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ABSTRACT

The coupling between ocean (EI Nifio) and atmosphere (Southern Oscillation) conditions has only recently come under sharp
focus. El Nifio/Southern Oscillation (ENSO) has been labeled an excellent natural experiment that empirically demonstrates
the teleconnections that may occur in planet Earth, illustrating how atmospheric-oceanographic phenomena may affect the
biota, no only marine but also terrestrial. I make a summary review of how ENSO determines peculiar atmospheric and
oceanographic conditions, thus affecting precipitation patterns in land masses, with cascading effects on marine and terrestrial
plants, and on sea and land birds and mammals. 1 propose that the alternate phases of ENSO, namely El Nifio/La Nifia, should
be explored in greater detail in order to make reasonable extrapolations about where global climate change may lead us. The
latter has been considered simply as a steady increase in the temperature of the planet, but the Southern Oscillation shows that
warm and cool phases alternate on very large geographical scales such as the entire Pacific Basin. That the two strongest

___EMSO events occurred at the end of the XX century (1982-83 and 1997-98) suggest that we should be more worried about the

occurrence of increasingly more extreme events of El Niiio and La Nifia, rather than about a gradual warming of the climate.
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RESUMEN

El acoplamiento entre condiciones ocednicas (El Nifo) y atmosféricas (Oscilacion del Sur) sélo recientemente estd siendo
examinado en detalle. El Nifio/Oscilacién del Sur (ENOS) se ha considerado como un excelente experimento natural que
demuestra empiricamente las teleconexiones que pueden darse en el planeta Tierra, ilustrando cémo los fenémenos atmosféri-
co-oceanogrificos pueden afectar la biota, no sélo marina sino también terrestre. Hago una revisién sumaria de cémo ENOS
determina condiciones atmosféricas y oceanogréficas peculiares, que afectan los patrones de precipitacién en las tierras
emergidas, con efectos en cascada sobre plantas marinas y terrestres, asi como sobre aves y mamiferos en ambos ambientes.
Propongo que las fases alternadas de ENOS (El Nifo/La Nifia), debieran explorarse en mayor detalle para poder hacer
extrapolaciones razonables sobre dénde nos puede llevar el cambio climdtico global. Este tltimo ha sido considerado simple-
mente como un aumento sostenido de la temperatura del planeta, pero La Oscilacién del Sur muestra que fases cdlidas y
frescas se alternan a escalas geogréficas tan extensas como la cuenca completa del Océano Pacifico. Que tos dos eventos
ENOS mads fuertes hayan ocurrido al final del siglo XX (1982-83 y 1997-98) sugiere que debiéramos estar mas preocupados
sobre la ocurrencia de eventos cada vez mds extremos de El Nifio/La Nifia, antes que a un calentamiento gradual del clima.

Palabras clave: El Niiio, Oscilacién del Sur, ENOS, Sudamérica occidental, efectos en cascada, cambio climdtico global.

INTRODUCTION have become only recently part of

cultivated knowiedge, since the ENSO

It is puzzling that the realization of the  phenomenon has been well known for long
coupling between ocean (El Nifio) and among meteorologists, climatologists and
atmosphere (Southern Oscillation) may  oceanographers (cf. reviews by Diaz &
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Markgraf 1992, Allan et al. 1996), in
addition to glaciologists (Thompson et al.
1984), geoarcheologists (Rollins et al.
1986), and palinologists (Villagran 1993).
In fact, ENSO has visited the western
coasts of the Americas frequently over the
last 5000 years, when the present-day
system of atmospheric and oceanographic
circulation became consolidated in the
Pacific Ocean (Rollins et al. 1986). The
most recent reviews of the origin and
consequences of this phenomenon are
updated until 1985 in Maridtegui et al.
(1985), until 1990 in Arntz & Fahrbach
(1991, 1996), until 1991 in Machare &
Ortlieb (1993), and until 1994 in Glantz
(1996) and in Allan et al. (1996). 1 hereby
provide an update to the end of 1997.

The name El Nifo, coined by Peruvian
fishermen, indicates that uneducated people
were well aware of the aperiodic intrusions
of the oceanographic phenomenon and of
its sequels (specially those pertaining
artisanal fisheries). Scientists, however,
were only mildly interested in the
oceanographically moderate ENSO of
1972-73 (Zuta et al. 1980). But they did
jump quickly with the arrival of the
formidable ENSO of 1982-83 (Barber &
Chavez 1983, Philander 1983, Caviedes
1984, McGowan 1984, Ramage 1986,
Glynn 1988, 1990, Arntz & Fahrbach 1991,
1996). Up to now the biggest in the century
(and the century is not yet over), the
economic and human losses caused by that
event raised the consciousness of both
scientists and public authorities to the
importance of studying the phenomenon,
but the interest soon waned. Indeed, the
oceanographically mild ENSO events of
1986-87 and 1991-92 did not attract much
the attention of scientists (Arntz &
Fahrbach 1991, 1996).

It must be recognized, tough, that a few
perceptive scientists soon realized the
importance of considering ENSO as a
natural experiment that would enable
knowledge of the responses of ecosystems
faced with global climate change (Schreiber

& Schreiber 1989, Trillmich 1991, Arntz &
Fahrbach 1991, 1996). Nevertheless, the
following-up of such opportunities has been
slow. Only recently are results being
published on the effects of the ENSO 1991-
92 (Karl et al. 1995, Jaksic 1997, Jaksic et
al. 1997, Polis et al. 1997), even though its
most spectacular aspects were being
released or predicted almost simultaneously
to the cultivated public (Monatersky 1991,
1992, 1993).

ENSO AND THE ATMOSPHERE

For complex reasons, sporadically a
difference in atmospheric pressure occurs
between the eastern and western fringes of
the Pacific Ocean. An index known as SOI
(Southern Oscillation Index) estimates the
difference in pressure between Darwin
(Australia) and Tahiti (in the eastern Pacific).
When this index yields negative values, a
weakening in the strength of the westerly
winds is observed (those that blow from
America to Australasia). This enables the
intrusion of warm tropical waters from
Australasia to the American coastlines and
the sinking or furthering of the cool currents
that bathe those coasts (the Humboldt Current
in South America, the California Current in
North America). The mean occurrence of this
phenomenon varies from 1 to 11,5
years (Rasmusson & Wallace 1983) and
its intensity (strength) is practically
unpredictable (Rasmusson 1984). For
instance, during the 100 years spanning from
1880 to 1980 ca. 25 ENSO events were
recorded, three of which were very strong
(category 6 of Glynn 1988).

Because warmer ocean water evaporates
more easily, when ENSO events occur, the
potential for the atmosphere to contain water
vapor increases, and thus its potential to
precipitate it when faced with cooler
temperatures (usually as rainfall but
sometimes as snowfall). Apparently, the first
authors who noted a correlation between the
sea surface temperature (SST index) and
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higher than usual precipitations in California,
were Markham & McLain (1977), who were
quickly followed by Quinn et al. (1978), who
noted that ENSO events were associated with
droughts on the opposite side of the Pacific
Ocean (in Australasia). In fact, because of its
significant meteorological causality,
atmospheric scientists have been those who
have invested most efforts in studying ENSO
(Canby 1984, Ropelewski & Halpert 1986,
Quinn et al. 1987).

ENSO AND THE OCEAN

Oceanographers have not lagged behind
meteorologists and climatologists, owing to
the obvious implications that the intrusion
of a warm water mass, of high salinity, low
oxygen contents, and poor in nutrients, has
on the circulation regimes of currents, and
accompanying depression of the
thermoclines, obliteration of upwellings,
and increases in normal sea levels along the
American rim of the Pacific Ocean (Cane
1983, Firing et al. 1983, McGowan 1984,
Cucalon 1987, Huyer et al. 1987,
Wilkerson et al. 1987, Glynn 1990).

Almost concurrently, both in the
northeastern (North America) and in the
southeastern Pacific (South America),
marine biologists had consigned in the
literature a relationship between El Nifio
intrusions and mass dieoffs of phytoplankton
and zooplankton, macroalgae, and marine
animals (Dayton & Tegner 1984, Gunnill
1985, Tarazona et al. 1985, Paine 1986,
Torres-Moye & Alvarez-Borrego 1987,
Silva-Cota & Alvarez-Borrego 1988), with
abundant occurrences of unusual organisms
(Tershy et al. 1991), with migrations to
high-sea or to deeper layers by fishes of
commercial concern (Arntz & Fahrbach
1991, 1996), and even with the collapse of
an entire industrial fishery, that of the
anchovy (Jordan 1991). Further, important
changes in abundance and composition of
artisanal fishery resources were documented
in Peru (Valdivia & Arntz 1985).

As it should be clear from the above,
none of the cited authors is Chilean (they
are chiefly North Americans and
Peruvians). This changed when an entire
issue of the Chilean journal Investigacién
Pesquera (1985), was dedicated to
analyzing the putative effects of ENSO
1982-83 regarding meteorological,
oceanographic, marine-biological, and
fishery aspects. Among others, it was
remarked that the major effects were
observed between Arica (latitude 19 South)
and Chafiaral (latitude 26 South) (Blanco &
Diaz 1985), and that those included
massive dieoffs of brown algae (Soto 1985)
and of littoral invertebrates (Tomicic 1985),
as well as changes in the composition of
phytoplankton (Avaria 1985), ichthyofauna
(Kong et al. 1985) and fishery resources
(Martinez et al. 1985). Up to now, that
issue of Investigacién Pesquera is the best
summary of the effects of ENSO in Chile.
In a pioneering long shot, Camus (1990)
proposed that ENSO occurrences may
explain the biogeographic patterns of
macroalgae along the Peruvian-Chilean
coast. Indeed, later on Camus and
coworkers were able to demonstrate
convincingly: (a) That the 1982-83 ENSO
changed the patterns of exploitation of
three marine benthic resources by humans
(a gastropod and a kelp went down in
landings while a cephalopod went up,
Castilla & Camus 1992). (b) That the 1982-
83 ENSO resulted in the local extinction of
a dominant kelp species from many
localities, that the success of its
recolonization was lower in the
northernmost localities of Chile —those
most heavily affected by EI Nifio
incursions— and that herbivory by
invertebrates was superimposed on ENSO
effects (Camus 1994a, 1994b). (c) That the
1982-83 ENSO affected species richness,
dominance, and evenness of both benthic
algae and invertebrates, which displayed
complex patterns along a 6-degree
latitudinal range in northern Chile (Camus
et al. 1994). (d) That the strong 1982-83
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ENSO resulted in a decline to 23% of pre-
ENSO kelp landings, whereas the moderate
1986-87 and 1991-92 ENSO events caused
no relevant changes in the respective
landings (Camus & Martinez 1995).

Despite the inspiration that Chilean
scientists could have received out of the
impressive gathering of detailed
information contained in Investigacién
Pesquera (1985), the chief agency for the
funding of Chilean basic science
(Fondecyt = Fondo Nacional de Desarrollo
Cientifico y Tecnolégico) did not receive
a fundable proposal on marine-biological
aspects of ENSO until 1990 (Camus &
Ojeda 1990). And that project aimed at
investigating the ecological effects of
ENSO 1982-83 on community structure of
marine invertebrates and algae around
Antofagasta. Indeed, most of the papers by
Camus, cited above, resulted from that
single project.

Perhaps as a consequence of
emphasizing so much the relationship of
ENSO with marine phenomena (Allan et
al. 1996), only very recently Chilean
scientists began to become interested in
the association of that phenomenon with
increased precipitation in the land mass
and with some biological phenomena such
as the “blooming desert” and “rodent
irruptions”. It is noticeable that among the
28 contributions published in
Investigacién Pesquera (1985), only two
made any reference to ENSO-driven
effects in terrestrial ecosystems: Soto
(1985) made general remarks on the
vegetation blooming of the Atacama
Desert, and Vargas et al. (1985, in
actuality an abstract) mentioned crop
damage owing to both hydric stress and
insect outbreaks. Only in 1996 a proposal
was submitted to Fondecyt, requesting
support to study the response of terrestrial
ecosystems to ENSO events (Jaksic et al.
1996¢). That same year, a Presidential
Chair in Science was awarded to analyze
ENSO in the broader context of global
climate change (Jaksic 1996).

ENSO AND THE RAINS

Ropelewski & Halpert (1986) in North
America, Goldberg et al. (1987) in Peru,
Quinn & Neal (1983), Rutllant (1985),
Romero & Garrido (1985), Mardones &
Silva (1985), Fuenzalida (1985), Aceituno
& Montecinos (1992) and Ortlieb (1994) in
Chile, are among the authors who have
associated ENSO intrusions with increased
precipitation in lowland areas of northern
and central Chile (and with droughts in the
high-Andean plateau shared by Chile, Peru,
Bolivia, and Argentina). Very recently,
Lima et al. (in press) demonstrated
statistically a significant association
between ENSO and high precipitation in
the semiarid region of northern Chile. For
sure, every time that excessive
precipitation occurs, ensuing runoffs,
floods, and inundations follow, and they
are very well documented in Peru
(Caviedes 1984, Waylen & Caviedes 1986,
Arntz & Fahrbach 1991, 1996). As a
counterpart to these phenomena, droughts
and associated fires occur in the
southwestern Pacific —Australia, southeast
Asia— and in India (Quinn et al. 1978).

ENSO AND THE VEGETATION

That high rainfall associated with ENSO
incursions somehow affects the vegetation,
was first noted by Hamann (1985) in the
Galapagos Islands (Ecuador), by Soto
(1985) in northernmost Chile, and by Arntz
& Fahrbach 1991) in Peru. In turn, Dillon &
Rundel (1990), Nicholls (1991), and
Armesto et al. (1993) were the first botanists
that associated the massive germination and
flowering of desert plants in Chile and
Australia with periods of high precipitation.
In fact, Armesto et al. (1993) determined
that in northern Chile at least 20 mm should
precipitate during a single storm in order to
trigger seed germination. It is interesting to
note that the study by Armesto et al. (1993)
was conducted from 1989 to early 1991,
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spanning a dry period without occurrence of
ENSO, which apparently did not inspire
these authors to relate their findings with the
phenomenon of the “blooming desert.”
ENSO and rains did come later in 1991, and
the desert duly bloomed.

A different situation was faced by
Gutiérrez et al. (1993), who were analyzing
vegetation characteristics during a long-term
study in Fray Jorge National Park, and
where lucky to receive the intrusion of
ENSO 1991-92. These authors demonstrated
that shrub cover remained constant at ca.
60% from 1989 to 1994, but herb cover
changed substantially (from 11-28% during
pre-ENSO 1989-90, to 55-97% during
ENSO 1991-92, and to 13-21% during
post-ENSO 1993-94). And so did the seed
bank (from 15,000-17,000/m? during pre-
ENSO 1989-90, to 30,000-32,000/m?
during ENSO 1991-92, and to 22,000-
26,000/m? during post-ENSO 1993-94).
This study indicates that two rainy years
resulted in important increases in primary
production, specifically that of herbs and
seeds. The occurrence of ENSO 1997 is
still too recent to determine whether the
vegetation’s response will be the same as in
1991-92, but unpublished data by Gutiérrez
& Jaksic indicate that this is really a fact.

ENSO AND THE BIRDS

Among the most easily spotted effects of
ENSO intrusions are the massive
migrations and subsequent dieoffs of
seabirds (Schreiber & Schreiber 1984,
1989, Duffy & Merlen 1986, Ainley et al.
1987, Duffy 1990, Wilson 1991, Massey et
al. 1992, Arntz & Fahrbach 1991, 1996).
This happens because when fishes migrate
to high seas, seabirds cannot keep up with
them and begin to starve and soon fail to
reproduce (Tovar et al. 1987, Guerra et al.
1988). Even terrestrial birds that inhabit
oceanic islands suffer great population
losses, although for a different reason
(Gibbs & Grant 1987, Grant & Grant 1987,

1993, Hall et al. 1988, Miskelly 1990,
Lindsey et al. 1997). In the latter case, when
ENSO comes, excessive precipitations result
in reproductive failures, and the subsequent
drought years that follow (the reverse
phenomenon of La Nifia), further decimate
bird populations because of depleted food
resources.

The above being said, it is worth noting
that up to now all studies refer to ENSO
effects on seabird colonies or of terrestrial
birds on small oceanic islands (e.g., the
Galapagos). Continental landbirds have not
been studied under this perspective, except
for a recent paper by Lazo & Jaksic
(submitted for publication). These authors
show that when ENSO arrived, there was
both an increase in bird species richness and
abundance from 29 spp. and 15-20/ha in
autumn 1996 to 42 spp. and 55-60 birds/ha
in summer 1997, in a representative locality
of northern Chile (Las Chinchillas National
Reserve). They explained these increases as
consequences of augmented primary
(vegetational resources) and secondary
productivity (arthropod abundance).

ENSO AND THE MAMMALS

Sea lions and elephant seals (pinnipeds)
also suffer from ENSO intrusions chiefly
because their staple food, fish and squid,
migrate off and down: This results in an
increase in the duration of pinniped “forays
to the sea,” which in turn translates into
more energy spent searching for food than
what is obtained when food is actually
found and processed. This negative balance
shows off in the wearing away of body fat
and muscle and in mass mortality of
pinnipeds (Arntz & Fahrbach 1991, 1996).
For sure, the first to be affected are puppies
and juveniles, incapable of feeding by
themselves and with lower capabilities for
swimming than have adults. Massive
mortality of pinniped puppies has been
reported during ENSO events along the
Peruvian and Chilean coasts (Limberger
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1990, Majluf 1991, Arntz & Fahrbach 1991,
1996) and in the Galapagos Islands
(Trillmich & Limberger 1985, Trillmich &
Dellinger 1991). The arrival of Peruvian sea
lions at northern Chilean waters has been
proposed as an early warning that El Niiio is
coming down to Chile (Torres 1985).

Suspicions that rodent outbreaks (or
irruptions) were somehow related with
unusually high precipitation existed since
Pearson (1975) documented the outbreak of
1972-73 along the Peruvian coastal desert.
Coincidentally, Fulk (1975) and Péfaur et
al. (1979) reported a rodent outbreak
during 1972-73 in several localities of
northern Chile. A problem with these
studies was that nothing was known about
the baseline or “normal” population
abundances of the rodents involved. An
exception was the work of Meserve & Le
Boulengé (1987), who followed up for two
years the irruption of 1972-73 first reported
by Fulk (1975) in Fray Jorge National Park.
Another exception was the work of Jiménez
et al. (1992), who followed up the irruption
of 1987-88 in Las Chinchillas National
Reserve.

All of the above-mentioned authors
concurred that rodent outbreaks were
triggered by unusually high precipitations.
For instance, Pearson (1975) showed that
the irruption in coastal Peru occurred after
an 81-mm winter rainfall at a locality
characterized by an average precipitation of
32 mm. Péfaur et al. (1979) showed that
1972 was the wettest year in a series of six
(1970-1975). Meserve & Le Boulengé
(1987) reported that annual precipitation in
Fray Jorge National Park averaged 69 mm
from 1969 to 1976, but shot up to 255 mm
during 1972. Jiménez et al. (1992) noted
that the irruption in Las Chinchillas
National Reserve (mean annual
precipitation = 206 mm during 1980-1989),
occurred in 1987, when yearly rainfall was
513 mm. Summarizing previous studies,
Fuentes & Campusano (1985) detected a
significant association between years of
high precipitation and rodent outbreaks in

northern Chile. The same result was
obtained by Lima et al. (in press), though
with more sophisticated statistical tools.

A major problem with the previous
studies is that all took place after ENSO
events. Only two recent works have spanned
the entire period before-during-after ENSO.
Meserve et al. (1995) reported population
trends of small mammals in Fray Jorge
National Park from early-1989 to mid-1993.
An ENSO event started in mid-1991 and
ended in mid-1992. These authors showed
that seven small mammal species started
increasing during spring 1991, some of them
immediately after winter 1991 (e.g.,
Abrothrix olivaceus while others lagged one
year behind (e.g., Octodon degus). In
general, small mammals increased their
population levels from 12-15/ha in pre-
ENSO (1989-90) to 26-117 during ENSO,
and decreased gradually in the next two
years post-ENSO (from 111 to 43/ha in
1993-94). Jaksic et al. (1996a) spanned the
same period, at Las Chinchillas National
Reserve, only 100 km south of Fray Jorge
National Park. At the former site, however,
the increase in rodent abundance was too
modest to deserve being labeled an outbreak
(> 100 small mammals/ha).

ENSO AND THE TOP PREDATORS

Jaksic et al. (1996b) analyzed the effects
the ENSO 1991-92 in Fray Jorge National
Park. They gathered 30 months of data
before ENSO, and 36 months during and
after the event (total = 5.5 years). The rainy
winter of 1991 brought an increase of 3X to
the seed bank (perennials and ephemerals
pooled; see above). Consumers of seeds
and herbs (chiefly rodents) increased their
population levels 10X during the ENSO
years (see details above). Carnivorous
predators (hawks, owls, and foxes)
displayed a one-year delayed response to
small mammal abundance: from 7
individuals/750 ha during 1991 to 17/750
ha during 1992, keeping at that same level
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during 1993, but decreasing to 14/750 ha
during 1994.

Jaksic et al. (1996b) also documented a
counterclockwise trajectory of predator
abundance versus small mammal
abundance, which suggests that the
dynamics of the predator/prey system
depends on prey levels (The same was
concluded by Jaksic et al. 1996a, in Las
Chinchillas National Reserve). These
authors speculated that the effects of ENSO
do not propagate from top trophic levels
(predators) to those at the bottom (prey),
but in the opposite direction. Based on this
scenario, Jaksic et al. (1996b) predicted
that as primary productivity varied with
precipitation, the same should happen with
secondary (small mammal abundance) and
tertiary productivity (that of vertebrate
predators). The current ENSO 1997-98
should enable to test this prediction.

EFFECTS NOT ATTRIBUTABLE TO ENSO

Evidently, El Nifio/Southern Oscillation
affects the functioning of terrestrial
ecosystems in at least central and northern
Chile, but the evidence is inconclusive for
southern Chile. For instance, rodent
outbreaks were first detected in that part of
the country (Philippi 1879), and the chief
species involved is the rodent Oligoryzomys
longicaudarus (Muriia et al. 1986), a
known vector of Hanta virus, Andes
variant. Despite the remarkable coincidence
of the 1997 Oligoryzomys irruption —and
subsequent spread of the Hanta virus
epidemic— with the incursion of ENSO
1997, outbreaks of this rodent seem more
related to the masting of several bamboo
species of the genus Chusquea (Hershkovitz
1962, Murda et al. 1996, Meserve et al.
unpublished ms.), whose long period of
recurrence (12-25 years) does not coincide
with the more frequent ENSO. A puzzle
still unresolved 1is the outbreak of
“Oryzomys xanthaeolus” reported in Peru
by Gilmore (1944). Inspection of the SST

index reported in Allan et al. (1996),
indicates that an ENSO may have occurred
in 1944-45, but there are no reliable
records of precipitation.

CONCLUSIONS

El Nifio/Southern Oscillation constitutes an
excellent natural experiment that empirically
demonstrates the teleconnections that may
occur in planet Earth, and at the same time
illustrates how atmospheric-oceanographic
phenomena may affect the biota, not only
marine but also terrestrial. The alternate
phases of ENSO, namely EI Nifo/La Niiia,
should be explored in greater detail to
make reasonable extrapolations about
where global climate change may lead us.
Global climate change has been thought of
as simply a steady increase in the
temperature of the planet, but the Southern
Oscillation shows that warm and cool
phases alternate on such large geographical
scales as the entire Pacific Basin. That the
two strongest ENSO events occurred at the
end of the XX century (1983-84 and 1997-
98) suggest that we should be more worried
about the occurrence of increasingly more
extreme events of El Nifio and La Nifa,
rather than about a gradual warming of the
climate.

ACKNOWLEDGMENTS

I appreciate the support of Fondecyt 196-
0639, Mellon Foundation, and Presidential
Chair in Science 1996. Two not-so-
anonymous reviewers helped me improve
the contents and delivery of this work; I
thank them for their thoughtfulness.

LITERATURE CITED

ACEITUNO P & A MONTECINOS (1992) Andlisis de la
estabilidad de la relacién entre la Oscilacién del Sur y
la precipitacién en América del Sur. In: Ortlieb L & J
Macharé (eds) Paleo ENSO Records International



128 JAKSIC

Symposium, extended abstracts: 7-13. ORSTOM/
CONCYTEC, Lima, Peru.

AINLEY DG, HR CARTER, DW ANDERSON, KT
BRIGGS, MC COULTER, F CRUZ, JB CRUZ, CA
VALLE, SI FEFER, SA HATCH, EA SCHREIBER,
RW SCHREIBER & NG SMITH (1987) Effects of the
1982-83 El Nifio-Southern Oscillation on Pacific
Ocean bird populations. Proceedings of the
International Ornithologicai Congress 19: 1747-1758.

ALLAN R, J LINDESAY & D PARKER (1996) El Niiio
Southern Oscillation and climatic variability.
CSIRO Publishing, Collingwood, Victoria, Austra-
lia. ix + 405 pp.

ARMESTO JA, PE VIDIELLA & JR GUTIERREZ (1993)
Plant communities of the fog-free coastal desert of
Chile: plant strategies in a fluctuating environment.
Revista Chilena de Historia Natural 66: 271-282.

ARNTZ WE & E FAHRBACH (1991) El Niifio:
Klimaexperiment der Natur Physikalische
Ursachen und biologische Fulgen. Birkhauser
Verlag. [Not seen].

ARNTZ WE & E FAHRBACH (1996) El Nifo: experi-
mento climdtico de la naturaleza. Fondo de Cultura
Econdémica, Ciudad de México, México. 312 pp.

AVARIA S (1985) Variaciones en la composicién y
biomasa del fitoplancton marino del norte de Chile
entre diciembre 1980 y junio 1984. Investigaci6n
Pesquera (Chile) 32: 191-193.

BARBER R & F CHAVEZ (1983) Biological
consequences of El Nifio. Science 222: 1203-1210.

BLANCO JL & M DIAZ (1985) Caracteristicas
oceanogrificas y desarrollo de El Nifio 1982-83 en
la zona costera de Chile. Investigacién Pesquera
(Chile) 32: 53-60.

CAMUS PA (1990) Procesos regionales y fitogeografia en
el Pacifico Suroriental: el efecto de “El Nifio-Osci-
lacion del Sur”. Revista Chilena de Historia Natural
63: 11-17.

CAMUS PA (1994a) Dindmica geogrifica en poblaciones
de Lessonia nigrescens Bory (Phaeophyta) en el
norte de Chile: importancia de la extincién local du-
rante eventos El Nifio de gran intensidad. Revista de
Investigaciones Cientificas y Tecnolégicas, Serie
Ciencias Marinas (Chile) 3: 58-70.

CAMUS PA (1994b) Recruitment of the intertidal kelp
Lessonia nigrescens Bory in northern Chile:
successional constraints and opportunities. Journal
of Experimental Marine Biology and Ecology 184:
171-181.

CAMUS PA & E MARTINEZ (1995) The exploitation of
brown algae in Chile. Applied Phycology Forum
11(3): 4-5.

CAMUS PA & FP OJEDA (1990) Andlisis de la estructura
y dindmica comunitaria del intermareal rocoso del
norte de Chile: cambio y persistencia de patrones y
procesos mediados por perturbacién (El Nifio 1982-
83). Project 90-0770, Fondo Nacional de Desarrollo
Cientifico y Tecnolégico, Santiago, Chile.

CAMUS PA, EO VASQUEZ, EO GONZALEZ & LE
GALAZ (1994) Fenologia espacial de la diversidad
intermareal en el norte de Chile: patrones comunita-
rios de variacién geogrifica e impacto de los proce-
sos de extincion-recolonizacidn post El Nifio 82/83.
Medio Ambiente (Chile) 12: 57-68.

CANBY TY (1984) El Nifio’s ill wind. National
Geographic 165: 144-183.

CANE MA (1983. Oceanographic events during El Nifio.
Science 222: 1189-1195.

CASTILLA JC & PA CAMUS (1992) The Humboldt-El
Nifio scenario: coastal benthic resources and
anthropogenic influences, with particular reference

to the 1982/83 ENSO. South African Journal of
Marine Science 12: 703-712.

CAVIEDES CN (1984) El Niiio 1982-83. Geographical
Review 74: 267-290.

CUCALON E (1987) Oceanographic variability off Ecua-
dor associated with an El Nifio event in 1982-1983.
Journal of Geophysical Research 92: 14309-14322.

DAYTON PK & MJ TEGNER (1984) Catastrophic storms,
El Nifio, and patch stability in a southern California
kelp community. Science 224: 283-285.

DIAZ HF & V MARKGRAF, eds (1992) El Nifio:
historical and paleoclimatic aspects of the Southern
Oscillation. Cambridge University Press, New
York, New York, USA. 476 pp.

DILLON MO & PW RUNDEL (1990) The botanical
response of the Atacama and Peruvian Desert floras
to the 1982-83 El Nifio event. In: Glynn PW (ed)
Global ecological consequences of the 1982-83 E]
Nifio Southern Osciliation: 487-504. Elsevier
Oceanographic Series 52, Amsterdam, The
Netherlands.

DUFFY DC (1990) Secabirds and the 1982-1984 El Niiio-
Southern Oscillation. In: Glynn PW (ed) Global
ecological consequences of the 1982-83 EI Niiio
Southern Oscillation: 395-415. Elsevier
Oceanographic Series 52, Elsevier, Amsterdam,
The Netherlands.

DUFFY DC & G MERLEN (1986) Seabird densities and
aggregations during the 1983 El Nifo in the
Galapagos Islands. Wilson Bulletin 98: 588-591.

FIRING E, R LUKAS, ] SADLER & K WYRTKI (1983)
Equatorial undercurrent disappears during 1982-
1983 El Nifio. Science 222: 1121-1123.

FUENTES ER & C CAMPUSANO (1985) Pest outbreaks
and rainfall in the semi-arid region of Chile. Journal
of Arid Environments 8: 67-72.

FUENZALIDA R (1985) Aspectos oceanograficos y meteo-
rolégicos de El Nifio 1982-83 en la zona costera de
Iquique. Investigacion Pesquera (Chile) 32: 47-52.

FULK GW (1975) Population ecology of rodents in the
semiarid shrublands of Chile. Texas Tech University,
The Museum, Occasional Papers 33: 1-40.

GIBBS HL & PR GRANT (1987) Ecological consequences
of an exceptionally strong El Nifo event on
Darwin’s finches. Ecology 68: 1735-1746.

GILMORE RM (1947) Cyclic behavior and economic
importance of the rata-muca (Oryzomys) in Peru.
Journal of Mammalogy 28: 231-241.

GLANTZ MH (1996) Currents of change: El Nifo’s
impact on climate and socicty. Cambridge
University Press, Cambridge, UK.

GLYNN PW (1988) El Nifio-Southern Oscillation 1982-
83: nearshore population, communiy, and
ecosystem responses. Annual Review of Ecology
and Systematics 19: 309-345.

GLYNN PW, ed (1990) Global ecological consequences of
the 1982-83 El Nifo-Southern Oscillation. Elsevier
Oceanography Series 52, Elsevier, Amsterdam, The
Netherlands. 563 pp.

GOLDBERG RA, G TISNADO & RA SCOFIELD (1987)
Characteristics of extreme rainfall events in
northwestern Peru during the 1982-1983 El Nifio
period. Journal of Geophysical Research 92:
14255-14241.

GRANT PR & BR GRANT (1987) The extraordinary El
Nifio event of 1982-83: effects on Darwin’s finches
on Isla Genovesa, Galapagos. Oikos 49: 55-66.

GRANT PR & BR GRANT (1993) Evolution of Darwin’s
finches caused by a rare climatic event.
Proceedings of the Royal Society of London, Se-
ries B, 251: 111-117.



THE MULTIPLE FACETS OF EL NINO/SOUTHERN OSCILLATION IN CHILE 129

GUERRA CG, LC FITZPATRICK, RE AGUILAR & BJ
VENABLES (1988) Reproductive consequences of
E! Nifio Southern Oscillation in gray gulls (Larus
modestus). Colonial Waterbirds 11: 170-175.

GUNNILL FC (1985) Population fluctuations of seven
macroalgae in southern California during 1981-
1983, including effects of severe storms and an El
Nifio. Journal of Experimental Marine Biology and
Ecology 85: 149-164.

GUTIERREZ JR, PL MESERVE, FM JAKSIC, LC
CONTRERAS, S HERRERA & H VASQUEZ
(1993) Structure and dynamics of vegetation in a
Chilean arid thornscrub community. Acta
Oecologica 14: 271-285.

HALL GA, HL GIBBS, PR GRANT, LW BOTSFORD &
GS BUTCHER (1988) Effects of El Nifio-Southern
Oscillation (ENSO) on terrestrial birds. Proceedings
of the International Ornithological Congress 19:
1759-1775.

HAMMAN O (1985) The EIl Nifo influence on the
Galapagos vegetation. In: Robinson G & EM del
Pino (eds) El Nifio en las Islas Galdpagos: el evento
de 1982-1983: 299-330. Fundacién Charles Darwin
para las Islas Galapagos, Quito, Ecuador.

HERSHKOVITZ P (1962) Evolution of Neotropical
cricetine rodents (Muridae), with special reference to
the Phyllotine group. Fieldiana: Zoology 46: 1-524.

HUYER A, RL SMITH & T PALUSZKIEWICZ (1987)
Coastal upwelling off Peru during normal and El
Nifio times: 1981-1984. Journal of Geophysical
Research 92: 14297-14307.

INVESTIGACION PESQUERA (1985) Nimero Especial:
Taller Nacional Fenémeno El Nifio 1982-83. Inves-
tigacién Pesquera (Chile) 32: 1-254.

JAKSIC FM (1996. Global climate change and El Nifio
Southern Oscillation as a proxy. Cdtedra Presiden-
cial en Ciencias, Repiblica de Chile, Santiago,
Chile.

JAKSIC FM (1997) Ecologia de los vertebrados de Chile.
Ediciones Universidad Catdlica de Chile, Santiago,
Chile. 262 pp.

JAKSIC FM, P FEINSINGER & JE JIMENEZ (1993) A
long-term study on the dynamics of guild structure
among predatory vertebrates at a semi-arid
neotropical site. Oikos 67: 87-96.

JAKSIC FM, P FEINSINGER & JE JIMENEZ (1996a)
Ecological redundancy and long-term dynamics of
vertebrate predators in semiarid Chile. Conservation
Biology 10: 252-262.

JAKSIC FM, SI SILVA, PL MESERVE & IJR
GUTIERREZ (1996b) A long-term study of
vertebrate predator responses to an El Nifio (ENSO)
disturbance in western South America. Oikos 78:
341-354.

JAKSIC FM, JA WIENS & [ LAZO (1996¢) A long-term
study on dynamics of guild structure in predatory
vertebrates subjected to ENSO events. Project 196-
0319, Fondo Nacional de Desarrollo Cientifico y
Tecnolégico, Santiago, Chile.

JIMENEZ JE, P FEINSINGER & FM JAKSIC (1992)
Spatiotemporal patterns of an irruption and decline
of small mammals in north-central Chile. Journal of
Mammalogy 73: 356-364.

JORDAN RS (1991) Impact of ENSO events on the
southeastern Pacific region with special reference
to the interaction of fishing and climate
variability. In: Glantz M, R Katz & N Nicholls
(eds) ENSO teleconnections linking worldwide
climate anomalies: scientific basis and societal
impacts: 401-430. Cambridge University Press,
Cambridge, UK.

KARL DM, R LETELIER, D HEBEL, L. TUPAS, J DORE, J
CHRISTIAN & C WINN (1995) Ecosystem changes
in the North Pacific subtropical gyre attributed to the
1991-92 El Nifo. Nature 373: 230-234.

KONG 1, ] TOMICIC & J ZEGERS (1985) Ictiofauna asocia-
da al fenémeno El Nifio 1982-83 en la zona norte de
Chile. Investigacién Pesquera (Chile) 32: 215-223.

LAZO I & FM JAKSIC (1998) Decline and recovery of a
bird assemblage in semiarid Chile in response to an
extended drought and subsequent El Nifio 1997.
Condor: submitted.

LIMA M, PA MARQUET & FM JAKSIC (1998) El Nifio
events, precipitation patterns, and rodent outbreaks
are statistically associated in semiarid Chile.
Ecography: in press.

LIMBERGER D (1990) El Nifio’s effect on South
American pinnipeds. In: Glynn PW (ed) Global
ecological consequences of the 1982-83 El Niifio

Southern Oscillation: 417-432.  Elsevier
Oceanographic Series 52, Elsevier, Amsterdam, The
Netherlands.

LINDSEY GD, TK PRATT, MH REYNOLDS & JD
JACOBI (1997) Response of six species of
Hawaiian forest birds to a 1991-1992 El Niiio
drought. Wilson Bulletin 109: 339-343.

MACHARE J & L ORTLIEB, eds (1993) Records of El
Nifio phenomena and ENSO events in South
America. Bulletin de I’Institut Francais d’Etudes
Andines 22: 1-406.

MAIJLUF P (1991) El Nifio effects on pinnipeds in Peru. In
Trillmich F & KA Ono (eds) Pinnipeds and El
Nifio: responses to environmental stress: 55-65.
Springer Verlag, Berlin, Germany.

MARDONES E. & O SILVA (1985) Variables climdticas
en el norte de Chile durante el fenémeno El Niifio
1982-83. Investigacion Pesquera (Chile) 32: 37-46.

MARIATEGUI J, AC DE VILDOSO & J VELEZ (1985)
Bibliography of “El Nifio” phenomenon from 1891
to 1985. Instituto del Mar del Peri, Boletin, Volu-
men Extraordinario: 1-136.

MARKHAM CG & DR MCLAIN (1977) Pacific sea-
surface temperature related to rain in California.
Nature 269: S01-504.

MARTINEZ C, C SALAZAR, G BOHM, JC MENDIETA
& C ESTRADA (1985) Efectos del fenémeno El
Nifio 1982-83 sobre los principales recursos
peldagicos y su pesqueria (Arica-Antofagasta). In-
vestigacién Pesquera (Chile) 32: 129-139.

MASSEY BW, DW BRADLEY & JL ATWOOD (1992)
Demography of a California Least Tern colony
including effects of the 1982-83 El Nifio. Condor
94: 976-983.

MCGOWAN JA (1984) The California El Nifo, 1983.
Oceanus 27: 48-51.

MESERVE PL & E LE BOULENGE (1987) Population
dynamics and ecology of small mammals in the
northern Chilean semiarid region. Fieldiana
Zoology, New Series 39: 413-431.

MESERVE PL, JA YUNGER, JR GUTIERREZ, LC
CONTRERAS, WB MILSTEAD, BK LANG, KL
CRAMER, S HERRERA, VO LAGOS, SI SILVA, EL
TABILO, MA TORREALBA & FM JAKSIC (1995)
Heterogeneous responses of small mammals to an El
Nifio Southern Oscillation event in northcentral
semiarid Chile and the importance of ecological scale.
Journal of Mammalogy 76: 580-595.

MISKELLY CM (1990) Effects of the 1982-83 El Nifio
event on two endemic landbirds on the Snares
Islands, New Zealand. Emu 90: 24-27.

MONATERSKY R (1991) 'Tis the season for an El Nifio
warming. Science News 140: 389.



130 JAKSIC

MONATERSKY R (1992) El Nifio drenches southern
California. Science News 141: 159.

MONATERSKY R (1993) Once bashful El Nifio now
refuses to go. Science News 143: 53,

MURUA R, LA GONZALEZ, M GONZALEZ & C JOFRE
(1996) Efectos del florecimiento del arbusto
Chusquea quila Kunth (Poaceae) sobre la demogra-
fia de poblaciones de roedores de los bosques tem-
plados frios del sur chileno. Boletin de la Sociedad
de Biologia de Concepcién 67: 37-42.

MURUA R, LA GONZALEZ & PL MESERVE (1986)
Population ecology of Oryzomys_longicaudatus
philippii (Rodentia: Cricetidae) in southern Chile.
Journal of Animal Ecology 55: 281-293.

NICHOLLS N (1991) The El Nifio/Southern Oscillation
and Australian vegetation. Vegetatio 91: 23-36.

ORTLIEB L (1994) Major historical rainfalls in central
Chile and the chronology of ENSO events during
the XVI-XIX centuries. Revista Chilena de Historia
Natural 67: 463-485.

PAINE RT (1986) Benthic community-water column
coupling during the 1982-1983 El Niiio: are
community changes at high latitudes attributable to
cause or coincidence? Limnology and Oceanography
31: 351-360.

PEARSON OP (1975) An outbreak of mice in the coastal
desert of Peru. Mammalia 39: 375-386.

PEFAUR JE, JL YANEZ & FM JAKSIC (1979) Biological
and environmental aspects of a mouse outbreak in the
semi-arid region of Chile. Mammalia 43: 313-322.

PHILANDER SGH (1983) Anomalous El Nifio of 1982-83.
Nature 305: 16.

PHILIPPI F (1879. A plague of rats. Nature 20: 530.

POLIS GA, SD HURD, CT JACKSON & F SANCHEZ-
PINERO (1997) El Nifio effects on the dynamics
and control of an island ecosystem in the Gulf of
California. Ecology 78: 1884-1897.

QUINN WH & VT NEAL (1983) Long-term variations in
the Southern Oscillation, El Nifio, and Chilean
subtropical rainfall. Fishery Bulletin 81: 363-374.

QUINN WH, VT NEAL & SE ANTUNEZ DE MAYOLO
(1987) El Nifio occurrences over the past four and a
half centuries. Journal of Geophysical Research 92:
14449-14461.

QUINN WH, DO ZOPF, KS SHORT & RTW KUO YANG
(1978) Historical trends and statistics of the
Southern Oscillation, El Niiio, and Indonesian
droughts. Fishery Bulletin 76: 663-678.

RAMAGE CS (1986) El Nifio. Scientific American 254:
76-83.

RASMUSSON EM (1984. The ocean/atmosphere
connection. Oceanus 27: 5-13.

RASMUSSON EM & JM WALLACE (1983)
Meteorological aspects of the El Nifo/Southern
Oscillation. Science 222: 1195-1202.

ROLLINS HB, JB RICHARDSON & DH SANDWEISS
(1986) The birth of El Nifio: geoarchaeological
evidence. Geoarchaeology 1: 3-15.

ROMERO H & AM GARRIDO (1985) Influencias
genéticas del fenémeno El Nifio sobre los patrones
climéticos de Chile. Investigacion Pesquera (Chile)
32: 19-35.

ROPELEWSKI CF & MS HALPERT (1986) North
American precipitation and temperature patterns
associated with El Nifio/Southern Oscillation
(ENSO). Monthly Weather Review |14: 2352- 2362.

RUTLLANT J (1985) Algunos aspectos de la influencia
climatica, a nivel mundial y regional, del fenémeno
El Nifio. Investigacion Pesquera (Chile) 32: 9-17.

SCHREIBER RW & EA SCHREIBER (1984) Central
Pacific seabirds and the El Nifio Southern

Oscillation: 1982 to 1983 perspectives. Science
225:713-716.

SCHREIBER EA & RW SCHREIBER (1989) Insights into
seabird ecology from a global “natural experiment”.
National Geographic Research 5: 64-81.

SILVA-COTA S & S ALVAREZ-BORREGO (1988) The
“El Nifio” effect on the phytoplankton of a
northwestern Baja California coastal lagoon.
Estuarine, Coastal and Shelf Science 27: 109-115.

SOTO R (1985) Efectos del fendmeno El Nifio 1982-83 en
ecosistemas de la I Region. Investigacién Pesquera
(Chile) 32: 199-206.

TARAZONA J, C PAREDES, L ROMERO, V
BLASKOVICH & S GUZMAN (1985) Caracteristi-
cas de la vida plancténica y colonizacidén de los or-
ganismos bentdnicos epiliticos durante el fenémeno
“El Nino”. In: Arntz W, A Landa & J Tarazona
(eds) “El Nifio”. Su impacto en la fauna marina: 41-
50. Boletin del Instituto del Mar, Callao, Peri.

TERSHY BR, D BREESE & S ALVAREZ-BORREGO
(1991) Increase in cetacean and seabird numbers in
the Canal de Ballenas during an El Nifio-Southern
Oscillation event. Marine Ecology Progress Series
69: 299-302.

THOMPSON LG, E MOSLEY-THOMPSON & B MORA-
LES (1984) El Nifo-Southern Oscillation events
recorded in the stratigraphy of the tropical
Quelccaya Ice Cap, Peru. Science 226: 50-53.

TOMICIC JJ (1985) Efectos del fenémeno El Nifio 1982-
83 en las comunidades litorales de la peninsula de
Mejillones. Investigacién Pesquera (Chile) 32:
209-213.

TORRES D (1985) Presencia del lobo fino sudamericano
(Arctocephalus australisy en el norte de Chile,
como consecuencia de El Nifio 1982-83. Investiga-
cién Pesquera (Chile) 32: 225-233.

TORRES-MOYE G & S ALVAREZ-BORREGO (1987)
Effects of the 1984 El Nifio on the summer
phytoplankton of a Baja California upwelling zone.
Journal of Geophysical Research 92: 14383-14386.

TOVAR H, V GUILLEN & D CABRERA (1987)
Reproduction and population levels of Peruvian
guano birds, 1980 to 1986. Journal of Geophysical
Research 92: 14445-14448.

TRILLMICH F (1991) El Nifio in the Galapagos Islands: a
natural experiment. In: Mooney HA, E Medina, DW
Schindler, ED Schulze & BH Walker (eds)
Ecosystem experiments: 3-21. John Wiley & Sons,
New York, New York, USA.

TRILLMICH F & D LIMBERGER (1985) Drastic effects
of El Niflo on Galapagos pinnipeds. Oecologia 67:
19-22.

TRILLMICH F & T DELLINGER (1991) The effects of El
Nifio on Galapagos pinnipeds. In: Trillmich F & KA
Ono (eds) Pinnipeds and El Nifio: responses to
environmental stress: 66-74. Springer Verlag,
Berlin, Germany.

VALDIVIA G & W ARNTZ (1985) Cambios en los recur-
sos costeros y su incidencia en la pesqueria
artesanal durante “El Nifio” 1982-1983. In: Arntz
W, A Landa & J Tarazona (eds) “El Nifio”. Su im-
pacto en la fauna marina: 143-152. Boletin del Ins-
tituto del Mar, Callao, Perd.

VARGAS H, L TAPAIL, R THOMANN, A AGUILERA &
M JIMENEZ (1985) Efectos del fenémeno El Nifio
en la agricultura de los valles de Arica, Chile. In-
vestigacién Pesquera (Chile) 32: 207.

VILLAGRAN C (1993) Una interpretacién climatica del
registro palinolégico del idltimo ciclo glacial-
postglacial en Sudamérica. Bulletin de I’Institut
Francais d’Etudes Andines 22: 243-258.



THE MULTIPLE FACETS OF EL NINO/SOUTHERN OSCILLATION IN CHILE 131

WAYLEN PR & CN CAVIEDES (1986) El Nifio annual
floods on the north Peruvian littoral. Journal of
Hydrology 89: 141-156. Washington coast, 1979-1990. Condor 93: 8§53-858.

WILKERSON FP, RC DUGDALE & RT BARBER ZUTA S, D ENFELD, J VALDIVIA, P LAGOS & C
(1987) Effects of El Nifio on new, regenerated and BLANDIN (1980) Physical aspects of the 1972-73
total production in eastern boundary upwelling “El Nifio” phenomenon. In: Proceedings of the
systems. Journal of Geophysical Research 92: Workshop on the Phenomenon known as “El Nifio™:
14347-14353. 11-62. ROSTLAC, UNESCO, Montevideo, Uruguay.

WILSON U (1991) Responses of three seabird species to
El Nifio events and other warm episodes on the



	Jaksic (1998)220.pdf
	Jaksic (1998)222.pdf
	Jaksic (1998)223.pdf
	Jaksic (1998)224.pdf
	Jaksic (1998)228.pdf
	Jaksic (1998)233.pdf
	Jaksic (1998)237.pdf
	Jaksic (1998)239.pdf
	Jaksic (1998)240.pdf
	Jaksic (1998)242.pdf
	Jaksic (1998)243.pdf



