinate which means that shell is formed by accretion; increase in 
size ceases at, or a specific period after, reproductive maturation. Moreover, the direct exposure of the shell to 
the external environment can lead to faster evolution of shell morphology than internal anatomy resulting more 
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often in homoplasy (Davis, 1981; Davis & da Silva, 1984; Wagner, 2001). Extensive morphological changes 
can also result from wholly internal processes, with modification due to shell deposition (Signor, 1982). 

Shell morphology of V. angularis has been recently studied using landmark-based geometric analysis 
specifically relative warp (RWA) and Euclidean distance matrix analysis which showed shell shape variation  
between within-lake populations (Camama et al., 2014)  and between sexes (Moneva et al., 2012). In this 
current study multiple regression analysis was used to study the differences and correlation of shell size and 
shape of the V. angularis and assess whether allometry influences shape variation in the four populations.  

 
Methodology: 

Samples of freshwater Vivipara angularis were collected through hand picking from the four locations 
(Apo, Imbang, Tanaon and Yaran) surrounding Lake Dapao in Mindanao, Philippines. A total of 440 specimens 
were utilized comprising of 110 for each population. Samples were soaked in tap water to remove clay soil, 
dipped in boiling water for four to five minutes and the body removed with an improvised pin. The shells were 
again washed with tap water several times, and then air-dried for two days to remove the odor. Map showing 
the study area is shown in Figure 1. Each shell specimen was subsequently photographed with a mounted 
digital camera on its aperture face (ventral). About two to three images were captured for each shell and the 
best photographs were used in the analyses (Torres et al., 2011). The shells were oriented in such a way as to be 
able to show both the outer and inner edges of the aperture lip. 

Landmarks were digitized using the TpsDig ver. 2 (Rohlf, 2004a). Figure 2 shows a specimen of Vivipara 
angularis with the 23 anatomical landmarks that were selected. The placement of 23 anatomical landmarks 
(LM) followed the perimeter of the shell, to capture differences in all regions of the shell. It is used to estimate 
individual size, calculated as centroid size, which is the square root of the sum of the squared distances between 
the centroid and each landmark. In the absence of allometry, centroid size is uncorrelated with measures of 
shape (Tang & Pimentel, 2005). LMs 1-12- located in the aperture margin; LM 13 and LM 14 - most external 
point on the last whorl at the right profile of the body whorl of the shell; LM 15- on the right border of the 
profile of the shell at the end of the upper suture of the penultimate whorl; LM 16 - on the right border of the 
shell at the end of the upper suture of  the second penultimate whorl; LM 17 - at the apex of the shell; LM 18 - 
on the left border of the profile of the shell at the end of the upper suture of the second penultimate whorl ;LM 
19 - on the left border of the profile of the shell at the end of the upper suture of penultimate whorl; LM 20 and 
LM 21- most external point on the last whorl at the left profile of the body whorl of the shell; LM 22- with a line 
from LM 4 below the most external point of the shell; LM 23- with a line from LM 5 touching the aperture 
margin.    

The digitized images using tpsDig2 software (Rohlf, 2008) with a series of 23 landmarks (Fig.2) are 
described using shape regression (tpsRegw; Rohlf, 2011) and relative warp analysis (RWA; tpsRelW; Rohlf, 
2007). Relative warp axes were used for subsequent description and visualization of the morphological 
variability present. Visualization of shape change using thin plate splines deformation grids which is used to 
graphically portray the patterns of shape variation among the landmarks.  

The shape variables obtain as partial. warp scores from the aligned landmark configuration produced by 
GPA are suitably employed in traditional multivariate statistical analyses of variation in shape (Adams et al., 
2004) and were used to ordinate the data in a principal component analysis (PCA).This analysis involves a 
simple reduction of the shape and size variables to only two variables (two most common components), for 
plotting and clustering purposes. It also displays the relative effects of the most important sources of shape 
variation (Moneva et al., 2012). The first principal component will explain more of the shape variation than any 
other component (Hammer et al., 2002).Only PC1 is used on the five significant relative warps. 

Bivariate regressions were then carried out on each of the log-transformed data sets.PC1 as the size was 
plotted on the x-axis against shape as the relative warp on the y-axis. Multiple regressions then were done to 
PC1 against RW1 of Apo, Imbang, Tanaon and Yaran, then PC1 to RW2, RW3, RW4 and RW5.Principal 
component analysis (PCA) was performed with the linear variables measured on the shell length for each 
population.  PC1 is commonly a multivariate expression of size if the character loadings are generally all large 
and positive (Pimentel, 1979). Then, each of the linear variables is regressed and calculated the respective 
correlation coefficients (Table 2). 

Multiple regression analysis was also used to detect allometry to test for significant relationships between 
the shell shape and the centroid size (Bookstein, 1991). 
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Fig. 1: Map showing the study area. Source: http://maps.google.com/maps?hl=en. 

 

 
Fig. 2: Landmarks (LM) on a Vivipara angularis specimen.  

 
Viviparid snail shows determinate growth; thereby reproductive activity begins just before the attainment of 

maximum size (Kingma & Michell, 2000). Thus, within the size range of a given species, from the smallest 
juvenile to the largest adult, the morphological characteristics that appear on maturation should be found 
predominantly in the larger sizes. 

The correlation of size and shape were tested by regressing the presence/ absence data against length and 
PC1. Linear regression is used to test the correlation between categorical data (e.g. presence/absence data) and 
one or more continuous variables (e.g. length or a factor such as PC1). The categorical variables are then 
considered dependent and are regressed against the independent continuous variables.  In our case, we used zero 
and one as dependent variables and length as independent continuous variable as indicative of size because there 
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is a strong correlation of length with PC1. We used a chi-squared test with the predicted and actual values for 
each character in each species to test the significance of the fitted logistic model.  

 
RESULTS AND DISCUSSION 

 
All the four populations differ as shown by the result of the cluster analysis (Fig.3). The first major cluster 

is composed of Apo and Yaran, while the second cluster is manned by Imbang and Tanaon. Viviparid snails in 
Apo and Yaran shared 84% similarity while those in Imbang and Tanaon shared 67% of similarity. Populations 
from Yaran and Apo were the most similar to each other.  

 
Fig. 3. A: Trajectory dendogram among the four populations of V. angularis 

 
Multiple regression analysis (using tpsRegr; Rohlf, 2011) (Table 1) showed the size and shape correlation 

(Figure 3) among the four populations of V. angularis. As shown in the figure, relative warp analysis resulted in 
five significant axes that explained 72.79% of the total shape variation. RWA1 which explained 28.57% of the 
total variation show that Imbang, Tanaon and Yaran populations have small narrow and elongate shapes while 
Apo has large robust body shape and aperture. RW2 explained 19.39% of the total variation show all 
populations have increased body size and elevated spires and ovate apertures. RW3 explained 13.19% of the 
total variation among individuals and had Imbang populations to have a broader body whorl and narrow 
aperture opening while the other three populations have a narrower body whorl with ovate shape apertures. 
RW4 explains 6.69% of the total variation showing all populations to have a circular apertures. RW5 explained 
5.45% of the total variation showing Apo and Imbang populations to have tapered spire and globose body whorl 
while the other two populations have a robust body whorl. 

 
Table 1: Correlation coefficients between size and shape variables of the Vivipara angularis snail. 

 RW1 RW2 RW3 RW4 RW5 
 r p(uncorr) r p(uncorr) r p(uncorr) r p(uncorr) r p(uncorr) 
Apo -0.241 0.011 0.262 0.006 -0.390 0.000 0.613 0.000 -0.033 0.729 
Imbang 0.296 0.002 0.231 0.015 -0.193 0.043 0.628 0.000 0.119 0.214 
Tanaon -0.296 0.002 0.245 0.010 0.058 0.546 0.462 0.000 0.007 0.945 
Yaran -0.152 0.112 0.394 0.000 -0.219 0.021 0.208 0.029 -0.069 0.473 

 
The results of the multiple regression displayed that shape changes are concurrent with developmental 

changes in body size. That, as the size of the snails increase the wider is the body whorl, the bigger is the 
aperture opening and the shorter is the spire but variations were observed between populations. While it is true 
that all populations have increased in size, Imbang population differ with its large, robust body and aperture, 
Tanaon was shown to differ due to its broader body whorl and narrow aperture. The two other populations (Apo 
and Yaran) while show tapered and globose body whorl, the extent of variations however differ (Fig. 3).  While 
it can be argued that a larger size usually means a better survival and reproduction since size can influence 
reproduction through success in mating, fertility, and the survival of the offspring due to size-specific 
differences in feeding and care (Karkach, 2006), these vary between populations. The differences in shell size 
and shape amongst the populations of snails represent variations in shared multiple trajectories. Queiroga, et al. 
(2011) cited, that as the height of apical whorl increased, aperture widened. Snails with higher spire shells are 
able to accommodate a large body with a small foot.  
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Fig. 3: Result of the multiple regression analyses and the transformations grids showing the relationships 

between shell sizes (x-axes) and shapes (y-axes). Legend: Black –Apo; Red – Imbang; Blue – Tanaon; 
Green – Yaran. 

 
These two groups are related mainly to its development. It is likely that the two cluster areas (Apo and 

Yaran) and (Imbang and Tanaon) has a common character since this lake had been isolated for several decades. 
The dispersion is not so much because there is no Wind River current in this lake. This might be due to the fact 
that Lake Dapao is surrounded by hills and mountains such as Mt. Gadongan in Danugan, Mt. Ungali in Dapao, 
and Matungan Hill in Bantayan that are able to protect it. It also faces the verdant hill of Mt. Baya, and at 
eastern side surrounded by plateaus with modern steep slopes. 

Result also implies that, the closer the geographic area of the populations, the more the populations have 
shared genetic similarity and the more they shared the same developmental trajectory. As illustrated in fig.4 B, 
all the four sites are very near to each other, which mean that the migration of snails from one site to another 
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site is possible. There is no boundary that can hinder the entrance of one population from one site to another 
site. As Minton et al. (2011) cited, snails from sites near one another tended to have more similar shapes than 
those from sites farther away, suggesting a sequential shift in morphology. Populations within meters of one 
another can receive little genetic interchange as Crothers (1983) observed and cited.  

Since the viviparid snails’ growth is determinate, it is commonly evident that a variety of changes in shell 
morphology will be experienced by the snails. The phenotype associated with any development of shell shape 
does not emerge full blown at birth, but, rather, develops gradually with age which creates a focus on change 
over time. Thus, differences in variation in size and shape of the viviparid snails populations could be the result 
of differential responses that involve environmental and biotic variation, ecological variation (DeWitt, 1998; 
Dunithan, et al., 2011) such as predation of the different predators present in the lake, as well as competition for 
food sources, habitat and spawning sites among the invasive Golden apple snail (GAS) that are accidentally 
introduced in Lake Dapao and genetic effects (Ronning, et al., 2007; Glazier, 2010). Hence, these different 
variations can influence multiple trajectories in the population of viviparid snails. 

 
Conclusion: 

Geometric morphometric analysis results showed that the shape change in Vivipara angularis is correlated 
with the developmental changes in body size. The differences in shell size and shape amongst the populations of 
snails represent variations in shared multiple trajectories. Among the four populations Apo and Yaran shared 
almost the same trajectory in their development while Tanaon and Imbang shared also almost similar trajectory. 
Size and shape differences amongst the Viviparid snails had been seen and qualitatively described in which their 
descriptions reveal subtle variations in size and shape.  

The use of the techniques of geometric morphometrics such as regression analysis, relative warp analysis 
and principal component analysis have allowed for a deeper understanding in the morphological variations that 
influence multiple trajectories between viviparid snails than can be supplied by traditional morphometrics. 
Moreover, this GM is generally less time-consuming and allows the use of digital images, thus eliminating the 
need to kill and preserve specimens as is necessary in traditional morphometrics  
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