ENSO biological versus physical early warning in the East Pacific
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ENSO (El Niño/Southern Oscillation) is an interannual climate oscillation occurring irregularly with a warm (El Niño, EN) and a cold phase (La Niña, LN). EN occurs on average every four years with varying intensity, from weak to very strong. Each EN develops in a different way, and despite an enormous scientific effort including satellites, buoys at the sea surface and at depth, research vessels, merchant ships and coastal stations its origins are still an unsolved problem. All modelling attempts hitherto have not been really successful, at least as far as a period beyond a few months is concerned. What would be urgently needed, but is not available up to now, is a secure alert at least one year before the onset of an EN, based on real time meteorologic and oceanographic data, and in due time to take measures, prevent damage and make better use of the advantages that EN also brings about. On the other hand, the begin and end of an EN event are – with few exceptions such as the aborted EN in 2003 – clearly visible from these measurements, which at least allows for an „early“ warning of one to two months based, e.g., on the start of a Kelvin wave in the west Pacific. This physical early warning is supported by biological indicators, some of which (mostly plankters but also fish and some benthic invertebrates) reveal conspicuous changes in their (offshore/inshore, latitudinal) distribution and zonation during this initial phase of an EN, despite the fact that obvious environmental changes are not yet detectable in the eastern Pacific boundary currents. Due to the numerous measuring devices the meteorologists and oceanographers nowadays have at their disposal, the former advantage of the biologists in predicting an EN a few weeks ahead is gone, but the two systems can complement eachother as in the case of 2003, when the physicists detected clear EN signs on the equator but the biologists found hardly any effects in the Humboldt current.

Thus the value of biological approaches to EN, besides the definite confirmation of an event, nowadays refers rather to the accumulated long-term experience, where what kind of negative or positive effects can be expected. Both the abiotic environmental changes and the biotic effects are largely recurrent, i.e. they usually occur at the same localities, and the organisms concerned always react in very similar ways. Of course there are certain factors varying the EN impact, such as its intensity, distance from the main impact zone along the equator, seasonal occurrence, etc. However, in most cases an early warning of up to two months would provide the opportunity of reacting to certain well-known changes including, for example,

· shrimps and scallops will be abundant instead of crabs and „locos“ (a commercially important snail in Chile and Peru);

· dorados and tuna will replace hake and flatfish;

· inflexible fishermen will face unimployment;

· soyameal should be ordered because fishmeal will not be available;
or, switching to the terrestrial environment,

· cotton should not be sewn because the weather will be very humid in arid areas;

· in traditionally dry areas during EN cattle should be slaughtered in time because no grassland will be available during the event;

· the Panamericana highway will be interrupted in many places by floods and landslides, and material for repair should be stored;

etc. etc.

This knowledge (the list could be enlarged by many more examples), if applied in time, could prevent considerable damage and allow better use of alternatives.

Although it is clear that also the next EN will most likely not be predicted exactly, much less so as to its intensity, available data from fisheries, agriculture and other fields dating back many decades might serve the insurances to calculate how often and how severe certain „cases“ occur. It should not be concealed, however, that there may be a superposition by decadal climate oscillation, e.g. the Pacific Decadal Oscillation, and possibly also by global warming the effects of which may have begun to influence the development and impact of ENSO.

Finally it is worth while mentioning that the basic patterns of ENSO impacts may also serve as model cases for global change scenarios. Changes in species distribution, immigrations, emigrations in offshore, poleward and deep-water direction, reproductive failures or mass mortalities of certain species versus reproductive success or mass recruitment of others will be key processes during global warming (or cooling in case of a reversal of present conditions). However, whereas the ENSO impact represents reversible oscillations on time scales comprehensible to man, trends in the course of global warming appear as irreversible to human perception despite the fact that on geological time scales they oscillate, of course, as well.

