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Abstract

Two hundred Archachatina marginata snails, one hundred each of A. marginata var. saturalis and A. marginata var. ovum with weights
ranging from 33.10 - 349.00 g and 127.60 - 443.40 g, respectively sorted out of a base population were used for this study. Phenotypic
traits measured on each of these snail varieties/strains included shell length, shell width, aperture length, aperture width, spiral length,
spiral width, diagonal length, length between aperture and first spiral, number of whorls and body weight. Data collected were used
to estimate phenotypic correlations between pairs of traits and to predict the relationship between body weight and other dimensional
shell measurements (DSM). Results of phenotypic correlations between body weight and the DSM and between the DSM of the two A.
marginata varieties showed that all the pairs of phenotypic traits investigated on A. marginata var. ovum expressed positive correlation
values, while the pairs investigated on A. marginata var. saturalis showed both positive and negative correlation values. The regression
estimates of parameters and coefficients of determination for the simple linear function of A. marginata var. ovum snails showed
slightly high and very strong interrelationship between body weight and one phenotypic trait, while the multiple linear function for
predicting body weight using four phenotypic traits showed highly significant and very strong interrelationship. In A. maginata var.
saturalis snails, both the simple and multiple linear regression equations showed highly significant and very strong interrelationships
between body weight and shell parameters. The range values of coefficient of determination showed that 78 to 100% of the variability in
both snail strains body weights can be explained by changes in the considered dimensional shell parameters. Also, the linear functions
with four and two parameters/traits best predicted the live weights of A. marginata var. saturalis and A. marginata var. ovum snails,
respectively. Prediction results showed that explainable traits best predicted live weight when more than one phenotypic/shell trait
were fitted into the regression functions.
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Introduction

Giant African land snails are unique cold-blooded invertebrate animals, possessing soft, un-segmented, slippery skinned
asymmetrical body which is enclosed in segmented calcareous shells that are also asymmetry. Okon and Ibom stated that snails
refer to a rather wide variety of soft, non-segmented-bodied, cold-blooded, shell-bearing invertebrate animals and it refers to them
whether they are alive or dressed [1]. Tommaseo-Ponzetta and Paoletti reported that terrestrial invertebrates, including snails are
presumed to have consistently contributed to the diets of our ancestors [2]. Similarly, opined that snail meat has traditionally been
a major ingredient in the diets of West Africans living in the humid tropical zone [3]. The author further stated that the snails
consumed by our ancestors were gathered from the wild by villagers. However, the decline in snail populations in the wild in recent
years, coupled with the problem of animal protein intake deficiency in developing countries, including Nigeria has encouraged the
domestication of snails. Besides, reported that the problem of animal protein intake in Nigeria has encouraged researchers to look
for sources of protein from animals which can be reared with little or no capital [4].

Snail keeping (snailery, or heliciculture, or achatiniculture) has attracted the attention of Nigerian farmers, agriculturists and
researchers in recent times, perhaps as an aftermath of the alarm raised by the Food and Agriculture Organization on animal
protein intake deficiency among Nigerians [2,5]. Snails potentials in bridging the animal protein intake deficiency gap among
Nigerians have been stressed [5-7]. The growth of an animal in terms of body weight gain is the most widely used growth index
from birth to maturity [8]. Chapman and Shaffer defined growth as a systematic increase in the mass of body during definite
intervals of time according to character of a species [9]. Body weight according to is the growth parameter used to measure growth
in animals [10]. Barbato reported that growth trend defines changes that occur in an animal’s size in terms of length and weight
[11]. Ibom et al. opined that growth in terms of body weight gain and shell parameters increments are the most widely used growth
indices for snails from hatch to maturity [12].
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With the awareness in snailery, there is obvious need for the genetic improvement of snails as is the case with conventional livestock.
Continuous measurements of growth processes is nearly impossible, hence noted that model measurements by mathematical
functions is preferred [13]. This is because such models allow interpolation of non-observed intervals with respect to age or body
weight of animals. Wahua and stated that correlation and regression are the two most common techniques used to determine
relationships between and/or among two or more variables [14,15].

Several models involving body linear measurements have been established on growth trends and used to predict live weight in
conventional farm animal species; poultry, pigs, sheep and cattle [16-25]. There are limited reports on the correlation among
phenotypic traits as well as body weights prediction from phenotypic traits of snail species. The two main varieties (strains) of
A. marginata snails are A. marginata var. ovum and A. marginata var. saturalis. The objectives of this study were to estimate
phenotypic correlations between body weight and various dimensional shell parameters/measurements and between the
dimensional shell measurements themselves as well as to establish models for predicting body weight of Archachatina marginata
snails using dimensional shell measurements.

Materials and Methods

Two hundred (200) adult snails sorted out of a base population purchased from a reputable snail farm in Calabar, Nigeria were
used for the study. They included one hundred (100) Archachatina marginata var. ovum and one hundred (100) Archachatina
marginata var. saturalis. Their weights ranged from 33.10 - 349.00 g for A. marginata var. saturalis and 127.60 — 443.40 g for A.
marginata var. ovum. The snails were selected based on active appearance and lack of injury on the foot and on the shell. Each
variety (strain) of the snail constituted a treatment and was replicated twenty (20) times with five (5) snails per replicate for ease
of data collection.

Data collected on each snail included shell length, SL (cm), shell width, SW (cm), aperture length, AL (cm), aperture width, AW
(cm), spiral length, LS (cm), spiral width, WS (cm), diagonal length, DL (cm), length between aperture and first spiral, LBAF (cm),
number of whorls, NW and body weight, BW (g). BW was measured using a Metier® electronic scale, while the shell dimensional
parameters were measured using vernier caliper. The data collected were analyzed to estimate phenotypic correlations between
pairs of traits using Pearson’s correlation test of statistical programme [26]. The stepwise variable selection procedure of the
same software package was used to determine the most appropriate model for predicting body weight, using dimensional shell
measurements. The general prediction model used is:

k
Y =a+XbX +e
i=k

where:

Y, = Dependent variable (body weight)

a = Intercept on the Y - axis

b, = Partial regression coefficients

X, = Independent variables (i.e. the dimensional shell measurements)

e, = Random error [identically, independently and normally distributed with zero mean and constant variance (iind ~ 0,6%)].

Results and Discussion

The results of phenotypic correlations between body weight and dimensional shell measurements (DSM) and between the DSM of
two varieties (strains) of Archachatina marginata snails (A. marginata var. saturalis and A. marginata var. ovum) are presented in
(Table 1). The upper part of the diagonal shows the correlation/association values between body weight and various dimensional
shell parameters/measurements and between the DSM of A. marginata var. saturalis, while at the lower part of the diagonal are
the correlation/association values between body weight and various dimensional shell parameters/measurements and between
the DSM of A. marginata var. ovum.

The results showed that all the pairs of phenotypic traits investigated on A. marginata var. ovum expressed positive correlation
values (Table 1). The correlations between most of the pairs of A. marginata var. ovum traits were highly significant. For instance,
the pairs of BW vs SW and BW vs LS recorded the highest positive correlation value and was highly significant. Similarly, highly
significant positive correlation values were recorded by other pairs of traits: SL vs LS, SL vs DL, SL vs AL, AL vs LS, AW vs NW,
BW vs SL, BW vs AL, SW vs LS, AW vs LS, WS vs LBAE, SL vs AW, BW vs AW, LS vs DL, AL vs DL, SL vs LBAFE, DL vs LBAE, SW
vs AW, AW vs LBAE LS vs NW, AL vs AW, WS vs NW, LS vs LBAF, LBAF vs NW and BW vs NW (Table 1).

Some other pairs of A. marginata var. ovum traits expressed significant positive correlation values. For instance, BW vs LBAE, AW
vs DL, SL vs SW and SW vs AL, DL vs NW, BW vs DL, SL vs NW and WS vs DL.

Medium, positive and significant correlation values were recorded between the pairs of SW vs LBAE, AW vs WS and SL vs WS,
AL vs LBAF (Table 1).
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On the contrary, the positive correlation values obtained between the pairs of SW vs NW, LS vs WS, SW vs DL, BW vs WS, SW vs
WS, AL vs WS and AL vs NW were not significant (Table 1).

The results of the pairs of phenotypic traits investigated on A. marginata var. saturalis (Table 1) showed that whereas some pairs
expressed positive correlation values, other pairs expressed negative correlation values. The positive correlation values between
some of these pairs of A. marginata var. saturalis snails’ traits were highly significant. For instance, the pair of BW vs SL had highly
significant positive correlation value which was the highest of the values obtained for this variety. Other pairs of traits with highly
significant positive correlation values include BW vs SW, SW vs AL, SL vs AL, BW vs AL, SL vs SW, LS vs LBAF and LS vs NW.

Archachatina marginata var. saturalis snail

BW SL SW AL AW LS WS DL | LBAF | NW
BW 1.00 0.97** 0.96** | 0.92** | -0.26 0.34 -0.34 | 0.62* | 0.45* | -0.37

SL 0.86** 1.00 0.92** | 0.93** | -0.58 | 0.49* | -0.35 | 0.56* | 0.52* 0.12
SW 0.95%* 0.70* 1.00 0.96** | -0.59 0.33 -0.33 | 0.54* | 0.44 -0.11
AL 0.85%* 0.89** 0.70% 1.00 -0.84 0.33 -0.25 0.52 0.38 -0.11

AW 0.82** 0.83** 0.76** | 0.75** 1.00 0.23 0.53* 0.36 0.21 0.19
LS 0.95%* 0.93** 0.84%* | 0.89** | 0.84** 1.00 -0.48 0.54 | 0.80** | 0.79**
WS 0.40 0.50* 0.27 0.25 0.52% 0.51 1.00 070 | -0.41 | -0.29
DL 0.68% 0.91** 0.44 0.81** 0.71* 0.82** 0.65% 1.00 0.46* | -0.27

LBAF | 0.72* 0.78** 0.55% 0.50* | 0.76** | 0.74** | 0.84** | 0.78** | 1.00 0.42

NwW 0.66** 0.66* 0.61 0.04 0.87** | 0.76** | 0.75** | 0.69* | 0.74** 1.00

BW SL SW AL AW LS WS DL | LBAF | NW

Archachatina marginata var. ovumn snail

BW = Body weight, SL = Shell length, SW = Shell width, AL = Aperture length,

AW = Aperture width, LS = Spiral length, WS = Spiral width, DL = Diagonal length,
LBAF = Length between aperture and first spiral, NW = Number of whorls.

* = p<0.05, **=p<0.01

Table 1: Correlations between body weight and dimensional shell measurements of
Archachatina marginata snail varieties (var. saturalis and var. ovum)

Some other pairs of A. marginata var. saturalis snails traits expressed significant and positive correlation values. These were the
pairs of BW vs DL, SL vs DL, SW vs DL, AW vs WS, SL vs LBAF, SL vs LS, DL vs LBAF and BW vs LBAE

Other pairs of traits expressed non-significant positive correlation values. These include WS vs DL, SW vs LBAF, LBAF vs NW, AL
vs LBAE, AW vs DL, BW vs LS, SW vs LS, AL vs LS, AW vs LS, AW vs LBAE, AW vs NW and SL vs NW (Table 1).

The pairs of A. marginata var. saturalis snails traits that expressed negative correlation values (Table 1) were AL vs AW, SW vs AW,
SL vs AW, WS vs LBAF, LS vs WS, BW vs NW, SL vs WS, BW vs WS, SW vs WS, WS vs NW, DL vs NW, BW vs AW, AL vs WS, SW
vs NW and AL vs NW.

The positive correlation values recorded in this study for some of the pairs of A. marginata var. saturalis and A. marginata var.
ovum snails’ traits could mean that the traits are influenced by the same genes in the same direction. This corroborated the
position of [27]. Besides, and opined that the positive correlation could also suggest that there are direct relationships between the
traits, and that weight increment is as a result of increase in the size of corresponding traits [27,28].

The significant positive correlation values recorded by some pairs of traits in this study compare favourably with the reports of
Okon et al. who reported r = 0.98 to r_ = 1.00 as the range of phenotypic correlation values for sexually mature A. marginata var.
saturalis, Okon et al. who reported correlation values of r = 0.89 and r_= 0.774, respectively for hatchlings of purebred white-
skinned and crossbred of the same snail breed, who reported range values of r =0.134 tor_= 0.722 for the pairs of traits evaluated
in A. marginata and A. fulica snail breeds. Ehiobu, Kyado earlier reported that positive significant correlations could indicate that
the pairs of traits are controlled by the same genes in the same direction, thus selection and improvement for one trait will lead to
improvement of the other [15,27,29-31].

The zero and negative significance recorded by some pairs of traits in this study agreed with the report of that A. marginata snails
of different age groups expressed negative or no significant difference amongst some pairs of their traits [32].

Negative correlation values recorded by some pairs of phenotypic traits in this study signified that the genes controlling their
expression are working in opposite direction, and improvement in one trait will lead to reduction in the other. This corroborated
the position of Ehiobu, Kyado. Falconer, who stated that negative correlations denoted that such pairs of traits have indirect
relationship and are at least controlled by the same genes in different direction [27,28]. Thus, selection for one trait will lead to the
reduction of the other.
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(Tables 2 and 3) show the results of regression equations, correlation coefficients and coefficients of determination relating the
body weights and dimensional shell parameters of A. marginata var. ovum snails and A. marginata var. saturalis snails, respectively.
The regression estimates of parameters and coefficients of determination for the simple linear function of A. marginata var. ovum
snails showed slightly high and very strong interrelationship between BW and SL. The multiple linear function for predicting
body weight using two to eight phenotypic traits evaluated in this study (Table 2) showed highly significant and very strong
interrelationship between body weight and dimensional shell parameters. In A. maginata var. saturalis snails, both the simple and
multiple linear regression equations showed highly significant and very strong interrelationships between body weight and shell
parameters (Table 3). When eight and nine phenotypic parameters were fitted into the multiple linear regression functions for A.
marginata var. saturalis snails and A. marginata var. ovum snails, respectively, a perfect relationship was obtained between body
weight and the dimensional shell parameters (Tables 2 and 3).

Traits Prediction equation R r’
BW/SL Y =-244.63 + 37.14X| 0.89** | 0.78
BW/SL,SW Y =283.74 + 18.87X | +47.43X, 0.98** | 0.97
BW/SL,SW,AL Y =275.828 + 24.672X +49.60X, - 13.099X, 0.99* 1 0.98
BW/SL,SW,AL, AW Y =-282.674 + 27.333X | + 52.514X, - 13.600X, - 8.422X 0.99** | 0.98
BW/SL,SW,AL,AW,LS Y = -287.879 + 21.159X | + 44.988X, - 17.651X, - 9.164X, + 26.205X, 0.99** | 0.99
BW/SL,SW,AL, AW,LS,WS Y = - 289.22 +20.95X, + 38.575X, - 26.028X, - 5.406X, + 43.122X, - 10.926X 0.99%* | 0.99
BW/SL,SW,AL,AW,LS,WS,DL Y =-306.069 + 12.008X + 50.545X, - 37.820X, - 4.279X, + 40.060X, - 24.294X + 35.967X_ 0.99** | 0.99
BW/SL, SW, AL, AW, LS, WS, DL, LBAF Y =-303.371 + 12.3032X | +51.407X, - 39_3;?;)7(3)—( 3.898X, + 39.850X, - 23.775X + 37.909X 0,99 | 0.99
3 8
BW/SLSWALAWLS. WS, DLLBAENW | ¥ = 275100 - 5.039X, + 54.531X, - 51.282K, +29.175X, + 65.763X, - 6 919X+ 69.142X, ~ | | (0 | | o0
36.307X, - 259X,
Y = BW = Body weight, X, = SL = shell length, X, = SW = shell width, X, = AL = Aperture length, X, = AW
= Aperture width, X, = LS = spiral length, X, = WS = spiral width, X, = DL = diagonal length, X, = LBAF
= length between aperture and first spiral, X, = NW = Number of whorls, r = correlation coefficient, r, =
coefficient of determination, ** = significant (p<0.01)
Table 2: Regression analysis of body weight on other phenotypic traits of Archachatina marginata var. ovum
Traits Prediction equation R r’
BW/SL Y=-462.010 + 58.60X, 0.97** | 0.94
BW/SL,SW Y=-441.171 + 34998X + 43.959X, 0.98** | 0.97
BW/SL,SW,AL Y=-429.38 +41.208X + 75.788X, - 39.893X, 0.99%¢ | 0.98
BW/SL,SW,AL,AW Y=-456.982 +41.102X +75.123X, - 38.945X_ + 5.705X, 0.99** | 0.98
BW/SL,SW,AL,AW,LS Y=-421.144 + 55.181X + 69.275X, - 48.523X, + 16.531X, - 24.441X_ 0.99% | 0.99
BW/SL,SW,AL,AW,LS,WS Y=-437.138 + 55.393X + 55.120X, - 36.469X, + 35.376X, - 32.589X, - 8.417X 0.99** | 0.99
BW/SL,SW,AL, AW,LS,WS,DL Y= - 423.074 + 58.348X + 54.409X,, - 37.280X, + 42.477X, - 36.381X_ - 9.185X, -9.491X_ | 0.99* | 0.99
BW/SLSWALAWLSWS.DLLBAE | Y=~ 38670 +64835X, +42.947X, - 31.222X, +56.655X, - 57.239, - 10.163X, ~33.009X, | | ooe | |00
+30.754X,
BW/SLSWALAWLS WS.DLLBAENW | Y= - 392:465 + 65,403, + 43.281X, - 33.477X, + 56.057X, - 1.859K, - 10.264X, -31609K, + | | (0e | 1 00
25.896X, - 2.402X,

Y = BW = Body weight, X, = SL = shell length, X, = SW = shell width, X, = AL = Aperture length, X, = AW = Aperture width,
X, = LS = spiral length, X, = WS = spiral width, X, = DL = diagonal length, X, = LBAF = length between aperture and first
spiral, X, = NW = Number of whorls, r = correlation coefficient, r, = coefficient of determination, ** = significant (p<0.01).
Table 3: Regression analysis of body weight on other phenotypic traits of Archachatina marginata var. saturalis

The values of coefficient of determination (r?) varied in both strains (A. marginata var. ovum and A. marginata var. saturalis) of
snail. The range values of r* obtained in this study indicated that weight can be predicted using the dimensional shell parameters.
Besides, the range values of r* showed that 78 to 100% and 94 to 100% of the variability in A. marginata var. ovum and A. maginata
var. saturalis snails’ body weights, respectively can be explained by changes in the considered dimensional shell parameters. The
results also revealed that weight is more closely predicted when more than two dimensional shell parameters are used to explain
the contribution of the independent variables to the prediction of the dependent variable (Tables 2 and 3).

The results of this study are in line with reports by Okon et al. and Fajemilehin, Fagbuaro that snails’ weights can be predicted using
shell parameters [29,33]. However, these results contrasted Okon, Ibom, who reported low coefficient of determination percentage
(r* %) of 4.70 to 41.30% for A. marginata snails and concluded that variability in snails body weights cannot be explained by
changes in body parameters alone.

The results of this study further revealed that the use of many (several) quantitative traits in the prediction equation would likely
give a better and more reliable result. This corroborated the position of that the use of several parameters/traits as independent
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variables in multiple regression equations is likely to give more accurate and reliable results than the use of a single trait [34]. This
tool can be relevant in rural communities where sensitive weighing scales are not readily available in the market or where the
technical know-how in its usage might be lacking.

The results of predicted and actual body weights of A. marginata var. ovum and A. marginata var. saturalis snails are presented in
(Tables 4 and 5) respectively. The actual body weights of snails measured with scale were 113.58 g and 341.71g for A. marginata
var. saturalis and A. marginata var. ovum snails respectively (Tables 4 and 5). On the other hand, the predicted body weights of
snails using the linear functions ranged from 113.28 g to 113.72 g in A. marginata var. saturalis snails, while it ranged from 340.85
g to 341.52 g in A. marginata var. ovum snails. A comparison between the actual body weight and the predicted body weights
using the functions showed little or no difference. This might be as a result of the positive, strong and closely correlated responses
of body weights with the phenotypic quantitative (dimensional shell) traits used in the predictions. The results of predicted body
weights (Tables 4 and 5) showed that 113.55 g and 113.57 g (that is functions with six and four traits, respectively) were the closest
body weights to the actual body weight in A. marginata var. saturalis snails, while in A. marginata var. ovum snails, 341.52 g and
341.51 g (that is the functions with two and three traits, respectively) were the closest predicted weights to the live or actual weight.
The results in (Tables 4 and 5) showed that the linear function with four parameters best predicted the live or actual weight of A.
marginata var. saturalis snails, while the function with two traits best predicted body weight in A. marginata var. ovum snails. The
predicted weights derived from the regression equations evolved in this study showed that the explainable phenotypic traits best
predicted live or actual weight when more than one dimensional shell traits were fitted into the regression functions. The results
of this study also revealed that dimensional shell measurements were closely related to actual or live weights of snails. It could
therefore be inferred that the use of more than one phenotypic dimensional shell traits in the regression functions gave better
prediction of live or actual weight in snails. This corroborated the position of that more than one phenotypic trait predicted body
weight better in animals [34].

Actual body weight (g) | Predicted body weight (g)
113.58 113.71
113.58 113.29
113.58 113.43
113.58 113.57*
113.58 113.50
113.58 113.55
113.58 113.72
113.58 113.34
113.58 113.28

* Value with asterisk best predicted live weight.
Table 4: Comparison between actual and predicted weights of Archachatina
marginata var. saturalis as derived from regression equations

Actual body weight (g) | Predicted body weight (g)
341.71 341.32
341.71 341.52*
341.71 341.51*
341.71 341.47
341.71 341.49
341.71 341.11
341.71 341.08
341.71 340.85
341.71 341.00

* Value with asterisks best predicted live weight
Table 5: Comparison between actual and predicted weights (g) of
Archachatina marginata var. ovum using regression equations

Conclusion

It could be concluded from this study that multiple linear regression model gave a more accurate and reliable results, thus best
predicted body weights. Of the two varieties of Archachatina marginata snails studied, shell length and shell width best predicted
live weight in A. marginata var. saturalis snails, while shell length, shell width, aperture length and aperture width best predicted live
weight in A. marginata var. ovum snails. The two varieties of A. marginata snails’ body weights and dimensional shell parameters
were positively correlated. Besides, variability in their live weights can be explained by changes in phenotypic dimensional shell
parameters.
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It could therefore be recommended that in the prediction of snails live weight, breeders should consider the use of multiple
phenotypic dimensional shell traits. Besides, genetic improvement by selection using dimensional shell parameters should be
considered as basis for producing hybrid snails with high growth rates.
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