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Introduction
On our voyage, we sailed over a chain of seamounts from 4 ˚S to 14 ˚S, and from
147 ˚W to 155 ˚W. Relatively little is known about these seamounts, and existing
bathymetry data is still not available with very high accuracy or resolution. Only two of
these seamounts are named – Merlin Seamount (9˚ 05’ S, 150˚ 44’ W) and Wageman,
also known as Uyeda, Seamount (7˚ 33’ S, 151˚ 33’ W). As seamounts are commonly
recognized as vital ecosystems in the pelagic environment, and since they are very
vulnerable to human impacts like overfishing, bottom trawling, deep sea mining, and
climate change, it is important to learn as much as we can about these ecosystems.
One of the main ways that seamounts interact with their environment is through
the movement of water. As water approaches a seamount, it gets pushed up the side of the
seamount to the summit, where it spirals off the top, creating a vertical column of water
called a Taylor column or Taylor current. Taylor columns are anticyclonic swirls, and
often do not reach the ocean’s surface because of stratification and density differences in
the water column (Pitcher et. al 68). Because Taylor columns are usually more intense
right above the seamount, and decrease at shallower locations in the water column, they
are also known as Taylor cones (Dower et. al 1992). Taylor columns above deep
seamounts may not reach high enough in the water column to affect the first 100m, which
is the euphotic and most productive zone, so they may not have as big of an impact on
nutrients and plankton abundance (Dower et. al 1992).
Taylor columns occur sporadically, sometimes for a few weeks at a time, and
depending on how long they last, they can influence the productivity of the surrounding
ecosystem (Genin & Boehlert 1984). They do this by aggregating nutrients, larvae, and
plankton from the surrounding waters (Clark 260), which can support higher trophic
levels and a whole food web of marine life. In this way, seamounts can act as centers of
productivity in the ocean. Many seamounts also have a layer of carbonate and are home
to many deep-sea coral species (Pitcher et. al 136). In fact, these corals depend on
currents like Taylor columns to carry their prey to them, since they are located below the
photic zone and do not have symbiotic algae (Koslow 197).
Research Question and Hypotheses
My main, overarching research question is as follows:
How does the presence of a seamount affect the distribution of organisms in the Deep
Scattering Layer?
Since the Deep Scattering Layer is a very important element of most pelagic
environments, I thought that it would be a good indicator to examine the relationship
between this seamount chain and the surrounding ecosystem. However, it is not enough
for me to simply map the topography of the seafloor along our cruise track, monitor the
position of the deep scattering layer over that same region, and tie the two variables
together. As explained in my introduction, these two variables are linked through a
complex series of interactions and causational relationships. After mapping the
topography and finding a seamount, the next step is to try to detect the presence of a
Taylor column above the top of the seamount. If a Taylor column is found, the next step
is to measure the depth of the pycnocline above the chosen seamount and compare it to
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the depth of the pycnocline away from the seamount. This is important because the
upward movement of water through a Taylor column often causes the pycnocline to
“bubble” upwards and be positioned at a shallower depth above the seamount than in the
surroundings.
Taylor columns and resulting “bubbles” in the pycnocline can work together to
aggregate nutrients above a seamount, so the next step is to measure the nutrient
concentration above the seamount and compare it to the nutrient concentration away from
seamount. To then make the final connection between nutrient concentration and the
organisms around the seamount, we must examine plankton dynamics. Only after every
single step in this process is investigated can I hope to gain a clear understanding of
exactly how the topography and deep scattering layer interact. This project demands a
rigorous analysis that monitors every sequential step in the process, and I need to collect
data on every single variable listed above in order to answer my research question. To
this end, here are my hypotheses:
(1) We may be able to detect the presence of a Taylor column situated directly above
the seamount.
(2) The pycnocline above the seamount may be higher (at a shallower depth) than the
pycnocline away from the seamount.
(3) There may be a higher concentration of nutrients (namely, nitrates and
phosphates) above the seamount than away from the seamount.
(4) There may be a higher plankton biomass collected above the seamount than away
from the seamount.
(5) There may be a higher density of the deep scattering layer(s) above the seamount
than away from the seamount.
Methods
In this study, I used Surfer, the CHIRP system, the Acoustic Doppler Current
Profiler (ADCP), Conductivity-Temperature-Density (CTD) casts, a fluorometer, a
Neuston net, and a meter net. Before reaching the chain of seamounts, I used Surfer to
map existing bathymetry data in this region in the form of a contour map. I examined this
contour map to identify the GPS positions of any seamounts of interest. I targeted tall
seamounts since the closer the peak of the seamount is to the ocean’s surface, the more
likely it is that the ADCP will be able to observe the Taylor column based on the depth
limits of the ADCP. Throughout our voyage, the CHIRP system and ADCP ran
continuously, and I used this data to measure seamount bathymetry, monitor the
movement and density of the Deep Scattering Layer (DSL), and detect the presence of
Taylor columns. I also sampled individual seamounts through deployments of hydrocasts
with CTDs attached to obtain physical water properties and water samples for
fluorometer analysis. Sampling the seamounts also included a meter net deployment (the
wire pay-out was 400m for every station, but depth varied due to differences in currents)
and a surface Neuston net tow.
For every seamount sampled, we had 3 stations: one station right on top of the
seamount, and two away from the seamount, before and after we reached the seamount.
The stations on top of seamounts will be referred to as “on” stations, and the stations
away from seamounts will be referred to as “off” stations. During our voyage, we
sampled three seamounts, listed below with “on” and “off” stations and GPS coordinates:
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Seamount 1: “On” Station 6, 12˚ 2.7' S, 148˚ 29.7' W
First “Off” Station 5, 12˚ 22.7' S, 147˚ 51.3' W
Second “Off” Station 7, 11˚ 28.6' S, 148˚ 59.4' W
• Seamount 2: “On” Station 8, 11˚ 22.8’ S, 149˚ 01.0’ W
First “Off” Station 7, 11˚ 28.6' S, 148˚ 59.4' W
Second “Off” Station 9, 10˚ 52.5’ S, 149˚ 27.3’ W
• Seamount 3: “On” Station 17, 4˚ 40.9’ S, 154˚ 32.0’ W
First “Off” Station 16, 5˚ 57.0’ S, 153˚ 17.6’ W
Second “Off” Station 18, 4˚ 7.9’ S, 154˚ 55.1’ W
It was crucial to have “off” stations as controls for measurements made at “on”
stations. Currents and other environmental factors also may affect one side of a seamount
differently than the other side, so it was important to have one station on either side of the
seamount. At each station, I took density measurements using CTD casts, took water
samples for use in the fluorometer to measure nitrate, phosphate, and Chl-a
concentrations, and plankton biomass using both a meter net and a surface Neuston tow.
•

Figure 1. Map showing all of my seamount stations (Image courtesy of Google Earth).
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Results
Seamount 1
Seamount 1 was by far the largest and most shallow seamount that I sampled in this
study. In outlining the information I obtained from the Seamount 1 station, I will present
the results from the variables mentioned in my hypothesis, in the order listed above:
(1) Taylor column

Figure 2. East Component x North Component vectors of currents at 100m below the
ocean’s surface, sampled above Seamount 1. Red circle indicates the location of
Seamount 1. Away from the seamount, the current appears to be coming from the SE and
S, and on the seamount, the current appears to be coming from the NE and E.
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Figure 3. East Component x North Component vectors of currents at 300m below the
ocean’s surface, sampled above Seamount 1. Red circle indicates the location of
Seamount 1. Away from the seamount, the strongest currents appear to be coming from
the NE and SE, and on the seamount, the currents appear to be coming from the SW.

Figure 4. East Component x North Component vectors of currents at 500m below the
ocean’s surface, sampled above Seamount 1. Red circle indicates the location of
Seamount 1. Away from the seamount, the strongest currents appear to be coming from
the SW and S, and on the seamount, the currents appear to be coming from the NE.
(2) Pycnocline
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Figure 5. Pycnoclines (first 100 meters) at Station 6 (green), Station 5 (purple) and
Station 7 (red). The pycnocline at Station 6 (on the seamount) appears to be slightly
shallower than either “off” station.
(3) Nutrients

Figure 6. Nitrate concentration at Station 6 (orange), Station 7 (grey), and Station 5
(black). Nitrates are mostly higher at Station 6 than at Station 5 or 7 starting around
170m, but before then, Station 5 is slightly higher than Station 6. Nitrate concentrations
at Station 6 are always higher than those at Station 7.

	
  

7

Figure 7. Phosphate concentration at Station 6 (orange), Station 7 (grey), and Station 5
(black). Station 6 and 7 very similar, with station 7 slightly higher after 200m. Phosphate
concentrations at Station 5 are always higher or equal to those at Station 6.

Figure 8. Chl a Fluorescence for Station 6 (green) and Station 5 (red). Station 7 was
eliminated from the graph due to natural day-night cycles, since Station 6 occurred at
night, along with Station 5, and Station 7 occurred during the day. Absolute maximum
fluorescence is higher for Station 5, but the Chl-a maximum occurs at a shallower depth
for Station 6.
(4) Nets
There was no meter net or Neuston tow at Station 5, but the following table summarizes
the results from both net tows at Stations 6 and 7:
Station Meter Net
Zooplankton
Biomass (mL)
6
67
7
20

Meter Net
Zooplankton
Density (mL/m3)
0.0410
0.0136

Neuston
Zooplankton
Biomass (mL)
12
2.4

Neuston
Zooplankton
Density (mL/m3)
0.01
0.0011

Table 1. Zooplankton biomass and density for the meter net and Neuston samples at
Stations 6 and 7.
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In the meter net sample for Station 6, we found 6 myctophids, 2 shrimp, 1 pyrosome, 52
siphonophores, and visible bioluminescent fishes. In the Neuston tow for Station 6, we
found 5 myctophids and 1 dragonfish.
(5) Deep Scattering Layer

Figure 9. Long-term Echo Amplitude on and around Seamount 1. A vertical black line
marks the latitude of the peak of Seamount 1. The Deep Scattering Layer appears to be
dense on the seamount than away from the seamount
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Figure 10. Short-term Echo Amplitude on and around Seamount 1, measured at 400m, a
common depth associated with the DSL. Red circle indicates location of seamount. Echo
Amplitude is slightly higher on the seamount than off the seamount by 2-3 counts.
Seamount 2
Seamount 2 was, at the location at which we sampled it, 362m deeper than
Seamount 1. Here are the results from Seamount 2, presented in the same fashion as the
Seamount 1 results:
(1) Taylor columns

Figure 11. East Component x North Component vectors of currents at 100m below the
ocean’s surface, sampled above Seamount 2. Red circle indicates the location of
Seamount 2. Away from the seamount, the strongest currents appear to be coming from
the SW and S, and on the seamount, the currents appear to be coming from the NE and E.
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Figure 12. East Component x North Component vectors of currents at 300m below the
ocean’s surface, sampled above Seamount 2. Red circle indicates the location of
Seamount 2. Away from the seamount, the strongest currents appear to be coming from
the SE and E, and on the seamount, the currents appear to be coming from the SW.

Figure 13. East Component x North Component vectors of currents at 500m below the
ocean’s surface, sampled above Seamount 2. Red circle indicates the location of
Seamount 2. It is hard to discern a clear, consistent current direction on or off the
seamount, and the currents do not seem to be significantly different on and off the
seamount.
(2) Pycnocline
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Figure 14. Pycnoclines (first 150 m) for Station 7 (red), Station 8 (green), and Station 9
(purple). There is lots of variation and noise in all three pycnoclines and it is difficult to
find a discernable difference between the three pycnoclines.
(3) Nutrients

Figure 15. Nitrate concentrations for Station 7 (red), Station 8 (green) and Station 9
(purple). Station 8 appears to have consistently higher nitrate concentrations than
Station 7, and Station 9 (besides one data point at 250m) has higher concentrations
than both Station 7 and Station 8.
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Figure 16. Phosphate concentrations for Station 7 (red), Station 8 (green), and Station
9 (purple). Station 8 has the lowest phosphate concentrations, then Station 7, then
Station 9 with the highest phosphate concentrations.
I did not include any Chl-a Fluorescence data for Seamount 2 since both Station 7 and
Station 9 were sampled during the day, and Station 8 was sampled at night. This makes
an accurate comparison between on and off seamount stations impossible due to natural
day-night fluctuations in Chl-a Fluorescence.
(4) Nets
Station

Meter Net
Meter Net
Zooplankton
Zooplankton
Biomass (mL) Density (mL/m3)

Neuston
Zooplankton
Biomass (mL)

Neuston
Zooplankton
Density
(mL/m^3)
0.0011
0.0035
0.0009

N
20.0
0.0136
2.4
E7
8
33.0
0.0210
8.0
U
15.0
0.0124
2.0
S9
Table 2. Zooplankton biomass and density for the meter net and Neuston samples at
Stations 7, 8, and 9.

In the meter net for Station 8, we found 2 red shrimp, 2 pyrosomes, and 1 ctenophore,
and in the Neuston tow for Station 8, we found 2 myctophids, 1 Portuguese man-o-war
and 8 ctenophores.
(5) Deep Scattering Layer

Figure 17. Long term Echo Amplitude for Seamount 2. Position of seamount is noted by
red vertical line. The DSL appears to be slightly less dense on the seamount than off the
seamount.
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Figure 18. Short term Echo Amplitude for Seamount 2. Red circle indicates location of
Seamount 2. The Echo Amplitude does not appear to be discernably different on the
seamount than off the seamount.
Seamount 3
Seamount 3 was much deeper than Seamounts 1 and 2, as we sampled it at a
depth of 2049 m. Here are the results from Seamount 3:
(1) Taylor columns

Figure 19. East Component x North Component vectors of currents at 100m below the
ocean’s surface, sampled above Seamount 3. Red circle indicates the location of
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Seamount 2. It is hard to discern a clear, common current direction away from the
seamount, but on the seamount, the currents appear to be coming mostly from the S.

Figure 20. East Component x North Component vectors of currents at 300m below the
ocean’s surface, sampled above Seamount 3. Red circle indicates the location of
Seamount 2. It is hard to discern a clear, common current direction away from the
seamount, but on the seamount, the currents appear to be coming mostly from the S.

Figure 21. East Component x North Component vectors of currents at 500m below the
ocean’s surface, sampled above Seamount 3. Red circle indicates the location of
Seamount 2. It is hard to discern a clear, common current direction away from the
seamount, but on the seamount, the currents appear to be coming mostly from the S.
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(2) Pycnocline

Figure 22. Pycnoclines (first 150 m) for Station 16 (red), Station 17 (green), and Station
18 (purple). The pycnocline at Station 18 appears to be shallower than either Station 16
or 17, and Stations 16 and 17 appear to be very similar.
(3) Nutrients

Figure 23. Nitrate concentrations for Station 16 (red) and Station 17 (green). No data
available for Station 18. Station 17 has higher nitrate concentrations in the first 100m,
and Station 16 and 17 appear to be very similar beyond 100m.
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Figure 24. Phosphate concentrations for Station 16 (red), Station 17 (green), and Station
18 (purple). Station 18, besides one data point at 50m, has higher concentrations that
either Station 16 or 17. Concentrations at Stations 16 and 17 appear to be very similar.
I did not include any Chl-a Fluorescence data for Seamount 3 since both Station 16
and Station 18 were sampled during the day, and Station 17 was sampled at night. This
makes an accurate comparison between on and off seamount stations impossible due to
natural day-night fluctuations in Chl-a Fluorescence.
(4) Nets
No net samples were taken at Station 18, and no meter net sample was taken at Station
16.
Station

Meter Net
Zooplankton
Biomass (mL)

16

No data
available
53.0

17

Meter Net
Zooplankton
Density
(mL/m3)
No data
available
0.0365

Neuston
Zooplankton
Biomass (mL)
1.0

Neuston
Zooplankton
Density
(mL/m3)
0.0005

25.0

0.0065

Table 3. Zooplankton biomass and density for the meter net and Neuston samples at
Stations 16 and 17.

	
  

17

We found 4 myctophids, 10 shrimp, 3 siphonophores, 1 pyrosome, 1 nematode, and 1
worm in the meter net, and 26 myctophids, 8 Portuguese man-o-war, and 111 salps in the
Neuston net.
(5) DSL

Figure 25. Long-term Echo Amplitude for Seamount 3. Red vertical line indicates
latitude of seamount. DSL appears to be less dense on seamount than off seamount.

Figure 26. Short-term Echo Amplitude for Seamount 3 at 400m. Red circle indicates
position of seamount. Echo Amplitude does not appear to be significantly different from
the area before the seamount (the cruise track that is SE of the seamount), but it does
appear to be higher, by 6-7 counts, than the area immediately after the seamount (the
cruise track that is NW of the seamount).
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Summary Table
Seamount

Depth

1

930

2

1292

3

2049

ADCP
Depth of
Currents
Pycnocline
Strong shift Shallower on
in current
seamount
direction

Mostly higher on Usually
seamount
lower on
seamount

Weaker
shift in
current
direction
No clear
shift in
current
direction

Higher on
seamount than
one off station,
but not other
Higher on
seamount in first
100m and lower
beyond 100m

No significant
difference
Deeper on
seamount, but
statistically
similar to one
off station

Seamount

Zooplankton
Biomass

Zooplankton
Desnity

1

Higher on
seamount
Higher on
seamount
Higher on
seamount

Higher on
seamount
Higher on
seamount
Higher on
seamount

2
3

Nitrates

Long Term
Echo
Amplitude
Less dense on
seamount
Less dense on
seamount
Less dense on
seamount

Phosphates?

Lower on
seamount
Lower on
seamount

Chl-A
Max is shallower
on seamount but
max value is
higher off
seamount
DNA

DNA

Short Term Echo
Amplitude
Slightly higher on
seamount
On and off seamount
not very different
On is similar to before;
on higher than after

Table 4. Summary table of station data for Seamounts 1, 2, and 3. DNA indicates Data
Not Available.
In addition to reviewing data from all three seamount stations, I looked at the
relationship between topography and the DSL over the entire chain of seamounts in order
to answer my overall research question. I noticed that there were several major shoaling
events, in which the DSL moved vertically in the water column by 50-100m. I also
noticed that several of these major shoaling events coincided with the positions of
seamounts.
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Figure 27. Long-term Echo Amplitude over our entire cruise track. Purple brackets show
the boundaries for the chain of seamounts I studied, and black vertical lines show the
positions of seamounts that coincide with major shoaling events.
Discussion
Seamount 1
A large part of this study was obtaining bathymetry data for this chain of
seamounts. Before this study, this area had been fairly well mapped in terms of GPS
locations of seamounts, but was very inaccurate in terms of bathymetry. The CHIRP data
that I collected provides a new, more accurate snapshot of the ocean floor in this region.
We spent a whole day circling Seamount 1 in attempts to find the shallowest part of the
seamount, which gave us much more bathymetry data than if we had simply sailed
straight across the seamount one time. Using the bathymetry we collected through the
CHIRP system, I created a contour map in Surfer (see Appendix) of what is arguably the
most accurate and comprehensive bathymetry of this seamount that has ever been
collected.
Due to the very clear directional shift of the currents above Seamount 1 as
compared to off the seamount, it is fairly clear that the data indicates the presence of a
Taylor column above Seamount 1. There was a very clear change in current direction at
each different depth above the seamount, which likely indicates that a Taylor column
above the seamount was influencing current direction. These results support my
hypothesis that we may be able to detect the presence of a Taylor column. At each
successive depth, the cardinal directions of the currents on the seamount were different,
likely because Taylor columns are vertical spirals in the water column. I thought that the
Taylor column would be easier to identify in the 500m graph, but it was easiest in the
100m graph. I hypothesize that a main reason we were able to detect a Taylor column
was the relatively close proximity of the peak of this seamount to the water’s surface and
to the maximum depth of our hydrocast deployments. In addition, the pycnocline results
from Seamount 1 support my hypothesis that the pycnocline may be shallower on
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seamounts compared to off seamounts, so the Taylor column over this seamount may
indeed be strong enough to influence the pycnocline.
The nutrient data for Seamount 1 was more difficult to interpret. In terms of
nitrates, there was no data for Station 5 past 200m, so it was hard to get a clear picture of
the curve and compare it to Station 6 and 7. Without the Station 5 data, nitrates on
Seamount 1 were higher than off the seamount, but the Station 5 data is not so clear.
Nitrates illustrate a design problem in this study that is common for all nutrient
measurements in that the “off” stations were never taken at the same latitude of the “on”
station, so latitudinal productivity and environmental differences could have played a role
in the concentration of nutrients. There are also very low concentrations of nitrates in this
geographical region, especially in the first 100m, which could be due to high drawndown of theses nutrients by marine organisms. In terms of phosphates, the curve for
Station 5 had an inaccurate and very high first data point of 2.981 uM at 0 meters. The
Station 5 curve also has missing data after 200m, so it is difficult to get a clear picture of
the curve and accurately compare it to Stations 6 and 7. It is hard to say why nitrates and
phosphates differ so greatly in their trends above this seamount, but they are often used
by different groups of organisms. In addition, phosphates are not usually consumed by
zooplankton, which is what we sampled in our nets, so there is less of a conceptual
connection between phosphate concentration and plankton biomass as there is with
nitrates. In terms of Chl-a fluorescence, although the absolute maximum lies off the
seamount, the Chl-a maximum is shallower on the seamount, which may have more
bearing on the productivity of the local ecosystem because most of the productivity is
usually within the first 100 meters of the water column.
The net data for Seamount 1 supported my hypothesis that there may be more
plankton biomass on seamounts than off. However, it is important to remember that
because we used a meter net, which is an open net, to sample at depth, we picked up
more than just the organisms at the maximum depth achieved during the tow, so the
meter net samples were not fully representative of the composition of that depth. It was
also hard to know where we were actually sampling, since the tow depth ranged from
100m to 200m and the organisms we collected were likely not completely representative
of the organisms we would find in the actual DSL. The Echo Amplitude data used to
track the DSL did not necessarily support my hypothesis that the DSL would be more
dense on seamounts than off seamounts. Although the short-term Echo Amplitude was
more dense on the seamount, it likely was not significant because it was only higher than
off the seamount data by 2-3 counts. In addition, the long-term Echo Amplitude showed
less density over the seamount. Variability in the long-term Echo Amplitude signal from
12.0˚ S to 12.2˚ S could be natural day/night differences in the position of the DSL since
we were moving in a circular path and crossing the same line of latitude multiple times in
the same day while tracking the seamount.
Seamount 2
The Taylor column associated with Seamount 2 was slightly more difficult to
identify, mainly because there was no clear shift in current direction at 500m. However,
there was a clear shift at 100m and 300m. Again, I was surprised that the directional
shifts were more pronounced closer to the surface instead of being more pronounced at
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deeper locations. Since there was no significant difference between the density curves on
and off Seamount 2, the pycnocline results do not necessarily support my hypothesis. In
terms of nutrients, Station 9 was near another seamount, so this could have influenced the
higher concentrations of nitrates and phosphates at Station 9. There was also more nitrate
data available for Station 9 so it was hard to compare Station 9 with Stations 7 and 8. As
with Seamount 1, it is difficult to explain why phosphate concentrations were lower on
the seamount as compared to off the seamount. The net data supported my hypothesis,
but as with Seamount 1, the Echo Amplitude data did not support my hypothesis, as it
showed less density on the seamount as compared to off the seamount.
Seamount 3
I did not detect the presence of a Taylor column on Seamount 3 because there was
no discernable difference between the currents on the seamount versus off the seamount.
This was likely due to the fact that the ADCP only measures currents to 600m below the
surface, and the summit of Seamount 3 was over 2,000m below the surface. The
pycnocline data also did not support my initial hypothesis. While phosphates followed
the same pattern on Seamount 3 as they had on Seamounts 1 and 2, nitrates were less
clear on Seamount 3. Below 100m, nitrates appear to be higher off the seamount, which
would not support my hypothesis. However, it is important to remember that the first
100m of the water column is usually the most productive, so the fact that nitrates are
higher on the seamount in the first 100m may have some bearing on the overall
productivity of the ecosystem near the seamount. The net data supports my hypothesis,
and while the short-term Echo Amplitude is higher on the seamount than the area after
the seamount, it is only higher by 6-7 counts. This means that this difference in DSL
density may not be significant, so combined with the long-term trend of lower DSL
density on the seamount, this data likely does not support my original hypothesis.
General Trends
After examining the station data for all three seamounts, I have noticed some
general trends common to all three locations. For all the seamounts, there was more
zooplankton biomass on the seamounts than off, often by 3 or 4 times. In terms of our
capabilities as a scientific research vessel, height matters; that is, the depth of the
seamount summit from the ocean’s surface had a huge effect on our measurements. The
deeper the seamount, the harder it was to detect a Taylor column and determine its impact
on the pycnocline. For the seamounts that had a Taylor column that I could detect with
our instruments, the current signals were much more dense (that is, more current signals
were picked up) on the seamounts than off the seamounts.
DSL Shoaling Events
In terms of the major DSL shoaling events I found over our cruise track, I am not
sure what this pattern means or if it is significant at all. There are many factors that
influence the depth of the DSL in the water column, namely surface layer productivity,
oxycline depth, time of day, and upwelling, which could include upwelling by Taylor
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columns. The surface waters in the region I was studying are not nearly as productive as
many other areas of the world, so significant blockage of light by particles in surface
waters is likely not a big factor in this area.
The position of the oxycline can also influence the position of the DSL by
providing a vertical boundary. Organisms in the DSL tend to stay above the oxygen
minimum zone in the water column, so a more shallow OMZ could cause the DSL to
shoal upwards.

Figure 28. Oxyclines for Stations 6 (red), 8 (green), and 17 (purple). Based on this data,
the position of the oxycline would not have had a significant impact on the position of the
DSL for seamounts early in the seamount chain (farther south), but may have influenced
the position of the DSL later in the seamount chain (farther north).
The last big factor that would need to be eliminated in order to correlate these
shoaling events with the presence of seamounts is time of day. We passed over many
seamounts in this region at night, when the DSL is naturally higher in the water column
as they migrate towards the surface to feed. Although some of the shoaling events appear
to show a shallower position of the DSL than other daily vertical migration events over
our cruise track, it is impossible to know with the data we collected whether these
shoaling events are actually significant if we passed over the seamount at night. More
data will need to be collected, especially during the day, to determine whether these
shoaling events are significantly different than normal Diel Vertical Migration and
whether they can be correlated with the positions of seamounts. Even though we need
more information to understand what’s going on in this region, it is possible that Taylor
columns are correlated with these shoaling events. After all, we did find a dragonfish, an
organism commonly associated with the DSL, in the Neuston tow above Seamount 1.
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Conclusions
Over our cruise track, we got a single snapshot of this chain of seamounts. Since
we weren’t able to stay at a given seamount for more than a few hours, we only obtained
one sample at each station and got a brief glimpse of the ecosystem. This is why I was
able to do very little statistical analysis on my results – it would have been improper to
compare one seamount to another because they were in different locations and
environments, and there was only one data point taken for a given variable and depth at
each station. However, at first glance, some very interesting things are happening at this
chain of seamounts. We collected a remarkable amount of organisms over the seamounts
we sampled, and the zooplankton biomass on seamounts was often 3-5 times higher than
that collected off seamounts. When I was able to detect a Taylor column, it was fairly
strong and appeared to be having some effect on the pycnocline and the nutrients in the
surrounding environment.
But even more importantly, this study showed me how little we know about this
region of the ocean and about seamounts in general. I don’t know why nitrates and
phosphates showed opposite trends above these seamounts, and what that indicates about
the organisms in this ecosystem. I have no idea why we observed DSL shoaling events
above some seamounts and if these events are significantly different than normal Diel
Vertical Migration patterns. The bathymetry we collected gave us a general idea of what
the ocean floor looks like in this region, and yet the enormous scale of these seamounts is
still beyond human comprehension. Even though we were able to find out so much about
these seamounts on our cruise, we were still very limited in terms of the parameters of
our scientific instruments and our fundamental inability to physically explore these
seamounts. There is so much more going on in this region than we were able to detect,
and there is a huge need for more scientific expeditions to this region to find out all we
can about these seamounts.
Future Recommendations and Policy Implications
Future studies are needed in this region to determine the intricate relationships in
this ecosystem and the specific interactions between the seamounts and the surrounding
environment. It is crucial that future expeditions spend much more time at each seamount
than we did. This way, daily and even seasonal fluctuations can be eliminated from
datasets, and enough samples will be collected to perform rigorous statistical analysis on
the results. An ideal research expedition would spend, for example, a full month at
Seamount 1, performing two full stations every day, using a Multi-Beam Bathymetry
system, using nets that allow accurate and replicable sampling of the DSL, and using
sampling methods that allow for accurate and comprehensive comparison between on and
off stations. My study was slightly limited because sometimes the on and off stations for
a given seamount did not include the same net tows and did not collect bottle samples for
nutrient samples at all the same depths. There is also a need for a higher trophic level
organism study in this region. My study focused on the DSL, so I was looking mainly at
zooplankton dynamics, but it would be interesting to determine the effects of these
seamounts on top predators in the pelagic ecosystem.
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Seamount science is still a very new field of science. After all, it was just a couple
years ago that scientists realized that there are over 100,000 seamounts worldwide. We
know so little about seamounts and how they interact with their environment, and yet
seamount ecosystems are impacted by ongoing human activities like overfishing and
climate change, and new threats like deep sea mining. It is imperative that we find out as
much as we can about seamounts, and share it with the public and policymakers, so that
we know how to protect them and preserve them for future generations. Although Marine
Protected Areas are normally located in coastal regions, this chain of seamounts may be a
good candidate for an MPA or at least some level of protection. However, since these
seamounts are located in the Exclusive Economic Zone of Kiribati, it is not my decision
to make. Because of this, I hope to share this paper with the government of Kiribati so
that they can be informed of the exciting phenomena happening in their EEZ and can
decide what actions, if any, they would like to take.
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Appendix

Figure 29. A contour map of the bathymetry data collected of Seamount 1. The summit is
indicated with a red dot, and the summit depth is 771m. The seamount is very large,
rising from a seafloor depth of around 5000m below the ocean’s surface.
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