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T he Chilean Antarctic Science 
Program (procien) for 2019-
2020 anticipates 112 research 

projects. These include primarily 
the initiatives selected by the Chil-
ean Antarctic Institute (inach) and 
the National Commission for Sci-
entific and Technological Research  
(conicyt), through several competi-
tive financing sources. The program 
also contains institutional projects for  
inach and several involving interna-
tional cooperation efforts.

Given the large body of research 
involved, the participation of coop-
erative international efforts, and the 
number of scientists taking part, this 
promises to be the season offering the 
greatest level of support for Antarctic 
science in national history, 

This effort coincides with the 
25th anniversary of the existence of 
inach’s national Antarctic science 
and technology research projects 
competition, which invites qualified 
persons to present their proposals for 
investigation of Antarctic topics. 

Since 2013, the addition of multi-
ple national funding sources and oth-
er factors has resulted in a 77 percent 
growth in procien-related projects. 
For the year 2019 we are celebrating 
a record of 112 such projects. 

inach is encouraging greater link-
ing and strengthening of global net-
works. 37% of these projects reflect 
the involvement of international col-

laboration. In this respect, we see that 
more than 22 countries are affiliated 
with procien. These include Argenti-
na, Australia, Austria, Belgium, Brazil, 
Canada, Czech Republic, Denmark, 
France, Germany, Italy, Japan, Mex-
ico, New Zealand, Norway, Poland, 
the Republic of Korea, Russia, South 
Africa, Spain, the United Kingdom, 
and the United States.

We are also tearing down gender 
stereotypes, as we see that Chilean 
Antarctic science enjoys significant 
contributions by a number of wom-
en. Of the total projects, 52 are led by 
women as principal researchers (pi’s) 
(46.4% of the projects). This figure 
amply demonstrates the growing in-
terest and quality of Antarctic science 
led by women in the country.•

Here are some points that illustrate this 
significant degree of growth:

106 
researchers leading these projects.

28 
Chilean institutions, including inach, are involved.

330 
scientists now make up the procien academic 
community, with the addition of Principal 
Investigators (pi’s) and the Co-Investigators.

The average age of pi’s is 

40 years
73.2% 
of the projects on on-site. 26.8% are laboratory 
or offsite work. 

inach finances 

62.5% 
of these initiatives, with two competitions; 
conicyt sponsors 

34.8%, 
through six programs.

2.7% 
have other sources of funding, including the Australian 
Council for International Development (acfid), and 
the Centro de Estudios Cientı́ficos (cecs).

Chilean Antarctic Science Program 
2019-2020
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AN_01-17 Genomics insight into the past and present of Antarctic Biodiversity: a tool to assess the 
fate of a unique ecosystem in a changing world (GAB) Elie Poulin UCHILE 2017-2021

FR_01-15 Diversification of the spiny plunderfish Harpagifer in the Southern Ocean Elie Poulin UCHILE 2015-2018

FR_04-15
Paleogeographic patterns v/s climate change in South America and the Antarctic 
Peninsula during the latest Cretaceous: a possible explanation for the origin of the 
Austral biota? 

Marcelo Leppe INACH 2015-2019

FR_04-16 Phylogeography, population genetic structure and connectivity of the Subantarctic crab 
Halicarcinus planatus, the first alien marine invertebrate discovered in Antarctica Karin Gerard UMAG 2016-2020

FI_02-16
Phylogeography and diversification in species of genus Macvicaria (Digenea: 
Opecoelidae) in Harpagiferidae (Perciformes: Notothenioidei) from the Antarctic and 
sub Antarctic Zone

Isabel Valdivia CEQUA 2016-2018

FP_03-18 Present and future role of Salpa thompsoni and Euphausia superba in the pelagic 
carbon fluxes of the Western Antarctic Peninsula Juan Höfer UACH 2018-2020

FP_06-18 Unraveling the DNA of coralline algae: from molecular diversity to divergence time 
in the Magellanic sub-Antarctic and Antarctic regions Martha Calderón UMAG 2018-2020

FR_04-18 The influence of penguin colonies on the development of tundra communities in the 
Antarctic Peninsula Angélica Casanova UCT 2018-2021

FI_01-18 Unravelling the dynamics between fisheries and a scavenging seabird species off 
Antarctic waters: a management perspective Lucas Krüger INACH 2018-2020

FP_02-19 Connecting the zooplankton microbiome with ecosystem processes in the Southern 
Ocean Mireia Mestre UDEC 2019-2021

RT_02-15 DNA barcoding as tool to described the Antarctic parasite biodiversity in marine 
invertebrates species. Leyla Cárdenas UACH 2016-2019

RT_14-15 Characterization of methane cycling in Antarctic and sub-Antarctic lakes Ma. Soledad Astorga UMAG 2015-2019

RT_32-16 Networks between parasites and fish hosts in the Antarctic and subantarctic zones of 
southern Chile: Composition structure, biodiversity, connectance and link density Gabriela Muñoz UV 2016-2020

RT_45-16 Disentangling the complexity of the Antarctic marine benthic food webs through 
multivariate approaches Roger Sepúlveda Ecogestión 2016-2020

RT_46-16 Ecology of avian influenza virus in Antarctica: the role of migratory birds in the 
introductions of influenza in the penguin population Rafael Medina PUC 2016-2020

CODE TITLE PI INSTITUTION YEARS

RT_34-17 Dynamics of sponge-associated microbial photosynthetic eukaryotes during seasonal 
transitions in Antarctica Nicole Trefault UMAYOR 2018-2021

RT_08-18 A matter of size: Coupling early life history traits of Antarctic fishes and 
environmental forcing in a warming ocean Mauricio Landaeta UV 2019-2021

RT_68-18 Trophic interactions and spatial overlap between krill Euphasia superba and 
mackerel icefish Champsocephalus gunnari, in the South Orkney Islands Edwin Niklitschek ULOSLAGOS 2019-2021

RG_15-16 Deciphering the impact of historical events on regional endemism and genetic diversity 
in the Southern Ocean: comparative phylogeography of macroalgae Marie-Laure Guillemin UACH 2016-2019

RG_20-16 Trophic characterization of epibenthic fishes from the Western Antarctic Peninsula Luis Pardo UACH 2016-2019

RG_18-17 Biogeography of Laevilitorina caliginosa Gould 1849, across the Drake Passage Claudio González IEB 2018-2020

RG_01-18 Assessment of new technology-critical elements on fauna from the Antarctic Peninsula 
area José Celis UDEC 2019-2020

RG_21-18 Functional Potential of Rhizosphere and Soil Microbial Communities in an Extreme 
Environment Eduardo Castro UNAB 2019-2020

RG_50-18 Historical biogeography of octopuses from Southern Ocean María Cecilia Pardo UCHILE 2019-2020

DT_04-16 Phylogeography of the Antarctic freshwater copepod Boeckella poppei: Glacial 
refugia or Postglacial Recolonization? Claudia Maturana UCHILE 2016-2018

DG_03-16 Local adaptation associated to diversification of the genus Harpagifer (Perciformes: 
Notothenioidei) in the Southern Ocean Javier Naretto UCHILE 2016-2018

DG_11-17 Comparative Phylogeography in Eudyptes penguins: genomic and behavioural 
diversity across the Southern Ocean María José Frugone UCHILE 2018-2020

DG_12-17 Study of the functional potential of microorganisms associated to Antarctic sponges: 
assessing the particular signature for this ecosystem Mario Moreno UMAYOR 2018-2020

MG_06-17 Diversity and genetic structure of bivalves of Kidderia genus from Subantarctic and 
Antarctic regions Daniela Levicoy UACH 2018-2019

MG_07-17 Molecular divergence in species of macroalgae co-distributed along the Magallanic 
region and Antarctic Peninsula. Paula Ocaranza UMAG 2018-2019

MG_14-18 Structure and dynamics of Parochlus steinenii (Diptera: Chironomidae) populations 
of South Shetland Islands, Antarctic Carolina Pérez UMAG 2018-2019

CODE TITLE PI INSTITUTION YEARS

B iological diversity is under-
stood to be the variety of life 
forms, including various levels 

of organization, such as species, their 
genes, populations, and communities. 
Collectively, the interaction of these 
varieties at different levels determines 
the functioning of ecosystems and 
supports the planet’s biosphere.

This line of work is closely asso-
ciated with the Scientific Committee 
on Antarctic Research (scar) Antarc-
tic Ecosystem (anteco) program. Its 
objective is to understand current di-
versity patterns in order to differenti-
ate these from process impacts from 
past conditions, and to understand 
and develop future scenarios based 
on a multidisciplinary approach.

I. The State of the Antarctic Ecosystem

Through research being carried 
out in this area, it has been possible 
to: 1) evaluate the contribution of 
environmental changes in evolution-
ary processes in both marine and ter-
restrial ecosystems in Antarctic and 
sub-Antarctic regions; 2) understand 
the spatial-temporal factors that de-
termine the distribution of species 
and populations; and 3) quantify the 
degree of sensitivity and risk for spe-
cies, populations and ecosystems to 
environmental changes, such as cli-
mate change, pollution, and fishery 
activities. •

Fisheries in the waters off the Antarctic Peninsula have increased considerably in the last ten to twenty years. New impacts, 
related to climate change, have already been detected in krill-dependent food chains. There is convincing evidence that 
scavenging seabirds populations are increasing due to growing interaction with fisheries (i.e., feeding on discarded fish 
and offal) in other parts of the world, but almost nothing is known about the interaction of the scavenging seabirds with 
fisheries south of latitude 60º S. Dr. Lucas Krüger’s research hopes to: (1) compare year-round coastal-inland habitat use, 
and pelagic habitat use, of Southern Giant Petrels (Macronectes giganteus); (2) quantify year-round overlap of Southern 
Giant Petrels with fisheries activities (trawlers and long-liners); (3) model fisheries efforts and distribution in response to 
fish stocks and oceanographic factors; (4) project fisheries distribution and efforts into past conditions in order to test if 
population dynamics of the Southern Giant Petrels are more or less dependent on fisheries activities during the breeding or 
non-breeding seasons; (5) project Southern Giant Petrel distribution and population into future scenarios of fishing activities 
and climate change. This project also will provide data for two students for developing their theses and their specialized 
studies of marine top-predators, fisheries management under climate change scenarios, and proposals and evaluations of 
Marine Protected Areas in Antarctica. 

The project “Comparative phylogeography of macro sub-Antarctic and Antarctic 
algae: studying the impact of historical events on endemism and genetic diversity 
in the Southern Ocean,” by Marie-Laure Guillemin, is funded by INACH. This 
research focuses on six commonly found species of red macro-algae (seaweed) 
of great ecological importance, which have wide geographical distribution, 
to test these scenarios in the Antarctic Peninsula. Four species (Curdieara 
covitzae, Gigartina skottsbergii, Iridaea cordata and Palmaria decipiens) inhabit 
shallow intertidal pools and two of them (Georgiella confluens and Plocamium 
cartilagineum) are exclusive to the shallow sub-tidal area and grow as understory 
of large brown seaweed. All these species are considered ecosystemic engineers 
(species that generate habitat and food to other organisms), so changes in their 
abundance and distribution have a profound impact on the ecosystem.

Dr. Elie Poulin (University of Chile) is a leading Antarctic ecologist 
who is studying speciation patterns and processes on several 
geographic and temporal scales. He has been the trainer for 
several polar researchers and is currently working two PROCIEN 
projects. One, which is funded by CONICYT through its Antarctic 
Rings program, is called “Genomics insight into the past and 
present of Antarctic Biodiversity: a tool to assess the fate of a 
unique ecosystem in a changing world (GAB).”
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II. Antarctic Thresholds:  
Ecosystem Resilience and Adaptation

T he Southern Ocean and the 
Antarctic continent are not 
immune from the negative 

effects of anthropogenic activities, 
particularly in the Antarctic Peninsu-
la. The increase in atmospheric tem-
perature and in Antarctic waters, as 
well as ocean acidification, are already 
becoming a reality in this polar region. 
Thus we see the importance of eval-
uating how these phenomena affect 
the aquatic and terrestrial organisms 
of the White Continent. This evalu-
ation must be done comprehensively 
to fully appreciate its consequences 
at the level of the entire biota of this 
sensitive ecosystem.

For these reasons, it is crucial to 
understand the entire functioning 
of biological systems, to determine 
thresholds, infer resilience capacities, 
and predict the effects on ecosystem 
functions that global climate change 
will have on all Antarctic ecosystems.

Within the framework of scar’s 
antera program, scientists have 

agreed on the importance of deter-
mining how Antarctic organisms 
have adapted to the particularly diffi-
cult current conditions of this region, 
and how they will respond to future 
environmental changes. Likewise, it 
also expects to identify which species 
will have better capacities for facing 
future environmental changes and 
how they may respond to the signif-
icant environmental variability that is 
already observed in some areas of the 
Antarctic Peninsula. The set of these 
evaluations, from the individual to the 
ecosystem level, will allow the devel-
opment of a broad ecological debate 
on the environmental state of Antarc-
tica and its biosphere, particularly in 
the Antarctic Peninsula, with respect 
to global changes.

This line of research attempts to 
answer such questions that focus on 
characterizing and quantifying the 
effects of warming, ranging from the 
individual impacts, through effects 
on populations, to the ecosystem. 

This has been done in recent projects 
within this program, that assess the 
impacts of environmental stress, such 
as the effects of temperature increase 
in the diversity of microorganisms, 
the abundance of photosynthetic 
microorganisms in snow, and the re-
sponse to stressors in seaweed, moss-
es, terrestrial plants, invertebrates, 
and pinniped mammals.

This line of research work has 
produced scientific publications that 
report a decrease in the anti-freeze 
capabilities of the vascular plants 
Colobanthus quitensis and Deschampsia 
antarctica, likely due to the increase 
in ambient temperatures. Similarly, 
a contrasting response to acute ther-
mal stress in Antarctic fish has been 
verified. In some cases, a minimal 
response to this stress has been re-
ported, while in other cases there is a 
response despite the absence of Heat 
Shock Proteins (hsp). •

CODE TITLE PI INSTITUTION YEARS

FD_01-15 Research Center: High Latitude Marine Ecosystems Dynamic Humberto González UACH 2015-2020

FP_02-14 Effect of warming and increased CO2 concentration on thermal acclimation of leaf 
respiration of Antarctic plants Carolina Sanhueza UDEC 2014-2017

FI_01-15 Assessing the utility of Antarctic sponges for studying global climate change: 
individual to community level responses César Cárdenas INACH 2015-2018

FR_03-16 Ecophysiology of Antarctic snow algae: adaptation mechanisms to a changing polar 
environment Iván Gómez UACH 2016-2019

FI_01-16 Stress tolerance of early life cycle stages of Antarctic-Subantarctic disjunct seaweeds: 
reproduction phase related physiological and molecular responses Nelso Navarro UMAG 2016-2018

FP_01-17 Climatic and environmental drivers affecting diversity and activity of nitrifying 
communities in the Antarctic coastal ecosystem M Estrella Alcamán UDEC 2017-2019

FP_01-18 From low to high latitudes: thermal adaptations of seals in a changing world Alicia Guerrero UV 2018-2020

FP_02-18 Symbotic interactions between soil micro-organisms and vascular plants in extreme 
environments: facing climate change Florence Gutzwiller UNAB 2018-2020

FP_04-18
Testing the historical permeability of the Antarctic Circumpolar Current (ACC) and 
the role of ecological interactions in the evolution of the Antarctic diversity: Using 
host-parasite systems as biological models

Carlos Muñoz UCSC 2018-2020

FP_05-18
Role of the foliar endophytes on the photoprotection of the Antarctic vascular 
flora: effects on the ecophysiological performance and the phenotypic plasticity of 
Colobanthus quitensis and Deschampsia antarctica

Ian Acuña UTALCA 2018-2020

Climate change in Maritime Antarctica has 
accelerated ice melting and glacier retreat, leading 
to a temporal gradient in landscape and new 
soil formation. The influence of freezing-thawing 
cycles in Antarctic soils on carbon sequestration, 
temperature-sensitivity on soil organic matter 
decomposition and priming effect (acceleration of 
native soil organic matter decomposition by fresh 
carbon input) along soil development by glacier 
retreat have been never evaluated. Dr. Francisco 
Matus’s project hypothesized that gradual soil 
organic matter stabilization in the presence of 
incipient clay formation, modulates the quantity 
and quality of organic carbon at relatively short 
time scales along temporal gradients of soil formed 
by glacier retreat in Maritime Antarctic, at King 
George Island. 

Dr. Arturo Borzutzky (from the Pontificia Universidad Católica de 
Chile) is researching vitamin D deficiency in Antarctica. Several 
studies show that vitamin D deficiency in the general population 
is prevalent in Chile, but the percentages of those adversely 
affected increases from north to south, with alarming rates in the 
Magallanes region: only 3% of the population have normal Vitamin 
D levels and half of the residents of the region may have a severe 
deficiency. Borzutzky and his team speculated on what would 
happen in the Antarctic, where the population is exposed to lower 
solar radiation. This project included a study of various levels of 
Vitamin D supplements for the population of the Frei Base and Villa 
Las Estrellas on King George Island. From these subjects several 
blood samples were taken to assess the impact of the intervention. 
Preliminary results show that most of the Antarctic inhabitants who 
have been in Antarctica for several months and particularly those 
who spend the winter there, have a Vitamin D deficiency. This is 
no surprise. International studies at the Antarctic bases of other 
countries show similar results. Deficient levels of Vitamin D seen in 
this study correlate to markers of bone turnover: if someone has 
low levels of Vitamin D, their bone mass may be losing calcium. The 
next stages include analyzing the bulk of the data obtained to see 
how these Vitamin D levels and other biomarkers behave throughout 
the year and how they respond to various degrees of vitamin 
supplementation. The results may help define an effective strategy 
for Vitamin D supplementation for the Chilean Antarctic population.

The Research Center: Dynamics of High Latitude Marine Ecosystems is known 
as IDEAL, (from the Spanish “Centro de Investigación Dinámica de Ecosistemas 
Marinos de Altas Latitudes.”) It is financed by the Chilean National Commission 
for Scientific and Technological Research (CONICYT), through the Fund for 
Research Centers in High-Priority Areas (FONDAP). It is managed by the Austral 
University of Chile (UACh), along with its associate institutions, the University 
of Concepcion (UdeC), and the Center for Quaternary, Fuegian-Patagonian, and 
Antarctic Studies (CEQUA) in Punta Arenas. The financing for logistics for Antarctic 
research is provided by INACH. IDEAL’s main goal is to study and document the 
impacts of environmental stressors caused by global change, on the productivity 
of the marine ecosystems in the Antarctic and sub-Antarctic regions, and the 
implications for the biological communities that depend on them. 
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FR_03-18 Genomic, physiological and ecological approaches to examine Antarctic and Sub-
Antarctic macroalgal responses to climate change and glacial retreat Andrés Mansilla UMAG 2018-2021

FR_01-19 Dynamics and functions of sponge microbiomes under the strong seasonal variability of 
the Antarctic environment Nicole Trefault UMAYOR 2019-2022

FP_04-19 Adaptive history of speciation in the notothenid fish Harpagifer in the Southern 
Ocean Nicolás Segovia IEB 2019-2021

PC_01-15 A multi-disciplinary approach to understand the impact of ice loss and deglaciation on 
Antarctic coastal benthic ecosystems Antonio Brante UCSC 2015-2018

AG_01-17 Impacts on the microbiane diversity in polar ecosystems due to environmental change Marcelo González INACH 2017-2019

RT_28-15 Effects of Antarctic environment on vitamin D status and health risk biomarkers of 
its inhabitants Arturo Borzutzky PUC 2016-2019

RT_08-16
Global change impacts in the Western Antarctic Peninsula: Role of environmental 
variability and food availability on Laternula elliptica to ocean acidification and 
warming

Marco Lardies UAI 2016-2020

RT_09-16 Biochemical and molecular responses disclose mechanisms of Antarctic macroalgae to 
thrive under Climate Change Claudio Sáez UPLA 2017-2020

RT_13-16 Effect of warming on leaf hydraulic properties of Antarctic plants Patricia Sáez UDEC 2016-2020

RT_27-16 Ecophysiology of Antarctic and Atacama desert lichens: freezing and deep dehydration 
mechanism under natural conditions and under passive warming experiments Angélica Casanova UCT 2017-2020

RT_48-16 Dipterans in sub-Antarctic and Antarctic regions: are they ready for the changes? Tamara Contador UMAG 2016-2020

RT_02-17 The evolution of nitrogen cycling in chronosequences under climate change: evidence 
from the maritime Antarctica Cecilia Pérez IEB 2018-2021

RT_14-17 Adaptive responses of Antarctic mosses to climate change Gustavo Zúñiga USACH 2018-2021

RT_23-17 Effect of freezing-thawing cycles on soil carbon sequestration along soil development 
gradients formed by glacier retreat in the Maritime Antarctic, King George Island. Francisco Matus UFRO 2018-2021

RT_27-17 Impacts of Climate Change and coastal ice retreat on Antarctic seaweed communities 
over deglaciation and latitudinal gradients Silvia Murcia UMAG 2018-2021

RT_18-18 Nocturnal in situ warming: Filling the gaps to unravel plant responses to regional 
warming of Antarctic Peninsula León Bravo UFRO 2019-2021

RG_09-17 The rare biosphere’s ecosystem services in the ever-changing Antarctic environments Sebastián Fuentes PUC 2018-2020

DG_07-16
Effect of warming on rhizospheric microorganism from Antarctic vascular plants and 
its relationship with plant ecophysiological performance on Deschampsia antarctica 
and Colobanthus quitensis

Paulina Pradel UFRO 2016-2018

DG_10-17 Temperature acclimation capacity and cold-adaptation mechanisms in Thalassiosirales 
Antarctic members Mariela Guajardo UMAYOR 2018-2020

DG_14-17
Evaluation of the potential of subantarctic crab Halicarcinus planatus 
(Hymenosomatidae) to become the first marine invader in Antarctica: physiological 
and dispersive capacity.

Zambra López UCHILE 2018-2020

DG_10-18 Characterization of germin-like proteins in Colobanthus quitensis and its relation 
with calcium oxalate crystals degradation facing a CO2 diffusion limitation Olman Gómez UFRO 2018-2020

DG_18-18 Flower or tolerate: A molecular approach to the trade-off between resources allocation 
of flower production and tolerance to water stress in Colobanthus quitensis Carolina Galleguillos UTALCA 2018-2020

CODE TITLE PI INSTITUTION YEARS III. Antarctic Climate Change

T he increasingly probable 
threat of a global climate cri-
sis urgently challenges both 

humanity’s ability to understand 
key aspects of recent environmental 
changes and its capacity to take ac-
tion. Thus, there is a growing need 
for evaluation of changing trends and 
estimation -under different scenarios- 
of potential impacts, to support deci-
sion-making and adoption of global 
agreements.

Antarctica’s territorial domain 
and surrounding regions of the planet 
are linked through teleconnections. 
Interactions, verified in recent de-
cades, include remarkable changes in 
air and ocean temperatures, shifting 
patterns of atmospheric circulation, 
the variability of sea ice extension, 
reduced thickness and loss of several 
ice shelves, among other phenomena.

In this context, the procien, 
includes a set of projects under the 
Climate Change in Antarctica (cca) 
research line, that focus on answering 
questions associated with the study of 
climatic variability in different time 
and spatial scales, considering charac-
terization of processes and cryosphere 
variability and interactions with asso-
ciated land, atmosphere, and ocean 
geosystems. 

procien’s projects under this 
research framework, align with and 
contribute to the goals of several 
Scientific Research Programs (srps) 
implemented by the Scientific Com-
mittee on Antarctic Research (scar). 
These are: i) the scar srp “Antarctic 
Climate Change in the 21st century 
(AntClim21),” designed to deliver im-
proved regional predictions of key el-
ements of the Antarctic atmosphere, 
ocean, and cryosphere for the next 
20 to 200 years and to understand re-
sponses of the physical and biological 
systems to natural and anthropogenic 
forcing factors; ii) the scar srp “Past 
Antarctic Ice Sheet dynamics (pais),” 
aiming to improve understanding of 
the sensitivity of ice sheets in East 
and West Antarctica and the Antarc-

tic Peninsula to a broad range of cli-
matic and oceanic conditions; and iii) 
the scar srp “Solid Earth Response 
and influence on Cryospheric Evolu-
tion (serce)” that has an overarching 
objective to provide advanced under-
standing of the interactions between 
the solid earth and the cryosphere to 
better constrain ice mass balance, ice 
dynamics, and sea level change in a 
warming world.

The contribution of recent lit-
erature related to this research area 
highlights a number of very interest-
ing findings. Cárdenas et al. (2018), 
provide a survey and experimen-
tal testing in South Bay, a western 
Antarctic Peninsula site at 64.8° S 
latitude, where intra-year variability 
of seawater temperature indicates 
the importance of local settings vari-
ability. On other spatial and temporal 

scales, Moreno et al. (2018) interpret 
a Patagonian lake sediment core to 
describe Southern Westerly Winds 
(sww) variability of southern climate 
since ~10 ka, suggesting that coherent 
climatic shifts in these regions have 
driven climate change in vast sec-
tors of the Southern Hemisphere at 
centennial and millennial timescales. 
Closer to the present, the use of new 
isotopic records collected from snow 
and firn cores in the northern extent 
of the Antarctic Peninsula (Fernan-
doy et al., 2018), describe changes and 
a discernible effect of sea ice cover on 
local temperatures, and the expres-
sion of climatic modes, especially the 
Southern Annular Mode (sam), when 
these are analyzed in conjunction with 
existing meteorological and oceanic 
datasets. •

Gaining better understanding of changes in major climate parameters (such 
as reflectivity/albedo) is essential in the Antarctic Peninsula (AP), a region 
strongly affected by global warming. Although a current slowing of the warming 
trend has been observed due to natural variability, the Peninsula region has 
been considered one of the most rapidly warming areas on the planet, and this 
is leading to significant changes in the reflectivity/albedo. The project of Dr. 
Alessandro Damiani (USACH) intends to characterize the albedo reduction due 
to the presence of light-absorbing impurities (LAI) in coastal snow packs in the 
Peninsula (from latitude 62º S to latitude 67º S). 
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FR_01-17 Southern Hemisphere climate system response to stratospheric ozone depletion Alessandro Damiani USACH 2017-2020

FI_01-17
Exploring the spatial and temporal extension of modified Circumpolar Deep Water 
Intrusions into a coastal Antarctic embayment: a combination of ocean modeling and 
observations

Ma. Andrea Piñones UACH 2017-2019

FR_01-18 The hydrology of ice shelves: processes and implications for dynamics Shelley MacDonell CEAZA 2018-2021

FR_02-19 Atmospheric radiation measurements on King George Island (Southern Ocean / 
Antarctic Peninsula) Raúl Cordero USACH 2019-2022

RT_50-16 Calving and mass balance studied by remote sensing, in-situ methods and modeling at 
King George Island (CAMB-KGI) Gino Casassa UMAG 2017-2020

RT_09-18 Trophic and Functional Ecology in Antarctic Ecosystems José Pulgar UNAB 2019-2021

RG_07-16 Surface temperature anomalies over the Antarctic region: the role of ENSO in the last 
decades Cristian Mattar UCHILE 2016-2019

RG_10-18 Photoprotective responses in Antarctica marine macroalgae due to climate change 
stress conditions Paula Celis UPLA 2019-2020

CODE TITLE PI INSTITUTION YEARS IV. Astronomy and Earth Sciences

A ntarctica and the surrounding 
oceans have been and contin-
ue to be key elements of our 

planet’s natural history. They provide 
us with important information about 
the formation of the Earth and about 
the evolution and changes in the 
Antarctic environment, and the biota 
that depend upon it.

For this reason, projects in this 
line of research focus on the study 
and understanding of interactions 
between the terrestrial Earth and its 
cryosphere. These projects search for 
knowledge about the processes that 
occur within and at the interfaces of 
the planet’s terrestrial, oceanic, cryo-
spheric, and atmospheric systems.

This effort also integrates projects 
in the disciplines of space physics and 
astronomical observation. In general, 
these contribute to clarifying many 
outstanding questions and providing 
scientific knowledge with multiple 
applications that contribute to many 
of the initiatives of the Scientific Re-
search Programs (srp) and other Ac-
tion Groups of the Scientific Com-
mittee on Antarctic Research (scar).

This research program hopes to 
advance scientific knowledge of the 
interactions between the solid earth 
and the cryosphere and thus achieve 
better understanding of the balance 

of the ice mass, ice dynamics, and sea 
level changes in a warming world.

Data published in the science jour-
nal Nature analyzed the Antarctic ice 
sheet mass balance from 1992 to 2017. 
This ice layer is an important indica-
tor of climate change and drives rising 
sea levels. In this work the researchers 
observed the ice sheet’s changing vol-
ume, along with ice flow characteris-
tics and gravitational attraction, using 
surface mass balance models to show 
that the sheet has lost billions of tons 
of ice between 1992 and 2017. This 
corresponds to an increase in mean 
sea level of 7.6mm, ± 3.9 mm. At the 
same time, significant variations were 
observed in East Antarctica, which 
may have increased its glacial mass 
over the period 1992-2017 by 5 ± 46 
billion tons per year (this figure due to 
variations in and among the estimates 
of various models). 

In the area of geology, one of the 
projects to be undertaken in these 
studies will look for improved un-
derstanding of the paleo-geographic 
processes of the lower portion of 
the Heritage Group in the Ellsworth 
Mountains of West Antarctica, and 
at the same time will look into impli-
cations for reconstructions of the an-
cient supercontinent of Gondwana. •

CE_01-17 Glaciology of the subglacial lake CECs Andrés Rivera CECs 2017-2019

FR_03-15 Reflectivity of Antarctica Raúl Cordero USACH 2015-2019

FR_01-16 Characterization of low clouds over the Antarctic Peninsula and the West Antarctic 
Ice Sheet (WAIS) Penny Rowe USACH 2016-2019

FR_02-16 Equilibrium and non-equilibrium processes in space plasmas and the solar-wind-
magnetosphere-ionosphere interactions Marina Stepanova USACH 2016-2020

RT_32-15 Ground-based measurements of the radiance distribution in the Antarctic Peninsula Raúl Cordero USACH 2015-2019

RT_05-18 Temporal dynamics of nitrous oxide and methane in an embayment of the West 
Antarctic Peninsula (WAP): from daily to inter-annual variability Laura Farías UDEC 2019-2021

RT_44-18 Paleogeography of the lower Heritage Group, Ellsworth Mountains, Western 
Antarctica: Implications for Gondwanaland reconstructions Fernando Poblete UOH 2019-2021

RT_56-18 Time constrains for Quaternary volcanism and tectonics in the Brandsfield and Larsen 
rifts, Antarctica Luis Lara SERNAGEOMIN 2019-2021

RT_70-18 Light-absorbing impurities on coastal snowpacks in the Antarctic Peninsula Alessandro Damiani USACH 2019-2021

RG_10-16 Geochronology and isotope characterization of Jurassic igneous rocks of the Antarctic 
Peninsula Mauricio Calderón UNAB 2016-2019

RG_16-16 The Australia-Antarctica divorce: a natural laboratory for quantifying key controls 
on plate motions Andrés Tassara UDEC 2016-2019

MG_12-18 Summer phytoplankton growth at Maxwell Bay, Antarctica: a modelling approach Vania Carrera UDEC 2018-2019

CODE TITLE PI INSTITUTION YEARS

Antarctic Circle 70ºS

80ºS

90ºS

Frei St

Prat St

O’Higgins St

Weddell Sea

90ºO

80ºO

70ºO

60ºO

50ºO

Union Glacier

Tte. Carvajal St Antarctic
Peninsula

Ronne-Filchner
Ice Shelf

Subglacial Lake CECs

Bellingshausen
Sea

Global warming has resulted in 
significant worldwide loss of ice mass 
for glaciers, ice caps, and ice sheets 
in recent decades. The Antarctic 
Peninsula and adjacent sub-Antarctic 
islands are particularly sensitive to 
climate changes due to their location 
within the southern westerly belt, 
which is affected by mid-latitude 
atmospheric and oceanic changes. 
A major component of ice mass loss 
in Antarctica is by calving into the 
ocean. Dr. Gino Casassa’s project 
intends to study areal changes, ice 
volume changes, calving, and mass 
balance at Arktowski Ice Field on 
King George Island (KGI) by means of 
TerraSAR-X satellite imagery analyses 
and ground measurements. The data 
obtained will permit calculation of 
the mass balance at KGI and assess 
the relevance of calving processes. 
Surface mass balance simulations at 
KGI driven by downscaled reanalysis 
data will be performed along with 
those based on the Advanced 
Research Weather Research and 
Forecasting model (WRF model). The 
ground-based and remote sensing 
data will allow calibration of the 
mass balance model for present-
day conditions and projected future 
changes based on Representative 
Concentration Pathways (RCPs) 
adopted by the IPCC.

Since the Antarctic summer of 2014, the Chilean Center for Scientific Studies 
(CECs, for the Spanish acronym) has conducted four long-distance expeditions 
to the central plateau of West Antarctica for the purpose of studying the stability 
of the icecap and the subglacial hydrology. These ventures have been carried 
out using convoys pulled by tractors, with an integrated mobile scientific 
research vehicle designed by the CECs, which includes work space and scientific 
equipment installations, a storage compartment, six beds, and a bathroom. 
These excursions have provided opportunities for glaciology studies all along the 
hundreds of kilometers of the glacial valleys near the Ellsworth Mountains and the 
Antarctic Plateau. The work includes measurements using radar, GPS, seismic and 
meteorological instruments, along with the taking of ice cores and mass balance 
measurements. Among the results from this was the discovery of a subglacial 
lake (named “Lake CECs”), which offers excellent opportunities for a long-range 
multidisciplinary research effort.

Antarctica and its surrounding seas are covered by snow and ice, whose high 
reflectivity, or “albedo” gives the continent its unique white color but also plays 
a key role in the global energy balance. Changes in Antarctic albedo can affect 
the climate on the entire planet. Dr. Raúl Cordero (USACH) is studying this 
phenomenon and the consequences already evident in southern Chile.
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V. Biotechnology

T his area of research considers 
the physiological, metabolic 
and molecular characteristics 

of Antarctic organisms, in efforts to 
use these or their derivatives (bio-
molecules) for the creation or modi-
fication of products, applications, or 
processes for specific uses. These may 
include proposed innovative solutions 
for problems such as drought, energy 
optimization, or the battles against 
multi-resistant bacteria, or cancer. In 
some cases, deciphering the dna in 
these organisms, using mass sequenc-
ing tools, is a key factor in achieving 
these solutions. Conducting mo-
lecular-level studies in Antarctica 
is consistent with Chilean national 
guidelines that endeavor to respond 
to specific needs through applied re-
search.

In recent decades, the White Con-
tinent has become a focus of interest 
for researchers who are interested 
not only in studying the adaptations 
of organisms to extreme Antarctic 
conditions, but also in possible useful 
applications. The generation of pat-
ents helps protect the research done 
with public or private funds, without 
jeopardizing the sharing of the re-
sulting scientific knowledge. On the 
contrary, this information becomes 
open and freely accessible after it is 
generated.

An example of this is the discovery 
of “Antartina,” a new anti-cancer mol-
ecule extracted from the Deschampsia 
antarctica plant that has proven effec-
tive against neoplastic cells in cultures 
representing colorectal cancer. It is 
hoped that these and other molecules 
discovered in the future may be used 
in the fight against cancer.

On the other hand, bacteria from 
this same plant have been isolated and 
found to help in optimizing the plant’s 
growth. What is more, these micro-
organisms may improve the capacities 
of intensive crop planting to resist 
salt stress. Improved plant moisture 
management capacities may also re-
sult from these bacteria. Antarctic 

fungi may also have applications for 
controlling pests that affect wheat 
production.

A biotechnological trend already 
observed in several projects is the bio-
synthesis of nano-particles by bacte-
ria. These represent an alternative for 
producing nano-structures with new 
properties, which could be used in so-
lar panels for the production of “green 
energy.” One project started in 2019 
that is working in this direction in-
volves the generation of biological fuel 
cells for producing electricity through 
renewable, sustainable means.

These discoveries may make 
Antarctica a place where similar 
solutions can be found. These might 
include combating global warming 
effects by optimizing water use and 
developing crops that are more resis-
tant to the new climate conditions, or 
decarbonization through increased 
reliance on solar energy.

Other projects of this course of 
study consider antimicrobials and, 
particularly, antibiotics, which have 
been a central feature of modern med-
icine for the last eight decades, being 
essential for improved health around 
the world. Over the past 60 years, mil-
lions of metric tons of antibiotics have 
been produced and distributed world-
wide, although the often irrational 
use of antibiotics has resulted in the 
evolution of strains of drug-resistant 
bacteria.

A recent project entitled “Isola-
tion and characterization of antimi-
crobial compounds and determinants 
of resistance to antibiotics present in 
Antarctic soil bacteria,” was led by 
Andrés Marcoleta, a researcher from 
the University of Chile. This involved 
the identification and characteriza-
tion of new antimicrobial compounds 
and determinants of drug resistance 
among the Antarctic soil bacteria 
samples using both crop-dependent 
and crop-independent approaches 
(metagenomic sequencing). In this 
Antarctic season a new miniaturized 
technology such as minion, was used 

for sequencing in the analysis of the 
bacterial composition of Antarctic 
soil.

Finally, it is believed that Antarc-
tic science may also affect key activ-
ities in the Chilean economy, such 
as the wine industry. The project 
“Unveiling the unexplored diversity 
of Antarctic yeasts and their poten-
tial in the Chilean wine industry,” 
led by Cristina Ubeda of the Auton-
omous University (Chile), will try to 
solve problems associated with low 
temperatures in the fermentation 
of white wines, using yeasts from 
Antarctica, which may also improve 
the taste and flavor characteristics of 
the wine. The wines produced with 
these yeasts will be analyzed to deter-
mine their aromatic composition by 
gas chromatography combined with 
mass spectrometry, resistance to oxi-
dation, antioxidant capacity and total 
phenols. In addition, sensory analysis 
will be performed to determine if the 
differences between the wines are 
perceptible by a trained tasting panel.

In this way, Antarctic science is 
being made accessible to the citizens 
of Chile, and for the scientific and 
technological development of the 
country, supporting key economic 
activities such as agriculture and re-
newable energies. •

CODE TITLE PI INSTITUTION YEARS

FP_01-15 Assessing the role of rhizosphere’s bacterial communities in the physiological 
performance of Colobanthus quitensis under salt stress Jorge Gallardo UBIOBIO 2015-2018

RG_47-16 Unveiling the potential polyethylene terephthalate (PET) degradation activity of 
Antarctic cutinases via protein engineering César Ramírez PUC 2016-2019

RT_02-16 Antarctic plant-associated bacteria and their contribution to mitigate the frost damage 
in avocado plantlets Milko Jorquera UFRO 2016-2020

RT_23-16 Antarctic thraustochytrids as source of docosahexaenoic acid, bioactive compounds, 
and genetic data: isolation and molecular characterization Carolina Shene UFRO 2016-2020

RT_25-16
Low temperature biosynthesis of stress-tolerant fluorescent nanoparticles by 
extremophile Antarctic bacteria: mechanism of synthesis, environmental significance 
and application in solar cells

José Pérez UNAB 2017-2020

RT_31-16
Phylogenetic diversity of microorganisms involved in iron cycle of Antarctic 
environments: isolation of iron-oxidizing acidophiles with potential biotechnological 
application

Gloria Levicán USACH 2017-2020

RT_51-16 Screening and characterization of antimicrobial compounds and antibiotic resistance 
determinants among Antarctic soil bacteria Andrés Marcoleta UCHILE 2016-2020

DT_05-16 Role of volatile sulfur compounds (VSCs) emitted by Antarctic bacteria in the 
biosynthesis of CdS quantum dot (QDs) Carla Gallardo UFRO 2016-2018

FP_02-17 Photosensitization of solar cells by using a redox protein (azurin) from extremophiles Carolina Quezada UNAB 2017-2019

RT_06-17 Screening of secondary metabolite producing fungi from Antarctic and their 
antagonistic effect against Gaeumannonyces graminis as model soil borne pathogen Paola Durán UFRO 2018-2021

RT_42-17 Isolation and characterization of lactic acid bacteria from Antarctica with 
technological and bacteriotherapy applications Javier Ferrer UDEC 2018-2021

FP_07-18 MEMARC: Role of methanogenic Archaea in the biogeochemical cycle of mercury in 
natural and anthropic anaerobic ecosystems Céline Lavergne PUCV 2018-2019

FR_02-18 Assessing the ecophysiological and molecular basis of the functional symbiosis: 
extremophile fungal-endophytes improve the yield and drought tolerance in crops Marco Molina UTALCA 2018-2021

FI_02-18 Auto-inducer molecules as regulators of growing in Antarctic vascular plant as useful 
tool for increase vegetable response to nutrient limitation Claudia Rabert UAUTÓNOMA 2018-2021

RG_02-18 Metagenomic approach to microbial diversity and metabolic potential of Antarctic 
terrestrial habitats Marcelo Baeza UCHILE 2019-2020

RG_24-18 Revealing the unexplored diversity of Antarctic yeast and their potential in Chilean 
wine industry Cristina Ubeda UAUTÓNOMA 2019-2020

RT_12-18 Isolation and characterization of extremophilic microorganisms from Antarctica with 
application in microbial fuel cells at low temperatures Iván Nancucheo USS 2019-2021

RT_33-18 Interdisciplinary network for study of Antarctic fungal bioactive compounds for 
control of cancer cells, pathogenic yeasts and bacterial strains to human health Cristian Paz UFRO 2019-2021

DG_07-18 Antarctic monooxygenases with cofactor promiscuity: recombinant expression and 
whole-cell biocatalysis for potential biotechnological applications Andrea Chánique PUC 2018-2020

DG_11-18
Structural and functional characterization and protein engineering of Antarctic 
enzymes as potential biocatalysts of the degradation of polyethylene terephthalate 
(PET)

Paula Blázquez PUC 2018-2020

DT_20-18 Biological crusts of Antarctic soil: effects on the ecophysiological performance of 
Colobanthus quitensis and the molecular mechanisms involved Andrea Barrera UTALCA 2018-2020

Nanobiotechnology, the 
study of the interaction 
of nanomaterials 
with biological 
systems, represents 
an underexplored 
opportunity to 
generate fundamental 
knowledge, but 
particularly to develop 
new technologies 
based on Antarctic 
microorganisms 
that are capable 
of synthesizing Cu 
or Cd-fluorescent 
nanoparticles (quantum 
dots). The project of 
Dr. José Pérez (UNAB) 
is based on innovative 
results obtained in his 
now-completed INACH 
grant. This project 
demonstrates: i) some 
psychotropic Antarctic 
bacteria biosynthesize 
Cd SQDs at low 
temperature, and ii) 
bacteria can synthesize 
Cu2S quantum dots. 
The photo shows two 
researchers from this 
project obtaining soil 
samples in the Union 
glacier sector.

Mercury is a metal that is found 
naturally in the environment, and 
occurs in a variety of ways. For 
example, this heavy metal can reach 
the earth’s surface from volcanic 
action. The problem with this element, 
for the environment and the health 
of living beings, is the neurotoxin 
called “methyl mercury.” Dr. Céline 
Lavergne (PUCV) has visited the 
White Continent as a part of the 
55th Antarctic Scientific Expedition 
(ASE 55). Her project (a postdoctoral 
FONDECYT effort) is titled “Role 
of methanogenic archaea in the 
biogeochemical cycle of mercury 
in natural and anthropic anaerobic 
ecosystems” and it involves the study 
of bodies of water in the Antarctic 
Peninsula to determine their levels of 
mercury accumulation.  
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A ntarctica is a continent that 
remained isolated for mil-
lions of years, yet it offers 

key insights into life forms that in-
habit systems exposed to high levels 
of complex environmental variability. 
Although the fragility of the Antarc-
tic ecosystem facing the impact of cli-
mate change is acknowledged, there 
is also concern about anthropogenic 
influences related to the introduction 
of xenobiotics, Persistent Organic 
Compounds (pops), and other harmful 
chemical compounds that Antarctica 
may receive as a result of tourism and 
logistics activities taking place in the 
region. As a result, all these activities 
must be closely monitored and regu-
lated under the aegis of the Antarctic 
Treaty System and the Madrid Pro-
tocol.

The protection of the Antarctic 
environment is a priority issue under 
the Antarctic Treaty System, especial-
ly in meetings of the Committee for 
the Protection of the Environment, 
as well as in the conferences of the 
Scientific Committee for Antarc-
tic Science Research (scar) and the 
Convention for the Conservation of 
Marine Antarctic Marine Living Re-
sources (ccamlr). Some key questions 
in this area include: what will be the 
consequences of anthropogenic im-
pacts on the Antarctic ecosystem? 
How will humans and pathogens af-

fect and adapt to Antarctic environ-
ments? How will regulatory mecha-
nisms evolve to deal with the growing 
pace of Antarctic tourism? How will 
external pressures and changes in geo-
political conditions affect governance 
and Antarctic science?

procien is currently undertaking 
timely projects. One is related to the 
presence of pops in fauna and their in-
fluence on the “biological bomb” and 
the Antarctic trophic web. Another 
deals with the presence and biomagni-
fication of chemical elements such as 
tantalum (a mineral widely used in the 
construction of electrical capacitors, 
which in turn is used in the technolog-
ical industry for cell phones, comput-
ers and other electronic devices). And 
finally, another procien study looks 
into the presence of the intl1 gene in 
Antarctic bacteria.

In regards to the most relevant re-
sults obtained by procien researchers 
in the area of pollution, the study of 
the presence of pops in samples of 
Antarctic krill collected along the 
sea of Bellingshausen, Weddell, and 
Scotia Sea is noteworthy. These com-
pounds enter the Antarctic ecosys-
tem through atmospheric transport 
and through phytoplankton, and are 
passed on to other levels of the food 
chain. 

Biomagnification has also been 
uncovered in the food chain, along 

with the presence of tantalum in fish 
and invertebrate samples along a gra-
dient ranging from northern Chile to 
Fildes Bay, in Antarctica. Low levels 
of cops have been discovered in the 
blood of penguins in Antarctica. Like-
wise, the transport or retention of 
trace metals (such as copper and lead) 
in Ardley Island (Antarctica) soils has 
been established. Here, the penguins 
are acting as biovectors by trans-
porting and depositing copper in the 
Antarctic soils through their feces. In 
the case of lead, it is retained in their 
bones, feathers, or eggs. Finally, the 
presence in bacteria of the intl1 gene 
has been detected, considered to be 
an indicator of contamination and the 
presence of resistance to antibiotics.

These studies are providing im-
portant information to increase our 
knowledge about the state of the 
Antarctic environment, providing a 
baseline covering pops as well as chemi-
cals such as tantalum and trace metals. •

VI. Human Footprints in Antarctica

FP_02-15 Anthropogenic pressure over the Antarctic microbial world: Stability of soil 
communities facing hydrocarbon pollution disturbance Sebastián Fuentes PUC 2015-2018

FP_01-19 Where there are humans there is contamination: Early detection of anthropic effects on 
marine sentinel species of the Antarctic Peninsula Lisette Zenteno UCSC 2019-2021

RT_09-15 Environmental levels of xenobiotics in the Shetlands southern islands, Antarctica Mónica Montory UDEC 2015-2019

RT_12-17 Biological pump influence on the persistent organic pollutants biogeochemistry in 
pristine environments Cristóbal Galbán UNAB 2018-2021

MT_13-17 Class 1 integron and antibiotic resistance gene cassettes: Markers of anthropic activity 
in Peninsula Fildes, Antarctica? Nicole Cid UDEC 2018-2019

CODE TITLE PI INSTITUTION YEARS

Dr. Mónica Montory (UDEC) is evaluating the environmental levels of xenobiotics 
in abiotic matrices, including soil, water, snow, and air, in the South Shetlands.
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VII. Social Sciences and Humanities 

A ntarctica is a continent that 
is expressed through its ex-
treme, pristine, and unique 

landscapes, but it also communicates 
through its symbolic world: the gener-
ation of knowledge, its political orga-
nization, and its many diverse cultural 
manifestations. 

In Antarctica, the only continent 
lacking an indigenous population or 
permanent human settlement, the 
humanities and the social sciences 
address a number of important issues. 

IN_01-17 Antarctic Cities and the Global Commons: Rethinking the Gateways Juan Francisco Salazar 
/ Elías Barticevic WSU-INACH 2017-2019

MT_01-18 Health Optimization in Antarctica: Care and self-care in Julio Escudero Scientific 
Base Florencia Vergara UCHILE 2018-2019

FP_03-19 No man’s land, everyone’s land. Nature and nationalism in the construction of the 
cultural figures of the future of the Chilean Antarctic. 1940-2018 Fulvio Rossetti PUC 2019-2021

CODE TITLE PI INSTITUTION YEARS

What sorts of stories and images can 
we create to feel at home in a place 
with such a short human history, and 
how are these affecting our current 
interactions with the region? How do 
we govern this region? Who should 
be able to visit Antarctica and under 
what conditions? How do people be-
have in such an isolated and hostile 
environment? How can we confront 
the many challenges we face in our 
future interactions with this region? •

Chile is a country with an extensive polar tradition, which is why it is actively promoting the development of research in the social sciences 
and humanities for the coming years. One example of this is the participation of Chilean researchers in the “Antarctic Cities and Global 
Commons Project: Rethinking the Gateways,” financed by the Australian Research Council, with the collaboration of INACH and other 
organizations. The project’s central research question is this: How can the Antarctic gateway cities best bring about a cultural, political, and 
economic transition towards becoming custodial cities?
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