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Abstract	
  
Monterey	
  Bay,	
  CA,	
  USA,	
  is	
  a	
  deep	
  non-­‐estuarine	
  embayment	
  broadly	
  
open	
  to	
  the	
  coastal	
  ocean.	
  Its	
  oceanography	
  has	
  been	
  studied	
  since	
  
1936.	
  In	
  1989,	
  the	
  Monterey	
  Bay	
  Aquarium	
  Research	
  InsEtute	
  (MBARI)	
  
started	
  a	
  program	
  of	
  semi-­‐monthly	
  Eme-­‐series	
  cruises	
  to	
  several	
  
staEons	
  within	
  and	
  off-­‐shore	
  of	
  Monterey	
  Bay.	
  Time	
  series	
  parameters	
  
at	
  staEons	
  in	
  central	
  Monterey	
  Bay	
  are	
  described	
  and	
  shown	
  over	
  the	
  
23	
  years,	
  1989-­‐2012,	
  of	
  sampling	
  at	
  this	
  staEon.	
  Several	
  of	
  the	
  
parameters	
  shown	
  are	
  extrapolated	
  from	
  the	
  profiling	
  CTD	
  sensors	
  
and	
  samples	
  taken	
  from	
  Niskin	
  boTles,	
  as	
  well	
  as	
  several	
  sensors	
  in	
  
the	
  underway	
  surface	
  seawater	
  flow.	
  

	
  	
  A	
  

	
  	
  B	
  

	
  	
  C	
  

	
  	
  D	
  

Figure	
  1.	
  Time-­‐series	
  of	
  profiling	
  CTD	
  measurements:	
  (A)	
  Temperature	
  (degrees	
  C),	
  
(B)	
  Salinity	
  (psu),	
  (C)	
  Oxygen	
  (ml),	
  and	
  (D)	
  Fluorescence	
  (volts)	
  at	
  staEons	
  H3,	
  M1,	
  
and	
  67-­‐50	
  to	
  200m.	
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Figure	
  2.	
  Time-­‐series	
  of	
  chemical	
  and	
  biological	
  measurements:	
   (A)	
  Nitrate	
   (NO3	
  
uM),	
  (B)	
  Phosphate	
  (PO4	
  uM),	
  (C)	
  Silicate	
  (SIO	
  uM),	
  (D)	
  Chlorophyll	
  a	
  (mg	
  m-­‐3),	
  (E)	
  
Primary	
   ProducEon	
   (mg	
   m-­‐3),	
   and	
   	
   (F)	
   Picoeukaryotes	
   from	
   FCM	
   (cells	
   ml)	
   at	
  
staEons	
  H3,	
  M1,	
  and	
  67-­‐50	
  to	
  200m.	
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Figure	
   3.	
   Time-­‐series	
   of	
   underway	
   surface	
   measurements	
   of	
   (A)	
   Temperature	
  
(degrees	
  C),	
  (B)	
  Salinity	
  (psu),	
  and	
  (C)	
  pCO2	
  (atm)	
  at	
  staEons	
  H3,	
  M1,	
  and	
  67-­‐50	
  to	
  
200m.	
   The	
   blue	
   dots	
   are	
   daily	
   averaged	
   data,	
   red	
   line	
   are	
   the	
   interpolated	
   and	
  
smoothed	
   values,	
   where	
   the	
   data	
   are	
   gridded	
   to	
   14	
   day	
   intervals	
   using	
   the	
  
SEneman	
   interpolaEon	
  and	
  a	
  9	
  point	
  moving	
  average	
   is	
  applied.	
  The	
  green	
   line	
   is	
  
the	
  linear	
  regression.	
  

Map	
  1.	
  This	
  is	
  Ocean	
  Data	
  View	
  4.2	
  image	
  of	
  the	
  Monterey	
  Bay	
  region	
  using	
  Pre-­‐
Bathymetry,	
  Ocean	
  Bathymetry,	
  Pre-­‐coastlines,	
  Coastlines,	
  Pre-­‐Topography,	
  Land	
  
Topography,	
  and	
  Post-­‐topography.	
  PosiEons	
  of	
  Eme-­‐series	
  staEons	
  C1,	
  H1,	
  H3,	
  M1,	
  
67-­‐50,	
  M2,	
  67-­‐55,	
  and	
  C7	
  are	
  ploTed	
  to	
  show	
  locaEon	
  and	
  reference	
  to	
  land	
  and	
  
each	
  other.	
  The	
  unlabeled	
  blues	
  dots	
  represent	
  CalCOFI	
  Line	
  67	
  staEons.	
  

Methods	
  

Time-­‐series	
  staEons:	
  
Shipboard	
   Eme-­‐series	
   data	
   have	
   been	
   collected	
   twice	
  monthly	
   since	
  
mid-­‐1989	
  aboard	
  the	
  R/V	
  Point	
  Lobos	
  on	
  single-­‐day	
  cruises.	
  From	
  1989	
  
to	
  1992,	
  four	
  staEons	
  were	
  occupied,	
  C1,	
  H1,	
  H3,	
  and	
  C7	
  (see	
  map).	
  In	
  
1993,	
  these	
  staEons	
  were	
  reduced	
  to	
  C1,	
  M1,	
  and	
  M2.	
  StaEon	
  H3	
  is	
  3	
  
km	
   north	
   of	
   staEon	
   M1;	
   however,	
   they	
   are	
   both	
   in	
   the	
   center	
   of	
  
Monterey	
  Bay	
  and	
  over	
  the	
  Monterey	
  submarine	
  canyon.	
  In	
  1997,	
  the	
  
Studies	
  of	
  Ecological	
  and	
  Chemical	
  Responses	
  to	
  Environmental	
  Trends	
  
(SECRET)	
  cruise	
  series	
  was	
  begun	
  to	
  occupy	
  10	
  CalCOFI	
  Line67	
  staEons	
  
to	
   250km	
   off	
   shore	
   of	
   Monterey	
   Bay.	
   This	
   series	
   occupied	
   C1	
   and	
  
approximated	
  M1	
   and	
  M2	
  by	
   Line	
   67	
   staEons	
   67-­‐50	
   and	
   67-­‐55.	
   The	
  
data	
  presented	
  here	
  is	
  the	
  combinaEon	
  of	
  H3,	
  M1,	
  and	
  67-­‐50.	
  
CTD:	
  
CTD	
  cast	
  were	
  made	
  to	
  at	
  least	
  200	
  with	
  a	
  Sea-­‐Bird	
  911	
  or	
  911	
  +	
  CTD	
  
mounted	
   in	
   a	
   General	
   Oceanics	
   12-­‐place	
   roseTe	
   with	
   5	
   or	
   10	
   liter	
  
Niskin	
  boTles	
  (silicon	
  O-­‐rings).	
  AddiEonal	
  sensors,	
  Sea-­‐Bird	
  Electronics	
  
43	
  and	
  Wet-­‐Star	
  or	
  FLRTD	
  Fluorometer,	
  allow	
  for	
  the	
  collecEon	
  of	
  the	
  
following	
  parameters;	
   temperature,	
  depth,	
  salinity,	
  dissolved	
  O2,	
  and	
  
fluorescence	
  (See	
  Figure	
  1).	
  
BoTle	
  samples:	
  
RoseTe	
  Niskin	
  boTles	
  were	
  filled	
  at	
  the	
  surface	
  and	
  5,	
  10,	
  20,	
  30,	
  40,	
  
60,	
  80,	
  100,	
  150,	
  and	
  200	
  m	
  during	
  each	
  cast.	
  The	
  water	
  was	
  used	
  for	
  
a	
  number	
  of	
  measurements;	
  oxygen	
   (O2),	
  dissolved	
   inorganic	
  carbon	
  
(DIC),	
   alkalinity	
   (ALK),	
   ammonia	
   (NH4),	
   pH,	
   nitrate	
   (NO3),	
   nitrite	
  
(NO2),	
  reacEve	
  phosphorus	
  (PO4),	
  reacEve	
  silicate	
  (SIO),	
  Chlorophyll	
  a	
  
(chl),	
   parEculate	
   organic	
   carbon	
   (POC),	
   parEculate	
   organic	
   nitrate	
  
(PON),	
  primary	
  producEon	
  using	
  14C	
   isotope	
   (PP),	
  high	
  performance	
  
liquid	
  chromatography	
  (HPLC),	
  flow	
  cytometry	
  (FCM),	
  and	
  quanEtaEve	
  
phytoplankton	
  (QP)	
  samples.	
  Figure	
  2	
  shows	
  the	
  results	
  of	
  NO3,	
  PO4,	
  
SIO,	
  Chl,	
  PP,	
  and	
  Picoeukaryotes	
  from	
  FCM.	
  
Underway	
  Measurements:	
  	
  
On	
   board	
   the	
   ship,	
   another	
   Sea-­‐Bird	
   21	
   CTD	
   and	
   a	
   Wet-­‐Star	
  
Fluorometer	
   are	
   used	
   to	
   measure	
   the	
   water	
   as	
   the	
   ship	
   travels.	
   A	
  
pumping	
   system	
   on	
   the	
   ship	
   takes	
   water	
   from	
   3m	
   below	
   surface,	
  
passes	
  through	
  a	
  de-­‐bubbler	
  and	
  into	
  the	
  Sea-­‐Bird	
  unit.	
  Data	
  collected	
  
by	
   the	
  CTD	
  are	
   temperature,	
   salinity,	
   and	
  florescence.	
   In	
   addiEon	
   to	
  
the	
   CTD,	
   a	
   system	
   developed	
   by	
   Gernot	
   Friederich	
   takes	
   pCO2	
  
measurements	
   form	
   the	
   underway	
   seawater.	
   As	
   well	
   as,	
   a	
   Fast	
  
RepeEEon	
   Rate	
   Fluorometer	
   (FRRF)	
   developed	
   by	
   Zbigniew	
   Kolber,	
  
which	
  measures	
  chlorophyll	
  a	
  reacEon	
  in	
  phytoplankton.	
  The	
  FRRF	
  has	
  
been	
  in	
  use	
  for	
  only	
  two	
  years,	
  and	
  the	
  data	
  has	
  not	
  been	
  processed	
  in	
  
Eme	
  for	
  this	
  poster	
  (Figure	
  3).	
  

Table	
  1.	
  Sample	
  list	
  for	
  Eme-­‐series	
  staEons.	
  Samples	
  listed	
  under	
  “complete	
  series”	
  
were	
  obtained	
  over	
  the	
  full	
  Eme	
  period	
  of	
  the	
  series,	
  while	
  samples	
  under	
  “parEal	
  
series”	
   have	
   been	
   obtained	
   over	
   some	
   of	
   the	
   porEon	
   of	
   the	
   series.	
   Several	
  
underway	
  mapping	
  systems	
  were	
  also	
  run	
  on	
  the	
  Eme-­‐series	
  cruises.	
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