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Abstract

Native, endemic, and introduced vascular plants from the Galdpagos Islands were
processed for phytolith extraction. Modern plant specimens of 43 species were collected
in the field considering the possible uses of these plant species during the first years
of colonization of San Cristébal Island, Galdpagos (1860s). This comparative illustrated
catalog is limited to test the production of phytoliths in useful endemic, native, and
introduced plant taxa. The results provided the main elements to discriminate
morphotypes from native and introduced plants in San Cristébal. This catalog will guide
future paleoethnobotanical research in the Galdpagos and other archipelagos of the far
eastern Pacific islands.

Keywords: Microfossils, Endemic Trees, Comparative Collection, Ecuador.

Resumen

Especimenes de plantas vasculares nativas, endémicas, e introducidas de las Islas
Galdpagos fueron procesadas para la extraccion de fitolitos. 43 plantas fueron
recolectadas considerando los posibles usos de estas especies de plantas durante los
primeros anos de colonizacion de la Isla San Cristébal, Galdpagos (1860s). El catdlogo
ilustrado comparativo que se presenta aqui se limita a explorar la produccion de
fitolitos en taxones utilizados por los seres humanos. Los resultados proporcionaron los
elementos principales para discriminar morfotipos de plantas nativas e introducidas en
San Cristobal. Este catdlogo permitird futuras investigaciones paleoetnobotanicas en las
Galdpagos y otros archipiélagos de las islas del Pacifico oriental.

Palabras clave: Microfésiles, Arboles Endémicos, Coleccion Comparativa, Ecuador.

INTRODUCTION

The Galdpagos Islands are considered one of the last pristine natural paradises on Earth.
However, during the past four centuries the local plant and animal populations have
experienced a constant process of change caused mainly by anthropogenic activity.
After accidental discovery by Bishop Tomas de Berlanga in the name of Spain, the
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Galdpagos Islands remained seasonally inhabited by pirates and whalers. They were the
place later selected by planters to build industrial-size plantations for sugarcane, coffee,
and quinine trees (Cinchona pubescens).

The Historical Ecology of the Galdpagos Islands project aimed to explore the human
history and ecological consequences of human colonization of San Cristébal Island from
an archaeological perspective. The project was divided into four main components for
investigating the material and biological remains of El Progreso plantation: zooarchaeology,
palecethnobotany, material culture analysis, and landscape transformation (https://goo.gl/
CpKTpB). As an integral aspect of the palecethnobotanical component and for comparative
purposes, a set of 43 plant samples representing 18 families and 42 species of vascular plants
was processed for phytolith extraction during the summers of 2014 and 2015.

The overall goal of this work was to initiate a comparative collection of phytoliths
from endemic, native, and introduced plant species existing in the highlands of San
Cristébal Island. The specific objectives were: (1) to identify the production of diagnostic
phytoliths; and (2) to catalog the existing diagnostic phytolith morphotypes. Based on
published sources, a pre-selection of prominent local taxa to be sampled in the field
was used [1-5]. Nine endemic, eleven native, and twenty-two introduced modern plant
species were collected considering the possible uses of these plant species during the
first years of colonization of San Cristébal Island. The comparative illustrated catalog
presented here is limited to test the production of phytoliths in economic and useful
endemic, native, and introduced plant taxa.

STUDY AREA

The Galdpagos are a group of volcanic islands located below the equator in the Pacific
Ocean, 1000 km west of the Ecuadorian coast. The Galdpagos archipelago comprises
approximately 128 named islands and islets formed about three million years ago. The
age of the islands increases moving from west to east because of the drift of the Nazca
tectonic plate away from the East Pacific Ridge to the southeast over a hotspot [6-8]. This
study was located in the southeastern highlands of San Cristobal, the easternmost and
one of the oldest islands in the Galdpagos.

The structure of the islands is that of coalescent and/or super-posed lava streams in the lower
parts and cones of different pyroclastic material at higher elevations [9]. Soils are formed
after decomposition of lava flow surfaces caused by moisture. The modern landscape is
covered with poorly developed black soils; older soils are brown Andisoils, and the oldest
surfaces show eroded and highly cohesive red soils [10]. Soil pH averages from 6.37 to 6.52
in the humid highlands of San Cristobal Island (Percy, 2015, personal communication).

Even though the islands are situated on the equator, they do not have a tropical climate
due to the influence of two interacting oceanic systems: the Inter Tropical Convergence
Zone and El Nifio Southern Oscillation [11]. Local climate is influenced by altitude;
the average annual temperature oscillates from 20 to 31°C, and only two seasons are
recognized: cool and dry between June and December, and warm and rainy between
January and May. The annual precipitation varies from 700-3000 mm and on the
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windward slopes of the mountains a mist, called garta, is responsible for continuous
humidity throughout the cool season [9].

In Galdpagos, approximately 600 plant taxa exist of which about 32% are endemic. Seven
vegetation zones have been defined: Littoral (or Coastal) Zone, Arid Zone, Transition Zone,
The Moist Zones: Scalesia Zone, Zanthoxylum (or Brown) Zone, Miconia Zone, Pampa or
Fern-Sedge Zone [12]. The environmental setting selected for this project was the Humid
Zone (also called the Agricultural Zone or Scalesia Zone), which extends from 200 to 400
m a.s.l. This zone is home to a variety of endemic taxa such as Scalesia pedunculata, Psidium
galapageium, Pisonia floribunda, Adenostemma lavenia, Adiantum henslovianum, Andiatum
macrophyllum, Asplenium auritum, Asplenium cristatum, Asplenium formosum, Blechnum
occidentale var. puberulum, Blechnum polypodioides, Conyza bonariensis, Desmanthus
virgatus, Epidendrum spicatum, Justicia galapagana, Lycopodium dichotomum, Lycopodium
passerinoides, Polypodium aureum, Polypodium phyllitidis, Psychotria rufipes, Tournefortia
rufo-sericea; and the native trees Cordia lutea and Piscidia carthagenensis [13, 14, 12].
Today, the vegetation is characterized by the presence of invasive trees and shrub species
such as guava (Psidium guajava), blackberry (Rubus niveus), plum rose (Syzygium jambos),
multicolored lantana (Lantana camara), and several grasses from the genera Brachiaria,
Eragrostis, Panicum, and Pennisetum [15].

HUMAN COLONIZATION OF THE GALAPAGOS ISLANDS

It is believed that humans never occupied the archipelago before European discovery
in 1535. Heyerdahl and Skjglsvold (1974) presented evidence suggesting that pre-
Columbian groups from coastal Peru and Ecuador visited the islands, but this proposition
is still in dispute [16]. After independence from Spain in 1822 and separation from Gran
Colombia in 1830, the nation of Ecuador claimed the archipelago as national territory. The
government then negotiated concessions of some islands for exploiting natural resources
and to implement industrial-scale plantations to maintain sovereignty over the islands. In
this scheme, Ecuadorian businessmen Manuel J. Cobos, Angel Cobos, and José Monroy
obtained a long-term concession to plant and export sugar cane (Saccharum officinarum)
and coffee (Coffea arabica L) from San Cristébal Island —formerly named Chatham. They
created a large plantation called £/ Progreso in the humid highland interior of the island,
1000 km west of the South American Pacific coast (Fig. 1).
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FIGURE 1. El Progreso Plantation operated in the humid highlands of San Cristobal Island, 7 km east of the
modern port city of Puerto Baquerizo Moreno. Modern plants for phytolith extraction were collected in the
proximities of the modern village, also named El Progreso.
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This industrial-scale plantation occupied most of the southwestern portion of the island.
By 1904 El Progreso plantation was producing approximately 500 tons/yr. of sugar and
great quantities of alcohol. Water was extracted from one of the few sources of fresh
water in the entire archipelago, £/ Junco Lake, located 7 km away in the interior of
the island. Over 100 km of roads were constructed and a 10-km railroad transported
sugar products, coffee, tortoise oil, lime, salted and dried fish, meat, and leather to a
deep-water port. Almost 400 laborers lived and worked on the plantation [17, 18]. The
hacienda ceased operations in 1917. Since then, smallholder farmers have occupied
some of the original El Progreso lands. Weeds invaded the abandoned fields and the
useable machinery was returned to the mainland or removed by the remaining workers
and visitors [18]. Today, the original hacienda land is a modern parish of the Province of
Galdpagos and is divided into small parcels used for farming.

METHODS AND LABORATORY PROTOCOLS

The plant specimens for this collection were collected during the summers of 2014 and
2015 in the proximity of El Progreso village (-0.90734, -89.55833; 334 m a.s.l.). Sections of
leaves, stem, and wood were used to explore the presence and production of diagnostic
phytoliths (Table 1).

Phytolith extraction from modern samples followed “dry ashing” protocols outlined by
Albertand Weiner (2001) [19], with minor modifications from Mercader et al. (2011, 2010)
[20, 21] and Astudillo (2018) [22]. The samples were processed in the laboratories of the
Galdpagos Science Centre (UNC-Chapel Hill) in Ecuador and Simon Fraser University in
Canada. The protocol is ordered in four steps.

TABLE 1. Plants collected in San Cristobal for phytoliths extraction
Key: L= leaves; S= stem; W= wood/bark; F = flowers

Family Species Parts (Category TAL No.
Asteraceae | Scalesia pedunculata Hook. f. LS Endemic GLP-PRG-PLB-REF 4
Bombaceae | Ceiba pentandra (L.) Gaertn. L,S,W | Introduced GLP-PRG-PLB-REF 21

Boraginaceae | Tournefortia pubescens Hook f. LS Endemic GLP-PRG-PLB-REF 25
Boraginaceae | Cordia lutea Lam. LS Native GLP-PRG-PLB-REF 32
Boraginaceae | Tournefortia rufo-sericea Hook. f. L,SSW | Endemic GLP-PRG-PLB-REF 39
Burseraceae | Bursera graveolens (Kunth) Triana & Planch. LS,W Native GLP-PRG-PLB-REF 41
Cupressaceae | Cupressus macrocarpa Hartw. L,S;W | Introduced GLP-PRG-PLB-REF 36

(yperaceae | Rhynchospora nervosa ssp. Ciliate (G. Mey.) T. Koyama LF Native GLP-PRG-PLB-REF 15

(yperaceae | Scleria melaleuca Rchb. Ex Schitdl. & Cham. LF Native GLP-PRG-PLB-REF 16
Euphorbiaceae | Aleurites moluccana (L.) Willd. L,S,W | Introduced GLP-PRG-PLB-REF 28
Euphorbiaceae | Croton scouleri var. scouleri Hook. f. LS Endemic GLP-PRG-PLB-REF 29
Euphorbiaceae | Hippomane mancinella L. LSw Native GLP-PRG-PLB-REF 40

Fabaceae | Piscidia carthagenensis Jacq. LS Native GLP-PRG-PLB-REF1
Lauraceae | Persea americana Mill. L,S,W | Introduced GLP-PRG-PLB-REF 35
Malvaceae | Gossypium darwinii G. Watt. L,S,W Endemic GLP-PRG-PLB-REF 42

DOI: https://dx.doi.org/10.18272/aci.v11i3.969
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Family Species Parts (Category TAL No.
Malvaceae | Miconia robinsoniana Cong. L,SSW | Endemic | GLP-PRG-PLB-REF43 (a/h)
Mimosaceae | Inga insignis Knuth. W Introduced GLP-PRG-PLB-REF 33
Mimosaceae | Prosopis juliflora (Sw.) LS,W Native GLP-PRG-PLB-REF 34
Moraceae | Artocarpus altilis (Parkinson) Fosberg L,S | Introduced GLP-PRG-PLB-REF 44
Myrtaceae | Psidium galapageium var. howellii Porter LS Endemic GLP-PRG-PLB-REF 2
Myrtaceae | Syzygium jambos (L.) Alston LS | Introduced GLP-PRG-PLB-REF 3
Myrtaceae | Psidium guajava L. LS | Introduced GLP-PRG-PLB-REF 8
Poaceae Bambusa vulgaris var. vittata Riviére & C. Riviere L,S,W | Introduced GLP-PRG-PLB-REF 22
Poaceae Bambusa vulgaris var. vulgaris Schrad ex Wendle L,S,W | Introduced GLP-PRG-PLB-REF 23
Poaceae Brachiaria decumbens Stapf. LF Introduced GLP-PRG-PLB-REF 14
Poaceae (ynodon nlemfuensis Vanderyst L Introduced GLP-PRG-PLB-REF 11
Poaceae Digitaria sp. L,F | Introduced GLP-PRG-PLB-REF 19
Poaceae Fleusine indica (L.) Gaertn. LF Introduced GLP-PRG-PLB-REF 17
Poaceae Eragrostis amabilis (L.) Wight & Am. ex Nees LF Introduced GLP-PRG-PLB--REF 18
Poaceae Panicum maximum Jacq. L,F | Introduced | GLP-PRG-PLB-REF10&12
Poaceae Pennisetum purpureum Schum. L,F | Introduced GLP-PRG-PLB-REF 13
Poaceae Saccharum officinarum L. L Introduced | GLP-PRG-PLB-REF5,6,&9
Poaceae Stenotaphrum secundatum (Walter) Kuntze L Native GLP-PRG-PLB-REF 20
Rubiaceae | Coffea arabica L. LS Introduced GLP-PRG-PLB-REF 7
Rubiaceae | Psychotria rufipes Hook. f. LS Endemic GLP-PRG-PLB-REF 30
Rutaceae | Citrus paradisi Macfad. L,S,W | Introduced GLP-PRG-PLB-REF 31
Rutaceae | Zanthoxylum fagara (L.) Sarg. LSW Native GLP-PRG-PLB-REF 37
Rutaceae Citrus sinensis (L.) Osheck W Introduced GLP-PRG-PLB-REF 38
Solanaceae | Solanum cheesmaniae f. cheesmaniae (Riley) Fosberg LS Endemic GLP-PRG-PLB-REF 24
Urticaceae | Laportea aestuans (L.) Chew LS Native GLP-PRG-PLB-REF 26 & 27

(1) The plant tissue was cleaned by immersion in a soap solution to eliminate residues of
soil or other kinds of impurities. Specimens were then dried overnight at ~100°C in an
incubator oven. After cooling, plant mass was weighed on a precision balance.

(2) The dry samples then went into a muffle furnace for combustion over the course of
36 hours at 500°C. Ceramic crucibles of 30 and 50 ml with lids were used. (3) The mass of
the resulting ash was weighed in a precision balance and received a 10 ml 50:50 solution
made of hydrochloric (HCI) and nitric (HNO,) acids at 3N. After acid reactions, the samples
were placed to boil at ~70°C until a gelatin matrix was formed. After cooling, successive
washing cycles removed acids from the sample by 5-minute centrifugation cycles at
3,000 r.p.m. When acid elimination was complete the remainder of a sample was dried
overnight at ~100°C and weighed. Phosphate and carbonate loss was estimated by
calculating mass differential. After this, approximately 10 ml of hydrogen peroxide (H,0,)
at 30% was added to the sample to tear down organic matter. The sample was dried at
~100°C overnight.

(4) The resulting biominerals form the acid-insoluble fraction (A.LF) where phytoliths,
among other biogenic precipitates, are present. An aliquot of ~0.001 g was taken for
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mounting, after proper mixing. The mounting medium was made up of two droplets of
resin solution‘Entellan new’ The aliquot was well mixed, and the microscopic inspection
and counting took place within 48 hours of mounting before media were able to dry
(3-D shifting of phytoliths was necessary to carry out identification).

Classifying criteria followed those presented by the International Code for Phytolith
Nomenclature 1.0 [23] and the published literature for studies of phytoliths in
archaeological sites in the Neo-tropics [24-35]; for grass phytoliths identification [36-49];
and for sugarcane and bamboo phytoliths identification [50, 51] (Table 2). Morphological
features scrutinized were size, bi-dimensional outline, three-dimensional classification,
and surface texture. All samples were analyzed under differential interference contrast
(D.L.C) microscopy at 40X magnification in 10 adjacent but not overlapping lines
across the cover slip. Close examination of phytolith morphology was conducted on
photographic frames using the image analysis software OLYMPUS Stream Basic 1.8 in a
research microscope Olympus BX53 D.I.C.

TABLE 2. (lassifying criteria

Morphotype Sources

1 Acicular columellate hair cell This study

2 | Acicular equal prickle This study

3 | Acicular hair cell Piperno 2006

4 Bilobate concave outer margin short shaft Fahmy (2008:15)

5 | Carinate facetate bulliform This study

6 | Clavate facetate This study

7 | Clavate columellate hair cell This study

8 | Collapsed saddle Piperno 2006

9 | Cuneiform bulliform Madella et al. 2005; Gu et al,, 2016
10 | Cylindrical striate This study

11 | Cylindrical sulcate tracheid Madella et al. 2005
12 | Elliptical rugulate This study

13 | Elongate cylindrical psilate This study

14 | Elongate echinate Dickau et al. 2013
15 | Elongate echinate long cell Madella et al. 2005
16 | Fusiform equal This study

17 | Globular sinuate This study

18 | Glume Piperno 2006

19 | Hairbase Piperno 2006
20 | Irregular equal This study
21 | Mesophyll epidermal Piperno 2006
22 | Oblong columellate epidermal This study
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Morphotype Sources

23 | Orbicular hair cell Madella et al. 2005; Piperno 2006

24 | Ovate This study

25 | Papillae Madella et al. 2005

26 | Parallepipedal bulliform Madella et al. 2005

27 | Parallepipedal granulate bulliform This study

28 | Polyhendral epidermal Piperno 2006

29 | Polylobate epidermal short cell Piperno and Pearsall 2008

30 | Quadra-lobate Madella et al. 2005

31 | Rondel tall pyramidal narrow flat top Piperno and Perasall 2008

32 | Rondel tall pyramidal ovate top Mercader et al. 2010

33 | Rondel wavy-top Mercader et al. 2010

34 | Saddle Madella et al. 2005; Twiss et al. 1969.

35 | Scutiform lanceolate This study

36 | Stellate bulliform This study

37 | Stellate linear This study

38 | Stellate psilate bulliform cell This study

39 | Stomate Madella et al. 2005; Twiss et al. 1969
RESULTS

Biogenic Production

Biogenic content is the total percentage of phytoliths, silica, and diatoms produced by
plants. The biogenic content of the comparative material from San Cristébal Island are
expressed in Table 3, where higher values in the Acid Insoluble Fraction (A.LF) indicate
greater silica production. In native and endemic woody plants in San Cristébal Island,
biogenic silica production averages from 0.13% to 2.93% of the plant’s dry mass; the
highest amount of silica was produced by Tournefortia pubescens (Boraginaceae). In
native/endemic grasses and members of the Cyperaceae family, the silica presence
variates from 0.79% to 2.97%.

Typical ash production is between 0.95% and 6.78% of the original mass on introduced
grass species, and between 0.10% and 1.23% on introduced woody plants. The absolute
highest biogenic content (>6%) has been recorded among introduced members of C3
grasses from the Poaceae family: Bambusa vulgaris and Panicum maximum; while the
lowest silica production (<0.09%) is noticed in members of the Asrestaceae (Scalesia
pedunculata), Bombaceae (Ceiba petandra), Cupressaceae (Cupressus macrocarpad),
Euphorbiaceae (Croton scouleri and Hippomane mancinella), Malvaceae (Gossypium
darwinii and Miconia robinsoniana), Mimoseae (Prosopis juliflora), Myrtaceae (Psidium
guajava), and Rubiaceae (Coffea arabica).
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TABLE 3. Biogenic production of phytoliths from modern plants of San Cristobal Island.
Key: L= leaves; S= stem; W= wood/bark; F = flowers

Drymass | Ash | ALLF. | ALF
(9) (9 | (@ | (0

Asteraceae Scalesia pedunculata Hook. f. 1.976 0.192 | 0.001 | 0.051
Bombaceae Ceiba pentandra (L.) Gaertn. LS,W 3.644 0.598 | 0.001 0.027
Boraginaceae Tournefortia pubescens Hook. f. LS 1360 0.159 | 0.041 | 3.015
Cordia lutea Lam. LS 2.885 0351 | 0.007 | 0.243
Tournefortia rufo-sericea Hook. f. LS,W 3.180 0309 | 0.004 | 0.126
Burseraceae Bursera graveolens (Kunth) Triana & Planch. LS,W 3.189 0.170 | 0.011 0.345
Cupressaceae Cupressus macrocarpa Hartw. LS W 7.878 0.424 | 0.001 | 0.013
(yperaceae Rhy"‘h"‘p"’”"e’f(":;‘l;"a' Clate @.Mey)T. | £ | o538 | 0061 | 0002 | 0372
Scleria melaleuca Rchb. Ex Schltdl. & Cham. LF 2.084 0393 | 0.061 2.927
Euphorbiaceae Aleurites moluccana (L.) Willd. LS,W 1.902 0.198 | 0.002 0.105
(roton scouleri var. scouleri Hook. f. LS 1753 0.250 | 0.001 | 0.057
Hippomane mancinella L. LS,W 4.205 0.410 | 0.003 | 0.071
Fabaceae Piscidia carthagenensis Jacq. LS 2.005 0.133 | 0.003 0.150
Lauraceae Persea americana Mill. LS 2474 0.099 | 0.004 | 0.162
Malvaceae Gossypium darwinii G. Watt. LS,W 3.761 0.351 | 0.001 0.027
Miconia robinsoniana Cogn. LS, F 4429 0.198 | 0.002 0.045
Miconia robinsoniana Cogn. LSF 2.993 0.246 | 0.001 | 0.033

Mimosaseae Inga insignis Knuth. W n/a n/a n/a n/a
Prosopis juliflora (Sw.) LS,W 5.344 0.293 | 0.026 0.487
Moraceae Artocarpus altilis (Parkinson) Fosberg. LS 3919 0.856 | 0.048 1.225
Myrtaceae Psidium galapageium var. howellii Porter. LS 2.710 0.180 | 0.007 | 0.258
Psidium guajava L. LS 3.442 0.167 | 0.001 0.029
Syzygium jambos (L.) Alston. LS 2842 0.147 | 0.023 | 0.809
Poaceae Bambusa vulgaris var. vittata Riviére & C. Riviére. LS 2.630 0.232 | 0.175 6.654
Poaceae Bambusa vulgaris var. vulgaris Schrad ex Wendle. LS 1.194 0.146 | 0.081 | 6.784
Brachiaria decumbens Stapf. LF 1.404 0.165 | 0.039 | 2778
(ynodon nlemfuensis Vanderyst. L 1.744 0192 | 0.030 | 1720
Digitaria sp. LF 3.521 0.193 | 0.020 | 0.568
Eleusine indica (L.) Gaertn. LF 2.206 0.092 | 0021 | 0952
Eragrostis amabilis (L.) Wight & Am. Ex Nees. LF 1.062 0.094 | 0.041 3.861
Panicum sp. LF 0.985 0.140 | 0.064 6.497
Panicum maximum Jacq LF 1371 0.205 | 0.045 | 3.282
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Species

%‘%ﬁ% Pennisetum purpureum Schum. LF 1.640 0.243 | 0.069 | 4.207
Saccharum officinarum L. L 2977 0326 | 0.095 | 3.191
Saccharum officinarum L. L 3.170 0437 | 0.060 | 1.893
Saccharum officinarum L. L 1.861 0.289 | 0.000 | 0.000
Stenotaphrum secundatum (Walter) Kuntze. L 3.644 0.141 | 0.029 0.796
Rubiaceae (offea arabica L. LS 2498 0.167 | 0.001 | 0.040
Psychotria rufipes Hook. f. LS 2.007 0.162 | 0.002 | 0.100
Rutaceae (itrus paradisi Macfad. LS,W 4110 0.444 | 0.005 0.122
Zanthoxylum fagara (L.) Sarg. LS, W 1.878 0.164 | 0.005 0.266

Gitrus sinensis (L.) Osheck w n/a n/a n/a n/a
Solanaceae Solanum ‘hee"""’;mg r‘é’ee’ma”’“e(Ri'ey) LS | 091 | 0172 | 0001 | 0.104
Urticaceae Laportea aestuans (L.) Chew LS 0.496 0.118 | 0.007 1411
Laportea aestuans (L.) Chew. LS 0.742 0.204 | 0.012 1.617
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Phytoliths in Modern Plant Taxa.
San Cristobal Island, Galapagos

4.1 Asteraceae. Scalesia pedunculata Hook. f.

Common name: Scalesia / Lechoso

Origin: Endemic

Part Processed: Leaf, stem

Density: Low

Morphotypes: (A) Globular sinuate; (B) hair base; () mesophyll epidermal phytoliths;
(D) orbicular hair cell

DOI: https://dx.doi.org/10.18272/aci.v11i3.969

49



Articulo/Article
Seccion/Section B

11(19),40-91

€n dendas
ingenierias

50

llustrated catalog of Phytoliths from the Galdpagos Islands: Economic species of San Cristdbal Island

4.2 Bombaceae. Ceiba pentandra (L.) Gaertn.

Common name: Silk cotton tree / Ceibo

Origin: Introduced (Cultivated)

Part Processed: L eaf, stem, wood

Density: Low

Morphotypes: (A) Clavate columellate hair cell; (B) acicular hair cell; (C) globular
phytolith
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4.3 Boraginaceae. Tournefortia pubescens Hook. f.

Common name: White haired tournefortia / Lengua de Vaca

Origin: Endemic

Part Processed: Leaf, stem

Density: High

Morphotypes: (A) Cylindrical striate long cell; (B) hair base; (C&D) polyhedral epidermal
phytoliths

DOI: https://dx.doi.org/10.18272/aci.v11i3.969 51
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4.4 Boraginaceae. Cordia lutea Lam.

Common name: Yellow cordia / Muyuyo

Origin: Native (Indigenous taxon)

Part Processed: L eaf, stem

Density: Low

Morphotypes: (A-E) Clavate columellate hair cell; (F) stellate bulliform cell
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4.5 Boraginaceae. Tournefortia rufo-sericea Hook. f.
Common name: Red haired tournefortia / Palito Negro
Origin: Endemic

Part Processed: L eaf, stem, wood

Density: Low

Morphotypes: Hair base

4.6 Burseraceae. Bursera graveolens (Kunth) Triana & Planch.
Common name: Incense tree / Palo Santo

Origin: Native (Indigenous taxon)

Part Processed: Leaf, stem, wood

Density: Low

Morphotypes: Mesophyll epidermal phytoliths
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4.7 Cyperaceae. Rhynchospora nervosa ssp. Ciliate (G. Mey.) T. Koyama

Origin: Native (Indigenous taxon)

Part Processed: Leaf, stem

Density: Low

Morphotypes: (A) Glume phytoliths; (B) globular phytoliths; (C) papillae cell; (D)
parallepipedal bulliform cell; (E) parallepipedal granulate bulliform cell; (F) polyhedral
epidermal phytoliths
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4.8 Cyperaceae. Scleria melaleuca Rchb. Ex Schitdl. & Cham.

Common name: Cortadera

Origin: Native (Indigenous taxon)

Part Processed: L eaf, stem

Density: High

Morphotypes: (A) Acicular equal prickle; (B) elongate echinate long cell; (C) epidermal
phytoliths; (D) ovate phytoliths; (E & F) papillae cells
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4.9 Euphorbiaceae. Aleurites moluccana (L.) Willd.
Common name: Candlenut / Tocte

Origin: Introduced (Cultivated)

Part Processed: L eaf, stem, wood

Density: Low

Morphotypes: Mesophyll epidermal phytoliths

4.10 Euphorbiaceae. Hippomane mancinella L.
Common name: Poison apple / Manzanillo
Origin: Native (Indigenous taxon)

Part Processed: L eaf, stem, wood

Density: Low

Morphotypes: Mesophyll epidermal phytoliths
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4.11 Fabaceae. Piscidia carthagenensis Jacq.

Common name: Piscidia/ Matazarno

Origin: Native (Indigenous taxon)

Part Processed: L eaf, stem

Density: Low

Morphotypes: (A) Fusiform equal; (B) globular sinuate; (€) hair base; (D) irregular equal;
(E) mesophyll phytoliths; (F) polyhedral phytoliths
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4.12 Lauraceae. Persea americana Mill.

Common name: Avocado / Aguacate

Origin: Introduced (Cultivated)

Part Processed: Leaf, stem

Density: Low

Morphotypes: (A) Cylindrical sulcate tracheid; (B - D) globular sinuate phytoliths; (E &F)
mesophyll epidermal phytoliths
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4.13 Malvaceae. Gossypium darwinii G. Watt.

Common name: Galdpagos Cotton / Algoddn de Galdpagos
Origin: Endemic

Part Processed: Leaf, stem, wood

Density: Low

Morphotypes: Acicular hair cell

4.14 Malvaceae. Miconia robinsoniana Cogn.
Common name: Miconia

Origin: Endemic

Part Processed: Leaf, stem, flowers

Density: Low

Morphotypes: Globular piscilate phytoliths from flowers
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4.15 Moraceae. Artocarpus altilis (Parkinson) Fosberg

Common name: Breadfruit / Frutipan

Origin: Introduced (Cultivated)

Part Processed: Leaf and stem

Density: High

Morphotypes: (A) Acicular columellate hair cell; (B) acicular hair cell; (C) cylindrical
sulcate tracheid; (D & E) hair base; (F) mesophyll epidermal phytoliths
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4.16 Myrtaceae. Psidium galapageium var. howellii Porter

Common name: Guayabillo/ Galdpagos guava

Origin: Endemic

Part Processed: L eaf, stem

Density: Low

Morphotypes: (A) Elliptical rugulate; (B) globular sinuate; (€) hair base; (D) ovate equal;
(E) polyhedral phytoliths; (F) stellate linear

DOI: https://dx.doi.org/10.18272/aci.v11i3.969

61



Articulo/Article
Seccion/Section B

11(19), 40-91

avances
endendas e
Ingenierias

62

llustrated catalog of Phytoliths from the Galdpagos Islands: Economic species of San Cristdbal Island

4.17 Myrtaceae. Syzygium jambos (L.) Alston.

Common name: Plum rose / Pomarosa

Origin: Introduced (Escaped)

Part Processed: Leaf, stem

Density: Low

Morphotypes: (A) Carinate facetate bulliform; (B) clavate facetate; (€) cylindric sulcate
tracheid; (D) globular sinuate; (E) polyhedral phytoliths; (F) stellate psilate bulliform cell
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4.18 Myrtaceae. Psidium guajava L.

Common name: Common guava / Guayaba

Origin: Introduced (Cultivated)

Part Processed: L eaf, stem

Density: Low

Morphotypes: (A) Elongate cylindrical; (B — D) polyhedral phytoliths
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4.19 Poaceae. Bambusa vulgaris var. vittata Riviére & C. Riviére

Common name: Bamboo

Origin: Introduced (Cultivated)

Part Processed: Leaf, stem

Density: High

Morphotypes: (A) Cuneiform bulliform cell; (B & €) parallepipedal bulliform cell; (D)
saddle epidermal short cells; (E) saddle short cell and stomatal phytoliths
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4.20 Poaceae. Bambusa vulgaris var. vulgaris Schrad ex Wendle

Common name: Bamboo / Cafia verde, Cafia Guadua

Origin: Introduced (Cultivated)

Part Processed: Leaf, stem

Density: High

Morphotypes: (A) Cuneiform bulliform cell; (B & C) parallepipedal bulliform cell; (D - F)
saddle epidermal short cells
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4.21 Poaceae. Brachiaria decumbens Stapf.

Common name: Signalgrass / Pasto Brachiaria

Origin: Introduced (Escaped)

Part Processed: L eaf, flowers

Density: High

Morphotypes: (A) Scutiform lanceolate; (B — E) variants of bilobate concave outer
margins short shaft; (F) cuneiform bulliform cell
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Morphotypes continued: (G) Glume phytoliths; (H) polylobate epidermal short cell; (1)
saddle short cell; (J) stomatal phytoliths,
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4.22 Poaceae. Cynodon nlemfuensis Vanderyst.

Common name: African bermudagrass / Pasto Estrella

Origin: Introduced (Accidentally)

Part Processed: L eaf

Density: High

Morphotypes: (A) Cuneiform bulliform cell; (B) elongate cylindrical psilate; (C) polyhedral
epidermal phytoliths; (D & E) saddle epidermal short cell
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4.23 Poaceae. Digitaria sp.

Origin: Introduced (Accidentally)

Part Processed: Leaf, flower

Density: High

Morphotypes: (A) Scutiform lanceolate; (B) bilobate concave outer margins long shaft;
(C - F) variants of bilobate concave outer margins short shaft
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Morphotypes continued: (G) Bilobate concave outer margins short shaft; (H) epidermal
aggregation; (I) papillae cells.
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4.24 Poaceae. cf. Eleusine indica (L.) Gaertn.

Common name: Crowfoot grass

Origin: Introduced (Accidental)

Part Processed: L eaf, flower

Density: High

Morphotypes: (A) Scutiform lanceolate; (B) elongate echinate long cell; (C) epidermal
tissue; (D) quadra-lobate short cell; (E) saddle epidermal short cell; (F) stomatal phytoliths
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4.25 Poaceae. Eragrostis amabilis (L.) Wight & Arn. ex Nees

Common name: Japanese love-grass / Capim plumoso

Origin: Introduced (Accidental)

Part Processed: L eaf, flower

Density: High

Morphotypes: (A) Scutiform lanceolate; (B) bilobate concave outer margins short shaft;
(0) elongate echinate long cell; (D) parallepipedal bulliform cell; (E) polylobate epidermal
short cell; (F) quadra-lobate epidermal short cell
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Morphotypes continued: (G) rondel tall pyramidal ovate top; (H) collapsed saddle; (I)
stomatal and rondel short cells
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4.26 Poaceae. Panicum sp.

Common name: Guinea grass / Pasto Sabolla

Origin: Introduced (Escaped)

Part Processed: L eaf, flower

Density: High

Morphotypes: (A-E) variants of bilobate concave outer margin short shaft; (F) cuneiform
bulliform cell.
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Morphotypes continued: (G) glume phytoliths; (H) parallepipedal billuform cell; (I)
polylobate epidermal short cell; (J) stomate phytoliths.
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4.27 Poaceae. Panicum maximum Jacq.

Common name: Guinea grass / Pasto Tanzania

Origin: Introduced (Escaped)

Part Processed: L eaf, flower

Density: High

Morphotypes: (A) Acicular hair cell; (B-D) variants of bilobate concave outer margins
short shaft; (E) glume phytoliths; (F) parallepipedal bulliform cell
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Morphotypes continued: (G) Polylobate epidermal short cell; (H) quadra-lobate
epidermal short cell; (I &J) stomate phytoliths.
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4.28 Poaceae. Pennisetum purpureum Schum.

Common name: Elephant grass / Pasto elefante

Origin: Introduced (Escaped)

Part Processed: L eaf, flower

Density: High

Morphotypes: (A) Scutiform lanceolate; (B & ) variants of bilobate concave outer
margin short shaft; (D) collapsed saddle; (E) elongate echinate; (F) glume phytoliths




Fernando J. Astudillo

Morphotypes continued: (G) Rondel tall pyramidal ovate top; (H) stomatal phytoliths
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4.29 Poaceae. Saccharum officinarum L.

Common name: Sugarcane / Cafa de Azlcar

Origin: Introduced (Cultivated)

Part Processed: L eaf

Density: High

Morphotypes: (A-C) Variants of bilobate concave outer margin short shaft; (D) elongate
cylindrical psilate; (E) glum phytoliths; (F) mesophyll & stomatal phytoliths
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Morphotypes continued: (G) Polyhedral phytoliths; (H) rondel tall narrow flat top; (1)
rondel tall pyramidal ovate top; (J) rondel wavy-top; (K) saddle phytoliths; (L) stomate
phytoliths
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4.30 Poaceae. Stenotaphrum secundatum (Walter) Kuntze

Common name: Buffalo grass.

Origin: Native

Part Processed: L eaf, stem

Density: High

Morphotypes: (A & B) Bilobate concave outer margins short shaft; (C-F) variants of
polylobate epidermal short cell.
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Morphotypes continued: (G & H) Polylobate epidermal short cell; (I & J) rondel tall
narrow flat top; (K) rondel tall pyramidal ovate top; (L) scutiform lanceolate
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4.31 Rubiaceae. Coffea Arabica L.

Common name: Coffee / Café

Origin: Introduced (Cultivated)

Part Processed: Leaf, stem

Density: Low

Morphotypes: Cylindrical sulcate tracheid phytoliths

4.32 Rutaceae. Citrus paradisi Macfad.

Common name: Grapefruit / Toronja

Origin: Introduced (Cultivated)

Part Processed: Leaf, stem, wood

Density: Low

Morphotypes: (A) Globular phytotlith; (B) trapeziform epidermal phytolith
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4.33 Rutaceae. Zanthoxylum fagara (L.) Sarg.

Common name: Cat’s claw / Ufa de Gato

Origin: Native

Part Processed: Leaf, stem, wood

Density: Low

Morphotypes: (A) Cylindrical sulcate tracheid; (B & €) hair base; (D) mesophyll epidermal
phytoliths

4.34 Solanaceae. Solanum cheesmaniae f. cheesmaniae (Riley) Fosberg.
Common name: Galdpagos tomato / Tomatillo

Origin: Endemic

Part Processed: Leaf, stem

Density: Low

Morphotypes: Mesophyll epidermal phytoliths

Fa
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4.35 Urticaceae. Laportea aestuans (L.) Chew

Common name: West Indian woodnettle / Ortiga.

Origin: Native (Indigenous taxon)

Part Processed: L eaf, stem

Density: Low

Morphotypes: (A-0) Acicular hair cell; (D) hair base; (E & F) oblong columellate epidermal cell.
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DISCUSSION

The analysis of phytoliths extracted from modern plants of San Cristobal does not show
significant numbers of diagnostic morphotypes in native and endemic plant species
but confirms that grasses are high producers of diagnostic phytoliths. The comparative
collection presented here was limited to detecting the production of phytoliths in
useful plants for humans such as trees and shrubs, which are generally low producers
of diagnostic phytoliths. Further work will contribute to understanding the complete
spectrum of phytolith production in the native and endemic vegetation of the island.

The results of this work, however, contributed in suggesting that the introduction of
the several species of grasses existing on San Cristébal today happened with human
colonization and the start of intensive agriculture associated with El Progreso plantation.
Vegetation clearing and expansion of grasslands were probably executed to sustain
grazing activities that were an important economic aspect of the plantation enterprise
[22, 52, 53]. The results presented here support the premise that the landscape around
the modern village of El Progreso is an anthropogenic landscape resulting from about
two centuries of continual agriculture and grazing that started in the 1860s [52].
The modern vegetation of the Agricultural Zone of San Cristobal Island is a result of
vegetation clearing, the introduction of plants and animals, episodes of abandonment
of the landscape, and the adaptation of new plant species.

In this regard, Historical Ecology has proved to be a useful framework to investigate
aspects of the human history of San Cristébal Island. Current botanical and
palaeoecological research in the Galdpagos focuses on understanding the effects
of introduced plants and animals on the local ecology in order to reduce its effects.
However, it is also important to recognize the historical and political context of the time
when these plants were introduced to the archipelago. It is crucial to understand the
socio-political context of colonization during the middle 19th century to identify the
history of invasive plant species on the archipelago. Most of the existing naturalized
plants were intentionally introduced to the Galapagos by colonizers to maintain dietary
patterns and cultural traditions [53]. People traveled with known plant species carrying
a pre-conceived meaning and use of these species. Other plant taxa were transported to
support agriculture and grazing aspects of the plantation enterprise, and some invasive
plants traveled with pests or domestic animals. It is necessary, then, to identify the
cultural associations between plants and humans during colonization of insular regions.
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