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Members of the family Sciomyzidae, known as snail-killing or marsh flies, are unique
amongst insects in that the vast majority of reared species feed exclusively on mollusks and as a
result their biological control potential has been well documented in the scientific literature.
However, in North America there is a lack of information on many aspects of the biology and
behavior of these flies which has hampered their consideration and use as biological control agents
of pest gastropods. This knowledge gap provided the incentive for this thesis which focused on
two species, namely Tetanocera obtusifibula and Sepedon fuscipennis. The specific aims were to
1) determine if neonate larvae of T. obtusifibula can follow fresh snail mucus trails; 2) investigate
the effect of temperature (10°C, 15°C, 20°C, ~4°C and outdoors) on the survival of unfed neonate
T. obtusifibula larvae; and 3) elucidate the flight behavior of an adult sciomyzid fly for the first
time using S. fuscipennis as the target species. The trail following bioassays were conducted on
filter paper Y mazes, and significantly (P<0.05) more larvae displayed a positive response i.e.
moved fully into the trail arm (73.9%) than a non-response i.e. did not trail follow (26.1%). Of
those that displayed a positive response, 60% followed the trail to the end and 40% followed the

mucus at least to the midpoint. These data suggest that larvae of T. obtusifibula actively seek out
their prey and are may be effective hunters. In general, unfed neonate survival for this species
decreased with increasing temperature. Thus, from a biological control perspective released
neonate larvae may have less time to find suitable snail prey if they are released during warm
summer days compared to cooler days during the fall. The flight mill data demonstrated that these
flies have the potential to fly for a long distance (up to 25km in 24hrs on a flight mill) which is
contrary to the current school of thought. This result also has important implications for using
sciomyzids such as S. fuscipennis in biological control programs. For example, the ability to
disperse over large distances could be viewed as advantageous for augmentative release programs
utilizing native sciomyzid species where the goal is to manage a gastropod pest over a large area.
Conversely, in cases of classical biological control, it will be necessary to exercise caution because
non-target effects may have a broader geographical post release range than previously thought.
Lastly, avenues for potential future research are suggested.
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CHAPTER 1
General Introduction

Sciomyzidae:
The Sciomyzidae, also known as snail-killing or marsh flies, are one of the best-known
families among all Diptera (Knutson & Vala, 2011). Approximately 240 of 540 species in 41 of
61 genera globally have been well-studied (Murphy et al., 2012). In 1850, Perris first published
the malacological feeding behavior of these flies. He reported larvae of Salticella fasciata in
terrestrial snails (Theba pisana) in southwestern France (Knutson & Vala, 2011). Additionally, in
Alaska in 1950, Berg first demonstrated the obligate snail feeding behavior of six species among
five genera within the family (Murphy et al., 2012).
Adult Sciomyzidae (Figure, 1.1) range in size from small to medium (1.8- 11.5 mm in
length), and are usually slender flies with color varying from shiny black to dull gray, brown,
reddish or yellowish (Barker et al., 2004). Moreover, the antennae are porrect, and the legs usually
elongate (Knutson & Lyneborg, 1965). The adult wings are well developed, and preapical bristles
are present on all tibiae (Rozkošný, 1998). Sciomyzid larvae (Figure, 1.1) are elongated, and the
body wrinkled, with a narrow anterior end and the posterior edge typically reduced, surrounded by
2-5 pairs of lobes (Barker et al., 2004, Bouchard et al., 2004). The eggs (Figure, 1.1) are generally
whitish and oval shaped (Barker et al., 2004). Puparia (Figure, 1.1) are 3-8.5 mm long, and oval
to cylindrical in shape, tapered at both ends (Rozkošný, 1998). The pupal case varies in color from
yellow, reddish brown, to almost black (Rozkošný, 1998).
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Recently emerged adult (wings
completely unfold within 1 hour
of eclosion)

Puparia

Eggs

Second instar larvae feeding on Radix balthica

Figure 1.1: Life cycle of a typical sciomyzid, Sepedon spinipes (from Mc Donnell, 2004).
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The majority of Sciomyzidae have aquatic or semi-aquatic larvae, that can be abundant in
marsh and wetland environments, but a number of species occur in terrestrial habitats (Barker et
al., 2004). In general, however, Sciomyzidae are almost always found in association with mollusks,
upon which their larvae feed (Knutson & Vala, 2011).

Feeding Behavior and Phenology of Sciomyzidae:
Of the 125 known families of Diptera, the Sciomyzidae are the only family that feed almost
exclusively on mollusks during their larval stages (Barker et al., 2004). The larval feeding behavior
has been considered as one of the critical features of sciomyzid flies. Furthermore, it spans the full
range of mollusks and varies greatly between species from parasitism through to predation. For
instance, Anticheta spp. are the only insects that are known to feed on mollusk eggs: the female
fly oviposits her eggs only on snail eggs (Knutson & Vala, 2011). On the other hand, Salticella
fasciata lays its eggs on the shells of terrestrial snails, such as Theba pisana which are important
pests of crops. The larvae are thought to feed as either internal parasites of living snails or
saprophagously on dead tissue (Knutson et al., 1970). According to Hynes et al. (2014) larvae of
Tetanocera elata appear to be restricted to feeding on terrestrial slugs, e.g., Deroceras reticulatum
and Deroceras laeve, while Knutson & Vala (2011) stated that the larvae of Tetanocera plebeja
can feed on both slugs and terrestrial snails (Oxyloma sp.). Lastly, some sciomyzid species feed
exclusively on bivalve mollusks, e.g. Ilione lineata, which kills and feeds on fingernail clams
(Foote & Knutson, 1970).
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In fact the feeding behavior of these flies was divided into 17 behavioral groups based on
types of host/prey, the mode of feeding, and larval microhabitats (Knutson & Vala, 2011). For
example, Tetanocera obtusifibula and Sepedon fuscipennis which are the focus of this thesis were
assigned to behavioral group 11 because they are predators of non-operculate snails in fresh water
habitats.
In terms of phenology, vast differences have been observed throughout the world in timing
of sciomyzid emergence and diapause (Knutson & Vala, 2011). Many publications have focused
solely on the phenology and life cycle adaptations of these flies (Knutson & Vala, 2011). For
example, experts have classified Sciomyzidae into different phenological groups according to their
phenological habits (Berg et al., 1982 & Knutson & Vala, 2011). These groups are summarized in
Table 1.1.

Biological Control Potential:
Despite their unique and potentially beneficial feeding behavior, there have been few
attempts to utilize sciomyzids as biological control agents against undesirable gastropods in the
field (Knutson & Vala, 2011). However, many laboratory studies have been conducted and
published to evaluate Sciomyzidae as biological control agents under controlled conditions. A
review of these studies is presented in Murphy et al. (2012).

4

Table 1.1: Known phenological groups within the family Sciomyzidae (adapted from Berg et al., 1982; Knutson & Vala, 2011).

Phenological Group
Group 1

Voltinism
Multivoltine

Overwintering stage
Pupa

Example
Tetanocera ferruginea

Group 2

Multivoltine

Quiescent or diapausing Sepedon fuscipennis
adults

Group 3

Univoltine

Egg (Unhatched larvae)

Tetanocera latifibula

Group 4

Univoltine

Larva

Tetanocera obtusifibula

Group 5a
Group 5b

Univoltine
Univoltine

Pupae
Larva then pupae

Antichaeta melanosoma
Euthycera cribrata

Group 6

Multivoltine

n/a

Sepedon plumbella

5

Notes
The puparial stage can be found throughout
the year. Pharate adults and pupae enter
diapause in some species.
Mate continuously during spring and
summer and produce overlapping
generations.
The first larval instar remains in the egg
membrane and enters diapause, which
increases the duration of the egg stage to
several months.
The larvae begin to develop during summer
and early fall. Overwintering primarily in
larval stage.
Puparia are formed from June - fall.
Overwintering as larvae then pupae.
Tropical species. Adults can be collected
during all months.

In terms of releasing Sciomyzidae as biological control agents in the field, Sepedon
macropus was released in Hawaii in 1958 from Nicaragua as a classical biological control agent
for the snails, Lymnaea ollula and Pseudosuccinea columella, which are the intermediate hosts for
giant liver fluke (Fasciola gigantica) (Chock et al., 1961). According to Knutson and Vala (2011)
many specimens of S. macropus were reared successfully and released in Hawaii by individuals
untrained in Sciomyzidae rearing, highlighting the ease with which some species can be grown.
After release, the larvae were discovered feeding on these target snails in nature but the impact of
S. macropus on incidences of liver fluke disease was never determined and consequently the
success of the release remains unknown. Following the release of S. macropus, a number of
additional species (Dictya abnormis, Pherbellia dorsata, Atrichomelina pubera, Ditaeniella
parallela, Sepedon praemiosa, Sepedon aenescens, Sepedon pacifica, Sepedon plumbella,
Sepedon senex and Sepedan oriens) were released on five major islands (Oahu, Hawaii, Kauai,
Maui and Molokai) in Hawaii in 1966 to help control the same target snails (Mc Donnell, 2004).
Nevertheless, only S. aenescens from Japan appeared to become established, but the impact on the
snail populations was never determined (Knutson & Vala, 2011). Finally, Tirgari and Massoud
(1981) mass reared and released Sepedon sphegea to control Bulinus truncatus, which is the
intermediate host snail of schistosomiasis in Iran. They found that the snail populations declined
76-94% when the water depth was 4 cm and 48-85% when the water depth was 30cm, 15 days
after the release of S. sphegea larvae in rice fields. These decreases were in comparison to controls
(no larvae) at the same depths. To the best of my knowledge these are the only studies where
sciomyzid flies were released in an attempt to control a pest snail population.
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Indeed, lack of information on key aspects of Sciomyzidae biology has hampered their use as
biological control agents of undesirable gastropods and this provided the incentive for my research
which aims:
1. To investigate trail-following behavior and larval survival in neonate larvae of Tetanocera
obtusifibula (Chapter 2).
2. To undertake the first investigation of flight behavior in a sciomyzid i.e. Sepedon
fuscipennis (Chapter 3).

Focal species of this thesis:
Sepedon fuscipennis is a Nearctic sciomyzid that is found in Idaho, Washington, Oregon, Central
Alaska, Texas and Florida (Foote et al., 1999). It is a predator of non-operculate snails under the
water surface or above the emergent vegetation and sometimes on humid surfaces (Vala et al.,
2012). Sepedon fuscipennis is a multivoltine species and overwinters as diapausing adults
(Knutson & Vala, 2011). It has been previously reported in Oregon by Foote (1961) from Klamath
Falls and Corvallis.
Tetanocera obtusifibula is a Nearctic species that is found in Washington, Idaho, Oregon
California and British Columbia (Foote, 1999). It is also a predator of non-operculate snails under
the water surface or above the emergent vegetation and sometimes on humid surfaces (Vala et al.,
2012). Tetanocera obtusifibula is a multivoltine species, adults have an aestival diapause and it
overwinters as larvae (Vala et al., 2012). It has been previously reported in Oregon by Foote (1961)
from Brownsville and Corvallis.
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CHAPTER 2
Trail following behavior and survival in unfed neonate larvae of Tetanocera obtusifibula

Abstract:
When assessing natural enemies as biological control agents it is important to determine
their prey location mechanisms and their survival potential. To this end, the ability of neonate
larvae of the gastropod-killing fly, T. obtusifibula to follow fresh snail (Lymanaea sp.) mucus trails
using filter paper Y-mazes was determined. The survival of unfed neonate larvae was also
investigated at 10°C, 15°C, 20°C (in temperature-controlled water baths), ~4°C (in a refrigerator)
and outdoors (October to December; mean temperature: 7.94°C). In the trail following bioassays,
significantly (P<0.05) more larvae displayed a positive response i.e. moved fully into the trail arm
(73.9%) than a non-response i.e. did not trail follow (26.1%). Of those that displayed a positive
response, 60% followed the trail to the end and 40% followed the mucus at least to the midpoint.
Although no significant differences were observed in the survival of unfed neonates between the
different temperatures, there was a trend for decreased survival with increasing temperature. The
trail following data suggest that larvae of T. obtusifibula actively hunt for snail prey using mucus
trails which potentially makes them very effective natural enemies. Furthermore, this response is
likely to be genetic because naive neonate larvae were used in all bioassays. The results of the
survival study suggest that T. obtusifibula larvae may survive longer at low temperatures than high
temperatures which is in agreement with other survival studies on sciomyzids. Thus from a
biological control perspective released neonate larvae may have less time to find suitable snail
prey during warm summer days compared to cooler days during the fall.
Key words: Tetanocera obtusifibula, trail-following behavior, gastropod mucus, unfed neonate
survival, biological control, temperature.
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Introduction:
Trail following is an important attribute for locating food in certain insects. For example,
it has been reported extensively in several taxa, including juvenile Lepidoptera (Ruf et al., 2001),
Isoptera (Ohmura et al., 1995), Coleoptera (Cammaerts et al., 1990), and Formicidae (Hölldobler
& Wilson, 1990). More than 200 sciomyzid species feed on mollusks, with the exception of two
species, Sepedonella nana and Sepedon knutsoni, which feed on freshwater oligochaetes (Knutson
& Vala, 2011). Originally, prey-specific feeding behavior was considered one of the defining traits
of sciomyzid larvae; however, many species, including T. ferruginea, have been recently shown
to consume a wide variety of mollusks (Speight & Knutson, 2012). Most Sciomyzidae are
opportunistic predators, preying on a wide variety of mollusks indiscriminately (Mc Donnell et al.,
2007). Only a handful of prey location studies have been conducted to date for the family (Trelka
& Berg, 1977; Coupland, 1996; Mc Donnell et al., 2007; Dillon et al., 2014; Hynes et al., 2014 &
Colton, 2016).
In terms of slug-killing sciomyzids, Trelka and Berg (1977) investigated the response of
larvae of T. plebeja and T. elata to slug mucus trails. The authors demonstrated that third instar
larvae of both species only followed fresh mucus trails after recent contact with a slug. However,
more recently, Hynes et al. (2014) found that T. elata larvae showed an active searching behavior
without any previous contact with slugs or their mucus.
For snail-killing sciomyzids, Coupland (1996) investigated the impact of two factors, snail
mucus and feces, on both larval behavior and oviposition by adult Pherbellia cinerella. Coupland
found that both the mucus and feces of the snail Cernuella virgata stimulated or increased
searching behavior in first instar larvae and adult females oviposited more frequently on substrates
which contained fresh snail mucus. Moreover, Mc Donnell et al. (2007) investigated mucus trail
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following behavior of Dictya montana and Sepedon spinipes. Results showed that 80% and 86.7%
of larvae respectively followed the fresh mucus trail to its end. Further research also highlighted
time constraints, because after a period of 45 minutes, the mucus had deteriorated to a point where
larvae failed to follow it. Likewise, Dillion et al. (2014) found that 70-77% of Ilione albiseta larvae
displayed a strong response to fresh trails (i.e., followed the mucus to the end), but only 7%
responded strongly to mucus trails aged for one hour. Lastly, Colton (2016) studied the trail
following behavior of newly hatched larvae of T. ferruginea and Tetanocera arrogans to fresh
Succinea putris mucus. He found that 37.5% of T. ferruginea neonates showed a strong response
to fresh mucus but only 14.3% of the neonates displayed a strong response to aged mucus (30
minutes). This suggests neonates of this species may be less inclined to follow an old trail. Also,
significantly more T. arrogans larvae followed fresh mucus trails (50%) than the control, with the
strength of the reaction appearing to decline with age from five minutes old (50%) to thirty minutes
old (0%).
Another trait of predators that is important to elucidate is the number of days they can
survive without food because this data helps to calculate the maximum amount of time a larva has
to find prey after release for biological control purposes. For sciomyzids this is also a very under
researched area with only two published papers dealing with the topic. Gormally (1988) studied
the effect of temperature on the survival of unfed larvae of I. albiseta and found that the median
survival period decreased as the temperature increased. Mc Donnell et al. (2014) investigated the
impact of temperature on the survival of S. spinipes larvae and also found that the median survival
period decreased when the temperature increased from 14 to 26°C for fed and unfed larvae. Both
I. albiseta and S. spinipes are European species and to date this aspect of sciomyzid biology has
not been investigated for North American species.
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Thus, the objectives of this study were to
1. Establish whether or not the neonate larvae of T. obtusifibula can actively follow snail
mucus trails.
2.

Determine the effect of temperature on the survival of neonate T. obtusifibula larvae.

Tetanocera obtusifibula was chosen for this study because it is a common species in the
northwestern US and it was abundant at collection sites.

Materials and Methods:
Sciomyzid Collection and Rearing:
Tetanocera obtusifibula adults were collected along three 10 meters transects from Jackson
Frazier Wetland (Figure, 2.1) using a sweep net (30 cm wide × 60 cm deep). The site is located
~3.5km northeast of Corvallis, Oregon (GPS 44.605805-123.237005) and was sampled biweekly
from June 27 to November 1, 2018. The flies were collected from the net using an aspirator
(pooter) and returned to the laboratory. A total of 74 T. obtusifibula were collected.

Figure 2.1: Jackson Frazier Wetland, 3460 NE Canterbury Cir, Corvallis, OR 97330.
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In terms of rearing, once returned to the lab, flies were sorted by sex and then male-female pairs
were placed in 32 oz glass jars (Figure, 2.2). The latter contained a small piece of wood as a resting
place, one piece of cotton wool saturated with water on the bottom of the jar, a honey-yeast (1:3
ratio) mix smeared onto the wood stick, and a plastic Petri dish (65mm diameter) lid wrapped with
two elastic bands. The band wrapped lid was placed in the opening of the jar and prevented the
flies from escaping but allowed for air circulation. The jars were cleaned and the food and water
were replaced twice a week (Monday and Friday). All jars were checked daily for eggs which were
removed using a moist paintbrush (Artbrush, size 000) and placed into a small Petri dish (60mm
diameter × 15mm depth). The dish contained filter paper saturated with 1ml of distilled water and
was covered with parafilm to retain the moisture and prevent mildew forming around the
developing egg (Figure 2.3). Each dish was given a code corresponding to its mating pair with date
of collection, and number of collected eggs were noted daily. All dead flies were removed and
preserved in 100% ethanol, stored in the freezer at -20°C, and confirmed as T. obtusifibula at a
later date using Foote (1961).

Rearing Jar

Honey-yeast (1:3) mix

Band-wrapped lid
cotton

Wood

Woodstick
stick

Saturated cotton

Figure 2.2: Material used for maintaining adult T. obtusifibula in the laboratory.
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Parafilm

Distilled water

Filter paper
Petri dish

Paintbrush

Figure 2.3: Materials used to collect and maintain sciomyzid eggs.
Trail Following:
Trail following bioassays were conducted for T. obtusifibula larvae using filter paper Ymazes (arms: 3 cm long × 1 cm wide; stem: 3.5 cm long × 1 cm wide) which were saturated with
1 ml of distilled water and placed into Petri dishes (100mm diameter × 15mm depth). Snails
(Lymnaea) were collected using an aquatic net (15 cm wide × 60 cm deep) from Dunawi Creek in
Corvallis (GPS 44.548091-123.306363). Protocol for mucus removal involved wiping the foot of
three snails (large [>10mm], medium [5-10mm] and small [<5mm] three times (nine wipes total)
with a damp paintbrush (Artbrush, size 000) and subsequently painting the trail onto one arm of
the Y-maze (chosen randomly). The direction of the trail was from the stem to the end of the arm.
Lastly, the neonates (< 2 days old) were placed on the Y- maze stem approximately 1cm from the
trail (Figure, 2.4) and since sciomyzid larvae are negatively phototactic, a photo-optic light (Volpi,
model- V-lux 1000) was used to encourage larvae to move forward to the mucus trail. For each
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replicate, a new Petri dish and filter paper maze was used to prevent contamination from the
previous arena. Larvae were tested only once.

Figure 2.4: Filter paper Y-maze used to conduct trail following bioassays (adapted from Colton,
2016).
If the test larva chose the trail arm (i.e. it moved fully into the arm) it was considered a
positive response. A positive response was further subdivided into:
1. Strong response when the larva followed the mucus trail to the end.
2.

Medium response when the larva followed the mucus at least to the midpoint of the
trail.

3. Weak response when the larva followed the mucus trail but deviated before the
midpoint.
If the larva did not follow the mucus trail into the arm, chose the control arm or veered off the
maze, it was recorded as no response. Three neonates did not move within ten minutes of being
placed on the stem and consequently were excluded from the analysis.
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Larval Survival:
After hatching neonate larvae of T. obtusifibula were placed individually in a small Petri
dish (60mm diameter × 15mm depth), containing filter paper saturated with 1ml of distilled water,
and covered with parafilm. Each dish was placed in a 32 oz glass jar containing sterilized
decorative aquarium stones to stabilize and anchor the jar. The latter was then placed in a
temperature-controlled water bath (+1 °C, VWR WB28) with cooling provided by an ECOPLUS
728188 Water Cooler. The water baths were set to 10°C, 15°C and 20°C. Additional Petri dishes
containing larvae were placed outdoors in a shaded area in the OSU greenhouse yard from October
to December (mean temperature recorded on a HOBO data logger: 7.94°C, max: 23.6°C and min:
-3.5) or in a refrigerator (+0.5 °C, VWR Model 97018-480) at 4°C. A total of 11 larvae were placed
at 10°C, 11 larvae at 15°C, 3 larvae at 20°C, 15 larvae outdoor, and 10 larvae at ~4°C. Larval
survival was then checked under a microscope daily by touching the anterior side of the larva
gently with a paintbrush (Artbrush, size 000). If the larva moved, it was noted as alive, and if the
larva did not move, it was noted as dead. In cases of the latter, larvae were poked a total of three
times to confirm they were in fact dead. Larvae were monitored until all specimens had died.
Statistical Analysis:
Parametric statistics were utilized to analyze the data using the statistical program SPSS
statistics version 25 (IBM Corp. 2016). The Kolmogorov-Smirnov test was used to determine if
data were normally distributed. Since the data were not normally distributed they were transformed
using square root transformations. One-way ANOVA was used to compare the number of days
that larvae survived between different temperatures. Chi-square Test (X2) was used to analyze the
trail following data. The significance level, P<0.05, was used throughout.
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Results:
Trail following:
Twenty three trail following replicates were completed, and 17 T. obtusifibula neonates
displayed a positive response to the fresh mucus of Lymnaea sp., while six of the neonates showed
no response (Figure, 2.5). Of those larvae that displayed no response three crawled into the control
arm and three crawled off the Y-maze before entering either arm. This difference in the number of
larvae that showed a positive response and no response was statistically significant (X2 = 4.35, P
< 0.05). Of the larvae that displayed a positive response, 10 showed a strong response by following
the fresh mucus trail to the end and six displayed a medium response and followed the fresh mucus
at least to the midpoint of the trail. Furthermore, no larvae displayed a weak response (Figure, 2.6).
In fact, significantly fewer (X2 = 4.71; P < 0.05) larvae displayed a weak response than either a
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medium response or strong response.
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Figure 2.5: The number of T. obtusifibula neonate larvae that displayed a positive trail following
response and no response to fresh mucus trails of Lymnaea sp. Bars with the same letter indicate
a statistically significant difference (X2 = 4.35, N=23, P < 0.05).
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Figure 2.6: The number of T. obtusifibula neonates that displayed a strong response (SR),
medium response (MR) and a weak response (WR) to fresh mucus trails of Lymnaea sp. Bars
with the same letter indicate a statistically significant difference (X2 = 4.71; N = 17; P < 0.05).
Larval Survival:
A total of 50 neonates were used in the survival experiments. The longest living larva
survived for over one month (33 days at 4°C) and the shortest for 3 days (outdoors). The median
larval longevity was greatest at 4°C (16.50 days) and shortest at 20°C (7.00 days) (Table, 2.1).
There were no significant differences (P = 0.118) in survival between the different temperatures
i.e. 4°C, 10°C, 15°C, 20°C, and outdoors. However, in general, mean (+SE) and median larval
survival decreased as the temperature increased.
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Table 2.1: Sample size, median survival, and mean (+ SE) survival of unfed neonate larvae of T.
obtusifibula at ~4°, 10°, 15°, 20°, and outdoors.
~4 °C

10 °C

15 °C

20 °C

n

10

11

11

3

Outdoor (mean
7.94°C)
15

Median

16.50

15.50

7.00

7.00

11.00

Mean* + SE

16.6 + 3.60

14.40 + 2.02

8.12 + 1.20

7.00 + 1.15

11.92 + 1.85

* One- way ANOVA Test = 1.955; P = 0.118. No significant differences in mean
survival were observed for neonates maintained at 4°C, 10°C, 15°C, 20°C and outdoors.

Discussion:
Trail Following:
As an insect searches for a resource (e.g. food) it will deploy mechanisms to maximize the
chances of finding the target, while minimizing risks such as predation or exposure (Bell, 1990).
Insects use two types of information to guide the orientation of search efforts; sensory information
from the surrounding environment and internally stored genetic information (Bell, 1990). Larvae
of T. obtusifibula are known aquatic predators of non-operculate snails under or above the water
surface and occasionally on shoreline surfaces (Vala et al., 2012). The trail following experiment
revealed that 73.9% of T. obtusifibula neonates showed a positive response to the fresh mucus and
26.1% of the larvae showed no response. These results align with Mc Donnell et al. (2007) who
found that 80.00% of S. spinipes and 86.67% of D. montana larvae (both are aquatic predators)
displayed a positive reaction and pursued the mucus trail of Lymnaea sp. to its end. In this study,
neonates of T. obtusifibula pursued the fresh mucus trail on a damp filter paper Y maze which
suggests that larvae of this species have the potential to search for food in shoreline areas, on
emergent vegetation, and in areas where aquatic snails become stranded as waters recede. This
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type of searching behavior has also been recorded in the wild for other aquatic species of
Sciomyzidae, such as I. albiseta (Lindsay, 1982) and Sepedon neavei (Barraclough, 1983).
Anecdotally, during the trail following experiments larvae of T. obtusifibula were observed
regularly using similar behavior to other confirmed trail following species, e.g. increased lateral
head movement on encountering the trail before crawling in a specific direction (Colton, 2016)
and this seems to further confirm that this species can detect mucus trails in their environment.
No information is available on how sciomyzid larvae detect mucus trails and which
compounds within the mucus are bioactive. Skingsley et al. (2000) analyzed gastropod mucus
using infrared spectroscopy and found that it consists of ubiquitous compounds e.g. proteins and
compounds specific to specific species e.g. esters. It is possible that the larvae of aquatic generalist
predators such as T. obtusifibula likely use one or more of these ubiquitous mucus compounds to
detect and follow the fresh mucus trails but more research is needed in this area.
Lastly, all the neonate larvae of T. obtusifibula used in this study were newly hatched and
had not been exposed to prey snails or mucus in any form. This suggests that the resulting
responses of the larvae to recognize and follow a fresh mucus trail are likely to be innate or genetic.
Since sciomyzid larvae are malacophagous, they have potential to be utilized as biological control
agents against gastropod pests and snail species that act as hosts of trematode diseases (Barker et
al., 2004). In selecting candidates for further investigation for biological control it would seem
advantageous to select species that actively seek out hosts for maximum potential efficacy, as these
species are likely to be more effective hunters than more passive species. As such T. obtusifibula
should be considered for future studies. Lastly, given that T. obtusifibula is a generalist predator it
likely has most potential as a conservation biological control agent or an augmentative agent in
areas where it is native. Use of such generalist species as classical biological control agents would
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be more high risk and could potentially have damaging non-target impacts on non-pest gastropod
species.

Larval Survival:
A key aspect of biological control programs is deciding the life history stage to be released
into infested areas. For Sciomyzidae the larval stage has been suggested (Knutson & Vala, 2011)
since this is the stage that actively feeds and kills gastropods. Thus, it is important to estimate the
amount of time that neonate larvae can survive without food prior to being potentially released.
The results herein suggest that T. obtusifibula larvae tend to survive longer at low temperatures
than high temperatures. This trend agrees with Gormally (1987) who found that percentage
survival of I. albiseta and Pherbellia cinerella neonates decreased when temperature increased.
Additionally, Mc Donnell et al. (2014) found that the median survival of unfed neonates of S.
spinipes decreased as temperature increased. Thus, T. obtusifibula neonate larvae are likely to have
less time to find suitable snail prey during warm summer days compared to cooler days during the
fall. Therefore, it would be prudent for future release programs involving neonate T. obtusifibula
larvae to target cooler climates as this would maximize the amount of time a larvae has to find
food. Lastly, Mc Donnell et al. (2014) showed that the survival of S. spinipes larvae could be
doubled by feeding neonates a single snail meal prior to starvation. The impact of a similar feeding
event on the survival of T. obtusifibula larvae should be a priority for future research with this
species.
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CHAPTER 3
Flight behavior of Sepedon fuscipennis (Diptera: Sciomyzidae) on a flight mill

Abstract:
Flight mills have been used for over 50yrs to study movement in a wide variety of insects
including Diptera. However, flight mills have not yet been used to study flight behavior in the
Sciomyzidae, despite this group’s potential as biological control agents of pest snails and slugs. In
this study, total distance, velocity, longest single flight, and total flight time of S. fuscipennis were
investigated for 24hrs under laboratory conditions using a flight mill. The impact of fly sex,
starvation and humidity on these flight parameters was also assessed. Although no significant
differences were observed in mean total distance, mean velocity, mean longest single flight, and
mean total flight time between male and female flies, fed and unfed flies, and test specimens flown
under enhanced humidity and ambient humidity conditions, this study demonstrated for the first
time that sciomyzids have the potential to fly long distances. In fact the longest single flight
recorded during this research was 13.18km and the maximum total flight distance was 25.00km.
These results represent an important advancement in our knowledge of sciomyzid biology because
the current school of thought is that these insects are sedentary, poor fliers and do not disperse
over large distances as adults. The results also have important implications for using sciomyzids
such as S. fuscipennis as biological control agents. For example, the ability to disperse over large
distances could be viewed as advantageous for augmentative release program where the goal is to
manage a gastropod pest over a large area. Conversely, in cases of classical biological control, it
would be prudent to exercise caution because non-target effects may have a broader geographical
post release range than previously thought.
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Key word: Sepedon fuscipennis, flight behavior, flight mill, fly sex, starvation, humidity,
dispersal, biological control, non-target impacts.

Introduction:
A variety of laboratory methods and equipment have been used to study movement in
insects, such as flight mills, treadmills, and video recording (Reynolds & Riley, 2002). In 1952,
Krogh and Weis-fogh first used a flight mill to study flight behavior in locusts (Schistocerca
gregaria [Orthoptera: Acrididae]). The following year, Hocking (1953) first utilized a data
recorder to record flight characteristics for 10 medically important insects including flies within
the families Tabanidae, Culicidae, and Simuliidae. Since that time, numerous experiments have
utilized flight mills to study flight in a wide variety of insects including some crop pests. For
instance, Schumacher et al. (1997) examined the flight capacity of Cydia pomonella (Lepidoptera:
Tortricidae) and they found that there were no significant differences between males and females
in terms of longest single flight and total distance flown. Furthermore, Jactel and Gaillard (1991)
used flight mills to study the distance and velocity of Ips sexdentatus (Coleoptera: Curculionidae)
and their results showed that the maximum distance flown by a single specimen was 45 km and
the minimum distance was 5 km. Moreover, Taylor et al. (2010) used flight mills to elucidate flight
performance in Agrilus planipennis (Coleoptera: Buprestidae) and they found that the mated
females flew 2.5 times more than unmated females or males. More recently, Wiman et al. (2015)
used flight mills to study the flight parameters of Halyomorphas halya (Hemiptera: Pentatomidae)
which is considered a devastating invasive pest of crops. The results indicated that both females
and males of H. halya had the capacity to fly for long distance e.g. the maximum flight distance
for a male was 66.54 km and 75.12 km for a female.
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In terms of using flight mills for Diptera, there have been a number of published studies.
For example, Wong et al. (2018) used flight mills to investigate the effect of diet and humidity on
flight performance of Drosophila suzukii (Diptera: Drosophilidae) which is an invasive pest of
berries and other soft fruits. The results showed that fed flies flew significantly farther and for
longer durations than unfed flies. The median flight distance was 27.16 m, the median duration
was 2.37 min, and the median flight velocity was 0.18 m/s. In addition, Wang et al. (2009) used
flight mills to investigate the effect of food supply (honey & yeast) and high temperatures on flight
performance of Bactrocera oleae (Diptera: Tephritidae) which is an invasive pest of olives. Their
results indicated that flight distance and duration were significantly decreased when no food was
provided and when the flies were exposed to heat stress. Furthermore, Cui et al. (2013) studied
the effect of sex on flight performance of Culex pipiens pallens (Diptera: Culicidae) which is the
primary vector of lymphatic filariasis. The results indicated that the mean total flight distance
(TFD), mean total flight duration (TFDr), and mean flight velocity (MFV) for males and females
were significantly different. The mean TFD for males was 869.0 m and 1,846.4 m for females. The
mean TFDr for male mosquitoes was 5,672.1 s and 8,960.1 s for females while the mean MFV for
males was 0.28 m/s and 0.33 m/s for females. Additionally, Kaufmann and Briegel (2004) utilized
flight mills to study the impact of diet and starvation on flight performance of Anopheles gambiae
and Anopheles atroparvus both of which are vectors of malaria. The maximum flight distance of
Anopheles gambiae females was 10 km when blood was provided and 9 km when sugar was
provided, whereas the maximum flight distance was less than 3 km in unfed-females. In Anopheles
atroparvus, the maximal fight distances were 10-12 km when sugar was provided and 4.5 km when
blood was provided, while the maximum flight distance was <3.5 km in unfed-females.
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Thus, flight mills provide a convenient way for measuring flight speed, duration and distance
flown in insects (Cooter, 1982) but to date there have been no investigations of flight in
Sciomyzidae. This provided the incentive for this study where the primary objectives were to:
1. Investigate the flight behavior (total distance, velocity, longest single flight and total flight
time) of a sciomyzid, Sepedon fuscipennis, for the first time.
2. Determine the impact of fly sex, starvation and humidity on flight performance.
Sepedon fuscipennis was chosen for this study because it is a common species in the northwestern
US and it was abundant at local collection sites.

Materials and Methods:
Sciomyzid Collection and Rearing:
Sepedon fuscipennis adults were collected two times per week using a sweep net (30 cm
wide, 60 cm deep) from EE Wilson Wildlife Area in Monmouth, Oregon (GPS 44.706622 123.211000) during September and October 2018 (Figure 3.1). All adults were collected from the
net using an aspirator (pooter) and returned to the laboratory where they were used in flight mill
experiments. Laboratory maintenance of these flies followed the method outlined for T.
obtusifibula in Chapter 2 above.
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Figure 3.1: E. E. Wilson Wildlife Area, Camp Adair Rd, Monmouth, OR.

Flight Mills:
Flight mills (Figure 3.2) that were used in this study were built by Dr. Nik Wyman
(Department of Horticulture at OSU). Male and female S. fuscipennis were anesthetized using CO2
then attached to an insect mounting pin (No.2) by the pronotum (dorsal surface) using a dab of
melted glue from a hot glue gun (Ccbetter). The pin was then inserted into one of the arms of the
flight mill and a counter weight (actual weight varied among specimens) was glued to the opposite
arm to balance the system. All flies were tested within 3 days of being caught in the field. Flights
were conducted in a windowless laboratory (~27 °C; 12:12 L:D) and flight data were recorded on
an SD card in a data logger for 24hs. In addition, the temperature and relative humidity in the
laboratory were recorded every hour using a data logger (Onset HOBO, model- U23-002). The
impact of fly sex (8 males and 12 females), starvation (6 fed and 16 unfed) and humidity (5 under
enhanced humidity and 15 under ambient humidity conditions) on mean total distance, mean
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velocity, mean longest single flight and mean total flight time were assessed. For the starvation
assay, flies were starved for 48 hours before testing and the fed flies were provided with a constant
honey-yeast mix (1:3 ratio). In terms of humidity, some flies were tested at laboratory ambient
humidity (i.e. < 10%) and other groups were tested under enhanced humidity conditions, (i.e.,
~70%) by increasing the humidity in the laboratory utilizing a humidifier (Aircare MA1201).
Diameter of the flight path (26 cm) was utilized to compute the circumference (81.69 cm) per
rotation. After 24 hours, data were retrieved from the SD card in the data logger, and the total
distance, velocity, longest single flight and total flight time were calculated.
Flight arm

First magnetic ring
Second magnetic ring
Digital sensor

Figure 3.2: Flight mill utilized to investigate the flight behavior of S. fuscipennis.
Statistical Analysis:
Parametric statistics were used to analyze the data using SPSS statistics version 25 (IBM
Corp. 2016). The Kolmogorov-Smirnov test was used to determine if data were normally
distributed. Data which were not normally distributed were transformed using either Log10
(longest single flight for males and females, longest single flight for fed and unfed flies, longest
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single flight under enhanced humidity and ambient humidity and total flight time under enhanced
humidity and ambient humidity) or square root (total distance under enhanced humidity and
ambient humidity and flight velocity under enhanced humidity and ambient humidity)
transformations. t-tests were utilized to compare the mean values of total distance, velocity, longest
single flight and total flight time between male and female S. fuscipennis; fed and unfed flies, and
specimens that were tested in enhanced humidity and ambient humid conditions. The significance
level P<0.05 was used throughout.
Results:
Total Flight Distance (km).
•

Males and females.

For males, the maximum total flight distance recorded was 14.86 km and the minimum was 0.93
km. For females, the maximum flight distance recorded was 10.14 km and the minimum was 0.46
km. The mean (+SE) total distance flown by males during 24 hours was 5.38 (+1.52) km compared
to 4.34 (+0.14) km for females (Figure, 3.3). There were no significant differences ( t-test = 0.569;
P = 0.579 between the sexes of S. fuscipennis for total flight distance.
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Figure 3.3: Mean (+SE) total distance (km) flown for males and females of S. fuscipennis (t-test =
0.569; P = 0.579, N= 20 [8 males & 12 females]).
•

Fed and unfed flies.

The maximum total distance flown was 18.4 km for fed flies and 17.85 km for unfed flies. For fed
flies, the minimum distance flown was 1.25 km and for unfed flies was 0.15 km. The mean (+SE)
total distance flown by fed flies over 24hrs was 8.00 (+2.43) km compared to 5.90 (+1.40) km for
unfed flies (Figure, 3.4). However, this difference was not statistically significant (t-test = 0.667;
P = 0.512).
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Figure 3.4: Mean (+SE) total distance (km) flown for fed and unfed flies of S. fuscipennis (t-test
= 0.667; P = 0.512, N= 22 [6 fed & 16 unfed]).
•

Enhanced humidity and ambient humidity.

The maximum total distance flown was 25 km under enhanced humidity and 11.97 km under
ambient humidity. The minimum distances were 1.67 km and 1.38 km under enhanced and ambient
humidity respectively. The mean (+SE) total distance flown by S. fuscipennis when humidity was
enhanced was 9.10 (+1.84) km compared to 5.37 (+1.76) km under ambient humidity (Figure, 3.5)
but this difference was not statistically significant (t-test = 1.137; P = 0.270).
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Figure 3.5: Mean (+SE) total distance (km) flown by adult S. fuscipennis under enhanced
humidity and ambient humidity conditions (t-test = 1.137; P = 0.270, N= 20 [5 enhanced
humidity & 15 ambient humidity]).

Flight Velocity (km/h).
•

Males and Females.

For males, the maximum flight velocity recorded was 3.53 km/h and the minimum was 2.48 km/h.
For females, the maximum velocity was 3.47 km/h and the minimum 2.53 km/h. The mean (+SE)
flight velocity for females was 3.03 (+0.08) km/h and 2.90 (+0.14) km/h for males (Figure, 3.6).
There were no significant differences between males and females of S. fuscipennis in terms of
mean flight velocity (t-test = 0.919; P = 0.370).
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Figure 3.6: Mean (+SE) velocity (km/h) for males and females of S. fuscipennis (t-test = 0.919; P
= 0.370, N= 20 [8 males & 12 females]).
•

Fed and unfed flies.

The maximum flight velocity recorded for unfed flies was 3.89 km/h and 3.08 km for fed flies. For
unfed and fed flies, the minimum velocities were 2.30 km/h and 2.09 km/h respectively. The mean
(+SE) flight velocity for unfed flies was 2.92 (+0.15) km/h and for fed flies mean velocity was
2.00(+0.11) km/h (Figure, 3.7). The difference in mean flight velocity between fed and unfed flies
of S. fuscipennis was not statistically significant (t-test = 2.336; P = 0.301).
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Figure 3.7: Mean (+SE) velocity (km/h) for fed and unfed adults of S. fuscipennis (t-test = 2.336;
P = 0.301, N= 22 [6 fed & 16 unfed]).

•

Enhanced humidity and ambient humidity.

The maximum flight velocity recorded was 4.35 km/h under enhanced humidity and 4.13 km/h
under ambient humidity. The minimum flight velocity recorded was 2.09 km/h in the ambient
humidity and 2.40 km/h in the enhanced humidity treatments respectively. The mean (+SE)
flight velocity under enhanced humidity conditions was 3.50 (+0.16) km/h compared to 2.71
(+0.37) km/h for ambient humidity conditions, (Figure, 3.8) and this difference was not
statistically significant (t-test = 0.770; P = 0.471).
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Figure 3.8: Mean (+SE) velocity (km/h) of adult S. fuscipennis under enhanced humidity and
ambient humidity conditions (t-test = 0.770; P = 0.471, N= 20 [5 enhanced humidity & 15 ambient
humidity]).
Longest Single Flight (km).
•

Males and Females.

For males, the maximum longest single flight recorded was 7.28 km compared to 0.82km for
females. The mean (+SE) longest single flight flown by females during 24 hours was 1.80
(+0.42) km compared to 0.90 (+0.71) km for males (Figure, 3.9). The difference in mean
longest single flight between males and females of S. fuscipennis was not statistically
significant (t-test = 1.489; P = 0.180).
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Figure 3.9: Mean (+SE) longest single flight (km) for males and females of S. fuscipennis (t-test =
1.489; P = 0.180, N= 20 [8 males & 12 females]).
•

Fed and unfed flies.

The maximum longest single flight flown was 13.18 km for unfed flies and 7.97 km for fed
flies. The mean (+) longest single flight flown by unfed flies over 24hrs was 2.70 (+1.90) km
compared to 2.00 (+1.29) km for fed flies (Figure, 3.10) but this difference was not statistically
significant (t-test = 1.101; P = 0.921).
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Figure 3.10: Mean (+SE) longest single flight (km) for fed and unfed adults of S. fuscipennis (ttest = 1.101; P = 0.921, N= 22 [6 fed & 16 unfed]).

•

Enhanced humidity and ambient humidity.

The longest single flight flown was 12.16 km under enhanced humidity and 2.14 km under ambient
humidity The mean (+SE) longest single flight recorded for S. fuscipennis when humidity was
enhanced was 2.60 (+0.93) km compared to 1.50 (+0.31) km under ambient humidity (Figure,
3.11) and this difference was not statistically significant (t-test = 1.628 ; P = 0.122).
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Figure 3.11: Mean (+SE) longest single flight (km) for adult S. fuscipennis under enhanced
humidity and ambient humidity conditions (t-test =1.628; P = 0.122, N= 20 [5 enhanced
humidity & 15 ambient humidity]).
Total Flight Time (h).
•

Male and female.

For males, the maximum total flight time recorded was 3.47 h and the minimum was 0.24 h. For
females, the maximum total flight time recorded was 5.68 h and the minimum was 0.15 h. The
mean (+SE) total flight time for females during 24 hours was 1.77 (+0.40) h compared to 1.40
(+0.44) h for males (Figure, 3.12). There were no significant differences between the males and
females of S. fuscipennis for mean total flight time (t-test = 0.394; P = 0.698).
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Figure 3.12: Mean (+SE) total flight time (h) for males and females of S. fuscipennis (t-test =0.394;
P = 0.698, N= 20 [8 males & 12 females]).
•

Fed and unfed flies.

The maximum total flight time recorded for fed flies was 7.05 h and 7.31 h for unfed flies. For fed
and unfed flies, the minimum total flight times were 0.59 h and 0.03 h respectively. The mean
(+SE) total flight time for fed flies over 24hrs was 3.17 (+0.95) h compared to 2.04 (+0.50) h for
unfed flies (Figure, 3.13). However, this difference was not statistically significant (t-test = 1.124;
P = 0.274).
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Figure 3.13: Mean (+SE) total flight time (h) for fed and unfed adults of S. fuscipennis (t-test =
1.124; P = 0.274, N= 22 [6 fed & 16 unfed]).
•

Enhanced humidity and ambient humidity.

The maximum total flight time recorded was 7.13 h under enhanced humidity and 2.32 h under
ambient humidity. The minimum total flight times were 0.64 h and 0.32 h under enhanced and
ambient humidity respectively. The mean (+SE) total flight time for S. fuscipennis when humidity
was enhanced was 2.80 (+1.83) h compared to 1.70 (+0.37) h under ambient humidity (Figure,
3.14) and this difference was not statistically significant (t-test = 1.277; P = 0.218).
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Figure 3.14: Mean (+SE) total flight time (h) for adult S. fuscipennis under enhanced humidity and
ambient humidity conditions (t-test = 1.277; P = 0.218, N= 20 [5 ambient humidity & 15 enhanced
humidity]).
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Discussion:
Little is known about flight behavior of sciomyzid flies and the current school of
thought according to Knutson and Vala (2012) is that these insects are poor fliers and only fly very
short distances. Furthermore, a mark-capture-recapture studied conducted by Williams et al.
(2010) concluded that the European sciomyzid I. albiseta congregated in large densities, did not
travel long distances and appeared to be sedentary. However, this is in contrast to this study which
revealed that S. fuscipennis has the ability to fly long distances. In fact, the maximum longest
single flight flown on a flight mill during this research was 13.18km and the maximum total
distance flown over 24hrs was 25.00km. The impact of fly sex, starvation and humidity on flight
parameters (total distance, velocity, longest single flight, total flight time) of S. fuscipennis were
also investigated but no significant differences were observed. For total flight distance, the results
above concur with Wang et al. (2009) who also found that there were no statistically significant
differences in distances flown between the sexes of B. oleae. However, Cui et al. (2013) found that
the total flight distance and total flight duration were significantly higher for female C. pipiens
pallens than males. Interestingly, Cui et al. (2013) concluded that females need blood to produce
eggs while males simply feed on nectar and as a result females have evolved a different flight
behavior than males. Since both male and female sciomyzid flies are thought to feed on sugar rich
food sources in nature e.g. nectar and honeydew and in the laboratory e.g. honey (Bistline-East et
al., 2018; Knutson & Vala, 2011) it is perhaps not surprising that no significant differences were
observed in flight parameters for males and females in this study as both sexes were fed on a honey
yeast mixture.
In addition, humidity did not seem to influence the flight behavior for S. fuscipennis
because no significant differences were observed in the mean values for total flight distance, flight
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velocity, longest single flight, and total flight time under enhanced humidity (~70%) and ambient
humidity (<10%) conditions. This is surprising because moist air is less dense than drier air
(Danook et al., 2019). As a result it may be expected that flying insects would perform better in
terms of distance, velocity and flight time in less dense humid air than denser dry air. Nevertheless,
the results for S. fuscipennis above agree with those of Wong et al. (2018) who found that the flight
performance (median flight distance, median duration and median flight velocity) of D. suzukii
were not affected by relative humidity fluctuations.
In terms of other flight parameters, the mean velocity for S. fuscipennis varied from
0.67m/s (2.40 km/h) to 0.84m/s (3.04 km/h). This is noticeably higher than the speed recorded for
other Diptera. For example, Wong et al. (2018) demonstrated that the median flight velocity for
D. suzukii was 0.18 m/s and Wang et al. (2009) found that B. oleae travelled at mean velocities
between 0.28 and 0.37 m/s. Thus, in addition to flying further than previously thought, sciomyzids
also appear to be able to fly more quickly than experts imagined.
For those insects where flight behavior has been researched it may be possible to
estimate dispersal potential by determining the range (minimum and maximum distance and
average velocity) that they can travel in a set time (Wiman et al., 2015). In taxa that have potential
to be used as biological control agents such as the Sciomyzidae, this information could be
particularly important. Prior to this study the sedentary behavior of sciomyzids lead to experts
suggesting that they may have most potential as biological control agents in closed systems such
as greenhouses (Knutson & Vala, 2011). However, the results above suggest that these insects
have the potential to fly long distances i.e. up to 25.00 km over 24hrs and as a result their role in
biological control should be reconsidered. The ability to disperse over large distances could be
viewed as advantageous when incorporated into largescale, augmentative release program where
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the goal is to manage a pest over a large area (e.g. as was the case with the release of sciomyzids
in Hawaii in 1958 to control L. ollula and P. columella). However, in cases of classical biological
control where a non-native sciomyzid is introduced to control an exotic gastropod pest, it would
be prudent to exercise caution because potential effects on non-target organisms may have a
broader geographical range post release than previously thought.
It can be hard to extrapolate flight mill data to the field and thus it is important to
differentiate tethered flight from free flight (Taylor et al., 2010). All flight mill experiments above
were conducted in the laboratory and thus were not truly reflective of field conditions (e.g. no
wind, no rain, and constant temperature). Therefore, it would be wise to suspect that these flight
mills results are likely an overestimate in terms of total distance flown, velocity, longest single
flight and total flight time. Nevertheless, the data do suggest that S. fuscipennis has the potential
to fly further and more quickly than previously thought. In spite of the limitations, replicated flight
mill bioassays continue to be an important tool for measuring the flight performance in many
insects (Taylor et al., 2010) and will likely be important for future studies on sciomyzids.
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CHAPTER 4
Conclusions and Future Research

Trail Following:
The Sciomyzidae have evolved several methods of locating prey or hosts (Knutson & Vala,
2011). These methods of prey location range from remaining idle in the soil waiting for contact
with a passing gastropod (Hynes et al., 2014) to actively seeking out prey by following mucus
trails (Mc Donnell et al., 2007). This study which investigated the trail following behavior of T.
obtusifibula demonstrated that newly hatched neonate larvae will follow fresh mucus trails to
locate or contact a host. In fact, the majority (17 out of 23) of neonates actively followed the trail
with ten larvae reaching the trail end. This response also appears to be genetic because naive
neonates were used in bioassays. Thus, the results of this study advance our knowledge
surrounding Sciomyzidae behavior by increasing our understanding of the prey location
mechanisms of a poorly understood species. Like other aquatic sciomyzid species, T. obtusifibula
may hold potential as a biological control agent against pest snails but more research is required
on various aspects of its biology before an informed decision on its true biological control potential
can be made. Future trail following studies using this species should investigate the relationship
between the age of the mucus trail and the strength of the larval response. Previous studies with
other species (Colton, 2016; Mc Donnell et al., 2007) indicated that aged trails illicit less of a
response. Furthermore, the impact of previous food on trail choice when larvae are presented with
two or more different trails including the mucus from the previous meal could yield important data
on the potential for conditioning larvae to the mucus trails of certain species. Lastly, future research
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should also include attempts at isolating the mucus constituent(s) that are responsible for
stimulating larvae to follow gastropod mucus trails.

Larval Survival:
The larval stage of sciomyzids has been suggested as the stage that should be released for
biological control purposes because it is the active gastropod-killing stage (Knutson & Vala, 2011).
If practitioners want to maximize the number of snails killed per released larvae then unfed
neonates would be the logical choice. However, neonate sciomyzid larvae can only kill and feed
on very small snails i.e. <5mm shell diameter (Mc Donnell, 2004; Beaver, 1972) and consequently
determining the number of days that a released neonate can survive for without food is important.
Our data supports the results of other larval survival studies (Gormally, 1987; Mc Donnell et al.,
2014) in that temperature appears to be an important factor influencing neonate longevity with
survival decreasing with increasing temperature. Thus, any strategies, that increase the amount of
time larvae can survive should be pursued in the future. One potential option is to feed the larva a
single snail prior to release because Mc Donnell et al. (2014) demonstrated that one snail meal
doubled the longevity of unfed neonates of S. spinipes. Other paths for future research include the
influence of different snail species meals on larval survival. Investigation of larval survival at a
wider range of temperatures and other environmental conditions could also lead to the
development of models that predict the survival of released larvae under different field conditions.
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Flight Mills
Although using flight mills to investigate flight in insects has limitations they provide
a convenient way for measuring speed, duration, distance and other parameters, and the scientific
literature is rich with publications that have investigated flight in a wide variety of invertebrates
e.g. Coleoptera (Taylor at al., 2010), Lepidoptera (Schumacher et al., 1997), and Wong et
al.,(2018) . However, to the best of my knowledge the flight behavior of sciomyzid flies has not
been researched to date. This is surprising given that these insects are among the best studied of
all Diptera (Murphy et al., 2012) and have a well-documented biological control potential
(Knutson & Vala, 2011). Despite this research gap, the current school of thought amongst experts
is that sciomyzids are sedentary, poor fliers and do not disperse over large distances as adults
(Knutson & Vala, 2011). However, to our surprise the results presented in Chapter 3 above
demonstrate that S. fuscipennis has the capacity to fly long distances. Over a 24hr period the
maximum longest single flight recorded was 13.18km, the maximum total flight distance was
25.00km and maximum flight time was 7.13hrs. These data obviously represent an important
advancement in the field of sciomyzid ecology and have implications for the use of these insects
as biological control agents. This is particularly true if sciomyzids are used as classical biological
control agents since post release dispersal will now likely be greater than previously thought and
non-target gastropod species may be more vulnerable. Potential future research questions to pursue
include what impact does mating have on female and male flight performance? Do newly enclosed
adults fly further, faster and/or longer than mature adults? Do different carbohydrate rich foods
(e.g. nectar and honeydew) impact sciomyzid flight? How do environmental variables (e.g.
temperature, wind, rainfall) influence flight? It would also be worthwhile investigating sciomyzid
flight behavior under more natural conditions (e.g. in a greenhouse or outdoors) and utilizing other

45

methods for assessing flight parameters e.g. wind tunnels. Finally, future flight mill studies with
sciomyzids should aim to use laboratory reared adults as opposed to field collected specimens.

In summary, the results presented in this thesis make a significant contribution to furthering our
understanding of the biology and behavior of sciomyzid flies and it is hoped that it will provide a
platform and an incentive for students and researchers to carry out additional research on T.
obtusifibula, S. fuscipennis and other members of this important family of insects.
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