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Gene David Schroder 

ABSTRACT 

The Effects of Food and Density on the Population Dynamics 
of Australorbis glabratus 

The growth and fecundity of populations of Australorbis 

glabratus, snail vector of Schistosoma mansorii, were measured 

both in the laboratory and in the field to determine, in part, 

the effects of quality food and large container size. All 

experiments were carried out in large (89 gallon) plastic pools. 

Natural algal growth was supplemented with chopped, dried spinach. 

The relative effects of food and crowding on snail popula¬ 

tion dynamics were studied in the laboratory in a group of four 

replicated pools of the same size. One-half of the pools 

received .100 snails, and one-half 1000. A ten fold difference in 

food levels within each density was maintained throughout the 92 

day experiment. A total census at two times during the experiment 

verified that neither food nor density affected survivorship. 

Snail populations receiving the high food treatment grew faster 

and produced more eggs than the low food treatments regardless of 

density. 

A size cross-section of 75 snails was selected from these 

pools, including representatives of each treatment, and placed in 

another pool supplied with a "superabundance” of food. Growth 

records collected weekly during this 55 day experiment indicate 

that past history has no effect on snail growth under optimal 

conditions. In addition, smaller, more stunted snails grew 

proportionately faster than their larger contemporaries. 



Data was also collected on snails raised in pools under field 

conditions which indicate the impact of insect predation on young 

snail populations. Densities of .100, 500, and 1000 young snails 

were established in nine large pools, and each received a "supera¬ 

bundance" of food. Two tanks of each density were supplied with 

screen covers to exclude possible predators. Within 23 days the 

snail populations of the three open pools were decimated while 

survivorship remained uniformly high in the covered replicates. 

The snail growth in the covered tanks was rapid, and a large 

number of small egg masses were found as early as day 15. 

A group of 66 large, laboratory raised snails were found 

capable of producing an average of 141 eggs per snail each day 

when cultured in a large pool and provided with ample food. 

The ability of Australorbis g.labratus to quickly reach 

maturity and reproduce has been grossly underestimated in the 

literature. When raised in a large volume of water and supplied 

with abundant, high quality food, it has a generation time as short 

as 21 days, and a capacity to produce approximately 4200 eggs per 

month. In addition, insect predators have been shown to be a 

possible factor regulating the size of natural snail populations. 
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INTRODUCTION: 

The fresh water pulmonate, Australorbis glahratus, serves as 

the intermediate host for Schistosoma mansoni. There is general 

agreement that an understanding of the ecology of A. glahratus is 

an important first step in controlling this snail as a vector 

species. Lai'ge portions of the populations of Puerto Rico, 

Venezuela. Brazil, and other Central and South American countries 

are infected with this parasite, and its alarming spread in recent 

years is attributed primarily to the great increase in rural irri¬ 

gation in these areas. The tremendous ability of these snails to 

repopulate a pond or stream necessitates frequent and repeated 

use of control measures (Oliver and Barbosa, 1955). 

The growth and reproductive characteristics of A. glahratus 

have been studied in the laboratory for over 20 years. It is only 

over the past few years, however, that investigators have been 

able to approximate natural growth rates in the laboratory (Ritchie 

et al. 1963). These efforts indicate that A. glahratus is very 

responsive to both food and water conditions and that a decrease in 

the quality of either of these factors results in a decrease in 

growth and reproduction. 

There is no evidence, however, to indicate that the best 

laboratory conditions resemble the broad spectrum of field 

conditions in which this snail thrives. Other parameters exist in 

the natural environment which laboratory workers have failed to 

recognize and which directly affect the growth of snail populations. 
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This study was undertaken to demonstrate some factors which may 

significantly affect the dynamics of snail populations in the field 

and in the laboratory. One of these factors might be container 

size. Most laboratory work has been conducted in rather small 

containers ranging in size from 200 ml to ten gallons. All experi¬ 

ments discussed in this paper were conducted in 338 liter plastic 

containers. Although a container of this size equals only the 

smallest natural body of water in which the snail is found, it does 

have a realistic surface-volume ratio as well as the ability to 

maintain a fairly well-balanced ecosystem. At the very least, it 

is a good compromise between the single species laboratory culture 

and the often unmanageable field system. 

Chernin and Michelson (1957b), using containers ranging from 

2.5 to 10 liters and snail populations of 25 to 150 snails, have 

found that laboratory populations of A. glabratus showed a peculiar 

crowding effect under conditions of abundant food. Larger snail 

populations repeatedly showed lower growth rates and reproductive 

ability than smaller populations although the larger group has more 

water per snail. If such a crowding effect occurs in nature it 

could be a means by which the snail controls its own number. This 

effect has not been demonstrated in large containers and could be 

merely a function of container size. There is-also some doubt that 

a natural environment could support snail populations sufficiently 

dense to bring about this effect. Certainly such crowded snails 
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would realize a food shortage with the accompanying decrease in 

growth and egg production (Eisenberg, 1966). It would be of 

interest, therefore, to determine the relative effects of crowding 

and food levels on snails raised in containers which more closely 

approximate the natural habitat of this animal. 

There is good evidence that numbers in natural snail popula¬ 

tions are controlled. Such control is, in part, by the action of 

some environmental factor or factors on newly hatched snails. 

Oliver and Barbosa (1955), while studying the restoration of snail 

population in a natural pond following a long period of desiccation, 

noted that the population reached its maximum size after 50 to 60 

days. Although many eggs were noted in the pond after this period, 

no new generations of snails appeared. In a similar study in 

Puerto Rico, Etges and Ritchie (1967) noted much the same phenomena, 

i.e. snails which survived the dry season grew quickly and produced 

many eggs when rains refilled the pond, however, no new snails were 

observed 37 days after the water was restored, and only a few small 

snails found after 68 days. 

Etges and Ritchie (1967) discounted the possibility of poor 

water quality and crowding as a cause for this mortality and 

suggested a growth and reproduction inhibiting substance such as 

that isolated by Berrie and Visser (1963) as a possible factor. No 

mention was made of the possibility of predation on the young snail 

population. A complete aquatic fauna most certainly developed along 
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with this snail population, and it would be naive to rule out 

insect or other predators as a possible cause of mortality among 

young snails. The impact of such predators on populations of young 

snails has now been determined under conditions which closely 

approximate natural conditions. 

In spite of heavy juvenile mortality, populations of A. 

glabratus have demonstrated an amazing ability to recover following 

a period of adverse condition such as treatment with molluscicides 

or periods of seasonal desiccation. A short generation time and 

high fecundity are primarily responsible for these recoveries. The 

laboratory investigations of Ritchie _et al. (1967) have demonstrated 

that under favorable conditions the.snail is able to effect a new 

generation each month. His adult snails raised in small laboratory 

containers were capable of producing up to 100 eggs per snail per 

day. The present investigation measures these two parameters under 

the more natural conditions of large containers in the field and in 

the laboratory. 
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MATERIALS AND METHODS: 

The A. glabratus used throughout these experiments were 

originally from the stock maintained in the parasitology laboratory 

at Rice University. In all experiments the snails were raised in 

plastic wading pools five feet in diameter and eleven inches deep. 

About nine inches or 338 liters of water was maintained in these 

pools during the experiments. 

In laboratory experiments tap water was allowed to stand in 

the pool for one week before 200 ml of algal composite from 

laboratory aquaria was added to each container. The pools were 

allowed to stand for an additional three weeks before the snails 

were introduced. During this three week period, a light coating 

of epiphitic growth developed on the walls and bottoms of the tanks. 

A constant volume of water was maintained by adding deionized 

water when necessary. A handful of calcium carbonate chips was 

placed in each tank to insure adequate calcium ions in the water. 

Lighting was provided by a pair of 48 inch, 40 watt fluorescent 

bulbs supported 6 inches above the surface of each tank, and the 

light program was maintained on a 12 hour cycle throughout the 

experiments. 

Frozen spinach which had been thawed, washed, and dried 

overnight in an oven at 140°F was provided as food in all experi¬ 

ments. A distinction should be made between an abundance and a 

"superabundance” of food in these experiments. An abundant amount 
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of food is intended to provide all that the population can eat 

between feedings and doesn’t require a removal of food excess to 

maintain suitable water quality. This amount is estimated on the 

basis of laboratory feeding experiments under similar conditions. 

It is admittedly a compromise measure, and it is possible that not 

all snails have all the food they require at all times. A "supera¬ 

bundant” amount insures that the snails are receiving all the 

fresh food they can eat at all times. This is such a quantity that 

excess food must be removed to maintain good water quality. 

Eggs were collected on seven ounce styrafoam drinking cups 

which were floated in the tanks. After several days, the surface 

of the cups becomes conditioned and is much preferred over glass 

plates and the sides of the tank as a site for egg deposition. 

Snails were measured (maximum diameter) with the aid of 

dissecting microscope. Snails less than 2 mm were measured with 

an occular micrometer. Snails 2 mm to 10 mm were measured to the 

nearest .1 unit on a 2 mm grid, and snails larger than 10 mm were 

measured with hand micrometer. 

Temperatures in the laboratory tanks ranged seasonally between 

19°C and 25°C and changed less than 2°C daily. In the field 

temperatures fluctuated greatly. In May and June water temperatures 

varied between 33°C in early afternoon to 24°C at night. 
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EXPERIMENT ftl; Relative effects of crowding and food s'apply on 

snail populations. 

In this laboratory experiment two densities of A. glabratus 

were used. Each of four tanks received 1000 snails while another 

four tanks received only 100 snails each. All snails were less 

than 72 hours old and ranged from .61 to .78 mm in diameter. Two 

tanks of each density were randomly selected and designated as 

high food tanks; the other two, low food. Preliminary experiments 

had been completed with low density tanks to establish a feeding 

program which would ensure a constant food abundance yet prevent 

such an excess that the accumulation of food would reduce water 

quality. This variable quantity (X) was found to depend primarily 

on snail size. At the beginning of this experiment X amounted to 

0.2 g dry weight per week applied in two feedings. By the fourth 

week this amount had been doubled. Toward the end of the experi¬ 

ment, week 12, X equalled .4 g of dry spinach per day. 

The feeding of the other tanks was based on X. As Table 1 

indicates, all feeding was completed, at least initially, on a per 

snail basis. High food snails always received an abundance of food 

—ten times as much per snail as the low food snails. 

Measurements were made once a week throughout this experiment. 

The first 20 snails found during close inspections of the containers 

were measured. A total census and measure was made of each tank 

70 days after the onset of the experiment and again three weeks. 
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density *■ 
food { high low 

high 10X X 

low X .IX 

Treatment Food/Snail 

X 
HELD - 100 - .01X 

IPX 
HFHD - 1000 - .OIX 

0.1X ■ 
LFLD - 100 - .001X 

X  
LFHD - 1000 - .001X 

Table 1 

Feeding design - Experiment #1 



(9) 

later. Small snails were carefully handled with pipettes during 

all measurements and promptly returned to the tank. 

Styrafoain cups were floated in each of the tanks when egg 

masses were first noted. Egg masses were then collected at three 

day intervals from the cups and tank walls until the conclusion 

of the experiment. 

EXPERIMENT $2: Differential growth of A. glabratus. 

Experiment provided eight populations of snails of the same 

age but showing a great variation in size both within and between 

treatment. This experiment was designed to determine the possible 

influences of these different histories on snail growth. 

Snails from duplicate tanks were pooled. Seven non¬ 

overlapping size classes between 2 and 16 mm wex-e selected. 

Representative snails from each of the four treatments were selected 

and marked with fingernail polish to indicate their initial size 

and treatment (Table 2). A total of 75 snails were marked and 

placed in a pool in the laboratory which had been established for 

one month. Although the quantity was not measured, dried spinach 

was put in the tank every two days ensuring ''superabundant” food. 

Excess food, fecal material, and eggs were removed from the tank 

twice weekly. 

The snails were measured weekly and records kept of their 

growth. For the most part, the fingernail polish remained on the 
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2-4 4-6 6-8 8-10 10-12 12-14 14-16 

3-6 X] 7 3 h 3 3 2 

4-5 8 4 4 3 4 3 2 

1-7 X 3 3 3 4 X 
8 5 5 2 X X X 

Ihble 2 

Size cross section of snails for Differential Growth Experiment 

indicating tank origin for snails in each size category. 
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shells, however, a snail whose identity was not certain was 

measured and retained in the population, but no attempt was made 

to establish its origin. After 55 days, 64 of 75 snails retained 

their original markings, and no adverse response to the fingernail 

polish was observed. Survivorship was high and the snails deposited 

new shell material over the polish markings. 

EXPERIMENT #3: Field experiment on A , glabratus. 

In order to study the snails* growth under more natural condi¬ 

tions, the experimental pools were moved to the field. Fluctuating 

light and temperature as well as the effects of predators are 

several factors of the snail’s natural environment which cannot be 

accurately duplicated in the laboratory, however, these environmental 

factors can be studied in the field in artificial containers. 

Nine plastic pools were arranged in an open field on Rice 

University's West Estate 25 miles southeast of Houston. The tanks 

were placed on a slightly elevated grassy area about 30 yards from 

a surrounding woods. A great portion of the field surrounding the 

experimental tanks was submerged to several inches of water during 

this experiment. The tanks were filled with well water and allowed 

to stand for two weeks before the snails were introduced. Three 

overflow holes were punched in each pool 1.5 inches below the top. 

Each hole was covered with bolting cloth to prevent the loss of 

even the smallest snail. Covers made of fiberglass screening 
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(1.5 mm mesh) were applied to six of the tanks. These covers 

effectively excluded all larger crawling and flying insects. 

Snails were introduced to the tanks in the form of eggs 

within 24 hours of hatching. Starting the population in this way 

is more precise and reduces the chance of injuring the snails. 

Three snail densities were incorporated in these experiments: 

three tanks received 1000 snails each, three 500, and three 100. 

Two tanks in each triplicate density received a cover. An 

abundant, but unmeasured amount of spinach was supplied each tank 

twice a week to supplement the epiphitic algal growth. Collections 

and measurements were conducted as in Experiment $1; the search for 

snails was conducted for five minutes or until 20 snails were 

collected. The growth and reproduction of the population was 

followed for 30 days after which time a total census of each tank, 

was made and the experiment terminated. 

EXPERIMENT #4: Maximum fecundity of A. glabratus. 

Sixty-six of the adult snails from Experiment §2 (average 

diameter 24.1 mm) were placed in another pre-conditioned pool 

housed in the laboratory. A "superabundant,” but unmeasured amount 

of spinach was given the snails every other day. Aeriation was 

supplied by a pump and air stones, and a handful of calcium 

carbonate chips was spread on tiie bottom of the tank. Excess food, 

fecal material, eggs, and small snails were removed weekly. Egg 
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masses were collected several times over a two month period from 

14 styrafoam drinking cups floating in the tank. These collection 

intervals were either one, two, or three days in duration. All 

egg masses were removed from the walls and bottom of the tank, the 

cups, and the snails prior to and following each test interval. 

The number of eggs in each egg mass was counted using a 

dissecting microscope, and average egg production per snail was 

computed. The snails were measured periodically; although the nail 

polish markings were now obscured, the growth of the population 

could be followed under what I consider optimal conditions. 
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RESULTS: 

EXPERIMENT $1; Relative effects of crowding and food supply on 

snail populations. 

The growth, survivorship, and egg production of the eight snail 

populations was followed for 92 days. In Figure 1 the growth curve 

for each of the populations is shown. Unfortunately one of the low 

food-low density tanks, tank 2, was lost two weeks after the 

beginning of the experiment. The high food-high density populations 

(3 and 6) showed a rapid spurt of growth between days 46 and 54 

followed by a gradual leveling off through the last 30 days of the 

experiment. The high food-low density tanks (1 and 7) showed a 

similar growth rate in the final three weeks of the expei'iment when 

the average individual grew approximately 3 mm. The low food tanks 

(4, 5, and 8) showed a slow, continuous growth for the first 70 

days followed by a general leveling off through day 92. 

The snails in the high food-high density tanks (3 and 6) had 

grown the fastest through day 70 but were surpassed by the snails 

in the high food-low density tanks (1 and 7) during the following 

21 days. The growth rate of tanks 1, 7, 4, and 5 are remarkably 

similar through day 70. All four received the same absolute amount 

of food (X). An analysis of variance of the sample means for that 

day indicates no significant difference between 4, 7, and 1 nor in 

the replicate tanks. It should be noted from this figure that high 

density-low food snails grew faster than low density-low food and 
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Figure 1. 

Growth curve of eight populations of Experiment #1. 
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that low density-high food and high density-high food snails grew 

at about the same rate. 

Results of the total censuses taken between days 68 and 72 and 

days 89 and 92 are shown in Table 3. A plot of percent survivorship 

for these dates is shown in Figure 2. The regi'ession coefficient 

for this line is -.01714 which does not differ significantly from 

zero 12 ~ l*22)* A variance analysis on the same survivorship 

data comparing the high food and low food values shows no effect of 

food on survivorship (F-^ ^ = -0302). There is, therefore, no 

indication that survivorship is correlated to either food or 

density in these populations. 

Egg masses were first noted on day 67 in tanks 3 and 6, day 69 

in tank 1, and day 72 in tanks 4, 5, and 7. No eggs were observed 

in tank 8 during the experiment. After day 76 eggs were collected 

and counted at regular three day intervals. The results ot these 

egg counts are presented in Table 4. 

Certain assumptions were made in estimating egg production on 

a per snail basis. Other investigators have reported first egg 

production occurring in snails ranging in size from 6 mm to 14 mm 

depending apparently on both age and rate of growth (Pimentel 1957, 

Ritchie 1963, Perlowagora-Szumlewicz 1958). In order to estimate 

the number of adult snails it was assumed that all snails over 9 mm 

were capable of producing eggs. Using the size frequency distri¬ 

butions for the two total censuses, and the growth curves between 
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Date Tank 

68 3-HFHD 

68 6-HFHD 

70 1-HFID 

69 5-LFHD 

70 4-LFKD 

71 7-HFID 
71 8--LFLD 
89 6-HFED 

90 3-HFHD 

91 4-TJBD 

91 5-LFHD 

92 8-LFLD 

92 7-HFLD 

92 1-HFID 

Percent 

Survivorship 

37-5 
33.8 
38.0 
34.2 
15-6 
34.0 

36.0 
33.3 

31.2 
14.1 

32.0 
34.0 
23.0 
12.0 

Number 

Survivors 

375 
338 

38 
342 

156 
34 

36 
338 

312 
141 

320 
34 

23 
12 

Table 3 

Survivorship - Experiment $1 
Initial densities: HD-1000, LD-100 
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Figure 2. 

The effect of density on survivorship - Experiment -jfl. 
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Tank 
Collection 
Interval 

Average 
Eggs/Kass 

Average 
Egg/Snail-Day 

Average 
Egg Mass/Snail-Bay 

3-HFHD 67-86 19.51 14.25 .74 
6-HERD 67-89 17.56 11.08 .64 
4-LFHD 72-89 14.84 8.05 • 53 
5-LFHD 73-91 14.03 5.44 .35 
1-HFLD 69-92 17.62 17.22 .95 
7-HFID 73-92 16.02 10.99 .67 

Table 4 

Results of egg collections and counts - Experiment #1 
Collections made every three days within collection interval. 
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those dates, the number of reproductive individuals in each tank 

could be estimated. The average total surviving snails in each 

tank during this period was estimated assuming an expotential rate 

of decrease between the two dates. 

An analysis of variance shows no significant difference 

between the mean egg production per adult snail per day of the 

replicates or of the four high food tanks, thus implying a food 

rather than density control of this factor. The difference in 

fecundity is expressed both in number of eggs per mass and number 

of masses per snail per day (Table 4). Eggs per adult snail per 

day is plotted against the total number of snails in the population 

in Figure 3. There is clearly no density effect on this factor 

between treatments. There is, however, a trend within each treat¬ 

ment for egg production to increase as population size decreases. 

This graph (Figure 3) also illustrates the important role of food 

on egg production. 

EXPERIMENT_J2: Differential growth of A. glabratus. 

The experimental population showed about the same growth rates 

regardless of past history when placed in highly favorable conditions 

of food and density. Figure 4 shows the growth of the population 

broken down by tank origin. It can be seen that snails originally 

from tank 1 and 7 (high food—low density) continued the slightly 

faster rate of growth they had shown at the conclusion of the previous 
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Figure 3* 

The effect of density on egg production - Experiment $1. 
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Figure 4. 

Growth curves (by tanks) - Experiment //2. 
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experiment. Snails from tank 8 appear to have grown a little faster 

than the other three groups, but all four curves closely paralleled 

each other. 

A growth curve of the same data looking at the populations 

broken down into initial size categories is shown in Figure 5. It 

is apparent from this graph that small snails grow at a faster rate 

than larger snails of the same age when placed under highly ' 

favorable conditions. The group of snails whose initial size averaged 

3.6 mm grew 12.8 mm in 57 days. The group of largest snails which 

averaged 15.6 mm initially grew only an average of 8 mm over the 

same interval. The slightly higher growth rate of snails from tank 

8 shown in Figure 4 is probably due to the higher proportion of 

small snails in that group. 

EXPERIMENT #3: Field experiments on A. glabratus. 

Australorbis glabratus grew much faster in the field than they 

did in the laboratory, the snails in low density tank 1 attaining 

an average diameter of 13.5 mm in 30 days. The growth curves for 

the covered tanks are shown in Figure 6. The low and medium density 

tanks all showed higher growth rates than the two high density tanks 

although an analysis of variance indicated no significant difference 

in sample mean sizes from tanks 9H, 6H, 8M0, and 4M (F^ 3g = 1.03) 

after 30 days. Size variation within each population was very small 

throughout the experiment. 
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Figure 5* 

Growth curve (by initial size) - Experiment $2. 
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Figure 6. 

Growth curves of six field-raised populations - Experiment 7/3. 
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The results of a census of each tank between days 20 and 25 

is shown in Table 5. Survivorship was uniformly high in the covered 

tanks. If the fact that these counts were made over a five day 

period is ignored and survivorship is plotted against population 

size, it appears that density has a slight but significant effect 

on survivorship (b = -.0108, f4 = 8.78). Snails in the open 

tanks disappeared quickly. After 23 days only 3 snails out of 100 

remained in tank 3, three out of 1000 in tank 5, and 36 out of 500 

in tank 8. Approximately 100 dragon fly larvae (Odonata) of various 

sizes as well as several belostomatids were present in each of these 

tanks from the beginning of the experiment. In addition to these 

possible predators, several species of large wading birds found in 

the area may have entered the open tanks. 

First eggs were noted in tank 1L, 2M, 4M, and 8M0 on day 16, 

and in tanks 6H, 7L, and 9H on day 20. Average snail size for a 

population at first egg deposition ranged from 6.9 mm in tanks 2M, 

6H, and 4M to 8.3 mm in tank 1L. First egg masses were uniformly 

small, seven to ten eggs per mass. Although estimates of total egg 

production were made, no correlation could be found between these 

measures and snail density. 

EXPERIMENT #4: Maximum fecundity of A. glabratus. 

The results of periodic egg collections over a 33 day interval 

is shown in Table 6. The number of snails in the population decreased 
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Tank 
Total 

Snails 
Percent 

Survivorship Date 

1L 78 78.0 20 
7L 81 81.0 20 
2M 344 68.8 23 
4M 410 82.0 23 
6H 710 71.0 25 
9H 72 6 72.6 25 
8M0 36 7-2 25 
5H0 3 • 3 23 
3L0 3 3-0 • 23 

Table 5 

Survivorship - Field tanks - Experiment 
Initial densities: L-100, M-500, H-1000 
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Length of 
Collecting 
Interval Total Total Egg Average Total Egg I&sses/ 

Egg/Snail-Day (hours) Eggs losses Eggs/Mass Snails Snail-Day 

72 22609 479 47.2 66 2.42 114.2 
48 21188 434 48.8 66 3.3 I6O.5 
24 7817 137 57.1 66 2.08 118.4 
48 21295 399 53.4 62 3.22 171.7 

51.6 2.76 141.2 

Table 6 

The results of four egg collections made during a 33 day period 
The average snail measured 24.1 mm. 



from 66 to 62 during this time. The egg production ranged from 

114.2 eggs per snail per day to 171.7 and averaged 141.2 eggs per 

snail per day. The number of eggs per egg mass remained fairly 

constant varying from 47.2 to 57.1 with an average of 51.6. The 

largest egg mass found contained 138 eggs, and egg masses of over 80 

eggs were not uncommon. A size frequency distribution for one of 

these samples is shown in Figure 7. Experiments were concluded on 

this population before its reproductive life span could be 

determined, but they had been laying eggs for over six months. 

This group of snails had been raised under what is considered 

by this investigator as ideal conditions for 135 days or from the 

initiation of the differential growth experiment. At this time, the 

population consisted of 75 snails with an average diameter of 7.63 mm. 

At the end of 135 days the population consisted of 57 snails averaging 

27.5 mm. The largest one measured 31.5 mrr. with four others over 30 mm 

in diameter. 
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Figure 7« 

Egg mss size distribution of a 48 hour collection - Experiment -//4. 
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DISCUSSION: 

The first question an investigator studying a natural popu¬ 

lation might ask is what factor or factors is controlling the 

size of the population. The answer he finds may depend to a great 

extent on how and where he does his study. Much can be learned if 

the animal can be cultured in the laboratory. Under the controlled 

conditions made possible here, precise information about its environ¬ 

mental tolerances and requirements can be gained as well as its growth, 

reproductive and survivorship capabilities. 

Anyone who has raised Australorbis glabx'atus has observed that 

snails in crowded aquaria grow very slowly and that egg production 

is greatly reduced. This behavior has led investigators to suspect 

that perhaps an accumulation of metabolites in the water brings 

about this change. Chernin and Michelson (1957a) observed in the 

laboratory a significant difference in the growth of snail popula¬ 

tions of various sizes. Analysis of the water from their tanks 

failed to detect any differences. However, an inhibitory substance, 

an ester, has been isolated by Berrie and Visser (1963) from water 

taken from a pool which supported a stunted population of Biomphalaria 

Sudanica. This substance was found to be lethal to B. Sudanica in 

twice normal concentrations when tested on these snails living in 

small containers in the laboratory. 

Unable to detect a chemical factor, Chernin and Michelson 

(1957b) proposed that physical interference and interaction between 
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crowded snails may produce the observed effects. Such collision 

effects have been observed in crowded populations of small mammals 

by Chitty (1957) and Crowcroft and Rowe (1958). However, the 

"shock disease" observed in these animals is thought to result from 

fighting and territorial behavior. 

Wright (1960) thoroughly discussed possible causes of the 

crowding effect in laboratory snail populations. He thought that 

at least three factors appear to be involved—food, collisions, 

and chemical pollution. He concluded from his work with Bulinus 

forskalii that an excretory product is involved in the dwarfing and 

.reduction in fecundity, that it is effective in very .low concentra¬ 

tions, and that it is probably readily oxidized. He like Chernin 

and Michelson (1957a) was neither able to detect a hormone or 

metabolite nor to account for the difference in effects between 

the doubling of the snail population in a given volume of water 

and halving the water volume with the population density kept 

constant. He suggested that since a growth inhibitor was not 

detected, it is one which can act in low concentrations and that the 

presence of vegetation and a large surface to volume ratio may 

facilitate its removal by oxidation. This author agrees with 

Wright (1960) and Eisenberg (1966) that food provided in abundance 

in laboratory experiments may not satisfy the nutritional require¬ 

ments of the snail and that the lack of quality food may confuse 

the results of growth and reproduction experiments. 
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Results gleaned from laboratory experiments are useful in 

explaining the natural range of the animal as well as its potential 

for growth, but are of little help in explaining what controls 

population size in nature. The application of most laboratory 

experiments is limited by their ability to duplicate the natural 

environment. It is with great caution, therefore, that one uses 

conclusions from the laboratory to explain field observations. 

Experiments conducted in the field may turn up a bewildering 

array of possibilities, some or all of which may be working on the 

population. These may include food-density relationships involving 

some form of interaction on the same trophic level. It may be 

complicated by evidence that a predator species is removing a signi¬ 

ficant number of animals. In addition, changes in the environment 

brought on by unpredictable outside forces, such as the weather, 

may have an impact on the population. There has been a good deal 

of debate in the past among ecologists about which of these factors 

is most responsible for regulating natural populations (Nicholson 

1957, Birch 1957, Milne 1957), and it is still an area full of 

disagreement. 

Chernin and Michelson’s experiments (1957b) in the laboratory 

on the effects of crowding on growth and fecundity have led some to 

postulate this factor as a possible means of self control by natural 

populations of A. glabratus. On the other hand, Ritchie (1963) 

feels that large populations of snails can be raised in laboratory 
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containers with little or no effect on growth if proper attention 

is given to water quality and food. He goes on to say that "whether 

crowding is imposed in nature is not known, but certainly flowing 

water may minimize this factor." 

Experiment #1 was an attempt to determine if a crowding effect 

could be detected in populations receiving widely varying amounts 

of food. This experment was designed to separate crowding effects 

from food effects. In order to detect any density effect, the 

snails in the high food populations must receive all the food they 

can eat. The same is true for any other experiment where non-food 

related factors are being studied. Unless excess food can be 

removed, however, overfeeding a population quickly reduces water 

quality. Since small snails were used to begin the populations, 

it was not possible to remove the food excess and the compromise 

feeding plan described above was selected. Initially, the amount 

of food was small, especially for tank 8 which received only .02 g 

per feeding. With such a small amount of food placed in a large 

pond containing so few snails, it is not likely that much of it ever 

reached the snails in the form of spinach even though it was finely 

crushed for maximum distribution. A good mat of algal growth 

covered the walls and bottoms of the pools, and there is good 

reason to believe that this constitutes the major food source of 

young snails in nature. In the other six tanks where proportionately 

larger amounts of spinach were supplied, there was always spinach 
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both on the surface of the water and on the bottom of the tanks 

between feedings. There was no indication that they preferred it 

to grazing on the epiphitic algae. In spite of these assurances, 

later laboratory observations of young snails mixed with larger 

snails indicate that early conditions in these high food tanks were 

less than optimal for maximum snail growth. Although young snails 

survive well on epiphitic algae, it may be that more condensed and 

nutritious food, such as might be found in the fecal ropes of 

adult snails or decomposing spinach or plants, is necessary for 

their rapid gi*owth. 

B}7 the end of the fifth week the snails began to show signi¬ 

ficant increases in growth. Snails larger than 2 mm would accumulate 

on larger pieces of spinach floating on the surface and laying on 

the bottom of the tank. At this time conditions in the pools were 

as intended in the original design—a system of duplicate tanks with 

a large volume of good water containing snail populations of two 

greatly differing densities and two food levels. These conditions 

remained unchanged until approximately day 70 when accumulating 

feces and spinach in tanks 3 and 6 began to turn the water brown, 

and a bacterial growth appeared. At this time a small number of 

Daphnia magna were added to all the tanks. In subsequent weeks 

they flourished in tanks 3, 6,'5, 4, 7, and 1 and required frequent 

harvesting. The bacteria were brought under control, but the brown 

stain, common to old snail cultures, persisted. Consequently, water 
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quality could not be considered optimal in tanks 3 and 6 after 

day 75. Generally low temperatures (66°F - 68°F) also played a 

part in the relatively slow growth of all snail populations, but 

even with the submaximal growth rates in the high food tanks, their 

growth rates were comparable to those recorded by Chernin and 

Michelson (1957b) at 76°F to 78°F. 

With these conditions in mind, one can soeculate as to the 

possible outcome of the experiment. If crowding were a significant 

factor in these populations, it should be fairly apparent in a 

comparison of the two densities. One would expect the low density 

populations at the two food levels to grow faster than their high 

density counterparts. This means that if crowding effects were 

expressed, one would expect the high food-low density tanks to 

have higher growth rates than the high food-high density and the 

low food-low density higher than the low food-high density. If, 

however, the snails were more sensitive to food levels and absolute 

food amounts, one would expect either high food-high density or high 

food-low density snails to grow faster and low food-high density 

and low food-low density much slower. It can be seen from Figure 

4 that through day 70 the snails appear to be responding to abso¬ 

lute food amounts. Tanks 3 and 6 were receiving 10X, tanks 1, 4, 

5, and 7 all receiving X, and tank 8, 0.1X. There was no indica¬ 

tion that crowding was affecting the growth of the population. An 

interpretation of the curves after day 70 is more difficult due 
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to the loss of water quality in tanks 3 and 6. It is significant, 

however, that all four high food populations grew faster than 

their low food counterparts. It might be argued that the growth 

of tanks 7 and 1 surpassed that of 3 and 6 during the last three 

weeks due to density, not differences in water quality. Neverthe¬ 

less, the high density-low food tanks grew significantly faster 

than the low food-low density tanks throughout the experiment. 

The survivorship of the snails in all the tanks was rather 

low. The remains of dead snails were found in the tanks during 

periods of collections, and it was noted that most of the dead 

animals were either very small, about 1 mm, or from 3 to 4 mm in 

diameter. The shells of the larger snails were usually found on 

the walls of the pools where they had crawled out of the water. 

It is significant that the mortality was nearly uniform in all the 

populations and not correlated to either food or density. In 

their short-term experiments Chernin and Michelson (1957b) also 

found mortality uniform in their populations regardless of crowding 

or feeding conditions. 

It is difficult to determine snail size at the onset of 

oviposition in this experiment due to the wide variance in their 

size. In tank #3 on day 68, the population mean was 6.29 mm and 

ranged from 2.5 mm to 14.5 mm with 36 snails larger than 9 mm. 

Proportionately similar variances about the mean were found in 

the other populations at the onset of reproduction, and although 
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it is possible that the snails matured earlier under different 

conditions, I do not think that assuming adulthood in snails 

larger than 9 mm introduces a bias in the calculations. 

Food rather than density appears to have the greatest effect 

on egg production. Snails in the high food tanks, regardless of 

density, produced more and larger egg masses than did the snails 

raised under low food conditions. The most interesting demon¬ 

stration of this is shown in Figure 3 where eggs per adult snail 

per day is plotted against total snails in the population. Had 

density had a significantly greater effect on this measure than 

food, the point clusters would have approximated a line with a 

negative slope. This is not the case since adult snails in the 

two low food tanks produced significantly fewer eggs. The tendency 

within each treatment for egg production to increase as the total 

snails within the tank decreases may be due to a density effect 

within each population, but is more likely caused by time factors 

such as the slightly larger egg masses observed as the adult snails 

become older and larger. 

Based on these observations, it is difficult to envision a 

natural situation in which crowding, per se, could influence the 

size of a population. The reproductive capacity of these animals 

under even the most crowded conditions, together with their 

apparent ability to survive on a minimum of food, is almost 

certain to create the more common situation in which the population 
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is controlled by intra and inter species competition for the 

available food. These results in no way imply that responses 

observed by Chernin (1957b) do not exist, but merely suggest that 

such snail behavior is limited to laboratory conditions where food 

is readily available, crowding is acute, and water volumes limited. 

Experiment #2 is roughly similar to one done by Etges and 

Ritchie (1967) in which they followed the growth of a size cross 

section of snails from a small natural pond. These snails which 

had survived a 46 day period of desiccation were studied both in 

the laboratory and in the field. His field population of 85 mai'ked 

snails was measured after 37 days; it was found that the smaller 

snails, 2-4 mm, had grown 10 mm in diameter, snails 8-10 mm 

increased 7-8 mm, 14-16 mm snails grew 5 mm, and 20 mm grew only 

2 mm. After 40 days 78 snails brought from the field and raised 

in a 10 gallon aquarium in the lab had shown similar, but lower 

growth rates. 

In the current experiment the 75 snails had not undergone a 

period of desiccation, but had been raised for three months under 

the variety of conditions in Experiment #1. These snails also 

differed in that they were all the same age despite differences in 

size. After 40 days under the best laboratory conditions, snails 

2-4 mm had grown 9.9 mm, 8-10 mm snails increased 7.5 mm and 14-16 

mm snails had grown 4.9 mm. The close agreement between these 

growth rates and the growth rates of Etges’ field population may 
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indicate the importance of large container size and proper food in 

duplicating natural growth rates in the laboratory. This data 

confirms the ability of small snails to quickly reach adulthood 

when favorable conditions return. 

The group of snails making up each size category were, except 

in the extreme sizes, taken from all the treatments. It was found 

that the snails grew the same regardless of the initial treatment. 

With these facts in mind it is interesting to speculate as to how 

and why such size variances can arise in populations with an ample, 

visible food supply. The small snails have demonstrated the 

ability to grow rapidly. What conditions in the original environ¬ 

ments prevented this? 

Perhaps the answer to this question lies in the snail’s mode 

of existence. Since snails lead a foraging, grazing existence, 

the amount of food they get depends on their ability to move about. 

At least as small snails, this ability to move about is determined 

by size. Thus their ability to grow larger is determined to a 

great extent by their current size. This may not be very signi¬ 

ficant if low quality food is generally spread about, but consider 

the situation in which small quantities of high quality food is 

dispersed throughout the environment. A population of newly 

hatched snails would remain at a constant size grazing along on the 

algae until the first few snails reached the particles of high 

quality food. These snails would remain on these particles, 
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expending little energy, until the food was consumed. They would 

then continue their algal grazing, but due to their recent good 

fortune, would be considerably larger than their less fortunate 

contemporaries and would, consequently, move about much faster. 

This advantage would increase the probability of their quickly 

finding another good food location. 

A situation such as this certainly existed initially in all 

tanks in Experiment #1 and may explain the large size variance 

which quickly arose there. In these laboratory tanks the sample 

variance ranged from 2.1 to 6.93 while the mean ranged from 

3.75 mm to 7.08 mm on day 82. Such situations may also occur in 

natural snail populations and other natural populations of animals 

which lead a highly competitive, foraging existence. 

The snails raised in the field tanks (Experiment £3) shewed 

a very small size variance due probably to the fact that abundant 

spinach was applied from the first of the experiment with no 

intention of maintaining water quality for a long period. Here the 

variance ranged from .389 to .868 while the mean ranged from 8.21 

mm to 13.5 mm on day 30. The maximum growth rate of these snails 

was 13.55 mm in 30 days and is slightly less than that recorded 

by Ritchie in laboratory cultures (12.8 mm in 20 days). The two 

high density tanks had the lowest growth rates after 30 days 

although the sample measurements didn't differ significantly from 

two medium density tanks. A density influence is apparent between 
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the two density extremes and may be due to the crowding effect 

described by Chernin since food is assumed to have been very 

abundant in all tanks. 

As in Experiment #1, survivorship was uniform among all 

covered treatments with a slight tendency to be lower in the high 

density tanks. The high density tanks were censused five days 

after the others which may explain the lower survivorship figures. 

Perhaps the most significant results of this experiment were the 

effect of predation on the three unprotected snail populations. 

Two of the populations, 100 and 1000, were decimated after 23 

days and only 1% of the snails in the other open tank survived. 

This high mortality can probably be attributed to the large 

number of dragon fly larvae in the tanks. These larvae had ap¬ 

peared before the snails were added and probably had the greatest 

effect within the first two weeks while the snails were still 

quite small. There was no evidence that the snails larger than 

6 mm were affected by the predation. 

Although these open pools do not represent perfectly natural 

conditions, any animal or food source which might walk, fly, 

crawl, or fall into a similar size pond in the surrounding area 

had access to these pools. Copepods, cladocerans, midge and 

mosquito larvae, aquatic mites and beetles were all found in the 

pools in addition to the dragon fly larvae. The snails were, 

consequently, not the only source of food. 
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The inability of observed field populations to recruit new 

generations 40 to 60 days after a pond refills may be due to such 

insect predator. Similar fluctuations in the snail populations 

have been observed in permanent bodies of water (Oliver 1955), and 

may also be correlated to seasonal changes in the other aquatic 

fauna. 

First eggs were noted 16 days after the mature eggs were 

added to the pools. If it is assumed that the mature eggs hatched 

on day one, the minimum time required for A. glabratus to mature 

is 15 days. This figure is quite a bit less than the best times 

recorded in the literature (Ritchie et al.1963). Their snails, 

raised in the laboratory at 24°C in mass cultures, 25 snails in 

2.5 gallons, reached maturity in approximately 21 days. The mean 

size of the snails was 11 to 12 mm. The field grown snails in 

Experiment #3 averaged 8.3 mm on day 16. Pimentel (1957) found 

that eggs incubated under field conditions, 23°C - 36°C, took an 

average of 7.9 days to hatch with a range of 6 to 10 days. Thus 

an egg to egg time of 21 to 25 days is highly possible under 

favorable field conditions. 

The work of Ritchie and others has indicated that egg produc¬ 

tion as well as growth is greatly affected by conditions around 

the snail. Ritchie got best results from snails raised in pairs 

in battery jars. Over their 5 month reproductive life these 

snails produced an average of 1.7 egg masses per day and 50 eggs 

per mass which resulted in an average of 85 eggs per snail per 
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day. The maximum figures recorded during this five month period 

was 2 masses per snail per day, and 100 eggs per snail per day. 

The significantly higher average of 141 eggs per snail per day 

recorded here probably indicates better conditions for reproduction. 

The average of 51.6 eggs per mass is the same as that recorded by 

Ritchie, the difference in production being due to more egg masses 

being produced by these snails. 

The history of this particular group of snails can be traced 

back through the differential growth experiment to Experiment ftl, 

a period of eight months. It was thus determined that these 

snails have been producing eggs in the laboratory for approximately 

six months. The maximum rate of egg production was recorded by 

this group shortly before the conclusion of the experiment 

indicating that the population was not becoming senescent. It can 

only be concluded that under these conditions the reproductive 

life span of Australorbis glabratus exceeds 6 months, and that 

during the peak of its reproductive life it has the potential to 

produce at least 4200 eggs per month. 

This group of experiments and those done by Ritchie point 

out the rigid requirements necessary to maintain a healthy culture 

of A. glabratus in the laboratory. By supplying adequate food 

and water conditions it is possible to keep a group of snails 

growing and multiplying at a rate comparable to that recorded for 

the few populations studied in the field. The ability to grow 
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and reproduce is the best indication of the physiological condition 

of a snail. Snails taken from such a laboratory culture and used 

in any experiment which tests their physiological tolerances can 

be expected to yield essentially the same results as snails taken 

from the field. However, similar experiments done on poorly fed 

snails raised in crowded aquaria would yield results of questionable 

value when applied to field populations. The susceptibility of a 

snail to molluscicides or parasite infection is certainly a function 

of its physiological condition, and it is, in part, this physiologi¬ 

cal condition which one measures when he conducts such experiments. 

Misleading conclusions based on laboratory experiments such as 

these is not limited to work done on Australorbis glabratus, but 

probably also exists in other areas of research. Every effort 

should be made, therefore, to determine first, what is normal for 

an animal in the field, second, what factors are necessary to 

maintain this condition, and third, to duplicate these conditions 

as nearly as possible in the laboratory. 
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