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Discussion

This experiment was conducted using
MATLAB, an effective programming tool for
successfully processing and plotting data. |
Starting out, | took sea floor bottom |
temperature (BT) readings from glider data
in 2005 and 2006 and plotted these
missions with temperature data from the
System-wide Monitoring Program (SWMP)
in Tuckerton for the same time period.
SWMP collects data every half hour, 24/7,
from the Mullica River and into the Great

Introduction
The purpose of this research project is to begin to answer the

question, /s there a relationship between weather conditions
offshore and in the estuary; and if so, what is it? In the attempt to
answer this question, the following issues will be addressed:

Fish are cold blooded and migratory, so they need temperature signals

to tell them when to migrate.

*Because the cold pool off New Jersey’s continental shelf produces the

strongest thermocline in the world, these temperature fluctuations have

a major impact on fish activity, particularly those influenced by

upwelling and downwelling.

*Over the years, the timing and frequency of fish arrival has been

inconsistent.

Hypothesis

Our hypothesis is that the temperature
fluctuations within the estuary can be related
to fluctuations in temperature on the
continental shelf. Between RUMFS and the
COOL group, we came to this hypothesis
based on the following:

«Since fish arrive at the estuary at different

times, we can assume they are responding

to temperature fluctuations offshore to

To better understand the difficulty in predicting the exact moment that fish will
arrive at the estuary each year, the figures below depict the distinct annual
temperature variation from north to south along the East coast. Figure 3 shows the
10 locations that were hand picked to show this broad range of temperature data,
and figure 4 shows how much the temperature changes during the course of a year.
It was generated by taking sea surface temperature (SST) readings from satellite
data collected during 2005. The figure displays the monthly satellite SST averages
of all 10 locations, showing the range in their respective temperature cycles
throughout 2005, from Arctic to equatorial climates. In conclusion, the Mid-Atlantic
Bight region does show the most variability in temperature (Locations 4-7) when

Figure 14. The above map shows the many
locations from which data was acquired,
relative to the COOL room and RUMFS.

Getting ready for my fist glider
deployment

<Fish tracking currently occurs in the estuary, but they receive their
signals to come in from offshore.

Two separate research groups are involved in this endeavor at the
Institute of Marine and Coastal Sciences (IMCS) at Rutgers University.
Physical oceanographers at the Coastal Ocean Observation Lab (COOL
room) in New Brunswick, NJ, work with many state-of-the-art remote
sensing devices, the most recent being Slocum autonomous underwater
vehicles (AUVs), or gliders. By regularly sampling New Jersey’s cold pool,
gliders become more important to the COOL room every day because they
measure important parameters beneath the ocean’s surface. At the

Rutgers University Marine Field Station (RUMFS) in Tuckerton, NJ, marine ||
biologists track the locations of many fish among the diverse fish population = |

in New Jersey, helping them better understand the varying lifestyle of each
species. Separately, these two research groups have gathered large sets of
data annually but have not yet attempted to put their individual pieces
together. This research effort is a beginning step towards collaboratively
understanding and preserving our invaluable ocean waters.

Female blue crab

Background Information

The COOL group works daily to launch, monitor and retrieve gliders
(Figure 1) from their respective missions all along the New Jersey coast, as
well as around the globe. From October 2003 to date, gliders have spent

lead them there.

compared to other locations along the East coast.

* Due to the remote nature of the estuary,

fish receive signals f
estuary.

the shelf, not the

» These wind driven fluctuations due to
upwelling and downwelling are assumed to
dominate the transition region between the

¥ shelf and the Great
| |
|

Bay, since coastal

upwelling depends on the wind driven

response of the shoreward side of the cold

pool.

With information currently available to us, we

are ready to begin

discovering the what

temperature cues fish respond to in the Great

Bay every year.

Figure 3. 10 Locations along east coast with
noticeable annual temperature variability

Results

Figure 4. Monthly Average SST 2005.

Bay, enabling us to clearly see high tide

and low tide events. At first, little if no correlation seemed to exist
between the SWMP and glider data. However, when zooming in to specific
days in the time series as opposed to looking at whole years at a time,
significant features began to appear as seen in figures 10-13. Upon closer
inspection, it was apparent that data from other sources was needed to
support the suspicion that estuarine water is definitely influenced by water
offshore. Thus data collection was expanded to locations seen in Figure
14. First, glider ST was gathered for the same missions, and satellite SST
images confirmed visually that estuary water is strongly correlated to
offshore water. Data from Node B offshore proved to be one of the
biggest influencers, showing that maximum temperature peak in estuary
water occurs just before a high tide maximum is reached in the estuary.
Finally, data from the National Data Buoy Center's (NDBC) Ambrose Light,
NY station showed how much wind speed and direction affect the
upwelling and downwelling events. This expansion helped support our
hypothesis from all aspects, showing the distinct relationship in
temperature fluctuations between offshore water and water into the bay.

Future

oy Gliding Into the ==
' -

Figure 15. Acoustic bioprobe
The most exciting part about this research project is that this is just

the first step. There is much more that can be done to forming a more
concrete answer to the question, “When do the fish come in?” To start,
since temperature patterns were clearly seen from offshore to onshore, the
data sets can be expanded to look at other measurements available from

Figure 16. Attachment to glider

116 allemtll; s i) LD @ity ey ) o oty Wil Gy sy Figure 5. On May 13, 2006, warm shelf water  Figure 6. Seven days later on May 20, this shelf  Figure 7. Temperature near shore continues to  Figure 8. At the end of this upwelling event, both the glider and SWMP, such as salinity. Additionally, glider time scales

much it would cost to operate a boat for this same amount of time covers the lower half of New Jersey. water cools off as winds from the northwest bring  drop on May 22 as winds continue to cause shelf waters start to warm up again from the COOL room can be matched to those of fish movement from

(~$1000/day), the cost savings of gliders is remarkable. A glider — g S O oS SBUEAT, 2rngo 1 cou offstare R RUMFS. This could potentially pinpoint exactly when fish arrive, possibly to
- | essentially an underwater robot — functions using buoyancy, where its ; .

volume-to-weight ratio is continuously changed so that it glides up and
down in a saw tooth pattern through the ocean. Gliders collect various
parameters as listed below, all of which are useful to biological, chemical,
and physical oceanographers alike:

the day, leading to models that predict future activity. Also in the COOL
room, there is another collaboration with a team at the University of Rhode
Island (URI) who are using a device called a bioprobe (Figure 15) that
measures acoustics, pressure, temperature, and acceleration in the x and y
directions. By successfully attaching it to the glider, a process that has

ﬂs'ell?‘ll_lerawfe already been started (Figure 16), both the COOL group and RUMFS could
:C?\Imny - acoustically track fish in both the estuary and around the continental shelf.
-Bacclg?:gttyera Figure 9. Map of the Location of Buoy 126, With so many directions for this project to take off to, | am fortunate to

«Color dissolved organic material (CDOM)
Down at Tuckerton, researchers at RUMFS concentrate many of their
efforts in the estuary in the Mullica River — Great Bay area in southern New
Jersey (Figure 2). By using biotelemetry and wireless hydrophones located
all along the estuary and up into the river, multiple fish are simultaneously
tracked by location day and night, as opposed to only being able to track
one fish at a time in the past (circa 1993). With a current sampling rate of
76.8 KHz from the Mullica down to Great Bay, fish tracking technology has
progressed significantly since November 2002 and will continue to do so
with an advanced understanding of remote sensing technology from the
COOL room. . =

Figure 1. The Slocum AUV ready for

one of its mission in Kauai, Hawaii. Figure 2. Great Bay, Mullica River, and RUMFS in Tuckerton, NJ.

Figure 7a.
shows warm waters inside the bay at early
morning hours of low tide flowing on to the shelf.

A close-up of Great Bay on May 22

Figure 10. The figure above shows glider surface
temperature (ST) and bottom temperature (BT)
related to temperature data from inside the
estuary at Buoy 126 (SWMP). Looking at satellite
images and time scale graphs together, BT and ST
are close to the same temperature around the
time of the upwelling event from May 22 - 24.

Figure 7b. 4 hours later, high tide brings in cold
offshore waters, cooling the bay off.

Figure 11. In this figure, tide heights are shown
on a time scale. Maximums represent high tide,
while minimums indicate low tide events. When
figures 10 and 11 are overlaid, there is a clear
distinction between buoy temperature and tide
height — the temperature peaks in figure 10
oceur just before high tide events in figure 11.

Figure 7c. Another 4 hours later, low tide brings
this cool water out, and the bay starts to warm
up again.

Figure 12. This time scale graph shows both
wind speed and direction from May 18 — 25,
2006. Southeast wind direction during days 142
- 144 (May 21 — 23) matches southeast winds
shown in the satellite images in figures 6-9.

courtesy of the SWMP (System-wide Monitoring
Program) at the Jacques Cousteau National
Estuarine Research Reserve (JCNERR) in
Tuckerton.

Figure 13. The map above shows the exact GPS
location of the glider during this mission. The
temperature scale can be matched to the BT
readings in figure 10.

have been able to work on a project that has potential to make such a
lasting impact on marine life and mankind alike.
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