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I N T R 0 D U C T I 0 N 

The use of chemical molluscicides in the control of 

schistosome transmitting snails has been largely based on 

empirical studies of toxicity, rather than on a clear 

understanding of basic physiology and biochemistry of snail 

hosts. It is therefore possible that purely physiological 

studies may in themselves provide information which c·ould 

be of value in the development of more effective mollucicides. 

In this investigation an attempt has been made to under­

stand some aspects of the respiratory physiology of three 

species of fresh-water pulmonate snails, all of which are of 

medical and veterinary importance in the Rupublic of South 

Africa. Bulinus (Physopsis) africanus (Krauss) is the 

intermediate host of Schistosoma haematobium, the causative 

organism of human schistosomiasis (Bilharziasis). Bulinus 

(Bulinus) tropicus (Krauss) is the intermediate host of the 

conical flukes Calicophoron calicophorum and Paramphistomum 

microbothrium and of the liver fluke Fasciola hepatica, while 

Lymnaea natalensis Krauss is the intermediate host of the 

liver fluke Fasciola gigantica. 

Apart from the obvious economic and Publ.ic Health 

importance of these snails, the interest in this investiga­

tion was also stimulated by the complic3.ted respiratory 

mechanisms that these sn3.ils possess. All three speci es 

possess a functional lung (mantle cavity) and atmospheric 

air is admitted into the mantle cavity through the pneumostome 

which is an outgrowth of the mantle. Bulinus africanus and 

Bulinus tropicus possess haemoglobin and Lymnaea nutalensis 

possibly possesses haemocyanin. In addition, Bulinus 

africanus and Bulinus tropicus have an accessory gill , the 

pseudobranch, which is pallial in origin and situated outside 

the mantle cavity. This s t ructure is absent from Lymnaea 

natalensis. 

Previous work on various aspects of respiratory physiology 

of 'iquatic snails h::ts shown varied, unpredict:lble and often 
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contradictory results with regard to the extent to which 

the snails utilize their respiratory machinery and their 

respiratory behaviour under different conditions. 

Some species are essentially air breathing e.g. the 

British Lymnaeids Lymnaea truncatula and Lymnaea palustris. 

According to Hunter (1952) lengthy immersion in water will 

drown these species. On the other hand the Ancylids are 

purely aquatic and can live submerged throughout their 

lives. Many observations have also shown that some 

pulmonate species can live continuously submerged. Carter 

(1931) and Cheatum (1934) quotes various authors who have 

found Lymnaeid and Planorbid species living continuously 

submerged with water filled mantle cavities at depths 

varying from 25- 250m, making surfacing most unlikely. 

More recently Noland and Reichel (1945) and Noland and 

Cariker (1946) have succeeded in breeding several generations 

of Lymnaea stagnalis in the laboratory without access to 

the atmosphere . Most of the pulmonates however, occupy 

and intermediary position, and although aquatic in habit 

also indulge in periodic surfacing to take atmospheric 

air into the mantle cavity. The prim::~.ry function of the 

air bubble in the mantle cavity is not kno~1 for sure. 

Although, it is generally agreed that the bubble has a 

respiratory function, some authors are of the opinion 

that pulmonary respiration is auxiliary to cutaneous respira­

tion and that the bubble functions m::~.inly in buoyancy regula­

tion. 

As far as pulmonary respiration is concerned, the sugges­

tion has been put forward that the air bubble may function 

as a physical gill as in some aquatic insects, but the evidence 

for this view is contradictory. The gene r::~.l impression, 

with reg::~.rd to the function of the peeudob~nch, is that it 

supplements cutaneous respir::~.tion. (Baker 1945). Accord­

i ng to Hunter (1957), cut~neous respiration under water 

replaces surf::~.ce breathing most complet e ly in the two 

Basomrn'ltophor'ln f ami lies '.n · •r. · cb se:co ;~b.r~ ~ iUs hnve 
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developed, namely the Ancylid:1e :1nd Planorbid-3.e. 

The oxygen uptake of ~quatic snails in relation to 

st3.rv~tion, temper~ture, live weight :1nd oxygen content of 

the water, h:1s been studied by V:lrious workers. Although 

their experimental results showed simil:1r tendencies in most 

instances, the respiratory behaviour of the animals with 

regard to oxygen content of the water did differ in that 

some species m'lintained a steady respiratory rate in the 

face of :1. decre:1sing oxygen suppl.y, where~s other species 

decreased their respiratory rate ·'3.S the oxygen supply diminished. 

It has also been shown that aqu3.tic sn~ils have a certain 

tolerance to survive in ~naerobic conditions. As f~r as the 

pulmonates ~re concerned it anpe1.rs that the Planorbids :l.re 

more resist:J.nt to -:moxi~ th:1n the Lymm.eids 3.nd Physids. 

It is clear from these brief introductory observ~tions 

that the freshw3.ter pulmonates show wide vari:1tio~ in the 

use to which the respiratory apparatus m:1y be put. As a 

result it seemed relev~nt to provide a detailed review of 

previous work and to discover in how far the South African 

species fitted into the rather bro:1d spectrum of respir~tory 

activity. In so doing particular attention has been paid 

to (1) the relative importance of pulmom.ry and cutaneous 

respiration, (2) individu~l survivalship in anoxic conditions, 

(5) cutaneous respiration in reb.tion to starv3.tion, t emperature, 

live weight and oxygen content of the water, (4) the anatomy, 

histology 1.nd function of their respiratory org:lns,and (5) the 

possible role of the air in the m~ntle cavity as a physical 

gill. 
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M ATE R I A L. 

The shells of the three species studied are given in 

Plate 1. Bulinus (Physopsis) africanus were obtained from 

the Bilharzia Rese~rch Unit, South African Institute for 

Medical Research, Joh~nnesburg. These snails were collected 

in the Klein Jukskei river on the outskirts of Johannesburg, 

and particulars regarding this loc~lity are given in a paper 

by De Meillon et al (1958). · Bulinus (Bulinus) tropicus 

were obtained from a p~nd near the Grahamstown aerodrome, ~d 

from a farm dam near Kenkelbosch, approxim~tely halfway between 

Grahamstown and Port Elizabeth. The depth of the water from 

these sources varied from 0.15 to 0.3 m and the snails were 

usually found on vegetation at the m~rgins. Lymnaea natalensis 

were collected from a concrete sump, below ground level, in 

an irrigation canal, on the f~rm Mossl~nds, twelve miles from 

Grahamstown on the m~in road to Port Elizabeth. The water 

in this sump w~s st~gnant and varied in depth from 0.5 -0.6 m. 

The snails were usu~lly found, floating on the surface, or 

attached to the walls immediately below the surface . 

All the anim'llS were kept in the l:l.bor~tory, in water 

varying in depth from 6- 10 em., in l arge glass dishes and 

in wooden baths lined with plastic sheeting. Grahamstown 

municipal water, continously aerated 'lnd enriched with pl~nts 

was used to supply the 'lquaria. The snails were fed on 

dehydrated lettuce l eaves , and the dishes and baths in which 

the animals were kept, were cle~ned out regularly. 

During the course of the investigation, the temperature 

of the water in the laboratory varied from 12 °C - 17°C in "YTinter 

and from 18°C - 22°C in summer. The pH of the water varied 

from 6.5- 8.0 with a mean of 7.?. 

All three species bred quite prolifically, except during 

the winter months when the temperature was obviously affecting 

fecundity. Shiff (1964) found th3.t t emperature exerted a 

strong influnce on the rate of increase of Bulinus (Physonsis) 

globosus, the optim~l tenperature for this species was 25°C. 



Plate 1: 

-5-

Represent::l.tive specimens of the shells 
of the three species. 

Upper row: 
Middle row: 

Lower row: 

Bulinus (Physopsis) africanus 
Bulinus (Bulinus ) tropicus 
Lymn~ea natalensis 

~ 

0 
3 
3 
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Unfortunately with the facilities avail~ble it w~s not 

possible to follow the careful culturing routine used 

by Shiff (1964) for Bulinus (Physopsis) globosus, so 

that fresh adult material was obt~ined when needed. 
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APPARATUS A N D T E C H N I Q U E S 

As a result of the v~ried requirement of physiologists 

in studies on respiratory physiology, numerous methods are 

available for the determination of dissolved oxygen, the 

analysis of respiratory gases, ~nd the measurement of 

oxygen consumption. 

The method used for the determination of dissolved 

oxygen in this study is based on the Winkler method (Welsh 

and Smith, 1965), ~nd modified as follows . 

By allowing the entire reaction to take place in a 

10 ml. all gl~ss syringe, it was possible to estimate the 

dissolved oxygen in approximately 5 ml. water . For this 

procedure, the Winkler reagents were diluted 1 in 20, and 

orthophosphoric acid (Fox e t al 1937) replaced concentrated 

sulphuric acid for liberating the iodine. The free iodine 

was partioned in chloroform (Johnson and Whitney, 19~9), 

resulting in a deep purple to mauve coloured iodine -

chloroform complex, which was found stable enough to allow 

the intensity to be measured colorimetrically. 

The standard markings and divisions on the barrels of 

the syringes were unsuitable for accur-ate measurement of 

volumes, and to overcome this difficulty, hairlines were 

etched on the barrel corresponding roughly to 5, 6, 7 and 8 ml., 

when coincident with a hairline on the plunger. Reproducible 

m-asses of water taken up were obtained in this way. Table 1, 

in the appendix, reports the results of this standardizat~~­

For all practical purposes the respective volumes in m1. were 

as follows:-

Etched marks 

Syringe No. l 

Syringe No. 2 

_L 2 

5 .03 6.04 

5.07 5.9~ 

_1_ needle 

6.95 7.95 0.21 

6.8::>-: 7.80 0.22 

The volume of water used for the estimation was 5.24 m1 

in syringe No. 1 and 5 . 29 ml in syringe No . 2, and approximately 

1 rnl of the reagents were · used in each case . The oxy r:en 
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concentration in a water sample was determined as follows. 

Water was drawn into the syringe up to mark 1, followed by 

manganese sulphate up to mark 2, and al~line iodide up to 

mark 5. The syringe was rotated in ~n horizontal plane at 

intervals for 5 minutes to distribute the precipitate GVenly, 

and laid flat f r:.·r 2 minutes to allow the precipitate t o 

settle. Orthophosphoric acid was then drawn in up to mark 4, 

and the syringe rotated gently until the precipitate h~d 

dissolved and all the iodine liberated and evenly distributed. 

The colorimetric estimation of dissolved oxygen was made 

by taking a volume of the resulting iodine solution, from the 

syringe, containing 4 ml water 1.nd sinking with 6 ml chemically 

pure chloroform until p3.rtition w.'J.s complete. The iodine-

chloroform complex was separated from the cle'lr supernatant 

layer directly into 8 x 1.5 em. cylindrical cuvettes, which 

were then dipped in warm wate r (40- 50°C) , for a few seconds 

to expel any bubbles, and re'J.d in an EEL colorimeter using 

a green filter (500- 570 ~). A calibration curve was 

constructed, using water samples, covering :J. rJ.nge of oxygen 

concentrations. These concentrations were obtained by 

bubbling nitrogen through originally well aerated water for 

increasing lengths of time. It was possible by this simple 

technique to obtain water almost free of dissolved oxygen. 

The oxygen content of e .'lch water sample was dete rmined in 

duplicate by the direct Winkler titration method, and expressed 

in mgm/1. These results were comp'lred with those obtained 

calorimetrical ly from chlorof orm treated iodine s olutions 

taken from the Winkler bottle ~nd syringe . Figure 1 shows 

graphically the comparisons which were m::tde . Statistically 

there was no signific::tnt difference between the Winkler 'lnd 

syringe calibration curves~ (t 0•05 = 0.08, d.f . = 42) and 

for all determinations by the syringe method, the vlinkler 

calibration curve was used . 
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o~-L------~5-----------J, o---------~--------~2~~--------~25 

COLORIMETER READING 

Figure 1: Calibration curve for determining the 
dissolved oxygen concentration in 
water, showing the two r egression lines 
which ~re obtained for the Winkler and 
syringe methods respectively . 
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Measurement of oxygen uptake by the sn~ils . 

The oxygen consumption of the anim~ls, under st~ndardized 

conditions, was me~sured in respirometers constructed from 

10 ml all glass syringes. The sn~ils were placed in approxi­

mately 10 ml water, ~nd the actu~l volumes were determined 

by weighing, as previously described. The r esults of this 

standardization are shown in the ~npendix, Table 2. For 

all practical purposes, the tot~l vol ume of w~ter in the 

respirometers A ~nd B, in which the sn~ils were placed, 

were 10.26 and 9 .67 ml respectively. The disulacement 

of the snails were me~sured as accurately as possible in 

~ 5 ml me~suring cyl inder, .'lnd these trolumes were subtracted 

from the volume of water in the respiromete rs. By securing 

syringe needles in reverse in the respirometers, it was 

possible to connect a Winkle r syringe directly to the respiro­

meter, and to withdraw a s~mple of water for the det ermina­

tion of the oxygen concentration, without cont'lct with ~ir . 

(See Plate 2) • 

The oxygen uptake of the sn'lils was taken as the difference 

in the oxygen concentration of the water in the respirometer, 

before the snails were introduced, and .after the animals had 

been in the respirometer for a given length of time. It is 

appreciated th'lt this "static" ::l.pproach to respirometry is 

not necessarily good technique and could be misleading in 

view of the concomitant effects of i ncreased carbon dioxide 

and waste products upon animal respiration. While this 

a rgument is certainly valid for current dwelling animals, I 

have taken the liberty of considering it of less importance 

to animals such as these which are not normally found in 

flowing water. 
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A B 
'J_ I I I I I I "') I 1 '\ ~, 

-- -:- . 

..... 

Pl ate 2: Procedure for withdrawing a wate r sample 
from the r espirometer (A) directly into 
the estim.'lting syringe (B). 
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Analysis of gas from mantle cavity 

Air bubbles from the m~ntle cavities of the snails were 

analysed according to the method described by Welsh and 

Smith (1965). The appar~tus consisted of a tonometer, 

constructed from a 0.1 ml serologic~l pipette, graduated 

in 0.001 ml divisions. (Plate ;;) • 

All gas samples for analysis were collected into a 

5 ml syringe filled with a slightly ~cidified saturated 

sodium chloride solution. This solution has very low gas 

dissolving capacity. The gas bubbles were ~llowed to 

equilibrate at the same temperature as the syringe for 

3 minutes before being transferred to the tonometer for 

analysis. For the absorption of carron dioxide and oxygen, 

20% KOH and 5% KOH -Pyrogallol were used respectively. 

All volumes were converted to volumes of dry gas according 

to the calculations by Campbell and Taylor (1935). Although 

this app~ratus had the adv~ntages of e~se of construction 

and use and was suitable for the analysis of gas samples of 

less than 0.1 ml., it was, however, not sensitive enough to 

me.3.sure the C·~rpon .dioxide concentr9.tion in atmospheric air. 

Collection of gas bubbles. 

The method described by Hunter (1953 b), whereby air from 

the mantle cavities of snails w~s obt~ined, by piercing the 

cavity with a syringe fitted with a blunt needle, and with­

drawing the air bubble into the syringe filled with 80% 

glycerol, was found to be impractical as far as these particular 

species were concerned. 

An altern~tive procedure using gas forcibly expelled 

from the mantle cavity was developed, and found satisfactory 

The animals expell ed their ~ntle gas bubble i f the foot 

or pneunostome region was prodded with a blunt seeker . The 

gas bubble s were collected under water , into an inverted 

water filled funnel, connected by a l ength of tygon tubing 

to a 5 ml syringe, as shown i.n Pl'lte 4 . The sy~int:re and tygon 
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Plate 5: Tonometer for the analysis of gas 
bubbles. 

! 

l 
I· 

Plate 4: Apparatus for collecting the gas 
bubbles expelled from the mantle 
c~vities of the snails. 
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tubing ars filled with satur~ted sodium chloride. The 

bubble was then carefully, but rapidly, withdrawn into 

the syringe • 

In order to ascertain if any significant gas exch~nge 

occurs between the bubble and the surrounding water during 

its passage up to the neck of the funnel and into the syring~e,, 

(a period of between 5 to 10 seconds), atmospheric air and 

nitrogen bubbles of 0.05 ~nd 0.10 ml volume were introduced 

under the funnel and left for varying time periods, before 

being withdrawn into the syringe and tra nsferred to the 

tonometer for analysis. The results are shown in Table 3. 

In the case of atmospheric air there is no significant 

exchange of gases between the bubble and the surrounding 

water as it can be assumed that the gases in the water are 

very nearly in equilibrium with atmospheric air. The 

nitrogen bubbles show clearly an increase in oxygen concentra­

tion after 30 seconds, as is to be expected . As the time 

limit of 30 seconds far exceeded the time of 5 - 10 seccnds 

usually taken for withdrawing the bubbles into the syringe , 

this particular procedure of collecting gas bubbles from 

the snails was considered to be satisf2ctory, ~nd sufficiently 

accur!lte. 

A further check on this method of collecting gas bubbles 

w~s made by comparing the composition of atmospheric air 

and nitrogen, when collected under the funnel, 2nd whe n 

taken directly into a syringe filled with saturated sodium 

chloride. The results are reported in Tables 4 and 5, ~nd 

show that there is obviously no significant difference between 

the two methods. 
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TABLC. 3. 

The compos iti on of atmosph--: r ic 'lir . ..:.nd n.itrog-:n bubbl es , whtn exposed 

t o \-!.'lter cont.:J.ining 5 . 6 ml O ... il f or incrG:'..Sin~ len-rth.s of time • ... 

J...tuos­
pheric 
Air . 

10 seconds 

10 seconds 

l .. !inutG 

l minute 

5 ninutGs 

5 minutes 

15 minutes 

15 minutes 

iUtrogen 10 seconds 

10 seconds 

30 seconds 

30 seconds 

l minute 

l minute 

5 minutes 

5 minutes 

15 minuteo 

15 minutc; s 

30 minutes 

30 ni nutes 

60 minutes 

60 minutes 

75 '1inutes 

19 

19 

lf.l 

19 

19 

19 

19 

19 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

. 20 

20 

Bar . 
(mm Hg . ) 

720 

720 

720 

720 

no 

720 

720 

720 

Volume. 
- of 
bubble 

0 . 05 ml 

O. lO ml 

0 . 05 I'll 

0 . 05 ml 

0 .10 ml 

O. UG ml 

0 .10 ml 

--- ::JO 0 0000- - -

71P .5 0 . 05 ml 

718 . 5 0 .10 ml 

71:.:: . 5 0 . 05 ml 

718 . 5 0.10 ml 

718 . 5 0 .05 r::l 

?18 . 5 0 .10 ml 

7le . s o. o.':i r.1l 

718 .5 0 .10 ml 

718.5 0.05 ml 

718 . !~ 0 .10 ml 

718.5 0 . 05 ml 

718 . !1 0 .10 ml 

718 . 5 0 . 05 ml 

718.5 0.10 ml 

718 .5 0 .10 r.!l 

~ C02 ~~ 02 % i\12 

(expressed in volumes 
of dry w1s ) 

0 .0 21.7 78 .~ 

0 . 0 20 . 2 79 .8 

0 . 0 21.4 78 . G 

0 . 0 ~l. 7 78 . 5 

0.0 20.4. 79 . 3 

0 . 0 

0 . 0 20.4 '10 . 6 

0.0 20 . 0 80 . 0 

0 . 0 o.o 100. 0 

o.o o.o 100 . 0 

o.o 0 . 93 £K' . 02 

0 . 0 1.05 08 . 9.:5 

0 . 0 2 .0 88.0 

0.0 2. 0 98 .0 

o.o 4.7 95 . 5 

0 . 0 4 . 4 9."i . 6 

0 . 0 7 .0 ~:3 . 0 

0 . 0 0 . 8 93 . 2 

o.o 10 . 6 .cm.4 

o.o 10.3 89.7 

0 . 0 15 . 5 84. !5 

o.o 15 . 0 85 . 0 

o.o lR .O 82 . 0 
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TABlE 4 

Analysis of atmospheric air. (all volumes expressed as dry gas.) 

Fun.nel method of collection. DirGct >-=-t~· . . d. A c ~~ ~):.? EU .Eil· 

Tenm.. Bar. ~~ co2 ~ 
,.· N Temp. B·lr. % co ~ 7~ N

2 I" ') 
(On\ (mr~) 

____.... (De) (mm) :....::..::2.. 
v; 

22.0 714.5 0.0 20.6 ?8 .1 21.0 712.0 o.o 19.9 80 .1 

22.0 714.5 o.o 21.8 78 .1 19 .0 713.0 0.0 20 .7 79.:5 

22.0 714.5 0.0 21.2 78 .8 21.0 719.0 0 .0 21.6 78 .4 

21.5 714.0 0.0 21.5 78 .5 19.0 719.0 0.0 2l.G 78 .. 11 

22.0 717.0 0.0 21.9 73.1 1r.o 710 . 0 0 0 2l.2 78.8 

?2.0 717.0 o.o 20.1 79.9 19.0 718.0 o.o 22.1 77.9 

22.0 71'1 .o 0 .0 21.9 78.1 18 .0 712.0 0.0 21.0 7 9 .0 

22.0 717 .o 0.0 20.9 79.1 19.0 712.0 0.0 20.0 80.0 

22.0 717 .o o.o 22.1 77 . 9 19.0 719.0 0.0 21.4 78.6 

22 .0 717.0 o.o 20. 7 79 .3 1S" .O 719.0 c.o 21.2 79.8 

Mean of ("' 0 
I " 2 = 21.28 Mean of c' 0 

jO 2 = 21.07 

S.D. = 0.65 S.D. = 0.66 

St:,ndard error St3.nd'lrd error 
of the me .1.n = 0.2 of the mean = 0.2 
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TABlE 5. 

Analysis of Nitrogen (all volumes expressed a.s dry .:;as). 

Funnel method of collection~ Direct method of collection. 

Temp. Bar. i-· C02 % 02 ;; Ng. Temp. ...fug_. 7; co2 
c· 0 c' N 
~:.....:2 ~ (Oc) (mm) (oc) (mm) 

18.5 709.0 o.o 2.9 97 .1 18.5 711.5 0.0 2.2 97.8 

18.0 709.0 0.0 2.9 97.1 18.5 7 11.5 o.o 2.5 (17. 7 

13.5 708.5 0.0 2.7 97.3 18 . 5 711.0 0 •. 0 2.7 97.:-; 

18.5 708.5 o.o 2.8 97.2 18 .5 711.0 o.o 2.7 97.3 

18.5 712.0 o.o 2.6 97.4 18.5 711.0 0.0 2.8 97 .2 

19 .0 712.0 o.o 2.7 97.3 17.0 711.0 o.o 2.6 97.4 

20.0 713.0 o.o 2.5 97.5 lG.O 709.0 0.0 2.7 97.3 

21.0 715.0 0.0 2.4 97.6 16 .0 710.0 0.0 2.6 97.4 

20.0 714.0 o.o 2.8 97.2 16.0 710.0 0.0 2.8 97.2 

21.0 716.0 o.o 2.7 97.3 15.0 711.0 o.o 2.9 97.1 

Mean of % 02 2.7 ~:an of "' 02 2.3 = ;<> = 
S.D. - 0.49 S .D. = 0.66 -
St::1.ndard error St3.nd11rd error 

of the mean = 0.15 of the mean = 0.2 
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INVESTIGATION AND RESULTS 

This investigation has been divided into three sections. 

The first is concerned with general observations on the 

respiratory behaviour of the snails as observed in the 

laboratory, in the presence of a wat er-air interface, in the 

absence of a water-air interface and in anoxic conditions 

respectively. 

The second has as its purpose the cutane~us oxygen consump­

tion of the animals in relation to starvation, temperature, 

live weight and oxygen content of the water. 

The third deals with ~ulmonary respiration. Particular 

emphasis is placed on the functional efficiency of the 

mantle cavity as a lung by relating the oxygen uptake from 

the air bubble in the mantle cavity with t he anatomical and 

histological structure of the respiratory organs. 

1. General observations on respiratory behaviour 

(a) Respiratory behaviour as observed in the laboratory. 

All three species visited the surface periodicall y 

to replenish the air in the mantle cavity. The 

snails, in general, followed the pattern as described 

by Hunter (1955 b). The animals ascend to the 

surface by cr~wling up the vertical sides of the 

dishes, until the tentacles reach the surface. The 

edge of the shell is raised and the whole shell is 

rotated - clockwise in Bulinus africanus and Bulinus 

tropicus, and anticlockwise in Lymnaea nat~lensis . 

This action exposes the pneumostome which then 

protrudes in a siphon-like extension, just breaking 

through the surface film . The pneumostome o~ens , 

usually with an audible click, and remai ns open 

for periods v~rying from 2 - 6 seconds, before closing . 

After closing the lung, the anim~l norm~lly dives 

and only returns to the surf~ce for the next lung­

filling. 
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Various factors appear to determine the 

surfacing behaviour in aquatic snails, for example 

(i) the amount of air inspired, (ii) oxygen 

tension in the water, (iii) temperature of the 

water, (iv) size of animals ~nd (v) buoyancy of the 

shell and visceral m~ss. 

(i) Amount of air inspired 

Cheatum (1954), was of the opinion that the 

amount of air inspired may be a factor that 

determines the interv~ls between breathing 

periods. By taking in a large volume of 

air at the surface, the snails provide themselves 

with a greater volume of oxygen and thus main-

tain a rate of respiration for a longer time 

than by t~king i n a s ;::1ller volume of air. 

( .. \ ll; Tension of oxygen in the water . 

The tension of oxygen in the w~ter and in the 

mantle cavities of aquatic snails seems to 

have some effect on surfacing . Cheatum (1924) 

f ound that snails remain submerged about three 

times as long when the water cont~ined 6.4 ml 

02/1 than when the oxygen content of the w~ter 

reached a value of 1.7 ml/1. Precht (1939) 

showed that Lymnaea stagnalis came to the 

surface when the oxygen concentration of the 

water re~ched a value of 2 - 3 ml/1 and when 

the percentage oxygen in the mantle cavity 

decreased to l - 4%. This finding was con-

firmed in Planorbis corneusx by Fusser and 

Kruger (1951), who found that an oxygen tension 

of l - 3% in the mantle cavity forced the snails 

to the surf-'lce . 

(iii) Temperature of the water 

As f.~r back as 1877, Clessin (vide Cheatum 19 5-1-), 

adv~nced the theory that Lymn'leids normally 

* Planorbis corneua = Plo.norbarius corneus (Jones 1964 a) 
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depend on cut.J.neous respiration and come to 

the surf.::tce only when compelled to do so by 

high temperatures. Cheatum (1934), showed 

in his experiments on various Lymnneid, 

Pl:1norbid and Physid species th:1t there was 

a substantial increase in the interv:1ls between 

breathing at 11°C, than at 21°C. Precht (1959), 

found that Lymn:1ea stagnalis resorted entirely 

to cutaneous respir.J.tion at tempertures below 

5°C. Wessenberg-Lund (1959), reported that 

at temper:1tures below 5°C, Planorbis corneus 

buried itself in the mud and rem:lined in a 

state of hibern:1tion. According to Hunter 

(1955 a), Lymnaea peregra could obtain sufficient 

oxygen by cut.::tneous respiration :1nd exchange 

of gases through the air bubble in the mantle 

cavity at w.::tter temperatures below 12°C, whereas 

0 in summer when the temperature exceeded 12 C, 

t he snails came to the surf.::tce to breathe . 

(iv) Size 

The size of aquatic snails show an inverse 

relationship to the surface .::trea available for 

cutaneous respiration. Precht (1959) and 

Hunter (1955 b) found th:1t small indiviuuals 

of Planorbis corneus and Lymnaea peregra and 

Physg fontinalis respectively, remained suboerged 

longer than the l:1rger individu.::tls. 

(v) Buoy:1ncy of the shell :1nd viscer~l mass. 

It is to be expected that the presence of gas 

in the mantle cavity of aquatic snails will have 

a buoyancy effect. Cheatum (1954), noted that 

aquatic snails c:1n flo:1t up to the surf:lce or 

alternatively sink down to the bottom. Henderson 

(1965) found that Physa fontinalis uses the 

m:1ntle gas as .:1 me:1ns of f l otation to reach 
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who h~ve observed this phenomenon in a variety 

of pulrnon~te sn~ils. Precht (1959), Jones 

(1961), Henderson (1963) ~nd Jones (1964 b) 

h~ve shown that the buoyancy propert i es of 

the air bubble could be irnport~nt in influenc­

i ng the surfJ.cing beh~viour of aqu~tic snails. 

These authors found th~t an increase in atmos­

pheric pressure (thus decreasing buoyancy) 

~pplied soon after the snails had surfaced and 

dived, forced the animals to return to the 

surf~ce. In vie"t-T of these findings, Jones 

(1961 ~nd 1964 b) ~nd He nderson (1965) advanced 

the hypothesis th~t the surfacing behaviour in 

the f reshwater pulrnonates could be initi~ted 

in part by the stimulus of reduced buoyancy 

as pulmonary oxygen is consumed. A "!'roprioceptor 

mechanism would suffice to mediate the r esponse. 

It can also be argued that the c1 screase in the 

p~rti~l pressure of the pulmonary oxygen is as 

likely a s timul us to re l ease surfacing behaviour 

in aquatic snails. However, the convincing 

experimental evidence of Jones (1961) appears 

to favour the former viewpoint. Jones found 

that the analysis of pulrncnary gas composition 

at the end of a dive in Pl.~~crbis corneus and 

Lyrnn1ea stagnalis showed considerable variation 

which did not indic~te a crit ic~l pulrnon~ry 

oxygen parthl pressure. Hende:r-::m (19G3) '\.FOrking 

on the same speci es of snails carne to the conclu­

sion that the buoyancy of the shell-visceral 

mass could be det ected by the ~nirnals and used 

to determine the quantity of gas inhaled at the 

surface. 
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The aim of the f ollowing experiment was t o 

ascert ain if temperature, oxygen tension of the 

wat e r and size of the animal have any effect on 

the duration of the dive in these three species . 

Snails of different sizes were placed in water 

at depths of 7.5 em. and 50 em . and observed 

const~ntly for six hours . Prior to the experi-

ments, the animals were fo r ced to expel as much 

of their mantle gas as was poss ible by stimulation 

of the foot or pneumostome region with a blunt 

seek.er . The cri terion for the complete or almost 

complete expulsion of the mantle gas was that the 

animals sank to the bottom of the containers due 

to loss of buoyancy . AlJ observations \.JEre 

made at ambient temperature in daylight. The 

duration of the dive was t ·iken as the intervals 

betwee n definite lung fillings at the surface. 

These results are shown in Tables 6 and 7, which 

report the mean of the intervals between breathing 

periods and the number of breathing periods respec­

tively. 

The considerable individual variation in these 

results indicat e that there was no clear pattern 

in the surfacing behaviour of these snail species~ 

While most of tbe animals dived after surfacing, 

a number of snails from each species remained 

just below the surface making no effort to dive . 

Furthermore , some individuals of Bulinus africanus 

and Bulinus tropicus rem~ined submerged ~nd never 

surf~ced · during the observation periods . As 

reg~rds-tbe interv~ls between brething periods 

(Table 6) the d~ta are not suff icient to indi cate 

any systematic trend. Bul.inus tropicus appeared 

to be the most cons t.~nt in this res pect and showed 

the le~st vari~tion ~t the diffe rent tc mpe r~ture l evels . 



,,,ean of intervals in li!inutes bet· ,;:;en brc:at~ting p0riods 

,r----~---

~ 

I 
I Species 

I 
! 

f---------+---
1 

Buli~us afric2nus 

Temp . o..-. 
02 cone. v 

I 

--~ 
17-19 I 6.0 

17-19 
I 

.J .O 

I 17~19 6.0 

Bulinus trO!JiCUS 

Lyrr.n~,:.·.: n· tdcn0is 

Sulinus .:tfric2nus 20- ;22 5.6 

Bulinuc tro!Jicus 20- 22 5.6 

Lyrmacr n.~t: le-ns i:::; 20-22 5.6 

Bulinus af:cicanus 24-25 . ~) 

::> · ·~ 

Bulinus tropicus 211--;~5 j.;2 

Lymn2eJ n~t;112nsis 24-:~5 5 . ~; ___ ..... -L----· 

ml/1 

uepth of w::ter; 7.5 Cr:Jo Dq::-::1 of "J~tc:r: ~ 
I! 

.. l!ji- ·------·- -~0--c-,-_,·.-~. -~ 

----.. ----~---------~+-~· - ·-------
Size o£ sn2i1s (length of shell 

b -;-::o 
lllr;l. ) 

10- 13 
-' --·-···-- -. --·-----

in lj S:i.zc of sn.:ils (length of :::·:ell 1n 

1 
I· :.Jn.) 

_ 5-lo ____ lL1 _ 13-.~~--- ___ ·- -~0-15 s-10 
II - - -~---~ 

161 (2) 

·~5 ( 4) 

50 (3 ) 

180(3) 

~r ( -. ) ·~:) ;::. 

7.2(4) 

58 (2) 

24 (3) 

L-23 (2) 

28 ( ~·) 

25(2 ) 

60( l) 

1)4 (2) 

li 5J(.J) 98(2 ) 
II 

II 
II 
II 

Ill 
II 
II 
II 

II 
II 
II 
II 
II 

ll 
II 
II 
II 
II 

29(2) 

70(3) .... 8 { -· ) ..:> ,::> 

66(~) 88 (2) 

il I ~~0(1 ) 76(2) II I 
II • 

__,j ________ ,_ - -------· -~--··-···-------ll--.·- ---- -.- ... ··- -----.. -----------~---1 

The figures in brackets refer to the number of snails c~served. 

I 
1\) 

~ 
I 



TABLE 7 

Number of breathing puriods in six hours 

·- ·---· 

I 
·----~ 

Species 
Ter •. jJ. 02 cone. Depth of water~ 7.5 ern. Depth of water~ oc ml/1 

30 em. 

t 
Size of sn.Jils (length of shell in mm.) Size (length of shell mm.) I of snails in 

r 
15-20 10-15 5-10 15-20 10-15 5-10 

Bulinus africanus 17-10 6.0 2,3 2,0 (1.8) 4,2,7,6,0 3,2 (3.4) 

Bulinus tropicus 17-lS 6·() 3,14,6,12 (8.8) 4,4,2 3,3,4,0,4 (3 .o) 

Lymnnea nata1cnsis 17-19 t..O 6 5,3,8 (5.5) 8,3 2,2,3,2,3 3,2 (3.1) 

Bulinus <1fricanus ~o-:n 5.6 2,050 2,0,11,2 (2 .4) 

Bulinus tropicus 20-~2 ~.6 2,0 10,10 (5,5) 

Lymnaea nata lens is :2.0-[~2 :..6 4,4,5,5 2 (4.0) 

Bulinus africanus 24-25 5.2 7~0 4,0 (2.7) 

Bu1inus tropicus ~4-25 5 .. 2 10, 10,16 (12) 

Lymnaea nata1ensis f4-~5 5.2 5 2,7 (4.7) 

The figures in bl'ackets refer to the mean of the number of bre3thing perioc~s • 
is shown, thJ mean h~s been t~ken irrespectiv<.: of size. 

In those instances where more th:m one size 

I 
1\) 
~ 
I 
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The results shown in Table 7 indic.:J.te that 

Bulinus africanus surfaced less frequently than 

either Bulinus tropicus or Lymnaea natalensis. 

Taken overall it would seem that Bulinus tropicus 

is the most frequent breather. 

Under the conditions of t he experiment, there 

was no indication tb2t temperature, depth of the 

water,and the size of the animals had any marked 

effect on the surfacing behaviour of these species. 

The small decrease in the oxygen concentration of 

the wate r from 6.0 ml/1 at 17 - l 9°C t o 5.2 ml/1 

at 24 - 25°C was surely not suffi cient to influence 

the surfacing behaviour of the animals. It is 

appreciated that these f actors cannot be lightly 

dismissed and that the observation period of six 

hours was clearly not sufficient to warrant any 

definite conclusions . However, the highly irregular 

pattern in the surf~cing behaviour of these snails 

should be examined in the light of the following 

findings . Henderson (1965) f ound that the mantle 

gas volume i s very easily upse t by disturbing or 

handling the snails . In view of this it is 

possible that the ini t i a l handling of the snails 

to expel the ma.ntle gas may s o have disturbed the 

animals, which could explain in part the wide 

variations i n the freqe ncy of surfacing. 

Furthermore , the suggestion put forward by 

Henderson (1965) that the buoyancy of the she l l­

visceral mass determines the volume of gas uptake 

at the surface may also account for the irregular 

breathing periods as observed. This implies that 

the volume of air t3.ken into the mantle cavity 

is V3.riable which suggests that pulmonary r espira-

tion as such may not be all that important . In 

vi ew of this, the next l ogical step was to ascertain 

how essential i s pulmonary respiration in these species , 
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(b) The importance of pulmonary respiration 

Firstly, it was necessary to det ermine if ~nd 

when newly hatched snails indulge in pulmonary 

respiration. Egg masses of all three spe.cies 

were placed in separate beakers in w::~.ter at depths 

of 5 -~nd 10 em. The be'lkers were pl:J.ced in an 

0 oven at 26 c, and the water changed regul'lrly to 

avoid excessive bacterial growth. The oxygen con-

centration cf the water was determined dni ly. During 

the incubation reriod the egg masses were examined 

.::tt regul'lr interv::tls ;::,f two hours under .:1 binocul::~.r 

microscope. After h'ltching ::t similar procedure 

was .::tdopted to determine the time when ru1mon:1ry 

r espir::ttion first occurred ~ These r esults are 

shewn in Table 8. 

In all three species pulmonary respiration 

occurred at an average of 2 - 5 days after hatching, 

when the young sn.::tils were seen ~t the water surface 

with air bubbles clearly visible in their mantle 

cavities. 

In the case of the adult snails, experiments 

were carried out whereby t he animals were prevented 

from surf.::tcing by means of plastic gauze at twc 

temper.::tture levels. 

The first experiment vras carried out during 

t he wi nter months when t he ambient t emperature 

Some sn'lils were acclim~ted 

from 15° t o 25°C · d f t d ove r a per1o o en ays ~ 

During t his r€riod the anim:1ls were fe d, but not 

during t he experiment. Prior t o the experiment 

all the sn.::tils we re forced t o expe l as much of t heir 

mant l e gas as was poss ible . Lots of 5 snail s of 

each spe c ies chosen S 8 as to be of equ.::tl s i ze were 

pl aced i n sep:1r2te be'J.ke r s i n l litre of water, 

which was continually J.er'lt ed . S i miL1r zrours 



T A B L lL....§ 

- - - · 
Depth of Temperature of ;.:ean of Time (days) from h2tching of eggs to first appearance of 

water in em. ·:1ater coc) 02 concentration pulmonary respiration 
in ml/L 

BULINUS AFH.ICA1'ill_~ BULWUS TROPICUS LYi~:~AEA NATALENSIS 

5 26 5.0 3 3 3 

3 26 5.0 2 3 2 

5 26 5.1 3 1 1 

5 26 4.9 3 2 3 

10 26 5.2 3 3 2 

10 26 4.8 3 3 2 

10 26 5.0 2 4 3 

10 26 5.0 2 3 3 

- I - -
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were placed in water \.Thich was not aerated .. In both 

treatments the snails were prevented by a cone of plastic 

gauze from surfacing . Controls were set up in non- aerated 

water in which the snails had free access to the atmosphere .. 

The bea~cers were placed in water baths at 15° and 25°C. 

These results are swnmarized in T.J.ble 9(a). 

A similar experiment was conducted during the summer 

months . Snails were acclimated fr om an ambient temperature 

of 20°C to 15° and 25°C over ~ period of five days. In 

this instance l ots of 15 snails of each species were used, 

the subsequent procedure be ing similar to that of the 

above experiment. A summary of these results are shown 

inTable 9(b) . 

The survival of the three snails apecies in both 

these experiments in aerated water at 15°C and 25°C and 

in non-aerated water at 15°C did not differ markedly f rom 

the controls in which the snails had free access to the 

atmosphere .. Very marked mortality 1,1as f ound in those 

lots in non- aerated water at 25°C . Within a few hours 

some of t he individuals of all three species were lying 

motionle s s and full y extended on the bottom of the beakers . 

This condition increased pro~ressively among the snails 

and the experiments vre re stopped when all the s nails were 

lying motionless at the end of the time periods ~iven 

in Tables 9(a) and 9(b). None of these snails from either 

.JxperiffiGnt recove red whe n pl '"".ccd in fresh wo.te r . This 

beh::tviour r c ;: ;mbLs 1. condition noted by Von Brand et ~1 

(19fi0) when sm.ils we re exposed to 'moxie conditions .~nd 

defined as the distress syndrome ·by Harry and Senturia (1964) 

:vide p.1.ge 35) . fill impork.nt fJ.ctor whi.)h s hould be con-

sidered ~,s contributing tm.J·'lrds the high mort::-,lity of the 

3nai ls is the poss i bility of c3.rbon d ioxide .'J.cctunul.::.tion. 

Harry a nd Sc nturia (J.964) shovJed th:::.t distress could bE evoksd in 



TABLE 9(a) 

I II 
I! I3ULINUS AF.UC.\JJUS II BULii:US TROPICUS II LYii!NAEA f'lAT ALEI JS IS 
II 

II ,. 
·' !I I -I 1-iumber of ;· 

II I -~-

snnils Temp II il II Experiment II Durati?n of 
Decre~se in !'lumber 11 D , . Decrease in II Decrease in j 

used oc f !I ur~rc1on of Number II Duration of Number I 
0 II I of each 

11 
exper1ment 02 cone. ' 1 il experiment 02 cone. of II experiment 02 cone. of sna1 s 11 'l II species li in hours in m1/L 1' I! in hours in ml/L sna1 s 11 in hours in ml/L snails I a 1ve :1 l' II 

I 
II II a 1ve 11 alive ! ~ 'I " II 

; --11 II 

' i ·-
l ll I I I Snails prevented 5 !15-16 II % 6.8-6.8 5 !I 96 6.8-6.8 5 II 96 6.8-6.8 5 
' 

II I! il I from surf3cing. II II II 
5 p5-16 96 6.9-6.8 5 !! 96 6.9 ... 6.9 5 II 96 6.9-6.9 5 

Water aerated II ii II II II 
continuously. I II il II I II !I If 1\J 

5 25 II 96 5.5-5.3 5 il 96 5.5-5.4 5 If 96 5.5-5.3 5 c.o II 'i II II II II 
I 

5 25 II 96 5.2-5.0 4 II 96 5.2-5.1 4 96 5.2-5.0 3 II If II 
_JL II I 

r--- II II II 

II II 11 
Snails prevented 5 15-16 11 96 6.8-1.5 4 

II 
96 6.8-3.2 5 II 96 6.8-1.7 4 

from surfacing. II II 
5 15-16 96 6.5-1.9 5 If 96 6.5-3.0 5 II 96 6.5-1.3 5 

Water not II 11 II II If 
aerated. 11 II II 5 25 II 20 5.5-0.9 0 II 27 5.5-1.2 0 18 5.5-1.0 0 II II !I 

II II 
5 oc lf ~~7 5.8-1.5 0 II 34 5.8-1.0 0 II 30 5 .8-1.0 0 (-.J II II II t_JL II ll 

I 
II II II 
l l II ' Control: II II 

I 
.. : 

II 
II 

Snails with free 5 -16 !I 96 6.8-4.8 5 96 6.8-4.8 5 II 96 6.65-4.4 4 

I access to t he 115-16 11 II II 
atmosphere. 5 96 6.7-4.3 5 II 96 6.7-4.9 4 ij 96 6.75-4.5 5 

I i !I II 
,, 

I II II 11 
I II II II 

I 5 'I 96 5.2-2.6 5 II 96 5.3-2.3 5 II 96 5.2-2.0 I 25 II II q 5 I II 
II !I 

5 25 II 96 5.3-2.3 4 II 96 5.3-2.4 5 'I 96 5.3-2.0 4 
L_~ 

II II 
I __ JL '! 

~-· 
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'TI'Il - q II 

I 
I 

I 
I 1

1 BULINus Ai?~rc.~ms !! i3ULii,lUS T.:oPrcus ~~~~ 
Nw.;!:Jcr of i ~ il---------~--------tt11-----------------!i>+-i-

snaidls ~1 Tct.
1
P•1! 1""1 t' f Decroc.~se in Nur.:ber j[" t' 

0
.J.-: Dccr:::c:.se in ~·~u01 mf:ber 1

1

j
1 

L'f:j\J;.EA W\.T • ...,L:::NSIS l 
----

Decrease j_n I·:umbor I 
USC OC l l .:..;UL! lOn 0' f II uUl'~. lOn 

of c<1ci1 II experiment o
2 

cone . 
0

. 1 1l1
1 

experi..lc tYt 02 cone. 1 
11 S'rl s snails 1 specie s :
1
1 in hours ' '-'. 1 in hem::: 1 

in ml/L allve 11 in ml/L alive I 
II ll II 

Expcrirr.ent 

Snails prevented 1~ ii 25 6.0-6.0 0 1,!, 96 0 .5-6.4 14 
1

1

1:

1

1 
from surft:.cin~1 · ~ I ~~ 11 6 6 

¥Jater aerated 11 11 

Dur.:d:ion of 
experiment 
in hours 

96 

o2 cone. 

in ml/L 

of 
s n-:! ils 
alive 

6.5-6.4 14 

15 I l:J 9·- 6.15- .o 15 II 

'I II II 
I continuously. 15 n- " 96 5 3 5 1 1h 'I 96 "' 3 "' 1 14 1 a' 5 3 .. 1 11 

15 ;~ II . - . 
0 

li 
0 

• _, . 1 : 5 : 4:~ :2 15 

. -------''------+--~---t---·-:+11 __ . ____________ --;l.;-1 ____ -----------:r,l-------
ll II 

II II i'l II 
Snails prevented 15 15 11 96 6.5-0.95 2 I 96 6.5-1.4 15 11 

!, from surfcicing. 15 15 II 96 6.15-2.7 15 II j1 

Water DQ1 11 11 

1 aerated. 'I II 1 
l 15 25 I! 25 5 . 3- 0 . 5 0 I 48 5 •. 3-0.49 0 II 
I II ! II 

i II !. I' ' --lr·-·------------ ------+,,io-1. -----·~--------------t,lt------------------1 
l Ill II l1 Control~ 
i Snails \Vith free 1::> j lS II 96 6.5-4.3 1~ 

1
!'
1
1 06 6.5-4.6 15 II 

l II I acces:J to the 1 II 

I II ll ,I atmosphere • 11 11 
15 25 11 <)6 5.3- 1.6 10 n 96 5.3- 2 . s 15 1 

l 15 I ;~5 !! 96 5.2-2. 7 15 II ,,, 
.! __________ ~--------~---------- JL II -----------------------------~~------------------~-----------·------------------------------~ 

96 6.5-0.<;5 13 

48 5.3-0.3 0 

96 6.5-4 .3 15 

96 5.3-2.2 15 

I 
CJ'I 

? 
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Taphuis glabratus (Australorbis glabratus) hy 

exposing the snails to carbon dioxide. (vide 

page 55). In order to test this, lots of 15 snails 

of each species from the same summer stocks as 

used in the second experiment were placed under 

gauze in non-aerated water at 25°C. The carbon 

dioxide concentration in the water was determined 

at intervals, by equilibrating an air bubble with 

10 ml. of water in a syringe. Part of the bubble 

was then transferred to a tonometer for analysis. 

The dissolved oxygen concentration of the water was 

also checked simultaneously. These results are 

shown in Table 9(c). The expected high mortality 

rate with accompanying distress in these lots of 

snails confirmed the experimental finding as found 

previously at 25°C. A notable exception, however, 

was one lot of Lymnaea natalensis which showed no 

no distress and a high survival over a period of 

96 hours. Replic::.ttion of this treatment with 

snails from the same stocks resulted in the ex~€cted 

high mort:1li ty. No free c~rbon dioxide could be 

detected in the w~ter by the ton8metric method used, 

and this gas was therefore not considered to be a 

direct cause seriously affecting the survival of the 

snails under the conditions of the experiment 4 

Table 9(b) also reports some results which seem 

to be at variance with the overall picture of survival 

and mortality . Distress , with marked mortality was 

evident in the case of Bulinus afric:mus in both aerated 

and non-aerated water at 15°C . Also four individu:1ls 

of Lymnaea natalensis in aerated water at 25°C 

showed the distress syndrome. In replicate experi-

ments on snails from the same stocks, survival was 

in keeping with the expected results which indic:1ted 

that the initial findings were very likely abnormal 

for some reason or :1n0ther, or due to some unknown 



TABLE 9 (c), 

Survival of Snails when prevented by gauze from rc1ching the surf::lce. 
Water not aersted. 

i•Jumber of Time in l Temp. 02 cone. Final Rlisul t 
Sp0cies snails used hours m1/L C02 % Remarks 

Alive Dead I j _l oc 
--+-- - ·-i I I I 

Bulinus africc.nus l I zero 25 ! ,. ~ o.o 
I 

~.-.:5 

I j 
j 24 25 2.0 o.o 10 Snai ls distressed 

I 15 30 25 1.3 o.o hll Snails distressed - 15 l .. 

l I 

I 
i 

Bulinus tropicus i zero 25 5.3 o.o I I 
I 

j 
24 25 1.15 o.o 8 Smils distressed 

15 32 25 0.8 o.o All Sn;- ils distressed - 15 

I I 
Lymnaea n~talensis zero 25 5.2 o.o I\!O distress 

22 25 1.0 o.o l~O distress 

42 25 1.0 o.o No distress 

69 25 0.9 I o.o No distl'QSS I 

15 96 25 0.3 c.o 

I 
I~o distr:::ss 14 1 

I 
! 

Lyr.Jn-JC() nata1ensis I zero 25 l 5.3 o.o 
I I I 

I 24 :25 • 1.1:5 o.o l 12 Snc::i 1 s d istr·-::s sed 
I I I I I 

"' ') "• ? -. i () ""' c: ~ ... () c . -o.o I ___ _ 
--...J. 
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factor or factors . In this connection it should 

be noted that overcrowding could be a contributing 

factor as 15 snails of each species were used in the 

second experiment whereas 5 snails of each species 

were used in the first ex~eriment . A further ~spect 

to be t2ken into account is th~t the snails used in 

these exr::eriments were from different stocks. 

Notwithstanding this variation in t he respiratory 

behaviour of the Bulinus africanus and Lymnaea 

natalensis, the results from these experiments 

suggest that all three species can survive for 

96 hours and probably for longer periods, without 

access to the water-air interface at 15°C, despite 

the decreasing oxygen tension in the water, and 

at 25°C in well oxygenated water 4. 

Presumably cutaneous respir2tion is adequate 

to c~ter for the oxygen requirements of the animals 

under these experiment~l conditions. However, 

survival is seriously affected if access to the 

atmos~here is denied in water at 25°C in which the 

oxygen tension is being progressively decreased by 

the animals to levels which do not differ markedly 

from those at 15°C in non-aerated water. In such 

conditions the cutaneous oxygen uptake does not 

seem adequate to supply the oxygen requirements of 

the snails. This implies that pulmon~ry respiration 

in these s~cies becomes increasingly important in 

conditions in which the cutaneous respiration is 

not sufficient to c~ter for the metabolic needs of 

the animals • 

In this connection it is interesting to note 

that Jones (1961) found that a fall in the 

dissolved oxygen concentration with .a consequent 

decrease in cutaneous uptake resulted in a comr en­

satory increase in ~ulmonary oxygen upt2ke in the 

case of Plancrbis corneus and Lv-1nae::t st~~n-:.lis . 
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The behaviour of the ani~~ls when denied 

access to the atmosphere was in no way abnormal, 

except in those lots of snails in which extensive 

mortality occurred at 25°C in non-aerated water. 

The general impression was that these animals were 

in respiratory stress after a few hours and they 

probably died from asphyxiation. Taken overall, 

pulmonary respirati~n does not appe~r to be essential, 

provided the cutaneous respiration can supply the 

oxygen requirements of the animals. 

(c) Survival of the sn~ils in anoxic conditions. 

Aquatic sn.'lils are known to possess a certain 

toler~nce towards :moxie conditions . Von Bn.nd 

et al (1950), in studies on various srecies of 

freshwater pulmonates found '1 consider'lble variation 

in the resistance towards total anoxia , in that the 

Lymnaeids and Physids tolerated total anoxia for 

only 6 hours whereas the Planorbids were more 

resistant by surviving in such conditions for 

16 - 24 hours, with the exception of Helisoma 

trivolvis which survived for 61 hours. All these 

species consumed carbohydrate during exrosure to 

anaerobic conditions 'lnd produced c'lrbon dioxide 

and lactic acid . Subsequent studies by Mehlm~n 

and Von Brand (1951) indicated that the SFecies 

not resistant to anaerobic conditions were killed 

primarily by the accumulation of lactic acid, \-!hereas 

the more resistant species were more tolerant to 

the lack of oxygen due to the f .act that they 

accumulated in their tissues less toxic fatty acids 

such as propionic .'lnd acetic acid. Berg (1952), 

showed that the limret Ancylus fluviatilis living 

in well aerated streams was less tolerant to 

anoxia than Acroloxus lacustris_, a limpet living 

in stagnant wate r . BiomDhalaria sudanica, the 

intermedi 'lte host of Schistc•S0!13. r:;ansoni i n East 
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Africa has been found by Jones (1964 b) to live 

in swamp water in which the dissolved oxyppn 

concentr~tion seldom exceeds 5% of ~ir saturation 

and often the water is c0 mpl_etely devoid of oxygen. 

In these environments a high concentration of carbon 

dioxide usually occurs 'lnd Jones recorded values of 

2 . 9 - 3. 0%. 

Von Brand et nl (1950) , noted that all t he 

pulmonate species studied showed a char:J.Cteristic 

behaviour unde r ~naerobic conditions, in that 

within a f ew hours after exrosure to total oxygen 

l ack the snails l ay motionless and fully extended. 

Provided the animals remained extended they recovered 

completely in aerobic conditions , but if the anaerobic 

period lasted too long, haemorrhage occurred and 

the snails retracted into their shells, a state from 

which they did not recover when placed in aerobic 

conditicns. This behaviour was defined as distress 

by Harry and Senturia (1961). These authors 

subjected Taphius gl abn.tus (Australorbi s glabratus) 

to anaerobic conditic-ns, but in ccntrast to the 

experimenta l findings Gf Vcn Brand et al (1950), 

no distress could be evoked in this species. This 

could be ascribed to the experimental designs of 

the var ious workers . Von Brand et al (1950) 

employed a closed system of small volume , whereas 

Harry and Senturia used a constant f l ow syst em of 

large vclume which les sened the possible accumula­

tion of toxic waste products from the snails . How­

ever, Harry and Senturia found distress symptoms 

when the snails were exposed to carbon dioxide . 

In the absence of oxygen, 5% carbQn dioxide pro­

duced mild distress from which the snails recovered, 

20% carbO'n dioxide caused severe distress from 

which the animals did not recover, whereas 100% 

carbon dioxide resulted in immediate retraction 
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of the sn~ils into their shells and death. 

Small amounts of oxygen considerably lessened the 

toxic effects of carbon dioxide, for example 5% 

oxygen and 20% c~rbon dioxide caused no well defined 

distress symptcms. 

The aim of the following experiments was to 

obt'lin ~ measure of the toler::mce tow'lrds anoxia 

in these South Afric~n pulmon'lte species. The 

exreriments were C'lrried out at 15° and 25°C on 

two different stocks of snails. 

The first experiment was carried out during 

the winter months when the 'lmbient temJerature 

0 was 15 - 16 C. After prior acclimation and expul-

sian cf the air bubbles from the mantle cavities 

of the anim~ls, lots of 5 snails of each species 

were placed in litre as-pi.r::ttors in 900 ml water 

through which nitrogen had been bubbled. The air 

in the sp~ce above the water was displaced by nitro-

gen. The '1Spir9.tors were closed with rubber bungs 

provided with manometers 'lnd immersed in water 

baths at l5°C. Similar groups of snails -were 

plac?5d in aspirators which were immersed in water 

The pressures in the aspirators were !ldjusted 

to atmospheric pressure. C8ntrols were set up 

in as pi.r'ltors in well aer:1ted water with an 

atmospheric 'lir interface. The results are 

summarized in Table lO(a). 

The second exreriment was conducted duri ng 

the summer months when the ambient temperature 

varied from 20 - 22°C. The procedure was similar 

to the first experiment, except that l ots of 15 

snails of e:tch SJ:."'I€Cies were used . These results 

are summarized in Table 10 (b) . Despite the low 

oxygen cc.ncentr:ttion of the w1ter which V'lried 

f r c;-· 0 . 0~ t r' L2.S nl o.)l in t he f i r st exrr.: ri •'Jt:; nt 
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and from 0.7 - 0.95 ml 02/1 in the second 

experiment, the survival of the snails over a 

period of 96 hcurs at both 15° ~nd 25°0 did 

not differ markedly from the controls in which 

the snails had access to atmospheric air. These 

results indicate th~t these species can exist in 

very nearly anoxic conditions ~nd do not appear 

to be sensitive to an oxygen lack. 

Two aspects merit further cons ideration in 

connection with this high surviv~lship of these 

species in these anoxic conditions. 

(i) Lymnaea nat~lensis, which does not possess 

haemoglobin did not .~ppear to be at any 

disadvant~ge and showed as high a survival­

ship as Bulinus africanus and Bulinus tropicus, 

both possessing haemoglobin. Although it is 

gr~nted that haemoglobin in the Planorbids 

(at least in Planorbis corneus) has a high 

affinity for oxygen and may be of use in the 

transport of oxygen at low oxygen tensions 

(Leitch 1916, Borden 1931, Fox 1945, and 

Zaaizer and Wolwekamp 1958), the possible 

role that this pigment may have had in the 

high survivalship of the snails under the 

conditions of this experiment is considered 

as insignificant. 

(ii) Von Br~nd et al (1950) and Berg (1952) con­

sidered the anaerobic consumption of carbo­

hydrate by snails during exposure to anoyia 

as an import~nt f~ctor for survival in such 

adverse conditions. Although this aspect 

was not investig.~ted in this study' the high 

survivalship of these species may possibly be 

ascribed to the incurring of ~n oxygen debt 

and the am.erobic metabolism of carbohydrate 

s t rrc s \) 
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During the course of the experiments the 

snails of all three species which were exposed 

to low oxygen tensions tended to remain at the 

junction of the w.1.ter-nitrogen interface. It 

is assumed that the animals took Nitrogen into 

their lungs as they were buoyant. Occasionally 

a few animals were seen to move to the bottom of 

the aspirators, only to return to the surface. 

No distress was seen in the first ex~eriment but 

in the second experiment distress w:1s evident only 

in ::me lot of Lymnaea m talensis at 25°C where eight 

individuals collapsed and in Bulinus tropicus at 25°where 

two individuals collapsed. A replicate exreriment 

on Lymm.ea n~t~lensis showed no distress. A most 

confusing and contradictory ~spect however, was the 

distress accompanied by a high mortality rate in 

Bulinus troricus in t he controls at 15° and 25°C. 

On repeating this experiment with s~ils from the 

same stocks, no distress was seen. No explanation 

can be given for these confusing results, except 

that not sufficient replicates were done. 

The high surviv1.lship of the snails in anoxic 

conditions in this seri es of experiments i s in 

complete contradiction to the results of the 

preceding experiments. In one instance , if the 

anim:1ls are denied access t o ~ w1ter-gas interface 

at 25°C, i n wat e r which is progressively being 

depleted of oxygen, exte nsive mortality r esults, 

caused by what seems t:-_:, be a dire respir1.tory need. 

I n the other iDstance , survival was high in the 

almost total absence of oxygen . The only difference 

in the expe rimental design was , th:1t in this case 

the s nails had access to a water gas interface , even 

though t his gas was nitrogen. Unfortunately it 

was not possible t o rrovide the additional control 

where snails are exposed t o anoxi c conditions in the 

'lbsence tif a water-gas interface. In t his respect , 
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the preceding experiments in which the snails 

were denied access to a water-air interface in 

non-aerated water at 15° and 25°C, 3.nd in 

which the oxygen tension fell to low levels may 

be considered as controls. 

Provided this is granted, it would seem as 

if access to a water-gas interface is import3.nt 

in these species at high temperatures in anoxic 

conditions. Based on the assumption that the 

animals in this series of exreriments took Nitrogen 

into their mantle caviti es as they were buoyant, 

the presence of this inert gas in the lung would have 

no respiratory value which suggests that the buoyancy 

effect due to Nitrogen in the mantle cavities of 

the animals was important fer their survival. 



2. Cutaneous respiration under standardized conditions. 

The oxygen uptake of aquatic snails in relation 

to starvation, temperature, weight, and oxygen tension 

of the water has been investigated by various workers. 

Studies by Von Brand et al (1948) on Australorbis 

glabratus, Helisoma dyryi, Physa gyrina and Physa sp. 

showed that starvation resulted in a pronounced decrease 

in the oxygen consumption during the first few days of 

starvation, this decrease becoming more gradual l ater on. 

Berg and Ockelmann (1959), found that starvation during 

a period of 1 ~ 24 hours after collecting the animals 

resulted in a distinct decrease in oxygen consumption 

in Lymnaea palustris whereas Lymnaea P§reger and Physa 

fontinalis showed only a small decrease . 

All the species studied by· Von Brand et al (1948) 

and Berg and Ockelmann (1959) showed an increase in 

respiratory rate with a gradual increase in temperature. 

0 
Von Brand found that a temperature of 41 C was lethal 

to Australorbis glabratus. 

Von Brand et al (1948) found that oxygen consump-

tion decreased with increasing size of the snails if 

referred to unit~ weight, but remained approximately 

constant if referred to relative surface area. It 

should be pointed out that the data of these authors 

~ based on the total weight of the snails (soft parts 

plus shell), and not on the actively metabolizing soft 

parts . Berg and Ockelmann (1959 ) found an increase 

in oxygen consumpt ion with an increase i n live weight 

(s oft parts only) in the species they studied.. This 

increase, however , was subject to seasonal variation 

which was ascribed to reproductive activity. In previous 

work Berg et al (1958) showed that the oxygen consumption 

of Ancylus fluviatililis is greater during the period 

of reproduction than during other seasons. 

The respiratory behaviour of freshwater snails , 

in r elation to the oxy ~~en co~tent of the wate r, sheered 
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considerable variation in that some species maintained 

their oxygen consumption at a reasonably steady rate in 

the face of a decl ining oxygen supply, whereas other 

species decreased their oxygen consQ~ption as the oxygen 

supply diminishes . Von Brand et al (1950), found that 

Australorbis glabratus was able t o maintain an approxi­

mately steady rate of oxygen consumption over a range of 

a partial pressure of oxygen varying from 760 - 15 mm. Hg . 

Below a tension of 1~ mm .. Hg . the OJ0 ;~en consumption of 

the sno.ils declined r11(idly . Zrnijor -md ~Jolwekamp 

(1958 ), found th~lt El.lnorbi:3 corneus 1.nd Lymnf'l.e."\ st'lgMli§. 

sho~red a decreased respiratory rate with a decreasing 

oxygen tens ion. Berg and Ockelmann (1959) also found 

that some pulmonate species for example, Lymnaea 

auricularia and Physa fontinalis are able to maintain 

their oxygen consumption with a decreasing oxygen tension 

to a critical point of oxygen supply, whereas other s~ecies 

such as Lymnaea pal ustris show a decrease in oxygen 

consumption in response t o a declining oxygen supply. 

The aim of the following experiments was to determine 

the oxygen consumption of these South African pulmonate 

species in relation to starvation, t emperature, live 

weight and oxygen content of the water . 

were conducted in closed respirometers . 

All experiments 

Prior to an 

experiment the snails were forced to expel as much of the 

mantle gas as was possible by stimulation of the foot or 

pneumostome region. Where experiments were conducted at 

t emperatures other than that of the ambient, the snails 

were .3.Cclimated from the ambient to the experimental 

temperature by 1 °C per day. During this period the aniT113.ls 

were fed . In order to minimise any possible toxic effects 

due to accumul~tion of waste products from the ani~ls 

in the respirometers, ~11 experiment s were of 50 minute 

duration. The procedure of Berg -.tnd Ockelmann (1959) 

was adopted whereby the oxygen uptake of the a nimCJ.ls 

is expreosed in t erms of the actively : t~bolizing soft 
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parts (live weight) of the anim~ls . After completion 

of an experiment, the snails were dried thoroughly on 

filter p3.per, weighed and killed in boiling water. The 

soft parts were extracted and the shells dried and weighed . 

The difference between the two weights gives the live 

weights of the animals. 

(a) Oxygen consumption in relation to starvation~ 

One snail of each species were kept in separate 

beakers in waterbaths at 15° and 25°C . The 

animal s were given no food and their oxygen con­

sumption was me~sured at 24 hour interv~ls over 

a period of six days. The snails were weighed 

before and after completion of the exueriment . 

The loss of weight during the six d~y starv3.tion 

period varied from 1 - 2% i n al l three species. 

Controls were set up in which the anim~ls were 

fed. 

The results are shown in Figure 2 . All three 

species showed a gr~dual decrease in oxygen con­

sumption during the starv~tion period of six days . 

This decrease was not very marked but was more 

0 0 pronounced at 25 C than 3.t 15 C. The results of 

this experiment are in agreement with the experimen­

tal findings for other pulmon3.te species as found 

by Von Brand et al (1948) and Berg ~nd Ockelmann 

(1959). 
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Figure 2: Oxygen consumption of starved snails 
as compared to oxygen consumption of 
well fed snails. 

N.B. The symbols used to designate 
the different snail species 
will be used in all the 
following figures. 
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(b) Oxygen consumption in relation to temperature. 

The influence of temperature on the respiratory 

rate of the snails was i nvestigated over the 

Two individual snails 

from each species were used in this experiment, 

These results are shown in Figure 3. 

All three species showed a markEd increase in 

oxygen consumption with an increase in temperature . 

This increase was very pronounced in the case of 

Bulinus tropicus .and Bul i nus africanus . The 

temperature coefficients (Q10) over the range of 

150 - 25°C of the increase in metabolic rate for 

Bulinus africanus, Bulinus tropicus and Lymnaea 

natalensis are 3.0, 2.4 and 2. 9 respectively, which 

are within the normal limits . The maximum tempera-

ture which these snails were able to tolerate 
~s o 
~ 50 C for Lymnaea natalensis and 5~ .5° for 

Bulinus africanus and Bulinus tropicus. Above these 

respective temperatures the animals appeared to be 

adversely affected as shown by the decrease in their 

oxyge n uptake. The temperature relationships of 

these species are thus in agreement with the 

experimental findings of other pulmonate species 

studied by Von Brand et al (1948) and Berg and 

Ockelmann (1959) . 
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Figure 5: Oxygen consumption in relation 
to temperature . 
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(c) Oxygen consumption in relation to live weight. 

Snails of different sizes were used in this 

experiment and their oxygen consumption was 

0 0 measured at 15 and 25 C. The results are 

shown in Figure 4. 

All three species showed an increase in oxygen 

consumption with an increase in live weight at 

both temperature levels . No attempt was made 

to correlate the oxygen consumption of the animals 

with their surface area,as Perlowagora-Szumlewicz 

and Von Brand (1958) found that the formula W~ 

(W : weight of snail) for determining relative 

surface is not sufficiently accurate. These 

authors point out that the weight of the metaboli-

cally inert shells of snails of different sizes 

could vary significantly, and thus result in 

erroneous calcul ations . This point is illustrated 

in Figure 5, which shows graphically the variation 

in the relationship between the total weight of 

the snails and the weight of the shells of the 

animals used i n this experiment. 

The results of this experiment confirm those found 

by Berg and Ockelmann (1959) for the relationship 

between oxygen consumption and live weight. 
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of the shells. 
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(d) Oxygen consumption in relation to oxygen content 

of the water. 

Experiments were carried out at temperatures of 

15°, 20° and 25°C. One snail of each species was 

used for the experiments at 15° and 20°C and a 

separate lot of .individual snails was used for the 

experiment at 25°C. Water containing different 

oxygen saturation levels were prepared by bubbling 

nitrogen through for various lengths of time. For 

the purposes of this experiment the oxygen concen­

tration in well aer~ted water at the different 

temperatures was taken as 100% saturation. The 

results are shown in Figure 6 which show that these 

species decrease their oxygen consumption as the 

oxygen supply diminishes. At 15° and 20°C the 

decrease was gradual, whereas, at 25° it was much 

steeper. Bulinus africanus, Bulinus tropicus 

and Lymnaea natalensis are thus oxygen dependent, 

as they do not maintain a steady rate of respiration 

as the oxygen content of the water diminishes. 

There is clearly a considerable variation in this 

aspect of respiratory physiology as far as freshwater 

pulmonates are concerned, and these results are in 

agreement with those of other workers in this field . 
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5. PULMONARY RESPIRATION 

(a) Anatomy and histology of the respiratory organs: 

A knowledge of the anatomy and histology of 

the respiratory organs is essential in order to 

assess the physiological significance of the mantle 

cavity in all three species and of the pseudobranch 

in the Planorbids. Fresh material was used for 

the dissections. The snails were anaesthetized 

by a mixture of menthol and chloral hydrate 

(Personal communication from Professor J. A. van 

Eeden, Zoology Department, Potchefstroom University) .. 

For the histology of the mantle and pseudobranch, 

the material was fixed in Bouin (Pantin, 1960). 

All sections were cut 6p in thickness and stained 

with Mallory's t riple stain (Pantin 1960). 

The Planorbid species Bulinus africanus and 

Bulinus tropicus differ from Lymnaea natalensis 

in having certain organs on the left side (sinistr~l) 

these organs in Lymnaea natalensis being on the 

right side (dextral). The breathing organ is 

the lung or mantle cavity. An extens ion of the 

mantle, the pneumostome provides a passage for 

atmospheric air to reach the mantle cavity by 

forming a short temporary siphon which is protruded 

through t he surface film of the water. In addition, 

Bulinus africanus and Bulinus tropicus possess an 

accessory gill, the pseudobranch. This structure 

is absent from Lymnaea natalensis. The arrangement 

and relationships of the pneumostome region of 

the Planorbids and Lymnaeids in general are depicted 

di agrammatically in .Figure 7(a) and (b) respectively. 

(For the purposes of these diagrams the shells 

of the animals were removed) . 
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Figure 7(a): Diagram showing dorsal view of the 
pneumostome region of Bulinus africanus. 

1------T 

Pn------~~~~' 

A 

Figure 7(b): 

Legend for 
Figures 
7fa) and {b) 

Diagram showing dorsal view of the 
pneumostome region of L¥mnaea natalensis 

A : anus 
Al: anal lobe 
E : eye 
Me: mantle collar 
Pn: pneumostome 
Ps: pseudobranch 
T : tentacle . 
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The Mantle 

As the morphology of the mantle of Buli nus 

africanus and Bulinus tropicus is essentially 

similar, only the mantle of Bulinus africanus and 

that of Lymnaea natalensis will be described-

The mantle is a thin membranous structure, 

deeply pigmented in patches in all three species. 

By the injection of Methyl blue into the pedal 

sinuses of the snails, the bloodvessels of the 

mantle could be clearly dist inguished and the 

direct i on of the bloodflow followed . Figures 8 

and 9 show the ventral surface of t he mantle wi th 

attendant s t ructures of Bulinus africanus and 

Lymrn ea natalensis respectively . 

The kidney is a cons picuous organ bisecting 

the mantle r oof and is well developed i n these 

s pecies. 

The use of the above mentioned injection 

technique revealed a distinct diffe rence in the 

vas cular a rrange me nt of the mantle between the 

Planorbids and Lymnae ids. 

In Bul. inus af r icanus six pronounced blood­

vesse ls are present, namely, a later al, and ~medial 

recta l bloodvessel running along t he intestine, 

a bloodvessel which fo 1 lows t he intermediat e .mantle 

ridge , a vessel running within t he mant l e col l ar, 

a renal ve i n, and, a pul monary vein, both lyi ng 

a l ongs i de t he kidney , the l atter f lowing di rectly 

into the atr i um of t he hear t . No bloodvessels were 

evident in the mantle r oof anterior to the kidney . 

On the other hand, 3..n Lymnaea natalens i s only one 

bloodvessel running along the mantl e r oof was seen. 

Histol ogi cal sect ions of the mantle of this species 

did not reveal any additional bloodvessc ls . 
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Figure 8: Diagram depicting the ventral surface 
of the mantle complex of Bulinus africa·ms 

A: Atrium of heart 
Int: Intestine 
Imr: Intermediate mantle ridge 

Imr-bv: Intermediate mantle ridge bloodvessel 
K: Kidney 

Lr.bv: Lateral rectal bloodvessel 
Me: Mantle collar 

Mc . bv: Mantle collar bloodvessel 
Mr: Mantle roof" 

Mr.bv: Medial rectal bloodvessel 
Pn: Pneumostome 
Ps : Pseudo branch 
Pv: Pulmonary vein 
Rs: Renal sinus 
Rv: Renal vein 
Ur: Ureter 
V: Ventricle of heart. 



-S1-

Irt 

~~-..::.\----- Pn 

~~--- Rs 

....---Me 

11'----\---M b 

. .. _........: . 

. ~- . : 
......---"-71--~-1--- Bv 

.. ~~:·t · · .. ;' ,· 

~~~~~--- A 

~~-'-I<J:>.,c._--- v 

Figure 9: Diagram depicting the ventral surface 
of the mantle complex of Lymnaea natalensis 

A: Atrium of heart 
Bv: Bloodvessel in mantle roof 

Int: Intestine 
K: Kidney 

Mb: Hantle border (cut ) 
Me: Mantle collar 

Mr.S: Mantle roof sinus 
Pn: Pneumostome 
Rs : Renal sinus 
S: Sinus 

Ur: Ureter 
V: Ventricle of heart. 
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It appears that the pseudobranch in the 

Planorbids is supplied by blood from the visceral 

mass flowing along the lateral and medial rectal 

bloodvessels and by blood, possibly from the mantle 

itself, flowing within the mantle collar and 

intermediate mantle ridge vessels. Unfortunately, 

the exact course followed by the blood entering 

the afferent pseudobranch vessel could not be 

determined . The efferent drainage of the pseudo-

branch appears to be related to a vascular area of 

the mantle which is closely associated with the 

distal region of the kidney or renal sinus, and 

from where blood is carried to the renal vein. 

From this vessel blood flows through the kidney 

into the pulmonary vein ~nd thence to the heart. 

This confirms the conclusion of Stiglingh et al 

(1962) for the efferent drainage of the pseudobranch 

in Bul_inus trooicus 

In Lymnaea natalensis the flow of blood is 

different. A renal sinus is present as is als o 

a sinus in the re ;;ion of the heart, (S _- figure 9), 

which appears to be closely associated with the 

visceral mass. The mantle roof anterior to the 

kidney consists of a brownish coloured vascular 

area, termed the mantle roof sinus (Mr.S- figure 9). 

It seems as if blood flows from the visceral mass 

through the mantle roof vessel into the mantle 

roof sinus and ~lso into the renal sinus . The entire 

kidney seems to be an efferent drai~age system for 

taking blood back to the heart and it also appeared 

that blood may flow more directly from the m~ntle 

roof vessel via the m~ntle roof sinus into the heart. 

The are-a of the mantle posterior to the kidney appears 

to be devoid of any bloodvessels or vascular sra~es. 

, .~· 
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Histologically the mantle of both the 

Planorbids and Lymnaeids consist of epithelial 

cells, smooth muscle and connective tissue. The 

natural relations of the v~rious tissue elements 

are most readily understood by referring to Plates 

5 and 6 which represent typical transverse sections 

through the mantle roof anterior to the kidney, 

of Bulinus africanus and Lymnaea natalensis 

respectively. The outer surface of the mantle 

consists of a layer of pigment cells. Immediately 

beneath this is a layer of smooth muscle followed 

by connective t issue . In Bulinus africanus the 

smooth muscle l ayer is not as well def ined as in 

Lymnaea natalensis. The inner surface is an 

extremely thin single layer of epithelial ce lls. 

It is clear that there is a distinct difference 

between the mantle roofs of these species. Whereas, 

in Bulinus africanus the connective tissue elements 

are densely packed, with rel.atively few sinuses, or 

vasculnr spaces, Lymnaea natalensis shows a highly 

vascular ~rea with numerous lnrge sinuses, which is 

equated with the m~ntle roof sinus. This implies 

that in Bulinus africanus the blood flow through 

the mantle is not as extensive as that in Lymna.ea 

natalensis. 
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s Sm Sm 

100~ 

Plate 5: Transverse section through mantleroof 
(Mr.) of Bulinus africanus 

Ct: Connective tissue 
E: Epithelium 
P: Layer of pigment cells 
S: Sinus 

Sm: Smooth muscle 

, 100~ 

Plate 6: Transverse section through mantle roof 
sinus (Mr .S) of Lymnaea natalensis . 

Ct: Connective tissue 
E: Epithelium 
P: Layer of pigment cells 
S: Sinus 

Sm: Smooth muscle 
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The Pseudobranch 

The pseudobranch of Bulinus africanus and 

Bulinus tropicus is aU-shaped structure (Figure 10). 

It consists of a number of transverse prim~ry folds 

protruding on both the ventral and dorsal surfaces. 

Each primary fold is thrown into smaller transverse 

se cond.':l.ry folds, an arrangement which consequently 

greatly increases the total surface area . Histo­

logically the pseudobranch consists of conne ct ive 

tissue forming large sinuses or vascular·~paces 

which are bounded on the outer surface by a single 

layer of cuboidal epithelium cells. Pl ate 7 (a) 

and (b) show typical tr.;msverse J.nd longitudinal 

sections through t he pseudobranch of Bulinus 

.:tfric.:mus. The histological aopearance of the 

pseudobranch of Bulinus tropicus is essentially 

s imilar. 

The pseudobranch itself has a separate 

afferent and efferent bloodsupply . From the 

afferent bloodvessel , the blood flows through t he 

large sinuses and thence into the efferent blood­

vesse l from where it goes to the heart as described 

previously. 

Examination of newly hatched and adult 

Bul inus o.:fricanus and Bulinus trooicus showed that 

t he external surface of the pseudobranch is ciliated. 

By means of carmine plrticl es it was found th~t 

in the living animal the actively beating cilia 

create currents of f low a round the pseudobranch and 

in the pseudobranchial chamber . Although these 

currents were not very well organised, inhalent and 

exhalent currents cou1d be distinguished which 

appeared to run counter to the flow of blood through 

the pseudobranch. Even this rather ill defined 

counter-current mechanism would greatly increase 

the efficiency of the pseudobranch in obtainin~ 
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Ef.v 

Figure 10: Diagrammatic representation of the 
dorsal aspect of the pseudobranch 
of Bulinus africanus 

Af .v: 
Ef .v: 

Pf: 

Afferent pseudobranch bloodvessel 
Efferent pseudobranch bloodvessel 
Primary folds . 

The direction of blood flow is indicated 
by arrows. 
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Plate 7(a): Transverse section through pseudo­
branch of Bulinus africanus . 

Af.v: Afferent bloodvessel 
Ct: Connective tissue 
E: Epithelium 

Ef .v: Efferent bloodvessel 
Pf: Primary fold 
S: Sinus 

Sf: Secondary fold 

100~ 

E--

Plate 7(b): Longitudinal section through pseudo­
branch of Bulinus africanus 

E: Epithelium 
Pf : Primary fold 

S : Sinus 
Sf: Secondary fold 
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oxygen from the surrounding water. 

It should be pointed out that ~lthough the 

pseudobranch is ciliated, no cilia were seen in 

the histol.ogical sections. 

to the preparation methods. 

This could be due 

(b) Oxygen uptake from the air bubble i n the mantle cavitx. 

The presence of air in the mantle cavity 

of freshwater pulmon~tes has prompted the suggestion 

that the bubble may function as a physical gill as 

in some aquatic insects . Ege (1918) showed that 

some species of aquatic insects (Dytiscidae, Corixidae, 

Hydr ophilidae and Notonectidae) carry air stores 

in the form of bubbles on their body surfaces by 

means of which they are able to obtain some of 

their oxygen requirements when submerged, by 

diffusion across the air water interface of the 

exposed bubble surface. These bubbles, however, 

decrease progressively in size due to the outward 

diffusion of nitrogen and eventually the exposed 

surface becomes inadequate for the efficient diffusion 

of oxygen into the bubble. The insect is consequently 

forced to return to the surface to renew its air 

supply . In view of this, Crisp and Thorpe (1948) 

and Thorpe (1950) point out th~t the functional 

efficiency of these bubbles as physical gills is 

limited and are more accurately described as air 

stores of diminishing volume . 

Very elegant work by Thorpe and Crisp (1947) 

has shown that some aquatic Hemiptera and Coleoptera 

species have overcome this difficulty of a progres­

sive decrease in the size of their air supplies by 

holding 3n extremely thin layer of air of negligible 

volume but large surface area, on their body surfaces 

by means of densely p'lcked hydrofuge hairs . The 

ph:, ....: ic'll f orce s ir.· ·olv·=d c'l.n rr'lint':in th i s .:.ir fi 1m 
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at a constant volume. This type of air supply 

is known as a plastron and as its volume is 

negligible but constant, it need not be renewed 

at intervals, and functions solely as a physical 

gill whereby a constant flow of oxygen from the 

surrounding water to the respiratory system of the 

animal can be maintained. Provided the water is 

well aerated, insects possessing a plastron can 

remain submerged indefinitely and thus become 

completely independent of atmospheric air. 

The evidence that the air bubble in the mantle 

cavities of freshwater pulmonates functions as a 

physical gill is contradictory. 

Hunter (1955 a and b) stated that the air 

bubble may or may not be used as a physical gill. 

Hunter (195:3 a) noted that Lymnaea peregra were 

able to live submerged for long periods at water 

temperatures below 12°C, obtaining their oxygen 

requirements by cutaneous respiration and by gas 

exchange via the air bubble in the mantle cavity. 

To quote Hunter (cf .. page 87) 11 it is sufficient 

t o state here that the bubble in the mantle cavity 

is used as a physical gill by those indivi duals of 

Lymnaea peregra which live in these populations 

on the Loch shore". In subsequent studies on 

Lymnaea peregra and Physa fontinalis, Hunter (1953 b) 

observed that these spe cies were living continuously 

submerged in the shallows of Loch Lomond, with either 

a gas bubble, or water in the mantle cavity, whereas 

other members of the same population made regular 

visits to t he surface to breathe. Analysis of the 

gas bubbles from the snails which were living con­

t inuously submerged vari ed, .<J.s some cont ained a high 

percentage of carbon dioxide (1.6% - 2.50, which 

led him to conclude that it was most unlikely that 

such bubbles could f unction cfficic: ntl:r 'lS J. physics.l 

•· 



.:..66-

gill while retaining such a high concentration of 

carbon dioxide. 

Hunter's inferences, with regard to physical 

gill function are open to criticism ~nd not con­

vincing . It seems th~t he relied mainly on 

observations in the field with no carefully 

controlled experimental evidence to substantiate 

his viewpoints. 

Henderson (1963), a~proached this aspect of 

physical gill funtion from a purely experimental 

point of view by determining the change in the 

volume of the mantle gas in Lymnaea stagnalis 

and Planorbarius (Planorbis) corneus as reflected 

by the gradual increase in the underwater weight of 

the snails after t he animals had surfaced :1nd dived. 

This implied th3.t the volume of gas was decreasing. 

Henderson concluded from his experimental findings 

that the gas in the mantle cavity of these two 

pulmonate species was functioning as an air store 

of constant pressure but steadily decreasing volume 

and not as a physical gill i n the sense defined 

by Crisp and Thorpe (1948). 

I n order to determine if the air bubble in 

the mantle cavities of Bulinus africanus, Bulinus 

tropicus and Lymnaea natalensis funct i on as a 

phys i cal gill or as an a ir store , a more direct 

approach was adopt ed by analysing the mant le gas 

tonometrically. 

The air in the mantle cavities of the snails 

was expelled, and the animals were ·allowed t o surface 

into atmospheric air . Afte r t hey had breathed ~nd 

dived into water at, 20°C containing 5. 6- 6. 2 ml 

Oz/1 they wer e trapped under gauze, and the gas 

bubbl es expelled ~t re gular interval s of time for 

'1nalys is . 
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Except in two instances (Figure 11) attempts 

to determine the oxygen con~entration in the gas 

bubbles from individual snails at iutervals during 

a time period were unsuccessful, most probably 

becalme the mantle gas volQme is easily upset by 

repetitive handling of the snails as reported by 

Henderson (1963), ~nd therefore the results reported 

here give an overall picture of gas bubble composi­

tion from different snails at different times. 

As it was not possible to carry out these 

analyses involving atmospheric a ir ~ll at the same 

time, at every sampling of a gas bubble from the 

mantle cavity the air was s~mpled as well. The 

variation of the oxygen cont ent in the atmosphere 

at varying temperature ~nd barometri c pressure is 

shown above the utilization curves in Figures 11 and 

12, which show the results f rom two different stocks 

of snails. 

I n all three sp3 cies ·the oxygen concentration 

in the bubbles decreased with time, implying that 

the sns.ils were 1.:sing the cxygen f or respiratory 

purposes and/or that oxygen was diffusing from the 

bubbles into the surrounding water. In view of 

the fact that the partial pr essure of dissolved 

oxygen in the wster vJas approximately 150 mm. Hg. 

the loss of oxygen from the bubble to the surround­

ing wat e r by diffusion was considered insignificant. 

He nde r s on (1965) f ound th~t the great est increase 

i n t he underwater weight was during t he f irst two 

hours afte r surfacing , which i mplied that t he gas 

volume in the mantle cavity was decreasing due to 

the utilizat i on of the oxygen in t he bubbl e for 

respiratory purposes. Fro~ Figures 11 and 12 

the greatest reduction i n g.:se ous oxye;en occurred 

during the first l - ?. hour."' Hhj ch apJ,"'0ars to be t he reciprocal 
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Figure 11: Effect of time on the oxygen concen­
tration of the gas bubbles expelled 
from the mantle cavities of the 
snails . 

(x - denotes the same snail of 
Bulinus africanus and of Lymnaea 
natalensis) 
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Figure 12: Effect of t i me on the oxygen concentra­
tion of the gas bubbles expelled from 
the mantle cavities of the snails . 
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of the increase in underwater weight of snails 

as shown by Henderson (1965). This reciprocal 

relationship is illustrated in Figure 15, which 

compares the decrease in oxygen tension of the 

bubbles from the mantle cavities of these three 

snail species (vide figure 12) with the increase 

in underwater weight in Planorbis corneus and 

Lymnaea stagnalis (Henderson 1965) over a period 

of four hours. 

The progressive decrease, in the oxygen con-

centration in the mantle gas from an three species 

clearly implies that the bubbles were decreasing in 

size. These results suggest that the bubbles are 

functioning as air stores of diminishing volume and 

not as physical gills in the strict sense of the 

word. 

In order to provide more conclusive evidence, 

the snails were a llowed to surface into nitrogen, 

before diving into water at 20°C containing 5.6 -

The nitrogen bubbles were expelled 

at intervals to determine their composition. 

Although most of the snails behaved as if they 

were surfacing into atmospheric air, some i ndividuals 

from all three species were very reluctant to open 

their lungs in nitrogen. A control was provided . 
by introducing nitrogen bubbles of 0.2 ml. under 

a funnel under water ~nd these were analysed at 

various intervals to show the i ncrease i n oxygen. 

The chosen volume of 0.2 ml is based on an approxi-

mate estimate that the snai ls take in 0.2 ml of 

gas into their lungs when surfacing (vide page 74). 

It is appreciated that this type of control is not 

necessar ily good technique, but under the conditions 

of the experiment I have taken the l iberty of 

adopting this procedure in orde r to obtain a reason-

able approximation to an exposed physical gill . 
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Figure 13 : Showing reciprocal relationship 
between the decrease in oxygen 
tension of the mantle gas of 
Bulinus africanus, Bulinus tropicus 
and Lymnaea natalensis and the in­
crease in underwater weight of 
Planorbis corneus and Lymnaea stagnalis, 
the latter information t~ken from 
Henderson (1965) . 



-72-

Figure 14 shows these results. The oxygen 

concentration in the nitrogen bubbles exposed to 

the surrounding water under the funnel increased 

rapidly as is to be expected, whereas the rate of 

increase in the oxygen concentration in the nitrogen 

bubbles expelled from the sn~ils was considerably 

slower. The rate of diffusion of the respiratory 

gases would be directly proportional to the area 

of interface • As the pneumosome, when visible 

was usually closed except on a few occasions when 

it appeared as a f i ne s l it, the interface at t he 

pneumostome was very small. This fact is bor ne 

out by t he diffe ren.ce in the r ate of increase in 

oxygen between the nitroge n bubbles in the mantle 

cavit i es of the snails and t he nitroge n bubbles 

exposed to the surrounding wate r under t he funnel. 

This slow rate of diffus ion of oxygen into 

the nitrogen bubbles in the mantle caviti es of the 

snails is certainly not indi cative of a physical 

gill , as Thor pe and Crisp (1947) and Crisp and 

Thorpe (1948) have poi nted out t hat a prere quisite 

for efficient phys ic2l gill f unction is an air bubble 

or f ilm of constant volume with a large surfa ce area 

exposed to the surrounding water. Nevertheless, 

oxygen f rom t he s urrounding wate r did diffuse into 

t he nit r ogen bubbl es in the mantle cavities of the 

ani mals . This i ncrease was cons i dered to be mainly 

due to dif fusi on of oxygen t hrough t he cut~ne ous 

tissues as the inte rface at the pneumostome was 

very small . The subsequent decrease in the oxygen 

concentn.tion i n the bubbles suggest that t he animal s 

were using the oyygen f or respi rat ory purposes . 

In view of t he result s of t his and t he 

previous experiment the concl us ion i s reached that 

the air bubbl e in the mant l e cavities of Bulinus 

afric.::mus, Bulinus tropicus '1nd Lymnaea n'lt3. l ensis 
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functions as an air store of diminishing volume 

and not as a physical gill. 

Although the exact volumes of air taken into 

the mantle cavities of these species could not be 

accurately determined, tentati ve attempts were 

made to obtain a reasonable assessment of these 

volumes, by measuring the volume of air expelled 

by snails immediately after surfacing. These 

volumes varied from 0.05 - 0.25 ml. Assuming 

that the volume of air taken into the mantle cavity 

is of the order of 0. 2 ml, the volume of oxygen in 

the ~ir bubble immediately after surfacing into 

atmospheric air is 0.042 ml. (42).ll). From figures 

11 and 12 the perce ntage oxygen in the air bubbles 

decreased from 21% to values varyi ng between 8% 

and 2% over a period of 4 to 4! hours. If the 

value of 4% i s t :1ken _ls t:"'e f inal f igure, then 

based on the above assumption the snails consumed 

7.5~ oxygen/hour from the air bubble. 

From figure 5 the cutane ous oxygen uptake of 

these species varies from 40 - 60pl /hour/gm live 

weight at 20°C. Assuming that the pulmonary oxygen 

consumntion is 7.5 pi/hour at 20°C, it is estimat ed 

that pulmo~ry oxygen uptake constitutes approximately 

12 - 20% of t he cutaneous oxygen consumption at 

20°C per hour per unit weight. 

(c) Relation between s t ructure and funct i on of the mantle 

and pseudobranch. 

Although the preceding experiments have shown 

that the mantle gas in all three species has a 

respiratory funct i on i t s contribut ion to poss ible 

requirements is l ow. This appears to be borne out 

hi stologically i n Bul i nus af r i canus and BulinH§ 

tropicus where t he structure of t he mantle roof 

(Mr - Plat e 5) does not suggest an effect i ve absorp-

t ive surface f or OyYJen . By contrast the vascular 
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mantle roof s inus (Mr.S - Plate 6) of Lymnaea natalensis 

suggeststhat in this species the diffusion of oxygen from 

the mantle gas is rel atively more efficient. In view 

of this it is reasonable to assume that the bloodflow 

through the mantle roof of Bulinus africanus and Bulinus 

t r opicus per unit time is less than that in Lvmr1.e.",_ 

natalensis ~ and consequently the volume of oxygen which 

can diffuse from the mantle gas into the blood is corre­

spondingly l ess in the two Planorbid species t,h'ln in 

Lymnaea natalensis. With a more efficient system for 

the diffusion of oxygen from the mantle gas, Lymnaea 

natalensis may compensate for the absence of an accessory 

gill and possibly a respiratory pigment . 

Based on the histolo:;ical structure of the ma}1tl e 

in these species , it seems as if the functi on of the 

mantle cavity as a lung may be more important in the 

Lymnaeids than in the Pl anorbids . This statement sub­

stantiates the conclusions reached by Jones (1961) that 

the lung is relatively more important in Lymm.eo. sb.gn9.lis 

than in Planorbis corneus . In very eleg:J.nt e;~TJel·iments 

in which the pulmom.ry and cutaneous oxygen uptD.lre of 

these snails were determined separately but simultaneously, 

Jones f ound that pulmonary uptake exceeded cutaneous 

uptake at dissolved oxygen partial pressures belo-v1 1·10 mm 

in Lymnaea stagnalis, but only be:~ ow 10 mm in f:hnorbis 

corneus . On the other hand, cutaneous uptake exc~cded 

pulmonary uptake above partial pressures of dissolved 

oxygen of 150 mm in Pl3.norbis corneus but only above 

190 mm in Lymnaea stagnalis . Furthermore , Jones found 

that the values for the percentage of total oxygen 

uptake which is pulmonary were higher for Lymnac8. 

stagnalis than for Planorbis corneus at all values of 

dissolved oxygen tensions~ These results clearly 

indicate that Lymnaea stagnalis relies on oxygen 

uptake from the mantle cavity to a much greater 

extent than does Planorbis corneus. 

A most strikin-; aspect of the mantle complex 
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of Bulinus africanus , Bulinus tropicus and 

Lympaea netalensis is the very large kidney 

in relation to the size of the mantle surface 

(vide Figures 8 and 9) . This is understandable 

as these species live in freshwater and a well 

developed kidney would be of obvious significance 

for maint3ining and regulating their ion and water 

balance. However, such a large kidney mass would 

necessarily diminish the total functional surface 

area of the mantle available for the absorption 

of oxygen from the mantle gas. 

Taken overall, the conclusion is reached that 

the functional significance of the mantle cavity 

as a lung in these three pulmonate species is not 

of great importance. Provided cutaneous respira-

tion is adequate to supply the oxygen requirements 

of the snails,pulmonary respiration does not appear 

to be essential, and the primary function of the 

mantle gas may be in buoyancy regulation. The 

following observations can be used as evidence to 

substantiate this point of view. In the laboratory 

snails from all three species were observed to 

use the mantle gas as a means of flotation to reach 

the water surface. Alternatively they were seen 

to sink to the bottom from the surface. (This 

behaviour has also been observed in other pulmonate 

species by Cheatum (19~4) and Henderson (1965) ). 

Furthermore, newly hatched snails from al l three 

species took up surface breathing within 2 - 5 days 

0 after hatching at a temperature of 26 C. It 

should be pointed out that the young snails may 

have been forced to the surface by this high 

temperature • However, young snails were also 

observed to indulge in surface breathing at a 

much lower temner~ture , but the exact time after 

h1.tchinc at which this occurred is not kno1-m. 



-77-

Hunter (1953 b) and Jones (1961) also report 

that the young of tymnaea peregra and Planorbis 

corneus respectively, indulge in surface breathing, 

immediately after hatching in the case of Lymnaea 

peregra and in Planorbis corneus before the shell 

height reaches 2 mm. The respiratory value of 

the mantle gas bubble is presumably much less in 

newly hatched o~ young snails than in mature 

animals. These observations on the behaviour of 

both adult and juvenile snails indicate that buoyancy 

may play an important part in the normal surfacing 

behaviour of the freshwater pulmonats& in general. 

The presence o1' smooth muscl.e in the mantle of 

Bulinus africanus, Bulinus tropicus and Lymnaea natalensis 

suggest that the volume of the mantle cavity is subject 

to alteration by the contract:l.on or relaxation of the 

mantle itself. Any decrease in the pulmonary gas 

volume is probably accommodated by partial apposition 

or contraction of the cavity walls. It is possible 

that buoyancy adjustment in pul.monates may occur by 

compression of the mantle gas, although Henderson (1965) 

found no evidence of this in Planorbis corneus and 

Lymnaea stagnalis. 

As is to be expected, the histological structure 

of the pseudobranch of Bulinus africanus and Bulinus 

tropicus suggest that this organ could be most 

efficient for the diffusion of oxygen from the 

surrounding water into the blood. With its large 

surface area, thin epithelium, and extensive blood 

supply, it i s c'lear that the pseudobranch may allow 

for the maximum nxygenation of t he blood flowing 

through the large blood sinuses. Furthermore, 

the currents of flow in the immediate vicinit y 

of t he pseudobranc~ set up by the actively beating 

cilia on the external surface of the pseudobranch 

suggest that a counter-current system is operating, 

which no doubt would furthe r enhance the diffusion 

of oxygen into the blood. 
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D I S C U S S I 0 N 

1. Results. 

As far as the surfacing behaviour in these pulmonate 

species is concerned, the termination of the dive appears 

to be determined by the rate at which the pulmonary gas 

volume decreases. This in turn depends on the volume of 

gas uptake at each successive surfacing and the respiratory 

needs of the snails in relation to the temperature and oxygen 

tension of the water. Two other factors, however, may 

regulate surfacing behaviour. The animals may respond to 

a decrease in the pul monary oxygen partial pressure , and/ or 

a reduction in pulmonary gas volume with a consequent loss 

of buoyancy or increase in specific gravity (Jones 1961, 

Henderson 1963). The highly irregular surfacing pattern 

in these three pulmonate species suggests that the buoyancy 

of the shell-visceral mass was probably the most likely factor 

responsible for the irregularity in the diving periods. This 

statement is substantiated by the following findings. 

(i) These snails can exist solely by cutaneous 

respiration in favourable conditions when denied 

access to the atmosphere, implying that pulmonary 

respiration may not be all that important . It 

is therefore difficult to imagine that the irregular 

dives as observed in these animals could be 

initiated in response to a decrease in the oxygen 

tens i on of the mantle gas . 

(ii) Henderson (1963), f ound that surfacing i n Planorbis 

corneus and Lymnaea st~gnalis nor mally occurs 

during the time when the snails are l east buoyant 

as reflect ed by the greates t change in the under­

wat e r we i ghts of t he animals , namely the first two 

hours of submersion. This present study (vide 

Figure 13) has s hown that a very close reci procal 

re l ::J.tionship exi sts between the increas2 in 
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underwater weight in Planorbis corneus and 

Lymnaea stagnalis (Henderson 1965) and the decrease 

in the oxygen tension of the mantle gas in Bulinus 

africanus, Bulinus tropicus and Lymnaea natalensis. 

This implies that as pulmonary oxygen is consum:;d 

the consequent loss of buoyancy due to the diminish­

ing mantle gas volume may be the stimulus driving 

the snails to the surface. It can be argued that 

the decrease in pulmonary oxygen partial pressure 

is as likely a stimulus to termin~te the dive, 

but in view of the fact that pulmonary respiration 

does not appear to be essential in t hese three 

species worked upon, it seems much more likely 

that the loss of buoyancy is the factor releasing 

surfacing behaviour. 

(iii) The conside rable variation in the diving periods 

also suggest that the volume of gas uptake at the 

surface is variable. This was confirmed in a 

subsequent experiment (vide page 74 ) which showed 

that the volume of the mantle gas immediately 

after surfacing could vary from 0.05 - 0.25 ml .. 

These observations would seem to be in agreement 

with the suggestion put forward by Henderson (1963) 

that the buoyancy of the shell-visceral mass deter­

mines the volume of gas uptake at the surface .. 

(iv) As pointed out by Jones (1961), a simple proprioceptor 

me chanis m sens i t ive t o l oss of buoyancy of the 

shell complex woul d be sufficient to mediat e the 

surfacing response . Such a se ns i t i ve mechanis m 

may have an additional advant age . I n view of 

the unwie ldy nature of an unbuoyant ~hell a l oss 

of buoyancy i s likely t o pr ovi de t he stimulus 

dr ivi ng the snails to the surface to r eplenish 

t he a ir i n the m"l.ntle cavi ty i n orde r to be come 

buoyant and thus more manoeuvreable .. This point 

was i llustrated i n t he experiments in whi ch the 
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snails were forced to expel their mantle gas and 

subsequently prevented from surfacing by means 

of plastic gauze. Although the animals did 

not appear to be unduly inconvenienced by the loss 

of buoyancy, their movements were sluggish and 

they gave the impression of experiencing some 

difficulty in supporting the burden of the shell. 

This was p~rticul~rly noticeable when the snails 

were crawling up the vertical sides of the glass 

beakers . 

Notwithstanding the fs.ct that surfacing in 

the freshw~ter pulmon'3.tes in general seernsto occur 

~t intervnls of short duration, prolonged diving 

periods are possible . This is borne out in the 

series of experiments in this study in which the 

snails 'o~ere denied access to the atmosphere for 

96 hours, even in the absence of gas bubbles in 

their mantle c~vities . Cheatum (1954), Hunter 

(1955 b) and Henderson (196~) also found th~t 

other pulmon~te species are able to remain submerged 

for long periods . It is clear that in these 

inst~nces cutaneous respiration ws.s responsible 

for the major part of the respiratory exchange. 

The air bubble in the mantle cavities of 

Bulinus africanus, Bulinus tropicus and Lymnaea 

natale nsis clearly has a r espiratory function as 

an oxygen store ~nd the import3nce of this supply 

of oxygen varies with the respiratory needs of 

the animals . The gaseous composition of the 

air bubbles from the mantle cavities of all three 

species suggests that even under very nearly natural 

conditions this source of oxygen is not very sub-

stanti~l. Although based on an approximate 

estimate, the oxygen in the air bubbles constitute 

12 - 20% of the cutaneous oxygen requirements 
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0 of the snails per unit weight per hour at 20 C. 

By far the greatest utilization is via the cutaneous 

route. 

In view of the fact that survival was always 

high in both aen.ted s.nd non-aerated water at 

15°C and in aerated water at 25°C, access to a 

water-gas interface would seem to be unnecessary, 

even in the absence of the greater p9.rt of the gas 

bubble in the mantle cavity . Presumably cutaneous 

respiration was sufficient to cater for the oxygen 

requirements of the snails. In non-aerated water 

at 25°C denial of access to a water-gas interface 

coupled with a falling oxygen tension causes extensive 

mortality. In this instance the respiratory function 

of the mantle gas would seem to be essential, as 

the cutaneous uptake of oxygen was probably not 

adequate to cater for the increased respiratory 

requiremc:nts of the snails at 25°C. (vide Figure o). 

It would seem thus that pulmonary respiration in 

these species is auxiliary to cutaneous respira-

tion, but that pulmonary respiration becomes 

increasingly important in conditions in which the 

cutaneous uptake is not adequate to supply the 

metabolic needs of the snails . 

On the other hand, survival was high in all 

instances when the sn~ils of all three species were 

exposed to almost completely ~noxic conditions in 

the presence of a nitrogen water interface at both 

It is well appreciated that 

presenting the snails with an anoxic environment 

may cause them to switch over to anaerobic respira-

tion, possibly by incurring an oxygen debt and 

the anaerobic breakdown of carbohydrate stores, as 

the long exposure time of 96 hours would seem to 

indicate. As far as the concentration of dissolved 

oxygen is concerned there w~s no ~rked difference 
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between this series of experiments and the previous experi­

ments in which the oxygen concentration fell to low levels 

in the absence of aeration. The only difference in the 

experimental design lay in the availability of a gas-water 

interface, even though this gas was nitrogen . Is, therefore, 

the high survival in anoxic conditions, particularly so at 

25°C, coupled in some way with the availability of this 

interface? The following explanation is offered to account 

for this state of affairs . 

The development of anoxic conditions may effectively 

release surfacing behaviour to relieve the stress condition 

which is developing. By so doing the animal is brought 

normally into water of increased oxygen content at the 

surface. Failure to relieve this stress condition resulted 

in the extensive mortality of the snails as found in these 

experiments if the snails are denied access to the atmosphere 

at 25°C. The high survivalship of the snails in conditions 

of virtually no oxygen as provided in the second series of 

experiments, suggests that surfacing albeit into nitrogen, 

satisfied what in effect seems to be a first component in 

stress relief, namely surfacing and filling the mantle cavity 

with gas. The continued lack of oxygen then invokes anaerobic 

respiration which ensures survivaL It would seem as if 

access to a water-gas interface is important in these species 

in anoxic conditions at high temperatures. In view of the 

fact that the respiratory significance of Nitrogen is nil, 

these expe rimental results suggest that the buoyancy effect 

of this gas in the mantle cavities of the snails was in part 

responsible for their high survivalship . Although it is 

appreciated that the design of these experiments was artificial 

in so far as subjecting the snails to a Nitrogen environment 

is concerned, the results indicated that buoyancy is important 

in these pulmonate species. The results of these experi­

ments can also be considered as further evidence that the 

buoyancy properties of the mantle gas is of more importance 

than the respiratory function. 
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The oxygen consumption of these species in relation 

to starvation, temperature, live weight and oxygen content 

of the water, confirm in general the findings of Von Brand 

et al (1948), Zaaijer and Holwekamp (1%8) and Berg and 

OckElmann (1959) tor other aquatic ·snail species. 

Starvation for a period of six days appeared to have 

little effect on the oxygen uptake of the snail s . 

As regards the oxygen uptake in relation to temperature, 

the animals showed a marked increase in metabolic rate with 

increasing t emperatures . The maximum temperatures which 

was tolerated by the snails under the conditions of the 

experiment was 50°C for Lymnaea natalensis and 35.5°C for 

Bulinus africanus and Bulinus tropicus . Above these respective 

temperatures the oxygen uptake of the animals decreased 

suggesting that some damage had occured. In the case of 

Bulinus africanus and Bulinus tropicus the maximum temperatures 

tolerated are in agreement with those reported by Frank (1964). 

This author found that the hi~hest temperature recorded in 

the natural habitats of Bulinus africanus and Bulinus pfeifferi 

in Eastern Transvaal was 35.5°C, which did not appear to 

harm the snails. However, temperatures only a few degrees 

higher than 35 . 5°C were rapidly fatal under laboratory con­

ditions . 

All three species showed an increased oxygen consump­

tion with increasing live weight at both 15° and 25°C, thus 

confirming the experimental findings of Berg and Ockelmann 

(1959) for other aquatic snail species • 

These species decrease their oxy~e n consumption as the 

oxygen tension in the water diminishes. They are thus 

oxygen dependent . It is interesting to speculate on the 

essential physiological difference between oxygen dependent 

and oxygen independent species. According to Berg and 

Ockelmann (1959), oxygen dependent species are at some 

disadvantage as compared to independent species, as it 

indicates that one or more physiological functions of the 

organism must have been depressed or inhibited . These 
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authors point out that this physiological difference need not be so 

decisive that oxygen dependent species cannot exist in environments 

l·Jith a poor oxy,::en supply, but that such species probably do not 

thrive as well as independent species. \Jhile this point of view 

is eranted, a more important as1~sct seems to be that ox-y!:en de­

pendent species may be at an advantage in terms of survival ship in 

bad respiratory conditions. Berg (1952) found that tbe limpet 

Ancylus fluviatilis , an oxygen independent species livin~ in well 

aerated streams bas not the same ability to survive in anaerobic 

conditions as another limpet species Acroloxus lacustris which is 

oxy3en dependent and lives in stagnant "'·ater . The three oulmonate 

species worked upon in this study are oxygen dependent and showed 

a remarkable ability to survive in almost completely anoxic con­

ditions for 96 hours . In view of this the suggestion is put 

forward that the ability of ~quatic snails to rejulate their 

metabolic rate according to the oxygen tension of the water may be an 

important factor for their survivalsbip in conditions of low oxygen 

tension. As the natural habitats of freshwater snails may be sub­

ject to wide fluctuations in diss olved oxygen tensions due to the 

prevailing plant erowth this suggestion is not unjustified . Jones 

(1961) reports the conditions in a ditch 15 em. deep near LGiden, 

the natural habitat of Planorbis corneus and Lymnaea sta;nalis , 

both of which are oxygen dependent . (Zaaijer and Wolwekamp 19f.8). 

On hot sunny days in June when the ditch was choked 1-rith plants, 

the surface oxy~en tension of the water covered the remarkable range 

of 0 .4 ml/1 at ?S . :z;o am. at a tGmper ature of 13° to 16. 9 mJ./1 at 

1 . 30 pm. at a temperature of 30°C. The corresponding oxygen 

tensions at the bottom of the ditch v~ried from 0 . 8 ml/l to~ . ~ ml/l . 

Photosynthetic processes no doubt accounted for the supersaturated 

conditions, as in Hay when the plant growth was less abundant , the 

oxy :en tension of the water was correspondingly less . It is 

therefore possible that oxygen dependent species may be at an 

advantage in habitats in which violent diurnal and seasonal 

f luct uations in the dissolved oxyeen tension are likely to occur. 
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The histological structure of the mantle in Bulinus 

africanus and Bulinus tropicus doVnot suggest that the 

mantle cavity of these species functions as an efficient 

organ for respiratory exchange . On the other hand the 

vascular mantle roof sinus of Lymnaea natalensis indicates 

that the mantle cavity of this species may be a relatively 

more efficient organ for respiratory exchange, which imnlies 

that the f unctional significance of the mantle cavity as 

a lung could be of more importance in the Lymnae i ds than 

in the Planorbids. Although the mantle gas in these snail 

species clearly has a respiratory function, they are abl e 

to exist solely by cutaneous respiration for long periods, 

in the absence of pulmonary oxygen and without access to 

the atmosphere. However, pulmonary respiration seems to 

become increasingly important in conditions in which cutaneous 

respiration i s not sufficient f or the oxygen requirements 

of the animals. Taken overall, howeve~, pulmonary 

respiration i n all three species appears to be auxiliary 

to cutaneous respir ation, and it would seem as if the 

primary functi on of the mantle gas is in buoyancy regulation. 

The observations that adult snails from all three species 

use the mantle gas as a means of flotation to enable them 

to reach the surface and that the young snails take gas 

bubbles into their ~ntle cavities within a few days after 

hatching , indicate t hat t he buoyancy properties of the 

mantle gas is important in their normal surfacing behaviour. 

The histological structure of the pseudobranch of 

Bulinus africanus and Bulinus tropicus leavet no doubt that 

it is a very efficient organ for respi ratory exchange, and 

probably contributes a considerable portion of the total 

cutaneous oxygen uptake in these twoP1anorbid species . 
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2. General 

Although the aspects of respiratory physiology 

investigated in this study did not indicate any marked 

differences between the respiratory behaviour of Lymnaea 

natale~is and that of the two Planorbid species, it is 

to be expected that the presence of an accessory gill and 

h~emoglobin in the Planorbids would be of some respiratory 

significance. From a physiologiC·3.l point of view the 

Planorbids must be better adapted for an aquatic life and 

less dependent on aerial respiration than other species. 

The selective pressures necessitating the development 

of a pseudobranch and the occurence of haemoglobin are 

difficult to assess. The chemical and physical properties 

of haemoglobin in Planorbis corneus indicate that this 

pigment may be of use in conditions of low oxygen tension& 

(Leitch 1916, Borden 1931, and Zaaijer and Wolwekamp 1958). 

As the n3.tural h9.bitats of freshwater snails may be subject 

to violent fluctuations in the dissolved oxygen tension, 

.. the possession of a pigment with the characteristics of 

haemoglobin would be an adv3.ntage . This histological 

struct1~ of the mantle of Bulinus afric~nus and Bulinus 

tropicus i ndicate that the mantle cavity in these species 

is not an efficient lung. Furthermore, as the total 

s urface area of the mantle is considerably decreased by 

the presence of a large kidney mass , it is not unreasonable 

to suggest that the development of a pseudobranch in these 

Planorbid species may compensate for the diminished functional 

efficiency of the mantle cavity as a respiratory organ. 

The same argument can be applied to Lymnaea natalensis. 

Notwithstanding the l arge kidney in this species , the 

histological structure of the mantle indicates that the 

mantle cavity could be a relatively efficient lung by 

virtue of the vascular mantle roof sinus . In this way 

Lymnaea ~talensis may possibly compensqt e f or the lack 

of an .acceJsory _: ill 1.nd haemoe;lobin . 
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However, this study did not indicate that Lymnaea 

natalensis is at any particul~r disadvantage in lacking 

a pseudobranch and haemoglobin, two characterist.ics which 

would suggest a respiratory advantage. In view of this 

it seems likely that the anatomical and physiological 

differences between the two Planorbid species and Lymnaea 

natalensis could be of ecological significance. In this 

respect, the hypothesis put forward by Jones (1961 and 1964 a) 

with regard to Lymnaea st"igna1is and Planorbis corneus merits 

further consideration. This author found, in observations 

on these snails in the ir ~tural habit~t that there was an 

import~nt difference in the range of the two species. 

Lymnaea stagnalis tended to remain within easy reach of 

the surface whereas Planorbis corneus spends a considerable 

time on the bottom of the ditch, and consequently came 

to the surface less frequently. Furthermore, in experiments 

on gas exchange Jones (1961) found that the lung in Lymnaea 

stagnalis was relatively more important than in Planorbis 

corneus. On the basis of these observations and experimental 

findings Jones advanced the hypothesis that these two 

species occupy separate regions of the habitat. Planorbis 

corneus by virtue of the possession of haemoglobin with a 

high affinity for oxygen is able to exploit the pulmonary 

oxygen to a greater extent than Lymnaea stagnalis. The 

former species is thus able to indulge in longer dives and 

journeys further away from the surface, while Lymnaea stagnalis, 

being more dependent on the lung is limited to regions 

within easy reach of the surface . 

In how far this proposed hypothesis of Jones applies 

to the South African species worked upon in this study can 

only be determined by field and laboratory studies. Two 

factors can be mentioned however . 

Firstly, Lymnaea natalensis was always found in its 

local habitat either floating on the surface or immediately 

below the surface, whereas Bu1inus tropicus was usually 

found in its local habitat 3.t depths varyi ng from 0 . 2 - 0.3 m. 
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Occasionally these snails were seen at the surface. 

Secondly, the histological structure of the mantle 

of Lymnaea natalensis as compared with that of Bulinus 

africanus and Bulinus tropicus suggests that the mantle 

cavity of Lymnaea natalensis is functionally a more 

efficient lung than that of the tl-ro Planorbids . Con­

sequently LYmnaea natalensis would seem to be more dependent 

on its lung and thus restricted to regions in the immediate 

vicinity of the surface. 

In conclusion it can be stated that the aspects of 

respiration of these South African pulmonate species 

investigated in this study fit into the rather broad range 

of respiratory physiology for other pulmonate species 

worked upon. 

warranted. 

The following generalizations are accordingly 

(i) Although these snails use the mantle gas for 

respiratory purposes, pulmonary respiration is 

auxiliary to cutaneous respiratio~which is 

responsible for the major part of respiratory 

exchange • The primary f unct ion of the mantle 

gas appear s to be in buoyancy regulation. 

{ii) On an anatomical basis the mantle cavity of 

the Lymnae ids is f unctionally a more effi cient 

lung than that of the Planorbids . 

(iii) The oxygen consumption of the snails in relation 

to starvation, temperature, live weight and oxygen 

content of the water are i n agreement with that 

of other pulmonate species . 

(iv) The snail s are able to survive in almost com­

pletely anoxic conditions for long periods . 

In the l i ght of the experimental findings of this 

investigation, the following hypothesis concerning the 

surfacing behaviour of the freshwater pulmonates in general 

is advanced . 
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Surfacing behaviour is initially released by the loss 

of buoyancy consequent upon the reduction of the mantle 

gas due to utilization of the oxygen for respiratory purposes 

and/or to the diffusion of gases into the surrounding water. 

The frequency of surfacing will thus be directly influenced 

by the rate at which the volume of the pulmonary gas diminishes. 

As far as respiration is concerned this will depend on the 

prevail ing respiratory needs of the snails in relation to 

the temperature and oxygen content of the water and the size 

of the animals. When the metabolic rate of the snails is 

reduced, for exampl e at low temperature, cutaneous respiration 

is adequate to c11ter for their oxygen requirements and con­

sequently the o:xygen uptake from the mantle gas will be 

reduced. On the other hand, should the cutaneous oxygen 

uptake not be sufficient, as for example in conditions of 

low oxygen tension or in the face of an increased metabolic 

rate at high temperatures, pulmonary respiration becomes 

important to supply additional oxygen, with a consequent 

increase in the rate of oxygen uptake from the mantle gas. 

The decrease i n buoyancy or increase in specific 

gravity resulting from a diminishing mantle gas volume 

then releases surfacing behaviour which drives the snails 

to the surface to replenish the air in the mantle cavity. 

Such a sensitive mechanism will have an additional advantage 

in that it will aid and expedite the return of the snail 

to the surface while the shell complex is still partly buoyant. 

Finally, this study has once more illustrated the inter 

and intra specific variation in respir atory behaviour of 

the limnic gastropods when faced with a variety of environ­

me ntal conditions, and as Hunter (1961) has pointed out 

the evolutionary significance of this plasticity in respiratory 

and other aspects of freshwQter mollusc physiology, suggests 

that it is of fundamental selective value evoked by the 

peculi::trities of freshwater environments. 
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SUMMARY. 

1. Various aspects of the respiratory phys i ology of two 

Planorbid species, Bulinus (Physopsis) africanus and 

Bulinus (Bulinus) tropicus, and one Lymnaeid species, 

Lymnaea n~talensis were investigated. 

2 . The need for the understanding of basic physiological 

mechanisms in schistosome snail hosts was pointed out. 

5 . A colorimetri c method for the determination of dissolved 

oxygen in water is described. 

4. A simple procedure for collecting gas bubbles expelled 

from the mantle cavities of the snails is described. 

5 . The gaseous composition of the gas bubbles were analysed 

in a tonometer constructed f rom a 0 . 1 ml pipette. 

6 . Under laboratory conditions, the three soecies showed 

a highly irregular pattern in diving behaviour. 

7. The importance of the mantle gas in respiration depends 

on the respiratory needs of the snails in relation to 

the temperature and oxygen content of the water . When 

the animals were denied access to the atmospheric air, 

a high survi valship was evident at 15°C in both aerated 

~nd non-aerated water and also at 25°C in aerated water. 

Extensive mortality was found in non-aerated water at 

25°C, in which the oxygen tension fell to low l evels. 

The conclusion reached was that pulmonary respiration 

becomes increasingly import~nt in conditions in which 

the cutaneous oxygen uptake is not sufficient to cater 

for the metabolic needs of the snails, as for example 

at high temperatures coupled with :1 decreasing oxygen 

tension in the water. 

8. All three species showed a high survivalship over a 

period of 96 hours in almost completely anoxic con-

ditions. These results were completely contradictory 

to the results ment i oned ~bove . The only difference 

in the experimental design was that in this instance 

the snails had access to a water- gas interface, the 

gas being pure nitrogen. A hypothesis t o account for 

these contradictory and confusing results is advanced . 
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9. The cutaneous oxygen upt:::tke of the three species in 

rel~tion to st:::trvation, temper:::tture, live weight and 

oxygen content of the w~ter showed similar tendencies 

namely, a slight decre::tse with starvation, 2 marked 

increase with a rise temper'lture, an increo.se with 

increasing live weight, :::tnd a decrease as the oxygen 

concentration of the water diminishes. 

10. The general outlay of the anatomy and histology of the 

respiratory organs is given. From a moruhological 

point of view the mantle cavity of Lymmea natalensis 

appe'lr s to be a more efficient lung than that of the 

two Planorbid species. 

11. Tonometric analysis of the mantle gas of all three 

species indicated that the gas bubbles function as an 

air store of diminishing volume and not as o. physical 

gill. 

12. It was concluded that pulmonary respiration is auxiliary 

to cutaneous respiration and that the primary function 

of the air bubble in the mantle cavity is in buoyancy 

regulation. 

13. The hypothesis is advanced that surfacin~ behaviour of 

the freshwater pul.monates in general is initially released 

by a loss of buoyancy consequent upon the reduction of 

the mantle gas volume due to the utilization of the 

oxygen for respiratory purposes and/or the diffusion of 

gases into the surrounding water . 

14. This study did not reveal any marked differences in 

the aspects of r espiratory physiology which were investigated 

between the two Planorbid and one Lymnae id species . The 

conclusion reached was that Lymnaea natalensis did not 

appear to be at any disadvantage in lacking an accessory 

gill and possibly a respiratory pigment, when comp~red 

•-lith Bulinus africanus and Bulinus tropicus . The 

possibility that the 'ln'ltomico.l 'lnd physiolo~ical differences 

could be of ecoloe;ic::tl significrmce is briefly discnssed . 
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A P P E N D I X 

TABLE 1 

~hss of water in gm . in needle ~nd up to respective marks . 

Etched marks: _L _g_ l _L needle 

Syringe No. 1 mJ.SS in ffi:J.:.JS in mass in ffi.'lSS i n mJ.SS in 
gm . ~m . gm. gm. gm. 

5 . 0250 6.0366 6 . 9705 7 . 9579 0 . 2036 

5.0296 6 . 0304 6. 9815 7 . 9556 0 . 2106 

5 .0261 6.0316 6. 9718 7 . 9722 0 . 2096 

5 . 0386 6.0446 6.9776 7 . 9639 0 . 2100 

5 . 0357 6 . 0450 6 . 972 7.9711 0 .2088 

5 . 0414 6 .0510 6 . 9836 7. 968~ 0.2124 

5 .0287 6 .0353 6.9?.14 7. 9:347 0.2246 

5.0520 6 . 0521 6 . 9016 7.9289 0 .2124 

5.0277 6.03~.6 6 . 9326 7 . 9467i 0 .2214 

5 . 0293 6.0395 6. 0215 7. 9557 0 . 2234 

mean: 5 . 031 6 . 058 G. 953 7.955 0 . 214 

SD == 0 . 046 0 . 001 

Syrine;e No. 2 5 .0693 !) . 9342 6.84:49 7.7875 0.2104 

5 . 0748 5 . 9276 6 . 8492 7.7786 0 . 2163 

5. 0642 5 . 9241 G. 8249 7 . 7891 0 . 2l:Z.2 

5 . 0679 5 . 9269 6 . 8273 7.7760 0 . 2286 

5 . 0735 5 . 9521 6 . 8207 7 . 7997 0 . 2294 

5 . 0724 5 . 94 78 6 . 8528 7.7824 0 . 2287 

fJ . 0638 5 . 9556 6 . 8265 7 . 7794 0.2198 

5 .0720 5.9228 6 . 8214 7 . 7827 0 . 2276 

5 . 0607 5 . 9367 6 . 8426 7 . 7958 0 . 2207 

5.0684 5 .9389 6.8318 7 . 7877 0.2248 

me.::.n 5 . 070 5 . 932 C.832 7 . 786 0 . 2~2 

SD = 0 . 035 0. 002 



Respirolll6ter A 

mean 

SD 

Respiromete r B 

mean: 

SD 
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TABIE 2 . 

~~eight of w'lter in 

~ up to 10 ml . 

division on b2rrel. 

10.0452 

10 .0468 

10.0~A5 

10. 0463 

10. 0426 

10. 0457 

10 . 0445 

10. 0397 

10 . 0472 

10. 0481 

10. 045 

0 .002 

9 .4456 

.4667 

9.4392 

9 .4?573 

9 . 4592 

9 .4426 

9 .4375 

9 . 11:89 

9 .4524 

9. 4326 

9 .444 

.0.001 

Weight of w.'J.ter in 

gm. in needle . 

0.2505 

0.2105 

0 . 2006 

0 . 2128 

0.2237 

0 . 2196 

0 . 2286 

0 . 2282 

0.2197 

0.2210 

0 . 219 

0 . 002 

0.2251 

0 . 2620 

0.2546 

0 . 25:35 

o . :-: ~~18 

0 . 2?.62 

0 .~~47 

0 . 24.02 

0 . 2276 

0 . 2207 

0.234 

0 .. .015 




