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Abstract

Over a period of 33 weeks, weekly measurements were taken on 255 Archachatina marginaia snails
(15, 30, 45, 60 and 75 hatchlings/m’) : randomly drawn from a population of 375 onc-weel old
hatchlings divided into five treatments of 25, 50, 75, 100, and 125 haichlings/m’, respeciively. The
data were subjected to analysis of variance in a completely randomized design to deizrmine she
influence of stocking density on snail bodyweigi:i and shell length. Regression fiinctions 2. we applid
to predict the optimum stocking density of A. marginata snails reared in the tropics. Resuiss revealet

positive and highly significant (P<0.001) correlations between age, body weighi and shei’ length i
all stocking densities. Especially, in treatment one (25 snaiis/in ?) it was also shown that zhell length
had significantly (#<0.001) higher influence on the bodyweight compared to tl:- age of tie growing
snail. Considering the growth trends and the profitability of the business. he optisiun stocking
density was placed at 38/m’. The study concluded that, stocking rate is an important environmental
variable that affects growth trends in growing snails and that shell length is a good predictor of
bodvweight. We recommended an optimum stocking density of 38snails/m’ for growing A. marginata
raised in the humid tropics.
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Description of Problem

In recent decades, the use of genetic live weight associated with an i:crease in
approach in the improvement of growth size. Its trend defines periodic chznges thii
rate in aninzls has been greatly successful occur in an animal’s size in teims of length
(1, 2). Growth in animal is a measure of and weight (3). This growth trenc is
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characterized by several environmenia:
factors such as temperature, feeding
pattern, stocking density and diseases
in relation with genetic structure and
scx (4).

(Jeng] and Kiraz (5) noted that since
continuous measurement of growth
processes is nearly impossible, modcl
mecasurement by mathematica!
functions is preferred, "because it
allows nterpolation of non-observed
intervals with respect to age or body
weight of animals. Several models
have been established on growth trends
in poultry (3, 6, 7, 8), pigs (9), cattle
(10) and sheep (11). However, there 1s
paucity of information on species such
as snails. :
The African giant land
(Archachatina . marginata) is
largest known snail type in Africa (12).
It is an herbivorous, non-selecuve
scavenger which dwells naturally in
the forest litters of the tropical
rainforest zone in Nigeria (13, 14). It
contains about 65% crude protein with
higher levels of calcium and iron
compared to other animal protein
sources (12, 15, 16).

Environmental variables are among the
determining factors in the survival,
growth and sustenance of any eristing
organism in its niche (17). Hoping to
maximiz¢ profit and minimize cost,
livestock producers increase the
stocking density of their animals
either, by increasing animal number in
decreasing floor arca or increasing
number in confined iloor spaces. the
latter may increase the susceptibility of
the animals (o infections and parasilic
discases, as well as increase the stress-
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level of'the animals, which may lea¢ to
lcwer  production  efficiency.
counter these problems and to enhance
proiit margin, the determination of the
optimum stocking density for various
production environments had !cen
emphasized (18, 19).

Attempts at determining the optirum
stocking density of growmny snails in
Nigeria are on-going. To date, no

T
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‘published report is available on the use

of statistical models for predicting the
optimum stocking density of sneils.
This study was therefore designe? to
statistically ascertain the opturum

stocking density of  growing
Archachatina marginata g
mathematical functions and

relaticnships existing between growth
traits as prediction tools.

Materials and Methods

A total of three hundred and seventy-
five (375) day-old A. marginata
hatchlings  (average  weight  of
13.574£1.18g) were obtained fron: the
green house in the Departmen: of
Forestry and Wildlife, Uuiversity of
Calabar, Calabar, Nigeria. The green
house is situated about 50m from the
University’s meteorological research
laboratory. inyang (20) reporied the
climatic profile of Calabar as b:ing;
mean annual rainfali  (305017un),
average temperature (26.10°C) and
relative humidity (80%) a!l yeai. #rior
to data collection, the hatclhiings ~vere
acchmatized to the environment for
one week.

The hatchlings were weighed and
randomly assigned to onc of the ‘ive
treatments consisting of 25, 50, 75. 100
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and 125 hatchlings per square meter.
Eacli treatment was kept in a wooden
cage (16cm x 25cm x 25¢m) or: a floor
space of one square meter. The cages
were filled with loamy soil up to 15cm
thick (21). All treatments werc fed ad
libitum on the same diei formulated
from local feed ingredients (Table 1).

Table i: (;om_poéition of experimental diet

Ingredient Composition (g/kg)
Groundnut cake 22.00
Cassava flour 52.00
Bone meal 10.00
Oyster shell 10.00
Vitamin premix 6.00
Total 100.00

To adjust for variation in stocking rate, a
sample of 225 hatchlings (15, 30, 45, 60 and
75 snails in treatments 1, 2, 3, 4 and 5,
respectively) was selected of which data on
body weight and shell length were collected.
Body weights were measured weekly using a
beam weighing balance and shell length using
a veneer calliper. Adjusted mean values for
each treatment were recorded weekly.

The functions were:
1. Simple linear regression
2. Allometric regression

Y=a+bX
Y =aXx®

Theit enclosures were kept damp
throughout the thirty-three (33} weeks

of experiment. Feed offered was
supplemented daily with ireshly
harvested pawpaw leaves. Daily

watcring and feeding operations were -
carried out in the evenings (18.00-
19.00hrs).

Data collected were subjected to the analysis
of variance in a completely randomized
design. Phenotypic correlati:ns  existing
between body weight, hatchiiag age and
hatchling shell length were esiatlished using
Harvey’s (22) least squares inixed inodel.
Three regression functions werc also used in
predicting body weight of snail hatchling
from age, shell length or both: parameters.

3. Multiple linear regiession Y =a + &, X; + byXs

With the generalized prediction model as;

Yiz=a+ >

Where, Y = Body weight of i*" hatchling, a = intercépt, by, by = Partial regression cofficients,
X1, X2 = Age/Shell length, and e;; = Random error (N/D~ 0, 5.
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Using these functions, the optimum stccking
density was determined based on function
which best predicts A. marginata weight at
the highest corrclation cocfficients while
considering the effect on each stocking rate.

Results and Discussion

- Values for the bodyweight and shell length of
A. marginata hatchlings at the five stocking
densities are presented in Table 2. Hatchlings
stocked at 25/m’® and 50/m* had similar body
weight and shell length. Compared to those at
28 hatciilings/mz, other treatments (higher
stocking densities) showed significantly
(P<0.001) lower values. This suggested that
the bodyweight and shell length of growing
A. marginata snails are compromised at
stocking densities higher than 50 hatchlings /
m’. The optirum stocking density may be
between 25 and 50 hatchlings / m’.

Tehle 3 shows the phenotypic correlatiors {ry,)
existing betwecn age, shell length and body

weight in girowing African giant land snail
(Archachaiina marginata) stocked :t different
rates. Results revealed pos:ive and
significant (P<0.001) relationship: betv.een
age and body weight (r = 0.97-0.9%), age aud
shell length (r = 0.85-0.99) acruss ireatmens.
The kest correlation was exhibited between
shell length and body weight in the treatment
stocked at 25snails/m“. Other stocking
_densitics showed better correlation between
snail age and body weight. Statistically, the
results indicated that highly significant
relationships exist between age, <iiell length
and body weight in A. marginat.: as eailier
suggested by the reports of Ejidike ef al. (17)
and Cmole and Kehinde (19). The decline in
levels of correlation at high:r stocking
densities suggested the influence -5t stocking
density on the growth pattern an:! efficiency
of growing A. marginata iesired in a
controlled environment in the huiuid tropics.

Table 2: Mean bodyweight and siicll length ot Archachatina marginate as intluznced by

stocking density
Treatment Bodyweight (g) Shell length (cm)
Mean SE Mean SE

1 5.39° 0.72 30.92° 9.99
2 5.36" 0.71 28.44° 0.98
3 4.78° 0.68 24.38° 0.98
4 4.48° 0.66 19.03° 0.98
5 4.30° 0.61, i8.82¢ 0.97

Different supcﬁcripts (a,b,c anc d) along columns indicate significant (P<0.001) difterences
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Table 3: Phenotypic correlation coetticients (ry) in Aichachaiing margineta

Treatment
. ¥ 2
_(No. of snails / m”)

Bodyweight

ana Age

25 0.992
50 0.982
75 0.986
100 0.977
125 0.971

Shell feneth - Bodyweighe and

and Ao Shell length
0.994 4.9y,

(".95(") \/‘L/\/Jt

0.962 0.972

0.943 (.982

0.845 0.9%4

All coefficients were significant at 1’<0.001

The prediction equations for bodyweight and
shell length of 4. marginata using age ore
given in Tables 4 and 5, respectively. It was
observed that for every unit change i age,
body weight and shell length increased t an
average rate of 0.958 and 0.07mm,
respectively  with significantly (P<C.001)
higher rate in snails stocked at 25 / m’. This
observation suggests that snail growth trends
in terms of bodyweight and shell length are
determined by the stocking rate and tend to

decline at higher stocking density. The
coefficient of determination () also
indicated that - 72-99% variatic: in body
weight can be explained by changes in
hatchling age, shell length or by ii:eir adaitive
effect. Though snails stocked at 30 / m* had
average bodyweight similar to those stocked
at 25 / m’, they however had a lower growth
rate (0.98 against 1.55), impiying that the
optimum stocking density might i:zs betwe st
25 and 50/m’.

Table 4: Estimates of parameters in simple linear function fitted for age- bodywcight re:ationship

in Archachatina marginata

Treatment Equation R R’ SEE  P-valy~
l Y= 542+1.55X 0.99 0.98 2.23 0.001
2 Y =1232+0.98X 0.98 0.96 3.49 0.C01
3 Y =10.69 + 0.83X .98 0.96 2.83 0.001
4 Y=13.19+0.35X 0.98 0.96 3.24 0.00.
5 Y =11.22+044X 0.97 0.94 3.84 0.00!

.19
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Where: X = Age, Y = Body weight, 1 = 25snaiis / m*; 2 = 50 snails / m?% 3 =75 snails / m’; 4=100
s-ails /m% 5= 125 snails / m*- A "

R = correlation coefficient, R? = coefficient of determination, SEE= standard error of estimate

Table 5: Estimates of parameters in simpie linear function for age- shell length in Archact:atine

Marginata
[reatment Equation R R SEE P-vah:e:_r
1 T Y=366+0.11X . 0.99 0.98 0.15 0.001
2 Y =3.94 +0.09X *,0.98 0.96 0.10 0.001
3 Y =3.89+0.05X 0.97 0.94 0.14 0.001
4 Y =3.78 + 0.03X ~ 096 0.93 0.17 0.001
5 Y =3.94+0.03X 0.94 0.89 0.19 0.001

Where: X =Age, Y = Shell length, 1= 25snails/ m? 2 =50 snails/ m% 3 =75 snails/ m’;
4 =100 snails/ m% 5= 125 snails / m’
R = correlation coefficient, R? = coefficient of determination, SEE= standard error of estimate

Lesults also demonstrated that for every unit
change in shell length, body weight increased
au an average of 12.60g against 0.95g for age
changes (Table 6). While Table 7 reveals that
shell length is a one-dimensional unit
compared to bodyweight a three-dimensional
unit (based on results of the b-values). Higher
correiation coefficients (r = 0.87-0.99) were
revealed using the allometric function
compared tc the simpie linear. This result
support carlicr {indings that the allometric

function is a better function for «stimating
correlations between vaiying dimensional
parameters (Olawoyin, 23).

The simultaneous (net) influence oi age and
shell length on the bodyweight ot gruwing 4.
marginata is shown in Table 8. A umit change
in shell length had significantly (' < 0.05)
higher influence on bodyweight trin a unit
change n age. This further demouist:ated that
shell length is a better predictor oF
bodyweight in growing A marginate .

Table 6: Simple linear function for shell length - body weight in Achachatina marginata

“Treatment Equation R R SEE P-value
T Y =-47.85 + 14.60X 099 - 0.99 1.58 0.001
2 Y =-28.84 + 10.70X 0.96 0.92 3.22 5.001
3. Y =-44.34 + 14.47X 0.96 0.92 3.41 0.001
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4 Y =-26.06 + 10.50X

0.95 _ 0.89 . 3.62 ¢.001
3 5 Y =.30.99 + 11.044 085 "0.72 4.14 0.001
Where: X = Shell length, Y = Body weight, 1= 25snails/in; 2 = 50 snails/m™; 3 =75 snails'm?; 4 = 100

snails/m?; 5=125 snails/m?

R = correlation coefficient, R? = coefficient of determination, SEE= standard error of estimate

Table 7: Estimate of parameters in Allometric function for shell length - body weight in

Archachatina marginata

Treatment

Equation R R’ SEE P-value
1 Y=0213 099 099 0.02 0.001
9 Y=0423 098 £0.96 0.05 0.001
3 Y=0230  0.96 0.93 0.08 0.001
4 Y=0464  0.95 0.90 0.09 0.001
5 Y=0377 087 0.76 0.12 0.001

Where X= Shell length, Y = Body welght 1 = 25snails/m’; 2 =50 snails/m%; 3 =75 suails/m®;

=100 sna1ls/m 5=125 snaxls/m

R = correlation coefﬁuent R? =coefficient of determmauon SEE= standard error of astimate

Table 8: Estimate of parameters in multiple linear function for age, shell length and budy

weight in Archachatina marginata

5

Treatment Equation R R SEE - Sigsuificant
I Y = -3486 + 052X, + 094 0.88 205 1.001
2 Y=-11.77+ 044 X; + 6.15 093 0.86 2,12 ©.001
3 Y=674+0.76 X, + 1.0 X, 091 0.83 2.17 0.001
4 Y=594+0.08X;+273X, 0.90 0.81 2.08 (:.001
5 Y =-2227+0.06 X; +8.87 0.89 0.80 2.05 4.001

Where: X; - Age; X;— Shell length; Y — Body weight; Avy Average body wcxght Av, - \verage shell

length; 1= 25snails/m’ 2 =50 snalls/m

3=175 snaxls/m 4 =100 snallo/m 5 =125 snaiis/m?

R = multiple correlation coefficient, R? = coefficient of multlple determination, SEE= stardard error of

estimate

In all the functions, higher growth trends and
correlations  were maintained when snails
wele stocked at 25 / m%, followed by at 50 /
m’. However, to maximize profit, it would
not be economical to stock at 25snails / m’.

More so, since no significant (P>0.05)
difference was observed In average
bodyweight between snails stocked at 25 / m’

81

- recommended range of 35 =

and 50 / m’ it appears that the optlmurn
density might be between 25 and 50/m?,
possibly at the midpoint of tne<= values; 1.e.
(25 + 50) / 2 =375/ m?. Therefore, we
deduced that optimum stocking density of
growing A. margmata would be achieved at
38snails / m’. This value faiis w‘th the
- 40/r:* for



blawoyin and Ogogo

growing A. marginata Snail (Omole and
Kehinde, 2005). It is expected that at the
siacking rate of 38snails/m”, growth rate will
be adequate and profitability will be
sustainablc.

Conclusion
The study concluded that;

l. Positive and highly significant
relationships ~ ~ exist between
bodyweight, age and shell length in
growing African giant land snail (4.
marginata).

2. Shell length can be simply used in
predicting snail’s bodyweight.

3. Mathematical model offers an
effective method of determining
growth and production efficiencies in
snails.

4. At the stocking rate of 38 snails/m’
growth and production performance of
growing snails is 1ot compromised.
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