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THE RELATIONSHIP OF CHAETOGASTER LIMNAEI
(OLIGOCHAETA: NAIDIDAE) WITH A VARIETY
OF GASTROPOD SPECIES

By ALAN BUSE*

Department of Zoology, University College of North Wales, Bangor

INTRODUCTION

Two subspecies of Chaetogaster limnaei (von Baer) are recognized: C. I limnaei (von
Baer) inhabits the outer surfaces of its gastropod host and C. I vaghini Gruffydd is
found in the renal organ (Gruffydd 1965).

Many authors have recorded C. [. limnaei, either in studies of the worm itself or of its
relationship with trematode populations, in British species of gastropod in genera such as
Acroloxus, Ancylus, Lymnaea, Physa and Planorbis, and in foreign species in genera such
as Australorbis, Biomphalaria, Bulinus, Helisoma, Lymnaea, Melanoides, Physa, Physopsis
and Segmentina. The subspecies Chaetogaster limnaei vaghini, although not always
recognized as such, has been recorded by fewer authors, and only in Lymnaea and Physa
(Buse 1968).

Observations on Chaetogaster limnaei in the pond at the University College of North
Wales, Bangor, in which Lymnaea stagnalis (L.) and L. peregra (Miill.) were the dominant
gastropod species, showed that Chaetogaster limnaei vaghini occurred only in the former
and C. I. limnaei solely in the latter. This suggested that the worm might be able to
differentiate between various species of gastropod, and it was therefore decided to examine
the behavioural relationship of C. limnaei, collected from a wide range of gastropod
species, with its host. Setal lengths were also studied, to determine whether any morpho-
logical differences were apparent.

THE OCCURRENCE OF CHAETOGASTER LIMNAEI

Gastropods were collected from twenty ponds or lakes in Caernarvonshire and Anglesey
in North Wales, and Shropshire and Cheshire in England. Each of the twenty-one
species of snail collected was examined for both subspecies of Chaetogaster. The species
of snail found in each locality and the percentage infected with C. limnaei are shown in
Table 1. Lymnaea peregra was the most frequent snail, being found in thirteen of the
localities, followed by Potamopyrgus jenkinsi (Smith) in eleven.

Chaetogaster limnaei limnaei was found to infect eighteen of the twenty-one species
examined. One hundred per cent infection was recorded in Physa fontinalis (L.), of which
a total of thirty-eight specimens from five localities was examined, and also in Planorbis
corneus (L.). The one specimen of Succinea examined was also infected. Fifty per cent
or more of the specimens were infected in ten of the gastropod species found. The larger
snail species, Lymnaea stagnalis, Planorbis corneus, Lymnaea peregra and L. palustris
(Miill.), had the greatest mean number of worms per snail, as did Bithynia tentaculata
(L.). A specimen of Lymnaea peregra contained the greatest population, 144 individuals,

* Present address: Institute of Terrestrial Ecology, Penrhos Road, Bangor.
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ALAN BUSE 823

followed by Bithynia tentaculata with eighty-five and Lymnaea stagnalis with sixty-three.

Chaetogaster limnaei vaghini, however, was found in only four of the twenty-one
species of snail (Table 1): this included one individual in each of Potamopyrgus jenkinsi
and Planorbis carinatus (Miill.). The percentage infection, in parentheses in Table 1,
and the total population were greatest in Lymnaea stagnalis. (The values for L. stagnalis
from the College Pond are omitted as an intensive study (Buse 1971) involved the exami-
nation of approximately 1200 individuals.)

BEHAVIOURAL STUDIES

It had previously been shown by ‘choice’ experiments that Chaetogaster limnaei was
attracted to the egg masses and to the mucous trail left by the host snail (Buse 1972).
This suggested a method by which the worms found the general area of the host. By use
of an apparatus presenting two streams of water, it was demonstrated that the worms
were attracted to chemical substances from the host and that, when this ‘host-factor’
(Davenport 1950) was present, they tended to move upstream, and thus towards the
source.

The snails used in the following experiments were obtained from the sources shown in
Table 2.

Table 2. The source of the gastropods used in experiments

Gastropod species Source

Lymnaea peregra College Pond; Cole Mere; Llanllechid
L. stagnalis College Pond; Wirral 1

Physa fontinalis Beaumaris Reservoir

Planorbis corneus Wirral 1

Potamopyrgus jenkinsi Mill Pond

The specificity of C. limnaei fo its own host

As C. limnaei had been shown to be attracted to its host, it was of interest to investigate
the possibility that Chaetogaster from a particular species of snail could detect and accum-
ulate on its own host in preference to other gastropod species. Four types of ‘choice’
experiment were employed, presenting worms from a specific source with non-infected
snails, egg masses, mucous trails or ‘host-factor’ of several gastropod species.

Non-infected snails

Non-infected specimens of Lymnaea peregra, L. stagnalis and Planorbis corneus were
obtained by laboratory culture from the eggs (Buse 1968). in each ‘choice’ experiment,
four specimens of each of these three species were introduced into a 30 cm diameter
plastic bowl, with a water depth of 5 cm: aeration and artificial food were supplied.
Thirty specimens of the relevant subspecies of Chaetogaster limnaei were added after 7
days, and the distribution of these between the snails determined after a further 7 days.
An equal distribution between the snail species would suggest that the attraction to each
was equal. The increase in worm numbers during some of the experiments was due to
asexual reproduction.

The first two experiments involved the introduction of C. I. limnaei from Lymnaea
peregra. The resultant distribution (Table 3) shows that the worms were equally distributed
between L. peregra and Planorbis corneus, but did not infect Lymnaea stagnalis to any
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Table 3. The attachment of Chaetogaster limnaei from several sources to non-infected
Lymnaea peregra, L. stagnalis and Planorbis corneus

Chaetogaster limnaei Distribution of worms
subspecies Source after 7 days
Lymnaea peregra L. stagnalis  Planorbis corneus

C. l. limnaei Lymnaea peregra 18 0 11
C. L. limnaei L. peregra 15 1 14
C. l. limnaei Planorbis corneus 19 1 23
C. l. vaghini Lymnaea stagnalis 1 0 0
C. l. vaghini L. stagnalis 0 2 0

extent. To determine whether this result was due to L. stagnalis being repellent, the
experiment was repeated with L. stagnalis only, resulting in thirty-nine worms attaching
in one experiment and six in another. The experiments with Chaetogaster limnaei
limnaei from Planorbis corneus also resulted in Lymnaea peregra and Planorbis corneus
being heavily infected. The corresponding experiments with Chaetogaster limnaei
vaghini resulted in one worm infecting Lymnaea peregra in the first, and two infecting
L. stagnalis in the second.

The results show that there was differential infection of the species of snail, but there
was no indication of host-specificity.

Egg masses

Each experiment consisted of two egg masses from the host species of snail and two
from a different species arranged alternately in a plastic petri-dish of 85 mm diameter
and with a water depth of 8 mm. A minimum of thirty of the relevant Chaetogaster were
introduced, the exact number depending on availability, and the experiment left in the
dark. After 24 h, the distribution of the worms between the egg masses was examined,
the null hypothesis being an equal distribution between the two types.

The results (Table 4) show that in the 8 experiments with C. limnaei limnaei, the number
of worms on the host’s egg masses was significantly greater than expected in Expts
3, 4 and 6, there being no significant departure from the expected equality in Expts 1, 5,
7 and 8, and the opposite in Expt 2. C. . vaghini from Lymnaea stagnalis showed signifi-
cant accumulation on its host’s egg masses in both experiments.

Thus the egg mass experiments showed a degree of specificity with some of the
Chaetogaster and hosts used.

Moucous trails

The apparatus used for the mucous trail experiments consisted of an 85 mm diameter
petri-dish, containing an 8 mm depth of water, divided into six segments by a ‘Perspex’
separator. With the latter in position, specimens of Lymnaea peregra, L. stagnalis,
Planorbis corneus, Physa fontinalis and Potamopyrgus jenkinsi were introduced into
separate segments, greater numbers of the smaller species of snail being used in an attempt
to equalize the quantity of mucus deposited. The remaining segment was left empty as a
control. The position of each snail species was determined by the use of random number
tables (Fisher & Yates 1957) and this was changed in subsequent experiments. The
snails were left in position for 30 min. The snails and the separator were then removed,
approximately fifty of the relevant Chaetogaster introduced, the exact number depending
on availability, and the experiment left in the dark for 24 h. Each experiment was
repeated eight times.
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Table 4. The accumulation of Chaetogaster limnaei from various sources on
the egg masses of the host species and other gastropod species

C. limnaei No. of worms
Expt subspecies Egg masses on egg masses
no and source presented after 24 h %2
1 C. l. limnaei Lymnaea peregra 25 03 NS
Lymnaea peregra L. stagnalis 29
2 C. l. limnaei L. peregra 18 |
Lymnaea peregra L. stagnalis 82 409 e
3 C. I. limnaei L. peregra 65 157 sk
Lymnaea peregra Planorbis corneus 27
4 C. l. limnaei Lymnaea peregra 46 267 ok
Lymnaea peregra Planorbis corneus 8
5 C. l. limnaei Lymnaea peregra 17 o1 NS
Lymnaea peregra Physa fontinalis 15
6 C. l. limnaei Planorbis corneus 26 182 _—
Planorbis corneus Lymnaea peregra 3
7 C. l. limnaei Planorbis corneus 28 17 NS
Planorbis corneus Lymnaea peregra 19
8 C. . limnaei Physa fontinalis 12 03 NS
Physa fontinalis Lymnaea peregra 15
9 C. l. vaghini L. stagnalis 22 45 "
Lymnaea stagnalis L. peregra 10
10 C. l. vaghini L. stagnalis 26 592 *
Lymnaea stagnalis L. peregra 12

Significance levels: *P<0-05;; ***P<0-001; NS not significant.

The accumulated resultant distributions of C. limnaei limnaei and C. . vaghini from
each source are shown in Table 5: in each case, the distribution between the mucous
types was significantly different from equality. In each experiment, the number of worms
on the host mucus was compared with the number on each of the other mucous types by
calculating y2.

An examination of the distribution of C. I. limnaei from Lymnaea peregra showed
significant aggregation on the mucus of the host, except in the comparison with the
accumulation on the mucus of Planorbis corneus. The latter exception corresponds with
the result of the non-infected snail experiments. An additional set of experiments,
restricting the choice to the mucus of Lymnaea peregra and Planorbis corneus, resulted in
a significant accumulation (140: 99) on the mucus of Lymnaea peregra. In the experiments
with Chaetogaster limnaei limnaei from Physa fontinalis and Chaetogaster limnaei limnaei
from Planorbis corneus (Table 5), the accumulation on the host’s mucus was significant
in all cases.

The experiments with Chaetogaster limnaei vaghini from Lymnaea stagnalis also re-
sulted in significant aggregation on the host mucus in most comparisons, but an equal
distribution on the mucus of L. peregra. An experiment presenting the ‘choice’ of mucus
from L. stagnalis and L. peregra gave the same result (194:191).

The results of the mucus experiments show that, in the majority of comparisons,
preferential accumulation of Chaetogaster occurred on the mucus of the host snail. This
demonstrates a tendency towards host-specificity in the presence of a variety of mucous
trails.
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‘Host-factor’

The two-water-stream ‘trough’ experiment, in which it had previously been shown
that C. limnaei accumulated in the stream from the reservoir containing the host in
preference to that from the other with water only (Buse 1972), was used with a different
species of snail in each of the two reservoirs. The results (Table 6) show that C. /. limnaei
from Lymnaea peregra, Physa fontinalis and Planorbis corneus each accumulated in
significantly greater numbers in the stream containing ‘host-factor’ from the gastropod
species from which they had been collected. Chaetogaster liminaei vaghini from Lymnaea
stagnalis showed a similar result. Thus some degree of host-specificity was shown by
Chaetogaster limnaei from the sources examined.

The results of similar experiments (Table 6), in which the worms from one host were
presented with a ‘choice’ of water only and a stream from a snail species different from
that of their own host, showed that the latter was chosen. Any gastropod species is there-
fore better than none.

Host-specificity and the number of gastropod species in a locality

It might be expected on a priori grounds that C. limnaei from a locality with several
species of snail would have a greater degree of host-specificity than individuals from water
bodies with only a single species of snail, where a response to gastropods in general
would be all that was required for host location. To investigate this hypothesis, experi-
ments were performed with C. [. limnaei from Lymnaea peregra collected from Llanlle-
chid, with one gastropod species present, College Pond, with two species present, and
Cole Mere, with many species.

The results of an experiment presenting three species of non-infected snail showed that
there was virtually no accumulation on L. stagnalis. No significant difference was appar-
ent between the accumulation on L. peregra and Planorbis corneus by Chaetogaster
liminaei limnaei from Llanllechid (29 : 35) or College Pond (33 :25), although a greater
proportion from the latter accumulated on Lymnaea peregra, but Chaetogaster limnaei
limnaei from Lymnaea peregra collected at Cole Mere showed significant accumulation
on L. peregra (15:5). This indicated that the specificity of Chaetogaster limnaei limnaei
was greater in a locality containing a variety of gastropod species.

The results of the mucous trail experiments (Table 7) indicated no significant difference
from equality in the distribution between the mucous types of C. I. limnaei from Llanlle-
chid. The C. [. limnaei from the two other sources showed a significant aggregation on
the Lymnaea peregra mucus in the majority of cases.

A greater degree of host-specificity in the Chaetogaster from the localities with several
species of gastropod is therefore suggested in both experiments.

It was also possible that a certain species of snail from different localities might vary:
thus, in a ‘choice’ between the host snail and the same species from another locality,
preference might be shown for the former. To determine whether such differences
could be detected, a ‘choice’ of mucous trails from Lymnaea peregra from Llanllechid,
College Pond and Cole Mere were presented. The results (Table 8) show that a significant
difference in accumulation only occurred in the case of Chaetogaster limnaei limnaei
from Cole Mere. This suggests that it was only where there were many species of snail
that host-specificity was sufficiently discriminating to detect differences between the
mucus of Lymnaea peregra from various sources. Trough experiments gave a similar
result (Table 9), although Chaetogaster limnaei limnaei from College Pond also showed
a significant accumulation in the stream from Lymmnaea peregra from its own source.
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Table 7. The distribution, of Chaetogaster limnaei limnaei collected from Lymnaea pere-
gra from three sources, on the mucus of various gastropod species (x* of difference between
accumulation on L. peregra mucus and a different mucus in brackets)

Source of
C. l. limnaei Distribution on mucus types after 24 h
from L. L. Planorbis  Physa  Potamopyrgus

Lymnaea peregra peregra  stagnalis corneus  fontinalis Jenkinsi None x2

Llanllechid 24 20 29 15 21 15 7-0 NS
(0:4)NS (0-5)NS (21)NS (0-2) NS (2'1) NS

College Pond 119 50 101 89 42 51 67 Tx%*

(28-2)***  (1-5) NS  (4-3)* (36-8)*** (27-2)***

Cole Mere 31 20 17 18 11 13 13-5*

(24 NS @D* (3-5) NS (9:5)** (T-4)**

Significance levels: *P<0:05; **P<0-01; ***P<(0-001; NS not significant. Results are the total
of four experiments.

Table 8. The distribution, of Chaetogaster limnaei limnaei collected from
Lymnaea peregra from three localities, on the mucus of L. peregra from
each of these sources

Source of
C. l. limnaei
from Distribution between mucus types after 24 h
Lymnaea peregra Llanllechid  College Pond Cole Mere x?
Llanllechid 39 45 39 0-6 NS
College Pond 33 31 33 0-1 NS
Cole Mere 31 27 61 17-4%**

Significance levels: ***P<0-001; NS not significant.

Table 9. The distribution, of Chaetogaster limnaei limnaei collected from
Lymnaea peregra from three localities, between a water-stream from L.
peregra from its own source and from L. peregra from a different source

Source of
C. l. limnaei Distribution of worms after 3 h
from between streams from L. peregra
Lymnaea peregra from two sources x2
Llanllechid  College Pond
Llanllechid 70 79 0-5NS
College Pond  Llanllechid
College Pond 87 21 40-3%**
Cole Mere  College Pond
Cole Mere 32 8 14-4%**

Significance levels: ***P<0-001; NS not significant.

Thus, a difference between L. peregra from several sources can be detected and the
degree of host-specificity of Chaetogaster limnaei limnaei was most highly developed
where a number of snail species was present.

The nature of the reaction of C. limnaei to its host
To determine whether conditioning or genetic factors, or a combination of both,
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was responsible for the specificity to the host, C. limnaei were introduced for a period of
time (7 days or 1 month) into bowls containing non-infected specimens of snails of a
different species from the host. At the commencement of the experiment, the specificity
of worms removed from the same source was tested by a non-infected snail experiment
to determine the initial reaction to the host. This was repeated with the experimental
worms at the end of the relevant period of time. If accumulation continued to occur on
the original host species, specificity might be genetic, whereas if it occurred on the new
host, it was probably due to conditioning.

Table 10 shows that C. I limnaei from Lymnaea peregra still accumulated on L.

Table 10. The distribution of Chaetogaster limnaei limnaei on non-infected snails after a
period of time on a gastropod species other than the host

Original
host gastropod
of Immediate origin of
C. l. limnaei C. L. limnaei Distribution on snails after 7 days x?
L. peregra Planorbis corneus
Lymnaea peregra  Direct from L. peregra 129 29 63-3%%*
After 1 week on Planorbis corneus 87 25 34-3%k*
L. peregra P. corneus
L. peregra Direct from L. peregra 129 29 63:3%%*
After 1 month on Planorbis corneus 6 33 187k
L. peregra P. corneus
Planorbis corneus  Direct from P. corneus 31 19 2:9 NS
After 1 week on Lymnaea peregra 15 29 4-5%

Significance levels: *P<0-05; ***P<(0-001; NS not significant.

peregra after 7 days on Planorbis corneus. After 1 month, however, the majority attached
to P. corneus: this suggests that conditioning had taken place. The results of experiments
with Chaetogaster limnaei limnaei from Planorbis corneus were inconclusive.

The previous ‘non-infected’ snail experiments did not demonstrate that Chaetogaster
limnaei limnaei was host-specific, whereas other experiments did. It is possible that, if
differential accumulation of Chaetogaster was due to conditioning, specificity would be
apparent only in the short term experimenis. The crowded experimental conditions
compared with the natural situation, or the appearance of a new generation of worms
by asexual reproduction (Buse 1968) could both affect the results of long term experi-
ments.

MORPHOLOGICAL STUDIES

The most important features used in differentiating between the two subspecies of
Chaetogaster limnaei are the length and number of setae in each bundle (Gruffydd 1965).
The number of setae in the setal bundles of segments II, VI, VII and VIII and the length
of setae in one bundle of each segment were therefore determined in 12 specimens of
C. limnaei from each of several localities and several gastropod species. This resulted
in approximately 100 measurements in the worms from each source. A comparison was
made between the results for worms from one species of snail, but a variety of localities,
and between worms from one locality, but several gastropod species.
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The setae of C. 1. limnaei

The mean length, with confidence limits, of the setae of each setal bundle of C. /.
limnaei from each source was calculated (Table 11). A comparison of the means shows
that variation occurred between Chaetogaster from different snail species in the same
habitat and the same species from different habitats. To determine whether this difference
was statistically significant, the ratio ‘d’ was calculated for pairs of means and compared

Table 11. The mean length of setae in segments II, VI, VII and VIII of
Chaetogaster limnaei limnaei from several sources (length of setae in p,
+ 959 confidence limits)

Source of Mean length of setae in segments

C. l. limnaei I VI VII VIII
Lymnaea peregra
College Pond 76:4+1-7 50-240-8 50-3+06  49:5+07
L. peregra
Llanllechid 83-2+2:3 52:7+0-7 532405 53:3+0-7
L. peregra
Cole Mere 82:0+19 54:4+1-0 54:5+0-5 54:1+0-6
L. stagnalis
Wirral 1 76-8+2-3 54-44-0-7 54-0+0-8 53-1+0-7
L. truncatula
Beaumaris 784+1-8 504+0-'5 494405 49-5+0-6
Physa fontinalis
Beaumaris 783+16 51:6+0-7 506+0-5 50-1+06
Planorbis corneus
Wirral 1 74-5+19 52:6+09 51:0+1-1 479+1-0
Potamopyrgus jenkinsi
Mill Pond 70:6+2:0 474407 473+06 475106

at the 5% level of probability with the value resulting from the null hypothesis that,
assuming normal distribution, the difference between the means was zero (Bailey 1959).
Table 12 shows the results of the comparison of the means of the setal lengths in segment
II: it can be seen that that of C. limnaei limnaei from Lymnaea peregra from College
Pond was significantly different from that for the same host in Cole Mere or Llanllechid,
but those from Llanllechid and Cole Mere were not significantly different from each
other. No difference was apparent in worms from two hosts in each of Wirral and
Beaumaris. Table 13 compares the means of the setal lengths in segment VI: the means
for segments VII and VIII are not compared as the setae have similar lengths. The table
shows that the mean for segment VI was significantly different in worms from L. peregra
collected from three localities. Similarly, there is a significant difference between the
setal lengths of Chaetogaster from Lymnaea truncatula (Miill.) and Physa fontinalis at
Beaumaris, and between those from Lymnaea stagnalis and Planorbis corneus in Wirral.
The mean number of setae found in each setal bundle from segment II to VIII of Chaeto-
gaster limnaei limnaei is shown in Table 14, together with the range in each case. The
frequent loss of setae, especially from segment VI, which is the principal bundle by which
the worm clings to the host (Gruffydd 1963), precluded the calculation of significant
differences between the number of setae in the bundles of worms from various sources.
It would seem that ten or eleven is the basic number, this being reduced by setae becoming
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Table 14. The mean number of setae and range (in brackets) in the bundles of
segment II, VI, VII and VIII of Chaetogaster limnaei limnaei from several

sources
Source of Mean number of setae in segments

C. I limnaei II VI VI VIII
Lymnaea peregra 9:6 82 93 10-3
College Pond (7-10) “4-11) (5-11) (9-11)
L. peregra 10-2 9-8 10-5 104
Llanllechid (10-11) (4-11) (5-11) (9-11)
L. peregra 9-3 8-8 9-8 10-8
Cole Mere (6-11) (7-11) (7-11)  (10-12)
L. stagnalis 10:0 7-8 97 9:9
Wirral 1 9-11) 4-9) (7-11) 9-11)
L. truncatula 97 87 10-5 10-5
Beaumaris (9-10) (8-10) (10-11) (10-11)
Physa fontinalis 94 85 10-2 10-5
Beaumaris (8-10) (5-11) (6-11) 9-11)
Planorbis corneus 86 7-6 84 7-8
Wirral 1 (4-10) (3-10) (5-10) (6-10)

torn out, and that the number of setae in the bundles of C. /. limnaei from various sources
appears to be more or less constant.

The setae of C. 1. vaghini

Specimens of C. . vaghini were collected from Lymnaea stagnalis in two localities
only, and the mean length of the setae in segments II, VI, VII and VIII determined
(Table 15). A substantial difference was apparent in segment VI, suggesting that there

Table 15. The mean length of the setae in segments II, VI, VII and VIII of
Chaetogaster limnaei vaghini from two sources (length of setae in u, +
confidence limits)

Source of Mean length of setae in segments
C. l. vaghini II VI VII VIII
Lymnaea stagnalis
College Pond 60-3+2:4 46:2+1-5 47-5+1-0 47-4+1-1
L. stagnalis
Wirral 1 60-3+1:6 42:4+0-7 419+1-0 42:3+1-3
Difference between means of
segment II and VI 0-3 NS 23 2% %%

Value = ‘d’; significance levels: ***P<0-001; NS not significant.

Table 16. The mean number of setae and range (in brackets) in the bundles
of segment II, VI, VII and VIII of Chaetogaster limnaei vaghini from several

sources
Source of Number of setae in segments
C. l. vaghini I VI VII VIII
Lymnaea stagnalis 59 4-0 51 57
College Pond 5-7) (3-6) 5-7 “4-7)
L. stagnalis 64 60 62 64

Wirral 1 4-7 “4-7) (6-7) (5-7)
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was variation in the worms from the different sources, but there was no significant
difference in segment II.

The number of setae in these segments was also compared (Table 16). A statistical
comparison was again precluded by the loss of setae, but six and seven were the most
common numbers of setae in bundles of the worms from both sources.

DISCUSSION

Animals are usually found in the sort of places that are proper to their species (Andrew-
artha 1961). The reasons for this are, of course, complex and depend on a combination
of such parameters as dispersal, behaviour, other species, and physical and chemical
factors (Krebs 1972).

The distribution of the two subspecies of Chaetogaster limnaei on the various gastropod
species in the twenty lakes showed that there was some selectivity of place to live. This
was confirmed by the tendency of worms to accumulate on their own host species when
presented with a ‘choice’ of several types of snail.

Various methods are used in the location of the place to live. These are perhaps most
marked, or most apparent, in parasite/host and commensal/host relationships. Examples
of relevant parasite/host relationships include the attraction of the miracidia of the
trematode Schistosoma japonicum Katsurada to the mucous trail of the host species of
snail (Faust 1924; Faust & Meleney 1924) and the accumulation of miracidia on the egg
masses of the host snail and on gels impregnated with various chemical substances
(Maclnnis 1965). Examples from commensal/host relationships are the attraction to the
chemical ‘host-factor’ of various polynoid species (Davenport 1950, 1955; Davenport &
Hickok 1951) and of shrimps (Ache & Davenport 1972).

Previous studies of the behaviour of Chaetogaster limnaei (Buse 1972) have suggested
that the general area of the host is found by attraction to the egg masses and mucous
trail, but the final location is by reaction to chemical substances emanating from the host,
with water currents providing orientation. The present study shows that this reaction is
extremely sensitive: C. limnaei shows a ‘preference’ for the egg masses, mucous trail and
chemical ‘host-factor’ from its own host species of snail.

For this degree of specificity to occur, there must be some advantage to the worms.
The most obvious benefit for C. /. limnaei would be in maintaining the infection of the
larger species of snail: these will have the greatest ciliary action, thus supplying the great-
est amount of food (shown by Gruffydd (1965) to consist of diatoms, algae, Protozoa,
rotifers and cercaria larvae), and allowing room for the development of population size.
The advantages of host size were indicated by the largest species of snail, Lymnaea
peregra, L. stagnalis, L. palustris and Planorbis corneus, containing the greatest actual
and mean number of individuals of Chaetogaster limnaei limnaei. Bithynia tentaculata
is an exception in that, being a ciliary feeder, it provides an ideal situation for Chaeto-
gaster limnaei limnaei: this species also supported a large population.

The size of the host species is also likely to be critical for C. I. vaghini, which inhabits
the renal organ. Thus, Lymnaea stagnalis, which had the largest renal organ, contained
the greatest population of this worm. Confirmation of the limiting effect of the size of
the renal organ was given by Buse (1971).

A difference in the chemical substances produced by the snails appears to be the most
probable way by which Chaetogaster could identify the various species. Wright (1959), in
a study of the chromatographic pattern of the mucus produced by various species of
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Lymnaea, showed that there were species-specific substances in the mucus of the body
surface of the snail. He suggested that snails, being non-visual, use chemotactic methods
of species recognition. These differences could account for the attraction of the worms
to the egg masses and the mucous trail, and possibly to the chemical ‘host-factor’ emanat-
ing from the snails. Chaetogaster limnaei from a lake with only one species of snail could
not detect the difference between various host species to the same degree as worms from
a lake with many. The fact that C. I limnaei from the latter could also detect the differ-
ence between Lymnaea peregra from various sources indicates a high degree of specificity.
Wright (1964) showed chromatographically that there were differences in the mucus of
L. peregra from various sources: this could explain how detection was achieved.

The occurrence of host-specificity in Chaetogaster suggests that the worms might vary
on different species of snail. The experiments on the nature of the reaction to the host
provided some evidence that the ‘preference’ was not permanent, but that conditioning
was involved. The morphological studies, however, suggested that, where the Chaeto-
gaster populations were isolated, physical differences became apparent. It is possible
that, just as C. limnaei has evolved into the distinct subspecies C. [. limnaei and C. I
vaghini, so C. l. limnaei might evolve into biological races and, eventually, subspecies.
As Chandler (1923) pointed out, there are slight physiological contrasts in the different
environments of the various hosts and it would therefore be expected that different races
of parasite would occur due to the isolation of environments. In the case of C. /. limnaei,
the isolation on different species of snail could tend to promote the formation of races.
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SUMMARY

(1) The differential field distribution of Chaetogaster limnaei limnaei, found on the
outer surfaces of gastropods, and C. I. vaghini, in the renal organ, between two snail
species suggested host-specificity.

(2) In twenty localities, C. . limnaei was found in 869 and C. I. vaghini in 19% of
twenty-one species of gastropod.

(3) Experiments presenting ‘choices’ between whole snails and between egg masses,
mucous trails or ‘host-factor’ from various species demonstrated a tendency towards
host-specificity.

(4) This was more developed in worms from a source with many, rather than a single,
gastropod species present: differences could be detected between Lymnaea peregra from
several sources. Chemical variation in the host mucus might allow this.

(5) The reaction to the host changed after I month on a different host species, i.e.
conditioning occurred.

(6) Differences in the setal lengths of worms from various localities were apparent.

(7) Specificity might ensure continued attachment to the larger host species: food and
living space would then be greater.

(8) Isolation on different snail species could lead to the formation of biological races
and eventually subspecies.



ALAN BUSE 837

REFERENCES

Ache, B. W. & Davenport, D. (1972). The sensory basis of host recognition by symbiotic shrimps, genus
Betaeus. Biol. Bull. mar. biol. Lab., Woods Hole, 143, 94-111.

Andrewartha, H. G. (1961). Introduction to the Study of Animal Populations. Methuen, London.

Bailey, N. T. J. (1959). Statistical Methods in Biology. English Universities Press, London.

Buse, A. (1968). A comparative study of the morphology, behaviour and ecology of Chaetogaster limnaei
(von Baer) from several host species. Unpublished Ph.D. thesis, University of Wales.

Buse, A. (1971). Population dynamics of Chaetogaster limnaei vaghini Gruffydd (Oligochaeta) in a field
population of Lymnaea stagnalis L. Oikos, 22, 50-5.

Buse, A. (1972). Behavioural aspects of the relationship of Chaetogaster limnaei (Oligochaeta: Naididae)
with its gastropod host. Anim. Behav. 20, 274-9.

Chandler, A. C. (1923). Speciation and host relationships of parasites. Parasitology, 15, 326-39.

Davenport, D. (1950). Studies in the physiology of commensalism. 1. The polynoid genus Arctonde.
Biol. Bull. mar. biol. Lab., Woods Hole, 98, 81-93.

Davenport, D. (1955). Specificity and behaviour in symbiosis. Q. Rev. Biol. 30, 29-46.

Davenport, D. & Hickok, J. F. (1951). Studies in the physiology of commensalism. 2. The polynoid
genera Arctonde and Halosydna. Biol. Bull. mar. biol. Lab., Woods Hole, 100, 71-83.

Faust, E. C. (1924). The reactions of the miracidia of Schistosoma japonicum and S. haematobium in the
presence of their intermediate hosts. J. Parasit. 10, 199-201.

Faust, E. C. & Meleney, H. E. (1924). Studies on Schistosomiasis japonica. Monograph Ser. Am. J. Hyg.
3, 1-339.

Fisher, R. A. & Yates, F. (1957). Statistical Tables for Biological, Agricultural and Medical Research.
Oliver & Boyd, London.

Gruffydd, L1. D. (1963). An ecological study of Chaetogaster limnaei (von Baer). Unpublished Ph.D. thesis,
University of Wales.

Gruffydd, L1 D. (1965). Evidence for the existence of a new subspecies of Chaetogaster limnaei (Oligo-
chaeta), in Britain. J. Zool. Lond. 146, 175-96.

Krebs, C. J. (1972). Ecology: The Experimental Analysis of Distribution and Abundance. Harper & Row,
New York.

Maclnnis, A. J. (1965). Response of Schistosoma mansoni miracidia to chemical attractants. J. Parasit.
51, 731-46.

Wright, C. A. (1959). The application of paper chromatography to a taxonomic study in the molluscan
genus Lymnaea. J. Linn. Soc. (Zool.), 44, 222-37.

Wright, C. A. (1964). Biochemical variation in Lymnaea peregra (Mollusca, Basommatophora). Proc.
zool. Soc. Lond. 142, 371-78.

(Received 12 December 1973)



	Article Contents
	p.821
	p.822
	p.823
	p.824
	p.825
	p.826
	p.827
	p.828
	p.829
	p.830
	p.831
	p.832
	p.833
	p.834
	p.835
	p.836
	p.837

	Issue Table of Contents
	The Journal of Animal Ecology, Vol. 43, No. 3, Oct., 1974
	Predation on the Soil-Dwelling Stages of the Winter Moth at Wytham Woods, Berkshire [pp.611-626]
	The Within-Field Dynamics of the Cereal Leaf Beetle (Oulema melanopus (L.)) in Wheat and Oats [pp.627-640]
	Effects of Intraspecific Competition in the Indian Meal-Moth (Plodia interpunctella Hubner) (Lepidoptera: Phycitidae) on Populations of the Moth and its Parasite Nemeritis canescens (Gravenhorst) (Hymenoptera: Ichneumonidae) [pp.641-651]
	Analysis of Life Tables for a Host and Parasite (Plodia-nemeritis) Ecosystem [pp.653-670]
	Population Estimates of Ambystoma tigrinum Inhabiting Two Playa Lakes [pp.671-679]
	The Distribution, Abundance, Feeding Habits, and Population Biology of the Immigrant Triclad Dugesia polychroa (Platyhelminthes: turbellaria) in Toronto Harbour, Canada [pp.681-699]
	A Statistical Analysis of the 10-Year Cycle in Canada [pp.701-718]
	The Occurrence of Diapause in the Egg Stage of the Life-Cycle of Phaenocora typhlops (Vejdovsky) (Turbellaria: Neorhabdocoela) [pp.719-731]
	The Pattern of Local Web Distribution in a Desert Spider: Mechanisms and Seasonal Variation [pp.733-746]
	Time Delays, Density-Dependence and Single-Species Oscillations [pp.747-770]
	Breeding of Greylag Geese (Anser anser) on the Outer Hebrides, Scotland [pp.771-783]
	The Survival Value of Flocking in Birds: A Simulation Model [pp.785-820]
	The Relationship of Chaetogaster limnaei (Oligochaeta: Naididae) with a Variety of Gastropod Species [pp.821-837]
	The Effects of Calcium in the External Environment on the Growth and Natality Rates of Biomphalaria glabrata (Say) [pp.839-860]
	The Effects of External Calcium Concentration on the Rate of Uptake of this Ion by Biomphalaria glabrata (Say) [pp.861-871]
	An Analysis of the Influence of Host Morphometric Features on the Population Dynamics of Diplozoon paradoxum (Nordmann, 1832) [pp.873-887]
	Production by the Ant Tetramorium caespitum in a Southern English Heath [pp.889-903]
	Reviews
	untitled [p.905]
	untitled [pp.906-907]
	untitled [pp.907-909]
	untitled [pp.909-910]
	untitled [pp.910-911]
	untitled [p.911]
	untitled [p.912]
	untitled [pp.912-913]
	untitled [pp.913-914]
	untitled [pp.914-915]
	untitled [pp.915-916]
	untitled [pp.916-917]
	untitled [pp.917-920]
	untitled [pp.920-921]
	untitled [pp.921-922]
	Short Notices [p.922]

	Abstracts
	Contents [pp.923-924]
	1. General Biology of Species; Life Histories [pp.924-925]
	2. Ecological Surveys; Distribution Studies Including Introductions and Migration; Relations to Environment [pp.925-929]
	3. Population Studies [pp.929-931]
	4. Taxonomy, Systematics and Evolutionary Studies [pp.931-933]
	5. Conservation and Management; Biological Control; Pollution; Pesticides [p.933]
	6. Production Ecology and Ecological Energetics [pp.933-934]
	7. Food and Food Habits [pp.934-935]
	8. Parasites and Diseases [p.935]
	9. Physiology and Behaviour [pp.935-937]
	10. Methods and Apparatus; Mathematics of Interest to Ecologists [pp.937-938]
	11. Reports of Organizations [p.938]

	Back Matter



