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ABSTRACT: The commercially important giant land snail Archachatina marginata has a pattern of life-history
and activity that is affected by seasonal changes in temperature and rainfall. Changes in the climatic
conditions of our region of Nigeria have been recently observed and there is need to understand the
influence of these changes on the reproductive physiology of these snails. Thus, this study examined the
seasonal variation in five hormonal concentrations in the albumen gland to create a baseline to inform
efforts to improve reproductive output. 240 A. marginata were obtained from the Department of Forestry
and wildlife management of Federal University of Agriculture, Abeokuta (FUNAAB), Ogun State, Nigeria.
The snails were acclimatised for three weeks and reared in the snail-rearing unit of the Department of
Pure and Applied Zoology (FUNAAB). Twenty (20) snails were dissected every month for twelve months
and the albumen gland separated. Samples collected were analysed in the laboratory (3 subsets of snails
for each month), using standard chemical methods. The results show considerable variation from month
to month, not all related to season or environmental variables. While all but FSH (Follicle Stimulating
Hormone) showed peaks at the beginning of the wet season (April or May), there were significant changes
within seasons that complicate analysis. It is notable that three hormones (luteinising hormone, oestrogen
and progesterone) vary in parallel, while testosterone and FSH vary independently of these and each other.
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INTRODUCTION

Giant African Land snails are a group of very large
hermaphrodite land snails in the family Achatinidae
(NGOWSIRI et al. 1989, EGONMWAN 2004). As with
most land snails, they are active mostly at night, or
in wet or overcast weather, but remain inactive when
it is dry (AMUSAN & OMIDII 1999, OMOLE 2001,
AKINNUSI 2014). They are a commercially important
item of diet in Nigeria and elsewhere, and A. margi-
nata is now farmed. Snail meat has become so popu-
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lar over the years that the supply can no longer keep
up with the demand (MURPHY 2001, EBENSO 2003,
PAOLETTI 2005).

It is known that the reproductive systems of some
land snails vary in size and chemical composition
with season. KOTSAKIOZI et al. (2016), found that
three Codringtonia species exhibited low lipid levels
in their genitalia during spring, maintaining these
concentrations at similarly low levels throughout
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the summer aestivation period. SODIPE et al. (2012)
found variation in penis width, at a maximum in the
rainy season in which the snails mated.

Within the reproductive system, the albumen
gland plays a key role in providing nutrients to the
eggs (BAYNE 1973, BOYLE & YOSHINO 2000, KIEHN
et al. 2004, MUKAI et al. 2004, ADEMOLU et al. 2013),
Its activity may be stimulated by a neurohormone
produced by the brain in Helix pomatia (GOUDSMIT
1975). As vertebrate-like sex steroids such as proges-

MATERIAL AND METHODS

The snails used in this study were collected from
the wild in Abeokuta, Ogun State, within the Rain
Forest Zone of Southwest Nigeria. 240 adult A. mar-
ginata, weighing between 124 and 192 g, were placed
in snail housing made up of three earthen cages (80
in each), each 8 ft by 6 ft, filled with loamy soil, set
up at the Snail Research Unit of the Department of
Pure and Applied Zoology, College of Biosciences,
Federal University of Agriculture, Abeokuta, Ogun
State.

The snails were left to acclimatise for 3 weeks af-
ter collection (OLA et al. 2016). They were fed with
ripe and unripe pawpaw fruits, watermelon lefto-
vers and fresh pawpaw leaves. The snails were fed
ad libitum, daily and remnants of the previous day’s
feeding were cleared before supplying any new feed
to avoid contamination and attracting insects. After
serving their feed, the snails were covered with mate-
rials such as, leaves of plantain and banana as mulch
to help preserve moisture.

terone, oestrogen and testosterone have been report-
ed in Lissachatina fulica (BOSE et al. 1997), Octopus vul-
garis (MAHA et al. 2009) and Biomphalaria alexandrina
(MAHA et al. 2009), assays of their levels in the albu-
men gland, a relatively large organ, over the seasons
might be reliable indicators of A. marginata reproduc-
tive condition. This study monitored these changes,
with the goal of aiding better management of A. mar-
ginata cultures in Abeokuta Ogun State, Nigeria.

SAMPLE PREPARATION AND LABORATORY
ANALYSIS

A total of 20 snails were selected randomly every
month for twelve months (GIOKAS et al. 2005), they
were dissected, their albumen glands were separat-
ed, and samples of the albumen gland were analysed
using ELISA kit (Monobind, USA) for the determi-
nation of follicle stimulating hormone, oestrogen,
progesterone, luteinizing hormone and testosterone
concentrations. The units of measurement differ
among hormones, following standard practice, and
are indicated in Table 1. Because single snails do not
yield enough material to conduct all five assays, an
estimate of error was obtained by separating the 20
snails into three lots (seven, seven and six snails) for
bulk analysis. The estimated error necessarily com-
bines instrumental error and any differences between
lots; it is generally very small (see below).

Table 1. Mean values of hormone concentrations in the albumen gland of Archachatina marginata in each month, the stand-
ard deviations (SD), and the confidence limits (CL) of the means. Dry season months are shown in italics. Full details

are given in the Appendix

Follicle Stimulating Hormone Oestrogen Progesterone Luteinising Testosterone
[mIU/ml] [pg/ml] [ng/ml] Hormone [ng/ml]
[mIU/ml]

Months Mean SD +C/L_ mean SD +C/L_ mean SD +C/L_ mean SD +C/L_ mean SD +C/L_
May 3.39 0.021 0.052 5.39 0.021 0.052 61.19 1.125 2.797 2.60 0.015 0.038 1.26 0.017 0.043
June 2.57 0.015 0.038 3.40 0.015 0.038 41.93 0.680 1.691 1.78 0.021 0.052 0.72 0.021 0.052
July 1.76 0.021 0.052 3.39 0.015 0.038 55.19 0.980 2.436 2.00 0.021 0.052 1.36 0.021 0.052
August 2.51 0.015 0.038 2.99 0.020 0.050 25.40 0.340 0.846 1.50 0.017 0.043 0.86 0.017 0.043
September 3.91 0.015 0.038 2.33 0.020 0.050 39.32 0.620 1.542 1.61 0.017 0.043 1.25 0.015 0.038
October 3.39 0.021 0.052 2.02 0.020 0.050 20.66 0.255 0.635 1.61 0.017 0.043 1.06 0.021 0.052
November 3.33 0.017 0.043 2.67 0.540 1.343 16.85 0.196 0.486 1.39 0.017 0.043 0.68 0.017 0.043
December 3.50 0.015 0.038 0.02 0.020 0.050 16.69 0.196 0.486 1.11 0.015 0.038 0.96 0.017 0.043
January 3.39 0.021 0.052 0.86 0.020 0.050 25.75 0.345 0.858 1.94 0.017 0.043 0.78 0.017 0.043
February 4.03 0.021 0.052 2.63 0.530 1.318 16.91 0.196 0.486 1.11 0.015 0.038 0.90 0.021 0.052
March 3.80 0.021 0.052 1.20 0.020 0.050 30.47 0.435 1.082 1.78 0.021 0.052 1.01 0.015 0.038
April 3.16 0.021 0.052 1.09 0.020 0.050 27.29 0.376 0.933 1.00 0.017 0.043 1.62 0.017 0.043
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STATISTICAL ANALYSIS

Examination of the data demonstrated that var-
iation among the three subsamples in each month
was usually very low (Appendix), and variation
among months was often highly significant. While
we have grouped months by season (wet: April to
October; dry: November to March), it is important
to note that there are significant differences be-

RESULTS

Changes in the concentration of the hormones
tested in the albumen gland of A. marginata across
the year are shown in Table 1. Details of individu-
al measurements and error estimates are given in
the Appendix. In general, confidence limits for the

tween months in each, and some overlap in mean
values. We have used Pearson two-tailed correlation
analysis to study co-variation among hormones and
between hormones and environmental factors, spe-
cifically, monthly data on rainfall and mean tem-
perature, derived from the Weather Station, of the
Department of Water Resources Management and
Agrometeorology (WRMA), Federal University of
Agriculture, Abeokuta, Ogun state Nigeria.

or May) were found in all but FSH. In relation to
weather records for each month (data not shown),
there were no significant relationships; all but FSH
showed weak positive associations with rainfall, and
weak negative associations with mean temperature.

Table 2. Annual and seasonal variation in hormone concentrations. Units as Table 1

Annual mean SD CV% Mean wet Mean dry
Testosterone 1.04 0.27 26 1.16 0.87
Luteinising Hormone (LH) 1.62 0.46 28 1.73 1.47
Progesterone 31.47 18.18 58 38.71 21.34
Oestrogen 2.33 1.44 62 2.94 1.48
Follicle Stimulating Hormone (FSH) 3.23 1.14 35 2.96 3.61

means in each month are very narrow, but we note
two apparently anomalously large differences in in-
dividual values for oestrogen (in November and
February; see Appendix). Further, there is a very low
mean value for oestrogen in December, and the co-
efficient of variation for this hormone is the largest
(Table 2). While there are differences in the mean
values for the wet and dry seasons (Table 2), there
is overlap in the values for individual months within
each period, and there are also significant differences
among months within each. While levels of LH, oes-
trogen and progesterone were strongly and positively
correlated (Table 3), concentrations of testosterone
and FSH varied independently of these and of each
other. Peaks at the beginning of the wet season (April

DISCUSSION

The results of this study revealed that the verte-
brate-like hormones (follicle stimulating hormone,
oestrogen, progesterone, luteinising hormone, tes-
tosterone) were present and affected by seasonal
changes in the snails studied. This is in agreement
with work done by ALON et al. (2007), who also
observed that these hormones show seasonal vari-
ations in the snails studied. It was also observed in
this study that majority of the hormones (oestrogen,
progesterone, luteinising hormone and testosterone)
were at a peak in the first two months of the rainy

Table 3. Correlations between concentrations of the five
hormones studied, based on monthly means (FSH - fol-
licle stimulating hormone; LH - luteinising hormone)

rsq r p
Testosterone/LH <0.010 <0.100 ns
Testosterone/Progesterone  0.198 0.445 ns
Testosterone/Oestrogen <0.010 <0.100 ns
Testosterone/FSH <0.010 <0.100 ns
LH/Progesterone 0.643  0.802 <0.01
LH/Oestrogen 0.412  0.642 <0.05
LH/FSH —0.062 0.249 ns
Progesterone/Oestrogen 0.494 0.703 <0.01
Progesterone/FSH —0.194 0.440 ns
Oestrogen/FSH —0.112 0.334 ns

season (May and April). This can be related to the
start of reproductive activities during the rainy sea-
son. The increase in oestrogen, progesterone and
luteinising hormone in the rainy season (especially
in May) relates to their sexual activeness and the re-
lease of gametes from the male and female gonads
during this period enhanced by favourable weath-
er conditions (WANG & CROLL 2004). According
to earlier research, constant watering tends to in-
crease the luteinising hormone concentration during
pre-spawning; OMOYAKHI et al. (2017) also report



¥4

Hormonal concentrations of Archachatina marginata snails

157

an association between oviposition and rainfall. D1
COsMO et al. (2001) showed that progesterone lev-
els fluctuated according to the reproductive cycle in
molluscs, being very low during the non-vitellogenic
period (dry season) and increasing at the onset of
vitellogenesis (usually rainy season). This hormone
also shows the greatest difference between wet and
dry seasons in our study. There are other reports of
seasonal variation in reproductive hormones in mol-
luscs (REIS-HENRIQUES et al. 1990).

Two hormones, testosterone and FSH, however,
did not conform to this pattern, nor did they vary in
parallel. While GOODING & LEBLANC (2005) reported
that molluscs frequently exhibit low free testosterone
levels during the non-reproductive phase and high
testosterone levels in conjunction with the reproduc-
tive cycle, variation in this hormone between seasons
was slight in our study, and had a low coefficient of
variation overall. In contrast, FSH was unique in be-
ing at higher concentrations in the dry season, and in
having a minimum in the middle of the wet season.
It may be that the hormone relates to post-reproduc-
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APPENDIX

Measurements of hormone concentrations (and the units of measurement) for each of three batches of snails in each
month of the study, the mean values and the estimates of variation around the mean. CL — confidence limits for each
estimated mean when there are two degrees of freedom, and the maximum and minimum values that lie within them.
Non-overlapping limits will be significantly different. Data for dry season months are shown in italics

Follicle Stimulating Hormone [mIU/ml]

Months May June July August September October November December January February March April
Rep 1 3.38  2.57 1.75 2.51 3.91 3.38 3.32 3.50 3.38 4.02 3.79 3.15
Rep 2 337 256 174 250 3.90 3.37 3.32 3.49 3.37 4.01 3.78 3.14
Rep 3 3.41 2.59 1.78 2.53 3.93 3.41 3.35 3.52 3.41 4.05 3.82 3.18
mean 339 257 176 251 3.91 3.39 3.33 3.50 3.39 4.03 3.80 3.16
SD 0.021 0.015 0.021 0.015 0.015 0.021 0.017 0.015 0.021 0.021 0.021 0.021
SE 0.012 0.009 0.012 0.009 0.009 0.012  0.010 0.009 0.012 0.012 0.012 0.012
CL 0.052 0.038 0.052 0.038 0.038 0.052  0.043 0.038 0.052 0.052 0.052 0.052
Max 3.438 2.611 1.808 2.551 3.951 3.438  3.373 3.541  3.438 4.078 3.848 3.208
Min 3.335 2.535 1.705 2.475 3.875 3.335  3.287 3.465 3.335 3.975 3.745 3.105
Oestrogen [pg/ml]
Months May June July August September October November December January February March April
Rep 1 538 340 339 299 2.33 2.02 3.20 0.02 0.86 3.15 1.20  1.09
Rep 2 537 339 338 297 2.31 2.00 2.12 0.00 0.84 2.09 1.18 1.07
Rep 3 5.41 3.42 3.41 3.01 2.35 2.04 2.69 0.04 0.88 2.65 1.22 1.11
mean 539 340 339 299 2.33 2.02 2.67 0.02 0.86 2.63 1.20  1.09
Sd 0.021 0.015 0.015 0.020 0.020 0.020  0.540 0.020 0.020 0.530 0.020 0.020
SE 0.012 0.009 0.009 0.012 0.012 0.012  0.312 0.012 0.012 0.307 0.012 0.012
CL 0.052 0.038 0.038 0.050 0.050 0.050 1.343 0.050 0.050 1.318 0.050 0.050
Max 5.438 3.441 3.431 3.040 2.380 2.070  4.013 0.070 0.910 3.948 1.250 1.140
Min 5.335 3.365 3.355 2.940 2.280 1.970 1.327 0.030 0.810 1.312 1.150 1.040
Progesterone [ng/ml]
Months May June July August September October November December January February March April
Repl 6230 42.60 56.16 25.73 39.93 20.91 17.04 16.88 26.09 17.10 30.89 27.65
Rep2  60.05 4124 542 25.05 38.69 20.40 16.65 1649 254 1671 30.02 26.90
Rep 3 61.21 4195 5521 25.42 39.34 20.68 16.87 16.71 25.77 16.93 30.49 27.31
mean  61.19 41.93 55.19 25.40 39.32 20.66 16.85 16.69  25.75 16.91 30.47 27.29
SD 1.125 0.680 0.980 0.340 0.620 0.255 0.196 0.196 0.345 0.196 0.435 0.376
SE 0.650 0.393 0.567 0.197 0.359 0.148 0.113 0.113 0.200 0.113 0.252 0.217
CL 2.797 1.691 2.436 0.846 1.542 0.635 0.486 0.486 0.858 0.486 1.082 0.933
Max 63.983 43.621 57.626 26.246  40.862  21.298 17339 17.179 26.612 17.399 31.549 28.220
Min 58.390 40.239 52.754 24.554  37.778 20.029 16.367 16.207 24.895 16.427 29.384 26.353
Luteinising Hormone [mIU/ml]
Months May June July August September October November December January February March April
Rep 1 259  1.76 198 149 1.60 1.60 1.38 1.10 1.93 1.10 1.76  0.99
Rep 2 260 1.77 199 1.49 1.60 1.60 1.38 1.11 1.93 1.11 1.77  0.99
Rep 3 2.62 1.80 2.02 1.52 1.63 1.63 1.41 1.13 1.96 1.13 1.80 1.02
mean 260 1.78 2.00 1.50 1.61 1.61 1.39 1.11 1.94 1.11 1.78  1.00
SD 0.015 0.021 0.021 0.017 0.017 0.017  0.017 0.015 0.017 0.015 0.021 0.017
SE 0.009 0.012 0.012 0.010 0.010 0.010  0.010 0.009  0.010 0.009 0.012 0.010
CL 0.038 0.052 0.052 0.043 0.043 0.043 0.043 0.038 0.043 0.038 0.052 0.043
Max 2.641 1.828 2.048 1.543 1.653 1.653 1.433 1.151 1.983 1.151 1.828 1.043
Min 2.565 1.725 1.945 1.457 1.567 1.567 1.347 1.075 1.897 1.075 1.725 0.957
Testosterone [ng/ml]
Months May June July August September October November December January February March April
Rep 1 125 0.70 134 0.85 1.24 1.04 0.67 0.95 0.77 0.88 1.00 1.61
Rep 2 125 071 135 0.85 1.25 1.05 0.67 0.95 0.77 0.89 1.01 1.6l
Rep 3 1.28 0.74 1.38 0.88 1.27 1.08 0.70 0.98 0.80 0.92 1.03 1.64
mean 126 0.72 136 0.86 1.25 1.06 0.68 0.96 0.78 0.90 1.01 1.62
SD 0.017 0.021 0.021 0.017 0.015 0.021 0.017 0.017 0.017 0.021 0.015 0.017
SE 0.010 0.012 0.012 0.010 0.009 0.012  0.010 0.010 0.010 0.012 0.009 0.010
CL 0.043 0.052 0.052 0.043 0.038 0.052  0.043 0.043  0.043 0.052 0.038 0.043
Max 1.303 0.768 1.408 0.903 1.291 1.108 0.723 1.003  0.823 0.948 1.051 1.663
Min 1.217 0.665 1.305 0.817 1.215 1.005 0.637 0.917 0.737 0.845 0.975 1.577




