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EL NINO SOUTHERN OSCILLATIONS (ENSO) AND THEIR IMPACTS ON
MARINE POPULATIONS
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INTRODUCTION

Oceanographic conditions in the northeast Pacific are characterized by seasonal
and annual fluctuations in temperature, upwelling and nutrient levels. Large scale
conditions are determined by two separate current systems: the California Current and the
Alaskan Gyre. The latitudinal position of the Sub-Arctic Boundary, which separates the
Alaskan Gyre from the California Current, fluctuates over time and alters the
oceanographic and biological state along the north Pacific coast. The presence or absence
of El Nino-Southern Oscillation (ENSO) events, originating from the southern Pacific
region (figure l), forces the interannual variation in this system.  Further, interdecadal
regime shifts overshadow these interannual cycles, adding to their irregularity and
unpredictability.

Seasonal patterns in this region are well described, but the large-scale events
leading to shifts in ocean currents are less predictable. Fluctuating ocean patterns in turn
lead to changes in the biological ecosystem. This includes changes in the abundance and
distributionof plankton, fish, seabirds, and mammals. In the sections below we first
describe the main oceanographic patterns of the northeastern Pacific, and the frequency
and intensity of variations in the main factors. We subsequently describe how variability in
oceanographic factors affect the marine ecosystem, and interactions among trophic levels.

In our search of the literature we found that most studies relating changing
oceanographic patterns and marine communities refer to ENSO which are tropical in
origin. Mid-latitude warming events also occur (Norton et al., 1985) and these can extend
or intensify warm periods, as well as confound the interpretation of ENSO related shifts.
Most studies are correlative, since they relate changing patterns in abundance and
distribution to ENSO. For some the evidence is strong, and relies on long-term and
quantitative results; other studies refer to ENSO as one probable cause of observed
changes in marine communities. Where possible we have included quantitative data in
tables or text that may be of use for modeling studies. Because ENSO events affect the
availability of nutrients, their main impacts may be through the food web i.e. a reduction in
nutrient input leads to changes in the higher trophic levels. This type of “bottom-up”
approach has been much studied in freshwater systems (e.g. Carpenter et al., 1984), but
rarely in marine systems in part because of the large spatial and temporal scale. In our
review of the literature we found few studies that directly related changes in the
abundance or productivity in the basal trophic levels with changes at higher levels.

The following sections discuss the physical oceanography of ENSO events, and
subsequently deal with the biological consequences for plankton, fish, and seabirds.



Because of the focus of this report, most attention is given to ENSO impacts on seabird
populations. We finish with a discussion of additional ENSO impacts on biological
systems.

OCEANOGRAPHY OF THE EASTERN PACIFIC

The waters off the Pacific Northwest coast of the USA are cold, and nutrient rich
in coastal areas. The region is governed by the subarctic current system which travels
eastward across the northern Pacific, and splits to form the Alaskan gyre (to the north)
and California Current to the south. Variations in diverging biological components and
latitudinal range of the subarctic split is altered by ENSO events.

The El Nino-Southern Oscillation (ENSO)

In the tropical Pacific Ocean off the coast of Peru and Ecuador an event known
locally as El Nino occurs every two to seven years. Lasting from six to eighteen months,
El Nino’s have been documented in this area since the Spanish conquest (Quinn
et al., 1987) and are known locally as times of warm oceanic water and heavy rainfall.
Over the last 30 years the global community has realized that this, seemingly local
condition, can indirectly change meteorological, biological, and atmospheric states around
the world. The name El Nino refers to Christ the ‘boy child” because the effects of El
Nino appear at Christmas time. El Nino events are related to changes in the Southern
Oscillation and thus the scientific name for El Nino, El Nino-Southern Oscillation or
ENSO has been largely adopted by the scientific community. Since 1944 there have been
eleven identified ENSO events ranging in intensity from mild (5 events including 1976
1977) to severe (6 events including 1982-1983, which was the most severe of this century)
(figures 2 and 3). The current (1997-1998) ENSO event may become the most severe on
record, and already there have been three full reversals in the trade winds attributed to
ENSO. This is unprecedented for this century. (San Francisco Chronicle archive Oct.
7, 1997).

The Peruvian coastline separates a normally productive and relatively cold tropical
environment from an inland arid desert. The ocean currents here arise from the northward
flowing Peru Current which is the eastern boundary of the counter-clockwise rotating
South Pacific gyre. This highly productive nearshore environment depends on coastal
upwelling which provides a nutrient base for the plankton, fish stocks and seabirds in the
area. This local system in turn, is the result of a global atmospheric phenomenon known
as Walker Circulation which describes wind patterns in zonal cells around the world. In
the Indo-Pacific Walker cell, the typical pattern creates easterly tradewinds in that region
which cause the ocean’s surface water to flow westerly. This, in combination with the
earth’s rotation, creates the Eckman Transport which drives upwelling along the coast of
Peru (Enfield, 1992; Glynn, 1988) (figure 4).
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Interannual variations in this system are caused by fluctuations in atmospheric
pressure, known as the Southern Oscillation. When these oscillations in low pressure
regions (where air moves upward) and high pressure regions (where air moves downward)
occur, typical wind patterns reverse (figure 5). In Peru, this results in an approximately
year-long weather pattern upheaval known as ENSO. In some years, this has devastating
effects on the local environment as well as the economy. During ENSO years sea surface
temperatures drop, nutrient rich upwelling ceases, and the surface waters become nutrient
depleted. Local anchovy and sardine populations crash and seabirds (their predators),
diminish. An ENSO creates global anomalous patterns and events. A year is officially
denoted as an ENSO when sea surface temperatures at any three out of five standard
measuring stations between Talara (5o south) and Callao (12o south) exceeds one standard
deviation for four or more consecutive months (www-ocean.tamu;  Mysak, 1986). This
ENSO warming phenomenon is not confined to Peru. Just as the Walker Circulation
drives zonal cell patterns which remotely affect one-another; large ENSO events off Peru
establish physical oceanic and weather anomalies teleconnections around the globe
(Bjerknes, 1966, 1969; from Enfield, 1992). On a large scale, an ENSO year yields
anomalous spikes in pressure systems, wind, rainfall, drought, ocean currents, sea level
and sea surface temperature (figures 5 and 6). (Mann and Lazier, 1991).

Ocean currents directing flows from Peru to Indonesia during non-ENSO years are
directed by the easterly tradewinds. Walker Circulation directs wind from east (Peru) to
west (Indonesia) across the oceans surface, creating opposite weather patterns at each
end. The low pressure in Indonesia yields tropical heavy rainfall and convection of the air
to a higher plane where it returns toward the east and subsides along the Peru shoreline,
resulting in dry desert conditions. The water surface temperature is typically colder on the
eastern side and the sea level is lower, with a relatively shallow thermocline.

Preceding an ENSO event, the atmospheric pressure over Indonesia reverses
which causes a subduction zone, thereby reversing the wind circulation. This reverse wind
cycle slowly expands and pushes east across the Pacific, warming the surface
temperatures, slightly raising the sea level, and lowering the thermocline in its path. With
the thermocline lowered upwelling becomes ineffective for delivering nutrients to the
surface waters where they are needed to fuel primary production in the phytoplankton
(Mann and Lazier, 1991). Sea surface temperatures are raised by 6-8o C and mobile
nearshore communities relocate further offshore and/or are displaced further north.
Weather patterns change bringing tropical rainfall to the Peruvian deserts and drought to
Indonesia. (www.ios.bc.ca) These kinds of physical and oceanographic changes are
known to cause direct and devastating changes in the biological systems in the area
(Barber and Chavez, 1983). Beyond the south Pacific Gyre, energy initiated by strong
ENSO conditions moves northward via oceanographic Kelvin waves and atmospheric
teleconnections into the California Current System.
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The California Current System and the Subarctic Boundary

The California Current, part of the subtropical gyre in the North Pacific, is similar
to the Peru current in that the northerly winds and Ekman Transport create coastal
upwelling and nutrient rich waters. This current is the southward travelling component of
the subarctic split and carries northern species along with it. It travels along the edge of
the continental shelf from the subarctic split down the California coast. The winds are
more variable in this system, resulting in higher annual variability in upwelling and
subsequent nutrients entering the system. Seasonal shifts in prevailing winds, from a
poleward direction in the fall and winter (Davidson Current) to an equatorward direction
in the spring and summer, dictate when upwelling (spring and summer) versus
downwelling (winter) occurs on the greater California shoreline. This shift occurs as the
Aluetian Low pressure system fluctuates in intensity. Upwelling occurs all year off Baja
California, however, because of the areas’ proximity to the consistent North Pacific high
pressure system (Norton, et al., 1985; Hunt, 1995).

In addition to seasonal variation in the Davidson Current., the California current
system is altered by the position of the subarctic boundary split, which defines the northern
boundary. As the subarctic current travels from west to east, it splits into a northward
flowing current, which becomes the Alaskan Gyre, and a southward flowing current,
which becomes the California Current. The amount of northward versus southward
flowing water determines zooplankton constituents in the northern California current
population.

During strong ENSO events, energy from the Tropical El Nino is transferred into
the California system through oceanic and atmospheric processes creating a midlatitude El
Nino. The cool California Current weakens and offshore water moves onshore. This
forcing of downwelling moves up the California coast and alters nearshore oceanographic
and related biological processes. Mid latitude warming events can also form from separate
processes related to forced exchanges of the cold California Current and warmer,
westerly North Pacific Central Gyre water. Extraordinarily strong ENSO events, such as
the 1982-83 El Nino, may be a product of both a Tropical El Nino and a simultaneously
developing Mid latitude warming event (Norton et al., 1985). As far north as British
Columbia, at the northern boundary of the California Current, ENSO sea surface
temperatures increase l-1.5o C above average (Kelson et al., 1995).

Changes in the California Current system can move even farther northwards and
alter the subarctic boundary. Strong ENSO events result in an intensification of the
Aluetian low pressure system and a decrease in coastal upwelling and primary
productivity. The subarctic current boundary region shifts between Cape Mendocino to
the Queen Charlotte Islands. Within this boundary, the shifting currents have great
importance on zooplankton populations. During strong ENSO years more of the subarctic
current is pushed northward along with the plankton population it carries. This in turn
alters food availability for the fish populations. During colder, normal years, the
zooplankton population descending from the north includes a larger variety of copepod
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which is higher in nutritional value for juvenile salmonids. In warmer El Nino years, the
boundary is shifted northward and the copepods are replaced by smaller southern varieties
which are of lesser value and may not meet the nutritional needs for juvenile salmonids
(Fulton and LeBrasseur, 1985; Pearcy and Schoener, 1987; and Brodeur et al., 1992).

Predicting ENSO Events

ENSO events, how they develop, and their global repercussions can be described,
but they cannot yet be accurately predicted as they occur with irregular frequency. In fact,
it is not clear whether the atmospheric Southern Oscillation or oceanographic processes
initiate the cycle (some have likened this to the old chicken and egg question). Global
correlation of tropical Pacific El Nino events with world wide weather anomalies evolved
in the 1960’s (Bjerknes, 1966; from Enfield, 1992) and the connection with Southern
Oscillation Index fluctuations began with work by Berlage (1957; from Enfield, 1992). A
recent article, (Pacific ENSO Update newsletter Vol.3 No.2, NOAA) discussed three
models used to predict ENSO events, none of which properly predicted the intensity of the
warming trend we are now experiencing in the Tropical and Temperate Oceans (figure7
depicts the latest NOAA prediction).

On a larger, interdecadal scale, there are major regime shifts that occur, swinging
the overall tendency for global weather patterns to produce a series of warm, El Nino,
years or cold, La Nina years. The duration of these global shifts are related to the
Southern Oscillation and are initiated by strong ENSO events (Hollowed and Wooster,
1995). A warm trend over the past 20 years has brought more ENSO events that have
occurred with greater intensity than in the recent past. The warm trend is associated with
a decrease in primary productivity along the entire eastern coast of the Pacific. During
warm years when atmospheric circulation is stronger, the Aleutian low pressure system
intensities, coastal sea surface levels increase, the California Current flow weakens, and
coastal upwelling reduces (Emery and Hamilton, 1985). It is currently thought that the
global trend will soon shift into a series of cold La Nina years (Pearcy, pers. comm.).
These regime shifts are unpredictable and are part of the reason why ENSO events cycle
irregularly.

ENSO EFFECTS ON MARINE BIOLOGICAL COMMUNITIES

Changes in biological parameters that occur following an ENSO event are well
documented, particularly for the southeastern and equatorial Pacific (see Barber and
Chavez, 1983). For example, 2.8 million juvenile birds were estimated to have died in the
equatorial Pacific from 1982-1983 (Tovar and Cabrera, 1985). In the northeastern
Pacific, effects appear to be weaker and direct unequivocal correlations between ENSO
and biological changes are less well documented. Complex systems, inter-annual variations,
and time lags combine to limit our ability to detect immediate and direct impacts. This is
exacerbated for higher trophic levels. Further, human alteration of marine and terrestrial
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ecosystems impacts the ability of researchers to distinguish between natural large-scale
events, and human effects (Diaz and Markgraf, 1992; Wilson, 1991).

The driving mechanism behind observed declines in marine populations during
ENSO years is believed to be reduced primary productivity (caused by a reduction in
upwelling). The phenomenon is widespread and may account for large reductions in
plankton, kelp, fish, and seabirds from the equator to Alaska (see below). This suggests
that nutrient input plays a key role in these ecosystems. However, conversely, Wooten
et. al. (1996) argue that rocky intertidal ecosystems in the Pacific Northwest are not
nutrient limited, because the experimental addition of nutrients during an ENSO years had
no effect on community dynamics. Although ENSO generates large-scale oceanographic
patterns, local tidal regimes can provide a refuge for some species. Tershey, et al., (1991)
reported that Canal de Ballenas in the central Gulf of California, served as an apparent
refuge for marine species during the 1983 ENSO event. Tidal mixing created relatively
high primary productivity in this localized system. By contrast, adjacent areas suffered
reduced upwelling during ENSO, and subsequent declines in plankton and fish.

In addition to altering nutrient levels, ENSO events can generate additional
disturbances in marine communities. Subtidal kelp forests (Macrocystis pyrifera) are
highly productive areas that provide a habitat for a complex community. During ENSO
years, storms frequently destroy kelp beds and their associated community (Dayton and
Tegner 1984, Bodkin et al 1987, Dayton et al 1992). Recovery can be slowed or
prevented by low nutrient levels associated with ENSO (Dayton et al 1992). The arrival of
competing species can further slow recovery e.g. recovery of low intertidal kelp Lessonia
nigrescens on the northern Chilean coast was prevented by colonization of corraline algae
(Camus 1994).

ENSO events are frequently associated with dramatic seabird mortality in the
Southern Hemisphere. Sub-lethal impacts also occur at the individual and the community
level, especially in the northern latitudes. These include alterations in the abundance,
composition, and range distribution of species. Breeding failures and starvation have been
noted in bird populations. Changes in species abundance and composition often reflect the
direct impacts of warmer and nutrient poor waters on plankton and the indirect effects
(positive and negative) through the trophic web to fish and birds.

Northward range extensions are commonly recorded during ENSO events. For
instance, during the 1982-3 ENSO event, thirteen species of marine animals were reported
north of their previously recorded ranges into waters off Oregon to Alaska. These
included, three species of invertebrates (sea hare, copepod, and euphasiid), nine species of
fish (including swordfish and black durgeon), and one species of seabird (the elegant tern).
Changes in distribution often result from changes in water temperature, food, and
currents. Two main mechanisms appear to explain the unusual distributions of animals
during the 1982-3 ENSO event: The advection of water along with passive drift of
organisms, and active migration by individuals. Advection most likely explains the
increased abundance of planktonic mollusks, crustaceans, jelly fish and salps off Oregon.
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By contrast many fish and seabirds actively migrated northwards. Many of these range
extensions are temporary, but some studies indicated that for sessile species the effects can
be prolonged (e.g. Camus, 1994).

In the following sections, we describe the effects of ENSO and related
oceanographic events on biological systems. The main focus of this paper is the effect of
ENSO events on seabirds. Because seabirds are indirectly impacted through the food web,
we have included discussions on ENSO impacts on plankton and fish to give greater
understanding of the potential range of impacts. Because of the focus of this paper, we
present detailed results from the northeastern Pacific (i.e. from California northward), but
we include references to changes over the entire Eastern Pacific focussing on southern
studies where they are relevant to this paper.

ENSO Effects on Plankton Composition and Distribution

In general ENSO events are associated with a reduction in upwelling of nutrient
rich water on the Pacific Northwest coast. For instance, in the 1982-3 ENSO, primary
productivity was low along the west coast. In Southern California, chlorophyll standing
stocks (an indicator of phytoplankton) were depressed (Fielder 1984), and in the same
region there was a record low biomass of zooplankton (McGowan 1985), indicating a
strong and direct effect of phytoplankton on the next consumer level. Surface chlorophyll
values were also lower off Oregon and Southern Washington during 1983 in comparison
to the previous (non-ENSO) year. In turn zooplankton off Newport Oregon, showed a
70% reduction during the spring and summer of 1983, and abundances of fish larvae were
several times lower off Oregon in the same year. Zooplankton biomass was also 50%
lower off Vancouver Island during 1993. However, Mackas (1995) found that
interdecadal patterns in plankton communities in the Puget Sound, south of Vancouver
Island, show significant temporal differences that were not always related to ENSO events

Shifts in ocean temperatures and currents can drastically alter plankton density and
biomass. (See Table 1 for an outline of key results). Studies indicate a general decline in
plankton biomass during ENSO events which are correlated with low nutrient conditions.
However, although there is an overall reduction in biomass, the density of some individual
species increase (euphausiids increased dramatically during the 1992-93 ENSO), and
others extend their normal range to more northern waters. Few studies show a direct link
between plankton depression and a reduction at higher trophic levels, although many
strongly suggest this link (see below). Mullin (1995), in a study of the copepod Calamus
pacificus nauplii off southern California suggested that the 1992 winter-spring ENSO
decreased the available food supply for larval fish by 30%. This, in turn, was likely to
have depleted food resources for seabirds that depend on larval fish. Fulton and
LeBrasseur (1985) demonstrated how the inter-annual shifting of the subarctic boundary
(described above) alters the quality of planktonic food available for juvenile salmonids in
the waters of the northeast Pacific. Brodeur, et al (1992), estimated lower levels of
plankton than feeding rates for juvenile salmon of the Washington and Oregon coast,
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suggesting possible food limitations during the 1983 El Nino year. Grover and Olla (1987)
also reported that juvenile sablefish (Anoplopoma fimbria):, a deep water inhabitant off
Oregon and Washington were ingesting smaller copepods in the ESNO year 1983 than in
1980.

For the first time on record, zooplankton species (Paracalamus parvus and Acartia
tonsa), typical of winter months persisted through summer and fall off Oregon during
1983 (Miller, et-al., 1985). Planktonic invertebrates more frequent in southern waters were
common off Oregon in 1983 (Pearcy and Schoener 1987). Range extensions in plankton
species have been noted during ENSO years. For instance, a subtropical euphasiid
extended its range and was abundant off Oregon and Washington during 1983 (Brodeur
1986).

There are changes in the plankton community associated with ENSO. However the
details and trophic impacts of these changes are incompletely understood. This is in part
because of the difficulty in identifying individual planktonic species. Further, because
predator-prey relationships are poorly understood at the planktonic level, we can not yet
relate changes in one species or group of species (e.g. diatoms) with changes in the
abundance of a particular species of fish or bid. This in turn precludes any detailed
predictions (i.e. at the species level). Because of the life-span and reproductive rate of
many planktonic species the effects of ENSO are unlikely to be long term. Within a year of
ENSO, the unusual patterns of distribution and abundance seem to have largely
disappeared.

ENSO Effects on Fish Composition and Abundance

Ocean currents, temperature, salinity, food availability and other factors can be
significantly altered during a large ENSO event. In turn, these effect the distribution,
survival, reproduction, and species interactions of fish stocks (Mysak 1986). The
distribution and population densities of fish can be altered by passive advection, or active
migration, (including vertical or offshore migration). Changes in distribution can often
increase the risk of predation on fish with a resulting decrease in fish density (Pearcy,
et al., 1985). Fish are at a further disadvantage in that unlike most plankton or seabirds,
they are harvested by humans. Fishing activities directly deplete fish stocks adding an
unmeasurable synergy to large scale inter-annual stressors (i.e. Caviedes and Fik, 1993;
Avaria, 1985). (See Table 2 for an overview of studies relating fish abundance and ENSO
events.)

Changes in distribution, northern range extensions, and anomalous sightings for
fish are widely reported during ENSO years. For example, a current media watch for the
1997 ENSO event yields the following: Ocean Sun fish sightings off British Columbia and
Yakutat, Alaska; a Tiger shark sighted north of Wakinosawa, Japan; a Striped Marlin and
Yellowfin tuna off of Washington State; a pelagic armorhead off Kodiak Alaska;
California anchovies off southeast Alaska; mahi mahi and albacore sighted and close to
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shore in San Diego, California; Great White shark and Blue shark sightings in Yakutat,
Alaska; adult sockeye salmon sighted entering streams south of their recorded range in
California; Commercial landings of Albacore tuna taken from the high seas, 1,200 miles
south of Alaska; unusual catches of mackerel in British Columbia. Yellowfin tuna
landings in Depoe Bay, Oregon (darwin.bio.uci.edu). Similar range extensions were noted
in the 1982-83 ENSO event. Apart from indicating unusual ocean conditions, it is
unknown whether these unusual sightings have any significant ecological effects.

However, in tropical Pacific waters large scale changes in fish abundance have
been recorded, and these often have devastating effects on seabirds and fisheries. The
decline in anchovy abundance off Peru illustrates a large and direct negative impact by
ENSO on a fish population and its main predators; an effect compounded by years of
increasing fishing pressure (Caviedes and Fik, 1993). The Peruvian anchovy (Engraulis
ringens) was once the basis of the world’s largest fishery (Barber and Chavez, 1983), but
during the 1983 ENSO anchovy stocks were depleted to virtual extinction. Increased sea
surface temperatures and reduced nutrients, impacted reproduction and egg and larval
survival (Avaria, 1985). The Peruvian guano bids, (especially the Guanay Cormorant
(Phalacrocorax bougainvillii), Peruvian Booby (Sula variegata), and Peruvian pelican
(Pelecanus occidentalis thagus)) which depended on the anchovies as a food source
disappeared along with the guano industry. (Tovar, et al., 1987). During the 1982-83
ENSO it is estimated that over 5 million adult guano birds died on the Peruvian coast
(Tovar and Cabrera, 1985, from Glynn, 1988). The recovery from this population crash
was slow, with sardines replacing the anchovy population for some time (Barber and
Chavez, 1983). Only 55% of the population of Peruvian guano birds had recovered by
1985-86 (Glynn, 1988). In July, 1997, in response to the ENSO warnings, there was a
coastwide ban on anchovy fishing and a sharp drop in the fishmeal industry in Peru.

Changes in fish populations appear to have been less dramatic in the temperate
Pacific. In Oregon coastal waters there was an increased abundance of adult and larval
northern anchovy (Engraulis mordax) and the oceanic Pacific saury (Cololabis saira).
Pacific Mackerel (Scomber japonicus) catch by nekton and purse seine in Oregon and
Washington went from 4 individuals (combined for five years) up to 11,037 in 1983 and
18,447 in 1984. The return rate of three-year old who salmon (Oncorhynchus kisutch) in
Oregon and Washington for 1983 was 42% lower than the return estimated by Pacific
Fishery Management Council (1984), (Pearcy and Schoener, 1987). While salmonid
return rates decreased, many other fish species have strong year classes associated with
ENSO events (Hollowed and Wooster, 1995).

Studies suggest that fish may respond to changing oceanographic patterns
including currents and temperature. For instance, larval abundance and distribution of
rockfish off Central California have been correlated with coastal onshore advection.
Growth rates showed no interannual differences but there were more juvenile rockfish
close to shore early in 1992 at the beginning of ENSO conditions. Onshore advection kept
the larvae close to shore and may have contributed to decreased numbers relative to 1993
when upwelling transported larvae offshore and removed them from the threat of
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predation. Skipjack Tuna (Katsuwonus pelamis), found throughout the equatorial and
subtropical Pacific, concentrate in high temperature, low nutrient surface waters. Lehodey
et al. (1997) report that this commercially harvested species responds strongly to ENSO
conditions by spatially shifting mean densities with fluctuating sea surface temperatures.

Fluctuations in the diet of salmonids off Oregon, California, and Washington
suggest that salmonids seek alternative food sources during major ENSO events (Pearcy,
et al., 1985). Results of stomach content analysis show that the sand lance, (Ammodytes
hexapterus), was the most commonly ingested juvenile fish in 1982. However, the
northern anchovy (Engradis mordax) was the most common in 1983, and this species
was not among the top nine abundant species in 1982. Sand lance are an important
component in the diet of Marbled Mm-relets, (Burkett 1995). If salmonids shift their diet in
response to a drop in sand lance abundance, then similar feeding fluctuations may occur in
Marbled Murrelet foraging strategies. In California during the current 1997 ENSO,
Marbled Murrelets were observed bringing a new fish species to the nest: This species has
as yet been unidentified. (Marbled Mm-relet Recovery Team Meeting November 1997).
Lower productivity during ENSO years may lead to declines in fish populations and may
result in starvation among individuals, but there is no direct evidence of this. A study on
least terns indicated that the average size of fish caught by males during mating season in
ENSO years was considerably lower than in non-ENSO years (see reference in Massey et
al 1995).

ENSO Effects on Seabirds

Typical seabird life history patterns involve long-lived individuals that produce few
offspring and conserve reproductive and rearing resources to enhance adult survival.
These populations tend to be more stable over time than populations, which produce large
numbers of off-spring, are short-lived, and have considerable variation in abundance over
time (Furness and Monaghen, 1987). Most seabirds produce one egg per clutch with a
long incubation time and extended parental care. Large decreases in abundance in such a
population may require a relatively long recovery period. Additionally, as overall densities
decline, the reproductive potential of each individual becomes increasingly important to
the survival of the entire population. Conversely, successful long-lived individuals may be
able to outlast major disturbances and continue breeding with very little impact to the
mean reproductive level.

Impacts on seabird populations vary depending on ENSO intensity, distance from
the tropical origin strength of seabird reproductive year class, range of nutrient depletion,
habitat destruction, and other interannual variations. The strongest impacts occur in
tropical waters off South America, where avian reproductive failure and high mortality
have been frequently recorded (Schreiber and Schreiber, 1984; Valle, et al, 1987; Tovar
and Guillen, 1987). Increased sea surface temperatures and reduced upwelling alters food
resources along the coast, and the general trend is towards a decrease in potential prey.
This can lead to increased mortality from starvation. Breeding declines and failures are
commonly reported during ENSO events. Ground-nesting birds can suffer direct negative
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impact from ENSO generated coastal storms and flooding. Changing local conditions
cause some seabirds to relocate and fluctuating densities may indicate migration, habitat
shifting, or mortality.

Many papers cite ENSO as a potential cause of observed mortality or reproductive
failure (see references below, and Table 3), but the long-term and quantitative studies
needed to accurately assess ENSO impacts are relatively few: Data are pitifully scarce for
the Marbled Murrelet. In the sections below we have included quantitative information on
changes in seabird populations during ENSO events. We focus on the North Eastern
Pacific Region.

Because ENSO events are associated with anomalous Sea Surface Temperatures
(SST), some studies have tried to relate mortality and reduced reproductive success in
temperate waters to SST, usually with little success (e.g. Wilson 1991). Hatch (1987)
noted that declines in sea-bird nesting success in Alaska were often not correlated with
increased SST. Indeed the 1976-7 ENSO event produced no discernible signal in summer
surface temperatures near Kodiak (Hatch 1987), and kittiwake production was poor in
1985 when SST’s were normal. For some species, reproductive failure is correlated more
with the longevity of an ENSO event (e.g. Wilson 1991) than with the degree of anomaly.
Wilson (1991) concluded that SST’s apparently give little information on the severity and
type of a given warm episode, and their use may be limited to that of a marker of the
onset of potentially unfavorable conditions, rather than as a predictor of severity of effects.
A clearer indication of the causes of reproductive declines and mortality, (leading to a
predictive model) is more likely to come from analyses of ocean productivity patterns (i.e.
plankton and fish productivity) than simple SST measurements.

The Marbled Mm-relet (Brachyramphus marmoratus) is unique from other
seabirds. For most of its range, it nests from 25 to 50 miles inland in the platform
branches of large trees. For the past 20 years, Marbled Murrelet populations have been in
serious decline, probably due to the dwindling amount of appropriate breeding habitat
(Ralph., et-al., 1995). Their small size and rapid flight patterns require a higher energy
ration for survival relative to larger seabirds. Depleted food resources may therefore be a
major issue, especially during nesting season when they are travelling long distances daily
(Furness and Monaghen, 1987). For most studies of the Mm-relet, it is difficult to
distinguish the negative effects of ENSO versus long term habitat destruction resulting
from timber harvests. In the sections below we present quantitative results relating ENSO
events with seabird breeding, survival, and distribution. Where possible we have included
information on the Marbled Murrelet, but as this is scarce most of the results relate to
other seabirds with that overlap in range, habitat, or feeding with the Marbled Murrelets.
(See Table 3 for an overview of the main results relating ENSO events and seabird
populations.)
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Effects of ENSO on Breeding and Reproductive Success

There are no published studies, that we are aware of that define or quantity the
impacts of ENSO events on Marbled Murrelet breeding success. However sufficient
information exists for other seabirds that overlap in range and/or habits with the Marbled
Murrelet for comparative purposes.

Common murres (Uria aalgae) nest in large dense colonies, and feed on fish
species. A range of studies demonstrate reduced reproductive success in murres in ENSO
years. Sydeman and Eddy (1995) monitored timing and nesting success in a large colony
of murres in the Southeast Farallon Island, California, from 1986-1993. Reproductive
success was significantly reduced during the 1992 ENSO (appendix 1 a). In 1991
reproductive success of females was 0.956 (s.e. 0.043) and dropped to 0.125 (s.e. 0.083)
in 1992. (Reproductive success was relatively constant and averaged 0.894 for the years
1986-1991). The ENSO effect appears to have been short-term; by the following year
(1993) reproductive success rebounded to 0.894 (se. 0.071). Laying date was also
affected by ENSO. Reproductive success typically decreases for individuals that initiate
nesting after the median populationlay date (e.g., Perrins 1970, Perrins et al 1973, Price et
al 1988, Spear and Nur 1994). During the 1992 ENSO, variation was greater in laying
date, with many individuals laying later than in non-ENSO years. (see appendix 1). Poor
food supply and increased predation during ENSO 1992 were the major causes of
reduced breeding success. In 1992, many murres lost their eggs or chicks to predation by
the Western Gull (Larus occidentalis).

Hodder and Graybill (1985) found fewer Common Murres at colonies in southern
Oregon but not at northern colonies. The declines were significant: from 3,500 murres in
1979 to 800 in 1983 at Face Rock, from 6,600 to 133 at Island Rock and from 1,850 to 0
at Goat Island in the same period. The number of adults at the colony cannot be directly
correlated with nesting success (Hodder and Graybill 1985). However, the mean number
of murre chicks observed at sea in July and August 1983 was less than l/km, a value
considerably lower than the 3.6 chicks/km recorded in July 1982 and 6.9/km recorded in
August 1992. During the 1983 ENSO event, zooplankton densities were about 30% of
those in non-ENSO events (see above) suggesting that ocean productivity may have been
a factor in the reduced densities and fledgling numbers observed. In a separate study on
the Oregon coast, Bayer (1995) noted that in spite of the 2,769 common murres present
on the Yaquina Head colony, the nesting success was poor. One-hundred and ten dead
chicks were counted after most of the murres had recently abandoned the colony in July
1983. By contrast, Bayer recorded no dead murre chicks in the colony in 1980 and 1981.
The rarity of Common Murre chicks at Yaquina Head estuary where chick/adult pairs
aggregate in summer supports Bayer’s hypothesis. In July 1982 an average of 122.5
chicks/census (s.d. 114.1) was recorded, but in the same period in 1983 significantly fewer
chicks, 0.6 chicks/census (s.d.=.2), were recorded.

Brandt’s cormorants (Phalacrocorax penicillatus) and Pelagic Cormorants (P.
pelagicus) also nest in colonies and consume fish along the west coast of North America.
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In South America, cormorant species are strongly affected by ENSO events and
commonly desert their nests during ENSO (Cushing 1981). Hodder and Graybill (1985)
recorded widespread nest abandonment by Brandt’s and Pelagic cormorants in Oregon
during the 1982-1983 ENSO event. By July 1983 all Brandt’s cormorants had abandoned
their nests at two of three surveyed colonies in Southern Oregon. At the third site, 51% of
nests failed to produce chicks in 1983. At the OIMB colony in southern Oregon, an
average of 35 (s.d 18) nests were constructed per year from 1973-1982 (i.e. seven year
mean value). 80% (s.d. 10) of these were successful, and each nest fledged an average of
2.7 (+ 0.42) chicks. In 1983, there was no change in the number of nests constructed (42
nests were built), but only 48% were successful, and of those only a mean of 1.35 chicks
were fledged per nest. Birds that nested early in the season managed to raise some young,
whereas those that initiated nesting later were generally unsuccessful in their attempts. On
the Outer Washington Coast, Wilson (1991) recorded decreases in nest density for the
Brandt’s Cormorant, and Double-Crested Cormorant (appendix lb) during three warm
episodes between 1979 and 1990. The largest declines were associated with the most
severe ENSO event in 1983. In 1983, 216 occupied Double-Crested Cormorant nests
were counted, less than half the number recorded during normal years. The decline
continued through 1984 when only 7 nests were found. The number of Brandt’s
Cormorant nests also declined during 1983, and in 1984 no nests were located. After 1984
both species appeared to recover. Bayer’s (1986) study on nesting success of Pelagic
Cormorants in Oregon showed a significantly lower nesting success in 1983 and 1984 than
in either 1981 or 1985. At Yaquina Head in 1983 there were fewer young per successful
nest fledged in 1983 (mean=l.57 s.d. 0.65) and 1984 (mean=l.40 s.d. 0.55) compared to
1981 (mean=2.63 s.d. 0.60) and 1985 (mean=2.96 s.d. 0.84). Only 4% of nests (out of 82
nests) were active at one location, and Bayer recorded only abandoned nests at three
additional sites. Pelagic cormorant reproductive success did not return to normal until
1985.

The complexity of interpreting ENSO events in relations to other oceanographic
factors is highlighted in the study by Hatch (1987) on breeding success in Alaskan
seabirds. In 1983 there was widespread breeding failure among some surface-feeding
seabirds in the Gulf of Alaska, and the eastern Bering Sea (Hatch 1987). Black-legged
kittiwakes (Rissa tridactyla) were most strongly affected. Total breeding failure occurred
at four colonies in the Gulf of Alaska. However, breeding failures occur frequently and are
not always associated with ENSO events. For instance, breeding failure has been reported
from at least one colony in every year between 1976 and 1985, but it was exceptionally
severe and widespread in 1976, 1978, 1983 and 1985 (Appendix 1c). In the Eastern
Bering Sea and Chukchi Seas nesting success (number of young fledged per pair) was low
in 1993 (nesting success = 0.23), 1984 (0.04) and 1995 (0.09). This species may recover
slowly from ENSO events and may be vulnerable to small changes in oceanographic
patterns. (For example, Graybill and Hodder 1985, Bayer 1986, and Wilson 1991 noted
that some species did not recover for 2 or more years following an ENSO event, see
above) Hatch argues that, in Alaska, widespread die-off of adults such as those that
occurred in late summer and fall 1983 are more indicative of ENSO events than are
breeding failures.
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A study of breeding success in the endangered Least Terns (Sterna antillarum
browni) suggests that a severe ENSO event can have long-term population effects.
Massey et al (1992) documented demographic parameters of a colony of banded
California Least Terns at Venice Beach, California from 1977-89. The 1982-83 ENSO
event produced the lowest fledgling/pair ratio during the study period, and led to long-
term changes in population structure.

The population at Venice beach increased rapidly from 1977-80, plateaued from
1980-3, plummeted 40% in 1984 and did not recover until four years later. The Statewide
population followed approximately the same pattern (Massey et al 1992). At Venice
Beach, productivity was 0.4, and down from 1.3 in 1981 (appendix 1d) Only 2% of chicks
returned as adults to breed. Egg laying was delayed, clutch size reduced, chick growth
curve lagged behind other years, and egg abandonment was high. In 1983 productivity
ratio increased again but few of the chicks survived the two-year interval until age at first
breeding.

In 1984, the Venice Beach population decreased by 41% (Statewide the decline
was 17%). At Venice Beach the decline was partly a consequence of the 1982 ENSO: The
2 year old cohort (i.e. those fledged during 1982) was very small, and 34% of the banded
adults that bred in 1983 did not return. Thus, although productivity for 1984 was high (i.e.
1.2 chicks fledged/pair), the numbers of chicks fledged (94 compared to 140 in 1983) was
low because of the reduced number of breeding pairs. A moderate ENSO event in 1987
was associated with starvation and reduced breeding success statewide. Statewide the
number of fledglings/pair dropped from 0.94 in 1986 to 0.67 in 1987. (At Venice Beach,
the numbers were 1.1 fledglings/pair in 1986, and 0.8 in 1987).

ENSO years may significantly reduce breeding life and lifetime productivity in
Least Terns. In a demographic analysis by Massey et al (1992) breeding life during normal
years was estimated at 9.63 years, but only 4.97 years during ENSO years. Similarly
lifetime productivity (number of progeny/adult expected to survive to breeding age) drops
from 1.49 in normal years to 0.15 during ENSO years

Reduced food supply and increased predation were the most likely causes of
reduced fledging success observed in Least Tern colonies during ENSO years (Massey et
al 1992). For example, during courtship, when males typically bring fish to prospective
mates, Atewood and Kelly (1984) noted that the fish were smaller than usual and were
more comparable to the size fish fed to young chicks. Increased predation by the American
kestrel (Falco sparveruis), which took approximately 100 chicks immediately prior to
fledging at Venice Beach in 1982, resulted in a 70% reduction in the fledgling crop from
the previous year.

In contrast to other species, Bayer (1986) reports no breeding depressions for
Pigeon Guillemots (Cepphus Columbia), Leach’s Storm Petrels (Oceanodonna
leucorhoa), or Western Gulls (Larus occidentalis) on the mid-Oregon coast. However,
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Pigeon Guillemots showed breeding depression in 1983 in Hodder and Graybill’s (1985)
study off Oregon. In the Farallon Islands, California, Western gulls (Larus occidentalis)
increased predation on Pigeon Guillemot eggs and chicks when other prey sources became
scarce during the 1983 ENSO year (Spear, 1993).

In conclusion, ENSO events have negative impacts on breeding and reproduction
in seabirds. This is frequently manifested through reduced numbers of young fledged,
rather than fewer numbers of nests initiated. However the onset of nest-initiation is
generally delayed during ENSO events. In the temperate Northeast Pacific, seabird nesting
success (number of young fledged) can be reduced by 86.9% for Common Murres
(Sydeman and Eddy 1997), and from 40.3% (Bayer 1986) to 50% (Hodder and Graybill
1985) for Pelagic Cormorants. At some Cormorant colonies total breeding failure has been
recorded (e.g. Bayer 1986). Populations may recover by the following year (e.g. Sydeman
and Eddy 1997), but after the severe 1982-3 ENSO many populations seem to take at
least two years, and probably longer, to recover. For Common Murres, reduced
productivity can be partially attributed to predation by western gulls at the murre colony.
Western gulls have not shown decreased density or reproductive success during ENSO
events. This is probably because they are opportunistic feeders that readily switch to
alternative food sources, including increased predation on bird eggs and chicks (Hunt and
Hunt 1976, Bayer 1986, Sydeman and Eddy 1997). Marbled Murrelets, because of their
solitary and inland nesting habitats, are unlikely to suffer increased predation from gulls.
However, low food levels may delay nesting or be insufficient for parents to successfully
fledge a chick during an ENSO year. The relative importance of ENSO events for Marbled
Murrelets may additionally depend on a range of other factors including the availability of
nesting sites, predation at the nest etc.

ENSO Effects on Population Density and Mortality Rates

In this report we distinguish between changes in population density, and mortality
(inferred from carcass counts). Changes in density may be a result of either mortality or
migration. Migration to more favorable sites during ENSO and other events has been
recorded for a number of species (see below). Because of this we present information on
density changes separately from known mortality. In this section we again focus attention
on species off the West coast of USA

Changes in Population Density

There are no published studies that directly relate changes in population density
with ENSO events. Some studies suggest that lower abundances may be due to ENSO
(e.g. DeSanto and Nelson 1995). Others related changes in density to multiple causes.
Marbled Murrelets in British Columbia showed declines of 20% to 60% from 1979 to
1993 (Burger, 1995). However, there are no data which relate these declines to singular
ENSO events. Logging activities, fishing efforts, and ENSO events were all associated
with Marbled Murrelet population declines during this period (Burger 1995). Indeed
Burger argues that logging may have been the biggest stress on this system from 1979-
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1993 (Burger, 1995). Similarly Kelson and Manley (1995) report a general decrease in
Marbled Murrelet population density from 1982-1991 in Clayquot Sound. (Surveys were
replicated in 1982, 1992 and 1993.) They too cite multiple possible causes for the decline
including logging, oil spills, gill-net fishing and ENSO. Burkett (1995) suggests that short
term ENSO events are not detrimental to Marbled Mm-relets, but in conjunction with
human alterations to the environment this natural stress may create problems in the future.
Kelson et al (1995) found no changes in Marbled Murrelet abundance in Canadian waters
during the 19203 ENSO but they did record a change in distribution. Other studies also
indicate shifts in Murrelet distribution (e.g. Strong et al 1995). This phenomenon is
discussed separately below.

Wilson (1991) censused Double-Crested and Brandt’s Cormorants and Common
Murres off the outer Washington coast from 1979-1990. His studies were correlated with
anomalies in sea surface temperatures (SST) off the Washington Coast. His eleven-year
study period coincided with three major warm episodes: January-April 1981 (not
associated with an ENSO event), February-June 1983 ENSO event, and September 1987-
February 1988 associated with a mild ENSO event. For common murres, the most drastic
change occurred during the 1983 ENSO event when colony attendance dropped to 3,190
birds (appendix lb). But the lowest number of bids were observed during 1984 indicating
a time-lag in response. Murre numbers failed to recover from this event, and Murre
numbers remained extremely low until 1987 when it appeared that recovery was
underway. However during the moderate ENSO event of 1987/88, murre densities again
dropped to -levels similar to those of 1982/83 period. During the years of low densities, the
traditionally large colony sites were almost deserted while some of the smaller colonies
remained intact.

Changes in Mortality

Seabird population declines due to death of adult and sub-adult individuals are
generally censused by counting the number beached carcass. While repeated sampling
provides an indication of changes in the numbers of deaths, it does not indicate a
population death rate. During ENSO years, offshore water movement is reduced and this
may increase the number of carcasses washed ashore. However we have no data to
indicate whether this is an important artifact in the results. Occasionally death is inferred
from annual declines in seabird nests, colony attendance, and visual sightings However, as
noted above these methods do not account for large scale migrations that are known to
occur.

Common Murres suffer increased mortality during severe ENSO years. In a study
of seabird mortality in Oregon from 1987-1993, Hodder and Graybill (1985) recorded
higher mortality in murres (based on carcass counts) during the 1982-83 ENSO. Over this
six year study, significantly more dead Common murres were found in 1983 than the
previous five years (appendix 1e). The number of dead adult birds recorded was higher for
most months in 1983. For chicks the count was highest in August, 1982 (30.72/km - up
from 0.43/km  in July). The authors argue that, based on the lack of fat deposits on the
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carcasses, 79% of the birds died from starvation. Females suffered higher mortality than
males.

In a separate study Bayer et al (1991) found that apart from severe ENSO years
there was a relatively constant rate of summer moralities from 1978 through 1990 for
Common Murres in Oregon. The number of hatchling-year carcasses increased from 165
in 1981 to 1,236 in 1982. Mortality decreased in subsequent years, and the number of
carcasses recorded dropped to 33 in 1993, and to 53 in 1994. However, the trend was
slightly different for year-olds. Their mortality increased in 1983 (from 37 in 1982 to 191
in 1983) and declined the following year (24 carcasses recovered in 1984). The initial
increase occurred before the ENSO sea surface temperature increases reached the Oregon
shore. However as noted above, changes in SST are not clear indicators of changes in
oceanographic conditions. Fewer seabiird carcasses were recovered in 1984 because the
population density was lowered the previous year (appendix f). Increased mortality was
not recorded during the milder ENSO event of 1987. Bayer et al (1994) attribute death to
inexperienced foraging, starvation, disease, parasites, predation, and chemical
contamination.

In a study in Central California from 1980-1986, Bodkin and Jameson (1991)
found that most species, out of a total of 35 seabird species surveyed, showed higher
mortality during the 1982 ENSO event (appendix g). Dead Common Murres were found
in greater frequency than any other species. The highest number of common murre
carcasses was recorded during 1982 and 1983 (6 common murres carcasses were found in
1981,64 in 1982, 47 in 1983, and 0 in 1984). The cause of death was determined for only
a few individuals. Nonetheless, the authors suggest that reduced primary productivity
indirectly led to increased mortality at higher trophic levels.

Unlike many other species, pigeon guillemots showed no reduction in breeding
success at some sites during ENSO events (see above). However, they did suffer increased
mortality. Hodder and Graybill (1985) found significantly more dead Pigeon Guillemots in
1983 ( 27 carcasses found in April, 1983 compared to a maximum of 3 found annually
from April 1978-1982). All birds had died of starvation, and females suffered higher
mortality than males. In Barkley Sound, Vancouver Island, British Columbia Kelson,
et al. (1995) reported increased mortality in fledgling rhinoceros auklets (Cerorhinca
monocrata) and common murres (Uria aalgae) during ENSO year 1992. They also
report a single dead Marbled Murrelet found in nearby Clayquot Sound in 1993.

In general, widespread mortality has been recorded for seabirds during ENSO
years. Hatch (1991) suggests that mortality rather than reduced breeding success is a more
likely consequence of altered ocean conditions for seabirds. Most studies infer starvation
as the primary cause of mortality in seabirds. However, for some chicks increased
predation during ENSO years leads to increased seabird mortality (e.g. Sydemann and
Eddy 1995; Spear 1993).



Distributional and Diet Shifts Related to ENSO Events.

Kelson, et al. (1995) observed a relatively constant density of Murrelets in 1992
and 1993 in Clayquot Sound, British Columbia. During the 1993 ENSO, however, the
population shifted from inshore waters to shallow, sandy, channel waters. In this case,
there is indirect evidence from 1979-1980 fisheries data implicating competing pressures
for food resources driving this shift in Murrelet distribution. During this same time,
Strong, et al (1995) reported a distributional shift of Marbled Murrelets from inshore to
offshore waters along the Oregon coast. Indirect evidence based on visual sightings of
feeding and prey availability suggest that this distributional shift was in response to a shift
in prey resources. For the Cassin’s Auklet in California, Ainley et al. (1996a) associated
upwelling with prey abundance and declining food resources during ENSO as the probable
cause for abnormally dispersed auklet distributions in 1986.

ENSO events have magnified seasonal and interannual shifts on seabird prey
availability. Diet shifts have been reported in Marbled Murrelets from Alaska to
California, (Burkett, 1995); and Common Murres at the Farallon Islands, California,
(Aidey et al., 1996b). Seasonal shifts in the Marbled Murrelet diet are described in a
review of feeding habits by Burkett (1995). While providing no direct evidence of
foraging problems during ENSO years, Burkett does suggest that increased human fishing
activities could severely compete with Murrelets’ foraging activities. For Common Murres
in central California, Ainley et al., (1996b), describes seasonal shifts in foraging habits.
The greatest disparity occurred during ENSO years 1986-87, and was probably associated
with changes in prey availability. By contrast, in non-ENSO years changes in diet are
associated with habitat shifts and migration. ENSO events are usually correlated with
reduction in prey. However, a range extension of prey items may lead to an increase in
predators. For example, pelagic red crabs (Pleurocodes planipes) exhibit annual mass
strandings off the west coast of Baja. During ENSO years, crabs move northwards and
strandings are recorded in California (Aurioles-Gamboa, et al., 1994). This occurred
during the 1982-83 El Nino, and provided a new and large food resource for local Herring
Gull (Larus argentatus) populations. This in turn led to an increase in herring gulls
(Stewart et al, 1984).

In conclusion, ENSO events affect temperate seabird survival, reproduction., and
distribution. Greater impacts are associated with more severe ENSO events such as the
1982-3 ENSO. From the data presented in published studies it is hard to detectlong-term
impacts, if any, of ENSO events. The main exception is the paper by Massey et al 1992
that provides evidence of long-term effects on population structure and reproduction. A
major theme of the papers cited above is that ENSO events significantly alter food web
dynamics. Changes in primary productivity appear to affect the distribution and abundance
of secondary consumers. This in turn leads to distributional shifts in seabirds, and to
breeding depression and mortality. Human activities (e.g. fishing and logging) can
exacerbate the effects of ENSO by stressing the population so that it becomes vulnerable
to a natural event. However, in some cases human activities have the opposite impact on
sea birds For instance, the increase in North Sea seabird populations after 1900 have been
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attributed to fishing efforts that reduced the abundance of fish that competed with birds
for prey items. However, in general seabird populations suffer from the negative impacts
of human resource utilization. Commercial fishing can compete for food resources,
commercial fishing also directly kills adult diving seabirds by net entanglement, timber
harvests deplete nesting habitat for Marbled Murrelets, oil spills, increased shipping traffic
and pollutants can kill large numbers of birds at sea.

ENSO Effects on Marine Mammals

Marine mammals have provided clear evidence for the food stress that
accompanies ENSO events, particularly in the Southern Pacific. In 1982-83 the Galapagos
fur seas (Arctocephalus galapagoensis) suffered 100% pup mortality between 1982-83.
The mortality may have been due to poor foraging success of females which stayed at sea
for an average of five days compared to the typical 1.5 days. When they returned to shore
many were unable to provide adequate milk to their cubs. Fish and squid densities were
down in the region during 1982-83. (Limberger et al 1983). In the northeastern Pacific
impacts are less well documented. Along the central California coast, counts of carcasses
washed ashore from 1980-86 had the greatest interannual variation during the 1982-83
ENSO. Out of 194 total marine mammal carcasses found, 48% were found during the
ENSO year (Bodkin and Jameson, 1991). A nine year study of marine mammals at Santa
Catalina Island, California showed the most dramatic reduction of California Sea Lions
(Zalophus californianus) during the 1983 ENSO (Shane, 1994).

CONCLUSION

ENSO events cause widespread changes in the biological community. These
changes are most pronounced in the Southern Ocean and are associated with large scale
mortality of seabirds, and collapse of fisheries. By contrast, the effects in the temperate
Pacific are not as drastic, but nevertheless have important consequences for species and
ecosystems. ENSO’s are natural events that have effected the world’s oceans and weather
for thousands of years. From a biological perspective, they are part of the normal
disturbance patterns to affect ocean communities. In recent times, ENSO’s have received
global attention because they impact humans e.g. through effects on large-scale fisheries
and coastal storms. Often their effect is magnified by human activities e.g. the decline of
the Peruvian anchovy was due to a combination of over-fishing and ENSO.

ENSO’s have negative impacts on the reproduction and survival of many marine
species. For threatened and endangered species, the added stress of an ENSO may have
significant impacts on their viability. But we still cannot answer the key question: How
much of the variability is due to ENSO relative to other factors? In this report we have
presented data on ENSO effects primarily on seabird populations. We hope that this
information can be incorporated into models of population viability to ensure that the
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observed breeding depressions and mortalities are included in management plans for
species.

Current understanding of ENSO and its effects on biological systems is at a coarse
scale. Few studies have been extended beyond a decade. Those that do suggest that all
large-scale anomalies in ocean conditions are not ENSO related (e.g. Hatch 1987, Mysak
1995). ENSO phenomena operate at a large spatial scale and have global biological
effects. However, for many reasons, (including logistical and financial) researchers have
largely studied ENSO events independently, and at a limited trophic or geographic range.
Almost no studies consider the trophic cascade, although most refer to it as a key cause of
observed population declines and distributional shifts during ENSO years. To fully
understand the impacts of large scale phenomena such as ENSO, we need to match the
scale of the study with the scale of the problem.
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Fig. 1. A schematic of the major ocean-atmospheric elements that contribute to El Nino. The warmest ocean
temperatures determine the locations of the large areas of tropical rainfall. The rainfall however determines the
winds that determine the sea surface temperature leading to a “chicken-egg” problem as to what comes first.
Sea surface temperature is also determined by the subsurface ocean thermal structure, the thermocline. The
winds cause motions in this that provide the multiseason memory of previous events and instigate new El
Ninos.
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Fig. 2. A graphic representation of the sea-surface temperature  phases from 1944 to 1996.  Warm  phase
years  are El Nmo years and cold phase years are LaNma years. The original  data for this graph comes from
the Center for Ocean-Atmospheric  Prediction Studies  (COAPS).
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Multivariate ENSO Index for the 6
strongest historic El Nifio events vs. the cement event

II -82+1 ,t y p, i j

0 Klaus voltcr and Micm rimlia
NOAAcIRElJ  Clhrtc  Dbgnostics  Center, Utiywsity  of Colodo  rt Boulder

Fig. 3. Principle  component  analysis  of sea-level  pressure,  zone,  meridian,  surface  wind,  sea surface tempera-
ture, surface air temperature, and total cloudiness  observations. Graphical  representation of the past six
strongest ENS0 events  compared  with  the current  situation.  The 1957/58,1965/66,  and 1972/73  events  all
reached  their standardized  peak before  the end ofthe first  year. More recent  events  (1982/83,1986/87, and
199 l/92) took longer to mature,  reaching  their  peak in the spring  of the second  year  or later. The current  El
Nmo  event,  now nearing  the end of its first year,  has had an early  peak  similar  to 1957. It remains  to be seen
how it will conclude  over  the next  few months  (but  see figure  7 for latest  NOAA predictions).
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Fig. 4. A visual explanation  of coastal  upwelling. As the wind  directs  water away  Corn  the shore,  it is
replaced  by subsurface  waters (from  website  at: ww2OlO.atmos.uiuc.edu).
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Fig.  5. The  upper panel  shows  the normal  winds  high up in the atmosphere. The lower panel  shows  how
these were stregthened during  1983. Strongest flows ( the red colors)  now reach all the way  to the west
coast of the U.S. and a continuation  of the jet has developed  in the Gulf and over  Florida. The storm that
deliverrainforrnonthenorthernsideofthkjet,  i.e. inthe southwest  andsoutheast.  Thisisthepattembeing
forecast  for this winter  and spring.
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Fig. 6. Observed  ocean  temm in early  September. The  warmest  waters  are where  much ofthe tropical
’midill from  its normal  position  in the far western Pacific  has moved  to. The lower  panel  shows the deviation

from normaL  or anomaly,  for this time  ofthe year. When  these anomalies  are positive,  this is refked  to as the
ElNmo. Whentheyarenegative,thsistheLaN~state.Bothpatternscan~u~~climateintheU.S.  The
intensity  ofthe present  anomalous  condition  is almost  unprecedented  in modern  history.
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Fig.  7. Resarch over the past  ten years  has lead  to the capability  to forecast  El Nmo out to 2-3 seasons in
advancewithsomeskiU.  Therightpanelsshowthepredictedevolutionofthis~E1N~o~rthenextthree
seasons. The  forecasts  indicate  the event  will peak around  the turn  ofthe year  and then  will start to weaken
However,inthespringtimethetempeaaturesinthetopicalP~~cwarmwitbtheannualcycleso,  asshownin
theleftpanels,waterwarmerthan28 deg. C. will CovermostofthePacificthroughthe  spring.  thismeansthat
strong impacts ofE1 Nmo will  be present over the U.S.  into  late  spring. This event  will reach  a size which
makes it comparable  to the 198Z83 one - not larger.
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Table 1. ENS0 and other effects on plankton abundance, composition, and distribution.

TITLE KEY RESULTS I METHODS
Phytoplankton off Pennlnsula Los Molles, surveyed community  composltlon,  Increase In warm
Velparalso, Chile water species durlng ENS0
Effects of the El Nlno on the marlne ENS0 years had decreased biomass, diatom
phytoplankton off northern Chile dominance restricted, shifts In warm water species
Northward displacement  of the euphauslld to plankton collectlons  and stomach contents of
Oregon and Washlngton waters after El Nlno pelagic  predators, southern species  were displaced
The El Nlno event and Its Influence In the zooplankton dlstrlbutlon and biomass  measured;
zooplankton off Peru decrease of typlcal  larval stages, Increase of

WHEN LOCATION
1992-83 Chile

1902-83 Chile to Africa

1982-83 Oregon and Washington

Jan-Feb, 1963 Peru

I I . IcarnIvorous  and omnlvorous Copepods I I
I1987 IResponse  to El Nlno signals  of the eplplanktonlc Imeasured  sea surface temperature, sallnlty, 1982-83 (troplcal Paclflc

1995

+
1996

copepod  populatlons In-the  eastern tio$cal
Paclfii:
The El Nlno of 1983 as reflected In the
lchthyoplankton off Washlngton, Oregon, and
North Callfornla
Calanus and environment In the eastern North
Atlantic: II. Influence of the North Atlantic

chlorophyll, vertical  thermal structure, copepods
respond to shlftlng thermocllne & low-sallnlty  water
increased water temperature and transport
anomalies shlfted abundance and dlstrlbutlon
patterns; for only small portlon of domlnant species
measured abundance, temperature, wind stress

Oscillation, N. Atlantic  and North Sea
Micro-plankton of the Equatorial  Paclflc 40 samples collected at 5 statlons, (~15  mu m), 224

species; ENS0 cell concentrations  lower, Cells ~15
Kaczmarska,  I; 1995
Fryxell, GA

mu m dominate  ENS0 blomass
Lavanlegos-Espejo, 1990 ‘Zooplankton of the Qulf of California after El Nlno: 26 sampling stations, blomass same In 198384,  but
BE; Lara-Lara, JR Blomass dlstributlon  and abundance Increased In southern gulf In 1984
Lavanlegos-EspeJo,  1969 Effects of El Nlno on the euphauslld populatlons sprlng samples, abundance dld not differ, some
BE; Lara-Lara, JR of the Gulf of Callfornla displacement, temperature only l-2 C greater In

1983 over 1984
Lehman, PW; 1991 Envlronmental  factors associated  with phytoplankton successlon, envlronmental factors,
Smith,  RW phytoplankton successlon for the Sacramento- prlnclpal  coordinate  and multlpls regression analysis

San Joaquln delta and Sulsun Bay Estuary
Mackas, DL 1992 Interannual varlablllty of the zooplankton time series  blomass surveys of domlnant

community off southern Vancouver Island zooplankton, slgnlflcant anomalles not always
associated  with ENS0 events

Miller, CB; et al 1995 Response of the zooplankton and combines  various surveys; describes  zooplankton
lchthyoplankton off Oregon to El Nlno and larval flh densltles

t

Mullln, MM 1997

I t

The demography of Calanus  during wlnter-spring
Callfornlan El Nlno: lmpllcatlons  for anchovy

t

samples examlned for changes In abundance,
reproduction, recruitment,  survival; decreased
reproduction yields greater varlablllty In recruitment, t

1982-83

1902-83

1982-83

197582

19692

1903

1992-93

Equatorial Paclflc

Gulf of Callf

Gulf of Callf

Sacramento, CA (estuary
and bay)

Vancouver Island, Canada

Oregon

I

Southern Callfomla

food  IImitatIon,  less chlorophyll
Mullln, MM 1995 Nauplll of the copepod  off southern Callfomla In abundance ratios; reduction In female and naupller 1992-93 Southern California

the El Nlno, and lmpllcatlons  for larval flsh Calanus durlng 92 El Nlno, equal to 30% less larval
food

Newman, WA; 1987 A troplcal eastern Paclflc barnacle In Southern barnacle distrlbutlon  shlfted northerly In between 1982-83 San Dlego
McConnaughey,  RR Callfornla, El Nlno ENS0 events



Table 1. ENS0 and other effects on plankton abundance, composition, and distribution.

Lavarez Borrego, S north-western Baja California coastal lagoon

1983 Scripps pier, CA

1982-83 Peru

1984 BaJa California

1982-83 BaJa  Calif



Table 2. ENS0 and other effects on fish populations.

Bailey, KM;
Incze,  LS
Bouchon, AAV;
Bouchon, M
Brodeur, RD; et al

Butler, JL

Cavleded, CN;

Sharp, GD;
&Lain DRFSmith, PE

YEAR

1993

1965

1985

1987

1992

1989

1993

1986

1987

1995

1986

1985

1985

1995

1993

1985

1986

1996

TITLE

Developmental lnstablltty  as an Indicator
of envlronmental  stress In the Paclflc hake
Effects of El Nlno on Southeast Paclflc flsherles

KEY RESULTS I METHODS

otollth growth, stress predlctors
resulting from ENS0 dlsruptlons
hlstorlcal records show that each

‘El Nlno and the early life hlstory and
, IENSO affects fish stocks differently

Iearly life hlstory and recruitment;
‘recruitment of fishes In temperate marine waters

,anchovy  In the Callfornla Current

‘Changes In the food and feedlng

iModelllng change In the Peruvlan-Chllean eastern

of the sardine off the Peruvian coast
Food consumption of Juvenile  coho  and chlnook
salmon on the continental shelf off Washington and Oregon
‘Growth durlng the larval and Juvenile stages of northern

no variation In larval growth rate, size decrease

physlologlcal Impact on eggs and larvae
82-83 El Nlno created changes In the

hlstorlcal time-serles  analysis  suggests

primary and secondary trophlc levels
bloenergetlc models compared with
actual field measurements of avallabls prey
growth estimates  suggest no food IImItatIons,

WHEN LOCATION

Northeast Paclflc

1950-1984  Chile

‘19!582 Canada to Callfornla

1982-83 Peru, Chile

1981-1984  Oregon and Washlngtor
(continental shelf)

1-4 Callfornla Current

IPeru, Chile

plankton ’
and nekton dlstrlbutlon  and abundances
The Impact of El Nlno on recruitment  In the Peruvlan hake

cunents arid contlnental shelf (CalCOFI region)

long term osclllatlons  suggest ENS0 affects 1972-73 Peru
recruitment positively, and adult ecology negatlvely

Nearshore assemblages of larval rockflshes and their physlcal upwelllng reduced durlng ENSO, 1991-93 central Callfomla
environment off central Callfomla durlng an extended El Nlno currents kept larvae nearshore
event
The lncldence of El Nlno phenomenon on the catch of main hlstorlcal catch records show ENS0 effects 1957-1982  Chlla
pelagic fish resources of the Pacific Ocean are negatlve for anchovy and horse mackerel



Table 3. ENS0 and other effects on Seabird  Populations.

UJTHOR YEAR TITLE KEY RESULTS I METHODS SPECIES WHEN LOCATION
ilnley, DG; et al 1996 Temporal and spatial  patterns on the dlet of dlet samples; annual varlatlon most disparate durlng Common Murres 196566  Farallon Islands,

the common murre on Callfornla waters ENS0 events CA
Unley, DG; et al 1996 Variation In the dlet of Cassln’s Auklet stomach samples durlng upwelllng and non-upwelllng Cassln’s Auklet 196588  Callfornla

reveals spatial, seasonal, and decadal suggest thess planktlvorous blrds feed on the most
patterns of euphausllds off Callfomla energetically valuable:  prey available

mdenon,  DW; 1996 Survlval and dispersal  of olled brown trend In pelican  dlspersal attributed to a pre-ENS0 brown pelicans 1991 Callfornla
it al pelicans  after rehabllltatlon and release event; rehabllltated  blrds did not mate
layer, RD 1966 Breedlng success of seablrds along the mid- report of breeding and nestlng successes pelagic cormorants, 1963 mid-Oregon coas

Oregon coast western gull, Common
Murres

layer, RD; et al 1991 Persistent  summer mortalltles  of common greatest number of beached murres found Just before Common Murres July - Sept. Oregon
murres along tha Oregon central coast 62-63 ENS0 1976-90

bodkin,  JL; 1991 Patterns of seablrd and marlne mammal monthly coastal carcass surveys; varlatlon In numbers Common Murres 1962-63 central Callfornla
lameson,  RJ carcass deposltlon  along the central seen during ENS0 events, 6% of deaths explalnable coast

Callfornla coast
burger, AE 1996 Marine distribution, abundsnce,  and habitats surveys from 1979-1953;  dally patterns llnked with marbled munelet 1962. l-6, British Columbla

of marbled murrelets In Erltlsh Columbla prey, water temperature; longer-term changes with 1967,lgQl
logglng and ENS0

lurkett, EE 1996 Marbeled Murrelet, food hablts and prey flexible  diets, seasonal shifts; short term ENS0 effects marbled murrelet Alaska to
ecology not slgnlfkant,  compounded wlth local condltlons  may Callfornla

be slgnlflcant
:arter, HR; et al 1995 Population size, trends, and conservation revlewed past data (16W-1900’s);  reflects relocations double crested cormorant all avallable Paclflc coast of

problems of the double<rested  cormorant durlng ENS0 years from secondary effects data North America
on the Paclflc coast

)e Santo, TL; 1995 Comparatlve reproductive  ecology of the ENS0 effects may decrease productlvlty marbled murrelet Alaska to
ielson,  SK auks with emphasis  on the marbled murrelet Callfornla
:urness,  RW; 1991 Seablrds and Flsh Declines compare seablrd decline  to heavy flshlng on capelln seablrds 1971-1969 North Atlantic;
larrelt, RT and sand-lance, unable to predict  changes; ENS0 not Norway and

mentloned Foula
;rayMII, MR; 1966 Effects of El Nlno on reproduction  of six surveys of nesting and breedlng; cormorants and Western Gulls, Brandt’s 1983 Oregon
fodder, J species of seablrds In Oregon murres had reduced success, guillemots  and gulls did cormorants, pelagic

not have reduced success cormorants, Plgeon
Guillemot, Common
Murres, Leach’s Storm
Petrels

latch, SA 1967 Dld the 1982-1983  ENS0 affect seablrds In adult dle-off, breedlng depresslons and failures In Black-legged Klttlwake, 1976-66  Alaskan coast
Alaska seablrds; not attributed  to ENS0 Short-tailed Shearwaters,

Murres spp, & Puffins
spp.,  and others

icdder,  J; 1965 Reproduction and survival of seablrds In data compared to other surveys; reproductive  success Brandt’s and pelagic 1963 Oregon
;rayblll,  MR Oregon durtng  the El Nlno reduced for 3 species cormorants, Pigeon

Guillemot, Common
Munes,  Leach’s Storm
Petrels



Table 3. ENS0 and other effects on Seabird  Populations.

YEAR ITITLE IKEY  RESULTS I METHODS ISPEC~ES
1995 tDecllne of the marbled murrelet In Clavauot lslanlflcant  decline In numbers from 1982 to 1993; Imarbled  murrelet

1 WHEN
IlS62,1986,. .

sound, Brltlsh Columbla repeated surveys at sea, ENS0 consldered as 1967,1991
posslble factor

1992 Demography of a Callfornla least tern colony 7 year study, bandedterns,  productlvlty  estimates; Least tern 1983-1989
lncludlng effects of the El Nlno ENS0 negatlve effect for 5 years

1989 Long-term ecologlcal studies  of seablrds long term studies are necessary to address major seablrds
environmental perturbations

1966 Factors determlnlng the laying date of the laylng date depends on prevlous success, all blrds waved albatross XX33
waved albatross were late In ENS0 lg63 year

1995 Factors affecting recruitment  age and factors affecting three cohorts; recruitment was lower Western gulls
recrultrnent probablllty  In the western gull In 1063 ENSO,  male recruitment was more sensltlve to

LOCATION
Brltlsh Columbla

Rechten, C

Spear, L; et al Farallon Islands,
CA

food supply
Spear, LB 1993 Dynsmlcs and effect of Western gulls monitor selectivity and predation; during ENSO,  food- Western Gulls, Guillemots 1981-63  Farallon Islands,

feeding In a colony of gulllsmots  and poor year gulls were unselective  and consumed CA
Brand?8  cormorants - guillemot  eggs and chicks at a hlgh rate

Strong, CS; 1995 Dlstrtbutlon and population estimates  of standard transects; ENS0 suggested as cause for marbled murrelet 1892-93  Oregon
et al marbled murrelets at sea In Oregon annual dlstrlbutlonal  shifts (onshore)
Sydeman, WJ; 1995 RepeatabIlIty  In laylng date and its measures lndlvldual quality, 1992 ENS0 year Common Murres 1992 Farallon Island,
Eddy, JO relatlonshlp to lndlvldual quality for common anomalous CA

m u r r e s
Tershey, BR; 1991 Increase In cetacean and seablrd numbers area with tidal mlxlng unaffected by ENSO,  refuglum Blue-footed booby, brown 1963 central Callfornla
et al In the Canal de Ballenas during an ENS0 for hlghly moblle anlmals booby, black storm-petrel, Gulf

event least storm petrel
Veit, RR; et al 1996 Ocean warmlng and long-term change on 6 years repeated sampling; short term changes may sooty shearwaters, leach’s 1992-93  CA current

pelagic  blrd abundance within the relate to ENS0 events, long term consistent  changes storm-petrels, brown system
Callfornlan current system evldent pelicans,  Heerman’s gulls

Wilson, UW 1991 Responses of three seablrds species  to nesting negatlvely correlated with warm events double crested cormorant, 1962-63, Washlngton coast
ENS0 events and other warm eplsodes Brand&  cormorants, 1987

Common Murres

CA; Venice
Beach, LA





Appendix la. Table  1,2, and 3, Tom Sydeman,  WJ; Eddy,  JO, (1995).  Repeatability  in laying  date and its
relationship to individual  quality  for common  murres,  CONDO&  vol. 97, no.  4, pp.  1048-l  052.

REPEATABILITY IN MURRES 1049

TABLE 1. Annual variation in (a) layind date’  and
(b) reproductive sucxess~  of Common Murres.

(4 @)
YCW Mao*: (4 MeanisE (Jd

1986 135.65 z+z 0.54 (Ill) 0.833 f 0.152 (6)
1987 130.18 + 0.47 (114) 0.867 -c 0.088 (15)
1988 119.87 f 0.57 (119) 0.933 + 0.065 (15)
1989 123.02 2 0.83 (126) 0.933 + 0.065 (15)
1990 123.19 k 0.68 (135) 0.842 f 0.084 (19)
1991 126.66 2 0.41 (125) 0.956 + 0.043 (23)
1992 149.34 2 0.98 (93) 0.125 A 0.083 (16)
1993 130.54 ‘- 0.79 (112) 0.894 2 0.071 (19)

‘hyingdnciscxpmedu*numbcrorb~pa  I Jquvlcyh
m(w~30-  ~o~~m~~buad0aobpmt=dpllrrmhrn
lbpllubnclr~plo1~.

RcpmduamnWrearcl*arMlUUl*JUCSbrwdOO~-4OOdCd
raNksoaly(rr-  12s).

1050 wILLIAMJ.SYDEMANAND JEREMY 0. EDDY

TABLE 2. Analysis of wriance  of laying date in female Common Murres  (a) with and (IJ) without ENS0  1992.

solmrof
var&on df

SIanof Man
- mEI= F-&O P-AU

F3ctwccn

Within 3:
5.796.45 161.01 1.00 0.48 11

Total
14,785.80 160.72

128 20.58225
Betwun 35
Withh

2.651.61 75.76 1.81 0.0165
76

Total
3.18950 41.97

111 5.841.11

TABLE 3. Reproductive suaxss of female Common Murres in relation IO consistency of laying date (a) with
and (b) without ENS0 1992.

(a)
Tiidas Molcl 2 SE(n) Man SE (II)

MY 0.867 r 0.051 (45) 0.974 z!z 0.026 (38)
Intermediate 0.777 2 0.057 (54) 0.875 f 0.048 (48)
IalC 0.759 2 0.079 (29) 0.846 5 0.071 (26)
Total 0.805 t 0.035 (128) 0.902 e 0.028 (112)



Appendix  1 b. Figure  1, Erom Wilson.,  UW, (1991).  Responses ofthree seabiid  species  to El Nmo events
and other warm episodes on the Washington  coast,  1979-1990.  CONDOR,  vol.  93, no. 4, pp. 853-858.

856 ULRICH W. WILSON
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0 NonElNiiowameverd

FIGURE I. Seabird fluctuations and the occurrence
of warm  water events on the Washington outer coast,
1979-1990.



Appendix  1 c. Table  1 and 2, from Hatch,  SA, (1987).  Did the 1982-1983  El Nmo-Southern Oscillation
affect  seabiids in Alaska?,  WILSON  BULL.,  vol.  99, no. 3, pp. 469-474.

TABLE I
NUMBER OF YOUNG PER PAIR FOR BLACK-LEGGED KITTIWAKES  AT COLONIES IN THE GULF OF AWM. 19761985

( M I S S I N G  V A L U E S  I N D I C A T E  N o  DATA)=

Ll-Gll~‘T 1976 1077 IYiR 1979 1960 19KI IW? I983 1984 l9f.S i N

Middleton” -- 0.14 - - 20.47 0.30 0.93 0.67 0 0.27 6
Hinchinbrook< co.03 50.5 I so.04 0.28 - 0.22 4 w- -

z
Wooded Is. 0.33 0.63 - - - - - - 0.48 2 s
Prince Wm. Soundc

ir
- - - - - - 0.31 0.15 0.23 2

Chisik’ - - 0.01 0.36 - - 0 - - 0.12 3 ;

Barren Is.= 0.08 0.14 - - - - 0 0.07 3 2
Chmiak Bay’ - 1.23 0.61 - - - 0 0.42 0 0.45 5 7

Sitkalidak 0.74 0.17 - - - - - - 0.46 2
Ugaiushak 0.07 0.42 2

s
0.77 - - - - - r

Semidi 1s.’ 0.29 0.62 0 0.36 0.30 1.04 - 0 - 0 0.33 8 s
Shumagin Is.” 0.60 - - - - - - - - 0 0.30 2 c

.i 0.26 0.65 0.16 0.36 0.30 0.76 0.30 0.0 1 0.42 0.03 0.30
N

5.
5 7 7 2 I 2 1 4 4 6 39

TABLE 2
NUMBER OF YOUNG PER PAIR FOR BLACK-LIGGED  K~TIWAKES  AT tiu>Nla  IN THE EGTERN  BERING AND CHUKCHI  SEAS,  1976-1985

(Mrssmc VALUES INDKXTE  No DATA)

&cmim 1976 1977 1978 1979 1980 1981 1982 1983 I984 1985 L N

Round island’
Cape Peir&
St. George
St. Matthewd
St. lawrentx
Bluff
Cape Thompson~
Chpe  LisbumP

x
N

0.25 0 - - -
0.62 0.45 0.22 0.40

-

0
0.04 0.11 0.82 1.05
0 0.50 0.50 1.10
0.14 0.61 0.78 1.70

0.18 0.33 0.57 1.06
6 5 4 4

- 0 0 1
0.16 - - 0.01 0 0.08 S

0.38 0.07 0.01 0.01 0.14 0.12 0.24 10
- 0 0 - 0.19 0.06 3
- 0.86 - - - L 0.43 2

0.85 0.91 0.29 0 0 0.45 9
1.15 - - - 0.65 5

1.53 1.36 - 0.61 0 0.20 0.77 9

0.91 0.67 0.39 0.23 0.04 0.09 0.41
3 5 3 4 4 6 44

- J. Sbcrbunac  @en oomm.)
l LWd (198%  PCIX  cornmA  hf. R. Pevnen (pm comm.).
* Hlnl  c( rl. (1981).  Lloyd (1983LC.  V. Byrd  (pm. comm.).
‘Swinsret  al. (I98h). E. C. Murphy{-.  mm.).
‘Semi*  (1977).  spriryer  Ed al. (1985b).
*Dnma~.fI98llLC.Mumhvta.oomm.l.
* sp&er eI il(l9bsc). . .-
l Sm a al (198Sb).  G. V. BH @as. oomm.).



TABLE I. Demography of the Least  Tern population in California and at Venice Beach 1977-l 989.

1977 1978 1979 I980 1981 1982 I983 1984 198s 1986 1987 1988 1989

CalXomia
Number of breeding pairs 775 832 I.000 I.160 I.067 I.130 1.264 1,046 I .003
Estimated number

of fledglings 449 418 696 769 733 511 894 518 682
Productivity ratio’ 0.58 0.50 0.70 0.66 0.69 0.45 0.71 0.50 0.66

Venice colony
Number  of breeding pairs 35 67 87 157 I50 I50 140 82 96
Estimated number

of fledglings 37 75 145 240 200 60 140 94 II3
Productivity rntio I.1 I.1 I.7 I.5 I.3 0.4 I.0 I.2
Number of chicks banded 0 87 15-l 291 I39 208 I73 8:‘2 I58
Pcrccnl of retumsz NA’ IO IO 4 9 22 4 9

Numtw of llrd&n~r  .tr of adults
R,Bawd  on numbtt oft IICS banded rmh yrr Ihal  rclumed  m adults  10 breed

NOI  apphrrhle-no  chicks banded in 1977
’ NOI rpphcrhle-chicks  hmdcd  I987-I989 did not  reach r)e of major  fin1 brrtdiy  durin) the  stud)

“0
au

!!I
50

“J‘ P,
Qf3

uc)?J

? 9



&pen& le. Table 1,X, and 3, from  Hodder, J; Graybill,  MR, (1985).  Reproduction and survival  of
se&ids h ()=twhring the MQ-1983 ElNmo,  CONDOR, vol. 87, no. 4, pp. 535-541.

TABLE  1. Amman  Mttrre  mortality (number of dead birds/km)  from a 7.4&m beach in Lincoln County, O~on.

1978 0.07 0.06 0.20 0.30
1979 0.07 0.07 0.06 0.25
1980 0.04 0.14 0.11 0.15
1981 0.08 0.18 0.48 0.40
1982 0.47 0.33 0.22 0.16
1983 0.63 0.74 0.72 3.38

2 x 2 analysis of variance on xw transformation of data

0.49 0 3.49 2.02 0
0.21 0.14 0.09 6.01 0.05
2.05 0.57 0.68 13.98 1.32
0.34 0.13 1.65 2.36 0.93
0.59 0.07 0.43 30.72 0.64
1.42 0.08 0.81 0.07 0.05

soura ss.

Aduhs

T SS.

Chrcks
‘F

YCZUS 1.52’
1983 vs. others 1.28”
All others 0.24

Months 1.18*
Error 1.89

Additivitr 0.22
Residual 1.67

‘Tukcy’r  IQ, for non-addruwty  (S&al and Rohlf 1981.  p 4144161
- - P < 0.01.
l -P<O.ool

5 6.80 5
1 1.39 1
4 5.41 4

5 12.44’ 5
25 13.67 25

1
24
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TABLE 2. Seabird mottality  (exduding Common Murres)
expressed as the number of dead birds/km from a 7.4-km
beach in Lincoln County, Oregon.

Yar April May June July Auc scpl

1978 0.45 0.78 1.16 0.36 0.98 0.21
1979 0.26 0.65 0.20 0.25 0.64 0.36
1980 0.50 0.71 1.56 0.28 0.60 0.95
1981 0.45 0.41 0.45 0.57 0.64 0.68
1982 0.37 0.36 0.37 0.32 0.95 1.11
1983 0.99 0.74 0.90 2.70 1.28 0.11

2 x 2 analysis of variant on x* transformation of data

YCXS 0.49 5
1983 vs. others* 0.30 1
All others 0.19 4

Months 0.21Error 1.66 2 :
Additiviv 0.14 1
Residual 1.52 24

*Tut&s  101 for wwdditin:y  (SobI and Rohlf 1981).
l - P c 0.01.

TABLE 3. PdagiC  Cormotant  neSittg success at two sites along the Oregon coast. N/D = no data are available.

SllC YUI

OIMB Cormoram Colony 7 yr mean<
1973-1982

1983
Bandon 1983

- A sucmrful nest  IS on= an which a1 leas1  one chlrk  was
l Man f SD lnngc of nest numbcn  or number of nclts)

fledged

: ~,~n_ol~m&ludc 1974 0, 1979

foul MIU
ConslNcld

35 k 18”
42
29

Jb nests SKCCSSfUUr

80.0 2 lad
48
38

Man  no. ofchvzb
llc-zlgcd/suconrfui  ncsl*

2.70 5 0.42 (1545)
1.35 2 0.72 (20)

N/D



&pendix lf Table  1, fiomhyer,  RD; Lowe, RW, Loefkl, RE, (199 1). Persistent  summer  mortalities  of
common mares along  the Oregon central  coast, CONDOR,  vol.  93, no. 3, pp. 5 16-525.
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TABLE 1. Total  mmhr of dead AHY or HY and suspected HY Common Munts  found each year.
September, and percentage of JuneSeptember  HY and suspeacd  HY munts  found each month at &1

1980
1981

MIIIla
Jg

YCU AKy Go Hy 00 JUn
YofHYmumsasuspaedHYm~/~~  .a

Jul k
1978

29 176

2- *a

1979
18

67.0 33.0
111 &I

0”::
2.1 97.2

45
165

3.4
37 35.2

191
1.236

33
24

0.0
53

17
0.0

118
49:1 9;; 3s6.i

13
0.0

598
1.7 70:3

1::
515 i-z

1.0 89.0

333
19.8 21.4

85
0:3

1,073
10.8 44.8

47
0.0

383
23.9 Cllt

0.0 34.6 56.5
60.8 420.5
88.8

co.1
91.3

262
360.6

56.6108.8 .-

13 33
191

0.0
1,236 0.3 9;:: 97.2

1989
1990



Appendix  lg. Table2, and 3, fiomBodkin,  JL; Jameson,  RJ, (1991).  Patterns of seabiid  and marine
mammal  carcass  deposition  along  the central  California  coast,  1980-1986.  CAN J ZOOL.,  vol.  69, pp.
1149-1155.
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TABLE 2. Seasonal  occurrence of marine bird carwsx~ by taxon.  yean combined

Jan. Feb. March April May June July Aug. Sept. Oct. NOV.  Dec. .

Common mum I I 9 I9 8 6 2 31 I9 33 5 4 5
westenl  grcbe 6 I6 7 2 0 I 0 0 2 5 I5 8
unideatifiedcormorant 1 2 7 3 IO 3 4 6 2 0 0 0 -
Bmndt’s  cormorant 4 10 5 5 3 I 0 1 2 2 2 1
Pelagic cormolant 0 6 4 1 2 0 1 0 2 1 I ’ 0
Arctic loon 4 0 5 4 1 0 0 0 0 0 8 3
Northern ridmar 3 2 0 0 0 0 0 I 2 5 4 5
common loon 2 I 1 6 2 0 0 0 0 I 2 2
sooty- 0 0 0 I I5 0 0 0 0 0 0 0
SlUfSCOtCI 2 2 3 I 1 0 0 0 0 0 I 0
w-gull 0 0

:,
1 4 0 0 0 3 1 0 0

Brown peIican 0 0 0 0 0 0 1 2 I 6 0
olher!ipecies 10 13 6 9 10 3 12 18 12 13 23 9 I

Total 43 61 58 41 54 10 48 46 60 34 66 33 5

TABLE  3. Number of bird carwses recovered  by year and taxon and annual rates of occurmnce

1980 1981 1982 1983 1984 1985 I986 Mean Total

Commonmum 24 6 64 47 0 2 9 21.7 152
wcstetn gxcbe 8 8 I2 12 4 5 I3 8.9 62
Unidcntitied  cormorant 22 7 5 3 0 0 1 5.4 38
Bra&t’s cormoxant 2 8 5 15 0 3 3 5.1 36
Pelagic cormorant I 3 3 9 I 0 I 2.6 I8
Arctic loon 0 4 2 I3 6 0 0 3.6 25
Northern fuhar 0 2 3 11 I 5 0 3.1 22
Common loon 3 4 5 5 0 0 0 2.4 17
Sooty shearwater 0 0 I6 0 0 0 0 2.3 16
Surf scoter 2 0 5 3 0 0 0 I.4 IO
Western gull 2 1 5 0 1 1 0 1.4 IO
Brown  pelican 0 3 0 3 0 2 2 I.4 IO
others I6 26 38 24 8 I6 IO 19.7 138

Total 80 72 163 I45 21 34 39 554
Rate of occurreuce

(no:km-‘-year-‘) 5.5 5.0 11.2 10.0 I.5 2.3 2.7 5.4
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