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Abstract-DEIMOS (Deepwater Echo Integrating Marine Observatory System) is an active acoustic package deployed at the MARS
cabled observatory in Monterey Bay, CA. Located on the continental slope at a depth of 875 m, DEIMOS transmits an acoustic pulse
upwards every five seconds, recording the intensity of reflected sound (i.e. backscatter) from organisms in the water column. Designed
as a robust, ROV-deployable package, it is built around a Simrad EK60 38 kHz scientific echosounder. The 7o, split-beam transducer is
oil-filled to withstand pressure at depth. Electronics, including the general-purpose transceiver, an addressable web relay for remote
rebooting, and a power filter and step-down, are housed in a 17-inch Teledyne Benthos borosilicate glass pressure sphere. The entire
assembly is bolted to a galvanized steel frame and is attached to the MARS node by a 50-m Falmat Ethernet cable with an ODI wetmate connector. DEIMOS was deployed in February 2009 by the ROV Ventana from the R/V Point Lobos. Supplied with power and a
communications link from the MARS node, DEIMOS is controlled remotely, and yields near-real-time backscatter data from the seabed
to the surface. Since deployment, we have implemented automated data handling to monitor data acquisition, issue email alerts if it
stops, and to upload data from the acquisition servers at Monterey Bay Aquarium Research Institute (MBARI) to the Fisheries
Acoustics Research Lab in Seattle.
Monterey Bay is located in the eastern-boundary California Current. Its food web depends on nutrients supplied by episodic,
seasonal upwelling events, and its pelagic fauna are dominated by invertebrates. A variety of biological patterns are visible in the
acoustic record. Several backscattering layers undergo diel vertical migrations, and change in number, depth, and density with the
seasons. Episodic events such as high-density aggregations and large surface-diving targets are also present. We are developing metrics
to characterize temporally-indexed, vertical density distributions.
Total backscatter density increased from late spring to early
autumn, while simultaneously becoming more dispersed and moving deeper in the water column. These changes reflect a decrease in
the number of vertically migrating layers, and the appearance of a large, deep, non-migratory layer centered near 500 m depth. Late
winter and spring contained short-term variability, due to the presence of near-surface aggregations. Long-term deployments of
stationary acoustic instruments provide high resolution data over a range of temporal scales that is rare for aquatic biological research.

I. INTRODUCTION
Cabled observatories provide platforms to collect high resolution, temporally-indexed data over extended temporal periods.
This combination of conditions is rare when measuring aquatic organisms, as moving platforms (i.e. vessels) often confound
spatial and temporal sampling, reduce sampling synopticity, and are limited to deployments (i.e. cruise durations) of a few weeks.
Efforts to build observing system infrastructure in the US and throughout the world will facilitate additional sampling
opportunities for the aquatic scientific community.
As part of the US National Science Foundation’s Ocean Observatories Initiative (OOI; www.oceanleadership.org/programsand-partnerships/ocean-observing/ooi/), the Monterey Bay Aquarium Research Institute (MBARI; www.mbari.org) constructed
the Monterey Accelerated Research System (MARS) to serve as a testbed for observatory infrastructure and instrument packages.
One sensing technology identified as a core instrument for the OOI is active acoustics. Upward looking, bottom-mounted
echosounders will be used to monitor aquatic organisms ranging from zooplankton to whales throughout the water column.
The Deepwater Echo Integrating Marine Observatory System, or DEIMOS, is an active acoustics package attached to the
MARS testbed in Monterey Bay. The instrument was constructed using commercial components to provide a robust system that
is deployable using a Remote Operating Vehicle (i.e. ROV), is compatible with the MARS operating system, and can be
controlled and monitored from land.
Long-term, high-resolution measurements from DEIMOS are used to examine organism densities from the surface to the
bottom of the water column. Density measurements are used to investigate vertical distribution patterns and biological cycles
over a range of temporal scales. Relevant examples include predator-prey interactions, vertical migrations at sunrise and sunset,
monthly and seasonal distribution changes, and interactions with physical variables.
II. METHODS
The DEIMOS package includes a Simrad EK60, 38kHz, splitbeam scientific echosounder operating at 38 kHz. The transducer
is a 38DD model with a 7o beam width (between half power points), oil-filled for operation at depths up to 1500 m, measuring 48
cm by 20 cm, and weighing 58 kg. A 17-inch Teledyne Benthos borosilicate glass pressure sphere encloses all electronic

components. These include the general-purpose transceiver (GPT), an Ethernet switch, an addressable relay switch, and a DC
power converter. The GPT transmits the signal pulse, receives reflected energy, and transmits data to the control computer. To fit
the GPT inside the Benthos sphere, a custom T-shaped backplane circuit board re-arranged the circuit boards to reduce the
diameter so that it would fit in the instrument housing (Fig. 1). A BlackBox Network Services® Ethernet switch linked the GPT
to the MARS network, allowing data to be transmitted to shore as they are collected. A Xytronix Research & Design
WebRelay™ enabled IP-based remote rebooting of the GPT through the auxiliary port.
The GPT required 12 V DC and drew 1.2A when not transmitting and 4.0A to charge the capacitors before transmission, for a
peak load of 5.2A. Power was supplied to the electronics through a Meanwell 150W DC-DC converter, which received 48 V DC
from the MARS node and converted it to 12 V DC to provide power to all components. The estimated 43W of heat generated
within the sphere was dissipated through convection: 30W from the GPT, 8W from the power converter, and 5W from the
WebRelay and Ethernet switches. To diffuse this heat, the sphere was evacuated to a partial atmospheric pressure of 4 in Hg.
Dessicant packs were placed inside the sphere to prevent buildup of moisture.
Three bulkhead connectors were used to connect DEIMOS components. An 8-pin SEACON connected the GPT to the
transducer , a 12-pin SubConn BH12F-GS Brass body connected the cable to the MARS node, and a vacuum port was used to
evacuate the interior of the sphere. DEIMOS was connected to the MARS node by a 50-m Falmat cable molded to an ODI 12way wet-mate connector with a 90-degree ROV handle. The transducer and pressure sphere were mounted on a galvanized steel
frame, with final dimensions of 117 x 61 x 63.5 cm and a mass of 137 kg. The transducer face was coated with PETTIT 1218
antifouling paint to prevent biofouling.
DEIMOS was deployed from February 27, 2009, to August 18, 2010 at the MARS node in Monterey Bay, CA (Fig. 2). The
MARS node is located approximately 890 m below the surface on the continental shelf in outer Monterey Bay. The instrument
was deployed by the ROV Ventana from the R/V Point Lobos. The package and cable were secured to the “front porch” of the
Ventana, which carried it to the seafloor. After positioning the package, the ROV paid out the cable to the main node and plugged
it in to one of eight power and communication ports. The process was reversed to recover the package on August 18, 2010.
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Fig. 1 Layout of DEIMOS active acoustic package. a) component schematic, b) exploded view of pressure
sphere, showing arrangement of electronics, and c) complete package on seafloor.

The echosounder was calibrated using the reference-sphere method [1]
using three approaches. The first was attempted in the MBARI test pool
before deployment. DEIMOS was placed on the bottom of the pool, and
the calibration sphere was suspended over the transducer from a catwalk.
The combination of a relatively small pool, a long pulse length, and ozone
cleaning bubbles resulted in severe signal reverberation and masking of
the calibration sphere, making an accurate calibration impossible. In the
second approach the ROV Ventanna deployed a calibration sphere
suspended below a syntactic foam float and anchored to the bottom on
either side of the transducer by small lead weights. Near-bottom currents
moved the ball through the acoustic beam, covering the entire beam
pattern over approximately three days. This unsupervised approach
allowed us to conduct several sequential calibrations at depth. We also
conducted a calibration from the ROV Ventana [2] during the recovery
dive by suspending a calibration sphere below the ROV and maneuvering
it through the beam. Within 50 m of the transducer the calibration ball
was not masked by noise from the Ventana’s hydraulic thrusters, making
these ranges suitable for calibration.
Data were collected continuously at a rate of 0.2 Hz using a pulse
length of 1.024 ms, where they were recorded on a dedicated data server
at MBARI. Transmitted power in the transducer was restricted to 825 W
to conform to harassment levels specified in the Marine Mammal
Protection and Endangered Species Act. A permit to deploy the device
was obtained from the Monterey Bay National Marine Sanctuary.
Acquisition was monitored using an automated script, which periodically
checked the size of the data directory and sent a notification email if it had
not been written to in the intervening 10 minute period. Once a day,
another automated script transferred the new data files to the Fisheries
Acoustics Research (FAR) Lab at the University of Washington, where
they were archived and analyzed.

Fig. 2 Monterey Bay showing location of MARS
node (black square) and the 56 km power/
communication cable to shore. Inset shows
location of Monterey Bay.

III. RESULTS
The DEIMOS package performed as designed, collecting data throughout its deployment. Passive background noise estimates
were consistently between –140 and –145 dB re 1 µPa at 1 m (hereafter dB), and as low as –153.4 dB, well below the –130 dB
minimum threshold recommended by the manufacturer. Data collection was interrupted on a number of occasions, due to
problems with software, communications, and power supply. The most significant of these interruptions occurred between May
and August 2009. On May 18, the background noise recorded by DEIMOS jumped from approximately –146 to -113 dB, which
saturated the receiver in the echosounder. The change in background noise coincided with the disconnection of another
instrument from the MARS node’s 48 V power supply. On August 14, when another instrument was deployed and connected to
the 48 V line, the noise dropped to –140 dB and it was concluded that the electrical noise was a combination of a reduced load on
the 48 V power supplies and a shared ground on the low voltage supply within the node. The next longest interruptions were 14
and 10 days, caused by the same electrical problem and an unnoticed software crash. Implementation of the automated
monitoring script in January 2010 enabled us to shorten our response time to data interruptions.
Biological patterns in the water column varied over the 18-month deployment. Multiple backscatter (i.e. reflected energy)
layers were present, ranging from the surface to below 600 m. Diel vertical migration (i.e. upward migration at sunset, downward
migration at sunrise) was ubiquitous, though not all scattering layers migrated. Typically, a deep, non-migratory layer was
present between 400 and 600 m depth. Between the bottom of the deepest layer and the seabed, the water column was sparsely
populated with individual aquatic organisms (i.e. single targets), with a mean TS of approximately –58 dB. Single or episodic
events also occurred, including the passage of dense aggregations and strong, surface-diving targets attributed to marine
mammals.
Backscatter patterns varied over seasons and shorter temporal scales (Fig. 3). Initially, several layers were present in the top
400 m of the water column, with both migrating and non-migrating components. Aggregations were also frequent near the
surface, remaining in the beam for minutes. In mid-May, when electrical noise forced us to stop data collection, biomass in the
water column began to thin, with fewer, less-dense layers and no more surface aggregations. When data collection resumed in
August, the water column had become more widely and densely occupied, with a deep, dense, non-migratory layer centered at

approximately 500 m depth, and low variability in the upper water column with one migrating layer. This deep, stable
configuration persisted into fall, eventually breaking up in early winter, with a second and sometimes third migratory layer
developing in November and December, and occasional midwater aggregations. In mid-February 2010, daytime surface
aggregations began to appear, and the vertical density distribution resumed the three migrating backscatter layers observed at the
beginning of the deployment. In April and May, the water column emptied, with only one or two weak backscatter layers present
IV. DISCUSSION
Active acoustic technologies have been deployed as stationary instruments in marine and freshwater environments. Research
effort has been concentrated in nearshore [3, 4] and inland waters [5], focusing on fish [6, 7, 8] and zooplankton behaviors [9].
Oceanic, long-term deployments have been limited to the mid-Atlantic Ridge [10] or using Acoustic Doppler Current Profilers
(ADCPs) to collect relative density data [11, 12, 13] and relate biological patterns to environmental forcing [14]. In the
California Current system, upward-looking acoustic systems have been used to examine zooplankton aggregations [15, 16] and
pelagic schooling fish [17]. Data collected by DEIMOS represents the longest deployment of an acoustic system in Pacific
oceanic waters.
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Fig. 3. Seasonal variability observed within the DEIMOS acoustic record. Each echogram shows 24 hours
(midnight to midnight) with time on the x-axis, left to right. Depth (m, y-axis), and color indicating relative
density of aquatic organisms (i.e. Sv values, threshold -90 dB re 1 m-1). Vertical bins (horizontal lines) are spaced
at 100 m, and temporal bins (i.e. vertical lines) are placed at 3-hour intervals. a) March 1 2009. Two to three
migrating layers present, dense aggregations near the surface during the day. b) April 19, 2009. Scattering has
decreased significantly, with only one migrating layer remaining. c) September 1, 2009. The water column is
nearly filled, with a 400 m thick layer comprised of several sub-layers deep in the midwater. Only one layer
vertically migrating. d) November 30, 2009. The deep non-migrating layer has decreased, with two to three
layers migrating. Near-surface scattering is high both during day and night.

One fundamental difficulty the use of any remote sensing technology including moored echosounders is identifying species in
the data. Traditional fisheries acoustic surveys conducted from a vessel include direct sampling, usually with midwater trawl
samples, to identify species and to construct length frequency distributions. Species composition and length frequency data are
used to parameterize acoustic abundance and biomass estimates. Autonomous acoustic moorings enable large volumes of data to
be continuously collected, but concurrent net sampling at high temporal resolution remains difficult and expensive. Biological
conclusions that may be inferred from long-term acoustic records are constrained by the amount of in-situ sampling and prior
knowledge of the system’s biological constituents. Fortunately, the fauna of Monterey Bay has been intensively studied over
several decades. The pelagic community of Monterey Bay is invertebrate-dominated, including copepods, euphausiids,
ctenophores, hydromedusae, siphonophores, and chaetognaths [18, 19]. Small pelagic fish (Pacific sardine, Sardinops sagax and
anchovy, Engraulis mordax) and squid are also abundant, and are targeted in commercial fisheries [20]. Larger fish such as
Pacific hake (Merluccius productus), pinnipeds, and cetaceans top the food web [21]
Species composition data from an ROV dive over DEIMOS on the afternoon of May 6, 2009 [22] provide an in situ view of
acoustic backscatter layer composition. Two layers were observed by the ROV Ventana’s cameras. The first, from ranging from
200 to 250m, was composed of chaetognaths, euphausiids, Poebius (a polychaete worm), Acanthamunopsis isopods, and, more
rarely, myctophid fish. The deeper layer, from about 300 to 400 m depth, was composed of chaetognaths, the hydromedusan
Solmissus, appendicularians, calycophoran siphonophores, Poebius, and few myctophids and squid. The depth ranges of these
visually identified aquatic organisms corresponded well with backscatter layers at the same depths from the coincident echogram.
Though in the hour succeeding the ROV dive the layers changed configuration, splitting into several smaller layers and changing
depth.
The two layers present during the ROV dive were composed of mixed-species assemblages. Previous work on backscatter
layers in Monterey Bay also found multiple species at corresponding to layer depths, and it seems likely that mixed-composition
layers are the norm, but may be dominated by a small number of species [23]. Layer structure can be complex, with multiple fine
layers nested within or forming thicker layers (Fig. 3a, 3b). It is interesting to speculate whether these layers are comprised of
mixed species, or are segregated taxonomically or ontogenically. Answers to these questions require direct sampling of the layers
and concurrent acoustic observations. The fact that the formation, dissipation, and movements of these backscatter layers can be
observed remotely over many months demonstrates the utility of an active acoustic observing system.
The addition of active acoustics to an ocean observing system facilitates quantification of temporal variability in pelagic
ecosystems, including seasonal changes. Primary production in the California Current is closely tied to seasonal, episodic winddriven upwelling [24]. Upwelling typically begins in March or April and continues into the summer. Average peak primary
productivity occurs in May or June [25]. We have not examined primary productivity data here, but depth-integrated backscatter
was highest in autumn and early winter, peaking in January at –42 dB, implying that zooplankton production followed the latespring phytoplankton bloom. This lag could reflect ontogenic or species shifts in the acoustically-detectable species assemblage,
or a response to the seasonal oceanographic cycle. It should be noted that El Niño has been shown to delay the onset of the spring
bloom in the California Current [25], and 2009 was an El Niño year.
The use of DEIMOS as a demonstration project taught us several lessons. Increased power supply conditioning will reduce
noise in the data. Few acoustic conflicts were encountered during DEIMOS deployment on MARS but consideration of other
instrument transmissions may reduce inevitable loss of data. The substrate on Smooth Ridge was essentially flat with a one or
two degree slope, but other locations might benefit from a gimbaled transducer in the frame design. Data volumes acquired at
one frequency sampled at 0.2 Hz over 875 m water depth were manageable for transmission, storage, and processing. But all
acoustic data would benefit from automated data processing, especially long-term observatory records that may contain additional
frequencies. This is an ongoing research area within the fisheries acoustic community and any algorithms are expected to be
adopted once they have been vetted and are available.
V. CONCLUSIONS
Active acoustics is a viable and relevant core instrument in the design and operation of ocean observatories. Development and
deployment of DEIMOS demonstrates that current technologies can be used to construct rugged packages that are compatible
with current observatory specifications. The package preformed as designed providing high quality data through the entire water
column over an extended period. Monitoring and troubleshooting daily operations was not an onerous task once the scripts were
in place. Pre-processing daily data files became a routine operation typically completed first thing in the morning. All data
interruptions were associated with system failures and added noise due to lack of current draw on the low voltage line. Additional
power filtering will be added to DEIMOS and is recommended for all acoustic instruments. The use of a common bus is not
recommended for any circuits in a cabled observatory.
Temporally-indexed measurements of density distributions at single locations provide data at spatiotemporal scales that are
rarely measured for aquatic organisms. Continuous observation of pelagic ecosystems over extended periods is a new perspective

typically not available to resource managers or aquatic ecologists. High resolution measurements over large temporal scales and
associated small spatial scales will fill missing quadrats in classic Stommel diagrams [26] such as the zooplankton biomass
variability plot in Haury et al. [27], and are expected to provide ecological understanding such as that obtained by physical
scientists using suites of environmental variables collected at autonomous moorings. A next logical step is to develop a suite of
metrics that characterize the biological patterns observed in the acoustic record and to develop indices that parsimoniously
describe patterns of biological significance.
Ocean observing systems concurrently examine ecosystem processes ranging from physics (e.g. wind stress, currents,
stratification, mixing), through primary and secondary production, to feeding ecology of top predators. From a biological
perspective, observatories provide an opportunity to monitor the pelagic component of ocean ecosystems, which transfer energy
from lower trophic production to apex predators. Primary science themes for an observatory-based, biological monitoring system
include temporal density distribution assessments of resident or migratory populations, vertical migrations and horizontal fluxes,
bio-physical coupling to episodic and periodic events, predator-prey interactions, scale-dependent distribution variability, speciesspecific habitat uses, and ecosystem indicators of biological responses to climate-induced environmental change. Until recently,
spatial and temporal sampling of biological constituents in the water column was limited in range and duration. The combination
of continuous power, data transmission, and long-term deployments of ocean observatories provides both opportunities and
logistic challenges to resource managers and aquatic ecologists. Acoustic data volumes are large but not unmanageable,
autonomous processing is possible and continues to advance, and increasing use of ecosystem-based resource management forces
resource managers to widen their sampling apertures by including nontraditional sampling tools. Installing networks of acoustic
packages combined with direct sampling to verify species compositions facilitates resource assessment and dynamic ecosystem
monitoring at spatiotemporal scales that have never been sampled.
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