
Physical oceanographers and meteorologists have long
recognized the need for continuous observations in
order to characterize and understand climate and ocean
variability. The need to observe biological and chemical
processes in the ocean at appropriate temporal scales was
recognized several decades ago, but these types of stud-
ies are rare. For example, while the coastal upwelling

process and its biological and
chemical consequences have been
studied extensively, the experi-
ments have been sporadic in space
and time. Input parameters needed
for modeling coastal ecosystems
have been marginally available and
long-term data sets for model vali-
dation and for characterizing cli-
mate change are lacking. 

The primary focus of these studies
is on phytoplankton—the micro-
scopic plants at the base of the
Monterey Bay ecosystem. The
mean and fluctuating components
of phytoplankton biomass, pro-
duction, and species composition
are of primary interest, as are the
physical, chemical, and biological
processes responsible for the mean
and fluctuating components. For

central California, studies by MBARI have used bi-
weekly to monthly ship expeditions, together with
continuous observations from moorings and drifters,
to determine mean seasonal ecosystem conditions.
Satellite observations of sea surface temperature and
ocean color provide a synoptic spatial view of physical
and biological properties. The results reveal the

processes regulating biological production in a coastal
upwelling ecosystem, and provide data for model input
and validation. Additionally, a long-term technical goal
is to transition the shipboard measurements to
autonomous platforms such as moorings, drifters, and
autonomous underwater vehicles (AUVs).

Based on this time series, the mean seasonal conditions
have been established for a number of parameters
(Figure 2), allowing interrelation of variables to be
examined. There is clear physical-biological coupling
in the time series, which is obvious in the seasonal
cycle. There is a maximum in nutrients, centric
diatoms (the phytoplankton responsible for most of the
production), chlorophyll, and primary production
associated with the upwelling season. The so-called
oceanic and winter seasons also have defining charac-
teristics. Deviations from mean conditions are also of
great interest. Chlorophyll levels dropped during the
warmer El Niño years (-19% in 1992 and -21% in
1997), and rose during the colder La Niña years (+19%
in 1991 and +11% in 1994). Phytoplankton biomass
dropped by 15% in 1992 and 27% in 1997, and rose by
29% in 1995, a year in which the average temperature
was close to the climatological mean, 13.5 °C. Perhaps
the most exciting but still uncertain aspect of the time
series is the apparent long-term trend in the data.
Sea-surface temperature has gradually risen over the
course of the 10-year study, while nitrate, chloro-
phyll, primary production, and centric diatoms are
decreasing (Figure 2). The abundance of the small
phytoplankton that dominate in offshore waters, and
the rate of metabolism of plants are increasing. If real,
these trends reflect the impact of climate change on
the biological productivity of the coastal ocean.

M o n t e r e y B a y A q u a r i u m R e s e a r c h I n s t i t u t e

Principal Investigator

Francisco Chavez

Co-investigators

Peter Brewer

Daniel Davis

Ed DeLong

Gernot Friederich

Robert Herlien

Russell Hopcroft

Hans Jannasch

Ken Johnson

Raphael Kudela

Michael Matthews

Carole Sakamoto

Chris Scholin

Mary Silver

Peter Strutton

BIOGEOCHEMICAL RESPONSES TO CHANGES
IN CLIMATE AND OCEAN CIRCULATION



1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Te
m

pe
ra

tu
re

 (˚
C)

10

12

14

16

18

Ni
tra

te
 a

t 6
0m

 (µ
M

)

0
5

10
15
20
25
30
35

Ch
lor

op
hy

ll (
m

g m

0
2
4
6
8
10
12
14

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Sy
ne

cc
ho

cc
oc

cu
s (

m
g m

-3
)

0
20
40
60
80

100
120

y=0.0002+12.8

r2=0.029

y=-0.0007x+19.53

r2=0.01

y=-0.0006x+4.12

r2=0.04

y=0.0002x+17.74

r2=0.00017

Pr
im

ar
y P

ro
du

ct
ion

 (m
g m

-2
)

0
1000
2000
3000
4000
5000
6000

y=-0.1431x+1586.26

r2=0.027

Ce
nt

ric
 D

iat
om

s (
m

g m
-3

)

0
100
200
300
400
500
600

y=-0.0105x+78.65

r2=0.0113

-3
)

��������	�(� �������������������������� �)������*�+�*$�����������$���� ��,-,�����,,-	�.������������������������*$��������������� ����������//(�

�����������������������0	#1�������''�*����	�(���������������������������������������������������������*���� �'	!1����''�*��
2�
����������������,''2

�,,!$�����	�1����''�*��
2�
������������������ ��,!,�����,,!$�����	,1����''�*��

2�
����������������,0������,,!	�
��� ���*���������� ��������

���������������������������������������������������%'� $���������*����������������$���� ��*�����������$������������������ �	�(���������������

� ������*������"�������	���	����������
��������������������� �������� �������������*�����3�������������������������������������������*

���������������������������������� ���������	�


