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Cover Image Description

This is the Bubble Nebula and it happens to be the birthplace of a future star.
The Bubble Nebula is an emission nebula, meaning this beautiful gaseous structure
emits its own light. The predominantly red colour of this interstellar cloud is due to
the ionization and light emission of hydrogen gas, the most common element in the
universe. Emission nebulae, like the Bubble Nebula, are areas of star formation and can
be found in the spiral arms of most galaxies, such as the Milky Way. The Bubble Nebula
is located in the constellation Cassiopeia approximately 7,000 light years away from
Earth and is estimated to be 300,000 years old. The diameter of the sphere in the centre
is 7 light years. Almost four of our Solar Systems, up to and including the Oort Cloud,
can be lined up end to end within that little sphere. The diameter of the sphere is also
almost twice the distance from our Solar System to the nearest star, Alpha Centauri.
It’s hard to grasp the enormity of the Bubble Nebula when it’s unfathomably far away.

This photo was captured and processed by Sarah A. Savić Kallesøe, an undergrad-
uate student at Simon Fraser University in Burnaby, Canada on September 29, 2016.
The total exposure for this image is approximately 3.5 hours, using hydrogen alpha
narrowband, red, green, blue, and luminance filters. Each frame had an exposure of
120 seconds. The luminance frames were captured with 2 × 2 binning and the colours
and hydrogen alpha were taken with 4 × 4 binning. A total of 60 images were selected
to create this image.
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Foreword

Dear Reader,

Since its inaugural year, the central vision of the SFU Science Undergraduate Research
Journal was to connect the undergraduate research community and create a platform
to recognize and distribute scholarly, peer reviewed research by undergraduates. The
first issue of the journal was published in 2016 and since then, we have published 19
research and review articles, worked with 79 different faculty and graduate student
reviewers, and showcased the work of 52 undergraduate research authors.

As researchers ourselves, we know firsthand the many hours of physical and mental
work which go into the creation of a manuscript. The quality of research and intellect
that we see in our submissions each year is astounding. It is with great joy that we
work with authors, editors, and reviewers in the peer review process to prepare papers
for potential publication. When we look back at all we have accomplished, we are truly
thankful. We would not be able to assemble such an issue without the work from our
editorial team and peer reviewers.

This year, we have continued to broaden our online presence with our continuing blog
series featuring undergraduate researchers and have expanded it to include graduate
students and Faculty. We are also hard at work organizing the second annual science
undergraduate research poster competition. We look forward to seeing SFU SURJ grow
in the years to come, and we invite you to come along for the ride. Without further
delay, we present to you, the third edition of the SFU Science Undergraduate Research
Journal.

Sincerely,

Siobhan Ennis, Emily Leung, Anish Verma, and Christine Wang

Executive Editors
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Evidence of a Divergent Growth Response in
the Pacific Oyster, Magallana Gigas, When

Exposed to Native and Invasive Crab
Chemical Cues

Rachel Munger1,3∗

Asim Renyard2,3

1University of Victoria
2Simon Fraser University

3 Bamfield Marine Sciences Centre

Abstract

Marine invertebrates exhibit a variety of plastic morphological defenses in response
to predator chemical cues. Typically, bivalves increase shell mass and strength in
order to mitigate predation risk. However, invasive species may give off unfamiliar
chemical cues, rendering native prey unable to detect and respond to foreign
predators. Nevertheless, some native prey may adapt to recognize foreign predators
over relatively short time scales (i.e. decades). The Pacific oyster, Magallana gigas,
was introduced into Barkley Sound in 1937 and has experienced predation from
native predators for nearly 80 years. Little is known about its defence capabilities
and how it responds to the invasive European green crab, Carcinus maenas, with
which it has coexisted for less than a decade. This offers a unique opportunity to
study short-term evolution of defence mechanisms in response to predators over
multiple time scales. We conducted a laboratory experiment to test if shell growth
of juvenile M. gigas would be influenced by chemical effluent from native red rock
crabs, Cancer productus, and invasive European green crabs, Carcinus maenas. Our
results suggest that oysters grown in the presence of red rock crabs produce heavier
shells than oysters grown in the presence of green crabs and controls, although this
was not statistically significant. Shell weight increase in response to red rock crabs
suggests that Pacific oysters may have had time to evolve a response to red rock
crabs, but not yet for invasive European green crabs.

Keywords — Phenotypic Plasticity, Predation Cues, Morphological Defenses,
Invasive Species

1. Introduction

Intertidal and sublittoral predators drive an immense variety of defence responses
in marine prey populations [1]. In the presence of predators, prey can modulate
their behavior, life history or morphology in order to mitigate predation risk [2, 3, 4].

However, these defense mechanisms are energetically costly, and often trade-off with
reductions in growth and fecundity. [2, 5, 6]. Consequently, many prey species reduce
these costs by exhibiting plastic responses that are only upregulated in the presence of
a predator [6].

∗Corresponding Author: rmunger@sfu.ca
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Sessile or slow-moving organisms like some bivalve species are widely known to
alter their morphology in order to alleviate predation risk [3, 6, 7, 8]. Some prey species
can detect chemical cues given off by their predators’ physiological functions, such as
waste excretion, [9], allowing them to adapt their phenotype to decrease the risk of
predation [10]. For example, Côté [11] concluded that bivalve mussels increase byssal
thread production in the presence of a predator in order to increase dislodgement force,
and therefore predator handling time. Additionally, Freeman and Byers [12] found that
mussels increase their shell thickness in the presence of a native predator.

Introduction of invasive species can alter predator composition, and has therefore
been found to shift community dynamics [13]. Antipredatory responses of native prey to
invasive species tend to vary with geographical location and the length of time that the
prey and predator have coexisted [13]. Increases in predator composition also increase
the variation in which prey plastically alter their morphology in response to predation
risk [12]. For example, Freeman and Byers [12] found that the recent crab invader,
Hemigrapsus sanguineus, did not induce shell thickening in naïve mussel populations
from the West Atlantic. However, populations of mussels that had already coexisted
with H. sanguineus for more than 15 years were able to demonstrate a shell thickening
response [12]. In contrast, both the naïve and familiarized mussel populations thickened
their shells in the presence of Carcinus maenas, a well-established invader [12]. This
suggests that prey species are capable of evolving their plastic responses over relatively
short time-scales (i.e. decades) to defend against invasive predators.

The European green crab (Carcinus maenas) was first observed on the West Coast
of North America in San Francisco Bay, CA, in 1989 [14], and has invaded British
Columbia waters over the past 15 years. Because of their recent introduction, C. maenas
may not be recognized by native prey species [15]. This decapod crustacean feeds on a
variety of prey, including many bivalve species [16]. C. maenas are extremely tolerant
to fluctuating temperature, as they can survive in water temperatures ranging from
0◦C to above 30◦C, [17, 18], and are euryhaline to 4 ppt as adults, and up to 17 ppt as
larvae [19]. C. maenas thrive in open sand, mudflats, shell, cobble, and algae beds [20].
The physiological tolerance of C. maenas facilitates their ability to successfully invade
diverse environments, subsequently altering ecological structure at several levels. [21].
For example, C. maenas invasion into Maine, USA, coincided with an extensive decline
in soft shell clam beds [21]. Since C. maenas influence the abundance and dynamics
of bivalve communities in the Atlantic [22], we would like to investigate if bivalves
can adapt and respond defensively to the recently invasive C. maenas in Eastern Pacific
communities.

The Pacific oyster (Magallana gigas) is native to the western Pacific, ranging from
Russia to China, and into Southeast Asia [23, 24] but has been widely introduced, for
commercial use, across the globe [25]. M. gigas was first introduced to Puget Sound
in 1902, and Barkley Sound (the site of our study) in 1937, [25], and is now Canada’s
second most valuable commercial shellfish species (after mussels). M. gigas represented
59% of total oyster production in British Columbia in 2013, with an estimated economic
contribution of $ 12.4 million [26]. On the West Coast of North America, Metacarcinus
magister (Dungeness crab), Metacarcinus gracilis (graceful rock crab), and Cancer productus
(red rock crab) are the primary predators of M. gigas [25]. As such, M. gigas has had

2
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a longer evolutionary history of exposure (80 years) to native crab predators than the
recently invasive C. maenas. Despite the importance of crab predation on M. gigas, little
is known about its defence capabilities and responses to C. maenas.

Recent studies on the eastern oyster, Crassostrea virginica, have found that oysters
increase shell thickness, mass and strength but produce less soft tissue in the presence
of predators [7, 27, 28]. Furthermore, Robinson et al, [6], found that recently settled
eastern oysters raised in the presence of crab predators produced thicker, wider and
stronger shells and were less susceptible to predation by crabs. These findings suggest
that oyster prey have the ability to appropriately allocate energy stores in order to
successfully defend against more familiar predators.

Continual invasion of C. maenas into British Columbia prompts our investigation
of plastic defence responses by M. gigas. In this study, we examine how growth in
juvenile M. gigas is impacted when raised in the presence of two crab predators: the
native C. productus, and the invasive C. maenas. We predict that M. gigas will increase
shell weight when exposed to the red rock crab C. productus, to mitigate predation
risk from a more familiar predator. We predict no such changes when oysters are
exposed to the invasive predator, C. maenas, relative to controls. Results from this study
could aid in management of wild and farmed oyster beds in the face of permanently
settling invasive C. maenas. Furthermore, understanding the timescale associated with
predator response evolution has far reaching implications in invasion ecology, beyond
the organisms studied here.

2. Materials and Methods

2.1. Experimental Organisms

We collected male C. maenas by hand and crab trap from Effingham Inlet (N49◦5’45.449",
W125◦11’54.882") on October 17, 2015. We collected male C. productus by crab trap
from Bamfield Inlet (N48◦49’2.15", W125◦8’42.843") and Grappler Inlet (N48◦49’53.667",
W125◦7’5.41") on October 25, 2015, and November 8, 2015, respectively. All collection
sites are situated within Barkley Sound, British Columbia (Figure 1). We obtained
three-month-old hatchery raised M. gigas from NOVA Harvest Ltd. (an aquaculture
facility). Oysters ranged from 0.001 to 0.029 g in shell weight (0.896 - 13.94 mm shell
length), which is within the limits of green crab predation (up to 60mm) and red rock
crab predation (who eat seed and juvenile oysters) [29, 30]. We housed all organisms at
the Bamfield Marine Sciences Centre where laboratory experiments were conducted.

We fed juvenile M. gigas 1 g of oyster spat formula (Innovative Aquaculture Products
Ltd) per 200 mL of seawater. Spat formula contained the microalgae Phaeodactylum
tricornutum, Chaetocerus-B, and Nannochloropsis oculata. We fed oysters every morning
and evening throughout the experiment. We fed crabs chopped Mytilus californianus
every three days until satiation. We also provided control aquaria with chopped mussel
to control for any effects of mussel effluent on oyster growth. Lastly, we cleaned all
aquaria, including controls, every fourth day after substantial feeding time. Oyster
growth is most efficient in water ranging from 15-18◦C (JP Hastey, NOVA Harvest
aquaculture. Email. 10 Nov 2015. pers. comm.). Therefore, in each sea table, we used
an 11.5cm deep heated water bath around all experimental aquaria. We warmed water

3



Vol. 3 (2017-18)

using 100 watt Theo Hydor aquarium heaters set to 18◦C. We limited water flow to a
twice daily flush of 13 minutes each, as incoming seawater was approximately 12◦C,
and would not be able to sustain maximal oyster growth. We recorded temperature
in aquaria twice daily before seawater flushing in the morning (08:00hrs), and after
seawater flushing in the evening (19:00hrs) to ensure temperature did not act as a
confounding variable.

2.2. Experimental Design

Our experiment consisted of two treatments and a control designed to test the effects
of, 1, C. maenas chemical effluent cues on M. gigas growth, and, 2, C. productus chemical
effluent cues on M. gigas growth. We designed our control to assess juvenile oyster
growth in the absence of any crab. We placed a small, perforated container housing
10 M. gigas in a 7 L aquarium that contained an individual C. maenas, or C. productus
(treatments), or an aquarium with no crab (control).

We arranged aquaria in a complete randomized block design within sea tables.
Each block consisted of four replicates of each predator treatment and four controls (no
predator), totaling to 12 containers per sea table. We used three sea tables, for a total of
3 blocks, containing 4 sets of each treatment per block.

We weighed crabs with a Yamato Accu-Weigh SPC-5005 electronic scale to ensure
all individuals were similar in weight. C. productus individuals ranged from 92 - 182
grams in weight, and C. maenas individuals ranged from 90 - 142 grams in weight. We
acclimated crabs to aquaria for 24 hours before trials began.

We selected three hundred and sixty juvenile oysters for the experimental trial.
We measured oyster length using Mastercraft 58-6800-4 digital calipers (accuracy =
0.01 mm). We measured length from the umbo (hinge line) of the oyster to the tip
of the longest frill. We measured oyster wet weight and shell weight to the nearest
1 mg using the Mettler BasBal BB240 electronic scale, as adapted from Palmer [31].
This non-destructive technique allowed us to obtain initial and final measurements
of wet weights and shell weights of the same oysters. The scale rested on a wooden
scaffold that allowed for suspension of a weighing dish from underside of the scale. The
weighing dish was immersed in a container of seawater and tared to compensate for the
weight of the dish. This allowed us to measure oysters while they were immersed in
seawater. We placed an individual oyster in the dish; assuming the density of seawater
is equal to the density of the oyster tissue [31], and the scale measured the weight of
the shell alone. First, we took wet weight measurements using the standard platform
on the scale. Next, we measured the immersed weight of the same oyster to obtain
the shell weight. We calculated tissue weight by subtracting shell weight from the
total wet weight of each oyster. Afterwards, we placed ten oysters in one of thirty-six
perforated containers. These containers allowed for effluent flow, but deterred direct
crab predation. Lastly, we placed containers in aquaria attached to an air stone.

We ran the experimental trial for 22 days. At the end of the exposure, we removed
juvenile oysters from aquaria and measured them using the same methods as described
above for their final length, wet weight, shell weight, and tissue weight. One C. productus
moulted, and one C. maenas escaped and was promptly replaced with a new individual
during our experiment. We do not believe this affected the amount of chemical cues

4
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oysters experienced and these replicates were included in our analysis.

2.3. Statistical Analysis

We considered the mean of each group of ten oysters a replicate. For each treatment,
we calculated mean shell length, shell weight, wet weight and tissue weight. We took
the differences by subtracting initial values from final values, and calculated unitless
proportions (i.e. growth change) by subtracting mean initial weight from mean final
weight and dividing by mean final weight.

Many of the differences we calculated for total wet weight, tissue weight, and shell
length were negative, suggesting that growth decreased. We suspect that wet weight
measurements were confounded by water weight between frills of the oyster shells, so
we omitted wet weight data in our analysis. We also omitted length measurements
from our analysis, as we postulate that negative values are indicative of human error.
Shell weight of oysters was the most accurate measurement in our study (Dr. R. Palmer,
Conversation. 29 Nov 2015. pers. comm.), so we used only shell weight data in our
analysis.

We completed graphing and analysis in ’RStudio’ version 0.98.1087 (R version 3.0.2
GUI 1.62 Snow Leopard build) using the ’nlme’ package (Pinheiro et al., 2015). We
analyzed mean proportional growth of shell weight for each treatment using a mixed
effects analysis of variance (ANOVA), blocked by sea table as a random effect to account
for within sea table growth variation. We performed this analysis using a linear mixed
effects model (lme) fit by restricted maximum likelihood (REML). Finally, we performed
an ANOVA on temperature from the three sea tables used in our experiment, and
found that temperature did not significantly differ between sea tables over the course
of the experimental exposure time (ANOVA; DF=1, SS=0.82, MS=0.82, f-value=1.02,
p=0.317).

3. Results

Over the 22-day experimental predator exposure, shell weights in both treatments
and the control increased significantly relative to initial values (DF=1, denDF=21,
f-value=39.08, p<0.0001)

Results indicated that M. gigas grown in the presence of C. productus had a higher
mean proportional shell weight increase (0.525 ± 0.094) relative to C. maenas (0.354 ±
0.092) and controls (0.444 ± 0.088). However, we found no statistically significant
differences in M. gigas growth between treatments (Blocked ANOVA; DF=2, denDF=21,
f-value=1.66, p=0.215, Figure 2).

In all treatments, large M. gigas had similar proportional shell growth relative
to initial size, whereas small M. gigas appeared to have greater differences between
treatments, indicated by the converging treatment lines in Figure 3. Smaller M. gigas
had a higher mean proportional shell weight growth in the C. productus treatment, than
in the C. maenas treatment, or control (Figure 3). However, smaller M. gigas in the C.
maenas treatment had a lower mean proportional shell weight growth than the control
(Figure 3).

5



Vol. 3 (2017-18)

4. Discussion

4.1. Effect of Treatment

The purpose of our study was to determine whether or not M. gigas could recognize
novel predator cues from the invasive C. maenas, compared to that of C. productus,
which has co-existed with M. gigas for nearly 70 more years [25]. Although we did not
find a significantly different effect between native and invasive crab treatments, the
heavier shell mass produced by oysters grown in the presence of C. productus suggests
a biologically relevant trend. Below, we consider our results in light of our predictions
and their implications for responses of sessile organisms to familiar and unfamiliar
chemical cues.

Our results suggest that juvenile oysters may be able to increase shell weight
depending on the crab predator the oyster is exposed to. Robinson et al [6] found that
juvenile (<5mm) eastern oysters, Crassostrea virginica, increased shell mass and diameter
significantly more when grown in the presence of native blue crab predators, compared
to controls, providing evidence that C. virginica can plastically adopt morphological
defences that protect themselves from crab predators. Our results compliment those
of Robinson et al [6] demonstrating that juvenile M. gigas may adopt plastic defenses
depending on predator familiarity. This may suggest that continual coexistence of the
invasive C. maenas and M. gigas could lead to the evolution of predator cue recognition
in decades to come.

Studies from the East Coast of North America have demonstrated that predator
cue recognition to C. maenas has already evolved in areas where the crab first invaded.
For example, Large and Smee [13] found that populations of dogwhelks in the Gulf
of Maine produced heavier shells in areas where C. maenas were well established.
Conversely, they found that dogwhelk populations unfamiliar with C. maenas did
not produce heavier shells compared to controls [13]. Similarly, the whelk Nucella
lapillus was found to increase shell thickness when familiar with C. maenas, although
populations both familiar and unfamiliar to the invasive crab responded by reduced
foraging [32]. These studies indicate that species may quickly evolve predator cue
recognition and upregulate plastic morphological defence mechanisms in response
to foreign predators given sufficient time to coexist. Our study sheds light on prey
responses during early C. maenas invasion in the Eastern Pacific, suggesting that M.
gigas has not yet evolved the required predator cue recognition to defend itself.

Numerous studies have found plastic defence responses in bivalves, including other
oysters [8, 13, 33]. We therefore suggest that juvenile M. gigas does produce heavier
shells in the presence of a familiar predator, but that our study failed to significantly
detect these differences. Our study had a limited sample size and effect size, which
led to higher variance and lower power between treatments. In addition, our study
exposed oysters to crab predators for 3 weeks, whereas most studies on morphological
plasticity in molluscs range from approximately 6-8 weeks [28, 34]. Therefore, our
study may not have had sufficient power to resolve differences between treatments.

Furthermore, we suspect that increased fouling by C. maenas on M. gigas (due to
waste excretion) and unfamiliar predator cues could have led to smaller proportional
growth. In contrast, control M. gigas were able to grow in an environment free of fouling,
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potentially explaining the smaller proportional growth in the C. maenas treatment
compared to controls.

4.2. Effect of Size

Smaller M. gigas grown in the presence of C. productus had higher mean proportional in-
creases in shell weight, although this was not significantly different between treatments.
Bivalve prey size can affect their vulnerability to crab predators [35]. Crabs will prey
more heavily on smaller bivalves because they require less energy to open [28], and
have a lower probability of causing claw injury [16]. Our findings suggest that juvenile
M. gigas compensate for this by growing significantly faster when they are smaller in
size. Johnson and Smee [28] found that smaller oysters grew significantly less tissue
and more shell weight in the presence of a crab predator. Our findings prompt further
investigation as to whether or not juvenile oysters are able to perceive differences in
predator species.

Future studies should examine if plastic defence strategies in bivalves have con-
sequences on survival rates [6, 33, 36]. Robinson et al [6] found that juvenile Eastern
oysters grown in the presence of crab predators required a 30-50% increase in shell
crushing force, and therefore higher survival rates. To further expand on our study,
measuring shell crushing force would provide insight into the mechanism by which
oysters increase their fitness given the crab predator encountered, as this has not yet
been demonstrated in M. gigas. Furthermore, predation assays would determine if
observed changes in shell mass have biologically relevant consequences on survival of
juvenile M. gigas. Lastly, future studies should also assess whether the plastic growth
morphology of bivalves could not only be governed by predator effluent, but also by
effluent from conspecifics being preyed upon.

5. Conclusion

By testing the effects of chemical cues from invasive and native crab predators on a
commercially important bivalve, we were able to assess short-term evolution of defence
mechanisms in response to familiar and unfamiliar predators at known time intervals.

Bivalve aquaculture operations in the Eastern Pacific are commonly run in open
environments where the organisms reared are exposed to predators [25]. Predation is
of great concern to bivalve farmers [37], where C. maenas has been reported to predate
upon juvenile oyster spat [38]. In the coming decades, C. maenas may be a significant
pest for farmed and wild oyster beds. However, over a longer time scale, M. gigas may
evolve predator cue recognition for C. maenas to increase fitness and survival.
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A. Figures

Figure 1: Sites of green crab collection (Effingham Inlet - N49◦5’45.449", W125◦11’54.882"), and red
rock crab collection (Grappler Inlet - N48◦49’53.667", W125◦7’5.41"), in Barkley Sound,
British Columbia. Green crabs were collected from Effingham Inlet on October 17, 2015. Red
rock crabs were collected from Grappler Inlet on October 25, 2015.
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Figure 2: Mean proportional growth of oysters exposed to green crabs (0.354 ± 0.092; n = 12), red rock
crabs (0.525 ± 0.094; n = 12), and no crab predators (0.444 ± 0.088; n = 12). Data was
collected on December 2 and 3, 2015.

Figure 3: Mean proportional growth in weight versus initial weight. Regression lines were fit using
means of each treatment (n = 12 for each). Equations of the lines were calculated to be y =
−85.215x + 1.521; (R2 = 0.32) for native crab treatments, y = −9.149x + 0.462; (R2 =
0.05) for invasive crab treatments, and y = −25.949x + 0.745; (R2 = 0.11) for controls.
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Abstract

Ultraviolet A (UVA) radiation comprises a large portion of the solar radiation
found on Earth. UVA exposure has been shown to induce both harmful and
beneficial biological effects on insects. The objective of this study was to observe
if Drosophila melanogaster, a relative of the North American common fruit fly, are
attracted to or repelled by UV light when alternative light conditions are present.
We performed three experiments that gave the flies a choice between (1) UVA or
UVB light areas, (2) UVA light or a dark space, (3) a white light only area or a UVA
in combination with white light space. In all three cases, we found significantly
more flies in the UVA exposed areas (≥ 80%). This suggests that fruit flies exhibit
positive phototaxis toward UVA light. Our data provide insight into the behavioral
preferences of fruit flies, and show potential for a UVA component to be involved
in a successful pest-trapping device.

Keywords — Phototaxis, Ultraviolet, Fruit Fly, Two-Choice Bioassay, Pest
Management, Light Trap

1. Introduction

Ultraviolet (UV) radiation is visible to insects [1]. Three types of UV are
emitted from the sun: UVA (400-315 nm), UVB (315-240 nm), and UVC (240-100
nm). UVC and most UVB radiation are largely absorbed by the ozone layer,

which is beneficial as they are both harmful to living organisms [2]. This leaves UVA as
the primary component (> 90%) of UV that reaches the Earth’s surface, causing it to be
the main type of radiation interaction with ecosystems and organisms [3].

The fly genus Drosophila are common pests that are present on almost every conti-
nent on Earth [4]. Drosophila possess photoreceptive cells which have specific spectral
sensitivities, allowing them to detect differences between light [1]. One type of response
that comes from these cells is phototaxis, which can be either positive or negative [1].
A positive phototactic response provides potential for pest trapping uses, however it
has been found that effective intensities and wavelengths vary greatly between insects

∗Equal First-Authorship
†Corresponding Author: kevin_lam@sfu.ca
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[1]. A negative phototactic response can be used to protect cultivation areas by dis-
playing light at an intensity or wavelength that repels a particular species [1]. This
study explores how such innate reactions to light can be better implemented into pest
management.

Our ultimate goal with this research was to observe if UVA light serves as a repellant
or attractant for Drosophila melanogaster, a relative of the North American common fruit
fly, when alternative light options are present [1]. For D. melanogaster, UVA exposure is
disadvantageous to the F1 generation’s fitness, and causes an increase in the duration
of time from egg to hatching of the first filial generation 5. There seems to be a gap in
existing research involving more long-term studies. Although UVA has been found
to be primarily damaging, it has also been noted that UVA radiation can stimulate
beneficial photorepair in some organisms [2]. Developing ways to attract these flies to
UVA can be utilized in traps to help manage infestations.

The purpose of our first experiment was to determine if different wavelengths of
UV light were more attractive to the flies than others. Our second experiment’s goal
was to confirm the previous finding that the flies would be found in a UVA light
environment as opposed to a dark environment [1]. Our final experiment explored
fruit flies’ phototactic response to UVA light when white light was also present, as a
way to mimic an indoor setting.

We hypothesized that, because it is often evolutionarily beneficial to avoid harmful
conditions, D. melanogaster would (1) be found more often in the UVA light environment
than the UVB environment, (2) be found less often in the UVA light environment than
the dark environment, and (3) be found less often in the UVA light environment than a
white light only environment.

2. Materials and Methods

2.1. Experimental Insects

The D. melanogaster used in this experiment are of the Oregon-Roseburg wild-type
strain, sourced from Simon Fraser University’s Department of Biological Sciences. The
flies received a standard fruit fly diet composed of distilled water, yeast, agar, cornmeal,
molasses, tetracyclin and tegosept [5].

2.2. General Experimental Setup: Two Choice Bioassay

We used two-choice bioassays to compare which light environment captured more
flies, modelling a previous study [6]. For our experiment, we used a T-tube adapted
from black construction paper to connect two test tubes (Ultident Scientific Borosilicate
Disposable GlassCulture Tubes) together (Figure 1). This setup allowed the fruit flies to
move towards one test tube or the other. Any fly that did not move toward either of the
environments, and instead remained in the T-tube, was identified as a "non-responder".
The T-tube served as a way to insert fruit flies into the bioassay apparatus and expose
them to the two environments at the same time.

To control for external variables, we used cardboard boxes as chambers to surround
the test tubes and enclose the different lighting conditions. We hot glued heavyweight
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black construction paper to the inside of both boxes. We inserted one of the test tubes
3.0 cm up from the bottom of the first box, so that approximately 0.7 cm of the open
end of the test tube remained outside the box. This was repeated for the second test
tube, which was set up identically in the adjacent box. Each cardboard box was exposed
to one of two lighting conditions for each experiment. In a preliminary test (not shown),
we randomly alternated the UV bulbs and the sides of the T-maze, concluding that
these caused no significant impact on our results.

A vial of fruit flies contained 25-137 flies. For each trial, we inserted fruit flies from
a vial into the T-tube using a funnel which we then closed off using a cotton ball. When
the flies were being inserted, the open end of the T-tube was facing upward. As soon as
the flies were inserted, we rotated the T-tube apparatus 90 degrees to prevent the flies
from being encouraged to crawl back upwards and to avoid a third-choice environment.
We started a timer for two minutes, giving the fruit flies enough time to explore both
lighting options and move towards one test tube or the other, without temperature
acting as a confounding variable [7]. We then separated the test tubes from the T-tube
using slips of paper, capturing the flies in their respective environments. The flies still
in the T-tube (non-responders) were then transferred to a third test tube. All test tubes
for each trial were placed into a freezer to sacrifice the flies, after which we counted
and identified them by sex.

Figure 1: General Setup and Dimensions for Two-Choice Bioassay Flies were deposited into the
top of the T-Tube. At the end of the experiment, paper slips were inserted to trap the flies
present in each condition. Any flies remaining in the T-Tube after the experiment ended were
classified as "non-responders". The specific lighting conditions varied for each experiment.

For each experiment, the bioassays were replicated 10 times. For every replication,
new T-tubes and test tubes were used to avoid contaminating equipment with D.
melanogaster stress hormones or other signals [8].
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2.3. Experimental Light Conditions

The three experiments conducted had specific light conditions (Table 1). A
Mineralight R© lamp (Model UVGL - 58, 115 V) and a Voltax R© LED Work Light (160
lm) were used as the sources for UV and white light, respectively. The Mineralight R©
lamp had two wavelength settings: long (365 nm, 1200 µW cm−2) and short (254 nm,
1350 µW cm−2 ). In Experiments 2 and 3, a UV light was turned on but covered by
black construction paper to control for any noise, temperature, vibration, or other
confounding factors that might have arisen from the UV lamp itself.

Table 1: Light Conditions for Experiments.

Experiment Box A Box B

Mineralight Voltax Flashlight Mineralight Voltax Flashlight
1 UVA (365 nm) - UVB (254 nm) -
2 UVA - UVA, covered -
3 UVA On UVA, covered On

2.4. Statistical Analysis

We converted the fly-count data to percentages of the total number of flies in each
vial. We then graphed the mean percentages (with 95% confidence intervals) of the
total number of flies, including non-responders. We performed chi-squared tests of
goodness-of-fit (α = 0.05) on the two responding groups of flies for all 3 experiments, to
determine if the proportions differed significantly from 50%, our null hypothesis. This
would indicate that our observed values were significantly different between the two
environments. A Two Way ANOVA (α = 0.05) was used to examine if the phototactic
responses of female and male flies were statistically different for each experiment.

3. Results

3.1. Experiment 1: UVA vs. UVB Light

The UVA light environment captured significantly more flies that the UVB light envi-
ronment (Figure 2; χ2(2, N = 10) = 188.16, p < 0.0001).

3.2. Experiment 2: UVA Light vs. Darkness

The UVA light environment captured significantly more flies than the dark environment
(Figure 3; χ2(2, N = 10) = 360.08, p < 0.0001).

3.3. Experiment 3: UVA And White vs. Only White Light

The UVA and white light environment captured significantly more flies than the "white
light only" environment (Figure 4; χ2(2, N = 10) = 206.35, p < 0.0001).
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Figure 2: Average Percentage (%) of Fruit Flies Captured in UVA vs. UVB Light Conditions
This graph displays the mean percentages of the fruit flies that were captured by UVA light,
UVB light, and also the percentage of fruit flies that remained in the T-tube (non-responders).
Error bars represent 95% confidence intervals.

We found that there was no significant difference in the average percentage of male
and female flies captured in the UVA environment in experiments 1 through 3 (graph
not shown; F(59) = 2.17, p = 0.124).

4. Discussion

The results from the first experiment suggest that more fruit flies would be captured by
the UVA light environment than UVB (Figure 2). While UVB radiation is exclusively
harmful for organisms, UVA wavelengths display a variety of detrimental and beneficial
effects [2]. Some beneficial effects of UVA involve the substantial inhibition of growth
or survival in bacteria that are harmful to the flies [9]. Both UVA and UVB have been
found to cause mortality and pyrimidine dimers, however, UVA causes damage to a
much lesser degree [2, 10]. The flies may have avoided the UVB due to the damage
associated to its higher intensity, or they may simply be more attracted to the specific
wavelength of UVA.

More fruit flies were found in the UVA light environment when given the alternative
of the dark environment (Figure 3). The observed phototaxic behaviour of the adults
is opposite than that seen in larvae [11].To promote survival, larvae prefer to reside
and feed in dark environments, such as rotting fruit, to simultaneously avoid predators
while obtaining a source of food [12]. Therefore, from an evolutionary view, it would
be beneficial for the larvae to seek dark conditions. Once the flies reach maturity and
leave these dark spaces, their perception of a safe and opportunistic environment may
change. A possible explanation of our results, and adult insect attraction to UVA light,
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Figure 3: Average Percentage (%) of Fruit Flies Captured in UVA Light vs. Dark Environments
This graph displays the mean percentages of the fruit flies that were captured by UVA light,
Darkness, and also the percentage of fruit flies that remained in the T-tube (non-responders).
Error bars represent 95% confidence intervals.

is that UVA light is associated with the recognition of open sky, in which food and
other essentials may be found [13].

Our final experiment suggests that UVA is still a superior attractant even when
a white LED light is present (Figure 4). Williamson et al. [2] discovered that UVA
radiation, in combination with visible light, stimulates photoenzymatic repair - a light-
mediated process to repair UVB-damaged DNA. This could be a potential underlying
reason for positive phototaxis to UVA light. The results from these experiments point
toward the conclusion that a UVA trap may be effective for adults in both dark and
light conditions during the day.

One aspect that may have added variability to the data was the possibility of social
interactions influencing the observed response. Due to the large variation in sample
size per trial, in some cases flies may have attempted to avoid crowded conditions
in some trials, which may have impacted their location. This large variation, as well
as the brief time limit given, may be responsible for the number of flies classified as
"non-responders".

Regarding the investigation of the differences in behaviour between sexes, we used
a one-way ANOVA and found that there was no statistically significant difference in
the movement of male and female flies. The absence of a sex-dependent phototactic
response suggests that a UVA light trap could be equally effective against male and
female flies. This adds to the potential effectiveness of an indoor trap because UVA
light has also been shown to lower fecundity in fruit flies [14]. Thus, overtime, it may
reduce population growth as well.
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Figure 4: Average percentages (%) of Responding Flies Captured in UVA + White Light vs.
Only White Light Environments This graph displays the mean percentages of the fruit
flies that were captured by UVA light, white light, and also the percentage of fruit flies that
remained in the T-tube (non-responders). Error bars represent 95% confidence intervals.

5. Conclusion

Our results suggest that Drosophila are more attracted to UVA light than UVB. The
results also suggest that fruit fly photoreceptors are sensitive to different wavelengths of
light, and that certain wavelengths may be more attractive than others. A trap utilizing
UVA radiation could be combined with olfactory stimuli to increase its effectiveness in
attracting the flies [15]. A follow up experiment could be to determine which olfactory
stimuli, when combined with UVA, is the most effective in attracting and trapping fruit
flies.

A challenge in research with adult Drosophila is that their phototactic responses may
be modulated by their circadian clock[16]. Due to the diurnal nature of fruit flies, it
is possible that their phototactic response to UVA light can oscillate throughout the
day [14, 17]. An additional future experiment could be to conduct similar bioassay
trials at night and examine if there are any observable changes in the flies’ phototactic
behaviour.

A major practical application of our study’s results is to use the attractive prop-
erties of UVA as bait to capture the disruptive populations of these flies in various
environments. Our data offers potential for UVA radiation to be applied as part of a
pest-control mechanism. This type of mechanism, which would involve light rather than
scent, would be beneficial in terms of avoiding an unpleasant odor. The effectiveness
of such a trap can be further explored by studying the behavioral and physiological
effects of UVA exposure on D. melanogaster, particularly on their reproductive processes.
These studies are needed to ascertain if a sanitation technique would be needed in a
trap that includes UVA, or if UVA exposure alone is enough to impede population
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growth.
In conclusion, Drosophila melanogaster appear to be able to distinguish these different

types of light from one another, and demonstrate positive phototactic responses to
UVA light in both light and dark conditions. The difference in phototactic response
between male and female fruit flies toward UVA light does not appear to be significantly
different, which indicates that a UVA light trap could be effective for both sexes.
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Abstract

Copper metal is capable of killing more than 99.9% of bacteria upon contact, and
has been researched as an alternative material to hospital surfaces with aim to
prevent hospital-acquired infections. Because copper is a malleable metal, it is
more likely to acquire surface scratches than other common materials in high-
traffic health care facilities. To investigate the effects these scratches may have on
copper’s antibacterial activity, we inoculated scratched and unscratched copper
C110 with either Escherichia coli ATCC 11303 or Staphylococcus carnosus 51365 and
quantified the bacteria present at various time intervals. We found no significant
difference in the antibacterial activity of copper between the two surface textures,
with 99.9% of E. coli and the majority of S. carnosus bacteria killed within 10 minutes.
This suggest that copper surfaces implemented in health care facilities would not
require extensive maintenance of smooth surfaces to retain their bactericidal effects.
Additionally, we found a significantly greater concentration of bacteria present
on stainless steel compared to copper, supporting the claims that copper surfaces
could help decrease the transmission of hospital-acquired infections.

Keywords — Hospital Acquired Infections, Surface Texture, Copper C110,
Staphylococcus Carnosus 51365, Escherichia Coli ATCC 11303, Infection, Stainless Steel

1. Introduction

Health care facilities are the source of many infections [1, 2, 3], as bacteria can be
deposited by a touch, sneeze, or cough from an infected patient [4]. Despite the
various infection protocols implemented every year [1, 5, 6], hospital acquired

infections remain prevalent today [3, 7, 8]. The Center for Disease Control estimates
that 1 in every 25 patients in American acute care hospitals acquires an infection during
their stay [9], with approximately 75 000 of these infections resulting in fatality in 2011
[9].

Frequently touched surfaces within health care facilities such as door knobs, hand-
rails and light switches are often made from materials on which bacteria are able to
survive and grow, such as aluminum or stainless steel [10, 11, 12]. Copper is classified
by the Environmental Protection Agency as a solid antimicrobial material, and is capable
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of killing viruses, yeasts and bacteria upon contact [10]. Because of its well-established
antimicrobial properties [10, 13], copper metal and its alloys have been researched as an
alternative material for these frequently touched surfaces [10, 14, 15, 16, 17, 18], with
aim to decrease infection transmission. Although the mechanism by which copper kills
bacteria is not fully understood, studies that replaced a variety of frequently touched
surfaces with copper alloys saw a significant decrease in pathogens present on these
surfaces [15, 19, 20].

Despite these promising results, copper is more malleable than aluminum or stain-
less steel, and therefore more susceptible to surface damage [13]. Because hospitals
are high traffic facilities, copper surfaces are likely to obtain scratches and abrasions.
If bacteria-metal contact is needed for efficient bacterial killing, we expect to see a
decrease in the efficiency of copper’s antimicrobial activity on scratched surfaces, as
bacteria may become suspended in solution within these crevices. Our research aims to
investigate the effects that surface scratches may have on copper’s antibacterial property,
which could indicate whether hospitals that replace frequently touched surfaces with
copper should be vigilant in maintaining smooth surfaces.

2. Materials and Methods

2.1. Preparation of Bacterial Broths

We prepared a broth of each bacterial strain being tested (Table 1). Broth inoculation
was done inside a biosafety class IIA/B3 Biological safety cabinet. First, we incubated
each strain on Mueller Hinton agar (Forma Scientific IN2-MIC E-63 incubator; 37◦C for
22-48 hours). Then, we isolated one bacterial colony on the agar plate and inoculated
it in 10 ml Mueller Hinton broth (BBLTM Mueller Hinton Broth; 22 g broth powder
per litre), and incubated each sample (Max Q 4000 Barnsteed Lab-Line incubator).
All broths in this experiment were prepared with these methods, with incubation
parameters depicted in Table 1.

Table 1: Naming system for bacterial broths used in this experiment.

Bacterial Strain Incubation Parameters Name

E. coli strain ATCC 11303 190 rpm; 37 ◦C; 16 hours Broth A
S. carnosus strain 51365 155 rpm; 37 ◦C; 19 hours Broth B

2.2. Preparation of the Copper

We obtained 32 copper pieces (3 cm × cm C110 copper (99.9% pure copper); 0.064 inch
thickness, Metal Supermarket).

Scratching the Surfaces of Copper Coupons

We scratched 12 parallel lines onto half of the copper pieces to introduce the variable
of surface texture. To ensure all scratches were of comparable depth, we built a lever
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(Figure 1) and placed a lead block (1.4515 kg, length: 10.1 cm, width: 4.9 cm, height: 2.4
cm) 2.54 cm from one edge of the board, and taped a piece of copper to be scratched
2.54 cm from the opposite edge. Using the corner of a razor blade (Personna 94-120-71
stainless steel razor blades), we applied pressure to the left upper corner of the copper
piece until the wooden board was level to the ground. Then, we slid the blade towards
the bottom edge of the copper piece, keeping pressure constant and the board level.
We repeated this procedure 12 times from left to right for each copper piece, using a
new blade for each square. Approximately 2% of the surface of the copper coupon was
scratched.

Figure 1: Overview of copper metal scratching mechanism implemented in this experiment.
Pictures not drawn to scale.

Acetic Acid Wash and Sterilization

The scratches we introduced onto our copper pieces exposed copper that had not yet
had contact with open air, resulting in variability in the oxidation levels of each copper
piece. Previous studies have shown that oxide layers on copper surfaces affect copper’s
antibacterial activity [18, 21]. To account for this confounding variable, we performed
an acid wash to ensure all copper being tested underwent the same level of oxidation.

We rinsed all copper pieces with distilled water, then 70% ethanol to remove dirt and
debris. We immersed each copper square in glacial acetic acid for 15 seconds, as glacial
acetic acid removes CuO layers without damaging the copper metal underneath [22].
Immersion time was based on results of a previous study [22]. After 15 seconds, we
removed the copper pieces from the glacial acetic acid and let them air-dry. We placed
1 scratched and unscratched piece side by side in each glass petri dish to organize our
copper such that the scratched and unscratched piece for each time interval were in
the same environment. We autoclaved all the petri dishes with copper inside, then
para-filmed each dish to prevent constant oxygen flow that could increase the rate of
oxide layer formation [23].
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2.3. Measuring the Rate of Bacterial Death on Scratched and Unscratched
Copper

S. Carnosus

We removed the parafilm on each petri dish immediately before using them to keep
oxygen exposure consistent for each copper piece. For each petri dish, we pipetted 10
µL of Broth B of S. carnosus onto the centre of the scratched and unscratched copper
piece at the same time, using one plastic inoculating loop (VWR North American. Cat.
No. 12000-810) per copper piece to spread the broth evenly over the copper surface.
We used a cotton swab (Puritan Cotton Tipped Applicators 806-WC) and swabbed both
copper pieces at either 1, 30, 60, or 90 minutes after bacteria was introduced then placed
each swab into 1 mL Mueller Hinton broth. We performed 3 serial 10-fold dilutions of
this broth, then plated 100 µL of each dilution on Mueller Hinton agar and incubated
each agar plate (Forma Scientific IN2-MIC E-63 incubator; 37◦C; 21 hours). (Figure 2)
Data were collected by counting the number of visible colonies present on each plate.
Colony counts greater than zero that followed a colony count of zero earlier in the
dilution series were considered contamination and therefore excluded.

Figure 2: Overview of inoculation, spreading and plating of bacterial broth. Pictures not drawn
to scale.

E. Coli

The same methods as used for S. carnosus using Broth B were repeated using Broth A
of E. coli (Figure 2), following the time intervals and replicates depicted in Table 2.
Preliminary results were more variable for S. carnosus than for E. coli, so the remainder
of our time and resources were allocated to more replicates and an additional 10-minute
time interval for E. coli. We performed a negative control (5 replicates) on stainless steel
using these methods, swabbing only at 30 minutes to ensure the decrease in bacteria
concentration was not a result of our copper preparation methods.

Table 2: Number of replicates performed per time interval of E. Coli on C110 copper.

Times swabbed (minutes after introduction of bacteria) 1 10 30 60 90

Number of replicates 5 5 5 2 2
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2.4. Statistical Analysis

For each of our agar plates, we converted the number of visible colonies into colony
forming units per millilitre (CFU/mL) to account for our dilutions. We then graphed
the log of mean colony forming units per millilitre (with 95% confidence intervals) of
both bacterial strains present on both scratched and unscratched copper pieces at all
time intervals. We used unpaired t tests (α = 0.05) with two-tailed p tests to look for
differences in bacterial concentration between both bacterial strains on copper pieces
of both surface textures. Statistical tests were performed on original, non-logarithmic
data.

Figure 3: Mean S. carnosus strain 51365 colonies present on scratched and unscratched copper
1, 30, 60 and 90 minutes after introduction of bacteria. Swab times are presented in
minutes ± 15 seconds. Error bars represent 95% confidence intervals.

3. Results

The antibacterial effectiveness of scratched and unscratched copper against the S.
carnosus broth was determined by comparing the average logs of the bacterial colony
forming units per millilitre on both types of copper. There was no statistically significant
differences observed in bacterial concentrations between scratched and unscratched
copper for any time interval tested (Figure 3; t(2) = 0.42, p = 0.7181; t(2) = 0.95, p =

0.4408; t(2) = 0.87, p = 0.4755; t(2) = 2.8, p = 0.1074). Non-logarithmic data for the
90-minute time interval showed no significant difference in bacterial concentrations on
scratched and unscratched copper (t(2) = 2.8, p = 0.1074).

The effectiveness of scratched and unscratched copper against the E. coli broth
was also determined by comparing the average logs of the bacterial colony forming
units per millilitre on both types of copper. There was no statistically significant
difference in the mean E. coli colony concentration on scratched versus unscratched
copper at any time interval tested after introduction of bacteria onto the surfaces
(Figure 4; t(8) = 1.23, p = 0.2527; t(8) = 0.98, p = 0.3537; t(8) = 1.41, p = 0.1950).
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Figure 4: Mean E. coli strain ATCC 11303 colonies present on scratched and unscratched
copper at times 1, 10, 30, 60 and 90 minutes after introduction of bacteria. Negative
control represents experiment done on stainless steel with swab taken 30 minutes after
introduction of bacteria. Swab times are presented in minutes ± 15 seconds. Error bars
represent 95% confidence intervals.

There was a significant decrease of bacterial concentration on the copper surfaces over
time between 1 minute and 10 minute intervals (Figure 4; t(8) = 2.88, p = 0.0206),
however there were no statistically significant changes in bacterial concentration on the
copper surfaces between 10 and 30 minutes (Figure 4; t(8) = 0.99, p = 0.3500). The
bacterial concentration on copper surfaces decreased to 0 by 60 minutes. The stainless
steel negative control had no significant difference between bacterial concentration
present on scratched and unscratched surfaces after 30 minutes of contact (Figure
4; t(5) = 1.08, p = 0.3293), however there were significant differences in bacterial
concentrations between stainless steel and copper at 30 minutes, for both scratched
and unscratched surfaces (Figure 4; t(5) = 33.56, p < 0.0001; t(8) = 3.71, p = 0.0060).
There were no significant differences in bacterial concentrations on stainless steel at
30 minutes and copper at 1 minute, for scratched or unscratched copper (Figure 4;
t(5) = 1.97, p = 0.1064; t(8) = 2.12, p = 0.0673).

4. Discussion

Many mechanisms have been proposed to explain copper’s antibacterial properties;
some theorize that direct contact is required between bacteria and copper for effective
bactericidal action, [17, 24] whereas others suggest that copper ions in solution may
play a more important role [24, 25]. Our results support the latter, as there was a
significant decrease in E. coli concentration after only 10 minutes of exposure to copper
C110, yet liquid broth was still present on the copper surfaces at this time. Because
liquid was still present on the copper surfaces when the majority of bacteria had been
killed, it is possible the liquid facilitated the movement of Cu2+, allowing bacteria to be
killed without direct contact between the E. coli and the solid copper surface.
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In previous studies working with E. coli strain O157 on copper alloys, it was found
that a similar procedure resulted in little to no bacteria present on copper’s surface after
75 minutes of exposure [17], a longer kill-time than recorded in this experiment. This
time difference could be due to the volume of broth used and copper alloy composition.
Seventy five minute kill-times were obtained using 20 µL of broth per 1 × 1cm 95%
copper square, [17] whereas our data were collected using 10 µL of broth per 3 × 3cm
99% copper square, a much lower volume of liquid per unit surface area of copper.
Further research is needed to investigate the surface area of copper needed per unit of
volume of bacteria in liquid medium. Moreover, it is possible that E. coli strain ATCC
11303 is more susceptible to copper’s antibacterial action than E. coli strain O157. E.
coli O157 is a pathogenic strain [26], whereas strain ATCC 11303 used in this study
is not. Various pathogenic microorganisms have been shown to secrete siderophores
[27], which are small chelators used to bind iron molecules necessary to for cellular
functions [28, 29]. Uropathogenic E. coli has been found to produce a siderophore
able to bind copper, and protect cells against copper toxicity [30]. Additional research
is needed to determine if this protective mechanism is a contributor to the longer
exposure time needed to kill E. coli O157, and the extent to which this mechanism can
protect pathogenic E. coli against coppers antibacterial activity.

Due to limited resources, we were only able to perform additional replicates for E.
coli, which could be the reason for the larger error bars observed in the S. carnosus data.
During future research into this topic, increasing the number of replicates may also
increase the accuracy of the 95% confidence interval bars for the S. carnosus data. This
may reveal new trends in the S. carnosus data not observed in this study.

For both E. coli and S. carnosus, there were no statistically significant differences
in the concentration of bacteria on scratched versus unscratched copper at any time
interval tested (Figure 3, Figure 4). This suggests that hospital surfaces replaced with
copper metal may not require extensive maintenance of their smooth surfaces, provided
that the oxidative effects of acquired scratches do not have a significantly negative
effect. Further research investigating the relationship between surface scratches and the
oxidation of copper surfaces, and the effects they may have on copper’s antibacterial
activity could help assess the benefits of implementing copper surfaces into hospitals
in a real-world, uncontrolled environment.

5. Conclusion

Overall, our results suggest that copper surfaces implemented in health care facilities
are an effective antibacterial measure whether visible surface scratches are present or
not, as we observed no difference in copper’s antibacterial activity when scratched at
this magnitude. Additionally, as we saw significantly less bacteria present on copper
when compared to stainless steel at the same time interval (Figure 3). Our results
support the claims that the replacement of frequently touched hospital surfaces with
copper metal could be beneficial in decreasing the transmission of hospital acquired
infections.
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Abstract

Drosophila species cause widespread agricultural damage, and designing effective
traps for pest control requires an understanding of multimodal cues. Prior studies
have looked at the effects of colour and odour on trap efficacy separately, but few
have looked at the combined effects of these two types of stimuli. We tested the
effect of multimodal cues on Drosophila melanogaster trap efficacy by setting up
colour versus white two-choice tests for both banana-baited traps and odourless
traps. While colour had no significant impact on banana-baited trap efficacy, red
odourless traps were significantly more effective than white odourless traps at
capturing D. melanogaster females. This suggests that colour only affects choice of
female D. melanogaster in the absence of an attractive odorant. Additionally, both
odorous and odourless traps were more effective at capturing females than males,
which indicates that these traps do not necessarily target males and females equally,
and that pest control strategies need to be designed accordingly.

Keywords — Drosophila Melanogaster, Trap Design, Two-Choice Test, Multimodal
Cues, Sex Differences

1. Introduction

Drosophila species, commonly known as vinegar flies, are common domestic and
agricultural pests that infest fermenting fruit [1]. Drosophila melanogaster is a
particular problem in China, where cherry cultivars, which represent a growing

agricultural sector, suffer 35%-80% crop loss due to the species [2]. Furthermore, D.
melanogaster acts as a vector for E. coli, transmitting it from infected to uninfected fruits
[3]. Additionally, the invasive species Drosophila suzukii has presented a new problem, as
it has the unique ability to oviposit in fresh soft-skinned fruit [4, 5], causing crop losses
of up to 80% in Europe. [6] Given the high economic damage that Drosophila species
cause, it is valuable to study effective trapping mechanisms that offer non-insecticidal
approaches for controlling these pests [7].

Previous studies have looked at colour and odour separately when exploring trap
design. Two-choice tests with a white control found red, purple, and checkered disks
to be most effective at trapping D. suzukii [8] Traps baited with overripe mango [9] and
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banana [1] have also shown to be effective attractants for Drosophila species. However,
few studies have tested odour and colour in combination. One study of Drosophila
repleta showed that red traps were the most effective in colour-only tests, while there
was no differential response to different colours when colour was combined with an
attractive red wine lure [7]. Many insects recognize and select host fruits for feeding and
ovipositing based on the integration of olfactory and visual cues [10], so it is important
to examine how these multimodal cues interact and how they can be combined to
optimize trap designs.

Our study examined the effect of trap colour on the effectiveness of odourous and
odourless D. melanogaster traps. We used banana-baited traps as our odourous traps,
based on previous studies that indicate it is an effective attractant [1, 11]. We set up
colour versus white two-choice tests, and hypothesized that traps with colours that
resemble oviposition sites, such as red, yellow, and green, would be more effective than
white traps [12]. Conversely, we hypothesized that blue, an ecologically unimportant
colour for many insects [13], would decrease trap efficacy compared to white traps.
We also hypothesized that there would be a larger difference in effectiveness between
coloured and white traps in the absence of an odour [7].

2. Materials and Methods

2.1. Test Insects

We used lab-reared adult D. melanogaster fruit flies of wildtype strain Oregon-R, from a
colony maintained at Simon Fraser University. The colony was raised on a solid food
diet of agar, yeast, and cornmeal. The food was checked daily and replaced when low,
and the flies had the opportunity to feed until they were put in the cages (i.e., there
was no period of starvation prior to the test). Males and females were inserted into
two-choice cages simultaneously.

2.2. Coloured Cardstock

We made coloured cones and disks out of non-fluorescent cardstock (Michael’s Craft
Store, Recollections R©; grey : # 267824; white: # 267815; green: # 470525; red: # 26776;
yellow: # 267780; blue: # 470530). For Experiment 1 and the control experiment, we
made each cone out of an 8cm × 8cm square of cardstock, rolled and glued using a
glue gun (Mastercraft General Purpose Glue Sticks). Each cone had a ∼ 3cm top and a
∼ 0.4cm hole cut out of the bottom through which the flies could pass. For Experiment
2, we made 2.7cm diameter flat circular disks.

2.3. General Two-Choice Cage Setup

We used Oak Stump Farms c©Yellow Jacket Traps (12.5 cm high, 11.0 cm diameter; white
with a black lid) as cages, plugging the holes in the sides of the cages with cotton balls.
We taped two traps to the bottom of each cage (Figure 1). We added one vial of fruit
flies into each cage by lightly anesthetizing the fruit flies with CO2 for ∼30 seconds,
then transferring them to the bottom center of the cage, ensuring that no flies fell into
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either trap. The number of flies per cage varied (means are provided in 3). We screwed
the lids on the cages tightly and stored them in a room with both artificial light from
above and natural light from a window; both traps in each cage were equidistant from
the window (Figure 1). For all tests, cages received ∼8 hours of natural lighting. The
duration of time in which artificial light was available varied between the tests, but
for all tests the cages received at least 4 hours of artificial light. After ∼24 hours, we
transferred the cages to a freezer for at least 24 hours in order to kill all fruit flies. We
counted the number of flies in each trap and number of flies in neither trap for each
cage, sorting flies by sex according to the Carolina Drosophila manual [14].

Figure 1: Cage Setup for two-choise tests. In Experiment 1 and the control experiment, each trap
consisted of a vial filled with mashed banana, and a cardstock cone inserted into the vial. In
Experiment 2, each trap consisted of a petri dish with a cardstock circle taped to its bottom
outer side, and filled with soapy solution (Table 1).

All two-choice tests compared a coloured trap to a white trap, and were conducted
as listed in Table 1.

2.4. Control Experiment: Grey vs. White Two-Choice Test

We conducted a control experiment, adapted from Arnold et al. [13], to ensure that
white cardstock cones were appropriate to use as controls. To ensure that the response
by D. melanogaster to the coloured cones was a response to the chromaticity of the
cardstock rather than the fact that the coloured cardstock was darker in comparison to
white cardstock, we set up a grey vs. white two-choice experiment. Any differences in
response observed would be due to difference in the darkness of the cardstock, since
there is no distinguishable difference in chromaticity between grey and white cardstock
[13].
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Table 1: Summary of Two-Choice Experiments

Experiment
Two-Choice Test

Trap Type (Odour/NoOdour) Replicates
Colour Control

Control Grey White Odour (Mashed Banana) 10

Experiment 1

Green

White Odour (Mashed Banana)

10
Red 10

Yellow 10
Blue 10

Experiment 2
Red

White No Odour (Soapy Water Mixture)
10

Blue 10

2.5. Experiment 1: Two-Choice Tests with Green, Red, Yellow, and Blue-
Coned Traps

We used 20 mL glass vials, with coloured cardstock cones inserted into them, as
traps, in a similar design to Hottel et al. [7]. We added ∼ 7g mashed ripe bananas
(Chiquita R©organic bananas, mashed to a paste with a mortar and pestle) to each glass
vial, which filled about one third of the vial, and inserted the tip of a cone into the
opening of each vial (Figure 2).

2.6. Experiment 2: Two-Choice Experiment with Traps of Various Colours
Without an Attractive Odour

We set up an experiment analogous to Experiment 1 but removed the attractive banana
odour. We used STARSTEDT petri dishes (35 mm diameter × 10 mm height) as traps.
We taped a 27 mm circle to the bottom outer side of each petri dish (Figure 3). We then
created a soapy water solution (170 mL distilled water and 0.85 g Sparkleen Fisherbrand
detergent) and added 3.5 mL of the solution to each trap. The purpose of this soapy
water mixture was to break surface tension and drown trapped flies [15].

We chose to change the trap design for Experiment 2 to better assess attraction to
colour. The cone traps were designed such that the flies would be lured down the cone
towards the attractive odour. These traps were appropriate in two-choice tests where
both traps had the same attractive odour. In the absence of such attractive odour, the
flies may have been attracted to the colour of the cones and may have approached them,
but likely would not have gone down the cones and gotten trapped. We used petri
dishes with soapy water because flies that were attracted to the colour and approached
it would drown in the solution.

Due to time constraints, for Experiment 2, we were only able to set up two-choice
tests for two colours of interest (red vs. white and blue vs. white).

2.7. Statistical Analyses

For all of our two-choice tests, we converted the counts to percentages for each cage
(number of flies caught by coloured trap/number of flies caught in total). We plotted
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Figure 2: Set up for Control Experiment and Experiment 1. Trap 1 had a white cone. For the Control
Experiment, Trap 2 had a grey cone. For Experiment 1, Trap 2 had either a green, red, yellow,
or blue cone (Table 1).

mean percentages with 95% confidence intervals and used a one-sample t test (α = 0.05)
with a null hypothetical mean of 50% to test for significance. This test determined
whether the percentage of flies captured by the coloured differed significantly from
50% , assuming that if the coloured and white traps were equally effective, then 50% of
captured flies would be caught by each. We excluded non-responders from the above-
mentioned analysis and analyzed them separately: we converted counts to percentages
(# of non-responders/total # of flies in cage) for each cage and then calculated the mean
percentages with 95% confidence intervals.

We used an unpaired two-sample t-test (α = 0.05) to look for differences between
male and female non-responders. For all statistical tests, values of p < 0.1 were
considered marginally significant.

Both paired and unpaired t-tests were conducted using the GraphPad t-test calcula-
tor [16].

We chose to use a t-test rather than a chi-squared test because a t-test allowed each
replicate cage to be treated as an individual experimental unit (n = 10 as there were 10
replicates for each two-choice assay). A chi-squared test would require combining the
data of all 10 replicates into a single percentage for each assay, which would result in
lost information.
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Figure 3: Set up for Experiment 2. Trap 1 had a white circle stuck to the bottom outer side of the trap,
while Trap 2 had either a red or blue circle.

3. Results

3.1. Control Experiment: Grey vs. White Two-Choice Test

Percentage of captured flies caught by grey traps was not significantly different from
50% for males (t(9) = 0.3556, p = 0.7303) or females (t(9) = 0.1017, p = 0.9212) (Figure
1). There was a mean of 29.9 males and 25.7 females in each cage.

3.2. Experiment 1: Two-Choice Tests with Green, Red, Yellow, and Blue-
Coned Traps

In the red vs. white two-choice test, the percentage of captured female flies caught by
the red trap differed marginally significantly from 50% (M = 60.43% ± 10.26%; t(9) =
1.9923, p = 0.0775). For all other two-choice tests, the percentage of captured flies
caught by the coloured trap was not significantly different from 50% . There was a
mean of 30.9 males and 33.6 females in each cage.

3.3. Experiment 2: Two-Choice Experiment with Traps of Various Colours
Without an Attractive Odour

In the red vs. white two-choice test, the percentage of captured female flies caught by the
red trap differed significantly from 50% (M = 70.23%± 7.72%; t(9) = 5.136, p = 0.0006).
In the blue vs. white two-choice test, the percentage of captured male flies caught by
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Figure 4: Control Test Examining the Effect of Cone Darkness on Banana-Baited Trap Capture. 100%
stacked bar chart with the grey segment representing mean percentage of captured flies caught
by grey traps, and the white segment representing mean percentage of captured flies caught by
white traps. Non-responders are excluded from this data.

the blue trap differed marginally significantly from 50% (M = 70.64% ± 20.64%; t(9) =
1.9605, p = 0.0816). For all other two-choice tests, the percentage of captured flies
caught by the coloured trap was not significantly different from 50%. There was a
mean of 6.0 males and 13.3 females in each cage, which was fairly low compared to the
previous two experiments.

3.4. Non-Responder Data

In all two-choice tests across all 3 experiments, there was a significantly larger per-
centage of male non-responders than female non-responders (Table 2; Figure 7). In
Experiment 1 (Figure 7b), there was also a significantly larger percentage of male
non-responders in the red vs. white two-choice test compared to the blue vs. white
two-choice test (t(9) = 2.5806, p = 0.0189). There were very low percentages of female
non-responders in Experiment 2.
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Figure 5: Effect of Colour on Banana-Baited Trap Capture. 100% stacked bar chart with the coloured
segment representing mean percentage of captured flies caught by coloured traps, and the
white segment representing mean percentage of captured flies caught by white traps. Marginal
significance (∗) is shown (p < 0.1). Non-responders are excluded from this data.

Table 2: Non-responders: Male vs. female unpaired two-sample t-test.

Two-Choice Test (Colour vs. White) p-Value t-Value df

(a) Control Experiment Grey 0.0075 3.0133 18

(b) Experiment 1

Green 0.0088 2.9368 18
Red 0.0053 3.169 18

Yellow 0.0119 2.7963 18
Blue 0.0117 2.8036 18

(c) Experiment 2
Red 0.001 3.919 18
Blue 0.0025 3.5137 18

4. Discussion

The results from the control study suggest that white and grey banana-baited traps
are equally effective (Figure 4) and that D. melanogaster are not differentially attracted
to darker or lighter colours, such that any significant results observed in Experiment
1 should be due to chromaticity rather than colour shade. However, we observed no
significant differences in capture between coloured and white traps for any colour in
Experiment 1 (Figure 5), though these banana-baited traps captured a large percentage
of total flies (Figure 7b), confirming that banana is an attractive odour and an effective
lure.

Results from the colour-only Experiment 2 tests (Figure 6) suggest that there is a
preferential attraction to red by D. melanogaster females. A field study on D. repleta
also showed a preferential attraction to red, though a sex difference was not examined
[7]. Interestingly, this preference for red is not evident in the presence of an attractive
odour. In red vs. white two-choice tests, the percentage of captured flies caught by red
traps was both larger (roughly 70% vs. 60% ) and more significant in the absence of an
attractive banana odour (Figure 6) than in the presence of the odour (Figure 5). Similar
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Figure 6: Effect of Colour on Odourless Trap Capture. 100% stacked bar chart with the coloured
segment representing mean percentage of captured flies caught by coloured traps, and the white
segment representing mean percentage of captured flies caught by white traps. Significance
(∗∗, p < 0.05) and marginal significance (∗, p < 0.1) are shown. Non-responders are
excluded.

effects were seen with D. repleta; a colour preference for red was seen when testing
odourless coloured traps, but no colour preference was observed when colour was
combined with an attractive red wine lure [7]. These results, therefore, suggest that in
the presence of an attractive odour, colour is less important in Drosophila choice-making.
D. melanogaster are highly sensitive to olfactory cues, able to navigate by detecting
differences in odour concentration [17], and can use plant-specific olfactory cues to
identify suitable hosts from a distance [10]; thus odour is evidently a primary stimulus
in D. melanogaster navigation.

Although these results suggest that olfactory cues are more important than chro-
matic cues in this navigation process, it is possible that, comparing Experiment 1 and 2,
the difference in type of trap (petri dish vs. cone) contributed to the differences in trap
capture observed.

Both odourous and odourless traps seem to be more effective at trapping females
than males (Figure 7). A similar female bias in baited trap catch was observed in
blowflies, which was explained by the postulation that lures represent both feeding
and egg-laying sites for females [18]. Likewise, our results support the hypothesis that
colours may be preferentially attractive to Drosophila females because they resemble
oviposition host sites [12]. A study on D. suzukii showed that males and females
respond similarly to various colours of odourless traps, and thus traps can be designed
to target them simultaneously [8]. This does not seem to be the case for D. melanogaster,
and this differential response to colour must be considered when designing traps.

Notably, the design of Experiment 1 may have affected non-respondent results,
as the cones were not tightly fixed to vials, so flies may have been able to escape
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Figure 7: Non-responders (flies caught by neither trap) compared by sex for each a) the control experi-
ment; b) Experiment 1; c) Experiment 2. Significant differences between males and females are
shown (∗∗).

from the sides. As males are smaller and may escape more easily than females, this
design flaw could potentially account for the significantly high proportion of male
non-responders in Experiment 1 (Figure 7b). However, since a similar sex difference in
non-responders was seen in Experiment 2 (Figure 7c), in which the trap design does
not favour the escape of one sex over the other, we can infer that the sex difference
seen in non-responders is truly reflective of the differential attractiveness of the traps to
males and females.

Yeast-inoculated banana-baits are usually used for Drosophila traps [1], and previous
studies comparing yeast-inoculated and non-inoculated banana baits showed that
non-inoculated baits attracted very few flies [19]. However, our non-inoculated banana-
baited traps had fairly low non-response rates for females, generally < 10% (Figure
7a, 7b). When yeast metabolizes fruit, it produces the phenolic compounds that are
believed to be the primary attractants for D. melanogaster [20]. However, no yeast was
added to our traps, representing a novel result.

The possibility that the traps were naturally exposed to yeast spores could explain
this result. Assuming that any yeast spores in the lab are similar to those that would
occur in natural settings, this result would show that active yeast-inoculation of banana
baits is not necessary to produce effective lures. However, experimental evidence of
this assumption is lacking, limiting this conclusion.

One limitation of this study is that we did not focus on insects of a particular age.
We used the colonies as they were renewed. It is possible that the age of the flies
may affect how attractive they find potential nutrition sources and how actively they
are looking for oviposition sites. Additionally, in Experiment 2, a lower number of D.
melanogaster was present in the cages (mean of 6.0 males and 13.3 females in each cage).
It is possible this change may have affected the differences seen between Experiments 1
and 2.

These results offer insight into multimodal trap design, and should be further
applied to field studies to test for variation in results [7]. Red colour-only water-based
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traps that were effective at trapping females could offer a simple, non-insecticidal
option for pest control of D. melanogaster, and a possible solution to the agricultural
damage that they cause. Females are the main threat to agricultural crops because they
look for a suitable location with food resources to lay their eggs. By capturing and
eliminating female Drosophila, the population would be controlled and less damage to
crops would be caused.
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Abstract

Pipeline clearings require frequent maintenance which disturb the forests they are
present in. We studied native and non-native plant species richness, overall plant
species richness, density of culturable soil bacteria, and invertebrate morphogenera
richness in a portion of a second-growth temperate rainforest in the coastal western
hemlock zone that is intersected by the Kinder Morgan Trans Mountain Pipeline.
We found a significant increase in the number of non-native plant species in the
pipeline clearing along with a significant decrease in the number of native species.
Within 50 meters of the pipeline we saw no significant differences in overall plant
species richness. We also found significantly greater soil bacteria density at the
edge of the pipeline clearing and no significant differences in invertebrate richness.
The abundance of non-native plant species raises concerns for what implications
this may have on the diversity and abundance of native plant species in this section
of the forest ecosystem.

Keywords — Species Richness, Non-Native Plants, Soil Bacteria, Environmental
Impact, Oil Pipeline

1. Introduction

Continual maintenance and disturbance of linear forest clearings, such as the
ones created during pipeline and transmission line installation, can have various
effects on forest ecosystems [1]. For example, the heightened colonization

opportunities which follow continual disturbances [2] can facilitate entry for non-native
plant species into the native plant community [2, 3, 4]. These non-native species can
include invasive plants, which are described as plants that can rapidly establish new
areas and cause harm to ecosystems [5]. Invasive plants cause harm by creating changes
in composition of the native plant community [6, 7, 8, 9], soil microbial communities [10],
invertebrate communities [11], ecosystem nutrient cycles [12] and trophic interactions
[11]. These changes can ultimately result in the alteration or reduction of the overall
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diversity of forest ecosystems [12, 13, 14]. Forests which boast higher diversity and
species richness have been shown to support higher levels of ecosystem functioning
[15, 16] and services [17]. Such findings highlight the possible effects linear forest
clearings may have not only on forest ecosystems, but on humans as well.

Continual maintenance of linear forest clearings can also directly impact forest soil
communities and functions. Linear clearings have been associated with soils with lower
organic material [18] and decreased microbial activity [19]. Soil microbial communities
have major influences on many ecosystem processes [20], such as plant diversity and
productivity [20]. Soil bacteria, for example, are sources of the majority of nitrogen
fixation for vegetation in temperate forests [20]. Due to the importance of soil microbial
communities on ecosystem functioning and services [21], any changes resulting from
continual linear forest clearing can have negative consequences on forest ecosystems.

Invertebrate communities can also be directly impacted by continual linear forest
clearings. Removal of vegetation may cause loss of habitat and food sources for
invertebrates and alter invertebrate abundance in the clearing as compared to intact
sections of forest [22, 23]. As aforementioned, continual forest clearing can result in
changes in plant species composition [2, 3, 4], which can lead to changes in compositions
of invertebrate communities [11, 24, 25]. However, maintenance of linear forest clearings
can also be beneficial to some pollinating invertebrates due to the maintenance of a
stable open canopy habitat [26]. The role terrestrial invertebrates play in nutrient
cycling for forest ecosystems has been well documented [27]; therefore, it is important
to continue documenting the effects continual linear clearing may have on invertebrate
communities within forest ecosystems.

One such linear clearing can be found in the Burnaby Mountain Conservation
Area located in Burnaby, British Columbia, Canada. It exists in this secondary growth
temperate rainforest due to the construction of the Kinder Morgan Trans Mountain
Pipeline which was built in 1952-53. This pipeline is 1,150-km long and transports
crude oil from Edmonton, Alberta to Burnaby, British Columbia, and cuts through the
Burnaby Mountain Conservation Area on Burnaby Mountain. Due to the possibility
of tree roots and other vegetation damaging the pipeline or preventing maintenance
access, clearings on and around the pipeline are created and maintained at Kinder
Morgan’s discretion, ultimately resulting in the linear forest clearing [28].

Taking into consideration the previously mentioned potential consequences the
maintenance of pipeline clearings may have on surrounding forest ecosystems, and the
current conflict surrounding the expansion of the new Kinder Morgan Trans Mountain
Pipeline, we are presented with a unique opportunity to investigate the potential
environmental impacts of the pre-existing Kinder Morgan Pipeline clearing. As such,
we have conducted a brief environmental study of the Kinder Morgan Trans Mountain
Pipeline in the Burnaby Mountain Conservation Area to research the possible effects
this pipeline clearing may have on the surrounding environment. In our study we
attempted to quantify any effects by looking at i) native, non-native and overall plant
species richness, ii) concentrations of culturable bacteria in soil, and iii) invertebrate
morphogenera richness, at different distances from the pipeline.
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2. Materials and Methods

2.1. Study Site

Our study site was centered on a 70-meter section of the Kinder Morgan Trans Mountain
Pipeline, buried at the base of Burnaby Mountain within the Burnaby Mountain
Conservation Area (49◦16’17.4"N by 122◦56’14.4"W). In our area of examination, the
Trans Mountain Pipeline runs east to west for a length of approximately 200 meter
through this part of the conservation area (Figure 1). The studied section is bordered by
the Kinder Morgan Canada facility 50 meters to the east, and by a residential street 100
meters to the west. This section was chosen in hopes that effects of any confounding
factors from city streets, neighbourhoods and general human activity would be reduced,
as suggested by previous reports [29].

Monthly precipitation means in the region range between 312 mm in November
and 65 mm in July. Monthly temperature averages range between 17◦C in August and
3◦C in December [30]. The conservation area consists of a secondary-growth temperate
rainforest with patches of old-growth due to past logging which ended in the 1940s
[31]. The forest overstory was mostly dominated by Western Redcedar (Thuja plicata),
Bigleaf Maple (Acer macrophyllum) and Red Alder (Alnus rubra). The forest understory
was dominated by Salmonberry (Rubus spectabilis), English Ivy (Hedera helix), Indian
Plum (Oemleria cerasiformis) and Vine Maple (Acer circinatum). A complete species list
can be found in Appendix A.

The area around the pipeline is regularly cleared of vegetation to allow for easy
access for maintenance by Kinder Morgan. The clearing is between 17 and 20 meters
wide and the pipeline is marked closer to the northern edge of the clearing, making
the distance to the northern forested area between 5-7 meters. In contrast, the distance
from the pipeline markers to the southern forested area is 10-12 meters. All vegetation
in the clearing is kept at a height of less than 1 meter through mechanical control or
the use of herbicides if necessary. Trees that have roots growing towards the pipeline
pose a threat to the pipeline’s integrity and are removed.

We conducted our survey from June 16 to July 20, 2017. Burnaby Mountain
experienced an average of 0.30 mm of precipitation per day during this stretch [32, 33].
This may have affected activity and sampling of invertebrates [34] and bacteria [35, 36].
Vegetation was leafy and many species were in bloom or bearing fruit, aiding with
accurate morphospecies identification.

2.2. Site Marking

We measured 8, 50 m long transects running perpendicular (north and south) to the
pipeline to prevent other disturbances surrounding the forest from affecting results.
Similar distances have also been used in similar studies [3, 37, 38]. The transects were
spaced 10 m apart and contained 6 plots also separated in 10 m intervals (Figure 1). We
flipped a coin to determine the direction of the first transect and alternated directions
of subsequent transects to ensure no human bias interfered with our results.
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Figure 1: Study Site. Red line represents the pipeline. Blue lines represent our transects (10m apart)
while orange dots represent experimental plots.

2.3. Vegetation Surveys

At each plot we counted the number of moss, fern, forb and shrub morphospecies
within a 2 m radius. We also counted the number of tree morphospecies within a
4 m radius due to their larger stem size. We identified plant morphospecies using
dichotomous keys and plant identification literature [39, 40, 41]. All moss and one
shrub species were distinguished from other species but not identified. Unidentified
plant species were only included in overall plant species richness data. Identified
species were categorized as native, invasive, noxious or exotic using online resources
[42]. Plant abundance was not measured.

Figure 2: Insect Pitfall Traps. Representation of pitfall trap setup.
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2.4. Soil Microbe Sampling and Plating

We collected a 10 mL sample of soil at each plot location. To avoid sampling microbes
from plant litter, we took the samples from a depth of 15 cm below the ground surface.
Tools used to collect samples were cleaned and sterilized between plots using ethanol.
We mixed the collected soil with 10 mL of distilled water in a 50 mL centrifuge tube
and agitated it by vigorously shaking the tube and solution for 30 seconds. We diluted
our solutions 1000 times in order to be able to accurately distinguish between bacterial
colonies. We plated the diluted mixtures using inoculation loops, onto Mueller-Hinton
II agar plates [43]. Each sample was plated on two different plates. We sealed and
stored the plates in a dark drawer at approximately 23◦C. We counted colonies 48
hours after completion of the bioassay as it allowed enough time for slower growing
culturable bacteria to appear while preventing overgrowth, and thus further ensuring
colonies were still distinguishable from one another.

2.5. Invertebrate Surveys

We dug a 15 cm deep hole in the center of each plot and fit 473 mL red solo cups (Solo
Cup Company, Lake Forest, Illinois) for pitfall traps into each hole (Figure 2). The top of
each cup sat flush with the ground. A solution containing 150 mL of distilled water, and
approximately 1 tablespoon of both FisherbrandTMSparkleenTM1 detergent (Thermo
Fisher Scientific, Waltham, Massachusetts) and iodized table salt was used as our killing
agent [44] and added to the traps to capture insects and other invertebrates. Forty-eight
hours after the traps were set, we collected and preserved the caught invertebrates
in 70% ethanol, after which they were identified to morphogenera. Invertebrates
smaller than ant-size were excluded from our final counts due to difficulties in their
identification.

2.6. Statistical Analysis

To control for variation from confounding factors (such as elevation or distance from
the residential road) among transects, we normalized all plant and bacteria data from
each transect by dividing each variable measurement by its corresponding transect
mean. We plotted the mean of each variable against distance away from the pipeline
with 95% confidence intervals. To determine whether there were any differences in the
normalized variable means among the 6 distances, we did one-way ANOVA tests. If a
one-way ANOVA had p < 0.05, we did a Tukey HSD (α = 0.05).

3. Results

We did not find any non-native tree nor fern species. The mean normalized number of
non-native plant species at 0 meters was significantly greater than the means found at
all other distances (Figure 3; F5,42 = 11.55, P < 0.0001). The mean normalized number
of native plant species at 0 meters was significantly less than the means found at
20 or more meters (Figure 4; F5,42 = 5.88, P = 0.000175). There were no significant
differences among the mean normalized total number of plant morphospecies for
different distances from the pipeline (Figure 5; F5,42 = 1.21, P = 0.437).
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Figure 3: Normalized number of non-native plant species at each distance from the pipeline.
Bars represent means with 8 replicates. The error bars represent 95% confidence intervals.
Bars with the same letters and colours are not significantly different (Tukey HSD, P > 0.05).

The mean normalized number of culturable bacteria colonies from soil samples
taken at 10 meters away from the pipeline was significantly greater than the means
from 30 or more meters away (Figure 6; F5,95 = 5.08, P = 0.0004).

We found that mean normalized invertebrate morphogenera richness did not differ
significantly among different pipeline distances (Figure 7; F5,42 = 0.908, P = 0.152).

4. Discussion

4.1. Plant Diversity

The significant increase in non-native plant species richness (Figure 3) and the significant
decrease in native plant species richness (Figure 4) in the pipeline clearing is likely due
to disturbance of the ecosystem during pipeline construction and continual maintenance
of its clearing [45]. This result agrees with previous research on the effects of pipeline
clearings [46], in which the dominant plant community found in the pipeline clearing
was non-native annuals and was dissimilar to surrounding native communities. A
similar result is also seen in continually maintained powerline clearings [47], in which a
greater species richness of non-native vegetation was seen in the clearing as compared
to the adjacent intact forest. This result could also explain the lack of significant
difference seen in overall plant species richness (Figure 6). The significantly lower
native species richness in the pipeline clearing (Figure 4) is offset by the high overall
species richness (Figure 3), resulting in a change in species composition but no change
in overall species richness. This result is also reflected by previous studies [3, 48, 49].

The continual disturbance associated with removal of vegetation in the pipeline
clearing facilitates entry for non-native plant species [45, 50]. Of these non-native
species, some may be harmful species such as invasives and noxious weeds. Such is
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Figure 4: Normalized number of native plant species at each distance from the pipeline. Bars
represent means with 8 replicates. The error bars represent 95% confidence intervals. Bars
with the same letters are not significantly different (Tukey HSD, P > 0.05). Each bar colour
indicates a different letter combination.

the case in our experimental pipeline clearing (Appendix A). The harm invasive plant
species can have on ecosystems has been well documented [6, 7, 8, 9, 10, 11, 12, 13, 14]
and is cause for concern for the survival of native plant species, animal life, and
ecosystem functioning of this stretch of the Burnaby Mountain Conservation Area.
An example of one such species we have identified in our experimental pipeline
clearing is Himalayan Balsam (Impatiens glandulifera) (Appendix A). It has been shown
to negatively affect invertebrate and detritivore communities by reducing species
diversity and population abundance in European riparian forests [51]. Another invasive
prevalent in our site was Himalayan Blackberry (Rubus armeniacus), a species that has
been correlated with decreased bird biodiversity when overgrown into a monoculture
[52]. Because no environmental assessments were performed throughout the sixty
years of the pipeline’s presence, we were unable to determine the extent of colonization
by non-native species in our site, compared to other parts of the Burnaby Mountain
Conservation Area. With no baseline data available to work with, it was difficult to
ascertain the proportion of invasives within the site, and whether an equilibrium had
been reached over the last sixty years.

While our results depict that the introduction of non-native plants into this pipeline
clearing has negligible effects on overall plant species richness (Figure 6), the potential
harm of non-native invasive plants on ecosystem functioning and services overrides
it. Maintaining the presence of native species in the Burnaby Mountain Conservation
area could be considered a crucial factor for the homeostasis and biodiversity of
this ecosystem, which have been identified as important contributors to productive
ecosystem services such as soil nutrient storage [15], and biomass production [17]. With
this in mind, further research should be done to enhance the current procedures used
to clear vegetation in the pipeline clearing. Vegetation clearance methods should be
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Figure 5: Normalized overall plant species richness at each distance from the pipeline. Bars
represent means with 8 replicates. The error bars represent 95% confidence intervals.

done in a way that minimizes the introduction of non-native species into a site, and
developing an industry standard may be helpful in achieving this goal.

4.2. Soil Bacteria Density

There were more culturable bacteria in soil samples 10 meters away from the pipeline
compared to samples from 30, 40, and 50 meters away (Figure 6). Our results are similar
to those of a study in a coniferous forest in Taiwan, which found more soil bacteria in
disturbed forest regions than in secondary-growth regions [53]. The results in Figure 6
may be explained by the presence of two major factors contributing to an increase in
soil bacteria density. The increased exposure to sunlight in the clearing at 0 m, and the
forest-clearing edge at 10 m, could contribute to raising the soil temperature [54], which
would increase the activity and growth rate of soil bacteria originating from forests
[55, 56]. The second factor limiting bacterial density in the clearing at 0 m from being
significantly greater than the forest interior at 30, 40, and 50 m (Figure 6), could be
forest bacteria typically being observed to have greater soil densities than bacteria from
grasslands or forest edges, as found in previous scientific literature [57]. The overlap
of these two factors at the forest-clearing edge could explain the significant increase
in soil bacteria density at 10 m from the clearing as opposed to 0 m from the clearing.
The abundance of bacteria can influence nutrient availability [20], plant community
composition [20], and may have facilitated the establishment of non-native plant species
within the pipeline clearing [21, 58, 59].

4.3. Invertebrate Morphogenera Richness

Invertebrate morphogenera richness does not vary with distance from the pipeline
clearing (Figure 7). It is well documented that plant species richness has significant
impact on invertebrate communities [24, 25]. Due to our lack of significant difference
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Figure 6: Normalized number of culturable bacterial colonies at each distance from the
pipeline. Bars represent means with 8 replicates. The error bars represent 95% confidence
intervals. Bars with the same letters are not significantly different (Tukey HSD, P > 0.05).
Each bar colour indicates a different letter combination.

observed in plant species richness in and around the pipeline clearing (Figure 5), our
observed lack of change in invertebrate morphogenera richness is not surprising. The
presence of non-native plant species in the clearing (Figure 3) may also play a role in
the observed lack of change in invertebrate morphogenera richness. These non-native
plant species could shelter non-native species of invertebrates and reduce the presence
of species native to the Burnaby Mountain Conservation Area [11]. Thus, changing
invertebrate composition rather than richness.

Invertebrate communities with a high morphogenera richness are important con-
tributors to nutrient cycling and plant production [27, 60]. Therefore, it is important
to continue to observe how invertebrate species composition and richness is impacted
by the composition of non-native and native plant species in the Burnaby Mountain
Conservation Area due to the pipeline’s presence and its maintained clearing. We
subjectively observed a greater abundance of Arachnida and Formicidae families in
the clearing. A possible caveat of the invertebrate survey could be features such as
decaying nurse logs or anthills as they may have affected the composition of inver-
tebrates trapped resulting in an inaccurate representation of that entire site. Further
research on invertebrate diversity should consider using more traps per plot to get a
better representation of the experimental plot.

5. Conclusion

Our results showed a significant increase in non-native vegetation, and a significant
decrease in native vegetation in the pipeline clearing, suggesting that the clearing
introduces a habitat that is able to support populations of non-native plant species. This
trend likely contributes to the lack of significant differences found in overall species
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Figure 7: Normalized Invertebrate Morphogenera Richness at each distance from the pipeline.
Bars represent means with 8 replicates. Errors bars represent 95% confidence intervals.

richness of vegetation. Culturable soil bacteria density close to the pipeline clearing
showed an increase compared to further distances, which could further facilitate the
success of the non-native vegetation in the clearing. This non-native vegetation could
also alter invertebrate population composition.

Our study shows that the Kinder Morgan pipeline clearing impacts multiple aspects
of the Burnaby Mountain Conservation ecosystem in which it was installed. The most
prominent is the introduction of non-native vegetation and the subsequent reduction of
native vegetation in the clearing. As such, our study can be used as a starting point for
further research into the impact pipeline clearings have on their surroundings, and for
the monitoring of non-native vegetation in this area.
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A. Plant Species Identification

For all tables in A, a "1" denotes the species was present in the corresponding plot
number, a "-" denotes it was not present.

Table 1: Native plant species identified by plot number, meters is the distance from the pipeline.

Acer circinatum, Vine Maple

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - 1 - - - - - -
20 m 1 - - 1 - 1 - 1
30 m 1 - 1 1 1 - - -
40 m - 1 1 - - 1 1 1
50 m 1 - 1 - - 1 - 1

Acer macrophyllum, Bigleaf Maple

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - - 1 1 1 - - 1
20 m 1 - 1 - - - - 1
30 m - 1 - 1 - - 1 -
40 m 1 1 - 1 - - - -
50 m 1 1 - - - - 1 -

Adenocaulon bicolor, Pathfinder

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - 1 - -
10 m - - - - - - - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -

Alnus rubra, Red Alder

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - - - - - - - -
20 m 1 - - - 1 - - -
30 m - 1 - 1 1 - - -
40 m 1 - - 1 1 - 1 -
50 m - - - - 1 - - -
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Athyrium filix-femina, Lady Fern

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - - - - - - - -
20 m 1 1 1 1 - 1 1 -
30 m 1 1 1 1 1 1 - 1
40 m 1 - 1 1 1 1 - 1
50 m 1 1 1 1 1 1 - 1

Corylus cornuta, Beaked Hazelnut

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m 1 - - - - - - -
20 m - - - - - - - -
30 m - - 1 - - - - -
40 m - - - - - - - -
50 m - - - - - - - -

Dicentra formosa, Pacific Bleeding Heart

Metres from Pipeline Transect
A B C D E F G H

0 m - 1 - - - 1 - -
10 m - 1 - 1 - - - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -

Mahonia aquifolium, Oregon Grape

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - - 1 - - - - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -
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Oemleria cerasiformis, Indian Plum

Metres from Pipeline Transect
A B C D E F G H

0 m 1 - - - - - - -
10 m - 1 - 1 - - 1 -
20 m - 1 - - - 1 1 1
30 m 1 - 1 - 1 - - -
40 m 1 - 1 - 1 - 1 -
50 m 1 1 1 - 1 - 1 -

Poa palustris, Fowl Bluegrass

Metres from Pipeline Transect
A B C D E F G H

0 m 1 1 1 1 1 1 - -
10 m - 1 - - - 1 - 1
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -

Polystichum munitum, Sword Fern

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - 1 - -
10 m - - 1 1 - - - -
20 m 1 1 - 1 1 1 1 1
30 m 1 1 1 - 1 1 - 1
40 m 1 1 1 - - 1 1 1
50 m 1 - 1 1 1 1 1 1

Pseudotsuga menziesii, Douglas Fir

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - - - - 1 - - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -
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Pteridium aquilinum, Bracken Fern

Metres from Pipeline Transect
A B C D E F G H

0 m 1 1 - - - - - -
10 m - 1 - - - - - -
20 m - 1 - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -

Rubus parvifolus, Thimbleberry

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - - - - - 1 - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -

Rubus spectabilis, Salmonberry

Metres from Pipeline Transect
A B C D E F G H

0 m 1 1 1 1 1 1 1 -
10 m 1 1 - 1 - 1 1 1
20 m 1 1 - 1 - - 1 -
30 m - 1 1 1 1 1 1 -
40 m 1 1 1 1 1 1 1 1
50 m 1 1 1 1 1 1 - -

Rubus ursinus, Trailing Blackberry

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - - - - - - - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - 1 - - - - - 1
50 m 1 - - - - 1 - 1
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Stachys cooleyae, Cooley’s Hedge-Nettle

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - 1 1
10 m - - - - - - - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -

Thuja plicata, Western Red Cedar

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - - 1 1 1 - - 1
20 m 1 - 1 - 1 1 1 1
30 m 1 1 - - 1 1 1 1
40 m - 1 - - - - 1 -
50 m - 1 - 1 - - 1 -

Tsuga heterophylla, Western Hemlock

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - - - 1 - - - -
20 m - - - 1 - - - 1
30 m 1 - 1 - - - - 1
40 m - - - - - - - -
50 m - 1 - - - - 1 -

Vaccinium parvifolium, Red Huckleberry

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - - - - - - - -
20 m - - - - - - - -
30 m - - - - - 1 - -
40 m - - - - - - - -
50 m - 1 - - - - - -
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Table 2: Non-native plant species identified by plot number, metres is the distance from the pipeline.
Species are designated invasive, noxious or exotic with their species and common name.

Bromus inermis, Smooth Bromegrass - Invasive

Metres from Pipeline Transect
A B C D E F G H

0 m 1 - - - 1 - - 1
10 m - - - - - - - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -

Convolvulus arvensis, Field Bindweed - Invasive

Metres from Pipeline Transect
A B C D E F G H

0 m 1 1 - - - - - -
10 m - - - - - - - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - 1 - - - - -

Galium aparine, Cleavers - Invasive

Metres from Pipeline Transect
A B C D E F G H

0 m 1 1 - 1 - 1 1 -
10 m - - - - - - - 1
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -

Hedera helix, English Ivy - Invasive

Metres from Pipeline Transect
A B C D E F G H

0 m - 1 - - - - - -
10 m 1 1 - - - - - -
20 m 1 1 1 1 1 - - -
30 m 1 1 1 - 1 - 1 -
40 m 1 - 1 - 1 - - -
50 m 1 - 1 1 1 - 1 -

68



Vol. 3 (2017-18)

Ilex aquifolium, English Holly - Invasive

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m 1 - - - - - - -
20 m - - - - - - - -
30 m - - - - - 1 - -
40 m - - - - - - - -
50 m - - - - - - - -

Impatiens glandulifera, Himalayan Balsam - Invasive

Metres from Pipeline Transect
A B C D E F G H

0 m - 1 1 1 1 1 1 1
10 m - 1 - 1 - 1 - 1
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -

Phalaris arundinacea, Reed Canary Grass - Invasive

Metres from Pipeline Transect
A B C D E F G H

0 m 1 - 1 1 - 1 1 1
10 m - 1 - - - - - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -

Ranunculus repens, Creeping Buttercup - Invasive

Metres from Pipeline Transect
A B C D E F G H

0 m 1 1 1 1 1 1 1 1
10 m - 1 - - - - - 1
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -
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Rubus armeniacus, Himalayan Blackberry - Invasive

Metres from Pipeline Transect
A B C D E F G H

0 m 1 - 1 1 1 1 1 1
10 m - 1 - - - - 1 -
20 m - - - - - - - -
30 m - - - - - - - -
40 m 1 - - - - - 1 -
50 m - - - - - - - -

Sorbus aucuparia, Rowan/Mountain-Ash - Invasive

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - - - - - - - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m 1 - - - - - - 1
50 m 1 - - 1 - - - -

Cyperus esculentus, Yellow Nutsedge - Noxious

Metres from Pipeline Transect
A B C D E F G H

0 m 1 1 - - - - - -
10 m - - - - - - - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -

Erodium cicutarium, Common Stork’s-Bill - Invasive

Metres from Pipeline Transect
A B C D E F G H

0 m - - 1 - - - - -
10 m - - - - - - - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -
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Holcus lanatus, Velvet Grass - Exotic

Metres from Pipeline Transect
A B C D E F G H

0 m - - - 1 - - - -
10 m - - - - - - - -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -

Lactuca muralis, Wall Lettuce - Invasive

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - - - - - - - -
20 m - - - - - - - -
30 m - - - - - - - 1
40 m - - - - 1 - - 1
50 m - - - - - - - -

Table 3: Unidentified plant species by plot number, metres is the distance from the pipeline. The number
of disparate mosses per plot are listed under "unidentified mosses" as 1, 2, or 3 distinct mosses
present at each plot.

Unidentified Mosses

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m 1 1 2 - 1 - 2 -
20 m 1 2 2 1 1 2 1 3
30 m 1 2 - 1 2 2 - 2
40 m 2 1 2 2 - 2 2 1
50 m 1 2 1 - - 2 - 2

Unidentified Pipeline

Metres from Pipeline Transect
A B C D E F G H

0 m - - - - - - - -
10 m - - - - - - 1 -
20 m - - - - - - - -
30 m - - - - - - - -
40 m - - - - - - - -
50 m - - - - - - - -
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