


City of Redondo Beach, CA
We began a partnership with  the City of  Redondo Beach during 2007. King Harbor of the City of Redondo Beach 
has been the site of repeated nuisance phytoplankton blooms or “Red Tides” that have resulted in fish kills within 
the harbor. These events are presumably caused by reduced oxygen levels in the harbor’s water. We have begun a 
collabora:ve effort between the City and CENS with the short‐term goals of applying sensor network technology to 
(1) determine the immediate cause of the fish kills, and  (2) provide informa:on to the City to aid its evalua:on of 
approach(es) to prevent or mi:gate these harmful events.

Our partnership with  the City of Redondo Beach provides the City with vital  informa:on on the  factors that  have 
led to fish kills in King Harbor. This knowledge transfer will significantly influence and improve the City’s abili:es to 
decide on an appropriate course of ac:on to prevent or ameliorate these harmful events. The informa:on obtained 
by the NAMOS set‐up within the harbor will be made freely available to city officials and to the public.

We have also par:cipated  in public outreach  and educa:on  programs hosted by the City of Redondo Beach. The 
Redondo Beach Clean Waterfront Fes:val was held at a favorite local community recrea:onal area, Seaside Lagoon 
on  October  11, 2008. The  all‐day event  focused  on  coastal  ocean  stewardship.  It  was  open  to  the  public  and 
featured invited speakers (including Caron), booths by local schools, environmental and governmental groups.

West Basin Municipal Water District
A  collabora:ve  effort  has been  established  with  this municipal  agency to  examine  the  impact  of  harmful  algal 
blooms on water  desalina:on  processes.  The District  is  involved  in  pilot  studies  to  inves:gate  desalina:on, and 
members  of  our  NAMOS group are collabora:ng with  the District  to  characterize  desalina:on  issues  rela:ng  to 
coastal algal blooms. This collabora:on will provide funds for a large, coastal ocean buoy that will be  located  just 
outside the breakwater of Redondo  Beach. The wireless network that is being enacted for  the West  Basin project 
will be folded into the network now working in King Harbor of Redondo Beach. Moreover,  the desalina:on project 
will provide a high gain antenna and an internet connec:on that has been  lacking in  the NAMOS build‐out of King 
Harbor for uploading sensor data to the internet.

Marina Del Rey, CA
We began  a  build‐out  of  a  second  NAMOS  in  this  harbor,  situated  approximately  20  km  north  of  the  City  of 
Redondo Beach during 2007 (Figure 19). Like King Harbor, Marina Del Rey is another highly urbanized harbor within 
Santa Monica bay that is a poten:al site for harmful algal blooms and poor water quality due to discharges within 
the harbor,  and due to the proximity of the marina to Ballona Creek. The goals of the Marina Del Rey project are (1) 
to establish a NAMOS within the marina that will relay informa:on on water quality to a web‐based portal  in real‐
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Figure 22 (lei) and 23 (right). Mayor Michael A. Gin of the City of Redondo Beach (Fig. 22), and middle school 
students from the city (Fig. 23), visit the NAMOS exhibi:on at the Fes:val. Students and the public viewed toxic 
algal species under the microscope, and discussed the technological and experimental approaches for studying 
these harmful events.



:me, (2) integrate this system with  the NAMOS presently established in King Harbor, and (3) employ the system to 
characterize  environmental  condi:ons  that  lead  to algal blooms within  the marina. The  informa:on  obtained by 
the NAMOS set‐up within the marina will be made freely available to city officials and to the public.

Oceanscience, Oceanside, CA
Oceanscience  is  a  private  corpora:on  involved  in  the  development  and  manufacture  of  oceanographic  and 
hydrologic  field  deployment  equipment,  for  freshwater  and  marine  applica:ons.  We  have  established  a 
collabora:ve rela:onship with this company to bring NAMOS‐based technology to  the commercial sector. In turn, 
Oceanscience  has  provided  design  advice  and  custom  building  of  some  of  the  NAMOS  component  hardware. 
Collabora:on with Oceanscience Corp. provides a direct conduit for  the movement of CENS (NAMOS) technology 
to the private sector.

Arrowhead Lake AssociaIon, Lake Arrowhead, CA
As a result of  a past  deployment of  NAMOS within  Arrowhead Lake, we have  established  a rela:onship with  the 
Arrowhead Lake Associa:on (ALA), a group that  is charged with monitoring water quality within the lakes. We have 
con:nued discussions with the ALA with the intent of designing a simple monitoring program for lake water quality 
that would  incorporate NAMOS approaches.  This partnership will be conducted as a part of an on‐going graduate 
course in plankton biology offered by Caron within the Graduate Program in Marine Environmental Biology at USC. 
The project will provide the ALA will addi:onal monitoring effort to on‐going studies in the lake, and it will serve as 
graduate research training for students in the USC program.

AQU 01.5 Future Direc4ons

King Harbor, City of Redondo Beach
Our  primary  accomplishments  in  King  Harbor  during  2008  have  been  the  con:nued  development  of  sensor 
network  capabili:es  in  King Harbor, Redondo  Beach. The  established  network consis:ng of  three  sta:c  sensor 
loca:ons  have  provided  high  resolu:on,  temporal  observa:ons  throughout  the  year.  This  network  has  been 
augmented with the design, construc:on and deployment of an automated winch system allowing round‐the‐clock 
measurements of chemical, physical and biological parameters throughout the water column. A major unanswered 
ques:on regarding the recent increase of HABs and other contamina:on events in this region con:nues to be how 
human  ac:vi:es on  land play a role in  the occurrence and/or severity  of  these events. Anthropogenic  sources of 
nutrients  and  contaminants may contribute  to algal blooms  and other  environmental  problems along our  highly 
urbanized coastline where land  runoff, river discharge, sewage ou]alls and  storm drains cons:tute mul:ple point 
poten:al sources. The rela:ve importance of anthropogenic sources of contaminants, rela:ve to natural sources of 
nutrients, for the prolifera:on and intensifica:on of these phenomena is not clear to science at this :me.

A major problem with characterizing pollu:on in harbors and beaches is the ephemeral nature of these events, and 
the factors leading to them. Because of the episodic nature of nutrient input to coastal waters (e.g.  storm drain and 
river  discharge  during  sporadic  rainfall  events  in  southern  CA),  it  is  difficult  to  link  cause‐and‐effect  for  many 
environmental  problems.  The  data  we  have  collected  from  our  NAMOS network  in  King Harbor  suggest  some 
anthropogenic input of nutrients to the system during the :dal cycle. It also appears that reduced grazing pressure 
has a significant effect on growth rate of some bloom‐forming species. Our research summarizing this aspect of the 
project  is now  contained  in  a manuscdript  that  is  being  revised  for  publica:on at  this :me (Bai  et  al. “Study of 
Raphidophytes  popula:on  dynamics  and  the  grazing  pressure  on  the  species  of  Heterosigma  akashiwo  using 
species specific qPCR  in Los Angeles coastal waters”).  It is likely  that both boqom‐up (e.g., nutrients, light) and top‐
down (e.g., grazing) processes contribute to the forma:on of blooms in Redondo Beach.

Our  specific  goals  for  the  next  year  will  focus  on  (1)  con:nued  and  expanded  studies  to  examine  the behavior 
(specifically  ver:cal migra:on), physiology and popula:on dynamics of harmful algal species within the harbor, and 
(2) the construc:on of true real‐:me, web‐based access to the streamed informa:on. Most major equipment items 
are built out at this :me, and  the City con:nues to provide essen:al  logis:cal  support and  local contacts to allow 
the study to  take place. Protected  space, an  internet connec:on, and housing for  the connec:on have now been 
acquired and the node linking our system to the internet is presently under construc:on.
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Marina Del Rey

We have  recently begun  to  extend  our  NAMOS technology to  this  loca:on. External  (non‐federal)  funding was 
secured in the last CENS funding cycle to support this project, and that funding has supported hardware purchases 
to  build out  the network. At  this :me, one loca:on  in  the  southeastern  region of the marina has been ou]iqed 
with a pier‐based sensor pla]orm. The overall approach is similar to the one that we have developed and described 
for  King Harbor, City of Redondo  Beach. The goal for  the  coming year will  be to  fully deploy the Marina Del Rey 
network  and  link  the  resul:ng  data  stream  into  the  real‐:me web  portal  now  emerging  for  the  King  Harbor 
network.

Studies in Southern California Bight
The  coastal  ocean  south  of  Redondo  Beach  is  the  loca:on  that  we  are  employing  as  the  study  site  for  the 
development  and  deployment  of  strategies  for  the  glider  retasking  and  coordina:on  work  that  is  presently 
underway. This  research  is  designed  to  examine  the distribu:on  and  ac:vity of phytoplankton that produce  the 
powerful neurotoxin domoic acid. We have chosen this important environmental problem as a ‘model system’ for 
the development and applica:on of our environmental sensor network because we believe that this approach can 
greatly improve decisions by municipali:es, coun:es and states for dealing with coastal pollu:on and harmful algal 
blooms.

The  goal  of  the  Aqua:c  Applica:on’s NAMOS project  in  the  open  coastal  ocean  is  the  development  of  robo:c 
approaches  for  documen:ng  the  movement  of  river  discharge  into  the  coastal  ocean,   coordina:ng  these 
measurements to establish the movement of river plumes into the coastal ocean, and observing the consequences 
of  these  releases  vis‐à‐vis  the  s:mula:on  of  algal  blooms. We  are  also  using  this  approach  for  characterizing 
natural  sources  of  nutrients for  phytoplankton  by documen:ng upwelling events. The  dynamic  feature mapping 
and  tracking  represented  by  these  topics  are  being  tackled  using  wirelessly  networked  sta:c  sensor  packages 
(buoys and pier‐mounted sensor packages), and autonomous Webb gliders equipped with a suite of sensors. These 
instruments will  be used  to  characterize and  track water  movement, and  thereby direct  the autonomous gliders 
(and human‐assisted sampling for verifica:on) to document the biological response.

This  work  will  dovetail  closely  with  a MERHAB‐funded  (NOAA)  project  (Rapid  Analysis  of  Pseudo‐nitzschia  & 
Domoic  Acid,  Loca:ng  Events  in  near‐Real  Time:  RAPDALERT).  In  fact,  this project  heavily  leverages equipment 
purchased  through  that  program  (dock‐based  sensor  packages  and  mooring,  and  autonomous  gliders)  as  a 
pla]orm  for  soiware  and  hardware  design  discussed  below.  Our  efforts  will  also  dovetail  with  the  efforts  of 
Southern  California  Coastal  Ocean Observing  System  (SCCOOS).  SCCOOS  is  a  regional  component  of  the  Ocean 
Observing  System  that  makes  measurements  of  the  scale  of  the  Southern  California  Bight.  Our  scales  of 
measurement  fit well within the geographic breadth of SCCOOS. We already make use of SCCOOS surface current 
data to provide context  and meteorological  informa:on  for our work, and  in  turn our studies will provide a more 
fine‐scale  resolu:on  of  plume  tracking  and  biological  response  than  SCCOOS  is  capable  of  obtaining.  Our 
rela:onship with SCCOOS is very strong, and we an:cipate close coopera:on from them.

Addi:onally, the work that we are undertaking will play an important role with the Southern California Bight study 
planned for Spring 2010. The Bight study is a regional (en:re Southern California Bight from roughly Santa Barbara 
to  the  U.S.‐Mexico  border)  study  conducted  once  every five  years.  It  is coordinated  by  the  Southern  California 
Coastal Water Research Project (SCCWRP), a public  agency charged with assessing the condi:on, and  factors  that 
affect  the  condi:on, of  a  500  km  sec:on  of  southern California’s  coastal  environment.  It  is  governed by a  ten‐
member  commission  composed of a  partnership  of  municipali:es that  discharge to  the ocean, and  government 
organiza:ons that regulate the discharge. A stated focus of the Bight study as planned at  this :me is an analysis of 
the  importance  of  natural  and  anthropogenic  nutrient  sources  (upwelling,  river  discharge,  water  treatment 
discharge, storm drain, runoff) to  the promo:on of harmful algal blooms of  the bight region. The plume  tracking 
studies conducted by our  NAMOS group will  cons:tute  a significant  contribu:on to the overall  Bight effort. The 
study was  originally  planned  for  Spring  2009  but  was  postponed  year  due  to  statewide  fiscal  difficul:es.  The 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par:cipa:on of our NAMOS research program is highly beneficial  to the entrainment of CENS‐derived informa:on 
and technology into the data available to coastal managers and regulators.

AQU 01.6 External Partners and Collaborators:

• Burt Jones, USC

• Southern California Coastal Water Research Project, Westminster, CA.

• OceanScience, Oceanside, CA.

• City of Redondo Beach, CA

• Southern California Coastal Ocean Observing System, San Diego, CA 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