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ABSTRACT

The effects of water strider (Heteroptera: Gerridae) egg quality on development
and fitness of Tiphodvies gerriphagus Marchal (Hymentoptera: Scelionidae) were
investigated.

Following preimaginal development ot T. gerriphagus within Limnoporus dissortis
Drake & Harris eggs, revealed two larval instars and a pupal stage. Confirmation of
number of instars was based on counting exuviae and measuring mandible length. These
findings are at odds with previous descriptions of T. gerriphagus.

Tiphodytes gerriphagus is able to develop within L. dissortis eggs of various ages
with varying success rates. The greatest wasp emergence occurred with intermediate aged
eggs because infertile eggs are less suitable for parasitoid survival. L. dissortis eggs which
are larger than Gerris buenoi Kirkaldy eggs may sometimes be too large for proper wasp
development. Increasing foundress number lowered parasitoid survival and body size.
Sex ratio of progeny was independent of egg age, host species, and foundress number.

As wasp density increases, the number of probes per egg and the number of larvae
per egg increases. Superparasitism occurred most trequently trom groups of mated wasps
than groups of unmated wasps. Development time of wasps in superparasitised eggs was
longer than trom singly parasitised eggs. Longevity was not aftected in males emerging
from superparasitised eggs, but female longevity was significantly decreased. Mated and
unmated females were equally fecund regardless of whether they emerged from

superparasitised or singly parasitised eggs.



Frontispicce: Lifecycle of Tiphodytes gerriphagus Marchal
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1. INTRODUCTION
1.1 Aquatic Hymenoptera

The order Hymenoptera contains over 108 000 known species and include the
insects perhaps most beneficial to humankind since their adults pollinate most insect-
pollinated plants and are important in regulating populations of pest insects (Borror er al.,
1989). Prior to Lubbock’s (1862) discovery of two wasps swimming beneath a pond’s
surface, it was thought that hymenopterans were excluded from aquatic habitats. Since
then, 51 North American and 74 European species of aquatic Hymenoptera have been
described from ten families (Hagen, 1978; Ward, 1992).

All aquatic hymenopterans are parasitoids; their immature stages must feed on
tissues of another arthropod to develop into an adult. Parasitoids differ from parasites in
that their development results in host death. They differ from predators in that only one
prey item is consumed per immature parasitoid, and only adult females search for prey
(Godfray, 1994).

Aquatic parasitoids may be broadly defined as those parasitising any stage in the
life cycle of an aquatic invertebrate, even if the attack occurs on land (Hedquist, 1967), or
may be narrowly defined as those entering the water to parasitise a host (Hagen, 1956). A
more biologically meaningful definition of an aquatic parasitoid is one that parasitises an
aquatic stage (Burghele, 1959), for this definition includes parasitoids attacking aquatic
insects beneath the water surface and semi-aquatic insects on the surface film.

Generally, aquatic hymenopterans lack special morphological adaptations for

underwater respiration because the microhabitats of water and host tissues are similar with



respect to oxygen availability (Hagen, 1956). A large surface/volume ratio, due to the
small size of most aquatic hymenopterans, allows tor sutficient underwater respiration
(Ward, 1992).

Understanding host-parasitoid interactions in the field will be incomplete without
consideration of behaviour and biology of individuals in the population (Salt, 1934). Eggs
of two genera of water strider (Heteroptera: Gerridae), Gerris and Limnoporus, are
regularly parasitised by Tiphodytes gerriphagus Marchal (Hymenoptera: Scelionidae) in
western Canada (Spence, 1986a). Despite knowledge of this parasitism since the
beginning of this century (Marchal, 1900; Bradley, 1902; Matheson and Crosby, 1912;
Martin, 1927; Hoftmann, 1932; Hagen, 1956; Masner, 1972), its significance for gerrid
populations and parasitoid behaviour have been mostly ignored (Spence, 1986a). This
thesis presents new information about the development of T. gerriphagus within gerrid

eggs and variation in fitness of successtully emerging wasps.

1.2 Limnoporus dissortis Drake & Harris and Gerris buenoi Kirkaldy adults
Populations of all pond skater species can be partially bivoltine in western Canada
(Spence and Scudder, 1980; Spence, 1989). Overwintered adults breed only after a
reproductive diapause spent away tfrom the water (Spence, 1989). After ice melt, mating
begins in late May and continues to mid August depending upon whether summer
generation reproductives are produced (Wilcox and Spence, 1986).
Limnoporus dissortis Drake & Harris prefers temporary ponds, and dispersal

between ponds is a conspicuous feature of its life history (Spence and Scudder, 1980).



Temporary habitats seem to provide a refuge from egg parasitoids (Spence, 1986a). Eggs
of L. dissortis are heavily parasitised by T. gerriphagus, and this and instability of their
preferred habitats probably contribute to observed rates of local extinction (Spence,
1986a). Eggs of L. dissortis are easily recognized by their linear arrangement and
conspicuous jelly coat (Spence and Wilcox, 1986), and it has been suggested that the
latter may offer some protection against egg parasitoids (Martin, 1927; Andersen, 1982;
Spence, 1986a).

Gerris buenoi Kirkaldy is a common, often abundant habitat generalist (Spence,
1981), and is the smallest of the water strider species found in western Canada (Spence,
1986b). Eggs are deposited in groups of one to four at the water surface on floating
vegetation or below the surtace on submerged or decaying vegetation, but most eggs are
laid on floating vegetation (Spence, 1986a). G. buenoi eggs are not enveloped by a jelly
coat and any protection against egg parasitoids is probably achieved by oviposition in sites
inaccessible to wasps (Spence, 1986a).

Overwintered L. dissortis females are two to three times as fecund as those of any
Gerris spp., but fecundity of direct breeders is more similar to that of other western
Canadian species (Spence, 1989). Overall, L. dissortis is more tecund and has a longer

reproductive life than Gerris spp. (Spence, 1989).

1.3 Hosts: gerrid eggs (Heteroptera)
Gerrid eggs are deposited on the underside edge of floating vegetation, or on

submerged vegetation if floating vegetation cannot be found (Andersen, 1982). Eggs are



elued lengthwise to the substrate and are surrounded by a gelatinous mass considered to
be ancestral for Gerromorpha (Heteroptera) (Andersen, 1982). Eclosion of first instars is
aided by an egg burster (ruptor ovi) which ruptures the egg shell in a median slit from the

anterior pole to two-thirds posteriorly (Andersen, 1982).

1.4 Parasitoid: Tiphodytes gerriphagus Marchal

While collecting gerrid eggs from Trivaux pond, near Paris, France, Marchal
(1900) discovered a solitary wasp developing within several eggs. [t was a previously
unknown scelionid, and Marchal (1900) published the first description ot adults under the
species name Limnodvtes gerriphugus Marchal. Bradley (1902) pointed out that the
genus name Limnodyres was preoccupied by a salamander described by Dumeril and
Bibron (1841) and proposed the genus name Tiphodytes in its place.

Tiphodvres gerriphugus was first discovered to parasitise gerrid eggs in North
America by Matheson and Crosby (1912). but no new information on adult behaviour or
larval morphology was provided. Martin {1927) described two different oviposition
methods used by T. gerriphagus involving either complete or partial submergence of the
parasitoid. He also provided the first description of all immature stages of T. gerriphagus
developing within eggs of Trepobates spp-

Tiphodvtes gerriphagus appears 1o specialise on gerrid eggs. Hoftmann (1932)
introduced various belostomatid, hydrometrid, gyrinid, corixid, and notonectid eggs to
females, but no parasitism was observed. Tiphodytes gerriphagus successtully parasitises

eggs of tive Gerris and two Limnoporus species in western Canada (Spence, 1986a), and



has been found to emerge from three different Gerris and one other Limnoporus species in
Finland (Nummelin er al., 1988). At present, T. gerriphagus is known to parasitise eggs

of 13 species in three ditferent genera (Table 1.1).

1.5 Thesis objectives

Scelionid development has been studied by several authors (McColloch and Yuasa,
1915; Chopard, 1923; Martin, 1927; Bakkendorf, 1934; Schell, 1943; Pickford, 1964;
Safavi, 1968; Rothschild, 1970; Gerling, 1972; Ticehurst and Allen, 1973; Strand er ul.,
1986; Navasero and Oatman, 1989; Volkott and Colazza, 1992), and most studies involve
parasitoids of economically important pests. In contrast, there is little information about
development of scelionids that do not attack pest species.

Tiphodvtes gerriphagus life stages have been described within Trepobares sp. eggs
(Martin, 1927), but development time was not provided. Differences between first instars
of T. gerriphagus as described by Marchal (1900) and Martin (1927) have been noted by
Clausen (1940), Hagen (1956), and Masner (1972), but an explanation tor the apparent
contradictions has not been provided. The actual form of Martin’s (1927) second instar
has also been questioned (Clausen, 1940). Therefore, in chapter two [ consider
development and larval behaviour of T. gerriphagus within L. dissortis eggs, and present
the first data about sex ratio allocation tor this species.

Successtul development of a parasitoid within a host is affected by host age,
species, and whether the host has been previously parasitised. These conditions may alter

host quality and can affect the fitness of an emerging parasitoid (Pak, 1986). In chapter



three, I consider possible effects of egg quality on survival, body length and sex ratio
allocation of T. g;'rriphugus.

In solitary parasitoids, only one individual can emerge successtully. Therefore,
when two solitary parasitoids develop within a host (superparasitism), they must compete
for resources and one or both will die (Salt, 1961). Supernumerary larvae of T.
gerriphagus have been found within ftield collected gerrid eggs (Martin, 1927), but the
implications of superparasitism for surviving wasps has not been examined. Thus, in
chapter four I examine the effects of mating status and wasp density on frequency of
superparasitism, parasitoid development, and the longevity and fecundity of the resulting
wasp progeny.

In chapter five, I summarise conclusions ot my studies, and discass possible future

research involving parasitoid development and fitness.



Table 1.1. Review of literature on successful parasitism of difterent gerrid eggs by
Tiphodyres gerriphagus.

Gerrid species Reference
Gerris

G. buenoi Spence 1986

G. comatus Spence 1986

G. incognitus Spence 1986

G. lacustris Nummelin er al. 1988

G. odonrogaster Nummelin er al. 1988

G. paludum Nummelin er al. 1988

G. pingreensis Spence 1986

G. remigis Matheson and Crosby 1912; Spence 1986

G. spp. Marchal 1900
Limnoporus

L. dissortis Spence 1986

L. notabilis Spence 1986

L. rufoscutellatus Nummelin er al. 1988
Trepobates

T. spp. Martin 1927
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2. DEVELOPMENT OF Tiphodytes gerriphagus Marchal
(HYMENOPTERA : SCELIONIDAE) IN Limnoporus dissortis Drake & Harris

EGGS (HETEROPTERA: GERRIDAE)

2.1 SYNOPSIS

Investigations of preimaginal development in Tiphodytes gerriphagus Marchal
reveals two larval instars, based on counting exuviae and comparing mandible length
during development within Limnoporus dissortis Drake & Harris eggs. Tiphodyvtes
gerriphagus eggs are stalked, as is typical of scelionids, and are 282.6 + 3.48 um (mean
SE) total length. Chorion rupture at 8-9 h post-oviposition (PO) releases a non-teeding
embryo into the gerrid egg. Feeding begins at 18-20 h PO, after embryonic cuticle is shed
and a fully differentiated and active larva is released. The first larval stage is teleatorm
which lasted tfrom 18-120 h PO, and grew from 183.6 + 3.35 pm to 517.0 = 14.67 um
total length. The second larval stage is hymenopteriform which lasted from 114-312 h
PO, and grew from 920.2 + 24.65 pum to 1352.4 = 11.89 um total length before pupating.
The pupal period lasted about 11 days with male pupae being shorter and thinner than
female pupae. These findings are at odds with previous descriptions of T. gerriphagus,
and reasons for this are discussed. The sex ratio under laboratory conditions was female-
biased (22% males), and males were smaller but did not emerge significantly before

females as anticipated trom previous work.
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2.2 INTRODUCTION

Scelionid wasps are egg parasitoids of Lepidoptera and Heteroptera (Waage,
1982), and there are over 2700 described species (Johnson, 1992). The genus Tiphodytes
Bradley (1902) contains five described species worldwide, all of which are suspected to
parasitise eggs of aquatic and semi-aquatic Heteroptera (Masner, 1972). Tiphodytes
gerriphagus Marchal is a solitary egg parasitoid of water striders (Heteroptera: Gerridae),
and was first accidentally discovered during field collections of Gerris Fabricius (1794)
eggs for embryological studies (Marchal, 1900).

Marchal described adults of this newly discovered species, and also provided a
drawing of the first instar larva. Martin (1927) more fully described the immature stages
of T. gerriphagus to include egg, three larval instars and pupa, based on preserved
specimens. However, data about development time, examination of exuviae, and
observations of larval behaviour are not available. Published data about number of larval
instars of scelionids varies between two (McColloch and Yuasa, 1915; Chopard, 1923;
Bakkendort, 1934; Pickford, 1964; Satavi, 1968; Gerling, 1972; Navasero and Oatman,
1989), and three (Martin, 1927; Schell, 1943; Rothschild, 1970; Ticehurst and Allen,
1973; Strand er al., 1986; Volkott and Colazza, 1992).

Sex ratio output (proportion of males) of many Hymenoptera is generally female-
biased when hosts are abundant and competing foundresses are absent from the patch
(Hamilton, 1967; Waage, 1982). Although T. gerriphagus has been collected and studied

several times (Marchal, 1900; Matheson and Crosby, 1912; Martin, 1927; Hoffmann,
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1932; Masner, 1972; Spence, 1986; Nummelin et al., 1988; Henriquez and Spence, 1993),
sex ratio output has not been reported.

In this work, I describe egg and larval development in T. gerriphagus within eggs
of the natural host Limnoporus dissortis Drake & Harris (Heteroptera: Gerridae) and
observations of larval behaviour and sex ratio output. Field observations suggest that
superparasitism by T. gerriphagus is not uncommon (Martin, 1927), and developmental
data of singly parasitised eggs is required to study potential interactions and effects within

superparasitised eggs.

2.3 MATERIALS AND METHODS
2.3.1 Host and parasitoid cultures
Tiphodvies gerviphagus in L. dissortis eggs were collected from various ponds at
George Lake Field Site of the University of Alberta near Dunstable, Alberta (114°06'W,
53°57°N) and used to start a culture. Emerging wasps were collected and the culure was
maintained on L. dissortis eggs from a laboratory culture reared at 20 °C and 19 L: 5 D
photoperiod. Styrofoam strips served as oviposition sites tor gerrids and were collected

daily to supplement host and parasitoid cultures (Henriquez and Spence, 1993).

2.3.2 Tiphodytes gerriphagus egg size
On day of emergence, individual female and male parasitoids were paired for
mating inside 12 dram vials with 15 mL of water. After pairing for 24 h, the reproductive

system of mated females was dissected in Ringer’s solution (Barbosa, 1974). One
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parasitoid egg, from the base of a randomly selected ovariole, was removed, placed in a
well-depression slide, and a coverslip was placed on top. Egg length and width were
measured at x 25 and x 40 using a light microscope fitted with an ocular micrometer. The

above procedure was repeated for 20 new females.

2.3.3 Tiphodytes gerriphagus development

Females were paired and mated as above and then groups of ten mated females
were placed into 500 mL widemouth jars with 100 mL of water and 100 L. dissortis e2gs
(0-24 h old, at 20 °C and 19 L: 5 D). After one hour, all parasitoids were removed and
date and time of the oviposition trial were recorded to serve as a reference point to
determine T. gerriphagus age. Eggs were selected at random from within a widemouth
jar every 6 h for the first 24 h, and then every 24 h thereatter. This was repeated 15 umes
for each time interval. Each egg was placed at the center of a well-depression slide and
dissected with tungsten wire pins (Norton and Sanders, 1985) in Ringer's solution.
Dissections were covered with a coverslip before observation and measurement. Only
eggs found to contain a single viable immature wasp during dissection were used for data
on development time, body length, mandible length, and body width. Wasp larvae were
measured at x 25 and x 40 using a light microscope fitted with an ocular micrometer.
Feeding activity and locomotion were video recorded using a Hitachi camera (VK-C350)

mounted on a Polyvar light microscope (Reichert-Jung).
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2.3.4 Development time, length and sex ratio of adult Tiphodytes gerriphagus

Ten mated females were placed individually into widemouth jars with 20 L.
dissortis eggs (0-24 h old, at 20 °C and 19 L: 5 D) for 24 h. Parasitised eggs were
checked every 24 h, starting at 15 days post-oviposition (PO), and adult wasps were
preserved in 70 % ethanol upon emergence for subsequent measurement of maximum
body length (frons to tip of last abdominal tergum) at x 50 with a dissecting microscope.

Total sex ratio of progeny produced was recorded.

2.4 RESULTS
2.4.1 Tiphodytes gerriphagus egg size
Parasitoid eggs dissected from ovarioles are stalked (Plate 2.1A) and tound
floating freely within eggs. Total length is 282.6 + 3.48 um (mean = SE; n = 20) with the
stalk comprising 146.1 = 2.21 pm (n = 20) of that length. Egg and stalk width are 74.9

2.05 um (n = 20) and 7.2 + 0.15 um (n = 20), respectively.

2.4.2 Tiphodytes gerriphagus development

Four to 5 h PO, a black, circular puncture wound, approximately 18 pm in
diameter, can be found on the surface of parasitised eggs. The parasitoid egg appears 1o
increase in size within the host until the chorion ruptures at 8-9 h PO. A spherical group
of cells (blastosphere) about 110 um in diameter passes out from the shriveled remains of

the parasitoid egg. Surrounded by host contents, the embryo continues to differentiate
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and develop into an early first instar (Plate 2.1B). The hatching membrane (serosa)
ruptures at 18-20 h PO, releasing an active, feeding larva.

First instars are teleatorm, characterized by large mandibles, circumabdominal
setae, a caudal hom with a tooth, and lack of body segmentation (Clausen 1940; Plate
2.1C, 2.1D, and 2.1E). Inspection of early eclosed first instars shows a constriction
between head and thorax and thorax and abdomen. However, within a brief period of
time, the constriction between thorax and abdomen disappeared, apparently due to
expansion of cuticle with larval growth.

First instars move slowly within the host by combining body bending with
movement of caudal horn and circumabdominal setae. The caudal horn, about 137 ym
long, appears to tear host tissue and to direct food into the larva’s mouth. Total body
length and maximum abdominal width were 183.6 £3.35 um (n = 15) and 73.4 = 1.57 um
(n = 15), respectively. Mandibles of 24 h old larvae were 48.0 £ 0.45 pm (n = 15) in
length (Figure 2.1).

First instars continue to feed tor 3 days, increasing in length and width
approximately 2.8 and 3.5 fold, respectively (Plate 2.1E; Table 2.1), but mandible length
remains constant (Figure 2.1). Most size increase is in the abdominal region. External
movements decrease in both range and duration as first instars age, and 4 day old first
instars no longer raise their caudal horn toward their mandibles during feeding (Plate
2.1E). In contrast, internal movements increase as first instars age. For example,
peristaltic contractions of the digestive tract occur quite frequently, mixing ingested host

material and apparently aiding digestion. Contractions may begin at either end or in the
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center of the midgut, and sometimes two contractive movements may travel in opposite
directions.

At 114-120 h PO, molting behaviour begins and the remains of the first
exoskeleton are shed. Mandibles, circumabdominal setae, and caudal hom are cast off
during this first larval molt, but tracheae were not found with this exuviae (Plate 2.1F).
Second instars are hymenopteriform, and characterized by spherical or spindle-shaped
body with visible segmentation (Clausen 1940). Larvae have 11 visible body segments
(Plate 2.1F) and total body length and maximum abdominal width was 920.2 + 24.65 um
(n=15)and 311.2 + 4.82 um (n = 15), respectively.

Mandibles are not easily seen soon after the first larval molt (114-120 h PO), but
can be observed and measured after they have sclerotised (ca. 144 h; Figure 2.1). They
are directed cephalad, instead of caudad as in first instars, and are signiticantly smaller
than in first instars (Figure 2.1; ANOVA: F = 1004; df =5, 84; P < 0.0001).

Second instars align their antero-posterior axes with that of the egg, but their
dorso-ventral orientation is the reverse. In contrast, highly mobile first instars have a
random orientation as they consume the host. Second instars snugly fit the end of their
abdomen into the posterior end of the host egg, and as they are nearly the size of the egg
(Table 2.1), have limited movement to locate and ingest any remaining host material. As
they continue to grow and extend in an anterior direction, the larvae wiggle back and forth
to move any remaining food in front of themselves. Mandibles are 24.4 = 0.34 pym (n =
15) in length and about 2 pm wide at the base (Figure 2.1), and show limited movement

so food appears to be sucked into the oral opening rather than chewed.
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Second instars attain full egg size between 156-162 h PO after the entire host has
been consumed. This coincides with the first external sign of parasitism in L. dissortis
eggs that can be seen without the aid of a microscope. At this point, alternating dark and
light rings (ca. nine each) can be seen encircling the width of the egg. These rings are
caused by the segmented, second instar cuticle pressing against the chorion. Before the
appearance of these rings, parasitised gerrid eggs cannot be distinguished from infertile
eggs unless an oviposition mark is discovered with the aid of a microscope.

Second instars remain the size of the host egg for about four more days and as the
prepupal transition begins (10-11 d PO), the larvae begin to decrease in length and the
meconium is voided. Molting behaviour begins at 12-13 d PO with shedding of the
remains of the second larval exoskeleton (Plate 2.1G). Mandibles and tracheae can be
seen with the exuviae (Plate 2.1H). Second instars require a functional tracheal system
because larvae are no longer surrounded by host tluids and must obtain oxygen directly
trom air inside the host.

Unlike the two larval instars, pupae and adults are sexually dimorphic. Males have
moniliform antennae (mn) while female antennae are clavate (cl) (Plate 2.1I), and male
pupae are significantly smaller in total body length and maximum abdominal width than
females (Table 2.2). Pupal cuticle is colourless and transparent, and a pharate adult within
the pupal cuticle begins as entirely white and gradually becomes yellow with red ocelli and
compound eyes. Approximately 17 days PO, pharate adults become black and ocelli and

compound eyes become brown and then black.
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After adult eclosion, they rotate so that they no longer face the substrate that their
host is attached to. Adults chew a roughly circular emergence hole 372.7 + 10.62 um (n
= 20) in diameter on the ventro-anterior surtace of the egg. In contrast, unparasitised L.
dissortis eggs have a slit along the ventral surface, about half of egg length, after a gerrid
emerges. Adult parasitoids crawl through the emergence hole into water and swim with
their wings to the surface. When they break through the surface film, they either walk on
top of the water or fly away. Tiphodytes gerriphagus development is summarized in

Figure 2.2.

2.4.3 Development time, length and sex ratio of adult Tiphodytes gerriphagus

Mated females produced progeny with a sex ratio of 0.22 males (7 = 121). Males
emerged at 22.7 + 0.40 days (n = 27) and females at 23.6 + 0.23 days (n = 94), but these
differences are not statistically significant (Wilcoxon Rank Sum test: x° = 1.90; P = 0.17).
Adult males are signiticantly smaller than temales (Table 2.2; r-tesr: 1 = 2.88; dt = 119; P =

0.005).

2.5 DISCUSSION
2.5.1 Tiphodytes gerriphagus description comparisons
My work with T. gerriphagus revealed two larval instars rather than three as
Martin (1927) suggested. Martin (1927) described second instars as having mandibles
larger than first instars, clumped circumabdominal setae, and a reduced caudal horn

without a tooth. Using ecdysis to define larval instars (Wigglesworth, 1973; Fink, 1983),
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I found neither setae nor caudal hormn on second instar larvae (Plate 2.1F), and mandibles
of second instars were reduced (Figure 2.1). In studies of other scelionids providing data
about development time, second instars also lack setae and caudal horn and have reduced
mandibles (McColloch and Yuasa, 1915; Bakkendort, 1934; Schell, 1943; Pickford, 1964;
Safavi, 1968; Gerling, 1972; Strand er al., 1986; Navasero and Oatman, 1989; Volkott
and Colazza, 1992).

Range of total body length of first and second instar larvae reported by Martin
(1927) overlap with my first instar measurements of T. gerriphagus, and Martin’s third
instar measurements coincide with my measurements of the second and final larval instar
(Figure 2.3a). [ suggest that Martin’s (1927) first and second instars are, in fact, both first
instars measured at different ages, and his third instar describes the second instar of T.
gerriphagus.  First instars of other scelionids greatly increase in size betore molting
(McColloch and Yuasa, 1915; Bakkendort, 1934; Schell, 1943, Pickford, 1964; Safavi,
1968; Gerling, 1972; Navasero and Oatman, 1989). Furthermore, lack of distinct
segmentation in Martin's (1927) illustration of third (actually second) instars is probably
due to measuring larvae while in the prepupal transition period.

The range ot Martin’s (1927) mandibular measurements for first and second instars
is smaller than my measurements for first instar mandibles, but his measurements for the
last instar correspond well with my second instar (Figure 2.3b). Martin (1927) measured
mandibles from tip to base but this is imprecise because the base is arbitrary; in contrast, [
measured first instar mandibles from their tip to the anterior bifurcation caused by

insertion of the dorsal mandibular fibres (Figure 2.3c). This reference point is easily
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located in first instars of T. gerriphagus and other scelionids (Bakkendort, 1934; Schell,
1943). Mandibular length appeared to increase as first instars of Trichogramma
australicum Girault aged; however, injecting tluorescent dye and repeating measurements
revealed thz;l mandibular length was constant (Dahlan and Gordh, 1996). As time passes,
mandibles become more sclerotised and easier to measure in larvae of T. gerriphagus and
other egg parasitoids (Volkoff er al., 1995; Dahlan and Gordh, 1996), and may appear
larger if clear reference points are not used.

Immersing parasitised gerrid eggs in hot alcohol may have complicated Martin’s
(1927) study. The delicate exoskeletons of parasitoid larvae probably shriveled under this
treatment leading to clumped setae and perhaps to the broken caudal hom observed by
Martin (1927). Since live specimens were not studied by Martin (1927), he could not
determine the cause of the appearing and disappearing motile rings (peristaltic gut
contractions) inside the egg, nor observe how older larvae manage to manipulate food.
Clausen (1940) questioned the true form of Martin’s (1927) second instar larvae since
some specimens had dorsal, plate-like thickenings and others not. These thickenings are
not external, but are an impression of the brain outlined trom a highly stretched

exoskeleton of well-fed first instars (Plate 2.1E; Schell, 1943; Satavi, 1968).

2.5.2 Development time, length and sex ratio of adult Tiphodytes gerriphagus
Male scelionids generally emerge before females (Waage, 1982), but if
observations are only done every 24 h, emergence may not be significantly difterent (Table

2.2). Regardless of equal food being available for progeny of both sexes, males of T.
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gerriphagus are smaller than females (Spence, 1986). In my laboratory experiments,
female-biased sex ratios (22% males) were produced when eggs were abundant and
competing adults were absent (i.e. foundress number = 1). Female-biased sex ratios are
theoretically predicted for many Hymenoptera with low foundress number per patch
(Hamilton, 1967), and scelionids attacking egg batches of moderate size (ca. 20 to 50
eggs) produce female-biased sex ratios because one wasp can parasitise the entire batch

(Waage, 1982).

2.5.3 Scelionid eggs

All scelionids studied to date have similar morphology and development of early
stages. Stalked eggs occur in females of several superfamilies of Hymenoptera (Clausen,
1940) and has been the only egg type found in scelionids (McColloch and Yuasa, 1915;
Martin, 1927; Schell, 1943; Pickford, 1964; Safavi, 1968; Rothschild, 1970; Gerling,
1972; Strand er al., 1986; Navasero and Oatman, 1989; Volkoft and Colazza, 1992).
Scelionid eggs increase in size during embryonic development (McColloch and Yuasa,
1915; Schell, 1943; Strand er al., 1986; Volkoft and Colazza, 1992), probably from both

differentiation and from diftusion of host material into the egg.

2.5.4 Scelionid development
Rupture of the parasitoid chorion does not immediately release an active larva but
rather an early embryonic stage (blastosphere) still enveloped by serosal cuticle (Schell,

1943; Gerling, 1972; Strand er al., 1986; Volkoff and Colazza, 1992). Such embryos can
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survive because they are surrounded by food and are protected trom desiccation while
within a healthy egg.

Rupture of the serosa releases an active feeding teleaform larva which is
superficially divided into two distinct regions, usually a cephalothorax and abdomen
(Clausen, 1940; Schell, 1943; Pickford, 1964; Strand er al., 1986; Volkoft and Colazza,
1992) or head and fused thoracico-abdomen (Gerling, 1972). All first instar T.
gerriphagus larvae, examined within one hour of eclosing from the serosa, had three
distinct body regions: head, thorax, and abdomen. The ‘neck’ (= thorax) of first instars
was not considered a distinct tagma in other scelionid studies, but a reason for this has not
been provided. Description of only two body regions is probably due to both historical
interpretation and dissection difficulties.

The term ‘teleatorm larva’ comes from Ganin's (1869) description of a Teleas
larva possessing only two body regions. Scelionid first instars are all detined as teleaform
(Clausen, 1940), so a third body region was probably not looked for by investigators.
Rapid change in body shape during development and long circumabdominal setae, which
are about half the first instar’s body length (Plate 2.1C), can hide a distinct third region.
First instars do not have an active tracheal system (McColloch and Yuasa, 1915; Schell,
1943; Gerling, 1972; Swaand er al., 1986; Volkott and Colazza, 1992) and respiration is
believed to be cutaneous.

Accounts of second instar form and total number of larval instars ditffer among
Scelionidae. Some authors have described two larval instars (McColloch and Yuasa,

1915; Chopard, 1923; Bakkendort, 1934; Picktord, 1964; Safavi, 1968; Gerling, 1972;
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Navasero and Oatman, 1989), and others three (Ganin, 1869; Martin, 1927; Schell, 1943;
Rothschild, 1970; Ticehurst and Allen, 1973; Strand er al., 1986; Volkoft and Colazza,
1992). Of those authors suggesting three larval instars, only Schell (1943), Strand et al.
(1986}, and Volkoft and Colazza (1992) successtully followed all life stages and provided
development time. By not counting exuviae and observing obvious changes in larval
morphology and behaviour, as documented with 7. gerriphagus, instar number may be

inflated.
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Plate 2.1. Development of Tiphodytes gerriphagus. (A) Mature egg dissected from
ovariole. (B) Newly released early embryo floating within Limnoporus dissortis egg. (C)
Dorsal and (D) lateral view of 24 h old actively feeding first instar (se, setae). (E) 96 h
first instar. (F) Dorsal view of second instar with shed exuviae of first instar (ex, exuviae;
md, first instar mandibles). (G) Dorsal view of pupa. (H) Posterior view of pupa with
shed exuviae of second instar (tr, tracheae). (I) Adult female and male (cl, clavate
antennae; antennae; mn, moniliform antennae). Scale bar = 50 um (A-G). Scale bar = 100
um (H). Scale bar = 250 um (I).






Table 2.1. Mean body length and abdomen width of Tiphodvres gerriphugus larvae at
daily intervals (n = 15/interval).

Hours after Instar Total body length Abdomen width

oviposition (um = SE) (um + SE)
24 first 183.6 +3.35 73.4 £ 1.57
48 first 227.4+3.92 106.9 £ 2.09
72 first 357.2+£4.29 171.7 £3.01
96 first 517.0 = 14.67 256.5 £5.07
120 second 920.2 + 24.65 311.2 +4.82
144 second 1117.5 £ 16.57 4119 £5.30
168 second 1352.4 = 11.89 186.7 + 5.28

*n=30.

Table 2.2. Mean body length and abdomen width of male and temale Tiphodytes
gerriphagus pupae and adults.

Pupa Adult
Total body length  Abdomen width Total body length
Gender n (mm = SE) (mm + SE) n (mm = SE)
male 15 1.08 £0.019° 0.36 +0.004" 27 1.13 + 0.005"
female IS 1.14 £ 0.010° 0.40 + 0.005" 94 1.16 + 0.007°

Values within a column tfollowed by same letters are not significantly difterent (r-rest; P >
0.05).
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3. EFFECTS OF EGG QUALITY AND PARASITOID DENSITY ON
REPRODUCTIVE OUTPUT OF Tiphodytes gerriphagus Marchal

(HYMENOPTERA: SCELIONIDAE)

3.1 SYNOPSIS

Laboratory studies were conducted to investigate the effects of egg quality and
wasp density on mortality, adult body size and sex ratio of Tiphodytes gerriphagus
Marchal, a parasitoid ot water strider eggs. Tiphodvtes gerriphagus is able to develop
within Limnoporus dissortis Drake & Harris eggs that have undergone greater than 40 %
of their embryological development. Parasitoid mortality was significanty lower from
eggs 48-72 h old at 20 °C (4.7 %) than from those less than 24 h old (10.6 %). However,
wasp body size did not change significantly with increasing egg age. Larval mortality was
significantly higher when parasitoids were reared tfrom the larger eggs ot L. dissortis (6.3
%) than trom the smaller eggs of Gerris buenoi Kirkaldy (2.2 %). As expected, larger
wasps emerged from eggs of the larger host species. As foundress number was increased,
parasitoid survival and body size significantly decreased. Sex ratio of progeny was

independent of egg age, host species, and foundress number.

3.2 INTRODUCTION
Parasitoids use a variety of physical and chemical stimuli to locate patches with
potentially suitable hosts in a heterogeneous environment (van Alphen and Vet, 1986).

Atter locating a patch with hosts, a parasitoid may still not oviposit in any of the hosts
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encountered. Host selection is influenced by the physiological state (Salt, 1935) and
experience of the parasitoid (Strand and Vinson, 1982), and by the quality of the host
itself. Host quality is determined by such factors as age, size, species, and parasitism state
(i.e., parasitised vs. unparasitised), and these factors can affect the titness of the emerging
parasitoid (Pak, 1986).

Tiphodytes gerriphagus Marchal (Hymenoptera: Scelionidae) is a solitary egg
parasitoid of several species of water striders (Heteroptera: Gerridae) (Chapter 1, Table
1.1; Marchal, 1900; Martin, 1927; Hoffmann, 1932; Spence 1986; Nummelin er al., 1988;
Henriquez and Spence, 1993a), and is the dominant parasitoid of field collected
Limnoporus eggs in western Canada (Spence, 1986).

During host searching under natural conditions, most 7. gerriphagus females will
encounter gerrid eggs of various ages and species and these may ditfer in quality for a
developing parasitoid. Host quality may also be affected by the number of female
parasitoids (foundresses) in a patch because superparasitism is more likely when parasitoid
to host ratio is high (van Alphen and Vet, 1986). In solitary parasitoids, host quality is
dramatically affected by superparasitism because only one parasitoid can emerge
successtully.

Female survival and reproductive output (fitness) are usually more sensitive to host
quality than are those of males (Charnov ez al., 1981). It has thus been hypothesized that
parasitoids will produce more male-biased sex ratios from hosts of lower quality (Charnov
et ul., 1981). Tiphodyres gerriphagus parasitises greater than 80 % of L. dissortis eggs

during mid-summer in western Canada (Spence, 1986), and the availability and quality of
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eggs probably tluctuate during the season. It is not known how gerrid egg quality affects
T. gerriphagus. - In this work, I investigate the effects of egg age, host species, and

foundress number on T. gerriphagus fitness and sex ratio allocation.

3.3 MATERIALS AND METHODS

Adult T. gerriphagus, obtained from the University of Alberta George Lake Field
Site, near Dunstable, Alberta during 1997, were used to start a laboratory culture. Eggs
tfrom laboratory reared L. dissortis served as the culture host, and both parasitoid and host
cultures were maintained at 20 °C and a photoperiod of 19 L: 5 D. Newly oviposited L.
dissortis eggs were collected daily from styrofoam oviposition strips and used to maintain
the culture.

On day of adult emergence, individual female and male parasitoids were paired for
mating inside 12 dram vials provided with 15 mL of water. After 24 h, the females were
placed into 500 mL widemouth jars provided with 100 mL of water and eggs of a
specified treatment. Each trial lasted 24 h, then the eggs were placed inside 12 dram vials
with 15 mL of water until wasp emergence.

Three experiments were established, as described below, and a common set of
observations were made on each experiment. [ observed and recorded percent probing
and parasitoid mortality, maximum body length, and total sex ratio (proportion of males).
The external surface of eggs was searched for puncture wounds (probes) using a
dissecting microscope for each replicate, and the mean percent of eggs probed was

calculated for each treatment. All probed eggs not producing a wasp were counted among
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the total number attacked in calculations of percent parasitoid mortality. Maximum body
length of emerging wasps was measured at x S0 using a dissecting microscope fitted with
an ocular micrometer. The sex-specific median of body size of progeny of an individual
female were compared among treatments with analysis of variance (ANOVA). Any wasps
failing to emerge were not measured, but all male and female wasps (dead and alive) were
counted and used to calculate total sex ratio (proportion of males). Any replicate
producing less than five wasps identifiable to gender was not included in calculating total
sex ratio for that treatment. Sex ratio as considered in this study is the observable
proportion of male progeny (2°) as opposed to the actual sex ratio at oviposition (1°)
(Godtray, 1994). However, assuming differential mortality to be low or negligible, 2° sex

ratio approximates actual sex ratio.

3.3.1 Effects of Limnoporus dissortis egg age

An experiment was designed to test parasitoid ability to develop within L. dissortis
eggs of various age. Eggs were grouped into the following age classes: 0-24, 24-48, 48-
72, and 72-96 h, and 20 eggs of each age class were presented to a parasitoid for 24 h.

Each age class treatment was replicated 15 times.

3.3.2 Effects of host species
Possible differences in egg quality between gerrid species and their effects on
parasitoid fitness were tested using L. dissortis and G. buenoi eggs. Host eggs were

randomly selected trom gerrid cultures and measured for length, width, and dry mass.
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Measurements were made at x 50 using a dissecting microscope fitted with an ocular
micrometer. Eggs were also oven-dried for 24 h at 60 °C and weighed on a Cahn model
6926 electrobalance. Female wasps were presented with either 20 L. dissortis or G.
buenoi eggs tor 24 h. The experiment consisted of ten replicates with L. dissortis eggs

and 15 replicates with those of G. buenoi.

3.3.3 Foundress number
To asses how wasp density might aftect wasp fitness, 20 L. dissortis eggs were
presented to one, three, or five female parasitoids for 24 h. The experiment consisted of

ten replicates with the one and tive parasitoids and nine replicates with three parasitoids.

3.4 RESULTS

3.4.1 Effects of Limnoporus dissortis egg age

Hosts of all age classes were equally probed during the 24 h interval (Table 3.1;
Kruskal-Wallis test: y° = 2.87; df =3; P = 0.41). However, parasitoid mortality decreased
significantly as egg age increased (Table 3.1; x* = 12.2; df = 3; P < 0.01). Sex ratio did
not differ significantly among age treatments (Table 3.1; x° = 0.29; df = 3; P > 0.95).

Male wasps emerging from eggs of each age class were signiticantly smaller than
temales, but wasp length did not change significantly as egg age increased (Table 3.1).
Any effects of egg age were small, as indicated by the non-significant interaction term in

the analysis (Table 3.2).
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3.4.2 Effects of host species

Limnoporus dissortis eggs were significantly longer, wider, and heavier than G.
buenoi eggs (Table 3.3). Eggs of both species were probed equally in no-choice
experiments (Table 3.4; Kruskal-Wallis test: x* = 0.09; df = 1; P = 0.76), but parasitoid
mortality was significantly greater in L. dissortis eggs (Table 3.4; x* = 4.01; df = 1; P <
0.05). Sex ratio did not differ significantly between hosts (Table 3.4; x° = 0.47; df = 1; P
> 0.25).

Male wasps were significantly smaller than females from eggs of both host species

(Table 3.5), and larger wasps emerged from the larger L. dissortis eggs (Table 3.4).

3.4.3 Foundress number

The proportion of eggs probed did not differ significantly among parasitoid density
classes (Table 3.6; Kruskal-Wallis test: x° = 3.40; df = 2; P = 0.18), but mean percent
probing appeared to be higher for three and five wasps (Table 3.6). Parasitoid mortality
increased significantly as foundress number increased (Table 3.6; x° = 5.99: df = 2; P <
0.05), but sex ratio did not differ between foundress treatments (Table 3.6; ¢° = 0.75; df =
2; P>0.25).

Male wasps were significantly smaller than females from eggs exposed to densities
of one or three wasps, but male and temale length did not differ significantly in the five
wasp density treatment (Table 3.6). Wasp length decreased significantly as wasp density
increased (Table 3.6). Body size of parasitoids of both sexes decreased equally as

parasitoid : host ratio increased (Table 3.7).
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3.5 DISCUSSION

3.5.1 Effects of Limnoporus dissortis egg age

Development of L. dissortis from oviposition to first instar requires approximately
nine days at 18 °C (Spence, 1986), and T. gerriphagus oviposits into and successfully
develops from eggs that have progressed through greater than 40% of embryogenesis
(Table 3.1; Spence, 1986). Unfortunately, it is not known which age precludes parasitoid
development because egg dissections were not done in these experiments. As an insect
egg develops, its contents change from a liquid yolk to a young insect with cellular tissue
and a chitinous exoskeleton. This makes searching for immature parasitoids difficult in
older eggs. However, scelionids are generally able to parasitise and successtully emerge
from eggs of almiost any stage of development (Jubb and Watson, 1970; Rabinovich,
1970; Fedde, 1977; Harris, 1977; Le Pelley, 1979; Strand and Vinson, 1983a; Austin,
1984; Spence, 1986; Strand, 1986; Strand er al., 1986; Ohno. 1987; Navasero and
Oatman, 1989; Nechols er al., 1989). Avoidance of older eggs has been reported for
certain phoretic scelionids (Clausen, 1976; Orr er al., 1986) probably because eggs
become inaccessible as time progresses due to hardening of protective egg coatings.

Percentage probing did not ditfer significantly among the age classes tested
perhaps because of the limited egg batch size provided during experiments (20 gerrid
eges). A temale of T. gerriphagus is able to parasitise greater than 30 gerrid eggs on its
tirst day of oviposition (Chapter 4). A difference in percent probing might be seen if a
wider range of egg age classes were provided with more than 20 eggs per replicate. Mean

percent probing was highest for the oldest age class of eggs tested (72-96 h). However,
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this probably does not indicate a preference for older eggs, but rather results from
breakdown of the protective jelly coat surrounding L. dissortis eggs and perhaps to
increased visibility of older eggs. Jelly coats are produced by ovarian follicular cells of
gerrids (Anderson, 1982) and are present on all eggs of Limnoporus spp. (Spence, 1986).
Jelly coats may ofter eggs some protection against desiccation, parasitoids, and predators
for several days after oviposition (Martin, 1927; Anderson, 1982; Spence, 1986).
However, degradation of the jelly coat in older eggs probably decreases handling time and
allows T. gerriphagus to parasitise more eggs.

As L. dissortis eggs develop, they change in colour from white, to gray, to yellow,
and finally to grayish-black before hatching. Apparently, T. gerriphugus locates egg
patches by visually searching for vegetation and adult gerrids (Henriquez and Spence,
1993a), and it is possible that they may locate eggs within a patch by also using visual
cues. Since gerrid eggs are oviposited underwater, on the underside edge of floating
vegetation (Andersen, 1982), it is certain that wasps find eggs initially without referring to
colour. Also egg colour has been found to be unimportant in host selection by the
scelionid Telenomus heliothidis (Strand and Vinson, 1983a).

As in other scelionids (Rabinovich, 1970; Gerling and Schwartz, 1974; Strand and
Vinson, 1983a; Navasero and Oatman, 1989), the highest egg-adult survival of T.
gerriphagus was observed from eggs of intermediate age at the time of oviposition. This
could result from the disproportionate action of difterent mortality tactors on young and
old eggs. Parasitoid eggs oviposited into young eggs (< 25 % development) are at risk of

being placed into infertile eggs. Several scelionids do not develop normally from infertile
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insect eggs (Egwuatu and Taylor, 1977; Fedde, 1977; Strand and Vinson, 1983a) because
they lack a serosal endocuticle which is apparently important in water regulation (Strand,
1986). Scelionids generally survive better in young infertile eggs compared to old infertile
eggs because a parasitoid can develop into a pupa and resist desiccation if oviposited early
enough into an egg (Strand, 1986). However, fertile eggs yield higher parasitoid survival
than infertile eggs (Strand, 1986). Healthy L. dissortis eggs less than 48 h old are
impossible to distinguish visually from infertile gerrid eggs because both are white. Since
viable eggs were preferentially selected for experiments based on normal egg colour, it is
reasonable to assume that a larger proportion of infertile eggs were included in the earlier
age classes tested (0-24 h and 24-48 h) because such eggs are all white. I hypothesize that
T. gerriphagus mortality is greater in infertile eggs resulting in greater death in earlier
ages.

Parasitoid larvae developing trom older eggs (> 50 % development) may face
quantitative and, possibly, qualitative shortages in nutriion. As an egg ages, less
digestable material is available for the parasitoid larva because nutrients such as free amino
acids are incorporated into host tissues (Barrett and Schmidt, 1991) and host cuticle is not
readily digested (Austin, 1984; Strand et al., 1986).

Tiphodytes gerriphagus can successfully emerge from eggs greater than 120 h old
(Spence, 1986), and the range of ages tested here (0 - 96h) may not have diftered enough
in quality and quantity of resources to aftect development and size of parasitoids, nor to

stimulate a change in sex ratio allocation (i.e., more males in older hosts). However, sex
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ratio is constant among different aged eggs with other scelionids (Rabinovich, 1970;

Navasero and Oatman, 1989; Nechols et al., 1989; Noda and Hirose, 1989).

3.5.2 Effects of host species

Even though the jelly coat of L. dissortis eggs appears to interfere with T.
gerriphagus oviposition (Martin, 1927; Spence, 1986), I found no difterence in number
off eggs probed between L. dissortis or G. buenoi. 1 used only 20 eggs for each
treatment, and if a large number (> 50) of L. dissortis or G. buenoi eggs were provided to
a wasp, more G. buenoi may be parasitised because they lack a jelly coat. Sticky exudates
from tobacco leaves have been shown to decrease tobacco homworm egg parasitism by
the scelionid Telenomus sphingis (Rabb and Bradley, 1968).

Successtul pupation and emergence of egg parasitoids requires a nearly dry host
interior (Strand and Vinson, 1985). The scelionid Telenomus lobatus had greater mortality
in large chrysopid eggs (Ruberson er al., 1989) and the trichogrammatid Lathromeroidea
sp. nova had poorer emergence trom L. dissorris eggs as compared to G. buenoi eggs
(Henriquez and Spence, 1993b). It is suspected that excess moisture or host material may
have caused greater mortality of T. gerriphagus developing within L. dissorris eggs.

As shown here and in Spence (1986), larger wasps emerged from larger eggs.
However, contrary to expectations, there was no concomitant change in sex ratio. Theory
suggests that a more female-biased sex ratio should emerge from larger hosts (Charnov er
al., 1981), but this has not been demonstrated with solitary scelionids (Ruberson et al.,

1989). Scelionids appear to have evolved a fixed sex ratio allocation strategy in which the



number of eggs parasitised determines sex ratio (Waage, 1982; van Welzen and Waage,
1987; Braman and Yeargan, 1989; Noda and Hirose, 1989; Weber er al., 1996). As long
as parasitism and emergence success is high, it appears that sex ratio allocation is

independent of specific egg attributes such as size.

3.5.3 Foundress number

Several scelionids guard small egg masses to limit oviposition by other foundresses
(Hokyo and Kiritani, 1966; Waage, 1982), but T. gerriphugus females have not been
observed to guard egg masses. In the field, many L. dissorris oviposit on tloating
vegetation during the summer breeding season, and egg mass size per leat tluctuates
widely. Field collected L. dissortis egg batches greatly exceed the potential daily
oviposition rate of T. gerriphagus early in the season (Spence, 1986). Lack of aggressive
behaviour is expected for a parasitoid that commonly encounters large egg masses because
it would be disadvantageous to waste time chasing away other toundresses without a
corresponding increase in fitness (Hokyo and Kiritani, 1966; Rothschild, 1970). After
mid-July, L. dissortis egg availability declines rapidly (Spence, 1986). This may increase
the probability of interaction between female T. gerriphagus at oviposition sites because
the parasitoid population would be larger and alternate patch choice would be limited.
However, it is unlikely that aggressive behaviour would increase as egg batch size
decreases because of the cost of defending a patch from large numbers of wasps.
Aggressive behaviour is most likely to involve interactions between larvae within a

superparasitised egg.
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Parasitoid mortality appeared to increase with increasing foundress number, but
since eggs were not dissected, actual oviposition could not be determined; therefore,
some probed eggs may not have contained a parasitoid because of host rejection or
parasitoid interterence. If a scelionid is interrupted during oviposition, the host may not
hatch even though a parasitoid egg is not deposited (Strand er al., 1986). Though
aggressive behaviour was not observed, accidental interruptions during oviposition may

have occurred which would result in some eggs being probed but not parasitised.

When two solitary parasitoids are placed into a host (superparasitism), they must
compete for resources and one or both parasitoids will die (Salt, 1961). Betore larvae tind
each other within a superparasitised host, some of the host may be consumed. This may
lead to less food being available for the surviving parasitoid and result in smaller wasps

emerging (Table 3.6; Strand er al., 1988).

Sex ratio (proportion of males) is predicted to increase as toundress number
increases within a patch (Hamilton, 1967). However, Waage (1982) argued that small egg
masses (< 50 eggs) could be monopolised by one foundress so that sex ratio would not
increase. Though sex ratio did not increase with increasing toundress number in this
study, it is not because the egg mass was being monopolised by one foundress. Small egg
masses may be attacked by more than one foundress without any noticeable change in
behaviour nor sex allocation (Strand and Vinson, 1983b; van Welzen and Waage, 1987;
Braman and Yeargan, 1989). The sex ratio of superparasitising scelionids is not
significantly different from wasps ovipositing into unparasitised eggs as long as they are

provided equal egg batch sizes (van Welzen and Waage, 1987). The fixed sex ratio
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allocation strategy of scelionids (Waage, 1982; van Welzen and Waage, 1987; Braman and
Yeargan, 1989; Noda and Hirose, 1989; Weber er al., 1996) may prevent superparasitising
wasps tfrom increasing the percentage of males they oviposit.

Tiphodxtes gerriphagus has been known to parasitise gerrid eggs since the
beginning of this century (Marchal 1900), but only recently have studies focused on
parasitoid behaviours and life history (Spence, 1986). General trends of parasitoid fitness
and sex allocation in relation to egg quality are quickly and easily attained by indirect
methods of observation as outlined above. However, to obtain a better knowledge of host
preterence, host selection and primary sex ratio allocation, direct observations of

parasitoid behaviour are still necessary (van Dijken er al., 1986).
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4. EFFECTS OF MATING STATUS AND WASP DENSITY ON
REPRODUCTIVE BEHA VIOUR OF Tiphodytes gerriphagus Marchal

(HYMENOPTERA : SCELIONIDAE)

4.1 SYNOPSIS

Effects of mating status and wasp density on frequency of superparasitism,
development time, longevity, and fecundity of the egg parasitoid, Tiphodytes gerriphagus
Marchal, were investigated. The number of probes per egg was significantly higher from
single mated wasps (3.03 = 0.212) (mean + SE) than from single unmated wasps (2.41 +
0.183), but there was no significant difference in the number of larvae per egg at (1.00 +
0.000) and (1.03 = 0.029), respectively. As wasp density increased, the number of probes
per egg and the number of larvae per egg increased. Superparasitism occurred most
frequently when more than one parasitoid was in a patch, and groups of mated wasps
superparasitised more trequently than groups of unmated wasps at 78.1 % and 62.9 %,
respectively.  Development time of wasps trom superparasitised eggs was significantly
longer than of wasps from singly parasitised eggs. Longevity was not atfected in males
emerging from superparasitised eggs, but female longevity was significanly decreased.
Mated and unmated temales were equally fecund regardless of whether they emerged from

superparasitised or singly parasitised eggs.
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4.2 INTRODUCTION

Sex determination in haplodiploid Hymenoptera is proximally controlled by
females through decisions about fertilization of eggs (Godfray, 1994). Males develop
from unfertilized eggs and females from fertilized eggs. Thus, mated female wasps have
some behavioural control over which sex will be oviposited into a host. In contrast,
unmated wasps can produce only male progeny. Successtul host location and production
of offspring are interconnected for parasitoids and should be strongly influenced by natural
selection (van Alphen and Vet, 1986). Because of the clear implications for sex ratio,
mating status of parasitoids is potentially an important influence on current and future
host-searching behaviours (Michaud, 1994).

Tiphodvtes gerriphagus Marchal (Hymenoptera: Scelionidae) is a solitary egg
parasitoid of several species of water striders (Heteroptera: Gerridae) (Marchal, 1900;
Martin, 1927; Hoftmann, 1932; Spence, 1986; Nummelin er al., 1988; Henriquez and
Spence, 1993). Field collections of Limnoporus dissortis Drake & Harris eggs are
parasitised at rates greater than 80 % during mid-summer in western Canada (Spence,
1986), and tield sex ratios are generally less temale-biased than laboratory sex ratios of the
parasitoid (unpubl. data). Foundress number has been shown to have litde ettect on sex
ratio output of T. gerriphagus (Chapter 3) and some other scelionids (van Welzen and
Waage, 1987; Braman and Yeargan, 1989). Therefore, less female-biased sex ratios of
field collected L. dissortis eggs may be due to searching behaviour of unmated wasps.

In this study, I investigate searching behaviour of mated and unmated T.

gerriphagus in groups and alone that may aftfect the fitness of their progeny. The number
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of probes per egg and the number of larvae actually oviposited by females was observed.
Also the frequency of superparasitism, development time, longevity, and fecundity of

progeny were investigated.

4.3 MATERIALS AND METHODS

A T. gerriphagus culture was initiated and maintained as described in Chapter 3.
Parasitised L. dissortis eggs were randomly selected and individually placed into 1.5 mL
microcentrifuge tubes provided with 0.5 mL of water. On day of adult emergence,
individual female parasitoids were placed inside 12 dram vials provided with 15 mL of
water, and were either paired with males for mating or held singly and unmated. After 24
h, females were randomly allocated into one of four treatment groups: single unmated
parasitoid, single mated parasitoid, five unmated parasitoids, or five mated parasitoids.
Groups were placed into 500 mL widemouth jars provided with 100 mL of water and 15
L. dissortis eggs aged 48-72 h. Each trial lasted 24 h, then the eggs were placed inside 12
dram vials provided with 15 mL of water until wasp emergence. This experiment was
repeated three times to determine superparasitism frequency, development and longevity,
and fecundity of resultant progeny. Each treatment within an experiment varied in number

of replicates depending on egg and wasp availability.
4.3.1 Superparasitism frequency

An experiment was done to test the probability of superparasitism due to mating

status and wasp density. Forty-eight hours from first exposure to a wasp group, five eggs
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were randomly selected and searched for ovipositor wounds (Chapter 3). The total
number of probes was counted on each egg which was then dissected. The number of
parasitoid larvae per egg was counted, and frequency of superparasitism was calculated as
the percent of eggs containing more than one parasitoid from total eggs probed. Median
values of probes per egg and larvac per egg from each replicate were compared with

Kruskal-Wallis analysis of variance.

4.3.2 Development and longevity

Possible differences in parasitoid fitness due to parent mating status and wasp
density were tested by repeating the above experiment without dissections so that
development time, longevity, and maximum length from each treatment could be recorded.
Wasp emergence was checked every 8 h to record development time. Upon emergence,
parasitoids were individually placed into a 1.5 mL microcentrifuge tube provided with a
drop of water and no access to food so as to measure host derived resources. Wasps were
checked every 8 h to assess longevity. After death, parasitoid body length was measured
at x 50 using a dissecting microscope fitted with an ocular micrometer. Treatment
specific median values of development time, longevity, and parasitoid body length for the

progeny of each female were used in statistical analyses.

4.3.3 Fecundity

Actual lifetime fecundity was compared between female progeny emerging from

eggs that had been exposed to either a single mated female or a group of tive mated
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females. After 24 h exposure to parasitoids, parasitised L. dissortis eggs were individually
placed into 1.5 mL microcentrifuge tubes provided with 1 mL of water. Two females
were randomly selected from each replicate and either paired with a male from the same
treatment for 24 h within a 12 dram vial, or held unpaired. Every 24 h until death, females
were placed into a new vial with 50 L. dissortis eggs between 48-72 h old. Hosts that
produce neither a gerrid nor wasp were dissected to determine if parasitoid oviposition
had occurred. The total number of eggs parasitised was compared by Kruskal-Wallis
analysis. Mating was confirmed posr fucto by observing if resultant progeny included
females since unmated wasps produce only males. Wasps that did not parasitise any eggs

during their lifetime were excluded from analysis.

4.4 RESULTS

4.4.1 Superparasitism frequency

Mated wasps probed each egg signiticantly more than did unmated wasps, and
mean number of probes per egg increased as foundress number increased (Table 4.1
Kruskal-Wallis test: ¥° = 36.6; df =3 P < 0.0001). Although there was no significant
difference in the number of larvae found within an egg between mated and unmated
parasitoids in the same foundress number group, the data suggest a trend toward more
larvae from the mated five female group. Clearly, groups of five wasps produced
significantly more larvae per egg than single wasps (Table 4.1; Kruskal-Wallis: ¥’ = 38.5;

df =3; P <0.0001).
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Superparasitism occurred in all treatments with varying degree. Although the
frequency of self-superparasitism did not differ signiticantly between single wasps of
different mating status (Figure 4.1; ¥’ =2.45; df = 3; P > 0.1), it appears that unmated
single wasps tend to superparasitise their own progeny less often than single mated wasps.
Groups of five parasitoids superparasitised eggs significantly more often than did single
females (Figure 4.1; y’ = 128.42; df = 3; P < 0.0001), and unmated groups
superparasitised significantly less than mated groups (Figure 4.1; x° = 3.99; df = 3; P <

0.05).

4.4.2 Development and longevity

Progeny emerging from eggs attacked by a single parasiioid developed
significantly faster than wasps emerging from eggs subjected to attack by a group of tive
parasitoids (Figure 4.2; Kruskul-Wullis test: ¥’ =204; df = 5; P < 0.001). Also, only
female wasps emerging from eggs exposed to five parasitoids generally had a shorter
lifespan than wasps emerging from eggs exposed to one parasitoid (Figure 4.2; Kruskal-
Waullis test: x° = 11.3; df = 5; P < 0.05). However, a clear pattern was not evident
because male progeny from single unmated wasps had significantly lower longevity than
males and females from single mated wasps (Figure 4.2).

The percentage of eggs probed out of 15 L. dissortis eggs did not ditter
signiticantly among different mating status and parasitoid density treatments (Table 4.2:
Kruskal-Wallis: x° = 5.93; df = 3; P = 0.12). Probed eggs that produced neither a wasp

nor gerrid were dissected to determine if parasitoid oviposition occurred, and any probed
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eggs that did not contain a parasitoid were considered unparasitsed. Based on parasitoid
emergence and dissections, the actual percent parasitism did not differ significantly
between treatments (Table 4.2; Kruskal-Wallis: 3° = 4.10; df = 3; P = 0.25). However, it
appears that unmated wasps tended to parasitise fewer eggs. Percent parasitoid mortality
was calculated by counting the number of eggs that contained a dead wasp. Despite
differences in larval densities within eggs of the different treatments (Table 4.1), percent
wasp mortality was not significantly different between treatments (Table 4.2; y° = 2.49; df

=3; P> 0.25). Wasp size did not significantly ditfer between treatments (Table 4.2).

4.4.3 Fecundity

Fecundity did not difter significantly between female parasitoids emerging from
singly parasitised eggs and superparasitised eggs, nor did it differ significantly between
mated and unmated wasps (Table 4.3; two-way ANOVA: F = 0.25; df = 28; P = 0.62).
However, there was a trend of wasps emerging from superparasitised eggs to parasitise

tewer eggs in a lifetime.

4.5 DISCUSSION
4.5.1 Superparasitism frequency
Scelionids may probe eggs more than once because of accidental probes into
adjacent eggs (Wilson, 1961; Austin, 1984), unsuccesstul piercing (Bosque and
Rabinovich, 1979), and difficulty in determining internal egg quality (Ables er al., 1981).

Female T. gerriphagus also make several attempts to oviposit into single gerrid eggs



(Martin, 1927; Spence, 1986), but this behaviour has not been previously quantified in
relation to mating status for this or any other scelionid species. Multiple probing appears
to be common in members of this family, and so it is not primarily due to the small egg
batch size used in these experiments or to the jelly coating covering L. dissortis eggs.
However, it remains to be tested how these factors atfect the extent of multiple probes per

€g

e

External marking of eggs by scelionids is common when eggs are easily accessible
to antennal examination by the parasitoid (Bosque and Rabinovich, 1979). Gerrid eggs
are oviposited underwater, on the lower margin of floating vegetation, and Limnoporus
eggs are covered by a jelly coat (Andersen, 1982; Spence, 1986). External examination of
a Limnoporus egg is impossible and so it is probable that host discrimination is solely by
internal examination with the ovipositor. This probably exacerbates multiple probing
behaviour in female 7. gerriphagus.

Mating status of T. gerriphagus appears to aftect the number of probes per egg,
with mated temales tending to probe significantly more often than unmated females (Table
4.1). However, the average number of larvae per egg did not difter significantly between
mated and unmated temales (Table 4.1). Extra probing may be necessary tor mated
parasitoids because female progeny are usually more affected by egg quality than male
progeny (Charnov er al., 1981). As long as the egg does not rupture trom multiple
probing, extra probing may allow the parasitoid to assess it egg quality is suitable for

female development. Unmated 7. gerriphagus only produce male progeny, and males
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wasps can develop in eggs with less food because they pupate at smaller sizes compared
to females (Chapter 2, Table 2.2.; Strand 1986).

Superparasitism trequently occurs when hosts are limited or parasitoid density in a
patch is high (McColloch and Yuasa, 1915; Schell, 1943; Wilson, 1961; Rothschild 1970;
Conde and Rabinovich, 1979; Waage 1986). It has been suggested that self-
superparasitism may improve progeny survival by overwhelming host resistance (Michaud,
1994). However, insect eggs do not have a cellular defense response against parasitism
(Strand, 1986), and so it is unlikely that self-superparasitism is a strategy to lower host
defenses. This is further supported by the fact that self-superparasitism occurred at a low
frequency (< 11 %) and did not signiticantly differ between single mated and unmated 7.
gerriphagus (Figure 4.1). The frequency of superparasitism was significantly greater with
the tive mated grouping than the five unmated grouping (Figure 4.1), but since behaviour
was not observed directly, it cannot be determined if supernumerary larvae within an egg
came from the same parasitoid (self-superparasitism) or difterent parasitoids (conspecitic
superparasitism).

Superparasitism has a selective advantage when there is a reasonable chance that
offspring deposited later will survive (Bakker er al., 1985), and it may increase the
probability that one of a female’s progeny will win against another competitor’s offspring
(Michaud, 1994). Superparasitism may be more common with groups of mated
parasitoids than with groups of unmated parasitoids because mated females may be
attempting to ensure that some of their female progeny survive. Mated parasitoids

produce both males and females, and so there is a chance of different sexes being
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oviposited into a superparasitised egg. Male scelionids generally hatch a few hours before
females (Waage, 1982; Field er al., 1997), and the first parasitoid to eclose has the highest
likelihood of survival (Visser er al., 1992, Weber et al., 1996, Field er al., 1997). The
fixed sex ratio allocation strategy of scelionids (Waage, 1982; van Welzen and Waage,
1987; Braman and Yeargan, 1989; Noda and Hirose, 1989; Weber er al., 1996) may
prevent mated females trom selectively ovipositing more unfertilised eggs (males) when
other foundresses are present. Revisiting a patch to superparasitise would increase the
chance of a male being deposited into an egg containing a another wasp's female
offspring.

On the other hand, unmated female T. gerriphagus only deposit males, and these
tend to develop faster (Waage, 1982) and to pupate at smaller sizes than females (Strand,
1986). After oviposition, the progeny of an unmated parasitoid (all males) have a higher
probability of surviving superparasitism than those of a mated parasitoid (female-biased).
Thus, there is no selective advantage for an unmated parasitoid to revisit a patch and

continue to parasitise eggs when other foundresses are present.

4.5.2 Development and longevity

Superparasitism involving solitary wasps tends to increase the total development
time of the surviving wasp (McColloch and Yuasa, 1915; Gerling, 1972; Vinson and
Sroka, 1978; Conde and Rabinovich, 1979; Harvey et al.,1993; Visser er al., 1992). It has
been suggested that larvae do not teed until competitors are eliminated and this is why

wasps emerging tfrom superparasitised eggs take longer to grow (Conde and Rabinovich,
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1979). Observations of larval behaviour of T. gerriphagus during dissections (Figure 4.1)
do not agree with this observation since they clearly feed in the presence of other larvae.
Longer development time may result from an increase in concentration of maternal factors
from repeated ovipositions (Strand er al,, 1986) and an increase in concentration of
teratocytes from hatching larvae (Strand er al., 1986; Strand er al., 1988). A combination
of these two factors may stimulate the larvae to feed for a longer period of time to offset
the decrease of available food per individual and to ensure that no other living larvae
remain in the egg when they are ready to pupate.

Longer development time may decrease the fitness of both sexes by limiting
opportunities to mate or find hosts. Males of some scelionid species have been observed
to await emergence of females from a parasitised egg batch and chase away late arriving
males so that the guarding male obtains most of the matings (Wilson, 1961; Hokyo and
Kiritani, 1966; Saftavi, 1968; Rothschild, 1970; Harris, 1977, Waage, 1982). Late
emerging female wasps may have ditticulty finding unparasitised eggs because normal
developing temales have already exploited a patch (Godtray, 1994), or a territorial female
may prevent access to eggs (Wilson, 1961; Hokyo and Kiritani, 1966; Saftavi, 1968;
Rothschild, 1970; Harris, 1977; Waage, 1982). Territorial behaviour has not been
observed with T. gerriphagus, but it is expected that late emerging wasps (Figure 4.2) will
have more ditficulty in finding mates or hosts.

Studies of adult longevity of solitary parasitoids have generally involved
comparisons of different sugar and/or water combinations (McColloch and Yuasa, 1915;

Ticehurst and Allen, 1973; Harris, 1977; Austin, 1984; Cronin and Strong, 1990;
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Navasero and Oatman, 1989), but the etfect of superparasitism on longevity has not been
studied. Tiphodvtes gerriphagus emerging from superparasitised eggs tended to have
shorter lifespans than wasps emerging from singly parasitised eggs (Figure 4.2). As
expected, females appeared to be most aftected by superparasitism (Figure 4.2). Females
pupate at larger sizes compared to males (Chapter 2, Table 2.2.; Strand 1986), and
overcrowding an egg may aftect food quality.

[t is unclear why males from single unmated wasps had lower longevity than males
from mated wasps (Figure 4.2). Though not statistically significant, it appears that single
unmated wasps rejected eggs more often than single mated wasps after they probed an egg
(Table 4.2). The L. dissortis eggs used in this experiment may have been too large for
proper male development, and so eggs were rejected more often by single unmated wasps.
A single mated female would reject large eggs less often because she can deposit females
into eggs that are too large to support male development. In contrast, there was no
significant ditference between actual oviposition of single mated and unmated wasps in the
first experiment. Evidence for the eggs being too large include maximum length not being
significantly different between wasps emerging from superparasitised and singly parasitised
eggs (Table 4.2 c¢.f. Chapter 3, Table 3.6), male and female size not being significanty
different in the single mated treatment (Fisher's LSD; P = 0.12; df = 43; c.f. Chapter 2 and
Chapter 3), and two fully developed adults were found within one egg on tour occasions.
Surprisingly, from one of these eggs, a small male successfully emerged while a dead

female remained in the egg. This is the first reporting of successful development of a
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solitary scelionid from an egg containing more than one adult (c.f. Schell, 1943; Gerling,
1972).

Hosts were randomly allocated to treatments and so it is unlikely that single
unmated females received more eggs of poorer quality compared to the other treatments.
It is possible that males tend to overeat and suffer greater mortality when oviposited into
large eggs, but percent parasitoid mortality did not differ between treatments (Table 4.2).
More experiments are needed to determine it males from unmated wasps are less fit than

males from mated wasps.

4.5.3 Fecundity

Mating status does not appear to have a consistent effect on oviposition behaviour
within the Hymenoptera. When compared to mated parasitoids. virgins may parasitise
fewer eggs in a given period of time (McColloch and Yuasa, 1915; Donaldson and Walter,
1984; Tagawa, 1987; Antolin, 1989; Hooker and Barrows, 1989; Michaud, 1994), an
equal number of hosts (Walter er al., 1994), or more hosts (Cronin and Strong, 1990).
Mating status of T. gerriphagus did not have a significant effect on total lifetime tecundity
(Table 4.3). This means that host rejection by single unmated wasps in the development
and longevity experiment (Table 4.2) was probably due to egg quality and not the effect of
mating status on parasitoid behaviour. This also supports observations of less temale-
biased sex ratios in field collected L. dissorris eggs because unmated wasps can exploit
egg patches as efficiently as mated females. As the summer season progresses and

parasitism rates reach almost 100 % (Spence, 1986), it is likely that superparasitism
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frequency increases as well. This will result in slower developing wasps of both sexes
(Figure 4.2) and increase the proportion of unmated females in the population. This may
be an alternate explanation of why a survey of scelionid parasitised eggs collected from the
field (Waage, 1982) had less female-biased sex ratios.

Though not significantly different, wasps emerging from parasitised eggs tended to
have lower fecundity (Table 4.3). Scelionids usually oviposit most of their egg
complement within a few days of emergence (McColloch and Yuasa, 1915; Austin, 1984).
Unless longevity is greatly impaired by superparasitism, fecundity will not difter between
females emerging from singly parasitised and superparasitised eggs.

Studies of superparasitism with solitary wasps have generally focused on host
discrimination (Wilson, 1961; Hokyo and Kiritani, 1966; Gerling and Schwartz, 1974;
Ables er ul., 1981; Strand and Vinson, 1983; van Alphen and Vet, 1986; Cave er ul., 1987,
Okuda and Yeargan, 1988; Weber er al., 1996), larval competition and fitness (McColloch
and Yuasa, 1915; Schell, 1943; Gerling, 1972; Conde and Rabinovich, 1979; Strand, er
al., 1980, Austin, 1984; Strand, 1986; Visser er al., 1992; Field et ul., 1997), or sex ratio
(Waage, 1986; van Welzen and Waage, 1987; Braman and Yeargan, 1989; Dijken er al.,
1993). Few studies have focused on fitness eftfects on wasps surviving superparasitism
(Bai and Mackauer, 1992; Harvey er al., 1993; Ueno, 1997). In this study, fitness
differences between wasps emerging from singly parasitised and superparasitised eggs
were not as large as expected. A definite etfect was seen with the increase of development
ime for superparasitised wasps (Figure 4.2), but maximum length, longevity, and

fecundity were not signiticantly different. Other studies have also tound tew difterences in
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fitness between solitary wasps that were singly parasitised and superparasitised (Bai and
Mackauer, 1992; Harvey er al., 1993; Ueno, 1997). It remains to be determined if any
detrimental effects from superparasitism are increased in field tests as opposed to those

conducted in a more benign laboratory setting.
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Table 4.1. Effect of mating and foundress number on number of probes and parasitoid
larvae based on replicates each consisting of 15 Limnoporus dissortis eggs exposed to
Tiphodytes gerriphagus for 24 h. Five eggs were randomly selected from each replicate

for observations.

Treatment Probes Range Larvae Range

Reproductive  Parasitoid per egg (min.- peregg (min.-

status density n (# + SE)’ max.) # =+ SE) max.)
Unmated 1 17 241+0.183° 1-8 1.00 = 0.000* 0-2
Mated 1 17 3.03+0.212° 1-13 1.03 £ 0.029° 0-2
Unmated 5 15 5.83+0.762° 1-20 2.17 £0.291° 0-8
Mated 5 15 8600653  1-21  2.73=0.153"  0-6

Values within a column followed by same letters are not significantly different, P > 0.05.
* Kruskal-Wallis test.
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Figure 4.1. Effect of mating status and wasp density on frequency of

superparasitism based on replicates, each consisting of 15

Limnoporus dissortis eggs exposed to Tiphodytes gerriphagus for 24 h.

Sive randomly chosen eggs from each replicate were selected for
issection.
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5. CONCLUSION
5.1 Summary

There are three families within Hymenoptera that exclusively parasitise insect eggs,
the fairy flies (Mymaridae), the scelionid wasps (Scelionidae), and the minute egg parasites
(Trichogrammatidae) (Strand, 1986). Egg parasitoids are important in biological control
programs for they eliminate insect pests before any feeding damage occurs. Eftective
development of biocontrol agents requires understanding parasitoid ecology and
knowledge of the biology of individual parasitoids and hosts as well as their interactions
(Salt, 1934). However, the study of egg parasitoid biology is difficult because of the small
size of them and their hosts (Strand, 1986).

Tiphodvtes gerriphagus Marchal (Hymenoptera: Scelionidae) has been known to
parasitise water strider (Heteroptera: Gerridae) eggs since the beginning of this century
(Marchal, 1900), but investigations of its biology and behaviour have only recently started
(Spence, 1986; Henriquez and Spence, 1993a). This thesis has examined the development
and fitness of successfully emerging 7. gerriphuagus in a laboratory setting in an attempt to
better understand observations of tield populations of hosts and wasps.

Successful parasitism involves the successtul location of a host and development
within. Tiphodytes gerriphagus has been shown to use visual cues such as vegetation and
adult gerrids to locate eggs (Henriquez and Spence, 1993a), but little was known about
development after oviposition. Development of immatures within Trepobares eggs was
described by Martin (1927), but development time was not provided. Furthermore,

controversies about the actual form of the immature stages surfaced (Clausen, 1940;
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Hagen, 1956; Masner, 1972). Inchapter two, I described the development of all immature
stages of T. gerriphagus within Limnoporus dissortis Drake & Harris eggs. Using ecdysis
to determine the number of instars after eclosion, T. gerriphagus was tound to have two
larval, a pupal, and an adult stage. The first instar dramatically increased in length and
width as it fed on host material, and this stage lasted approximately four days after
eclosion. The second instar used peristaltic gut contractions to mix ingested food, and its
mandibles were greatly reduced compared to those of the first. It was determined that this
second instar was the “third instar” described by Martin (1927). Males were significantly
smaller than temales in both pupal and adult measurements.

After an egg has been selected for oviposition, successful development of the
parasitoid is affected by the quality of the egg. Differences in egg quality can affect the
fitness of an emerging parasitoid (Pak, 1986). In chapter three, I examined the potental
effects of egg quality on T. gerriphagus titness. [ demonstrated that wasp mortality was
significantly lower from intermediate aged eggs (48-72 h) than from eggs less than 24 h
old. I have suggested that infertile eggs may contribute to increased wasp mortahity in
young eggs. Wasp size was not significantly atfected within the egg age range used (0-96
h). Wasp mortality was significantly higher when reared on the larger eggs of L. dissortis
than from the smaller eggs of Gerris buenoi Kirkaldy. Excessive food material may have
contributed to wasp mortality (Strand er al., 1988). Increasing the number of wasps
searching on a patch (foundress number) significantly decreased wasp survival and size.
Unexpectedly, sex ratio was not affected by egg age, host species, nor toundress number

(Charnov er al., 1981, Waage, 1982).
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Mating status is potentially an important influence on hymenopteran foraging
behaviour (Michaud, 1994). Though foundress number has been shown to have litde
effect on sex ratio output of scelionids (Chapter 3; van Welzen and Waage, 1987; Braman
and Yeargan, 1989), field collections of parasitised L. dissortis eggs are less female-biased
than laboratory cultures. Chapter tour focussed on foraging behaviour of mated and
unmated T. gerriphagus in groups and alone that may aftfect the fitness of their progeny.
The number of probes and larvae per egg increased with increasing wasp density. Mated
temales tended to probe eggs more often than unmated females, and groups ot tive mated
temales significantly superparasitised eggs more often than groups of five unmated
females. It is proposed that mated temales probe and superparasitise more often than
unmated females because they are trying to increase the chance of survival of their temale
progeny. Development time was significantly longer for wasps emerging trom
superparasitised eggs, but longevity and fecundity were not significantly difterent. Mating
status had no significant atfect on total lifetime tecundity, and it is suggested that unmated
wasps foraging in the field contribute to the less temale-biased sex ratios observed in the

tield.

5.2 Considerations for future research
Study of behaviour and biology of water striders, their egg parasitoids, and their
interactions is relatively new. To progress in understanding field observations, further

experiments need to resemble those established by biological control researchers.
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Direct observation of oviposition behaviour needs to be carried out to obtain a
better understanding of host preferences with respect to host egg age, species, and
parasitism state (van Dijken er al., 1986). Direct observation will let us know if T.
gerriphagus can discriminate between parasitised and unparasitised eggs. Abdominal
movements during oviposition may differ when fertilised eggs (female) are deposited
compared to unfertilised eggs (male) (Suzuki er u/., 1984; van Dijken and Waage, 1987).
This will make sex ratio allocation studies more accurate because successful emergence of
adult wasps 1s not necessary to obtain data.

Wasp fitness is seldom explored in experiments such as those investigating the
effects of superparasitism (Bai and Mackauer, 1992; Harvey er al., 1993; Ueno, 1997).
Data on development time, longevity, fecundity and perhaps male fertility should be
collected for any experiments with 7. gerriphagus. For superparasitsm, experiments
should be conducted in which only two immature wasps are deposited into an egg instead
of using experiments that have a range of larval densities. This will allow for possible
effects of competition to be compared more accurately.

Future experiments should be repeated a minimum of three times involving:

1. a replicate that allows wasp adults to emerge,

2. a replicate in which all eggs are dissected, and

3. appropriate controls comparing gerrid emergence.
This will allow more accurate comparisons of % parasitism, % parasitoid mortality, and
egg mortality. [t is also suggested that eggs trom which a wasp emerged be measured

(length) to notice if any treatment receives larger eggs than other treatments.



The above suggestions and investigations covered by this thesis could also be used
in exploring the biology and behaviour of Lathromeroidea sp. nova Girault (Hymenoptera:
Trichogrammatidae) which is another aquatic egg parasitoid of water striders in western
Canada (Spence, 1986; Henriquez and Spence, 1993b). Host range of T. gerriphagus and
L. sp. nova overlaps (Spence, 1986; Henriquez and Spence, 1993b), and both species can
be collected from the field within gerrid eggs on the same piece of floating vegetation.
Understanding the biology of L. sp. nova will guide future experiments on possible
multiparasitism effects on wasp fitness of both wasp species. In closing, field observations
and experiments are needed to verify laboratory resuits and to understand parasitism rates

in the field.
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