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Panoramic view of Tres Picos on Robinson Crusoe Island, Juan Fernandez Archipelago.
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Preface

This book has derived from numerous research discussions and expeditions over
a period of more than 35 years, beginning in February of 1977. Tod F. Stuessy traveled
to Chile for research discussions with Mario Silva O., professor in the Department of
Botany of the Universidad de Concepcion. The initial idea was to develop a joint
research project on patterns and processes of speciation in the genus Chaetanthera
(Mutisieae, Asteraceae) in the high Andes of southern South America. For a number
of practical reasons, it was decided to develop another cooperative research program
focused on the Juan Fernandez (Robinson Crusoe) Islands, which belong to Chile. Silva
was enthusiastic, and the principal taxonomist in the Department of Botany, Professor
Clodomiro Marticorena, was also interested in a possible collaboration. A decision was
made to develop an evolutionarily oriented project in the archipelago.

From the outset, an important concept for our research in the islands was that it must
be internationally collaborative, involving Chilean botanists as well as those from the
United States, Europe, and elsewhere. We have viewed this project as a means not only
of advancing scientific understanding of the archipelago, justifiable enough in its own
right, but also as a mechanism for educational development on all sides. Three Ph.D.’s
have been completed in the project, two at The Ohio State University (Patricia Pacheco
and Hugo Valdebenito) and one at the Universidad de Concepcion (Eduardo A. Ruiz,
who also spent research time at Ohio State). Five postdoctoral fellows have participated
(Carlos M. Baeza, Gabriel Bernardello, Patricio Lopez-Septilveda, Roger Sanders, and
Ulf Swenson) plus dozens of students and technicians.

This book now complements several other recent volumes that, taken together, tell
much about the Juan Fernandez Archipelago. Especially useful for overviews of the
islands and their history, culture, and people is the lavishly illustrated La Isla de
Robinson Crusoe by Patricio Arana (2010). A smaller book, but also useful, is Les iles
de Robinson by Philippe Danton et al. (1999), which provides a nice introduction and
overview of the islands. As for the flora of the archipelago, Philippe Danton and
collaborators have contributed an introduction to Wild Plants of Robinson Crusoe
Island (2004; trilingual, also in Spanish and French) and now the comprehensive
Monografia de las Plantas Vasculares del Archipiélago Juan Fernandez, Chile
(Danton and Perrier 2017). Our new book builds on the taxonomic base of understanding
of plants of the archipelago by summarizing their evolution, biogeography, and con-
servation. With these combined new references, a new level of knowledge about the
islands and their fascinating plant life has been achieved.



XVi

Preface

A note on figure citations in this book is in order. Black and white figures are
contained within each chapter, but all color figures have been placed between pages
108 and 109. These figures all carry the prefix “C,” for example, Fig. C1, Fig. C2, etc.,
and they are so cited throughout all chapters of the text.

On a personal level, we have found in these small islands a special world of wild and
human nature. People living in isolated corners of our planet tend to reach out easily to
visitors, and this is completely the case in the Juan Fernandez Islands. We stress the
friendship offered by the CONAF guides, to whom we dedicate this book. This volume
belongs to them for making it all possible in the first place. We have profited immensely
from our involvement with these islands, and we hope that readers will also derive
inspiration from them.
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Introduction

Tod F. Stuessy, Daniel J. Crawford, Patricio Lopez-Sepulveda,
Carlos M. Baeza, and Eduardo A. Ruiz

Why on earth would anyone wish to work in the Juan Fernandez (Robinson Crusoe)
Islands? The lore of the Crusoe name appeals, but these islands seem so distant, so
remote, so poorly known — not an ideal place, perhaps, to consider carrying out evolu-
tionary or biogeographical studies. Our selection of this study site was based on
a number of considerations.

Despite its remote setting in the southeastern Pacific Ocean, in many ways the Juan
Fernandez Archipelago is an ideal place to ask and attempt to answer evolutionary and
biogeographical questions. First, it consists of only two major small (ca. 50 km?)
islands, with a vascular flora of only 134 endemic species of plants. This would allow,
after a period of time, a synthesis of evolutionary aspects for the entire flora. Further,
with only two major islands, this greatly reduces the number of plausible evolutionary
or biogeographical hypotheses that can be proposed. Second, among these endemics
are some strikingly divergent and fascinating taxa, including the monotypic family
Lactoridaceae. In a number of groups, much morphological divergence has occurred
during evolution from continental progenitors. Third, some groups have obviously
radiated within the archipelago, such as the larger genera Dendroseris (11 endemic
species) and Robinsonia (8 endemic species), which offer opportunities to study
within-island speciation. Fourth, a good floristic inventory of the vascular flora already
existed, based on the earlier works of Hemsley (1884), Johow (1896), and Skottsberg
(1921, 1953b; plus Christensen and Skottsberg, 1920). This would allow focus on
evolutionary questions without having to do a basic revision of the flora. Fifth, there
have been no indigenous peoples in the archipelago (Haberle 2003), which lessens
disturbance of the original vegetation; human impact began in 1574 with the discovery
of the islands by the Spanish navigator Juan Fernandez (Woodward 1969). Sixth,
because ties of the endemic flora are obviously close to southern South America
(Bernardello et al. 2006), in a biogeographical sense the island closest to the con-
tinent, Robinson Crusoe (= Masatierra), has a much higher probability of receiving
dispersing immigrants than the second island, Alejandro Selkirk (= Masafuera),
181 km further west into the Pacific Ocean. This sets a hypothesis of biogeographical
directionality (and evolution) that is not often encountered. Further, we later learned
that Robinson Crusoe Island is older, at 4 million years, in contrast to Alejandro
Selkirk Island at 1 to 2 million years (Stuessy et al. 1984), which reinforces this
directionality.
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It was our belief, then, that the Robinson Crusoe Islands would make an ideal natural
system for asking and attempting to answer basic questions regarding the evolution of
vascular plants in an oceanic island archipelago. That has, in fact, proven to be the case.
From the first publication in 1982 to the present, persons in our group or associated with
our group have published more than 60 papers in many different journals. The reports
have been widely scattered, however, and one of the objectives of this book is to
summarize all these studies in one place for the interested reader.

The impression should not be left, however, that all is simple in working in the Juan
Fernandez Islands. Most pronounced are practical difficulties with logistics because
the islands are isolated and do not have any huge influx of tourists; infrastructure and
facilities are not well developed that might allow obtaining all food, beverages, and
first aid items for each expedition. These must be brought to the islands either on
a boat or by small plane. Hence much planning goes into every expedition, and this is
particularly the case on Alejandro Selkirk Island, where no supplies exist —everything
must be brought over by boat from Robinson Crusoe Island. Another point is that the
collecting work is hard because there are no roads outside of short strips around the
airport and in the village. All collecting must be done by hiking with backpacks, and
there are few well-developed hiking trails. Being in good physical shape is mandatory
for research in the archipelago, and each island has its own special landscape
challenges.

Although the primary focus for our studies in the Robinson Crusoe Islands has
always been on basic questions of island biology, we have been cognizant of the need
for effective conservation. Oceanic islands throughout the world are under intense
pressure from human developmental activities. Fortunately, due to the small size and
remoteness of the Robinson Crusoe Islands, no high-rise hotels, artificial beaches,
casinos, or off-shore banking establishments have been created. Nonetheless, the
impact of humans on the islands in the more than four centuries since their discovery
in 1574 by Juan Ferndndez has been substantial, and this continues to place a pressure
on the native flora. It is our hope that our studies, and especially this book, will
underline the importance of these marvelous islands and the need for their effective
conservation.



Part |

Historical Aspects

The Juan Fernandez Islands are steeped in history. After their discovery in 1574 by Juan
Fernandez, many European ships stopped at the archipelago to allow crews to rest and
recuperate, obtain fresh water and vegetables, and repair boats. Meat from feral animals
(mainly goats) was also gratefully consumed. From these early visits, impacts from humans
on the archipelago began to accumulate. To appreciate the present flora and vegetation and
to understand the evolutionary and biogeographical dimensions that led to their formation
require having explanations of the natural and human-induced historical changes.

Chapter 1 sketches the history of the islands from their discovery to the present day.
Very useful have been the numerous historical reports and descriptions of the islands,
which have allowed good insights into the changing impacts on vegetation over more
than four centuries. Chapter 2 outlines the activities of botanists in the islands over
more than 300 years, including our own numerous expeditions from 1980 to 2011.
Together these two chapters provide a useful introduction to the archipelago and an
update on previous botanical explorations that have culminated in the synthesis of
information contained in this book.






History of the Islands

Tod F. Stuessy

Discovery

The Juan Fernandez (Robinson Crusoe) Islands (Fig. 1.1) were first brought to the
attention of Europeans by the Spanish sea captain Juan Fernandez, who sighted them
on November 22, 1574 (Medina 1974). He sailed from Callao (a port near Lima, Pert)
on a voyage south to Chile (Valparaiso or perhaps Concepcion) (Woodward 1969).
Such a trip normally took three to six months because sailing close to the western coast
of South America required fighting the Humboldt Current flowing northward. Seeking
a better route, Juan Fernandez went first westward and then turned southward, avoid-
ing the negative impact of the coastal current and coincidentally allowing discovery,
first, of the Desventuradas Islands (San Félix and San Ambrosio, also owned by Chile)
and, further south, of the Juan Fernandez Islands. It is unclear whether he observed
both the large islands, Robinson Crusoe (Masatierra; originally called Santa Cecilia)
(Woodward 1969) and Alejandro Selkirk (Masafuera) or just the former with its small
off-shore neighboring island, Santa Clara, but after discovery, he then turned eastward
and arrived in Chile in record time. The trip, in fact, was so fast (30 days) that he was
viewed with great suspicion, and he may even have been brought before the
Inquisition on charges of having used witchcraft for such a fast trip (Woodward
1969). Other ships, however, soon accomplished the same feat, and this opened up
a flow of ship traffic past the islands.

A note regarding naming of these islands is in order. The islands were originally, and
historically, named after their discoverer, Juan Fernandez. The two main islands were
called Mas a Tierra (literally “closer to the land,” often condensed to Masatierra)
and Mas Afuera (“further away,” often Masafuera), reflecting their positions relative
to the Chilean continent. In 1962, the Chilean government officially renamed the
archipelago as the Robinson Crusoe Islands. Masatierra was renamed “Isla Piloto
Robinson Crusoe,” and Masafuera was designated “Isla Marinero Alejandro Selkirk,”
but most people have abbreviated the names to just Robinson Crusoe Island and
Alejandro Selkirk Island, which is the approach taken in this book. The reason for
these changes was apparently to stimulate tourism, taking advantage of the connection
with the famous novel, Robinson Crusoe, by Daniel Defoe published to popular acclaim
in 1719. Not everyone has been completely enthusiastic about these modifications,
however (e.g., Barrera 1963).
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Figure 1.1 Location of the Juan Fernandez (Robinson Crusoe) Islands in the eastern Pacific.

There was, in fact, a real Robinson Crusoe, but he bears scant resemblance to the
hero in Defoe’s famous and engaging novel (Howell 1829). In January of 1704,
a Scottish sailing master, Alexander Selkirk, aboard the ship Cinque Ports, under
command of Captain Thomas Stradling, sailed around Cape Horn and continued
northward along the Chilean coast. The ship arrived at Robinson Crusoe Island
on February 10, 1704. After a series of incidents involving French ships arriving at
the archipelago, a dispute developed between Selkirk and Stradling such that the
former insisted on staying ashore. Stradling provided Selkirk with only a few
survival provisions, but because the island had drinkable water, vegetated hills
with some edible plant species, sea lions in abundance, fish, lobsters, and feral
goats that were left from previous voyages, it was possible for Selkirk to live alone
on the island (without an assistant, Friday, as occurs in the novel) for more than four
years and four months! Many ships arrived at Robinson Crusoe Island during this
period, but because of the continuing wars in Europe, it was difficult for Selkirk to
know who was friend and who was foe. Eventually, in 1709, he dared to connect
with two ships, the Duke and the Duchess, which, luckily, were British, and seized
the opportunity to return home to Europe. This now-bearded man, dressed in goat
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skins, created quite a sensation, especially when the Duke arrived back in England
on October 1, 1711. Selkirk was interviewed by many journalists, and reports were
published in local outlets. Although Daniel Defoe may or may not have met Selkirk
(Woodward 1969), in any event it is certain that he took advantage of this lone
mariner’s story to write his uplifting and entertaining novel of 1719. It was set,
however, somewhere in the Caribbean rather than in the actual Juan Fernandez
Islands in the eastern Pacific.

Pirates and Early Visitors

Since their discovery, the Juan Fernandez Islands in the seventeenth century became
a location for ships of many nations to pause to refit the boats and refresh the sailors.
The presence of a sheltered natural bay (Bahia Cumberland), a subtropical (or warm-
temperate) climate, abundant fresh water, forested slopes, native plants that served as
vegetables, and meat in the form of feral goats and native sea lions all combined to
attract vessels, especially those that survived the difficult passage around Cape Horn.
The sheltered bay also served well as a refuge from which ships from England,
France, and The Netherlands could attack colonial Spanish ships and coastal cities.
The island became known, therefore, as a stopping place for ships sailing around the
world to rest before continuing their journey westward across the Pacific and also to
serve as a pirate’s lair.

Many of the visitors to the islands published comments on their stays, especially the
captains or first mates of ships in the early eighteenth century. It was still of significant
interest for readers in continental Europe to learn details of voyages to far-away lands.
Reports by George Shelvocke (1726) and Jacob Roggeveen are examples from this
period (from the Netherlands; Sharp 1970).

Another important visitor to the Juan Fernandez Islands during this period was
George Anson, captain of the Centurion, which sailed into the main bay of Robinson
Crusoe Island on June 9, 1741. The importance of Anson’s visit was the detail of the
observations that he offered in his logbook (Walter and Robins 1748) on the natural
history and geography of the islands. His voyage from England around Cape Horn with
three ships was marred by serious illness, only 335 crewmen surviving of a total 0of 961
at departure from England (Woodward 1969). To cure all remaining crew members,
plus to refit the ships needing repair, Anson remained on Robinson Crusoe Island
until September 19, 1741. From this position he successfully attacked and captured
Spanish ships and pillaged shore communities, finally traversing the Pacific and
returning home to England in 1744.

It was due in large measure to Anson’s successful disruption of Spanish shipping and
commerce that the Spanish government, centered in the Viceroyalty of Peru, in Lima,
decided of necessity to officially reclaim the Juan Ferndndez Islands and establish
a permanent settlement there. They dispatched two prominent officers with scientific
training, Jorge Juan and Antonio de Ulloa, to reconnoiter the islands and report on the
best ways to secure the archipelago for Spain. They visited the islands, principally
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Robinson Crusoe Island, on January 7-22, 1743. In their secret report submitted later
that year (published and made public only in 1826), they described the natural history
of the islands but, more important, recommended the establishment of defenses.
The biggest challenge was to arm the natural bay, Bahia Cumberland, so that no
marauding ships (especially British) could anchor there.

Spanish Control

Reacting to the report of Juan and Ulloa, the Viceroyalty of Peru in 1750 dispatched
a colonization force to the Juan Fernandez Islands. This consisted of a ship with 62
soldiers, 171 colonists (including women), and 22 convicts (Orellana R. 1975). Cows,
sheep, mules, pigs, and poultry were also transported. The idea was to establish
a permanent settlement around Bahia Cumberland. Also dispatched was a ship laden
with arms, including rifles, muskets, and gunpowder, plus 18 cannons and 7,400
cannonballs to arm the envisioned fortress (Woodward 1969). The village, named
San Juan Bautista, was organized in short order and received more immigrants from
Concepcion, Chile. Misfortune struck, however, with a severe earthquake and tidal
wave on May 25, 1751 (Vicuiia Mackenna 1883) that caused substantial damage to the
village and fort. Help was immediately provided, however, to allow rebuilding of all
structures, and by December of that same year, the fortress (Santa Barbara) was
constructed and nine cannons were placed to challenge and repel uninvited pirates
(Morel 1975). Although the small community at this point was not at all self-sufficient,
the goal of controlling the islands and reducing pirate action was achieved.
The importance of this strategic move was underlined by the reality that the English
had successfully colonized the Falkland (Malvinas) Islands, lying off the eastern coast
of southern Argentina. With this strategic point under alien control, it emphasized the
importance of controlling access to the western coast of southern South America,
which the Juan Fernandez Islands provided.

The Spanish, however, had settled and fortified only one island, Robinson Crusoe
(Fig. C1). Alejandro Selkirk Island (Fig. C2), lacking a natural harbor, was still open for
visits by ships of other countries. John Byron, for example, in his ship Dolphin, visited
Alejandro Selkirk Island in 1765 (Gallagher 1964) to take on water and wood, not
realizing that Robinson Crusoe Island was now under Spanish command. Because the
Spanish had taken over the eastern island quietly, it came as a surprise to many ships that
this former pirate’s bay was no longer available for open use. Spain, for its part,
continued to fortify the island and to send the worst criminals to this isolated location.
The number of settlers, obviously, declined proportionately with increasing numbers
of convicts. Some of the prisoners were forced to dig caves along the sea cliffs in
which to live. These were documented by Claudio Gay during his visit in 1832 (Mufioz
Pizarro 1944) (Fig. 1.2), and they remain of interest to tourists even today. Maintaining
a penal colony combined with a settlement, however, became more difficult to sustain
over the years, and Robinson Crusoe Island was actually nearly abandoned for a short
period in 1814.
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Figure 1.2 Bahia Cumberland on Robinson Crusoe Island, showing the small village of San Juan
Bautista and the caves (left side of drawing) constructed by convicts in the late eighteenth century.
(From Gay 1854.)

While Spanish control succeeded in keeping English, French, and Dutch ships away
from the Juan Fernandez Islands, the American Revolution of 1776 opened up oppor-
tunities for American vessels to visit the archipelago. The whaling industry on the East
Coast of the United States, particularly from Massachusetts, flourished by sending ships
into different oceans, including around Cape Horn, along Chile, and into the Pacific
(Pereira 1971). The large number of seals and sea lions served as a powerful attraction to
visit the Juan Fernandez Archipelago, especially Alejandro Selkirk Island. It is difficult
today to imagine the scale of harvesting of the fur seals; for example, Captain Amasa
Delano and his crew alone took 3 million skins to sell in China between 1797 and 1804
(Delano 1817; Woodward 1969)!

Chilean Independence

With the invasion of Spain by Napoleon in 1807 and the abdication of King Fernando
VII, this weakness in the Spanish government opened up opportunities for independence
in the colonies of Spanish America. Simon Bolivar, José de San Martin, and Bernardo
O’Higgins (remarkably the illegitimate son of the Viceroy of Perti, who was the most
powerful Spanish authority in the New World), all having spent years in Europe and
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having been exposed to the liberal thinking of French and American authors, spent
a good part of their lives in the liberation of Venezuela, Panama, Colombia, Ecuador,
Peru, Bolivia, Argentina, and Chile. Chile easily won its independence early in 1810,
with many criollos (persons born in the New World of Spanish descent), including
Bernardo O’Higgins, leading the way. This freedom did not last long, however, because
Chile was reconquered by royalist troops from Pert. Many republicans (patriots) were
rounded up (Vicuiia Mackenna 1883), and fifty were sent to Robinson Crusoe Island,
where they were kept in the old caves carved earlier by convicts (Fig. 1.2). O’Higgins
and others escaped to Argentina, however, and joined with José de San Martin, who was
planning the liberation of Chile. This was to be followed by a naval invasion of Peru for
conquest of the last bastion of Spanish control. With the final freedom of Chile in 1814,
the patriots on Robinson Crusoe Island were now free to return to the mainland and help
participate in the formation of a new government.

With the exodus of all prisoners from Robinson Crusoe Island, only a few people
elected to remain in San Juan Bautista as entrepreneurs selling fresh water and wood to
passing ships. Soon, however, O’Higgins realized the need for a penal colony to
remove undesirables from the Chilean mainland, and he therefore reestablished the
colony in San Juan Bautista in 1821. This also had the positive effect of once more
keeping the archipelago under local control, especially to guard against English or
American occupancy.

The early years of the young, independent Chile were filled with the usual amount of
political upheavals common to all Latin American republics, and the settlement of San
Juan Bautista in the Juan Fernandez Islands also followed this trend. The island was
rented to Joaquin Larrain in 1829-33, but it continued as a penal colony, receiving all
manner of murderers and other criminals. An Englishman, Thomas Sutcliffe, assumed
the governorship on November 25, 1834, but this administration was especially affected
by the high tidal wave that destroyed the village on February 25, 1835 (Sutcliffe 1839,
1841), exactly three months after Sutcliffe’s arrival. Rebuilding ensued, but social
instability in the little village was still problematic.

Development of a Stable Community

The gold rush in California in 1848 intensified ship traffic to Robinson Crusoe Island.
Many Americans made the long trip around Cape Horn from the East Coast of the United
States westward to California (Lewis 1949). This provided helpful income for the
islanders in sales of fresh water, wood, meat, and vegetables. These free-spirited visitors
also continued the substantial impact on the natural vegetation of the islands, which
sadly has been so typical of oceanic islands. As many as fifty ships visited Robinson
Crusoe Island in 1849-1850 (Lewis 1949; Woodward 1969), but maritime traffic
dropped way down afterward.

The period from 1850 to 1900 on Robinson Crusoe Island was one of relative calm,
and European immigrants began to arrive. This allowed a more stable fishing and
agriculture community to become established. Sales of fresh water, wood, vegetables,



History of the Islands 11

and meat continued to passing ships, but in addition, livestock was encouraged as well as
development of the lobster and fishing industries. This phase led to the development of
families in the village that are still represented today. For example, Karl Alfred von
Rodt, of Swiss origin, after having served in the Austrian Army, emigrated to Chile and
eventually to Robinson Crusoe Island in 1877 (von Rodt 1907; Ruh 1975). As with von
Rodt, most visitors to the archipelago were taken by its pastoral charm, and many
believed that there could be successful economic possibilities, which often turned out
to be unrealistic. The population stayed small, therefore, with, for example, only
64 persons in 1877 (only 29 adult males) (Woodward 1969).

World War I led to the very odd and dramatic circumstance of a visit by the
German ship Dresden and its sinking by British ships in Bahia Cumberland
on March 9, 1915 (Parker de Bassi 1987). Chile was officially neutral during the
war, so the port commander had permitted the Dresden to drop anchor. Two British
ships, however, which were tracking the Dresden, approached and believed the ship
to be making an escape. This led to the British firing on the Dresden and eventually
sinking her in the bay, where she still rests today at a depth of 60 m (Woodward
1969). Most of the crew of the Dresden, however, was able to leave the ship before
it was destroyed. A plaque in the cemetery of San Juan Bautista near Punto San
Carlos, erected in 1922 by the German community in Valparaiso, commemorates the
three German crew members who died in the incident. This monument was
damaged, however, during the destructive tsunami that swept the lower portions
of the village on February 27, 2010 (Arana 2010).

Awareness of Natural Resources

The early decades of the twentieth century saw continued economic development and
social stability plus a growing awareness of the unique natural heritage that the islands
possessed. The village continued to grow, with a few hundred persons taking up
residence. In response once more for a place to house criminals, Alejandro Selkirk
Island was this time used as a penal colony during 1909-30 (Fig. C2). Remains of stone
walls from this period can still be seen today.

Most important in these decades were the field studies and publications of Federico
Johow, an immigrant to continental Chile from Prussia, and Swedish botanist Carl
Skottsberg, who visited the islands in 1906—7 and 1917-18. Johow (1896) summar-
ized information on the flora of the archipelago in Spanish, building on the earlier
studies by Hemsley (1884) from the Challenger Expedition (see Chapter 2). Although
Skottsberg’s publications were in English (1921, 1956) and German (1928), they
served well to attract international attention to the amazing diversity of endemic
plants.

In realization of the scientific importance of the endemic flora of the islands and in
view of the enormous negative impacts perpetrated on the island’s ecosystem over nearly
400 years, the archipelago was designated a Chilean National Park on January 16, 1935.
Although this was an important step forward in beginning to protect the natural resources
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of the islands, the lack of enforcement measures resulted in little actual conservation
achievements. Furthermore, it was difficult to contain the activities of the villagers, who
in some cases were third- or fourth-generation islanders and regarded the islands as
virtually their own. The Corporacion Nacional Forestal (CONAF) of Chile, which
administers the national parks (among other responsibilities), has in recent years become
very active in conservation, and many positive steps have been taken. In addition, the
archipelago has now been placed on the “tentative” list (an initial step) as a UNESCO
World Heritage Site, which has strengthened its international importance.

Contemporary Village Life

The Juan Fernandez Archipelago is one of the more isolated civilized locations in
the world. Despite being a Chilean national park, the islands are not easy to reach.
One can choose flying to the islands in a small five- to eight-seat propeller airplane
that leaves from Santiago, or one can take a boat from Valparaiso. The flight lasts
2.5 hours, and the boat trip takes two days. In the small airplane, one lands on the
western tip of Robinson Crusoe Island on a single narrow runway. From there one
must take a jeep to the coast at Bahia Padre and then a 1.5-hour boat ride around to
the eastern side of the island to Bahia Cumberland and the village of San Juan
Bautista. The connections, therefore, are fun and filled with some adventure, but
they are not designed for tourism with comfort and luxury. Hence many visitors
tend to be young, energetic, and not particularly wealthy. To reach Alejandro
Selkirk Island (Fig. C2), one must travel by boat for about thirteen hours from
San Juan Bautista. There is no airplane connection between the two islands.

San Juan Bautista (Figs. 1.3, C3, and C4), the only permanent village in the islands, is
small, with a current population of 885 persons (www.comunajuanfernandez.cl). There
are very few streets, one running nearly parallel to the shape of the bay and another (La
Polvora) extending up the island toward the hills. Prior to the destructive tsunami of
2010, there was a municipal building, port captain’s office, gymnasium, village plaza,
pier, soccer field, several simple restaurants, guest houses, a school, small general stores
and souvenir kiosks, a church, houses, a national park information center, and one
discotheque (which was open only on Friday and Saturday nights). On February 27,
2010, however, a 3-m-tall tidal wave, originating from a submarine earthquake of level
8.8 near the Chilean coast (Farias et al. 2010), reached Robinson Crusoe Island and
destroyed most of the village up to 60 m. Eleven persons perished, and six others were
never found. All buildings mentioned earlier were destroyed, and all but the largest trees
were also swept out to sea. This area of the island is being rebuilt in attractive style, but
the older historical buildings close to the sea have been lost (see Fig. 3.7). Nonetheless,
in any architectural configuration then or now, for the typical tourist there is really not
much to see and do in the village. Most visitors, therefore, prefer to fly back to the
continent after only a few days. For a plant biologist, however, the islands offer endless
fascinations for exploration and investigation, as we hope this book successfully
communicates.
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Figure 1.3 View of the village of San Juan Bautista, Robinson Crusoe Island.

The present economy of the village depends mainly on lobster fishing (Figs. C5 and
C6) and tourism. The lobsters have long been fished for sale to continental markets
(especially restaurants, where a good lobster dinner can cost US$50). The fishermen of
Robinson Crusoe Island belong to a cooperative (Hernandez and Monleon 1975), where
adequate-sized lobsters from each day’s catch are kept in holding pens until transported
by plane or boat to the mainland. With heavy fishing, however, the lobster population
declined into the 1970s and 1980s (Yafiez et al. 1985), and incomes diminished propor-
tionately (Arana 1987). The good news is that with new regulations to promote sustain-
ability, lobster fishing has now made a recovery (Ernst et al. 2013).

Tourism, and especially ecotourism, has now also become important in the economy
of the islands. Because the islands are a national park, there are restrictions on land use
by the resident population. More important, education in the primary school now has
more emphasis on conservation, to prepare the next generation for increasing demands
from ecologically minded tourists. A tension had existed between the villagers, some of
whom can trace their families in the islands back several generations and who view the
islands as their own, and the Chilean government with its conservation mandates. This
tension is now dissipating due to the clear need for cooperation to stimulate ecotourism.

In the 1980s, prior to arrival of telephones and televisions, the small village of San
Juan Bautista was really isolated from the mainland. There were only two cars in the
village because with only two short roads there was little need for automobiles. People
walked everywhere and chatted frequently when encountering a friend in passing.
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Telephones now make it possible to call from house to house, and this began to change
the rhythm of the village. Multichannel television from satellites (now also available on
Alejandro Selkirk Island) offered broader entertainment for families at home, which also
changed people’s social habits. Telephone and Internet connections to the outside world
further lessened the villagers’ national and international isolation.

Nonetheless, despite modernization, the people of San Juan Bautista continue to be
warm and welcoming. They are proud of their island, which is in many ways a modern
paradise, where crime is virtually nonexistent, every family can have a house and
garden, community support is strong and sincere, and there is a delightful subtropical
climate with some of the clearest and most star-strewn night skies on the planet. We were
completely captivated by the islands, and this is one reason why we have never hesitated
to return to continue our research.



Botanists in the Islands

Tod F. Stuessy and Clodomiro Marticorena

To allow an appreciation of the evolutionary data and interpretations presented in this
book, we provide in this chapter an outline of the botanical expeditions and collecting that
have taken place over the past three centuries. The main objective is to indicate that the
floristic inventory of the Juan Fernandez Islands is strong. In our own investigations over
the past three decades, we have discovered only two new species: Erigeron stuessyi
(Valdebenito; see Appendix 2) and Gleichenia lepidota (Rodriguez-Rios 1990). There
have been only a few additions by other workers, for example, Robinsonia saxatilis
(Danton 2006a) and Carex stuessyi (Wheeler 2007). Few taxonomic surprises remain.
This was realized at the outset when we began our investigations in the early 1980s and, in
fact, was one of the reasons for focusing on the archipelago, because it allowed a more
certain and comprehensive approach to understanding the evolution of the flora.
Numerous botanists have collected in the islands (Table 2.1 and Fig. 2.1), but we discuss
here only those who have contributed the most to our floristic understanding. Two
previously published histories containing much more detail can be found in Johow
(1896) and Skottsberg (1953a).

The first recorded collections from the Juan Fernandez Archipelago were made by
George Handisyd in October of 1690 (Middleton, 1909; Dandy, 1958; Gunckel L.,
1971). He served as surgeon aboard the ship Welfare (Gunckel L., 1971) under
Captain John Strong. Middleton (1909) implied that the name of the ship was the
Modena, but this was apparently the name of a later ship on which Handisyd also sailed
(Gunckel L., 1971). The stated objective of the voyage was to trade along the Spanish
coast of southern South America, especially on the Chilean side, but the Spanish
colonies were suspicious and repulsed their efforts to harbor near cities. Despite this
absence of trade and safe harboring, Handisyd was able to go ashore and collect 48 plant
specimens (Gunckel L., 1957). The ship also visited Robinson Crusoe Island, and
Handisyd obtained two species of ferns (without precise locality): Adiantum chilense
and Asplenium dareoides, both common in the island. At the end of the voyage, these
specimens were given to John (Hans) Sloane, who incorporated them in vol. 8 (H.S. 8) of
his herbarium, which eventually was donated to the British Museum (Dandy, 1958).
Gunckel L. (1971) suggested that a collection by Handisyd of Solanum might have come
from the Juan Fernandez islands, but it may also have been collected on Isla Mocha near
the continent or even along the Strait of Magellan. In any case, this specimen appears
to be the cultivated Solanum tuberosum.
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Table 2.1 Principal Botanical Collectors in the Juan Fernandez Archipelago

Island visited

Year(s) visited Collector(s) RC AS
1690 George Handisyd X
1823 Mary Graham (with help from Thomas Cochrane and X
Mr. Shepard)
1824 David Douglas (with Dr. John Scouler) X X
1830 Carlo Bertero X
1830 Captain Phillip Parker King X
1830 Hugh Cuming X X
1832 Claudio Gay X X
1851 Thomas Bridges X X
1852 Filiberto Germain X X
1864 Rodulfo Amando Philippi X
1869, 1872 Edwyn C. Reed (with Roberto McSporrman and José X
Guajardo)
1869 Agustin Guajardo X X
1872 Jorge Downton X X
1875 Henry Nottidge Moseley (the Challenger expedition) X X
1890 Federico Delfin X
1891-2, 1895 Federico Johow (with A. Guajardo and F. Germain) X X
1901 George Tracy Hastings X
1908, 191617, 1954-5 Carl Skottsberg (with Inga Skottsberg, Giinther Kunkel, X X
Benkt Sparre, and local assistants)
1922 Otto Tenz X
1925, 1927 Gualterio Looser X
1938 Thomas Harper Goodspeed (and expedition members) X X
1941 P. Aravena X X
1942 Edmundo Pisano and Patricio Montaldo X
1965 Chilean—US expedition (Otto Solbrig and Carlos Mufioz X X
Pizarro plus many others)
19802011 The Ohio State University (University of Vienna)— X X
Universidad de Concepcion expeditions (with many
collaborators; see Table 2.2)
1998-2013 Philippe Danton (with Christophe Perrier and other X X

collaborators; see Table 2.3)

Note: RC = Robinson Crusoe Island; AS = Alejandro Selkirk Island.
Sources: Based primarily on Johow (1896), Middleton (1909), Looser (1927), Skottsberg (1953, 1958),
Gunckel L. (1971), and Martinez (1983).

The second person to collect specimens in the Juan Fernandez Archipelago was
a woman, Mary Graham (Fig. 2.1A), who published her journal in 1824. At that time,
she was the wife of Thomas Graham, a captain in the British Navy, who was to be
stationed in the Pacific. He died in her arms in 1822, however, on the voyage around
Cape Horn just as they were arriving for him to assume his new post. After this
wrenching life trauma, and while waiting for safe passage back to England, Mary
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Figure 2.1 Botanists who have collected plants and contributed to floristic understanding in the
Juan Fernandez Islands: (A) Mary Graham; (B) Carlo Bertero; (C) Claudio Gay; (D) Rodolfo
Philippi; (E) Henry Moseley; (F) Federico Johow; (G) Carl Skottsberg; (H) Otto Solbrig;

(I) Carlos Mufioz Pizarro. For credits, see Acknowledgments.

Graham renewed her friendship with Thomas Cochrane, who had been hired in early
1818 as Commander of the Chilean Navy in the newly independent country to aid in the
transport of troops from Chile to Pert for the invasion of this last royalist stronghold. He
accepted this seemingly odd position due to being embroiled in a stock scandal in
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England (Cordingly 2007), which made it convenient for him to leave, seeking a new
life elsewhere. In 1822, Cochrane had returned from the Peruvian campaign,
frustrated by not having been allowed to attack the mainland directly, due to caution
from José de San Martin, who wanted the Peruvians to take up independence rather
than having it forced on them (Lynch 2009). Because Chile had made the decision
to disband its navy, Brazil tendered an offer to Cochrane for him to take command of
their new Navy to help gain independence from Portugal. Before Cochrane departed
for Brazil, he first sailed on January 18, 1823, in the ship Colonel Allen to Alejandro
Selkirk (= Masafuera) and Robinson Crusoe (= Masatierra) islands, arriving at
the latter on January 22. Mary Graham went ashore on January 25 and 26, and on
the 26th made plant collections. These included some interesting endemics, such as
Gunnera peltata (Gunneraceae) and Rhaphithamnus venustus (Verbenaceae), among
others (Skottsberg 1953a). The specimens were initially collected by Cochrane and
one of the British officers, Mr. Shepard, who brought them back to her in the village.
It is likely that the men climbed to the Portezuelo or Cordéon Central and back.
The entire party also later in the day visited El Pangal, the location of Anson’s former
campsite in 1740, filled with European fruit trees at the time of his visit. Mary
Graham took the specimens under her care, and they are now housed in the herbarium
at Kew.

Although botanist David Douglas (with Dr. Scouler) visited Robinson Crusoe
Island for three days in 1824 (Mitchell and House 1999), collecting 70 “distinct
and exceedingly interesting plants” (Douglas 1914, p. 54), presumably each
representing separate species (with specimens now at Kew), a more significant
contribution was made by Carlo Guiseppi Bertero (Fig. 2.1B), who stayed on
Robinson Crusoe Island for several months in 1830. Originally from Santa Vittoria
d’Alba in Piamonte, Italy, Bertero moved to Chile in 1827. Although a physician, he
was also an enthusiastic botanist and collected specimens whenever possible, send-
ing material to Europe and publishing articles on his discoveries (Vignolo-Lutati
1955). At the beginning of 1830, in part to leave behind the civil unrest in the young
country of Chile, Bertero traveled to the islands and amassed a collection of about
2,000 specimens (Hemsley 1884) containing 300 species, including cryptogams.
On return to Valparaiso in the austral winter of 1830, Bertero dispatched a report
of his trip (1830) and his specimens to Europe to Delessert in Paris (Delprete et al.
2002), who distributed duplicate sets to other institutions. The large remainder of
some 15,000 specimens were eventually auctioned and purchased by the Botanische
Reiseverein (Worz 2007), which sold duplicates to Berlin, Kew, Leiden, Paris, and
elsewhere, and these are still easily encountered today. He then sailed off to Tahiti,
where he also collected. After this successful botanical adventure, he took a Tahitian
boat back to Valparaiso, but it completely disappeared, with all crew and passengers
presumed dead.

The next important collector in the Juan Fernandez Archipelago was Claudio Gay
(Fig. 2.1C). Arriving from Paris in 1828 to teach as professor in a new secondary school
in Santiago (Colegio de Santiago), his real interest was to explore and publish on the
natural history of this newly independent country. This was the age of world scientific
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Figure 2.2 Map of Robinson Crusoe Island by Claudio Gay (1854).

exploration, and many young European scientists felt a need to travel, explore, and
create reputations for themselves through their accomplishments in natural history
(Fuenzalida 1944). Gay traveled widely throughout Chile (Mufioz Pizarro 1944),
visiting Robinson Crusoe Island for three weeks in February of 1832 and making
numerous collections. On returning to Valparaiso, Gay bundled up most of his speci-
mens, plus others he had collected in Chile, and returned with them to Paris, where he
began working on his notes and collections. He returned to Chile in 1834 for more
collecting and studies on the continent until 1842, when he returned again to Paris.
He soon thereafter began publishing the Flora Chilena, which when finished
comprised eight volumes (1845-54) of the Historia Fisica y Politica de Chile. He
also included a useful map of Robinson Crusoe (Masatierra) Island in the At/as (Gay
1854) (Fig. 2.2).

In 1864, another major contributor to understanding the flora of Chile, Rodulfo
Amando Philippi (Fig. 2.1D), visited Robinson Crusoe Island (with Antonio
Ahrends), but they stayed only four days. Despite this short time, their collections
were profitable, resulting in descriptions of six new species. The most interesting was
Lactoris fernandeziana, sole representative of the ancient family Lactoridaceae (see
Chapters 9 and 13 for more comments on this unusual species). Philippi (1856a) was the
first to document the occurrence of the noxious invasive species Aristotelia chilensis
(“maqui”) and Acaena argentea (“trun”). Species from this short trip were mostly
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deposited in the Museo de Historia Natural in Santiago (established by Claudio Gay),
where Philippi was director. An excellent and very helpful list of the specimens
described by him in the nineteenth century, including specimens and types deposited
at the Natural History Museum in Santiago (SGO), was compiled by Mufioz Pizarro
(1960). Because of the importance of Rodulfo Philippi and his botanist son, Federico, to
advancing understanding of the plants of Chile, there are several good biographical
studies (Barros Arana 1904; Gotschlich 1904; Fiirstenberg 1906; Taylor and Mufioz-
Schick 1994).

Henry Nottidge Moseley (Fig. 2.1E) made significant contributions to our knowledge
of the flora of the Juan Fernandez Islands even though he stayed only three days on
Robinson Crusoe Island from November 13—15, 1875. The objective of the voyage,
aboard the British ship H.M.S. Challenger, was mainly scientific, with a focus on the
Atlantic, Pacific, and Indian Oceans (Spry 1877; Linklater 1972). Moseley collected
enthusiastically in the small amount of time at his disposal, taking a special interest in the
ferns (Moseley 1892), including the endemic Thyrsopteris elegans. His specimens
contained 105 species and were finally deposited at Kew. Hemsley (1884) wrote up
the scientific results, which represented the first comprehensive survey of the entire flora
of the islands (focusing, however, on Robinson Crusoe Island). He also categorized the
species as endemic or not and attempted to understand their biogeographical affinities.
This was the basis for all subsequent floristic studies, especially those of Johow (1896)
and Skottsberg (1921, 1953b, 1956).

Federico Richard Adalbert Johow (Fig. 2.1F), originally from Bonn, Germany, and
immigrating to Chile in 1889, was a professor at the Instituto Pedagdgico (now Escuela
Normal) in Santiago. He visited the islands in 1891-2 and again in 1895 for a total of 2.5
months (Skottsberg 1953a). Johow greatly extended knowledge of the flora of the
archipelago, presenting the taxa in more or less the same order as in Hemsley (1884)
and supplementing the descriptive information from that earlier work. Johow’s book is
not a comprehensive flora of the islands, but he did a fine job of summarizing available
data and added information on the history of botanical collection, previously published
works, analyses of the flora, and descriptions and classifications of the vegetation. There
is also a series of recommendations to the Chilean government (Johow 1896,
pp. 267-74), including a plea for conservation of the spectacular flora. Johow also
published separately (1893) a list with discussion of 57 cultivated species he saw on
Robinson Crusoe Island, some of which represented danger to the native flora. His
collections are scattered in different herbaria, but most are on deposit in the Natural
History Museum in Santiago (SGO).

Carl Johan Fredrik Skottsberg (Fig. 2.1G) visited the Juan Fernandez Archipelago on
three occasions: (1) for six days in 1908 (four days on Robinson Crusoe Island and two
days on Alejandro Selkirk Island), (2) for almost five months from December 3, 1916
to April 30, 1917, and (3) for several months in 1954-5. His initial experience in the
southern hemisphere was as a student on the Swedish Antarctic Expedition of 1901-3
under the leadership of explorer Otto Nordenskjold (Peterson 1964), but they did not
stop in the Juan Fernandez Islands. He continued studying for a Ph.D. at Uppsala
University and graduated in 1907, also being appointed lecturer in that same year
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(Salisbury 1964). Under the sponsorship of Uppsala University, he led the Swedish
Magellanic Expedition to South America in 1907-9 (Peterson 1964), which had
a profound impact on his subsequent research directions. On this expedition, although
Skottsberg spent only a very limited time in the Juan Fernandez Islands, he published
several papers, including an account (1910) of the endemic sandalwood (only one living
plant remained). His specimens from the voyage are on deposit at the University of
Uppsala (UPS).

Skottsberg’s second expedition to the islands, for nearly five months in 1916—17, was
the principal one for making the many collections that allowed his research and that of
his collaborators to be carried out successfully. The timing is interesting because this was
in the middle of World War I, which might have been one good reason to get away from
the northern hemisphere. This expedition, completed with his wife Inga, resulted in all
sorts of natural history collections, rocks, minerals, plants, sea animals, marine and
freshwater algae, birds, insects, and analyses of the vegetation. These specimens were
deposited in the Goteborg herbarium (GB). For his full description of the expedition, see
Skottsberg (1918; unfortunately still available only in Swedish). Research was pub-
lished in parts (mostly in English and German) beginning in 1920. All articles were
distributed together in 1956 (and bound up by libraries) under the title Natural History of
the Juan Fernandez and Easter Island. This has caused some bibliographical difficulties
in that the parts (chapters) were mostly all published as separate pieces prior to 1956
(actual date of printing is given at the end of most chapters).

Skottsberg conducted his third and last expedition to the Robinson Crusoe Islands for
several months in the austral summer of 1954-5, completed at the age of 74 (he lived to
be 83). Considering the travel challenges of the day, this was a remarkable achievement.
Despite his advancing age, he still managed to publish several results from this trip (e.g.,
Skottsberg 1958).

Skottsberg made major contributions to understanding the natural history of the
archipelago. First, he organized a series of collaborators who wrote articles on different
aspects of the islands, such as the Myxomycetes (Fries 1920), freshwater algae (Strom
1921), Gasteromycetes (Fries 1921), mosses (Brotherus 1924), lichens (Zahlbruckner
1924), Basidiomycetes (Romell 1926), Ascomycetes (Keissler 1927), thallose
Hepaticae (Evans 1930), the genus Codium (marine green algal group) (Setchell
1937), marine algae (Levring 1941), leafy liverworts (Herzog 1942), and geology
(Quensel 1954), and 61 articles by many authors on zoology (all of vol. 3, 1921-1940).

Second, Skottsberg provided a much more detailed analysis of the vegetation of the
flora of the islands (1953a) in comparison with that provided earlier by Johow (1896).
Skottsberg used the new (at that time) Braun-Blanquet (1928) method of making
“relevés.” This involved assessing not only the species associated with each locality
but also quantitative estimates of cover, density, and other factors. Each locality was
precisely pinpointed, which has allowed recent comparisons of the composition of the
flora from the exact same localities (Sanders et al. 1982; Greimler et al. 2002, 2013).
Skottsberg (1941) also described the marine algal communities.

Third, Skottsberg added more floristic information (1921, 1953b; Christensen and
Skottsberg 1920) to our knowledge of the species, especially the endemic taxa,
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extending that of Hemsley (1884) and Johow (1896). Skottsberg did not write a complete
flora, however. He described new species, wrote keys to some of the larger genera,
offered taxonomic opinions and insights, and discussed some nomenclatural aspects, but
he never published a comprehensive floristic treatment. This may be due to his extre-
mely broad biological interests, especially reproductive biology, plant organ develop-
ment, and conservation.

Fourth, Skottsberg made major contributions to understanding the biogeography of
the endemic and native flora (1956). Because he was so familiar with the flora of
southern South America, plus that of other Pacific islands, particularly Hawaii, it was
possible for him to offer hypotheses on relationships and biogeographical connections.
He also provided details on pollination and dispersal biology (1928), of fundamental
importance for understanding biogeographical and evolutionary patterns.

In recent decades there has been a shift in the nature of expeditions to the Juan
Fernandez Islands in that science has become more cooperative, even as regards field
expeditions. Ease of international travel and increased global wealth have encouraged
a change to groups of specialists rather than lone adventurers. This parallels similar
changes in laboratory science in biology that have taken place during this same period.

In 1965, a bilateral botanical expedition to the Robinson Crusoe Archipelago was
organized by Otto T. Solbrig (Fig. 2.1H) from Harvard University and Carlos Mufioz
Pizarro (Fig. 2.11) of the Museo de Historia Natural in Santiago, Chile (Meyer 1966).
This consisted of quite a large group of four Chilean and eight US scientists. The Chilean
participants, all from the Museo Natural de Historia Natural, were Carlos Mufioz Pizarro
(vascular plant systematist), Nibaldo Bahamonde N. (marine biologist), Fernando
Saravia B. (forester), and Eugenio Sierra R. (botanical illustrator). On the US side
were Otto T. Solbrig and his assistant James Walker (flowering plants), Harvard
University; Raymond Hatcher and his assistant John Engel (bryophytes), University of
Wisconsin, Milwaukee; Henry A. Imshaug (lichens and fungi) with assistant Dennis
Jackson (who also collected freshwater algae), Michigan State University; Frederick
G. Meyer (ferns and introduced plants), US National Arboretum; and Harold E. Moore,
Jr. (palms), Bailey Hortorium, Cornell University. The expedition lasted 32 days,
from November 26 to December 27 (November 26—December 6, Alejandro Selkirk;
December 7-27, Robinson Crusoe). Many valuable collections were made, including
228 samples of freshwater algae, 800 bryophytes, 150 ferns, 670 flowering plants, and
100 wood samples. Few articles were actually published from the expedition, but the
studies by Moore and colleagues on the endemic palm Juania australis deserve parti-
cular mention (Moore 1969; Tomlinson 1969; Uhl 1969). The collections are on deposit
at the institutions from which the expedition members came.

The largest series of expeditions to the Robinson Crusoe Islands have been those
involving the authors of this book and their collaborators. Beginning in 1980, this has
been a continuous research program on the evolution of the flora of the archipelago that
has included twelve expeditions (Table 2.2 and Fig. 2.3). The main institutional coop-
eration of the research program has been between the Universidad de Concepcion, Chile,
and The Ohio State University, Columbus, OH, USA. From 1997 to 2013, the main
collaboration was between Concepcion and the University of Vienna, Austria. The focus
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Table 2.2 Personnel Associated with the Ohio State—Concepcion and Vienna—Concepcion Expeditions
to the Juan Fernandez Archipelago, 1980-2011

Personnel

Institution

Specialty

1980: January 27-February 21
(5,000-5,249)

Jorge Arriagada

Clodomiro Marticorena

Oscar Parra

Roberto Rodriguez

Roger Sanders

Tod Stuessy

Eduardo Ugarte

U. Concepcion
U. Concepcion
U. Concepcion
U. Concepcion
Ohio State U.

Ohio State U.

U. Concepcion

1980: November 18—-November 30

(5,300-5,524)

Oscar Matthei

Roger Sanders

Tod Stuessy

Hugo Valdebenito

1984: January 15-February 13
(6,200-6,680)

Daniel Crawford

Alejandro Landero

Patricia Pacheco

Eduardo Ruiz

Tod Stuessy

Hugo Valdebenito

1986: January 16—February 14

U. Concepcion
Ohio State U.
Ohio State U.
U. Concepcion

Ohio State U.
U. Concepcion
Ohio State U.
U. Concepcion
Ohio State U.
Ohio State U.

(8,000-8,368; 8,380-8,518; 9,000-9,665)

Michael Doyle

Leonardo Gaete
Thomas Lammers
Alejandro Landero
Eduardo Ruiz

Jaime Sepulveda
Tod Stuessy

Hugo Valdebenito
1990: January 19-February 12
(11,030-11,723)
Carlos Baeza

Daniel Crawford
Ana Maria Humafia
Patricio Lopez
Patricio Penailillo
Mauricio Rondanelli
Patricia Stuessy

Tod Stuessy

Delbert Wiens

Rancho Santa Ana Bot.
Gard.

U. Concepcion

Ohio State U.

U. Concepcion

U. Concepcion

U. Concepcion

Ohio State U.

Ohio State U.

U. Concepcion
Ohio State U.
U. Valdivia

U. Concepcion
U. Concepcion
U. Concepcidon
Ohio State U.
Ohio State U.
U. Utah

Flowering plants
Flowering plants
Algae

Ferns

Flowering plants
Flowering plants
Ecology

Monocots (grasses)
Flowering plants
Flowering plants
Flowering plants

Flavonoids
Flowering plants
Flavonoids
Flavonoids
Flowering plants
Flavonoids

Cryptogams

Flowering plants
Flowering plants
Flowering plants
Flavonoids
Medical student
Flowering plants
Flowering plants

Monocots

Isoyzmes
Reproductive biology
Flowering plants
Flowering plants
Flowering plants
Assistant

Flowering plants
Lactoris reprod. biol.
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Table 2.2 (cont.)

Personnel Institution Specialty

1991: January 13-February 3

(11,728-12,124)

Gregory Anderson U. Connecticut Reproductive biology
Daniel Crawford Ohio State U. Isozymes

Patricio Lopez U. Concepcion Flowering plants
Richard Roederer Ohio State U. Assistant

José Soto U. Concepcion [sozymes

Tod Stuessy Ohio State U. Flowering plants

1996: January 10-January 25
(15,000-15,196)
Gregory Anderson
Pedro Aqueveque
Carlos Baeza

Gabriel Bernardello
Daniel Crawford
Héctor Ibarra
Eduardo Ruiz

Tod Stuessy

Ulf Swenson

Eric Tepe

1997: January 11-January 26
(15,197-15,407)
Gregory Anderson
Pedro Aqueveque
Marcelo Baeza
Gabriel Bernardello
Daniel Crawford
Fidelina Gonzalez
Gabriele Kottirsch
Patricio Lopez
Eduardo Ruiz

Tod Stuessy

1999: February 1-17

U. Connecticut

U. Concepcion

U. Concepcion

U. Cordoba (Argentina)
Ohio State U.

U. Concepcion

U. Concepcion

Los Angeles Nat. Hist. Mus.
Los Angeles Nat. Hist. Mus.

Ohio State U.

U. Connecticut

U. Concepcion

U. Concepcion

U. Cordoba (Argentina)
Ohio State U.

U. Concepcion

U. Concepcion

U. Concepcion

U. Concepcion

Los Angeles Nat. Hist. Mus.

(No collections; studies of vegetation only)

Josef Greimler
Patricio Lopez

Alan Stuessy

Tod Stuessy

2000: February 3-18

U. Vienna
U. Concepcion
U. Vienna
U. Vienna

(No collections; studies of vegetation only)

Josef Greimler
Patricio Lopez
Tod Stuessy

U. Vienna
U. Concepcién
U. Vienna

Reproductive biology
Isozymes

Monocots
Reproductive biolgy
Isozymes

Zoology

Isozymes

Flowering plants
Invasive plants
Isoyzmes

Reproductive biology
Isozymes, DNA
Monocots
Reproductive biology
Isozymes, DNA
Isozymes

Assistant

Flowering plants
Isozymes, DNA
Flowering plants

Vegetation
Vegetation
Assistant
Flowering plants

Vegetation
Vegetation
Flowering plants
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Table 2.2 (cont.)

Personnel Institution Specialty

2010: February 4-24
(19,100-19,356)

Daniel Crawford U. Kansas Flowering plants
Josef Greimler U. Vienna Vegetation

Luis Letelier U. Talca Flowering plants
Patricio Lopez U. Vienna Flowering plants
Patricio Penailillo U. Talca Flowering plants
Tod Stuessy U. Vienna Flowering plants

2011: January 26 —February 24
(19,401-19,444; 19,603-19,683; 19,800-19,847; 20,000-20,049)

Carlos Baeza U. Concepcion Flowering plants
Alejandro Gatica U. Talca Flowering plants
Josef Greimler U. Vienna Vegetation

Patricio Lopez U. Vienna Flowering plants
Patricio Novoa Jard. Bot. Nac. (Chile) Flowering plants
Patricio Penailillo U. Talca Flowering plants
Eduardo Ruiz U. Concepcion Flowering plants
Tod Stuessy U. Vienna Flowering plants

Note: Numbers in parentheses refer to expedition collection numbers, mostly under Stuessy et al.
but sometimes made by other combinations of personnel under the same number series. Total of
thirty-nine participants from twelve different institutions; 4,065 collection numbers.

of these expeditions has been on sampling aspects of the flora and vegetation to answer
specific evolutionary and biogeographical questions. All told, more than 4,000 collec-
tions have been made, many with duplicates. Most of the specimens are on deposit at
The Ohio State University (OS) and the University of Vienna (WU), with a full duplicate
set at the Universidad de Concepcion (CONC). A spirit collection of hundreds of
samples (WU, now transferred to W) and a dry wood collection (OS) also exist. More
than 60 journal articles have been published from these investigations, including aspects
of population divergence, speciation, hybridization, adaptation, biogeography, dispersal,
pollination, reproductive biology, vegetation, and invasive species. These are the studies
that are now summarized in this book.

More recently, enthusiastic investigations have been carried out on the natural
history, flora, and conservation of the plants of the Robinson Crusoe Islands by
Philippe Danton and Christophe Perrier from Grenoble, France, with collaborators
(Table 2.3). These investigations have led to several very useful publications with
excellent drawings and photographs. The first dealt with general aspects of natural
history and the cultural life of the islanders (Danton et al. 1999). This was followed
by another beautifully illustrated book entitled, Wild Plants of Robinson Crusoe
Island: Identification Guide (Danton 2004), which provided descriptions, photo-
graphs, and illustrations of 45 species. Danton et al. (2006) also published a new
catalogue of the flora. More recently, and most important, Danton and Perrier (2017)
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Figure 2.3 Members of OSU-CONC expeditions (all left to right): (A) Jan—Feb 1980: Clodomiro
Marticorena, Roberto Rodriguez, Oscar Chamorro, Oscar Parra, Alvis Gonzélez, Roger Sanders,
Jorge Arriagada, and Eduardo Ugarte; (B) Jan—Feb 1984: Marcelo Gonzalez, Patricia Pacheco,
Daniel Crawford, Miguel Garcia, Gaston Gonzalez, Eduardo Ruiz, Hugo Valdebenito, and
Alejandro Landero; (C) Jan—Feb 1986 (with Explorers Club flag): Alejandro Landero, Bernardo
Lépez, Aldo Recabarren, Leonardo Gaete, Jaime Sepulveda, Jose Lopez, Hugo Valdebenito, and
Michael Doyle; (D) Jan—Feb 1990: Patricio Lopez, Patricio Pefailillo, Daniel Crawford, Mauricio
Rondanelli, Ana Maria Humafia, Carlos (Marcelo) Baeza, Tod Stuessy, and Delbert Wiens; (E)
January 1996, back row: Gabriel Bernardello, Daniel Crawford, Tod Stuessy, Héctor Ibarra,
Gregory Anderson; front row: Ulf Swenson, Eric Tepe, Carlos (Marcelo) Baeza, and Pedro
Aqueveque; (F) January 1997: Daniel Crawford, Patricio Lopez, Eduardo Ruiz, Tod Stuessy,
Pedro Aqueveque, Gregory Anderson, Gabriel Bernardello, Fidelina Gonzalez, and Carlos
(Marcelo) Baeza.
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Table 2.3 List of Botanical Expeditions to the Juan Fernandez Archipelago (1997-2013) organized
by Philippe Danton, with Christophe Perrier and Collaborators

November 16, 1997-February 10, 1998
(Filming of a documentary for Gaia, Production AED, by Vincent Tardieu)
Michel Baffray
Emmanuel Breteau
Philippe Danton
Jean-Yves Lesouef (National Botanical Conservatory of Brest, CBNB, France)
Franklin Picard (Conservatory of the Specialized Plant Collections, CCVS, France)
November 23, 1998—February 21, 1999
(Filming of reports on the three islands, Chiloe Productions, by William Leroux)
Michel Baffray
Emmanuel Breteau
Philippe Danton
December 14, 2000-March 14, 2001
Philippe Danton
November 8, 2001-January 30, 2002
Philippe Danton
February 14-March 2, 2002
(A group from the Botanical Society of France, SBF)
Michel Boudrie (pteridologist, Guiana and France)
Michel Cambornac (botanist, Soc. Yves Rocher, France)
Philippe Danton
Thierry Delahaye (botanist, Savoy)
René Delépine (phycologist, France)
Bruno de Foucault (phytosociologist, France)
Christiane Gardoux (botanist, France)
Claude Pépin (botanist, Savoy)
Romaric Pierrel (Jard. Bot. de Nancy, France)
Louis Zeltner (botanist, Switzerland)
December 10, 2002—March 11, 2003
Jan Bannister (student, Chile)
Philippe Danton
Francis Hallé (Professor University of Montpellier, France)
Christophe Perrier
Rodrigo Vargas (student, Chile)
November 5, 2003—February 4, 2004
(Filming of a documentary for Tierra Adentro, by Paul Landon)
Philippe Danton
Christophe Perrier
December 31, 2004—April 1, 2005
Philippe Danton
Guido Martinez (student, Chile)
Christophe Perrier
September 29-December 29, 2005
(Filming of documentaries for Ushuaia Nature, by Gilles Santantonio, with Nicolas Hulot, and
channel Voyage, by Marc Mopty)
Philippe Danton
Stéphanie Marcellin
Christophe Perrier
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Table 2.3 (cont.)

January 3—April 2. 2008
Philippe Danton
Albert Reif (Prof. University of Freiburg, Germany)
Rodrigo Vargas (student, Freiburg, Germany)

January 7-April 7, 2009

(Filming of a documentary Faut pas réver, by Malick Tialba, with Laurent Bignolas)
Philippe Danton
Cécile Georget (student, France)
Christophe Perrier

May 6-9, 2013

(A group for the Proyecto GEF 83266)
Fernando Baeriswyl (National Coordinator of the Proyecto GEF 83266)
Stephane Buord (National Botanical Conservatory of Brest, CBNB, France)
Hector F. Correa Cepeda (National Botanical Garden, Vifia del Mar, Chile)
Philippe Danton (ROBINSONIA Association)
Pedro Leon Lobos (INIA, Chile)
Miguel Stutzin (Ministerio del Medio Ambiente de Chile)

are in the process of publishing a complete flora of the vascular plants of the
archipelago, which is the first complete flora ever presented. This will be particu-
larly useful for attracting attention to conservation of the native and endemic plants
as well as offering cautions regarding dangers from invasive species. These descrip-
tive publications on the islands and their flora make excellent companions to the
evolutionary and biogeographical studies summarized in this book.

As a general perspective, at the present time, a reasonably good understanding of the
plants of the Juan Fernandez Islands exists. The flora is now documented, and this book
summarizes perspectives on the origin and evolution of the native and endemic plants.
The archipelago, because of its geographical and geological simplicity, is ideal for
asking and attempting to answer evolutionary and biogeographical questions (Stuessy
etal. 2005b). A clear view of the conservation needs for preservation of the flora has also
been documented (Biodiversa 2009a, 2009b; see also Chapter 9). What remains to be
achieved now is the hard work of finding resources to allow conservation efforts in the
archipelago to be successful.



Part i
Physical Setting

Evolutionary and biogeographical phenomena always take place in some specific
area of the world, and in the case of the Juan Fernandez Archipelago, this means on
the two major islands, Robinson Crusoe and Alejandro Selkirk. To understand the
environmental context in which immigrant plants arrive, establish, and diverge
requires having an appreciation of the physical landscape. It is important not only
to reveal the present physical characteristics of both islands but also to attempt to
reconstruct their geological history over time. It is only with this information that
we can more precisely understand the biogeographical and evolutionary processes
that have transpired in the archipelago.

Chapter 3 sketches the geology and soils of the islands. Here we make the important
point, so often repeated in other chapters of this book, that the islands are of different
geological ages, Robinson Crusoe Island being approximately 4 million years old and
Alejandro Selkirk Island being 1 to 2 million years old. Immigrants to the archipelago
during the first half of its existence, therefore, could only have become established on the
older island. This also happens to be the island closest to the South American continent,
which is the major source for propagules to the archipelago. Also most important is that
the islands must have been larger at their formation, especially Robinson Crusoe Island,
and what is seen now is much reduced from its original size. This reduction would have
substantially affected surface area, environmental conditions, and population and spe-
cific diversity.

Chapter 4 provides data describing the climate of both islands. The location of the
archipelago at 33°S latitude in the southeastern portion of the Pacific, westward from the
north-flowing, cool Humboldt current, provides conditions for the development of
subtropical vegetation. Daytime temperatures fluctuate from 11 to 20°C during the
year, and nighttime freezing temperatures are extremely rare. Precipitation varies
currently from 550 to 1,650 mm/year, but if the geological reconstructions of island
ontogeny are accurate, especially for Robinson Crusoe Island, the elevational profile
would initially have been much higher, with significant impact on patterns of rainfall. As
for soils, they derive from volcanic lava and ash, both of which erode relatively quickly,
one of the factors leading to loss of surface area over time. Basaltic dikes underpin the
major ridges of the islands, which are more resistant to erosional forces and serve today
to give structure to the landscape, especially on the more weathered Robinson Crusoe
Island.






Geology and Soils

Walter A. Sontag, Jr., and Tod F. Stuessy

To understand processes and patterns of evolution in any area of the world requires
having a clear context of place and time. Oceanic islands have the great advantage in that
they are delimited spatially on all sides by water, and in this way, they are more clearly
defined than most continental regions. Nevertheless, to interpret evolutionary events, it
is essential to obtain more details about any island system. It is important to know the age
of an island (or archipelago); what minerals, rocks, and soils it contains; and how it
might have become modified through time. All these components have influenced
evolution of the native and endemic flora. This chapter focuses on the age of the islands,
the nature of volcanic activity that occurred to form them, and the substrates (minerals,
rocks, and soils) that were deposited and developed further. Also very significant is the
pattern of erosion and subsidence of the islands during their geological history.

Geology

To set the geological context, the Juan Fernandez Archipelago is located between 667 and
848 km west of continental Chile in the southeastern Pacific Ocean on the Nazca Plate
(Devey et al. 2000) (Fig. 3.1). It comprises two large islands of comparable size, Robinson
Crusoe (= Masatierra, 33°37°S, 78°50°W) and Alejandro Selkirk (= Masafuera, 33°45°S,
80°46°W), which are 48 and 50 km?, respectively (Stuessy 1995). There is also a very
small island, Santa Clara (33°42’S, 79°01°W) (Baker et al. 1987; Castilla and Oliva 1987),
which is separated southwest approximately 1 km off the coast of Robinson Crusoe by a
shallow strait. Santa Clara encompasses an area of merely 2.2 km?. The islands are mainly
characterized by assemblages of valleys, ridges, ravines, and gorges (i.e., quebradas)
described in considerable detail by Skottsberg (1953a, 1954). The weathered Robinson
Crusoe Island is dominated by its highest peak, El Yunque, rising to 915 m, whereas the
dome-like Alejandro Selkirk Island has a much higher summit, Los Inocentes, reaching to
1,319 m (Baker et al. 1987; Stuessy 1995). Santa Clara is only 350 m high (Stuessy 1995).

Age of the Islands

The geological ages of the islands of the archipelago, based on their origins through
volcanic activity, have been determined radiometrically in several studies using
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Figure 3.1 Bathymetric map of the South Pacific Ocean surrounding the Juan Fernandez Islands.
Single-digit depths given in thousands of meters. MF, Masafuera (= Alejandro Selkirk); MT,
Masatierra (= Robinson Crusoe). (Data from Mammerickx and Smith 1978 and Prince et al. 1980.
From Stuessy et al. 1984.)

potassium-argon dating techniques. Booker et al. (1967) provided ages from several
samples in the range of 3.1 to 3.5 Ma for Robinson Crusoe and 0.85 to 1.3 Ma for
Alejandro Selkirk. Ferrara et al. (1969, abstract) gave a range of dates for Robinson
Crusoe Island of 2.0 to 3.9 Ma and for Alejandro Selkirk of 0.87 to 1.3 Ma. Stuessy
et al. (1984), also from a limited collection of rock samples, derived ages of 1 to
2.4 Ma for the younger Alejandro Selkirk, 3.8 to 4.2 Ma for Robinson Crusoe, and
5.8 £ 2.1 Ma for Santa Clara. Baker et al. (1987) collected samples (analyzed by
D. C. Rex) from Robinson Crusoe and obtained 4.0 + 0.2 Ma. More recently, Lara
et al. (in preparation, cited in Astudillo M. 2014) reported 3.85 + 0.15 Ma for
Robinson Crusoe Island and 0.93 £+ 0.02 Ma for Alejandro Selkirk Island. All
radiometrical evaluations of the islands in the archipelago therefore are consistent
in indicating that Robinson Crusoe (and its closely associated Santa Clara) is the
older island at about 4 Ma, and Alejandro Selkirk is much younger at about 1 Ma.
The radiometrical attribution of different ages for the two major islands corresponds
well to their obvious geomorphological appearance (Stuessy et al. 1984; Baker et al.
1987) (Fig. 3.2). Robinson Crusoe Island is clearly much more eroded and has
broader valleys (Fig. 3.2A), and in contrast, Alejandro Selkirk Island is more dome
shaped and characterized by deep ravines (Fig. 3.2B). These data are extremely
important because they provide an absolute time frame within which all evolution-
ary phenomena in the islands can be interpreted. The islands, therefore, are geolo-
gically, and hence evolutionarily, youthful.

Much earlier, Briiggen (1950) suggested that the islands were of Eocene age, in part to
help explain the existence of the endemic ancient angiosperm Lactoris fernandeziana.
This species is the sole representative of the family Lactoridaceae, which is known from
fossil pollen records in the Late Cretaceous of Africa (Zavada and Benson 1987), Late
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Figure 3.2 Geomorphological comparison between Robinson Crusoe Island (A), showing broad,
eroded valleys, and Alejandro Selkirk Island (B), revealing younger, deep amphitheater-headed
valleys.

Cretaceous to Oligocene of Australia (MacPhail et al. 1999), and Early Miocene of
southern South America (Gamerro and Barreda 2008). Despite the obvious occurrence
of Lactoris-type pollen in the southern hemisphere long before the Juan Fernandez
Archipelago was formed geologically, the data do not support an ancient origin for the
islands or their endemic flora. It is true that these two recently originated volcanic islands
are built on 32- to 38-Ma-old oceanic crust (Gerlach et al. 1986), but this has little import
for interpretation of the evolution of the terrestrial biota.

Formation of the Islands

Robinson Crusoe and Alejandro Selkirk Islands represent intraplate volcanoes
thought to have originated from a single hotspot on the Nazca Plate (Baker et al.
1987; Huene et al. 1997). The islands are entirely volcanic and show no evidence
of having been connected to the South American mainland (Stuessy et al. 1984).
The islands lie along an east-west-trending bathymetric ridge probably associated
with the Challenger Fracture Zone (Gerlach et al. 1986) (Fig. 3.3). This ridge is
thought to represent a hotspot trace that can be seen up to 500 km eastward.
Westward 100 km from Alejandro Selkirk Island lie two seamounts (i.e., submar-
ine volcanoes), Friday and Domingo (Farley et al. 1993; Devey et al. 2000), that
arise from an abyssal plain approximately 3,450 m deep. The recovery of fresh
volcanic samples from the Friday seamount, which is situated on 28-Ma-old crust
(Devey et al. 2000), suggests that the active hotspot underlies this area. Previously,
Baker et al. (1987) had hypothesized that the active hotspot is currently situated
beneath Alejandro Selkirk, but this does not appear to be the case, particularly
because we now know this island to be 1 Ma old.

The Nazca Plate, on which the islands have emerged, has continuously been
moving from west to east. A plate motion of 6 cm/year (Minster and Jordan
1978) is consistent both with estimates of sea-floor spreading from the East
Pacific Rise in this part of the plate and the observed distance of 181 km separating
the older Robinson Crusoe Island from the younger Alejandro Selkirk Island
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Figure 3.3 Part of the Nazca Plate with the location of the Juan Fernandez Islands and magnetic
lineations. The Challenger Fracture Zone seems to be associated with the east-west-trending
bathymetric ridge, probably a hot spot trace (cf. Gerlach et al. 1986) on which the islands are
situated. Numbers refer to the geomagnetic polarity time scale. (From Baker et al. 1987, after
Corvalan 1981.)

(Minster and Jordan 1978; Baker et al. 1987; Sanders et al. 1987). Dividing the
distance between the two islands by the rate of plate motion yields 3.02 Ma,
essentially the difference between the two islands dated radiometrically as 4 and
1 Ma, respectively. Yelles-Chaouche et al. (1987) pointed to different rates of 4.0 to
17.1 cm/year depending on which part of the plate was being examined.

Some easterly seamounts exist that could possibly have been situated above sea level
at some point in the past (Stuessy et al. 1984; Vergara and Morales, 1985; Yafiez et al.
2009), but no evidence of terrestrial deposits or organisms has yet been found. The most
likely candidate for being above the sea might have been an island 135 km to the east of
Robinson Crusoe Island and presently 341 m under the ocean (Fig. 3.1, as 464) called
Guyot O’Higgins (Vergara and Valenzuela 1982; Kopp et al. 2004). A radiometric date
of 9.26 + 0.28 Ma has been reported for this guyot (Lara et al., in preparation, in
Astudillo M. 2014, p. 53). It might not have been impossible, therefore, for these two
islands to have been above the sea at the same time. The easternmost island, however,
would have to have been above the surface of the water initially, and there is no evidence
that this was the case. Furthermore, it is also possible that it might have been covered by
the sea due to rapid subsidence and erosion before the Juan Fernandez islands were
formed, and hence island-hopping would have been prohibited. A point in favor of this
interpretation is that molecular divergence data among congeneric endemic Juan
Fernandez Island species so far analyzed do not support older ages of their formation.
Astudillo M. (2014, p. 52) provides a useful summary of these and other guyots in and
around the Juan Fernandez Archipelago.
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Nature of Substrates

Chemical and isotopic compositions of the rocks of the Juan Fernandez Archipelago
are similar to the lavas characterizing oceanic islands such as the Galapagos
Archipelago (Stuessy et al. 1984). Although the Juan Fernandez Archipelago is
characterized by basaltic lava lying close to the Earth’s mantle (Gerlach et al. 1986;
Baker et al. 1987), there are distinctive differences in topography and structural
background of the two main islands. The older Robinson Crusoe Island is char-
acterized by an abruptly rising anvil-shaped mountain, Cerro Yunque, which is
thought to be in the middle of at least four volcanic centers (Fig. 3.4). The largest
of these is the Cumberland Bay area (diameter ca. 4 km); the other three formations,
La Vaqueria, Puerto Inglés, and Puerto Francés, are distinctly smaller (Baker et al.
1987). The existence of these separate centers is suggested by the opposing dip of
lavas on either side of the valleys. These major features are surrounded by several
additional petrographical groupings, which provide the basic geological structural
pattern of the island.
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Figure 3.4 Map of Robinson Crusoe Island with principal localities, volcanic centers, and
geopetrographical groupings of volcanic rocks. Central and peripheral groups (given as numbers)
were delineated on a geographical basis and thereafter classified on geochemical grounds. (From
Baker et al. 1987.)
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On Robinson Crusoe Island, the strata layers vary in composition from highly
normative nepheline to alkali basalts, olivine and quartz tholeiites, and hawaiites
(Baker and Keyvan-Scocouhi 1982). A more detailed analysis is presented by Gerlach
etal. (1986) and Farley et al. (1993). An extensive volcanic sequence more than 2,200 m
thick is present. The lowest unit, at Punta Larga, is more than 800 m thick, made up of
extensive basalt flows with rare interbedded pyroclastics. The middle unit, at Puerto
Inglés, about 1,200 m thick, was found to consist of olivine-phyric to picritic basalts
interbedded with a relatively greater proportion (ca. 30%) of pyroclastics. The youngest
unit, at Bahia del Padre (ca. 250 m thick), mainly consists of pyroclastics with minor
olivine basalt flows.

The younger Alejandro Selkirk Island, measuring 10.5 km (N-S) by approximately
6 km (E-W), is topped by Los Inocentes, which is much higher (1,319 m) than its
dominating counterpart, Cerro Yunque (915 m), on the neighboring Robinson Crusoe
Island (Baker et al. 1987). Los Innocentes, whose configuration is generally well
preserved, appears to be the single volcano on the island. Olivine-rich dike rocks are
common (Natland 2003). Owing to their abundance, the new name masafuerite was
proposed by Johannsen (1937). Emergences of the basaltic cones and structures are the
dominating components of the islands’ history.

The geology of the Juan Fernandez Archipelago therefore consists mainly of rocks
and minerals of volcanic origin. A number of the crystalline minerals no doubt formed
during the cooling phase of each island. The major impact of these differences is seen in
the two environments of lava-derived slopes and soils and the open basaltic ridges.
These two main environments have selected for different species of plants. For example,
in Robinsonia (Asteraceae), R. gayana is confined to the wind-swept ridges, whereas the
other species are adapted to the more protected moist forest.

Ontogeny of the Islands

Very important for interpretation of evolutionary and biogeographical events in the Juan
Fernandez Islands (as well as within any oceanic island) is an understanding of how they
have changed over geological time. Islands are very dynamic ecosystems, constantly
changing, and they erode and reduce in surface area, rarely adding new land due to
volcanic activity, but all eventually disappearing under the ocean with complete
extinction of their terrestrial biota (Ramalho et al. 2013). Understanding this island
ontogeny is fundamental for attempting comparisons between islands in the same or
different archipelagos that may be at different stages of geological aging (Stuessy 2007;
Whittaker et al. 2010). To understand the dynamics of these changes requires examina-
tion of physiographical features above sea level as well as underwater (bathymetric)
contours. Present geological and geomorphological features of the Juan Fernandez
Islands have derived from the long-term eroding power of wind, precipitation, and
stream water, as well as island subsidence and marine erosion (e.g., Baker et al. 1987)
over a period of 4 million years.

In general, it has been estimated that an island volcano might erode at the rate of about
8 cm every 1,000 years (Ziegler 2002), and in this way, the volcanic slopes rapidly
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become furrowed by newly developing stream channels. These sorts of phenomena
have been described from Hawaii by Stearns (1966). Radiometric measurements
obtained from the island of Oahu suggest that a period of 1 to 2 million years is
required for deep erosional impacts on the terrestrial parts. This time frame, in fact,
fits well with the eroded appearance of the higher parts of Robinson Crusoe Island
(Fig. 3.2A) and the “pali”-like shear cliffs created on the windward slopes. In
contrast, corresponding processes on the much younger Alejandro Selkirk Island
appear to be in their initial stages (Sanders et al. 1987). Trachyte basalt still
dominates in the upper 500 m of this younger island (Quensel 1954), and the
erosional valleys are still long and narrow (Fig. 3.2B), with modest merging of the
upper tributaries and only small amphitheater termini (Sanders et al. 1987).

Submergence processes have also exerted another major impact on island develop-
ment. As the Nazca Plate moves eastward and eventually subducts at the western margin
of South America, it slowly dips downward, taking the emergent Juan Fernandez Islands
lower. Ziegler (2002) has inferred for Hawaii an average tectonic lowering for all the
main islands of about 2 cm (0.8 inch) per 1,000 years (Ziegler 2002). If this rate also
occurred with the Juan Fernandez Archipelago, Robinson Crusoe Island would have
lowered approximately 80 m and Alejandro Selkirk about 20 m during their existence.
Sanders et al. (1987) addressed geological reconstruction of the Juan Ferndndez Islands
by using bathymetric maps for submarine contours (Armada de Chile 1965;
Mammerickx and Smith 1978; Prince et al. 1980) and extrapolating island outline and
surface in a way that had previously been applied for other Pacific islands, particularly
the Hawaiian Archipelago (see Stearns 1966). The available bathymetric maps of the
Juan Fernandez Archipelago appear to show submarine canyon-like structures extend-
ing to —2,500 m below both islands, but there is no evidence as to what portion of these
extents might have been above water in the past (Sanders et al. 1987). Robinson Crusoe
Island is located on a definite platform between —200 and —500 m, and a similar situation
also prevails for Alejandro Selkirk Island (with much narrower bathymetric margins),
which suggests these as past erosional platforms and hence also provides the initial
diameters of the islands. According to this reconstruction, Robinson Crusoe Island
originally would have been much larger than at present and would also have included
the currently separated island of Santa Clara (Fig. 3.5E). Alejandro Selkirk Island
now rests on an only slightly smaller sea-covered base than when the island was formed
(Fig. 3.6). For newer bathymetric data and more precise geological reconstructions of
these ontogenetic changes, refer to the thesis by Astudillo M. (2014). This new informa-
tion correlates well with earlier hypotheses of Sanders et al. (1987).

The sea level of both islands would have been affected somewhat from Pleistocene
glaciation, as was the case elsewhere on Earth (Weigelt et al. 2016) (Fig. 3.5F). Due to
the vertical nature of these volcanic islands, however, the lowering of sea level would
not have had a significant impact on the territory of the two Juan Fernandez Islands. It is
presumed that plant populations would have migrated downward in response to avail-
able new land but that they would also have retreated upward at the end of glaciation. No
evidence exists for permanent snow or ice on the two islands, presumably because both
islands were already too low by the time Pleistocene glaciation ensued.
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Figure 3.5 Reconstruction of the geological history of Robinson Crusoe Island including Santa
Clara. (A) Present configuration of the island showing bathymetric contours to —1,000 m. (From
Armada de Chile 1965; Mammerickx and Smith 1978; Prince et al. 1980.) Dashed lines here
represent interpolated levels between known data points. (B) Shape of original island, 4 mybp.
Dotted lines here and in C—F show present island outline. (C) Erosional patterns showing
amphitheater-headed valleys (compare Fig. 3.2B of Alejandro Selkirk Island at corresponding
erosional stage), 3 mybp. (D) Further erosion showing coalescence of adjacent valleys, 2 mybp.
(E) Following subsidence of island and further erosion by wave action, 1 mybp. (F) Lowering of
sea level during Pleistocene glaciation, 10,000 ybp. (After Sanders et al. 1987.)

Taking subsidence and erosion into account, therefore, and attempting to reconstruct
the historical development of the islands outlined earlier, one can estimate the reduction
from their sizes since their emergences. This application results in a loss of terrestrial
area of 95% for the older and originally much larger Robinson Crusoe Island and 28%
for Alejandro Selkirk Island (Stuessy et al. 1998a). Conversely, this corresponds to an
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Figure 3.6 Reconstruction of geological history of Alejandro Selkirk Island. (A) Configuration
of the island showing bathymetric contours to —2,000 m. (From Armada de Chile 1965,
Mammerickx and Smith 1978, and Prince et al. 1980.) (B) Shape of original island, 1 mybp.
Dotted line shows present island outline. (After Sanders et al. 1987.)

original size of 1,092.5 km? for Robinson Crusoe and 69.2 km? for Alejandro Selkirk
(Figs. 3.5 and 3.6). These facts are very important in interpreting the biogeography of the
archipelago (see Chapter 17).

Historical Record of Earthquakes and Tsunamis

Despite the volcanic origin and history clearly indicated by the geological sequences of
the Juan Fernandez Islands, no volcanic activity has been recorded in historical times in
the islands themselves. However, in 1835, submarine volcanic eruptions took place next
to Robinson Crusoe Island (Sutcliffe 1839), with tectonic activity registered at a depth of
90 m below sea level. This event resulted in a tidal wave that destroyed much of the
village of San Juan Bautista.

More recently, in February of 2010, another tsunami severely affected the archipelago,
destroying about half the village on Robinson Crusoe Island (Pérez 2010). On Saturday
morning, February 27, 2010, a tsunami occurred in the archipelago at approximately 4:23
am. This was caused by a submarine earthquake at a depth of 35 km near mainland Chile
(115 km northeast of Concepcion and Talcahuano) at level 8.8 (Richter), resulting in great
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Figure 3.7 Main street of the settlement of San Juan Bautista on Robinson Crusoe Island one
year after the tsunami incident of February 27, 2010. The houses that existed at this site,
which were available as tourist lodgings, were occupied by Sr. Green and his family.
Compare with Fig. C3.

damage to coastal towns. On Robinson Crusoe Island, the downtown area of San Juan
Bautista was completely destroyed, from the cemetery south to El Palillo. This included the
post office, city hall, port captain’s office, church, souvenir shops, restaurants, small
markets, bread store, school, cultural center and museum, information kiosk (CONAF),
and historical homes. All fishermen’s lockers were destroyed, as also were any boats on
land. The plaza was totally razed, and nearly all plants, except the large trees, were destroyed
(Hahn et al. 2014). The wave washed upward to the level of the Santa Barbara Fort (or the
caves of the patriots). The wave was 2.34 m tall (AFP 2010), but the force of the wave sent
water up the slopes much higher (ca. 60 m). Eleven persons were killed, including a student
in marine biology from Chile who was working on the island. The impact on the village was
enormous (Fig. 3.7).

Soils

Diversity of Soils on the Islands

The most detailed examination of the soils of the Juan Fernandez Archipelago was done
by Ortiz (1982, pp. 100-34 and Anexo 1), but these dealt only with examination of sites
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Table 3.1 Soil Properties at Several Sites on Robinson Crusoe Island

Organic Available

Site Depth pH carbon phosphorus ~ Ca®" Mg>* Na* K"

PI1 0-3 5.50 9.74 86 16.94 18.04 0.86 1.43
PI 2 3-14 5.80 1.51 42 12.95 16.34 0.72 1.27
PI3 14-58 5.75 2.36 41 9.57 12.49 0.87 0.56
Pl 4 58-87 5.60 1.68 10 10.80 12.03 0.97 0.17
PF 1 1-8 5.60 5.68 4 8.84 2.62 0.64 0.83
PF 2 824 5.80 3.89 8 9.00 2.85 0.68 0.91
PF 3 24-34 5.90 3.02 5 11.30 3.47 0.79 0.78
PF 4 34-60 6.00 2.38 3 11.17 3.31 0.84 0.83
EY 1 07 6.00 14.62 55 29.75 17.48 0.52 2.55
EY 2 7-18 6.20 11.02 47 31.75 15.62 0.65 2.31
EY 3 18-50 6.80 9.92 24 36.00 16.45 0.73 2.76
LV 1 3-25 6.30 4.76 180 34.00 8.22 0.57 4.80
LvV2 25-40 6.70 3.31 125 32.25 7.81 0.63 4.05
LV3 40-70 7.10 1.97 48 26.50 7.81 0.66 3.30
CH4 0-28 3.70 43.45 58 9.37 15.22 2.00 1.27
CHS5 28-42 4.10 36.89 7 0.87 1.33 0.70 0.34

Note: Depth in centimeters; organic carbon in percent; available phosphorus in parts per million; cations in
milliequivalents (meq) per 100 grams; PI, Puerto Inglés; PF, Puerto Francés; EY, El Yunque; LV, La Vaqueria;
CH, Chifladores.

Source: From Ortiz (1982); data taken from table 5 in the Anexos.

on Robinson Crusoe and Santa Clara Islands. On Robinson Crusoe Island, Ortiz
collected three to nine samples from each of six localities (San Juan Bautista, Puerto
Inglés, Puerto Francés, El Yunque, La Vaqueria, and Los Chifladores). Because of
serious erosion of the original volcanic soils of the island, much of the study focused
on patterns of erosion, which has obvious importance with reference to conservation of
the native and endemic plants. Nonetheless, details of soil quality are provided for a
number of these localities. Soils are characterized by the rocky volcanic underground.
Thus organic substrate usually is poor, which is particularly conspicuous on the sea cliffs
and high basaltic ridges. The variation in soil types ranges over a number of described
types (based on Skottsberg 1953a; Quensel, 1954), such as dark brown forest soil,
gravelly humus soil, weathered basalt fragments and humus particles mixed together,
and yellowish-reddish sand with rock fragments.

A reasonable, biologically relevant characterization of the properties of the upper
sediment, including amounts of cations and some other analytical chemical parameters,
can be derived from Table 3.1. These data reveal that considerable variation in soil types
does exist on Robinson Crusoe Island. Unsurprisingly, as one goes higher up into the
moist forest zone, the percent of organic carbon increases (e.g., on the top of El Yunque
and in the upper portions of the Cordén de Chifladores). Availability of different cations
also varies from locality to locality, which no doubt reflects the patterns of erosion and
weathering of the exposed volcanic rocks.
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Table 3.2 Different States of Erosion Found on Robinson Crusoe Island

State of erosion Area (hectares) Percent of total area
No apparent erosion 1,775.20 37.68

Light erosion 120.80 2.57

Moderate erosion 563.20 11.96

Considerable erosion 750.40 15.93

Most severe erosion 1,084.40 23.01

Erosion along cliffs or small offshore islets 417.26 8.85

Totals 4,711.26 100

Modified after Ortiz 1982; table 3 in Anexos.

Although no soils have been analyzed yet from Alejandro Selkirk Island, we have
observed a remarkable form of substrate in the “alpine” zone on Corddn Inocentes.
Toward the south near the upper part of Quebrada Varadero at 1,050 m, there occurs a
thick organic layer dominated by the thallose liverwort Marchantia berteroana
(Hepaticae) (Greimler et al. 2013; documented by collection Stuessy & Sepulveda
9552). It appears, in fact, that this may be a mat several meters thick on which very
little else seems able to grow. One might be justified in calling this a “peat zone,”
although it is composed entirely of liverworts rather than mosses.

Changes in Soil Composition

Erosion in the islands caused both by natural sources and human impact has played a
major role in soil development and change (Table 3.2). The continuous natural effects
of wind represent a strong influence on the upper substrate layer, especially where
vegetation is lacking or poor (see Chapters 6 and 7). Since European visitations started
in the sixteenth century, the islands’ appearance has been modified most severely
through human impact. Direct deforestation by logging activities has been one crucial
factor (cf. Skottsberg 1954; Stuessy et al. 1998b; Haberle 2003). Moreover, the
ongoing browsing activity of goats, introduced shortly after 1574, strongly affected
vegetation and, as a consequence, soils. From a conservation standpoint, therefore, the
present state and conditions of erosion have to be judged as highly critical (Ortiz 1982).
Only about 38% of the total surface of Robinson Crusoe Island has no apparent
erosion, which coincides reasonably well with the percentage of native, unaltered
vegetation that still remains on the island (Greimler et al. 2002a).

Soils and Relevance for Adaptive Radiation

Data are not abundant on the possibility of edaphic factors being a stimulus leading to
reproductive isolation and eventual adaptive radiation of plants in the archipelago.
Investigations (Sanders et al. 1987) on evolution in the adaptively radiated genera
Robinsonia and Dendroseris (both Asteraceae) have revealed only limited soil features
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that correlate with the different endemic species. The data collected were organic matter,
pH, P, K, Ca, Mg, Fe, cation exchange capacity (CEC), and extractable K, Ca, and Mg
(following standard procedures, e.g., North Dakota A.E.S. 1975). These data were
analyzed with principal component analysis, but they were first combined with other
“abiotic” data involving slope and terrain. The combined data for Dendroseris showed
much overlap in factors associated with five species, with D. neriifolia being somewhat
distinct. With Robinsonia, most species shared similar patterns except for R. gayana,
which is confined to open ridges. The results demonstrate that the substrate, slope, and
terrain aspects do differ to some extent within the islands, but they have apparently not
been major factors in driving adaptive radiation in these two genera on the islands. It
must be cautioned that much environmental change due to subsidence and erosion has
occurred in the archipelago, and it is impossible to know if these factors might have been
more important when the species were actively diverging. Note that in the only other
detailed soils analyses done on Robinson Crusoe Island (Ortiz 1982) (see Table 3.1),
quite different values of organic matter and available cations can be seen in the different
localities sampled. However, many of these sites (such as Puerto Inglés, Puerto Francés,
and La Vaqueria) do not contain endemic species of plants. These valleys have been
substantially altered over time by natural erosion aided by human impact, and they
consist now mostly of introduced weeds. Very relevant would be comparable studies of
soils on Alejandro Selkirk Island, which has been less altered by the impacts of
subsidence and erosion, particularly in relation to the adaptive radiation of Erigeron
(Asteraceae) (Lopez-Sepulveda et al. 2015a).



Climate and Weather

Walter A. Sontag, Jr., and Tod F. Stuessy

To understand the evolution of the plants of the Juan Fernandez Archipelago, it is
important to know the formation of the islands, their resulting substrates, and their
changes over the past 4 million years, all of which were considered in Chapter 3. These
factors play a major role in shaping the environment for the kinds of plant species
that are now seen in the archipelago. The formation of the islands obviously sets the
stage for the arrival and establishment of plant colonists from diverse parts of the globe.
After arrival, the success of establishment of immigrants to the islands, and their
subsequent assembly into vegetation zones, also depend on climatic factors. Climate
is the accumulation of patterns of weather that occur daily over the archipelago. The type
of climate, involving temperature, rainfall, and winds, over all parts of the islands of the
archipelago has much to do with the nature of the plant species and vegetation that result
over evolutionary time. This chapter chronicles these factors. The main objective is not
to present all available data but instead to offer a summary of environmental conditions
that give a sense of the basic climate in the archipelago within which the flora has
evolved.

As an overview, the climate of the Juan Fernandez Islands is usually classified as
a warm-temperate climate, characterized by equivalent dry and moist seasons
(Fuenzalida 1966) or, alternatively, as a Mediterranean-type climate with a strong
oceanic influence (Hajek and Espinoza 1987). Novoa and Villaseca (1989) define the
climate as a warm-marine climate with mild winters, and Johow (1896) regarded it as
subtropical.

Sources of Data

Data measurements in the Juan Fernandez Archipelago are not numerous or compre-
hensive, but they suffice to give a general picture of climate. Skottsberg (1953a) was the
first to present precise weather data to the scientific community, although these were
limited, incomplete, and localized. These data included air temperature, precipitation,
light conditions, and winds. The data came mainly from a meteorological station in San
Juan Bautista plus original observations and measurements at different places and times
on both islands. These latter data are especially interesting because they represent the
only relevant data available from areas outside the village of San Juan Bautista.
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More recently, Neshyba and Silva (1985) presented and discussed climatological data
from Robinson Crusoe and Santa Clara Islands from 1974 to 1984. Observations
included sea surface and air temperatures, atmospheric pressure, and rainfall.
The latter three measurements were obtained from the meteorological station at San
Juan Bautista monitored by the Instituto Hidrografico of the Armada de Chile. Results
were given in useful tables and timeline graphs over the period of years, which
demonstrates a basically stable climate in the archipelago.

Hajek and Espinoza (1987) presented a more comprehensive collection of data from
the archipelago, including temperature and precipitation as well as atmospheric pres-
sure, cloudiness, sunshine values, humidity, and evapotranspiration. These authors took
into account meteorological data from the period between 1924 and 1980, much of them
from 1965 to 1971, from the Direccion Meteorologica de Chile. Novoa and Villaseca
(1989) present some of the same data in useful summary form. Another helpful summary
is available online from climatemps.com. It is important to remember that nearly all
these data have been collected at only one weather station on Robinson Crusoe Island at
about 15 m above sea level and situated in San Juan Bautista (cf. Greimler et al. 2002;
P. Lopez-Sepulveda, personal communication), and therefore, available annual mean
data do not represent the climatic situation in the native forest at higher elevations.

Temperature and Precipitation

The data on temperature in the Juan Ferndndez Archipelago are of three basic types: (1)
occasional data recorded by visiting ships and early colonists, of historical interest only;
(2) measurements taken consistently at 15 m at a meteorological station on Robinson
Crusoe Island beginning first in 1901 (Skottsberg 1953a) and continuing with some
interruptions to the present day; and (3) many data points at different elevations gathered
by Carl Skottsberg from both islands of the archipelago during 1916 and 1917
(Skottsberg 1953a). The basic temperatures obtained from the village give the lowest
mean minimum air temperature as 11.6°C, the highest maximum as 20.4°C, and the
mean annual temperature as 15.6°C (Table 4.1). The temperature varies with the seasons
(warmest in January and coolest in July) but not dramatically so (Fig. 4.1), showing
a difference of only approximately 5.5°C on average (Hajek & Espinoza 1987).
Temperatures keep to this basic pattern with little deviation, as seen in a 20-year profile.

Perhaps more interesting temperature data were collected by Skottsberg (1953a) from
many parts of both islands, 94 recordings from Robinson Crusoe Island from 5 to 780 m
and 55 measurements from Alejandro Selkirk Island ranging from 215 to 1,500 m (his
high-altitude calculation was incorrect; this island is only 1,319 m high). For Robinson
Crusoe Island, Skottsberg’s recordings were taken from December 3, 1916 to April 24,
1917, that is, the austral summer. These recordings are useful because they began
each day at sea level and ended each day at the same place; these measurements were
always similar, varying by only a few degrees (Celsius). Most field data were collected
near midday (11:00-15:00), with some exceptions. The results of these measurements
are that it is cooler up on the slopes, about 3°C more or less. So much of daily
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Table 4.1 Average Yearly Air Temperatures and Ranges on Robinson Crusoe Island (at San Juan Bautista),
1974-84

Mean Months of
Year temperature (°C)  Standard deviation Observed range  observations
1974 “ “ 11.7- 9
1975 144 2.1 11.6-17.9 11
1976 15.3 2.6 11.8-19.3 10
1977 15.6 23 11.8-18.4 12
1978 16.0 1.8 13.2-18.3 10
1979 154 2.0 12.8-18.4 11
1980 15.7 29 12.6-20.4 12
1981 15.3 2.4 12.4-18.4 12
1982 15.6 2.3 12.7-19.0 11
1983 15.3 2.8 11.9-19.0 12
1984 “ “ “4-19.2 6

Annual mean 15.6

“ Insufficient information.
Source: From Neshyba and Silva (1985, p. 47).
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Figure 4.1 Monthly mean temperatures on Robinson Crusoe Island: (A) absolute maximum

temperature; (B) mean maximum temperature; (C) mean temperature; (D) mean minimum
temperature; (E) absolute minimum temperature. (From Hajek and Espinoza 1987. p. 75.)

temperature in the islands depends on weather, especially cloud patterns and fog, which
makes it impossible to document the relationship of elevation and temperature in a linear
fashion. In general, as one goes upward on Pacific Ocean islands, a decrease in
temperature of 2.8°C per 500 m may be a realistic assessment (Carlquist 1980).
Because elevations do not exceed heights of more than 1,319 m in the Juan Fernandez
Archipelago, no inversion layer is to be expected (Sanders et al. 1987). From seashore to
the highest ridges, a maximum temperature gradient of only 5.6°C might be anticipated,
but this does not take into account other factors, such as wind and shading effects, as
already mentioned.
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Table 4.2 Annual Precipitation on Robinson Crusoe Island (at San Juan Bautista) 1974-84

Percent in comparison with

Year Precipitation (mm) Months of observations historical annual mean
1974 626 9 “
1975 1,003 11 112
1976 820 11 96
1977 1,066 12 116
1978 731 11 91
1979 977 12 106
1980 1,658 12 180
1981 1,136 12 123
1982 1,166 12 126
1983 853 12 93
1984 553 6 “

¢ Insufficient information.
Source: From Neshyba and Silva (1985, p. 48).
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Figure 42 Monthly precipitation (average; bars show standard deviation) for Robinson Crusoe Island
from the meteorological station at San Juan Bautista. (From Hajek and Espinoza 1987, p. 71.)

The mean annual precipitation on Robinson Crusoe Island is 956 mm (Hajek and
Espinoza 1987). Novoa and Villaseca (1989) give total precipitation as 922.10 mm.
Again, these data were collected in the village. Skottsberg (1953a) provides
a measurement of 1,081.2 mm at 345 m. Data collected between 1974 and 1984 show
yearly rainfall conditions as being rather steady, but with some variations (Table 4.2).
However, amounts per month clearly differ, and there is a strong seasonality in rainfall
(Fig. 4.2). The seasonal comparison shows winter precipitation to be by far the highest.
Maximum precipitation within 24 hours varies between 15 and 86 mm (Hajek and
Espinoza 1987). Strong rainfall differences should be expected owing to the altitudinal
effects and the orientation of the prevailing winds. Cereceda et al. (1994) sampled rainfall
at five locations on Robinson Crusoe Island during the winter of 1992, and they recorded
twice the rainfall at the Mirador de Selkirk (Portezuelo) as in the village of San Juan
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Figure 4.3 Climatic diagram (following Gaussen-Walter; e.g., Walter 1973) for the Juan Fernandez
Islands based on monthly averages. The dark, narrowly lined tips refer to precipitation over

100 mm/month. The stippled region shows the arid summer months with precipitation less than

50 mm, and the broadly lined regions indicate higher humidity during the austral fall and spring.
The dashed line indicates the average monthly temperature. (From Hajek and Spinoza 1987,

p. 82)

Bautista. Kunkel (1957), in describing the quebradas (ravines) leading from the summit
of El Yunque, the highest point on Robinson Crusoe Island (915 m) (Anonymous 1978),
reported high humidity, very moist soils, and water dripping off leaves and small stems.
Periods of extended drought or flooding are uncommon in the islands (Haberle 2003).
Rain frequently falls on both sides of the main ridges, with a more slender zone existing
on Robinson Crusoe Island (due to its rather narrow physical characteristics) and
a broader zone on the more dome-shaped Alejandro Selkirk Island.

The much higher younger island is exposed to abundant orographical rain,
primarily from southwesterly winds, in addition to precipitation supplied by the
western storm track (Haberle 2003). The high altitudes of this island above 600 m
are frequently covered by clouds, most probably receiving much more precipitation
and having longer periods of humidity, which along with winter frosts and snowfalls
aid in maintenance of an upper forest limit between 700 and 750 m. Stronger habitat
differentiation is more noticeable on Alejandro Selkirk Island than on Robinson
Crusoe Island (Greimler et al. 2002a, 2013; see also Chapter 6). In general, envir-
onmental differences within the islands are not very striking, certainly nothing in
comparison with the Hawaiian or Galapagos Archipelagos (T. Stuessy, personal
observation), which have very marked environmental zonation. In the Juan
Fernandez Archipelago, a low-elevation dry zone around the islands gradually
merges into a wetter zone along the slopes.

The two climatic variables of temperature and precipitation can be combined into
a climate diagram (Fig. 4.3), which provides a useful summary of the principal climatic
factors. During the winter months, rainfall is ample, being over 100 mm/month. In the
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austral summer, however, rainfall drops markedly to less than 50 mm/month.
Temperature is relatively stable throughout the year, increasing slightly during the
summer months.

Ocean Gurrents and Winds

The more regional climate factors surrounding the archipelago are sea and airborne
currents. Ocean currents along the western coast of South America run predominantly
south to north (Frakes 1979; Schopf 1980; Rahmstorf 2002) (Fig. 4.4). The cold sub-
antarctic Humboldt ocean current has strongly influenced climate in the islands
(Santibanez 1945). While its impact on the environment of the archipelago is less direct
than other factors that influence the landscape, ocean currents are responsible for
maintaining a cooler warm-temperate (or subtropical) climate overall.

As for winds, southern and southeastern winds dominate (Fig. 4.5). In January, winds
come from the south and southeast, calms are about 21%, and wind speeds average 17
knots (Hajek and Espinoza 1987). In July, calms amount to about 32%; the average wind
speeds are 12 knots for southern and southeastern winds and, to a lesser degree, from
southwestern, western, northwestern, and northern winds. During the austral winter, the
winds become more variable. In the eastern Pacific, westerlies predominate to the south
and easterlies to the north. In the austral summer, the high-pressure cell can be shifted
a few degrees south such that the winds blow toward the islands from the east or
southeast nearly one-third of the time (Skottsberg 1954; Newell et al. 1972; Van Loon
1972). These winds are rather mild, variable, and short lived.
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Figure 4.4 Major ocean currents in the southeastern Pacific. (From Romero A. 1985, p. 129.)
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Figure 4.5 Diagrams of atmospheric circulation over South America in January and July. ITCZ,
Intertropical Convergence Zone. (From Moreira-Muiioz 2011, p. 32.)

Other Climatic Factors

Other climatic parameters include atmospheric pressure, sunshine, humidity, and
evapotranspiration. The following data come mainly from Hajek and Espinoza
(1987).

Subtropical high-pressure cells are located just north of the archipelago at
approximately 30°S and 90-120°W (Kendrew 1961; Van Loon 1972; Schopf
1980). Generally speaking, the atmospheric pressure is usually high, with values
around 1,020 mbar. Regarding sunshine, the ratio of highest actual to astronomical
maximum sunshine is in December, at 44%. The relative humidity has a mean
value of 75%, with an annual range between 70% and 78%. The yearly transeva-
potranspiration value is 544 mm.

Skottsberg (1953a) carried out a series of experiments in 1916—17 in which he
exposed photographic paper in different environments to assess the available light.
For calibration, he set full exposure in open sun at a value of 1. Other situations have
much less light and provide interesting contrasts: on the edge of the forest near the
ridges, '5—'%; in the deep quebradas of Alejandro Selkirk Island, /2—1/10; in the typical
forest (e.g., Villagra on Robinson Crusoe Island), 1/20-1/45; in Boehmeria groves
(trees; Urticaceae), 1/50; in Dicksonia (tree fern) forest, 1/420; and under dense maqui
(Aristotelia chilensis), 1/2000. These are very useful data because they show how such
differences in light intensity add to the mosaic of environmental heterogeneity in the
archipelago. It also stresses that once the invasive maqui takes hold and forms dense
stands, no other species can grow underneath, emphasizing the danger this species poses
for the native and endemic flora of the islands.
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El Nino—Southern Oscillation (ENSO)

A special cyclical climatic factor is the El Nifio—Southern Oscillation (ENSO) phenom-
enon. This occurs when a band of warmer water develops in the central and eastern
tropical Pacific that also affects the coast of South America. This phenomenon may have
strongly influenced the vegetation on Alejandro Selkirk Island after 4,500 years before
present (BP)(Haberle 2003, p. 251), as suggested by charcoal records collected at high
altitude (i.e., subalpine to alpine environments). These findings point to the onset of
protracted drought events from 4,500 '*C yr BP and even stronger occurrences of that
kind between 3,500 and 2,500 '*C yr BP. This is in accord with the reported general
stronger effects of ENSO in the southern hemisphere after 5,000 '“C yr BP (Diaz and
Markgraf 1992; Liu et al. 2014).

The impact of ENSO, however, might have been much more complicated than just by
direct meteorological effects. The inferred extension of bird migration patterns in the
Pacific during the middle to late Holocene may also have been a response to changing
climate and oceanographical conditions caused by the itensified El Nifio—related climate
dynamics (Thompson and Ollason 2001). In turn, the occupation of the then-existing
vegetation zone on Alejandro Selkirk Island by migratory petrel species (Pterodroma
longirostris and P. externa) may have had a significant impact on development of the
treefern-shrubland mosaic vegetation pattern through burrowing activity (Haberle
2003). Considering the enormous numbers of birds (about 1 million breeding pairs
estimated in 19856 in the islands; Brooke 1987a), their possible historical impact might
indeed have played a tremendous role.

Low rainfall often occurs during strong La Nifia years, which is the cool phase of
ENSO, when cooler sea surface temperatures prevail (McPhaden et al. 2006). This is
associated with an increased influence of the subtropical high-pressure cell (cf. Allan
et al. 1996; Haberle 2003). The importance of this occurrence may be found in the
greater impact of the ENSO phenomenon on vegetation patterns in the southern
hemisphere after 5,000 '*C yr BP (McGlone et al. 1992; Haberle 2003). Haberle
(2003) also points out that because there was no human occupation on Alejandro
Selkirk Island prior to its discovery in the late sixteenth century, climate change and
environmental variability, allied with an increase in ENSO activity during the middle
to late Holocene, apparently led to more burning events, which did have an influence
on the vegetation. Specifically, evidence so far suggests that the ENSO phenomenon
overall seems to have played only a modest role in the Juan Ferndndez Archipelago
(Neshyba and Silva 1985).

Importance of Climate to Biogeography

Although biogeographical concepts and discussion form much of Chapters 16 and 17, it
is obvious that climatic factors have played an important role in the establishment and
formation of the flora and vegetation of the Juan Fernandez Archipelago. Fundamental
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to these concerns are aspects of dispersal of propagules, and wind and ocean currents
must be considered. It is quite likely that many of the ferns and some of the flowering
plants have arrived to the islands through the air. Fern spores travel easily with the wind
and can survive for months or even years (Lloyd and Klekowski 1970; Windham et al.
1986). The evidence that this has happened can be seen by the low level of endemism
among the ferns in the archipelago and, perhaps even more important, that once an
endemic fern species originates on one island, it frequently disperses and also success-
fully colonizes the other island (Stuessy et al. 1990; see Chapter 13). Although prevail-
ing winds usually come from the west, there are also occasional cyclonic winds that
blow across the southern part of South America and out into the Pacific Ocean (Sanders
et al. 1987). Furthermore, it is known that the patterns of wind circulation over the
southeastern Pacific have changed during the past 4 million years (Habicht 1979).
The conclusion, therefore, is that a number of the presently occurring endemic species
of flowering plants and ferns arrived in the archipelago by wind dispersal. Ocean
currents follow this same basic pattern, although the evidence for water dispersal in
the native and endemic flora is scant (see Chapter 16). In general, the Humboldt current
now flows south to north along the continental Chilean coast, but it earlier trended
further westward (Habicht 1979), hence reaching the Juan Fernandez Islands.

Weather

In the Juan Ferndndez Archipelago, the most important consideration for productive
research is weather, not climate. The data on temperature and precipitation (Tables 4.1
and 4.2) provide some indication of the likely weather patterns in the islands, but how
these factors interact on a daily basis is even more pertinent. The weather in both islands
is changeable and somewhat unpredictable. With modern satellite weather data, cell
phones, and Internet connections now available on Robinson Crusoe Island, it is much
easier to plan daily trips over the islands. Alejandro Selkirk Island, although more
isolated, has good radio contact with the park service (CONAF) on Robinson Crusoe
Island, so daily weather reports are always available on both islands.

Because no roads exist on the islands, other than in the village of San Juan Bautista
and near the airstrip, all collecting must be done on foot with backpacks. Many of the
paths are over soil that becomes muddy and difficult during a rain. Worse are the basalt
ridges that become dangerously slippery when wet. Hence, when it rains hard in the
islands, no field work is possible. Many short-lived sprinkles also occasionally occur,
but they usually do not produce enough moisture to stop work activities, particularly in
the dense forest. On Alejandro Selkirk Island, thick fog often completely covers the top
of the island over 500 m, a condition that makes collecting extremely dangerous and
completely inadvisable.

For planning research expeditions in the archipelago, therefore, extra days need to be
added to compensate for lost time due to inclement weather. This can also be an issue
with regard to arriving and leaving the islands. All passengers to the archipelago, either
by boat or by small airplane, arrive first on Robinson Crusoe Island. If the weather is bad,
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no planes can fly to or from the island. Landing and takeoff in the six- to nine-seat
propeller planes are done mostly by visual cues, and cloud cover will close the small
airstrip. The sea between Robinson Crusoe Island and Valparaiso on the continent can
also become dangerous, which may delay sailing departures by several days. Broad
oceanic storm fronts can also come into the region, restricting travel to and from the
islands. On one unusual occasion several years ago, Japanese visitors came to Robinson
Crusoe Island, intending to stay for three days, but due to bad weather, they ended up
staying two weeks (Clarke 2001, p. 33)! These considerations all have to be built into the
planning of research expeditions.






Part 1l

The Green Landscape

A fundamental understanding of the evolutionary and biogeographical processes in the
Juan Fernandez Archipelago, as well as proper management of conservation priorities,
requires having a solid inventory of taxa and their assembly into vegetational patterns.
The good news for this archipelago is that, over the course of more than 150 years, a
comprehensive inventory of the species of the islands has been developed. The islands
are not large, each only approximately 50 km?”. Although there are no roads for
convenient access to all points of the islands, with diligence, most of the island surface
can be visited at least to some extent. Due to the many botanical expeditions that have
already been conducted in the archipelago, few taxonomic surprises remain; only a few
new species have been described in recent decades. More challenging in developing our
revised list of endemic and native taxa of the archipelago has been the need to take into
account results of recent research, especially from modern molecular phylogenetic
studies. This often results in transfers of species from one genus or family to another
rather than reduction or addition of taxa.

Chapter 5 provides lists of native and endemic taxa, introduced species, and taxa
currently under cultivation in the islands (in gardens and public spaces). The numbers
deriving from the list of endemic and native species have been used for our calcula-
tions of endemism, geographical distribution within the archipelago, and summaries
of life forms, as well as serving as the basis for biogeographical inferences. Chapter 6
presents an overview of vegetation types in the islands. These descriptions and maps
of vegetation have been published previously, but this book provides a comparison of
the patterns that occur on the two major islands. Because they are of different
geological ages, there is an opportunity to understand the changes that have taken
place through time, especially on the older Robinson Crusoe Island.






Taxonomic Inventory

Tod F. Stuessy, Roberto Rodriguez, Carlos M. Baeza, and Patricio
Lopez-Sepllveda

This chapter presents a list of ferns, gymnosperms, and angiosperms that reside in the
Juan Fernandez Archipelago. Having an inventory of existing species is fundamental to
all other data and concepts presented in this book. At a general level, a list of included
species provides the reader with a concept of what the flora entails. This is particularly
significant in island floras because the composition is often very different, even
“disharmonious” (Carlquist 1974), in comparison with continental source regions. A
list of species is also needed to allow phylogenetic relationships to be assessed critically
and to gain insights into modes of speciation. Likewise, no biogeographical hypotheses
can be developed unless a clear view of existing species is available. Such information
also allows statistics to be developed for the flora, particularly assessments of the
biological characters of the island flora and subdivisions into endemic, native, and
introduced categories. For effective conservation, having these categories well delimited
is essential. This also helps focus attention on the most dangerous invasive species
that need to be monitored over time.

Previous Inventories of the Flora

Because the flora of the Juan Fernandez Archipelago is relatively small and the islands
themselves relatively tiny, the challenge of providing an inventory of the islands has not
been insurmountable. Although collecting activity in the archipelago is not easy, largely
due to the rugged terrain and the absence of roads, it is possible with diligence to
gain access to most areas of the islands. As a result, by the time of the inventories of
Christensen and Skottsberg (1920) and Skottsberg (1921), most of the vascular flora was
reasonably well documented. As evidence, in the past three decades, only five new
species have been described: Gleichenia lepidota (Rodriguez-Rios 1990), Robinsonia
saxatilis (Danton 2006a), Carex stuessyi (Wheeler 2007), Erigeron corrales-molinensis
(Danton 2014, not accepted in this book), and Erigeron stuessyi (Valdebenito,
see Appendix 2).

Details of previous expeditions to the Juan Fernandez Archipelago and publications
on the flora have been presented already in Chapter 2, and these details will not be
repeated here. The first attempt to comprehensively chronicle the flora, however, was
done by Hemsley (1884), who wrote up the results of collections brought back from the
Challenger Expedition. He recognized 105 vascular plant species. This initial treatment
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was added to substantially by Johow (1896), who greatly increased our understanding of
the flora and recognized 236 species. Skottsberg followed with his several expeditions
and comprehensive listing and discussions on the flora (1921, 1956), in which he lists
330 species. More recently, the catalogue of Marticorena et al. (1998) presented 423
species for the flora, and Danton et al. (2006) followed with a listing of 519 species
(excluding those cultivated in gardens). The increase in numbers of species from the
archipelago in recent decades has been due largely to documentation of the introduced
species in part because these keep arriving in the islands (especially on Robinson Crusoe
Island, where the permanent village is located) and also because they were somewhat
ignored in previous floristic treatments. The number of introduced species reported has
increased from less than 50 in the mid-nineteenth century (Philippi 1856a, b) to more
than 227 at the end of the twentieth century (Swenson et al. 1997).

Other resources for understanding the flora of the islands are those dealing with the
entire country of Chile, of which the Juan Fernandez Archipelago is part. For the ferns
and fern allies, there is the useful volume on the ferns of Chile by Gunckel (1984) and,
more recently, a book by Rodriguez (1995), which forms much of volume 1 of the new
series Flora de Chile. The gymnosperms have also been treated in this same first volume
of the Flora. Some families of angiosperms now have also been published in additional
fascicles, but the series is still incomplete.

Concepts of Taxa

Important for presentation of any taxonomic inventory is a brief discussion of the
taxonomic concepts being used. Fundamental in the taxonomic hierarchy and the level
to which all other categories directly relate is the species (Stuessy 2009). We regard a
species as a series of populations that potentially or actually exchange genes at some
minimum level and that are largely reproductively isolated from other such population
systems. This is essentially the biological species concept proposed by Dobzhansky
(1937) and developed more thoroughly by Mayr (1942, 1963). Because species are
reproductively isolated, in higher plants they are normally also morphologically and
genetically distinct. For purposes of any practical work in the Juan Fernandez Islands, if
a population is not morphologically distinct from another population, it makes no sense
to regard it as a distinct species. One might imagine a case of a cryptic species, which for
some reason diverged genetically but not morphologically. Although one might be
tempted to recognize such an interesting population formally at the specific level, it
would be difficult to work with in the field and unhelpful for nearly all conservation
initiatives. More attention has recently been given to this issue of cryptic variation in
oceanic island floras (Crawford and Stuessy 2016).

Deciding what species exist on an oceanic island is most important for several
reasons. A standard list needs to be provided so that all other investigations and
calculations can be done in a consistent fashion. It is impossible to calculate levels of
endemism, for example, if we do not know the number of species. One cannot calculate
biogeographical affinities with continental source regions if we have no idea of what the
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species on the islands are, nor can one infer phylogenetic relationships or modes of
speciation. At a very practical level, because nearly all endangered species legislation
focuses on the species, it would be impossible to understand the conservation imperative
in an archipelago without a consistent species list. An example of the problems that
inconsistent species concepts can provide for an oceanic island system is the Hawaiian
Archipelago, in which many populational variants or interspecific hybrids were treated
as good species by Harold St. John (e.g., St. John and Takeuchi 1988, in Cyrtandra) and
others over many decades. It was only with publication of the comprehensive flora of the
Hawaiian Archipelago (Wagner et al. 1990) that a consistent and comprehensive species
concept was applied to the flora that allowed further interpretations to be made.

In the Juan Fernandez Archipelago, a too-narrow species concept that formally
recognizes all sorts of populational variation would result in a long list of species.
However, an overly broad species concept would submerge important morphologically
and genetically distinct populations invisibly under a broad umbrella, with resulting
loss of information regarding biodiversity in the archipelago. A consistent and realistic
species concept, therefore, is required for dealing with the vascular flora of the
archipelago. Fortunately, no worker inventorying the plants of these islands over the
past 130 years has presented an extreme view of species. As a result, nearly all species
recognized have morphological distinctness such that they can be recognized in the field
and herbarium. There are some complexes, for example, the Erigeron ingae complex,
that are more difficult and apparently reveal populational divergence that is still actively
taking place (Lopez-Sepulveda et al. 2015b). Some species have also been synony-
mized, but these are rare occurrences in the flora.

Going downward from the specific level are the categories of subspecies, variety, and
form. A few workers have used these levels to describe the morphological variations
found among populations in the Juan Ferndndez Archipelago, and we have maintained
some of these taxa. Appropriate application of these infraspecific concepts depends on
having a large series of populations to assess relative similarities and differences across a
larger geographical area. Because the islands are very small (ca. 50 km? for each of the
major islands) and the populations of plants generally small, these concepts are not very
applicable in the flora. It must be remembered that approximately 20% of the endemic
species of flowering plants are known from no more than about 25 or fewer individuals
(Stuessy et al. 1998b; see Chapter 9), which impedes application of population concepts
and spatial relationships.

Going upward from the species level is the genus. In the Juan Fernandez Islands, there
has been more taxonomic uncertainty and change in generic concepts than with species.
A genus is a lineage of one or more closely related species that is morphologically
and genetically distinct from other such groups (Stuessy et al. 2014a). Genera are usually
reproductively isolated from each other, but not always. In particular, rapid morpholog-
ical divergence in genera endemic to oceanic islands is not always accompanied by
strong genetic divergence. Genera may also be geographically isolated on an island and
hence spatially reproductively isolated but easily crossed artificially in a common
research garden. A good example of this is among the genera of the silverswords
(Madiinae) in the Hawaiian Archipelago (Carr 2003). In nature, due to ecological
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divergence and isolation, these genera rarely hybridize, but all can be crossed artificially
in the common garden. In the Juan Fernandez Islands, xMargyricaena (Rosaceae;
Skottsberg 1921) represents a natural intergeneric hybrid between two genera,
Margyricarpus digynus, a native species, and Acaena argentea, an introduced one
(Crawford et al. 1993a).

Even without genetic data for comparison, for generic delimitation one relies on
morphological similarities and differences among species. Because of rather dramatic
divergences that can accrue among species of particular lineages, different opinions on
generic limits can prevail. The most dramatic example of this in the Juan Fernandez
Archipelago is with the genus Dendroseris. Even Skottsberg, who applied a very
consistent view of taxa at all levels, first (1921) regarded this genus in a broad sense,
consisting of three subgenera, and then (1953b) changed his mind and elevated each of
these to generic level. More recent workers, for example, Marticorena et al. (1998) and
Crawford et al. (1992a), have once again treated all species of this lineage as belonging
to a single genus because they are all derived from a single colonization of the islands
and form a monophyletic group (Kim et al. 2007; see Chapter 13).

More problematical with regard to defining generic limits, however, has been
the application of cladistic classification by some workers with emphasis on strict
holophyly (= monophyly in a cladistic context). With cladistic classification, groups
cannot be accepted that do not include @/l descendants from a common ancestor
(Hennig 1966). At first glance, this may seem reasonable enough, and normally, no
difficulties arise. But in oceanic islands quite a number of problems result from this
perspective, and some are evident in the Juan Fernandez Archipelago. The issue
derives from new molecular data, that is, nucleotide sequences, that demonstrate
that some island lineages have evolved out of a larger parental ancestral complex in
the continent. In a cladistic context, to recognize the derived island species as a
distinct genus, no matter how divergent morphologically or at the molecular level,
would render the parental complex of species “paraphyletic,” which is defined as a
monophyletic group deriving from a single ancestor that does not contain al/l descen-
dents from that ancestor. This is unacceptable to cladists (Hennig 1966). There
are two cladistic solutions to this dilemma. The first is to not recognize the island
species as a distinct genus and keep them taxonomically within the parental genus.
The second is to recognize the island lineage as a genus along with the specific
continental relatives (progenitors) and break up the larger continental group into
smaller comparable genera that would be coordinate with the island one.

Two conspicuous examples of the submergence of endemic genera for cladistic
reasons occur in the Juan Fernandez Islands: Dendroseris and Robinsonia (both
Asteraceae). The former is the largest endemic genus in the archipelago, and the latter
is the next largest, with 11 and 8 endemic species, respectively. Collectively, they
contain 18% of the endemic species of angiosperms in the archipelago. Kim et al.
(2007), based on molecular phylogenetic studies of the genus Sonchus, have suggested
that Dendroseris appears nested within it, and they have submerged all species of the
latter into the former (Mejias and Kim 2012). Regarding Robinsonia, Pelser et al.
(2007, 2010a) have done similar molecular phylogenetic studies with it and the large
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genus Senecio, once again finding the former nested within and originating out of the
latter. These workers (Pelser 2010b) have also formally made the combinations into
Senecio, and Robinsonia has also disappeared as an endemic genus within the islands.
Stuessy et al. (2014b) have demonstrated that if concepts of strict holophyly were
applied worldwide in oceanic island archipelagos, approximately 32% of endemic
genera would disappear.

For the flora of the Juan Fernandez Islands, we do not accept the application of strict
concepts of holophyly in the classification of genera for several reasons. First, we regard
the delimitation of genera to be a case of maximizing character information for achiev-
ing high predictive quality. Because island taxa often undergo dramatic morphological
change as they evolve into the new island environment, this degree of difference should
be recognized at the generic, rather than only the specific, level. This is why these groups
have been called genera in the first place prior to the appearance of cladistic concepts.
Second, we accept that species and genera can evolve from out of each other rather than
assuming that all such groups can only diverge in parallel from a common ancestor. This
is progenitor-derivative evolution, particularly well documented at the specific level
(Crawford 2010). Third, the application of strict concepts of holophyly that results in
loss of endemic genera in islands lowers the conservation imperative for many archipe-
lagos. Such taxonomic changes are acceptable if errors of judgment in the past need to be
corrected, but to do so solely to enforce strict adherence to cladistic classification seems
to us misleading.

In the cases of Dendroseris and Robinsonia, therefore, we maintain both as distinct
endemic genera in the Juan Ferndndez Archipelago, and we do not accept the corre-
sponding name changes for species as proposed by Mejias and Kim (2012) and Pelser
et al. (2010b). Dendroseris is a group of species originating from a single introduction
(Crawford et al. 1992a) that are rosette trees with dichotomous branching, very distinct
from their herbaceous relatives within Sonchus. Robinsonia is also a rosette tree and
dioecious. This combination of features is unknown within Senecio of South America.
Mejias and Kim (2012) have argued that because these distinctive characters are often a
result of adaptations to new oceanic island habitats, which have occurred in parallel in
many oceanic archipelagos, they should not be accorded taxonomic import. This misses
the point that these distinctive features in Robinsonia and Dendroseris are apparently
under genetic control and are not present in known progenitors. That this tendency has
occurred in different archipelagos does not vitiate generic recognition in these two cases.
Inferior ovaries, for example, hypothesized as adaptations for protecting ovules (Grant
1950), occur in many different groups of flowering plants, but this does not devalue their
taxonomic utility among genera in different families.

Another example of application of strict holophyly in the Juan Fernandez Archipelago
involves endemic species of Uncinia and Carex. A number of molecular phylogenetic
investigations using parsimony, maximum likelihood, and Bayesian inference with both
nuclear and chloroplast loci have now been conducted in tribe Cariceae of Cyperaceae
(Yen and Olmstead 2000a, 2000b, ndhF, trnl-F; Roalson et al. 2001, ITS, trnT-L-F;
Starr et al. 2004, ITS, ETS 1; Waterway and Starr 2007, ITS, ETS 1f, #rnL-F; Starr et al.
2008, ITS, ETS 1f; Starr and Ford 2009, ITS, ETS 1f). Because of the large size and
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morphological complexity of this group, there has been much focus on determining
generic limits and relationships (Muasya et al. 2009). All studies reveal that Uncinia
is a holophyletic group that nests within Carex, presumably having evolved from out
of the larger parental genus (Saville and Calder 1953). In the summary provided by
Starr and Ford (2009), Uncinia is supported by 98% bootstrap with U. kingii included,
and 100% if this species is excluded (see also Starr et al. 2004). Reznicek (1990,
p. 1419) earlier transferred this species to Carex because the rachilla is only weakly
hooked, hence making “Uncinia a much more uniform and presumably natural
genus.” Another species, U. microglochin, has also been at times transferred into
Carex because of its exserted but unhooked rachilla (Starr et al. 2004). It should also
be mentioned that based on a comprehensive morphological cladistic analysis of all
genera of Cyperaceae (Bruhl 1995), Uncinia was maintained as a good genus with
closest ties to Cymophyllus. Starr et al. (2004), based on molecular phylogenetic
assessments, revealed Uncinia to have 99% bootstrap support (with ITS and
parsimony) and a long-separated branch from species of Carex (with maximum
likelihood phylogram with ITS and ETS 1f data). They also recommended separation
of Carex and Uncinia because (p. 540) “... the completely closed utricle, the
only unambiguous character that unites Carex and Uncinia, is homoplastic.”
Despite these previous viewpoints, all species of Uncinia have recently been
submerged into Carex in order to maintain holophyly of the latter in the context of
strict cladistic classification (Global Carex Group 2015). If this approach were to be
adopted for the species of the Juan Fernandez Archipelago, three of the six names
would have to be changed completely due to the epithets already being occupied
within Carex. Uncinia costata would become Carex plurinervata, U. douglasii
changes to C. fernandesiana (an inconvenient name because there already exists the
quite similar but not strictly homonymous C. fernandezensis Mackenzie ex G. A.
Wheeler) (Wheeler 2007, p. 127), and the native U. tenuis becomes C. firmula. The
other three species, U. aspericaulis (endemic), U. macloviformis (endemic), and
U. phleoides (native), retain their epithets within Carex. In this book we do not follow
transfer of Uncinia into Carex but retain the names in the former genus. Uncinia is
distinct from Carex by the former having hooked rachillae exserted from the utricle,
which, in our view, is sufficient for generic recognition (see agreement by Reznicek
1990, p. 1421).

Another case worth mentioning is the family Lactoridaceae, containing the single
genus and species, Lactoris fernandeziana. Molecular phylogenetic studies (Qiu et al.
1993; Wanke et al. 2007) have sometimes shown this taxon to be joined with other
genera within Aristolochiaceae, although sequence divergence has occurred between it
and other members of this family. From the perspective of cladistic classification, and
hence to avoid an unacceptable paraphyletic Aristolochiaceae, Lactoris should not be
placed in its own family but rather submerged into Aristolochiaceae, where it resides in
the latest Angiosperm Phylogeny Group classification (APG IV 2016). Lactoridaceae is
the only family in the world that is restricted to an oceanic island. It also is of great
conservation interest because there are no more than approximately 1,000 individuals
left on Robinson Crusoe Island, fortunately in remote areas (Bernardello et al. 1999;
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Crawford et al. 2001a; Ricci 2001a). Paleopalynological studies (Zavada and Benson
1987; Macphail et al. 1999; Gamerro and Barreda 2008) have revealed that the species is
ancient, with fossil pollen documented from Cretaceous to Miocene, and has a broad
southern hemisphere distribution (known from Africa, Australia, and southern South
America), but now it is reduced to confinement (relictual) only on Robinson Crusoe
Island. We reject submergence of Lactoris into Aristolochiaceae because of its very
different morphology (Carlquist 1964; Tucker and Douglas 1996; Gonzalez and Rudall
2001; Gonzalez et al. 2001; Kelly and Gonzalez 2003), palynology (Zavada and Taylor
1986; Sampson 1995), anatomy (Carlquist 1990; Wagner et al. 2014), and embryology
(Tobe et al. 1993; Gonzalez et al. 2001) and because of the long nucleotide-based
branches that separate it from other families. In this book, Lactoris is maintained within
its own family, Lactoridaceae (for additional data and arguments, see Stuessy et al.
1998c¢).

Lists of Species

The species that are found in the Juan Fernandez Archipelago have been grouped into
the three categories of native and endemic, introduced, and cultivated (Tables. 5.1, 5.2,
and 5.3). For evolutionary and biogeographical purposes, the species of importance are
those that have arrived in the islands and/or speciated there, that is, the native and
endemic ones. All our discussions in this book on biogeographical and evolutionary
principles and calculations deal with these species. Introduced species have come to
the archipelago via aid from humans, either purposely or inadvertently. These are also
of historical interest, as well as serious conservation concern, because many of them
are invasives that have already become serious pests that threaten the native and
endemic species (e.g., Rubus ulmifolius and Aristotelia chilensis). Cultivated plants
are those that exist now in gardens or common areas of the two islands, essentially in
the village of San Juan Bautista (Robinson Crusoe Island) and the settlement of Las
Casas (Alejandro Selkirk Island). It is useful to keep a watchful conservation eye on
these species, however, because the harmless garden plant of today, if it escapes, could
become a troublesome or even dangerous pest tomorrow. There is a long history of
reporting cultivated plants in the archipelago, both for cultural and horticultural
objectives. Johow (1893), for example, made a detailed analysis of the species found
on the islands at that time. We do not provide here an analysis of all species reported
historically because this is of no particular relevance for present conservation
purposes. The data listed in Table 5.3 have been summarized from Swenson et al.
(1997), Cuevas (2004), Danton et al. (2006), and Lopez-Septlveda et al. (2013a). In
addition to the list of scientific names of species given in Table 5.1, we also present
here a list of the local (or vernacular) names used by people in the Juan Fernandez
Archipelago (Table 5.4). These labels are particularly helpful to use when working
with guides from the village. The list is based primarily on the summary provided by
Gunckel (1968), which involved compilation from previous floristic treatments plus
his own experience in the islands.
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Table 5.1 List of Native and Endemic Taxa of Ferns, Fern Allies, and Angiosperms of the Juan Fernandez Archipelago

Biogeographical Conservation

Taxon Distribution  Life form status status

FERNS

Aspleniaceae

Asplenium dareoides Desv. AS, RC Herb Native Vulnerable

Asplenium macrosorum Bertero ex Colla ~ AS, RC Herb Endemic Endangered

Asplenium obtusatum G.Forst. var. AS, RC, SC Herb Native Vulnerable
sphenoides (Kunze) C.Chr. ex Skottsb.
(Fig. C8)

Asplenium stellatum Colla AS, RC Herb Endemic Endangered

Blechnaceae

Blechnum chilense (Kaulf.) Mett.” AS, RC Herb Native LC
(Fig. C9)

Blechnum cordatum (Desv.) Hieron. AS,RC Herb Native LC

Blechnum cycadifolium (Colla) Sturm AS, RC Tree fern Endemic Vulnerable
(Fig. C10)

Blechnum hastatum Kaulf. AS, RC, SC Herb Native LC

Blechnum longicauda C.Chr. (Fig. C11) AS Herb Endemic Cr endangered

Blechnum mochaenum G.Kunkel var. AS, RC Herb Endemic Vulnerable
fernandezianum (Looser) de la Sota

Blechnum schottii (Colla) C.Chr. AS, RC Herb Endemic Vulnerable
(Fig. C12)

Cystopteridaceae

Cystopteris fragilis (L.) Bernh. var. AS Herb Native Endangered
apiiformis (Gand.) C.Chr.

Dennstaedtiaceae

Histiopteris incisa (Thunb.) J.Sm. AS, RC Herb Native LC

Hypolepis poeppigii (Kunze) R.Rodr. AS, RC Herb Native Endangered

Dicksoniaceae

Dicksonia berteroana (Colla) Hook. RC Tree fern Endemic Vulnerable
(Figs. C13 and C14)

Dicksonia externa Skottsb. AS Tree fern Endemic Vulnerable
(Figs. C15 and C16)

Lophosoria quadripinnata (J.F.Gmel.) AS, RC Herb Native LC
C.Chr. (Fig. C17)

Dryopteridaceae

Elaphoglossum lindenii (Bory) Moore AS, RC Herb Native Endangered

Megalastrum glabrius (C.Chr. & Skottsb.) ~ AS Herb Endemic Cr endangered
Sundue, Rouhan & R.C.Moran

Megalastrum inaequalifolium (Colla) RC, SC Herb Endemic Vulnerable
A.R.Sm. & R.C.Moran (Fig. C18)

Megalastrum masafuerae Sundue, AS Herb Endemic Cr endangered
Rouhan & R.C.Moran

Polystichum tetragonum Fée (Fig. C19) AS, RC Herb Endemic Vulnerable

Rumohra berteroana (Colla) R.Rodr. AS, RC Herb Endemic Vulnerable

Gleicheniaceae

Sticherus lepidotus (R.A.Rodr.) AS Herb Endemic Endangered

R.A. Rodr. & Ponce
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Table 5.1 (cont.)

Biogeographical Conservation

Taxon Distribution  Life form status status

Sticherus quadripartitus (Poir. in Lam.) AS Herb Native DD
Ching (Fig. C20)

Sticherus squamulosus (Desv.) Nakai var. RC Herb Native Vulnerable
squamulosus

Hymenophyllaceae

Hymenophyllum caespitosum Gaudich. AS,RC Herb Native Vulnerable

Hymenophyllum caudiculatum Mart. AS, RC Herb Native Endangered
var. productum (C.Presl) C.Chr.

Hymenophyllum cruentum Cav. AS,RC Herb Native Vulnerable
(Fig. C21)

Hymenophyllum cuneatum Kunze AS,RC Herb Native LC
(Fig. C22)

Hymenophyllum falklandicum Baker var. ~ AS Herb Native Endangered
falklandicum

Hymenophyllum ferrugineum Colla var. AS,RC Herb Native Vulnerable
ferrugineum

Hymenophyllum fuciforme Sw. AS, RC Herb Native Endangered

Hymenophyllum pectinatum Cav. AS,RC Herb Native Endangered

Hymenophyllum plicatum Kaulf. AS,RC Herb Native LC

Hymenophyllum rugosum C.Chr. & AS,RC Herb Endemic Vulnerable
Skottsb.

Hymenophyllum secundum Hook. & AS Herb Native Endangered
Grev.

Hymenophyllum tortuosum Hook. & AS Herb Native Vulnerable
Grev. var. tortuosum

Polyphlebium exsectum (Kunze) AS, RC Herb Native Vulnerable
Ebihara & Dubuisson

Polyphlebium ingae (C.Chr. & Skottsb.) RC Herb Endemic Endangered
Ebihara & Dubuisson

Polyphlebium philippianum (Sturm) RC Herb Endemic Endangered
Ebihara & Dubuisson

Ophioglossaceae

Ophioglossum fernandezianum C.Chr. RC Herb Endemic DD

Polypodiaceae

Grammitis magellanica Desv. AS, RC Herb Native Vulnerable

Pleopeltis *cerro-altoensis RC Herb Endemic Cr endangered
Danton & Boudrie

Pleopeltis macrocarpa (Bory ex Willd.) AS,RC Herb Native LC
Kaulf. (Fig. C23)

Polypodium intermedium Colla subsp. RC Herb Endemic Vulnerable
intermedium (Fig. C24)

Polypodium intermedium Colla subsp. AS Herb Endemic Endangered

masafueranum C.Chr. & Skottsb.
Polypodium masafuerae Phil.” AS Herb Endemic Endangered
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Table 5.1 (cont.)

Biogeographical Conservation

Taxon Distribution  Life form status status

Pteridaceae

Adiantum chilense Kaulf. var. chilense AS, RC, SC Herb Native LC

Argyrochosma chilensis (Fée & Remy) AS, RC Herb Endemic Vulnerable
Windham

Pteris berteroana J.Agardh (Fig. C25) AS, RC Herb Endemic Vulnerable

Pteris chilensis Desv. AS, RC Herb Native LC

Pteris semiadnata Phil. AS, RC Herb Native Endangered

Tectariaceae

Arthropteris altescandens (Colla) J.Sm. AS, RC Herb Endemic Vulnerable
(Fig. C27)

Thyrsopteridaceae

Thyrsopteris elegans Kunze (Fig. 9.6) AS, RC Tree fern Endemic Endangered

FERN ALLIES

Lycopodiaceae

Lycopodium gayanum J.Remy AS Herb Native Vulnerable

Lycopodium magellanicum (P. Beauv.) AS Herb Native Endangered
Sw. var. magellanicum

ANGIOSPERMS —

ARCHAEANGIOSPERMAE

Lactoridaceae

Lactoris fernandeziana Phil. RC Subshrub Endemic Endangered
(Figs. C26 and 9.7)

Piperaceae

Peperomia berteroana Miq. subsp. AS, RC Herb Endemic Vulnerable
berteroana (Fig. C27)

Peperomia fernandeziana Miq. AS, RC Herb Native Vulnerable
(Fig. C28)

Peperomia margaritifera Bertero ex RC Herb Endemic Endangered
Hook.

Peperomia skottsbergii C.DC. AS Herb Endemic Endangered

Winteraceae

Drimys confertifolia Phil. (Fig. C29) AS, RC Tree Endemic Vulnerable

ANGIOSPERMS -

MONOCOTYLEDONAE

Arecaceae (Palmae)

Juania australis (Mart.) Drude ex Hook.f. RC Tree Endemic Endangered
(Fig. C30)

Bromeliaceae

Greigia berteroi Skottsb. RC Herb Endemic Endangered

Ochagavia elegans Phil. (Fig. C31) RC Herb Endemic Vulnerable

Cyperaceae

Carex berteroniana Steud. AS, RC Herb Endemic Vulnerable

Carex fernandezensis Mackenzie ex G.A. RC Herb Endemic Endangered
Wheeler

Carex phalaroides Kunth RC Herb Native Vulnerable
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Taxon Distribution ~ Life form status status
Carex stuessyi G.A. Wheeler AS Herb Endemic Endangered
Cyperus eragrostis Lam. AS,RC Herb Native Vulnerable
Cyperus reflexus Vahl RC Herb Native LC
Eleocharis fuscopurpurea (Steud.) RC Herb Native LC
H.Pfeiff.
Machaerina scirpoidea (Steud.) Koyama  RC Herb Endemic Vulnerable
ex M.T.Strong
Oreobolus obtusangulus Gaudich. AS Herb Native DD
Scirpus cernuus Vahl AS, RC, SC Herb Native LC
Scirpus nodosus Rottb. AS,RC Herb Native LC
Uncinia aspericaulis G.A.Wheeler AS Herb Endemic Endangered
Uncinia costata Kik. AS Herb Endemic Endangered
Uncinia douglasii Boott AS, RC Herb Endemic Vulnerable
Uncinia macloviformis G.A.Wheeler AS Herb Endemic Endangered
Uncinia phleoides (Cav.) Pers. AS Herb Native Vulnerable
Uncinia tenuis Poepp. ex Kunth AS Herb Native Vulnerable
Iridaceae
Herbertia lahue (Molina) Goldb. AS,RC Herb Native Vulnerable
Libertia chilensis (Molina) Gunckel AS,RC Herb Native LC
(Fig. C32)
Juncaceae
Juncus capillaceus Lam. AS,RC Herb Native LC
Juncus imbricatus Laharpe AS,RC Herb Native Vulnerable
Juncus pallescens Lam. RC Herb Native Vulnerable
Juncus planifolius R.Br. RC Herb Native Vulnerable
Juncus procerus E.Mey (Fig. C33) AS,RC Herb Native Vulnerable
Luzula masafuerana Skottsb. AS Herb Endemic Endangered
Orchidaceae
Gavilea insularis M.N. Correa AS Herb Endemic Endangered
Poaceae
Agrostis masafuerana Pilger AS Herb Endemic Endangered
Chusquea fernandeziana Phil. RC Shrub Endemic Vulnerable
(bamboo)
Danthonia chilensis E.Desv. var. RC Herb Native LC
chilensis
Danthonia malacantha (Steud.) Pilg. RC Herb Native DD
Megalachne berteroana Steud. RC Herb Endemic Vulnerable
Megalachne masafuerana (Skottsb. & AS Herb Endemic Endangered
Pilg. ex Pilg.) Matthei
Megalachne robinsoniana C.Peia RC Herb Endemic Endangered
Piptochaetium bicolor (Vahl) E.Desv. RC Herb Native LC
Podophorus bromoides Phil. RC Herb Endemic Extinct®
ANGIOSPERMS — DICOTYLEDONAE
Apiaceae (Umbelliferae)
Apium australe Thouars RC Herb Native LC
Apium fernandezianum Johow RC, SC Herb Endemic Endangered
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Taxon Distribution  Life form status status

Centella asiatica (L.) Urb. RC Herb Native Vulnerable

Eryngium bupleuroides Hook. & Arn. RC Rosette tree  Endemic Endangered
(Fig. C34)

Eryngium X fernandezianum Skottsb. RC Rosette tree  Endemic Endangered

Eryngium inaccessum Skottsb. RC Rosette tree  Endemic Endangered

Eryngium sarcophyllum Hook. et Arn. AS Rosette tree  Endemic Extinct

Asteraceae (Compositae)

Abrotanella linearifolia A. Gray AS Herb Native Endangered

Centaurodendron dracaenoides Johow RC Rosette tree  Endemic Endangered
(Fig. C35)

Centaurodendron palmiforme Skottsb. RC Rosette tree  Endemic Endangered

Dendroseris berteroana (Decne.) Hook. RC Rosette tree  Endemic Endangered
& Arn. (Figs. C36, C37, and C38)

Dendroseris gigantea Johow AS Rosette tree  Endemic Cr endangered

Dendroseris litoralis Skottsb. (Fig. C41) RC, SC Rosette tree  Endemic Cr endangered

Dendroseris macrantha (Bertero ex RC Rosette tree  Endemic Cr endangered
Decne.) Skottsb.

Dendroseris macrophylla D.Don AS Rosette tree  Endemic Cr endangered

Dendroseris marginata (Bertero ex RC Rosette tree  Endemic Endangered
Decne.) Hook. & Arm.
(Figs. C42, C43, and C44)

Dendroseris micrantha (Bertero RC Rosette tree  Endemic Endangered
ex Decne.) Hook. & Arm.
(Figs. C47, C48, and C49)

Dendroseris neriifolia (Decne.) Hook. &  RC Rosette tree  Endemic Cr endangered
Am. (Figs. C50, C51, and C52)

Dendroseris pinnata (Bertero ex Decne.)  RC Rosette tree  Endemic Endangered
Hook. & Arn. (Figs. C39 and C40)

Dendroseris pruinata (Johow) Skottsb. RC, SC Rosette tree  Endemic Endangered
(Figs. C45 and C46)

Dendroseris regia Skottsb. AS Rosette tree  Endemic Cr endangered

Erigeron fernandezia (Colla) Harling AS, RC Herb Endemic Vulnerable
(Figs. C53 and C54)

Erigeron ingae Skottsb. (Fig. C55) AS Herb Endemic Endangered

Erigeron luteoviridis Skottsb. AS Herb Endemic Endangered

Erigeron rupicola Phil. (Fig. C56) AS Herb Endemic Vulnerable

Erigeron stuessyi Valdebenito AS Herb Endemic Endangered
(see Appendix 2 and Fig. C57)

Gamochaeta chamissonis (DC.)" AS, RC Herb Native Endangered
Cabrera

Lagenophora hariotii Franch. AS Herb Native Vulnerable

Robinsonia berteroi (DC.) RC Rosette tree  Endemic Extinct®
Sanders, Stuessy &
Marticorena (Fig. C58)

Robinsonia evenia Phil. RC Rosette tree  Endemic Endangered
(Figs. C64 and C65)

Robinsonia gayana Decne. (Fig. C61) RC Rosette tree  Endemic Endangered
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Robinsonia gracilis Decne. (Figs. C62 RC Rosette tree  Endemic Endangered
and C63)

Robinsonia macrocephala Decne. RC Rosette tree  Endemic Extinct

Robinsonia masafuerae Skottsb. AS Rosette tree  Endemic Endangered
(Figs. C66 and C67)

Robinsonia saxatilis Danton RC Rosette tree  Endemic Cr endangered

Robinsonia thurifera Decne. RC Rosette tree  Endemic Cr endangered
(Figs. C59 and C60)

Taraxacum fernandezianum Dahlst. AS, RC Herb Native DD

Yunquea tenzii Skottsb. RC Rosette tree  Endemic Cr endangered

Berberidaceae

Berberis corymbosa Hook. & Am. RC Shrub Endemic Endangered

Berberis masafiterana Skottsb. AS Shrub Endemic Endangered

Boraginaceae

Selkirkia berteroi (Colla) Hemsl. RC Shrub Endemic Cr endangered

Brassicaceae (Cruciferae)

Cardamine chenopodiifolia Pers. RC Herb Native Vulnerable

(annual)

Cardamine flaccida Cham. & Schitdl. RC Herb Native Vulnerable

Cardamine kruesselii Johow ex Reiche AS Herb Endemic Endangered

Campanulaceae

Lobelia anceps L 1. AS,RC Herb Native Vulnerable

Wahlenbergia berteroi Hook. & Arn. RC, SC Shrub Endemic Vulnerable
(Fig. C68)

Wahlenbergia fernandeziana A.DC. RC Shrub Endemic Vulnerable
(Fig. C69)

Wahlenbergia grahamiae Hemsl. RC Shrub Endemic Vulnerable

Wahlenbergia masafuerae (Phil.) Skottsb. ~ AS Shrub Endemic Endangered

Wahlenbergia tuberosa Hook f. AS Shrub Endemic Endangered

Caryophyllaceae

Spergularia confertiflora Steud. var. AS,RC,SC Herb Endemic Vulnerable
confertiflora

Spergularia confertiflora Steud. var. AS,RC Herb Endemic Vulnerable
polyphylla (Phil.) Skottsb.

Spergularia masafuerana Skottsb. AS Herb Endemic Endangered

Chenopodiaceae

Chenopodium crusoeanum Skottsb. RC Shrub Endemic Cr endangered

Chenopodium nesodendron Skottsb. AS Shrub Endemic Cr endangered

Chenopodium sanctae-clarae Johow SC (RC, Shrub Endemic Cr endangered
(Fig. C70) cult.)

Convolvulaceae

Calystegia tuguriorum (G.Forst.) R.Br. AS Herb Native Endangered
ex Hook.f.

Dichondra sericea Sw. AS, RC Herb Native Vulnerable

Ericaceae

Empetrum rubrum Vahl AS Shrub Native Extirpated

Pernettya rigida (Bertero ex Colla) DC. AS, RC Shrub Endemic Vulnerable

(Fig. C71)
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Escalloniaceae

Escallonia callcottiae Hook. & Am. RC Shrub Endemic Vulnerable
(Fig. C72)

Euphorbiaceae

Dysopsis hirsuta (Mull.Arg.) Skottsb. RC Herb Endemic Vulnerable
(Fig. C73)

Fabaceae (Leguminosae)

Sophora fernandeziana (Phil.) Skottsb. RC Tree Endemic Endangered
var. fernandeziana (Fig. C74)

Sophora fernandeziana (Phil.) Skottsb. RC Tree Endemic Endangered
var. reedeana (Phil.) Skottsb.

Sophora masafuerana (Phil.) Skottsb. AS Tree Endemic Endangered

Gunneraceae

Gunnera bracteata Steud. ex Bennett RC Large herb Endemic Vulnerable

Gunnera masafuerae Skottsb. (Fig. C75)  AS Large herb Endemic Vulnerable

Gunnera peltata Phil. (Fig. C76) RC Large herb Endemic Vulnerable

Haloragaceae

Haloragis masafiierana SKottsb. var. AS Herb Endemic Endangered
masafuerana

Haloragis masafuerana Skottsb. var. AS Herb Endemic Endangered
asperrima (Skottsb.) Orchard

Haloragis masatierrana SKkottsb. RC Herb Endemic Endangered
(Fig. C78)

Lamiaceae (Labiatae)

Cuminia eriantha (Benth.) Benth. RC Tree Endemic Endangered
(Fig. C77)

Cuminia fernandezia Colla RC Tree Endemic Endangered

Loranthaceae

Notanthera heterophylla (Ruiz & Pav.) RC Shrub Native Extirpated”
G.Don

Myrtaceae

Myrceugenia schulzei Johow (Fig. C79) AS Tree Endemic Vulnerable

Myrteola nummularia (Poir.) O.Berg AS Shrub Native LC

Nothomyrcia fernandeziana (Hook. & RC Tree Endemic Vulnerable
Arn.) Kausel (Fig. C80)

Ugni selkirkii (Hook. & Arn.) O.Berg RC Shrub Endemic Endangered
(Fig. C81)

Orobanchaceae

Euphrasia formosissima Skottsb. AS Herb Endemic Endangered

Phrymaceae

Mimulus glabratus Kunth AS, RC? Herb Native Vulnerable

Plantaginaceae

Plantago australis Lam. RC Herb Native LC

Plantago fernandezia Bertero ex RC Rosette tree  Endemic Cr endangered
Barnéoud

Plantago firma Kunze ex Walp. RC, SC Herb Native DD

(annual)
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Biogeographical Conservation

Taxon Distribution ~ Life form status status

Ranunculaceae

Ranunculus caprarum Skottsb. AS Herb Endemic Cr endangered
(Fig. C82)

Rhamnaceae

Colletia spartioides Bertero ex Colla RC Shrub Endemic Endangered

Rosaceae

Acaena masafuerana Bitter (Fig. C83) AS Herb Endemic Vulnerable

xMargyracaena skottsbergii Bitter RC Herb Endemic Extinct

(in wild)

Margyricarpus digynus (Bitter) Skottsb. RC Herb Endemic Endangered

Rubus geoides Sm. (Fig. C83) AS Low shrub Native Vulnerable

Rubiaceae

Coprosma oliveri Fosberg RC Tree Endemic Endangered

Coprosma pyrifolia (Hook. & Arn.) AS,RC Tree Endemic Endangered
Skottsb.

Galium masafueranum SKottsb. AS Herb Endemic Endangered

Hedyotis salzmannii (DC.) Steud. RC Herb Native Vulnerable

Nertera granadensis (Mutis ex L.f.) AS Herb Native LC
Druce

Rutaceae

Zanthoxylum externum (SKottsb.) Stuessy ~ AS Tree Endemic Endangered
(see Appendix 2)

Zanthoxylum mayu Bert. (Fig. C84) RC Tree Endemic Vulnerable

Salicaceae

Azara serrata Ruiz & Pavon var. RC Tree Endemic Endangered
fernandeziana (Gay) Reiche (Fig. C85)

Santalaceae

Santalum fernandezianum F.Phil. RC Tree Endemic Extinct

Solanaceae

Nicotiana cordifolia Phil. subsp. AS Subshrub Endemic Endangered
cordifolia

Nicotiana cordifolia Phil. subsp. SC (RCM Subshrub Endemic Endangered
sanctaclarae Danton

Solanum fernandezianum Phil. RC Herb Endemic Endangered

Solanum pentlandii Dunal subsp. AS Herb Native Endangered
interandinum (Bitter) Edmonds

Urticaceae

Bohemeria excelsa (Bertero ex Steud.) RC Tree Endemic Endangered
Wedd. (Fig. C86)

Parietaria debilis G.Forst. AS, RC, SC Herb Native LC

Urtica glomeruliflora Steud. AS,RC Herb Endemic Endangered

Urtica masafuerae Phil. AS Herb Endemic Cr endangered

Verbenaceae

Rhaphithamnus venustus (Phil.) B.L.Rob. AS, RC Tree Endemic Vulnerable

(Fig. C87)

Note: Placement of genera into families of angiosperms follows Mabberley (2008) and APG (1998, 2003, 2009,
2016) with some modifications and for ferns from Windham (1987), Kramer and Green (1990), Smith et al.
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(2006), de la Sota et al. (2007), Christenhusz et al. (2011), and Liu et al. (2013). For more information on the

species listed as “endangered,” see Chapter 9. This list is based primarily on herbarium collections at CONC,

0S8, and WU, plus citations in Johow (1896), Skottsberg (1921), Marticorena et al. (1998), Danton et al. (2006),

Baeza et al. (2007), Wheeler (2007), Rodriguez (2015), Freire et al. (2016), and C. Taylor (unpublished

manuscript, Urticaceae). Herb, perennial herb; LC, least concern; Cr endangered, critically endangered; DD,

data deficient (i.e., status uncertain); RC, Robinson Crusoe Island; AS, Alejandro Selkirk Island; SC, Santa

Clara Island.

* Tryon and Stolze (1993) and Prada et al. (2008) have placed Blechnum chilense in synonymy under
B. cordatum, but we follow Rodriguez (2015) in maintaining them as distinct.

® de la Sota (2007), Smith and Tejero-Diez (2014), and Danton et al. (2015) have treated this species as
belonging to Pleopeltis, but we consider it better left in Polypodium due to a lack of peltate scales (R.
Rodriguez, personal communication).

“ Baeza et al. (2002, 2007) indicate that this species appears to be extinct.

4 Freire et al. (2016) have recently submerged the formerly endemic Gamochaeta fernandeziana (Phil.)
Anderb. into G. chamissonis, which is known also in Chile and adjacent areas of Argentina.

° In April of 2016, there was an online report by Mauricio Silva that the guides of CONAF have located one
(male) plant of Robinsonia berteroi on the summit of El Yunque on Robinson Crusoe Island. This is
encouraging news, but confirmation of thi