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Electron Velocity Analyzer
By Miana Smith
Introduction
The velocity analyzer discussed here detects the current of the electron beam used by
the Los Angeles Physics Teachers Alliance Group (LAPTAG) in whistler-wave
experiments. A whistler wave propagates in the quiescent afterglow of an argon
plasma along the magnetic field toward an electron beam launched in the opposite
direction from the other end of the plasma device, terminating at a velocity analyzer.
The magnitude of the electron current the analyzer detects indicates whether the
whistler wave deflects electrons from the beam, which happens if a resonant
condition is satisfied. The resonant condition, given by 𝜔 + 𝑘𝑣|| = 𝜔𝑐𝑒 , where 𝜔 is the
angular frequency of the whistler wave, 𝑘 is the wavenumber, 𝑣|| is the parallel
electron energy, and 𝜔𝑐𝑒 is the electron cyclotron frequency, is met when the whistler
wave, from the electron beam’s frame of reference, appears as a DC electric field. A
decrease in the negativity of the current detected by the velocity analyzer indicates
the deflection of electrons and the satisfaction of the resonant condition.
Construction
The velocity analyzer has two mains parts: a collecting plate and shielding from the
plasma. A positively and a negatively charged screen prevents the plasma from
entering the container by, respectively, keeping out the ions and lower energy
electrons of the plasma, allowing only the high-energy electrons from the electron
beam to be collected. See Figs. 1 & 2. This ensures that the current measured is only
from the electrons in the electron beam.

Fig. 1 – Simple representation of the velocity analyzer. The electron beam enters from the left, passes
through the two dotted lines, which are positively and negatively biased screens, and collects on the
plate on the right.
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Fig. 2 – Charge in the velocity analyzer. The first screen is positively charged to keep out the ions in the plasma
and the second screen is negatively charged in order to keep out the electrons from the plasma. The collecting
plate is near neutral.

Physically, the velocity analyzer consists of an aluminum rectangular box (approx.
12.7mm x 12.7mm x 14.29mm) with a slit (1.58mm wide) on along the middle of one
of the longer sides. One of the 12.7mm x 12.7mm sides has a hole of diameter
9.525mm drilled into it as well as four holes in the corners tapped for #0 screws. A
cover (12.7mm x 12.7mm x 1.58mm) has a small hole drilled into the middle where
the electron beam will enter and four holes along the corners so that it can be
connected to the box. See Fig. 3. The aluminum container has a hollow cylindrical
boron nitride (BN) container inside of it, which has a slit that aligns with the slit on
the aluminum box, to insulate the contents of the analyzer from the plasma. See Figs.
4 & 5 for a cutaway view of the container. The analyzer contains two stainless steel
screens and a copper plate, which are separated by boron nitride spacers. The first
stainless steel screen is positively charged (+47V) to keep out all of the ions in the
plasma. The next screen is negatively charged (-47V) to keep out the lower energy
electrons in the plasma. The higher energy electrons from the electrons beam will
make it past both screens, and terminate on the copper collecting plate. The current
from the collecting plate flows to an amplifier and then to an oscilloscope. It passes
through a 100kΩ resistor before going to ground. The slits on the containers allow
the wires connected to the screens and plate to exit the container.

Fig. 3 – 3-D diagram of the velocity analyzer case and cover.
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Fig. 4 – Cutaway view of the boron nitride container, boron nitride spacers, mesh screens, and collector
plate. The screens and collector plates of the velocity analyzer have a thicker width than shown here.

Fig. 5 – Cutaway top-down view of the boron nitride container.

The container and lid were first digitally modeled and then milled from aluminum.
The boron nitride insulator pieces were cut from boron nitride tube and sanded down
the to correct length.
We constructed the screens using stainless steel mesh. The sheet of the mesh was first
dipped in a flux, and we spread a high-heat solder across it. We cut out the screen
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using a hole puncher, such that a small amount of solder remained on the screen’s
edge. Using the solder on the edge of the screen, a wire was soldered to each screen
and plate. The screen was then dipped in a flux remover, so that it could retain its
mesh nature. See Fig. 6 for the completed probe. The grids and the collector plate are
separated by about 3.175mm of space.

Fig. 6 – Assembled velocity analyzer.

Debye Radius
An ionized gas must meet three requirements to be considered a plasma:
1. The Debye length, 𝜆𝐷 , must be much less than the dimensions of the plasma, L:
𝜆𝐷 ≪ 𝐿
2. The number of particles in the Debye sphere, 𝑁𝐷 , must be much, much greater
than 1: 𝑁𝐷 ⋙ 1
3. The frequency of plasma oscillations, 𝜔 , times the average time between
neutral atom collisions, 𝜏, must be greater than 1: 𝜔𝜏 > 1
The Debye length, also called the Debye radius, describes the distance over which a
plasma can shield out an electrical potential. In a completely cold plasma, where the
ions and electrons have no kinetic energy, the introduction of an electric potential will
cause the oppositely charged particles to form a cloud around the potential, which
would completely shield out the potential from the rest of the plasma. If the plasma is
not completely cold, then some particles will have a kinetic energy greater than the
electric potential, and can escape from it, creating electric fields. The region where
the kinetic energy is approximately equal to potential energy is defined as the Debye
length or radius.
For the velocity analyzer to work, there cannot be plasma inside of it. More
specifically, the Debye length needs to be greater than the distance between each grid
and the collecting plate in the velocity analyzer.
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The Debye length is given by
1

𝜖0 𝐾𝑇𝑒 2
𝜆𝐷 = (
)
𝑛𝑒 2
which simplifies to approximately
1

𝜆𝐷 =

𝑇 2
740 ( 𝑛𝑒) cm

for KT in electron volts. These two equations consider the ion movement to negligible
compared to the electron movement, so they do not account for ions.
Taking the electron density 𝑛 = 5 × 1011 cm-3 and Te = 3 eV, gives a Debye length of
18 microns, which is significantly smaller than the distance between the elements of
the velocity analyzer. To ensure the functionality of the analyzer, it is necessary to
reduce the density inside the analyzer, because this will increase the Debye length
within the velocity analyzer. Setting the Debye length to .35 cm, which is greater than
the distance between the grids and the collecting plate, gives a density of 1.34 x 107
electrons per cubic centimeter. The electron density inside of the analyzer can be
modulated by the size of the entrance hole. An entrance hole of approximately 100
microns satisfies this density.
A 100-micron hole was drilled into the velocity analyzer lid, to ensure its function in
the LAPTAG plasma. The velocity analyzer probe was completed through insulating
the wires and the side slit. See Fig. 7 for the fully completed analyzer.

Fig. 7 – Fully completed analyzer, with entrance hole visible.

With a completed velocity analyzer designed to the necessary specifications, we can
conduct our whistler-waves experiments and study the properties of plasmas.
References
Chen, Francis F. Introduction to Plasma Physics and Controlled Fusion. 2nd ed. Vol. 1.
New York: Plenum, 1984. Print.
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Cosmic Ray Communiqué
By Blake Rischie
At the start of the 20th century, Henri Becquerel, a French physicist, observed that
some elements were unstable or “radioactive” and would decay into other elements
and emit particles. Soon after this discovery, scientists observed that a device called
an electroscope would suddenly discharge when placed near radioactive materials.
This result led to an understanding that this device could be used to measure levels
of radiation and it became a common tool for studying radioactivity in the early 20th
century. Physicists also found that this device would discharge even when there were
no radioactive materials nearby. From this observation, they hypothesized that there
was a background radiation that triggered the device to discharge. (3)
Victor. F. Hess, an Austrian physicist, decided to study this background radiation. It
was originally thought that this background radiation emanated from the Earth. To
test this theory, he measured radiation levels at different altitudes using a hot air
balloon. He did this to place distance between Earth and the electroscope. He
expected that the higher the balloon rose, the less radiation he would observe, thus
indicating that Earth was indeed the source of the radiation. Instead, he discovered
that the higher the balloon rose, the more radiation he detected. Because of this
pattern, he determined that the radiation came from outer space. Thus originated the
names “cosmic radiation” and “cosmic rays.” (5)
While the origin of cosmic rays is debated, the most likely sources are supernova
remnants. NASA’s Fermi Gamma-Ray telescope has provided strong evidence for this
conclusion. By analyzing four years of data, the scientists at Fermilab noticed a feature
in the spectrum of gamma rays emitting from two supernova remnants: the frequency
of the gamma rays that were detected declined rapidly as the energy of the gamma
rays decreased. This low-energy cutoff point for gamma rays emitted from supernova
remnants indicated that they were most likely created by the decay of a short-lived
particle called a neutral pion. Cosmic ray protons colliding with regular protons
create pions. This result provided convincing evidence that supernova remnants
produce cosmic rays. (4)
Cosmic rays that originate outside of our solar system are made up of roughly 89%
protons, 10% helium, and 1% heavier elements such as carbon and oxygen. When
high-energy particles such as these hit the atmosphere, they often collide with atoms
in the atmosphere and produce “showers” of secondary particles made up of pions,
electrons, and positrons. These particles then fall through the atmosphere to the
surface of earth. Pions decay rapidly into Muons, Neutrinos, and Gamma Rays. Many
of the particles that are detected are created by these showers. The majority of the
secondary particles that make it to the earth’s surface are Muons, and they hit the
earth with an intensity of around 100 per square meter per second. At sea level, even
though every minute thousands of these rays pass through our bodies, they are no
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threat to us. In space, however, they pose a real threat to astronauts as well as to
delicate electrical equipment often causing small circuits to fail or causing computer
memory to be damaged. (3) People on Earth are protected by Earth’s magnetic field.
This field deflects and stops many of the cosmic rays that head toward earth. In space,
astronauts do not have this same protection on their spaceships. While not much
information has been collected on the health risks cosmic rays pose to astronauts, an
increased chance of cataracts has been observed. Cosmic rays could also increase the
chance of cancer, but this is only a hypothesis for now. (1)
Scientists measure the energy of cosmic rays in two different units: MeV (mega
electron volts) and GeV (giga electron volts). One electron volt is the energy an
electron gains by accelerating through a potential difference of one volt. The majority
of cosmic rays have energies that range between 100 MeV and 10 GeV. 100 MeV
equates to a cosmic ray traveling about 43% of the speed of light and 10 GeV equates
to a cosmic ray traveling about 99.6% of the speed of light. The number of cosmic rays
that contain energy above 1 GeV decreases by a factor of 50 for every factor-of-10
increase in their energy. This number can be calculated using the equation N(>E) =
k(E + 1)-a. This equation finds the number of particles per m2 per steradian per second
(N) that are greater than a certain energy (E measured in GeV). In this equation, k ~
5000 per m2 per steradian per second and a ~1.6. For example, to find the number of
particles per m2 per second per steradian with an energy greater than 3 GeV, one
plugs in the given numbers and calculates the result. For 3GeV, the equation would
look like this: N(>3GeV) = 5000/m2/steradian/sec(3GeV+1)-1.6. From there, the
answer computes to roughly 544 per m2 per steradian per second. (3)
Today, scientists use more complex detectors to study cosmic rays. One of the
detectors commonly used detects cosmic rays by utilizing scintillation and a
photomultiplier. The detector is made up of 4 different parts. The first part of the
detector is the detector panels. These panels are one-inch thick and are about 1
square foot in area. The detector panels are made up of scintillator panels and
photomultipliers. A scintillator is a substance that releases light when struck by
radiation. Photomultipliers detect the light produced. The first part of the
photomultiplier is called the photocathode. When light strikes the photomultiplier, it
ejects an electron. This electron travels to the next piece of the photomultiplier. There,
the electron accelerates to a high energy and strikes a metal cup, knocking loose a few
electrons in the process. This process repeats until it generates a measurable electric
current. (2) The Data Acquisition Board (DAQ) then measures the current and records
the data collected. The DAQ board also connects to a GPS to record when and where
the data was collected. For power, the detector panels connect to a power distribution
box.
Once the DAQ board collects the data, it sends the data to an attached personal
computer. We use two main programs to view this data: a simple program called
HyperTerminal and a more complex one called EQUIP. EQUIP makes adjusting the
settings for collecting data and reprograming the DAQ board easy. It also provides
several ways to view the data currently being collected. We are in the process of
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figuring out how to collect data using EQUIP. In the meantime, we are using the other
program, HyperTerminal. This program does not offer the visual aids that EQUIP
does, but it allows us to collect data and store it in a text document on the computer’s
desktop.
One study that uses this type of cosmic ray detector is called a shower study. The
purpose of such a study is to identify when cosmic ray showers occur. When a shower
occurs, all of the particles it generates hit Earth at the same time. To detect this, the
panels are arranged in a square at roughly the same elevation. While these elevations
need to be as close as possible, it is not critical for them to be exactly the same because
in short time intervals the cosmic rays cover vast distances. For this experiment, the
detectors record data in time intervals of 100 nanoseconds. In that time interval, if all
four of the detectors record at least one cosmic ray, then a shower has occurred.
Another experiment is the Muon study. The purpose of this study is to find the halflife of the Muon. To undertake this study, the detector panels must be laid on top of
one another. When a Muon decays, it releases a secondary particle. The reason the
panels are stacked is to detect this particle. Muon decay is exponential, like
radioactive decay. By graphing the secondary particles created by the decaying Muon,
one can compare it to the graph of the half-life of a Muon. The x-axis of the graph
represents how much time elapsed before the secondary particle was detected, and
the y-axis represents how many particles hit the detector. The graph should decrease
exponentially, indicating that the number of particles decreases as the time between
the detection of the Muon and the detection of the secondary particle increases. If
done correctly, the plotted points should be roughly the same as the graph of Muon
decay.
Below is data collected for use in a Muon study:

One coincidence provides one line of data. This line is made up into 16 columns.
Column 1 represents in hexadecimal how long the detector has been running. Column
13 shows if the GPS is connected to enough satellites. ‘A’ means that it is connected
and ‘V’ means that there are not enough satellites connected. Column 14 shows the
number of satellites currently connected to the GPS. We are still working on
interpreting the meaning of the other columns. The information provided in the user’s
manual is not clear. To interoperate the data, we upload it to the I2U2 site. From there,
they run their own programs to analyze the data.
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Here is a graph of a completed Muon study:

The Flux study is simpler than the previous two studies. It involves collecting data
over a long period of time and looking for fluctuations in the data collected. After
noticing these fluctuations for a while, the next step is to figure out their cause. Many
factors, including cloud cover, time, day or year, weather in general, and temperature,
can be considered when determining why the data fluctuates during a specific time.
Next year, we plan to undertake the Shower and Flux studies and look forward to
learning more about cosmic rays.
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Investigating Bugula Turrita Settling Behavior
By Dylan Vecchione
INTRODUCTION
Environmental factors, such as water chemistry, water flow, sedimentation,
light exposure, and substrate orientation effect the settling behavior and abundance
of species in a particular habitat. Understanding how species react to specific
environmental conditions or factors strengthens collective understanding of
ecosystem dynamics. This study investigates the effects of substrate orientation on
the abundance of the bryozoan Bugula turrita off the coast of Appledore Island, Maine.
Additionally, this paper outlines further research that investigates the effects of other
variables (listed above) on the settling behavior of Bugula turrita.
Bugula turrita is an encrusting bryozoan, resembling a tree in appearance (but
not size). Reproduction occurs when Bugula spp. release larvae, which settle on
available substrate. The larvae, after spending minutes to hours drifting, attach to the
substrate and metamorphose (Burgess et al. 2009). Water flow effects the settlement
of these larvae. When determining an ideal settling location, larvae ensure a secure
attachment to the substrate, optimally in a region with low predation risk and
physical burden, and high food availability (Walters et al. 1999). Loose objects,
including algal filaments, silt particles or air bubbles, negatively influence larvae
settlement on substrates and in the presence of these objects, larvae abandon the
settlement location, and search for another (Crisp & Austen 1960).
Environmental factors can aid in species settlement, which is why B. turrita
appear in certain locations, depths, and (in the context of this paper) substrate
orientations. For example, Bugula spp. larvae benefit from light exposure after
release, but soon react negatively to light exposure, which might explain why they
congregate on underhanging (low light) substrates. In better understanding these
factors, and subsequent responses of the species, one can better predict changes in
the natural environment, and better understand natural fluctuations.
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PURPOSE
In this study, multiple environmental factors are influencing the natural
environment of Babbs Cove. The aim of this study is to assess factors influencing
substrate selection/orientation as revealed by orientation preferences of the adult
bryozoans.
The study location was the north face of a sunken pier in Babbs Cove, which
provides distinct underhanging, vertical, and top facing microhabitats (see Figure 1:
Substrate Orientation). Manmade structures have been shown to provide novel
habitats for many species globally (Glasby & Connell 1999). This study will be
comparing the difference in B. turrita population number on all three substrate
orientations to quantify the percent cover of B. turrita on varying substrate faces.

Top Facing Substrate

Pier
Interior

Vertical Substrate

Pier Beam
Underhanging
Substrates

Figure 1: Substrate Orientation
Research Question:
Is Bugula turrita more abundant on vertical, top-facing, or underhanging
substrates in the Cribs of Babbs Cove, Appledore Island?
As previously described, settlement of B. turrita larvae is affected by environmental
factors such as sedimentation, water flow, substrate orientation, and light exposure.
While other environmental factors are present, the preliminary data presented in this
study only discusses the effect of substrate orientation on B. turrita as determined by
percent cover. However, substrate preference can also indicate preference in
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environmental factors.

Thus, since the orientation of the substrate can either

strengthen or suppress environmental factors, the substrate on which B. turrita
settles would indicate its environmental preference. By observing the abundance of
B. turrita on various substrate orientations, in different locations, one can better
understand which conditions are ideal for its post-settlement success. Glasby &
Connell (1999) indicated that substrate type and orientation effects the settlement of
Bugula spp. larvae. Sedimentation on a substrate is directly related to its orientation
(flat top-facing substrates will collect more sediment than bottom (underhanging)
substrates). Investigating substrate sedimentation is discussed in Proposed
Research. Light exposure can also affect Bugula spp. larvae settlement (Grave 1930).
This is a factor, as B. turrita percent cover is greater in low light environments
(underhanging substrates). This, too, will be discussed in Proposed Research.
PROCEDURE
Primary dives were conducted to investigate the substrate orientation pattern
described above. Percent cover of B. turrita was determined systematically, using
rectangular 0.02 square meter quadrats (10cm by 20cm), collecting five
measurements per site per substrate orientation, with replicates on multiple crib
sides, beams (two beams), and days. The quadrats were spaced evenly across the
vertical, top, and bottom surfaces of beams at the Cribs, in Babbs Cove. Two survey
beams were standardized, one on the fifth beam from the top (approx. 20 ft. at high
tide), and one on the second beam (approx. 15 ft. at high tide). The measurements
were repeated on all four sides of the fourth crib from the shore. The identical survey
was conducted twice over multiple days ranging from 03 August 2015 to 08 August
2015.
Bugula turrita percent cover was calculated by dividing the 0.02 m quadrat
into eight quadrants. Presence of B. turrita in a quadrant would be marked and
percent cover would be calculated as follows:
Percent Cover Calculations:
Where n = number of quadrants occupied by B. turrita
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Number

of Percent Cover Formula

Quadrants
Occupied
n
0
1
2
3
4
5
6
7
8

𝑛∗(

8
) = 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 (%) 𝐶𝑜𝑣𝑒𝑟
100
8
0∗(
)=0
100
8
1∗(
) = 12.5
100
8
2∗(
) = 25
100
8
3∗(
) = 37.5
100
8
4∗(
) = 50
100
8
5∗(
) = 62.5
100
8
6∗(
) = 75
100
8
7∗(
) = 87.5
100
8
8∗(
) = 100
100

Table 1: Percent Cover Calculations by Number of Quadrants Occupied
Substrate orientation, depth, crib location, tidal cycle, beam number (from the
top), and crib number (from shore) were all recorded.
Having calculated the percent cover, I analyzed the data using JMP, and
statistical analysis software, conducting a 2-way ANOVA. The response variable was
percent cover with two treatments: water flow location (crib location) and Substrate
Orientation. The results of the statistical analysis are discussed below.
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RESULTS
Since depth is an environmental factor not accounted for in the statistical analysis, a
separate statistical analysis indicated that total B. turrita abundance is not
significantly

different

over

differing

depths

(See

Figure

2):

Figure 2: Mean Percent Cover by Depth Analysis
This depth analysis determined that the percent cover is not significantly different
between shallow and deeper depths (see Figure 3). Thus, the substrate orientation
analysis can include both depths, as there is no significant difference between the two.

Figure 3: Analysis of variance of percent cover by depth
Having completed the depth analysis, the Percent Cover by Water Flow
Location (Crib Side) and substrate orientation 2-way ANOVA can determine if B.
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turrita prefers certain substrate orientations. The effect results of this ANOVA is in
Figure 3 below:

Figure 4: Effects Test of Percent Cover 2-Way ANOVA
The effects test indicates that Water Flow Location (Crib Side) and Substrate
Orientation both have significant differences, supporting the hypothesis.
The distribution of Water Flow Location (Crib Side) is displayed in Figure 4
below:

Figure 5: Percent Cover by Water Flow Location (Crib Side)
It is apparent that the East and South sides are not significantly different, and
the North, South, and West sides have significantly greater percent cover. However,
the East has significantly less percent cover relative the North, and West side. This
provides an opportunity for future research (regarding water flow), which will be
discussed in the Proposed Research section. The above correlations are observed in
the Tukey test results below (Figure 6):
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Figure 6: Tukey Test of Percent Cover by Water Flow Location
The Water Flow Location analysis provides interesting insights into the
environmental effects influencing Babbs Cove. However, further experimentation is
necessary to determine the exact effects of water flow on B. turrita percent cover and
sedimentation on substrates (discussed below in Proposed Research).
The results of the Substrate Orientation ANOVA is displayed in Figure 7:

Figure 7: Mean analysis of Percent Cover by Substrate Orientation
Each substrate orientation differs significantly. The bottom (underhanging)
environments has the greatest percent cover. The vertical environment has and
intermediate percent cover. And the top facing substrates have the lowest percent
cover. This is supported by the Tukey Test, in Figure 8:
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Figure 8: Tukey Test of Percent Cover by Substrate Orientation
These results directly support the hypothesis that B. turrita prefers bottom
(underhanging) environments to vertical environments, and vertical environments
to top facing environments. Further research is necessary to determine exactly what
environmental factors effect this settlement distribution. This Proposed Research is
described below.
FURTHER RESEARCH ADDRESSING ADDITIONAL VARIABLES
A continuation of the previously described study is necessary to directly
attribute environmental factors to distribution of Bugula turrita. The experiments
would continue in Babbs Cove, Appledore Island, as this provides a constant location,
and data has already been collected (thus, repetition of previous work is not
necessary).
Since substrate orientation has already been significantly linked to B. turrita
percent cover, future research can integrate other environmental factors, like water
flow, salinity, temperature, light exposure, predation, and competition. Experiments
regarding these environmental factors are discussed below.
Predation
Hypothesis: The presence of rock crabs (Cancer irroratus) will decrease the percent
cover of Bugula turrita because of predation, and differ due to substrate orientation.
To study predation, a manipulative laboratory experiment will be conducted.
Previous work showed that rock crabs (Cancer irroratus) consume B. turrita (LeBlanc
2003). Since C. irroratus is present in Babbs Cove, it is highly possible that they are B.
turrita’s main predator.
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Questions:
1. What effect does substrate orientation have on Cancer irroratus predation?
To answer these questions, two controlled environment tables will be established.
Bugula turrita will be transplanted into each table on top, vertical, and bottom
(underhanging) substrates (mimicking the Cribs). In the first table, C. irroratus will
accompany B. turrita. In the second table, Bugula turrita will not be accompanied by
anything. This would serve as the control, observing the natural loss (or gain) of B.
turrita in a laboratory environment. The two experiments will be run simultaneously
and environmental factors (such as light, temperature, salinity, etc.) will mimic daily
cycles of the natural environment. The experiments will run for two weeks. Food will
be provided for the B. Turrita, mimicking the natural environment.
A prescribed biomass (wet weight) of B. turrita will be transplanted into the
various tables. To quantify the loss or gain of species, the wet weight of B. turrita will
be measured before and after the experiment. The difference between the wet
weights (before and after) will indicate the amount of consumption by C. irroratus.
Data collection will occur once, at the end of the experiment, by determining
the wet weight of B. turrita colonies on each substrate orientation in both the control
and experimental tables. The data would be analyzed via 2-way ANOVA. The response
variable is wet weight. The treatments are substrate orientation, and environmental
table (control v. experimental).
Competition
Hypothesis: The presence of competitive organisms will decrease the percent cover
of Bugula turrita because other organisms possess a competitive advantage.
Question:
1. Do other species have competitive advantage over B. turrita, causing a
lower percent cover on certain substrate orientations?
To assess competition, a natural experiment would be performed. Areas
throughout the Cribs will be identified, and data will be collected regarding species
percent cover, and B. turrita percent cover (using the Procedure outlined in this
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paper). Percent cover of all species in a quadrat at the various study sites will be
measured. If, in multiple instances, another species outperforms B. turrita, then that
species exhibits competitive advantage. Since the spread of organisms on the cribs is
random, a systematic survey will be conducted (very similar to the survey in this
study). Quadrat surveys at five locations on all substrate orientations of two beams
on all sides of the cribs will collect percent cover data for all species in the quadrat.
This data can correlate multiple species’ percent cover indicating competitive
advantage. Since this study found that substrate orientation significantly effects
percent cover of B. turrita, the various substrate orientations in the competition study
will be analyzed exclusively.
Since percent cover can fluctuate with time, this experiment would be
repeated every month for one year in the same location. If a consistent ratio between
a particular species and B. turrita emerge, that would indicate a constant competitive
advantage. The reason behind this competitive advantage would remain unknown,
but the dynamic would explain the percent cover trend of B. turrita in the Cribs.
The final data would determine percent cover over the year, or every species,
on each substrate orientation. Ratios between two species would indicate an
interaction. The analysis would method would be a 2-way ANOVA of percent cover by
species and substrate orientation.
Water Flow
Hypothesis: Increased water flow will decrease the percent cover of Bugula turrita,
as increased water flow impedes the attachment of Bugula spp. larvae.
Question:
1. Does water flow effect the percent cover of B. turrita?
As discussed earlier, water flow effects the settlement of Bugula spp. larvae.
Bugula turrita is less abundant in greater flow environments, since greater flow
impedes larval attachments. An assessment of water flow in various Crib locations (as
previously discussed) would clarify the Water Flow Location (Crib side) relationship
discussed in Results (see Figure 6).
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To assess water flow in various locations throughout the cribs, digital flow
meters will be placed on top, vertical, and bottom (underhanging) surfaces in the
cribs. They will be placed on two beams (the fifth and second from the top) at three
locations on each beam (left, center, and right). Simultaneously, a B. turrita percent
cover study will be conducted (identical to the one described in this paper). This
survey must be repeated, as the environmental conditions may have changed since
this study was conducted.
The data collected by the digital flow meters will be correlated to the data
collected in the percent cover study, to assess the interaction between water flow,
substrate orientation, and percent cover via 2-way ANOVA statistical analysis.
Sedimentation/Films
Hypothesis1: Increased sedimentation will decrease the percent cover of Bugula
turrita, as sediment impedes the attachment of Bugula spp. larvae to the substrate.
Hypothesis2: The type of sedimentation will affect the percent cover of Bugula turrita,
as B. turrita larvae prefers certain sediments/films (i.e., microbial films) to others
(i.e., silt).
Questions:
1. Does sedimentation effect the percent cover of B. turrita?
2. Does the type of sediment effect the abundance of B. turrita?
As discussed earlier, sedimentation (amount and type of sediment) effects the
attachment of Bugula spp. larvae. Both the amount and type of sediment can affect the
results. For example, microbial films have been shown to increase the attachment of
B. turrita larvae on substrates (Brancato & Woollacott 1982).
To quantify sedimentation, flat collection plates will be placed on top, vertical,
and bottom (underhanging) substrates in various locations throughout the cribs.
These collection plates (being flat) reflect the substrate, and will not disrupt natural
water flow. The plates will be weighed accurately before placement. In the water, they
will collect sediment for 2 weeks (allowing for multiple tidal cycles). After collecting
sediment, the plates will be collected (ensuring preservation of the sediment) and

22

weighed. The difference in weights will indicate the amount of sedimentation in the
specific location. This data will then be correlated with the percent cover data, which
was taken in the same locations. The weights will be grouped into low sedimentation,
intermediate sedimentation, and high sedimentation. Subsequent statistical analysis
(2-way ANOVA of percent cover by substrate orientation and sedimentation
category) will indicate whether amount of sediment effects B. turrita percent cover.
Simultaneously, the sediment will be identified, to determine its composition.
If the sediment is sand (for example), then a negative correlation with Bugula turrita
is expected. If the sediment includes a microbial film (consistent with that of Brancato
& Woollacott 1982, for example), then a positive correlation is expected. The data will
be analyzed via 2-way ANOVA of percent cover by sedimentation type and substrate
orientation.
Light Exposure
Hypothesis: Bugula turrita larvae prefer low light environments to high light
environments when attaching to and settling on substrates.
As indicated by Grave 1930, light exposure can effect substrate selection of B.
turrita larvae.
Question:
1. What is the effect of light exposure on B. turrita larvae’s substrate
selection?
Grave (1930) indicates that Bugula spp. larvae are initially attracted to light,
but react negatively to light exposure soon before attachment to the substrate. This
implies that larvae select low light environments. To test this, B. turrita larvae will be
placed in controlled environment tables. Within each table is a piece of substrate
mimicking the cribs. One table will be located in the light (mimicking daily cycles) and
the other in low light environments (mimicking the environment under a protected
beam in the cribs. The larvae will be released, and given a period (roughly one week)
to settle. One week allows sufficiently time for larvae to attach and settle, as they are
usually swimming for minutes to hours (as previously discussed). After the one-week
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period, the two substrates will be analyzed under a microscope, to determine which
substrate had greater larval attachment. A grid of sites on the substrate will be
identified, and the number of larvae will be counted. The low light environment is
expected to have greater settlement of larvae than the high light environments.
Upon conclusion of this preliminary study, a second study will be conducted.
In this study, both low light and high light environments will be accessible to the
larvae. At one corner of the table, a substrate will be available with a low light
environment. At the opposite corner an identical substrate will be available with a
high light environment. The same experiment will be conducted, quantifying the
settlement of larvae on the two substrates after one week. The number of attached
would be correlated to substrate light exposure to determine the preferred
environment.
The two tests would be analyzed separately. The first test (with exclusive high
light v. low light, would indicate survivability. The second test (of mixed low light and
high light on same table) would indicate preference given both choices. Both analyses
would use a T test of number of larvae attached (response variable) by light exposure
(treatment). While previous experiments have already indicated the Bugula spp.
larvae preference for low light environments, they have not applied this
understanding to substrate orientation.
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