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INTRODUCTION

When an insect is attacked by more insect parasites than can develop upon it,
competition occurs between them. Some or all of the parasite larvae are unable to
complete their development and die, either through mutual starvation or by some
means of physical or physiological combat. When the supernumeraries are of the
same parasite species the phenomenon is known as superparasitism, and when they
are of different species it is called multiparasitism.
There has, however, been confusion between these two phases of parasitism in the
early literature, principally because no distinction was made between supernumerary
parasitism by individuals of the same, and of different, species. The simultaneous
parasitism of a host insect, first pointed out by Howard (1897), was called 'accidental
secondary parasitism' by Pierce (1908), 'double parasitism' by Fiske & Thompson
(1909), 'superparasitism' by Fiske (1910) and 'mixed parasitism' by Pierce (1910).
The terminology was eventually standardized by Smith (1916), who defined multiple
parasitism as ' that form of symbiosis where the same individual host insect is infested
simultaneously with the young of two or more different species of primary parasites';
and restricted superparasitism to a superabundance of parasites of a single species
attacking an individual host insect. The former term is synonymous with 'multiparasitism' of Imms (1937) and others. More recently, two further terms have been
used: 'epiparasitism' by Haviland (1921, 1922) and 'coparasitism' by Keler (1955).
In his recent text-book Sweetman (1958) used the term 'multiple parasitism' to
denote supernumerary parasitism regardless of the parasite species. In the present
paper, however, these terms are rejected in favour of Smith's (1916) definitions which
are precise and in wide usage.
The importance of multiparasitism was first brought forward by the early exponents of biological control, Pemberton & Willard (1918), who concluded that interspecific competition between opiine parasites of fruit flies in Hawaii was responsible
for the decrease in numbers of the most effective parasite. This theory was criticized
by Smith (1929), who showed that their conclusions were not supported by the data
they presented and suggested that the observed decrease in parasitism was due to
other biotic and environmental factors which became effective only when the introduced parasites became fully established. He did not deny that the introduction of
several primary parasites of an insect pest might result in some multiparasitism and
• Present address: Department of Zoology, University of London King's College.
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competition, but contended that this would be more than counterbalanced by the
greater percentage parasitism achieved.
Though the most typical condition of multiparasitism is probably that of a host
attacked by a sequence of parasites (Tothill, 1922) the occasion also arises when one
instar of a host is attacked by two parasites simultaneously. In this form it is strictly
analogous to superparasitism which has been analysed experimentally by several
authors, notably Salt (1934) and Simmonds (1943). However, despite the frequency
with which the occurrence of multiparasitism is mentioned in the literature on
biological control, it has received little more than cursory attention, although it is
important in the study of insect behaviour and parasite populations.
Fiske (1910) recognized that the prevalence of multiparasitism 'depends entirely
upon whether or not the female parasite is gifted with a prescience which will enable
her to select healthy hosts for her offspring'. He came to the conclusion that the power
of discrimination in insect parasites is generally absent. However, it has since been
abundantly demonstrated that insect parasites are able to discriminate between parasitized and unparasitized hosts and can avoid ovipositing in the former (Salt, 1934;
Ullyett, 1936; Lloyd, 1938, 1940). This experimental study of multiparasitism is therefore divided into three parts: the behaviour of the adult female parasites in host selection and oviposition; competition between their immature stages for possession of the
host; and its effects on the populations of both parasite species and their host. The
present paper is concerned with the first of these, and is restricted to assessing the
tendency of female parasites to attack previously parasitized hosts.
MATERIAL AND METHODS

With but a few exceptions (Lloyd, 1940, 1942) almost all the published observations on multiparasitism have been made on parasitized material collected in the field.
The present study has been facilitated by the selection of a parasite-host complex
which can be kept in laboratory culture under controlled environmental conditions.
For this purpose two species of Hymenoptera which attack the mature larvae of the
moth Ephestia sericarium Scott (Phycitidae) were selected: Nemeritis canescens Grav.
and Horogenes chrysostictos Gmelin (Ichneumonidae, Ophioninae). The biology of the
former species is well known (Diamond, 1929; Beling, 1932; Ahmad, 1936), and a
preliminary study of Horogenes has shown that it is similar to Nemeritis both in adult
behaviour and pre-imaginal development within larvae of Ephestia (Fisher, 1959).
The stock of Horogenes was bred from a single female taken from a flour mill
at Icklingham, Suffolk, and those of Nemeritis and Ephestia were subcultured from
pure strains derived from single females and maintained in the Zoology Department,
Cambridge, by Dr G. Salt. Their host, Ephestia, was reared on a mixture of equal
parts of rolled oats and whole wheat flour contained in large glass jars and kept continuously at 20° C. and approximately 70 % relative humidity. Routine stocks of
both parasites were made up by placing 30 mature larvae of Ephestia into 2 lb. glass
jam jars containing a layer of rolled oats of less than \ in. thickness with two mated
female parasites and kept under the same conditions. On emergence the adult parasites were removed to cages, given water in soaked cotton-wool and food in the form
of split moistened raisins. Horogenes is an arrhenotokous species, and after matingj
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the females were isolated individually in glass vials until oviposition. Nemeritis is
thelytokous, males being extremely rare and apparently sexually functionless (Thorpe,
1939)As Lloyd (1940) has pointed out, the experimental approach to the study of multiparasitism must begin with an investigation of the oviposition behaviour of the competing adult parasites, since its occurrence depends upon the ability of the female
to distinguish between parasitized and unparasitized hosts as well as on its behaviour
towards those already parasitized. To test this behaviour experimentally, females
of Horogenes and Nemeritis which had been isolated and fed for 24 hr. were confined
in glass jars with sets of 10 larvae, five of which were already parasitized by the other
species. The larvae were buried 3-4 mm. deep in a layer of rolled oats on the bottom
of the jar, but no restriction was placed upon their movements; consequently there
was no constant spatial relationship between parasitized and unparasitized hosts
during the experiments. The parasitized hosts had previously been obtained by putting
three females with 15 larvae for 4 hr. at 250 C. This gave an average of 3-6 eggs per
host for Nemeritis and 5-1 eggs per host for Horogenes.
Two methods of presentation were used. In the first each jar contained five parasitized and five unparasitized hosts; in the second the parasites were presented alternately with jars containing unparasitized and parasitized hosts, each for a period of
2 hr. The host larvae were dissected after 48 hr. incubation at 25° C.; recovery of the
parasite eggs was facilitated by their increase in size during this period. Mature
larvae of Ephestia were used as hosts so as to eliminate any possibility of size discrimination in experiments designed to test the avoidance of multiparasitism.
RESULTS

Oviposition by Horogenes
In the first experiment 10 females of Horogenes were each exposed to 10 host larvae
for a period of 2 hr. In each replicate five of the 10 hosts contained 48 hr.-old eggs
of Nemeritis (Table 1 A). On dissection of all hosts 48 hr. later it was found that, out
of all 10 replicates, Horogenes laid in 45 of the 100 hosts available. Of these 36 were
previously unparasitized and only nine were multiparasitized.
If one assumes no discrimination by the parasite, the numbers of both groups of
hosts attacked would conform approximately to a ratio of 1:1. For the 45 hosts
attacked the standard error is ±3-35. Since the number of healthy hosts selected
(36) exceed the number of 22-5 expected on a 1:1 ratio by more than twice the standard error, it is concluded that the parasite did not attack both groups of hosts at
random. Since there was some variation in the numbers of both groups attacked in
each replicate, the homogeneity of the parasites' oviposition behaviour was also tested
using the x2 test. It was found that there was no significant difference between the
results of the individual replicates (x* = 5-345, P = <o-o).
In a second test the females were presented withfiveunparasitized larvae for a period
of 2 hr.; then with five parasitized larvae containing eggs of Nemeritis for a further
2 hr. Horogenes laid a total of 84 eggs in 50 unparasitized hosts and only 21 single
eggs in 21 of the parasitized host larvae available (x2 = 4-164, P = < 0-05).
It was concluded from these experiments that Horogenes showed discrimination
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between unparasitized hosts and those containing eggs of another species, and that
the females limit oviposition when parasitized hosts only are available to them. However, in both cases a number of hosts were multiparasitized.
Table 1. Oviposition by Horogenes given a choice between unparasitized hosts and
hosts parasitized by Nemeritis
Stage of Nemeritis in parasitized hosts
A. Egg 48 hr.

B.

I8t-instar larva

C. 3rd- to 4th-instar lar"

Condition
of hosts
available

Hosts
attacked

Eggs
laid

Hosts
attacked

Eggs
laid

Hosts
attacked

Parasitized
Unparasitized

9
36

11

81

IS
38

IS
87

24

S
64

45

93

S3

112

28

69

10:100

—

10:100

—

Total
Parasite-host
ratio

4

5 = 5°

Eggs
laid

—

The experiments were therefore extended to test the discrimination when there is
a much more marked physiological difference between the parasitized and unparasitized hosts. At the end of the first instar the Nemeritis larva ceases to feed solely
on the haemolymph of its host and begins to digest its fat body which is rapidly cytolysed as the parasite matures. Using the same methods Horogenes females were tested
with series of hosts containing Nemeritis larvae in the first and third or fourth instars.
Ten females were each placed for 2 hr. with 10 hosts, five of which contained
Nemeritis larvae in the first instar. Out of 100 hosts examined (Table iB), 53 were
attacked. Of these, 87 eggs were laid in 38 unparasitized hosts and only 25 eggs in
15 parasitized hosts. The x2 test showed that the females were able to recognize the
parasitized hosts and preferred to oviposit in the unparasitized ones (x2 = 0/98,
P = < 0-005). A contingency table analysis for x2 was applied to the results of this
and succeeding experiments to test whether Horogenes laid proportionately fewer eggs
in the already parasitized host larvae. A x2 of 1 -7 indicated no significant difference
between the proportions of eggs laid per host attacked in each group.
In a further test each of five females was given a choice between five unparasitized
hosts and five containing third- or fourth-instar larvae of Nemeritis (Table iC).
Subsequent dissection showed that, in all, 69 eggs were laid in 28 of the 50 hosts
available, five eggs being laid in four parasitized hosts and the remaining 64 eggs in
unparasitized hosts. The avoidance of the former is marked (x2 = 14-285,
P = < o-ooi). There was, however, no significant difference in the proportions of
eggs laid per host attacked in each group (x2 = 2-25, P = < o-6).
It was concluded from these tests that Horogenes is able to discriminate between
unparasitized and parasitized hosts, and attacks a statistically significant majority of
healthy hosts. However, there is no reduction in the actual numbers of eggs laid in
each parasitized host when a choice is available. This contrasts with the behaviour
observed in the experiment when they were given parasitized and unparasitized hosts
in separate tests. There, Horogenes oviposited in fewer parasitized hosts and also laid
fewer eggs in each. In two further experiments, therefore, the parasites were presented alternately with parasitized and unparasitized larvae. Five females were eadfl
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Table 2. Oviposition by Horogenes in alternate series of unparasitized hosts and
hosts parasitized by Nemeritis
Stage of Nemeritis in parasitized hosts
A. Egg 48 hr.
Exposure no.
1
2
3
4

No. and condition
of hostB
25
25
25
25

unparasitized
parasitized
unparasitized
parasitized

Total
Parasite-host ratio

Hosts
attacked

Eggs
laid

B. 3rd- to 4th-iiistarlai
Hosts
attacked

Eggs
laid
S3
6

20
S
18

62
13
55

20
4
IS
3

41
10

43

130

4a

no

5:75

—

5:100

—

enclosed with five unparasitized hosts for 2 hr. They were then transferred to host
larvae containing eggs of Nemeritis for a further 2 hr.; finally they were allowed to
oviposit in unparasitized hosts once more. The distribution of eggs in each group of
hosts (Table 2 A) shows a marked decrease in the number of eggs laid in already parasitized host larvae, though there is no significant difference between the numbers
of eggs laid per host attacked in each group (x2 = 3*413, P = o-io).
In the final test of discrimination by Horogenes,fivefemales were each presented
alternately with five unparasitized hosts and five containing Nemeritis larvae in the
third or fourth instar, each for a period of 2 hr. The results, shown in Table 2 B, are
from 25 hosts in each exposure. The reduced oviposition in hosts already containing
advanced parasites is well demonstrated. As in previous experiments the x2 test
showed that there was no heterogeneity in the distribution of eggs in the two groups
of hosts (x2 = 2-579, P = °"4)- At the end of the experiment, in exposure 4, the
avoidance of oviposition in parasitized hosts broke down and egg-laying became
erratic and slightly higher superparasitism occurred in the attacked hosts.
Table 3. Oviposition by Nemeritis when given a choice between unparasitized hosts
and hosts parasitized by Horogenes
Stage of Horogenes in parasitized hosts
A. Egg 48 hr.

B. ist-instar larva

C. 3rd- to 4th-instar 1

Condition of
hosts
available

Hosts
attacked

Eggs
laid

Hosts
attacked

Eggs
laid

Hosts
attacked

Eggs
laid

Parasitized
Unparasitized

23
39

41
i°3

39
39

78
148

4
23

4
79

62

144

78

236

27

83

—

10:100

Total
Parasite-host
ratio

10:100

5:5°

Oviposition by Nemeritis
The searching and oviposition behaviour of Nemeritis is similar to that of Horogenes
and the same methods were used to test its behaviour in selection of hosts for
oviposition.
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In the first experiment, 10 females were each confined for 2 hr. with 10 host larvae,
five of which contained eggs of Horogenes 48 hr. old. Out of 100 host larvae, 41 eggs
were laid in 23 of the parasitized hosts and 103 eggs in 39 of the unparasitized hosts
(Table 3 A). The x2 test applied to the numbers of both groups of hosts attacked
showed that Nemeritis did not discriminate between parasitized and unparasitized
larvae (x2 = 3-571, P = < 0-05), but that it laid fewer eggs in the parasitized hosts.
In the second experiment 10 Nemeritis females were each given a choice between
five hosts containing first-instar Horogenes larvae and five unparasitized hosts
(Table 3C). The results demonstrated that Nemeritis is able to distinguish between
parasitized and unparasitized hosts (x2 = 12-0, P = < o-ooi) and laid proportionately fewer eggs in those parasitized hosts which it did attack (x2 = 5"8i,P = < 0-05).
Table 4. Oviposition by Nemeritis in alternate series of unparasitized hosts and
hosts parasitized by Horogenes
Stage of Horogenes in parasitized hosts
A. Egg 48 hr.

B. 3rd- to 4th-instar la

t

Exposure no.
1
2

3
4

No. and condition
of hosts

Hosts
attacked

Eggs
laid

Hosts
attacked

Eggs
laid

35 unparasitized
25 parasitized
25 unparasitized
25 parasitized

24

17
3
13

48
4
47

8

62
33
60
25

5

ti

60

180

38

—.

5:100

no
—

10
18

Total
Parasite-host ratio

5:100

The last two experiments with Nemeritis were designed to test the oviposition
behaviour of the females to alternate sets of parasitized and unparasitized hosts,
presented successively for periods of 2 hr. each. In the fourth test the parasitized
hosts contained 48 hr.-old eggs of Horogenes. Five female Nemeritis were each exposed
to four sets of five host larvae during an 8 hr. period. The hosts in the first and third
periods were unparasitized; those in the second and fourth periods contained 48 hr.old eggs of Horogenes. The results shown in Table 4A are totals of oviposition by all
females in the 25 host larvae from each exposure. It is apparent that Nemeritis attacks
fewer parasitized than unparasitized hosts (x2 = 10-933, P = 0-02), although it does
not restrict the numbers of eggs laid in each host attacked (x2 = 2-398, P = 0-4).
In the final test, this experimental series was repeated with the parasitized hosts
presented in the second and fourth exposures containing Horogenes larvae in the third
or fourth instar (Table 4B). The reduction of oviposition in the parasitized hosts was
again significant (x2 = 13*54, P = o-ooi).
DISCUSSION

The experiments described here demonstrate that both Horogenes and Nemeritis
can discriminate between hosts and can to some extent avoid multdparasitism. Such
a power of discrimination between hosts they encounter does not imply a comparison
by the parasite of the two groups of hosts available for attack since each larva is
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approached individually by the parasite as a prospective host. Whether an egg is laid
in it or not depends upon the sum total of the responses to the stimuli the parasite
receives from that host.
Nevertheless, both parasites do achieve the effect of discrimination either by not
ovipositing in hosts that are already parasitized, or by laying fewer eggs in them than
they do in healthy unparasitized hosts. This behaviour continues when the parasites
are exposed successively to parasitized and unparasitized hosts or offered a simultaneous choice between them.
There is, however, a considerable variation in the percentage of multiparasitism
achieved by both species in similar experiments. Whereas the data show that Horogenes
can distinguish a host containing eggs or larvae of Nemeritis at any stage of development, and may avoid ovipositing in it, there is no statistically significant restriction
of oviposition in those parasitized hosts that it does attack.
Nemeritis, on the other hand, attacks both groups of hosts more readily than does
Horogenes. The numbers of parasitized and unparasitized hosts attacked cannot be
separated statistically on experiments of choice when the parasitized hosts contain
eggs or first-instar larvae. Yet there is a statistically significant reduction in the number
of eggs laid in those that are already parasitized. However, if no choice is available
and the parasitized and healthy hosts are presented alternately, as they are in the
latter experiments, both species restrict their attack on parasitized hosts. In general,
the actual numbers of eggs laid in them are also reduced, although not to a level of
statistical significance.
These results are in accordance with the partial avoidance of superparasitism observed for Nemeritis by Simmonds (1943) and for Angitia (Horogenes) cerophaga
Grav. by Lloyd (1940). It is clear that the distribution of eggs by these parasites is
not made at random but is related to the nature of the available hosts (cf. Lloyd,
1938). The progressive reduction in the numbers of eggs laid in Ephestia larvae
containing advancing larval stages of parasites indicates that the adult females of
both species are able to perceive the decreasing suitability of such larvae as
hosts.
The wholly artificial parasite-host densities of these laboratory experiments preclude their quantitative application to the extent of multiparasitism infieldpopulations.
But they do demonstrate that the avoidance of multiparasitism, even of hosts containing
advanced larval stages of another species, is only partially developed. Thus multiparasitism of Ephestia can be expected to occur in natural populations of Horogenes
and Nemeritis, and, although the extent to which it does so is dependent upon the
abundance of both parasites and host, it is most probable in hosts containing eggs or
larvae in the first instar.
SUMMARY

1. The oviposition behaviour of the ichneumon flies- Horogenes chrysostictos and
Nemeritis canescens has been examined in relation to their multiparasitism of larvae
of the moth Ephestia sericarium.
2. Horogenes is able to distinguish healthy hosts from those that are parasitized
by Nemeritis, both when given a simultaneous choice between them and when exposed
n each alternately.
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3. Although Horogenes attacks fewer parasitized than healthy hosts, it does not
lay proportionately fewer eggs in a parasitized host.
4. Nemeritis is also able to distinguish healthy hosts from those parasitized by
Horogenes. Though it attacks parasitized hosts more readily than does Horogenes,
it lays fewer of its eggs in them.
5. Both species avoid ovipositing in a host containing an advanced larval parasite
more frequently than in a host containing a parasite egg.
6. An Ephestia larva multiparasitized by Horogenes and Nemeritis may therefore
contain these parasites at widely different ages, but the host selection behaviour of
the adult parasites makes multiparasitism by parasite larvae of similar age more likely
in field populations.
This paper represents part of a thesis submitted for the Ph.D. degree in the University of Cambridge. I would like to thank Dr G. Salt, F.R.S., for encouragement
and supervision of this work. My thanks are also due to the Agricultural Research
Council for financial support.
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