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General Introduct;:?.on

‘I‘he stuﬂy outlined in the following thesis was made over
a period of nine months, between November 1965 and August 1966, .The
ob:ject of the sﬁudy was to examine the 1ife cycles, growth rates, and
any possible interactions; of the two species of freshwater gastropods,
Limnaca stagnalis (L) eand Planorbis planorbis (L).

Both species belong to the pulmonate gastropod suborder
Basommatophora, members of which are characterised by having only one
pair of tentacles; with eyes at the base of the tentacles. In common
vith all other mﬂmbnate gastropods, these animals are hermaphrodite.
They brééd seaéénelly, laying batches of eggs held together in masses
of jelly. The young develop without an iutervening larval stage.

 limnaes stagnalis (L.), the Great Pond Snail, (Plate 1),
vhich belongs to the family Limnseidae, may attain a height of 6. cm.
and a breadth of 3 cm. It is restricted to all hard water areas of
the British Islés and prefers waters having a calcium content of
at least 20 mg./%» (Boycott, 1936)« Thus it is present throughout
England, (except the south west), eastern Wales, the lowlands of
S;zotland, and in Ireland it is quite widespread, but sbsent from
the peat districts of West Cork, Kerry, Wicklow and the north east
of Donegel (Ellis, 1951). In 1965, Berrie, working on a Limnzea
stagnalis population in Lanarkshire, demonstrated a biennial life’
cycle for this species. This was the first fully substantiated
.work to éhow that this gpecies, unlike other British fresﬁwatér
enails (Hunter, 9957 Duncan 19593); had a life cycle which lasted

for more than 2 yeor.




- 'E.’lanb‘ri;i’s*'g‘ lanorbig (L.), (= umbilicatus Muller; =
marginatus Draparnaud; = c@la&zatué Jeffreys;) is now classified
in.the Pianorﬁidaee It g@ows up to ;~18 mme in breadth and 4 mm.
in height. In the Britmh Isles th::.s species is very similar
in range to Limaea st%is. being restricted to hard water

distrﬂ.cts. :i.n wh:.ch the calcium concentration of the wvater is at
least 20 mg./"l ‘ Like Limnaea stg@gs, it is found in rivers, canals,
ponds, ditches and SWapSe it is generally found in smaller bodies

of water than :t.ts near relat:.ve Blanorbis carinatus, (Ellis, 1951; .
Boarcott. 1936). In -anese habitats it is found in the calmer waters,
tmich are rich :m aquatic weeds on which it seens to be more
dependent than members of the Limnaeidae. (Janus. 1965). This study
appears to ve the f:lrsi; attempf: to clarify the nature of the life

cycle of this species.
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FLATE 1,

(a). Examples of the species Planorbis planorbis.

(b) e Examples of the species Limnaea stagnalis.'






' LIFE CYOLE STUDIES

(a) Introduction end description of habitat.
The site seléetéd for the stud& of 1ife cycles was in an area

near to the village of Brasside (Map- Reference: Nz 45/290452) which-
“is situated two miles (3.2 km.) to ?he"ﬁorth east of Durham Gity.

The locality, waich stan(is appro:ﬁmately 200 feet (60. 96 m.) above
sea level, lies on the 1am1naued clays of the old submerged valley

of the R:lver Wear (Maling. 1955)« At this point the deposits are
about 70 fest (21.3.11115) thick and consist of interlayed beds of sands
and laminated clays; which overlie a thin bed of boulder clay, which
in f\vxi-n'i:'eats on the bed rock of the Durhem cozl measures. This area
has been excavated for clay and is therefore characterised by a nosaic
of brick diggings which, when éxcav_ation ‘ceased about 20=30 years agop -
became filled with rain water to form p@n,ds' which were theu invaded by
aquatic pla'nts and animals. In the immediate locality there are about

nine ponds (Figure 4) in an area of 2-3 acres (0.8 = 142 hectares) .
.. Ponds A-~H lie in a depression which is about 8-10 feet (2.15-3 Om.)
below the level of the surrounding ground and thus forms an artificial
drainage system. Phnd I is damsed with clay at its northern end but
persistént leakage through theici;ay is sufficient to form a stream
which stocks ponde H, G and A1, and poseibly pond A during severe
 flooding, Pond T is on & siniler level to the surrounding land and
therefore stands 8«10 feet (2.4=3 Om.) above the other ponds in the -
system, The ground adjacent to the ponds is used as rough grazing |

for éattle, hopses and pigs.




FIGURE 2, Detailed map of Pond A,

FIGURE 1. Map showing the system of ponds at Brasside,



PLATE 2, View of Pond A,
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‘ Pond a (figure 2) was selected for the deteiled studies of

both.mmnaea sﬁw" lis and Planorbis p lanorbis., This pond, which
vas spproximately 1000 sqe ft. (92,9 sq.mt.) in erea end 2-3 feet-
}(096'-0,;.9_‘,111‘.); deepy hod no definite inflow, but as stated above, it is
possible that quring sévere flooding it may have received water from
the stream which supplied ponds H, G and Ay and which originates in

~ Pond 1. Under normal weather corditions however, Pond A seemed to
derive its water: from direct precipitation and drainage, from the higher
g'rou:ui‘ above its castern bank. During the period of study,Pond A was
observed to yemain entirely separate, and there was no known direct
contamination from any of the other ponds in the system, including
pond Ale The outlet stream of Pond:.A joined the main outflow from the.
systems - The dmby of pond A, which ran southuards, became increasingly
ghallower with di’s.tance- from the main pond and during long dry periods
became, discontimuous to: form. a.string of pools a few inches deepe’
During drought -this limb would probably have ceased to eﬁst‘.'

. The other two ponds velevant to this stidy are H and B, which
were used as. phemiéaj;, and biological ‘controls. The former ‘peceives its
water ,sﬁpﬁly from Popd I and its outflow feeds several othsr ponds in

" the system. Pond B, like pond 4, is completely separated from all- the
. ««.other ponds _i# the system, being situated on slightly higher grdunt;'
snd ie en entity in its own right,heving no: definite inflow or out£low.
| (b) Methods. .
. The field work performed on the three ponds falls into three
Sections,, firstly, a qualitative survey of the vegetation and fauna
“ 2=
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of the three ponds, secondly, a quantitative study of certain physical
and: chemical factors, and finally the actusl sampling of the two
Aspeca.es u:ader examinatmon.

(i) General Ecolom
‘ The dominan‘b plant species were noted and
‘eheir éist;ibutions and densitios es‘l;imated by eye. An ordinary fine
_mesh pond net was used ﬁo determine the camponents of the fauna of
the three ponds, a:nd est:.mates were made of their comparativa abundance.

roical factoms. )

(ii) Chemieal and
, _ ) Amount of sunshine, temperature and rainfall
data were supplied ‘by the Dw:'ham Unz.vers:.ty Observatory. whioh is
' situated about 24} miles (4.0 k) from the study area. Water samples
| were taken at monthly intervals, in 250 cecCe reagent bottles. Each
sample was filtered i;hx'ou@ a Whaﬁman Noe- 1 filter paper and then
stoue;i in a cold incu'bai:oz' ai; 3 deg.C’, thus reducmg biological and
chemical actz.v:.i;y to a ninimms o |
. 'I‘he pH of each samnle was measurec‘l usmg an E.I.L. Model é}A
Direc't; Read:.no pH meter, and thn elecﬁrical conductivity using a
Taylor Model 1‘100 0 &R Brldge n.n con;}tmctmon with a Mullard conductiv:l.ty
cell nﬁ.th a cell constant of 0423+ ALl conductivity measurements vere
performed at 22 deg. c. . _
o A].kaliuity, total hardness, magnemmn and calc:mm concentratlons
| vwere( measured for each sample uging the methods suggest by Hackereth
(1963), wii:h the modn.ficai:ions put forward by cheng et al (1953) for
calcium and magnesimn t:z.tratz.ons. _
. -




(iii) Population Studiese

e et Initially it was intended to study the
ve‘r'&icai .disﬁriﬁiz‘bi@s- of the two species by employing three methods
of sampl:mg It was cons.l.dered that if a sampler could be devised to
sample the whole water colmm, a pond net . used to sample the open
vater and a, botton ,’sa_mple‘r”to assegs the benthic component, then by
difference, one .miéht: ga:man approximation of any differences in
vertical(distributionof the two populationss To this end e colum |
sampler was constructed; a modification of the type used by Garnett
end ﬁﬁnélex' (1965« However, after ceveral trials, this method proved
unsatxsfactory for such ‘o emall system; for in order to acqture an
a&equate sam;ple. many gamplings were required, and these caused
considarable destruct:.cn -of the benthic and floating flora of the.
pond. Therefox'e, the column sonpling was discontinued. _ For the major
| studies .a fine mesh noncl net uas used. An attempt was. made to standard:.se
the sampling procedure, 80 that ezch sample consisted of a 15 second
| sweep through appromma{:ely 8. cubic feet (226 ldtres) oi’ water. At each
sampling date, two. samples. were taken; one- from stat:lon b, the other '
from station %. The contents of. the net were placed in a large white .
enamel tray and all the specimens of both specles were collected and
taken ‘back to the laboratoryo Using a pair oi‘ callipero. the breadth :
a.nd he::.ght of each specimen. were measured and recorded and then. all
specimens were returned to the. ponds Hen.ght in the ‘case of Limnaea g
é{",a and brea&th 4n Planorbis pla.norbis are the most conspicuous

andicators of grow&h, as-it is in these planes that it is most rapid.

.“\
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ﬂ‘hﬁrefore‘usi!ig %hese dizensions, the pesults were plotted as
histograms. Further experiments Whersby sample time and hence sample
size vas varied showed éhat the 15 second sweep was sufficient to
'.ga;vé a relistle pleture of the porulakion structuress K

| Battom smpiem vere constructed using a 5x3 inch (12.7 x
a@.ﬁ c:zz.) franmm‘k of angled stainlass steel,to form a rectangular
i.rag, into the be%iem ef \ihich wag soldered phospher bronza gauze
(18 meah o the iMh»)« Trays wire placed at ten statzona down the
‘length of ‘t:h@ poud {figure 2),at the peried when eggs were boginning
'Ir;a ﬁa‘bch. in oréer té oxamine the yassibﬂzty of localiged breedings
The intm:a&a batafﬁaa dach station sve as folldwsi~ '

Stations, Distenice between stations.

feat getres, (approx)

ai: 0w s

2.5 w3

_.3.“: L; S 40 3

bes 6
5.6 20 6

6.7 20 6

7.8 4 137 .

8«0 20 6

9-10! o 20 .  6 |

I)uring Ausust., quantities af the dominant plant speciea vere
gonected from ponds .& and H, $sken back to the laboratories and
examined for ogg mses. The musber of egg magses and number of egg_s.
psr :%!ass was coiinted for aach %ype“t)f. plant, and recorded. As the

b
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breeding" :season of Planorbis planordis is limited to the period

between April and July, this study was confined to Limnaea stagmaliss

(c) Results.

(a.) General Ecologg
: ' At the outlet stream of pond A, that is station 1,

the water was about 6 inches (15.2 cme) deep,’ end Juncus avticulatus,

MBOtiS spec:ws, @ ilobium Qarv:.floz-um, together with the benthic plants,

Lemna tr:.sulca and Dre@ocladus exanmilatus were the dominant plants.
Stations 2 - .6 eomat:-.,tuted the main pond and here the depth varied from
1 - 2} feot (30.5 = 76,2 cn). The dotted Line in Figure 2 shows the 2
foot '(:6“14 ét‘nl.') 'coﬁtloui‘_; The ma:.n pond was gkirted around its mergins by
Juncus éfﬁxsug,‘ me"us conglomeratus, Epilobium parviflorum and Myosotis

specles. In the deeper water of stations 2 » 4 inclusive, Potamogeton

natans prédominated,, and was most dense at station 3, the deepest station.
In this _fegion there was a dparse benthic flora, consisting of Drepanocladus
and Chara speciess In the shallover merginal water of the main pond,

,;_E_l_eochari:s palustris was common. Between stations & and_S_. Potamogeton

&eereésed in its abundance when compared t@thtetgtiens 2 « by and was
replaced by a thick lwxuriant mat of benthic plants, of which Chara vas
the dom:.na.nt. Towards station 6; the pond narrowed and the water was more
challow so that at station 6 it was only 6 - 9 inches (15=23 cm.) deep.
Here fﬁere was a profusion of Juncus species end Eleecheijis. In the water

betueen each clump of rushes there was a thick growth of Chara, Lemna

trisulca and Drepaunocladus. At station ?,*‘»ﬁh'e’ flora 'i.;as‘ similai- e
w .

qual:.tatively to that of station b However, a decrease in Lemna trlsnlca

was apparent, and Juncus articulatus was more, and Mzosotis less common

-6~




than at station 6, At station 8, Eleocharis was dominant, as was also

the case at stations 9 and 10; but at the latter two stations it was
assocdeted vith Ep dlobium, patches of Juncus, and a thin cover of

| Equisetum, Stations 8 ~ 10 were characterised by a predominance of

emergent. plants and a large area of bare mud surface due to the absence

of submérged macrophytes,

- At the outlet stream of pond A; station 1, both Hydrobia jenkinsi
and Pisidiun species were found to be common. At stations 9 and 10,
- there was one occurence of Limnaea truncatula and one of Limmaea pereger.
| iinnaea stagnal‘is.and Plonorbis planorbis occured at all stations down the

pond, the shélls of the older spec:.mens supporting exotic growths of the

em.phtic alga Ghaete;phora :‘anrassata. Gther _components of the fauna

.....

' included Notonecta glauca, Corixa spec‘.-.es, Haliplidae, Nepa cinerea.

the larve.e of Bphemeroptera, case beamng Trichoptera, P hosoma,
Coenag:ion, Culn.c:,daeg e.nd Ohaoborus, e.lso included were Asellus N
a uata. , Hydracamnes, Cladocerans and Copepcds. B o |
Pond A represents an :mterned:ate stage in the hydrological
| sez-al process, whereap the other two ponds, H and B, represent early
| and late stages respect:.vely. The ee.stern end of pond B is characterised
| 'by an S.ntertwined wass of Potamogeton aatans, wh:l.ch predominated over
the deeper we.ter, wh:.ch was up to 35 feet (91 cm.) dsep in places. At
the western end of the pond, the terrestr:.al:.sation process was well

advanced. Ju.ncus effusus and Juncus conglomeratus were present, end

.gypha 1at1f011a was encroach:.ng upon. the deeper. open waters of the

‘pond. In the deepe:z' waters ‘che dominant epecies was the ﬂoating Rmcc:.a,

w!uch replacea the Potamogeton seen at the eastern end. Gastropods were

absent from pond B, éxcept for & s:z.ngle specimen of Limnaea pereger.

-7 -




{’:ﬁék'en‘@uring March, 1966, Other animals present included Notonecta

'glaﬁca;,. ‘Cérixak species, Haliplidse, Asellus aguaticus, Cladocerans,

: Cbpe}')oas. and the larvae of Pyrrhosoma, Coenagrion, Enallagma, Ishuura,

Agshina, Ephemeroptera, case bearing Trichoptera, Chaocborus,
' ‘Chironomids and Ceratopogonidase
‘Pond H has an area of spproximately 300, sqe feet (27.9 sqem.) -
and is about 3 Leot (91.4 cm.) deep at its. centre. Potamogeton was
| the only flosting macrophyte represented, of which there was only. a . .
: small stands With no benthic macrophytic flera represented, the mud
" surface was nakeds The water of this pond had a murky appearance due .
to the presence oi‘ a heavy aum)ens:r.on of clay particles, probably
; der:.ved from” seepage through the clay dam at the northern end of
E ‘pond T The pond_ nargine were’ domi_nated.by_dgnge stands of Juncus

‘ éffuéus,- Jﬁnéﬁs"conglomeratus,, and Epilobiun parviflorum, vhilst

L"leocharis 2 id:thrived in the shallow waters of the ponds

The ma;m con@onents of a sparse fauna :mcludea Limnaea stagnahs.

.of whwh 'chere was & small population oi’ very large ind:.nduals.

‘Pla:norb:.s alba, Asallus aguaticus, aquatlc Coleoptera, and Ephemeroptera

' la.rvae.

(11) Phys:.cal and Chemical I‘ar:tors.

) Figure 3 shows meteorological data which

" were @nsxdercd to be relevant to the study. The temperature curves,
‘ monthly fean maximum, monthly mean m:.nimum and monthly mean, show
-the same trends, A x'a'pid drop in temperature between October and -
'November was followed by a more gradual decrease in January, and
from then onwards up to June there vas a steady increase, although

-8 -




FIGURE 3. Weather conditions in the Durham area during
the study period,November 1965 to August 1966,

Mdnthly mean temperature ( dege C.) ---—-————

Monthly mean maximum temperature ( deg.C.)o— o

Monthly mean minimum temperature ( degeC.) x»——x——x
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" Rainfall ( inches per month ), +
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‘there was a sl:.gh.t drop during March and April. Thereafter, the
:general trend of increase recovered and during June and July a
dummer 'max.:;;gum;z was reached, F:Lgure , also shows the hours of
sunshine per month which followed the temperature curve quite
closely.butm June there was a decp depression in the curve,
vhich was not reflected in the temperature curves. Finally, Figure 3
ghovis réinfaiiléﬁ.'t‘h' a 1a£ge peak in November, smaller peaks in
February and April, ’ané troughs in October, December and March,
liereas during Hay, Juse and July it renained falrly constant.

.‘ "Figures 4,'5 a.nd 6 chov the results of the quant:.tat:.ve
analys:us of certain chemical components for the ponds A. B and H
respectively. I‘oz' Pond A (figure 1&)* the curve for total hardness
‘shows a trough in Lecember, then vises steeply to a peak in January;
 followed by a stepped decrease and tnen a plateau from March to B
¥ay e Thls is followed by another sl:.ght drop to a June/July .
plateau. The curve for magnesivi concentratlon is a shallow vers:mn
" of the total hardness curve until March, when unlike the fotal "

' lhardness curve gt shows a shgh :mcrease up to a. peak in June and
| then falls aways The curve for calcium concentz'atz.on is s:.mllar |
:,. to "'(':he totai hardﬁéss cv.rve. exce,pt thai:' from June to July there
vas an increase in calcium. B L
The pH curve :Por pond Ay of wh:Lch there was no data for \

" October 1965, heg:ms ‘at a low level in December and January, and

S

\
\
N

" then 1ncreases at :E:Lrst steeply ami then more gradually to a . \
vma:dmum in March, ‘when it falls away to a trough in May, followed \
by a sharp peaksd.n June_,; and thereai’terl decreases rap:.dly to a 1qw\.

Y

level in Julys L- Qs
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FIGURE 4,

Pond A chemical data,
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Figure 5, Pond B chemical data.
PH —(—— .
Conductivity (mhos)e ------oeooee

Alkalinity (mE./l.)e — —  —.

Total hardness (mg./1.). ~

Calcium contentration (mg./1.).c o

Magnesium concentration (mge/l.). »——x







M. Pond H chemical datae.
PH —— —
Conductivity (mhose)e oo

Alkalinity (mE./l.)e —— ——

Total hardness (mge/le). o - -
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Magnesium concentration (mge/l.).s+——x
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The aikalinity ocurve shows a ehisvrp decreasé in November, -
but -becomes moré gradual from Novedber,to a December mianimuz. This
" iis folloved by & rapn.d increass te z Jmuary pesk, a decrease in
Pebruary, and then onvards through tha summer months there is
@ gradual facresses

Up to 1 Harch (£igure 4}, the conductivity curve is similar
to the total hardness curve, bub at this polft there is a gradual
’ﬂ.ﬁé‘x’easé up to the Hay level, followed by a decrease during June
and Julye - | |

" For Pend B (figure 5), the celciun, nagnesiun, end total
 bardness curves show the sigilar featuves of a trough in November
and maximuns in Janvary end June, the aﬁkalimty curve is also-
characterised by a November low; e slight peak in January running
to a slight trough in Farch, asé then omwards a gradual increase
during the swued months. The pd curve is simiigr to that for
pond Ae The conﬂuéﬁivi‘ty curve Shows a.,.glight ‘trough in Januery
é@&,}éiién graduslly rises to a plateau inkfay and June, and then
falle avays - AR
' The total hardness, celecium, magnesium and elkalinity curves
- for pond H (Cimwe 6}, show troughs in Necember, ard then gradual
increasses yp Yo waxima In June, after wh;i‘ch there is a decreése.
e pff curve droys from its Fovember Zevel to a minimun in Dacembery
_zi"aiiéwe& by & rise to a Junuary level, and then a more @:s_zdtlzal'_‘ :
pige to. a himher lavch level. Thio in followed by a trough in Hay,
a sharpish pesk in June, ond then another trough in July. Tﬁere is
no data for the Yovenber conductizity, _&?ﬁt it increases. from a low

level in December to a pesk in Hay, thep decregses sherply and
A » 10 -




then more graduaily during June and July.
(iii) Population Studies:
- (a) M onthlx sampling at two stations.

No uajor differences were apparent

ééféeéﬁ Et;ile net swcep éémpleé taken at the two stations, 4 and 4A,

Qﬁeﬁ the ‘ﬁdpuiatfiion: data was plotted as histograms., Therefore, the

data for each of the two stations was pooled for the two species
:.mnaea stg&l_g e.nd Dlanorbis nganov'b::.s, and the resulting

histograms are sliown in figures 7 and 8,

Ln.mnaea_ ,gj;_g%l_:i._g, "':v.gwce 7 shows a distinct bhmodal
distribution dor the December to June semples. It is clear that . -
individuals of this speciés which hatched during the summer of
1965 passed the winter in the O - 10 mm.’ range, uhereas’ those
élss‘ﬁx.néd‘ to have ha'cched during the summer of 1964 overvintered at -
20.30 mm, but seo the discussion for further considerations No
éignificeht growih occured wntil May whon semples indicated that
growth had recommenced. in that both generations had a greater meen
' he:.ght than in earlier samples. By Juune,; the "1965" generat:.ons
| reached 10-20 1 e aml the 119641 generation 25«35 mm. During July
lthe 1966 generation was hatched and appeared in the 0=5 mm. ei.ze

class, represenned ‘by a very large peaks’ Dur:.ng this time of the

'year the aistr:.but:n.on was clearly trimodsl, the oldest "™g6l%. .-

: generation compoeed of the largest animals, the 965" generation
occupﬁng the 15-20 mme range, and the 1966 generation being represented
"ioy the snallést animalss ‘During August the “1964" and 1966 generations
:continued to occupy the largest and smallest size categories, b.utv. the

generation of the intermediate year was missed.

P




FIGURE 7. Size distribution of Limnaea stagnalis specimens

in successive collectiénl from Brasside Pond A,
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. ., From December until August,the 1964 and "1965"
generationsfddﬁ%& ba'distinguisheq'oﬁ a size basis, and the progress
of the’ éénerééidﬁs coum' Se folldwed ghroughout the.year. As the
different gensratlons remained disﬁinct the analysis technique of .
Berrie (1965) uas adopted. However it mist be emphasised that the
: numbers were'not really adequate for this type of analysis and the
ravages of a hard,nnnter presunably caused such great mortal;ty
as to reduce the population to a very low 1evel (see figure 9).
Thns the sample became smaller with tlme. Therefore the results
of the analyszs, especially %hooe glven in table 1, must be treated
with reservatlon and the only conclusions drawn are those whzch
might document prGV1ous worke- _ L

 Table 1 shows date obtained fop the "1965" generation,
ihié~éeneration overmintered.at a mean size of Q.S.mm.,_but.afteg
é ééﬁpbfgry_éGSSéﬁién of growth during the winter.period, ;n,which
individuals remained in the 0-10 mm. size class (figure 7), growth
- rates apparently incregsed from May onwards. Note the decreased ‘
mean . size in February; for the explanation of this anomaly.-see the

discussion. -
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FIGURE 9. Population data for Limnaea stagnalis population

of Brasside Pond A, for successive samles,

Population mean size (mm.)s . .

Numbers in each successive sample. x—— x

Proportion of Limnaea stagnalis , as a percentage
of the total snail popuddtion. —————— —
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In table 2, a similar cessation of growth during the winter
period is apparent for the "1964" generation, which c;veruintered
at an average size of 26 mus Growth recommenced in May but was
clearly not as great as in the younger "1965" generation, at that
period (see Table 1), Aggizi, note the negative value for the January
sample, which is commented upon in the discussion. . -

"7 "' Pigure 9 shows: ‘the numbers of Lisnsea stdgnalis taken

- it two Samples, at stations 4 and 4A, at each successive sampling

datei ‘the mean gize of the animals in thése two samples for each

sampling date; and aléwthé”propértion of Limnaea stagnalis
iﬁdiﬁdualspfesent in tue two samples, 2s a p‘éfceﬁtagé of the total

nunber of lLimnaea stagnalis ‘and Planorbis: planorbis. The curve for -

mumbers shows a decline during the m‘.xifer-’-monthés and reaches itd
nadiz during February, remaining at this low level until recruitment
from breeding commences after hatching,during June and July. The .
curve for mean size also shows a decline ‘during thée winter moﬁth's" “
vith a irough towards the end of February, -possibly associated with
mortality of older and larger forms of the 1964 generation. With
the onset of spring, growth rates increased and this was refl‘e'cté'c;
in the increéase in mean size of animéls,until'recfﬁitment comengéd

55 ‘June and July (see figurs 7). The curve showing the proportiorate

representation of limasea stagnalis at each successive sampling '
date is fairly constant for most of the year, but when hatching

be@‘.hs the prdportibn of giidnaea stagnalis in the‘samp_lés increasess

Figure 11 shows the relationship between height and breadth
for Limnaes stagnalis ond shovs that for this species growth is most

rapid along the height axise




FIGURE 8, Size distribution of Planorbis planorbis specimené

in successive collections from Brasside Pond A.
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PIGURE 10. Population data for Planorbis planorbis population

of Brasside Pond A, for successive samples.

Population mean size (mme)es s-— o= .

Numbers in each successive sample, ——x x

Proportion of Planorbis planorbis,ss a percentage
of the total snail populatione —-——-—-—



1 wvan [aovinaduze  SIQYONYId SIBYONYd




o e

Planorb:z.s p‘Lenorbn.s. As with ke Lium:a.ea stagnalis, sweep

ue'c da!:a frcm vhe two sampling stan:z.onu,(h and ’4A,)of Pond A,were

f pooled. Figure 8 shous the population to have a distinct bimodal

| distribution dur:lng Decenber 1965 and Jemuary 1966, with the 1965
generation grouneé around the 5 nme peak, and the generatxon which
'hai:ched 'ln ‘1961L @ouped arcund the 10 mm. peak. From December 1965
to June 1966 the s:r.ze range of each yeer class became smaller as
the larger and o‘l der infh.m.duals d::.ed off. The smaller individuals
-of the 1955 seneration grew rapidly, eventually to form the adult

| group wh:l.ch lies ::.n i‘.he range of 8~k e in breadth. During July,
:the 1966 generat:r.on appeare& and {he histogram agam shows a bimodal
:distr:lbution. Hsseirer, the gensrata.ons csn only be clearly d:.stinguished
‘f‘er lz.ttle more nhes a month. i’or m A.ugust the si.ze classes of the
:two generat:.ons bega.n to overlap. "his precluded the poss:bility of
:exsmining the growth ratss oi’ the two component generations of the

ipopulation separately, as wes done for mmnaea stagnalis (after

Berr:le. 1965). - | o L '
o mguee 10 showsx the mumbers. of Planorbis glanorbis taken in

successive samples ai: ste.tion b and QA, the mean, size of the animals
in the popula{:ion s.i; thsse two samplmg stations at sach samplsng
date: and also. the pz*oport:xon ox Planowbﬂ.s glanorbi individuals ‘

.........

as a gercentage of the tota.l mzmber o:? Planorbis planorb:Ls and Y

, aea sta%; . nresen{: at the tws stat:.ons at each successive o

..................

sampling date. ‘l‘hs curve for mmbers shows a steep decl:me fron SN
.December to Jaxmam end then a more gz-adual drop to a minimum :i.n
late February. I"rom i;his po:urb onwards, the numbers remained

N .5 -




FIGURE 11, Relationship between height and breadth for the
two species, Planorbis planorbis and Limnaea stagnalis.
Planortis planorbiss x X

Limnaca gtagnalis: o o)
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coustantly low, until Ju_y;when recruitment to the population
began. chever, there is a sllght peak in June, but as no hatching had
ovecured and recrultmsnt from any other source seens unllkely, this
reflects a sllgh* 1nconszutcncy in the sampllng for that month. ‘The
curve for populazloa mean smze ‘shows a decrease to a January mlnlmum,
fbllowed by a ;lse to a.peak at the end of February, ‘and then a
plateau from February to Fay. '
~ ‘ Thh relat_onuhxp betweea breadta and helght for Planorbls
3 bls 1s snoun 1n figure 11, and it 15 apparent that growth is
mout pronounced ln the breadth dlmenalcn. o o
(b) Bottom trgg samgllng. | |
| Reaults are shoun 1n Flgure 12, and represent
data accumulated from four: consecutlve weeks of sampllng from h
statmons 1~10 (see rlsure 2) betueen 1 July and 8 August.j
eaucggggggfs. The largeut numbers of newly hatched
‘1966 generatlon were found at statlon 1, and here the size group .
composed of the largest animals ranks second in 1mportance. At ‘the
other etatlons the smze classes conta;nlng the largest and intermediate

szzed anzmals pzednmlnated. except at ptations 7 and 10 where no

lenaea staggalls vere taken. Young aluo appeared in the samples

taken at statlcns Zg A and 6. The 51gn1£1cance of this d;strlbutlon
15 dealt wmth ln the dlscusulon. 3 ' | |
Planorbls Elanorbls. Ehe hlstogram shows that at statlon 1

anmmals and a conulderabie reprecenﬁatlon of the 1ntermed1ate 51ze
“\
groupo This . statlon ranks ;ourth in order of abundance of animals

hatched in 1906. st at:.on 2 had a much smaller number of individuals
" 16 -




FIGURE 12,

(a). Size distribution of Planorbis planorbis snails
taken at 10 stations along Pond A, at four
sampling dates, by bottom tray sampling.

0 - 3.9 mm. size class I

Z
b -~ 7.9 mm, size class

8 - 11.9 mm. size class D

(b). Size distribution of Limnaea stagnalis snails taken
at 10 stations along Pond A by bottom tray sampling.

The data from four consecutive sampling dates has
been pooled.

0 = 4,9 mm, size class .

—

-
5 = 14.9 mm. size class [

15 « 24,9 mm. size class D
25 « 34,9 mm. size class
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hand.ig §haractérised-by a small number of animals in the intermediate
sizé category, whereas the class containing the smallest sized
individuals ranks gecond in importance to the dominant large animal
size category. & similar situation exists at station 3. At stations
%4 and. 6 the sitvation is completely reversed, for the 1966 generation
predomingtes and the intermediate size class ranks second in importances
Atustétioﬁ 5 there were very few individuals. At station 7 a similar
situétionjtojthat found at station 1 occurs, whereas at station 8,
slthough the same order of importance tovthat at station 7 was
observed¢,the.1956 generation was only poorly represented as was
also the case at stations § and 10 At the latter two stations the
intermgdigte slze class was obsent and here the largest sized animals
predominateds It was here that the largest specimens of the whole
study were taken, some reaching 4.5 mn, in bfeadth, and qfteh the

Chaetophora incrassata. See the discussion for,the consideration

of the distribution of the different size classes. '
(e} Study of egy capsules, -
‘The results of this study are seen in Table 3.

It is appar?nt‘that Timnaea stagnalis prefers the sites offered'by

Potamogeton; regardless of station or pond, and qualitative
observations suggest that it is the undersides of the floating leaves
ofbthis specieg ghiph.a:e mqst favouredalxn pond A Qhere there were
aensg stands of Potamopelbn,egss were not - found on other types of
vegetation. xnhponﬂ,ﬁ,bhowaverfiwhere,therézwa&zvery little Potamogeton,

many egg capsules were laid on the limited supply of leaves, and in fact

\

i-??d;-




\
the egg capsules céllected from tiis pond were taken from 3 leaves
}\ ~ ond one stem; vhereas in the Pond 4 sample,50 leaves and steins were
1\ emﬂdned. It appears that when the supply of preferred sifes 'i.s., »
,/ \\ limited, as in Pond H, the animals resort to other plant. spec‘ieisA
t for Qvipésitié;n ‘sif:es.f Thus in pond U,egg capsules were also found
/ \ on Jungusya’xfﬁicula‘éus and Eleocharis palustris. S
/ b ., The oﬁheﬁ significant result of this study was that egg -
‘ capsules, laid by the larger individvals of the pond H population,
/ contained about ‘i;ﬁicé as many eggs per capsule as those 1laid by the
41 smaller individuals of the Pond A population. o
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(4) Discussion
The use of the pond net as the major means of

sampling must first be apprgised 'a.s subsequent discussion assumes the
integrity of this form of Sampling .prbcejﬁizre_. Animals such as Limnaea
Stagnalds and Planorbis planorbis, even though they are slow moving.
obviate a very rigorous form of sampling i:rocedure,f‘or they have véry
extensive habitss frequenting .epeh water.;.z cravling through vegetation,
floating to the surface; and burying themselveé in the mud (Germain,
1931)s Various methods have been purcued in an attempt to surmount this
problem, and theoretically that devised by Garnett and Hunt (1965)
would seem to be the besty in that it semples the whole water column
and the mud as well, However, as mentioned in the methods section,
this system proved imsatisfactory and furthermore, it could not be
used successfully to sample animals crauling through no'ating vegetation,
such as Potamogeton, as it merely brushed aside this typ‘e of plant.

Berrde €1965); in his study of w gathered 40
specimens by' hand from the part of the pond where the bottom was
covered with large stones. Berrié allows that this method might
| favour the larger specimens but states that "there is no reason to

 beliéve that thé results have been unduly biased in this way'.
However the present author finds himself unable to agre'e‘ uitﬁ this
statement and suggests that this method gives an exaggerated picture
of the importance mmerically, of the large sized individuals in the
- population, whilst on the other hend it gives an inaccurate picture
of the importance of recruitment in this species. Duncan's (1959)
work emphasises the importance of very close scrutiny. In the present
w20 »




. study a smaii _whiﬁé enamel tray wes used, a much more confined
area in which to work, with less ~pos$ibilﬁty of error, and yet
gmaller individusls were frequently nearly overlocked. When data
from the present study wePe compared with the data given by Berrie,
hétched., the: proportion of young newly hatched in the Bellshill
population was 30% in July 1957 and l,&% in July 1958, compared with
28:.4% for July 1966 in. the present study. However, it may be argued
that inthis study; sampling was performed in the middle of a centre
bf high. breeding;. but even if this. weve the case,it gives a more
accurate picture of the whole population structﬁre. and gives the
right emphasis to the importance of vecruitment in this speciess .
However, it may be that the size of recruitment varies from one
population to another; according to the prevailing conditions. ﬂerrj.e's ,
sampling technicﬁ_ze may also be biased in that individuals vere removed
from oﬁe station and were not returned to the systems This removal '
of vhat Berrie terms "a Qery si@ificant proportion of the 'tota.l
: populatién" must c¢ertainly throw doubt upen the importaneé to be
attached to his growth rate data, as an interference of this magnitude
a.nto 'thé: interaction between animal nunbers, size and food supply,
eann_of: but cause some fundamental change in the pattern of population
structure and growth zates: Finally the anomaly in Berr:'le:'s results
f.or January 1958,1n which small sized individuals apparently appear
out of the blue,suggests that these emall sized individuals were
overlooked in the previous samplese
| - 2] -




Anothey teclm:t.que, which wasused by Berrie (1965), though
unsuccessfully, is collecting for a unit period ‘of time. This again
would be open to the criticiem that it ‘i‘avetms the larger sized
ingividuals. S

. * - ‘Botton tyays :we.ir,e‘useain'this 5ﬁzd'y, but if vertical
differences in the ?disﬁribution'éf"épeeiéS‘ existed (see later), this
mothiod would give an inaccurate pioture if used without some supple-
méntary form of sampling procedire to sample the upper layers of water.

"+ Durican (1959) used the potid sweep method in his study of
Physa fontinalis, but ’sanmléiﬂ at randem stations at monthly intervaks.

'Howéver, sempling at fixved stations was favoured in this study, as 1t
was considered important that 'Bu{;cels‘&iv_é samples should be comparable,
in an effort to determine differences between the tuwo stations, but as
has been stated no differences of this kind wePe found to exist. Thus,
in this study, it ic probable that a degvce of integrity has been
éaériﬁcé& for want of a comparisons Nevertheless, certain behavioural
activities of the animals suggest that Sué';:essivfe_ samples would not
be strictly comperable. Shelford (in Ellis, 1926), noted that members
of the family Iimnaeidae had the habit of moving into the light open
water on dull days, and retréating amongst the vegetation when the
sunishine was too Brighte Thus samples ‘ab predetermined stations might
not be comparsble if 1ight intensities at subsequent sampling dates
differed significantlys Certain authors (Rimme; 1907; Jeffreys 1862;)

. bave stated that Iimnaéa stagnalis is gregarious which also poses

problems in semplibge Members of thé freshwater pulmonate group,

Basommatophora; of which I is and Piaﬁorbislglanorbis




are. members lack @.lls a:ad an operculum and have to respire by

means of a capillary network which forms & lung in the roof of the
respiratory chamber. Although this cutaneous arrangement {5 geared to
aquat:lo breathing, individuals have the habit of floating to the
eurface in order to expel effete air from their respiratory chamber,
and replenish then.r supply of ox;ygen. This is especially the case in
foul waters and &m'.‘l.ng Vam summer weaﬁher, wvhen the oxygen tension

ef the water is 3.ow (Fl1is, 1926). In. accordance with the surface
area/volume relab:.onshia it is usuelly the larger individuals which
behave in this fash:mn,as they have to meet gbeater oxygen requirements.
' Further, the present author, has obsexrved, that once an animal is at
the surfe.ce. it is at the mercy of the surface currents and a e]ight
breeze isA sufficient to carry individuals to the margins of the pond,
These behavioural -characteristics pose further pro'bleme and layl' the
pond sweep method open ‘!’:o some criticism, Tocalisation or concentration
of the population :Ln ‘some centre would elsc affect the results and the
:Lntegrity of the eampling. All menbers of the Basommatophora have a
radula. and there:l.‘ore thev can be selective in their feeding Boycott
(1936) suggested that there vas no obllgatory relationehip betwesn
ena.il species and food plant. spec:.es, and that what may superficially
seem to suggest. that such a relat:.onship might exist, may merely
have been that both species have a particular preference for a certain
type of locus: This would give rise to an indirect association.

‘ ﬁfioweve‘r-,» Boyeott xvasAdealieg‘uﬁ;th macfophytea.: ad it must be emphasised
that such a relationebip is. st:.ll undeci&ed 1n the case of mcrophytes

especially in those algae which form a felt like cover over vegetation.

- 25 -




“ stones end mud snrfabes.‘lf certain species of thése algae are
preferred in the diet,this might give rise to concentration of the
ﬁoimlation over centres of abundance of the food organism. Concerning
breeding sites, it séems possible from the present work that snail
species prefer a particular $ype of site for oviposition, and this,

as ‘was thée case in Berrie's study (1965), mey mean, that unless

one is aware of this pweference, one might either hit or miss the

impértancé of recruitment. In the case of Berrie's study, the sampling

station was removed from the centre of breeding, and as he states, it
was some time before ihe newly hatched generation colonised the area
which he was samplings

Despite &ll these problems which mske sampling procedure
very dlfficult, though the pond net method fell short in many respects,

a glance at-the results suggests that this method, despite its -

- inadequacies, gave a falrly good picture of the population structure
for the two species studied. However; & bias may exist, which, it is
éﬁggested; faveured Limnaea ét_g@n_._s’ is during the breeding season,
and possibly underestimated the importence of recruitment in Planorbis

: ,giénqrbi‘é‘. (see Tléte‘z*);’.‘

' The assumption that size may serve as an index of age, must

-’ also be appraised. As seen from the _Z"ést_z.lts (tables 1 and 2), the

relationship is not a simple one, but depends upon pregailing

 conditions and is probsbly governed ultimately by food supply,
although other factors, such as temperature and the concentration of

certain minerals, must not bE underrated. Semper (in Steps 1945)

found meximun size obtained to be directly related to the volume of -

o 2l e




| water in which an ﬂ.naividual defzeieped. Boycotf‘ (1936). however,
suggested that this waa nore 1ﬂl:ely to be a food relationship.
the larger the system the more the food. The present work does
not support the i‘indings of Semper, for in pond A there wam a
large population of ﬁ.n&ivz.duals vhich never exceeded 35 i1 8
height, \mereas :i.n the smaller and more oligetroph:lc pond H, the
adults in the population were much larger, though the actual
populatn.on vas nmch Small@r. Ina sample taken in pond H during
August all the adult members of the population were over 38 mm.
in height. ' ' ‘

The func‘c'ioiz‘ing of a hierarchical system (Wynne-Edwards,
‘1962; Macan, -1965,) and the possibility of secretion of growth
inhﬁ.bitors. is stnl}l. meculative and, as yet, has not been documented
fex' freshwaten snai'ls. ‘l‘hus discetmtu.ng this possibility, and also
regarding geneticel differences in the size of 1ndividuals, in an
isolate& populatian; as neglig:.ble, it seems reasonable to essume
't;hat all animals hava fwly equal chances of obtaining a given
quant:lty of food from an enclosed system, and of convort:lng this
into their own body substance. Thus, oize should, in these
circumstances give a fairly good i_ndicatlen of the age structure
of an isolaied‘siail_populationg» "

| . In geimral. British freshwater pulmonate snails have been

found to have anmial life cycles (Dwacan. 1959; Bunter, 195311957}
1961a; 1961bs ) or more than one cycle per year, however Berrie in 1965,
showed imnaea stgw to have a bienm.al life cycle which was
contrary to the view held by Boycott (1936). After extensive studies

- 25 -
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o ",‘iz;‘th'e‘ seuth of England Boycott concluded that all freshwater
&nalls were anmualsy with the 'pa,s;siﬁle exéépt'ion, of Planorbarius
cerneﬁs.‘ Whereas Hunter, (1957), considered Limnaea stagnalis, |
Limmaga auricularia, and Planarbarius,-corﬁeus.v to be the only
spec:.es ‘1ikely to ha’va 1ifs cycles of more than a year' 5 dnrah.on. .
Up to th'e present, t};erefore.; _Lmng_ea staMls appears to be the
oniy fully documented case of a British freshwater pulmonate snsil
hamg a life c;yc.l.e of mare than a yeare

ea stw Although the present study was confined
to a pgr,:;.o@ of niné months, the results cblained support the conclusion
made by Berrie (1965) concerning the biemnial life cycle of this
species, Berrie 'shgcie& that most animels could breed in the year in
which fiheg t,nre'rg hatched and agalu in the spring and summer of the
folloving yeary when individuals Iv;tgre,‘a Year ciald.‘ However, data
ﬁr‘esented in th:i’.s paper appear to cionflict, in part. with this
conclusﬁon, for it wm;ﬂ.d eeem that .s.mls breed in the early spring
and summer of the tm years :ollovﬁ.ng the summer in vhich they yare
hatéheds This would suggest that srvails might have a life span of
two years or more, uisereas Berrie's data suggests that snails live
18-20 months. In the light of Berrie's work, it seems likely that
the group termed; for convenience, in the result section, the "4964
generation, (see table 2 and Figure 7), is probably composed of the
older 1964 individuals together with anmals hatched early in 1965.
vxhereas the group contained :m the 0=90 nme size category and
i};,e:;med the 1965 geperation, represents indivﬁ.dnals hatched in the
late summer of ﬁ965,.' - .
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. After Decembery the 2125 mm: animals (see Figure 7)
pres\mably grow ©o form the 26-30 mme class, replacing the older
and larger members of the 1964 generation, many of which probably
died during the winter 'period. This view is sﬁbstaneiaeea in
figure 9 where froi December 1965 to Jan:uary 1966, decreases in
both numbers and poplation mean size are apparent, presumsbly the
result of the co'l'd; hard winter of 1965/66, A preferential mortality
of .1arger 1ndividuals would explain the s’ﬁeétacular decréaéé in
" mean size of the population during the winter period, This view is
also eubstantiated in Tables 1 and 2.

| Data :Ln tables 1 and 2 suggést that during the vinter
period growth was slight, a finding in accordance with Berrie's
results. Although growth probably did cccur, it is only clearly
evideht’ in the younger sector of the population, data for which
é.s‘ presented in table 1. The redné.éd growth rates for the summer
period (apparent in table 2) s in the large animal component of
the population; can be expleined ¢n the grounds already suggested,
that the group, the 4G4 generation, is in fact a mixture of early
natched 1965 animsls and late hatched 1964 individusls. The
explanation would be that death of the last surviving members of
the 4964 'geriéraﬁﬁﬁ, which would most probably be the largest,
would have the effect of reducing the mean size: of this partion of
" the populations
e An anomaly noted in these results was the occurence of two
negative results i the February data in table 1, and for the January
data in teble 2, These discrepancies point to an inadequeny in the
‘s‘ampling- techniques But, at a time when growth rates are minimal,
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it’ one or two of the largest specimens: é:Led or failed to be
inclt;ded in a small sample, this would have the effect of teduping
the mean size to 2 value less then ‘Eh.at‘ df the preceding sanmie.
After the quiescent’ mnter pericd, temperatires and
sunshine- began the armual climb to the.u' respective sumper masrima.
During April, May and June improvement i’n weather conditions was
particularly rapid ar@ presumzbly had the effect of -increasing the
supply of plant food, which in turn increased the oxygen content of

the watery emd as plant cover iﬁcreés,ed' «‘iu'as partly responsible for

' the translation of sunlizht emergy into heat in the pond system.

This rapid amelioration in conditions, probably accounts for the

" burst of growth wiieh ocoured durinig the spring months, which can

" be observed in figures 7 and 9 snd table 1. Although this trend

is not so apparent - table 2, these low values are probably
inacc\irate,. as stated ‘ébove.,. and reflect the death of the last

sirviving individuals of the 196L generation, The general trend of

~ increased growth rated is especislly manifest in the population mean

size curve in :E:Lgure 9. The increase- observed, suggests that growth
rates were sufficient to offset any setback vhich might have been

" incurred through 1685 Of ‘the largest and oldest of the 1964 generation,

" Growth Fates in both groups are seen to reach a maximum during June,

(iéaﬁles 1 and 2, and figure 9}, which might be attributed to the high

' mesn temperature of this month, (Figure 3).

 Assuming that hatching takes 21 days (Berrie, 19653 Germain
19313) the indivzduals taken in the July camples were probably laid
dm-ing the Zirst or sécond week in Jume, @t vhich time temperatures
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were increasing rapidiy. The appesrance of the first batch of

’neuly hatched young, a;gparent in Iﬁgures 7 and 9, causes the
spectacular drop in populatz.on mean szze ,due to recruitment into the
populaﬁion of Joung small sized animalse 'I‘hig decrease is, probabady
enhanced ’by the d.Sapyearance, due to o.eath. of the large sized
am.mals. 31=35 mme in height, of the 1964 gnnerat:lon. which were present
in the June sample, end further by the miall representation of the
mtermediate size class of animsls 16-20 mm. in height. This small
r’epreseniéﬁion of i;he intérmediate size group and absence from the
Imgust 'sianr,gle, suggesté that the data for these two months are
insdequate.

The present resulis can be used to support the conclusions

made by Berrde (1965), that Limnaea gbagmelis has a biennial life
cycles Houevér:,—- the "possibil:ity remains that a life cycle longer
than two ‘:)r’ears»g clﬁi'at;ion might be the case. Berrie comments on
Son.xe’ wd?k perfcx‘med by Campion (in Berrie, 1965) at Malham Tarn,
sbout 50 miles to the south west of Durham City, in vhich it was
stated tha,ﬁ: Linmaeéa ,siw' 1is had a simple annual life cycle.
Furthei.j Berrie has made unpublished observation in southern
Lngland which also suggest an annual life cycle. Nevertheless, it
st he emphasised that, with a caleium concentration of more than

" 10 wg./1s and taking into account the altitude and lattitude of

“ the preéén’c study avea, the burham habitat cannot be considered as
marginal for this speciess Thif éuggesf)s that conditions are especilally
favcéurébie at Malham, which is & calcarsous regicn, However, the
altitude at Malhan would appear to be unfavoursble, as this is the
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h:.gheststatlon a".: which Limnaea éta@a_.};i ig has been recorded in
, VB::‘*Aitain, ‘ téeycétﬁ-,; 19%6)« Gleafly mere work must be cone before
any definite stabemeut can be wade,as to the length of the life
cycle of thls speciese. .
| Plancrbz.. glmabm. Though the pature of the size
&:Lstr:.butlons in th;u. species grecluded the possibllity of en
analysis of the type adopted for Limuses gtagmalis (after Berrie,
’1905) deductions cam be made and several conclusions drawn £rom -
the examinat:.on ox the data presented dn figures 8 and 0. It
" seems feasible to ascume that the peak in the ramge of the small sized
animals dn the Decenber 1965 semple (Figure 8) ropresents animals
i;aiched during the spring of that yeary whilst the éeak in the large
' aninmal size cat,eégpé‘.es: is probably formed :from the 1964 generation,
but the earliest hatcre& animals of the "'2965 generation probably
. contribute towards the latter groups Mortality betweon December 1965
and January 1966 .,is‘-'su;fficient o rogister as a decresse in population
" meen alge in I“igﬁra 1C, but this is not very large, and the later
iedévei‘y of the.vn‘;ean_, gize ourve suggests that many of the swrviving
members of the 196k g@ﬁeration probably the largest animals, died
' dvx:.ng thé ?egembez' to Jamuary peﬁcé,vﬁén conditions were extreme.
After Januaxry, vméni con&itions appeared to be improving, especially
'mean temperature, a fairly rapid growth of the younger and smaller
members of the populanon occured, and this is manifest in the mean
" gizé curve in Figure 10. This increase in mean size could alsc have
‘been caused b,y high -mortelity amongst {he smaller animals in the
, ‘-population. chever, acrut:my of the histograms for ‘the succesding
| e
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manths (Fighre 8), suggests that a general shift has occured and

o '!;hat as growth rgﬁésj continuved ‘l’:p be ﬁai:;ely high throus?&cut.the
ﬂi@tér, ﬁhe smaller individvals grew to veplace the rémnsnt of the
1964 gererztion,in the fonks of the B,aige Sﬂ.zed. enimal categories.
That the last q:ﬁ ‘L’he ,196,4 ger{eratﬁ,on had died vou.t.: by February,seems,
quite a plaveible ciediictiox;,. as after this perded; wntil recrultment
in Ji‘xl‘yg the popmlation remaivs i‘aixly cgnsta;lt w;th regard to

numbers, mean size, zxd population structure.

When compored with Limnsea stagnalis, in vhich there is

" a qulescence in growth during the winter perlod, it appesrs that

Plamorbis planarbis is geared to contimue its growth during the

adv‘érse vinter period, for growth rates seem to be much greater for

this species, than for Ifimaea shaghalis, during the winter periods
' Qﬁser?aﬁiox;s (see later) sugpsst that this species has one burst
' of reproductive getivity vhen conditions dmprove; and that after
thi.s short period of hreeding; though c‘bm?:‘ntigns may remain optimal,
no further breeding in fact fakes place, Thus, it seems likely .that
thic spéties relies on maintaining fairly high growth rates during
the winter period, so that when l;gg)pﬁrt';mitiés firat occasion the
h 'Ip'dssibiiiﬁy of tréeding in the spring, animals are mature with

regard both to #ize and veproductive condition.

In contrast to Limnasa stagnalis, it is geen that the nean

sizé in Planorbis planafbis (Figure 10), roaches a meximm during.

February,and thereafter decreases slightly during March and April.
Tais decresse could either be due o inortality in the large sized
enimal _'clafeguries{,ﬂ, vhilst ,g;'cwi‘:h‘ rates remain high, or alternatively
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ﬁc$mal] ‘Zg‘aortaii‘t‘y of the large a;nimals,‘i.'.‘:whilst growth rates
| remain 601rifpaf'ati}fel;y" smalle The vfac‘ﬁ. tha'i; there are no obvious
;‘liffelrences in the structure and distributions of the histograms
during thls period, suggests that growth rates are reduced, and
that the slight dec:;?fease rogistered in the mean gize curve (Figure 10)

is due to death of & smell mumber of the lerger animals in the

e © . e e
e i e

pomilationo \\
Dyring July recruitment commenced, but unlike Limnaea
Btagn alis, this species seemed to ¢onfine its repPoductive activity o

to a few wecks during the late spring and early. summer, On the other

handy Timnzea. gtagnalis, contimued to hreed right up to August when
the gtudy endeds Searches made for the egg capeules of Plamorbis
planorbis after the last week in July, were in vain; before this
peried, égg cepsules were found in abuxi&anc‘e. éspecially amongst
thé benthic vegetation, amidst such plants as Drepanocladus end

. Lemna trisulea. According to Germain (1931), the eggs are laid

between April and July; and hatching takes 14 =~ 16 days after

' cvﬁpoaiﬁiﬁn. This suggests that the eggs of the 1966 generation

vers 12 some time during the second or third weck in June. Again,

the only factor, of those measured, which shows coincident change,

¢ is incréase in tempevaturss None of the other factors measured

appear to be relév‘rant. The stimulation of ovipesifion and copulation

in other species has been shown to be quite complex, and as yet

unsolved, (Timmermans, 1959 Duncan 1959;) thus it would be

| precipitate to suggest that temperature is the sole stimulating

factor. Nevertheless; in the absence of mare data, the tentative
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‘sﬁgg_eét‘ién is made that temperature was the limiting factor
in this céae, and that all other releVa.nt conditions for breeding
had been satisfieds This is further suggésted, since in 1966,
spring was late. The appearance of the 1966 generation caused a
di“émats.c dz;ep in the population mean size curve, but this is not
reflected 80 conspicuously in the ¢urve for mmbers (Figure 10).
The development of thermal stratification, in small and
shalldw ponds, is éxtremely unlikely, since precipitation or
‘slight wind would be sufficient to cause overturn. Therefore, it
is assumed that the concentration of 211 the chemical components
of the water remained uniform throughout the system, and that
exchanges between the mud surface and water, spread through the
‘systen. quite repidly, end were not localised im the bbftgm layer.
. In the main, -vériétions in the concentration were probably due to
" dilution; caused by precipitation and also to the absorption of
| High rainfall during November, which caused water levels
.. to rise very high; probably accounts forﬂie marked :dmp in ponds
A ané..ﬁB,. of total héx@nesg;. calcium concentration,, cqnduc‘tivity.
1 alkalinity and to a lessér extent magnesium concentration, (Figures
.k ana 5)+ The peak of these factors during January (the semples of
which were teken under ice) may reflect the drier weather conditions
. during this months The increase in calcium, and hence in elkalinity
.- and total bardness, way refiect the return of celcium, in the form
: .of vacated shells, to the system, since many dead shells were
cbsorved on the pond floor durlng this peried, especially in the
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_casé.of pond A, vhere the peak is more pronounced. ﬁc‘mever this
effect may have been only slight. It sée;xg poscible that the
increased cencentrations were magnified. by the ponds being frozen
ovér during this period. Mortimer (1941) states that ice,when
melted, gives quite a pure grade of disﬁi‘i,led watér. This fact,

ih itself,would havg. a concentrating effect. Furthermore, although
there are no data for oxygen concentration, if anaerobim conditions
did,-éippertain during this period of ic'e. cover, it is possible to
speculate that the vedox potentials might have been reduced and
nore minerals released from the mud sirface, (Mortimer 1941).

After Janvary the chemical data, in general, reflects the
amount of precipitation and evaporation. pH i& a poor indicator,.
‘for it is known to vary considerably during the day. The trough
in the pH curve during May in ponds A and B (Figures 4 and 5),
’probably reflects high réspiration rafes, due to incresse in
sunshine. It is interesting to note that in pond A (Figure 4)
during the remainder of the study period, after Jamuary, there
was a decrease in calcium concentration, reflected in the total
haﬁ&ness curve, which is not evident over the same period for
pond B (Pigure 5)i This might be due fo calcium uptake by a large,
rapidly groving; enail population present in pond A. This decrease
tgs"né% observed in the results for pond B, where snails were ebsent.
The fall in June; in calcium and magnesium concentrations and total
hardness, in pond A,and the concowitent contimued increass in alkalinity
i inexpliceble; and suggest an error in measurement. Except for the
period of ice cover; therefore, it is si;éga&ted that variastions in
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the chem:lcal components of the pend water reflect the realtionship
‘b'e‘tw'e_;én;ptecipﬁfgatiﬁon' and evaporations In such systems as those
studied, a weekh rain or a weeks sunshine would have sufficient
effect to cause considereble variation in concentrations, through
precipitation and evaporation, and :H; is fbeliqv{ed that if more
precise data of. this kind were avaﬂable,-j' the_ e‘xgla:_xation for the
variations would become more apparents

| Gonditicns in pond H present a special casey since hera
_ there is continuan, ﬁ.ow of waters This might explain the apparent
rconsténcy of tl}g chex}_nealA componentss ‘Mthermore. it is quite
different from the other two ponds being oligotrophic, when compared
with ‘the eutrophic enclosed status of the ponds A end B,

_Therefere% although there appears to be no apparent corelation.
Bgtweén ’the‘ beginning of breeding and the chemical factobs measured,
the importance of these factors must ﬁab be underestimated.

_ | Yorking wiizh{Planorbis slanorbis, Timmermans (1959) found
that a gradual rise in temperature to 25 - 28 deg. C. stimulated
oviposition within ene.or two hours, provided that the temperature
on the preceding day did not fall below 21 deg. C. Moreover, this
spécies showed iﬁetté: oviposition after a yeast diet. Timmérmans
suggested that plant material end oxygen concentration might also
be of ,mortanqe'g, Limnaea stegaglis is stimulated to oviposit in
aquaria,by the introduction of lettuce leaves; or certain other
plants wﬁich float on the surfaces 4 sudden rise in oxygen
céncéntration or gradual rise in temperature ere both known to
stimilate oviposition in this 'spe’ci__es (Timmermans, 1959).
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- i#orkin‘g with Physa fontinalis, Duncan (1959) also found
temperature to bgrimpor’cant factor. He suggested that it might
have the indirect offect of contfdll:‘vng the rate of development,
which might i’egﬁiate: the time of reproduction, and that there
might be a critical temperature,below which oviposi.tibn does not
ocour. Duncan concluded that when the action specific ensrgy had
built up to a maximum, then auy eilvji'énmen%" variation such as a rise
in temzsera;ture.'; ‘o;‘ ¢hange in vfatei‘;- might be sufficient to initiate
§vipositi6n. Tlma, d{ze to the imtricacy of the problem, all that can

be concluded in the present study is thet breeding in both limmaea

stagnalis and Planorbis plancrbis coincided with the relatively

rapid increase in temperature,which cccured during the spring and
summez months. It seems relevant to observe that sunlight, proposed
by'ﬁzimtef (1961a) to be the stimulating factor of oviposition.in
Ancylus fluviat:.lis, a herbivorous smimat, would be of mo value as

a prbximate fact'or,; stimulating oviposition in the breeding processes
of i.imnaea stagnaiis and Planorbis planorbis, as neither species are
obligatory herbiveress Furthermore sunshine data (Figure 3),
s.ﬁbsﬁ:antiatesqt:‘his view, as no corelation is apparent. However, the
data is not refined enough, and day to day observations on behaviour

and prevailing conditions would be required,before any really valuable

‘deductions could be mades .

The results of bottom sampling at 10 stations along pond A
(Figure 12), during the months of July and August, suggests that
fbhere were cé_niéres of breeding. Higher frequencies of young Planorbis
p 1énorbis v}ere'r;ecoraeﬁ at Sté_tiqns b and 6 and aifa"irl'y‘high numbery
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of. the *1966». generatien were also observed in the samples taken at
"_stations 1,2.3 and 7+ These centres of ‘breeding, seem to co:lncido
o with the occwenca of a thick layer of benthic plants, of the

species. Dre anocladus -exannulatus, Lemna trisuleca and Chara.

.However, at statien 5, where there was a pure stand of Chara,.

the frequencies of both young and old were very low, suggesting
thati condﬁ.tions her-e were too exposed, there bei‘ng no emergent .
or floating vegetati.on‘ Thus it is suggested that egge were laid.
and therefore young comentrated, in centres were there vas a thick
mat of benthic plants.L and vhere the sites were unexyosed. either
by being- situated under dense stands of Potamopeton in deep water,

or in the shallower water between ‘rush'es. As no quantitative

data relating to actual oviposition is available, the evidence must
i:em;ih Circtmétantiala It is inﬁeresting to note that egg. capsules

of Planorbi.s Elanorbis wvere found to be abundant in the rich benthic
vegetation during July. o | _

' The data for Limnaea_ staw g are interesting in that the
highest _;frequengies ‘of small young animals, hatched during July 1966
énd thereafter, were recbrded. in the bottom sargple‘s taken a!l; station 1
(Figure 12). The egg data (Table 3) _suégested that Potamoggton‘vgs the
prefex'red ovipositioﬁ site for this species, in this pond. As will have
'ifivéen Bbéerved.;‘ there was 1o Potamogeton present at station 1; Therefore,
it must be assumed either that this reflects the presence of a srall
breeding centre at the outlet stream. station 1, vhere in the absence
of Poi:amogeton. eEs oapsules are ov:i:pos:'.ted in the benthic vegetation,
cr~a1ternatively' that this repx_esente dia;persion, colqnisa?ion or
carriage of young ind‘:i;viduals from stations 2, 3. and‘ll, vhere it is
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considered that mest of the breedinl eccured. Since eggs ware
recorded from the type of situatien existing at statien 1 (Table 3),
it seems prebable that the former intcrpretatien is quite plausible.
The very smail representation of yeung Limmsea stagnalds in bettem
pemples, taken at statiens 2, 3 and 4; vhere Potzmogetorn was abundant,
is alse explieabie'. If the percentage of yeung in the bottem samples, |
taken in four weeks ef sampling at statﬁ.en L, is calculated, it is found
to be 2% and tha‘b for the pooled data of the three Potamogeton dense
stations 2, 3 and by is 2ound to be 1647# and the percentage of young
.:m all ten samples, taken over four weeks of sampling, is found to
be 37.7%. when this is compared with the percentage of young 1966
hatched" animals,m f:he Auvgust net sueep sample, which vas 72.7%,a
refmarkable dispari‘by is apperent. It was goted, during the egg count
sfmdy. that large numbers of young newly hatched animals of this
spec:!.es were _found aéhgring te the stems and leaves of the Potamo eton,
possibly feeding on the algal epirhytess It is therefore suggested
that neuly hatchsd V.i!ie‘mberé of the populatien remain high up in the
water lc:oluinnf. amangat the higher branehes of the floating vegetation,
and tha‘b the neﬁly 'hatcheé. animale taken in the _,botiem samples, .
aré those which haw‘re gither dropped or descended from the above
vegetations This zonation of the bulk eof the young meabers of the
 Limmaea gtagnaiis population in the higher vater layers, may either
be due to feeding .éc{:ﬁﬁ.vityg or merely be a consequence of the situation
of the breeding sitess |

_When sinﬁlarcalculatiens were made for Planorbis lenorbis,
for July and A'u'gust,; it was found that the net sampleé for these v
months containa&"l?‘g% and 38.2% respectively, éf the 1966 generation,
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‘vﬂaereas the bottom samples taken at station 4 yfor the same two

& months conta’ine& 2148 and 66,75 of the animals hatched in 1966, Thus,
it is apperent that, at the deep water ,stations. the young newly
‘hatched Planorbis plancrbis predominate at the bottom of the water
‘column, but it seems that they ascend the emergent and Ploating

‘stems,to appear in the net semples talen further up the water column.

- 1t appears that young Limnaca stagnalis was situated high up

in the water columny whereas young Flanorbis planorbis predominated

‘at the bottom, ,Thésg-“relatiens'mﬁs were probably a consequencé of
‘their réspective breeding positions in the system. One would expect
that the results from the net sampling might reflect an increase in
the proportion of Limmaea stg@alis in the semple, since this technique
samples "{:he hn.gh@ vater zones, This isy in fact, the case in Figures

9 and 10, where an in¢rease in the proportion of Limnsen stagnalis

in the sample' ig -obséma,; and a decrease in the case of Flanorbis
plemcrbis. |
' Recruitment in Limhaea stagnalis is menifest by en increase

in nuibers (Figure 9),; but in Plenorbis plaporbis the increase

in numbers between July and August, after breeding has taken place,
is 5o slight, that it 'suggest‘s. that litthe breeding takes place
in the surface layers of uater, at that station. The fact that the
.mean size curve for Planorbis planorbis (Figure 10) centinues to
decrease during August, suggests that colenisation of the higher
water zones by newly hatched, small sized animals is still procesding.
This is, furthermore, reflected by a small increase in numbers’
(Pigure 10) and by the return of the curve showing ‘the proportion of
FPlanorbis ‘p_’lanorhis. in the samples to its former levele
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Thus, 3t is suggested that during the breoding season, the
’&isfﬂl;ution of the two species differs,dus to the difference in
éﬁeﬁr bréeding sites. This dilfference in distribution possibly
disappears when the newly hatched individusls disperse from the
breeding centres and invade the rest of the system. Qualitative
observations sapéort & more uniform distribution of adult forms.
Nevertheless, it may be that oviposition is fairly gemeral throughout
tne habitat end that the results in Mgure 12 merely reflect the
'de'g;rée of success in hatehing and development, at the different
stations, dve to variations in conditions,

According to Germain (1931 )e thé"egg capsules of Limnaea
stagnalis c;ontain 40 ~ 100 eggs, but scnetimes as meny as 14C.
However, Bondesen (:Ln Berrie, 1365) ctates that there are on average
100 eggs per capsule, vith a paximm of up to 150, whereas Schodduyn
{in Be_rrie, 1965) gives an average of % eggs per capsule. Berrie (1965)
fi’é‘b%ind 35 eggs per capsule, whereas in the present study 2 - 80_:3.6338
per capsule we&ée noi’:e&a, (Tzble 3)s It was found that the nutber of
egzs per ,capSvie. could be corelated with the mean size of the
breeding individuelse Thus the breeding onimals of the pond A papulation,
which ﬁ.ever oxcecded 35 mme in height, 1aid egg capsules containing
:n:d\l;;~ more than 3 eggs per cepsule, whereas those of the larger pond H
anmals, vhich were more than 30 mme in height, laid egg capsuies
containing up to 80 eggs per capsule, and on the average had twice
as many eggs per capsule as those laid by the pond A animals. It seems,
tiae’refor'é,. thét ‘c‘lu'b'ch size ¢an be related to the size of the breeding

adults in the papiﬂéﬁion; the Jarger the animal the larger the clutch
L S o



,axze. In his study of g_l;_vsa fontinalis, Duncen (1959) found that

’brood size decreased at each successive laying, On the other hand.
Berrie {1965) states that certain authors have noted that the first
gapeules,layed by individual enails, were smaller than those produced
laters Thus these results, from ponds A md H, aay not be strictly
cotmparables N

vBerri’ej found the average nmb&"bf eggs per capsule to be
3540 with s maxioum of 55. He calicluded that he reason for the
clutch size being émaller in the Bellshill population, than that
: shserved by other workers clsewhere, was because of the marginal
nature of the habitat vhich caused the population to be composed
of emall slzed individusls. However, evidence from the present
: study suggests that thede can be large differences in clutch size,
even betweén two adjacent water bodies. Pond H has a calcium
concentration of about 13 mge/1s which would be c¢onsidered marginal,
according to Boycott (1936), vhereas pond A has a calcium concentration
of 45=55 nge/ s '.mms one would expect the conditions, prevailing in
'izcnd A,to be nure c¢onducive to the growth and reproductiom of Limnsea
stagnalis,than those existing in pond H. Therefore, it is suggested
that in pond H,n considerable loss of individuals maintalned the
paliﬁ;éfion density at a low level, but sufficiency of food, in this
pbnd, 'all_owea the residual population to reach larger dimensions and,
in ”ébﬁsequénce;lay'a gréater mumber of eggs per capsule, Thus with
high losses, the residusl population is able to make amends, but if
thé clutch size was not plastic in this way, extinction of the population
might be imminent. In .;ion&' A, it is suggested that losses are not as
great, therefore more individuals are present, but due to the
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limitations ‘set by a factor such as food supply, the animals do
not attain such large dimensions, md this is reflected in the
" gmaller clutch size.

. Other data, presented in Table 3, suggest that Limnaea sta;gnalﬁig_

:{)rei‘ép‘s AP‘ofamoge‘bdn to other species of plants, for its oviposition
sites, 'bu,t where this plent is in short supply, as in pond H, the
species first utilises existing sites .to_:the full, but resorts to
other plants when the favourite sites are all taken up.

Comparing the two species, it appears that in Limnsea stagnalis,
with its probable biennial 1ife cycle and high egg laying capacity
which can extend throughout the late spring and summer, recruitment
is on a large sycale-, whereas in Planorbis planorbis, there is a
limited breeding period; a smaller egg ’1aﬁng potential, with only
8420 eggs per capsule (Germain, 1931) and only an annual life cycle.
As the proportion of Limnaea stagnaiis in the total snail population
of pond A i3 smallg vhen compared with the Planorbis planorbis

pbpﬁlétioh,: it can be concluded that Limmsea stagnalis in the present

study, experiences much greater losckx than that experienced by

Planorbis glanqrbi‘s,‘

-



2.
-

L™

‘at a sys’l;aat of. ponds nesr Durhas city. diiring e period of
'mlne mﬁw, Mtsmm Novsnber !965 and August 1966+ Bottom

jnctien vith net sampling, vas suggested

:'as i:hu !wm‘. mm of aswssﬁmg the popu&atien structure.
Population data and physicomchemical factors were examined,

The enail population of the three ponds studied differed
markedly, but no chvious factcrs vesponsible for these
differences in distribution wers discovered.

It was & ig had a biennial life

porbis which had an amual

- 1dfe eycle, Mffersnces in t&e &‘awth rates betwesn the two

species wire gbsérved during thg- winter period, end it vas
suggested that the ghewth ratss of Liemaea stagnalis wers
influecnéd ky weather conditiens, whereas those of Planorbis

- plancebis were thought to bé selated to the length of the

The choice of different ovipoaitien cites, Limmaea stegnalls
preferving the leaves of Potamegeton, end Planorbis planorbis

 pPeferring benthic plants, cenferréd a differsnce in the vertisal

| ddetritution of the young snimals; Limnaea stagpalis predominating
 in the surfage vaters and Flenorbis planorbis 4n the benthos.




= Sum___xg___axz sy ¢ continned)
| 6;' | Amount ‘éf'. égg' preduct':icn' was found to 'ciary considerably
| from pond to .pend;f"and this was corelated with the size
 of the breedix:g aduits'in fhs populations. It was
| suggested 'tl'iat such plasticity 9.].11.0\4:—3t a species to
' inhabit a wider range bf“aqaétic hebitatss -

o bl
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