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Summary. Trypanosomatid flagellates are common pro-
tozoan gut parasites of a wide range of insect species.
Water striders (Gerridae) harbour the trypanosomatid
Blastocrithidia gerridis. Three different populations of
the water strider Gerris odontogaster in northern Sweden
were sampled to assess the infection rate dynamics of
trypanosomatids. The initially very low infection rates
(0%—15%) early in the season were followed by a rapid
increase during the reproductive period of the water
striders, reaching very high levels (80%-90%). The path-
ogenic effects of trypanosomatids on G. odontogaster
adults were studied in laboratory experiments. The para-
sites caused a general reduction of host vigour. Male
skating endurance was negatively correlated with the in-
tensity of the trypanosomatid infection. However, infec-
tion of trypanosomatids increased the mortality among
adults only when the water striders were subjected to
food stress. The trypanosomatids did not reduce the fe-
cundity of females provided with food. We suggest that
trypanosomatid gut parasites may be an important mor-
tality factor in water strider populations. Since the path-
ogenicity of the parasites is enhanced by stress, parasit-
ism by trypanosomatids may contribute to the regula-
tion of host populations.
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A wide range of arthropod species are known to harbour
parasitic trypanosomatid protozoa in their digestive
tracts (Wallace 1979). Although given considerable tax-
onomic, morphological and ultrastructural attention by
parasitologists, trypanosomatids are largely ignored in
ecological literature. Insect trypanosomatid gut parasites
are generally considered to be nonpathogenic (e.g. Wal-
lace 1979), despite the fact that some studies demon-
strate that these parasites may indeed be pathogenic to
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their insect hosts (Bailey and Brooks 1972; Schaub 1988 ;
Schaub and Breger 1988).

Water striders (Heteroptera: Gerridae) of many dif-
ferent species from all over the world are frequent hosts
of trypanosomatid gut parasites (Patton 1908; Porter
1909; Becker 1923; Laird 1959 ; Wallace et al. 1960 ; Wal-
lace et al. 1965; Wallace 1979; Tieszen et al. 1983 ; Ties-
zen and Molyneux 1989a; Tieszen and Molyneux
1989b). Laird (1959) provided a summary of the taxon-
omic literature, but some confusion still remains con-
cerning the type species Blastocrithidia gerridis (Patton)
and its developmental stages (Tieszen et al. 1983). Mixed
infections of B. gerridis and other species of trypanoso-
matids (notably Crithidia flexonema (Wallace) and Lep-
tomonas collosoma (Wallace)) seem to be common in
many species of water striders, and cast some doubt
on earlier taxonomic literature (Wallace et al. 1960; Wal-
lace et al. 1965).

The trypanosomatids infect their hosts by ingestion,
and pass through the fore- and midgut of water striders
without attaching to the epithelium. Attachment occurs
in the hindgut, and is followed by reproduction through
binary division (Tieszen and Molyneux 1989a, b). The
infection rates in natural populations may be very high,
and the intensity of trypanosomatid infections can range
between extremely heavy, where the intestine is gorged
with parasites, and very light, where only a few parasites
are present (Becker 1923; Tieszen and Molyneux 1989a,
b).

In water striders, Patton (1908) suggested that trans-
mission of trypanosomatid parasites occurs by cannibal-
ism, and Porter (1909) suggested coprophagy. However,
neither author carried out any experimental investiga-
tion of transmission. Tieszen and Molyneux (1989b)
demonstrated in the laboratory that both B. gerridis and
C. flexonema are transmitted via host water intake. Their
results also indicated that the parasites could be trans-
mitted by cannibalism. Transmission by cannibalism has
been demonstrated in the congeneric species B. triato-
mae, a parasite of reduviid bugs (Schaub et al. 1989).
Most likely, a combination of transmission modes oc-




curs in natural water strider populations (Tieszen and
Molyneux 1989b). :

This paper examines the infection rates of trypanoso-
matids in three different populations of the water strider
Gerris odontogaster (Zett.), and provides the first study
of the pathogenicity of the parasites. The effects of try-
panosomatid infections on longevity, fecundity, and en-
durance of adult water striders were studied in the labo-
ratory.

Materials and methods

Infection rates

G. odontogaster individuals were collected from three different lo-
calities near Umea, northern Sweden (Holmsjon 63°46'N, 20°24'E,
Gimonidsdammen 63°48 N, 20°19'E, and Trehorningsmyran
63°47'N, 20°22'E). The G. odontogaster populations at all three
localities are monomorphic, macropterous, and univoltine. In order
to estimate the temporal pattern of infection rates, samples were
taken several times (see Fig. 1 for sampling dates) during May
and June 1989. The water striders were anaesthetized with ethyl
acetate in the laboratory, and carefully dissected under a stereo-
scopic microscope. The dorsum of the abdomen was removed, and
the alimentary tract exposed. Infections occur primarily in the mid-
and hindgut (Tieszen et al. 1983; Tieszen and Molyneux 1989a),
and these part were examined in vaseline-sealed coverslips. The
alimentary parts were teased in 0.8% NaCl solution prior to exami-
nation. The intensity of the infection in each individual (the para-
site load) was ranked according to a five degree scale: (0) unin-
fected individuals, (1) light infections, (2) moderate infections, (3)
heavy infections and (4) very heavy infections (gut more or less
occluded by parasites). The same methods of dissection and para-
site load ranking were applied in the experiments described below.

Parasite load and longevity

This experiment investigated the effects of parasite infections on
male longevity. Males were collected from Trehorningsmyran on
30 May 1989. The water striders were introduced individually into
10-cm diameter glass jars in the laboratory, with a piece of floating
cork (1.5x1.5x0.3 cm) serving as resting site. The males were
divided into two groups with different food treatments. One group
(n=65) was fed daily with one frozen Drosophila fruitfly per individ-
ual for 15 days, whereafter they were fed once every 2 days. The
second group (n=65) was not provided with any food (starved).
The glass jars were inspected every day and dead individuals were
immediately dissected and the parasite infections were ranked. To
examine whether size affects longevity, the length of the pronotum
was measured in all individuals. When 50% of the males in each
group were dead, the experiments were terminated and the remain-
ing individuals were dissected and measured.

Parasite load and fecundity

In order to assess whether trypanosomatid infections lower female
fecundity, males and females collected from Treh6rningsmyran on
30 May 1989 were introduced in pairs into plastic containers (30 cm
diameter) in the laboratory. A piece of cork was placed in each
container to serve as oviposition substrate and resting site. The
oviposition substrates were replaced every third day, and the
number of eggs was recorded. Each water strider pair (n=39) was
fed daily with four frozen fruitflies. The illuminated period was
adjusted every day to correspond with the natural daylength. After
18 days all water striders (both males and females) were dissected
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and the parasite infections were ranked. The length of each female
pronotum was measured with a micrometer eyepiece, and the fe-
males were examined with respect to flight muscle histolysis since
this is known to affect female fecundity (Kaitala 1989).

Male endurance and parasite load

This experiment examined male endurance in skating against a
water current in relation to the trypanosomatid infection level.
Males were collected from Trehdrningsmyran on 12 June 1989, and
provided with food (frozen fruitflies) ad libitum prior to the experi-
ment. The experiment was performed on 14 to 16 June.

A stream aquarium with a circular channel (diameter 54.0 cm
and width 12.5 cm) was used. To prevent the water striders from
climbing up the walls to rest, the walls were covered with an alu-
minium sheet. A pump generated a current in the channel (3.0 cm
sec.” '). Males (n=47) were introduced individually into the stream
channel. When introduced, they oriented towards the current and
skated against it. However, the water striders could not fully com-
pensate for the current, and so drifted with the current as a net
result. To estimate the endurance in skating, each individual was
observed for 5 min and the number of laps that it drifted with
the current was recorded. After the experiment, the water striders
were dissected and ranked for parasite load and the length of the
pronotum was measured.

Results

The trypanosomatids found in the alimentary tracts of
G. odontogaster individuals examined were B. gerridis
and C. flexonema (see descriptions in Wallace et al. 1960;
Wallace et al. 1965). B. gerridis was most abundant.
Mixed infections of the two species occurred in approxi-
mately 10% of the infected individuals, with B. gerridis
as the dominant species in almost all cases.

Infection rates in natural populations

The temporal pattern of infection rates was similar in
all localities, i.e. a dramatic increase in the proportion
of infected water striders among the overwintered adults
from the beginning of May to the beginning of June
(Fig. 1) (Chi-square test; Holmsjon: y2=39.0, df=1,
P<0.001, Gimonidsdammen: y2>=247.2, df=3, P<
0.001, Trehérningsmyran: y?=20.6, df=3, P<0.001).
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Fig. 1. The proportion of adult Gerris odontogaster individuals in-
fected with trypanosomatids in three different populations in
northern Sweden. The total number of individuals examined in
each sampling occasion is indicated (n)
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There were no significant differences between males and
females in infection rates (Holmsjon: y2=2.54, df=1,
P>0.1, Gimondsdammen: y>=1.81, df=1, P>0.1,
Trehérningsmyran: y°=3.72, df=1, P>0.05) or in fre-
quency distributions of parasite load (Holmsjon: y2=
3.15, df =4, P>0.5, Gimonisdammen: y*>=4.46, df =4,
P>0.2, Trehorningsmyran: y2=7.78, df =4, P>0.1) in
any of the three populations.

Parasite load and longevity

In the group of males that were starved, 50% of the
males were dead after 5 days, whereas the corresponding
period for the males that were fed was 24 days. In the
group of males that were fed, the males that died during
the experiment and the males that survived the experi-
ment did not differ significantly with respect to parasite
load (Mann-Whitney test, P>0.5). However, in the
group of males that were starved, males that died during
the experiment had a significantly higher parasite load
than those that survived (Fig.2, Mann-Whitney test,
P <0.01). Further, among the starved males that died
during the experiment there was a highly significant neg-
ative correlation between longevity and parasite load
rank (Fig. 3, ry,= —0.495, n=45, P<0.001).
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Fig. 2. Frequency distribution of the intensity of parasite infections
(parasite load) of starved Gerris odontogaster males in the longevity
experiment
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Fig. 3. The relation between parasite load and longevity for starved
Gerris odontogaster males with known longevity (r,= —0.495, P<
0.001). Numbers represent the number of observations at each point
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Fig. 4. Mean egg production (+SD) per Gerris odontogaster female
per 3 days during the fecundity experiment (r,= —0.249, n=232,
P<0.001)
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Fig. 5. Mean egg production per Gerris odontogaster female per
Jdays in relation to the parasite load (r,=—0.200, P>0.1).
Numbers represent the number of observations at each point

There was no difference in size between males that
died or survived during the experiment in either of the
two groups (t-test, r=—0.02, df=52, P>0.5 for fed
males and 1=0.74, df=61, P> 0.4 for starved males).

Parasite load and fecundity

The overall egg production rate of females decreased
during the experiment (Fig. 4, r,= —0.249, n=232, P<
0.001). The mean egg production per 3 days was not
significantly correlated either with the parasite load
(Fig. 5, ry=—0.200, n=39, P>0.1) or the size of the
females (r,=0.030, n=39, P>0.1).

Further, within pairs, the parasite load of the females
did not covary with the parasite load of the males (r,=
0.203, n=39, P>0.1). The histolysis of flight muscles
did not have any detectable effect on female egg produc-
tion rate. Females with histolysed muscles (62%) did
not differ from females with fully developed flight mus-
cles in total egg production during the experiment
(Mann-Whitney test, P>0.3).

Male endurance and parasite load

Male endurance in skating was significantly affected by
the parasite load (Fig. 6, ANOVA, F=3.25, P<0.05).
Males with intense trypanosomatid infections were less
able to oppose the water current. The size of the males,
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Fig. 6. The mean number (+SE) of laps that Gerris odontogaster
males of different parasite load rank groups drifted downstream
in a circular stream channel during 5 minutes (ANOVA, P<0.05)

however, was not correlated with the number of laps
they drifted with the current (r,= —0.015, n=47, P>
0.1).

Discussion

The transmission efficiency of the trypanosomatid para-
sites was obviously very high during late May and early
June. A similar pattern, with infection rates (prevalence)
in water strider populations rising rapidly to very high
levels during late spring and early summer, was found
by Tieszen and Molyneux (1989 b). This presumably gen-
eral pattern in water strider populations is most probab-
ly related to behavioural factors. During the reproduc-
tive period, interactions between water strider individ-
uals, often of considerable duration, are very common.
Activities such as mating, aggression, prey sharing, and
cannibalism promote transmission of the parasites (Ties-
zen and Molyneux 1989b) and cause a rapid increase
of the infection rates. This interpretation of the infection
rate dynamics is supported by observations of moderate
infection rates in the prediapause generation in late sum-
mer (Tieszen and Molyneux 1989b), in which the indi-
viduals interact much less.

Previous observations suggest that trypanosomatid
infections may be retained in water striders during winter
diapause (Tieszen and Molyneux 1989b). In agreement
with this suggestion, the parasite load of infected water
striders collected carly in the season in this study was
frequently very high, indicating that these individuals
had been infected prior to winter diapause.

Contrary to the general assumption (Wallace 1979),
our study demonstrates that trypanosomatid parasites
are pathogenic to G. odontogaster adults. The parasites
caused a general reduction of host vigour. The reduction
in male skating endurance caused by the parasites may
adversely affect e.g. the ability to acquire food and
mates. However, the pathogenicity to water strider
adults, especially in terms of reducing longevity, is ob-
viously related to the degree of food stress. Fed water
striders did not suffer notably from the infections in
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terms of mortality, while parasite infections reduced lon-
gevity when the hosts were starved. Trypanosomatid in-
fections did not affect the fecundity of water strider fe-
males provided with a constant food supply, although,
by analogy with the effects on the longevity of starved
males, the parasites may well reduce fecundity when fe-
males are under severe food stress.

Insect parasites often have their most severe detri-
mental effects on host fitness during the host’s juvenile
stages (Price 1980; Anderson and May 1981). Thus
Schaub and coworkers have demonstrated that the try-
panosomatid gut parasite B. triatomae is highly patho-
genic to the larvae of several species of reduviid bugs
(e.g. Schaub 1988; Schaub and Breger 1988). As with
B. gerridis in water striders, the pathogenicity of B. tria-
tomae is related to food stress (Schaub and Losch 1989).
Considering the effects of trypanosomatid flagellates on
water strider adults, it is reasonable to assume that the
effects on water strider larvae would be even more pro-
nounced. It is known from previous studies of water
strider populations that the mortality during the larval
stages is very high (e.g. Spence 1986a; Zimmermann
et al. 1982; Arnqvist 1989), and that trypanosomatids
do infect water strider larvae (Tieszen and Molyneux
1989b). Thus, the effects of the parasites on larval
growth and survival should be given attention in future
studies. Trypanosomatid infections may also decrease
survival during winter diapause, by reducing the nutri-
tional status of water striders entering diapause.

Trypanosomatid flagellates may reduce host viability
and the efficiency of the host’s nutrient uptake in several
ways. The parasites compete with the host for nutrients
in the alimentary tract, and a massive infection of flagel-
lates attached to the lumen of the gut is also a mechani-
cal barrier reducing the receptive surface of the gastric
lumen (Schaub and Losch 1989). In addition, the para-
sites may disturb the host’s excretion (Schaub and
Schnitker 1988), and flagellates attached to the gut cause
loss of microvilli in the gastric caecum (Tieszen et al.
1983).

Parasites which become more pathogenic when the
host population is under stress are potentially important
in host population regulation (Anderson and May 1981).
Theoretical models have demonstrated that parasites
with ‘stress-induced’ pathogenicity are capable of regu-
lating their host populations, if the degree of stress is
in any way related to host population density (Anderson
1979; Anderson and May 1981). This would be the case
e.g. if food shortage becomes more pronounced at high
population densities. We suggest that infections of try-
panosomatid gut parasites may be an important mortali-
ty factor in many water strider populations, especially
during the larval period. Further, since the pathogenicity
of the parasites is enhanced by food stress, mortality
caused by trypanosomatids should act in a density-de-
pendent fashion and thus have considerable effect on
water strider population dynamics.

With our growing knowledge of the organisms that
interact with water striders, a far more complicated pic-
ture emerges of water strider population biology than
was envisioned some years ago (e.g. Brinkhurst 1966).
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Biotic interactions may profoundly affect water striders;
aquatic predators (Spence 1986a; Arnqvist 1989; Zim-
mermann and Spence 1989), egg parasitoids (Spence
1986b; Nummelin et al. 1988; Arngvist and Bystrom
1990), ectoparasites (Smith 1989), and endoparasites
(this study) all have important effects. All these interac-
tions may further affect water strider species asymmetri-
cally, and they may thus have important impacts on
local community composition (Spence 1986b, 1989;
Smith 1989).

Acknowledgments. We wish to thank C. Otto who provided con-
structive comments on earlier versions of this paper. We are also
indebted to D.H. Molyneux for his valuable methodological advice.
G.A. further thanks W.D. Hamilton for an inspiring introduction
into the world of parasites. This study was supported by grants
from the Swedish Natural Science Research Council (to C. Otto)
and the Royal Swedish Academy of Sciences.

References

Anderson RM (1979) The influence of parasitic infection on the
dynamics of host population growth. In: Anderson RM, Turner
BD, Taylor LR (eds) Population dynamics. Blackwell, Oxford,
pp 245-281

Anderson RM, May RM (1981) The population dynamics of mi-
croparasites and their invertebrate hosts. Phil Trans R Soc
Lond (B) 291:451-524

Arngvist G (1989) Multiple mating in a water strider: mutual bene-
fits or intersexual conflict? Anim Behav 38:749-756

Arngvist G, Bystréom P (1990) Disruptive selection on prey group
size: a case for parasitoids? Am Nat (in press)

Bailey CH, Brooks WM (1972) Effects of Herpetomonas muscarum
on development and longevity of the Eye Gnat, Hippelates pusio
(Diptera: Chloropidae). J Invertebr Path 20:31-36

Becker ER (1923) Observations on the morphology and life cycle
of Crithidia gerridis Patton in the water strider, Gerris remigis
Say. J Parasitol 9:141-152

Brinkhurst RO (1966) Population dynamics of the large pond-
skater Gerris najas Degeer (Hemiptera-Heteroptera). J Anim
Ecol 35:13-25

Kaitala A (1989) Reproductive behaviour of long-winged water
striders (Heteroptera, Gerridae) in relation to food and habitat
variation. Ph Thesis, Univ of Helsinki, Finland

Laird M (1959) Blastocrithidia n.g. (Mastigophora: Protomona-
dina) for Chrithidia (in part) with a subarctic record for B.
gerridis (Patton). Can J Zool 37:749-752

Nummelin M, Spence JR, Vepsildinen K (1988) Infection of gerrid
eggs (Heteroptera: Gerridae) by the parasitoid Tiphodytes gerri-
phagus Marchal (Hymenoptera: Scelionidae) in Finland. Ann
Zool Fenn 25:299-302

Patton WS (1908) The life-cycle of a species of Crithidia parasitic
in the intestinal tract of Gerris fossarum Fabr. Arch Protistenk
12:131-146

Porter A (1909) The morphology and life history of Crithidia gerri-
dis, as found in the British waterbug, Gerris paludum. Parasito-
logy 2:348-366

Price PW (1980) Evolutionary biology of parasites. Princeton Univ
Press, New Jersey

Schaub GA (1988) Developmental time and mortality in larvae
of the reduviid bugs Triatoma infestans and Rhodinus prolixus
after coprophagic infection with Blastocrithidia triatomae (Try-
panosomatidae). J Invertebr Path 51:23-31

Schaub GA, Breger B (1988) Pathological effects of Blastocrithidia
triatomae (Trypanosomatidae) on the reduviid bugs Triatoma
sordida, T. pallidipennis and Dipetalogaster maxima after copro-
phagic infection. Med Vet Entomol 2:309-318

Schaub GA, Schnitker A (1988) Influence of Blastocrithidia triato-
mae (Trypanosomatidae) on the reduviid bug Triatoma infes-
tfans: alterations in the malpighian tubules. Parasitol Res
75:88-97

Schaub GA, Losch P (1989) Parasite/host-interrelationship of the
trypanosomatids Trypanosoma cruzi and Blastocrithidia triato-
mae and the reduviid bug Triatoma infestans: influence of star-
vation of the bug. Ann Trop Med Parasitol 83:215-223

Schaub GA, Boker CA, Jensen C, Reduth D (1989) Cannibalism
and coprophagy are modes of transmission of Blastocrithidia
triatomae (Trypanosomatidae) between Triatomines. J Proto-
zool 36:171-175

Smith BP (1989) Impact of parasitism by larval Limnochares aqua-
tica (Acari: Hydrachnida; Limnocharidae) on juvenile Gerris
comatus, Gerris alacris, and Gerris buenoi (Insecta: Hemiptera;
Gerridae). Can J Zool 67:2238-2243

Spence JR (1986a) Relative impacts of mortality factors in field
populations of the water strider Gerris buenoi Kirkaldy (Heter-
optera: Gerridae). Oecologica 70:68-76

Spence JR (1986b) Interactions between the scelionid egg parasi-
toid Tiphodytes gerriphagus (Hymenoptera) and its gerrid hosts
(Heteroptera). Can J Zool 64:2728-2738

Spence JR (1989) The habitat templet and life history strategies
of pond skaters (Heteroptera: Gerridae): reproductive poten-
tial, phenology, and wing dimorphism. Can J Zool 67:2432—
2447

Tieszen KL, Molyneux DH (1989a) Morphology and host-parasite
relationships of Crithidia flexonema (Trypanosomatidae) in the
hindgut and malphighian tubules of Gerris odontogaster (He-
miptera: Gerridae). J Parasitol 75:441-448

Tieszen KL, Molyneux DH (1989b) Transmission and ecology of
trypanosomatid flagellates of water striders (Hemiptera: Gerri-
dae). J Protozol 36:519-523

Tieszen K, Heywood P, Molyneux DH (1983) Ultrastructure and
host-parasite association of Blastocrithidia gerridis in the ventri-
culus of Gerris odontogaster (Gerridae: Hemiptera). Can J Zool
61:1900-1909

Wallace FG (1979) Biology of the Kinetoplastida of arthropods.
In: Lumsden WHR, Evans DA (eds) Biology of the Kinetoplas-
tida. Academic Press, London, pp 213-240

Wallace FG, Clark TB, Dyer MI, Collins T (1969) Two new species
of flagellates cultivated from insects of the genus Gerris. J Pro-
tozool 7:390-392

Wallace FG, Todd SR, Rogers W (1965) Flagellate parasites of
water striders with a description of Leptomonas collosoma. ]
Protozool 12:390-393

Zimmermann M, Spence JR (1989) Prey use of the fishing spider
Dolomedes triton (Pisauridae, Araneae): an important predator
of the neuston community. Oecologia 80:187-194

Zimmermann M, Hauser R, Hiisler J (1982) Schitzung der stadien-
spezifischen Dichten und Uberlebensraten in einer Larvenpopu-
lation von Gerris lacustris (Hemiptera, Gerridae). Rev Suisse
Zool 89:941-955




