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ABSTRACT 

Oceanic islands are important natural laboratories in which to investigate patterns and processes of plant evolution.  As plant colonists arrive and speciate in a new 

island environment, changes in secondary plant metabolites take place. These compounds have a major role for defense against herbivores, especially insects.  Due 

to a reduction (or absence) of herbivores in a new oceanic island, loss of defensive compounds might be expected. Another concern is whether secondary metabolites 

track phylogeny in the islands in the same way as does morphology or DNA.  These research interests have been focused on the endemic plants of the Robinson 

Crusoe (Juan Fernández) Archipelago, a Chilean national park.  In collaboration with Professor Mario Silva of the University of Concepciόn, we have made 

comparisons among endemic species of the islands as well as with close mainland relatives.  Data have revealed that the patterns of secondary products resulting from 

phylogeny within the islands have in general paralleled those from morphology as well as more recent DNA data. Testing the hypothesis of a reduction in secondary 

products within endemic island species has shown both reductions and gains in diversity of flavonoids in different genera. These investigations were completed 

successfully with the outstanding collaboration of Silva, who spearheaded chemical analyses of many island plants and continental relatives.  It was a privilege to 

have worked with him as a scientist and to have known him as a friend. 
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INTRODUCTION 

Oceanic islands are isolated land masses completely surrounded by water, 

which encourages hypotheses on biogeography and evolution of the terrestrial 

biota [1, 2].  Plant life is especially significant as colonists combine into 

vegetation that allows animal life to establish, all contributing to a stable island 

ecosystem [3]. Plants arriving to a newly formed oceanic island confront 

numerous challenges for survival, some of which differ from those in the 

ancestral area, involving water balance, temperature, and available pollinators 

[4]. Asexual reproduction and/or favorable breeding compatibility must also 

prevail to allow successful development of populations in the new habitat [5, 6]. 

These alterations from continental ancestors have led to what has been referred 

to as the island syndrome [7, 8]. 

ISLAND PLANTS AND SECONDARY COMPOUNDS: GENERAL 

PERSPECTIVES 

Plants contain numerous secondary compounds that contribute to fundamental 

metabolic processes but also have specific roles in adaptation to environmental 

change, competition with other plants, and resistance to or tolerance of 

herbivores [9-16]. In the ancestral continental area, these secondary products are 

well adapted to above- and below-ground stresses, but in oceanic islands the 

secondary metabolism must adjust to survival under a different selection regime.  

As plant species disperse from a continental region and become established in 

an oceanic island, a major alteration in the environment is a change of insect 

predators. It has been hypothesized that in the absence of these herbivores, 

secondary products over many generations may diminish in quantity or become 

less diverse, fewer chemical defenses being needed for survival [17-21].  Bohm 

[21] completed a survey of data available for oceanic islands, but he did not find 

a marked decrease of secondary product chemistry in plants of oceanic islands in 

comparison with mainland relatives, nor did Moreira et al. [22]. However, 

Freedman et al. [23] reported a decline in terpenoids from leaf surfaces in Stachys 

bullata in the Channel Islands in comparison with populations on the Californian 

mainland. Such conflicting results might be explained, at least in part, by new 

ecological pressures in the island environment, other than herbivory, such as 

seasonal and/or latitudinal factors [24], that could induce chemical defenses [25].  

Whatever secondary product systems persist in plants of oceanic islands, a 

further question is if changes in these chemical systems correlate with changes 

in morphology or DNA as the plants evolve and speciate in the islands. Some 

plants arrive, change genetically, but do not radiate into derivative species (i.e., 

they evolve by anagenesis or transformational speciation [26]). In an adaptively 

radiating complex, whereby many species evolve from the original colonizer, 

changes in morphology in derivative species can be dramatic.  One of the most 

spectacular such radiations has occurred in the silverswords of the Hawaiian 

Islands [27, 28]. Do the secondary products change in the same or similar way 

as morphology, i.e., do they reflect the same evolutionary relationships?   

All oceanic islands of the world are of interest for understanding patterns and 

processes of plant evolution.  A very favorable island system, largely due to its 

small size and geographic position is the Juan Fernández Archipelago (JFA; 

Figure 1). Situated 687 kms west of Valparaíso, Chile, this island group consists 

of three major islands: Robinson Crusoe (RC), Alejandro Selkirk (AS), and Santa 

Clara (SC). The first two are 48 km2 and 50 km2, respectively, with the latter 

much smaller at only 2.2 km2 [29]. Significant are the ages of the islands, with 

the oldest ones (RC and SC) c. 4 Myr and the youngest (AS) at c. 1 Myr [30].  

These geological age differences and the east-west orientation of the islands 

encourage inferences on biogeographic hypotheses and processes of evolution of 

plants of the archipelago. The probability of a propagule from the Chilean 

mainland arriving to the older and nearer island first (RC and SC originally as 

one larger island) is much higher than for a propagule arriving preferentially to 

the more distant and younger island. 

 

Figure 1.  Location of the Robinson Crusoe (Juan Fernández) Archipelago, 

Chile. 

BRIEF HISTORY OF ROBINSON CRUSOE (JUAN FERNANDEZ) 

COLLABORATION 

Chemical and evolutionary research in the JFA was initiated in 1977 during a 

development trip by Tod Stuessy to confer with Mario Silva at the University of 

Concepciόn. After consideration of several alternative projects, the plan of 

investigations focused on evolution of the tree-Compositae of the JFA.   
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None of the botanists in Concepciόn had visited or collected in the islands, and 

this was regarded as an important objective for the new Flora de Chile project.  

Silva was especially interested in examining the chemistry of the endemic island 

species, with the hope of finding new chemical structures, perhaps also bioactive 

compounds. Funds were obtained from Chilean and U.S.A. sources, and the first 

expeditions were completed in January-February and November-December of 

1980. An important addition to the project was the incorporation of Daniel 

Crawford (Figure 2), whose research centered on use of secondary products 

analyses (especially flavonoids) for studying plant speciation and evolution. 

Crawford attended the Third Chilean Botanical Congress in Concepciόn and 

resided in the Silva laboratory for several weeks while an expedition of 

participants from Ohio State and University of Concepciόn collected plant 

material on RC. The major purpose of the Crawford visit was to introduce 

methods to the Silva lab of flavonoid analyses that only required small amounts 

of plant material, which would allow sampling of multiple populations of rare 

plants in the JFA. This visit solidified ties between the laboratories at Ohio State 

University and the University of Concepciόn.  Flavonoids were ideal as 

systematic markers for plants growing in isolated areas such as the JFA because 

they are stable during gentle drying, and only small amounts of plant material are 

needed for analysis. 

 

Figure 2.  Left to right: Mario Silva with Daniel Crawford, Oscar Matthei, and 

Tod Stuessy.  Concepciόn, 1984. 

In joining with Crawford and Stuessy, Silva provided the perfect complement 

for the JFA research project. He had developed a strong phytochemical 

laboratory within the Department of Botany at the University of Concepciόn 

(Figure 3).  His doctoral training was at the University of London, working in the 

laboratory of Sir Derek Barton, who subsequently received the Nobel Prize for 

his work on conformational analysis. This international training set the tone for 

allowing Silva to come back to Chile and develop an internationally oriented 

laboratory. He initiated a general research project on the “Chemistry of the 

Chilean Flora,” in which he investigated a broad range of compounds in diverse 

plant families [31-36]. The focus on these studies was to discover compounds 

new to science, but also with the additional hope of discovering bioactive 

compounds of high economic potential for Chile [37-41]. 

 

Figure 3. Mario Silva and members of his phytochemical laboratory, 

University of Concepciόn, 1977.  Left to right: Roberto Rozas, Julio Vargas, 

Magalis Bittner, José Becerra, Zenόn Rozas, Patricia Pacheco, and Mario Silva. 

FLAVONOID INVESTIGATIONS OF JUAN FERNANDEZ PLANTS: 

GENERAL PURPOSES AND SELECTED EXAMPLES 

 One objective of the collaboration with Silva was to determine the efficacy of 

flavonoids for distinguishing endemic and native taxa within lineages in the 

archipelago, and to infer their biogeographic histories. A second goal was to map 

the array of flavonoids onto phylogenies generated from morphological and/or 

molecular data to elucidate the evolution of flavonoid biosynthetic pathways in 

island plants (Figure 4). We also wished to compare flavonoid arrays (Figure 5) 

of insular plants with their presumed closest continental relatives (most recent 

common ancestors) to determine whether there had been loss of compounds or 

the evolution of novel ones in the islands. In addition to contributing to the 

evolutionary studies on endemic plants of the JFA, Silva published papers from 

his laboratory on the chemistry of these and related continental species, e.g., in 

Dendroseris [42, 43], Drimys [44], Robinsonia [45, 46], and Sophora [47, 48].  

 

   Figure 4.  Diagram of major biosynthetic pathways to flavonoid classes. 

Three examples are here selected among the many JF taxa examined for 

flavonoids during the collaboration with Silva and his laboratory; see Crawford 

et al. [49] for complete discussion of studies. Investigations of the two large 

genera Dendroseris and Robinsonia compare flavonoid evolution and 

application of the compounds to systematics-evolution and biogeography in the 

archipelago. Peperomia was selected because of the interesting array of 

compounds in the JF taxa and their utility for documenting an unusual 

geographical disjunction between AS and Tristan da Cunha in the North Atlantic. 

 

Figure 5. Structures of several classes of flavonoid compounds. (A) Flavones, 

with the standard numbering of positions on the molecules shown; -OH 

(hydroxyl) at 4' = apigenin, at 3' and 4' = luteolin. (B) Flavonols; -OH at 4' = 

kaempferol, at 3' and 4' = quercetin, -OCH3 (methyl) on 3' and -OH at 4' = 

isorhamnetin. (C) C-Glycosylflavone sugars may be at either the 6 or 8 position 

or at both. (D) 6-Hydroxyflavone. (E) 6-Hydroxyflavonol. (F) 6-

Methoxyflavonol. (G) Flavanone (no -OH at 3 position) and dyhydroflavonol (-

OH at 3 position). (H) Aurone. 
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Dendroseris (Asteraceae: Cichorieae: Hyoseridinae) 

Dendroseris consists of spectacular rosette “trees” and is the largest endemic 

genus in the JFA with 11 species, eight on RC and three on AS.  Pacheco et al. 

[50] examined flavonoids from nine species in the genus, Crawford et al. [49] 

interpreted flavonoid evolution in the framework of molecular phylogenetic 

analyses, and Cho et al. [51] generated phylogenies from sequences of complete 

plastid genomes. Sequences from nuclear and plastid genomes resolve the genus 

as holophyletic (originating from a single colonizing event; Figure 6); 

morphological and ecological divergence within the clade is extensive with 

subgenera recognized [51-53] (Figure 6).  

 

   Figure 6. Phylogeny of Dendroseris from ITS sequences. Classes of 

flavonoids (Figure 5) found in each species indicated in parentheses (fv, 

flavones; fl, flavonols). Nine species endemic to RC, with D. regia only taxon 

endemic to AS. Bootstrap support percentages indicated above branches. 

Modified from [52].  

Within Dendroseris, subgenera (subg.) Dendroseris and Phoenicoseris are 

holophyletic, two species of subg. Rea group together, but relationships of the 

other two species have not been resolved [52, 54, 55] (Figure 6). Cho et al. [51] 

showed that subg. Phoenicoseris diverged from the common ancestors of subg. 

Dendroseris and Rea (Figure 6).  

Subgenera Dendroseris and Rea accumulate flavones and flavonols, whereas 

only flavones have been detected in subg. Phoenicoseris (cf. Figures 5A-B, 6). 

The only detected evolutionary change in Dendroseris is likely the loss of 

flavonols in subg. Phoenicoseris. Variation in substitutions on the basic 

structures shown in Figure 5 occurs among species within subgenera and rarely 

among populations of the same species.  

The closest continental relatives of Dendroseris undoubtedly reside 

somewhere within the large genus Sonchus (or segregate genera), but additional 

studies including extensive sampling within Sonchus are needed for refined 

inferences of the closest relatives of Dendroseris. Suffice it to say that the classes 

of flavonoids present in Dendroseris also occur in Sonchus, with flavones 

commonly reported with occasional detection of flavonols [56, p. 337, table 

20.12].  

 

   Figure 7. The most parsimonious tree for Robinsonia from analyses of ITS 

sequences, with classes of flavonoids detected in each species shown in 

parentheses: fv = flavones; fl = flavonols; fvv = flavanones; dh-fl = 

dihydroflavonols.  (AS) indicates R. masafuerae endemic to AS; other species 

occur only on Robinson Crusoe. Numbers above branches are percentages 

bootstrap support (1,000 replicates). Modified from [57]. 

   Robinsonia (Asteraceae: Senecioneae) 

   Robinsonia is the second largest endemic genus in the JFA with eight 

species, all dioecious rosette trees [53, 54]. Molecular phylogenetic and 

phylogenomic data clearly resolve the genus as holophyletic [57, 58] (Figure 7). 

Pacheco et al. [59] examined flavonoids in the seven species of Robinsonia 

recognized at the time, including the extinct species R. macrocephala (from 

herbarium material), which has not been included in molecular phylogenetic 

studies. However, analyses of 30 anatomical and morphological characters 

placed R. macrocephala in its own section in subg. Robinsonia [54]. A new 

species was described by Danton [60] (R. saxatilis), but its flavonoids are 

unknown. Pacheco et al. [59] found a variety of common flavone and flavonol 

glycosides, flavanones and a dihydroflavonol (Figures 5, 7). The 

morphologically distinct R. berteroi (subg. Retinodendron) is sister to all other 

species and was once thought to be extinct, but a small number of plants have 

been documented from several localities [61]. Section Robinsonia (subg. 

Robinsonia) is holophyletic with the two species having simple flavonols 

(Figures 5A-B, 7). The other section (Eleutherolepis) of subg. Robinsonia is 

holophyletic with all three species sequestering flavones as well as flavonols 

(Figures 5A-B, 7); this suggests that the ability to synthesize flavones evolved in 

the common ancestor of this section (Figures 5, 7). Robinsonia gracilis is the 

only species in the genus accumulating flavanones and a dihydroflavonol (Figure 

5G) which are precursors to the synthesis of flavones and flavonols (Figures 4, 

5A-B, 7).  Sequestration of these intermediate compounds indicates that the 

terminal steps in the pathway are inefficient in converting them to flavones and 

flavonols, but explanation for their accumulation is unknown.  Bohm and Stuessy 

[56, p. 500] present the hypothesis that increased flow of carbon in the system, 

due to changes in control of enzymes at earlier stages of biosynthesis, cause 

increase in levels of flavanones and dihydroflavonols beyond the capacity of the 

enzyme to convert them to flavones and flavonols.  

The closest continental relatives of Robinsonia reside somewhere within the 

large, diverse genus Senecio [62], but their closest relatives within the genus 

remain to be elucidated [49, 58]. Bohm and Stuessy [56, pp. 351-353, table 15.1] 

summarized flavonoid compounds reported for 50 species of Senecio (many from 

Latin America) with flavonols very common. Flavonoid chemistry is concordant 

with the general hypothesis that Senecio is ancestral to Robinsonia but it does not 

offer clues to its closest relative within the large diverse genus.  

Peperomia (Piperaceae) 

Peperomia is one of the largest genera of flowering plants, with possibly 

1,400-1,500 accepted species [63], and has long been considered a difficult genus 

taxonomically [64]. Only four species of this immense genus occur in the JFA. 

Peperomia fernandeziana is found on the continent and on both RC and AS 

islands. The three endemic taxa are P. margaritifera (RC), P. skottsbergii (AS) 

and P. berteroana subsp. berteroana (AS, RC).   

Phenetic analyses of the four species on JF, as well as P. fernandeziana and 

other species of Peperomia from the continent, show that: insular P. 

fernandeziana clusters with populations from the continent and with other 

continental species, and that the three JF endemics form a strongly supported 

group distinct from P. fernandeziana, showing that Peperomia in the islands has 

originated from at least two introductions [65]. Cladistic analyses of 15 

morphological characters of the two endemic species and endemic subspecies of 

P. berteroana (AS, RC) resolved two lineages, one with P. margaritifera (RC) 

and P. skottsbergii (AS) as sister taxa, and the other composed of P. berteroana 

subsp. berteroana (AS, RC; Figure 8). 

 

Figure 8. Evolutionary relationships among Peperomia species endemic to 

Juan Fernández Islands based on 15 morphological characters. AS = Alejandro 

Selkirk Island; RC = Robinson Crusoe Island; sf = occurrence of sulfated 

flavonoids. Modified from [65]. 
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Flavonoids in the four Peperomia species on JF consist primarily of a variety 

of flavones occurring as O-glycosides with B-ring methylation (Figure 5A) and 

an even richer array of C-glycosylflavones (Figure 5C) also with methylation in 

the B-ring. Of special interest are the sulfated flavones which occur infrequently 

but are widely and sporadically distributed in flowering plants and often occur in 

specialized habitats; to our knowledge they have not been reported previously 

for Peperomia or in Piperaceae [66, 67]. These compounds have sulfate groups 

(SO3-) as esters at positions where hydroxyl or methoxyl groups typically occur 

[65-67].  

Valdebenito et al. [65] examined flavonoids from multiple populations of JF 

endemic and native species of Peperomia plus two populations of P. 

fernandeziana from the continent. Inter-populational variation occurred in four 

flavonoid classes (Figure 5; flavones, C-glycosylflavones, sulfated flavone, and 

flavonols) in all species except P. margaritifera [65]. Flavonoids do not 

distinguish between populations of P. fernandeziana on RC and AS islands, nor 

are their flavonoids distinct from the continental populations. Extensive inter-

populational variation in each area compromises the ability of flavonoids to 

determine whether there was one dispersal to the islands followed by inter-island 

dispersal or independent colonizations of the two islands.  

 

The relationships among the two endemic species, P. margaritifera (RC) and 

P. skottsbergii (AS), and the subspecies of P. berteroana (RC, AS), hypothesized 

by Valdebenito et al. [65], were used for assessing the taxonomic utility of 

flavonoids and for interpreting flavonoid evolution of Peperomia on JFA. 

Peperomia margaritifera differs from the other two endemic taxa in lacking 

flavone O-glycosides, a reduced number of C-glycosylflavones, and absence of 

sulfated glycosides (Figure 8; Valdebenito et al., 1990, 1992). Flavonoids 

indicate a closer relationship between Peperomia skottsbergii and the subspecies 

of P. berteroana than either is to P. margaritifera because they both accumulate 

flavone O-glycosides and sulfated flavone glycosides [65, 68] (Figures 5, 8). 

There are two hypotheses for the evolution of sulfated flavonoids with the 

Valdebenito et al. [65] phylogeny. One is that the colonizing ancestor of the 

insular species synthesized sulfated glycosides with a single loss in P. 

margaritifera. Alternatively, a less parsimonious hypothesis is independent gain 

of sulfated glycosides in P. skottsbergii and P. berteroana (Figure 8).  

Flavonoid chemistry provided compelling evidence for a close relationship 

between P. berteroana subsp. berteroana on AS and P. berteroana subsp. 

tristanensis, which is endemic to Inaccessible Island in the Tristan da Cunha 

archipelago some 5,000 km from AS in the South Atlantic Ocean [68]. The 

flavonoid profiles of P. berteroana subsp. berteroana on RC and AS islands 

differ by several compounds, but the profiles of AS and subsp. tristanensis are 

identical. Morphological analyses distinguish the two subspecies; of special 

interest is that several populations of subsp. berteroana on AS are more similar 

to subsp. tristanensis than they are to any RC populations. Peperomia represents 

one of the most remarkable examples of the use of flavonoids for documenting 

dispersal of plants between distant oceanic archipelagos [68]. 

Surveys of flavonoids in Dendroseris, Robinsonia, and Peperomia allow a test 

of the hypothesis of a reduction in diversity of secondary compounds in plants of 

oceanic islands (quantification was not attempted). Comparisons of the flavonoid 

systems between island and continental taxa are complicated because all three 

most likely ancestral genera are large (hundreds of species), and the closest 

specific relatives in continental (ancestral) areas have not yet been precisely 

identified.  

With regard to Dendroseris, subgenera Dendroseris and Rea possess flavones 

and flavonols, but subg. Phoenicoseris contains only flavones (Figure 6). 

Surveys in the closest generic relative, Sonchus, have revealed mostly flavones, 

but with occasional reports of flavonols.  Because the endemic species of 

Dendroseris in the islands are believed to have evolved from a single 

introduction, and because two of the three subgenera possess both flavones and 

flavonols, it is likely that the original immigrant to RC contained both flavonoid 

classes. Species in subg. Phoenicoseris have lost the ability to synthesize 

flavonols, likely because of the inability to convert flavanones to 

dihydroflavonols, which are the immediate biosynthetic precursors of flavonols 

[69] (Figure 4). This loss presumably has a simple genetic basis that represents a 

derived condition in Dendroseris [69]. These species live in the high forests 

(above 500 m) on RC and AS islands, in humid and wind-swept habitats. We can 

only surmise that loss of flavonols in this lineage has apparently been due to 

adaptation to unknown environmental stresses. It is noteworthy that the one 

species of the complex on AS, R. regia, which evolved anagenetically within the 

past 1 Myr from relatives on RC, also contains only flavones. Among subgenera 

of Dendroseris, therefore, a case can be made for a reduction in diversity of 

flavonoids in this one lineage. 

The situation in Robinsonia provides a contrast to flavonoids in Dendroseris. 

Although analyses of one species of Senecio from the Chilean mainland (S. 

poeppigii) revealed both flavones and flavonols, parsimony among species 

within the islands (i.e., in sect. Robinsonia and subg. Rhetinodendron) suggests 

that the original immigrant contained only flavonols (Figure 7). Only within sect. 

Eleutherolepis did flavones evolve (plus dihydroflavonols and flavanones in R. 

gracilis).  This becomes an example, therefore, of a gain of flavonoid compounds 

during evolution of Robinsonia in the JFA. As with Dendroseris, the single 

species of Robinsonia on AS, R. masafuerae, contains the same classes of 

flavonoids as R. evenia of the same sect. Eleutherolepis on RC, from which the 

former evolved anagenetically. 

The evolution of flavonoids among endemic species of Peperomia is also an 

instructive case (Figure 8). Peperomia fernandeziana is native in the archipelago 

and is therefore excluded from comparison as it appears to have been a recent 

introduction; furthermore, populations in the islands show the same flavonoid 

profiles as in the continent.  Peperomia margaritifera occurs only on RC and P. 

skottsbergii on AS, with P. berteroana (subsp. berteroana) on both islands. 

Because sulfated flavones are not known elsewhere in Peperomia, this suggests 

a gain of sulfated flavones early in the evolution of the island complex, followed 

by loss only in P. margaritifera. This is a rare species, confined to dry basaltic 

ridges on RC. 

These three generic systems, containing 21% of the endemic angiosperm 

species of the archipelago [53], show potential evolutionary gain as well as loss 

of diversity of flavonoid compounds. It is perhaps unsurprising that these results 

complement those from earlier surveys of island plants [21, 22] in which 

different trends in evolution of secondary products have occurred.  The answer 

appears that flavonoids, as with all characters in plants that successfully colonize, 

establish, and speciate in oceanic islands, are under many different selective 

pressures that can impact resultant diversity. Flavonoids are involved with 

numerous metabolic and defensive roles within the plant body, and new island 

environments acting upon divergent lineages can elicit different adaptive 

responses. 

IN MEMORIAM 

Collaborations between the laboratories at Ohio State University and the 

University of Concepciόn, which eventually resulted in more than 140 papers 

[see list in 70], would not have been successful without the exceptional personal 

qualities of Mario Silva. He was extremely intelligent, international in 

perspective, but more importantly open, friendly, and trusting. He always did his 

part with preparing grant proposals, gathering chemical data, writing 

manuscripts, and he was central to facilitating the expeditions to the islands. 

Scientists do not collaborate successfully unless a strong “chemistry” exists 

among principal investigators, and in our case, a firm bond developed. 

Silva was also a very effective mentor of graduate students, especially at the 

Ph.D. level. He understood how to encourage and shape young scientists, moving 

them forward toward becoming mature investigators, able to continue 

independent work in the future. His dedication to research set an example for 

students in his laboratory. He was instrumental in the development of Patricia 

Pacheco and Hugo Valdebenito, both of whom came to Ohio State and received 

their doctorates there. Another M.S. student, Eduardo Ruiz, came to Ohio State 

for work in the laboratory of Crawford, as part of a sandwich program with 

Concepciόn, from where he eventually received his doctoral degree.  

Silva’s expertise in building a successful chemical laboratory also allowed him 

to become an effective administrator.  He understood funding mechanisms and 

had an excellent sense of grantsmanship, both essential for successful leadership 

roles within the University of Concepciόn. Some scientists climb the ladder into 

full-time administration within a university, disappearing into people-

management roles. Silva was a person who had administrative talent and helped 

university programs and initiatives, but he always returned to research in the 

laboratory.  



J. Chil. Chem. Soc., 71, N°1 (2026) 

 

 
 

 6511 
 

We are proud to participate in this memorial series of papers to celebrate the 

life of Mario Silva. We miss his energy, his quick thinking, his ability to 

understand people, and his kind and supportive demeanor. He always treated us 

openly, invited us to join in family activities in his home, and integrated himself 

effortlessly into our families when he visited Ohio State. It was an honor and 

privilege to have worked with such a remarkable scientist and valued friend. 
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