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1. INTROZUCTION.

In recent years, the morphology of gasteropods has
received increased aftention because a better knowledge ¢*
the morphology and systematics of this molluscan group is
essential in the understanding and study of trematode life
cycles, as 1t forms an important basls in the understandin,
of the developmental stages of flukes. Moreover, some of
these snails also serve as intermediate hosts of the
trematode parasites of man and his domestic animals., In
order to use the morphological features critically in the
description of freshwater molluscs, it is of fundamental
importance to have a better understanding of the extent
and the nature of the morphological variation (Hubendick,
1951a), vecause the amount of inter- and intraspecific
variation presents one of the greatest difficulties en-
countered in the species demarcation in this suborder.

The range of variation in the various species of
Lymnaea Lamarck is, as a general rule, characterized by
the absence of clear geographical variation (Hubendick.
1951a), 2nd, on the other hand, the range of variation
within each separate population is very narrow {(Hubendick,
1951a).

The problems arising from a study of the variation
in this group of molluscs, are clearly illustrated by
the investigetions of Mozley (1935, gquoted from Berrie,
1959), In his study of two species of Lymnaea, this
author found that, in L. palustris (Miller) the range
of variation in any orne locality tends to approximate
that which occurs o%er the wheole territory occupied by

this animal, and in L. emarginats Say the range of any

one locality forms only a part of the geographical
variation. In Berrie's (1959) view Mozley (1935)

attributed the difference in the tybe of variation shown
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by these two species, to the fact that L. palustris, being
of very common occurrence in the area of survey (Canads),
had frequent opportunities for the interbreeding of stock

to take place. L. emarginata, on the other hand, was of

relatively rare occurrence which would make the transfer

of individuals less likely and so allowed genetic difference.
to arise between the various colonies. Although Berrie
(1959), in his study on the radula of L. peregra (Miller),
which is fairly obiquitous in the area where he conducted

his study (Northwestern Burope), expected the variation of

L. peregra to resemble that of L. palustris, he actually
found the opposite, vizm., that it resembled that of

L. emarginata. It is obvious, therefore, that while the

range of variation occuring in a population may in some
instances represent the total range of variation of the
géographical species, 1t in other cases represents only
a fraction of the total range of variation. On these data
the assumption that the relative occurrence determines
the type of variation range thus seems to be incorrect.
The nature of variation may largely be controlled
in two ways, viz., ecophenotypically or genetically.
Unfortunately, a study of the biological nature of the
morpho;ogical characteristics has largely been neglected
in the past (Hubendick, 19%la)}. I+ has often besn
suggested and, in some cases demonstrated, among others
by Simroth et al.(1918), Baker (1928), Rotarides (1932)
Wesenberg-Lund (1939), Boettger (1944), Hubendick (1951a),
Schwetz (1954) and Stiglingh et al. (1962), that ecologicszl
factors influence the shell in a number of ways. The
very features known to be influenced by ecological
conditions unfortunately are those most commonly employed

in species descriptions, viz., size and thickness of the

shell/...v..
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shell, zebrine coloration and the position of growth lin:c
(McCraw, 1957), colour, sculpturing (Stiglingh et al, 19¢.)
acquiring of sexual maturity (Wright, 1957), and the
degree of exertion of the spire in certain planorbid-
and bulinid snails (Schwetz, 1954 and Stiglingh et al.
1962 respectively).

In the study of freshwater snail systematics it seems
essential, firstly, to unravel the complex structure of
a single snail population (Wright, 1957), in order to
determine the amount and the nature of variation and,
secondly, to compare séveral populations from different

localities before one can properly establish the actual

species characteristics (Boycott, 1914).

The state of confusion in the systematics of the
femily Lymneseidae is, among other factors, primafily due
to the great morphological uniformity in individual popu-
lations, coupled with a wide range of variation within
the species (Hubendick, 195la).

A cursory investigetion of the literature dealing
with the species of the genus Lymnaea, indigneous to
Africa, reveals a general agreement that the large number
of specles described from this continent cannot all
represent valid species. Between the years 1848 and 1939
no less than 11 species were described from or reported
to occur in South Africa alone, of which Connolly (1939)
recognises only two as actually occurring in this

territory. These are L. natalensis and L. caillaﬁ@i

Bourguignat. In 1954 Mendahl-Barth reduced L. caillaudi

to a subspecies of L. natalensgis but in az letter of

later date to Professor J.A. van Eeden of this Institute
he expresses the opinion that even the subspecies

L. natalensis caullaudi can no longer be regarded as
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being distinct from L. natalensis natalensis.

An investigation aimed at a revaluation of the
systematic units within the Lymnaeidae, induced Hubendick

(1951a) %o link L. natalensis with the species auriculari:

(L.), rubiginosa Michelin, rufescens Gray and swinhoei

Adams, in the superspecies L. auricularis (L), although

conceding that L. natalensis more probably represents a

separate though closely related species of this unit.
As a possible contribution towards the ultimate
solution of the problem the present investigation is

aimed at determining some of those characteristics, of

the subspecies L. n. natalensis, which show a narrow rang:

of variation which can be used as itaxonomic hallmarks.
To satisfy this aim, the material selected, was

sampled from a single population of the same locality.

. MATERIALS AND TECHNIQUI.

The type locality of L. n. natalensis given by Kraussz

(1848) was simply stated as: "Natal, commonly". The
material used in this study, therefore, consisted of thre-
collectioné, made at about six—monthly intervals at
Henley Dam, on the Umsunduzi River, a tridbutary of the
Umgeni River, in the Pietermaritzburg district, Netal
(fig. 1).

All the snails were narcotised after the method
suggested by Van Eeden (1958), fixed in I 20% neutralizocd
formalin and stored in 70% glycerine slcohol. The
visceral mass was extracted with the sid of a pair of
forceps. Dissections were made under water. Linear
measurements of the shell were made from drawings, usging
a pair of sliding callipers. The outlines of the shell
were drawn by means of projection through a photo-

-enlarger at a magnification of about 7X. TFor this

purpose/.....



*peioajjoo alam mo_mEom 2y4 aJeym wpg xw_cm_._ ay4 JO UOLIRDO| Butmoys dow | 61

SITIW NI 3TVOS

: : ! ! Lol
¥ € Z 1 0 |
\_\v\%% ITVAN3dd pun \mc_._:mumE Mol}
> 7 =
\ . (g 5
AN .. m\ o H Z\SO.N
//0% mu e \\\.......\ - .|||m........
\ § R
\ v \\ X
/ ,v?nuavn/
v07z.lmv )
ll.uU/\.. |
%.\AV ' & G ....“....OmDmN.._.Ed,Emm_hm_n_ ons Buj|dus
<. 4 & Y N .t ~
05«0 ! v . .\\ Sy
.0 . g I\\ QV\O/ - 1...”
g ! L\fu ~a
’ / 7T
/ g \\ \SO %/ _.



-5 -

purpose the shells were glued to a glass slide and inserte:
into the photo-enlarger. In the case of the angular
increase of the spiral (p. 20 ), the measurements were

made under a dissection microscope fitted with a screw
micrometer eyepiece, at a magnification of 6X.

Whole mounts of the radulae were prepared according
to the method described by van Eeden et al. ( in press).
The radula teeth were drawn at = magnification of about
2,200X, by means of projection through an inverted micrc-
scope, slightly modified as suggested by CGoradkov (1951
The required measurements were made from these drawings
by using a pair of sliding callipers.

Whole mounts of 100 penes were made using the
technique of Van Eeden (1958).

Specimens of each of the three collections were
serially sectioned. The sections were cut from % to 10
b thick and stained with Mallory's triple stain. To
prevent the sand in the glzzard from damaging the micro-
tome blade, it was necessary tc remove the entire gigzzars
and part of the intestine, as suggested by Carriker et =l.
(1946). In addition to the above, the penis complex and
proximel parts of the reproductive system were removed
from some specimens and sectioned individually.

SHILL.

3.1, Horphological or Qualitative Analysis.

The criticism of Stiglingh et al. (1962) of the
existing verbal descriptions of the shell of Bulinus

tropicus (Krauss) like.ise applies to L.n. nat@%eﬁis.

Figures 2 - 24, which depict$ the variation in shape
encountered in & series of 155 shells with a size range
of 9.5 - 15.7 mm, from the same hzbitat, reveal§ that,

whereas all these descriptions are valid for some shells,



Figs. 2 - 24. Some of the shell variations occurring in a sample of 155 specimens of
L. n. natalensis.









L length of spire,
(see fig.28)

Fig. 27. Diagram illustrating the method of measuring the shell dimensions.
A ~ B = Length (L}); C - D =Breadth (B); E - B = Aperture Length (AL);
F - D = Aperture breadih (AB); Z - B = Length of Ultimate whorl (UWL);
C - G = Breadth of Ultimate whorl (UWB).

Fig. 28. Diagram illustrating the method of measuring the spire length
(A - Z) and spire angle (HAD) .
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none of them adequately characterizes the species.

With reference to general appearance, figs. 2 - 4
represent the shapes most commonly occurring in the
samples, whilst figures 5 - 8 illustrate the most slender
shells and figs. 21 - 23 the extreme "globosge" shells.
Due to the gradual change from one extreme shape to the
other, I found it impracticable to determine the per-
centage occurrence of the specific shapes in the series.

The shape of the periphery of the left side of the
ultimate whorl, viewed from the aperturc, varies from
bulbous in the apical region and stralght or pointed to-
wards the umbilicus (figs. 11, 15, 21), through evenly
rounded throughout (figs. 5, 7, 12, 13, 18, 19, 20, 22),
to shells displaying a slight bulbous or angulsar basal
region (figs. 9, 15,23).

The outer lip of the aperture is evéﬁy rounded in
most cases but may also be slightly flattened (figs. 9
and 24) or f=intly swegulsr (fige. Ty B 16, 19, 23, 24),

The base of the aperture may join the columella
in a broadly rounded curve (figs. 5, 6, 8, 14, 16), may
be distinctly drawn out where it joins the columella
(figs. 2, 7, 9, 10, 13, 18, 21) or may be intermediate
between the two conditions.

The apical angle of the aperture varies from
distinctly acute (figs. 13,17,18, 20) to almost or even
90° (figs. 2, 3, 4, 7, 8, 11, 16, 21).

3.2. Bloaetrical or Quantitive inalysis.

Biometrical analysis of shells, in spite of its
limitations as a technique in the taxonomy of freshwater
snails (Schutte and Van Eeden, 1959a), serves a most

useful purpose in so far as it facilitates the exposure,

and elimination from consideration, of those features

of @ s ems
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of a populatidn which might create a misleading picture

of the actual species characteristics. . Such features

are, among others, immature specimens (Abbott, 1952),

senescent survivors of older generations (Wright, 1957,

successive generations in the adult range, and broken or

malformed shells (ibbott, 1952).

Abbott (1952) Wright (1957), Hubendick (195la) and
Solem (1955) largely avoided this difficulty, and elimin:-
ted some of these above-mentioned features, by studying
either adults only, or only a certain percentage of the
adults in a sample. In the present study the nmain reasonu
for the different procedure adopted in the statistical
treatment of certain alleged taxonomically important
cheracteristics ¢f the shell, are as follows:

l, The somewhat debatability of the method of determinin:
snail maturity by means of the proposed "mirror
image" method of Wright (1957) or the "percentage’
method of Abbott (1852).

2., The abgence of a tell-tele characteristic, such as
the presence of & reflected lip in the adult

snails of Mesgodon ferrigsi Pilsbry (Solem, 195%5),

in L. n. natalengis.

3. The presence, in the adult raenge of my series of
specimens, of mainly two delimitable age ranges
in each collection (fig. 25) which, if separated,
would result in too few individuals to be
gstatistically treated.

Fig., 25 is the size-frequency histograms of snail
samples collected at roughly six-monthly intervals, fron
which shells of less than 9.5 mm. altitude are excluded.
Observations made on the hermaphrodite organs establish.d
that snails of 9.5 mm. in shell length, and larger, are

definitely sexually mature and by selecting only these
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Fig. 26. Possible correlation between the flow of the Umsunduzi River (belaw) and the shell size distribution of the three samples (above) . The size
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sizes, immature specimens were therefore eliminated. Thig
‘however, does not denote that a shell length of 9.5 ma .
represents the transition between immature and mature
steges, but is merely a convenient size for the eliminatic:u
of all juveniles. However, even after elimination of the
"Juvenile element", which is congidered to be regponsibic
for the bimodality ih the graphs drawn by Abbott (1952,

p. 102 fig. 42), and Solem (1955, p. 86 fig. 2), a
m:ltimodal pattern (the pezaks in the histograms, fig. 25)
sti1l prevails in each of the histograms drawn here.

During regular visits %o his collecting sites, McMullier
(1947, quoted from Abbott, 1952), who noticed similar

peaks in the measurements of colonies in his studies on

the growth rates of the amphibious snail Cncomelania

guadrasi Moellendorf, was able to establish that the waves
of the young snails slowly move towards the main peak of
the adults. Similar waves were also recorded by Solem
(19%5), McMullen et al. (19%1) and Abbott (1952). Abbotlt
(1952) referred *to the first wave as "simply an aggrega-
tion of immature specimens'", and considered it to be

"o factor that will vary according to the reproductive
cycle of that population” (p.100). In the analysis of
the sizes in my samples, an aggregation of different w.e
can be seen in the adult wave. The reason for this wilil
be indicated below. Abbott (1946) also showed that rein
and flood periods brought about an increase in egg
production which resulted in similar waves to occur in
the measurements of the developmental stages of the egun

of Oncomelania. {(guoted from Abbott, 1952).

If the flow of the Umsunduzi river, in which the
collecting site is situated, be compared with the
distribution of the sizes in the samples, my Tfindings

apparently confirm those of Abbott (1946). The compariscn
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is done by reference to fig. 26, which illustrates the
possible correlation between the size-frequency
distributions of the three samples and the five-daily
flow of the Umsunduzi river, expressed in cusecs/second/
day, measured where the river enters the dam. The flow
data were obtained from the Hydrogra?gc surveyor of tho
Department of Water Affairs. The peaks in the flow
histogram indicate rains in the catchment area,

The sampling site of my collections is situated in
cavities in solid rockbeds of the FEcca series (Schounbze,
in preparation) which were submerged in about 6 inches
0f very slow flowing water, directly below Henley Dam.
The habitat was subject to occasional flooding as a resulti
of the opening of the sluices of the dam after rains in
the catchment area. Thus an increased flow recorded in
the river also indicates flcooding of the habitat. This
resulted in a total replacement of the water in the
habitat and also the washing away of a large portion of
the population, This accounted for the relatively few
specimens in the samples and also prevented over-
population of an otherwise ideal habitat (i.e. nearly
stagnant water, abundance of Algae for food and probabi:
the absence of competitors, such as other snail specien..

Iwo rain seasons were recorded from January 196C to
June 1961. The first season was shorter in duration i
the rain was less in quantity than the second season.

The first collection was made about one and a half monti:
after the last rains of the first rain season (June 196G,
the second about midway through the second rain season
(February 1961) and the last about one and s half months

after the last rains of the second rain season (June 1901, .

If/cuusn
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If the waves of the sige frequency histogram be
fitted with the peaks of the flow histogram, as is done
by means of ‘the dotted lines in fig., 26, a certain
correlation 1s observed between the histograms, which
may be interpreted as suggesting that a generation of
snails originated after each flood, because two closely
successive floods coincilde with two closely successive
waves or generations, and, likewise, lulls beitween flocdn
are reflected by a greater spacing between the successive
size waves (generations).
From this correlation between the flow, or more
correctliy, the flooding of the habitat, and the different
sheil sizes, it is deduced that: |
1. The waves in the size frequency histograms repregen™
survivors of different generations. This is in
accordance with the interpretations of Abbott
(1952), McMullen (1951) and Solem (1955).

2., PFloods may be of considerable importance to the
reproductive cycle in the population. This
agrees with Abbott's (1952) statement and confirms
the suggestion of Gaud (19%6). In fact, gaud
maintains that the theory in which floods play a
part is one which explains most satisfactorily

the seasonal rhythms of Bulinus truncatus Audouln

in Northern Africa, Bgypt and Irag.

3. Tlood records can be used as an indirect indicatiown
of the number of generations and the relative ages
of snails present in a population where this
cannot otherwise be established. This knowledge
can be used to eliminate the somewhat relative
sorting of ages as wasg done by Schutte and Van

Eeden (1959a).

L/ veenns
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A knowledge of the age and number of generations
in a sample greatly facilitates the interpretation of
the statistical results in so far as it reduces the
poesibility of misitaking variability due to age for
variability due to other causes.

In order %o simplify the complex features of the
snail population chosen for the investigation, it was
decided to take into.consideration only those snails
with a shell length of between 10.3 and 11.8 mm. i.e.
the group falling vetween the two dotted lines in fig.:'.
This particplar size group was selected for more than
one reason. in the first instance it was the size group
most abundant in my samples. Secondly, & histological
investigation of the hermaphrodite gland revesled snuilo
with a shell length of 10.3 mm. to be definitely sexucll;
mature. Moreover, the sample collected in June 1961
contained no specimens smaller than 10.3 mm. On the
other hand, shells bigger than 11.8 mm. often showed
erosion of the apex (fig. 24) which naturally affected
the exactness of the measurements. An additional
consideration.was the fact that, by this selection, any
senegcent survivors of previous generations were
auntomatically excluded.

Tables 1 - 4 represent the results of a statisticul
analysis of the following linear dimensions, measured
as indicated in fig. 27. The symbols employed for the
various dimensions, throughout this paper, are as Tollc .

L = entire shell length; B = maximum shell breadtl:
UWL = length of ultimate whorl; UWB = breadth of ultimw: -
whorl; AL = aperture length; AB = aperture breadth.

In addition to the analysis in tables 1 - 4, normal

distribution curves of the above-mentioned dimensions
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were drawn (figs., 29 - 34). To facilitate comparison,
the individual scales were either reduced or expanded

to fit the same approximate horizontal scale, irregpectiv
of the actual magnitude of the measurements.

Tables 1 - 4 show that the average vzlues for all
these dimensions were numerically smaller for the June
1960, sample than for the sample of the same month in
1961. This could be expected because younger snails
were found to dominate the sample of the June 1960,
collection (fig. 25a), whilst the equilibrium has shiftis
towards older age groups in the June 1961 sample (fig.25:)
with a resultant increase of the average numerical valu:s
of the latter (fig. 35). The February 1961, collection
(fig. 25b) on the other hand, is composed of more or lesc
even numbers of younger and older generations, thereby
providing a composite picture of both the June 1960Q and
dune 1961 collections. It therefore occupies an inter-
mediate position, with regard to the means, between the
two respective June samples of the successive years
1960 - 1961,

A comparison between the coefficient of variabilit,
of the various dimensions of the June 1960 and June 1941
collections (table 5) indicates an overall greater
variability in respect of the relevant characteristics
of the latter. It can therefore be deduced, with some
certainty, that the older age groups are less subject
t0 variation than the younger ones.

In table 6 the sample means of the three respective
collections are statistically compared with the aid of
student's t-distribution tests on the 95% level of
significance. From this table the folloWing deductions

can be made:

(a) Those/.....
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See iegend.
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Legend. _ June 1950 collection.
----------- February 1941 collection.
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given in fables of ordinate Moroney, 1951, P. 118).

Figs. 29 - 34, Mormal distribution curves of the lineor dimensions ynder consideration.
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(a) Those features where length dimensions of the
shell are involved, viz., L, UWL and AL, show
fewer differences of significance than the
breadth measurements B, UWB and AB. This
indicates that, in the three collections under
discussion, length igs less subject to extreme
variations than the corresponding breadth
measurements.

(b) The dimension AL (and possibly UWL, if the single

significant difference be neglected), which

does not show differences of significance between
the sample means, -although showing some variation
(tables i, 2, 3 and 4), might be a relatively
reliable feature in the delimination of the
species.

In order to esbtablish whether the differences
between the means of the samples were due to voriation
alone and not to subspecific differences, the Coefficicnt
or Difference test (CD) (Mayr, et al, 1953) was appl:c’.
In none of these tests were the conventional level of
subspecific difference exceeded., It can therefore brs
assumed that the differences in the means are due %o
normal veriations to which a sneil population is subjec
As will be indicated below (p. 17 ), this variation could
largely be attributed to the compositional digtributiou
and overlapping of age groups in the different samples.

The ratios statistically analysed are:

1. Shell length : shell brezdth (L/B). This ratioc
expresses, numerically, the situation of the
whorls relative to each other or, more correctly,
$he phenomenon resulting from it (Hubendick 1951::,

as well as the relation between the increase in

diameter/.....
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diameter of the body whorl and increasing shell
length (Wright, 1957). |

2, Shell length : length of aperture {(L/AL). In this
type of shell this ratio provides an indication
of the degree of exertion of the spire, for if
the spire is strongly depressed the ratio will
apprbaoh unity and it will increase with the
increasing exertion of the upper whorls, or morse
properly, the descent of the body whorl (Hubendick
1951a).

3. Length of aperture : breadth of aperture (AL/AB).
This ratio gives an expression of the shape of
the aperture for ags it approaches unity so the
shape approaches the circular condition etec.

4. Length of ultimate whorl : shell breadth (UWL/B).

5., Shell breadth : aperture breadth (B/4B). The two
last mentioned ratios both reflect the degree of
slenderncess of the shell. A4s it increases so the
shell becomes progressively more globose and
visa versa.

These ratios were analyzed along similar lines

as the linear dimensions. Among the information to b

derived from the tables 7 - 10, the following may be

noted. When compared in respect of similar ratios
and size range, the mean values and scatter for the
three samples differ from one another to'a variable
degree (See also the curves ~f figs. 36 - 40). The
significance of these diversities between the means
of the same ratics were tested with the students
t-distribution tables at 95% level of significance,

and the results are given in table 11.

These tests established that, in regard to the

embracing/. ...
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embracing of the whorls and the relation between
increasing length and increasing breadth of the body whe ol
(L/B), the relative size of the ratios shell length

to aperture length (I/AL), and the shape of the aperture
AL/AB, there exists no differences between the samples,
and accordingly, no differences between younger ang

older snalils., In regard to the slenderness of the

shell (reztios UWL/B and B/AB) there exist variable
significant differ.nces between the collections, i.,e,
between younger and older snalils.

The analyses of variability of the ratios (table 1I)
and the linear dimensions (table 5) suggest that the clde:
snalls are less subject to extreme variabiliiy than
younger snalls.

Scatter diagrams were plotted to determine the
mutual relations of some of these linear dimensions and
some of the ratios of these dimensgions, in this limited
size range (see page 11 and fig. 25). Some of those
dimensions and ratios (UWB, UWL, B/AB), which vary
considerably, were omitted in this analysis of
correlation. TFig. 41 indicates that shell breadth (B)
increases concordantly whith shell length (IL). Similsr
relations are revealed between aperture length (AL)
and shell length (1) (fig. 42), aperture length (AL)
and length of ultimate whorl (UWL) (fig. 43), aperture
length (AL) and aperture breadth (AB) (fig. 44). These
relations indicate that the snails are still aciively
growing at the ages represented in my series.

The ratic L/AL has been shown to increase with
increasing length both in L. palustris (Peters, 1938)

and in Bulinus (F.) jousseaumei (Dautzenberg) (Wright,

1957), and McCraw (1961) has demonsirated that in
L. humilis/....
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Fig. 35. The number of snails of each group plotted against the collection periods.
The solid circles indicate snails with shell lengths of 11.1 mm. and larger.
The white circles indicate snails with shell lengths less than 11.1 mm. The
connecting lines denote the shifting of equilibrium from dominance of
younger snails in the June 1960 sample, through nearly a balance between
the age groups (sizes) in February 1961 fo the dominance of the older age
groups in the June 1961 sample .

Figs. 41 - 48. Diagrams illustrating the relations between linear shell
dimensions and some of their ratios.
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L. humilis Say the ratios shell breadth/length and
aperture length/shell length change as the shell length
changes.

Fig. 45 shows that, in spite of increasing shell
length, L/AL remains fairly gonstant in the size range
10.3 to 11.8 mm. This suggests that although this ratio
changes during growth, as was demonstrated by Peters
(1938), Wright (1957) and McCraw (1961), it remains
constant in shells of similar sizes. This, furthermore,
underlines the fact that where the ecological influencos
to which they were subjected were the same, snails of
similar shell sizes are directly cbmparable with each
other in respect of this ratio. The relations of the
ratios L/B (fig. 46) and L/AL (fig. 45) to increasing
shell Jength show the same tendencies, although the
former (fig. 46) are subject to more extreme variations.
The scatter diagram (fig. 47) reflects no correlation
between the shape of the aperture AL/AB and increasing
length (L), which indicates that the shape of the
aperture is not affected by age. From fig. 48 it is
evident that there likewise exists no relation between
the shape of the aperture {(AL/AB) and the relative
positions of the whofls to each other as expressed
by the ratio L/B. The shape of the aperture (AL/AB),
as expressed by this ratié, might therefore prove 1o
be a valuable criterion of the indentity of the specie:.

In order to test Wright's (1957) warning that the
time of the year at which a particular sample was
collected, 1s important, the composite sample, ‘
obtained by pooling the three different collections,
was analysed statistically and compared with each of

the three individual collections. The results of the

analysis/.....
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analysis of the composite sample are tabulated in the
same tables as those of the individual samples. The
significance of the differences between the means of the
samples and those of the composite gample were tested at
the 95% level of the students t-distribution table and
the resuits are recorded in tables 13 and 14.

Among the conclusions 1o be arrived at from a study
-0f the relevant tables, the feollowing may be mentioned:

With respect to both linear dimensions and raztios,
the composite sample closely resembles only the February
sample because they contain the same proportion of young
and old snails and relatively few of the intermediate uze
groups. Likewise, the differences between the composite
sample snd the two June samples may be explained by the
difference in the size groups which each contains and
this, in turn, can be linked with the effect of rain
periods on the two latter samples,

The composite samples, on the strength of its largcr
number of spscimens, yields a more sccurate estimate of
the true characteristics of the population, but cannot
provide reliable information on the variability due to
specific influences to which a biological unit is subject.
Finally it is inadvisable to attempt to deduce the
characteristics of the species from & single sample since,
as in the present investigation, only one out of three
or even more, samples might sufficiently approach the
actual speciles charactsristics as revealed by a population

It must, at this stage, be noted that the measure-
ments of the largest samples examined in the foregoing
analysis, are distinctly émaller than those given in the

literature for adult specimens of L. n. natalengis. Fcr

instance, the length of & "typical shell" is given as

15 mm. (Krauss, 1848; Pilsbry, et al. 1927; Connoclly, 1337,

Mandahl-Barth/.....
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Mandahl-Barth, 1954) and as 15.82 mm. (De Azevedo, 1957).
All the dimensions given by the latter zuthor are based
on five specimens. The largest specimen recorded is
from Umhilo, Natal, and is 24.6 mm. long and 14,7 mm.
broad (Connolly, 1939). The other dimensions given for
the adult shell are as follows:

Shell breadth:

9.937 om. Krauss (1848)

9.2  mm. Connolly (1939)
10.0 mm . Mzndahl-Barth (195%4)
9,39 mm. De Azevedo {1957).

Apertare length and breadth:

1.0 mm., 6.1 om. Connolly (1939)
1.0 mm., 7.0 mm. Mandahl-Barth (1554)
12.98 mm., 5.93 mm. De Azevedo (1957).

Length of ultimate whorl:

13.5 mm. Connolly (1939)
14,44 nm, De Azevedo (1957).

Although it has already been decided (p. 16 ) that,
where the conditioning ecological influences were the
same, only shells of the same size are directly comparabi:
with each other, the desirability has been felt to comparec
my own dsta, pertaining to dimensions and ratios, with

those given for L. n. natalensis by other authors. In

order 1o reduce the limitations of a comparison of this
nature, Wright's (1957) method for determining the
probable dimensions of the adult snails in his population
was adopted. In the course of this procedure 1 compared
the means of my samples firstly with the dimensions

given in the literature and, secondly, with the

excepiionally large specimens in my samples.

This/.....
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This method involves the calculation of the percent: .
increase from the mean shell length, as determined in
this study, to the shell length given in the literaturs,
having done wnich, the means of the other dimensions
empioyed in my anclysis can be increased by the same
percentage, thus rendering my data comparable with the
dimensions given in the literature.

The practical applicaticon of this procedure is that
the dimensions of specimens (or the means ¢f a number of
specimens from the same population) to be identified can
be substituted either for the largest specimens in the
sample (tables 27 - 32) or for the dimensions given in
the literature (tables 15 - 26). The results of this
procedure are given in tables 15 - 32, from which it is
obvious that, apart from two of De Azevedo's (1957)
dimensions, which could be due to different methods of
measuring, the transformed data suggest that the techniqu.
could be reliable. However, confidence limits as to the
magnitude of'the differences between the transformed dzt-
and the real measurements, are yet to be calculated when
more data are available of the magnitude of the differenc:.
which may be regarded as being significant.
3.3 Spire.

The spire of L. n. natalensis has been described as

short (Krauss, 1848; Connolly, 1939; Hubendick, 195la),
acute (Krauss, 1848; Connolly, 1939; Hubendick, 195la;
De Azevedo, 1957), broad, narrow and occupying up to 1/4
of the total height of the shell (Mandahl-Barth, 1954)
and 1Ts contours merging gradually into those of the
body whorl (EHubendick, 195la).

Due to the high variability of the spire length
(figs. 2 - 24){in my series the coefficient of variabilit;

is 14%) it is not useful as a species characteristic

{(Hubendick/.....
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(Hubendick, 1951a; van Aardt, op.cit.). However, by
measuring the increzse in the distance between the apex
and the peripheral contours of the whorls at 90°%, 1809,
360° etc.,, Hubendick (19%5la) established a useful formul:
whereby the phrase "the whorls increase rapidly" may be
expressed numerically.

If the means of the measurements, taken after the

manner described by Hubendick (1851a), of 1CO shells of

L. n. natalensis are plotted on the same scale (fig. 49)

ag similar curves drawn by Hubendick (1951a), the curve

of this specieg is found to be about halfway between

those obtained for the "lagotis" and "ovata" types. In

this respect, therefore, L. n. natalensis represents o
form intermediate between the two types mentloned.
Support for this conclusion can be derived from &
comparison of figs. 2 - 24 with Hubendick's (195la) linc

drawings of the lagotis and ovata types in his figures

1b and ¢ on p. 8. The spire of L. n. natalensis has
the general outline of the lagotig type but is more
depressed than that of the ovata type, or, expressed
differently, its whorls embréce each other more than
those of the lagotis t,pe but less than those of the
ovata type. An infteresting feature of the L. n. natalensi®
curve (fig. 49) is the possession, at 540°, of a
deviation similar to that exhibited by Hubendick's
ovaeta type curve. This deviation represent an irregular
increase of the whorl at this stage of growth, the cause
of which is unknown to me.

The spire angle H AT (fig. 28) expresses the
verbal description "acute" numerically. The mean velue
of this angle was found to be 70.0° t 3.7° (standard
deviation) with a variance of 1,40 and a coefficient of

variability of 5.4% for the composite sample.

The/.....
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The number of whorls in my composite sample, for the
limited group studied, ranges from 3% - 4 (fig. 50) zs
compared with 5 (XKrauss, 1848), 4 (De hzevedo, 1957) and
4 - 5 (Mandahl-Barth, 1954).

3.4. Description of Shell.

My series agrees with the following descriptions:
The whorls increase rapidly (Connolly, 1939; Mandahl-
Barth, 1954; De Azevedo, 1957), the ultimate whorl nearly
comprising the entire shell (Connolly, 1939). The sutulc
may be rather deep (Mandahl-Barth, 1954) and well defined
(Connolly, 1939; De Azevedo, 1957) and the whorls sre
evenly rounded (Pilsbry et al. 1927; Mandahl-Barth, 1954-
De Azevedo, 1957).

The colour ranges from greyish (Mandahl-Barth, 1954)
to corneous yellowish (Krauss, 1848 and Connolly, 1939).
The greyish shells usually seem to be more fragile and
the colour is mcst probably dependant on ecological factsyn

sSome specimens display alternsting dark and lighter
bands, the sccalled zebrine coloration. Hubendick (1951:..,
considers this phenomenon to be ecologically governed
and ¢f no ta%onomic importance.

The callus which in most cases is white, may be
absent in some specimens (figs. 2 - 24). Invariably a
narrow umbilical chink is present. The shell is gloss,
(Krauss, 1848; De Azevedo, 1957). This is more evident
in shells which had previously been cleaned with oxalic
acid.

The shell is thin (Krauss, 1848: Connolly, 1939;
Mandahl-Barth, 1954), fragile (De Azevedo, 1957), trans-
parent (Kravss, 1848; Connolly, 1939) or semi-transparent

(Mandahl~Barth, 1954).

The/.....
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The sculpture, in my series, consists of fine grow i
lines only and lacks any trace of the occasionally occuri..

longitudinal puckers referred to by Connolly (1939).

. RADULA.

In spite of the limitations of the radula as a means
to characterise species, particularly in the case of the
Lymnaeidae (Annandale, 1925: Rosskowski, 1929; Wagner,
19305 Hubendick, 195la), much may still be gained by
supplementing the morphological data with a biometrical
analysis, such as has been done by Berrie (1959) in his
excellent paper on the radula of L. peregra. In order
to be able to evaluate ny own results in the light of
Berrie's (1959) work, the biometrical methods adopted by
this author has, to a large extent, been closely followed
in the present investigation.

4,1 Morphology.

The radule formula of L. n. natalensis, as reflecicu

by the mean teeth number of the tenth transverse row of
50 radulae, is as follows: 22 ¢« 8 : 1 : 8§ : 22 X 81.
The number of individual teeth varies as follows:
{19 - 27) =+ (7 ~-9) « 1 : (6 -9) ¢ (20 - 26) x (74 - 93).
As wes found to be the case in various populations
of the Australian lymnaeid, L. tomentos (Pfeiffer)
(Boray, 1961), the number of teeth on one side of the
central tooth may differ from that on the other side,
suggesting that the two sides vary independently of each
other, This conclusion ig supported by my own blometricdl
analysis {(p. 27 ).
For the sake of objectivity the first marginal Toot.
has been considered to be represented by that one, counti::
from the central, in which any one of the cones, usually

the endocone, is subdivided into different denticles
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(fig. 51, no. 10). 1In most cases this splitting of the
cone into denticles occurs &t the point where the
transverse row is deflected anteriorly. Proceeding
laterally from the central, the teeth become progres-—
sively more obliquely placed, larger, and the ectocone
becomes much reduced and comes to lie further below the
mesocone 1n each successive tooth. From the 9th to 1lth
teeth, the endocone is usually replaced by two or more
denticles which, however, may be wanting altogether. In
one radula out of 50, these denticles already ocourqed
on the Tth tooth. The mescocone may sometimes be divided
into two denticles of the same height as those of the
endocone, though in most cases, it remains undivided an?
becomes reduced to about the saue size ss the denticles
of the endoccone.

Central.

The centrals are bicuspid (fig. 51) and very small
compared to the other teeth on the radula. The small
cusp on the right side of the malin cusp seems to dis-
appear after the 10th - 15th transverse row. The malin
cusp is larger in the first 10 transverse rows and
diminishes in size further on, until only the base is
left., This is due to detrition. It would appear thut
the cusps of the central teeth are more subject to
detrition than the other teeth, because they are already

worn where the other teeth are still unworn.,

Laterzl.

The laterals are tricuspid (plate 1 and fig. 51)
and represent the largest teeth on the radula. The
mesocones are the 1argest-cusps on these teeth and,
proceeding laterally, they become more pronounced

(fig. 51). 1In most cases the endocone is undivided,



* |R44UBD Y4 JO Bpis JYBIL DY} UO MOI BSIBASUDY * Y] B44 JO Y492} jo Mol aga|duwod ¢ [ *Biy o — - ~




‘auooopua 7 adA} = (g ‘euosossw ¢ adAj = o ‘suooosew g adAy = g ‘aucdossw | adAj = ¥ Y498} |DIBID] * IS S} JO SBUOD BY4 O adoyg *¢¢ "By

auooopua paplAlp b Bujipusn|[l Y400} [PIBIRL Y " ZG ° Bi4

v €5

T

BINS

- +quony -1G * B4

auod0iod mCOUOTCG

|SUODOsTW




Plate 1. Some central and lateral teeth of the radula of L. n. natalensis.
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but in a few specimens some of the endocones are divided
into two small denticles (fig. 52). These cases are,
however, regarded as anomalies.

The shape of the cones of gome lateral teeth.

The first and sixth lateral tooth on both sides of
the central of the 10th transverse row, were selected
for the study. These teeth were examined in 57 radulae,
twenty-five each from the February 1961 and June 19041
collections. Since the left and right sides of one
transverse row were found to give independent records
of the variability in teeth numbers, I combined the duta
obtained for the two sides, in order to get a larger
sample, from which the conclusions can then be extracted.
Thus the conclusiong given below are based on 100 first
lateral teeth and 10C sixth lateral teeth.

Pirst lateral teeth.

Mesocones.

Three main types occur most commonly:-

The first type may be termed the angular type,
because the edges converge from the base and then
suddenly taper more sharply towards the apex (fig. 534).
This type was encountered in 66% of the February
collection and 58% in the June collection.

The gecond type is asymmetrical in as much as only
the median edge is angular, whereas the latersal edge
may either be straight, convex or concave {fig. 53B).
This type occurs in 30% of the February, and 32% of the
June collections.

The third type is more or less triangular, boih
edges being either straight, convex or sllightly concave
to a variable degree (fig. 53C). This type occurs in

4% and 8% of the two successive collections.

Eetocones/ .. ...




Ectocones.

The ectocones are simply triangular, about
equilateral and variable in size (figs. 53A, B, C and ..
Indocones.

Two types occur:-

In the first type the median edge is convex while
the lateral edge is concave (figs. 534, B and C). This
type was encountered in 88% of the February znd in J42%
of the June collections.

in the second type, the cone is simply triangular
with both edges more or less siralght (fig. 53D). This
type occurs in 12% of the February and in 18% of the
June collections.

An analysis of the foregoing data reveals that the
most commonly occuring endocone-mesocong combinations,
in order of freguency, are first type endocone with fire.
type mesocone and first type endocone with second type
mesocone. The remalning possible combinations are

infrecguent.

Sixth Lateral.

Mescocones.

Four types occur:-

The first three types are the =zame as those descrilbeu

for the first lateral wznd are referred to in the same
order (fig. 54A, B and C).

The fourth type (fig. 54D) is exactly the opposite
of type two, the lateral edge being angular and the
median edge siraight, convex or concave.

Type 1 mesocone occurs in 58% and 54%, type 2 in
26% and 22%, type 3 in 14% and 18%, and type 4 in 2%

and 6% of the Pebruary and June collections respectively.

Bctocone/.....



Fig. 54.

Fig. 55.

Shape of the cones of the 6th lateral teeth. A =type 1 mesocone,
B = type 2 mesocone, C = type 3 mesocone, D = type 4 mesocone,

E = type 2 endocone.

Diagram illustrating the method adopted for taking various measurements of
the lateral teeth.
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Ectocone.

This is identical to the ectocone of the first
lateral tooth (fig. 54A, B, C, D and B).

Indocone.

Two types occur:-

The first type (fig. 544, B, C and D) is similar
to the first type described for the first lateral. This
type of endocone occurs in $3% of the February, and 98%
of the June collections,

The second type (fig. S54E) seems to bear a very
small denticle on the median side. It occurs in 7% of
the February, and in 2% of the June collections.

An analysis of the foregoing data reveals that the
most commonly occuring endocone-mesocone combinations,
in order of frequency, are first type endocone with
first type mesocone and first type endocone with second
type mesocone. The remaining possible comblnations are
infrequent.

Marginal.

The marginal teeth are multicuspld, elongated and
obliguely placed. A "typical" marginal tocth (fig. 51)
bears 4 —~ 5 denticles in a slightly obligue row and cne
or more denticles lower down on its laterzl margin.
These latter denticles represent the ectocone of the
lateral teeth. Proceeding laterally, the teeth become
longer and more slender and, at the same time, some of
the denticles disappear progressively until only a few
are left at the mergin of the radula (fig. 51).

Where 1t 1is undivided, the denticle representing
the mesocone 1s larger than the denticles of the endocoun:
whereas, when divided into denticles, these are the
same size or may be slightly larger as those of the

endocones. The reduced cusp, representing the ectocone
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of the lsterals, may occur on up to the 2nd or 3rd

last marginal tooth, beyond which 1t disapprears. This
cusp may also be divided into 2 - 4 very sharp denticles
or zbout the 18th tooth of the transverse row (fig. 51).

4.2 Biometrical Analysis.

The teeth were measured in the same manner as wag
done by Berrie (1959) (see fig. 55). The symbols
(B/ 5, F/E) used to express the dimensions and ratiocs
are the same as those employed by this author.

Comparison between the February 1961 and June 1961

coliections.

4 comparison is here made between certain teeth of
specimeng collected at the same locality during February
and June 1961. Six specimens were chosen to represent
each cellection, in such a way that each specimen from
one collection has a correspdnding gpecimen of about the
game shell length from the other coilection,

Measurements were taken of six first laterals and
six sixth laterals of each specimen. The teeth were
studied on both sides of the central tooth of the tenth
transverse row. This procedure was repeated on the 10T..
and 20th transverse rows.

An analysis of the data thus obtzined is presented
in tables 33 and 34. In table 33 the means, standard
errors andthe standard deviations are given for the
ratios calculated from the measurements taken. In a
comparison of this kind the mean 1s of little value.

The important figure is the standard deviation (Berrie,
1959), particularly when it is expressed as a percentage
of the mean (coefficient of variability). In table 34
the coefficient of variability is plotted for the ration

under conglideration.

The/.....
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The results can be seen 1o be very similer for both
samples.

Mayr et al. (1953) suggest a method for deciding
whether or not itwo samples were drawn from the same
population. This involves calculating the Standard Trror
of the Difference (SED) between the means, This test
has been applied toc the samples here considered and, since
in no case a significant difference was established, 1%
was concluded that the two semples were drawn from the
same population.

Variation between the teeth on the same raduls.

To establish this, 2 radula was taken from a snail
of which the shell length was nearest to the mean calcu-
lated for the sample in each case. Commencing at the
sixth transverse row, the first and the sixth laterals
on the same side of the central were messured in 25
consecutive rows. This procedure was followed for the
February and June 1961 collections separately.

The results of this analysis are given in tables
35 and 36, from which it is evident that for each ratio,
the first and sixth lateral on the same side of the
central are subject to approximately the same degree
of veriability.

In the February coliection the variability of the:o
teeth, with respect to the B/E ratio, is twice that »f
the June collection, in spite of the fact that Their
means differ but slighily (table 36); with regard to
the F/E ratio the two collections vary slightly.

Variztion between ithe teeth of specimens from the same

collection.

In order to gain & reliable picture of the degree
of varistion of the radulz teeth of specimens from the
same collection, it was decided, Tirst of all, to

establish/.....
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establish the variability with respect to the two ratics
under discussion, in the first lelft lateral. This was
likewise done for the lst right, 6th left and 6th right
laterals. Secondly the data of the left and right first
lateral were combined and compared with the combined
data of the 6th left and right laterals. Thirdly &ll
the data thus obtained for the February collection were
compared with that of the dune collection.

To this end the first and sixih laterals on both
sides of the central in the tenth transverse row were
measured for 25 radulae. The calculations, based on
these measurements, are recorded in tables 37 - 40.

The similarity between the lst and 6th laterals witi
respect to the coefficient of variability of the B/E
ratio, suggests that this ratio tends tc vary similarly
for these two teeth. This also holds true for the F/E
ratio, and for both collections (tables 37 and 39).

The difference bhetween the coefficients T
veriability of the two ratios, for the same tooth,
suggests that B/E and F/E vary independently of each
other, bhoth in the first and the sixth laterals. This
nolds true for both collections (tables 38 and 40).

The above conclusions are further supported by tie
results obtained whnen testing the significance of the
correlations between these ratios. These tests reveal
that there exists a significant correlation not only
between the B/E values of the first and sixth laterals,
but zlso between their I'/E values. The tests alsc
established that any correlation which might exist
between the B/E and F/E values of either the first or
the sixth lateral is insignificant. These findings

apply well to both collections.

All/e....
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411 the results sumnarised above may be interpreted

as indicating that, while the same ratio (e.g. B/E or F/.,

tends to vary similarly in the two teeth (lst and 6th

lateral) siudied, the two ratios vary independently of
each other in each individual tooth. These two ratios,
therefore, seem to give independent approximations as

to the variability of the teeth studied in the collectiun

involved. Thus, in the case of the laterals under

consideration, an investigation of the B/E ratio
aspproximetes the variability of these teeth independentliy
of the P/T ratio and the ratio B/E (or F/E) on the left
side of the central reflects the variability independently
of B/E (or F/E) on the right side. These conclusions

are in sccordance with the findings of Berrie (1959).

Among the conclusions to be derived from the above
argumentation are: -

1. That the variability of any particular lateral on
the radule, e.g. first lateral, can be more
reliably determined by examining that tooth
on both sides of the central.

2. Thet if the data of corresponding laterals from
the left and right sides of the central (e.g.
1st or 6th laterals) be combined, than a study
of only one of the ratios here considered
provide an adeguate measure of the variability
of that lateral tooth.

T+t was finally established that, althcugh there
exists a certain emount of intracollection varability,

it never ayproaches the level of statistical significance.

Comparison/.....
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Comparison of the variability between teeth on one

raduls and teeth on different radulae, from the same

collection.

An examination was made to determine whether
variations beitween certain teeth on the same radula
wWas as grest ss that between the same teeth on different
radulae from the same collection.

For this comparison the data already obtained
(tables 35 - 40) were used.

For L. peregra, Berrie (1959) obtained results
from which he concluded that in all cases the standard
deviation is much lower for the ratios of teeth fron
2 single radula than for the ratios of teeth on differeat
rodulae from the same populations. This shows that fthure
is less variation between the teeth on one radula than
between the teeth on different radulae from the same
population. For the June 1961 collection of my series

of L. n. natalensis, I obtained results gimilar to those¢

of Berrie, but the coefflicients of varability for the
ratios obtained for teeth from ~he same radula, differ
less from those calculated for teeth from different
radulae of the same pepulation, than they do in the

cese of L. peregra (Berrie, 1959). On the whole thls

slso cpplies to the February 1951 collectlon where,
however, the relevant coefficients of variability of

5 few individual ratios were higher than those calcul. tuu
for different radulae (tables 35 — 40).

Comparison of the variability of the shell and raduia

teeth.
"hen the deta of the shell dimensions and ratios
are compared with those of the teeth ratios, the

coefficients of varisbility suggest that the former

18/ 00 enes
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ig less variable than the latter with regard to_the
indices under consideration (tables 34, 36, 38 and 40G).
A similar conclusion was reached for B. (Physopsis)
africanus Krauss (Van Aardt, op.cit.).

| Berrie (1959) meintains that it is important to
determine whether any correlation exists between the
ratios calculated Tor the teeth and the shell size of
the same gnail. Since, however, it was desirable to
use specimens of a narrow size range in this study (seo
p. 11), it was not possible to determine the existing
correlation if any.

1

REFRODUCTIVE SYSTEM.

The reproductive system is treated under three
headings, viz., the hermaphrodite gland and its duct,
the female genital system and the male genital system

(fig. 56).

5.1 The hermaphrodite glund and its duct.

Although the literature at my disposal contains
no reference to the anatomy and histology of the

hermaphrodite gland in L. n. netalensis, this structure

nas been investigated in various other snails such as
the Pulmoneta generally (Simroth, 1928), the Basommeto-
phora (Doettger, 1944) the Planorbidae (Abdel-Malek,

1952) Bulinus (B.) contortus Michaud (= B. (B.) fruncs’ '

(Audouin)) (Larambergue, 1939), B. (P.) jousseaumel

{(Wright, 1957), Biomphalaria boissyi (Potiez & Michaud)

(Abdel-Malek, 1954b), Heliosoma Irivolvis (Say) (Abdel-

Malek, 1954a), L. stagnalis appresssa (8ay) (Holm, 194&).

B. tropicus (Krauss) (Stiglingh et al. 1962), B. (B.)
africanus (Van Aardt, op. cit.) and L. humilis

(McCraw, 1957).

Externally/ ... .
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Externally the hermaphrodite gland can be observed
as an elongated, dichotomously lobulated sac compesed
of dirregular lobules or acini which are separated from
the liver lobules by connective ftissue and bloocd spaces.
In general it is similar to those described for

L. humilis (McCraw, 1957) and L. stagnalis appressa

(HEolm, 1946).

As maintained by Stiglingh et al. (1962)the acini
are arranged with their bases opening into the tubular
atrium which is continﬁous with the hermaphrodite duct
(fig. 47). The acini are covered externally by a
connective tissue layer which is mostly continuous Wi b
the connective tissue covering the 1liver lobules.

Ancel's layer which, aécording to Abdel-Malek (1954a),
envelops each acinus, is present but the exact nature
of its histology could not be determined.

In the basal region of the acinus, Ancel's layer
is lined by germinal epithelium which is replaced by
meturing ova and Sertoli cells on the sides and apex of
the acinus. The germinal epithelium consists of a sing!:
layer of cells with elongate nuclei and simulates a
syneytivm as claimed by Schneider (1908), Simroth (192¢7,
Boettger (1944) and, recently, by Van Aardt (op. cit.).
Abdel-ialek (1954a), however, claims that, in
H. trivelvis, the cell walls are distinct only in well
fixed specimens.

The distrivution of the germinal epithelium in

the hermaphrodite gland of L. n. natalensis agrees

with that of B. (B.) contortus (Larambergue, 19397},

B. (P.) jousseaumel (7right, 1957), H. irivolvis

Abdel-Malek (1954a) and B. (I.) africanus (Van Aardd:,

op. cit.), in being restricted to the bases of each

acinus. It therefore differs from Planorbis planorbis (7,

where/.....
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where it is restricted to the common atrium (Boettger,
1944), and from the stylommatophoran snails Succines

ovelis Say (Hickman, 1931), Qxyloma retusa (Lea) (Lee,

1951, guoted from Abdel-lalek, 19%54a) and L. stagnalis
appressa {Archic, 1942) where the epithelium is claimed
to be present in the apical portion of - the acinl as well,
The transition from germinal to atrium epithelium
is rather gradual (fig. 57) and no such differentiated
cells, as are described for B. (P.) africanus (Van Aardt,
op.cit.) which mark the transition between the <wo

epithelium types, could be detected in L. n. natalenpsis.

it this transition, however, some ciliated cells with
roundish, more intensely stained nuclei could be
distinguished. At the opening of the aclnus inte the
atrium the charscteristic elongate nuclel of the germinud
epithelium discppear altogether.

A1l stages of spermatogenesis and olgenesis can D8
observed in a single acinus (fix. 57). ILike Larambergue
(1939) and Stiglingn et al. (1962) I could not observe
any differentiation of the acinus into the male and
female zones, the two kinds of sexual elements ocourrin.
intermingled. Clusters of spermatogonia are attached
to Sertoli cells or basal cells which are arranged alon:
the wall of the =zcinus. Sperm clusters can also be
seen, either floating freely in the lumen of the acinu
or attached to Sertoli cells which may or may not be
attached to Ancel's layer.

simroth (1928) claims that, as soon as the
undéifferentiated cells of the germinal epithelium
become differeniiated into male and female glements,
they leave the syncytium and complete their delelopiment

in the lumen of the acinus. This is apparently

supported/.....
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supported by Abdel-Malek (1954a), who mentions free
sperm bundles as well as clusters of spermatozoa attach:d
to Sertoli cells, cccurring free in the lumen 1n
H. trivolvis. My own observations, therefore, in part
agree not only with these of Simroth and Abdel-Malek
but also with Boettger (1944) and Stiglingh et al, (19452},
who failed to find Sertoli cells floating free in the
lumen.

The kinoplasmic bodies (fig. 47) on the axes of the

spermatids, observed in Flanorbis planorbis (Merton, 19,5y,

quoted from Boettger, 1944), could also be recognised in

L. n. natalensis. 4s in B. (B.) africanus (Van Aardt,

op.cit.), more than one kinoplasmic body of different
sizes can be seen on each spermatid. These bodies are
bezt seen by examining unsteined whole mounté of sgperm=oti iz
under phase contrast.

Immature oBcytes and spermatids (fig. 57) are larg=1l:
confined to the basal parts of the acini, while as many
as five to six maturing ova could be identified in the
apical region of & single acinus.  Wright (1957) repoct:

six in B. (B.) jousseaumei, compared with two to three in

H. trivolvis (Abdei-Malek 1854a).
A matured ovum is semi-diagrammatically presented
in fig. 58. VUhile only two nucleoll to a mature ovan

hes been described for Helix pomatia and Arion (4ncel,

1902 and Lamas 1910 respectively, quoted from Simroth,
1928), B. tropicus (Stigiingh et al., 1962) and
B. (P.) africanus (Van Aardt, op.cit.), I found up to

six in L. n. natalensis. One of these was bilgger than

the rest and seemed to be actively splitting into more
smaller nucleoli which seem to migrate to the periphery

of the nucleus.

Abgdel/.....
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Abdel Malek (1954a) described the follicular cavity
gsurrounding the ovum &s being conspicuoug on the side
facing the lumen of the acinus and indistinct at the
opposite side near the germinal epithelium. The condition

in L. n. natalensis, where the yolk is nnt surrounded

by a cavity on all sides, i1s depicted in fig. 58.
Instead, the yolk is joined to the wall of the acinus
by a substance which stains less deeply than does the
yolk and which, for the sake of convenience, is here
referred to as & cytoplasmic bridge. Furthermore, a
definite membrane separates the yolk and the cytoplasmi
bridge from the follicular cavity. This probably
represents the vitelline membrane. A distinct nuclear
membrane is also present. .

The hermephrodite duct can roughly be divided into
three regions. The first, which is s very short tube,
connects the atrium of the hermaephrodite gland with the
second part of the duct. Its epithelial lining (fig.59)
gsimulates a syncytivm, with large, oval round, centrally
placed nuclei. The cells are broader than high, and
are distinctly ciliated. The length of the cilia 1is
about 1.5 X the height of the cells.

The transition betwesn the first and second parts
of the duct is abrupt. The second region, usually
termed the seminal vesicles (fig. 56), ischaracterized
by several blind diverticulae. This portion is lined
by a cuboidal ciliated epithelium (fig. 60) with round,
centrally placed nuclei. The epithelial cells of this
region are smaller than those of the first and do not
regemble a syncytium. A few gland cells occur here
and there between the epithelium cells. The third

region forms the lorngest part of the hermaphrodite
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duct and extends from the seminal vesicles up to the
carrefour (fig. 56). It is circular in cross section
and is lined by cilisted cuboidal epithelium (fig.81),
the cilia of which create the impression of being more
pliable than those occurring elsewhere in the duct. A
longitudinal ridge traverses both the second and third
regions of the hermephrodite duct. It consists of
ciliated, slencder, columnar cells which tend to be
basophilic in contrast with the rest of the epitheliszl
lining which is acidophilic (fig. 62). The nuclei are
centrally situated and the cilic are about as long as
the cells are high.,

The epithelium of 211 three regions of the duct
is underlain by a layer of connective tissue, imbedded
in which are numerous vesicular cells of various sizes.
Outside the connective tisszue of the third region there
is a relatively thick layer of muscle fibres., All the
regions of the duct are densely filled with sperms.

Where the hermephrodite duct divides into the malc
and femsale duct systems, which are completely separated
in this case, 1% receives the stout duct from the
albumen gland, via a translucent fingerlike vesicle
(carrefour of authors, or, fertilization pocket of
Duncan, 1960). The mutual relations of these ducts
are depicted in figs. 63 end 64. This arrangement is

almost indntical to that of L. stagnalis appressa

(Hoim, 1946) but seems to differ from that obteining
in L. humilis (McCraw, 1957), where McCraw (1957)
emphatically denies the presence of a carrefour,
McCraw's (1957) figure 11, however, creates the
impression that the duct of the slbumen gland is
slightly swollen where it joins the hermaphrodite

duct. This swollen portion could very well represent
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an underdeveloped carrefour, because the histology of

this structure in L. n. natalensis is8 so similar to

that of the albumen gland duct that it could, in this
subspecies, be regarded as a greatly expanded terminatil :n
to this duct. BShould this interpretation be accepted,

than L. n. natalengis and L. stagnalis appregsa could

be regarded as being merely less specialised in the

degree of development of the carrefour than L. humilis.

5.2 The Female Genital System.

The albumen gland is more or less kidney-shaped #uo
ig slightly concave on the ventral and convex on the
dorsal surface (fig. 56). On the whole the histology

of the gland (fig. 65) is aslmost exactly similar to

thet of L. stagnalis appressa (Holm, 1946). However,
the triangulsar oellé described by this author as being
wedged between the gland cells, could not be detected.
Neither could the centro-acinar cells, reported to be
present in Helix and Fhysa (Krzheska, 1912-1913, and
Cavalie, 1902 respectively, quoted from Holm, 1946},
be identified. According to Holm (1946) these cells

arce also absent in L. stagnalis appressa.

The duct of the gland passes alongside the semi-
translucent carrefour into which it opens by a slit-
shaped opening facing the apex of the coiled visceral
mass (figs. 63 and 64). The epithelial lining of this
duct (figz. 66) is similar to that of the carrefour
where it consists of ciliated celis, with centrally
placed nuclei and intoerspersed goblet cells, with
syherical nuclei (fig. 67). The goblet cells are
filled with & deeply staining secretory substance.

To the left, on the same side as the opening of

the albumen gland duct, the hemaphrodite duct divides
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into the oviduct {oviduet I of Duncan, 1960) and the
wpper part of the rrostate (ves deferens of Duncan,
1960). The former opens into the carrefour at one end
and into the uterus (oviduct II of Duncan, 1960) at the
other (figs. 63 and 64). The latter opening is the
larger of the two, thus reversing fthe condition which
seems to be conveyed by Holm's (1946) figure for

L. stagnalis appressa.

Apart from the subapically placed nuclel and the
presence of wedge—shaped cells in the oviduet (fig. 58&),
the epithelial lining of the latter is similar to that
of the carrefour.

The epithelial lining of the uterus (fig. 69)
largely consigts of large columnar cells with basal
nuclei. The ciliated interstitisl cells, recorded for

L. stagnalis appresss by Duncan (1960), are wedged

between the columnar cells and are more numerous in
the distal parts of the uterus. Triangular cells are
sometimes found wedged between the columnar cells.
The cytoplasm immediately around the nucleus of the
columner cells, stains more deeply than the remainder
of the cell. In the more distal part of the uterus,
longitudinal grooves occur which are lined with
ciliated cuboidal cells staining more intensely than
the columnar elements. Figure 70 illustrates the
relative position of cuboidal and columnar cells in
this part of the uterus. These grooves converge into
a single, similar, but much more reduced, groove 1in thsz
oBthecal gland (uterus of Duncan, 190C).

The muciparous gland is similar to that of

L. stagnalis appressa described by Holm (1946). Its

epithelium (fig. 71) which is supported by a thin
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layer of connective tissue, consists of large, thin-
walled columnar cells with irregularly shared basal
nuclei. The muciﬁ}ous gland and uterus stand in open
communication with each sther wiith no true duct inter-
venining between them. Neverthelecss, the transition
of epithelial cells from the one t¢ the other is very

abrupt.

Like the muciﬁ}ous gland the lumen of the obthecal
gland is almost obliterated by the highly folded walls.
The lining of columnar cells is underlain by a layer
of connective tissue containing numerocus pigment cells
(fig. 72). 1In cross-section the wélls of the columnar
Qells are wavy. The nuclei are basally placed and
irregularly shaped. By reference to thelr affinity
for the stains employed, two groups of columnar cells
can be distinguished. The first group stains very
lightly and contain prosecretion droplets whereas the
second group steins dark blue (basophilic). Although
the two cell types are dispersed between each other
to a variable degree, they are mainly arranged in &
definite way as illusirated in fig. T73. Apparently
inactive columnar cells are so tightly wedged between
the glarndular elements that their nuclel are displaced
to their apicel regions. In the upper region of the
gland, where the uterus merges into the obthecal gland,
ciliated interstitial cells occur between the columnar
cells {(fig. 72).

The ciliated groove mentioned in connection with
those of the uterus, proceeds over the entire length
of the oBthecal gland, on that side where it abutts
against the upper portion of the prostate gland

(fig. 73). The epithelium of the groove (fig. 74)

consists/.....
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consists of vacuolated, ciliated, cubecidal cells with
large nuclei. Distally the groove of the obthecal
gland becomes confluent with a similar though much
shallower groove of the vagina.

The term vaginz (fig. 76), as employed by different
authers, does not always denote exactly the same
structure. Acccrding to Baker (1928) it indicates that
portion of the female duct which is situated distally
to the entrance of the spermsthecal duct. Larambergue
(1928) and Hubendick (195la) uses the term for the
gslender portion of the female duct distally to the
broader otthecal gland. In the light of the histo-
logical evidence, I give preference to the view held
by Larambergue and Hubendick.

The walls of the vagina are irregularly folded.
Its epithelial lining {fig. 77) is predominantly
cuboidal and all the cells are ciliated. The groove,
already referred to elsewhere, i1s characterized by
being formed of larger, more strongly cilisted cells
(fig. 75) than the rest of the vaginal wall. In nmy
sections part of these cells remained unstained, whercaor
the aplcal portions tend to be acidophilic and contains
finely dispersed granules. The nuclel are situated
apically. Dispersed between the cuboidal cells are
mucus secreting columnar cells identical to, but
sialler than those of the otthecal gland. The
epithelial lining of the vagina is bounded externally
by a layer of connective tissue and muscle fibres.

The shape of the spermatheca (or receptaculum seminis
of authors and bursa copulatrix of Duncan, 1960) and
its duct, and their relations to other organs, depicted
in fig. 76, remained fairly constant in all specimens
examined. Due to unsatisfzctory preservation, however,

1t could not be examined histologically.
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Fig. 75. Epithelium cells lining the groove of the vagina.

Fig. 76. Distal porfion of the female reproductive system illustrating the mutual
relations of the vagina, spermatheca and prostate .
Fig. 77. Epithelium of the vaginal wall.
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5.3. The Male Crg.ns,

The various elements in the penis complex are
illustrated in figs. 78 and 79.

Fraeputium.

The praepubtium is a hollow cylindrical structure
characterized by highly muscular walls. The pigment
of the praeputium is evenly distributed over the whole
organ and not concentrated in the proximal portion in
clusters as reported by Hubendick (195la). The muscular
development is especially pronounced in two opposing
longitudinal ridges or pilasters, that transverse the
entire length of the organ and tapers off in the distal
portion (fig. 89). The walls of the proximal portion
of the praeputium are comparatively thin (figs. 84 and
89). The lumen is roughly H-shaped in cross-section
and its epithelial lining consists of colummnar cells
some of which are slender and ciliated (fig. 8C).
Dispersed between the epithelium cells are numerous
goblet cells, some of which contain mucus substance
while others contain a neutral staining substance.
The flask-shaped cells reported by Slugocka {(1913)

and Holm (1946) for Physidae and L. stegnalis appressa

respectively, can also be observed in the connective
tissue.

The epithelium described above is confined to
the one leg of the "H". In the other leg the
epithlium tends to become cuboidal with inconspicuous
cell walls. They are densely ciliated and their
cytoplasm stains a very dark blue-brown. A few goblet
cells are distributed between these epithelium cells.
The epithelium is bounded externally by a thick layer

of connective =and muscular tisgsue.

Apart/.....
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outer penis sheath

cavity of penis sheath . .- L \

*———— inner penis sheath

: / /

cilia

epithel fum ———-=u/s3 Wl ————— radial muscles

circular muscles

82

sarcobelum velum

cavity of
penis sheath

penis sheath

penis

Fig. 82.
Fig. 83.

Fig. 84.
Fig. 85.
Fig. 86.
Fig. 87.

lumen of penis

Cross-section through penis and penis sheath.
Diagrammatical presentation of portion of penial complex showing
the velum and sarcobelum.

Penial complex in which penis is shorter than penis sheath.
Penial complex in which penis projects into the lumen of praeputium.

0.1 mm.

Portion of penis showing wavy course of lumen while the penis sheath is smooth
Portion of penis with more or less straight lumen and wrinkled penis sheath .



0. 2 mm.

Fig. 88 - 90. Various degrees of contraction and relaxation of the praeputium.
Fig. 92. Cross-section through prostate bulb to illusirate the inwardly
directed fold and the main distribution of the two cell types.
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Apart from the above, Holm's (1946) description

of this structure in L. stagnalis appressa is equally

applicable to L. n. natalensis.

The penis sheath and penis.

The wall of the penis sheath consists of the same
mzscle layer as the praeputium although they are more
poorly developed. The penis is highly muscular with
a2 small lumen lined by ciliated cuboidal epithelium
(fig. 82). The epitheiiam is successively bounded
externally by a thick layer of circular muscle fibres
and a layer of radial muscle fibres followed by layers
similar to those of the penis sheath, but in reversed
order. Holm (1946) designates these latter layers as
the inner penis sheath. At the extreme tip of the
penis, only the circular muscle layer persists, so that
this end of the penis lies free in the cavity formed by
the outer penis sheath.

The wvas deferens.

The vas deferens is lined by ciliated cuboidal
cells (fig. 81). The cilia are longer than the thicanr,zo
of the cells and nearly ocbliterate the lumen. The wall
of the vas deferens is further completed by a layer of
dense connective tissue, below the epithelium and,
outside this, a layer of circular muscle fibres in
which are embedded numerous vesicular cells which may
be as large as the epithelium cells.

The shape and position of the sarcobelum and veluw,
illustrated in fig. 83, seem to be identical to that
figured by Hubendick (19%la, fig. 86).

Hubendick (1951a) draws attention to the fact that
the different structures of the male reproductive systew
varies so mach in shape and mutual relations within a

single species of Lymnaea, that this system could nct
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be considered as being of taxonomic importance in the
Lymnaeidae. My own observations lend support to this
view. In some specimens of my series, for example,

the penis is much shorter than its sheath (fig. 84),
while in other specimens it extends beyond the velum
well into the praeputium (fig. 85). These conditions,
however, merely reflect different degrees of retraction
and eversion respectively, at which the penis may be
arrested at the time of fixation, for in the first case
the lumen of the penis describes a wavy course and 113
sheath is completely smoothed out (fig. 86), whereas
the gecond case presents exactly the copposite where tlheo
lumen of the penis is straight and the wall of the
sheath is faintly wrinkled over its entire length

(fig. 87). The preeputium is likewise subject to
varying degrees of constraction and relaxation (figs.
88 - 90). In view of this no attempt was made to
express, numerically, the ratios of penis/penis sheath
~and penis sheath/praeputium.

Frostate.

Externally two regions can be distinguished, V1% s
the upper flattened region and the lower bulbous region
(fig. 46). In the latter region an inwardly directed
fold partly occupies the lumen (fig. 92) which, in this
region, is lined by two types of columnar cells (fig.B1),
viz., granular acidopkils and granular basophils.
Although these cell types are intermingled in places,
they are largely concentrated in two definite regions
as illustrated in fig. 92. The granules of the
acidophilic cells are much larger than those of the
basophilic cells and are more tightly packed. Large

vacuoles occur between the granules in the basal part

(o5 i SRR
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of both cell types. Wedged between the distal ends ¢
the columnar cells, are scattered wedge-shaped, ciliate!
cells with round nucleli which never reachlthe basement
membrane so that the epithelium of this region of the
prostate is of a pseudostratified type (fig. 91). This
ig in accordance with the findings of Holm (1946).

When actively secreting, the granules of the
columnar cells coalesce and liguefy and the contents
of the cells then appear to be neutral in staining
sffinity (Fig. 9Ll

The wall of the upper flattened region of the
prostate is not folded (fig. 73). Its epithelium
seems to be similar to that of the bulbous region,
though the acidophilic cells are greatly reduced 1n
pumbers. The mucous cells which Holm (1946) described

for this part of the prostate in L. stagnalis appresai;

could not be identified in L. n. natalensis. This

region of the prostate communicates with the carrefour
through a minute opening, which is most difficult to

-

locate. Its position is illustrated in figs., 63 and 64.

6. SUMMARY.

le 1B B stﬁdy of freshwater snail systematics 1t
seems essential to unravel the complex structurc
of a single snail population in order to deter-
mine the zmount and nature of variation, belfore
the actual species characteristics can be
established. This study was undertaken %o
statisfy this aim for the subspecies L. n.

natalensis.,

En/a“.nl
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2. Special attention was paid to the shell, radula
and reproductive system of three successive
collections from the same habitat.

3. Existing verbal descriptions, although valid for
some of the 155 shells examined, do not, adeguately
characterize the species.

4. By means of a biometrical analysis it was attempted
to eliminate those features of a population
which might create a misleading picture of the
actual species characteristics.

5. A possible correlation is found between the size-
frequency distributions of the three snail
samples studied, and the value of flow of the
river from which the samples were taken. IFrom
these correlations it is deduced that: survivors
of different generations are present in each
sample, floods are of considerable importance

nd

Qo

in the reproductive cycle of a population,
flood records can be used as an indication of
the number of generations and the relative ages
of snails in a population.

6. An analysis was made of linear, ratio and linear-
ratio data pertaining to the shells of a
selected group of snails of which the shell
length varied between 10.3 - 11.8 mm.

7. In the successive samples a shifting of the
equilibrium from the dominance of younger

snails to the dominsnce of older snails is

obgerved.
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8. It is concluded that older age groups are less
subject to variation than younger ones, and
that length dimensions are less subject to
extreme variations than their corresponding
breadth dimensions.

9. Among the linear dimensions; entire shell length,
shell breadth, ultimate 'whorl length, ultimate
whorl breadth, aperture length and aperture
breadth, the two linear dimensions, aperture
length and possibly ultimate whorl length,
might be a relatively reliable feature in the
delimitation of the subspecles.

10. Shells of different sizes differ significantly
in their slenderness as expressed by the
ratios ultimate whorl length/shell breadth
and shell breadth/aperture breadth, but not
frequently in respect of the ratios entire
shell length/shell breadth, entire shell
length/aperture length and aperture length/
aperture breadth. The degree of slenderness
is therefore unreliable as a specles criterion.

11. The ratio entire length/aperture length was
found to remasin fairly constant in shells of
approximately equal sizes and might constitute
a convenient basis for the comparison of
shells from different localities.

12. The shape of the zperture, as expressed by
the ratio aperture length/aperture breadth,
might be a valuable criterion of the identity

of the species.

Tt ss o aa
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14.

15.

16‘

17.

ot Ll

It is inadvisable to attempt to deduce the
characteristics of the subspeciesgs from a
single sample.

The radula teeth on opposite sides of the
central vary independently of each other.

Several cone types are described for the
lateral teeth.

The varisbility of any particular lateral
on the radula can be more reliable deter-
mined by examining that tooth on both
sides of the central.

Although, lateral radula teeth exhibit a

certain amount of intracollection wvariability,
it never approaches the level of statistical
significance.

The shell constitutes a less variable morpho-
logical unit than the radula teeth in respect
of the indices employed.

In the herm%phrodite gland the germinal epitheliu
is restricted to the bases of each acinus.

The transition between germinal and atrium
eplthelium is gradual.

The histology of the female-~ and male repro-
ductive systems are described in detail.

As a result of the different degrees of con-
traction and relaxation of the penis, penis
sheath and praeputium, no attempt was made
to analyse the ratios of these organs

statistically.
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