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ABSTRACT: The morphometric changes of the femajf@aductive organs of giant African land snails dgraestivation and
arousal were taken on 84 snails comprising\éhachatina marginata and 42Achatina achatina and analysed. The aim was to
provide baseline information on the role of thewadrcycle of snails (aestivation-awake phaseshenéproductive ability of the
giant African land snails. The weight, length anidittv of the organs were measured during a 6-weskva¢ion and 6-week
post-aestivation periods. Significant decrease (P05) in the parameters of common hermaphroditesdlittle hermaphrodite
ducts and albumen glands were recorded. The raleg#neration was higher (P < 0.05Airachatina than inA. marginata in
almost all the organs studied. Morphological recpweas within 2 weeks of post-aestivation in bgtledes.
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Introduction

Land snails are well known for their abil#ito survive adverse environmental conditions, @sfig the lack of
water and food. In one oft cited case, first repaiin the 19 century (Stearns, 1877), one specimen of the Midd|
Eastern speciesremina desertorum survived almost 4 years attached to a display icetfe British Museum.

This phenomenon, known as aestivation is natupaldgrammed in snails. Reports (Omoyaéthal., 2008a,b) have
shown that apart from the adaptability of snaitstevation liken to sleep or rest has biochemical physiological
benefits (Omoyakhi and Osinowo, 2010). Behaviowgtaldy of snails (Omoyakhi, 2007) had shown that the
provision of water and feed t&rchachatina marginata and Achatina achatina during the dormancy phase of the
annual cycle gave ‘forced awakening’ which obvigusbuld impose stress. Reproduction is known taheefirst
process to be altered by stress.

Generally, land snails are hermaphrodites, i) possess both male and female reproductyensr producing
spermatozoa and ova (Odaibo, 1997). Akinnusi (1888ed that though land snails are hermaphrodhey, must
mate before they can fertilise their eggs. Baséhindevelopment, our research took special detailedies of the
sex organs apart.
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In order to achieve a maximum domesticatiod areeding programmes, there is a need to underdte
specific biology of the snails. The aim of thisdjuherefore was to compare aestivation and ardysabmparing
the size of the female reproductive organs thrayrgiss observation and statistical analysis.

Materials and M ethods

The study was conducted at the Snail Resdandhof the College of Animal Science and Livedtdtroduction
(COLANIM), University of Agriculture, Abeokuta. Alkuta lies within the Rain Forest vegetation zoh#/estern
Nigeria at latitude 713’ 49.46”N, longitude 326’ 11.98”E (Google Earth, 2009) and altitude 7&inove sea level.
The climate is humid with a mean annual rainfalllgd37 mm, an average temperature of %2.@nd an average
relative humidity of 82 % throughout the year (60r#danuary and 94 % in July to September.

Materials used in this experiment includetbtal of 84 apparently healthy snails (A2marginata and 42A.
achatina) of 150 — 200 g liveweight, 42 well ventilated gtia basket cages with covers, 42 each of shalemadrs
and drinkers, humus soil, sensitive electronic Wigig scale, marker for proper identification, drigawpaw leaf
meal, layer's mash and water.

The experiment was laid out in a 2 x 7 faeloarrangement (species x duration) in a compjat@hdomized
design with 6 replicates. The cages were prepanddited with sun-dried humus soil up to a depftbacm and
moistened with 300 ml of water. Each cage was assig drinker and a feeder. The snails were weigisath
sensitive electronic balance. They were randontbcated to the treatments with a snail per basket. treatments
were balanced for snail liveweight. The snails wietka mixture of layer's mash and dried pawpaw heeal (1:1,
w/w) and water providedd libitum. At the end of a 2—week adjustment period, thewiights of the snails in all
treatment groups were taken, feed and water wettedveiwn.Prior to withdrawal of feed and water, snails ie th
control group were dissected. Subsequently, sfraits the respective treatment groups were disseafted 2, 4 and
6 weeks of aestivation. At the end of the 6th weedst-aestivation treatment groups were hydratedl fed
(arousal) continuously. They were also dissectést & 4 and 6 weeks of arousal. Snails were disdeaccording
to the procedures outlined by Segun (1975). Varargans were extracted according to the identiicapf Segun
(1975). The weight, length and width of the femadproductive organs were collected. Data obtainedew
statistically analysed using the Systat AnalytiCdmputer Package, Version 5.0 (Systat Inc., 1992Kkey’'s
highest significant difference (HSD) was used foesate the means where significant differencedexkis

Results

The least square means of the effects oftidmraf aestivation and reverse arousal on the kgigngth and
width of vagina ofA. marginata andA. achatina are shown in Table A. achatina had a significantly heavier (P <
0.01) and wider (P < 0.001) vagina thanmarginata on the overall averages. Length of aestivation post-
aestivation did not significantly (P > 0.05) charnte weight and length of the organ in both specBecies
differences existed in the oviduct length (1.06.@50vs 0.81 + 0.05 cm; P < 0.01) and width (0.66.32 vs 0.60 +
0.02 cm; P < 0.05) oA marginata andA. achatina respectively. Duration of aestivation did not siigantly (P >
0.05) affect the weight and width in both spectéswever, aestivation stretched the length of ovidiyc56.4% (P
< 0.01) inA. marginata but not significantly (P > 0.05) iA. achatina at 6 weeks. Post-aestivation returned the
oviduct length ofA. marginata to the pre-aestivation value whife achatina was not significantly affected (Table
2).

Table 3 summarizes the effects of aestivatiod reverse arousal on the weight, length andhwafitcommon
hermaphrodite duct & marginata andA. achatina. Significant species effects were observed intbight (2.78 +
0.18 vs 1.06 + 0.18 g; P < 0.001), length (4.2810ss 3.05 + 0.19 cm; P < 0.001) and width (0.91G3 vs 0.61 +
0.03 cm; P < 0.001) iA. marginata andA. achatina respectively. Weight significantly decreased (B.85) after 6
weeks of aestivation in both species. Hydration faeding for 6 weeks returned the common hermapterecight
to the pre-aestivation value A/ marginata but not inA. achatina. While width followed a similar trend, length was
not significantly altered by aestivation and posstavation treatment.
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Table 1. Effects of duration of aestivation and reverse arousal on the sizes of the vagina of 4. marginata and 4. achatina
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PARAMETER SPECIES LEAST SQUARE MEANS SEM
LENGTH OF AESTIVATION (WKS) POST-AESTIVATION (WKS)
0 2 4 6 2 4 6
Weight (g) A marginata  0.52 0.54 0.32 0.43 0.65 0.67 0.79 0.13
A. achatina  0.68 0.81 0.76 0.71 0.72 0.85 0.92 0.13
Length (cm)  A. marginata 0.73 0.78 0.71 0.90 0.99 0.97 1.07 0.14
A. achatina 125 0.74 1.21 0.83 0.89 1.10 1.00 0.14
Width (cm) . marginata  0.78" 0.97®  0.76° 0.73 1.10% 1.03% 0.96™ 0.08
A. achatina ~ 0.88° 1.08°  1.08°  0.94% 1.08% 1.19° 0.96™ 0.08

Values are least square means (+ sem), n = 5
ab ) reans with different superscripts within the same parametric row differ significantly ( P <0.05)
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Table 2. Effects of duration of aestivation and reverse arousal on the sizes

of the oviduct of 4. marginata and A. achatina

PARAMETER SPECIES LEAST SQUARE MEANS SEM
LENGTH OF AESTIVATION (WKS) POST-AESTIVATION (WKS)
0 2 4 6 2 4 6
Weight (g) A. marginata  0.47 0.36 0.31 0.26 0.29 0.30 0.31 0.07
A. achatina ~ 0.34 0.26 0.24 0.21 0.34 0.42 0.47 0.07
Length (cm)  A. marginaia 0.78" 1.04%  1.06™ 1.22° 0.99% 1.44° 0.88% 0.12
A achatina  0.61° 0.61° 0.81° 0.64° 0.86° 1.11% 1.04% 0.12
Width (cm) 4. marginata  0.67 0.63 0.60 0.60 0.64 0.63 0.82 0.06
A. achatina  0.63 0.43 0.60 0.61 0.65 0.65 0.64 0.06

Values are least square means (& sem), n = 5
ab \ feans with different superscripts within the same parametric row differ significantly ( P <0.05)
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Table 3. Effects of duration of aestivation and reverse arousal on the sizes of the common hermaphrodite duct of

A. marginata and A. achatina o
PARAMETER SPECIES LEAST SQUARE MEANS SEM ﬂ
LENGTH OF AESTIVATION (WKS) POST-AESTIVATION (WKS)
0 2 4 6 2 4 6
Weight (g) A marginata  3.54° 262  1.74° 1.39° 3.16° 3.52¢ 3.50° 0.33
A. achatina  2.12° 1.60° 0.81° 0.75° 0.99" 0.84° 1.00° 0.33
Length (cm) 4. marginata  3.41 5.27 2.85 421 4.66 4.98 4.56 0.50
A. achatina 290 3.57 3.64 2.35 2.84 3.02 3.03 0.50
Width (cm) A marginata  0.81° 093 087" 0.82° 0.98% 1.08" 1.05° 0.09
A achatina  0.64* 061"  0.60° 0.8 0.59° 0.56° 0.67° 0.09

Values are least square means (+ sem), n =35

abe \ feans with different superscripts within the same parametric row differ significantly ( P <0.05)
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Table 4. Effects of duration of aestivation and reverse arousal on the sizes of the little hermaphrodite duct of 4. marginata
and 4. achatina
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PARAMETER SPECIES LEAST SQUARE MEANS SEM
LENGTH OF AESTIVATION (WKS) POST-AESTIVATION (WKS)
0 2 4 6 2 4 6
Weight (g) 4. marginata  0.26° 0.19%  0.14° 0.13° 0.13° 0.15° 0.17%® 0.02
A. achatina  0.06° 0.05° 0.03¢  0.02¢ 0.04% 0.05° 0.07° 0.02
Length (cm)  A. marginata  2.15° 3.00° 3.13° 1.95° 2.76™ 2.79% 2.97° 0.28
A achatina  2.01% 202"  1.88° 1.11° 1.48° 2.04% 2.37% 0.28
Width (cm) 4. marginata 024" 034" 0.36* 0.30° 0.29% 0.29% 0.31% 0.03
A. achatina ~ 0.41° 0.21° 0.23° 0.17° 0.18" 0.24% 0.23% 0.03

Values are least square means (£ sem), n =35
abed \ feans with different superscripts within the same parametric row differ significantly (P <0.05)
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Table 5. Effects of duration of aestivation and reverse arousal on the sizes of the albumen gland of 4. marginata and

A. achatina
PARAMETER SPECIES LEAST SQUARE MEANS SEM
LENGTH OF AESTIVATION (WKS) POST-AESTIVATION (WKS)
0 2 4 6 2 4 6
Weight (g) 4. marginata  7.78" 5660 487 3.21% 4.20° 6.58 7.88° 1.38
A. achatina  4.01° 2.12  1.02¢ 1.05¢ 2.53% 2.12% 2.11% 1.38
Length (cm)  A. marginata  4.63°  5.91° 3.06" 3.20° 3.77% 4.49% 3.97% 0.78
A. achatina  3.15° 3.00™  2.48° 2.75° 3.26° 3.20° 3.52° 0.78
Width (cm) 4. marginata  2.05 163 134®  0.88" 1.07% 1.41% 1.29% 0.45
A achating  1.90®  0.81° 075"  0.68° 1.08% 1.00% 0.99* 0.45

Values are least square means (+ sem), n =3
abe \ feans with different superscripts within the same parametric row differ significantly ( P <0.05)
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A. marginata had heavier (P < 0.001), longer (P < 0.001) andew{0.01) little hermaphrodite duct than
achatina. The weights of both species were significantiyused (P < 0.001) following 6 weeks of aestivatom
fully compensated when rehydrated and fed for 6kaekength followed a similar trend iA. marginata but
unaffected significantly (P > 0.05) i achatina. Consequently, the width & marginata did not significantly (P >
0.05) change with duration of aestivation and @esttivation but significantly depressed (P < 0&%) recovered
(P < 0.05) inA. achatina under the same treatment conditions (Table 4).

Albumen gland weight (P < 0.001), length (B.85) and width (P < 0.01) were significantly atkd by species.
A. marginata showed higher values for the three parametersAhachatina. Six weeks of aestivation significantly
(P < 0.001) depressed albumen weight in both spegtgich significantly (P < 0.001) recovered to thies-
aestivation values after 6 weeks of post-aestimaticA. marginata. Both length and width followed a similar trend
in both species (Table 5).

Discussion

Unlike several other organs, the vagina weigmgth and width of\. achatina are heavier, longer and wider
than that ofA. marginata. This agrees with an earlier observation of Abi@2@05) who described the vagina/of
marginata as tubular and short while that 8f achatina as tubular but long. The anatomical reason fos thi
moadification is not fully understood sinée marginata are known to lay larger eggs thanachatina (Omoyakhi,
2007). The weight and length were not significartfiected by length of aestivation and post-aestimain this
study. Rosiji (2005) however recorded higher vagiegght during the dry season in both species.

The oviduct length and width were higheAirmarginata than inA. achatina. This may be correlated with the
larger egg size laid b4 marginata. The length of the oviduct also stretched duriesti@ation but further increased
during arousal. This is similar to the report ofsifio(2005) that oviduct length showed higher valukiring wet
season than the dry season.

The influence of species on common hermapteahict (weight, length and width) has been obsgto be an
indication thatA. marginata has its reproductive tract more developed thah diad. achatina (Abiona, 2005).
Weight and width depressions during aestivation emsequent involutions when aroused are indicatmfthe
dynamics of reproduction as influenced by seasons.

Similarly, little hermaphrodite duct (weighength and width) and albumen gland (weigh, lengtld width)
were significantly higher iPA. marginata than in A. achatina. Weights, lengths and widths were significantly
decreased during aestivation. Albumen gland sizés achatina did not return to the pre-aestivation values when
aroused. Rosiji (2005) confirmed the influencededson and moisture level on the spermatheca wenghlength.
The effect of aestivation on the albumen gland Imaye been drastic because of its reproductiveifctiv active
snails. Besides, the secretion granules withirctiis of the albumen gland are usually broken dbwerinophagy
during starvation (Marijike, 1973). Wijsman, (198%)wever noted that glycogen and galactogen areingary
storage polysaccharides in pulmonate snails. Bolyspccharides are found in secretory cells ofatbemen gland.

If present in the albumen gland of giant Africandasnails, may play important role in energy precgsring and
after aestivation.
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