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m e  A61-10~- Chapan Confemxxe: An International 
Symposium on "El Nfi" bruught wether about 130 marine and atmspheric 
scientists from many developed and developing Member States and from widely 
varied disciplinary backgmun%, who share a c m n m  interest in the various 
aspects of El N~ researr=h. !BE Conference was oqan.ized by the American 
Geophysical Union (XU) under a grant froan the National Science Faundation, 
h o  funded the US organizational costs and travel for participants from the 
developed nations, d y  frcan the USA, Europe and Australia. !LIE Conferena= 
was co-sponsored and co-organized by the Inteqov-tal o o s m g m m c  
-ion (IOC), with sup~~rt of the World Meteorological Organization 
(m) and the south Pacific Fernanat cormnission (CPPS) . 'I?ESE? organizations 
finances locdl hasting expnses as well as travel costs for participants 
frwn develaping nations, most of whm came f m  Latin America. An hportant 

provided to IOC by the united Nations Develqanmt Programtne (UNDP) for the 
UNDFIOC-CPPS Regional Project on Monitoring and Prediction of the El Nhb 
-n in the SaUth-East Pacific: Wlication to Developmnt. The 
Instituto Nacional de Pesca, Guayaquil, Ekuador, under the able direction of 
~ r .  F&AE&O Jimenez, hosted the Conference and provided excellent 
facilities, including the invaluable assistance of simultaneous 
interpretation between spanish anii English (about half the-participants 
spoke Spanish, the uther half English). 

part of these expnses was covered tihmugh preparatory assistance funds 

m e  session structure for the ~~nference (oral and poster 
presentation) is given in ~nnex I. -- . 

In their pcst-conference reports to the sponsoring organizations, 
many of the participants remarked that one of the most valuable iterns 
provided by the Ecuadorian hosts was a large hall adjacent to the 
auditorium, equipped with a sufficient number of large easels to a m t e  
scientific poster presentations simultaneously. This made it possible to 
leave the posters up for the entire week, providing the participants with 
-le apportUnities to b m  through them at their convenience and 
resulting in many more exdmnges with poster authors. on the night of the 
sec0l-d day, about two hcrurs were devoted to hfonml shm-and-tell 
presentations by participants who had bruught slides, nuvies and video- 
tapes on lxpics of broad interest related to El Nhk. These activities 
contribute3 greatly to the success of the meeting by pruvidiq excellent 
apportunities for interaction between scientists frcan many countries, and by 
pramothg a more relaxed atnnsphere and spirit of ccrmraderie between the 
participants. 
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che of the primary expectations of Uqmn conferences is that 
they give students and youq scientists the wrtunity to present their 
dissertation resea& to the scientific armunity and e q c e  them to other 
scientists in their field. melve graduate (MSc, FhD) students frm eight 
institutions were supported to attend the Guayaquil ChapMn confererw=e, mst 
of them giving their presentations orally. perhaps half again as many had 
recently received their graduate degrees. More difficult to assess, hcrwever, 
but nonetheless significant, is the experience gained by many of the y m q  
latin Amxican scientists who have had few opporkurities to apse their 
work to the interm t i o w  scientific wmmunity, and to benefit f m  the 
contact with other established scientists. 

'Ihe disciplinary, geographical axl tapical scope of the conference 
was irrpnense, with presentations raqing frm the latest (interactive) 
a-ic and oceanic numerical models, currently behq used in predictive 
mde, to a series of excellent papers on the biological impactS of the 
intense 1982-83 El Nifb on fish, birds and manandls. One of the autstanding 
success Stories of the Conf- is described below as an example of the 
benefits achieved. 

At the Conference, a group of scientists from various disciplines 
(with little or no prior contact between them) presented evidence on El Nifb 
episodes that preceded the use of sea themm~try in the 20th and late-19th 
centuries (events that OcC-Jurred 500, 5 000, even 500 000 years ago). These 
diverse hestigators coalesced (in Guayaquil) into a resear& group devoted 
to the study of El Ni.k in the Ancient m r d  (ELNAR). 

The formation of the EINAR group was catalysed by the 
presentations of seven scientists. Quinn d. laboriously culled 
historical a m t s  of El Ni50 from primary soumes as old as 450 years. 
Shen descrikd variations, related to El Nhk, of biologically mediated 
admium deposits in eastern Pacific corals, which can often provide core 
records of hundreds of years. llmpson used i m r e  a m a t i o n ;  the 
inferred variations in annual precipitation correlated closely with the 
historical El Nifb activity, reported by Quinn & a.. Prospects for next 
proxy records of ancient El Nfio events were aMaunaed by Rollh et al. who 
descrihd morphological and geochemical changes in the grckTul of mlluscan 
shells fram the perwian littoral. pointed out the potential of 
organic laminated sediments in the Gulf of California for presesving a high- 
reSOlUtion, long-tenn record of El N i k  activity. Carbon ard archeological 
remains were used by Wells to date flood deposits along the peru cuast that 
were attrkuted to late Pleistocene and Holocene El Nifb events. Finally, 
DeVries proposed that the early Pleistocene southward retreat of cold-water 
mollusks f m  north-west Peru could be accxxmted for by the onset of El Nifb 
conditions. 
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?his diversified grmp of scientists, who met for the first time 
in myaquil, have wntinued their fruitful excharrge of ides thrmgh a 
newsletter called the ELl4A.R c m a r .  Tllmugh the c m a r ,  
participation has increases seven-fold since the Guayaquil canferenoe, with 
the e t i o n  of micro-palaeontologists, dendrochronologists ard 
climatologists. 

the 

3. OONCLUSIONS 

Rae AGU-IOC- Chapan Conferenoe on El Niiio will leave a 
rich legacy to the scientific cammnity. At the t h  of go- to press, at 
least 30 manuxripts by the Guayaquil participarrts have been received by Dr. 
J.J. O'Rrien, the editor of the Journal of GeoFhysical F&sear& (JGR- 
Oceans). Follawing the refereed reviews of the manuscripts, many of ~ c h  
a m  fran Latin Amxican scientists and f m n  several disciplines, a 
collection will be dted ard published in a specidl volume of the Journal 
of Geophysical Resear& (JGR-Oceans). A Spanish version of the manuscripts 
will be considered for pblication by IOC and Bps. 

?he conference Reaxmnktions have been adopted by IOC, and 
Bps and will provide future guidance for the develcpmk of El Nifm 
resear&, especially by mtin Zunerican Marker states. 

!this Report was prepared by Dr. Bvid B. Enfield, C h a m  of the 
Joint IOC- Working Group on the Investigations of I t E l  NhWI anl 
Convenor of the conference. 
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PROGRAMME OF SCIENTIFIC SESSIONS 
Monday 27 
Session I: Introductions, Overview and Reviews 

Session I1 Modeling and Prediction of the Coupled Ocean - Atmosphere System 
Tuesday 28 
Session 111 Large Scale Meteorological Processes Related to El Niiio - Southcrn 

Oscillation 

Session Iv Meteorological Aspects of El Niiio - Southern’ Oscillation in the 
South-east Tropical Pacific and South America 

Wednesday 29 
Session V Physical Oceanographic Aspects of El Niiio - Southern Oscillation 
Session VI Effects of El Niiio on the Ecology of Lower Trophic Levels 

Thursday 30 
Session VI1 Effects of El Niiio on Recruitment and Fisheries Processes 

Session VI11 Effects of El Niiio on Birds and Mammals and Impacts on Human 
Activities 

Friday 31 
Session IX Future Research - Panel Discussion 
Session X Consultations, Recommendations and Closure 

POSTER SESSIONS 
- Modelling and Predict-i0.n- of the Coupled.-Ocean-Atmosphere Sys tern 
- 
- 

Large Scale Meteorological Processes Related to El Niiio-Southern Oscillation 

Meteorological Aspects of El Niiio - Southern Oscillation in the South-east 
Tropical Pacific and South America 

- Physical Oceanographic Aspects of ElNiiio - Southern Oscillation 
- Effects of El Niiio on the Ecology of Lower Trophic Levels 

- Effects of El Iiiiio on Recruitment and Fisheries Processes 

- Effects of El Niiio on Birds and PIan-qals and Impacts on Human Activities 
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SESSION I 

Introductions, Overview and Reviews 

Introductions and Remarks by the Local Conference Chairman, R. Jimenez 
Wclcoming Address in the name of the co-sponsoring Organizations, F.L.E. Robles 
Neeting Orientation, D.R. Enfield 

An Overview of the El'Niiio Phenomenon in the South-east Pacific, R. Jordan 

El Niiio Events along the South American Coast and their Relation to the 
Southern Oscillation, J M Wallace 

The Physical Oceanographic Aspects of El Niiio: 
Progress since 1970, P Lagos 

The Biology of El Niiio, R T Barber, R L Smith, R C Dugdale 

Observational and Theoretical 

/ 

A Review -____I of the Effects - of the El Niiio Phenomenon on the Fisheries Resources 
of the South-east Pacific, S Avaria 

SESSION I1 

Modelling and Prediction of the Coupled Ocean - Atmosphere System 
Session Chairman, D. Halpern 

Predicting El Niiio: Failures and Hopes, K Wyrtki 

Experimental Forecasts of El Niiio, S E Zcbiak 

Hindcasting/Forecasting of El Niiio in the Eastern Equatorial Pacific based 
upon the Redistribution of Heat Content in the Western Tropical Pacific, 
W €3 White, S E Pazan 

The Causes and Simulation of Local Equatorial Sea Surface Temperature Changes 
E B Kraus 

New Linear Statistical Models of Equatorial SSTs, N E Graham, T P Barnett, 
J PIichaelsen 

Prediction of Tropical Pacific Rainfall Variations Using Observed Sea Surface 
Temperatures, B C Weare 

Study of the Presence of Feedback during the ENS0 Events, L Cid 

Modeling of the Circulation in Coastal Upwelling Areas during the El Niiio 
Event, C Carbonel 

A Simple Dynamical Model for the Tropical Boundary Layer Flow and Divergence, 
R S Lindzen, S Nigam 
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SESSION I11 

Large Scale Meteorological Processes Related to El Niiio - Southern Oscillation 
Session Chairman, D. Hansen 

El Niiio Occurrences over the Past Four. and a Half Centuries, \d. E Quinn, V T 
Neal, S E Antunez de Nay010 

Eastern Pacific El Niiio Episodes in the Context of the Global Southern Oscil- 
lation, E M Rasmusson, V E Kousky, N S Halpert 

The 40-50 Day Oscillation and the El Niiio/Southern Oscillation, K N Lau 

Estimation of SST, Wind Speed, and Atmospheric Water Vapor and Liquid Water 
in the Tropical Pacific in 1982 from the Nimbus-7 SPDIR, E A Francis, D B 
Chelton, E G Njolcu 

Variability of the Net Monthly Shortwave Radiation at the Ocean Surface during 
Tropic Heat (Oct 1983-0ct 1985), C Gautier 

Variations in the Walker circulation for two contrasting years, )I 'I' Kayano, 
V B Rao, A D Moura 

On the Changes in the Atmospheric Circulation over South America Associated 
with the 1982-83 El Niiio, A Cornejo, C del Carmen, J Marengo 

Remote Sensing of Water Vapor Convergence, Deep Convection, and Precipitation 
during the 1982-1983 El Niiio, P. E. Ardanuy, C Prabhalcara, H L Kyle 

On the Use of Wind Profilers to Study Equatorial Dynamics and Climate, Q 
Balsley, \i L Eclclund, D A Carter, A C.Riddle,. K S Gage 

SESSION IV 

Meteorological Aspects of El Niiio - Southern Oscillation in the 
SE Tropical Pacific and South America 

' Session Chairman, K. Il. Lau 

La Temperatura Superficial del Mar en Aguas Ecuatorianas y su relaci6n con 
El Niiio y el Clima Costero, G Padilla 

Ideas about Possible Causal Mechanisms for Heavy Precipitation in Northwest 
Peru, J MarenRo, A Cornejo 

Characteristics of Extreme Rainfall Events in Northern Peru during the 1982- 
83 El Nifio Period, R A Goldbcrq, G Tisnado, R A Scofield 

The Evolution of Rainfall in Northern Peru during the Period January 1982 
to December 1985, in the Coastal, Mountain and Jungle l?egions, J A Lam, C 
del Carmen 
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Fluctuations of the Semi-permancnt Marine Stratocumulus Layer along the Peru 
Coast between January 1982 and. December 1985, Using Data from the Callao 
Radiosonde, C del Carmen, F A Quispe 

Assessment of 1500 Years of Climate Variability and Potential of Long Term 
Record of ENS0 Events from Andean Glaciers, L G Thompson, E Mosley-Thompson 

A n  alluvial record of El Niiio events from northern coastal Peru, L E Wells 

Observations of El Niiio Events at the Chilean Coast (20QS), R Fuenzalinda 

Southern Oscillation and River Discharge in Tropical South America, L C B 
Nolion, J C Moraes (introduced by M. T. Kayano) 

SESSION V 

Physical Oceanographic Aspects of El Niiio - Southern Oscillation 
Session Chairman, I. Galindo 

Observations of 1982-83 El Niiio Thermal and Flow Fields Along the Equator 
in the Eastern Pacific, D Halpern 

Circulation of the Equatorial Undercurrent around the Galapagos Islands, --- P W Hacker, S P Hayes, A Leetmaa, R Lukas 

Oceanographic Variability off Ecuador Associated with an El Niiio Event in 
1982-83, E Cucalon 

Propagation and. forcing of high frequency sea level variability along the 
west coast of South America, M P Corne-jo, D B.Enfield 

Effects of El Niiio on the Eastern Boundary Circulation, T Paluszkiewicz, R 
L Smith, A Huyer 

On the Mechanism of the Annual and Semiannual SST Fluctuation at the Eastern 
Equatorial Pacific and its Relationship to El Niiio, P LaRos, D V Hansen, J 
M Wallace 

Salinity along the Peru Coast during 1982-1986, 0 Moron, N Aliaga 

The 1982/193 "El Niiio" off the Northern Coast of Chile -1981 and 1984 Oceano- 
graphic Conditions, N Silva 

The 1982-1983 El Niiio in the Coastal Waters off Guerrero, Mexico, A Gallegos, 
G de la Lanza, F Ramos 
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.SESSION VI 

Effects of El Niiio on the Ecology of Lower Trophic Levels 
Session Chairman, J. Caiion 

Biogenic Particle Fluxes in the Equatorial Pacific:. Evidence for both High 
and Low Productivity of El Niiio Effects, J Dymon, R Collier, S Roth 

Cadmium in Corals: Reconstruction of Surface Ocean Fertility at Galapagos, 
G T Shen, E A Boyle 

Effects of El Niiio on New, Regenerated and Total Production in Eastern Boun- 
dary Upwelling Systems, R C Dugdale, F P Wilkerson, K T Barber 

The 1976 El Niiio: Biological Response off Ecuador, R Jimenez 

Seasonal and interannual variations in nutrients and phytoplankton along the 
coast of Peru, F P Chavez 

The El Niiio Phenomenon and the Resources and Icthyoplankton off Peru, H San- 
tander, 0 Sandoval 

Spatial Distribution of the Macrozoobenthos and Filamentous Bacteria on the 
Northern Continental Shelf off Peru during and after the 1982-83 El Niiio, 
H Salzwedcl, A Z de Moreno, L A Flores, E Ch de Flores 

Effects of the 1982-83 "El Niiio" on the 14arine Phytoplankton of the North 
of Chile, S Avaria, P lluiioz 

Should El Niiio Conditions Enhance Phytoplankton Production in the Central 
Gulf of California?, T R Baumgartner, J lI Robles-Pacheco 

SESSION VI1 

Effects of El Niiio on Recruitment and Fisheries Processes 
Session Chairman, F Chavez 

Some Preliminary Results from an International Multidisciplinary Project 
Aimed at Reconstructing Monthly Time Series on the Peruvian Ecosystem, for 
the Year 1953-1982, D Paulv, I Tsukayama, H Tovar 

Important Changes in the Ecuadorian Pelagic Fisheries since El Niiio 1982-1983 
L S Naridueiia 

Interactions between the Populations of Anchovy and Sardine along the Peru 
Coast from 1970 to the Present. A Period of Great 'Changes, -J. Zu-z-unB-a 

The effects of the 1982-83 El Niiio on the Reproductive Process of the Peru- 
vian Sardine, Sardinops sagax, sagax, N Peiia 

The Abundance of Sardine and Variation of some Environmental Factors off Baja 
California, Mexico, J L Castro, R Pacheco, C Gomez 



IOC. Norkshop Report No. 49 
Anncx I - page 6 
El Fen6men.o El Niiio y su Influencia en - 10s Recursos PelAgicos y la Pesqueria 
del Norte de Chile (1983-1986), C Martinez, C Salazar, A Aranis, V Erbs 

Biological effects of the 1982-83 El Niiio off Oregon and Washington, U.S.A., 
W G Pearcy 

Impact of El Niiio 1982-1983 on the Commercially Exploited Invertebrates (Ma- 
riscos) of the Peruvian Shore, W Arntz, E Valdivia, J Zeballos 

Changes in Oyster Condition Index with ENS0 Events at 46QN in an Eastern 
Pacific Bay, A Schoener, D F Tufts 

Modelo de Stock - Reclutamiento de la poblaci6n de Sardinops sagax, musica 
(Girard) de la Zona Norte de Chile. Efectos del Niiio en la produccibn anual 
de huevos y tasas dc mortalidad de 10s prc-reclutas, P Barria 

SESSION VI11 

Effects of El Niiio on Birds and Mammals and Impacts on Human Activities 
Session Chairman, L. Maridueiia 

Disributional and Demographic Changes in Pinipeds Caused by the El Niiio Phe- 
nomenon between 219S and 23QS along the Coast of Chile, C G Guerra, G E 
Portflitt, G S Luna 

The Effects of the 1982-83 "EL Niiio" on the Populations of Humboldt Penguins 
in Chile, B Araya 

Population Levels of Guano Birds before and after the El Niiio Phenomenon of 
1982-83, H Tovar, V Guillen, D Cabrera 

Fur Seal Foraging Behaviour during El Niiio, P Majluf, M Goebel 

Feeding of the Bryde Whale during the "El Niiio", P Ramirez 

The Socio-Economic Effects of the 1982-83 El Niiio Phenomenon on the Principal 
Fisheries of Peru: An Essay on Comprehensive Evaluation, M Flores P. 

Documentation of Large-Magnitude El Niiio Events using Mollusks from Coastal 
Archaeological Sites, H E Rollins, D H Sandweiss, J C Rollins 

Fossil Evidencc'for.an Early Pleistocene Origin of El Niiio off Peru, T DeVries 

SESSION IX 

Future Research - Panel Discussion 
SESSION X 

Consultations, Recommendations and Closure 
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POSTER SESSIONS 

Modeling and Prediction of the Coupled Ocean - 
Atmosphere System 

A General Circulation Model Investigation of the Atmospheric Response to El 
Niiio, J Oribe Kocha de Aragao 

El Niiio and Indian Summer Monsoon Rainfall: Statistical Relationship, 
B Parthasarathy, N A Sontakke 

Large Scale Meteorological Processes Related.to 
El Niiio - Southern Oscillation 

Sea Surface Temperature and Low-level Precipitable Water in the Tropical 
Pacific, E J Steiner, S J S Khalsa 

Longitudinal Variations in Tropical Tropopause Properties in Relation to 
Tropical Convection and ENS0 Events, K S Gage, G C Reid 

Meteorological Aspects of El Niiio - Southern Oscillation 
in the SE Tropical Pacific and South America 

Cold Front Disturbances: A Way of Monitoring the "El Niiio" Phenomenon, 
Obregon 

Analysis of the Fields of Temperature and Winds Offshore of and Aiong the 
West Coast of South America, C Medina, J A Lam 

Analysis of a Neridional Vertical Section of the Atmosphere along the West 
Coast of South America, V Calle, C del Carmen 

Precipitation Mechanisms in the Peruvian - Territory During the 82-83 "El 
Niiio" Phenomenon and in the Subsequent Rainy Periods, L Alfaro, E Jaimes 

Cross Spectral Analysis of Data from Northern Peru, J Saavedra, R Nugica 

Conjetura sobre Sincronia en Algunos de 10s Flovimientos Planetarios que 
causan Variaciones en el Clima Mundial, G Fonseca-Truque 

Hidrologb del Fenbmeno El Niiio en el P e d ,  L Brea-Kaik 

Physical Oceanographic 
Aspects of El Niiio - Southern Oscillation 

Comparison of Inverted Echo Sounder and Hydrographic Data in the Galapagos 
Islands Region during the 1982-83 El Niiio, S Chiswell, D R Watts, M Wimbush, 
,J L Santos 
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Pravczas dc Flar along the I'cru Coast in IZclation to El Niiio, J Quispe, \*I 
Pcrona, E lliguel, J Suarez 

Daily Upwelling and Turbulence Indices off the Peruvian Coast at Callao and 
Trujillo during the period 1953-1983, J blendo, S Castillo, L Pizarro 

Anomalies of Coastal Temperature and Sea Level along the Chilean Coast during 
the Last Three Decades, 

The Decline of the 1982-83 "El Niiio" along the Coast of Peru, II Soldi 

T R Fonseca 

The annual and semiannual cycles in Peru coast SST, and their year-to-year 
variability, P Lagos, T P Mitchell, J M Wallace 

Pleteorological and Physical Oceanography Aspects of El Niiio on the Elexican 
Pacific Coasts, I Galindo, J A Otaola, I: Grivel, A Gallegos 

An Optimum XBT Sampling Network for the Eastern Pacific Ocean, J Sprintall, 
G Meyers 

Sea Level and Current Variability in the 5 Day Frequency Gand at thc Gala- 
pagos Islands, 1981-83, D W Denbo, D Halpern, S P Hayes 

Baroclinic transports and their associated events off the Pacific coast of 
Canada during the 1982-83 El Niiio, S Tabata 

Variations of Subsurface Flows in the Eastern Pacific Transect from Costa 
Rica to Coco Island, C L Erenes, J E Coen 

Observations on the Presence of the 1982-53 El Niiio in Ilerradura Bay, Coquim- 
bo, J FIoraga, J Olivares 

Peru coastal upwelling regimes near 5QS and lO*S during normal and El Niiio 
times: 1981-1984, A IIuyer, R L Smith, T Paluszkiewicz 

Subsurface Temperature Patterns in the Eastern Equatorial Pacific during the 
El Niiio Event of 1982-83, D V IIansen, T Gerish 

Coastal currents along the west coasts of the Americas during El Nifio, 
Smith, A Huyer, T Paluszkiewicz 

On the source of 9-11 day propagating signals in coastal sea level off South 
America during the 1982-83 El Niiio, D B Enfield, )I P Cornejo 

Variacihn del nivel nedio del mar en cl.Ecuador, N Paredcs 

Influencia del Fenhmeno "El Niiio" sobrc las Condiciones Termo-Salinas en 
Aguas Costeras Ecuatorianas, A Rodriguez 8. 
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Effects of El Niiio on the Ecology of 
Lower Trophic Levels 

Effects of "El Niiio" event on the zooplankton and icthyoplankton of Ecuadorian 
coastal water, 1983-1384-1985, M L Garcia, Y Ochoa 

Primary Productivity in the Gulf of California during 1982-1985, J R Lara, 
E Valdez, C Bazan, J L Lara 

Satellite Observations of Phytoplankton Variability during El Niiio, - G C 
Fe1 d ma n 

Nodification of Copepod Populations in Relation to Physical Properties during 
the 1982-83 El Niiio, A Dessicr, J R-Donguy 

A BASIC Computer Program for the Classification of Phytoplankton in Relation 
to the El Nifio Phenomenon in Colombia, F A Castillo 

Nutrient Distributions in the Shelf Waters off Guerrero, Mexico during the 
1982-83 ENS0 Episode, F Ramos, A Gallegos, G de la Lanza 

The 1983-84 "El Niiio" Effects on Nutrients and Summer Phytoplankton of a Baja 
California Upwelling Zone, G Torres-Floye, S Alvarez-Borrego 

Abundance and Distribution of Water blass Indicator Dinoflagellates along the 
Peru Coast during El Niiio Phenomenon of 1982-83, 11 Ochoa, 0 Gomcz 

The presence of Red Tides in the Central Zone of Chile Associated wi.th the 
1982-83 "El Nifio" Phenomenon, P ~Iuiioz 

Estudio cornparativo de la alirnentacihn de la caballa (Scornber iaponicus) en 
1979 y durante El Niiio 1982-83, S G Sanchez, J J Velez 

An Investigation in the Nutritional Strategies of the Deep Water idicrobial 
Microaerophile Thioploca, C G Bryden 

Equatorial Upwelling Processes in the Galapagos Islands after the 1982-83 
"El Niiio", R Jirnenez, P Intriago 

The El Niiio Event and its Influence on the Composition of Zooplankton off 
Peru, SCarrasco, II Santander 

A Comparison of Nitrogen Dynamics Observed during El Niiio years at Point 
Conception, California and 15QS, Peru, E P klil!cerson, R C Dugdale 
The Use of IIPLC for Evaluating El-Niiio Effects on Phytoplankton Distributions 
and Composition, M Ondrusek, R R Uidigare, J M Brooks 

Nota Sobre la Presencia de Especies Zooplancthnicas como Indicadores de Aguas 
CQlida's en el Norte de Chile, V Asencio, A Plujica 
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Contribucibn a1 Conocimiento del Fitoplancton Neritic0 de la Costa Pacifica 
Colombiana (Sector Tumaco-Cab0 Nanglares), II J Quiros 

Fluctuations in the Abundance of Brown Macro Algae in the North of Chile 
between 1979 and 1986, J J T0mici.c 

Pterbpodosy heterbpodos del mar ecuotoriano durante 1985 y 1986, M Cruz 

The Nitrate-Silicate Relationship during the 1982-83 El Niiio, 0 Guillcn 

Chlorophyl in the Upwelling Areas of Chimbote and San Juan during the 1982- 
83 El Niiio, R Calienes 

Effects of El Niiio on 
Recruitment and Fisheries Processes 

The Fishery of the Common Sardine (Clupea benticlti) and the 1972-73 El Nifio, 
C Veloso, A Arrizaga 

Effect of El Niiio on the Distribution and Recruitment of the Peruvian Hake 
(Plerluccius Eayi peruanus) , M Espino, W Urquizo 

Sea Surface Temperature and Salinity Variations off Northern Chile during 
the El Niiio in Relation to Fish Fluctuations, J R Caiion 

Feeding Variations of the Sardine _(sardinoris .S. S%PX> in- the years 1980-1984 
along the Peru coast, A Alamo 

Changes in the Thermal and Saline Structures in the Northern Zone of Chile 
and their Relation to the Distribution of Spanish Sardine (1981-1986), 
Blanco, R Kelly, J Castillo 

Effects of the 82/83 El Niiio Phenomenon on the Titi Shrimp (Xiphopeneus 
riveti) along the Peru coast, J Flejia, E Valdivia, MMendez, J Castillo 

Some Evolutionary Implications of Protracted El Niiio Events in the Coloniza- 
tion and Ecological Balance of Fish Populations in the Galapagos Archipiela- 
go, J S Grove 

Disappearance of the Giant Squid (Dosidicus PiRas) Fishery in the Gulf of 
California and its Possible Relation to Overfishing and the Effects of "EL 
Niiio", E )I Ramirez, F Magallon 

Recuperation of the Coastal Communities of the Northern Zone of Chile after 
"El Niiio" phenomenon 1982-1983, R Soto 

tJn ArhEsis. Sobre las Causas del Colapso de la Pesqueria de Anchoveta 
(Engraulis ringens) Realizado en la Zona Nortc de Chile, E Yaiiez, M A Bar- 
bieri, 0 Barra 
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Biological Effects off Ecuador during the 1982-83 El Niiio, R Jimenez 

Effects of El Niiio on Birds and Marmnals and 
Impacts on Human Activities 

Oscillation of Macrobenthos in Shallow Waters of the Peruvian Central Coast 
Induced by El Niiio 1982-83, J Tarazona, II Salzwedel, W Arntz 

Impact of the 1982-83 El Niiio Phenomenon on Agricultural Production in Peru, 
W A Sanchez 

El I4iiio and Fur Seal Lactation Strategies, P hlajluf, F Trillmich 

Fluctuations in the Principal Components of the Shallow Vater Ecosystem along 
the Central Peru Coast during 1982-84, J Tarazona, 11 Salzwedel, E Cannhuirc, 
C Cordova 

Demographic, Reproductive and Physiological Changes in the Marine Bird Popu- 
lations in the North of Chile caused by the 1982-83 El Niiio, C G Guerra 

The Impact of the 1982/83 El Niiio-Southern Oscillation on seabirds in the 
Galapagos Islands, C A Valle, F Cruz, J Cruz, G Merlen, )I Coulter 

Note: Names underlined indicate authors and/or participants who introdu- 
ced corresponding papers. 
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1 

2 
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. Biology 

socio-l?,comm 'c Aspects 

Data Exchange 

Monitoring and preaiction of 
the El N i k  phenamenon in the 
SaUth-East Pacific: Application 
to Development (UNDP-IOC-CPPS 
Regional project) 

Spanish Azblication of select 
symposium Presentations 

L~rg+=nn Studies of %l Niiio1I 
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Considering that a detailed knowledge of meteorOlogical conditions is 
required in order to make a definitive progress in the description ard 

wntinental-scale synoptic climatological studies have noted with 
satisfaction the data ard information exchange programme initiated through 
the ERFEN climate Analysis Bulletin, 

(ii) 

- 
that efforts be intensified to imprwe the collection and exchange 
of real-time meteorological data froan the entire south m i c a n  
continent and adjacent oceanic regions thrcpagh the GIS, 

'sm be provided for the collection ard 
monthly summary climatological data 

that an adequate mednru 
dissemination of required 
through GIS, in addition to that <urrrently pmvidd through 

exchange such as sea surface temperature ard other marine 
data from coastal stations an3 other coastal platfom. ( m e  
6ps's ERFEN Climate Analysis Bulletin seems to be a convenient 
medium for the distribution of these data sets.), 

contimed exchange of south m i c a n  historical data of interest 
to scientists studying the m i c  climatology of the continent 
including its relationship to El N h  ancmlies, ard 

that the feasibility of establishing a regional scuth American 
meteorological and climate analysis and center be 

( i) 

(iii) 

( iv) 

Reoammendation 2 

Reccmizing that a substantial knuwledge of oceanic conditions in the 
Pacific Ocean offshore of the south m i c a n  continent is recpked in order 
to make definitive progress in the description and Undershxbq ' of the 
transport processes associated with the evolution of no- and El Niib 
conditions; and 

Nothq with satisfaction the initiation of a prograrmne of data and 
infonnation exchange through the ERFEN climate Analysis wiuetin ard the 

interest by south m i c a n  scientists in physical axamgraphic 
studies in the trapid and offshore zones, 
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that -efforts be continued to: 

imprwe the collection and exchange of %eal-timeI1 physical 
oceatlograpkic data; 

assemble and dissermM ' te regional historical data sets related to 
the description of the El N h b  phenamenon; 

maintain existing t h  series and to identify new sites for 
effective time series mwswemnt Wrtunities. (Time-series 
include fixd stations reporting llreal-timell data on a continuing 
basis, and hydrcgraphic and XE3T sections repeated on a monthly or 
bi-mnthly basis for several years) ; 

-le selected nutrient observations as well as biological, 
parameters when possible; and 

sea-level and SST station on mpelo Island, combined with monthly 
or bi-mnthly hydrogramc sampling along the ~enaven~-Malpelo 
Island mte. 

examine the possibility of installing a satellite-transrm ' tting 

BIOLCGY 

Considerhy that the hiporbrice of biological investigations in 
urd- ' the conseqyences of El N h b  in reaUcing the negative effects 
and in better utilizing the beneficial changes needs the dwelopent of the 
followitq three general areas of resea&: (a) stardamh 'zation of methcds; 
(b) biological timeseries of economic -or ecologically knprtant 
species; (c) population dyrmmics, especially related with reproduction and 
recruitmnt proaess studies of fish and invertebrates; 

Recoaranends that 

(i) workshops be organized to address specific Mitats or taxdncgnic 
groups, for -le, the different responses of shore 
aanmnities to El Nifm on a lati tudinal gradient, 

(ii) priority be given to prograrmnes carried out f m  the shore where 
the costs involved are considerably luwer than when using restar& 
vessels, 

working methcds be s m  'zed partiahrly in the ERFEN region 
for a better un3erstanding of the changes associated with El Nifm, 

investigations of the early life stages of -idly inrportant 
fish and invertebrates be emphasized in relation to envhmtal 
parametas, to predict the d b m t  s u m  d e r  El Nil% and 
m-E2 Ni50 conditions, 

(iii) 

( iv) 
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(VI experimentS be initiated under simulated El N f i  conditions to 

deterrmne ' how reprduction, gmwth ard survival of fish and 
invertebrates are affected by the phemmon, 

(vi) continums biological theseries be accumulated to adequately 
statistically describe the El N h b  and non-El N f i  conditions, in 
particular to achieve the full utility of Indicator species, 

(vii) statistics on shellfish be improved for m g e m m t  purposes, 
minly for rectifying the confused namenclature and for prwiding 
infomation on cat&-per-unit of effort, 

investigations be increased on both local species which flourished 
under El Nhio conditions and those of CCaTlmercial h p o m  which 
h d e d  the area during the event, and 

(W with the aim of supporting the biolqical studies, physical 
studies of temperature, salinity, oxygen, and currents, be carried 
aut principally on the shelf. These studies should provide 
continuous th-series by instrumnts mounted on the bottom and in 
mid-water depths dawn to at least 100 m. 

(viii) 

Considering that El Nhio is a pslenamenon of a recament nature and that it 
constitutes a mcst drastic alteration of MM order in the continent, in 
the sea and coastal zones of the region, 

Recamizinq the importance of the ~l ~iiio @enanenon to the south American 
Pacific states, and that it must be viewed in ternrs of its impacts, 

N0th-q the importam= of the socio-econanic evaluation of the effects of the 
phenomenon in the various prcductive activities of goods and services of the 
south-east Pacific countries, mainly in the sectors of agroncany, housing, 
road system, fishing and health, 

F'urther notb the desirability to reduce and/or eliminate the negative 
effects ard to take advantage of those cases where the effects are positive, - 

quantitative and appraised evaluations of the negative effects 
(damage) and positive effects (benefits) of the menommn by 
ecorwxnic sectors and geographical areas, us- the 5nput product 
matrixt1 and the macro-ecodcal ex-post analysis to allow the 
governments and the prahctive agents, both public and private, on 
furding actions, reconstruction of infrastructure and re-ordering 
of activities. (such evaluations must be ccrmpleted with the 
information existing from past - of the phenomenon), and 
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(ii) the design ard devel-t of institutional arrangemmts to allcw 
the Integration of the national entities responsible for the 
investigation, prevention, evaluation and reconstruction, 
cptimizing a surveyance plan of the effects of the phenamenon 
starting f m  the alert signals up to the most trustworthy 
predictions in 0zde.r to rduce the adverse effects and take 
advantage of the beneficial effects within the context of the 
plannirrg and mmgements of the aastal ard maritime zones. 

Recammerrllation 5 

nATAExcHANGE 

Considerhq that proper studies of El Ni50 require data from marry sources 
which should be available on a t h l y  bask to the international scientific 
carmrmnity, 

U z h q  that the cpps/ERFEN %oletin de Ardlkis Clindtico Pacifica 
oriental sudamericanolg has p m e n  to be an effective medmxu 'sm for 
exchanging analyses and summaries of data, 

(i) that countries both within and outside the ERFEN region give high 
priority to submitting to the publication selected sets of 
oceanographic and meteorological data according to rquinmnts in 
the region; 

(ii) thatamecharm 'sm be sought to establish an electronic mail system 
m n g  the ERFEN countries; and 

(iii) that all data collected in the region by platfom, fixed buoys 
ard ship, that are transnu 'tted via satellite, be prt into the 
GIs, and that this system be improves to make the data available 
to interestd countries. 

-zing the great adverse socio-ecx>ncanic inpact produced by the 1982- 
1983 El Nik, particularly in relation to the coastal ammunities, fishing 
industry ard agriculture, 

Noting that countries participating in ERFEN international support 
to fully participate in the regional investigations, 

Further nothq the intimate relationship existing between the regional 
apression of the El N G o  phenmwnn on the Pacific-wide an3 global scales, 
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Gives its fullest endorsement of the ~ F I o c - B p s  Regional project on El 
Nifb, and - 
(i) that Member States participating in the IOC- Joint W o r m  

Grcfflp on Investigations of El Niiio actively eryxxvage their 
national representatives to UNDP to w r t  this importarrt 
initiative, and, 

(ii) Invites UNDP to keep this proposdL in high priority within the 
context of its Fourth Cycle F'udrq PrOgraTlane (1987-1991). 

Reconrmerdation 7 

Not- the large scientific cxmnunity performing investigations on El N%o 
inspanishspealung countries, 

Reo0snizh-q the benefits of brcadenbg the d i d t i o n  of the symposium 
-e, 

that m, IOC and CPPS support and facilitate translation into 
spanish, publication and distribution of selected symposium presentations, 
particularly those mst relevant to the sauth-east Pacific region. 

RecOqn izhq that the El Nifm is a rec=urrent phencxnenon which can be 
evidem=ed in historical, archeolcgical and geological records; and the value 
of consider- historical, archeological and geological evidence of El N%o 
events to the understanding of the phemxtlenon, 

Reccrmmends 

(i) that scientific cantmnication between those studying El N i b  on 
long-th &es (hundr&s to millions years) and scientists who 
corduct process-oriented studies of the phencrmenon during the most 
recent fifty years, be-i~~~~roved, 

(ii) that the meaning of El Niio in pre-historical tires as evidenced 
in proxy time-scales, be clarified, 

(iii) increased research efforts on specific time periods shawing 
extreme conditions, or which for other reasons are interesting but 
lack sufficient data, and 

informative of the underlying processes, be conducted. 
( iv) similar studies on IInon-El N%ott periods, as being potentially 
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SESSION I 
INTRODUCTIONS, OVERVIEW AND REVIEWS 

An Overview of the El Nino 
Phenomenon in the Southeast Pacific 

R. Jordan S. 
Comision Permanente del Pacific0 Sur, Bogota, Colombia 

by 

The eastern tropical boundary of the Pacific Ocean harbors an eco- 
system of high interannual variability, with profound modifications of the 
biota during occurrences of El Nino. One consequence of the variability, and 
in part of intense fisheries activities, is the alternate predominance of various 
populations of planktiferous fish. 

Mentioned are the scientific advances made in the study of El Nino, the 
large oceanic and continental scale of the event and the socio-conomic impact 
of man's activities both on land and at sea. The ecological concept of El Nino, 
in which ocean climate changes result from a cause-effect sequence and illicit 
responses from the components of the various trophic chains, is reviewed. 

The socio-economic impacts of El Nino in the southeast Pacific, especially 
the 1982-83 event, are reviewed and the social and governmental responses, as well 
as those of the international community, are analyzed. Particular reference is made 
to the ERFEN Programme as a genuine cooperative response of the regional countries 
to study the El Nino with funds from their governmenets and the support of the 
specialized UN agencies. 

Reference is made to the wealth of resources presently available to 
science, to the problem of access to those resources by the developing countries, 
and to the significance of the present El Nino Symposium that, 12 years following 
the first symposium, marks an important milestone in scientific progress and 
international cooperation. 

El Nino Events along the South American Coast and their relation 
to the Southern Oscillation 

J.M. Wallace 
Joint Institute for the Study of the Atmosphere and Ocean 
University of Washington AK-40, Seattle, WA 98195, USA 

by 

Meteorological aspects of El Nino events are reviewed, with emphasis 
on relations between conditions along the South American coast and the planetary 
scale pressure fluctuations associated with the Southern Oscillation. Although 
El Nino is often accompanied by negative pressure anomalies in the Southeast 
Pacific and positive anomalies over Australia and Indonesia, this relationship 
is not as strong as relationships between other variables in the El NinolSouthern 
Oscillation phenomenon. Despite the fact that the most pronounced positive SST 
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anomalies along the South American coast tend to occur in March-June toward the 
end of the warm season, coastal SST is actually most strongly correlated with the 
Southern Oscillation during the cold season (July-November). 

Coastal offshore SST are strongly correlated, but it is puzzling that 
coastal SST is more strongly correlated with SST along the ship track to the west 
of the Galapagos than with SST closer to the coast. Cold season low cloudiness 
exhibits a strong negative correlation with local SST, and warm season rainfall 
is positively correlated with local SST. During the cold season pressure in the 
eastern equatorial Pacific exhibits a strong negative correlation with local SST 
and a strong positive correlation with pressure throughout the southeast Pacific 
and with the conventional indices of the Southern Oscillation. For some reason, these 
relationships are much weaker during the warm season. Southward excursions of the 
eastern Pacific ITCZ during El Nino years are also most evident during the cold 
season. 

Hence the phenomena related to El Nino during the warm season are some- 
what distinct from the basin-wide Southern Oscillation phenomenon, and deserve 
special emphasis in their own right. 

The Physical Oceanographic Aspects of El Nino: 
Observational and Theoretical Progress since 1970 

P. Lagos 
Instituto Geofisico del Peru, Apartado 3547, Lima, Peru 

The purpose of this paper is to review the key observational and 
theoretical advances that have been made in understanding the El Nino phenomenon 
in the tropical Pacific in the last 15 years. .This is done by tracing the 
succession of descriptive and modelling results that have emerged over this 
period, beginning with the concepts of Bjerkenes,generally accepted in 1970, 
and ending with the most recent findings. The reviewed advances represent an 
evolution in our thinking that has been primarily stimulated by two major El Nino 
episodes during this time frame: 1972-73 and 1982-83. These particular events 
provide the principa2 context for the discussion, which ends by pointing out those 
processes that remain to be understood more fully in the future. 

The Biology of El Nino 

ROT. Barber, Duke University, Beaufort, NC 28516, 
R.L. Smith, Oregon State University, Corvallis, OR 97331 

R.C. Dugdale, University of Southern California, Los Angeles, CA 90089 

by 

The relatively well-developed physical models of the ENS0 process and 
numerous physical observations of the 1976 and 1982/83 El Nino events can be 
related to the complex biological changes that took place during these anomalies. 

'This review relates the mesoscale oceanographic processes of El Nino to specific 
positive and negative responses of the biota. The analysis focuses on how the 
physical anomaly affects the biota through 1) direct thermal effects, 2) behavio- 
rally-medlated migration, 3) food stress or 4) reproductive failure. Quantification 
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of the decrease,in new nutrient supply and understanding how this decrease affects 
primary productivity provides new insight into the largescale flux of carbon and 
nitrogen in the coastal upwelling and eastern boundary current system during both 
normal and El Nino conditions. 

A Review of the Effects of the El Nino Phenomenon on 
the Fisheries Resources of the Southeast Pacific 

by 
S. Avaria 

Casilla 13-D,.Vina del Mar, Chile 
Instituto de Oceanologia, Universidad de Valparaiso, 

A review is given of the alterations produced in the coastal upwelling 
ecosystem of the southeast Pacific in association with "El Nino" events, with 
emphasis on the fisheries resources of the region. In relation to these effects, 
we present the results of observations on the behavior of the principal pelagic 
and demersal resources undertaken by the countries of the region in the context 
of the cooperative research programme on "El Nino" initiated in 1980 (ERFEN). 

The impact of "El Nino" on the fisheries resources has been distinct in 
each of the occurrences after 1950. The 1957-58 episode affected the behavior and 
distribution of anchoveta (Engraulis ringens) but with no direct effect on the 
abundance of the resource. The event of 1965 caused a drastic decrease in anchoveta 
landings, but the impact was brief and subsequent catch levels recovered and 
increased. The effects of the 1972-73 "El Nino" were more serious and prolonged. 
Adverse environmental conditions, together with an intensive commercial exploitation 
produced the collapse of the anchoveta fishery, which did not recover. Other species 
increased, with the dominance of sardine (Sardinops sagax) and jack mackerel 
(Trachurus murphy). 
the anchoveta and the increase of other pelagic species. The 1982-83 El Nino 
affected a wider variety of fisheries resources, the kind and intensity of the 
effects depending on species and being manifested mainly by changes in distribution 
patterns, alterations of certain physiological conditions, and reproduction and 
survival failures in eggs and larvae. 

The low intensity episode of 1976 accelerated the decline of 

Based on the important data collected through research.carried out 
during recent "El Nino" events, 'some guidelines for future studies of the subject 
are suggested. 
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SESSION I1 

MODELLING AND PREDICTION OF THE COUPLED 
OCEAN - ATMOSPHERE SYSTEM 

Predicting El Nino: Failures and Hopes 
by 

K. Wyrtki 
Department of Oceanography, University of Hawaii, 

Honolulu, Hawtiii 96822 

The difficulties of predicting a coupled ocean-atmosphere system will 
be assessed and critically evaluated. 
predictions will be evaluated, giving examples of the first prediction for 1975, 
and of the 1976 and 1982-83 events. Attempts to anticipate El Nino developments 
in 1986 will be reviewed.. Predictions based on precursors are notoriously uncertain 
because these precursors are usually ill-defined. 

Reasons of failures and successes of past 

Numerical models will play an increasingly important role in future 
predictions, but one will have to be critical of their forecasts, because they can 
only be based on past experience which may not contain the entire wealth of possible 
information. Consequently, a prediction of El Nino may be an elusive task if the 
ocean-atmosphere system is basically of random behavior and the evolution in time 
of its behavior is non-stationary. 

Experimental Forecasts of El Nino 
by 

S.E. Zebiak 
Lamont-Doherty Geological Obs., Palisades, NY 10964 

Forecasts of El Nino were made using a coupled atmosphere-ocean model 
for the tropical Pacific region. Initial conditions for the forecasts were 
determined by forcing the ocean component with observed wind stress anomalies 
(F.S.U. analysis) from January 1964 onward, and calculating the equilibrium 
atmosphere model response to the resulting sea surface temperature anomaly 
field. Forecasts were made monthly for each year since 1970, and run ahead for 
the following two years. In 80% of the cases, all the individual forecasts 
for 1 year ahead agreed and were correct; both for El Nino years and non-El Nino 
years. The other cases were not incorrect but were ambiguous..For the 2 year-ahead 
forecasts, 70% were unequivocal and correct, and the rest ambiguous. Analysis of 
the results indicates that the primary memory of the coupled system resides in the 
upper ocean thermal structure. The magnitude of the integrated equatorial heat 
content anomaly provides a good indication of those times when the forecasts are 
not likely to be reliable 1-2 years in advance. 
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Hindcastinq/Forecastinq of El Nifm in the Eastern 
Eauatorial Pacific based mqreo n the Redistribution of 

Heat Content in the Western “ror3 ical Pacific 
by 

W.B. White and S.E. Pazan 
Scrip Institution of Oeanqraphy, A-030, UCSD 

La Jolla, CA 92093 

The redistribution of both observed and model heat content in the 
weste.m tnpical North Pacific during the 23-year period 1964-1986 is 
examined for its ability to hirdcast and forecast ENSO events of this 
period. -lex EDF analysis is applied to the Onset Phase of ENS0 events 
occurring 1-3 years prior to the Mature phase of the ENS0 events in 1965- 
66, 1968-69, 1976-77 and 1982-83: this analysis is used to determine the 
characteristic redistribution of heat content during this Onset phase. The 
fixst cxsnplex EDF explained 61% and 60% of the interannual variance of 
o&e.rved and -el amanalaus dynamic height, respectively, over the 23-year 
period. ’Ihis analysis f- both the observed model and heat content 
redistribution in the westem tmpical North Pacific to be characterized by 
wind-driven westward prupagating, baroclinic Rossby waves, having a 
remarkably stable period of 4 years over the 23-year period. The camplex 
time sequem=es frcnn this =lysis are used to construct a hindcast index 
that yields peak values one year prior to the Mature Phase of ENS0 events 
over the 23-year period. The index does not peak when ENS0 event did not 
-. ‘Ihis in3e.x achieves these high values due to the incidence upon the 
maritime coast of Asia in fall/whter of a positive anomaly in heat content 
propasatbg f m  the ocean interior at Rossby wave speeds. The model heat 
content redistribution has the advantage over the observed heat content 
redistribution of being available in near real time (i.e., within a month of 
the present), which mikes it useful in providing a near-real time forecast 
of future ENSO events. Application of this forecast index to the upcoming 
year is disc=ussed. 

The causes and Simulation of -1 ECW torial Sea 
Surface Terne rature Cham es 

by 
E.B.&US 

ClRES/LJniversity of COloradopOAA, Boulder, CO 80309 

The work ltlocalll in the title implies that large scale circulation 
changes are accepted as given. 

?he equatorial sea surface temperature is a crucial link in the 
coupled ocean-atmosphere system. It is a function of the surfam eneqy 
flux, horizontal and vertical advection, mixed layer depth, attenuation of 
solar radiation, etc. various authors have emphasized one or the other of 
these variables in their models. The present paper presents a survey and 
sensitivity analysis of the role of these different processes. 
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Equatorial surface layers often contain vertically s h m  
auTents. AS they cannut be simulated by integral mixed-layer mdels, the 
sensitivity studies are based on the tttransilienttw method. The concept of 
transilient turtxilence will be described briefly CtUrhq the talk. It 
holves the parameterization of transports by a spechum of eddies. A more 
detailed account has been given by Stull (1984; J. Atnos. Sci,, 41; 3351- 
3367). other oceanic applications are the subject of a paper by stull and 
Kraw (sukmitted to J. phys. Oceamgr.). 

New Linear Statistical Models of Eaua torial Ssrs 
by 

N.E. Graham, Department of Geography, University of California 

T.P. Barnett, University of CSlifornia, Scripps Institute of 

J. Midnelsen, Department of Geography; University of California 

Santa E?abara, Santa Ea?%ara CA 93107; 

Oceamgmphy, La Jolla; CA 92093; 

Santa E?abara; Santa Ba?5ara, CA 93107 

We have constructed two sets of linear mdels for predicting 
equatorial Pacific sea surface terrpsesakrres (m) fm the tropical wind 
field and from the near-global sea level pressure (SLP) field. Both 
analyses pruvi.de insights into the potential predictability of Ssrs and the 
evolution of the SLP and wind fields through he ENS0 cycle. 

m e  mdels were constructed using a canbination of extended 
empirical orthogonal function (EEOF) analysis and Canonical correlation 
analysis, a new approach in air/- statistical mdels. Forecast skills 
wre estirnatea using a s-le cross-validation schem. 

The results shuw that the tropical wind field model does well at 
forecasting SSrs during mu& of the year, at leads of one three months. 

these periods, the mdels are in agreemmt with the theory that 
&lvin waves generated by rerate wind forcing are responsible for the 
okemed SST changes. Haever, the model does not do well at forecasting 
the magnitude of the rise in SST at the onset of El Nik, suggestirq that 
large-scale wind anamlies are not responsible for the initial tenpemture 
jtrmp. 

The SIP nmlels were constn~cted for lead t b  of seven to 
thirteen months. While these models perfonn poorly in a least square sense, 
they can provide useful early warning guidance when applied with a simple 
decision rule. cur analysis shows that the mdel predictability - from 
a pat- of SLP amdies movirq cut of the W a n  ocean into the southwest 
Pacific about a year prior to the onset of El Nik. 

statistical ccanposites created as part of the modelling efforts 
clearly shm that slmly prapasathq anomalies in the abmsphere have 
inportant clhtic effects at hemispheric spatial scales. 
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Prediction of Trw ical Pacific Rainfall Variations 
U s h  Okervd Sea Surface Tenme r a w  

by 
B.C. Weare 

Deparhrrent of zand, Air and Water Rescrurces, 
University of California, Davis CA, 95616 

over the trapical oceans rainfall variations may be quite 
accurately inferred f m  satellite measured esthtes of outgoiq long wave 
radiation (Om). There is also evidence that the OLR over the mtral 
equatorial Pacific may be prescribed using masurd sea surface tenpxatures 
(SST). A constrained rmiltiple linear regression technique is utilized to 
&ha- the best statistical models to predict Om for 25 points in the 
region 20"s - 20'N, 140'E - ll0"W using data for the perid June 1974- 
February 1984. 'Ihe constrained multiple regression equations minimize the 
prediction errors associated not only with a single spatial point but also 
those associated with the broad patterns of variations of OLR. The 
resultant specification equations are evaluated in terms of both hinlcas t 
and forecast skills. 

III general the best mdels are found for specifying O m  near the 
equator in the central ocean. The most influential ST are in the regions to 
the east. The poorest specifications are for the O m  in the western 
Pacific. ?he possible use of these techniques in specifying OLR and hence 
rainfall for the pre-satellite era is discussed. 

Stuttv of the Presence of Feedback aUrhm the ENS0 Events 
by 

L.CID S. 

corx=epcion, chile 
Departamento de Maten&ica, Universidad de Conception, 

The difference between the mnthly means of sea level pressure 
( S W )  at Tahiti and w i n  were used to obtain an index of the southern 
Oscillation (SI). lhis irdex was used as input to fit a transfer function 
e e l  (TEM) using as outpt the sea surface temperature (SST) at Azerto 
chicama. Data since 1951until 1983 was used. 

'Ihe analysis shuwed that a 

and autplt for negative lags. 

is not appropriate to fit the data, 
due to the presence of significant values of cross-correlation between the 

A model including feedback paramte~~ 
yas amsidered anl the goodness of fit is tested using simulation and 
several test statistics. 
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Wellins of the Circulation in coastal UpJellinq  rea as 
durh the El N i k  Event 

by 
c. caiboml 

Institub Geofisico del Fkni, Apartado 3747, Lima 100, Fkni 

'Ihe dfication of the circulation in coastal upwelling areas 
during the 1982-83 El N h k  episode is studied with a non-stationaxy, bi- 
dimensional m i d  model with two layers. ?his model, originally 
conceived for open ocean regions, involves convective accelerations, model 
interface Stresses and turbulent diffusion. Non-reflecting baundary 
amlitions are specified at the open boundaries of the model. The dynamic 
behavior of the coastal upwelling process is described as a response to the 
wkd field and the l q e  &e pressure gradients considered. 

A Simple DvMrm 'cal Model for the Tror>ical Baundary 
Laver Flow and D i v e m m  

bY 
R.D. Lindzen and S. Nisam 
M.I.T., Canbridge, MA 02139 

!Chis paper examineS the validity of the follwhg hypothesis: that 
the sea surface tempxature (along with its gradients) largely detexmhes 
the bmfiary layer (planetary) divergence and therefore the misture flux 
cornrergence too wer the tro~ ical oceans. A s-le shallow water &el 
applied to the well-mixed tropical baundary layer (capped by the trade 
inversion) is driven by the seasonally averaged 1000 mb air temperature 
field observed during the FGGE wid, ard the solutions (the zonal and 
meridional wind ard the divergence) are canpar& with the correspow 
seasonally averagd fields dkained also frcan the same data set. mer the 
trapical oceans, ard in particular, mer the tropical Pacific (frcxn 20"s to 
20'N), the model solutions cc~npare quite. favorably with the observations 

?his simple dynamical model, for a given set of model paran~ters, 
also simulates with sane success the inter-seasonal variability of the lmer 
trcrpospheric (p > 700 mb) tropical circulation over the Pacific. To the 
extent that this &el contairqs the dynamics relevant to this problem, it 
suggests that the dive.ryence in the well-mixed tropical boundary layer is 
deterrmned ' mostly by surface forcing and decoupled frum the dynamics of thc 
middle ard upper troposphere. 
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SESSION I11 

El Niib occurrem=eS mer the Fast Four and a Half Centuries 
by 

W. H. O u h  and Victor T. Neal 
college of Oceanograpay, Oregon State University, 

conmllis, OR 97331, 
S. E. Antunez de May010 

Universidad Mayor San Marcos, Apartado 18-5669, 
Lima 18, per\i 

A large number of books and articles involving five different 
languages have been reviewed to obtain p e r t k t  information on El Ni50 
events that occurred mer the past four ard a half centuries. Since this 
M o m t i o n  refers strictly to El N i b  cccurrences, it is based on evidence 
obtained from the west coast region of northern South America and its 
adjacent waters. Determinations of the relative strengths of events are 
based on such considerations as degree of physical damage ancl destruction, 
m t s  of rainfall and flooding, mss mrtality of endemic m i r ~  organisms 
anl guano birds, extent of invasion by tropical nekton, rises of sea 
temperatures anl sea levels, effects on coastal fisheries and fish meal 
prahdzion, etc. Emphasis has been placed on the strong and very strorq 
events. For -le the 1891, 1925-1926 and 1982-1983 El N%o events are 
considered to be very strong; whereas, the 1940-1941, 1957-1958 and 1972- 
1983 events are placed in the strong category. Over our period of skady we 
noted about 40 events that wuld be classified in the strong-very strong 
categories. Information is included to substantiate very strong 
categorization. The broad m i v e  provided by this literature survey 
caused us to revise several of our earlier evaluations on event intensities. 

lhis study was carried out in order to better ur~3ersta.r-d h m  these 
events evolve, to what extent involved areas may be affected, relative 
strengths of the various events, and frequenq of occurrence of events in 
the various intensities. We were also interested in identify- sane of the 
hgrtamm=mcmP-- 

. .  

Eastern Pacific El N i k  E&cdes in the Context of 
the Global Southern Oscillation 

E.M. Ramusson, V.E. Kously, M.S. Hal@ 
C l h t e  Analysis Center, NMC/NWS/NOAA, Washington D.C. 20233 

bY 

Usiq data frurn 1952-86, it is shown that pronounced patterns of 
SST anamalies across the equatorial pacific are related to large spatial 
scale, inlmxmnual timescale s n  and circulation anamlies arcJund the 
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entire equatorial belt. These slowly evolving patterns are a nranifestation 
of major sw-s in the southern &illation. % low-level wind axmnalies 
in the m a n  ocean-central Pacific sector usually have the appearance of 
direct t h m  circulations (anomalous easterly coqmnent to the east, 
anomalous westerly ampnent to the'west of regions of significant positive 
SST ancanalies). mese features often remain nearly stationary for several 
seasons, but inevitably migrate eas- with the develqmmt of an mso 
episode. 

described 
Fhmusson 

?he evolution of 'these fields during a lfmicdlll ENSO episode is 
in the context of the two-phase devel-t hypothesis proposed by 
and Wallace (1983). The fundamentdl differences between the 

exkern Pacific pattern of devel-t during a warm episode, and that 
farther west is eqhasized. Finally, the pattern of so-equatorial Pacific 
SST fluctuations since 1950 is examined , and case-to-case differences in 
ENSO dwelqment are dis<xlssed. 

The 40-50 dav Oscillation and the 
El Niiio/Sauthern Oscillation 

K.M. Lau 
Laboratory for Atmcspheres, NASA/Goddaxd !Space 

Flight Center, Greenbelt, MD 20771 

by 

m e  tropical atmx>pere possesses two prominent 
frequency oscillation, i.e., the El Nik/Ehuthern Oscillation 
so-called 40-50 day oscillation. While the former is 

mDdes of low 
(ENSO) andthe 
the strongest 

intezanrrual signal &er obser~ed in the earth's a m -  system, the 
latter is the stmngest intraseaso nal signal so far observed in the tropical 
atmqhere. this paper, the mst up-to-date observations and theories of 
the 40-50 day oscillations are reviewed. These klude results f m  
empirical data analysis, GCM artguts and theoretical studies. For the 
-tion aspects the structure propagation, seasonal m a t i o n ,  regional 
and global dmracteristics will be summarized. The strong contrast between 
these &axacteristics aver the tropical western and -tern Pacific and 
their effect on the cceanic anamdlies will be discussed. 

Theories of the oscillation and their possible validation or 
falsification against observations will be discussd. Juck~ing f m  the 
remrkable similarity between abserved a.tmosphesic circulation anemlies in 
the 40-50 day oscillation and the ENSO, and the mdmrusm ' for the origin of 
the t m  phenomena -erstood so far, it is possible that a connection may 
exist between the 40-50 'day oscillation ard ENSO. In a heuristic sense, 
each 40-50 day oscillation may be visualized as a mini-ENSO or a patentid 
ENSO realization. m e  impact of such connection, if it exist, on the 
possible prediction of ENSO, is also discussed. 
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Estimation of m, Wind !%e&, and AtmosPh eric Water 
Vauor and Liuuid Water in the Trcu ical 
Rcific in 1982 frcnn the Nimbus-7SMMR 

by 
E.A. -is and D.B. chelton 

college of oceanography, Oregon State University, 
conrallis, Oregon; 
and E.G. Njoku 

Jet propulsion Laboratory, Pasadena, California 

Raw data fmn the Nimbus-7 .5anmng ' Multichannel Micrcrwave 
~~~dicaneter (w) have been reprocessed using new algorithm for the 
trCqJical Pacific for a pericd during the 1982-83 El Nib. Frcrm -ts 
of passive micrmave radiation we derive fields of m, surface wird speed, 
atxmqheric water vapor and liquid water content. The data are presented as 
T(yJnthly averages on a 1' x 1' grid in the region 50's to 50'N and 130' to 
290'E. mta processed so far cover the period Decmber 1981 
Bcember 1982 corresponding to the onset and matumtion of the first anomaly 
peak during the ENSO episode. 

'Ihe cbservations of these geophysical variables are unique because 
of their ekensive areal coverage of the tropical and extra-tmpical Pacific 
wfrich are -led every 6 days. Microwave satellite data are not subject 
to a m e r i c  attermation to the degree that I-R and visible wavelength 
data are. This is an advantage during this period of anaanalaus and large 
ScdLe convection associated with shifting convqence zones thnughmt the 
quatorial Pacific. Distributions of a m e r i c  water vapr, integrated 
fmn the sea surface to the satellite height of 955 lan, can accurately map 
these migrating convective cells. 'Ihe satellimives SST fields revad 
SSlldLler Scale structure than the smoothed fields derived from sparse ship 
obsemations and are of interest to ocean-atrnosphere mdellers using SST as 
a model parameter. These SST, wind speed, water vapor and liquid water 
Content fields will be described and exarmned statistically to investigate 
the temporal anl spatial structure of the variability during the developrent 
Of the 1982)83 El N%. 

Variabilitv of the Net Monthly Shortwave Radiation 
at the Ocean Surface W i n s  TEEOPIC HEAT (Oct 1983-ocTt 1985) 

by 
C. mutier 

California space Institute, ScripPS Institution of oceamgmphy, 
University of California, San Diego, La Jolla, CA 92093 

The IBwnwelli.rq and the Net Shortwave radiation ( E W  and NSW) at 
the ocean surface have been camputed fm visible geostationary satellite 
data during TROPIC HEAT, on a daily basis. 

?hese daily satellite estimates have been CCBnpared with surface 
and the statistics of the ccanparisons are presentd ard 
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mnthly man fields have been prcduced f m  these daily stirnates 
for a region extmdmg ' f m  50'N to 10's and ll0"W to 150"W for a two-ye 
time pericd and are used for our analysis of the annual ard inter-annual 
variability. 

m e  analysis of the SeaSondL evolution of c6w mer the two-year 
period displays very similar features each year, i.e. a slaw evolution of 
the fields resulting f m  the m i n e d  effects of sun zenith angle w e s  
and major convective activity displacements. m e  Dsw minima are associated 
with the major convergence zones (i.e. ITCZ and SPCZ) and are enwuntered at 
about 7-8"N during the Northern hemimere fall and winter and at about 10"s 
during the summer. 'Ihe late winter-early spriq period appears to be a 
transitory period duriq which the fields are mre variable in space and 
time, in association with the collapse of the cold tongue. The equatorial 
band, frcan atcut 2"N to 2"S, is the locus of a Dsw mxhurm thraughout the 
entire period. 

camparisms of the two years display soall differem=es in the 
magnitude of the fields (i.e. srraller values) of D6w the first year (oct 
1983-Sept 1984) and smdll displacements of the major convective zones. 

?he evolution of D6w will also be discussed in relation with the 
evolution of the sea surface temperature fields ccrmpplted frm AVHRR infrared 
observations during the sa~llt3 tire period. 

Variations in the Walker circulation for two 
contrastins Y ears 

by 
M.T. Icavano, V.B. Rao, A.D. Mowa 

Institute de Fesquisas Espaciais, AV. dos AstroMutas-1758, 
I2225 Sa0 J& dos (3ampos-SP, m i l  

The =ere draught conditions observed during 1983 over large 
extensions of the mid lands were associated with the 1982-83 El Nik 
event. In contrast, in 1984, above no& rainfall was observed over these 
areas. We calculated the Walker circulation for these two contrasting 
years. The intensity and location of the rising and subsidiq limbs of the 
walker circulation seen& to be consistent with the anamlies of cutgoiq 
long wave radiation and the rainfall anmlies. We examined for the two 
contrasting years obsemed a m e r i c  circulation patterns in the context 
of the currently acceptable theoretical notions. We found that some of the 
observed characteristics could be explained in tams of atnnspheric response 
to tmpical heat sources. We found that the northsouth migration of TIC2 
played an important role to mcdulate the tropical precipitation. 
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On the chans es in the Atmos~h eric Circulation 
aver Scuth Amria associated with the 1982-83 El N i k  

by 
A. Comeio 

Depto. de Fisica y Meteomlcgia, Universidad Nacional 
-ia IILa Molina1l, Apartado 456, La Molina, Lima, W; 

C. del Carmen 
Direccion de Hidrografia y Navegacion de la Marina 

Casilla 80, Callao, M; 
J. Marengo 

Llpto. de Fisica y Meteomlogia, Urxiversidad Nacional 
m i a  I1Ia Molina1I, Apartado 456, La Molina, Lima, W 

ming the El Niib of 1982-83 there occurred torrential rains in 
northwest l+ni as well as druught conditions on the altiplano of Feni and 
Bolivia. mese anmalies are associated with important changes in the 
alxx@-eric circulation over south America. We have made a diagnosis of 
such changes by using synoptic data f m  weather stations lccated along the 
east flank of the Andes cordillera in W, as well as other synoptic 
infomtion f m  south America during certain days within the event. 

preliminary results M a t e  that, at least durhg certain periods 
of abundant precipitation in mrthwest M, the thermal law pressure area 
nonmlly located along the Argentine flank of the cordillera penetrated 
anamalously northward to the latitudes of northwest M, following the east 
flank of the Andes. We speculate that this anmalaus penetration is 
associatea with the intensification of the southem hemisphere jet-stream. 

Remte sen~inq of Water Vapor Convemence. 
Dee~ ~rrvection, and Precipitation durim 

the 1982-1983 El N%o 
by 

P.E. Ardanw 
Research and Data Systems, 10300 Greenbelt Road, Lanham, MD 20706; 

C. prabhakara and H. Lee Kyle 
NAsA/Goddarrl Space Flight Center, Greenbelt, MD 20771 

Deep tropospheric warming and mass flux, produced by the 
convection associated with organized tropia precipitation, is responsible 
on monthly and SeaSondL time scales for the presence of the Hadley and 
Walker circulations. In ENS0 event years such as 1982-83, in response to a 
perturbed SST field in the equatorial Pacific Ocean, a major displamt in 
the branch of these thermally-direct, .plmtary-scale cells 
cccurs. As the northern winter mnsooml rainfall minimum develaps aver the 
tropical Pacific ocean near the dateline, nom1 precipitation wer 
Indonesia and the Amazon and Congo River valleys is sqpressd. Ihter, as 
the SSF maxirrarm appmaches the coast of south America, floodirrg ocx=urs over 
Ekuador. As a direct result of the induced anamlies in the general 
circulation, droughts are c a m  not only in Indonesia, but also in northern 
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Austxzdia and in the northern subtropical Pacific o~ean along an axis frcan 
the W i p p i n e s  to Hawaii. 

The Scandng Multichannel Microwave Radioaneter (SMMR- on board the 
Nimbus-7 spacecraft has been used to derive estimates of atnrospheric water 
vapor. ?he correlation between the satellite and verify- radiosor-de data 
is better than 0.83 at all stations considered. The Earth Radiation wadget 
(EEB) experiment flown on the same satellite obsewes the terrestrial net 
radiation, albedo, and Outgoing hmpave Radiation (Om). ?he OLR fields 
have been related to the 200 mb divergence fields in the tropics during FIXE 
with a correlation of 0.8. The derived relationship has been -fully 
extended to realistically map the irrotational flow and diveryent 
circulations present in the traposphere both prior to and during the 1982-83 
ENS0 went. 

%ether, the two data sets yield a joint estimate of the 
convergent flux of water vapor, a critical controllirg parameter for 
organized convection. The derived water vapor flux convergences are 
analyzed during the recent El Niiio episode to map the evolution of the 
parameter, deep convection, and rainfall over regions impacted by the recent 
El N ~ .  

On the Use of Wind Profilers to studv 
Eauatorial hmarm 'cs and Climate 

by 
B.B. Balsley, W.L. ~cklund, D.A. -, A.C. RiWe,1 

and K.S. Gage 
National Occam 'c & Alxnspheric Acbnin,, 

Aeroncany Lab, 325 Broadway, Boulder 0 80303 

III this paper we present an overview of the use of wird profilers 
to study contenprary issues in equatorial dynamics and climate. 
Illustrations will be given frcxn obsewations at two existing sites: 
Christmas Island (2'N, 157"W) and Bhnpei (7'W, 158"E). The Rhnpei site 
has been operated nearly continuously in a vertical only mode since May 
1984. Analysis of vertical velocities confirms that rean qwaxt3 motions in 
the tropical troposphere are daminated by convection, I3.r- clear 
codtions nrean vertical motions are observed to be dawnward. A few 
cbservations of '#hot taw er^^^ will be s h m  to illustrate the ptential of 
wind profilers for studyins the climatology of trcpical convection and 
scaleinteractions with l q e r d e  tropical dynamical systems. 
Observations fram Christmas Island are available since March 1986 ard 
clearly illustrate the value of wina profilers for continuous monitoring of 
tropical wird fields. A boundary-layer radar is currently being developed 
to measure winds below about 2 )an. plans will be presented to incorporate 
the existing profilers at Christmas ~slard and pohnpei to form an equatorial 
chain exbndmg ' a- the Bcific froan Malaysia to m. 

(3IREs, University of Colorado, W d e r ,  CD 08309 
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SESSION Iv 

METEDmLCGIcAL ASPECTS OF EL NINO - XUIHERN OSCILTATION 
INTHE SE "R3PIcAL PACIFIC AND SOUTH AMERICA 

LatenQera turasuperf icial del mar en aquas ecuatorianas 
Y su relacion con El Nik Y el clha coster0 

by 
G. Padilla 

Institub Oceanogra * f ico de la Annada, Guayaquil, Ecuador 

Observaciones de la Taperatura Superficial del Mar (TSM) han sido 
realizadas en buques de oportunidad entre el Golf0 de Guayaquil y las Islas 
Galapagas desde 1979 hasta la fe&a. Este period0 incluye UTX) de 10s 
eventOS de myor trascendencia clhbl6gica global, el Fendsneno de El N i k  
de 1982-83. Se realiza un anAlisis de la variacion tempordl de la 
durante este m o d o  y se correlaciona con las medias memuales del Nivel 
del Mar (NM) de La Libertad , lknpezatura del A h e  (TA), Presion Amf6rica 
(PA) y F'recipitacion Acumlada (PA) de varias estaciones costeras 
ecuatorianas. 

La variacion temporal de la TSM tiene un ciclo anual coincidente 

mayores tenpraturas en la &oca llwicsa y las minimas teqeraturas en la 
@oca seca. El debilihniento del Fenbeno de E3 Nifm 1982-83 es analizado 
hasta finales de 1985, encorrtr&xlose una situation muy anhala durante el 
mtirrw, trimestre de este a.50, con anamalias negativas de TSM considexables 
para la &oca. El c l h  de la region costera depenle en gran parte de las 
cordiciones de TSM reinantes en el mar ecuatoriano adyacente. Sin embaryo, 
se han registrado fuertes precipitaciones en f o m  ocasional, debido quizas 
a perturbaciones atmosf&icas localizadas y al desplazdento hacia el sur 
de la Zona de Convergencia Intertropical (ZCIT). cam0 resultado del 
ardlisis de la TSM se espemba una estacion invernal para 1986 de 
c a r a w  - icas similares o de menor intensidad que la de 1985. Hash marzo 
1986 se obsemo una cohcidencia sobre esta expectatin. Parece ser que del 
ardliSiS de la TsM relacionada con par&metros meteoml6gicos de tip 
regional y glabal, pcdrian permitir pronosticar un acontecimiento aradaralo, 
tipo Fendsneno de El Nih, al menos en la region costexa e<=uatoriana. 

con las estaciones seca y hinnda de la region costera, chemard - ose las 

Ideas abuut Possible Causal Mechanisms for H-vy 
Precbitation in Northwest Ped 

J. Marens o arid A. Cornejo 
Depto. de Fksica y Meteorolcgia, Universidad Nacional 

by 

Agraria #!La MolinaV1, Apartado 456, La Molh, Lhm, 

We are attempting to explain the occurrence of heavy precipitation 
during certain mn- in the coast, mxlntain and jungle zones of northern 
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El Nifm years (e.g., 1-15 March 1981), by associating them with the same 
mYSi=l- 'm that govern heavy precipitation in the same zone during 
El Ni50 years. ?his alluws us to establish or postulate the ocammce of 
El ~iib-like conditions in any given year, but that are mm frequent and 
more lntense during episodes such as 1982-83. 

We hypothesize that heavy precipitation in northern Peni is 
associated with the action of an anticyclone, detected during periods of 
Amazon rainfall, and its interaction with a thermal low and trough system 
over ~~~~entina. Along with additional information, the values of the 
smthern Oscillation Index and an Amazon Pressure Irdex permit the 
corrchration of this hypathesis. The Amazon Pressure Index is obtained fran 
stations located in the Amazon regions of kni and m i l .  

characteristics of Rainfall  vents in Northern 
durins the 1982-83 El Nijio Period 

by 
R.A. Goldberq 

Laboratory for Extraterrestrial physics, NAsA/Goddard 
Space Flight mte.r, Greenbelt, MD 20771 

G. Tknado M. 
Instituto Nacional de Investigacion de Transportes, 

ruis m e z  Cerro 2100, Lima, peni 
R.A. Scofield 

-DE, Satellie Iqqlications Lab., Waskington D.C. 20233 

Us- daily rainfall data f m  59 stations within the chira-Piura 
Project of Northem Enl, we have prepared an atlas of histogram and 
contour maps describhxj the rainfall- chamcteristics of the region fram 
Navember 1982 to June 1983. These data often exhibit localized stom of 
high intensity (> 100 rran/stonn) which may then disperse over wider areas of 
the region during the follawing 2-3 days. The region s m n m d m g  ' mulu- 
app=ars to be a focal point for the initiation of such events, particularly 
during the 1983 m n t b  of the study period. Case studies for a few of the 
mst severe events, which occumed in 1983, are presented and campared with 
an analysis us- GOES satellite cloud imagery in conjunction with upper air 
and surface weather maps, to arrive at a possible scenario for the cause and 
evolution of such events. fie satellite analysis has also pemitted US to 
identify significant stmxs beyond the range of the ground based stations 
during this same time period, demonstrathxj the value of such coverage for 
developing a mre cmprehensive view of the processes in effect. 
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The Evolution of Rainfall in Northern Ped d u r h  the 
Period Jarntary 1982 to December 1985, in the Coastal, 

Mountain and Junsle -ions 

J.A. LAM R. anl C. del C a m n  
Direction de Kidrografia y Navegacion de la Marina, 

Apartado postal 80, Callao, Feni 

by 

Northern Peni rainfall - one of the clearest dfestations of the 
(or not) of El N h k  - is analyzed for the January 1982 to 

December 1985 period for the three geographic regions of Peni: the coast, 
the muntains and the jungle. We also present the mnthly avemges of 
rainfall in the region of Lake Titicaca for the same period. Although there 
does not &st an exact correlation bebeen the droughts in this region and 
excessive rainfall in the northern zone and viceversa, it would be very 
in-ing to analyze in greater detail the few exceptions that reduce this 
correlation. We also show the rainfall totals that ocarrcd between January 
and October of 1986 for all the irdicdted regions. 

Fluctuations of the Semi-Ennanent Marine Stratocumulus 
layer alonq the Fe15 Coast between Januarv 1982 and 
December 1985, U s b  Data from the Callao RaaioSOnae 

C. del Qrmn and F.A. mspe 
Direction de Hidrografia y Navegacion de la Marina, 

Apartado POstdL 80, Callao, Peni 

The interannual variability of various parameters that 
characterize the semi-permanent layer of marine stratocumlus over the coast 
and offshore waters of Fkni can be best described during extrem El N i k  
events such as 1982-83, its decline ard return to n o m 1  conditions, and the 
anti-El NEm conditions observed in 1985. Daily radiosordes tab Callao 
are used to analyze the evolution of the lowest 1000 meters of the 
atmqhere between Jarmary 1982 and December 1985, in relation to the d- 
permanent inversion, which is climtologically ubiquitous dong the peni 
coast and adjacent ocean. In addition, the long tenn average seasonal 
atmosphesic profiles (20 years) and water tm-pmture~ (27 years) are 
CCBnpared With their values for the Summers ard Winters of 1983, 1984 and 
1985. 

by 
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Assessment of 1500 Y- of Climate Variability and 
Potential of Lmrj Term Record of ENS0 Events from And- Glaciers 

by 
L.G. Th- n E. Mosleylhcmpson 

Institute of mlar Studies, The Ohio State University 
Columkus, OH 43210 

saw= of the glaciers in the M e s  contain high resolution rem& 
of trapid and subtmpid.climatic variability over several millda. ~n 
1983, two ice cores c0ntahir-q 1,350 years (154.8 meters deep) and another 
c0ntai.ni.q 1,500 years (163.5 meters deep) were recuverd from the Welccaya 
ice cap (13'56's; 70'50'W) in the Ardes of scuthern m. ?he 1,500 year 
remrd of climate variability recorded in these two ice cores provide along- 
te.nn perqective on climatic variability in the Andes. 

Detailed snowpit records from 1975 to 1984 show a substantial 
decrease ( 30 percent) in accumulation associated with the 1976-77 and 
1982-83 ENS0 evmts. Recox& from these pits and ice cores mer the last 
century are used to establish a mdern analog to characterize ENSO events. 
-1ication of the &ern analog to the ice core record is used in an 
attempt to establish a longer term ice core rewrd of ENS0 events. The 
Quelccaya ice cap containing 1,500 years of annually accumulated ice layers 
m y  provide a long and detailed remrd of the mst extreme ENS0 events. The 
potential of mining long and detailed records of ENS0 events fram other 
Andean glaciers is evaluated. 

An Alluvial Record of El Ni5o Events from 
Northern Coastal P e ~  

by 
L.E. Wells 

Dept. of Geology, stanfordunivexsity, 
Stanford, CA 94305 

Alluvial sheet flood deposits of northern coastal Femi are unique 
and pmide the potential for the developnent of a Late Ple- 
chronology of El N i M  events. 

Alluvial deposits froan the 1982-83 ENS0 event provide the bask 
for e s t a b l i w  a type ENS0 deposit. Sedimentary structures suggest 
deposits range . f m  sheet floods to debris flms, hmever, sheet flood 
deposits are the JllDst coBrmy3n. sheet flood deposits are characterized by, a 
50-200 cm thick basal gravel, overlain by 10-100 un thick sand bed, in turn 
overlain by a >5 cm thick silt bed and cappd by a very thin layer of clay. 
The surface of the deposit coarauonly displays the original shearflcw lines 
cmsscut by post-depxitiondl mudcracks. ~rnran and animal foot-prints are 
camnon on the surface of the deposit. 

Repeatea sheet flood deposits present in the oldest preserved 
alluvial fill suggest that ENSO type events occurred during the Iast 
Interglacial. Holocene valley fill is almost wholly canprised of these 
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sheetflood deposits. Locally the upper surfaces of the deposits have been 
preserved arrl three p rehistoric El N i k  events have been mcmgnized ard the 
deposits relatively dated based on the d q r e  of preservation of the 
surficial features; absolute dates will be obtained fropn radiocarj3on dat- 
of detrital m a d  samples. Similar deposits present in context with 
archaeologic sites have the poMtial for developing a detailed late 
~010cene dupnology of El N% events. One such event is tentatively dated 
at 1200 Bc on the bask of deposits pond& behind the Cerro Sechir~ 
archaeological site in the Rio sechin Valley. 

Observations of El N i k  Events at the Chilean 
mast (20"s). 

by 
R. Fuenzalida F. 

Universidad Zirtum Pmt, Casilla 121, Iquique, Chile 

'Ibis study a h  at prwiding a tentative answer on the develapnent 
of the El N f i  events which took place in the last two decades along the 
Icpique coast. For the analysis, the events are treated as a characterktic 
and rearrat association of oceanographic and meteorological variables. 
For thid plrpose, mDnthly averages of the air temperature, sed level air 
pressure an3 rainfall m t s  from 1970 to 1985, and sea surface temperature 
froan 1976 to 1985 were analyzed. In addition to data & t a w  by 
ocemogmphic cruises in the northern zone of Chile. 

Deterrrrrmng the grade of relationship between the variables a 
correlation analysis and test of hypotheses is made annng: sea surface 
temperature, air temperature and sea level air pressure. Besides, for the 
time series of mnthly averages in each case the graph and correlation 
coefficient will be included. 

. .  

sauthern Oscillation and River Dischars ein 
m i c a 1  south America 

by 
L.C.B. Molion andJ.C. rvloraes 

Instituto de Fequsas ' Espaciais-INPE, 12225, C.P. 515 

A t h e  series of a t h e m  Oscillation Index (SOI) was constructd 
using nronthly sea-level pressure differences (Tahiti-win). lkis series 
was cross-correlated with time series of mnthly river deviations 
fram the mnthly mean. Bath series were standardized by the stax&ml 
deviation of the appropriate mnthly mean. m e  rivers selected were 
Tnmbetas and Jy-ParaM, located in the eastern and western sides of the 
mzilian Amazon -in respectively and the River whi& xuns 
southward fram 20's a m  Paraguay and Argentina. It was faurd that the 
dischaqe series of both ~mazonian rivers were positively correlated and 
€%uzma River discharge series negatively correlated with SOI series. m e  
results suggest that SOI series is a potential predictor, at least 

Sa0 J& dos Campos, SP, Brazil 
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qwditatively, of mnthly river discharge in Tropical south America 
especially when the index absolute values are him. since SOI series goes 
back to the 1880's, the 10s series might be valuable parameter in 
statistical regression analyses for reamstructhq river disdmqe time 
series of short leqth whidi mDst of the time is the only data that: 
hydrologists have to plan and M l d  dams especially in the Amazon. 
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obsenmtions of 1982-83 El Nh70 Thermal and F l m  Fields alonq 
the Ecrua tor in the Eastern Pacific 

by 
D. H a l m  

Jet prapulsion Laboratory, California 
Institute of Technology, Pasadem, CA 91109 

The 1982-83 El N i k  Southern Oscillation (ENSO) upper ocean 
thermal and flm fields in the stern Pacific are described from time 
series measurements m d e  within the uppermost 250 rn at O", 95'W and O", 
ll0"W. Normal or non El N i k  conditions at 110"W were waluated frcan 
measurements recorded f m  March 1980 - July 1982 and AugUst 1983- 
September 1985. 

?he annual cycles of temperature and zonal current at ll0"W were 
distinctive near the surfam: at ncainal depths of 15 m and 47.5 m, the 

average annudl mplitudes were 1.5'C ard 0.46 m s-l. Monthly mean El N i b  
currents were defined as the difference between the observations and the 
annual cycle. Ixlring the August - Deember 1982 onset phase, the strength 
of the nonrally westward flawing near-surface south Equatorial current was 
greatly reduced to near-zero speed, e.g. at 15 m the El Niib zonal current 
was eastward at abcut 0.3 m s'l. 
(15-250 m) zonal current anomlies ( 0.5 m s-l) occllzred in January and 
February 1983 and represented a substantial derrease in the eastward 
transport during the terrmM ' tion phase of El Nzo. 

The surface dynamic height anmly relative to 400 db along the 
equator between abaut ll0"W and 150"W was 0.20 dyn m higher in September 
1982 than in April, when it is at its annual rnaxhum. At llOoW, the 
thermocline sank 100 m, reaching its rnaxhum depth in December 1982; 
-tures at 100 m and 150 m, which normally are abcolt 15°C and 14T, 
reached 27.5"C and 22.5"C; the t h  rate of d m q e  of the 15-200 m heat 
content was 500 W m-2 ctllring the August December 1982 warming phase and 
-460 W m-2 during the January-February 1983 subsurface cooling phase: a 
surface, eastward jet with a max.bnm daily speed of 1.75 m s-l at 15 m 
occurred in May 1983 when the wind direction was eastward; ard, the c3rcrmwell 
-, normally considered to be a permanent feature of the circulation, 
&mPPeared during the subsurface coolirg phase. Differences at 95"W (e.g. 
absence of surface jet, seconhry waxming, longer disappearance of Gromwell 
auTent- will be described. 

The laryest vertically averages 
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Circulation of the Esua torial Undertnurent 
around the Galamcm Islands 

bu 
P.W. Hacker 

U.S. TOSA Project Office, 6010 Executive Blvd., Rockville, MD 20852 
S.P. Hayes 

Pacific Marine mironmental Laboratory, NOAA, 
7600 sand Point Way N.E., Seattle, WA 98115 

A. Ieetmaa 
Atlantic oceanographic & Meteorolcgicdl. Laboratory, NQAA, 

4301 Richnbi3- QUseway, Mid, FL 33149 
R. Ilikas 

Joint Institute for Marine C Atrnaspheric Resear&, 
University of Hawaii, Honolulu, HI 96822 

m e  Galapagos Islards span the equator from about 1.m to 1.55 
near 91W in the eastern Pacific Ocean. The fate of the flowing 
Equatorial undercurrent when it encaunters this land mass has long been of 
inkrest to equatorial oceanographers. Early measu1pT[y3nts suggested a 
bifurcation of the flow with the main transport Oaunring north of the 
equator. On the other hand, amlyses of water mass properties suggest that 
the P- ' t flow is south of the islaxis. Recently, three near islard 
surveys have been conducted to study this circulation. These surveys 
occurmd in November 1982, November 1984, and June 1985. All surveys 
enployed -erway aaxlstic ~0pple-r current profiling, am's, and m's to 
define the current patterns and the related thenmhaline structure. In 
November 1982 additional velocity data were obtained with the free-fall 
profiler 'IDPS. Corditions varied on the three cruises. In November 1982 the 
-torial underaurent was anoanalously strong (for this season) and deep. 
core speed was about 1.0 m/s. n-Lis section occumed near the beginniq of 
the 1982-83 El Nib. In Ncrvember 1984 the Underc=urrent was weak (core speed 
abut 0.5 m/s) and in June 1985 the core speed was near 0.7 m/s. On all 
&ions eastward flow was seen north and south of the Galapagos, but the 
major flcw was to the south. The near Galapagos cixuilation patterns ard 
associated water mass characteristics will be described and ccgnpared to the 
previaus -ts. 

Pmmamtion and forcinS of hiqh freuuency sea level 
variability alonq the west coast of South America 

by 
M.P. Cornejo and D.B. Enfield 

~ college of -My, Oregon state university, 
conmllis, OR 97331 

. Sea level height (SUI) and alongshore wind time series (1980- 
1984) are amlyzed for tide gauges am3 synoptic weather stations at La 
Libertad-Salinas (2s) in Ekuador, and Talam-Paita (4s) and calla0 (12s) in 
Rmi. To detect the nature of the variability during normal conlitions the 
time series were divided into six mnth periods for summers (mid-Nwdxz to 
mid-May) and winters (mid-May to mid-November), without including the 1982- 
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1983 El Niiio/Southem Oscillation (ENS) event. The au- and cross spectra 
for each season (frcan 4-5 separate years) are averaged. To detect 
hkranmd changes in the variability, analysis is amlied to periods prior 
to, during ard following the 1982-83 ENS0 event. We analyzed frequency 
bards in the m e  froan 0.03- to 0.5 cpd. 

For slmoner and winter seasons prior to the 1982-83 ENSO, the 
spectra show very well defined peaks at 14 days, ard broad and less 
energetic peaks at the 9-11 day ard 4-7 day bands. Illring the 1982-83 ENS0 
there is higher energy wer IKlst of the spectnrm, the increase be- 
greatest at the luwer frequencies. mere is a very energetic and well 
defined peak in the 9-11 day band. Werence squared between adjacent sea 
level height stations Mates nondspersive poleward propagation of 
wen- during the 1982-83 ENSO, with phase speeds of 2-4 m/s kut no evidence 
of propagation prior to or after the event. Ccarp?arisons (cross-spectm) 
between coastal SLH and alongshore wind at the same locations show evidence 
of local forcing at high frequencies (2-6 days). There is no evidence of 
local forcing at luwer frequencies. 

-phic Variability off Ecuador Associated with 
An El N h k  Event 1982-83 

by 
E. Cucalon 

Guayaquil, Fcuador 

?he develcpnent of an atypical circulation pattern resulting in an 
El Nik) evmt off the western coast of South Areria is descrM.by 
reference to the oceanographic conditions prevailing off Ecuador during the 
period 1982-84. The conclusions describe scane contmsthg conditions during 
the 1982-83 w& with llnormalll conditions, as seen in 1981. F h t  signs of 
the m y  onset off the Ekuadorian coast were observed in October 1982. 
Most evident were the increaSe in sea level, anomalies in the winl field and 
heavy rainfalls. In February 1983, at the peak of the anamaly, the whole 
area off m d o r  was mered by very warm (29" - 30°C) and low salMW 
(less than 33.0 ppt) Trcp3ical Surface Water down to 30-40 m depth. The 
Fquatorial mnt, if it existed, was well to the south off peni. Althcugh 
the ocean surface was 4°C wanner than normal, the most notable changes took 
place throughcprt the water column, a strorrg depression of the thermclhe 
ard all the isotherm d m  to about U'C; the lqest ancrmdlies being 
cksemed over the 100 m water column, up to 9°C at 50 m depth. Thus, the 
subsurface signal of El Niiio was clearly stronger than the surface signal. 
In addition, the processes nonmlly keping the surface layer nutrient-rich, 
such as upwelling, were not widat off Ecuador. 

Institute Nacional de Fesca, P.O. Box 5918, 

Recovery froan the 1982-83 arxrmaly started in July 1983, showing 
SST anomalies 2°C colder than dur- the peak of the event and a general 
uprising of the isotherm. E3y October 1983, the presence of the Equatorial 
m n t  also a t m  to the return to normal conditions in the region. 
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Effects of El Nifio on the Eastern Bcrundarv Circulation 
by 

T. Paluszkiewicz, R.L. smith, and A. myer 
college of oceanography, Oregon State University, 

Corvdllis, OR 97331 

El Niiio causes dramatic changes in the currents, thermal structure 
and sea lwel along the eastern baundary of the south Pacific. Velocity and 
tenperatum fram m r h q s  along the Peruvian coast fram Ncnrerr33er 1981 to 
March 1985 are used to describe the effect of El Niiio on the circulation. 

Each of the El Nifm affected the strength, steadiness ard 
stmctue of the Feni Merarrent in a different manner. aloqshom 
flow is strong and polewaxd previous to and durhg the onset of El Niiio but 
becaanes weaker and mre variable during the mture (second peak) phase. weak 
poleward flow cccuxs after the effects of El Nfio diminish. Luring the El 
Niiio there is significant mhermce between alorqshore velocity at 5' a d  
10' south in the 9-10 day band at a lag of about 3 days, yielding a poleward 
phase speed on the order of 300 km/day. There is no evidence for 
propagation in this band previous to or after the El Nifm. Cross-spectral 
analysis of local wind, velocity ard sea level data is used to identify 
lccal and remote forcing of these propagating fluctuations. A ccanparison of 
the empirical and dynamic xrcdes is made to illustrate the difference in 
cmss-shelf structure during the El N%o and non-El N& periods. 'Ihe 
results of these analysis are consistent with the wave dyrmmics expected at 
theeasternbaundary. 

On the Mechanism of the m u a l  and Semiannual SST 
Fluctuation at the Eastern Equa torial Pacific 

and its Relationshir, to El N&) 
bY 

P. Lasos 
Institute Geofisico del Fenl, Apartado 3747, LiTM, Feni 

D.V. Hansen 
Atlantic Oceanogr. & Meteorolcg. Lab., 

15 Rickenbacker Causeway, Miami, F'L 33149 
J.M. Wallace 

JISAO, University of Washingbn, Seattle, WA 98195 

'Ihe pqxxe of this study is to understand the mecham 'sm 
responsible for SST and sea level fluctuations at the time &e of mnths 
to years, observed at the equatorial eastern Pacific boundary. spectral 
amlysis of SST indicates statistidly significant peaks with semiannual, 
annual an3 longer periods. We propose an explanation for the semiannual and 
annual fluctuations based on the important roles that net local heating, 
advection of heat associated with rmtely forced equatOrial waves and 
upelling play in the ocean themdyrmu 'cs of this region. 

Ihe annual cycle of SST is generally consistent in phase and 
amplitude with the net local heating cycle. However, the larger than 
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expect& SST values observed durbxj the southern hemisphere sumer are 
associated with the semiannual cycle. !the semiannual @mse structure dong 
the coast Mcxtes that its origin is related to equatorial wave dyrmnics 
in the central Pacific. fie nuxham 'sm of El N% is exarmned ' withinthis 
context. 

We have also exanumd ' the surface wird stress p r e m  at Florida 
state university, as well as the model pynocline anamaly variability 
mined by M a d  ard O'Brien, and found that they correlate well with 
SST m y  only for very low frequencies, but at high frequmies 
(semiannual and annual) they are less significant. upwelliq indices are' 
calculated and their relative importance vis-a-vis the mmte forcing 
lnedmkmisexarmned for negative m. 

Salinitv aloncr the Fenl Coast W i n s  1982-1986 

0. Moron ard N. Aliaga 
by 

Instituto del Mar del W, Apartado 22, Callao, Rxfl 

As is generally knm, the 1982-83 El Nkio prcduced quite 
remarkable salinity anmalies when conpared with previous episodes. As an 
-le, there were unusually high values of 35.2-35.7% near the Coast of 
northem Chile and scuthem W that extended north- in April-May 1982- 
83 to encaunter lm salinity waters of equatorial origin at abcut 7"s axd 
ll"S, resulting in a coastal zone along the north-centml coast 
characterized by sharp salinity gradients. 

'Ibis paper examines the salinity off the Ftmi coast fram cruise 
data (taken aboard the R/v SNP-1) starting in 1982 and emling in April+by 
1986. There will be a detailed description of salinity changes cccurrm 
ketween successive cross-shelf sections taken off cdllao, chimbote ard Rita 
to a muchurn depth of 500 m. Greater emphasis is placed on the data taken 
in the last two years. Also presented are monthly charts of sea surface 
salinity axd its ancanalies with respect to the 1929-1977 normals, and shore 
station data taken from the pier at ~ucuito (callao). 

The 1982-1983 IlEl NZo" off the Northern CCMst 
of Chile, 1981 and 1984 Oceanograp hic Conditions 

by 
N. Silva 

Instituto HidrcqrAfico de la Armada, Casilla 324, Valparaiso, Chile 
Universidad Catblica de Valparaiso, Casilla 1020, Valparaiso, Chile 

E3ased on temperature, salinity an3 dissolved oxygen data obtained 
by 5 oceanographic cruises carried on off the northern coast: of Chile, the 
1982-83 IfEl was studied. Sea surface temperature and mean sea level 
data registered at the tide gauge stations along the Chilean coast, are also 
considered in this study. 
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"le OceaTlOgraphic data m e d  that 1982-83 ItEl NiiW was observed 
It rea&& its maxinun February 1983 and 

The mDst autstandng ' physical oceanographic characteristics of the  eno omen on were the high surface tmperatures and the high surface 
salinities. In relation with the vertical structure the d- ' of the 
t h m l i n e  and the stronger south& intrusion of the equatorial 
fllbfllrface water mass, dxxacterized the 1982-83 %l N e v 1 .  

The man sea level and the sea surface temperature, &awed a 
significant positive m y .  'Ibis ananaly decreased in intensity tclward 
the south of Chile. 

to begin arcrurd Sepknkr 1982. 
d e d  by Spkmber 1983. 

The 1982-1983 El Nil70 in the Coastal Waters off 
Guerrero, W i c o  

by 
A. Gallegos 

Institute de Ciencias del Mar y Limnologia, UNAM 
-0. EtSW 70-305, MckiCo 04510 D.F., I%5.xico 

G. de La Lanza 
Inst. Biol., W, Apdo. postal 70-153, 

M&xico 04510 D.F., M6xico 
F. RamOS 

Instikrto de Ciencias del Mar y Linmologia, UNAM w. postal 70-305, M6xico 04510 D.F. -CO 

Ushq h-Mc data f m  three opportune w w c  cruiseS 
in February 1982, April 1982 an3 January 1983, ard a sea level t h e  series 
fran February 1979 to June 1985 at Acapulco, the 1982-83 El N& event was 
detected in the waters over the continental shelf and slape off G u m ,  
W c o .  The hydrqramc analysis Wcates that the local coastal waters 
(at least to 100 m depth) were displaced to the northwest and offshore by 
equatorial water masses with an almost vertically uniform th-w-haline 
s t r u e  that is (on the average) wanner and less Saline and has hi@= 
concentrations of dissolved oxygen. ?his can be clearly seen between April 
1982 arrt January 1983, during which time the thermocline and the upper limit 
of the oxygen layer (=1.0 ml/l) disappeared as a consequm of the 
displacenrent. 'ihe invasion of equatorial water masses was induces by the 
prapagation of a train of Kelvin waves, generated in the equatorial -Pacific, 
whose phase at maxirmrm amplitude passed by the Guerrero coast at the erd of 
DecenJ3er 1982. 
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Biosenic Particle Fluxes in the Euua torial =cif ic: 
Evidence for both Hiuh and Lad ProaUctivitV 

El N i k  Effects 

J. Dymnl, R. Collier and S. Roth 
college of oceanography, Oregon State University, 

Corvallis, OR 97331 

Biogenic particle fluxes as measured by sediment traps placed near 
the equator in the Bcific were at least a factor of two lawer than no& 
during the very intense 1982-83 El Ni5o Southern Oscillation went. 
fluprisiqly, the biogenic particle fluxes lueasured at a site 11"N of the 
equator during this = time period were ancmlausly high. The law 
particle fluxes at the equator are the expcted respollse of biolcgical 
pmdud.vity to El N i b  events. lhe apparent high prcductivity at the mre 
northern site seem to reflect an enhanced flaw of the North Equatorial 

(3urrent (m). Enhanced NEcc flm is associatd with a greater 
dcaning of the thermocline sufficient to bring nutrient-rich waters into the 
eqhotic zone. The El Nib effects are apparent in the ccanposition of the 
biogenic particles as well as in the flux of particles. At both sites 
periods of 1- productivity proltuce particles richer in -9, while high 
productivity periods are times of high bicgenic opal flux. 

by 

c3actrnium in corals: Reconstruction of Surface 
Ocean Fertility at Galamqcs 

by 
G.T. Shen and E.A. Boyle 

Dept. of Earth, Atmospheric and Planetary Sciences 
Mrm, Cambridge, MA 02139 

Cadmium, a trace biologically-Illediat-sa constituent of seawater, is 
aistributea analogously to the nutrients ~ 0 4  and No3. m u s e  its +2 ionic 
radius electron configuration are similar to &+, aragonitic corns 
reoord historic dissolved levels of cd in their skeletal lattice. Under 
normal c- , biological activity depresses surface nutrient and Cd 
.Cancentrations to uniformly depletea levels. A coral we have analyzed f m  
San crktobal ~sland (P. clavus), hcwever, exhibits strikixq fluctuations 
in skeletal cd over the past 35 years. Molar concentrations expressed 
relative to Ca vary froan 1.5 to 6.4 m l  ca/rool Ca. Based on a distribution 
coefficient of 1.0, these lattice concentrations translate to dissolved 
concmtmtions of 15-64 @I cd. This range coincides with dissolved cd 

included areas of tpelling. The cd record correlates very well with the 
Southern Oscillation Index and records of SST. ?his strorigly implies that 

- - along a nearby - taJard -, 
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the muse of the a variability is vertical displacement of upelled sopu13e 
waters which OC(=UTS during ENSO events. Thus, at t h  of no& upwelling, 
fertile surface waters sustain cd levels of 4Cb60 pl. Eurh sever El NSjo 
events, ther?nxlh depression of several tens of fieters is sufficient to 
depress surface Cfi concentrations to as little as 15 pl, thus starving the 
marine ecosystem. 

Exterded coral cd records from the Florida Straits and &xmda 
depict- quiescent and hdustr ially-pertwkd conditions, lend -rt to 
the reliability of this lattice-baurd tracer. mus, the patentid exists 
for detailed subannual reconstruction of historic and prehistoric ENS0 
activity. 

Effects of El Ni.k on New, Req eneratd and Tatal 
Production in Eastern Boundary w ellinq sy St€%lS 

by 
R.C. Ixlsda le, Fbnces P. Wilkerson 

Allan Hanwck Faundation, university of Southern California, 
Ics Angeles, CA 90089-0371 and 

R.T. Edlzber 
Ixlke UXiVersity Marine Iaboratory, Beaufort, NC 28516 

The inpact of El Ngo on upwelling ecosystems is expressed at the 
base of the marine food chain through drastically reduced availability of 
primary nutrients to the phytoplankton. meed availability occurs 
primarily due to a deepening of the mtricline a d  reduced flux of nutrient 
to the surface regions through upelling. The lmer nutrient concentrations 
in the euphotic zone result in changes in physiological characteristics of 
the #q&oplankton (Wilkerso n and Dugdale, this meeting) and in pqdation 

prcduction is in direct proportion to the rekction in nutrient flux 
with a consequent reduction in the flux of biogenic particles from the 
euphatic zone to the deeper layers of the ocean. Total prcduction, measured 
as the sum of nitrqen uptake or as carbon uptake, is reduced and the 
praportion of new to regenerated nitrcgen productivity declines to the low 
values characteristic of oligotrophic regions. Carbon and nitrogen flukes 
and pool sizes in the euphotic zone ecosystem are redud. changes in 
nitrogen and &n pmductivities are discussed for the El N h k  year, 1976 
and the non-El Ni50 year, 1977 at the 15"s UpJellimJ center in Fed. 
Ccrmparisons are made with conditions observed at Point Coneption, 
California, during the 1982-83 El Nii7o. 

characteristics su& as primary prcduction and starding crops. NeW 

?he 1976 El Nhk: Biological R e s m m  off Ecuador 
by 

R. J h e z  
Institute Nacional de pesca, P.O. Box 5918, Guayaquil, Ecuador 

The mOaerately Strong El N i h  event of 1976 had a clearly defined 
effect on the biological productivity of the eastern equatorial Pacific off 
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the Coast of Ecuador. Ixlring March and April 1976, warm (28°C) subtmpical 
surface water of law salinity (33.6 parts per thousand) and low pmductivity 
extended frcm the southwest to the coast of Ecuador and fram the equator to 
3"s replacing the highly productive water mnnally associated with the 
-torial Front. m e  law m o r o p h y ~  a (less than 10 mg m-2) 
concentration, a law primaq proauction (less tiin 0.2 g c m-2 day -1) a 
decrease in diatm cell numbers (18,500 cell m-3), and a low zooplankton 
bioPnass, (400 ml 1000 w3) were associated with the advection of this 
subtropical water. These values were lmer than normal and lmer than those 
in Febmary-March durirq the El Niiio week of 1975. This was specially 
noticeable in the south of Ecuador and the Gulf of Guayaquil where a value 
of 1.0 g C Tcr;! day -l was recorded in 1975 ampred with 0.1 g C w2 day -l 
in 1976. F'urthermore during El Ni.h of 1975 values of zooplankton bimass 
greater than 500 ml 1000 m 3  formed a band exbm3mg ' 180 km west of the Gulf 
of Guayaquil. North 
of the equator relatively high primary production, chlorophyll _a and 
zoqlankton, dinoflagellates particularly Gmm cdinium spp. were predominant 
which represents a -ked pertubation frm the no& diatorns predominant 
poplation associated with the Equatorial Front. Ccxnpar~ns are mde 
between El N k  of 1975, El Nifn of 1976 and the normal conditions observed 
during Sqtenbr+ctober of 1975 when the Equatorial F'mnt was fully 

Ixlring 1976 this band had an extension of only 90 km. 

develaped. 

seaso~i and interannual variations in nutrients and 
lankton alons the coast of Peni 

bY 
F.P. M v e z  

Deparbmt of Batany, lxlke University, Beaufort, NC 28516 

suggest that there is a seasonal. variation in the slope of the nutricline 
and thermxline. mirq the southern summer the thenmcline and nutricline 
flatten, due to a rise in the offshore (100-300 km) portion of the 
themxline and a slight deepening close to shore as a result of weaker 
upwelling. 'Ihis summer structure is hypothesized to be of selective 
advantage to dinoflagellates which form red tides. T h  series observations 
frcan a station 7 km offshore of paita, M show a progression from diatm 
dmhated Coprarwrities to dinoflagellate daminated camunities f m  spr- to 
surmer. The effeck of denitrification imd El N i k  are discussed around 
this seasonal model. The timing of spa- of the mjor cmmenzid fishes 
in relation to their first feeding is also discussed. 

A series of monthly sections along the coast of at 12% 
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The El Nifm Fhenmmon and the Resmmes and 
Icthymlankton off penj 

by 
H. Santaxler and 0. sandovdl 

Institub del Mar del Fer& Apartado 22, Callao, Feni 

The variability of biotic and abiotic paramters abserved duriq 
the El N~ occurrences of 1972, 1976 and 1982-83 off M are CCBopared with 
the alterations in the behavior and biological condition of the resares 
(mainly: and-ravy, - , jack mackerel and mackerel), reflected in the 
miations in the distribution and abundarzce of icthycplankton. The 

in 1973-79 and the explosive growth of the anchuvy in 1984-86 - suggests a 
strong influace of environmental conditions during the event, h t  
principally those associated with the post-El Niik recovery phase. 

alternate dCaninam=e of planktifexuus pelagic'species - the sardme 'increase 

SPatial Distribution of the Macrozoobenthos and 
Filamentous Bacteria on the Northern Continental 

Shelf off Ped d u r h  and after the 1982-83 El N i k  

H. SdLZwedel and A.Z. De Moreno 
Programs Coaperativo &.nhno-Alendn de Ihvestigacion 
R2squera, P€DO3PA-IMARPE, Apartado 22, Callao, F%ml 

L.A. Flores and E. QI. de Flores 
Instituto del Mar del Fed, Apartado 22, Callao, Peni 

by 

BicaMsses and densities of the different grc~lps of 
Macrozooknthos, as well as the bicanass of filamentous bacteria, were 
calculated on the basis of benthic q l e s  obtained at 185 stations from 
depths of 25-500 m in the area between Zorritos (03'45%) and W l a o  
(12"OO'S) in January 1983 and December 1984. Biological data were 
axrelated with OceaTlOgraphic and sediment data sampled simultaneously at 
the sam stations. Distribution patterns during and after El Niib of the , 

macrobmthos grcerps and bacteria are ccanpared with respect to bicmass and 
aenSity. 

Densities were generally higher in December 1984 than during El 
Nifm in January 1983, even though oxygen saturation values were similarly 
l m  like before El Nik. These results partially sustain observations from 
shallow Perwian waters where a favourable post-NiiiO effect cculd be 
detected until May 1984. 
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Effects of the 1982-83 ItEl Ni5oIl'on the Marine 
Fhvtodankton of the North of &ile 

bY 
S. Avaria ard P. Mukz 

Institute de Oceanolcqia, UniverSidad de Valparaiso, 
Casilla 13-D, V i b  del Mar, chile 

~e present the evolution of phytoplankton aver a period of five 
years, based on the analysis of 1243 net and water samples collected on l3 
cruises between Arks (18"29'S) and chanaral (26"20'S) and froan the mast to 
180 miles offshore. The colledion effort took place between Decaber 1980 
and Zugust 1985 as part of the ERFEN-CHIfE Programme. 

Ixlring the period prior to the Wl Nijiotl the wastal phytcplankton 
was dominated by small species of proliferant diatcsns that sustain a high 
bioanass with cell densities above 100 cells/ml within 20 miles of the coast, 
ard patches of gnater concentration within 10 miles of the coast having 
values above 1000 cells/ml. M e r  the anmalous coditions pruduced by the 
Ilm N ~ I f ,  changes were f& in the ccanposition and bicaMss of 
phytaplankton evidenoed by the noticeable decrease of cell densi.ties to 
values belaw 100 cells/ml very close to the coast, the restriction of diatcnn 
dcaninanCe to a narrow coastal zone three miles wide, and the high frequency 
of warm water diatcrrrrs and dinoflagellates in the coastal plankton. These 
corrditions subsequently reached maximum intensity in June 1983. In Declember 
1983 we encxxnrtered the keginning of the return to normality with the 
dcgninance of large diatoan species near the coast that sustained a biamass 
slightly above that registered the ItEl Nihtl. In 1985, stmrqly 
proliferant small diatcrrrrs again dcaninated along the coast with cell 
densities similar to the period prior to "El NikP, and the normal 
distributions of neuritic and oceanic phytoplankton were re-established. 
Under nonnal conditions, before and after the event, the presence of red 
tides mused by the ciliate protozoan Mesodinium rubrum was carnnon. 

S h a d  El Nh50 Coxditions B-hnce Fhvtmlankton 
Prduction in the central Gulf of California 

by 
T. R. Bauwartne r ard J.Ma. mbles-EQ&eca 

centra de Imrestigacion Cientifica y IMucacion Superior de 
Ensenada, CICESE, P.O. Box 4844, San Ysidro, CA 92073, B.C. M&ico 

several inaepfient sets of data suggest that phytoplankton 
production increaseS within the central Gulf of California durhg El N i k  
episodes. 'Ihis paper examines the hydrqramc structure and associated 
fields of suspended particle concentration to identify physical processes 
which wcruld favor increased fertilization ard productivity in near surface 
waters during El N~ ConlitionS. ?his study is based on CI'D and beam 
-ter data collected during March, 1983 and Mar&, 1984. The Gulf 
was ddnated by a Strang El Nifa influence dur- the Spr- of 1983, while 
a rnarkd decay in the El Niiio cudtions had occurred by March, 1984. 

1983 the total mass of suspended particulates in near surface water 
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within the areas of high primary prcduction reached three times that 
w e d  in 1984. ?he region of high particle concentration in 1983 was 
associatea with a wlell developed ccastal jet capos& of Gulf water flawing 
sauthward dong the eastern margin and displacing the warm, low salinity 
Tropical surface water d c h  otherwise covered the entire southern ard 
central Gulf. Wing 1984 the coastal jet was poorly develaped and high 
particle concentrations to 1983 were limited to a mch sndller 
area. These observations suggest that the strong thenmhaline contrast 
between the Trapical surface water and the Gulf water obtained during an El 
Nik, may enhance the no& circulation pattern responsible for Spring 
phytq1anktOn proauction in the central Gulf of California. 
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same pmliminarv Results from an International Multidisciplinary 
Project aimed at F&corst.ructinq Monthly T h  Series on the 

by 
D. Buly 

IntesMtional center for Living Aquatic ~esaurces 
Management (I-), Manila, Philippines 

I. Tsukayam and H. Wwar 
Instikrto del Mar del M, P.O. Box 22, Callao, &ni 

Peruvian EIXSV stem, for the Year 1953-1982 

paper presents some preliminary results of a project started 
in 1982 by the Instituto del Mar del Rnj (IMARPE), the Gexman Zqncy for 
Technical co-cpration (GIZ) and the International Mter for Living Aquatic 
Rsounes Management (ICIARM) with inputs f m  the Pacific Fisheries 
Ernrhrnnental Grcrup of NMFS, and aimed at rewristructirq monthly the series 
of factors likely to have affected the recruimt and the bi- of the 
Peruvian anchcrveta in the years 1953 to 1982. 

Some factors covered are: solar radiation, radiative, evaporative 
ard comctive heat loss, ElaMn transport, turbulence, thermclhe depth, 
sea water level, anchoveta catch and catch size, growth rate, bicnnass, egg 
production, rnrmbers of birds (3 spp.) and of seals (2 spp.), bonito bi- 
ard their -eta consumption. m e  project origins and a h ,  and selected 
tine series, are presented an3 discussed. 

limortant chans es in the Ecuadorian Pelasic Fisheries 
s h  El N k  1982-1983 

bY 
L.S. Maridueiia 

Instituto Nacional de Fesa, P.O. Box 5918, Guayawl, Ecuador 

The Emadorim pelagic fisheries 'are characterized by the presence 
of species such as the sardine , Sardinops sasax; pacific mckerel, SccPnber 
iarnnkus; rourd herring, Etrumeus teres and pacific thread herring 
Cmisth0nen-n spp. 

In 1971 the total catch amounted 42.000 metric tons and consisted 
mahly of misthorn spp. Ely 1978, tlie fleet had gruwn and yielded 550.000 
tons of fish, about 95 % of which was mackerel (& jamnicus) ard sardine 
(S* _sasax) 

Frrxn 1978 the catches maintain& a similar CcRnpOsition until IfEl 
First, the pelagic fish Nib" 1982-83, when significant champs occurred. 
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changed their n o m 1  distrhtion, and then disapared f m n  ecuadorian 
waters ( f m  Dec. 1982 to Aug. 1983, sardine ; and Marcfi to Aug. 1983, 
mackerel), since Sept. 1983 the sardme ' increased their level in the catches 
while the mackerel declined. In 1985, the total catches reached an all time 
record of about 830.000 tons. 

Finally, in the first months of 1986, the 1983 year class of 
sardine has not been observed in Ecuadorian waters, indicating a failure in 
the spwnhj during Wl NifW 1982-83. 

Interactions between the pornil ations of Anchovy and 
sardine dons the R=n3 Coast frm 1970 to the Present. 

A rerid of Great Cham es 
by 

J. Zuzunasa 
Instituto del Mar del Feni, Apartado 22, Callao, Feni 

Froan 1980 to 1986 important clmqes in the ecosyStem off the Feni 
mast have been &served, which have been manifested minly in two phases. 
Ihe early phase saw the decline in the anchovy ppulation and expansion of 
the sardme * population. The former is attributed to the drastic changes in 
the environment caused by successive El N i k  episodes in 1972-73 and 1976, 
as well as by the stmrg stress exerted on the species by fishirrg effort. 
!the latter is thought to have resulted from the optimal utilization by the 
sardine of the primary production left by the anchovy. The secon3 pazase 
involved dnnges associated with the extreme El Niik event of 1982-83, which 
brought abaut a return of the anchovy population to levels capable of 
sqporthq fisheries exploitation in 1985. . 

A wide variety of factors are identified that bear on the response 
capabilities of the amAmy and saxdine populations to W e s  in the 
physical envhment, the various trophic levels and the fishery. 

The Effects of the 1982-83 El N k  on the 
Ramductive process of the peruvian Sardine, 

SardinODs sagax 
by 

N. 
Institute del Mar del W, Apartado 22, Callao W 

As a general characteristic, the El Niik phenamenon has great 
reperr=ussions on the marine eccqstem, seriously affecting exploitable 
pelagic fish mations. ~n particular, the repmductive process of adults 
is altered, with changes in the patterns of spawnirq. 

normal conditions along the Feni ccast, the reproductive 
activity of sardines is mximm in the austral winter, conditioned by 
feeding strategy and a favorable environment. Over a period of several non- 
warm years, from 1979 thraugh 1981, the reproductive process fo~bwed 
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a normdl patter of periodic fluctuations, with a grater gonadal activity 
during the winter mths and a second peak in the sunnmr. With the 

of the El Ni50 in 1982-83 this pattern was altered - primarily in 
the sumner of 1983 - notably affecting the level of gomdal activity and 
spawniq of this species off the coasts of Feni and CHile. ~n the 
succeeding years of 1984-85, when the envhmental conditions had returned 
to n o d ,  a similar persistence in the established pattern was observed. 

Ihe iqlications of the alterations of the reprcductive process 
reflect the interaction of the biotic and abiotic factors in the -tern 
thatthe- inhabits. 

'Ihe of sardine and Variation of saw m i r p m t a l  
mctors off Baia California, W i c o  

by 
J.L. castroo., R. PacheCoC. andC.GdanezR. 

centra- ' iplinario de Ciencias Marinas, Playa el mnchalito, 
~a paz, mja California sur, W c o  

'Ihe changes in abtdame of sanlme ' off the western Qast of mja 
California, as calculated through fishing effort and relative 
m i n d  frm historic statistics for mgdalena Bay and cedros Island during 
the period 1973-1985 were analyzed through their correlation with sea 
surface kqeratures, man sea level, and upwelling indices. 

Correlation test series were made with monthly as well as annual 
avemges, prwiding for a delayed response by moving averages, ard nolltiple 
correlation with semiannual averages. 

The results show that EzLrdme ' abundance correlates inversely with 
sea surface tenperatme and mean sea level, but does not correlate with 
upwelling indices for the period considered by this shxly. 

The Wl. NiiW of 1983 was associatea with a law catch for sardine 
as well as a -e in the species composition of the cat&. 

El Fc?nr%em El N h k  Y su Influencia en 10s F&cwscs Pelasicos 
y la Pesau eria del No& de Chile (1983-1986) 

by 
C. Martinez F., C. Salazar Z., 
A. Armis R. y V. Ek%s G. 

Institub de Fcanento ksquem (IFDP) , Casilla 1287 
Santiago, Chile 

Se analizan los efectos de este  event^ clhdtico -fico 
sobre 10s prhipdles ECUXSCS pelagicos de la zona norte de chile (18"21'S- 
24"00'S), con especial Masis en 10s cambios biol6gicwpesquems 
exper- os por las dos especies fibs hportantes del pais: la sardina 
-la (- s a w )  y el jurel (Trachurus m m h y  i) . 
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~n forma sinnilthea se discute la interrelacion existente entre 
las caracteristicas del medio ambiente, de 10s rearsos y 10s volumens de 
captura; con el p-ito de e n m a r  el estado actual y PerSpectiMs de la 
pesqueriacerquera. 

Con esta finalidad se describe brevemnte la serie histcjrica de la 
Pesqueria, desde 1973 (ak en que &ta empieza a cambiar, inici&dose el 
crecimiento de las capturas de SardlM W o l a )  hasta 1982, para analizar 
en detalle las fuertes anwudlias en 1983 y sus efectos en la 
pequeria ejercida hasta judo de 1986. 

La hvestigacion biol6gica-pesquera se basa principalmente en el 
dkis de las mpturas cerquems, entregMose lcs resultadcs de la 
distrhcion geografica, ccanpcsicion por tamah, estructura de edad, 
crecimiento, aspectOS repmductivos y el cmportamiento de la absudancia y 
del reclutamiento a la pesqerta, a trav& de estudios de dirdmica 
poblacional del stock. 

Biolosical effects of the 1982-83 El NZo off Ores on 
and Washhxrton, U.S.A. 

by 

college of oceanography, Oregon State University, 
Condlis, OR 97321 

W.G. 

The 1982-83 El N i h  was associated with sam major biological 
changes in the ocean off Oregon and Washington, U.S.A. The most dramatic 
impact was the high mortality and small size of retuxning adult coho salmn. 
Purse seining d e s  during 1979-85 shod that juvenile salmn had luw 
abu&mxs and abmn'd distributions in 1983. Major shifts oaxrred in the 
relative abmdame of other pelagic fishes, and Pacific and jack mackerel 
P- ' ted catches in 1983 and 1984. Rare ard unusual fishes frcnn 
southern waters also a w  in 1983. Abundances of lamal fishes were 
also different. nese changes are related to ocean conditions and rechrced 
upwelling of nutrient-rich waters during 1983. 

IrroMct of El N i k  1982-1983 on the Cmmercially 
Exploited Invertebrates (Mariscos) 

of the Peruvian shore 
by 

w. G t z  
Alfred-wecrener-Institut fur polar und Meeresfomv, 

Co1;msxlsstrasse s/n, 2850 Bremerhaven, F'RG 
E. Valdivia and J. Zeballos 

Institub del Mar del Fezxi, Apartado 22, cdllao, W 

El Nkio (EN) 1982-1983 was stroqer than its predecessors and had 
marked effects on the l~mariscosll (shellfish, etc.) of the central peruvian 
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coast. mese effects occurred during and after EN and both on beaches 
and LDcky shores. They were even visible - althmgh to a lesser degree on 
deeper sea floors. The envhrnwntal changes affected the fauna in various 
ways: many species suffered mass mortalities (crabs, nrarry mllusks, sea 
urchins), sane ltesponded with a local increase not pmiously recorded 
(scallop, octopus, purple snail) or with an extension of their distribution 
related to the palxilation proliferations (shrimps, rcck lckster, swirmning 
crabs, g?osene& barnacles). Saane of the effects persisted up to 1986 or 

reg- only after EN (e.g., immigration of lax dovii and 
papulation develqmnt of Pollicires el- ), but as a consequence of the 
changes during the phenoauenon. Generally, the system recovered rapidly, 
documenting a great resilience, and the total balance was rather favorable 
for the fishemen although there were clear disadvantages for the people 
fishing from the shore. 

The situation of the shell fish on the central coast of &.ni was 
traced by regular observations during EN ard occasional visits afterwards. 
Landirrgs are studied using the statistics of the landing sites of the port 
of P h  (14's) and all the Perwian coast. 

m e s  in ovster Cordition Index with ENSO Wen- at 
46"N in an Eastern Pacific Bav 

by 
A. Schoener 

28626 NE cherry Valley €43. Wall, WA 98019 
D.F. Tufts 

Willapa shellfish Laboratory, P.0. Box 190, 
Ocean Park, WA 98640 

The amount of oyster meat per shell has been calculated on a 
monthly basis for the cammercially gram Japanese oyster (crassostsea si-) 
in Willapa Bay, washington, an unpolluted coastal embayment. m i n g  the 
nearly three decades during which consistent measmmnts have been taken, 
two mjor ENS0 events (1957-58 and 1982-83) were detected at this latitude, 
based on haeases in sea-level height and sea-surface temperature. 

The oyster *t~ndition ~ndextt, a measure of oyster meat quality, is 
examined in detail here. Decreased values were observed shortly after the 
1957-58 event, although a general decline kegan earlier. Extreme reductions 
were masurd in 1983. grcx~ers in the Bay had to 
hamest considerably more shells to obtain the same total meat weight as in 
usual years. At one of our two stations the Index values rebcunded to 
prwiaus levels after the 1982-83 event terrmM ' ted; at a secod station, 
closer to river runoff, these values kegan a rise but then dropped 
precipitcusly. Interpretation of conaitions Index, and its relation to ENSO 
events, m y  require further knuwledge of ecological factors. 

This meant that oyster 
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Modelo de Stock - Reclutamiento de la mblacion de Saqax, 
m i c a  (Girardl de la Zona Norte de Chile. Efectos del N i k  en la 
pmduczion anual de huevos Y tasas de mrtalidad de 10s  re-reclutas 

P. Barria M. 
Iaboratorio de Hidrologia, Departamento de Ecologia, Facultad de 

Ciencias, Universidad de chile, Las Palmems 3425, 
Gdlla 653, Santiago, Chile 

by 

El prablema del reclutamienta en- pesquerias pelzigicas, sigue 
s i d o  el term central para ccanprender las fluctuaciones de abumbncia que 
ex€?=- 10s clupeoideos. 

Se presentan resultadcs de un modelo estructuml de stock- 
reclutamiento para peces pelagicos, el cual utiliza dabs  sob^ abunhncia 
de la pblacion de SardlM espiola de chile, entre 1974 y 1985. Se analiza 
el signifiado biol6gico de sus par&netros y el impact0 de El N h  (1975- 
76; y 1982-83), en relacion a la production anual de huevcs y tasas de 
mrtalidad de 10s prerreclutas. Se interpretan las tendendas d w f i c a s  
con reqecta a niveles te6ricos de equilibria. 
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SESSION VI11 

Distribertianal and l3moqraW ic chanc~ es in Pinirlds 
Caused bv the El N k  Fhenmenon between 
21's and 23's alonq the Coast of chile 

by 
C.G. G u m  C., G.E. Fortflitt K. ard G.S. LUM J. 

Instituto de Investigaciones Oceanologicas, Universidad 
de Antofagasta, Casilla 1240, Antofagasta, Chile 

Of the pinipeds that inhabit the coasts of the southeast Pacific, 
only otaria flavescens had been faurri in the north of Chile prior to the 

mths prior to the advent of the El Nfio phenammn (EHP) in the study 
area, the author discuvered a specimen of Arctocerhalus australis at 
latitude 23'055 (Torres, et.al., 1983; Guerra and Tbrres, 1983, 1986). 
lxlring an3 folluwhq the EN?, the densiw of this species hmeased and its 
distribution with respect to 0. flavescens was modified. 

1982-83 E3 N f i  episode (Aguayo ard MaturaM, 1973). In February 1982, 

m roan 1979 to 1986 the ahm%nce, distribution, repmduction and 
behavior of 0. flavescens were recorded at a sea lion refuge (23'18's) that 
harhred an average of 3,500 individuals. Annual c.mmses wen? taken of 0. 
flavescens and A. australis frcan 1983 to 1986 and between 21"s and 23'18's. 

In the present study we analyze the effects of the thennal changes 
on a typical mlony of 0. flavescens, the distributional and demgnphic 
changes in this species along 200 km of coast, the establishment of A. 
australis, and aspects relevant to the interaction between the two species. 

Photographs, maps and figures are presented for the spatial ard 
tempral. analysis of these pllenc#=M. 

The Effects of the 1982-83 ItEl NiiW on the 
porxllations of Hmboldt Perm ins in Chile 

by 
B. Araya 

Instituto de Oceanologia, Universidad de 
Valparah, Casilla 13-D, Vhia del Mar, Chile 

The Hmboldt Perrguin, s13heniscus humboldti, is an arkmic bird of 
the lhmhldt W t  that nests between punts Aguja (5'47's) in peni (Hay, 
1983) and Funihuil Island (41'55's) in Chile (IXlffy, 1985) . Since mre than 
a century ago, whm guano - nest% material for the penguins - began to be 
exploited intensively, their population has been declining, but never to 
such low levels as at present. is primarily because comercial 
fisheries have ccanpeted strongly for their principal sustenance, the 
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anchoveta (Enma ulis rinsens) and sardine (sarzlincms saw). on top of this 
we rmst add the sporadic occ=urrence of "El Nfift, fmm which it sears 
difficult that the birds, already affected by the destruction of their 
habitat aril reduction of their food source, can recaver. 

Frcan a census carried out by the author between Aria and 
Valparak in 1980-81 (Araya, 1983), the penguin population in Chile was 
calculated at 10,000 birds, mst of them at Pan de Azucar Island (26"09'S), 
where they mmbered about 6,000. In 1984, following the of the 
Wl NiiW, another casus was taken at the same sites, to ~ c h  two 
previously uncensured colonies were added. At Pan de Azucar Island the 
poplation had declined to sme 200 birds, a decrease of 96.7 %. 
FortuMt;ely, the m a t i o n  at Pajaro NZo Islet, previously numbering only 
400 birds, has hcmas&i to 2,000 in 1985, following the construction in 
1981 of a bredwater connecting the islet to the mainlard. The effect of 
the El Niib was I[IDst severe in the northern sector of its distribution. 

parxilation Levels of Guano Birds before ard after 
the El N h  Phenomenon of 1982-1983 

H. Tuvar, V. mill& and D. Cabrera 
by 

Institute del Mar del m, Apartado 22, callao, Feni 

?he three species of guano birds - guaney (ph, bawa invilli) , 
body ( m a  varieuata) and pelican (Felecanus thaaus) - deped m h l y  on the 
anchovy ( m u l i s  ringens) for sustenance. The natural limiting factor on 
these bhls is the oceanqnphic phenmon knmn as ItEl Niiioft. Wlt the 
intervention of man through the industrialization of the anchcnry fishery in 
the decades of the 60's and 70'5, extracting huge volumes of annual cat&es, 
diminished the availability food for guano birds, causing large fluctuations 
on the pcpxilations and considerable changes in the species ccarrposition. The 
1982-83 El Nik, thrmgh its greater intensity and duration, caused a high 
mrtality of guano birds, depress- the populations to nearly critical 
levels fram which they still have not recovered. Data fram the graphic 
censuses of 1985 indicate that the population levels continue to be low. 

Fur Seal Foraclins Behaviour aUrh El N i h  
by 

P. Majluf 
Large Animal Research Group, Dept. of Zoology, U. of Cambridge, U.K., 

M. Goebel 
Nat. Kxrine Mammal Laboratory, N.W.A.F.C, Seattle, WA. 

The sauth American fur -1 (Arctocer>halus australis) is a 
mctumal predator whose diet consists almost entirely of epi- and meso- 
pelagic small schooling fish. m i n g  El NZo (EN) years, these fish which 
under normal conditions migrate to the surface at night, limit their 
m o ~ ~ t s  to deeper waters, becoming less available to the seals. 'Ib 
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eXamine haw these changes in prey availability affect the seals foraging 
behaviour, The Depth F&corders were deploy& on f e e  fur sedls at Pta. 
San Juan, Feni (15'22's) in Jan. 1983 during l3I (l), in Dec. 1984 (1) and 
Dec. 1985 (2). In all fcur records, the -1s duve mainly at night making 
the deepest dives around dusk anl dawn and ShdLlawer dives thruughout the 
night, folluwimg the patterns of vertical migrations of their prey. NEUI 
dive depth in the EN record was significantly deeper (44 m vs. 21, 23 and 29 
m). 'Ibis increase in dive effort was also reflected in dnnges in the 
durations of foragimg trips: during EN f&es spent mre time at sea 
foraging (4.5 vs. 3 days). lhus, in years of redud prey availability 
feTnale fur seals spad mn? time and e n q  foraging. Ixlring the 1983 EN, 
this jmxease in foraging effort apparently did not incrreaSe foraging 
success: most animals wem severely emaciated and a high praportion of the 
pup ard juvenile poplation starved to death as their mothers were nut able 
to pmvide enough food. 

Feedh of the Brvde Whale d u r h  the IIEl N ~ "  
by 

P. Ramirez 
. Instituto del Mar del Feni, Apartado 22, Callao, Feni 

This paper analyses the feeding of the Elryde whale, &laexatem 
brvdei (Olson) = B. edeni Arderson, in the northern zone of RnI during the 
El N- eventS of 1976 and 1982-83. The year 1976 is considered to have 
b e a  a weak El Nik, 1981 a normal year and 1982-83 the mst intense El N i b  
of this century. The whale exhibited two feeding mdes. In the %ceanicvl 
rmde W e  whale feeds on vincisuerria lucetia ard ~ardinops saqax sagax urder 
mrml thermal conditions, h t  on less vicicmerria and more sardinxs during 
nearly normal and abnormal thermal conditions, in the latter case with a 
greater variety in stomach contents and a considerable hcrease of 
eqhausids. In the %eriticI1 M e ,  the whale feeds on sardinopx sagax sagax 
and mchunls xnurchv i &er no& thermal Conditions, and to a greater 
exterrt on Trachurus lnllmhv i urder abnoml codtions. Under no& the& 
conditions these was a good availability of food, but d e r  &no& 
conditions the food sursply decreased, with a consequent inrreaSe in the 
percerrtage of empty StoBMChs. 

The Socio-EconcRnic Effects of the 1982-83 El N& 
phenamenon on the Principal Fisheries of Feni: 

An Essay on Ccrmp rehensive Evaluation 
by 

M. Flores P. 
Instituto del Mar del Peni, Apartado 22, Callao, Feni 

Of the total darrage calculated for Peni of the order of 1,544.6 
million U.S. Dollars (6, the estimated effect of the 1982-83 El N i k  on the 
fishing sectoz' alone was 105.9 M$, amprised of 99.5 in mth loss and 6.4 
Ms in damages to infrastructure ard ships. The official PERU/=AL 
statistics, huwever, do not reflect the favourable economic value, estimated 
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at over 50 a, of benefits to important fisheries such as shrimp 
(xi*- naeus riveti - % x m m n  titi") and scallop (Arsooecten txmxratus) 
that virtually %xplcdedt1 in their levels of -, distrihtion axxi 
bimass density, resulting in u n h m  of increaseS in activities, catch 
volume, profits and social benefits, among others. 

?he a h  of this paper is to damnstrate to mtional planners, to 
tors of the fisheries SectOr and to institutions of scientific and adnumstm 

technological in general (R & D) the importance that the 1982-83 
episode had in the fisheries sector and the need to continue the 
identification, recording, analysis and classification of its effects on the 
principal activities. I finalize by ' lines of investigation. 
'Ihe preview of activities, institutional restructuring and the developrent 
of technologies, principally for extraction and other concumat aspects. 
All of these are necessary in oxder to procure improves responses to future 
occurrences of the @xmcmnon, with projects that optimize the cost benefit- 
wrtunity equation, i.e., minimizing the damages or negative effects while 
maximizing the benefits. 

. .  

L;ocumentation of e-Mamitude El N i h  
Events usim Mollusks from coastal 

Archaeolosical Sites 
bY 

H. B. Rollh 
Dept. of Geology, university of Pittsburgh, Pittsburgh PA 15260 

D.H. Sandweiss 
Dept. of Anthmplcgy, Come11 University, Itbaca, N.Y. 14853 

J.C. R d l h  
Unhe.rsity of Pittsbuqh, Pittsburgh, PA 15260 

Elevated SST during the 1982-83 El Nik affected the grcrwth ard 
distrihtion of bivalve mollusks along coastal peni and affords a baseline 
for recapition of prior El N i k  events using mollusks obtained fmm shell 
middens. Usable criteria include analyses of (1) valve margin profiles, (2) 
stable isatope ratios alorrg shell profiles, (3) transgressive crossed- 
lamellar shell micmstru- and (4) latitudinal displacement of stenatapic 
taxa. 

StatigraMcally controlled and C-14 dated molluscan shell 
collections are available f m  numerous south American coastal lxalities, 
spnnhg the last 10,000 years. 'Ihe d e x n  El N i k  phencmmon possibly 
originates abaut 5000 years B.P. following the emplacement of the Peruvian 
Current and concanitant cold-water faunal province. All 3axlwn pre-5000 year 
B.P. shell middens north of 9' south latitude contain wann-water (PaMrm 'c) 
faunal associations. 
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Fossil Evidence for an Early PleLstcene Orisin of 
El Nijio off Fed 

by 
T.J. DeVries 

college of -my, Oregon State University, 
corvallis, Oregon 97331 

The 1982-83 El N i k  caused the mass mortality of mollusks along 
the coasts of ard Chile, including such archetypes of the m i a n  
m i n c e  as Aula- ater, Gari solida, Mesdesma donacium, axxl Concholew 
ConchOleRas . These ard other cold-water mollusks (Chorcmt ilus chorus, 
~1ymeri.s ovata, Diplodonta inammicua, p r i m  scdbpa, and crassilabnnn 
crassilabrum) are fourd, often in great aburylance, in Pliocene aril early 
Pleistocene sdimntary deposits of northwestem W. Marry lived as far 
north as 4'10's for at least several hundred t h m  years, surviving in 
themrxlmhl ' e a major extinction ewmt in the late Pliocene related to the 
tectonic destruction of unique ccastal habitats. Yet, these same hardy 
mllusks had r e t m a ~  soutklward by 102-103 km before the late Pleistocene. 
Their disappearance fram equatorial latitudes probably ha 

latituks - because 24"-26'C water which characterizes El Nifm arJpeared 
alorq the Coast. ?he reprductive success during El Nifm of mollusks with 
trapid ancestry (mmecten mmuratus, %is Chocolata), knmm in cool 
mid-latitude waters of westexn South Amrica only since the early 
Pleistocene , may fairly reflect their introduction f m  the trapics when the 
El Nifm mena'emn was initiated. 

reason that the same taxa are now decifiated evezy d - 1  v years for at the higher - 
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RxTER SESSIONS 

A General Circulation Model Irwestisation of the 
eric nse to El Ni50 

by 
J. Oribe Rocha de Araqao 

Departamento de Ciencias AtnrOsf&icas, Universidade Federal 
de Paraiba, AV. Aprigio Velloso 882, Bedoco~o 58100; 

Campina Grande, Pb-BraSil 

!the a m e r i c  response to sea surface taperature amsndlies 
associated with El N i b  episodes is sindated with the use of the NCAR 
general circulation d e l .  The model features the annual march of both 
insolation and sea surface -We. 

The model's tropical response is similar to the anmalous features 
which have been fomd in previous observational s u e s .  For example, the 
uper level anticyclone pair in the central Pacific is present for almst 
all mnths. An anamalous Waller Circulation is fourd in the verticdL plane 
along the equatorial region. Rainfall departures f m  the long-tem mean 
are f& elsewfrere in the entire equatorial belt. 

\ 

A Pacificfiorth American (PNA) pattern is present during the 
boreal winter, but the ancsnalaus features associated with this pttem are 
weaker than those simulated by Blclanon et al. (1983) in their perpetual- 
January expriment, and the features are not all statistically significant. 
There is indication of a Pacific/South American pattern in the austral 
winter but the anamlous features associated with it are not all 
significant. There is large variability in the model's response on a mnth 
to mnth basis. 'ibis appears to be a result of the substantial variability 
in the anoandLaus forcing. 

El Nifk and Indian flmrmer Monsoon Rainfall: 
Statistical Relationship 

bY 
B. ParthaSarathy and N.A. Son- 

Indian Institute of Tropical Meteorology, 
pune - 411005, I d a  

The Asian s~naner mnsoon which is the basic mnifestation of the 
influence of the seasonal heat- and cooling over Asiatic lard mass 
constitutes an important ehnmt of the global a w e r i c  ami oceanic 
circulation. The Indian surmmx monsoon (June to September) gives 70 to 90% 
of annual rahfall over xy36t parts and is described as the life and soul of 
the ccuntxy. ?he climatic fluctuation like ENSO is most important for 
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prediction purposes because of its global nature, strong signal, interamml 
time Scale ard inherent lag relationships. A detailed statistical 
ammination has been made between the El Niib events ard Indian summer 
mnsoon rainfall for the period 1871 to 1980. 

Ixlrhg the stmng/mderate El Niiio events the Indian mnscon 
ninfall is abcut 11% belw normal and this is statistically (student’s t- 
test) significant at o. 1% level. ?he Correlation coefficients (E) between 
the tm series (1871-1980) is -0.33 which is highly significant. Many 
scierrtists have sham that the Sea Surface Tempratum (Ssr- variability at 
Puerto chicama, Coast for April-y mnths represents the El N i k  
events, the SST rise will be 3°C or mre fm n  m&. The detailed 
examination of Puerto chicama SST and Indian monsoon rainfall for the period 
1925-80 indicates that they are highly correlated (CC for May SST is -0.5) 
and this information can be used to forecast Inctian mollsoon rainfall. The 
regression equation developed for the years 1925-80 is y = 128.3-2.42~ where 
y is Indian mnsoon rainfall and x is May SST of Puerto Chicarna. 
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Sea Surface W m x a  ture and Law-level PreciDitable Water in the 
m i c a 1  Pacific 

by 
E.J. Steiner and S.J.S. Khalsa 

cooperative Institute for Research in Enviromtal Sciences, 
Univ. of cOlorado/NoAA, Boulder, 03 80309 

One impOrtant parameter that has often been neglected in studies 
of El Niiio-Scuthm Oscillation (ENSO) events is the lower tropospheric 
humidity in the bmpics. Yet law-level moisture is a crucial link in the 
supposed connection between warm sea surface tenpemture~ (SST~S) and 
intense convection. 

Lhta frm the !ITR€S-N Operational Vertical scunder (m) on board 
the NQAA series of polar orbiting satellites has been used to lw- 
level precipitable water (U) in the Pacific. ?he IDVS instruments give 
vertical sumdings of temperature ard moisture on an approximately 6-h-i~ 
basis and 250 )a horizontal resolution Spanning the globe. Earlier studies 
have demonstrated the suitability of 'IDVS data for clhatolqical -. 
We have cordensed LTJW data in the 1000-700 mb layer into easily accessible 
5' x 5' resolution, daily grids. 

Monthly time-latitude diagrams of L;Lpw in the eastern Pacific and 
time longitude diagram in the equatorial Pacific will be sham for the 
period Octcber 1981-Decmber 1985. Anmalies of LLPW during the 1982-83 
ENSO will be ccgnputed relative to the four years of the data set. Monthly 
SST anoandLies will be capred with L;Lpw anamlies to study the presumed 
link between warm SST's and high humidity. 'Ihis canrparison will shed light 
on the mechanisrrs by which abwe n o m  SSWS can modify the lmer 
troposphere during ENS0 events. 

Innqitudinal variations in ~rop ical Tr~mmuse Prcvert ies 
in Relation to ~ n m  ical convection and ENSO Events 

by 
K.S. Gaqe and G.C. Reid 

National Oceanic and Atmspheric Administration, Aeronomy Lab. 
325 EWcadway, Boulder, 03 80309 

'Ihis paper focuses on the longitudinal variations in tropapause 
properties evident in the historical record of tropical Pacific radiosonde 
data. Over 30 years of radicsorde tmperature scurdmg s fram tropical 
Pacific stations (F~nape, Yap, Guam, Majuro, W m r ,  Kkajalein, Eniwetok, and 
Truk) have been analyzed to yield tropopause height and trapopause potential 
txnperatu~ show a clear year-to-year variation in response to changes in 
trupical corrvection associated with ENSO events. III particular, the 
trapapause potential tenperatwe appears to be very sensitive to the 
lmgitude of major convective activity. AS the loc-3~~ of mnvective activity 
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m e s  eastward during an El NZo there is a concurrent change in the 
loqitudinal gradierrt of trupopause potential temperatUre. For example, 
dur- an El NEm the trcpopause potential tt?mperature is systematically 
warmer at mror as ccmpared to Majuro as is clearly illustrated in the 1972- 
1983 and 1982-1983 ENS0 even-. This is the reverse of the normal 
trupopause potential temprature difference betwem these tm stations. 
~urthernrore, the difference in the -use putential tmprature between 
these t m  stations forms an ENSO inaex with in- variations well 
correlated with the conventional ENSO M e x  formed by the Tahiti--in 
Surface pressure. 
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MEI'EDROIfZICAL ASPECZS OF EL NRKl- SCUIHERN OSCILLATION 
IN THE SE TROPICAL PACIFIC AND SCWIH AMERICA 

Cold F'ront Di-: A Way of Monitorinq 
the "El NiiioIl phencrmenon 

G.O. Obrecfon P. 
Servicio Nacional de Meteorolcgia e Hidrologia, 

-0 1308, Lima, M 

by 

A way of mnitorhg "El Nh50~~ on a synoptic Scale is proposed by 
folluwing the cold front dis- that arrive at the Peruvian jungle, 
because these - de@ on the South Pacific anticyclone for their 
progression on the eastern side of the Andes ridges. 

synoptic surface meteorologic information recorded dong the 
Perwian mmtain-ridge and jungle from June to September since 1980 is 
analyzed. Frcsn the results obtained, one can say that in 1982 a very 
different behaviour from other years was recozded, and very different 
spatid-tenporal patterns of precipitation were recorded in the mountains 
ard jungle of Feni during the hasion of cold fronts. In this was a 
m i c  scale signd. of the anmlaus behaviour of the atmspheric 
circulation associated with the 82-83 "El NZoII has been found. Results of 
transverse sections of zonal winds aloq the ~ian-U-rilean coast will 
also be shown for the same period. 

Analysis of the Fields of Tatwe rature and Winds 
Offshore of and Alonu the west coast of South America 

by 
C. Medina Z. and J.A. Lam R. 

Direccion de Kidrografia y Navegacion de la Marina, 
Apartado Fastal. 80, Callao, Fenl 

The coast ard sea of Feni is particularly sensitive to extreme 
events such as El N& and its antithesis. This study holves a spatial 
and temporal analysis of the fields of air and water temperature and wirds 
s h  the 1982-1983 El N f i  until July 1986, with data from research and 
merchant vessels, islands and coastal stations. We also include data from 
1972 to the present, for which we compare various periods in which there 
occurr& El N i k  anl anti-N~o events. We also call attention to the 
behavicur of the atmosphere f m  Calla0 to 200 miles offshore. 
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Analysis of a Meridional Vertical Section of the 
A m  ere alom the West Coat of south America 

by 
V. Qlle M. and C. del Carmen 

Direccion de Kidrografia y Navegacion de la Marina, 
pgartado postal 80, Callao, Peni 

The El N i k  phencmnon that influences the west coast of south 
America is a regional response to changes in the a m e r i c  circulation on 
a global scale. The study of the phenmenon leads us to evaluate the 
position and intensity of the zonal and meridional circulation in a 
meridional section using monthly averaged scurdiqs for 1980 to 1985 at 
established radiosonde stations along the west coast of SOU- Amrim: 
calla0 (m), Antofagasta, Quintero, Puerto Montt and Pun- ABXES (Chile). 
Finally, considering the work of Berlage (1966), who sqgested that a 
W- ' of the W Current is associated with the low phase of the 
southem oscillation (lmer pressures in the southeast Pacific, higher 
pressures over Irdonesia), we will shm h m  these anomalies are manifested 
by a deceleration of the general circulation of the ocean and atmosphere in 
the southern region of the Pacific Ocean. ?E a consequence, the 
auTent is weakened ard the relatively warm water of the south Equatorid 
caunterrurrent invade the Feni coast. 

precipitation Mechanisms in the perwian Territory 

andinthesubsecru ent Rainy &riods 
bY 

L. Alfam and E. Jahnes 
Semicio Nacional de Meteomlogia e Hidrolcgia, 

Apartado 1308, Lima, per\i 

a U r h  the 1982-83 ItEl NfioII phenamenon and 

Frcnn the analysis of the satellite and R~JS information as well as 
the precipitation data in the m i a n  territory, it is inferred that there 
are basic and typical configurations that show persistent regional patterns 
dictated by topogramc contours. 

In this paper we try to associate the circulation patterns and the 
role that the cordillera plays d e r  two different toposraphic conlitions, 
during the 1982-83 El Nfi phenamenon and during the 1984-85 and 1985-86 
rainy periods. It seem that the interaction between the subtropical Jet 
and AI-&S c~rdillera plays an important role in the Teleconnections 
associated with El Nijio. 
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(3rosssPectra 1 Amlvsis of Data f m  Northern Feni 
by 

J. Saavedra and R. Mugica 
Facultad de Ingenieria, Universidad de Piura, 

In this study we are trying to determine the relationships 
between analogous meteomlogicdl variables at two geograFhical points in an 
area subject to the same influences. m e  study is based on the calculation 
of the correlation function between two randam functions, making use of the 
fast Fourier transform (F'FT). In the main, we are correlathg the points 
Tahiti--in and Talara-Khiclayo with pressures and sea surface 
tapera-. It is hoped that a certain phase will result, with 
TalaraKhiclayo lagging, and thus knuw beforehand that the ~l ~iiio 
ph€sxamonisImmulerrt. . .  

Oonietura sob- Sincronia en alqunos de 10s MuvMentos 
Planetarics m e  causan Variaciones en el Clima m i a l  

by 
G. Fonseca Trucnre 

D-ion Maritima y mrtuaria, DIMAR, 
Apartado A&eo 20294, Eqoti, Colambia 

Ad& de 10s mwinrientcs fundamentales de nuestm planeta tierra, 
existen otros que cbedecen a influemias m y  variadas originadas en el mism 
planeta o en hteracciones con 10s den& cuerpos del siStema solar. EStos 
mvMentos de precesion del eje de rotacion de la tierra tienen periodos, 
magnitudes y cmportamientos my variados. -Al representar estos mwim..ientc~ 
dentm de un modelo gecmitrico se pueden encon- sincronizaciones y 
sumatorias significativas que afectan la declhcion solar mmbiando la 
insolacion h i d m  en 10s hdsferios. 

Si al cuestionar la w r i a  Milankovitch sabre glaciaciones se 
acepta este d e l 0  gdtrico, obtenems una dlternativa aclaratoria sobre 
las variaciones del c l h  que producen las nrodificaciones en el 
caqortamienta de las grandes corrientes oc&nicas y p r  ende el Fendanen0 Ilm NmII. 

Hidmlosia del Fen&neno El N%io en el 
bY 

L. Brea-mik 
Kidrologia, SENAMHI-PERW, AV. Rep. de Chile, No 295, Feni 

De- ' un plan de accion y una base n&odol&gica prelhhmr 
(camin), que m t a  evaluar y deterrmnar ' las repemusiones hidml6gicas del 
fenheno en el peni, M e n t e s  a prevenir y minimizar sus efectos negativos 
principalmente, asi CQB~Y) iniciar una investigacion hidmlwica en el 
mntinente s&re el ferkmno "El NiiioII. 
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El fendarvtno m&eorol6gico IfEl Niiiol1, tiene sus consecuencias de 
mayor influencia en el turbit0 mrino causando variaciones nary significativas 
en su eoologia e hidrol6gica en el continente en sus cuencas, mediante 
eventos extrams cam inurdaciones y sequias, asi anm en otras Artas a b  
desconocidas. 

Al respecto, 10s paises de la region akladammte han v d d o  
e v a l m o  sus consecxlencias sin patroraes hidml6gicos amunes que permitan 

las camcteristicas del fen6m.m a five1 macro. 

In noticia o a v h  sabre la ocurrencia de un fenhmo I I E l  NiiW, 
m a  poco &il si no es capk.rrentada con informacion de estudios que 
precisan sus consec=uencias y su variabilidad e intensidad en el espacio y en 
el tienp. 

El logm de este objetivo estZi condiciomdo por la ausencia de 
evaluaciones hidrol6gicas del fendaTleno a travk de su historia. 

El !XNHAMI, y su Direction de Hidrologia ha avanzado al respect0 y 
evaluado en su zona continental 10s parZimetrOs, casll~ temperatura, 
precipitacih y escorrentia superficial (Zonas NoroeSte y Sua-). Para 
tal fin analizo cerca de doscientas (200) estaciones hidrol6gicas e 
hidrm&eorol6gicasf logrando mcterizar y cmparar 10s cuatro 
1 1 ~ 1 1  son: 64-65, 71-72, 72-73 y 82-83, mediante el ardlisis de 
valores horarios, luensuales y anuales de c/u de ellos. 

El estudio ha pennitid0 entre otros aspectoS, definir su &ea de 
influencia, zonas afedadas, intensidad, etc. asi am la sensibilidad de 
10s pa%m&ms hidml6gicos frente al evento. Igualmmte oonsiderams que 
la red de estaciones vincula& a la vigilancia meteoml6gica y la red 
climato16gicaf encorrtraran ' en la red hidrol6gica e hi~teorol6gica un 
apayo significative que ccarrplmmte la informacion sobre el fenheno, dado 
al aspect0 hidrol6gico en las c u m  y en especial en cuencas que 610 
poseen informacion hidmn6trica, las cuales destacan p r  su funcion 
integradora. 

Finalmente considerams que el Etudio Hidrol6gico Regional del 
Fenheno "El NifW, ensambl& fuertemnte el aspectm Meteoml6gico (CAUSA) 
e Hidrol6gico (EFECID) del evento. 
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&mariscm of Inverbid Echo Sounder and -rh 'c Data 

by 
in the Galamcm Islands mion durins the 1982-83 El Niiio 

S. Chiswell, D. Randolph Watts, M. W h h s h  
and J.L. Santos 

Graduate School of oceanography, Univ. of Rhode Islard, 
Narragansett, R.I. 02882 

Inverted echo sounders (IES) were successfully deployed in the 
eastern equatorial hcific along 85"W and 95'W f r m  November to May 1984. 

The IES mrzswes round-trip acoustic travel time frcan the sea 
floor to the sea surface, and because the speed of SaUIyl deperds on density, 
travel t h  generally correlates well with dynamic height m y .  "he IES 
deplqment coincided with the 1982-83 El Niiio and so provided an prtunity 
to study the dynamic height field of the region during this event. 

data is correlated with the results of a set of CID and XEKC 
casts in order to establish the usefulness and proper interpretation of IES 
meafllrements in the equatorial pacific. 

Eh-avezas de Mar alow the Feni Coast 
in relation to El Nh70 

by 
J. Ouisue, W. m n a ,  E. figuel and J. Suarez 

Direction de Hidrografia y Naveggacion de la Marina, 
Apartado 80, Qllao, €kni 

A term as frequent and typical as Wl N f i  Currentv1 is "bravezas 
del mart1 (storm surf), both tenus being used by our fishing ancestors and 
described as well by M l d t .  We have quantified the occurre~lce and 
duration of the llbravezasll phenamnon along our coast on the basis of analog 
water level infomation at ports fram 1955 to 1986. ~rcxn this we extract ac 
comparative analysis for the llBravezaslt of duration, arrival time, soume, 
swell period, etc. It is noteworthy that in normal years the oocurrence of 
lfbravezasll is mre frequent fran May to September, with ism to four days 
duration in the mnth of ocumeme. On the other hard, in WI..NiW1 years 
these tlbravezasvl also occur in December or the mnths of Januaxy to March. 
In 1972 and 1983 there were tlbravezasll throughout the year, occurring With 
greater frequency and with durations of six to eight days. 
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Dailv Uuw ellins and 'IWbulence Indices off the 
m i a n  coast at Callao and Truiillo durirw the 

period 1953-1983 
by 

J. Mendo and S. Castillo 
prograrna Cooperative PenianO-Aleman de Investigacion 

pesquera, Apartado 22, Callao, peni 
L. Pizarro 

Institub del Mar del Peni, psartado 22, Callao, peni 

mily upellixq and turbulence indices have beem calculated for 
the period 1953-1983 us- hourly wind data r e g i s  by CORPAC (Fwuvian 
Civil Aviation Corporation) at their stations in Callao (12'00'S) ard 
Trujillo (08'06's). ?he coastal upelling index is based on the offshore 

)cman surface wind transport (Bdam, 1975). 
assumed to be proportional to the cube of the 
ani Kraus (1977). 

The monthly variations during n o m 1  

The turbula-ce indices are 
wind intensity as in Muller 

years and the effect of the 

Anomalies of Coastal Temperature and Sea Level along 
the Chilean Coast durirw the Last ?hree Decades 

T.R. Fonseca 
Oceamgmfia, Universidad Cat6lica de Valparaiso, 

ailla 10200, Valparaiso, Chile 

1 -  bY 

Coastal sea surface temperature (SST) and sea level frcxn six tide 
stations between 18"s and 42's are discussed. The the series covers at 
1- 30 to 40 years. 

 he^ are periods characterized by luw SST ard low sea level 
(1954-56, 1970-71, 1973-74). These periods usually occur just before an El 
N i b  event. On the other hand, high temperatures ard positive anomalies of 
sea level cccur during El Niiio events (1957-58, 1972, 1976, 1982-83). 

Bath types of signals cccur almost sinailtanemsly ard are clearly 
evident along the coast, LIP to Puerto Montt (42"s). 
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?he Decline of the 1982-83 InEl Nif'io'l alonq 
the Coast of Peni 

H. Soldi 
Dkreazion de KidrPgrafia y Navegacion de la Marina, 

Apartado Festal 80, chucuito, Callao, Feni 

Just as inportant as the process of generation and evolution of an 
event such as "El Nijio1I is the recovery of the ocean and its return to 
mnnal climatic conditions, since this represents the reactive capability of 
the system to an ancxnaly of prolonged duration. The El Niiio of 1982-83 was 
one of the lllDst intense ever recorded, and the recavery process in the 
coastal waters off Fkni is illustrative when it is ccmrpared with other, 
similar events that have occnured previously. III this paper I will present 
an andysis of sea level data, the variability of the thenml structum, and 
the sea surface tenpxature at some of the coastal stations following the 
1982-83 El Niiio and other similar events in the p t .  

bY 

m e  Anrrudl an3 semiannual cycles in pe d  coast ssr, 
and their Year-to-year Variability 

bY 
P. Lagos 

InstitutO Geofisico del per\i, Apartado 3747, Lima, Fenl; 
visit- scientist, JISAO, University of Washington 

T.P. Mitchell 

Seattle, WA 98195 
J.M. Wallace 

JISAO, University of Washiqbn, Seattle, WA 98195 

Dept. of Atms@x?ric Science, University of Washingto n, 

annual and semiannual cycle in SST at m i a n  coastal 
stations is doarmented. It is s h m  that tle semiannual cycle is ccBnparable 
to that of the annual cycle. m e  semiannual cycle is significantly 
correlated with the semiannual cycle in the central equatorial Pacific zonal 
wind 2 mnths before, but the relationship explains only a small part of the 
variance. The amplitude of the semiannual cycle in SST, anl in general of 
pericds f m n  2 to 15 months, is enhanced during the ENS0 warm events of the 
last 3 decades. 
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Meteomlocrical and Phvsical Ceanoqra~W Asuects of 

by 
El N i k  on the Mexican Pacific coasts 

I. Galindo, J.A. Otaola ard F. Grivel 
Institute de Geofisica, UNAM M&dco, D.F., 04510 M&xkci 

A. Gallegos 
Institxto de Ciencias del Mar y Limnologia, UNAM 

W c o  D.F., 04510 e r n  

We have characterized the El Nfio event on the Mexican Pacific 
Coasts. The El N* event of 1982-83 started in July 1982 whereas earlier 
events started in ~ a n h .  ?he general picture of the warmirrg episodes is a 
b i - m i c  carve (MSL and SST). ?he 1982-83 El Nib has its fh& maximum 
between Octcber axd then it falls in January axd Februaxy; the 
seaxd maximum is faunl during March to May, in contrast to earlier events 
which peak first in ~ayduly, drop in August-September with a secord laqest 
nvxhmn which lasts froan October until January. The second peak of the 1982- 
83 El N i k  event resembles the second peak of earlier events. ?he results 
show that El N% produces positive anmalies of the air tempem- and 

belclw n o m ) .  our results in SST are quie similar to 
d (Ecuador) and Talara and Calla0 (Fed) as 

claudiness (- 
those foxd for La Liberta 
reported by Enfield (1984) and the composites of SST arwmalies are quke 
similar to those - sham by Rasmusson and Carpenter (1982) for Puerto 
chicam. The sinnittaneous caumene of air taperatun=, sea surface 
temperature and mean sea level a n d i e s  is an Mcation that the 
atnvxspheric wanning may be correlatd with the presence of warm waters 
carried toward the Mexican Pacific coasts by the corresp0rxib-q branch of the 
Equatorial mkmrrent. 

An013tirmrmrn~ lira Network for the 
Eastern mcific Ocean 

by 
J. SrJrhtall 

Marine studies centre, university of Sydney, Sydney, 
N.S.W. hxstxalia 

G. Meyers 
CSm Division of Oceanography, Hobart, TAS, Australia 

An cbjective analysis technique, developed by Gandin (1963), is 
used to design an optimum oceanographic network for the eastem Pacific 
Ocean f m  160'W-60°W, 2OoS-20'N. XIJT observations frurn the !SURTROPAC data 
set (1979-1984) were employ& to estimate comelation statistics for 
variables sea surface temperature, depth of 25', 20' and 15' isotherms and 
the heat content for the top 200 and 400 metres, representing thermal 
structure of both the surface and subsurface layers. 

Methodohgy of cptirran inteqolation is based on a stamhrd result 
of statistical esthtion theory - the muss Markov Theom - ard provides 
the best, least square linear esthte of same field, in this case 
tmperature. Ihe mthod is particularly useful in an oceanographic context 
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as it enables the design of an observational prog~a~[o1y3 required tomapthe 
temperature field with a pre-specified level of accuracy. After data have 
been collected it dlluws for the optimum gridding of data which are 
irregularly distrihted in time and space. Statistical information of long 
tenn man, axd the spatial and taporal correlation structure de- a 
measure for the intensity of the signal variability CQnPared to that of 
unresolved geophysicdl noise. ?he statistics then lead to detection of ocean 
thenml variability, thus de- the dCaninant time and space scales. 
selection of the sanqling density is d e m e n t  on the size of the 
interpolation emor associated with these scales, whi& can be tolerated. 
For the eastern FbCifiC, the thermal statistid tempordl and spatial 
signals fluctuate acardirq to the presence and strength of El Nh..Thus 
the proposed d n b m  sampling density for the O p t h  ocamogmphic network 
of the region must account for this interannual variability. 

m e 1  and current Variability in the 5 m y  
ency Band at the Galawaqos Islands, 1981-83 

bY 
D.W. Denbo 

School of oceanOgraphy/JISAO, 
University of Washington, Seattle, WA 98195 

D. Halpern 
Jet prolxilsion Lab., California Institute of Technology, 

4800 Oak Grove Drive, Pasadena, CA 91109 
S.P. Hayes 

Pacific mine Environmental Laboratoq, NOAA, 
7600 Sand Point Way N.E., Seattle, WA 98115 

Near surface pressure sensors at the Galapagos Islanls a d  current 
at O'N 95"W were used to investigate the t h  variability and 

spatial structure of the 5 day frequency band. The gauges were deployed at 
Calita Iguana (0°59'S, 91'30'W) and Vincente Fbca (0'3'5, 91'28'W) on 
Isabela Islard, at (1'24'N, 91'50'W) on Wenman (Wolf) Island and at Bahia 
Hohbs (0°42'S, 89"18'W) on San Cristobal Island. 'Ihe current 
were taken at 15, 50, 75, 100, 150, 200 and 250 mters depth. The pressure 
ard Current -ts were collected from July 1979 to January 1985 and 
July 1981 to November 1983, respectively. A t h  period common to both d a h  
sets include the year (July 1981 to July 1982) pmcedmg , the year (July 
1982 to July 1983) during, anCi a half year period (July 1983 to N0venke.r 
1983) follming the 1982-83 El Niiio event. The analysis concentrates on the 
time variability of the 5 day frequency bard. -irical orthogonal function 
analysis gives evidence for the existence of eqatorially trapped waves at a 
5 day period. The variance of sea level in the 5 day frequency band is faund 
to be substantially affected by the El Nfio event. 
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Baroclinic transw rts and their associated events off 
the Pacific Coast of Canada d u r h  the 1982-83 El N i h  

by 
s. Tabata 

Institute of Ocean Sciences, P.O. Box 6000, 
Sidney, B.C., Canada 

m e  lqest ancaoaly of Baroclinic transport off the mcific coast 
of canada oc(xuTed in March 1983 during the 1982-83 ENSO. It was centered at 
a location scxm few hundred kilameters offshore of the shelf bxeak. ?he 
pole~ard surface velocity was 10 cm s-1 in excess of the climatological 

average velocity. Associated with this relatively high-velocity water 
was a core of temprature ancxnaly of 3°C in the subsurface layers. 

Elswhere, -em1 hundred kilmi&ers north an intense 
anticyclonic, baroclhic eddy developed in the autumn of 1982 and grew to 
its mxhm intensity in the spring of 1983. It persisted to at least the 
fllrrpner of 1983. Such a large eddy, with transport (relative to loo0 db 
level) of 106 x 10 m3s-1, has never been observed off this coast. 

Variations of Subsurface Flaws in the Eastern 
Pacific Transect from costa Rica to Corn Island 

by 
C.L. Brenes and J.E. Coen 

Depto. de Fisica, Udversidad National, 
Heredia, -0. 86, Costa Rica 

We present sore features of subsurface flows along a section 
between cab0 Blanc0 (9'23'N, 87"ll'W) and Coco Island (5"33'N, 87"11'W), 
associated with ' I h m  structure. The observations were made during 1983- 
1984. 'Ihe esthtion of the geostrophic flaw field was derived from a 
density field, which has been ndeled f m  temperature data (Xm), usbq T-S 
m e f i t t e d  relations between salinity and temperature in this region. Heat 
and mass transports were estimated. 

Observations on the Presence of the 1982-83 El Nik in 
Herradura Bav. Coqu imbo 

bY 
J. Moram and J. Olivares 

Universidad del Norte, Casilla 117, Cquhbo, chile 

Frcrm 1977 to the present, cont~uous and discrete recoxdhqs have 
been made at the pier of Herradura Bay (29"58'3Ol1S; 7l022'3O1W) of several 
oceanic meteomlogicai variables, including surface temperature, winas 
ard solar radiation. Moreover, hydrographic stations have been made in the 
interior of the bay and adjacent zone, including 13 stations between October 
1982 and June 1983. 
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Fhm the analysis of daily fluctuations of the surface 
teqeratums at the pier (observed at 09.00 local hours), it is found that 
they are mt affected by local corditions, such as solar radiation, winds 
ard tides, h t  that they respord instead to variations in the open ocedn. 
The monthly amandlies shm wannhq between September 1982 and August 1983, 
ard reach a mximnn of 2.2'C in January 1983. 

The study of the th-1 variations at 0, 20 and 50 m at the 
hydrographl 'c Stations shm large anomalies in the 13 stations sampled during 
El N b ,  when CCBnpared with an avemge annual cycle for this location. It is 
possible to detect a depression of the thermocline at the ncuth of the bay 
frm October 20 to December 14, 1982, and a thexmal derrease that does not 
affect the surface; huwever, this decrease of 1.5"C pxqag-ates tamd the 
surface in the center of the bay and at the pier. 

Peni Coastal Unwellins Res imes near 5"s and lo's 

bY 
A. W e r ,  R.L. smith and T. Paluszkiewicz 

College of oceanography, Oregon State University, 
cowallis, OR 97331 

a U r h  IIOITIZI~ and El N h k  T~Es: 1981-1984 

Wing recent years (1981-84) , the coastal qxe1lh-g region 
adjacent to the coast between 5's and 12'5 has been intensively 
studied. m e  regime at 5"s and 12"s is of particular hterest because it is 
at very lm latitude CCBnpared to other coastal upwelling regions studied: 
the banclinic radius of deformation is of order 100 )an, mu& greater than 
the local shelf width and three the wider than at E'S where the coastal 
Qwe1li.q Ecosystem Analysis experiments were corducted. The timing of the 
recent intensive &ervations at 5's and 10's is also of particular 
interest: a series of c!I'D sections, continental shelf current mter 
mrings, and oceanographic and ~ ~ r o l q i c a l  shore station observations 
began in 1981 and 1982 before El Nfio and were continued until mid-1984. 

III this paper we discuss both the event Scale variability and the 
El N b  perkufxtions. Moorings on the continental shelf m o r  slope 
record subsurface tanperature and current velocity near 50 and 100 m depth 
fram Nuvemkr 1981 to May 1984. The two El Niiio pulses, the initial rise 
beginning in late Septahr 1982 and the second, higher pulse -inning in 
late March 1983, are recorded. The temperature at 50 m, mnnally within the 
rarrge 14-18 C rose to a mxhum of 29 C at 5"s May 1983 before p h n I T m 2 ~  
to 17 C in July 1983. canparison of the CI'D sections with the wird, c=urrent 
and tenprature time series shm that coastal upidling at 5's collapsed 
only dur- the secord El Nii70 pulse when local wilds were very weak. A CI'D 
section at 10"s in May 1983 suggests that coastal Uphelling ceased there in 
spite of lccally favourable winds, perhaps because the alongshore pressure 
gradient inauced an on-shore geostrophic flm larger than the offshore 
transport. 
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subfllrface W m e  r a m  patterns in the Eastern Eaua torial 
mcific d u r h  the El Nfio Event of 1982-83 

D.V. Hansen 
Atlantic Oceanogr. and Meteomlog. Laboratoq, NQAA, 

15, Rickenbacker Causeway, Miami, Florida 33149 
T. Gerish 

325 Broattway, Boulder, Colorado 80302 

profiles were collected froan 
the eastern tmpical mcific Ocean during the El N i b  event of 1982-83. The 
patterns associated with the El NZo event are described as the aepartureS 
froan the patterns abserved during the EASTFOPAC cruises of 1967-68. Isotherm 
displacement patterns are suggestive of wave+namicaI. effects during the 
early stages of the El Niik, but sukeqmtly kccaw less distinct, 
fllggestingamixture of local and remote effects. 

bY 

NOM, Eslvhmtal Research Iaboratoq, 

mm than four thoward CTD and 

coastal (xlrrents alow the West coasts of the 
Americas C t u r h  El Nifio 

by 
R.L. smith, A. Huyer and T. paluszkiewicz 

College of Oeanapaphy, Oregon State university, 
COrvdLlki, OR 97331 

lhe~ry suggests that the currents slow the Pacific Ocean's 
eastern bam3ary wmld b c a ~  more polewaxd at the onset of El Nib. 
Observations of the currents made from subfllrface moorings on the 
continental shelves of both Rmi (5"s and 10"s) an3 Oregon (43"N) durhg 
1981-84 shcrw that the aurentS became more strongly poleward in October 
1982. Them was a very rapid pol- acceleration of the flm at 5"s and 
10'5, coincident with the rise in sea level and the beginning of the 
anaanalaus warming. ?hat this is a typical response of coastal C-JUrrents off 
PerLi to El Ni.50 ki corrcboratd by similar measurements m d e  at 15"s during 
1976-77. probably only a very strong El NEio, as in 1982-83, has a 
notiaeable effect on mid-latitude currents: obsewations of currents made at 
45"N during 1972 do not appear to be anamlously poleward, h t  those mde at 
43'N in late 1982 are. 

?his paper presents the tb-series of sukwface temperature and 
aurents f m  the peni shelf during 1976-77 and 1981-85 and f- the Oregon 
shelf during 1972-74 and 1981-84. The relationships betwen the zsukurface 
current and tenperatue and the sea level and lccal winds at the respective 
sites are discussed . The similarities and the differences between the lcrw 
ard high latiwe response of coastal currents to El Niiio are eqhasized. 
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011 the source of 9-11 day prowwtincr simal sin 
coastdl sea level off South America d u r k  the 1982-83 El Nh7O 

by 
D.B. IWfield and M.P. Cornejo R. 

College of ocearaography, Oregon State university, 
Corvallis, Oregon 97331 I 

Following the work of Cornejo and Enfield (related conference 
paper), it is ShCkJn that a strong 9-11 day signal was present in the 1-2 
week band of sea level height (SIX) spectra along the South American ccast 
during mst of the 1982-83 El Niik episode. 'Ihis sigml was nu& weaJwr or 
non -exkbmt before ard after the El Niiio. ?he fluctuations pmpagate 
pol- along the Ecuador-Feni coast and do not appear to be related to 
local winds. Based on the hypothesis that the signal represents wastal 
trapxi waves result- frcan equatorial waves incident on the eastern 
bouxikq, we are investigating their relationship to SIX at equatorial 
islands ard to a two dimensional array of subsurface pressure (SSP) sensors 
and inverted echo sounders (IES) that were deployed in November 1982 for one 
year, in the region between 3N-3s and 85-9W. 

ccherence and phase spectra between the coastal SIX variability 
and SIX at Santa (3ruz Island (near the equator, Galapagos) give only weak 
and scattered indications of coherent propagation, consistent with 
equatorial Icelvh waves. Hmever, meridionally anti-symetric structures 
exist in the data f m  the crcss-equatorial array of SSP and IES gauges that 
m y  explain a significarrt portion of the coastal signal as being due.to the 
arrival of energy in the form of Rossby-gravity (Yanai) waves of very law 
wave mrmbes. We will discuss these structures and their relation to coastal 
SLH, and attempt to say scawthhy about where and how they might be forced 
and - if connected - why the -tal signal is so characteristic of the El 
Nh7O perid. 

Variacion del nivel &io del mar en Ec=uador 
bY 

N. F'aredes T. 
Instituto oceanogra 'fiw de la Armada (INOCAR) 

Ave. 25 de Julio via Puerto Marith, Guayaquil, Ecuador 

Se recopilo tcda la informacion existente en las estaciones 
mrecgr&ficas de Emeraldas, Bahia de W q u e z ,  Manta y puerb Bolivar, para 
calcular el nivel d o  de cada una de ellas y, luqo se CcgnPaTc) con el 
nivel d o  del m r  de la Liberta d mediate nivelaciones g-tricas. 

d desde Se analizo las desviaciones del nivel del mar de La Liberta 
el aiio 1948 hasta 1985, especialmente en 10s eventc5 de "El NiWl ocurridos 
en ese periodo. 
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Influencia del fenCRnen0 "El NGoII sobre las Condiciones 
 salinas inas as en Amas Costeras mtorianas 

by 
A. Rodrisuez 

Institute oceanogra 'fiw de la Armada (INOCAR) 
Ave. 25 de Julio via Puerto Marith, Guayaquil, M o r  

Usando dabs de absenmciones realizadas, se analizan 10s cambios 
de tenperatma y salinidad flzperficial en las aguas Costeras ecuatoriams, 
un a50 prwio y dos a k s  desp6s de haberse pruducido el wento El N%o 
1982-83, para de esta manera evaluar la extension y magnitud que ha tenido 
el fenheno sobm la citada zona costera. 

Ias variaciones mnsuales de tmperatura y salhidad en las 
estaciones costeras continentales (Esrneraldas, Manta, Salinas y Pto. 
Bolivar) durante los aks 1981-84-85 son cOmparadoS con 10s del Evento 1982- 
83. 

Al analizar el ccarportamiento t&miw y salino se observa que en 
el &rea mrte (Esmeraldas) y sur (Pto. Bolivar) se p-ta normal para los 
aks 1981-84-85, mientras que para 10s aks El NEm 1982-83 estas 
Condiciones se transforman, i n c r m M o s e  el pardmetro thnicn y 
disminuyenao el parihetro salho, lo cual es congruente con la aparicion del 
evento El Nik. 
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Effects of "El NiiW went on the zooplankton and icthymlankton 
of Ehadorian coastal water, 1983-84-85 

M.L. Garcia and Y. Ochoa 
Instituto Nacioml de Pesca, P.O. Box 5918, 

Guayaquil, Ecuador 

seasonal variations, and year to year fluctuations in zqlankton 
volumes, eggs and larvae of Sardine, Sardirms s a w ,  rwud herring, 
Etrumeus teres, and mackerel SccKnber iamnicus were observed in Ekuadorian 
coastal waters, during several cruises carried out in 1983, 1984 and 1985. 

by 

In the first semester of 1983, it was faund a reauction of 
zoaplankton volm, a low rnxmber of eggs and larvae of rolnd herring and 

caused by IfEl Nifd event. In the last part of 1983, durirq the mnths of 
September and October, the volumes of the zooplankton and nunbexs of eggs 
and larvae started to increase. In the cruises carried out in 1984 and 1985, 
after I I E l  NiiW ancanaly, the numbers of eggs and larvae were the highest, 
but without rea&irq the mxhrmn values found in the year of 1981. 

ma-1, and an absence of sardine . All these findings, w2t-e pmbably 

PrimrY proauctivitv in the Gulf of California 
d u r b  1982-1985 

by 
J.R. Lara, E. Valdez, C. Bazan and J.L. Lara 

Centra de Investigacion Cientifica y de Eklucacion Superior de 
=da, Ave. Esphza 843, EnseMda, B.C., M&&!o 

m e  response of the phytoplankton populations of the Gulf of 
Califoda to the past El Nifm event has been studied since M of 1983. 
The results of six oceanographic cruises during the pericd 1983-1985 are 
reported on here. The maximCrm values of @ytqlankton biaruass and 
productivity were reached in March 1983, with averages of 70 q/m2 a d  3.0 
*/-/day for Chloqd~yll a concentration and p-ivity, respectively. 
The minirrarm values were found in ~avember-December 1984, with averages of 22 
q/rn2 and 0.26 gC/m2/day, respectively. These results ShCkJ that the 
ecosyStem of the Gulf was enriched at the peak of El N k ,  with gradually 
decaying production until n o m 1  levels were reached in mid-1984. The 
m d v -  regional fisheries are discussed. 
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Satellite Observations of phvkmlankton 
Variabilitv d u r b  El Nh70 

by 
G.C. Felchnan 

NILSA/GoDDARD Space Flight center, Greenbelt, MD 20771 

satellite ocean color data are used to quantify the large-scale variability 
in phytoplankton distribution and aburdances in the eastern equatorial 
pacific. It is sham that one can use satellite ocean alor data to define 
and monitor the region of enhaned biological production associated with the 
coastal upwel1i.q system. significant inbramual variability in the areal 
extent of this region is s h m  to exist under non-pertu&& (i.e., non-u 
Nib) &tions. Basing estimates of total ecosystem production on the 
physical description of the upwelling zone rather than on the area defined 
by enhanced levels of biological production can lead to significant errors. 
using rather basic assumptions and the quantitative infonnation 
contained in the oaan color data, it is demonstrated how the im;reased 
spatial mverage offered by satellites may significantly reduce the m r s  
associated with regional primary prcduction estimates. The impact of the 
1982-83 El N i k  on phytoplankton distribution and a33undance is also 
described* 

Modifi.cation of Cmepcd porxll ations in relation to 
Rwsical Prorxxt ies durm the 1982-83 El Ni& 

by 
A. Dessier and J.R. Dorrguy 

BP 337, Brest, Fram=e 
G?xupe SUKI'ROPAC, Antenne ORsTaM au@s 

to the zoaplankton sampling and to surface (T,S) ard 
subsurface (m) okenmtions gathered along the merchant ships tracks 
Pamna42hiti and Panama-Mxuroa (French Polynesia) of the SURTROPAC 
monitoring system, it has been possible to follow the response of 

'c capepod populations to the 1982-83 El Niiio in the eastern 
equatorial Pacific. the quatorial area, one notices the quasi- 
disappearance of the main species whose abundance variations are connected 
to the seasonal fluctuations of the upwelling. ?he scuthward extension of 
lm-salinity surface water fmm the Gulf of is related to a new 
geographicdL distribution of sane species usually located north of the 
Galapagos thermhaline fmnt. After the warm event, in 1984, the atrurdam=e 
of of the species has increased but in a very non uniform fashion and 
often without the usual connection with the seasondl cycle. 
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A BASIC Ccanou termPSramme for the Classification of 
Phvtoplankton in relation to the El N i k  phenomenon in Colombia 

by 
F.A. Qstillo 

cerrtro de Investigaciones Oceancgr&ficas e IIidrcgr&ficas, 
Apartado &&reo 3975, Cartagem, Colombia 

The pupose of this investigation is to cc~npare arrent 
ceanapaphic infomtion on dinoflagelate @ytcplanktOn froan the Pacific 
mast of Colcanbia with the results that other camtries have obtained in the 
Regional Study of the V.l Nhiogf phenomenon (ERFEN) off sauth America. AS in 
Ekuador, Fen.l a d  Chile, we have fourd indicator species off ax coast that 
are characteristic of the anmalous corditions and their effects on the 
primary pxductivity ard lmer trophic level. 

The species infonnation has been compiled using a ENSIC ccgnlxzter 
programme for the analysis of cxmnuniw ecological data, which is described. 
The programme estimates the Shannon diversity irdex, descriptive statistics, 
the mximum and minimum ranks accozding to the salinities and temperatures 
where species were f a d ,  and, finally, the t a x o d c  levels f m  species to 
E=hYlUm* 

!be information used is from the ttpre-NiWg period of November- 
December 1979 and the ItEl Nfio'I episode of N o v e m b e r - ~  1982, based on 
oceaflographic cruises carried out in those years. 

Nutrient Distributions in the Shelf Waters off 
Guerrem, *ico, d u r h  the 1982-83 ENS0 -isode 

by 
F. Ramos and A. GdLlegc6 

Instituto de Ciencias del Mar y Limnologia, UNAM 

G. de la Lanza 
J-nstituto de Biologia, UNAM, WO. -tal 70-153, 

-CO 04510, D.F., M&ico 

-0. postal 70-305, M ~ X ~ C O  04510 D.F., 

The 1982-83 ENS0 has been so far the most intense, long and 
geosraphically extended warm episode of the present cen-. Its impact was 
detected along the eastern Pacific at latitudes as high as 50"N and 48"s 
this paper reports such event as observed in the shelf waters off Guerrero, 
-CO (16ON-18"N). -1 inpack is interpreted &er the light of observed 
fluctuation in the distrhtions of nutrient concentrations. Difference in 
the consuption-prduction rites between these nutrients, makes same of them 
more appropriate to describe the local effects of the 1982-83 ENSO. 
Therefore, conclusions are based mainly in the silicate and the 
orthophxphate distrbutions. Results indicate that the 1982-83 ENS0 locally 
revealed as the relatively nutrient depleted invasion of surface waters fm 
lwer latitudes which displaced the local waters northward a d  away f m  the 
Coast, lowering the bic&dcal potential at the shelf region. 
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The 1983-84 "El NiWt Effects on Nutrients and Swaner 
phytcolankton of a Eaia California uwel1i.m Zone 

bY 
G. Torres-Moye and S. Alvarez-Borreso 

centra de Investigation Cientifica y de Eiucacion Superior de EnseMda, 
Esphza 843, EnseMda, Raja Califoda, M&cico 

We generated t h  series of T'C, So/oo, 02, nutrients (N02, NO3, 
po4 ard Si%), chlorophyll _a and phaeopigments, rcjlytaplankton aburdam=e by 
malor taxa (diatarns, dinoflagellates and others) ard photosynUletic 
parameters (assimilation number and initial slope at law irradiance) for the 
surface waters of a coastal location off Northwestern Baja California 
(30°20'N, 115'58'W), during the sumtners of 1983 and 1984. We sampled every 
day dur- 18 days h 1983 and during 20 days in 1984. Comparing these data 
with those frcnn the % o ~ l ~ ~  years of 1977 and 1979 (previous work), we 
fam3 that T"C and nannoplankton abudance were higher during the summxs of 
tT,l Nii-50~~ 1983-1984 years, and nutrients, CNorophyll _a, diatoan and 
dinoflagellate abwdame, and assimilation numbers, were 1- that those 
for the summers of 1977 and 1979. morophyll _a values were as high as 15-16 
ng.w3 in 1977 arrl 1979; and they were only up to 2 q.m3 in 1983-84. 
Highest assimilation numbers were > 13 rrgC. (mg Chl S)-l.h-l h 1977 and 
1979; and they only up to 5 in 1983-84. 

zuxlndance and Distribution of Water Mass Indicator 
Dhflaqellahs alom the Fed mstduri.ncr the 

El Nik Phenomenon of 1982-83 

N. ochoa L. and 0. Ghez C. 
Instiatto del Mar del Feni, Apartado 22, Qllao, Peni 

?he mnitoring of the quantitative distribution of dinoflagellates 
during and after the 1982-83 El Nil50 made it possible to follm the 
evolution of the event. certain species were selected as indicators of the 
different water masses of the coast. m e  abudanx and freqmq of 
these species, as well as the expansion and -&ion of their area of 
distribution describes the manent of the water masses, shming the 
dwelopmt of the phencmenon fmm its beginniq, its evolution and its 
disapeamnce or return to normality. 'Ihe material f m  the cruises 
m1~31cted f m  September 1982 to February 1985 is analyzed. 

bY 
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The Preseme of F?ed Tides in the Central Zone of chile 
Associated with the 1982-83 "El N ~ I '  Fhenanrenon 

Casilla 13-6, V% del Mar, chile - 
In 1983 a red tide p h e n m n  was abserved be- the bays 

of Valparaiso (33'01's) and Quintem (32'45'S), mused by the 
dinoflagellates Pmmtrum micans Ehrenberg and mmcentmm qra cile 
schutt, wfiich reached concentrations of 1900 and 2150 cells/ml, 
respectively. Both taxa remained together in the plankton most of the time, 
with P. n-ticans eventually domiMting absolutely. In March 1985, new 
discolorations of the sea water were detected in Valpamiso Bay,. associated 
with P. m cile. The mxhun concentration observed was 17,000 cells/ml. 
Moqhological ccarcparkons were made between samples fmn both collections. 
W&C similarities and differences vis-a-vis P. micans were established 
using a photon and electron sweep microscope. It is worth noting that the 
latter species has been the cause of numerous red tide events in the north 
of Chile. 

It is postulated that the presence of P. sracile dong the central 
chilean coast is the consequace of a sou- disp1acaw-k of wann waters 
toward this zone during the "El Niiio1l phenccmenon of 1982-83. Similarly, its 
fllbsequent persistence at these higher latitudes M a t e s  a favourable 
adaptation to the envhmtal corditions, assimilating itself with the 
normal Fhytoplankton of the area. 

Estudio c2cmxra tivo de la alimentation de la 
a l a  (SCcRnber <amicus) en 1979 Y durante 

El N ~ o  1982-83 
by 

S. G. Snchez y J.J. Velez 
Institub del Mar del W, Apartado 22, Callao, FWti 

p m d  el fm-0 El Niflo 1982-83, con 1- fuertes 
alteraciones de 10s factores abioticos c a m  temperatura, salinidad, o ~ g e n o  
y nutrientes; el nirmeS0 de itens en el contenid0 estcanacal de la caballa se 
-tb debido a que durante este tiempo m&os 0- mince 
ampliaron su distrhcion horizontal y vertical. 

Por utru lado, se d e k m h m  y capran los M c e s  alhmtar ios 
de la caballa en un aiio sin altemciones ambientales y durante El Nbio 1982- 
83. Ashhno, se establece la relacion longitud-peso para ambas 
de terminardo el estado de bienestar de la especie. 
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h Investisation in the Nutritioml Stratecries of the 
Deer, Water Microbial Microae-ile ?himloca 

by 
C.G. Brvden 

Boston University Marine Prograrmne, Marine Biological 
Iabomtory, Woods Hole, MA 02543 

~n extensive microbial mat has been found to the surficial 
am- in water depths of 100-500 m mer the shelf and adjacent 
SI- which are in contact with low-oxyyenated waters of the poleward -- 
Chile subsurface caurrtercurret (SCC) off western south America. 
Fluctuations in this mi-ial biamass wkich may be responses to El Niib 
related changes in the oxygen minimum zone inply that an important microbial 
ecological.role is aperative in the upwelling biaarre. To examine the specific 
nutritional stratifies of Thimloca spp. new culture techniques have been 
-lied which utilize low oxygen incubations ard sulfide-axygen gradient 
c u l m  tubes. mese methods have been successfully used in the isolation 
and cultu~ of several related filaments Besg iatoaceae strains. Results fram 
these c u l m  efforts will be described. 

-torial umellins processes in the Gdlawcros Islands 
after the 1982-83 ItEl Nifm1I 

bY 
R. Jimi.nez and P. Intriago 

Instituto Nacional de Pesca, P.O. Box 5918 
Guayaquil, Ecuador 

A virtual d i s a w  or partial rwersal of the Equatorial 
underr;wrent (Crorrrwell Current) was reported during the 1982-83 El Nifm 
event both in the central Pacific at 159"W, and in the eastern Pacific at 
110"W in January 1983, as well as at 95"W during May 1983. In the oceanic 
equatorial region, there was a 50-fold decrease in nutrients anl a 5-fold 
demease in proctuCtivity. In November 1983, upelling of Equatorial 
Memurent water was observed at 92"W. The hydmgraphic and biological 
characteristics, east and west of the Galapagos, &wed evidence of 
upelling in terrrrs of cooling, higher nutrients content and an increase in 
productivity caused by the fertilization of surface waters. !the highest 
cmcmtration of ph~lankton was west of the Islands; the cells number 
decreasing north and south of the upwelling area. me diatms 'Ihalassiotrix 
delicatula and Nitzschia delicatissima were the lTlost impOrtant CcBnpOnents of 
the phytoplankton bioanass in the equatorial bard. 

Ccanparison of the hydrographic, &emid and biological 
ckservations between November 1983 and New- 1976 and 1978 hlicated that 
enridrmerrt by equatorial upwellbg was stroqer in 1983, anl that it 
occumed in a zonal band east and west of the Islard. 



The El Niho Event and its Influence on the 
&mumsition of zooplankton off M 

by 
S. Carrasco and H. Santarder 

Institub del Mar del peni, Apartado 22, Callao, Bni 

Ihe h p c t  of the El N b  phenomnon on mine resources arises 
fram different causes. Zooplankton - as a same of sustenance, as predators 
of the eggs and larvae of fish and meraplankton, and as 1- stages of 
economically inportant crusta- - have played an important role in the 
1982-83 El N f i  episode. 'Ihe analysis of zooplankton in the north central 
area off €kni in the January-February period of 1983 h&kates changes in 
the species composition of its cmponents, and increase in carnivore species 
known to prey of fish larvae, and the transport or repm3uction of shrinp 
larvae more than 900 h frcxn their habitual areas of concentration. 

ACOlllWr ison of Nitrcqen Qmmu 'cs obsemed durhq 
El Nik Y- at mint Concetkion. California and 

15'S, Ped 

F.P. Wilkerson and R.C. Dugdale 
Allan Hancock FaUnaation, University of Southern California, 

Lcs Angeles, CA 90089-0371 

bY 

Ixul.hg the El Ni50 of 1982-83 the OPUS (Organization of Persistent 
Upwellhg Structures) prqramne conducted at 6 week cruise to study the 
upelling center at mint conception, Cdlifornia. undertaken in sprigg, 
1983, this investigation included measuTements of dtrcyen uptake us- N 
and nitrate reductase activity, taken at proctuctivity stations aloq 
sections, along drifter tracks and in large experhtal shipbani 
containers. These data are discussed in the context of a tlconveyor-beltlt 
hypothesis in which upwelled algae go through a ttshift-uptl in metablism 
folluwed by a shift4m. For canparison, data fran JOINT I1 during the El 
N m  of 1976 at the upelling center at 15'5, Peni aboard the R/v wM#MA 
will be preseslted. There is scare evidence that nutrient concentration in the 
upwelled water affects the duration of shift-up and that the initial 
nutrient concentration affects the rate of shift-up as well. consequently, 
reduce3 nutrient concentratiow in surface waters accampanym El Nib's 
results in rettuced maximum nutrient uptake rates. The space and time scales 
of nutrient utilization and primary production are lengthened un3e.r thee 
Cirr=urrrstam=es. 
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The Use of HPLC for Evaluatim El N h k  Effects on 
Fhytmlankton Distributions and Camas ition 

bY 
M. Onkusek, R.R. Bidisare and J.M. wpoks 

Dept. of oceanography, Texas A & M University, 
College Station, TX 77843 

The influence of El Nfio events on phytoplankton distributions in 
the Fastern Pacific Ocean has been sham to be quite dramatic. Biological 

mixed layer which decreases the availability of both light and hxyanic 
nutrients to local phytoplankton populations. Wig the 1982-83 El N%o, 
tw0-to-W fold reductions in Chlorophyll ,a concentrations wen reported 
for the eastern equatorial Pacific ocean. Limitea data suggest that 
phytap~anktm camposition may have been altered f m  a diatm-dcminatd to a 
flagellatedaninatd amnunity. Conventional methcds for assessi.rq 
phytcplankton biamss and ccnnposition are either non-specific (fluomtric 
pi- analysis) or extremely time consuming (microscapic enumeration). III 
recent years, HpLc pigment analysis has been shown to be an accurate and 
rapid means of assessing the canpsition and @ysiological condition of 
mtural phwlankton assemblages. 

consequences of El Niiio events primarily result f m n  a deepmng of the 

Baseline HPLZ: pigment data (0-3OOm) are presented for a trans- 
Pacific section (24"N) performed during April-May 1985. Distributions of 
~hlomphyll a were in good agreement with previous fluormetric nreasurements 
made during non-FJ. N k  years. However, the HPLC results provide additional 
information regarding the vertical and horizontal variability of 
Fhytoplankton ccanposition in coastal waters southwest of San Diego. 
Fhybplankton shifted frum a near-surface diatom-dminated catmumi3 inshore 
to a deeper green algal/cyanobacteria dminatd camnunity offshore. The 
patential of using s h i m  HpLic pirpnent ~thdology for monitoring 
phytoplankton populations during El NZo events is dmnstmted. 

Nota sobre la Presencia de Especies Fitc93lanct6nica CCRI~O 
Indicadores de Aquas &lidas en el Norte de Chile 

bY 
V. Asencio y A. Mu-jica 

Instituto de Famento Pesquero, Casilla 1287, Santiago, Chile 

Se en- resultadcs de distribucion y abmdancia de especies de 
~~ Y ostracodos presentes en el planctcjn durante agost0 de 1983. 

AnteaXlentes ampliamente difundidos saialaron corm pericdo arkmalo 
el ai% 1983, p r  haberse registrado un intenso e inusual evento IfEl Nibv1 
(Kelly, 1985; Blanc0 y Dias, 1985; Fonseca, 1985; Guill6.n et al..,. 1985; 
Arntz, 1986), que trajo consigo un a m t o  de la tenperatura y salmdad de 
las aguas de la cap superficial de la zona mrte de Chile (Aria- 
Antofagasta) . 
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FWa.le1ane-h al desarrollo de ttEl Niiio" 82-83 se registr6 la 
presencia de rnrmemsas especies pelagicas, que noxmalmnte no conforman la 
f a m  de la regi6n (Avaria, 1985; W o z ,  1985; Kong, 1985; Mjas de Mendiola 
et al.; Ochoa et al. 1985; Hqos et al. 1985) entre las cuales se Capturaron 
rnrmerosas larvas de an@doxus y os~codos pelagicos gule no han sido 
descritos para dicha ZOM o bien tienen una distrbcion netamente tropical. 

H.J. Cuiroz 
Universidad de C&doka, Apartado A&eo 354, 

Monteria, Colcnrbia 

La presente nota corresponde a 10s resultads obtenidos de acuerdo 
a difermtes &isis cualitativos y cuantitativos de 40 lnrestras de 
fitmplancth, recolectado a lo largo de la platafonm continental 
colombiana, entre 10s sectores ccrmprerdidos de TUmw y Cab0 -lares, 
custa pacifica colmbiana. 

Un total de 170 especies, entre diatdaneas y dinoflagelados son 
citadas, algunas por primera vez. Se analiza la distribucion de especies y 
grupos en cada estacion por d o  de tablas de fmencia y diagrams de 
distribution, determinarvlo las tendencias generales de las mestms y 
relaciordnlolas con algunos parimetros fisico-quimicos. 

LDS g&ems m& abmdantes fuemn: chaetocerr>s, Coscincdisc~~, y 
Skeletcmema, Otras g&nercs que registran ntrmerosas especies son: Nitzschia, 
Biddulrhia, Pleurosiqma, Bacteriastrum y 'Ihalassiomma. Entre 10s 
dinoflagelados &resale el g&em Peridhim. 

Se evaluo la pruductividad primaria en a l g u ~ ~  zonas de manglares, 
(Rhizmhora malm le y IasunaiL aria ra-) *&dose valores p d c s  
mixinns de 320.10 mg.C./m3/h. de fotosintesis bruta y 32.17 ny.C./m3./h. de 
fotosirrtesis neb, y m a  productividad minima p-0 de 7.10 q.C./nG./h. 
para la fatosintesis neta y 90.34 ny.c./m./h. para la fotosintesis bruta. 
El carbon0 orqriniC0 vario de 3 a 7%, pudido alcanzar hasta 11% nsientxas 
los valores de nimeno quedamn entre 0.11 y 0.12 %. Lios altos valores de 
la relacion C/N. generahmte superiores a 14, traducen la abudancia de 
detritos vegetales en 10s sectores estudiados, lo que no6 @tz 
axlsiderarlos ZOMS de alta productividad. 
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1 Fluctuations in the Abundance of Brown M a d m e  in 
the North of Chile between 1979 and 1986 

by 
J.J. ?bmicic 

Institute de Investigaciones Oceanol6gicas, 
Unive.tsidad de Antofage, chile 

?he fluctuations in the abundance of the spom@ytes of m n i a  
niarescens , Lessorria tmbeailata and Macrowst is intecr ifolia have been 
studied for the 1979-86 period between the latitudes 21'30's ard 23'26's. 

L.nisrecenS had a density of 8.3w3.86 plants per alongshore mter 
of rocky substrate in 1986, forming a belt along the lower level of the 
intertidal zone. In Febn~ary 1983 its disappearance had been total. E3y April 
1986 its recclvery was patchy, due to the graziq effects of chiton qramsus, 
Acanthwleura*nisra ard Fissurella lhbata, as well as to the orientation of 
the rocky substrate to wave attack. 

M.htemifolia totally disappeared totally disappared at the d 
of 1982 and began a recovery in 1984. It again disappeared tatally that same 
year, decimated by the black urchin (TetraDiqus nher), which was recruited 
duriq the 1982-83 FJ Niib (Tcanicic 1985). In April 1986 there were only 
patches of this algae in the sublittoral of the study region. 

L.-ata was affected by the 1982-83 El Nib only in the 
qper part of its depth distribution and began a rapid recavery in 1984. 
However, there was a second and mch more drastic derrease after the 1982-83 
El Niib due to the gmzm effects of T.niser. In April 1986 there were 
places (e.g., Bahia de Mejillones) where the presence of thausands of young 
plants that are coldzhq the hard substrated of the battam amld be 
ol>served. 

Pterbodos y heterckcdos del mar ecuatmiano dhuante 
1985 Y 1986 

M. Cruz 
Instituto oceanogra ' fico de la Armada (INOCAR) , 

Ave. 25 de Julio via Puerto Marith, Guayaquil, M o r  

by 

Seestudmn 10s -0s y Heter6podos del mar ecuatoriano en 
10s meses de septiembre de 1985 y febrero de 1986. 

su relaci6n con 10s parhetros fisiccls, quhicos y meteoml6gicos, 
llos penniten detectar el desplazamiento de masas de aguas, afloramientos y 
el estado actual del oc&ino para las e- mncionadas. Mends, se mestra 
con mapas, la distribution, abunlaxia y diversidad de estos ~O~LISCOS 
PI- 'cos en el Pacific0 mte. 
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The Nitrate-Silicate relationshir> d u r h  the 

by 
0. Guill6n 

Mvezsidad Nacional Mayor de San Marcos, Lima, Peru 

1982-83 El N i k  

Ihe 1982-83 El Nik presented characteristics very different from 
those of previaus events, giving rise to unusual changes in the mine 
ecosystem. one d t  of this variation was observed in the nutrient 
distribution: the N/Si mte had extremely lm values CcBnpared with average 
conlitions, associated with a luw biological production. The concentration 
of nitrates was lower than that of silicates, resulting in the modification 
of the distribution and ccanposition of the phytaplankton. Ihe results are 
ampred with thc6e for the 1972-73 El Niiio and for nonnal years. 

cNozn3shv 11 in the urx?rellinq Weas of chimbate and 
San Juan durinq the 1982-83 El Nik 

bY 
R. Calienes 

Instituto del- del Eni, Apartado 22, Callao, Peni 

The phytaplankton bicmss in the upelling areas of chimbote and 
San Juan during the last El Niiio event had abmmal characteristics, 
includirq distributions and conpositions that were related to abnonmlly low 
levels of nutrients. The changes in primary prcduction had negative effects 
on other trophic levels ard pelagic fishes, reflecting an overall 
transformation of the upell- ecosystem. Ihe chlom@~yll distributions are 
CcBnpared with those of other UrJWelling areas, both in normal tides and 
during the develcrpnent of the El Nzo episode. 



IOC Workshop Report No. 49 
Annex I11 - page 74 

EFFECTS OF EL NINO ON AND 
FTSHERIES pRocFssEs 

The Fisherv of the Camnon Sardine ( C l m  benticki) 
ard the 1972-73 El Ni%) 

by 
C. Vel- F. and A. Arrizaga M. 

Universidad Cat6lica de Chile, sede Tdlcahm, 
BI-, Casilla 127, Talcahuano, Chile 

We have done an a g e q m q  analysis of an historid 13 year series 
of relative ahmbnce (1965-1978) for the ccammn sardme ' (Clupea benticki) 
in the area of Talcahuano. Based on the age-class ccanposition in the 
catches, our analysis shcm variations in agespecific survival, with 
changes in the age structure of the population. 

Variations in fishing effort do not totally explain the patterns 
of survival fluctuations in the different age groups, for which reason we 
have correlated the series with El N z o  events finding a strong relation 
with the 1972-73 episak, a time of strongest departure from llormal witkin 
the study period. We absewe, mreover, that the population response to 

in fishing effort was different than the response to El Nfi 
events. ?he differences are manifested mainly in the alteration of the age 
structure and recruitment levels of the population. 

We attempt to explain these distinct papeilation responses from an 
ecological ard evolutionary perspective, keeping in mind that we are dealing 
with a popitation having demgraphk characteristics ard a life Strategy of 
great adaptive capacity in a highly variable environment. The envh-tal 
variability is associated with the long-tenn instability in absudance, and 
its effects on the regulation of the fishery and risk of exploitation of the 
ccnnnnn SardlfEe in the Talcahuano zone. 

Effects of El Ni%) on the Distribution and Recruitment 
of the Peruvian Hake (Merluccius savi rerumus1 

bY 
M. Ekmho and W. Urquizo 

Institute del Mar del Ped, Apartado 22, Callao, kni 

E s p h  et.al. (1985) have postulated that El Niib favours the 
recruitment of the perwian hake. OII the other hard, the results of virtual 
papulation analysis (VPA) for the years 1971-1982 yield a fit to the stock- 
recruitment relation (Richter, 1954) of ~0.70; this is not satisfactory 
because it is influenced by variations in the distribution area of the 
species that affect the population density of adults (Esph et.&. , 1984). 

Defining uxygen Concentrations of less than 0.25 ml/L as limiting 
the hake distribution, the seasonal variation of this limit for the period 
1981-85 has been established on the basis of cruise date. Using this, the 
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size of the area of distribution was calculated. Taking the n o m  values of 
surmrer, autumn and spring as a standard, seasonal area variation indices 
(Am) were determined aryl a relation between these and sea surface 
temperature was established. This all- us to mike a p d e d  extrapolation 
for the years 1971-1982. 

With the sexsonal, proxied AVIs and the VPA bi- (B) we 
cbtained adult densities (B/)an2) that, when applied to the s b c k - d h e n t  
relation, gave a fit with ~0.97. ?his confirms that fluctuations in the 
recrruitment of the peruvian hake are favourably influenced by changes in its 
aistribution dur- El Nifio, since during these events the AVI inrreaseS, 
reducing the poplation density in proportion to the intensity of the 
-0 

Sea Surface lkrme rature and salinity Variations off 
Northem Chile d u r h  the El NMo in relation to Fish Fluctuations 

bY 
J.R. Cakn 

Depto. Investigation -era, Indo s.A., 
Hu&fanos 863, 3er Piso, Santiago, Chile 

A gramcal sequence is s h m  of sea surface temperature and sea 
surface salinity gathered in monthly monitoring oaamgra@-hz cruises off 
the Northern Chilean Coast during the El Nifio of 1982-83. Three are 
clearly seen: an initial phase, follmed by an intensification period or 
%limaX1' of the event, to conclude in a declination aryl ending period. 
charts of fish distrhtions based on reprts of f u  logs allaw us to 
see charqes in distrihtion directly related with environmental changes. 

There is a brief discussion of previous El nine events in the area 
in relation with &angm in fish distribution, concluling that each El Nfi 
phencanemxl affects the fish population differently. 

we mst -ize the value of maintaining periodid monitor- 
surveys of the environment to detect the early - of El N%o along 
the northern axst of chile in order to achieve a better handlh~ of fishing 
activities. 

Feedinq Variations of the Sardine ~~ S.SaaaX) 
in the years 1980-1984 alom the Peru Coast 

A. A l m  
Institub del Mar del pleni, Apartado 22, Callao, Fed 

The oceanographic changes produced dur- the 1982-83 El Nifio 
caused qualitative and quantitative changes in the primary and 

secondary tmphic levels along the peru ccast. These changes have p w  
variations in the food CxaTlpOsition of planktogenaus species, such as the 
W i a n  sardine sardimx S.SaqaX. - 

by 
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~n this paper we present the variations in the feeding coefficient 
of the sardine * in the zones of Rita, Callao, Pisco and 110, and the 
nqative effects on the biological condition of the species (Futon 
Cosriition Factor) . Also presented are the qualitative variations in the diet 
observe3 before and after the 1982-83 El N%o phenoanenon, thrmghlcut the 
areas of study. 

charms in the ? h e m 1  and Saline Structures in the 
Northem Zone of Chile and their relation to the 

bY 

Institub de FcrlTlento Fesquero, Qsilla 1287, 
Santiago, Chile 

-Spanish- ' is the principal fisheries resaurce in the 
northern zone of Chile since 1976, reaching unprecedented catch volumes. 
?his zone is characterized by strong temperature and salinity gradients 
within 40 miles of the coast. On occasions this Structure is altered by 
strong d c  and climatic changes, inauciq changes in the spatial 
distribution of the fisheries resources. 

?his paper shows the changes that have occ=urred in the tenperatme 
aryl salinity in the northern zone of Chile between 1981 and 1986 

cdses and accustic surveys con2ucted between Aria (18'30's) and Gildera 
(27'00's) froan 1981 through 1986 are analyzed. 

Distribution of SDan ish Sardine (1981-1986) 

J.L. Bl-, R. Kelly and J. castill0 

aryl their effects on the distribution of Spanish s a d m e  .-phic 

A Strong thermal ancxmly between Deember 1982 and August 1983 can 
be clearly seen, the themvxline and 15'C isotherm were d e p m  to a 
IMxirrarm depth of 150 rn in m y  1983. m e  surface salinity reached values 
never recorded in the zone (35.8'/00) and values over 35.3'/00 dominated the 
study region between Decenhr 1982 and October 1983. The Spanish sardme ' had 
a distribution characterized by high concentrations near the coast between 
Dxenber 1982 and August 1983, which differs f m  what has been cherved in 
p m i -  years. 

Effects of the 1982-83 El N3o Phenmenon on the Titi 
Shrb XiRhOwne us riveti alons the Peru Coast 

by 
J. Me-jia, E. Valdivia, M. Mhdez and J. Qstillo 

Institub del Mar del W, Apartado 22, Callao, Pmi 

along the Peru coast that created a campletely new situation in respect of 
the distribution, behaviaur, abundance, etc. of renewable natural resaun=es, 
exploited atxl potential xi~110re.n eus riveti is a resaurce that is normally 
distributed along the Feru coast north of 6's and its cat&es are smdll, 

L~I&KJ the 1982-83 El NSo there cccurrd a series of 
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less that 50 annually. The El N Z o  phenammn noticeably favcumd the 
reprottuction and recruitment of this shrimp, extembq ' its dktribution area 

being on the order of 500 MI' during the last three mnths of 1982 in the 
northern zone (03'30'S-06'00'5) and reaching 16,200 MI' during 1983 along the 
entire coast, with a carrPllercial value of over 15 million dollars. 

to the Peru-Chile boxder (18'5). The catches increased fram north to souu1, 

sum EvolutioMlv Inw lications of Protracted El Nj50 
Events in the Colonization and Ecoloqical Balance of Fish 

paailations in the Galamqos Archipelauo 
by 

J. SteinGrove 
Section Ichthyology, Museum of Natural History, 
900, Exposition Blvd., Las Argeles, CA 90007 

preliminary ohsenrations in the Galapagas Archipelago, follawing 
the 1982-83 El Nib event, shmed an hcrease in the poplation size of 
tropical and subtrapical species of fishes. A correspordhg reauCtion in the 
@ations of endemic species and those species with zoogeographic 
affinities with the ichthyofauna of Peru and Chile was also documented. 
Additional colledions in 1984 substantiate these data. 

At least one species of fish, chaetdon kleini, was.recorded in 
the East Pacific for the first time at the Galapagos in 1984; The arrival 
of this Indo-Pacific htterflyfish at the Galapgcs is attributed to the 
recent, l q e  scale El Nh50 event. 

DisaaDearance of the Giant Sudd (r>osidic=us sisasl 
Fishery in the Gulf of California, ard its DOSS ible 
relation to Overfishins and the Effects of "El Ni50" 

bY 
E.M. Ramirez R. 

Centm Interdisciplkio de Ciencias Marinas, P.O. Box 592, 
Ia Paz, Baja California Sur, m c o  

F. Magallon B. 
Centxu de Investigaciones BioMgicas, Ia Paz, 

hja California Sur, M c o  

The fishery of Giant Squid (Dosidic=us sisas) h the Gulf of 
California achieved a remarkable develo-t during 1978-80, -iIq f m  
a produdion of 2,000 metric tons in first year to 22,400 in 1980. 'ibis 
notable increase was intimately associated with the application of a greater 
fishing effort. In 1981, the catches underwent a very significant decrease, 
bringing about the crisis of the fishery, and from 1982 o m ,  the 
resame was no longer present in the Gulf, terrmM * ting thus its 
qloitation. 
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III this study, the possible causes for the disappearam=e of 
Dosidicus qiqas froan the Gulf of California are discussed in relation to the 
werfishing effect as well as to probable changes in the effect of the IIEl 
Nfi" 1982-83. 

-tion of the Coastal Ccmnnunities of the Northern Zone 
of Chile after "El N%o1I phenomenon 1982-1983 

by 
R. Soto M. 

Depto. de Ciencias del Mar, Universidad Arturo FYat, 
milla 121, Iquique, Chile 

'Ibis study presents and discusses the changes that have taken 
place in the structure of the coastal camunities of Northern Chile (I. 
Region) as a result of the ItEl Nif~o'I phenomenon in 1982-83, based on 
qualitative and quantitative observations of saane species of the typical 
flora and fauna. For the purpose of visualizing the actual conditions of 
these coastal d t i e s ,  we present the follclwirrg relevant points and 
obsemations: 

A. Repopulation of the native species: at a larger stage the event 
can be &served by the loss of opportunist species and the success 
in the recovery of the ecological nests by the native species. 

B. Alterations in trophic features: alterations in the nutrition 
pref- are observed, especially in fish in a partial or 
radical way. 

C. ccsnpetition: principally for habitat. 

The slow return to stability of the coastal wnnnunity structure is 
actually favoured by the predcrminant environrtmtal factors and by the 
absence of foreign species incorporated into the coastal system during 93 
NhI' @I- in 1982-83. 

Un an&lisis sobre las causas del colam de la pesqu eria 

by 

Escuela de Ciencias del Mar, Universidad Cat6lica de Valparaiso, 
Qsilla 1020, Valparaiso, Chile 

de anchoveta (Erma ulis rimens) realizada en la zona norte de Chile 

E. Y-2 R., M.A. Ehrbieri B. y 0. Barra A. 

Se analizan relaciones entre la captura, la cziptura por d d a d  de 
esfuerzo (C.P.U.E.) y el esfuerzo total de la pesqueria de anchoveta 
(- ulis rimens) realizada en la ZOM norte de Chile (18°30'S-240S) entre 
1959 y 1977. Al mism tiempo se eXaminan, para el period0 1957-1975, 
relaciones entre el indice de abunaancia relativa (C.P.U.E.) y la 
tenpemtura superficial del mar cam caracteristica del d o .  
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Del examen del modelo de production germeral se despremk que el 
esfuerzo de pesca fue notablemnte incrementado d q 6 s  de 1963, situ6ndose 
la pesqueria al lado derecho de la m a  de proctuccion y la abunlancia del 
recurso en un nivel inferior a1 o p t h  requerido para alcanzar la captura 
mixima de equilibria. 

Por otra parte, de la relacion entre la C.P.U.E. y la tenperatura 
superficial del mar del mi- aiio, se d a c e  que 10s pericdcs frios y 
especialmente 10s pericdos &lidos afectarian la dispmibilidad y por lo 
tanto la vulnerabilidad de la anchoveta. Mientrtis que de las relaciones 
entre la C.P.U.E. y la temperatma superficial del mar retrazada en uno y 
das aibs, se desprende que 10s periods &idOS y frics habrian afectado el 
reclutamiento y por enle la abuklancia del recurso en 10s m siguientes. 

Finalmen te se concluye que durante el period0 1957-1975 el recxuso 
fue afectado por 6 fenbenos "El Nfiotl, 4 de 10s cuales fueron de gran 
intensidad (1957, 1958, 1965 y 1972-73) , y por 7 aks frios. Estos even-, 
a d d  de la aplotacion htensiva realizada d q &  de 1963, habrian 
influido notablemente en la disminucion de la abmdancia del mxux-za y en el 
posterior colapso de la pesqueria. 

Biolosical Effects off Ecuador during 
the 1982-83 El N i h  

R. J h k e z  
Instituto Nacional de Pesca, P.O. Box 5918, Guayaquil, -or 

bY 

Ihe strong El Niki event of 1982-83 had a clear effect on the 
biological productivity off Ecuador dur- this event. Law productivity of 
plankton extended along the &t of Ecuador replacing the highly productive 
water normally associated with the Equatorial Front and the areas associated 
to coastal upwelling. L m  CNorophyll _a concmtration, a low primary 
production, a decrease in diatans cells numbers, and a low zocplankton 
bi- were associated with this water. 

spatial and taporal changes in ahr&nce, ccanposition aml 
distribution of the mcst important species of fish such as SardinaDS sa-, 
Etrumeus teres, SCcAnber iaponicus are analyzed. 

'ihe &anges are related to the environmental conditions as well as 
to the hawise of catches f m  the fishing fleet after the El NEm 
-. 



oscillation of Macrobenthos in Shallaw Waters of the 
perwian Central Coast Induced bv El N i k  1982-83 

by 
J. Tarazona' 

InstitutO de Ciencias Biol6gicas %rrbnio Rahldi.'l, 
Universidad Nacional Mayor de San -, 

H. Salzwedel 
programs coaperativo PerUano-Alenbn de 

Imestigacion Fesquera (PKICOPA), -do 22, Callao, W 
w. Amtz 

Alfred-Wegener-Institut fur Polar - 
und m-ven, FRG 

psartaao 1898, Lima 100, 

~n the m y  of Anan, north of Lima, macrozoabenthos was -led at 
15 m (January 1982 - September 1984). Fluctuations in density, biosnass, 
species ccanposition and diversity of the fauna as well as those of the 
envirwrmerrtal factors, temperature, salinity ard dissolved oxyyen were 
analysed. El N i k  (EN) 1982-83 induced marked positive effects at both 
depths. Saw of these changes persisted in 1984 due to the of 
oxygen close to the =-floor and its persistace durirrj and after the 
m-n. At 15 m the species number, which before EN fluctuated between 3 
ard 17, increased to > 26 (max. 45) during EN and in the mnths follmhq 
the event. Biomass reached 156 g m-2 (wet wt.) in Bcenber 1982. Density, 
normally < 4000, to 43,000 and diversity nearly doubled, remaining 
high until June 1984. Species number at 34 m (e2 before EN) fluctuated 
betwleen 15 and 24 frcgn 1982 to February 1983 and returned to 1-2 as 
of June 1984. Bianrass 'reached 52 g m-2 in llecabz 1982. Density, usually < 
600, hcreasd to 13,5OD, and diversity at this depth nearly tripled in 
February 1983. 

Impact of the 1982-83 El Nifm Fhencmmcm on 
Ftrricultural proaudion in W 

by 
W.A. S-ez 

Muusterio de i%gricultura, Proyecto PADI, Lima, peni . .  

Agricultural pmduction during the 1982-83 agricultural season was 
drastically reduced by the action of excessive precipitations along the 
northern coast of FWX, as well as by high temperatures in the northern and 
central Coast, associated with a draught in the southern nwxlntains. 

?he great impact on agricultural activity is due primarily to high 
losses of seeded surfaces, and secordarily to lm crop yields, or, in s c m ~  
cases, to the intenuption of the crop developmt cycle due to thermdl 
effects. 
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stdy presents the results of the analysis of the seedings, 
harvests atxi production during the period of ocaurence of the 1982-83 El 
NE~O phenmmon, ccpnpared with the production figures for agriailturdl 
seasons before and after the reference period. 

El N%o and Fur Seal Lactation Strateqies 
bY 

P. Majluf 
Iarge Animal Resear& Graup, Dept. of Zoology, 

University of cambridge, U.K. 
and F. Trillmich 

Max Planck Institut fur Verfialtensphysiologie, Abt. wickler, 
b8131 Seewiesen, F'RG 

changes in availability of pelagic fishes brmght abaut by El 
Niiios (ENS) direcu y affect the fur seals' forag- success and m y  
ultimately affect their breeding success: a decrease in food availability, 
presumably reduces the w l y  of milk available to offspring ard/or 
increases the risk of mortality of young start- to forage independently. 
Thus, young able to &tab milk from their mthe.rs thrcplghcprt ENS wcdd have 
a higher probability of survival than young weaned d e r  EN conditions. m e  
smth American fur seal (kctcce~halus australis) in Feru and the GdLapagos 
fur seal (A. galamqoensis) show the longest lactations amng all fur seals: 
while all other species wean their young before they are 1 year old, in 
these 2 m a t i o n s  a high proportion of females continue nursing their 
offspring into a secord and even a third year. ?his extended dmation of 
lactation a m  to be an adaptation to El Niiio-related env~nmentzd 
um=ertahty. To support this idea, the lactation strategies of 8 spp. of fur 
seals and the California sea lion (Zalophus califomiarms) are cmpred: 
only the species subjected to EN (Galapagos, and perwian fur seals anl 
California sea lion) or similar p h e n m  (S. African fur seal, A. EUS illus) 
shuw extenled lactations. The possible implications on breeding rates are 

, 

Fluctuations h the Princiml Carum nents of the shallcm 
Water ECUSY stem alom the Central Peru Coast during 1981-84 

J. -zona, E. Canahuire ard C. Cordova 
Grupo DePSFA, Institute de Ciencias Biol6gicas l%ntoni.o Raimondi", 

Universidad Nacional Mayor de San Marccs, Lima, Feni 
H. Salzwedel 

Programs coclperativo Femano-Alendn de Investigacion 
-era, mPA-IMARPE, Apartado 22, Gdlao, Feni 

bY 

Froan May 1981 to August 1984, mnthly samples of PhytaPlanMon, 
-1- 'c larvae, soft ard hard substrate benthos, miming crabs and 
fishes have been taken f m  Ancon my (Ancon is located near 12'S, a short 
drive north of Lima). Simultaneously, hydrographic data were also taken. 
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?he analysis de- fluctuations in the various ccarponents of 
the before, during and after the 1982-83 El N k .  Similarly, we 

able to establish the impacts on biological variations of such abiotic 
factors as: dnnges in the circulation patterns of the surfaoe water masses, 
sea level, temperature, upwelling and oxygen concentration. The principal 
mechanism and processes that guvern the absewed biological fluctuations 
aUrhq El Niki are dkcused . Finally, we draw conclusions rqar&q ' the 

shore. 
existence of particular recham 'sms of importam=e in areas very close to 

-rhic. Remductive and Phvsiolosical chans esin 

bY 

the Marine Bird porxil ations in the North of Chile 
Caused bv the 1982-83 El N i h  

C.G. Guerra C. 
Instituto de Investigaciones Oceanol6gicas, 
Universidad de Antofagasta, Qsilla 1240, 

Antofagasta, chile 

mhq the 1982-83 EL N Z o  and successive years (1984-86) we have 
mfitored the coastal bird populations (pelecanus occidentalis, 
Fhalacrocorax bausa invilli, ph. olivaceus, ph. s a M ,  sila variewta. 

hwlboldti an3 Larus mdestus). Tb do this we annually surveyed a 
coastal sectar of about 200 km (21'54's to 23'05's). Additionally, fram 1979 
to 1985 we studied the gonadic state, lipid storage, displumage, behavicur 
and reprpductive activity of L. modestus in the same sector. 

The results establish the demgraphic succession of these 
cxmmnities in aczardance with thermal processes and food availability. Each 
palxilation has a different life history strategy in its repxuductive and 
distributional aspects. A m q  these, P. occidentalis feeds opportunistically 
on prey of law ampetitive level and accammdates its nest-raking spatially 
and taporally according to factors of canpetition and availability. 

?he data cbtained on L. mdestus shows physiological changes that 
occumed during the El N i k  episode, in axnparisOn with prior and later 
years. It was observed that the effects on reproduction persisted until 1984 
with a changed regime of displumage and lipid storage. There was no 
recruitment until 1985, the year in which the e a t i o n  r e m  to the 
situation observed in 1979-81. 

Phwm and figures are used to support the presentation and 
aiscussion of the paper. This project has been partially financed with furds 
fmm DIEXRIWfive&&d de AnGfaiasta, f m  the 
(Travel Grant L.C.F.) ard fram North Texas State 

Nation& Science Fourvlation 
university. 
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The Ima ct of the 1982-83 El Nih-Scuthern bscillation 
on seabirds in the Galamqcs Islards 

by 
C.A. Valle, F. CKUZ and J. Cruz 

Charles Darwin Research Station, Casilla 58-39, Guayaquil, Ecuador 
G. Merlen 

M. coulter 
Savannah River Ecology Laboratory, P.O. Drawer E., 

Aiken, SC, 29802 USA 

Isla Santa Cruz, Islas Galapagcs, Fmador 

Fran octaber 1982 through July 1983 the Galapagos Islards 
e x p e r i d  the strongest ENS0 event yet recorded, with heavy rains and a 
wann, unpmductive ocean. rxlrhg this period IILDst seabirds did not breed and 
mny left the archipelago altogether. Dark-rumped Petrels (Pteroros~ 

eouyquia), which did breed durhg the event, demnstrated low growth rate 
of chicks. Censuses ard observations denmstrate substantial poplation 
decreases of other seabirds during ENSO. One hundred thirty seven nesting 
p a b  of Blue-fmtd Boabies (sula nebauxi) were counted at Funta cormorant, 
F l o m  Islanl in October 1982, but only 63 in 1984. Tatdl 
censuses of Galapagos Pengums ' (mheniscus mendiculus) and Flightless 
Cornrorants (N- narrisi) taken before and after the ENSO 
ckmnstmw declines of 77% and 49%, respectively. We discussed the seabird 
poplation declines during ENS0 and their subsequent recavery. 
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Institute del Mar del M 
IIpartado 22 
Qllao 
Fe.ni 

s. ~VareZ-Borrego 
Centro de Imrestigacion Cientifica y de 

Mucacion Superior de EnseMda 
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