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Preface

The first UN conference on the environment, held in Stockholm in 1972, proclaimed that "each
human being had the right for a healthy environment and the duty to protect it and to make it better
for future generations". At that time, the problem of environment was localized within a region or
a country. Since the dramatic occurrence of big catastrophes such as Seveso (1976), Amoco-Cadiz
(1978) or Chernobyl (1986), the problem has become a global one. Today, to be a powerful state not
only depends on the possession of weapons but also on the capability to protect and maintain the
"Blue" planet. In 1987, the Brundtland report refers to the notion of sustainable development:
protection of the environment and sustainable development are both sides of the same coin.
Since the Rio Conference in 1992 on Environment and Development, global awareness of the effects
of anthropogenic activities on climate and, in return, climate impacts on our lives have increased at
all levels and in all aspects, sociological, economical and scientific. One consequence of this growing
interest in climate variations in relation to our living conditions are the numerous studies dealing with
the impact of climate variations and changes on human health, human migration, energy, water
resources, agriculture, forestry, fisheries, etc.
Paradoxically, even though global consciousness on global environmental problems has increased,
there is a feeling of disappointment and failure because of population increase. Since the Stockholm
conference in 1972, until the Rio conference in 1992, the world population increased by one and a
half milliard more human beings and one has the feeling of always being "one train too late" in
solving the global food supply problem and in securing good living conditions for all societies. Still,
hope exists since, at the same time, scientists are progressing in many fields such as Earth-sciences,
part of which are climatology and oceanography.
Climatologists and atmosphere scientists study climate processes and their effects on global or
regional scales, while oceanographers study 70% of our planet's surface, that is covered by the
oceans. Our knowledge of oceanography was, until recently, very poor. With the demographic
problem in mind, and knowing that fish products cover almost 25% of the global supply of animal
protein, the necessity of studyingfisheriesseems obvious. Recent progress in climatology and in the
different fields of oceanography (physical, chemical and biological) allow the study of fish-ecology
which should help the fisheries community to better manage these resources.
Finally, the subject of fisheries management in relation with climate and environment is part of a
larger and more general problem: the protection of the environment and sustainable development for
the benefit of all societies, present and future.

(Jean-Luc Le Blanc)

Ill

Contents
INTRODUCTION
I. Climate and Fisheries
1) Physical and chemical parameters significant in fish-environment relationships
a) Physical parameters

i) Sea Surface Temperature (SST)
ii) Thermocline Structure
Hi) Wind and Sea Level Pressure
h) Chemical parameters
i) Dissolved Oxygen
ii) Nitrates, Phosphates and Silicates
2) The fisherman's prohlem
a) environment and catchahility
h) environment and sustainable management

II. Different space and time scales of climate variations impacts on fisheries
1) Short space, and time, scales: one hour to several days - one metre to 1 km

1
2
2
3

3
3
3
5
5
6
7
7
7

7
8

a) Impacts

8

b) Services

8

2) Medium space, and time, scales: one month to several years - hundreds of kilometres
a) Impacts

b) Services
ENSO: El Nino-Southern Oscillation
NAO: North Atlantic Oscillation
3) T.arge. time/space scales- decadal to centennial-ocean hasin

8
8

10
10
10
12

a) Impacts

12

h) Services

13

III. Climate Services for fisheries

14

1) Remote Sensing
a) Sea Surface Temperature (SST)

14
14

b) Ocean. Surface Winds
c) Sea Colour
d) Altimetric measurements
2) Tn-sihi observations
a) Sea Surface measurements
i)from Ships

15
16
17
17
18
18

ii)frnm Moored and Drifting hunys
Hi) frnm the share

h) Subsurface measurements

3) Numerical Models Results
4) How to adapt existing services?

18
18

18
18
19
19
20

IV

IV. National and International Programmes
1) National Programmes
PFEG: Pacific Fisheries Environmental Group (U.S.A.)
NIWA: National Institute of Water and Atmospheric Research (New Zealand)
CSIRO: Commonwealth Scientific and Industrial Research Organization (Australia) . .
2) Tntftrnational Programmes

GOOS: Global Ocean Observing System
GLOBEC: Global Ocean Ecosystems Dynamics
CEOS: Climate and Eastern Ocean Systems Project
SUMMARY AND CONCLUSIONS
Acknowledgements
Glossary
References
List of Figures
Figures
Annex A - Forecasts from September 1996
Annex B - Fax addressed to Fisheries Fleets
List of Reports published in the WCAPAVCASP series

20
21
21
22
22
24

24
25
25
26
28
29
32
37

CLIMATE INFORMATION AND PREDICTION SERVICES
FOR FISHERIES

INTRODUCTION
Not very long ago, the environment was neglected in fisheries studies and stock assessment was
considered as a "noise" compared to the effects of fishing activities. Moreover, data were not
available to study the importance of the environment and of the climate on biological productivity.
Today one has improved access to this information. The physical and the biological environment can
no longer be neglected in resource management. Research clearly shows that fisheries are closely
linked to climate variations.
Fish behaviour in relation to its environment is a complete subject which requires inter-disciplinary
collaboration between scientists. Biologists need to work with physical oceanographers. These in
turn, have to cooperate with climatologists. Furthermore, the results of the studies on the
fish-environment system should be confronted with the practical experience of fishermen themselves.
Nowadays, progress in communication and information, through satellites, computers and Internet,
has considerably improved the exchange of data and information. The capability for integrated
observing networks, data collection and automated computer processing permits monitoring of
climate conditions in near-real-time throughout the entire climate system, including the upper
atmosphere, ocean and cryosphere. These new climate monitoring products may provide the basis
for a range of services. However, these services must be adapted to specific users. Sustainable
resource management in thefisheriessector requires specifically tailored services to improve problem
resolution and decision making.
This paper discusses the application of Climate Services to fisheries management and operations. It
is intended to bridge the gap - in understanding and communication - between the scientific
community and those engaged in fisheries. While much research is carried out in fisheries sciences,
mainly biology and ecology, very little of the results are used by fisheries managers and fishermen
themselves, considered here as the users(,).

(1)

Note: The users of Climate Services are the fishermen, fishing industries and companies, fishing regulatory
authorities, etc., who constitute the fisheries community. The scientific community refers to researchers in
oceanography, fisheries biology and climatologists, etc. This definition remains valid for the rest of the text.

A review of the present knowledge and research activities in fisheries-environment relationship
problems is provided. Hence, some suggestions are offered regarding what remains to be done to
apply scientific results to fisheries management. That is in part the challenge for the national
Meteorological and Hydrological Services (NMHSs) as they aim at improving their respective
contribution to national sustainable development goals.
Climate Service may include the application of past climatological records, contemporary monitoring
and expected future conditions to socio-economic sectors comprising fisheries. This sector consists
of many activities: deep sea and near shore fisheries, marine, freshwater (inland) fisheries and
aquaculture. Many different fish species are concerned, each having their own behavioural response
to variations in their environment. Therefore, it is impossible to review all activities, management
problems and specific needs in one paper. However we will try to formulate general features of
climate services relevant to allfisheries.Through the study of general impacts of climate on fisheries
and their management. Additional consultation is required for adaptation and application of services
to specific fisheries problems (for example, when studying lake fisheries).
I. Climate and Fisheries
The fisheries system is composed of the fish, their environment, and the fishermen. Figure 1
schematizes the structure of this system. Climate impacts on fish stocks and distribution can be direct
through water properties variations or indirect through fishing activities dependent on weather
conditions. This paper focuses on the direct impacts of climate on fisheries. Indirect impacts are
nonetheless important since they impose a seasonal effect upon fisheries - fishermen may not be able
to fish when and where the winds are too strong as the sea would be too rough.
1) Physical and chemical parameters significant in fish-environment relationships

The environment of fish is sea-water. Through air-sea interactions, sea-water is the medium between
thefishand the climate. The parameters which have an effect on the fish's behaviour are those which
characterize its habitat. The habitat can be defined as the ecosystem in which the fish should find
optimal conditions for eating and for reproduction. These conditions include the water temperature,
its dissolved-oxygen content, its nutrients and food concentration. These parameters are dependent
on the exchange of properties through the air-sea boundary layer, on currents and on turbulence
within the ocean. Currents are mainly wind-driven in the upper-layer of the ocean and ruled by
thermohaline circulation in the sub-surface layers. Thus, the fish habitat is directly related to the
climate of the atmosphere and its interaction with the ocean.
Oceanographers and climatologists are working to understand the mechanisms in process in regional
and global climate variations such as ENSO (El Nino-Southern Oscillation). At the same time,
fisheries biologists try to understand the physiology of marine-species. Therefore, through
inter-disciplinary collaboration, one might understand the junctional relationships between the climate
and the fish or, in other words, its eco-physiology.

a) Physical parameters
i) Sea Surface Temperature (SST)
Temperature affects water chemistry and functions required by aquatic organisms. Water temperature
influences: 1) the amount of oxygen that can be dissolved in water (as temperature increases,
dissolved oxygen levels decrease); 2) the rate of photosynthesis by algae and other aquatic plants (as
temperature increases, photosynthesis increases); 3) the metabolic rates of organisms (as temperature
increases the metabolic rates increase); and 4) the sensitivity of organisms to toxic wastes, parasites
and diseases.
Sea Surface Temperature (SST) is the parameter which has been most measured, first directly and
now by remote sensing. Therefore there are a lot of available SST data and it is easy to study
correlations between this parameter and fisheries statistics. However, scientists are not always able
to explain exactly the relationships between the fish and the sea-water temperature. For example,
studies of the ecology of tuna have shown that in some cases, warm SST enables them to heat-up
their bodies after spending some time in cold deep waters (in Fonteneau, 1996). The 21 °C appears
often to be a limit for the presence of tuna in the Atlantic. Some catches are specific to cold waters
(10°-20°C). These examples show that SST is an important factor in fisheries but the functional
relationships are not always understood.
ii) Thermocline Structure
The thermocline is a sharp temperature gradient separating the surface waters from the subsurface
and deep waters. The depth of the thermocline, the temperature gradient, and the depth of the
maximum gradient influences the vertical distribution of biomass and of fish and consequently affects
their catchability. Fishing gears such as purse-seiners work mostly at the sea-surface while
long-liners have access to deeper waters - the success of one technique or the other thus depends upon
the vertical profile of temperature. The thickness of the surface mixed-layer (ranging from 50 to 200
metres and sometimes more) is a factor for the concentration of food and pelagic fish - generally, the
thinner it is, the more concentrated it becomes.
Hi) Wind and Sea Level Pressure
Sea-surface temperature and the thermocline are subject to the action of winds and Sea Level
Pressure (SLP). SLP gradients produce winds which drive ocean surface currents. Because of the
Coriolis force, surface waters will be advected and will either converge or diverge. The upper-ocean
circulation changes SST fields through advection and convection processes. Convergence or
divergence of surface waters are associated with thermocline adjustments. Convergence will lower
the thermocline and divergence will raise it up to the surface. One can thus understand how air-sea
interactions link ocean dynamics with climate and ultimately with fish-ecology.

One dynamical response of the ocean to wind stress is upwelling (Figures 2a and b). When there is
a divergent flow in surface waters, an upward vertical motion of cold subsurface water is generated
and the thermocline rises up. Horizontal thermal gradients or fronts (that might be observed on
satellite imagery), sometimes indicate the contact between cold upwelled waters and surface ambient
waters.
Local winds can induce coastal upwelling through a process called "Ekman pumping" (after the name
of the Scandinavian scientist who first described wind-induced oceanic circulation). These areas are
generally situated in eastern ocean boundary currents along the western coasts of Ecuador, Peru,
Chile, Mauritania, Namibia and California but can also be found along the Somali coast, which is
an anomaly since in that case, the coastal upwelling is found on the eastern side of the African
continent due to the monsoon regime (see Figure 3). Almost half of the commercial fish landings are
taken from coastal upwelling areas, which represent only a small fraction (about 0.1 %) of the world's
ocean. The rich biological productivity of coastal upwelling regions results from a set of natural
conditions: offshore blowing winds; the Earth's rotation (generating the Coriolis force); and the flow
of cold, nutrient-rich, deep water up to the sunlit (euphotic) upper-ocean's surface where
photosynthesis takes place (Glantz, 1994). Photosynthesis is the first step for phytoplankton and
zooplankton production, thus starting the food chain process (Figure 4).
While primary production is concentrated in upwelling areas (surface divergent flow), plankton drift
towards convergent regions where they might be the prey for predators belonging to the higher class
of the food-chain. Thus, fish are more often concentrated on the warmer sides of a front, than in the
colder zones where biological productivity takes place.
One way of recognizing fronts of potential concentrations of fish is by using satellite imagery.
Upwelling areas can be viewed on SST maps (cold surface waters), convergent zones can be depicted
through sea-colour measurements (blue and clear waters of high transparency promote the prédation
of the prey which have grown in the cooler and nutrient-rich side. Therefore warm-cold water fronts
are rich in fish on the warm, clear side). By superimposing both images, one might localize fish
aggregations (Figures 5a and b).
Winds create turbulent mixing in the upper-layer of the ocean. Turbulence dispatches food particles
necessary to the larvae's survival. Thus recruitment (the net reproductive success), defined as the
number of fish mature enough to be commercially profitable, is affected by this parameter. Offshore
transport such as that mentioned above through coastal upwelling, is also a factor affecting
recruitment. If the transport is too strong, the larvae may drift away from the "nursery" area too soon
and die because of harsh environmental conditions (temperature, food concentration, etc.).
In conclusion, if the winds are too weak to enable sufficient upwelling, the water may lack in
plankton and the larvae would die. If winds are too strong, intense turbulent mixing and offshore
transport may spread the larvae about too far. Again they will experience high mortality. Thus there
is an optimal environmental "window" for the conditions leading from spawning to recruitment (Cury
and Roy, 1989) (Figure 6).

Similarly, stratification has been shown to have a significant influence on the feeding and survival
of larvae, as shown by a study on cod and haddock larvae of the George's Bank (USA) (Buckley and
Lough, 1987). Thermal stratification in the sea is controlled by a balance between solar insolation,
which warms and reduces the density of the surface layer, and mixing induced by tidal currents and
surface wind stress.
In the well-mixed region, larvae have been observed to grow more slowly and to be in poorer
physiological condition, than larvae at a stratified site. The difference in condition is believed to be
due to a reduced concentration of food due to vertically more homogeneous distribution at the
well-mixed site in comparison to the stratified site. The sensitivity of the larvae to temporal
variability in stratification, such as that caused by wind events, has been shown to be detrimental to
larval feeding and growth (Lasker, 1978; Peterson and Bradford, 1987).
However, stratification can also have negative implications for the feeding of larvae and zooplankton.
Recent theoretical and observational studies hypothesize that certain levels of turbulence enhance the
encounter rate between predators and prey, and promotes growth of the predator (e.g. Rothschild and
Osborn, 1988; Sunby and Fossom, 1990; Davis et al., 1991). Models of climate change suggest that
even subtle changes in relationships between buoyancy and heat input might have significant effects
on the timing and character of the stratification process and on the availability of food organisms to
larval fish.
h) Chemical parameters
i) Dissolved Oxygen
The term "dissolved oxygen concentration" refers to the amount of oxygen in the water column.
Dissolved oxygen is important because aquatic organisms need oxygen to survive and grow. If there
is not enough oxygen in the water, fish populations will be affected by: 1) increased mortality of
adults and juveniles; 2) reduction in growth; 3) lower survival rates of eggs and larvae; and 4)
changes in species composition. For example, some species require higher dissolved oxygen (e.g.
trout) whereas other species thrive in lower levels (e.g. catfish). A decrease in the dissolved oxygen
supply may not lead to the death of fish, but rather cause a shift in species composition, for example
from steelhead to carp.
Examples of factors that alter dissolved oxygen levels include: 1) low flows (may result in increased
water temperature and poor circulation); 2) water temperatures (higher Temp. = lower dissolved
oxygen); 3) suspended sediment (increased sediment = decreased dissolved oxygen); 4) organic
pollutants through oxidation; 5) algal blooms.
Lower concentration of dissolved oxygen in the sub-surface layers of the ocean would force the fish
to stay in the upper-layer, and thus increase their catchability to fishing gears.

For example, salinity and temperature stratification in the near shore waters of the Gulf of Mexico
results in conditions conducive to the development of hypoxic and anoxic (decrease or absence of
dissolved oxygen concentration) bottom waters west of the Mississippi River delta. Hypoxic
conditions periodically develop in near shore waters in many areas of the world, including the
northern Gulf of Mexico. (Richards, 1957, Faganeli, et al., 1983). Factors hypothesized to
contribute to these conditions include organic sediment loads, reduced vertical mixing of the water
column due to salinity and temperature stratification coupled with benthic and planktonic respiration.
Stable summer weather patterns, freshwater inflow from the Mississippi River and local precipitation,
and nutrient enrichment from these sources contribute to increased bacterial decomposition and
oxygen demand in near-bottom waters. Typically, only the near-bottom waters become
hypoxic/anoxic, principally during the months of May through August. The phenomenon develops
because of stable local summer weather patterns that do not provide sufficient energy in terms of
wind and wave action to break the density barriers established between the upper and lower water
column. The barriers thus established by salinity and temperature isolate the lower reaches of the
water column where oxygen demand from respiration and decomposition deplete dissolved oxygen.
The resulting hypoxic/anoxic condition persists until the water column is again mixed by a frontal
passage, tropical weather system, or other disturbance.
Once the disturbance has passed and stable conditions again prevail, hypoxia will generally
re-establish. Beginning in the fall, the regular passage of cold fronts causes water column mixing,
which remains until the next summer. The magnitude of this event varies annually in terms of the
size of the hypoxic area and the depression of dissolved oxygen concentrations. The potential impacts
of such events are that numbers of pelagic species appear to increase in response to availability of
prey organisms concentrated at the edges of the hypoxic area. Numbers of fishermen may increase
in this area for similar reasons. The concentration offishingefforts may result in an increased harvest
of target and non-target species. Increased mortality of non-target species may result if there is a
relatively high abundance in these areas. Similarly, localized over-fishing in some areas may result
if the relative abundance of target species is high. Additionally, if the fishery focuses on a limited
area, much of which is affected by hypoxic bottom water, the relatively high proportion of target
species can lead to local over-harvest. (Hanifen et al., 1995).
ii) Nitrates, Phosphates and Silicates
Nitrates, phosphates and silicates are important nutrients. Their concentration is low in the upper few
hundred metres but higher in the deeper water. This is because they are used by phytoplankton in the
euphotic zone, while the increase in deeper waters is because of their release back to solution by
biological processes, during the decay of detrital material sinking from the upper layers. The
replenishment in the surface layers is chiefly attributed to vertical diffusion, overturn and upwelling.
As we mentioned previously, the upwelling processes active along the east sides of the oceans are
the reason for the high productivity observed there. In addition, in the upper 200-300 m, physical
processes of up- and down-welling associated with upper-layer divergences and convergence modify
nutrient distributions locally. For example, in the equatorial Pacific, higher surface values of
phosphate (and silicate) occur in the upwelling regions at and north of the equator and between the
North Equatorial Counter Current and the North Equatorial Current at about 10°N and these are
regions of high biological productivity.

Variations of all these parameters give to the ocean its space and time heterogeneity. The presence
of fish strongly depend upon this heterogeneity which rules the biomass space-time distribution.
Therefore, space and time scales of the ocean's heterogeneity will determine in which format
information should be provided.
2) The fisherman's problem
There are two aspects to this problem:
- catchability.
- recruitment (number of juvenile fish entering a fishing ground as adults);
a) environment and ratehahility

As mentioned above, the ocean is heterogeneous in space and time. Fish will adapt to this
heterogeneity by migrating and by concentrating in optimal ecological habitats. Fish can be very
localized and therefore thefishermanmight have to spend a lot of time to find a stock. The problem
can be solved if the fishermen have the information on the environment and its properties. Current
improvement tofish-catchabilityare through the use of new technologies and electronic instruments
such as radar, sonar, GPS, ADCP (current-metres), thermographs, echo-sounders, computers and
remote sensing. These can help find potential areas of high fish concentration. Close collaboration
between scientists and fishermen have shown that the use of such technologies is quite beneficial
(Fonteneau, 1996). However, as this may encourage over-exploitation of already well-exploited
stocks, the information should ideally be used to spend less time at sea and to fish less in cases of
poor fish stocks, in order to guarantee sustainability..
h) environment and sustainable management

As noted previously, many factors affect recruitment success, thus influencing the state of
fish-stocks. By this we hope to relate environmental and climate information to stock assessment. It
requires understanding of the process of growth and survival of the marine species. If we knew this,
then one might predict some of the climate impacts on the status of fish stocks in the near future. To
protect these from over-exploitation one might implement a sustainable and balanced management
plan. The socio-economical aspects of such planning will be discussed in the conclusion.
n. Different space and time scales of climate variations impacts on fisheries
Geophysical processes that impact onfisherieshave space and time scales that range from hours and
metres (such as daily weather events), to thousands of years and the size of oceanic basins (i.e. the
space and time scale of global climate change). In between these limits are space and time scales of
seasonal and interannual climate variations, related to such phenomena as monsoons or ElNino/Southern Oscillations. All these variations have impacts on the fish's environment and thus on

his behaviour (migration, reproduction activity, adaptation to environment changes...) and thus on
fisheries (Figure 7).
Here the focus is on variations which have a direct impact on space and time scales relevant to
fisheries management.
1) Short spare, and rime sr.a1p.s- one hour to several Hays - one mettre to 1 km

a) Imparts
These scales refer to the daily behaviour of the marine species considered. Several studies on
behavioural and physiological properties of fish and marine species have focused on the response to
daily weather events such as strong local wind bursts, local areas of high/low temperature, strong
stratification and presence or absence of a thermocline etc. In response to such phenomena, fish will
concentrate in very localised food-rich areas and for a relatively short period (depending on the
amount of food available). The fisherman's knowledge of these aspects is mostly empirical and
through direct experience. He uses both scientific (and technological) knowledge, as well as his
experience of the influence of weather, when searching for fish.
h) Services
Services useful on such short space-time scales are usually provided by NMHSs (i.e. weather
forecasts and the marine services). These are relevant to catchability and marine safety. New
technologies, such as computers, fax machines and other communication systems between fishing
vessels and NMHSs, provide real-time information on the status of the weather and the sea. This is
an important factor in the success offisheries.Fishermen can thus use their experience together with
modern technology to find fish stocks as quickly as possible.
7) Medium space, and time scales: one month to several years - hundreds of kilometres

a) Imparts
Some seasonal and interannual variations are predictable. Climate conditions differ from one season
to another and from year to year. Changes in solar heating and in winds at the surface of the ocean
alter SST and currents which in turn have an impact on spawning activities and migration. Annual
and interannual climate variability is thus related to fish stock fluctuations. For example, tuna
fisheries in the Indian Ocean experience strong seasonality due to the monsoon: In December and
January (the time of the North-East monsoon), fleets fish around the Seychelles. In March and April,
they fish in the Mozambique channel near Madagascar. During the South-West monsoon (from June
to September) and in October, they fish on the Somali coast where strong upwellings occur. Many
fisheries experience the effects of the seasons because these regulate the life of the fish.
Seasons also influence the fishermen's activity. Too strong winds, freezing spray, cold temperature

and precipitation can limit fishing operations. However, fishermen have managed to adapt
considerably to these conditions.
Fish reproduction also follows the annual cycle. It is useful for fishermen to know the spawning
periods of the target species, the regions where larvae and juveniles can be found, the migration of
adults through the year, in order to avoid fishing too young fish. Enhanced blooming of
phytoplankton in a given area might lead to enhanced spawning success and recruitment (enhanced
larvae survival). Adult fish stocks may then increase and be fished if larvae and small fish are not
eaten by predators. In some cases, it is useful to prevent small fish becoming the prey of others if
the latter are of less commercial value than the former.
One example of this problem is faced by the Canadian salmon fishery. Salmon lay their eggs in the
rivers of British Columbia, in particular in rivers that feed into the watershed of the Fraser River.
The eggs hatch and the juvenile fish head down the rivers. At about the age of one year they enter
the ocean environment. Many of the valuable species spend most of their lives in the open Pacific
and migrate back towards their spawning beds in the Fraser River, typically as four year-olds. To
get to the Fraser River, the salmon have to swim around Vancouver Island and there are two routes:
the southern route via the Juan Fuca Strait and the northern route via Johnstone Strait. So the
northern route is clockwise around the Island, the southern route is anti-clockwise. It appears that
most salmon use the northern route during ENSO years. Generally, the choice of the route is strongly
determined by the ocean temperature. Forecasts of the route to be chosen by salmon is based on seasurface temperatures. This information is then used to plan the openings and closings of the fishery.
The Canadian Department of Fisheries and Oceans (DFO) can thus regulate fishermen's activity
based on the knowledge of the probable location of the fish.
SST has another dramatic effect. When a major El Nino occurs, ocean warming can bring warm
water species to the British Columbia coast. Pacific Mackerel is one of those which concerns the
salmon fishery. This is a predatory species that feed on juvenile salmon. When El Nino occurs, warm
water and the Mackerel typically arrive in the spring, just as the juvenile salmon are coming down
the rivers. In 1992, about 1 million Pacific Mackerel were estimated off Barkeley Sound (southern
Vancouver Island). Some were caught and had 6 to 8 juvenile salmon in their stomach contents.
Forecasts of El Nino would allow the early release of juvenile salmon from the fish hatcheries in the
hope of getting them out to sea before the Mackerel arrive. Normally the juveniles have a survival
rate of about 8%. Releasing them early may well drop this rate to 4% which is still a lot better than
the survival rate when the mackerel are present in force, which has been estimated at 0.02 to 0.05 %.
To have some predictive information on fish stocks thus requires the study of the impact of climate
on recruitment. Specific climate conditions and variations during reproduction and spawning time,
generate adult fish stock fluctuations in the future.
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h) Services
Real-time or near real-time information on weather and climate conditions, such as wind vectors,
upwelling indices, turbulence or stratification indices, offshore Ekman transport, SST and colour
maps, may, when combined with the time and place of spawning activity and the time of growth,
give some predictive ability on the state of stocks.
Prediction of the climatic cycles and variability, global climate variations and change, will help to
predict fish stocks catchability and, although with less certainty, the recruitment of target species.
A typical climate event which affects the global environment and which has an impact on fisheries
on an interannual basis is the El Nino phenomenon.
ENSO: El Nino-Southern Oscillation
Recent studies have shown that variations such as ENSO (El Nino-Southern Oscillation) have
impacts on recruitment and catchability and should not be neglected in fisheries management (Marsac
and Le Blanc, 1996, among others). The Southern Oscillation induces global anomalies in the
pressurefieldhence in winds. These will induce changes in ocean currents, upwelling, SST, upper
ocean layer heat-content, etc., which have effects on the size of fish stocks, their location and finally
onfish-catches.The decrease in coastal upwelling due to the decrease in wind stress (or sometimes,
even to the reversal of wind's direction) which happens during El Nino, leads to increased SST over
the Eastern Pacific coast. The thermocline will be deepened and the concentration of nutrients
reaching the euphotic zone will be reduced. Lack of nutrients at the surface, in addition to increased
SST's, results in a reduction of photosynthesis and of phytoplankton production and makes it difficult
for fish to find sufficient food. This encourages fish located in coastal areas to migrate north and
south in search of cooler waters and food. Fish not able to migrate may die from lack of food or
unbearable temperature elevation.
An increase in rainfall associated with ENSO in some areas of Peru also has an effect on coastal
species of fish as a result of an increase in turbidity and a decrease in salinity. The torrential rains
produce greatly increased river discharge which brings with it large amounts of sediment and fresh
water. These factors have been shown to have some effects on the fish population through hypoxic
or anoxic conditions as explained in the previous chapter.
NAO: North Atlantic Oscillation
The North Atlantic Oscillation wasfirstdescribed by Walker (1924) and Walker and Bliss (1932) as
a see-sawing in surface pressures between the Azores and Iceland. It is associated with fluctuations
in wind strength across the entire North Atlantic and in sea-surface temperature anomalies (Bjerkness,
1962; Rogers and van Loon, 1979). Like the Pacific Southern Oscillation, the Atlantic variations are
associated with a combination of sea-surface temperature and atmospheric pressure anomaly patterns.
The variations have a less distinct pattern than the ENSO cycle but are seasonally distinct (strongest
in winter) and also present a multidecadal component (Ward, personal communication).
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Changes in climate have profound effects on the marine environment and fisheries such as cod. For
example, there was a massive decline in the West Greenland cod fishery associated with the
anomalous conditions around 1970 in the Labrador and Irminger Seas. In fact Koslow (1984)
suggests that these conditions had an impact on cod stocks throughout the north-western Atlantic. The
exact relationship between climatic variables and cod stocks in this regard demands further study in
order to understand the underlying mechanics behind these large scale covariations (Koslow et al.,
1987).
The effect of the NAO on the Scotian shelf is quite different than that expected off Iceland. Typically
more localized analyses such as that by Thompson et al., (1988) of eastern Canadian sea-surface
temperature anomalies and their relationships to atmospheric variables, isolate fluctuations on other
time scales which further complicate the picture. The biotic responses, of course, are expected to
change markedly throughout the range of species such as cod or zooplanktoners which are closely
linked to cod throughout its range. Unravelling the complicated relationship between these organisms
and climate variability demands both detailed consideration of the processes involved with their
interaction and relationship to local physical conditions as well as attempts to glean more information
for the historical data sets.
Part of the problem with isolating causal relations between large climate signals and local fish stocks
involves differences in the manifestation of the ENSO or NAO and other climate variations in various
local regions. Also to be noted is the fact that relationships between climate phenomena and
biological productivity are strongly non-linear. Therefore it is difficult to quantify the impacts of
climate on fish stocks. Most of the information is only qualitative and relative to historical averages.
It is important to remember, however, that ENSO or NAO are only two of many factors that affect
a nation or region. Population growth and movement, or changes in agriculture and industry, make
regions such as estuaries or coastal cities vulnerable to problems which can be exacerbated by
extreme events associated with global climate variations. In the past, ENSO has affected the fishing
industry in South America, yet, the collapse of the fisheries must also be attributed to other factors
such as over fishing and ineffective management.
Therefore, information on interannual scales of the above listed parameters may be most useful to
fisheries. Forecasts of tropical SST, coastal upwelling (deduced from wind patterns), stratification
index, may contribute to predicting the recruitment of a target species and whether fish will be more
or less capturable. This would enable the planning of the fisheries activity in order to prevent
overfishing (or underfishing), and to find a balance between fish stocks and the market demand.
While involved, developing countries are not yet organized enough to take advantage of this
information. The foreknowledge of probabilities of anchoveta catches in the productive regions of
Ecuador, Peru, and Chile would allow, for example, more stable pricing strategies for world supplies
of cattle protein and would avoid the type of rapid rise in cattle protein prices after the 1982/83 warm
phase of ENSO (Banner-Benedict, 1982). Just as the marine habitat was disrupted in South-America,
this ENSO altered the US Northwest salmon abundance. The size and availability of coho and
Chinook salmon experienced reductions along the Washington, Oregon, and California coasts, and
the Fraser river sockeyes migrated north into Canada. ENSO was not the only cause of changes in
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salmonfishingbut extra-tropical effects of the very strong 1982/83 ENSO event (the strongest ever
recorded) contributed to the largest diversion in recent history of these sockeye into Canadian waters
(Miller and Flubary, 1990).
1) T^rgp. time/spare scales: dreadal to rantennial-ocean hasin
a) Imparts

Long term variations in ocean conditions appear to occur at different time scales and the biological
responses appear to differ in magnitude. The temporal periods most commonly mentioned are: a)
decadal and bi-decadal scale shifts, 6-12 year warm cool eras (Trenberth and Hurrel, 1994; Hollowed
and Wooster, 1992), b) cyclic phenomenon such as the 18.6 year pattern in sea surface temperature
(Royer, 1993), and c) regime shifts that are 30-60 year cycles and appear to generate measurable
ecosystem responses (Francis and Hare, 1994; Baumgartner et al., 1992, Kawasaki, 1991). Many
studies indicate that a marked change in ocean conditions occurred in the late 1970s which some
believe was a regime shift, that is, a rapid change from one stable condition to another.
Indications of decadal scale and regime shifts might be detected at high latitudes in the North Pacific
in both the atmosphere and ocean. Decadal scale changes in the distribution and abundance of marine
populations have occurred coincident with shifts in the physical environment. Francis et al. (in
review) review the impacts of the most recent regime shifts through lower, secondary and top trophic
levels of the North Pacific marine ecosystem. Some of the following summaries are taken from this
review.
Population trends of zooplankton in the Subarctic Pacific and California Current show opposite trends
in recent years. Evidence of lower trophic level response to decadal scale climate change is provided
in the increase of Subarctic zooplankton abundancefromthe 1950s to the 1980s reported by Brodeur
and Ware (1992). Roemmich and McGowan (1995) document declines in zooplankton biomass
between the 1950s and 1980s off southern California.
Parker et al. (1995) show marked similarities between time series of the lunar nodal tidal cycle (18.6
years), and recruitment patterns of the Pacific halibut. Hollowed and Wooster (1995) examined time
series of marine fish recruitment and observed that some marine fish stocks exhibited an apparent
preference for a given climatic regime. Hare and Francis (1995) found a striking similarity between
large scale atmospheric conditions and salmon production in Alaska. Quinn and Niebauer (1995)
studied the Bering Sea pollock population and found that high recruitment coincided with years of
warm ocean conditions (above normal air and bottom temperatures and reduced ice cover).
Livingston and Methot (in review) estimated the abundance of juvenile pollock in the Bering Sea
before prédation (primarily cannibalism) occurred. Using this abundance index, a marked shift in the
mean recruitment was observed before and after the regime shift.
On a larger scale, evidence of biological responses to decadal scale changes in climate are also found
in the coincidence of global fishery expansions or collapses of similar species complexes. Examples
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include the recent increase in the South American and Japanese sardine stocks and their subsequent
fisheries expansions (Kawasaki, 1991).
There is compelling evidence of a coupling between large scale, multi-year climate variability and
ecosystem responses. However, additional research is required to improve our understanding of the
mechanisms underlying regime shifts. Knowledge of the functional relationships between climate
forcing and the physical and biological system is needed.
b) Services
If the past reflects the future, it is possible to speculate over potential impacts of future changes in
climate on marine ecosystems. If the climatic regime returned to a state similar to that observed in
the early 1970s, one might expect that zooplankton production in the Subarctic Gyre might move
offshore and that the overall production would decrease. A marked shift in the production of
commercially exploited fish stocks in the North Pacific would be expected. Alaskan salmon and
Bering Sea pollock production would be expected to decrease in the cooler regime.
Indications of decadal scale shifts might be detected in time series of some or all of the following
physical variables: Sea Level Pressure (Figure 8), Sea Level Pressure Gradients, upper level
pressures and gradients, cloudiness, turbidity, precipitation, sea surface temperature, temperature
gradients, sea surface salinity, stratification, sea level, coastal and altimeter measurements of sea
height, currents, transport and mixed layer depth.
Biological indicators of climate change include: abrupt changes in recruitment or in the frequency
of extreme year classes, changes in the vertical or horizontal distribution of pelagic species, changes
in trophic phasing (match-mismatch), changes in species dominance or species mix, changes in
somatic growth, changes in bioenergetics, shifts in predator and/or prey.
North Pacific basin physical modelling results show promise in simulating and explaining monthly
and decadal fluctuations of the thermal and dynamic properties over the mid-latitudes over relatively
coarse scales. Modelling efforts of the 1970-88 period by Miller et al. (1994) successfully simulated
the 1976-77 shift in the upper ocean temperature over the Pacific. Diagnosis of the model results
show that this shift was a basin-wide phenomenon which occurred as a transition between two
relatively stable but distinct regimes of ocean-atmosphere coupling. Models such as this may be
useful in predicting future changes in the North Pacific system. Regional and mesoscale ocean models
that are either driven directly by observed forcing or nested within larger scale ocean circulation
models (GCM) have been developed for the Gulf of Alaska and need to be developed for other
regions and other fisheries.
Variations of time scales in the order of a hundred years are associated with effects such as global
warming, sea level rise and other phenomena whether related or not with human industrial activities.
It is expected that such variations also affect fisheries in a similar way to the smaller scales ones, but
since our knowledge is still speculative for such scales, it is difficult to integrate studies of climate
change in fisheries management. Nonetheless, decadal cycles or climate changes such as the global
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warming, are important for the future of humanity and for the conservation of marine resources and
should be considered as a priority for research when discussing food supply for future generations.
In response to these changes, fish stocks might migrate, recruitment might be affected and the whole
ecosystem might be changed leading to the dwindling or extinction of certain species on account of
others (Everett, 1995; Le Blanc, 1997).
m . Climate Services for fisheries
After having reviewed the state of our knowledge concerning the relations between the availability
of stocks and some climate parameters, we are now able to suggest which climate services might be
useful for fisheries purposes. With the emergence of new technologies (satellites, computers, etc.)
specific services are already provided tofisheriesby developed countries (United States, Canada,
Australia, Japan, New Zealand, Europe, etc.). In this chapter, we will review these services and
present some ideas on how to enhance and strengthen them.
Routine weather reports and forecasts give useful information on fishing conditions (wind, sea state,
sea level pressure, fog, storms and hurricanes, etc.). Nowadays, ships can also obtain real-time
remote sensing information such as SST, water colour and wind stress. In principle, this could
provide indications on the potential areas offishconcentration. In practice, however, this information
has not been used for planning long-term fisheries management.
1) Remote Sensing

Remote sensing products are beginning to become widely available. Satellite measurements of SST,
winds and Sea Colour are provided on Mercator map projections available on Internet. Such maps
could be available to fisheries on a near real-time basis since they cover large areas in a short time.
They could be used for taking immediate operational fishing decisions or for short-term fishing
management (one week to one month). Monthly averaged maps, when combined with precise
biological information, such as the reproductive activity, might be used to forecast recruitment but
long-term catchability predictions require time-dependent trends.
a) Sea Surface Temperature (SST)
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The data products currendy available to users are SST maps derived from digital images acquired by
the Advanced High Resolution Radiometer (AVHRR) carried onboard the NOAA-11, NOAA-12 and
NOAA-14 polar orbiting satellites. The SST images are rectified to fit a Mercator map projection and
have a ground resolution of 1.47 km. The maps provide partial to full coverage of regions of interest
depending on the orbital paths of the satellites (as often as four times a day in some cases).
For example, within the CoastWatch programme of NOAA (National Oceanic and Atmospheric
Administration), the data are available to users in near real time, usually within three hours of the
satellite overflight. The SST maps can be retrieved through the CoastWatch regional node through
Internet or through telephone lines via dial-up modems for special projects. Users that do not require
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near real time data will also have the option of receiving the SST maps by mail on data diskettes or
retrospectively through NO A A archives.
Similarly, in 1989, ORSTOM (French Scientific Research Institute for Development in Co-operation)
set up a satellite tracking and processing station in La Reunion Island (namely SEAS station: Survey
of Environment Assisted by Satellite). The usefulness of the remote sensing tool to provide a synoptic
view for the environment based management, at national and regional levels, is well demonstrated.
The station is contributing to the data acquisition (6 to 8 passes daily), archiving, processing and
distributing for the EARTHNET programme - an operational branch of the European Space Agency
(ESA). At the present time, AVHRR data from the NOAA satellites are collected and processed
(radiometric calibration and geometric corrections) to produce daily sea surface temperature (SST)
images of the Southwest Indian Ocean. Compilations over 10 days are then distributed in the five
countries participating to the Tuna Regional Project. They are commonly used by the tuna purse
seiners to help in the location of potential fishing grounds.
The pixel size is 1 square nautical mile, but a lower resolution (16 sq. nm) is also produced for quick
consultation, as a numeric atlas. It is obviously a key product for long term surface monitoring.
h) Ocean Surfarp Winds (Fivurps ICki and Wh)

For daily and long term weather forecasting to global climate studies, knowledge of the energy
exchange at air-sea interface (through friction) is very important. The ocean surface winds are a key
parameter influencing the coupling of energy between the ocean and the atmosphere. Thus, global
monitoring of the ocean surface winds is of importance to the scientific research community, and for
some practical operations.
Instruments on buoys and ships provide measurements of the surface wind but their coverage is
insufficient to provide a complete global wind field. On the other hand, satellite based sensors can
provide additional coverage. Such sensors operating at microwave frequencies can measure the
surface wind vector during night time and cloudy conditions, and therefore, greatly increase the
amount of information on surface conditions.
Both active (radar) and passive (radiometer) microwave sensors have been shown capable of
determining the ocean surface wind speed, with active microwave instruments being used to derive
the wind direction. Development and refinement of instrumentation and algorithms for ocean surface
wind retrieval is an ongoing process using both active and passive techniques.
An example of application is the ERS-1 data obtained through specific nets (especially the
scatterometer). With this satellite, the productive region of the South-western Indian Ocean area is,
for example, sampled in three days. The goal, for fisheries purposes, would be to be able to identify
wind-induced convergences and divergences at the surface of the ocean. These can then be related
to biological production and fish concentrations.
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c) Sea Colour
Sea colour might not be referred to as a climate parameter in itself. However, variations of sea
surface colour results from varying climate conditions. Moreover, sea colour may be provided
together with SST or wind information - via satellites - and is a complementary information on the
biological activity associated to the physical and climatic environment. Subtle changes in ocean
colour signify various types and quantities of marine phytoplankton, the knowledge of which has both
scientific and practical applications. The purpose of the Sea-viewing Wide Field-of-view Sensor
{SeaWiFS) Project is to provide quantitative data on global ocean bio-optical properties to the Earth
science community. The SeaWiFS Project will develop and operate a research data system that will
process, calibrate, validate, archive and distribute data received from an Earth-orbiting ocean colour
sensor. The SeaWiFS Mission is a part of NASA's Mission to Planet Earth which is designed to look
at our planet from space to better understand it as a system in both behaviour and evolution.
The concentration of phytoplankton, can be derived from satellite observation and quantification of
ocean colour. This is due to the fact that the colour in most of the world's oceans in the visible light
region, (wavelengths of 400-700 nm) varies with the concentration of chlorophyll and other plant
pigments present in the water, i.e., the more phytoplankton present, the greater the concentration of
plant pigments and the greener the water.
Ocean colour data have been deemed critical by the océanographie community for the study of ocean
primary production and global biogeochemistry. "Primary production" refers to the organic material
in the sea that is produced by "primary producers". These "primary producers", i.e. algae and some
bacteria, exist at the lowest levels of the food chain and use sunlight or chemical energy, rather than
other organic material, as sources of energy. It is thought that marine plants remove carbon from the
atmosphere at arateequivalent to terrestrial plants, but knowledge of interannual variability is very
poor. Being at the bottom of the pelagic food-chain, it is literally the source of most oceanic life.
Through photosynthesis, it may affect the Earth's climate by absorbing a significant portion of the
world's carbon dioxide. When phytoplankton die, if their carbon is not consumed by other living
creatures first, it settles on the ocean bottom and eventually is locked-up in sedimentary rock.
Sedimentation decreases the dissolved oxygen concentration as noticed in a previous chapter.
Moreover, sedimentary rock can reenter the Earth's crust from which it may be eventually emitted
back into the atmosphere again through volcanism; part of the process known as the carbon cycle,
which affect long-term global change.
Almost all living creatures in the ocean depend on phytoplankton for sustenance, directly or
indirectly. Since phytoplankton are the first link in this pelagic food-chain, the success of most
oceanic life is dependent on the success of the phytoplankton. Since many countries are dependent
on fish for food and commerce, the health and economies of many people are also dependent on this
first link. Therefore, the understanding of processes that affect the phytoplankton are of importance
from economic and conservational viewpoints.
Since an orbiting sensor can view every square kilometre of cloud-free ocean every 48 hours,
satellite-acquired ocean colour data constitute a valuable tool for determining the abundance of ocean
biota on a global scale. Sea-colour imagery can be very useful in localizing fronts, convergent or
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divergent eddies and upwelling areas, rich in phytoplankton and on the border of which, fish might
be found.
d) Altimetric measurements
Some projects will use satellite altimetric measurements of sea surface height variations to describe,
and eventually to monitor, mesoscale ocean variations that are relevant to pelagic fish distributions
(for example, the University and NMFS Project around the Hawaiian Archipelago) The emphasis on
altimetric heights is warranted because these data are available almost continuously. This is in
contrast to ocean colour and sea surface temperature measurements which are blocked by the cloud
cover. Initially, the altimetric heights will be used to describe the statistics of the ocean mesoscale
variability, which includes features such as eddies and fronts. Sea surface heights from numerical
models will be used, along with available ocean colour datasets, to diagnose the causes and effects
of these features, respectively. Once the statistical description is completed it will be compared to
similar statistics computed for the pelagicfishdistributions to determine the types of features that are
possibly relevant. In the later stages of such projects, the altimetric heights will be used to identify
specific mesoscale events and to correlate these with thefisherieslogbook data to evaluate the success
of the altimetric data in capturing the important types of mesoscale fluctuations. This information can
then be used to remotely monitor the relevant mesoscale features and could be distributed to the
fisheries community along with SST and sea-colour maps.
It is clear that such near real time products will be useful to enhance catchability of fish. For
information, weekly and monthly charts could also be made available and would enable longer term
prediction on the abundance of fish. However, satellite measurements may be used to obtain
deviations from annual and climatological means. The comparison of present patterns to past ones
could lead to the forecast of the effects of climate variations on the fish stock and distribution by
analogy (Glantz, 1990?).
1) Tn-sifii observations

Oceanographical measurements of sea surface and subsurface parameters can give useful information
and provide input to methods of forecasting by analogy with the past, since such data are available
since the beginning of our century (contrary to satellite measurements which are very recent). These
observations have been made during océanographie cruises or by ships of opportunity such as
merchant ships orfishingvessels themselves. Data are available in archives and some on CD-ROMs
or integrated software to be used on computers (e.g. Comprehensive Ocean Atmosphere Data System
(COADS), Master Océanographie Observation Data Set (MOODS), Levitus Atlas or Océanographie
Applications Manager (GAO) which provides mapping extraction and various data analysis facilities
among many other data sets from the NODC or NCDC and others). These data sets also usually
contain metadata relating to the observations, (e.g. instruments used, exposure, calibration, etc.)
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Parameters available are:
a) Sea Surface measurements

i)fram Ships
- SST, Salinity;
- Sea Level Pressure (SLP), Sea Surface Winds;
- Precipitation, cloudiness, humidity, air temperature;
- currents, waves.
iiïfrnm

Mnnrpd and Drifting hunys

- Currents;
- SST, Salinity;
- SLP, Winds, Waves.
Mi) from the share
- Sea Level.
h) Subsurface measurements
- Temperature, Salinity profiles;
- Currents;
- Dissolved Oxygen;
- Nitrates, Phosphates and Silicates contents.
However, these data sets are still only available in a raw format difficult to be used directly. They
still need some processing in order to provide applicable information for fisheries research in formats
such as time series of combined indexes for specific regions, deviation from the mean or atlases.
c) I n d i e s
An index is a combination of parameters which is representative of a (or sometimes more) specific
phenomenon. Indexes issued from Sea Level Pressure measurements such as the SOI (Southern
Oscillation Index) or the IOI (Indian Ocean Index) (Marsac and Le Blanc, 1996) are easy to provide.
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A useful format of presentation is a time dependent signal showing the anomalies with a climatic
average. When these can be related to fish stocks and catchability, they can be very significant for
fisheries management (Figures lia, b and c).
d) Time series
One good example is given by the Pacific Fisheries Environmental Group (PFEG) which is a
research unit of the U.S. National Marine Fisheries Service (NMFS) based in California. The group
was formed in 1969 to develop data bases and to conduct research on fisheries-related effects of
natural environmental variability over a broad range of scientific, management, and operational
concerns of the government and the fishing industry of the United States. In addition to its research
mission, PFEG distributes environmental index products and time series data bases to co-operating
researchers (see Figure 12).
Present estimates, when compared with the past, might enable the definition of the environmental
pattern in which the fish evolves, and to forecast the next step of his behaviour. Of course, forecasts
of pressure fields issued from numerical models (see next chapter) could be used directly to predict
fish behaviour relative to the climatic pattern. The same could be done with SST data sets.
3) Numerical Models Results
In recent years there has been considerable interest in understanding and predicting the interannual
variations of the atmosphere and oceans, especially the ENSO phenomenon. Modelling the
atmosphere-ocean climate predictability on seasonal and longer time-scales has advanced
considerably, partly as a result of the TOGA programme (Tropical Ocean Global Atmosphere
Programme). However, many questions still remain regarding the inherent limitations on the
predictability of the ocean-atmosphere system. Furthermore, many practical issues involved in
implementing a fully developed prediction system remain to be resolved.
There has been encouraging progress in using statistical relations and coupled ocean-atmosphere
GCMs for seasonal to interannual prediction. There has been substantial progress to the point where
some models can simulate some aspects of tropical ENSO variability. The experience in using
coupled GCMs in a forecast mode is still very limited. Results to date are encouraging, but they are
limited to a small set of hindcasts and forecasts for periods during the years 1982-1991 in which there
were three realisations of ENSO.
However, it has not yet been demonstrated that ENSO is fully predictable, even six months in
advance, and this can be seen in the difference in predictions according to the model that is used
(CLIVAR, 1995 and CPC/NCEP, 1996) (see Annex A).
Parameters such as the SST in the so-called Nino 3 region (East-tropical Pacific) alone do not enable
reliablefishingpredictions. Therefore, "multi-disciplinary" models are being developed to reproduce
biological processes in relation to oceanic features, such as for example, primary production in
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upwelling areas or biomass distribution as a function of the environment. Parameters to put in are
chlorophyll and SST, depth of the mixed layer and current field at 15m (depth of the buoys
measurements). These models may be able to predict biomass distribution.
4) How to adapt existing services?
Even though much information is available through modern telecommunication systems, it is not yet
specifically intended to be used forfisheriespurposes. The development of Climate Information and
Prediction Services for fisheries, based on the above listed products, will be possible through
interaction between the NMHSs and thefisheriescommunity: the users.
The major obstacle, however, is that the biological response to climate is highly uncertain, due to
non-linear relationships. Thefirststep then, is to inform the users about what knowledge is available
through the various research activities and what is available as a matter of Climate Services. Thus
the users will be in position to present their needs and requirements to the NMHSs. Climate Services
may include historical data sets, real time information, or prediction, but have to be developed in a
way to also integrate biological information.
Climatologists and biologists need thus to develop and adapt these services together. Services could
be available through Internet, fax or short reports and it is suggested that priority should be put on
those services enabling the planning offisheriesactivity six months to one year in advance.
IV. National and International Programmes
Until scientists develop such services, there is a strong need for collaboration between the scientific
and the fisheries community. Only if scientists share their theoretical results with the practical
experience of fishermen will it be possible to validate biophysical models and to progress in our
understanding of environmental impacts onfisheries.The better our predictive skill, the better the
services provided to the users will be.
Several countries aware of the importance of climate impacts on their fisheries have already built
some suitable programmes to provide their fisheries community with some services based on the
research developed in their National Scientific Organisations. Some programmes are presented here
but this selection is not exhaustive.
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1) National Programmes
PFEG: Pacific Fisheries Environmental Group (U.S.A.)
The work of the Pacific Fisheries Environmental Group (PFEG) based in California (Pacific Groove)
has already been mentioned above. A workshop was convened there on 16-18 July 1996, to examine
the uses of environmental data for fisheries. The objectives of the workshop were to i) assess the
current and future needs for environmental data bases (océanographie, atmospheric, remote sensing,
model output, geological) in fisheries and fisheries-related ecosystem research, ii) identify data
sources and formats, and iii) recommended ways to facilitate access to the data. The workshop
brought together fisheries scientists, physical scientists, and environmental data specialists.
More than 40 recommendations were developed by the following four working groups: i) real-time
or near real-time environmental data applications to fisheries, ii) retrospective environmental data
applications to fisheries, iii) applications of océanographie and atmospheric model output to fisheries,
iv) data delivery systems, data accessibility criteria, and formats.
The real-time environmental data working group recognized the need to develop climatological
reference fields to serve as a baseline to identify anomalies in real-time data; other selected
recommendations included:
- Improve the utilization of satellite data in fisheries research and management, including
development of secondary derived products, application of new satellite technologies, and
deterrnining the degree to which surface data is representative of internal ocean structure;
-

Apply real-time environmental data to adapt survey designs to expected changes in the
distribution of target species;

-

Use newly developed multi-beam sonar technology in support of fisheries surveys with a
near real time, detailed 3-D picture of seafloor characteristics and develop an archive of
detailed seafloor data that can be used for retrospective analyses of fishery survey data to
identify habitats and species associations;

- Improve availability to the civilian community of currently classified environmental data,
and promote near real-time reporting of environmental data from fishing vessels.
Other recommendations made were primarily addressed to the scientific community.
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NIWA: National Institute of Water and Atmospheric Research (New Zealand)
In New Zealand, the National Institute of Water and Atmospheric Research (NIWA) has a research
programme that relates satellite measurements of ocean properties (temperature, sea-colour, wind
speed, current) to improved fish catches.
NIWA focuses on:
- Behaviour and composition of the atmosphere, and interaction with oceans
- Natural processes of marine, coastal and freshwater ecosystems of New Zealand, together
with impacts that human activities have upon them
- Frequency, magnitude and timing of atmospheric and hydrological phenomena, in particular
extreme events and long term changes and variability
- The nature and variability of oceanic water masses, currents and waves
- Identification and evaluation of the biota of the marine, estuarine, river and lake ecosystems
- Maintenance and contribution to national information bases on atmospheric trace gases,
climate, water resources and quality, aquatic biota, bathymetry and sediments
- Provision of public information, technology transfer and international liaison in atmosphere
and water disciplines.
For a number of years, NIWA has produced SST analyses and marine forecasts for ships at sea (via
weather fax, cell phone fax) - using satellite and other data. These are widely used by New Zealand
fisheries, mainly for pelagic (tuna) and squid.
CSIRO: Commonwealth Scientific and Industrial Research Organization (Australia)
Within the Australian Commonwealth Scientific and Industrial Research Organization (CSIRO), the
Division of Fisheries studies the impacts of climate variability on marine resources. The objectives
of the Division are to develop a sound scientific basis for the use and conservation of Australia's
marine living resources and environment, and to provide scientific advice to environmental, industry
and resource managers to ensure the ecological and economic sustainability of these resources and
to enhance the competitiveness of industries that depend on them. Current activities are:
- Prawn recruitment dynamics for tropical species;
- Regional dynamics of tuna fisheries;
- Recruitment variability of east Australian fish;
- Management strategies using climate variability information.
In terms of user services, CSIRO provides management advice to a range of fisheries, including a
highly successful four-year advance prediction of rock lobster settlement for western Australia. Most
of the analysis tools are developed and applied in-house. The main results provided are in the form
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of workshops and reports to various management agencies. The CSIRO remote sensing section
provides a dial-in service to clients who are provided with software to view and manipulate images.
Currently, CSIRO has a large national scale project on the use of ocean colour in fisheries. This
project is built around the belated SeaWiFS satellite but might use the ocean colour data from the
recently successful Japanese launch of ADEOS. The project is in collaboration with fishermen along
the whole coast of eastern Australia. They will collect ground truth data, provide catch data and
environmental information which will be used to develop a better understanding of the distribution
of yellowfin and skipjack tuna. The project is due for completion in June 1998.
The objectives of the project are to:
establish a monthly climatology of Sea-Surface Temperature (SST) and derived ocean
current patterns around Western Australia from 1982 to 1998 using NOAA AVHRR
satellite data.
develop appropriate monthly indices of ocean variability and create a historical database
of oceanic variables at selected sites, including coastal sea level, SST, salinity and wind.
study relationships between oceanic processes and seasonal/interannual fluctuations in
recruitment to the western rock lobster, scallop, Australian salmon, pilchard and shark
fisheries of Western Australia.
NOAA (National Oceanic Atmospheric Administration) AVHRR imagery has been received in Perth
since late 1981. SST images off Western Australia show oceanic features which may affect
recruitment to particular fisheries; these include large meanders/eddies peeling seawards from the
Leeuwin Current (migration of rock lobster larvae), tongues of tropical Leeuwin Current water
penetrating into Shark Bay (scallops and prawns), a cool counter-current flowing northwards past
Cape Leeuwin in summer (salmon), and the eastward-flowing Leeuwin Current jet past Albany
(salmon and pilchards).
Satellite altimeters and future ocean colour scanners will complement the thermal imagery by
showing seasonal and interannual variations in ocean circulation and the distribution of phytoplankton
(indicating regions of high productivity) along the continental shelf. In addition, conventional
océanographie measurements are being used to monitor seasonal and interannual changes in water
properties off Western Australia. Annual mean sea levels are used as an index of the strength of the
Leeuwin Current and are highly correlated with El Nino/Southern Oscillation (ENSO) events.
CSIRO also currently uses a fish dynamics simulation model, EcoSIM. It is an object-oriented model
designed to provide distribution scenarios, and for testing rules for fish movement and migration.
The model is an individually-based model that uses spatially explicit environmental information (such
as SST, bathymetry etc.) to model fish distribution.
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These examples of application of scientific and, particularly, climatic information could be
strengthened in the framework of such programmes and expanded to other countries having the same
interest in their marine resources.
7) International Programmes

There is a necessity to co-ordinate the work that is done by national research institutes on the studies
of thefisheries-environmentproblems and on the concrete application of scientific results to fisheries
management in order to exchange and gain knowledge from all different fisheries systems for the
benefit of all societies.
It is the role of International Organizations [WMO, IOC (Intergovernmental Océanographie
Commission), FAO (Food and Agriculture Organization), UNEP (United Nations Environment
Programme), ICLARM (International Center for Living Aquatic Resources Management), etc.] to
bring together scientists and users, so to direct the research to the needs of the world society in the
framework of definite programmes such as GOOS (Global Ocean Observing System), OSLR (Ocean
Science in Relation to Living Resources), CEOS (Climate and Eastern Ocean Systems Project) or
GLOBEC (Global Ocean Ecosystems Dynamics) which are presented below.
GOOS: Global Ocean Observing System
Several projects deal with the difficult problem of environmental aspects of marine ecosystems.
WMO, being responsible for assisting Member countries in applying weather, climate, ocean and
hydrological information, and thus allowing them to make more efficient use of their resources,
co-ordinates together with IOC (Intergovernmental Océanographie Commission), UNEP (United
Nations Environment Programme) and ICSU (International Council of Scientific Unions) a
programme named GOOS: Global Ocean Observing System.
GOOS is a long-term, international programme with the primary goal of providing practical benefits
to society. The main elements are the collection and timely distribution of oceanic data products,
including assessments, assimilation of data into numerical prediction models, the development and
transfer of technology, and capacity building within participating Member states to develop analysis
and application capability. It is implemented by national facilities and services.
Within its Scientific Panels, GOOS has a Living Marine Resources (LMR) Panel, the goal of which
is to:
"Design and implement a system of observation, data assimilation and modelling to
monitor and predict the state of the marine ecosystem at the temporal and
regional-to-global spatial scales that are appropriate to the interests of actual and
potential users, especially emphasising those features of the living marine resources that
are of economic, social and environmental importance, "(after SCOR 1996.)
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GLOBEC: Global Ocean Ecosystems Dynamics
GLOBEC (GLOBal ocean ECosystems dynamics) is a research programme organized by
oceanographers and fisheries scientists to address the question of how global climate change may
affect the abundance and production of animals in the sea. Zooplankton are a focus because they are
the key link in the food chain between phytoplankton and higher trophic levels. Early life stages of
most marine animals are planktonic (they drift wherever ocean currents take them and have no
swimming ability). Recruitment of many fish (such as cod and sardines) and benthic invertebrates
(oysters, scallops, sea urchins) depends upon survival of planktonic larvae and subsequent transport
of larvae to nursery areas. Ocean circulation and other aspects of the physical environment are major
factors controlling patterns of marine animal abundance.
In pursuing this goal, GLOBEC concentrates on zooplankton population dynamics and its response
to physical forcing. It bridges the gap between phytoplankton studies, such as those pursued by
projects such as JGOFS (Joint Global Ocean Flux Study), and predator-related research that more
closely pertains to fish recruitment and exploration of living marine resources.
GLOBEC is an implemented programme that was developed and sponsored by SCOR (Scientific
Committee on Oceanic Research), the Intergovernmental Océanographie Commission (IOC), the
International Council for the Exploration of the Sea (ICES) and the North Pacific Marine Science
Organization (PICES). The goal of GLOBEC is to advance our understanding of the structure and
functioning of the global ocean ecosystem, its major subsystems, and its response to physical forcing,
to a point where one can develop the capability to forecast the marine upper trophic system response
to scenarios of global change.
CEOS: Climate and Eastern Ocean Systems Project
The Climate and Eastern Ocean Systems Project (CEOS) is a NMFS/ORSTOM/ICLARM
(International Centre for Living Aquatic Resources Management) project which will study the four
major eastern boundary current regions (Peru/Chile, California, Northwest and Southwest Africa)
and attempt to separate local short-term changes of their resources and/or dynamics from long-term,
climatic global changes. A major focus of the study are the clupeoid fish (anchovies, sardines, etc.)
that are heavily exploited in these large marine ecosystems and which have recently been exhibiting
episodes of collapse, rebound, or switches in dominance. Expected products range from a large,
widely accessible oceanographic/atmospheric database (COADS) to various documents that will
present key results as well as improved contacts and stronger analytical capabilities in co-operating
national institutions.
The major objectives of the CEOS project are to: 1) assemble, summarize, and analyse the data
record of the past four decades regarding the four eastern ocean boundary upwelling ecosystems
mentioned above along with data from other upwelling areas; 2) apply the comparative method to
identify key physical processes and ecosystems responses; 3) resolve underlying global-scale trends
in each individual region system that may be obscured by local interyear and interdecadal variability;
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4) investigate the relationship of these global trends to accumulating greenhouse effects; 5) construct
scenarios for future consequences of global climate change on upwelling resources; and 6) analyse
and project ecological and social impacts on associated human activities and values.
The study may serve an even wider purpose as an illustration of the kinds of impact that could affect
more complex marine ecosystems. The most immediate response to greenhouse warming is expected
to occur within the atmosphere rather than within the ocean, affecting the wind field over the ocean,
and hence, patterns of upwelling. Bakun (1990) presents evidence of this already occurring over past
decades. Thus global climate change could substantially alter the factors that determine favourable
reproductive habitat, long before ocean temperature changes brought on by greenhouse warming may
be evident.
Another approach to identifying trends in ecosystem processes will be through the construction of
sequences of trophic models of the ecosystems and by computing the values of indices expressing
their emergent properties. Development of our understanding of such processes could help to
determine further climate services adapted to specificfisheriesproblems.
SUMMARY AND CONCLUSIONS
The programmes presented above deal mainly with the scientific aspect of the problem of
environmental impacts on fisheries. Since the possibility to take into account those impacts is
relatively recent, the links existing between fish and climate are described in this report in order to
synthesize the up-to-date knowledge on the matter which may then be used as a reference for future
applications.
The links between climate and aquatic biological productivity need to be better understood and
subject to continuous research. However, available information about primary productivity,
spawning, larval and recruitment stages of the fish's life, in relation to climate variations, could
already now be provided along with climate information. These parameters are important for the
climatic tool user, who will have to interpret the given information relative to his problem. Thus the
users may be able to assess, and maybe predict, fish distribution and fish stocks.
Figure 13 illustrates the links between climate, fishing activity, fish stock and the market demand.
Thisfigureshows that fish stocks are influenced by bothfishingactivity and climate. Reliable fish
stock assessments and predictions may be the key to sustainable fisheries. While the fishing impact
is well known, the climatic contribution is sometimes neglected. Fish stock models, used in resource
assessments, could include climate information for estimating stock size variability.
Through reliable stock assessment, it may be possible to balance the economics of the fishing
industry and the resource, leading to sustainable fisheries. Fishing activities could then be planned
in order to manage the best yield in accordance with the biological resource and the market demand.
By ensuring that available information, which is relevant to fisheries, is distributed to the users in
a format adapted to the region and suitable to be applied to the issues at hand, the Climate
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Information and Prediction Services (CLIPS) project may provide an opportunity to use climate
variability as a regulating factor in the management of the fishing activity.
The CLIPS project focuses on the application of scientific results to socio-economic sectors, such as
fisheries (WMONo. 832). In this context, and considering the main objectives of the WMO/CLIPS
project, CLIPS may be related to the fisheries sector as follows:
0

Demonstrate the value and evaluate socio-economic benefits of climate information and
prediction services: Fisheries is one of the most climate sensitive socio-economic sectors
and fish products represent almost 25% of the global supply of animal protein;

0

Provide an international framework to enhance and promote climate information and
prediction: Fisheries should be an important part of this international framework
because coastal nations and those which have developed fresh water (mainly lakes)
fisheries and aquaculture are potential beneficiaries of CLIPS;

0

Encourage the development of operational climate prediction: There is a need to further
develop the types of CLIPS products that would best serve the users in the fisheries
community, such as the fishermen, commercial fishing industries, regulatory authorities,
etc.;

0

Facilitate the development and the strengthening of a global network of regional/national
climate centres: Selected climate centres should focus on development of CLIPS products
and/or operations for a specific fishing region or a specific component of the fishing
industry.

The success of CLIPS implementation for fisheries relies upon close collaboration and cooperation
between the users and meteorologists, in order to identify the best applications and services. For that
purpose, it is suggested that workshops, seminars, etc., be organised with participation of both
scientists and users of climate information for specific fishery systems. In this way the climatic tool
user can be an active participant in defining and adapting the tools to his specific problems (WMONo. 864).
Once such tools are identified and developed for a specific fishery, they could be distributed through
information systems, such as Internet, to be used by those NMHSs dealing with the same type of
fisheries system and climatic conditions (WMO-No. 864).
As climate services are provided through the use of new technology (computers, Internet, fax. etc.),
the local and, often, traditionalfisheries,which consist mainly of simplefishingboats or canoes, may
be even further behind in their catch relative to the technologically advanced fisheries companies.
However, some information would reach and serve even the traditional fishermen through radio and
television.
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Glossary
Anthropogenic: caused or produced by human activity.
Benthic: (from the greek, benthos: depth) ; By opposition to pelagic. This
adjective is relative to marine species living at the bottom of oceans, seas or
lakes. This term is usually used to define open deep sea fishing.
Catchability is the "risk" for a fish to be caught by the various fishing techniques
(nets, lines or trawling).
Climate Change: Long term variations in climate (10 to 100 years or more).
Changes can be observed in any climatic parameter such as temperature,
precipitation, air constitution, pressure, winds, radiation etc...
Climate Variations: Interannual variations of medium time scales (one year to 5
years), such as ENSO or the North Atlantic Ocean (NAO) (see also extreme
events).
Demersal: bottom-dwelling. Term used to characterise coastal fisheries usually
using traditional techniques.
Downwelling: downward vertical currents due to convergent surface waters.
Downwelling is associated with a deepening of the thermocline.
El Nino/Southern Oscillation (ENSO): El Nino is the name originally given by
local inhabitants to a weak warm ocean current flowing along the cost of Ecuador
and Peru during Christmas time. ENSO is an extensive, intense, atmospheric and
oceanic phenomenon affecting the tropical Pacific Ocean. It is associated with
major anomalies in atmospheric circulation and rainfall patterns. El Nino occurs
irregularly, but approximately every four years on average. ENSO events have
impact on fisheries, bird life and mainland weather.
Ecosytem: mutually interrelated complexes of abiotic components and species
communities in a given area, existing as a system, with specific interactions and
exchange of matter, energy, and information.
Environment: The environment is here considered as the climatic and oceanic
environment of the fish. It comprises the weather (Sea level pressure, winds,
temperature, precipitation,...), the physical state of the sea (waves, sea
temperature, currents, salinity, dissolved-oxygen ...) as well as the presence of
food, nutrients and other marine species constituting the ecosystem.
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Extreme events: Extreme weather events can be defined as infrequent
meteorological events that have a significant impact upon the society or
ecosystem at a particular location. Such events are generally short in time (one
day to several months).
General Circulation Model (GCM): computer model that consists of a global, 3dimensional simulation of the dynamic behaviour of the climate system, based on
the physical and chemical properties of its constituents and its interactions with
oceanic processes.
Geophysical processes: physical (atmospheric, oceanic or geophysical)
processes such as waves, convection, advection, shifts, heat fluxes, water fluxes,
etc..) which rule the land-ocean-atmosphere system. They thus have an impact
on plants and animals too.
Hypoxia: physiological damage due to lack of oxygen.
Long-liners: fishing boat using a long line with hooks all along. This line can
measure several kilometres long and is veered out and then drawn back on board.
This technique targets fish schools present at the 200 metres depth (around the
thermocline).
Pelagic (from the greek: pelagos: sea) : a term that describes animals and plants
living in the open water of the sea.
Photosynthesis: process by which the energy of sunlight is used by green plants
to build up complex substances from carbon dioxide and water.
Phytoplankton: the plant component of plankton, microscopic drifting or floating
organisms found in seas, lakes and rivers.
Primary Production: photosynthesis by organisms at the bottom of the food web
(e.g. phytoplankton).
Purse-Seiner: Fishing boat using a net and a skiff that surrounds the fish school
with it. The net is then closed from the boat, like a purse. This type of fishing is an
industrial technique to fish large fish-schools in the upper-layer of the ocean (like
tuna-fish).
Remote Sensing: method for observing Earth's surface with instruments, e.g.
optical instruments or radar, mounted on satellites or aeroplanes.
Run-off: water from precipitation or irrigation that does not evaporate or seep into
soil but flows into rivers, streams or lakes, and that may carry sediment.
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Sensitivity: degree to which a system will respond per unit change in climatic
conditions (e.g. the extent of change in ecosystem composition, structure and
functioning following a given change in temperature and precipitation).
Sustainable: term used to characterize human activity (e.g. fishing, agriculture,
forestry), that is undertaken in such a manner that it does not adversely affect
environmental conditions (e.g soil, water quality, climate, fish stock), and which
means that that activity can be repeated in the future.
Teleconnection: linkage over great distances of seemingly disconnected weather
anomalies. Teleconnections are identified through the appearance of geophysical
processes, correlated statistically in space and time. The majority of
teleconnections that have been described are climate anomalies associated with
the El Nifto/Southem Oscillation.
Thermal Expansion: expansion of solids, liquids, and gases, associated with an
increase in temperature. The volume of the oceans, and thus sea level, varies with
seawater density which is dependent upon temperature and salinity. Changes in
salinity have minor effects on the global scale, but anticipated increases inglobal
temperature will have significant effects on sea level. Owing to very complex
physics, sea level rise by thermal expansion results in significant regional
variations and time lags.
Thermocline: zone within which temperature decreases markedly with depth.
Thermoregulation: regulation and maintenance of body temperature by various
physiological mechanisms.
Upwelling: vertical currents bringing cold sub-surface waters to the surface of the
ocean. Upwelling is associated with a rising of the thermocline and occurs when
the surface waters are divergent. Nutrients, if present, are brought into the upperlayer - the euphotic zone where sunlight radiations still penetrate — thus enabling
primary production.
Vulnerability: extent to which climate change may damage or harm a system; it
depends not only on a system's sensitivity, but also on its ability to adapt to new
climatic conditions.
Wind Stress: Dragging force resulting from the action of wind on the sea surface.
Zooplankton: animal component of plankton, microscopic drifting or floating
organisms found in seas, lakes and rivers.

32

References
Amtz, Wolf and Taiazona, Juan. 1989. Effects of el Nino 1982-83 on Benthos, Fish and
Fisheries off the South American Coast. Reports to the Nathan: El Nino and Climate
Prediction, University Corporation for Atmospheric Research, Spring 1994.
Banner-Benedict, Weather, US-EC clash affect oils mart, in Chemical Marketing
Reporter, 242, 20, 1992.
Bakun, A., V. Christensen, C. Curtis, P. Cury, M.H. Durand, D. Husby, R.
Mendelssohn, J. Mendo, R. Parrish, D. Pauly and C. Roy. 1989: The Climate and
eastern Ocean Systems Project. Reprinted from Naga, The 1CLÂRM Q. 15(4): 26-30.
Bakun, A. 1990: Global Climate Change and intensification of coastal upwelling. Science
247:198-201.
Baumgartner, T. R., A. Soutar, V. Ferreira-Bartrina. 1992. Reconstruction of the history
of Pacific Sardine and northern anchovy populations over the past two millennia from
sediments of the Santa Barbara basin, California. CalCOFI Rep., 33, 24-40.
Bene, C. 1995: La pêcherie crevettiere guyanaise: un oscillateur dynamique force. Rech.
Marines. IFREMER. 10: 4-7.
Bjerkness, J. 1962: Synoptic survey of the interaction of sea and atmosphere in the
Northern Atlantic. Geofysiske Éublik., 24, 115-146.
Brodeur, R.D. and D.M. Ware. 1992. Long-term variability in zooplankton biomass in
the Subarctic Pacific Ocean. Fish. Oceanogr., 1, 32-38.
Brodeur, R.D. and D.M. Ware. 1995. Interdecadal variability in distribution and catches
of epipelagic nekton in the Northeast Pacific, pp. 329-356 in R. J. Beamish (editor)
Climate Change and Northern Fish Populations. Can. Spec. Pub. Fish. Aquat. Sci. 121.
Buckley, L.J. and R.G. Rough. 1987: Recent growth, biochemical composition, and prey
field of larval haddock and Atlantic cod on Georges Bank. Can. J. Fish. Aquat. Sci. 44:
14-25.
CLIVAR Scientific Steering Group, 1995: CLIVAR A study of climate variability and
predictability-Science Plan. WCRP-89; WMO/TD No. 690.
CPC/NCEP, 1996: Prognostic discussions for long-lead outlooks. National Weather
Service Washington DC. 3 pm est Thursday November 14 1996.
http://nic.fb4.gov/products/predictions/SST
Cury P. and C. Roy. 1989: Optimal environmental window and pelagic fish recruitment
success in upwelling areas. Can. J. Fish.and Aquat. Sci. Vol 46; 670-680.

33

Cury, P., C. Roy, R. Mendelssohn, A. Bakun, D.M. Husby, and R.H. Parrish:
Moderate is better: exploring nonlinear climatic effects on the Californian northern
anchovy, p. 417-424. in R.J. Beamish (ed.) Climate Change and northern fish
populations. Can. Spec. Publ. Fish. Aquat.Sci. 121.
Cury, P. 1994: Obstinate nature: an ecology of individuals. Thoughts on reproductive
behaviour and biodiversity. Can. J. Fish. Aqua. Sci. 51; 1664-1673.
Davis , C.S., G.R. Flierl, P.J. Franks and P.H. Wiebe. 1991: Micropatchiness,
turbulence and recruitment in plankton. J. Mar. Res. 49: 109-151.
Everett, J. 1995: Fisheries, in Climate Change 1995, Impacts, Adaptations and
Mitigation of Climate Change: Scientific-Technical Analyses, edited by R.T. Watson,
M.C. Zinyowera and R.M. Moss, pp. 551-537, Cambridge University Press.
Faganeli, J., A. Avcin, N. Fanuko, A. Malej, V. Turk, P. Tusnik, B. Vriser and A.
Vukovic. 1985: Bottom layer anoxia in the central part of the Gulf of Trieste in the
summer of 1983. Marine Pollution Bulletin. 16(2): 75-78.
Fonteneau, A. 1996: Introduction aux problèmes thons et environnement dans
l'Atlantique. Doc. Scient. ICCAT.
Francis, R. C , S. R. Hare, A. B. Hollowed, and W. S. Wooster. In Review. Effects of
interdecadal climate variability on the oceanic ecosystems of the northeast Pacific Ocean.
J. Climate.
Francis, R.C. and S. R. Hare. 1994. Decadal-scale regime shifts in the large marine
ecosystems of the North-east Pacific: a case for historical science. Fish. Oceanogr., 3,
279-291.
Glantz, M.H., 1990: Does history have a future? Forecasting climate change effects on
fisheries by analogy. Fisheries, 15, 39-44.
Glantz, M.H., éd., 1992: Climate Variability, Climate Change and Fisheries.
Cambridge, UK: Cambridge University Press.
Glantz, M. 1994: The impacts of climate on fisheries. UNEP Environment Library
No. 13.
Glynn, P.W. (Ed.), Global Ecological Consequences of the 1982-83 El Nino-Southern
Oscillation, 563 pp., Elsevier Oceanography Series No. 52, Elsevier Press, Amsterdam,
1990.
Hanifen, J.G., W.S. Perret, R.P. Allemand and T.L. Romaire. 1995: Potential impacts
of Hypoxia on Fisheries: Louisiana's Fishery-Independent Data. Louisiana Department
of Wildlife and Fisheries. Marine Fisheries Division.

34

Hollowed, A. B. and W. S. Wooster. 1995. Decadal-scale variations in the eastern
Subarctic Pacific: n. Response of Northeast Pacific fish stocks, p. 373-385. In R. J.
Beamish (editor) Climate Change and Northern Fish Populations. Can. Spec. Pub. Fish.
Aquat. Sci. 121.
Jordan, R.S., Impact of ENSO events on the southeastern Pacific region with special
reference to the interaction offishingand climate variability, in Teleconnections Linking
Worldwide Climate Anomalies, edited by M.H. Glantz, R.W. Katz, and N. Nicholls,
pp. 401-430, Cambridge University Press, Cambridge, 1991.
Kawasaki, T. 1991. Long-term variability in the pelagic fish populations, p. 47-60 in T.
Kawasaki, S. Tanaka, Y. Toba, A. Taniguchi (editors) Long-term variability of pelagic
fish populations and their environment. Pergamon Press, New York.
Koslow, J. A., 1984: Recruitment patterns in Northwest Atlantic fish stocks, can. J.
Fish. Aqua. Sci., 41, 1722-1729.
Koslow, J. A., K. R. Thompson and W. Silvert, 1987: Recruitment to northwest Atlantic
cod and haddock stocks: Influence of stock size and climate. Can. J. Fish. Aqua. Sci.,
44, 26-39.
Lasker, R. 1978: The relation between océanographie conditions and larval anchovy food
in the California current: Identification of factors contributing to recruitment fortune.
Rapp. P.-V. Reun. Cons. Int. Mer. 173: 212-230.
Le Blanc, J-L. 1997: Climate Change and Fisheries in the Seychelles. A contribution
to enable to Seychelles National Climate Change Committee to prepare its first National
Communication to the UNFCCC. Unpublished.
Marsac, F. 1987: Monitoring upwelling systems. 12th UN/FAO Int. Train. Course. :
contribution of Remote Sensing to Marine Fisheries.
Marsac, F. 1987: Forecasting tuna catchfromOceanic Fronts. 12th UN/FAO Int. Train.
Course. : contribution of Remote Sensing to Marine Fisheries.
Marsac, F. 1987: Sea State and fisheries Activities. 12th UN/FAO Int. Train. Course. :
contribution of Remote Sensing to Marine Fisheries.
Marsac, F. 1992: Etudes des relations entre l'hydroclimat et la pêche thonière hauturière
tropicale dans l'Océan Indien occidental. Thèse de doctorat. Université de Bretagne
Occidentale.
Marsac, F. and J-L Le Blanc. 1996: Responses of indian Ocean yellowfin tuna fisheries
to the coupled ocean-atmosphere system. Interannual and ENSO-associated variability.
Symposium Thon , ICCAT25th anniversary . Ponta Delgada. Acores.

35

Miller, K.A., and D.L. Fluharty, El Nino and variability in the northeastern Pacific
salmon fishery: implications for coping with climate change, in Climate Variability,
Climate Change, and Fisheries, edited by M.H. Glantz, pp. 49-88, Cam. Uni Press,
1992.
Miller, A. J., D. R. Cayan, T. P. Barnett, N. E. Graham, and J. M. Oberhuber. 1994a.
The 1976-77 climate shift of the Pacific Ocean. Oceanography, 1 (1), 21-26.
Miller, A. J., D. R. Cayan, T. P. Barnett, N. E. Graham, and J. M. Oberhuber. 1994b.
Interdecadal variability of the Pacific Ocean: model response to observed heat flux and
wind stress anomalies. Clim. Dyn., 9, 287-302.
Olson, D.B., 1995: Climate variability and Fisheries in the Northwestern Atlantic.
GLOBEC: Northwest Atlantic Program - GLOBEC Canada/U.S. Meeting on N.W.
Atlantic Fisheries and Climate
Parker, K. S., T. S. Royer, and R. B. Deriso. 1995. High-latitude climate forcing and
tidal mixing by the 18.6-year lunar nodal cycle and low-frequency recruitment trends in
Pacific halibut (Hippoglossus stenolepis). pp. 449-459 in R. J. Beamish (editor). Climate
Change and Northern Fish Populations. Can. Spec. Pub. Fish. Aquatic Sci. 121.
Peterson, R.M. and M.J. Bradford. 1987: Wind speed and mortality rate of a marine
fish, the northern anchovy. Science 235: 354-356.
Quinn, T. J., II, and H. J. Niebauer. 1995. Relation of eastern Bering Sea walleye
pollock (Theragra chalcogramma) recruitment to environmental and océanographie
variables, p. 497- 507. In R. J. Beamish (editor) Climate Change and Northern Fish
Populations. Can. Spec. Pub. Fish. Aquat. Sci. 121.
Richards, F.A., 1957: Oxygen in the ocean, pp 185-238 in: Hedgepeth, J.W., ed.
Treatise on marine ecology and paleoecology.Geo/tfg/cû/ Society of America. Memoir
Number 67. Volume 1.
Roemmich, D. and J. McGowan. 1995. Climatic warming and the decline of
zooplankton in the California Current. Science , 267, 1324-1326.
Rogers, J.C. 1984: The association between North Atlantic Oscillation and the southern
oscillation in the Northern hemisphere. Mon. Wea. Rev., October, 1984, 1999-2015.
Rogers, J.C. and H. van Loon. 1979.: The seasaw in winter temperatures between
Greenland and Northern Europe. Part H: Some oceanic and atmospheric effects in middle
and high latitudes. Mon. Wea. Res., 107, 509-519.
Royer, T.C. 1993. High-latitude oceanic variability associated with the 18.6 year nodal
tide. J. Geophys. Res., 98, 4639-4644.
Rothschild, B.J. and T.R. Osborn. 1988: Small-scale turbulence and plankton contact
rates. J. Plankton Res. 10: 465-474.

36
Roy, C , P. Cury, 1992: Pelagic Fish recruitment success and reproductive strategy in
upwelling areas: Environmental Compromises. Benguela Trophic Functioning. South
African Journal of Marine Science 12, 135-146.
Sunby, S. and Fossom. 1990: Feeding conditions of Arcto-Norwegian cod larvae
compared with the Rothschild-Osborn theory on small-scale turbulence and plankton
contact rates. J. Plankton Res.
Thompson, K.R., R.H. Loucks and R.W. Trites, 1988: Sea surface temperature
variability in the shelf-slope region of the Northwest Atlantic. Atmosphere Ocean, 26,
282-298.
Trenberth, K.E. and J.W. Hurrell. 1994: Decadal atmosphere-ocean variations in the
Pacific. Clim. Dyn., 9, 303-319.
Walker, G.T., 1924: Correlations in seasonal variations of weather, DC. Mem. Ind.
Meteor. Dept.y 24, 275-332.
Walker, G.T. and E.W. Bliss, 1932: World weather. V. Mem. Roy. Meteor. Soc, Vol.
4, 53-84.
Wallace, J.M. and D.S. Gutzler, 1981: Teleconnections in the geopotential height field
during the Northern Hemisphere winter. Mon. We. Rev., 109, 784-812.
World Meteorological Organization, 1995: CLIPS - Climate Information and Prediction
Services, WMO-No. 832
World Meteorological Organization, 1997: CLIPS - Stepping Forward: Implementation
of the WMO CLIPS project, WMO-No. 864

37

List of Figures

Figure 1
Figure 2a
Figure 2b
Figure 3

Figure
Figure
Figure
Figure

4
5a
5b
6

Figure 7
Figure 8
Figure 9
Figure 10a
Figure 10b
Figure 11a
Figure lib
Figure lie
Figure 12
Figure 13

Diagram representing the climate-fisheries
system
Equatorial upwelling
Coastal Upwelling
Idealized schematic diagram of the major
coastal upwelling regions of the world and
the summertime sea-level atmospheric pressure
systems that influence them
The linkage of zooplankton to fisheries
Sea Surface Temperature
Phytoplankton Pigment Density
Theoretical relationship between recruitment
and environmental factors in upwelling areas
Scales of physical variability affecting
marine fisheries populations
Time series of mean North Pacific sea level
pressures
Satellite infrared image of the California
Current
SSMI Wind Speed
ERS-2 Wind Vector
Longline yellowfin CPUEs and Indian Ocean
Index
Time function and spatial pattern of the two
first EOF of Ekman pumping in the Seychelles
region
CPUE trends of yellowfin and environmental
variability-departures of SST and wind
PFEG Coastal Upwelling Indices
Diagram showing links between fish-stocks and
market demand

38

Illustrations - references
Figures 2a and b: http://www.pmel.noaa.gov/toga-tao/figurel2-13.html
Figure 4: http://www.usglobec.berkeley.edu/usglobec/brochure/n&newell.html
Figures 5a and b: http:// www.eoc.nasda.go.jp/guide/guide/topics/
Figures 7 and 12:http:///www.pfeg.noaa.gov/products/products.html
Figure 8: http://www.usglobec.berkeley.edu/usglobec/reports/
Figure 9: http://satftp.soest.hawaii.edu
Figures 10a and b: http://manati.wwb.noaa.gov/

Figure 1. Diagram representing the climate-fisheries system
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(from Glantz, 1994)

West

Figure 2a

Equatorial llpwelling
Easterly winds (red arrow) drag the surface water westward along the equator. The Earth's rotation
deflects the western current toward the right in the Northern Hemisphere and toward teh left in the
southern Hemisphere, driving the surface water away from the equator and bringing up waterfrom below
(upward arrows) In addition, the winds cause warm surface water to accumulate on the western side of the
Pacific. Because of the lower density of the warmer water, sea level is about two feet higher on the
western side of the basin than on the eastern side when the winds are blowing at full strength. The
thermocline, which marks the boundary between warm surface water and cold, deep water (deeper blue) is
tilted. It reaches almost up to the sea surface in the eastern equatorial Pacific.

Figure 2b

Coastal Upwelling
Strong southeasterly winds (red arrow) prevail along the coast of southern Equador and Peru. These
winds, which blow during both normal and El Nino years, drag the surface water northwestwad and cause
cold, nutrient-rich water (dark blue) to upwell along the shore of the eastern Pacific.
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The linkage of zooplankton to fisheries may be through understanding the relationships
between zooplankton prey and variability in survival of larvae of commercially valuable
species.
(see reference at the end of document)

Figure 5a. Sea Surface Temperature

Figure 5b Phytoplankton Pigment Density
(green=high concentrations
blue to purple-low concentrations) «^
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Figure 6. Theoretical relationship between recruitment and environmental factors
in upwelling areas (from Cury and Roy, 1989)
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Figure 8. Panel A (top) is thé time series of mean North Pacific sea level pressures
averaged over 30; to 65jN, 160;E to 140jW for the months November through March.
Means for 1946-1976 plus 1989-1992 and 1977-1988 are indicated (where 1988 refers
to the 1987-88 winter). Panel B (bottom) is the time series of mean North Pacific sea
level pressures for November through March, as in panel A, but beginning in 1925 and
smoothed with a low pass filter. From Trenberth and Hurrell (1994). (Reproduced with
permission.)

Figure 9. A satellite infrared image of the California Current taken on 15 June 1981 at
04:00 UT. Light gray shades correspond to cold water. The spacing of the tic marks is 100
km. Cold upwelled water is seen on the continental shelf and slope shown by the 300 m and
3000 m isobaths (dashed lines). Several uwpelling filaments are present between Cape
Mendocino (124 20W 40 20'N) and Point Conception (120 30'W 34 30'N).

Figure 10a. SSMI Wind Speed
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Figure 10b. ERS-2 Wind Vector
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Figure 1 la. Longline yellowfin CPUEs (Catch Per Unit Effort) and Indian Ocean Index. The low IOI
years often match with high CPUEs.
(from Marsac and Le Blanc, 1996)

(from Marsac and Le Blanc, 1996)

Ekman pumping and SOI
Seychelles region (50-70E/3-10S)
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Figure 1 lb. Time function (top panel) and spatial pattern (bottom panel) of the two first EOF of
Ekman pumping in the Seychelles region. (For absolute anomaly, multiply the time function by the
time function).
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Figure 1 lc. CPUE trends of yellowfin and environmental variability-departures of SST and wind,
IOI(a) - skipjack catches(b) in the Maldivian pole and line fishery.
(from Marsac and Le Blanc, 1996)

Figure 12
P F E G C o a s t a l Upwelling Indices
Click on a fxnnt to see a graph of the Averages oj Monthly Values (1967-1991) of the Upwelling Index at that location.

Standard Positions of Upwelling Index Calculations
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The frictional stress of cquatorward wind on the ocean's surface, in concert with the effect of the earth's rotation, causes water in the
surface layer to move away from the western coast of continental land masses. This offshore moving water is replaced by water which
upwclls, or flows toward the surface from depths of 50 to 100 meters and more. Upwelled water is cooler and saltier than the original
surface water, and typically has much greater concentrations of nutrients such as nitrates, phosphates and silicates that are key to
sustaining biological production. It is for this reason that marine ecosystems in the ocean's eastern boundary currents are highly
productive, and capable of maintaining large standing crops of plankton, massive fish stocks such as sardines and anchovies, and major
populations of marine mammals and sea birds. The major eastern boundary currents include the Canary off the Iberian peninsula and
northwestern Africa, the Benguela off southwestern Africa, the Peru off western South America, and the California Current System off
western North America Moreover variations in upwelling over seasonal to interannual periods, due to large-scale shifts in wind patterns
nd atmospheric systems, are linked to variability in fish populations and other biological components in coastal ocean ecosystems.
On a monthly basis, the Pacific Fisheries Environmental Group generates indices of the intensity of large-scale, wind-induced coastal
upwclling at 15 standard locations along the west coast of North America. The indices are based on estimates of offshore Ekman transport
driven by geostrophic wind stress. Geostrophic winds are derived from six-hourly synoptic and monthly mean surface atmospheric
pressure fields. The pressure fields are provided by the U.S. Navy Fleet Numerical Meteorological and Océanographie Center (FNMOC),
Monterey, CA. The idea behind the upwelling indices was to develop simple time series that represent variations in coastal upwelling.
Daily and monthly index time series are provided regularly to scientists and managers concerned with marine ecosystems and their biota,
and have been used in scores of studies and scientific publications.
How PFEG Determines the Upwelling Indices
PFEG coastal upwelling indices are calculated based upon Ekman's theory of mass transport due to wind stress. Assuming homogeneity,
uniform wind and steady state conditions, the mass transport of the surface water due to wind stress is 90° to the right of the wind
direction in the Northern Hemisphere. Ekman mass transport is defined as the wind stress divided by the Coriolis parameter (a function of
the earth's rotation and latitude). The depth to which an appreciable amount of this offshore transport occurs is termed the surface Ekman
layer, and is generally 50 to 100 meters deep.
Ekman transports are resolved into components parallel and normal to the local coastline orientation. The magnitude of the offshore
component is considered to be an index of the amount of water upwelled from the base of the Ekman layer. Positive values are, in general,
the result of equatorward wind stress. Negative values imply downwelling, the onshore advection of surface waters accompanied by a
downward displacement of water.
Monthly mean pressure fields prepared by FNMOC on a 63x63 point square grid are superimposed onto a polar-stcrcographic projection
of the Northern Hemisphere. The mesh length is 200 nautical miles at 60°N and decreases southward to about 144 nautical miles at 20°N.

Figure 13. Schematic diagram showing links between fish-stocks and market demand
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ForecastsfromSeptember 1996: http: IIgrads.iges.org/nino/fcst0996.html
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Forecasts from September 1996
El Nino Signal Still Strong in Forecasts.
Ben P. Kirtman, Bohua Huang, J. Shukla and Zhengxin Zhu
Published in the Experimental Long-Lead Forecast Bulletin, September 1996
The EI Nino forecasts are part of an ongoing research effort at COLA, and do not
represent official forecasts. These forecasts should not be used as the basis of any
commercial, policy, or other decisions. They are strictly research tools for advancing
the understanding of the ocean-atmosphere system.
The NIN03 time series of the predicted SSTA for three forecasts initialized on, July 1,1996, August 1,
1996 and September 1,1996 are shown below. Each forecast is run for 17 months. All three forecasts
show a warming trend from late boreal summer 1996 through boreal winter 1996-97. The July forecast has
its peak SSTA in January 1997 which is consistent with the previous forecast. The warm SSTA in the July
forecast decays rapidly during the boreal spring 1997. The August forecast indicates warm temperatures in
boreal winter 1996-97 with continued warming through summer 19%. While the warming in the boreal
winter is weaker with the August forecast, the evolution is fairly consistent with earlier forecasts for the
first 6-9 months. The September forecast, however, has a warming trend in boreal winter, but the peak
warm SSTA does not occur until the boreal summer of 1997. The September forecast deviates from the
previous 11 forecasts in that the peak warming occurs during summer 1997 as opposed to winter 1996-97
and spring 1997.
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Predicted SSTA S0N96 (JAS 96 IC)
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The ensemble mean anomalies in sea surface temperature. The top panel shows the predicted
ensemble mean averaged over Septembcr-Octobcr-Novcmbcr 1996. The middle panel shows the
predicted ensemble mean SSTA averaged from December 1996 to February 1997. The bottom
panel shows the ensemble mean averaged over March-April-May 1997.

Annex B

This annex is a copy of a fax addressed to several French fisheries fleets dealing with
different types of fisheries ranging from the small individual vessels fishing locally, to
the big industrial companies fishing around the world.
This was an experiment to evaluate the state-of-the-art of the fishermen in the use of
climate-products and their effective needs for more appropriate and adapted tools with
regard to recent technological and scientific progress.
As a matter of fact, to date, no replies from the companies have been received.
This experience is therefore interesting and could be followed by a wider international
application along with direct contact, through workshops, meetings or conferences.

Annex B, p.2

_
De la part de: Jean-Luc Le Blanc
c/o Thao TRAN D1NH
67 rue de Lausanne
1202 GENEVE
Suisse

Pac

s|m

j|e
Tel: (041 22) 738 32 88
Fax: (041 22) 738 30 75
e-mail:tranthao@iprolink.ch

Genève, le 29 Octobre 1996.
Monsieur,
Travaillant sur un projet CLIPS (Services d'Information et de Prediction Climatiques)
pour l'Organisation Météorologique Mondiale (OMM) basée à Genève, je me permets de
vous contacter afin de récolter quelques informations quant à l'utilisisation de certains
outils "climatiques" dans votre activité.
Le projet CLIPS a été créé afin de coordonner le travail effectué par les différents Centres
Météorologiques et Hydrologiques et pour améliorer l'application des nouveaux services
climatiques à différents secteurs socio-économiques dont la pêche fait partie intégrante.
Ce projet devrait aboutir a une meilleure distribution des données obtenues grâce aux
technologies modernes d'observation du climat et devrait permettre aux utilisateurs de
mieux effectuer leur travail ainsi que de mieux prévoir et planifier la gestion de leurs
resources.
Afin de mieux appréhender votre situation actuelle et de mieux cerner vos problèmes liés
au comportement du poisson vis-à-vis de son environement et du climat, je vous serais
très reconnaissant de bien vouloir remplir le petit questionnaire ci-joint et de me le
renvoyer par fax ou courier avant le 1er Décembre.
Pour notre bien commun, je vous remercie de votre aimable et indispensable coopération.
Jean-Luc Le Blanc.

N. B: Dans le questionnaire qui suit, nous avons tenté de ramener le plus grands nombre
de question à la formule "OUI-NON".
Cependant, certaines questions ne peuvent se résumer à cette simple formulation car, de
part notre manque de connaissance en ce qui concerne votre activité, elles nécessitent une
plus large interaction de votre part.
C'est pourquoi, dans la mesure du possible et du temps que vous pourrez y consacrer, je
vous invite à m'envoyer vos suggestions, commentaires sur une feuille libre que vous
pourrez soit me faxer soit m'adresser par courier. Tout documents relatant vos méthodes
de pêche ainsi que la gestion de cette dernière sont bienvenus.
C'est de votre intérêt qu'il s'agit avant tout et du notre indirectement.
Merci de votre compréhension et à bientôt.
Bien entendu, je reste à votre entière disposition si vous souhaitez obtenir de plus amples
informations sur le projet CLIPS et le rôle de l'OMM.
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QUESTIONNAIRE RELATIF AUX PROBLEMES LIES A
L'ENVJRONEMENT &ÀRÏN ET AU CLIMAT
Problème de Capturabilité
Comment abordez-vous la recherche du poisson?
Utilisez-vous des outils électroniques?
OUI
Si oui, lesquels?
Radar
echo-sondeur
XBT
CTD
autres

(l)

NON*1*

rayer la mention inutile

Quels sont les paramètres que vous utilisez dans la recherche du poisson? <2)
SST (Température de Surface)
profils de température (présence de thermocline)
vitesse du courant

effet de cisaillement
présence de nouriture (quelle nouriture?)
présence d'oiseaux
taux d'oxygène dissous
taux de nitrate, phosphates, silicates
couleur de l'eau (présence de phytoplancton)
vitesse verticale du courant (remontée d'eau de subsurface)"
pression atmosphérique
vent (direction, force)
état de la mer
autres

(2)

cochez les options affirmatives

Quels services climatiques utilisez vous dans votre travail?
imagerie satellitaire
indices (lesquels: pression, température,...?):
autres

Quels centres météorologiques ou hydrologiques vous informent?
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Sous que lie forme recevez-vous ces informations?
Téléphone
Telex
Fax
Internet
Ordinateur
autres

Trouvez-vous que ces services sont suffisamment adaptés à vos problèmes dépêche?
OUI
NON
Doivent-ils être améliorés?
OUI
NON
Comment amélioreriez-vous ces services?

Problème de Gestion des Stocks
Comment considérez-vous ce problème?'
Sur quelle échelle temporelle planifiez-vous votre gestion?

Comment organisez-vous votre travail en fonction de l'état des stocks?
(SVP, n'hésitez pas à utiliser une feuille libre pour répondre aux questions qui vont suivre).

Comment estimez-vous l'état de vos resources?

Prenez-vous en compte les résultats scientifiques sur ce sujet? OUI NON
Si oui, de quelle manière vous en servez-vous dans vos prises de décisions? *
Vous sont-ils communiqués ou en êtes vous informés d'une quelconque façon?
OUI
NON
Si oui, de quelle manière?

Si non, seriez-vous intéressés par de tels renseignements?
OUI
NON
Vous seraient-t'ils utiles dans votre travail?
OUI
NON
* Merci d'utiliser une feuille supplémentaire pour vos commentaires S VI*.
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