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The Humboldt Current Large Marine Ecosystem (HCLME) covers 95% of the southeast
Pacific seaboard of which the area of influence from the Humboldt Current and associated
upwelling areas in the Humboldt Current System (HCS) stretches from around 4° to 40°
south. Global warming will likely affect marine circulation and land-atmosphere-ocean
exchanges at the regional level, affecting the productivity and biodiversity patterns along
the HCLME. The expected decrease of upwelling productivity in the HCS could be am-
plified by worldwide trends of oxygen depletion and lower pH. In addition, higher fre-
quency of extreme climatic events, such as El Niño in a warmer ocean, might augment the
risks for the recruitment success of anchovy and other short-lived fish resources, espe-
cially in the Northern HCLME. A range of non-climatic anthropogenic stressors also
combines to reduce productivity and biomass yields. Transboundary Diagnostic Analysis
(TDA) work has shown that overfishing and pollution are the main contributing factors in
addition to the shared problem between Chile and Peru of high levels of fisheries bycatch
and discards. An economic valuation of the HCLME and HCS has been finalized with an
estimated annual delivery of around USD19.5 billion in goods and services. With many
knowledge gaps this is evidently an underestimate but indicates which mitigating activ-
ities under a recently developed bi-national Strategic Action Programme (SAP) need to be
prioritized. Fisheries landings are declining and demand for products is increasing. Im-
provement of ecosystem planning and management tools with value addition options for
marine products is needed to adapt to climate change.
1. Introduction

The Humboldt Current Large Marine Ecosystem (HCLME) covers the area within 55° of latitude off Peru and Chile
(3°23.57′ to 58°21.02′) and over 200 nautical miles offshore (Fig. 1). 65% of the HCLME extension corresponds to the
Humboldt Current System (HCS), which is under the influence of seasonal or permanent coastal upwelling, from ap-
proximately 4 to 40° south.

Several features characterize the HCLME among similar ecosystems associated with Eastern Boundary Currents (EBCs:
California, Canarias, Humboldt and Benguela). First, it extends closest to the equatorial line among the four systems. Second,
it is the most exposed EBC system to the El Niño Southern Oscillation, which is the largest source of interannual climatic
variability on the Earth. Third, it exhibits the highest fish productivity among the four EBC systems, notwithstanding primary
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Fig. 1. The HCLME in the Pacific Ocean context. Annual mean distributions of the wind field (a); Sea surface temperature (b), dynamic topography and
associated geostrophic currents (c), and surface Chlorophyll-a concentration (d). Sources: Quickscat (1999–2009), MODIS (1993–2010); AVISO (1993–2012);
and Modis (2003–2010), respectively. The HCLME domain is shown in a dashed line envelope in (c).
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productivity is in the same range as the primary productivity of the other systems. Fourth, it is associated with the presence of
a shallow intense subsurface oxygen minimum layer that compresses the oxygenated epipelagic habitat to a few dozen meters.

Global warming is likely to alter the atmosphere–ocean–continent energy and matter exchanges, modifying the pressure
gradients and alongshore and cross-shore wind fields along with marine currents, sea surface temperature (SST) and the
thermal stratification, in addition to the intensity and spatio-temporal distribution of coastal upwelling. Global models
predict the decrease of marine primary productivity and a significant loss of marine biodiversity, especially at the tropic and
polar latitudes. On the other hand, the influx of anthropogenic CO2 to the ocean and large-scale stratification are causing
acidification and deoxygenation, which might trigger a cascade of biogeochemical and ecological changes in marine eco-
systems. It is uncertain how these multiple stressors will impact on the productivity and biodiversity of the HCLME. A
debate about the response of EBC upwelling ecosystems to global warming is ongoing with contradictory future scenarios
(upwelling intensification vs weakening). In any case, physical and biogeochemical changes will likely affect the phenology,
spatial distributions and species compositions of primary and secondary producers. Improving resiliency by reducing non-
climatic hazards is the current challenge to ensure the adaptive sustainable management of this large marine ecosystem.
2. Setting the scene

The Humboldt Current (HC) or Peru Current is the large-scale offshore surface current that derives from the West Wind
Drift (WWD) at around 40°S and flows northwards along the Pacific eastern seaboard as part of the Coriolis force induced
South Pacific gyre (Fig. 1). The WWD also originates as a coastal poleward flow south at 45°S, the Cape Horn Current, which
mixes the more saline waters with the fresher waters from the Chilean fjords. Off Central Chile the HC attains high speeds
and it is relatively narrow and coastal; then it progressively moves away offshore on its northward path. Off Peru, the
current mixes with eddy-like structures, until it joins the South Equatorial Current at 5–10°S (Strub et al., 1998). In general
terms, the Humboldt Current System (HCS) extends up to 1000 km from the coasts of Chile and Peru, and it is composed of
equatorward and poleward surface and subsurface currents (Fig. 2).

Large-scale forcing of the HCS dynamics is driven by the South Pacific Subtropical high-pressure cell (SPSH) and by the
Equatorial ocean-atmosphere circulation. The SPSH-derived wind field induces the Ekman divergence nearshore and coastal



Fig. 2. Mean climatology of geostrophic currents off Peru (7–13°S), based on shipboard hydrographic measurements of IMARPE (1981–2010). PCC: Peru
Coastal Current, PCUC: Peru–Chile Undercurrent; HC: Humboldt Current or Peru Current; and PCCC: Peru–Chile Countercurrent.
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upwelling; the wind-stress curl permits the upward suction of the cool, oxygen-poor and nutrient-rich subsurface waters in
a wider extension off the coast (Strub et al., 1998; Albert et al., 2010). On the other hand, the Walker circulation is associated
with the shallowing of the thermocline in the Tropical Eastern Pacific, contributing to the geostrophic equatorward cir-
culation and to the nutrient advection to the surface induced by the alongshore southerly winds. In addition, intra-seasonal
to inter-annual (El Niño Southern Oscillation ENSO) variability of the zonal winds in the Equatorial Pacific triggers eastward
Kelvin waves that, upon hitting South America, give rise to poleward coastal trapped waves that alter the cross-shore sea
level slope and depth of the thermocline, which in turn modifies the coastal surface and subsurface circulation (Brink, 1982).

A key element of the circulation scheme is the Peru–Chile undercurrent (PCUC) which flows poleward and close to the
continental shelf and upper slope (Strub et al., 1998). The PCUC transports the Equatorial Subsurface Waters (relatively
oxygen-poor and nutrient-rich) from the north and it is the main source of coastal upwelling off most of the Peruvian coast.
Along its path to southern Peru it becomes more oxygen-depleted, but off Chile the subsurface water mass properties are
diluted due to the northward advection of the Intermediate Antarctic Waters (Fuenzalida et al., 2009). Recently modeling
studies have proposed that the PCUC is 50% formed by a branch of the Equatorial Undercurrent and by the Tsuchiya jets, and
the other 50% by the water recirculation off northern Peru (Montes et al., 2010).
3. Biogeochemistry: a system close to the edge

Lack of ventilation and low-oxygen content of source waters, long residence times of waters due to the weak to moderate
winds in the Tropical South Eastern Pacific, and decay of the intense biological production in surface waters explains the
existence of the oxygen minimum zone (OMZ) in the HCLME region (Pennington et al., 2006). The South Eastern Pacific OMZ
accounts for 11% of the global volume of OMZ waters, and it is the fourth largest area among regional OMZs. Its upper
boundary is shallower than the ones from other OMZs, attaining its shallowest depth off Central Peru, eventually reaching
the euphotic layer. The OMZ gets wider (up to 1000 km), thickens (reaching 700 m depth) and gains in intensity from the
equatorial line to the northern-central Peruvian coast, as oxygen is further depleted by the decomposition of sinking organic
matter across the water column (Fig. 3). Further south, the OMZ shrinks gradually, from above by ventilation caused by
coastal upwelling and stronger wind mixing and from below by mixing with the oxygenated Antarctic Intermediate Waters
(Fuenzalida et al., 2009).

Oxygen deficiency of the subsurface waters is associated with high CO2 contents, due to the origin of waters and cir-
culation processes, and by the oxygen demand from the decaying organic matter in the system. Therefore low pH values
characterize the subsurface waters and the upwelled waters in the surface layer. The combined stress of oxygen deficiency
and corrosiveness of the bottom waters might have caused the paucity of benthic calcifying organisms in the Peruvian
continental shelf and upper slope, reported by several authors (Arntz et al., 2006).

On the other hand, oxygen deficiency favors the dominance of denitrification and anammox (anaerobic ammonium
oxidation) as the main biochemical processes in the water column, resulting in a significant nitrogen loss and nitrate de-
ficiency in the HCS upwelling waters (Lam et al., 2009; Farías et al., 2015). It should be noted that up to 40% of global
nitrogen loss occurs in the OMZs, particularly in the Arabian Sea, the North Eastern Pacific and South Eastern Pacific. Taking
all these aspects together, the OMZ associated to the HCLME is a biogeochemical hotspot of oxygen, carbon and nitrogen
cycling, enabling the existence of microbial consortia at the OMZ vertical and horizontal boundaries and at its core and
interface with the sediments as well. For the larger organisms, morphological, symbiotic and metabolic features seem to be
key adaptations to cope with the multiple stressors present in the habitat, which deserve more study.



Fig. 3. a) Dissolved oxygen concentration at 200 m water depth in the Pacific Ocean depicting the distribution of the Eastern South Pacific Oxygen
Minimum Zone (OMZ) that overlaps with the HCLME; b) Thickness and upper boundary (concentration ∼0.5 ml L�1) of the OMZ in the Eastern South
Pacific. Colors: thickness of the OMZ; contours: depth of the upper boundary. Units are in meters (from Fuenzalida et al., 2009).
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4. Primary productivity and channeling to the upper trophic levels

Fig. 4 shows the spatial and temporal changes of the primary productivity in the HCLME. At least four provinces can be
described along the HCLME, based on the primary productivity of the marine coastal zone and the fjords (Table 1). The most
productive area is located off the Peruvian coast, in which the offshore extension of the coastal productive belt ranges
between 100 and 200 km, with an average annual primary production rate (PPR) of 1.2 kg C m�2 y�1. Next in productivity is
the area off the Central Chilean coast, where mean annual PPR is also over 1 kg C m�2 y�1, but with a stronger seasonal
change. The Northern Chilean coast presents the narrowest productive area (o50 km), ‘high nutrients low chlorophyll-a'
(HNLC) condition, with annual PPR around 0.66 kg C m�2 y�1 and low seasonality (Quiñones et al., 2009). The Magellanic
region, comprising neritic and fjord waters, exhibit low mean annual PPR (ca. 0.58 kg C m�2 y�1) and wide seasonality
(Montecino et al., 1998; Montecino and Pizarro, 2006; Iriarte et al., 2007; Daneri et al., 2012).

The relationship between the annual cycles of coastal productivity and physical forcing differs among the four areas
(Montecino et al., 2006). In the southernmost area surface chlorophyll-a peaks in spring, following the Nutrient-Limited
Spring Production Peak pattern of biological production that applies in the Westerly Winds Biome as defined by Longhurst
(2007). Further north (area C), chlorophyll-a peaks in summer, when the direction of alongshore winds turn to be favorable
for coastal upwelling and nutrient advection to the surface layer (Montecino et al., 2006, Farías et al., 2015). Off Peru (area



Fig. 4. Mean surface chlorophyll-a concentrations during austral summer (JFM) and winter (JJA) off Western South America (adapted from Miloslavich
et al., 2011).

Table 1
Average annual primary production rates in the four areas of the coastal productive belt along the HCLME. The areas A–C belong to the Humboldt Current
system, and the area D to the Magellanic Current system.

Area Latitude Offshore extension
(km)

Primary production (gC m-2 y-1) References

A 4–18 150 12357513, n¼22 Quiñones et al. (2009)
B 18–33 40 6587527, n¼43 Quiñones et al. (2009)
C 33–42 100 10517708, n¼17 Quiñones et al. (2009)
D 42–55 150 5747484, nc50 Montecino et al. (1998), Montecino and Pizarro (2006), Iriarte et al.

(2007), Daneri et al. (2012)
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A), primary production is negatively correlated with alongshore winds intensity, which are permanently favorable to coastal
upwelling and are more intense in winter (see also Fig. 5). This apparent paradox is likely explained by light limitation due
to deeper wind mixing, reducing the growth performance of primary producers (Calienes et al., 1985; Echevin et al., 2008).
In summer, when coastal upwelling still occurs but is less intense or frequent, upwelling relaxation is followed by windows
of thermal stratification that foster phytoplankton blooms. Finally, to explain the permanent high-nutrient low-chlorophyll
(HNLC) condition of area B, it has been postulated that strong and rapid offshore advection of upwelled waters here do not
allow phytoplankton to take advantage of the high nutrient concentration in the coastal area (Torres, 1995).

The current knowledge confirms the predominance of the classical food web supported by chain-forming diatoms, co-
pepods and euphausiids (Escribano and Morales, 2012, Ayón et al., 2008; Espinoza and Bertrand, 2008). Both bottom-up and
wasp-waist models (Cury et al., 2000) can be used as the main mechanisms of trophic dynamics in the HCS, the latter due to
the exceptional biomasses attained by euphausiids and forage small pelagic fishes. Centennial to multidecadal variations of
physical forcing, primary productivity, small pelagic fish and top-predators behave roughly according the bottom-up
paradigm (Gutiérrez et al., 2009; Jahncke et al., 2004), but when time-series at species level are analyzed, competition and
predator-prey interactions arise as explaining processes (Muck, 1989). Studies on carbon fluxes in the pelagic realm, and on
spatial structures of physical-chemical properties, plankton and forage species indicate the combination of bottom-up
forcing and predator-prey interactions (Ayón et al., 2008; Bertrand et al., 2008, González et al., 2009; Grados et al., 2012).

On other hand, there is rising evidence regarding the significance of the microbial food web for channeling materials and
energy up to the higher trophic levels in the region (C. Vargas et al., 2007; Quiñones et al., 2009; Molina et al., 2012). Several
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studies indicate significant values of bacterial primary and secondary production (Troncoso et al., 2003), and important
biomasses of nanoplankton in coastal upwelling areas. Other studies have suggested that an important proportion of the
primary production is transferred directly through heterotrophic nanoflagellate grazing (C. Vargas et al., 2007, Quiñones
et al., 2009 and references therein). Off Chile, very high organic matter degradation rates have been determined in the
photic zone, suggesting that the bulk of organic matter produced in the system is recycled in the upper water column
(Daneri and Pantoja, 2007).
5. Current features of the main resource landings in the HCLME

The 2.5 million km2 HCLME area currently accounts for 12% of the world's marine fish landings and includes the largest
single species fishery in the world: the Peruvian anchovy. Fig. 6 presents the composition of marine fish landings for the two



Fig. 6. Fish landings composition (top 8 species) off Peru (A) and Chile (B) for the period 2009–2013.
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countries for the period 2009–2013, reflecting the dominance of anchovy catch in the total fishing activity of which
25,146,910 and 4,609,166 t of anchovy were landed during this period in Peru and Chile, respectively. Of the other three
main pelagic fish resources, sardine, jack mackerel and chub mackerel, the former was nearly absent in Peruvian landings,
while over 3,578,718 t of sardine were landed in Chile. In addition, Chilean landings of jack mackerel and chub mackerel
reached 2,005,850 and 336,143 t, while Peruvian landings reached 611,373 and 261,303 t, respectively. It is remarkable that
when the marine catches of both countries are combined, jumbo squid becomes the third HCLME fishery resource
(2,806,374 t), just behind sardine but above jack mackerel.

Marine fish landings in the HCLME area have decreased from 61 million tonnes in 2004–2008 to about 43 millions of
tonnes in 2009–2013. In the case of Peruvian fisheries, the period 2009–2013, compared with the previous 5-year period,
exhibited a reduction of around 30% in the landings of anchovy, jack mackerel and chub mackerel, but increases in jumbo
squid (9%), Peruvian scallop (234%), dolphinfish (44%), hake (29%) and Eastern Pacific bonito (121%).

Fig. 7 presents the variability of anchovy landings by stock in the HCLME (Serra et al., 2012). On average since 1999, the
Northern-Central Peru stock (NCP) accounts for 75% of total catches, the Southern Peru–Northern Chile stock (SPNCh) ac-
counts for nearly 20%, and the small stock of Central Chile (CCh) represents less than 5%. Even though strong interannual
fluctuations characterize the records, negative trends are noticeable for all stocks, particularly for NCP and CCh, leading to
about 50% reduction in the annual landings since 2005 and since 2007, respectively. These trends in all likelihood respond to
natural changes in the availability of anchovy. Both countries have adopted individual quota systems for the industrial
fishing of anchovy, in Chile since 2001 and in Peru since 2009.
6. Sensitivity to climate variability

Proxy climatic and oceanographic records show the sensitivity of the HCLME to climate variability at multiple time-
scales. Millennial and centennial time-scale variability of the earth climate affects the intensity of the Walker circulation, the
mean position of the Intertropical Convergence zone and the size and position of the Hadley cell. In consequence, the
circulation, productivity and oxygenation patterns in the HCLME also vary with the climatic conditions (De Pol-Holz et al.,
2007; Mollier-Vogel et al., 2013; Gutiérrez et al., 2009; Salvatteci et al., 2014). Studies on the sediment archives from the
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continental margin suggest the occurrence of a biogeochemical regime shift towards enhanced wind stress, higher pro-
ductivity and less oxygenation after the end of the Little Ice Age for Peru and northern Chile (G. Vargas et al., 2007, Sifeddine
et al., 2008, Gutiérrez et al., 2009; Briceño et al., 2015). The shift was followed decades later by the installation of an
enhanced upwelling, ‘Anchoveta regime', which was temporarily interrupted by a bi-decadal period (ca. 1972–1993), in
which the HCS pelagic systemwas co-dominated by sardine, anchovy and jack-mackerel, especially off Peru (G. Vargas et al.,
2007; Valdés et al., 2008; Gutiérrez et al., 2009, 2011).

At supra-seasonal time-scales, the El Niño Southern Oscillation (ENSO) is the dominant mode of variability in the Pacific
Ocean, resulting from the interaction between the ocean and atmosphere in the tropical Pacific. ENSO activity is itself
modulated by the climate variability at longer time-scales. For instance, the current periodicity and amplitude of ENSO were
established at about 4000 years BP (Carré et al., 2014). ENSO also interacts with the interdecadal-scale variability of the Pacific
climate, with which it partially shares the spatial anomaly pattern over the Central and Eastern Pacific (Chavez et al., 2011).
Therefore when both sources of variability are in phase, the positive anomalies are amplified leading to stronger impacts in
the ecosystem. Recent studies have explored the two dominant flavors of El Niño: the Central Pacific El Niño (‘El Niño
Modoki') and the Eastern Pacific El Niño, also known as the canonical El Niño (Kao and Yu, 2009; Takahashi et al., 2011).
While the ecological impacts of the Eastern Pacific El Niño in the HCS are well documented, little is known on the impacts of
El Niño Modoki at the ecosystem level, besides the expected weaker impact on the coastal upwelling and productivity in the
HCS. As well, information about the response of the Cape Horn Current system to climate variability is still scarce.

During El Niño, a deepening of the thermocline in the Tropical Eastern Pacific occurs associated to weaker trade winds
and altered Walker circulation patterns. In addition, downwelling Equatorial Kelvin waves (KW) are triggered more fre-
quently under El Niño and propagate across the Equatorial Pacific. Upon hitting the South American margin, the KWs travel
as poleward coastal trapped waves along the coast, which in turn further contribute to deepen the water column structure,
e.g. the vertical distribution of temperature, oxygen and nutrients (Morales et al., 1999). In contrast with the Southeasterly
trade winds which follow the large-scale decrease of sea level pressure in the Southeastern Pacific, alongshore coastal winds
are intensified during El Niño (Bakun et al., 2010), though the underlying mechanism is in discussion (Enfield, 1981, Bakun
et al., 2010, Belmadani et al., 2014). However, the upwelled waters come from above the nutricline, so that the system
becomes nutrient-limited, resulting in changes of biological communities and a decrease of coastal upwelling productivity
(Barber and Chavez, 1983; Calienes et al., 1985; Escribano et al., 2004). Further offshore, the decrease of wind stress curl and
the westward propagation of Rossby waves, triggered by the poleward propagation of coastal trapped KWs, amplify the
thermocline deepening and primary productivity reduction (Halpern, 2002; Correa-Ramírez et al., 2012). For central-southern
Chile, surface chlorophyll-a anomalies under El Niño (EN) support the view that ENSO-related variability is mostly transmitted
by way of atmospheric teleconnections with the Equatorial Pacific that results in weaker coastal upwelling winds and me-
soscale activity (Correa-Ramírez et al., 2012). On the other hand, the subsurface oxygenation, aided by the decreased re-
spiration of organic matter, might reach over 200 m depth in strong El Niños (Arntz et al., 2006). This process increases the
habitat for pelagic and demersal species at all trophic levels and enables the macrofaunal colonization and bioturbation of the
otherwise nearly anoxic seafloor in the upper continental margin (Arntz et al., 2006; Gutiérrez et al., 2000). Fig. 8 presents
interannual time-series of oceanographic parameters off Peru and the impact of El Niño from 1960 to 2008.

The collapse of coastal upwelling leads to the advance of surface subtropical warm and nutrient-poor waters to the coast,
leading to a size reduction of the coastal productive region (Nixon and Thomas, 2001), with its classic food-web dominated
by chain-forming diatoms, large copepods, euphausiids and anchovies. In contrast, an increased relative abundance of di-
noflagellates, nanoplankton, gelatinous zooplankton and warm water predatory species occurs. Tam et al. (2008) estimated
that the 1997–1998 EN reduced the size and organization of energy flows of the Peruvian upwelling ecosystem, and that the
reduction of diatom biomass during EN forced omnivorous planktivorous fish to switch to a more zooplankton-dominated
diet, raising their trophic level. On the other hand, combined changes in water masses, and decrease of the food availability
(large copepods and euphausiids) associated to lower primary production, make El Niño conditions detrimental for the



Fig. 8. (a) Interannual variability of sea surface temperature (°C); (b) surface salinity (UPS); (c) depth of the 15 °C isotherm (meters), (d) depth of the 1 ml
L�1 iso-oxygen, taken as the base of the oxycline (meters); (e) surface chloroplyll-a content (mg Chl-a m�3). The time-series correspond to monthly
averages calculated from IMARPE database, (period: 1960–2008; latitude range: 3.5°S–20°S, distance to the coast: 0–100 km), at monthly resolution.
Shaded rectangles correspond to El Niño events.
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anchovy population (Ñiquen and Bouchon, 2004; Swartzman et al., 2008). Therefore anchovy landings drop in El Niño years
(Fig. 7), but the species exhibits a large degree of resilience based on its spatial behavior (Bertrand et al., 2004), and also its
high fecundity and rapid reproductive rates. An exception was the collapse of anchovy population during the 1972–1973 EN
event that happened after several years of overfishing (Muck, 1989). Decadal to multidecadal oceanographic variability have
longer lasting effects on the anchovy stocks, as historic biomass changes and proxy records of local biomasses have de-
monstrated (Bertrand et al., 2011, Gutiérrez et al., 2009).
7. Recent trends and climate change scenarios: implications for the biological productivity

As mentioned above, an exceptional pelagic fish productivity characterizes the HCLME and a major part of it is con-
centrated in the Peru upwelling subsystem. Despite primary productivity being within the same range of other EBUSs, the
fish production (mostly anchovy) here is one order of magnitude higher. Several mechanisms have been postulated to
explain this paradox: (1) a moderate alongshore wind intensity off Peru which results in strong upwelling, low turbulence
and longer residence times of food and fish larvae in the coastal productive habitat (Bakun and Parrish, 1982; Bakun and
Weeks, 2008); (2) a larger exposure to ENSO variability that periodically ‘resets' the ecosystem components (Bakun and
Weeks, 2008; Chavez et al., 2008); (3) the spawning timing that coincides with the peak period of both coastal retention and
food availability (Brochier et al., 2013), among others. Bertrand et al. (2011) has postulated a habitat-based hypothesis
including oxygen deficiency/availability, which would account for the relative compression of the epipelagic habitat, re-
ducing predatory pressure and habitat occupation by other pelagic species such as sardine, while enabling a higher prey
availability for forage fish. It is clear that most of these mechanisms are climate-driven, so that the question posed by Bakun
and Weeks (2008) on what might the future hold for fisheries productivity will depend on the regional change of ocean
climate and associated processes.

Global warming of sea surface and upper layer temperatures is evidenced by numerous observations (IPCC, 2013).
Currently, the impact of climate change on coastal upwelling systems is under debate, with contrasting observations and
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model outputs among the main coastal upwelling ecosystems (Narayan et al., 2010; Sydeman et al., 2014). Previously it has
been proposed that upwelling intensification occurs with anthropogenic global warming, due to the differential heating of
land surface and adjacent coastal ocean, thus enhancing the land-sea pressure gradient and concomitant alongshore wind
stress (Bakun, 1990; Bakun et al., 2010; Rykaczewski and Checkley, 2008).

Marine coastal sedimentary archives along the HCS help to reconstruct the history of coastal upwelling and productivity
under the rising anthropogenic influence on global climate, for at least the past century. Off Pisco, within the main up-
welling zone off Peru (14°S), a cooling trend of alkenone-based SSTs is accompanied by increases of carbon fluxes since the
1960′s, which prevail on interdecadal changes (Gutiérrez et al., 2011). Off Antofagasta, northern Chile (23°S), both carbon
fluxes and wind-driven lithogenic input increased since the mid- 1970 s to the end of XXth century, likely forced by large-
scale El Niño-like conditions driven by Pacific Decadal Oscillation (PDO) (G. Vargas et al., 2007; Caniupán et al., 2009). Off
Concepcion, Central Chile (36°S), the records show a warming trend in the upwelling area for the past 70 years, consistent
with decreasing fluxes of carbon and diatom fluxes. Here interdecadal variations are also evident, with warmer periods
coinciding with El Niño-like PDO phases (Sánchez et al., 2012), in contrast with Antofagasta records mentioned above.

On the other hand, SST gridded analyses based on satellite and in situ observations, as well as instrumental records of SSTs
exhibit significant cooling trends since at least 1979 to the mid 2000's along most of the HCLME coastal areas (Falvey and
Garreaud, 2009; Gutiérrez et al., 2011). Trends calculated from piers and coastal stations SST time-series off Central to Southern
Peru range between �0.2 and �0.4 °C decade�1 until late 2000s, on average (Fig. 9). Off northernmost Peru (r5°S) a
warming trend (þ0.15 °C decade�1) is observed from 1950 until late 2000s. Time-series of in situ SST measurements from the
upwelling area off Concepcion exhibit no significant trend since the early 2000s (Corredor-Acosta et al., 2015).

In spite of proxy and instrumental SST records, available alongshore wind information is not conclusive to confirm a
multidecadal intensification of coastal upwelling favorable winds. Most of the long-term wind information in the region is
available as gridded data from a variety of sources and re-analyses, and give contradictory trends (Narayan et al., 2010;
Gutiérrez et al., 2011; Belmadani et al., 2014; Aravena et al., 2014). Nevertheless the spatial resolution of current gridded
wind information (Z50 km) does not resolve the strong gradients in coastal upwelling areas. For the latest decades,
scatterometer winds exhibit a positive trend for the equatorward component off Peru and northern Chile during the 2000's
(Demarcq, 2009). Off central Chile, wind data from satellites and meteorological stations show positive upwelling trends
since the early 2000's (Escribano et al., 2012; Aravena et al., 2014). As an alternative driver for coastal cooling, Dewitte et al.
(2012) have suggested that the increasing occurrence of Central Pacific (CP) El Niños is associated with a change of Equa-
torial Kelvin wave characteristics, leading to the accumulation of negative SST anomalies off Peru and northern Chile and
Fig. 9. (a) SST trends based on time-series of instrumental measurements in piers along the Peruvian coast; significant linear fits are over-imposed on the
respective periods; for Callao, Pisco, San Juan and Ilo, SST trends until 2010 are �0.3°7 0.1 °C decade-1. (b) SST trends based on satellite records (Reynolds
daily data base, 1984–2014). Units are °C decade�1.
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thus contributing to the observed cooling trend.
It is remarkable that the cooling trends off Peru do not hold for the latest years (Fig. 9). Data from Multi-scale Ultra-high

Resolution (MUR) Sea Surface Temperature (SST) Analysis suggest an advance of the oceanic front towards the coast since
2009/2010. In parallel, sea level anomaly records off Northern Peru indicate a higher intra-annual variability that is con-
sistent with an increasing activity of downwelling Kelvin waves during fall/winter periods (Gutiérrez et al., 2015). Further
analyses are needed to explore in what extent these recent features reflect relative changes of remote- and local forcings
over the Peruvian upwelling system.

Time-series of shipboard and satellite surface chlorophyll-a allow the inference of primary productivity for the last
decades. Off Peru, chlorophyll-a positive trends are observed since the 1960′s, consistent with proxy records (see above)
(Chavez et al., 2011; Gutiérrez et al., 2011). Satellite-based chlorophyll-a data exhibit positive trends off Peru and northern
Chile, and negative trends further south (Demarcq, 2009). Given the pronounced seasonality of primary production along
the coast (Echevin et al., 2008), positive trends of primary productivity might be result of stronger spring–summer up-
welling, but little has been investigated on this issue (Gutiérrez et al., 2011). For Central Chile, in situ and satellite chlor-
ophyll-a data present a negative trend with increasing Ekman transport since the early 2000s (Corredor-Acosta et al., 2015).
Furthermore, Escribano et al. (2012) reported a decrease of copepod biomass off Northern and Central Chile for the same
period. Increased vertical mixing and advection offshore might have been detrimental for primary productivity and copepod
secondary production, respectively (Escribano et al., 2012; Corredor-Acosta et al., 2015).

Recent modeling studies give insights on the response of the HCLME coastal upwelling, productivity and anchovy
production to climate change scenarios (Fig. 10). Based on outputs of an ensemble of models, Wang et al. (2015) have
predicted that by the end of the 21st century the upwelling season will start earlier, end later and become more intense at
high but not low latitudes in the EBUSs, resulting in a substantial reduction of the existing latitudinal variation in coastal
upwelling. Regional modeling of winds, marine currents and stratification arrive to results that are consistent with strong
intensification of alongshore winds off Central Chile at 2xCO2 and 4xCO2 climate change scenarios (Garreaud and Falvey,
2009; Goubanova et al., 2011, Echevin et al., 2012, Belmadani et al., 2014). In contrast, off Peru upwelling favorable winds
either weaken, particularly in summer (Echevin et al., 2012, Belmadani et al., 2014) or show no significant change (Wang
et al., 2015). The mechanisms involved would be the southward expansion of the Hadley cell and of the South Pacific
Anticyclone position, as well as the warming of sea surface at low latitudes, likely followed by increasing upward convection
that prevent the intensification of equatorward winds along the Peruvian coast (Belmadani et al., 2014). In turn, increased
stratification will limit the depth of Ekman transport and hence the upward advection of nutrient-rich waters to the surface.
Fig. 10. Modeling climate change scenarios in the HCS. (a) Differences in surface wind intensity between the 2xCO2 and PI scenarios during summer (JFM)
according to the global climate model LMDz, configured for the South Eastern Pacific at 0.5�0.5° resolution; contour lines correspond to sea level pressure
distribution under PI (white) and 2xCO2 (red) (adapted from BelMadani et al., 2014). (b) and (c) Cross-shore vertical structure of temperature and salinity
under PI and 4xCO2 scenarios, respectively, at 10°S (Echevin et al., 2012). (d) Anchovy larvae retention rates (% of individuals) in nursery areas, defined as
where zooplankton biomass surpass a threshold value of 12.5 g m-2, in the ‘Northern' (4–16°S), ‘Central' (16–24°S), and ‘Southern' (24–40°S) areas of the
HCS under PI and 4xCO2 scenarios (Brochier et al., 2013). (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
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Therefore off Peru, according to these models, primary productivity would decrease, at least in the main productive season.
Even though retention will increase with stratification this would not compensate for lower productivity, resulting in a
reduction of zooplankton abundances, i.e. less food availability for anchovy larvae (Brochier et al., 2013). For winter, the
scenario is more problematic, since weaker equatorward winds (Belmadani et al., 2014) and surface warming might not
necessarily reduce primary productivity in this season, which is light-limited under the present climate. For Central-
Southern Chile, the predicted stronger upwelling-favorable winds may not result in larger productivity and anchovy re-
cruitment success either (Brochier et al., 2013), which is consistent with the current behavior of productivity and zoo-
plankton biomass with increasing upwelling there (see above). For Southern Chile, reduction of Patagonian glaciers,
widening of Hadley cell and associated southward migration of westerlies and precipitation (IPCC, 2013) driven by climate
change will likely impact on the productivity and biodiversity patterns, by affecting stratification and mixing.

A major uncertainty of the current projections is whether the frequency and intensity of El Niño and La Niña will vary
with climate change (IPCC, 2013). While some studies indicate that Central Pacific El Niños will be more frequent with global
warming (Yeh et al., 2009), other studies predict an increase of extreme El Niños in the Eastern Equatorial Pacific under
climate change scenarios, driving intense atmospheric convection and heavy rainfalls in the region (Cai et al., 2014). In any
case, it should be noted that the combination of SST warming and interannual SST fluctuations increase the likelihood of
extreme events, due to the relationship between atmospheric convection and SST, strongly affecting the coastal circulation,
biogeochemical fields and other ecosystem properties, particularly in the Northern HCLME.

Another uncertainty in regional projections is the response of the oxygen regime to global warming in the HCS. Ac-
cording to the last report of IPCC (2013), the current projections are still uncertain, especially concerning the evolution of O2

in and around OMZs, because global ocean models have limitations in simulating today's O2 distribution, as well as re-
producing the measured changes in O2 concentrations over the past 50 years. Nevertheless, retrospective studies have
evidenced the large-scale expansion of the OMZs in the tropical oceans, including the Eastern Tropical Pacific (Stramma
et al., 2008). At higher latitudes in the Eastern Pacific, oxygen content in the water column exhibit weak positive trends
(Stramma et al., 2010), possibly driven by enhanced wind-driven ventilation (IPCC, 2013), but these response patterns are
based on coarse-resolution analyses. From historic shipboard measurements of oxygen off Peru (6°–15°S, 300 Km), Bertrand
et al. (2011) reported a strong interdecadal variability, associated to PDO. In particular, the late 1990's marked a transition
from a deeper OMZ towards a shallower OMZ, condition that could have prevailed until the 2010's. However, more studies
are needed to resolve the trends across latitudinal and onshore-offshore gradients for the entire HCLME. A shallowing of the
OMZ upper boundary would amplify the negative effect of climate change on coastal retention of anchovy larvae and its
recruitment (Brochier et al., 2013), not allowing the onshore advection of larvae, because of the upward compression of the
oxygenated surface layer.

Finally, the role of future ocean acidification for the productivity in the region is also unknown. Currently the HCS is a
natural acidic system, due to the high contents of subsurface CO2 and strong respiration rates in the water column (IPCC,
2013); therefore marine biota in the region have likely evolved adaptations to cope with the low alkalinity. In contrast, off
Southern Chile, which under the present climate exhibits pH conditions that are similar to the global average, the impacts of
ocean acidification on the biodiversity and productivity patterns might be more relevant. These knowledge gaps need to be
investigated in detail.
8. A transboundary diagnostic analysis of the HCLME

Peru and Chile add up to approximately 6950 km-long coastal belt, which currently is fished by close to 135,000 artisanal
fisherfolk with 39,000 fishing vessels. In total, coastal fisheries support upwards of one million livelihoods in the region. As
mentioned above, marine fish landings have decreased in both countries in the past decade. Even though it is early to
predict if this trend will continue or not, better governance and management for the HCLME ecosystem services, fromwhich
fish production is the most important for both countries' economies and societies, are strongly needed to improve the
resilience of the HCLME to the increasing climatic pressures.

The Ocean Health Index (OHI) indicators 9 and 10 (Clean Waters and Biodiversity respectively) have recorded water
quality and biodiversity levels considerably below the global average in the northern sector of the HCS with a predicted
tendency to improve marginally, while in the southern sector water quality is above world average and biodiversity at the
global average (OHI, 2015). Threats to biodiversity come from three main areas: overfishing, pollution and coastal devel-
opment attributing to between 65% and 75% of biodiversity reduction in the area (Chatwin 2007). In the southern area of the
HCLME six fisheries are collapsed, eight overexploited and a further eight fully exploited (SUBPESCA, 2015). Furthermore, in
the whole HCS area 76 fisheries have no management plan, biological reference points or quotas.

For the last 4-years Chile and Peru and their respective fisheries research institutions IFOP (El Instituto de Fomento
Pesquero) and IMARPE (El Instituto del Mar del Perú), together with the agencies of national protected areas and the
Environment Ministries, have been working on the GEF-UNDP Humboldt project to develop a Transboundary Diagnostic
Analysis (TDA) followed by a Strategic Action Programme (SAP). The former registered the main issues impacting the well-
being of the HCS and the latter a series of objectives and actions to mitigate the problems identified within the system.

The TDA focused on the identification of transboundary problems (TPs) and the description and analysis of environ-
mental and socioeconomic impacts, as well as the determination of the root causes. Two main transboundary problems
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were identified: (i) suboptimal exploitation of fisheries resources (TP1) and (ii) anthropogenic disturbance of marine habitat
(TP2).

The root causes for TP1 include: weak governance; poor or absent monitoring, control and surveillance (MCS) systems;
absence of participatory processes in decision making and resource management; and perverse incentives that promote the
continued participation in the sector of increased overfishing. The following environmental impacts follow the suboptimal
exploitation of fisheries resources:

a) Biomass decline and changes in population structure
b) Alteration of trophic relationships within ecosystems
c) Alteration of biodiversity, environment and ecosystem resilience

The following socioeconomic impacts were identified for TP1:

a) Reduction of net income and employment opportunities
b) Decrease of fishery resource provision for food security

Regarding TP2, the HCLME environmental conditions are affected by land and marine pollutants: organic matter, solid
and liquid chemical waste, microbiological compounds, hydrocarbons and heavy metals among others. These pollutants
alter the productivity in coastal areas and generate social and economic impacts on human and ecosystem health. Therefore,
this transboundary problem also contributes to the decline in fish biomass and productivity of the HCLME.

The following environmental impacts were identified for TP2:

a) Deterioration of water quality and that of marine sediments
b) Increased mortality at early life stages of biological resources
c) Mortality of marine species
d) Alteration of biodiversity and reduction of ecosystem resilience
e) High levels of incidental fish capture (by-catch and discards)
Table 2
Root causes and barriers of environmental and socioeconomic problems in the HCLME.

Impacts Barrier category Root cause

Environmental Social Insufficient education at all levels prevents the strengthening of environmental awareness and sensitivity.
Environmental Environmental variability (seasonal, annual and decadal) modifies the carrying capacity of the ecosystem

and resource availability.
Knowledge Lack of bi-national coordination for ecosystem-based research.

Lack of information about the economic, ecological and social values of ecosystem goods and services.
Economic/Demographic Increasing demand for fishery resources.
Governance Lack of bi-national coordination for ecosystem-based management.

Limited capacity for monitoring, control and follow-up and limited state punitive and deterrent
capabilities.
Insufficient integration of research and knowledge for the proper management and implementation of
EBM.
Insufficient human, physical and financial resources to implement an EBM approach.
Limited capacity for monitoring, control, surveillance and punitive deterrent capability by the state.
Insufficient incentive policies for technological innovation aimed at cleaner production.
Lack of strategic coastal marine spatial planning for the sustainable development of the coastal marine
area under an ecosystem approach.

Institutional Scarce human, physical and financial resources to support the implementation of a comprehensive sys-
tem for monitoring and control of fisheries with an ecosystem approach.
Insufficient resources for the management of marine protected areas.

Socioeconomic Social Low awareness of the conservation and sustainable use of fisheries resources.
Knowledge Limited information regarding the availability, access, stability and utilization of aquatic resources.

Lack of bi-national coordination for ecosystem-based research.
Economic/Demographic Increased demand for fish products for direct human consumption.
Governance Lack of bi-national coordination for ecosystem-based management.

Insufficient integration of research and knowledge for the proper management and implementation of
EBM.
Insufficient ecosystem-based fisheries management.
Insufficient policies and instruments to promote the productive development of smaller-scale fishing, as
well as small scale productive activities.
Limited capacity for monitoring, control, surveillance and punitive deterrent capability by the state.
Limited commercial management capacity of small-scale fishermen.



Table 3
Fisheries status of key fish, shellfish and algae species in the southern HCS area of local, regional and global importance (SUBPESCA, 2015).

Species Fishery status IUCN Red List Management status -
quota

Comments

Anchovy In decline Least concern trend
unknown

Industrial yes artisanal no Global importance for fishmeal and oil.
Regional importance for trophic food
web and biodiversity. Transboundary

Engraulis ringens Full exploitation

Pilchard Collapsed Least Concern – Transboundary
Sardinops sagax More research

needed
Jack Mackerel Trachurus
murphyi

In decline overexploited Data deficient status
unknown

South Pacific Regional Fish-
eries Management Organi-
zation SPRFMO

Transboundary
Previously used for fishmeal but no
longer

Sierra Scomberomorus
sierra

In decline Least Concern Stable Industrial Transboundary
Full exploitation

South Pacific Hake In decline Not assessed Industrial and artisanal Transboundary
overexploitedMerluccius gayi

peruanus
Merluccius gayi gayi
Chub Mackerel Stable Least concern Stable Industrial and artisanal Transboundary
Scomber japonicus
Swordfish Full exploitation Least concern Popu-

lation decreasing
Industrial and artisanal.
New access to fishery ban-
ned 2014 (Chile)

Transboundary
Xiphias gladius

Murex snail Concholepas
concholepas

In decline Not assessed Artisanal Transboundary (larval stages)
Full exploitation.
Management plans

Limpet Stable Not assessed Artisanal Transboundary (larval stages)
Fissurella limbata
Scallop Argopecten
purpuratus

Full exploitation Not assessed Artisanal Transboundary (larval stages)

Octopus Full exploitation Not assessed Artisanal Transboundary (larval stages)
Octopus minimus
Giant squid Stable Data deficient trend

unknown
Industrial and artisanal Transboundary

Dosidicus gigas Fishmeal use banned
Seaurchin Loxechinus
albus

Stable to full exploitation Not assessed Industrial and artisanal Transboundary (larval stages)

Macroalgae Full exploitation Not assessed Artisanal Transboundary (spores)
Many species

General comment: main transboundary fisheries common to both countries listed.
Chile, out of 38 fisheries assessed in 2014 only 22 have biological reference points and these fall into the current categories: Collapsed 6; Overexploited 8;
and Fully exploited 8.
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In addition, the following socioeconomic impacts were identified:

a) Economic and employment loss and reduction of competitiveness
b) Reduction of marine-product food safety

Table 2 summarizes the underlying and root causes and associated barrier types (causal chain analysis) for the en-
vironmental and socioeconomic problems of the HCLME. Table 3 shows the status of a selection of important transboundary
fisheries. Furthermore, as explained above, natural climate variability within the HCLME (e.g. ENSO or PDO) and climate
change related manifestations, also affect or will affect productivity and cause alterations at all trophic levels within the
HCLME.
9. The valuation of the HCLME goods and services

In order to protect the delivery of goods and services derived from the HCLME area it is obviously important to know the
major threats to this LME as identified above, both natural and anthropogenic, while also being aware of the annual total
economic value derived from the area. Economic valuations of ecosystem goods and services have been carried out
worldwide and are summarized in Table 4. The wide variations in value reflect three factors: (1) the absence of an accepted
standard LME goods and services evaluation methodology; (2) the varying importance of the range of economic activities in
the different LMEs; and (3) the absence of data relating to key activities in some countries, like for example coastal tourism.

The HCLME and HCS (Chile and Peru) economic valuation amounts to USD 19,459 million and USD 14,970 million re-
spectively (Tables 4 and 5). The Total Economic Value (TEV) work carried out in the LMEs to date should be seen as a start
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Table 4
Economic valuations of Large Marine Ecosystem goods and services delivery.

Number of coun-
tries per LME

Name and LME
number (#)

TEV value
USD /km2

Area in mil-
lion Km2

USD
millions

Main components valued
NB The valuation process has been carried out accord-
ing to regional priorities. In most cases one aspect of
the valuation has been given a high priority and value
e.g. coastal protection in climate change exposed areas
(see http://floodlist.com/wp-content/uploads/2013/11/cli
mate-risk-index-1993-to-.jpg)

23 Caribbean (12) 2050n 3.3 621 Fisheries, tourism, biodiversity, coastal protection
16 Guinea (28) 17,223 2.0 8611 Fisheries, tourism, waste recycling, biodiversity, blue car-

bon, coastal protect
9 Agulhas (30) 14,297 2.6 5499 Fisheries and aquaculture, tourism, oil and gas, regulation,

bays and ports
9 Baltic (23) 5278 0.390 13,533 Fisheries, oil and gas, wind power, tourism and recreation
8 Bengal (34) 64,631 6.2nn 10,424 Fisheries and aquaculture, coastline protection, storm

protection, climate regulation, tourism
7 China Sea (36) 6854 3.2 2142 Fisheries and aquaculture, tourism, coastal protection, blue

carbon
3 Benguela (29) 3294 1.5 2196 Fisheries, aquaculture, mining, oil and gas,
2 Humboldt (13) 19,459 2.5 7784 Fisheries and aquaculture, tourism, transport, wind power,

oil and gas, climate regulation

http://lme.edc.uri.edu/ and www.humboldt.iwlearn.org and http://floodlist.com/wp-content/uploads/2013/11/climate-risk-index-1993-to-.jpg
n This value is not presented as a TEV in the Caribbean LME study as there are many knowledge gaps.
nn The 6.2 million Km2 area is 2.5 million km2 greater than the standard Bay of Bengal LME definition of 3.7 million Km2 as it includes the Maldives and

an area beyond national jurisdiction.

D. Gutiérrez et al. / Environmental Development 17 (2016) 126–144140
point for further work including improved information sharing and data collection. In order to sustain the value of the
HCLME goods and services in terms of all aspects both valued (biodiversity, quality food provision, nutrient recycling,
tourism, coastal protection, carbon sequestration, climate regulation) and non-valued (oxygen production), it is important to
establish what interventions will be most cost effective. Hence the need to identify leverage points (see Table 6) as ap-
parently provisioning services make up the bulk of the value, although this may be a product of an underestimation of
cultural and regulatory services due to the absence of available data.
10. Sustainable management under climate change: a challenge for adaptation

It is expected that climate change will impact on the biodiversity, habitat quality, carrying capacities and life cycles of
marine ecosystems and organisms, as well as on socio-economic services, such as fish catch potential, fishing efforts and
fishers incomes, increasing the vulnerability of the ecosystem and the human local communities. Other anthropic stressors,
such as by-catch, discard practices and pollution can further amplify climate change impacts through effects on ecological
processes, as spawning rates and distribution of nursery grounds.

A combination of replicable actions at local scale (targeting affected communities) and national policies (need to be
developed for a long-term and effective enabling environment) are both required to ensure a successful adaptation process.
Benefits from these adaptation measures could be distributed in the short and long-term. Of special interest are those
contributing to the welfare of local communities, the preserving or restoration of key ecosystems while bringing immediate
and concrete development co-benefits. Adaptation measures bringing long-term benefits, such as coastal marine zoning or
Table 5
Total Economic Value of the HCLME services 2015.

Humboldt Current Large Marine Ecosystem and Humboldt Current System Total Economic Value 2015

Values in millions of USD Total Peru Total: Chile Total: HCLME (3–58° south) Total: HCS (4–40° south)

Total: provision servicesn 4115.40 6747.28 10,862.68 7,683.35
Total: cultural servicesnn 3179.75 3268.00 6447.75 5141.50
Total: regulation servicesnnn 880.29 1268.00 2148.29 2145.60
Combined total 8175.44 11,283.28 19,458.72 14,970.45

n Food from Fisheries and Aquaculture; Salt; Guano; Fishmeal & oil; Algae; water; energy; transport.
nn Tourism; Recreation; Water Sports; Archeology; Scientific Research; Sense of Place & Wellbeing.
nnnn Climate regulation; Waste recycling.

http://floodlist.com/wp-content/uploads/2013/11/climate-risk-index-1993-to-.jpg
http://floodlist.com/wp-content/uploads/2013/11/climate-risk-index-1993-to-.jpg
http://lme.edc.uri.edu/
http://www.humboldt.iwlearn.org
http://floodlist.com/wp-content/uploads/2013/11/climate-risk-index-1993-to-.jpg
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Table 6
Leverage points related to identified root causes.

Associated Root Cause Intervention

Knowledge gaps 1. Develop and implement research programs and the sharing of information based on the knowledge of HCLME goods and
services

2. Improve knowledge of ecosystem variability at all scales
3. Develop standardized procedures for the development of research activities between both countries coupled with the

sharing of data
4. Develop mechanisms for the integration of knowledge management activities in this ecosystem

Social pressures 1. Promote the formulation of an environmental education program at all levels
2. Develop programs of scientific, technological and social outreach of the major achievements towards ecosystem-based

management
3. Progress in the development and/or implementation of a long-termmulti-sectorial Action Plan for Food Safety and Security

Economic factors 1. Promote experience in marketing of marine products with strategies for economic and environmental sustainability, based
on the principles of EBM

Governance aspects 1. Develop a HCLME Information System with the objective of disseminating bi-national research data and successful
management experiences to allow better decision making

Institutional aspects 1. Progress towards the formulation of a Results Based Management strategy based on an approach that seeks to increase the
effectiveness of decisions made in various sectors through increased interest in the delivery of tangible products

2. Develop the foundation for an adaptive system for the management of HCLME goods and services
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implementation of marine protected areas, contribute to create an enabling environment for the successful execution of
adaptation measures and to the sustainability of the results.

As described above the impacts of climate change in the area are multiple and dramatic with impacts on primary
productivity and fisheries composition in the region. Impacts on the small pelagic fish stocks and other associated fisheries
have effects at national and international-global levels. Most of the anchovy productivity (98%) currently goes into fishmeal
production providing animal protein and essential oils for livestock feed industries. While these products are important,
direct human consumption (DHC) is also being promoted with value addition via the salting of fish and other preservation
measures including canning, freezing and drying. The possibility of fisheries certification is also being studied as a means of
improved anchovy fishery management and DHC value addition. Diversified resource use will help adjust to periods of fish
scarcity while improving the nutrition of malnourished households in poor communities in the Peruvian hinterland.

A range of territorial planning tools are in use within the HCLME area as shown in Fig. 11. Within the context of eco-
system based management following the 12 IUCN principles, there is a need to promote Coastal Marine Spatial Planning
(CMSP) in conjunction with Integrated Coastal Zone Management (ICZM) as a planning tool under which a range of other
territorial management activities can be implemented. Legal reforms under new fisheries laws are needed to achieve this.
Fig. 11. Scheme showing different management instruments that are under implementation in the HCLME-GEF project: Integrated Coastal Zone Man-
agement (ICZM)-Pilot work implemented by government counterparts; Coastal Marine Spatial Planning (CMSP)-Capacity building carried out by NOAA
2014-15; Multiple Use Marine Protected Areas (MUMPAs)-12,000 km2 MUMPA established in Juan Fernandez Islands, Chile; Ecosystem Based Fisheries
Management (EBFM) - Capacity building undertaken and concepts recommended; Ecological Risk Assessments for Fisheries (ERAF)-Capacity building
(CSIRO) and ERA for key fisheries completed; Territorial Use Right Fisheries (TURFs) - Experience sharing between Chile and Peru and the Americas; Rights
Based Fisheries Management (RBFM) International seminar with WWF 2015. All results and reports at www.humboldt.iwlearn.org.

http://www.humboldt.iwlearn.org
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The GEF-UNDP HCLME project is working to monitor these changes and establish ecosystem based management while
increasing multiple use of Marine Protected Areas with management plans developed in consultation with local stake-
holders. In addition sustainable resource use is being promoted by value addition and the promotion of certification
schemes via interventions in the region from GEF and other international programs and funding agencies.
11. Conclusions

The very large productivity of the HCLME is supported by a set of environmental factors that are highly sensitive to
climate variability and climate change. Expected changes in atmosphere and ocean circulation patterns will likely affect
coastal wind intensities, water mass distribution and upwelling productivity, influencing on recruitment success, biomass
and spatial distribution of fishery resources. In addition, increasing extreme climatic events such as El Niño will likely
increase the interannual fluctuations of fish and invertebrate resources. Ecosystem diagnostic analyses within the HCS area
have shown the negative effects of overfishing and habitat destruction, which are likely contributing to the recent negative
trends of fishing yields for some resources. A related causal chain analysis has identified the root causes, from both natural
variation and increasingly impacts of anthropogenic origin in turn related to knowledge gaps and poor information sharing,
underfunding of research, increasing demand for marine products, poor monitoring control and surveillance and insufficient
incentive policies for technological innovation aimed at cleaner production, among others. Overfishing and pollution might
amplify the negative impacts of climate change on the HCLME; bi-national adaptive measures need to be adopted, focusing
on improving the resiliency of the ecosystem while at the same time promoting alternative profitable activities as sus-
tainable aquaculture, value addition for fishing products, tourism and others. A bi-national Strategic Action Programme and
associated National Action Plans are in the design process for implementation over the next decade.
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