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The common denominator is that anchovies and other associated Eastern Boundary
Current species thrive on cooler coastal ocean upwelling periods. Sardine and their warmer
preferring kin seem to “cope” with these strong upwelling periods by subsisting in small
colonies, usually equatorward as well as offshore, just beyond direct influences of lowest
temperatures due to coastal upwelling. They await opportunities to recolonize the near shore
environments, and to “bloom” during the periods of relatively weaker upwelling associated
with lesser along-shore winds and onshore overlay of slightly warmer oceanic conditions.

Longer life cycles and migratory propensities also provide sardine and herring with
distributional advantages allowing them to quickly take advantage of any relaxation along the
extensive upwelling zones. Similarly, North Sea-Baltic Sea or Newfoundland herrings search
from offshore, along coastal habitats (Iles and Sinclair 1982; Alheit and Hagen 1997), to
recolonize any locales that fit their requirements. On the other hand, the anchovies and their kin
are relegated the shorter term options, of finding local habitats that provide the upwelling
intensities, and spawning options which they seem to find along coastlines wherever
promontories form eddies. These are often associated with small permanent features such as
bays with good tidal flushing and reasonably stable backwater circulation that minimizes
anoxia. All the related ocean dynamics are forced from remote climate-driven ocean-
atmosphere physics.

There are also arrays of demersal species that are similar “tuned” to these alternative
“regimes”. Most migratory predators distribution and abundance cycles also reflect the same
patterns as their preferred prey species. Still, the most dramatic changes in fisheries production
occur in the massive pelagic fisheries of Eastern Boundary Current systems, although virtually
all temperate to polar fishery systems exhibit strong variations (c.f. Parrish and MacCall 1978;
Iles and Sinclair 1982; Sharp and Csirke 1983; Leggett, Frank and Carscadden 1984; Moser,
Smith and Eber 1987; Wyatt and Larrafieta 1988; Baumgartner, Soutar and Ferreira-Bartrina
1992; Hollowed and Wooster 1992; Hollowed, Bailey and Wooster 1995; Beamish and
Boulton 1993; Francis and Hare 1994; Hare and Francis 1995; Polovina, Mitchum and Evans
1995; Mantua ef al. 1997. The very powerful presentation, and follow-up by Kawasaki (1983)
and Kawasaki et al. (1991) of the Japanese sardine story, and the apparent synchrony of
northern hemisphere Pacific sardine population cycles and those of the Humboldt Current
stimulated the present era of climate and fisheries research.

4. SOME EXPECTATIONS

Humans and fishes share a long history. The long road to understanding fish
reproduction successes, as described above, was a result of concerned researchers attempting to
stabilize fisheries production. The one thing that can be certain is that climate will continue to
change, and fisheries distributions and abundances will continue to respond as they have in the
past (Soutar and Isaacs 1974; Soutar and Crill 1977; Baumgartner et al. 1989; Baumgartner,
Soutar and Ferreira-Bartrina 1992; Kawasaki et al. 1991). Climate prediction is one well-
defined objective, although our poor knowledge of the many interactions and complexities
described above is still quite limiting. Lots of basic information about fisheries responses
related to likely changes are available, i.e. those factors that involve known patterns in
environmental change.

What is hoped to have been made clear by this presentation of diverse information
resources, and their apparent interrelations is that these environmental changes are neither
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“random”, nor “stochastic” in the parlance of would-be modelers. All are components of a
long sequence of patterns and processes that tend to fall into rhythms, and patterns of their
own, within the larger and longer time and space scales. The fact that each of the particular
patterns or cycles involved is interactive reshapes the sequences such that they create
“harmonics” and long epochs with flat trends, as well as sharp spikes. All are, none-the-less,
patterned. In particular, transitions from one state to another are forecastable, given the
insights and observations that would provide that possibility.

Given the recent centuries’ historical regional synchronies, what does not make sense,
or likely pose anything very useful for society is for great amounts of effort and resources to
be squandered on creating digital simulacra of equilibrium or stability-based population
models, or any more attempts to assume “Closed Systems” such as the individual fish
populations — or regarding the Earth’s atmosphere and surface air temperatures — sans ocean
interactions.

The future and hope for credible forecasting of anything beyond persistence time
scales requires dynamic interactions be learnt, i.e. observed and understood. The methods
now available that seem to offer most useful forecastive results, in the sense of producing
pragmatic event and pattern forecasts, are the somewhat more complex phase of information
collation and analysis that is referred to as “Pattern Matching”. This seems to work when
there are clearly defined “System States” or extremes of the sort offered by ENSO “Warm”
and “Cold” Events, or the growing climate Indices for large regions of the world’s oceans.
Although no two ENSO Events seem to ever be really alike, from our very short record sets,
at their fullest manifestations, El Nifio and La Nifia consequences fall into two notably
separate distributions, both bringing considerable damage/good to distinctly different regions.

William Gray’s annual forecasts (c.f. 1990, 1991 — see also website in annex) of
Atlantic and Gulf of Mexico hurricane landings provide a useful example of “Pattern
Matching” techniques, as well as successful modern credible approaches to climate/weather
forecasting. As well, his continuous monitoring and updates provide valuable corrections, as
new interactions and responses factor into the regional information. The more conventional
numerical model-based ENSO forecasts offer a hybrid of “digital simulacra” and Pattern
Matching that seems to be improving as more information about the internal oceanography is
included in the primarily atmosphere dominated models. There have been vast improvements
by including ever more diverse observational data within the forecast models, over the
“Closed System” digital models of prior research and forecast-modeling epochs. This was
predictable, too, as the early generations of computer modelers quickly broke into various
“schools” of how to build projection models. The more is known, the better are model
projections. The fewer observations that are included in models, the poorer the model output.
Of course, there is always the GIGO problem. Without clear connections between cause and
effect, using presumed related data sets can be misrepresentative, and entirely misleading.

To date Climate Change research, per se, has been limited to post-hoc explanations in
fisheries contexts, due to the recent generations’ fisheries managers emphasis on blunted stock
assessment tools (c.f. Sharp, Csirke and Garcia 1983; Sharp 1987, 1988, 1991, 1995b, 1997,
2000). Fortunately, there remain active fishery research programs that focus on both
physiological ecology and related climate-scale changes ongoing around the world. It is
expected that progress will continue, and fisheries forecasts will displace hindcasts as the basis
for fisheries resource management.
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Impacts of climate change on regional fisheries can be ranked in terms of likelihood (for
either warming or cooling) of impacts. Most of this knowledge comes from empirical studies
over the recent 50 years, when weather and environmental records became fundamental to
explaining individual species’ behaviours and population responses to changes in local
conditions.

Fisheries most responsive to climatic variables are listed below in descending order of
sensitivity:

(a) Freshwater fisheries in small rivers and lakes, in regions with larger temperature
and precipitation change.

(b) Fisheries within Exclusive Economic Zones (EEZ), particularly where access-
regulation mechanisms artificially reduce the mobility of fishing groups and fleets
and their abilities to adjust to fluctuations in stock distribution and abundance.

(©) Fisheries in large rivers and lakes.

(d) Fisheries in estuaries, particularly where there are species sans migration or spawn
dispersal paths or in estuaries impacted by sea-level rise or decreased river flow.

(e) High-seas fisheries.

One can quickly see that the larger scale production sea fisheries are not under any
direct or immediate threat due to climate changes. The fisheries most sensitive to climate
change are also amongst the most affected by human interventions such as dams, diminished
access to up- or down-river migrations, filling in of wetlands, and other issues of human
population growth and habitat manipulation, particularly expanded agricultural water use and
urbanization.

Options are also known for coping that provide large benefits irrespective of climate
change (as stated in early Climate Change documents [IPCC 1990, 1996):

(a) Design and implement national and international fishery-management institutions
that recognize shifting species ranges, accessibility, and abundances and that
balance species conservation with local needs for economic efficiency and

stability.
(b) Support innovation by research on management systems and aquatic ecosystems.
(c) Expand aquaculture to increase and stabilize seafood supplies, help stabilize

employment, and carefully augment wild stocks.

(d) In coastal areas, integrate the management of fisheries with other uses of coastal
zones.

(e) Monitor health problems (e.g. red tides, ciguatera, cholera) that could increase
under climate change and harm fish stocks and consumers.

The subjects that do not show up in the [IPCC Reports are those that might resolve the
more critical habitat and waterway access problems, or the rapidly degrading water quality as
urbanization and agriculture expand. Today’s most obvious series of environmental issues
needing attention are those about controlling human growth and development, while
monitoring, assessing and maintaining critical habitat — and retrofitting much of the that has
been lost or manipulated.

This is primarily important because more options are necessary under known patterns of
climate changes. Grand plans, for example, regarding increasing our dependence upon
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aquaculture, do little good if access to both clean, unpolluted water resources and adequate
protein to feed to cultured species cannot be assured.

S. CONCLUSIONS

Regime shifts occur on several time and space scales. Identifying the precursors, or
other indicators, can provide forecast capability that is key to better management of
anthropogenic impacts on natural ecosystems. The negative Length of Day or Earth's
Rotation Rate appears to offer useful insights into future ecosystem transitions, and
potentially for more defined changes, once serious monitoring, and applied research is
initiated. Monitoring the Atmospheric Indices and the consequent changes in “condition
indicators”, distributions, and abundances of particularly responsive species provides the
information necessary to initiate effective management of human activities that affect
“ecosystems” and the production that is needed from them to sustain ourselves over the long
term.

The sun is the primary source of energy in our solar system. The sun’s broad spectral
radiance provides for life on our small piece of the universe. Nowhere is it so obvious that
life is totally dependent upon the sun’s light, as in the world’s oceans where life evolved, and
continues to respond to the continuous challenges of a rapidly changing environment. The
issues involved are many, and complicated to interpret due to their interlocking dynamics —
and to deal with as many of these influences remain obscure — but are not really outside our
general human experience.

The seasonal oscillations of Earth’s sunlight levels are exaggerated at the poles, while
remaining nearly constant about the equator. Lower seasonal variability and the relatively
vast amount of light and heat absorbing ocean around the equator leads to the general
warming at the equator. The critical fact that needs to be accepted before our messages can be
converged and understood is that there is a continuous heat loss at the poles, and similarly,
nearly continuous heat absorption into the equatorial oceans. Whatever processes modulate
the polar heat losses, controls the Earth’s Climate Change patterns.

There are several distinct patterns of interest to those who track precipitation and
drought in particular, and both coastal and ocean fisheries, in general. Many are related in
somewhat obscure ways to the readily monitored changes in -LOD, as well as indices of the
dominant wind-field, SST and Sea Level Pressure patterns over large Climate Zone Regions.
Some of these have been identified as useful indicators of Climate Regime Shifts, as well as
precursors of fisheries ecosystem responses, on decadal scales. Many are simply correlated,
not forecastive. -LOD seems to offer the bast forecast indicator, to date, although it is certain
that the changing -LOD per se, is Not the direct cause. It is an integrated signal that provides
insight into future generic changes in ocean production, due to various forces, and allow the
careful study of the links to ecological responses. Relevant forces include cloudiness and
resultant light levels, wind speed and direction, coastal habitat temperatures, upwelling event
frequencies, and freshwater runoff, all of which stimulate ecological cascades on all time
scales.

While it is recognized that the energy at the equator “powers” the Earth’s Climate
System, it is more convincing that much of the Earth’s Climate Forcing is initiated by Polar
Cold Events (heat loss likely associated with low cloud densities), and resulting subsidence —
that spawn Mobile Polar Highs. These, in turn, sweep equatorward, to gather surface energy
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and eventually energize the Trade Winds. If these MPHs are frequent and intense enough
(and they encounter sufficiently energy-laden surface conditions), their role is enhanced and
they continue their equatorward transfers. This leads to their further encounters with moisture
laden frontal clouds likely resulting from Equatorial Deep Convection, causing state changes
and precipitation, that enhances the transport of equatorial heat and energy poleward.
Regimes shifts can be measured in terms of MPH frequencies and intensities, (c.f. Leroux
1998). Of course, Equatorial Heating and Warm Pool Dynamics are also important part of the
processes involved, creating periods with more Equatorial Deep Convection (low SOI), and
periods of lesser EDC (high SOI). All of these processes have local, regional and basin-scale
ecological consequences.

The periodicity of various indices (PDO, NOA, and AO, ENSO, etc.) represent
bipolar Ocean Climate Regimes (dominated by either East-West or Pole-Equator winds) and
subsequent temperate to polar ocean physical and production responses, are being related to
fisheries production patterns. Climate forcing is “noisy” within these various decadal and
longer patterns, but never the less, provide useful insights into where, and what to monitor,
that will help track the likely ecological responses. Transition periods are quite identifiable, if
not particularly well studied, in ecological terms, simply because there are usually crises
associated with the transition periods, as local expectations are not met due to shared
debilities of the species arrays involved. Faunal changes observed by fishing communities are
probably one of the most useful of all Climate Indicators.

It appears that over millennia, at least two quite distinct and dynamic faunas have
evolved in each such marine ecosystem, only one half of which benefits from either side of
the divergent contexts that result from the climate-driven physical processes. Several
correlated physical dynamics can be identified, such as changes in precipitation patterns,
related storage periods and water flow rates from rivers and streams, as well as local coastal
ocean processes. It is also suggested that many migratory predator species are closely tuned
to these changes, and can act as indicators of physical changes often only identified after the
fact by oceanographers and climate researchers. There is not terrible concern about climate
change and its consequences regarding most mobile ocean species as, historically, they have
had considerable experience and have been selected for rapid response, and adaptability.
Those regions with the strongest seasonal dynamics are home to species that are more
adapted to change, and dynamic in both distribution and abundances, hence the amazing
productivity of high latitude transition zones. Figure 25 provides insights into the regions of
greatest seasonal dynamics.

While, little has been mentioned of the several hundred other species that are found
and exploited to varying degrees in each marine ecosystem, there are several reasons to be
just as concerned about their management. Once the focus on the major production fisheries
shifts, there are always tendencies to adjust by maintaining production rates from lesser
populous species. There is good reason to minimize the implicit refocus from production
fisheries, until these secondary species have had time to adjust to the new conditions within
their ecosystems. Perhaps, as in the case of Newfoundland's coastal fisheries during the
period following the collapse of the cod fishery, an array of highly valued species might
responded to decrease in predation, leading to more successful year class survival, hence very
lucrative fishing for those fishermen equipped to fish them. On the other hand, the shift from
one species set to another in tropical situations can lead to disasters, such as suffered by the
giant clam, Tridacna, in the western Central Pacific Ocean due to intense removals.
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Figure 25 Shows the regions that have the greatest seasonal changes, and most adaptable
species, and unusually productive ecosystems. Climatological 30-metre
temperatures for the Northern Hemisphere Summer (August mean) have had the
February mean values subtracted for each one degree square. The resulting
difference were colour-scaled, and show that in the northern hemisphere the red
to orange regions (i.e. the northwestern Atlantic and Pacific and the
Mediterranean have large seasonal differences). In the southern hemisphere, it is
the deep purple to maroon colour (e.g. off Argentina, Gulf of Guinea) that
indicates strong seasonal differences. Coping with all such ecosystem dynamics
“define” local survivors — another lesson to be learnt from the fishes.

At the same time, there is concern that the predominant effect on ocean and aquatic
ecosystems, in general, is increasingly challenging the Earth’s carrying capacity — not only
for humans, but many other species — as havoc is caused for all species amongst all
ecosystems by erasing habitats and removing options. It can assumed that despite human
activities, the solar system will continue to reflect the long harmonic interactions that have
evolved over millennia, long before life evolved, and will continue long after the present
amicable conditions have shifted from today’s supportive environments, toward ever more
harsh ones — with inevitable consequences.

Perspectives on what is truly controllable needs to be revised, and recognize that
ocean ecosystems begin on the highest mountains. Waterways and all downstream and
coastal water quality are very much at the heart of the dilemma. High latitude dynamics and
related ecological processes have been somewhat underemphasized, since most humans are
averse to such extreme environments. If that should change, or our impacts in these regions
become greater, it is clear that there will be dire consequences for those ecosystems, as well,
as the species involved are truly specialized, and quite responsive to minor changes. They and
all species need options even more than humans do, the most highly adaptable predators on
Earth. In this respect, Earth’s services to mankind are tightly linked to maintaining any and
all options for the many species that comprise the many dynamic, interactive ecosystems that
either cope with natural dynamics, or expire — the ultimate lesson from Nature.
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ANNEX II
GLOSSARY

Atmospheric Climate Indices — (ACI): characterizes the large-scale (hemispheric) air mass
transfer that can be classified into three main components by a predominant direction of the
air mass transport: "meridional" (C), "western" (W) and "eastern (E). According to their
names, (C) component indicates predominant air transport from North to South and back,
while (W) and (E) components indicate predominant West—East and East-West air
transport The Atmospheric Circulation Index was suggested by Vangeneim (1940) and Girs
[1971] to characterize atmospheric processes on a hemispheric (global) scale.

Condensation: the change of water vapour into a liquid. In order to condense water vapour, the
air must be at or near saturation in the presence of condensation nuclei.

Condensation nucleus: a particle, liquid or solid, upon which condensation of water vapour
begins in the air, i.e. dust, salt, water droplet, etc.

Continental climate: characterizes the interior of a large land-mass, marked by large annual,
day-to-day, or day/night temperature ranges; low relative humidity; and moderate to low
irregular rainfall. Annual temperature extremes occur soon after the solstices. (See maritime
climate)

Coriolis force: the deflection of moving objects (air and water currents) due to the rotation of
the Earth — to the right in the northern hemisphere, and to the left in the southern —
important in the formation of anticyclones, cyclones, gyres, eddies.

Cyclone: an area of low pressure, with circulation counterclockwise in the northern hemisphere
and clockwise in the southern hemisphere.

Doldrums: The narrow, low-pressure belt centred on the equator, characterized by light,
variable winds, rising air currents, and heavy rainfall.

El Niifio, Southern Oscillation (ENSQ): an interannual see-saw in tropical sea-level pressure
between the eastern and western hemispheres. During El Nifio, unusually high atmospheric
sea-Level pressures develop in the western tropical Pacific and Indian Ocean regions, and
unusually low sea-level pressures develop in the southeastern tropical Pacific. So
tendencies for unusually low pressures west of the date line and high pressures east of the
date line have also been linked to periods of anomalously cold equatorial Pacific sea-
surface temperatures sometimes referred to as La Nifia.

Geoid: the baseline figure of the Earth, considered as a sea-level surface including local
gravitational effects, without accounting for topographic features, and extended over the
entire Earth's surface.

Geostrophic velocity vectors: Ocean currents are a function of wind forcing, the Earth's
rotation, tidal forcesand movement of water from areas of higher water levels (pressure) to
lower water levels (pressure). The component of the current that is caused by watermoving
from areas of higher pressure to lower pressure is known as the geostrophic velocity vector.
In some regions most of the current is geostrophic current.
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Infrared radiation: eclectromagnetic radiation comprising wavelengths between 0.75 and
1000 mm that occupies that part of the electromagnetic spectrum with a frequency less
than that of visible light and greater than that of most radio waves, although there is
some overlap. The name infrared means “below the red,” i.e., beyond the red, or lower
frequency (longer wavelength), end of the visible spectrum. Infrared radiation is
thermal, or heat, radiation.

Intertropical Convergence Zone (ITCZ): nearly solid ring of thunderstorms surrounding the
globe in the tropics as easterly trades of both hemispheres converge at equator.

Maritime climate: characterizes oceanic islands or coastal regions of continents, marked by
small annual, day-to-day, or day/night temperature ranges; high relative humidity; and
regular rainfall. Annual temperature extremes lag after the solstices. (See continental
climate).

Mediterranean Climate: mid-latitude climate found on the western coasts of continents,
characterized by mild, rainy winters and dry summers.

Ocean season: seasonal change in sea-level height caused by change in heat content and
prevailing winds.

Ocean tide: effect of lunar and solar gravity on mid-ocean water. Pacific Decadal Oscillation
(PDO) long-term (20 to 30 years) fluctuation in sea-surface heights/ocean temperature
along eastern/western coasts of the Pacific Ocean.

Milankovitch Cycles: The first of the three Milankovitch Cycles is the Earth's eccentricity.
Eccentricity is, simply, the shape of the Earth's orbit around the Sun, a constantly
fluctuating orbital shape ranges between 0 to 5% ellipticity on a cycle of about 100,000
years;

- The second is Axial tilt: the inclination of the Earth's axis in relation to its plane of orbit
around the Sun. Earth's axial tilt oscillations range from 21.5 to 24.5 degrees with a
periodicity of 41,000 years;

- The third of the Milankovitch Cycles is Earth's precession. Precession or slow wobble as
it spins on axis. This wobbling can be likened to a top running down, that begins to wobble
back and forth on its axis. The precession of Earth wobbles from pointing at Polaris (North
Star) to pointing at the star Vega. When this shift to the axis pointing at Vega occurs, Vega
would then be considered the North Star. This precession, has a periodicity of 23,000 years.

North Atlantic Oscillation (NAQO): The NAO index is often defined as the difference of sea-
level pressure between two stations situated close to the "centres of action" over Iceland
and the Azores. Stykkisholmur (Iceland) is invariably used as the northern station, whereas
either Ponta Delgada (Azores), Lisbon (Portugal) or Gibraltar are used as the southern
station. The NAO has strong impacts on weather and climate in the North Atlantic region
and surrounding continents and is a dominant exogenous factor in many ecological systems.

Pacific Decadal Oscillation (PDO): long-term (20 to 30 years) fluctuation in sea-surface
heights/ocean along eastern/western coasts of the Pacific Ocean.

Rossby waves: an extraordinarily slow westward-moving ocean wave of low amplitude (10 to
20 centimeters) and great width (hundreds of kilometers) that crosses the Pacific over
several decades.

Scatterometer: a microwave (radar) sensor that scans the surface of the earth from an aircraft
or satellite and reads the reflection or scattering coefficient of the return pulse to measure
surface roughness and derive wind speed and direction.
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Sea level anomaly: the difference between the actual, measured sea level height and a mean
sea level based on a mathematical reference. See geoid, reference ellipsoid, reverse
barometer.

Sea level height: the actual, measured height of sea level against a standard reference. See
geoid, reference ellipsoid, sea level anomaly.

Seasat: JPL-designed Earth-orbital mission, launched in 1978, to flight-test five instruments(a
synthetic aperture radar, a radar altimeter, a scatterometer, a scanning multichannel
microwave radiometer, and a visible and IR radiometer) to study the ocean surface;
important legacy for many later Earth-orbiting instruments developed at JPL.

Sea surface height: Sea surface height is defined as the distance of the sea surface above the
reference ellipsoid. The sea surface height is computed from altimeter range and satellite
altitude above the reference ellipsoid. The "reference ellipsoid" is the first-order definition
of the non-spherical shape of the Earth as an ellipsoid of revolution with equatorial radius
of 6378.1363 kilometers and a flattening coefficient of 1/298.257. Also, the variable height
of the sea surface above or below the geoid. Sea surface height is often shown as a sea-
surface anomaly or sea-surface deviation, this is the difference between the sea surface
height at the time of measurement and the average sea surface height for that region and
time of year.

Southern Oscillation Index: an interannual see-saw in tropical sea-level pressure between
Darwin Australia and Tahiti, the developmental history of which is described fully in Allan
et al. 1996. Positive values indicate non-El Nifio patterns, while negative values indicate
pending or ongoing Warm Events.

Subsidence: for air, sinking, usually over a broad area, with associated increase in air pressure
and rise in temperature.

Temperate climate: Characterizes mid-latitude regions with hot summers and cold winters.

Temperate zone: The mid-latitude climatic zone stretching from the tropic of Cancer to the
arctic circle or from the tropic of Capricorn to the Antarctic circle and characterized by hot
summers and cold winters.

TOPEX/Poseidon: Joint US-French orbital mission, launched in 1992 to track changes in sea-
level height with radar altimeters.

Topography: The shape of a surface, including its relief and the relative position of features —
the general configuration of a surface, including its relief.

Tropical zone: The low-latitude climatic zone centred on the equator, extending between the
tropics of Cancer and Capricorn, and characterized by year-round hot weather.

Water vapour: the gaseous phase of water.

Weather: The short-term state of the atmosphere at a specific site with respect to temperature,
humidity, wind speed and direction, clarity, and cloud cover. Refers to short-term events.
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