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climate change and human activities, to forecast ecosystem status based on a 

contemporary understanding of how nature functions, and to communicate new 

insights to its members, governments, stakeholders, and the public.

focus on understanding climate impacts on marine ecosystems and places additional 

information.

v



the morphology of the ocean basin determines ocean circulation, e.g., there is no 

cold climates for glacier growth, giving a very different coastal ocean environment 

partially submerged mountain ranges like the Aleutian and Kuril island chains cause 

huge amounts of energy associated with tidal currents to be dissipated through 



Here is a paragraph introduction 
h igh l ight .  The s tandard  paragraph 

t h e n  c a r r i e s  o n  f r o m  t h e r e .



• 

 

• 
to the calcium carbonate minerals that marine animals use to build their 

 

• 

would have in a cooler climate.

• 

by respiration of organic matter.
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In preindustrial times, the concentration of 

had remained stable for thousands of years. 

 emissions 

began on a large scale, the concentration 

was already at its highest point in recent 

one third is now dissolved in the oceans.

 dissolves, it reacts with 

each step releasing one H+

, which 

is the key biogenic mineral in the shells of 

bivalves and other calcareous organisms.

carbon chemistry are dissolved inorganic 

 concentration.

the ocean becomes more acidic, the fraction 

 decreases, 

with the net result that the concentration 

 that 

stresses calcareous organisms. Naively, one 

 would increase 

, but actually the opposite is true.

respiration of organic carbon and dissolution 

of carbonate minerals, and at the surface 

.

Alkalinity is a measure of the charge balance 

often considered a measure of ‘buffering 

capacity’, i.e., the higher the alkalinity, 

the more acid you would have to add to 

removed from seawater when carbonate minerals 

precipitate and is added when they dissolve.



at the surface is related to fresh water 

rain or runoff, or loss of freshwater to 

 

  

b io log ica l  sou rces  and  s inks,  wh ich 

may be much smaller locally than the 

change due to concentration/dilution.

carbonate system is said to be ‘closed’, e.g.,



Portrait courtesy of Edgar Fahs Smith 
Memorial Collection, Kislak Center for Special Collections, Rare 
Books and Manuscripts, University of Pennsylvania.

 
the number of molecules actually present to the more familiar, measurable quantities like mass and 

 moles per litre. 

molar concentrations or seawater densities in kg m

 g.

6.023 x 1023



 of a carbonate mineral, 

of the concentrations of its constituent ions in 

situ to their concentrations at saturation, which is 

represented by the conditional solubility product,Ksp*.
 

they become stressed even at values much greater than 

In general, the deep ocean is undersaturated with 

 with the 

same chemical composition but distinct mineral crystal 

structures. Most organisms form one or the other. 

most bivalves are calcitic. In general, the saturation 

 concentration than aragonitic ones.

sp



increasing surface ocean temperature, with 

River, which are mostly a consequence of 

anthropogenic nutrient inputs from land.

there is no net gain to the ocean as a whole. 

temperature at the sea surface when the 

will be near the saturation concentration.

A



globally, if other factors remain the same 

interior will decline, because the time 

deviations from this trend, but globally the 

amount of organic matter respiration is unlikely 

subsurface waters are very old, i.e., the time 

that has passed since the water was last 

at the surface is much longer than in most 

depth waters, because they are constantly 

onto the continental shelf along the west coast 

of North America, and the upper boundary 

.

are also fresher than is usual for open 

Fresher waters have a more limited ‘buffering 

capacity ’  than salt ier  ones,  meaning 

that the saturation state wil l  decline 

countries have responsibility for assessing 

 
an ocean general circulation model 

of simulation with climatological 



A

"The realization that future global 
warming might s ignificantly 
impact ocean O2 distributions 
is very recent, dating back only 
a decade. The science of ocean 
deoxygenation is thus in its early 
stages, and progress to date has 
mostly involved clarifying what is 
possible or conceivable within large 
uncertainties." (Keeling et al., 2010)

Canada

USA



 A deceptively 
simple concept that turns out not to be 

taught in school that lemon juice and vinegar 

like seawater that contains thousands of 
different ions, some of them at very high 

to percent, but per thousands 

simply as ‘parts per thousand’.

to determine the salinity of seawater tried to 
simply evaporate away the water and weigh 

you heat the sample enough to be certain, 

conductivity: a solution with lots of charged 
ions will conduct electricity better than a 

on an operational scale called ‘practical 

the differences among these measures are 
unimportant and we simply refer to ‘salinity’, 

of course, can be anywhere in between.

on salinity, or more generally on the ionic 
strength of a solution, is also the key to why 

do not work for seawater, because the sea salt 
interferes with the baseline electrochemical 
potential, which should be both low and 
stable so you can measure differences from it.

Another method that has been developed for 
measuring seawater pH employs an indicator dye 
whose colour changes with the pH of the solution 

very precise, it is not necessarily very accurate.

but not accurate, and a method that generates 



necessarily a ‘true’ concentration, 
as for the total concentration of 

or iron. Modern methods can be 
both precise and accurate, but 
real skill and effort are required 

systems can cause very big pH 
changes, and most of these issues 
are not important if you are just 
trying to keep your swimming pool, 

in balance. However, when trying 
to look at changes in the ocean, 
including anthropogenic ocean 

accurate analyses are required in 

relatively small changes occurring. 

changing, on average, at a rate of 

electrochemical method for seawater 

while the colourimetric method is at 

trends, but only after many data 

meaningful pH numbers in seawater.



• 

• 

• 
 of the eastern 



 saturation states 
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in the subtropical gyre, which has a high  

surface waters in recent contact with the 

atmosphere from subsurface waters ranging 

in age from years to hundreds of years since 

 

uptake and outgassing in the subtropical 

top of this seasonal cycle, there is a small 

net uptake driven by increasing atmospheric 

 due to anthropogenic emiss ions.

with greater productivity, greater seasonality, 

downward, resulting in a deep thermocline 

gyre nonetheless has a strong, permanent 

primarily a gradient of salinity rather than 



which in turn leads to greater seasonality of 

 concentration and 

 currents creates a region of great spatial 



their associated chemistry are well illustrated 

that has recently been in contact with the 

than would otherwise be the case at this depth. 

 and poor 



of salinity, indicating how it declines with depth and then increases again in the deepest waters. Reproduced 



 

time series programs, and have been making 

high quality carbon system observations since 

 

series observations have also been made along 

to fully constrain the carbon system and, 

 saturation states. For 

the quality of the alkalinity data is poor 

assessment reports, as the combination of high 

 

increase and pH and saturation state decline, 

gyre is an environment of relatively low natural 

variability compared to the subarctic, so the 

anthropogenic signal is more readily apparent 



 but also 

 concentration in surface 

A

with pH decreasing at rates ranging from 

which was estimated from alkalinity data 

longest open ocean biogeochemical time 

series available anywhere in the world ocean, 

opportunistic basis.



density 

atmosphere.
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Profiling buoy
(CTD, DO, PAR, FRRF)
0-150 m depth

Remote automatic
water samplers at 
200 & 300 m depth

Hybrid pH sensor
at 200 m depth

Acoustic Doppler 
current profiler at 
400 m depth

Sediment traps at
1000 m & 4800 m 
depth

Acoustic release

subarctic gyre

the mooring includes a remote automatic water sampler, 

sediment traps. Focal areas for this research include:  

Measurements of carbonate shell density of 
planktonic foraminiferans and pteropods by 

on marine organisms based on dissolved 
chemical constituents
Physical factors related to the progress of 



maintained by the Japan Meteorological Agency and is one of the longest continuous oceanographic time 
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of an array of modern ocean observing 

systems against a backdrop of atmospheric 

the beginning of hydrographic observations, 

and the thick lines represent the beginning 

of carbon system measurements with modern 

observations of, e.g., sea surface temperature 

and sea ice cover have been made continuously 

to consider here is that all of these systems 

were introduced after the anthropogenic 

perturbation had already begun, so sampling 

of the ‘baseline’ state is not possible. 



In many cases, the more advanced the technology, 

the more limited in time the data coverage is, 

biogeochemical sensors are much less common.

emerging technology that have up to now mostly 

been deployed in coastal waters, but are now being 

methods have advantages and disadvantages. 

and sample the full ocean depth, but they are 

our understanding of climate variability and 



Argo Float

Float deployed by
aircraft or ship

Slow descent
to 2000 metres

Drift for nine
days with ocean
currents

Oil pumped from internal 
reservoir to inflate bladder, 
causing float to rise

Temperature and salinity
recorded during ascent

Oil pumped back
to reservoir,
float descends

Cycle repeats

Up to twelve hours 
at surface to transmit
data to satellite

Data sent to weather  and
climate centres worldwide
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Platform Advantages  Disadvantages  
Time series stations high quality data, full depth 

profiles 
localized 

Longline cruises high quality data, full depth 
profiles 

sparse sampling in space and 
time 

Underway pCO2 generally high quality data, 
global QA/QC effort well 
established 

surface only 

Ships of opportunity high space/time data density, 
long time series in some cases 

surface only, limited suite of 
parameters, variable data 
quality 

Moorings depth profiles, high frequency 
sampling 

localized in space, data 
quality issues, data gaps 

Argo  depth profiles, high frequency 
sampling, broad spatial 
coverage 

CO2 system measurements not 
generally available to date 

Satellites global, synoptic, real-time surface T+S only 

this way may not be of the same quality as the 

available on dedicated science vessels, but 

platforms contribute to making data coverage 

more complete, and autonomous sensor 

a program to deploy large numbers of Argo 

and  not  yet  ava i l ab le  commerc ia l l y. CrCr
eded

itit
: : 

DFDF
OO

CaCa
nan
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temperature for decades, but technologies 

for estimating sea surface salinity have only 

the full carbon system over the entire ocean, 

can be found for two of the four key carbon 

are unlikely to produce very precise estimates 

in the near future. Nonetheless, empirical 

 concentration and 

available from satell ite observations.

has more than any other region, but the East Asian marginal seas are impoverished in this respect. Reproduced 
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on the organism, the organism life stage, and local conditions. In addition to the 

known global decline in pH since preindustrial times, pH can vary locally due to river 

both natural and human drivers, and can affect organism behaviour, physiology, and 



had a potential or projected negative impact, 

Ulva lactuca

Macrocystis pyrifera

as Gracilaria lemaneiformis

oysters and clams, the reduction of carbonate ion 

not have access to the biological building 

blocks that they need to form their shells.  

were likely to be the most sensitive to ocean 

surface seawater aragonite saturation below 

A



commercial, cultural or recreational species 

Oncorhynchus 

gorbuscha Oncorhynchus nerka 

and Atlantic salmon Salmo salar

Thunnus albacares Chinoecetes 

bairdi, Dungeness crab Metacarcinus magister, 

and Red king crab Paralithodes camtschaticus

Palaemon pacificus, P. borealis

Stronglyocentrotus purpuratus,  S. 

fransciscanus Crassostrea or Magallana 

gigas, Ostrea lurida Mytilus edulis, M. 

galloprovincialis Venerupis philippinarum, 

Panopea generosa Haliotis kamtschatkana, 

H. rufescens Lithothamnion 

phymatodeum, L. glaciale

are organisms which are important in food webs 

Euphausia pacifica

Limacina helicina

Emiliania huxleyi, Gephyrocapsa oceanica

Pisaster ochraceus Mytilus 

californianus, M. trossulus



 are pelagic snails that have evolved so that the 'foot' of 

are considered particularly vulnerable to dissolution in a more acidic ocean 

 seem to have 

A

Pteropods are most abundant in the subarctic and polar region, but species 

 saturation 



 

• 
energy acquisition.

•  – egg production and reproductive effort, gamete viability and 

•

•  – metabolic and respiration rates, including cardiorespiratory function, 

•
and impairment of olfactory food detection or predator avoidance. 

 

are seeking to determine which life stages of key organisms are most sensitive. Even if survival 

can occur in adverse conditions, organisms may still differ in their ability to recruit to the adult 

population. Juvenile survival is crucial to sustaining viable populations, and sustained negative 

for some species later life stages may be the most sensitive, again leading to population instability 

if they are unable to reproduce, or are impaired in their ability to avoid predation.
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(Diaz et.al., 2013)

also a greenhouse gas and will therefore contribute 

to other stressors such as parasites, diseases, and 

Oncorhynchus mykiss

Salmo salar Oncorhynchus 

nerka Lyopsetta exilis

Pandalus platyceros Crassostrea 

gigas (Venerupis philippinarum

Dense populations of salmon combined with low 

physiology of animals, including mitochondrial 

cardiorespiratory function, metabolic rate, reduced 

waters, swimming capacity, feeding, and predator 





as single stressors to marine ecosystems, but 

other stressors, such as increasing temperature. 

Initially, biological research in the area of ocean 

studies are informative but of limited utility in 

terms of predicting actual biological responses in a 

natural environment of populations encountering 

research is incorporating combinations of multiple 

climate scenarios. Multiple stressors may create 

interactions producing antagonistic, additive or 

within populations, where either males or females 

distributions through differential early survival, 

that were either positive, negative or unchanged 

for the same species under similar stressor 

conditions, and later studies suggested this 

may have been attributable to food supply. In 

situations where abundant food was available, 

organisms were able to buffer the stress of higher 

marine environment may be affected by ocean 

changes in food web interactions may be driven 

by the availability of planktonic organisms at 

the base of the food chain. Global changes 

may alter the timing of events in the natural 



well as creating a timing mismatch between 

 

events can further intensify impacts on biota 

 

and can lead to major declines in population 

events may create regional declines and, if spread 

over a wider distributional range, may have longer 

lasting or irreversible effects as surrounding 

resulting in necessary reductions in catch quotas 

ecosystems must also consider potential peaks of 

biological research involving multiple species 

and multiple stressors that cover the variability 

will help provide a more realistic picture of 

biological tolerances of organisms to future 

climate, which will permit better planning for 

 

initiatives such as reducing nutrient loading and 

water usage can mitigate impacts on a regional 

scale by preventing eutrophication.



must consider the acclimation and adaptation 

organisms may behave, look or function differently 

known as phenotypic plasticity

may respond better than others to stressors such 

maintain organism function in a new environment, 

and may or may not be reversible or inherited by 

capacity of a population to adapt to change may 

also depend on the variability that the organisms 

normally encounter, and the strength and rapidity 

have found that acclimating adults to projected 

future conditions confers an advantage on their 

offspring, whereas others have not observed any 

applied. 

selection of traits that make the organism better 

are passed on to future generations.  Adaptation 

can be studied using quantitative genetics, 

that may permit adaptation to a new stressor 

such as a new disease or virus. Aquaculture can 

better adapted to their changing environmental 

conditions, and use genetic ‘banking’ facilities to 

may be differences in adaptive capacity due to the 

variability and strength of an environmental driver, 

and how that population has been genetically 

altered by selection over previous generations. 

date, the majority of biological studies have 

concentrated on single species over short time 

scales that do not capture the potential for 

evolutionary adaptation. 



British
Columbia

Vancouver Island

Baynes Sound

ation 

by the Ministry of Agriculture to improve farmer 

provides high resolution seawater monitoring data 

, aragonite saturation, pH, salinity, 

site conditions and make informed management 

decisions.

David Ritchie receives 



stressors applied, which may lead to different responses on an individual or population scale. 

and biodiversity. Population plasticity may allow some organisms to acclimate in the short 

likely future evolution and impacts.











 Xuelong 

2

Xuelong sampled 

 

along the transect, 

associated with the transition between the 

 in the deep western basin of 

 

 was observed over the shelf, 



increased gradually eastward accompanied 

by  decreased sea surface salinity. It is worth 

 observed along 

 along transect 

sea surface temperature and higher sea 

surface salinity than in other regions, and 

 was mostly supersaturated. 

, 



, 

were lower than at other stations on 

area may be affected by river runoff. Many 

boreal rivers, such as the Yukon, contain 

in river water is lower than seawater 

inputs cause a strong positive anomaly 

 production and 

dissolution may be a minor effect in this 

blooms of calcifying phytoplankton 

 
 



electron micrograph of the coccolithophore Emiliana 
huxleyi



In contrast to the broad, productive shelf 

characteristics with the adjacent waters 

 

 



Along the east coast of Asia are a series of marginal seas 

enclosed by the Kamchatka Peninsula and island chains 

stretching from the Kuril Islands in the north through 

continental shelves and basins thousands of metres 

deep, is an oceanographically unique environment with 

no equivalent anywhere else on Earth. People have 

thousands of years.

Russia

Korea
Japan

Korea
Japan

Russia



At the northern end of this chain of marginal 

boundaries are mainland Russia, the Kamchatka 

shelf covering its entire northern half, with a 

the world, with a total drainage area of more 

shelf in winter, and spreads southward across 

and these signals are attributed to tidally 



is detectable in many data records. It has been detected in sea surface temperatures, coastal 



Regional Hydrometeorological Research 

based observations of temperature, salinity, 

in the FERHRI data base as in international 

and many of the data in the international 

has a preponderance of data collected after 

data have a distinct summertime bias, with 

minimal sampling in January and February. 

A climatology of the FERHRI data shows that 

 concentration declines 



a remarkable achievement when one considers 

had the capacity to make measurements of 

involve the solution of a system of nonlinear 

with highest saturation states in the surface 

in surface waters in winter, and waters below 

that the deep waters are contiguous with those 

chemical composition, as also indicated by the 

which sampled water properties over the full 

indicate that the Kuril basin is fairly well 

ventilated. However, there are limited areas where 

therefore, ventilation of the deep basins has 

collected a half century earlier and concluded 

that the waters had become warmer and  saltier.

Journal of the Remote 

Sensing Society of Japan Journal of 

Geophysical Research Progress in 

Oceanography 

papers in these volumes deal directly with 

measured alkalinity and dissolved calcium 

Pavel Gordienko



 over the length of the 

the degree to which intermediate waters are 

have measured the abundance and diversity 

of calcareous microfauna such as foraminifera 

whole it is probably safe to say that the baseline 

variables were not reported, it is likely that 

 saturation state is high over the 

concentrations in bottom waters, depending on 

the topography and circulation. As noted above, 

In the East Asian marginal seas, particularly 

in the area between Japan and the Asian 

mainland, there is a deep convection system 

and subpolar front independent of the analogous 

serve as an analogue for the world ocean 

as a whole under anthropogenic warming.



A

in the region. It has since been demonstrated 

that interior ocean waters off Japan and Korea 

have undergone drastic changes over the last 

 

on the aragonite saturation 

A  

accumulation has displaced the saturation 

respiration of organic matter, rather than 

.

JAPAN

RUSSIA



 are in pH units  y , mmol m   y , 
and ppm y

 increase alone.

 

were the most carefully sampled over the 

hydrochemical parameters in the northern 

and bottom waters have decreased over time. 

is in agreement with previous published 

 y

very good agreement with more recent data. 



occur in concert and are mainly caused by 

convection over time is responsible for these 

trends, i.e., it is not so much that the rate 

of deep respiration has increased as that the 

products of respiration are accumulating at a 

at abyssal depths, some regions in the East 

geologic past and could become so again.

river runoff and anthropogenic nutrient sources, 

enclosed by the Philippine and Indonesian 

only by the relatively sparse Ryukyu island 

Kuroshio water was estimated to be about equally 

 

uptake and the effect of increased respiration, 

leading to rates of pH decline greater than 

the global average, even without any local 

 

.Ning et al. 

the decline, with the rest associated with 

local anthropogenic sources and increases 

, while the red indicates change 
due to respiration. Rates at the open ocean stations 



 into the atmosphere 

 from the atmosphere. For most of Earth 

 
released during some major volcanic episodes was much larger than what humans are emitting today, but 
the rate was much less.

elements like uranium. In the modern ocean, uranium is conservative, meaning its concentration changes 

that the saturation depth is the depth below which calcium carbonate minerals dissolve and hence are not 

 shells had 
previously been preserved intact, they were absent from new strata laid down after the event, and did not 

into the atmosphere and ocean. In some deep basins of the East Asian marginal seas, there have 

.
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Japan has one of the longest coastlines 

of any country in the world, at nearly 

subarctic to the subtropical climatic 

northern part of the Japan coast, while 

coral reefs surround the coasts of the 

southernmost islands. In between is a 

and sargassums, which covers wide areas 

of the Japanese coast.  All of these 

environments provide habitat for benthos 

as Japanese sardine and chub mackerel.  

Protection of the Japanese coastal 

environment is thus highly important for 

subarctic boundary, and its coastline 

g rad ient  of  wa te r  t empe ra tu re.  

Anthropogenic warming has already 

begun to shift isotherms northward 

due to high summer water temperature, 

In the temperate area, seaweed forests 

laminariaceae and temperate sargassum 

species to tropical sargassum species, 

forest has far less productivity compared 

to the present temperate forest, such 

that these changes, due to increasing 

ecosystems to collapse within this 



problems for Japanese coastal ecosystems 

and hence hasten ecosystem collapse.  

encountered during the day or night 

important to design coastal monitoring 

programs with high temporal resolution 

to resolve diurnal variation of pH and/or 

, and to capture the daily minimum pH.

Japan has a richly indented coastline, and 

constructed in such indentations throughout 

concentration because 

of degradation of organic substances, 

 water may be transported 

to the surrounding natural coastal areas.  

requires high spatial as well as temporal 

resolution, so that the contribution of 

local human activities can be understood.
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by the Marine Ecology Research Institute 

made as part of MERI’s regular monitoring 

of its rearing waters. pH measurement was 

additional monitoring stations using modern 

 sensors have been added.

other stations are operated by individual 

comprehensively, so investigators have 

but most stations have not yet done so. 

 are 

while pH is measured at most stations. At most 

stations pH is measured by sensors, but at 

some stations it is measured by regular water 

sampling, and pH readings are taken by glass 

at most stations, which helps greatly in 

calibrating instrumental measurements 

and correcting offsets between stations.
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large diurnal and seasonal variations in pH and 

related water properties at this location. A glass 

concentrations is carried out periodically.

Preliminary results show strong diurnal 

A in summer.  

A are sometimes 

regional carbon cycle models to determine 

the combination of forcing factors that cause 

areas such as Akkeshi station, especially 

in summer.  At stations in temperate 

amplitude of diurnal pH variation is only 



 

with similar instrumentation as described 

diurnal variation, especially in summer.

series stations operated by the Japan Ministry 

have been maintained for water quality 

monitoring. Measurement precision of pH is 

individual station is low. In addition, many 

coastal processes such as eutrophication 

affect pH time series at individual stations: 

many stations even show increasing pH 

trends among the observation points, Japanese 

coastal waters as a whole show a rate of 

A
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Akkeshi Bay

Akkeshi-ko estuary

Akkeshi Bay

quality monitoring stations operated 
by Japan Ministry of the Environment 

stations. Red and blue lines indicate 

unpublished data. 

 

slightly negative, indicating an overall 



 seeps 

vegetation along the pH gradient. In the 

large brown algae and hard corals.  As pH 
decreases, both two groups disappear and 
vegetation changes to small brown algae 

pH is now being investigated thoroughly.

2

2
 seeps, subsurface volcanic activity causes 

 concentrations 
that can be twenty times that of ambient seawater.

2



are usually thought of as being associated primarily with 

Japan has the most northerly coral 

migration of Japanese corals with 

uptake will make some of this potential new habitat unsuitable. In Korea, corals 

are found around the southern island of Jeju and along the southernmost reaches 

Deep sea corals are distinct from reef building corals, which rely on photosynthetic 
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Korea is small country with a great deal 

the more coastal waters of the Yellow 

to the south coast. People and industries 

are most abundant along the west and 

south coasts.

Korea has  recent ly  int roduced a 

na t i o nw ide  p ro g r am  fo r  o c e a n 

sampling stations along all three coasts, 

 

stations are maintained by the National 

have been collected during April, August 

indicate sampling locations. 

directions of major currents in 



Results from this sampling show that 

the ocean is generally supersaturated 

with respect to aragonite, but with 

A 

In August, surface saturation reached 

observed along the south coast, which 

suggests substantially higher biological 

productivity in this region.

A 

A

A



A

A

changes in water temperature also 

A  and pH 

relative to the more oceanic waters of 

surface waters with bottom waters that 

seawater carbonate parameters were 

A  and pH and 

 relative to the adjacent waters 

was thought to be due to the possible 



A

A



A

A

mainly due to the slower response 

of deeper waters to changes in 

regional variations were observed, 

but this is mainly due to different 

attributable to the shallow depth 

and large tidal range in this region.

surface temperature and changes 

substantial impacts on coastal marine 

ecosystems. No strong changes in 

A 

detected in April. However, in August 

A  showed large changes when sea 

surface temperature in some regions 

in Korean coastal waters, but is 

primarily associated with local 

drivers such as nutrient loading 

is a decline in pH along with the 

, but there is a lack of 

monitoring trends over time. pH as 

A

been observed.



In Russian coastal waters, seasonal 

historical data show that the lowest 

observed during the summer season 

have been systematically decreasing 

 

During the same period, there was 

an increase in coastal eutrophication 

globally, in relation to anthropogenic 

nutrient sources.

 saturation 

empirical relationship,we can infer 

y

solely on microbial degradation of 

 concentration and 

a decrease of buffering capacity 
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structure of bottom fauna in Amursky 

observed only occasionally, became 

attributes observed changes in species 

processes connected with chronic 

also negatively affect benthos in the 

shelves of the East Asian marginal 

seas, the deeper waters provide a huge 

with gradually declining midwater 

seasonal upwelling of intermediate 

pH in bottom waters of Peter the Great 

Relationship of pH 

fo r  t he  b o t t om 
waters of Amursky 

reconstruction of 
pH in the bottom 
waters of Amursky 

this relationship.



eastern and northern shorelines of 

the basin represent the central and 

Alaska, the head of the northern Gulf 

coasts of the Aleutian Peninsula and 

around the basin, forming a gyre that 

to the south and the northward 

toward the southwest and becomes 

from west to east across the basin 

downwelling over the continental 

the summer months, storms are less 

frequent and downwelling conditions 

scale climate variability signals can be 

transmitted to the coastal margin and 

can induce large changes in coastal 



high precipitation, particularly in southeast 

the area spanning the Aleutian Islands and 

y

y  of this runoff 

total runoff, typically occurring in August 

buoyant nearshore current known as the Alaska 

the eastern edge of the basin before turning 

 

modeling efforts aimed at understanding marine 

 chemistry have evolved rapidly in the 

chemistry 



 content 

levels in some areas along the eastern edge of 

the basin. High primary productivity during the 

aragonite saturation state at the surface are 

areas of high glacial melt. In these settings, 

, pH, and aragonite saturation state can 

which results in aragonite undersaturation 

at depth. Modeling results indicate that the 

depth at which the aragonite saturation state 

is deeper and largely off the continental 

shelf during winter when downwelling is 

most intense, whereas during summer the 

 content in 

kg

 

A

conditions, the middle panel is observed conditions 

A

A



has shifted the observed variability towards 

 saturation state, and 

 

surface aragonite saturation states are largely 

corrosive levels are projected by the end of the 

 system, combined 

with high dependence on potentially impacted 

in northern Gulf of Alaska coastal waters 

  

has been less of a focus relative to ocean 

soon become important as this is the source 

of water on the continental shelf during 

summer when downwelling conditions are 

below the shelf break along the west coast 

of North America, may reach as far north 

reportedly lower in more southerly regions of 

likely that there are undocumented areas of 

the many inlets and fjords along the eastern 

and northern portions of the coastal Gulf of 

Alaska. Future research should address the 

these settings, as well as develop monitoring 

s i tes to understand rates of  change.
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on the west coast of North America, 

which spans the border between the 

European settlement came very late 

compared to many other areas of North 

populations have relied upon and farmed 

oceanographers have been working in 

inhibit classical estuarine circulation, 

resulting in lengthy retention of deep 

water masses in some areas. Deep water 

depletion.





A

kg m

that the seasonal cycle of surface salinity 

pH data were not collected with modern 

methods, but they show plausible vertical and 

seasonal distributions, with large increases 

and a 

their sampling was spatially and temporally 

limited. A special volume of the Canadian Journal 

of Fisheries and Aquatic Sciences was published 

of Georgia, but very little about chemistry. 



More recently, systematic surveys and syntheses 

saturation states, 

 by phytoplankton greatly increases the pH 

 saturation state in surface waters in 

subsurface waters can disrupt these surface layers 

of organic matter from surface production, 

resulting in the formation of low saturation 

state and pH hot spots where retention times 

 uptake.



 and sea 

attempting to put anthropogenic nitrogen 

that the salinity is generally nearly constant 

 

to coastal surface waters. In the region of 

 is 

generally very high, averaging almost twice 

the atmosphere concentration, because the 

A relative to open ocean waters at similar 



intense phytoplankton blooms occurring within a 

in subsurface waters and the seasonal cycle of 

the chemistry of the river water, such that pH and 

saturation state can become decoupled in ways 

bottom water masses. Fourteen major rivers within 

north, are the dominant surface freshwater sources 

dominating in winter, and the Fraser in summer 

of Georgia, the water column in all basins of 

surface phytoplankton blooms in summer, with 

 saturation state 



Georgia, but have similar circulation, with 

accumulation in the subsurface waters, is depletion has been observed in parts of 

develops frequently in subsurface waters, with 



layer from late spring to early fall.

current is relatively fresh, cold, and 

we consider the northern and southern 

into northern, central, and southern 

subregions, with the boundaries at 

human population density gradients 

set the stage for strong gradients in 

variability. Freshwater inputs are 

climate conditions and having a strong 

nutrient input to coastal surface waters.
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programs in place that have yielded insight 

into the range of carbon chemistry conditions 

to direct carbon chemistry observations, 

empirical relationships developed for the 

 

estimate carbon system parameters where 

data are from pelagic coastal waters, but a 

growing number of studies represent benthic, 

intertidal, kelp, or embayment waters as well.



s

water was present at the surface of the central 

 

we have learned that conditions are consistently 

more undersaturated in the northern and central 

to south, in the areas of the Juan de Fuca 



document the full dynamic range of conditions at 

 variability 

 variability is seen on the 

short data record and probably does not represent 

 found in the 

A  ranges 

observations have proven critical for generating 

A

autonomous sensors for the carbon system become 

gliders and moorings that can resolve the full 

changing more rapidly than offshore and southern 

areas, and faster than most other regions of the 

benthic, and rocky intertidal environments across 

is a consequence of both rapidly increasing 

concentration and reductions in 



site close to two areas where oysters and mussels 

are cultured, in a location that is considered 

to represent the transitional region between 

tropical/subtropical and subarctic systems of 

shelf waters, and the seasonal and interannual 

rich waters originating in the eastern tropical 

oceanographic variability on nearshore waters, 

will become more corrosive in the future. 

roles in structuring the spatial and temporal 

variability of carbon chemistry. First, metabolism, 

i.e., photosynthetic production of organic 

matter at the surface and decomposition at 

circulation: variability in the 

strength of upwelling and northward transport 

chemical composition of water upwelling 

onto the shelves. Finally, river inputs affect 

capacity. Anthropogenic effects on carbon 

chemistry are superimposed on this natural 

 is taken up 

distant waters that are subducted and then 

upwelled years or decades later into productive 

carbon chemistry include sewage, pollutants 

processes interact to determine coastal carbon 

 are greatest in the 

 





anth



Physical circulation processes also shape 

which can be enhanced by capes and submarine 

increases from north to south within the 

winds can even be observed in water properties 

phytoplankton blooms may either remain over 

the shelf, so that the organic matter is respired 

 



Molluscs with two symmetrical shells held together by a ‘hinge’ muscle. 

under acidic conditions.

of acid without large changes in pH. In a strongly buffered solution, the pH will 
change only a bit, whereas in a weakly buffered solution it will change much more. 

large freshwater inputs.

kinds in the sea. In the open ocean there are calcareous phytoplankton, such as 

. 
 

minerals is the same: only the crystal structures differ. 

In fall, the sea surface loses heat to the atmosphere, which 



 Increased productivity in coastal waters due to anthropogenic 

Anoxic

partly macroalgae such as kelp. 

throughout the water column, whereas photosynthesis occurs only in the lighted 
surface layer.

carbonate determines whether the solid minerals can precipitate. Higher values 

 with 
different crystal structures, such as calcite and aragonite, even though the chemical 
composition is the same.



 

 

dissolved inorganic carbon

dissolved organic carbon

FRA  
FRRF  

MERI  Marine Ecology Research Institute

 

NERR  National Estuarine Research Reserve

PAR  photosynthetically active radation

 Atlas
total dissolved nitrogen
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