Revista de Ciencias Naturales en islas

SCIENTIA
INSULARUM

Universidad de La Laguna ° 2021



Revista

SCIENTIA
INSULARUM



Revista

SCIENTIA INSULARUM

Revista Cientifica
de la Universidad de La Laguna
DIRECTOR / EDITOR IN CHIEF
José Carlos Herndndez (ULL). jocarher@ull.es

COORDINADORES / SENIOR EDITORS

Carlos Sangil Herndndez (ULL). carlossangilhernandez@gmail.com
José Maria Ferndndez-Palacios (ULL). jmferpal@gmail.com
Lea de Nascimento (ULL). leadenas@gmail.com

CONSEJO DE REDACCION / ASSISTANT EDITORS
Juan Carlos Rando Reyes (ULL). jcrando@ull.es
Margarita Jambrina-Enriquez (ULL). mjambrin@ull.edu.es
Israel Pérez-Vargas (ULL). ispeva@ull.es

Jairo Patifio (ULL). jpatino@ull.edu.es
Carlos Ruiz Carreira (ULL). cruizcar@ull.edu.es

Carolina Mallol (ULL). cmallol@ull.edu.es

CONSEJO ASESOR / SCIENTIFIC BOARD

Aarén Gonzdlez Castro, Adriana Rodriguez Herndndez, Airam Rodriguez Martin, Alberto Brito
Herndndez, Alejandro Escdnez, Alejandro Martinez Garcfa, Alfredo Reyes Betancort, Alfredo
Valido Amador, Ana Isabel de Melo Azevedo Neto, Ana Sofia P.S. Reboleira, Anibal Delgado

Medina, Beatriz Rumeu, Beneharo Rodriguez Martin, Carlos Aguiar, Celso A. Herndndez Dfaz,

Corrine Almeida, David Herndndez Teixidor, David Pérez Padilla, Eliseba Garcia Padrén, Félix
Manuel Medina Hijazo, Ferndndo Espino, Filipe Alves, Francisco J. Pérez-Torrado, Guilherme
Ortigara Longo, Gustavo M. Martins, Heriberto Lépez, Isildo Gomes, Israel Pérez Vargas, Jairo
Patifio Llorente, Jests M. Falcén Toledo, Jorge Henrique Capelo Gongalves, Jorge Nufiez Fraga,
José Maria Landeira, José Ramén Arévalo, Juan Catlos Illera Cobo, Juan Domingo Delgado Garcia,
Juan Pedro Diaz, Juana Marfa Gonzdlez Mancebo, Juli Caujapé-Castells, Julio Afonso Carrillo,
Kilian Toledo Guedes, Leopoldo Moro Abad, Manfred Kaufman, Manuel Nogales Hidalgo,
Marcelino José del Arco Aguilar, Marta Lépez Darias, Marta Sansén Acedo, Miguel Menezes de
Sequeira, Natacha Aguilar de Soto, Nuria Macfas-Herndndez, Paulo Alexandre Vieira Borges,
Pedro Afonso, Pedro Orom{ Masoliver, Pedro Sosa, Ramén Casillas, Ricardo Haroun, Rogelio
Herrera Pérez, Riidiger Otto, Rui Freitas, Ruth Jaén Molina, Sabrina Clemente Martin.

PAcINA wEB: https://www.ull.es/revistas/index.php/scientia-insularum/index

EDITA
Servicio de Publicaciones de la Universidad de La Laguna
Campus Central. 38200 La Laguna. Santa Cruz de Tenerife
Tel.: 34922319198

DISENO EDITORIAL
Jaime H. Vera
Javier Torres/Luis C. Espinosa

MAQUETACION Y PREIMPRESION
Servicio de Publicaciones

DOI: htep://doi.org/10.25145/j.S1.2021.04
ISSN: 2659-6644 (edicién digital)

Prohibida la reproduccién total o parcial de esta obra sin permiso del editor.



http://doi.org/10.25145/j.SI.2021.04
mailto:jsosalo%40ull.edu.es?subject=jsosalo%40ull.edu.es
mailto:carlossangilhernandez%40gmail.com?subject=
mailto:jmferpal%40gmail.com?subject=
mailto:leadenas%40gmail.com?subject=
mailto:jcrando%40ull.es?subject=
mailto:mjambrin%40ull.edu.es?subject=
mailto:ispeva%40ull.es?subject=
mailto:jpatino%40ull.edu.es?subject=
mailto:cruizcar%40ull.edu.es?subject=
mailto:cmallol%40ull.edu.es?subject=
https://www.ull.es/revistas/index.php/scientia-insularum/index

Revista

SCIENTIA
INSULARUM

SERvVICIO DE PUBLICACIONES

UNIVERSIDAD DE LA LAGUNA, 2021



REVISTA Scientia Insularum [recurso electrénico]. —La Laguna: Servicio de Publicaciones, Universi-
dad de La Laguna, 2018-.

Anual.

En portada: Universidad de La Laguna. Departamento de Biologia Animal, Edafologia y Geologfa.

Acceso libre.

Revista electrénica.

Modo de acceso: World Wide Web.

Tit. tomado de la pdgina principal (consultada: 29 de enero de 2019).

ISSN En tramite.

1. Ciencias Naturales-Islas-Publicaciones Periddicas-En linea. I. Universidad de La Laguna. Departa-
mento de Biologfa Animal y Edafologfa y Geologfa.

504(22)(05)

NORMAS GENERALES PARA EL ENVIO Y PRESENTACION DE TRABAJOS

1. La revista acepta el envio de manuscritos originales en espafol o en inglés, a través de la platafor-
ma OJS de la ULL (https://www.ull.es/revistas/index.php/scientia-insularum/index).

2. Todos los trabajos deberdn ser originales o inéditos y no deben estar en proceso de revisién por
la editorial de otra revista. Los autores deberdn, ademds, asumir el compromiso de no remi-
sién a otra revista, una vez presentado e iniciado el proceso de revisién por parte de Scientia
Insularum.

3. Los articulos, escritos en Word, deberdn seguir las normas de envio que se encuentran en el
siguiente /ink: https://www.ull.es/revistas/index.php/scientia-insularum/about/submissions.

4. En la primera pdgina del articulo se ha de incluir el titulo del trabajo, autorfa, institucién a la que
pertenece, email del autor para la correspondencia, breve resumen (200 palabras méximo) con
palabras clave (entre 3 y 6) y su correspondiente traduccién en castellano o en inglés, segtin
corresponda.

5. Existen cuatro tipos diferentes de contribuciones: articulo, nota, sintesis e historia natural. Para
mds detalle ver las normas de envio en el /ink anterior.

GENERAL SUBMISSION NORMS AND TEXT FORMATING

1. The journal accepts the submission of original manuscripts in Spanish or English, submitted
through the ULL - OJS platform (https://www.ull.es/revistas/index.php/scientia-insularum/
index).

2. All the articles should be original or unpublished, and should not be in the revision process of
another journal. Additionally, the authors should assume the compromise of not submitting
the manuscript to another journal once submitted to Scientia Insularum.

3. The articles written in Word should carefully follow the authors guide for submission, described
in the following link: https://www.ull.es/revistas/index.php/scientia-insularum/about/submis-
sions.

4. The first page of the article should include the title, abstract (200 words maximum) with key
words (3 to 6) and its translation to English or Spanish.

5. There are four types of different contributions: Article, Note, Synthesis and Natural History. For
more details, please see the authors guide in the previous link.

Revista Scientia Insularum
Departamento de Biologia Animal, Edafologia y Geologia y
Departamento de Botdnica, Ecologia y Fisiologia Vegetal
Facultad de Ciencias. Universidad de La Laguna
La Lacuna (SaANTA CrUZ DE TENERIFE, CANARIAS, ESPANA)

EDITA
Servicio de Publicaciones
UNIVERSIDAD DE LA LaguNa
Campus Central
38200, La LacuNa (SaANTA CrUZ DE TENERIFE, CANARIAS, ESPARA)


https://www.ull.es/revistas/index.php/scientia-insularum/index
https://www.ull.es/revistas/index.php/scientia-insularum/about/submissions
https://www.ull.es/revistas/index.php/scientia-insularum/index
https://www.ull.es/revistas/index.php/scientia-insularum/index
https://www.ull.es/revistas/index.php/scientia-insularum/about/submissions
https://www.ull.es/revistas/index.php/scientia-insularum/about/submissions

SISTEMA DE EVALUACION DE LOS TRABAJOS

Una vez recibido el manuscrito, serd considerado por los editores, quienes se reservan el derecho
de rechazarlo directamente o enviarlo a los revisores. Los motivos de un rechazo directo pueden
ser el incumplimiento de las normas de publicacién o la incoherencia del trabajo con el objetivo
principal de la revista. Si el articulo pasa esta primera evaluacién, serd enviado a dos revisores espe-
cializados del consejo asesor, quienes podrdn sugerir un tercer o cuarto revisor. Una vez recibidos
los comentarios de los revisores, los editores podrdn aceptar el manuscrito sin cambios, con cambios
menores, con cambios mayores o rechazarlo. Una vez que los autores hayan recibido los comentarios
de los editores y revisores, tendrdn un tiempo prudencial de un mes para reenviar sus correcciones a
la revista. A todos los articulos aceptados se les adjudicard un identificador de objeto digital (DOI)
y serdn publicados de manera inmediata on/ine. Estos se subirdn a la pdgina web del SPULL en for-
mato pdfy serdn de libre acceso con licencia Creative Commons —Reconocimiento-NoComercial-
Compartirlgual 4.0 Internacional—.

Scientia Insularum pretende ser una revista electrénica con un corto periodo de revisién y publi-
cacién de los articulos. También, se planea la elaboracién de volimenes temdticos que podrédn ser
publicados en formato papel.

EVALUATION PROCESS OF THE ARTICLES

Once we receive the manuscript it will be considered for the editors who have the right to reject it
or to submitted to reviewers. The main reason for a direct rejection could be do not follow general
authors guidelines or the incoherence of the manuscript with the main scope of the journal.

If the manuscript passes the first evaluation it will be submitted to two specialized reviewers of the
scientific council who could suggest a third or a fourth reviewer. Once we receive the reviewer com-
ments, the editors would accept the manuscript with no changes, with minor changes, with major
changes or to reject it. Once the authors have received editor and reviewer’s comments will have a
prudential time of one month to re-submit their corrections to the journal.

All the accepted papers will have a digital object identifier (DOI) and will be published online
immediately. These will be uploaded to the web page of the Servicio of SPULL in pdf format and
will be open access with Creative Commons —Reconocimiento-NoComercial-Compartirlgual 4.0
Internacional—.

Scientia Insularum wants to be a fast-publishing electronic journal with a short review and publica-
tion process of papers. It is also planned to compile specific volumes that would be published in
paper format.



Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional
Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional
Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional
Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional

SCIENTIA INSULARUM / ISLANDS SCIENCE

Revista de Ciencias Naturales que tiene por contenido el estudio de los organismos, los
procesos ecoldgicos y geoldgicos en islas y el impacto de las actividades humanas sobre ellos, tanto en
el ambiente terrestre como en el marino. Con este objetivo tienen cabida trabajos de investiga-
cién en el dmbito de la Biologia: taxonomia, ecologia, biogeagrafia, evolucién y conservacién, asi
como aquellos més ligados a las Ciencias de la Tierra: vulcanologia, geomorfologia, climatologia
y oceanografia. Con este enfoque, Scientia Insularum pretende ser una revista que aborde de
manera integral el estudio de la naturaleza de las islas y asi ahondar en el conocimiento de su
biodiversidad y de los procesos geoldgicos y ecoldgicos que la determinan.

Natural Science journal that has as content the study of organisms, ecological and geologi-
cal process in Islands and the impact of human activities on them, in both terrestrial and marine
environments. With this objective, we welcome biological studies on zaxonomy, ecology, bioge-
ography, evolution and conservation; as well as those related with Earth Science on volcanology,
geomorphology, climatology and oceanography. With this scope, the Journal of Islands Science
pretend to be a journal that integrates the study of islands nature to promote wider knowledge
of its biodiversity and the geological and ecological process that determine it.

Esta revista surge por la necesidad de tener un espacio comun para la difusién y reflexion
sobre los procesos singulares que ocurren en las islas y que las hace auténticos laboratorios
naturales. Estas materias son, ademds, objeto de ensefianza y estudio en dos mdsteres oficiales
de la Universidad de La Laguna: «Biodiversidad Terrestre y Conservacién en Islas» y «Biologia
Marina: Biodiversidad y Conservacién». Por lo que este compendio anual de trabajos puede
servir de apoyo didéctico a profesores y alumnos de dichos mésteres, y para ayudar a aquellos
estudiantes que tengan una vocacién mds cientifica y quieran dar sus primeros pasos en la
publicacién de sus trabajos.

This journal arises to have a common space for the dissemination and reflection of the
singular processes that occur in islands, and that makes them genuine natural laboratories.
These knowledge topics are also studied in our official master programs of the Universidad
de La Laguna: “Terrestrial Biodiversity and Conservation on Islands” and “Marine Biology:
Biodiversity and Conservation”. In this sense, these annual issues will act as a teaching support
for professors and students of these masters, and to help those students with scientific vocation
looking for their first steps on the publication of their studies.

Periodicidad anual / Anual
Idiomas espafiol e inglés / Spanish and English
Acceso abierto / Open Access

Revista electronica / e-journal

Servicio de publicaciones de la Universidad de La Laguna
hetps://www.ull.es/servicios/publicaciones/categoria/publicaciones-periodicas/



https://www.ull.es/servicios/publicaciones/categoria/publicaciones-periodicas/

SUMARIO / CONTENTS

ARTICULOS / ARTICLES

La expansién de las especies de Pluchea Cass. (Asteraceae) y su potencial
comportamiento invasor en Tenerife (Islas Canarias) / The expansion of
the species of Pluchea Cass. (Asteraceae) and its potential invasor behaviour
in Tenerife (Canary Islands)
Maria Leticia Rodriguez Navarro, Beatriz Farina Trujillo y Atteneri
RIVETO QUITIECTQ .

Monitoring a thermophilous woodland reforestation project in Tenerife,
Canary Islands / Seguimiento de un proyecto de reforestacién del bosque
terméfilo en Tenerife, islas Canarias
Francesco Rota, Mercedes Vidal-Rodriguez, Alessandro Chiarucci, José
Maria Ferndndez-Palacios y Robert |. Whittaker.............oocvun.

Reef environments of Murciélago Islands and Santa Elena peninsula,
Guanacaste conservation area, Costa Rican Pacific / Ambientes arrecifales
de las Islas Murciélago y la peninsula de Santa Elena, drea de conservacién
Guanacaste, Pacifico de Costa Rica
Juan José Alvarado, Juan Carlos Azofeifa-Solano, Andrés Beita-
Jiménez, Jorge Cortés, Sebastidn Mena, Carolina Salas-Moyay Cindy
FHNANAOZT GAVCHA oo

Trophic ecology of cats (Felis catus) in montana de Guaza: implications for
the conservation of the critically endangered giant lizard of Tenerife (Gallo-
tia intermedia) | Ecologfa tréfica de los gatos (Felis catus) en la montafa de
Guaza: implicaciones para la conservacién del lagarto gigante de Tenerife
(Gallotia intermedia), en peligro de extincién

Adridn Jesiis Flores Ravelo'y Juan Carlos Rando Reyes...........................

Differences in metallic content between marine vertebrates and invertebrates
living in Oceanic Islands / Diferencias en el contenido en metales de los
vertebrados e invertebrados marinos que viven en islas ocednicas
Enrique Lozano-Bilbao, José Maria Espinosa, Gonzalo Lozano, Arturo
Hardisson, Carmen Rubio, Dailos Gonzdilez Weller, Soraya Pazy Angel
Jo GUBLEPTCZ ...

11

27

45

63

81

7

CONTENTS

-

UMARIO /

Q
oU



8

ONTENTS

<\
_

SUMARIO / C

Bird community structure and species responses to edges in laurel forest
fragmented by narrow roads (Tenerife, Canary Islands) / Respuesta de la
estructura de la comunidad de aves y las especies de bosques de laurisilva
fragmentados a la transicion con carreteras estrechas
Juan D. Delgado, Natalia Arroyo, José R. Arévalo'y José Maria Fer-
PUATUACTPALACIOS ...

Cronius ruber (Lamarck, 1818), un nuevo decdpodo en los fondos someros
de Canarias / Cronius ruber (Lamarck, 1818), a new decapod in the shallow
bottoms of the Canaries
Yolanda Maggio, Jorge Niifiez, José Ramdn Docoito, Leopoldo Moro,
Rogelio Herrera'y José Carlos Herndndez..... e

SINTESIS / SYNTHESIS

Las algas coralinas (Rhodophyta) ante la acidificacion del océano con especial
referencia a las islas Canarias / The coralline algae (Rhodophyta) faced to the
ocean acidification with special reference to the Canary Islands

J111i0 Afo1150-Carillo.........oo

NOTA / NOTE

Assessing population structure of Diadema antillarum in a shallow reef
of the southeastern coast of the Dominican Republic / Evaluacién de la
estructura poblacional de Diadema antillarum en los arrecifes someros de
la costa sudeste de la Reptiblica Dominicana
Ivdan Cano, Rita Sellaresy Aldo Croquer

HISTORIA NATURAL / NATURAL HISTORY

Macrorhynchia philippina Kirchenpauer, 1872: an invasive hydrozoan seen
in the shallow rocky reefs of Tenerife Island / Macrorhynchia philippina
Kirchenpauer, 1872: un hidrozoo invasor visto en los fondos rocosos someros

de la isla de Tenerife
José Carlos Herndndez y Jorge NUTLEg............oce

First observations of the sea urchin Eucidaris tribuloides (Lamarck, 1816)
in the Canary Islands / Primeras observaciones del erizo de mar Eucidaris
tribuloides (Lamarck, 1816) en las islas Canarias
José Carlos Herndndez, Leopoldo Moro, Roge/zo Herrera, Ramiro
Martel y Antonio de la Rosa... R e

93

125

145

207

215

219



ARTICULOS






LA EXPANSION DE LAS ESPECIES DE PLUCHEA CASS.
(ASTERACEAE) Y SU POTENCIAL COMPORTAMIENTO
INVASOR EN TENERIFE (ISLAS CANARIAS)

Maria Leticia Rodriguez Navarro', Beatriz Farina Trujillo™,
Actteneri Rivero Quintero™

RESUMEN

Se aborda el potencial comportamiento invasor de las especies del género Pluchea en la isla
de Tenerife, mediante su caracterizacién corolégica, implementada con datos propios, de
su Cabildo Insular, del equipo de alerta temprana del Gobierno de Canarias (REDEXOS)
y la informacién inédita cedida por otros investigadores. Se recomienda su incorporacién
al Cartédlogo espanol de especies exdticas invasoras, asi como en el futuro Catdlogo regional.
Por ultimo, se aportan recomendaciones para su manejo y control.

PALABRAS CLAVE: especies potencialmente invasoras, distribucién, Pluchea, control, Tenerife.

THE EXPANSION OF PLUCHEA CASS.
(ASTERACEAE) SPECIE AND ITS POTENTIAL INVASIVE
BEHAVIOUR IN TENERIFE (CANARY ISLANDS)

ABSTRACT

The invasive potential behaviour of the species of the genus Pluchea on the island of Tener-
ife, through its chorological characterization, realized with data recorded by the authors,
from the Island Council, the early warning team of the Canary Islands Government (RE-
DEXOS) and unpublished information released by other researchers. From this analysis,
its incorporation in the Spanish Catalogue of invasive alien species is recommended and,
also, in the future regional Catalogue. Finally, we provide recommendations related to its
management and control.

KEeywoRrbDs: potentially invasive species, distribution, Pluchea, control, Tenerife.

DOI: https://doi.org/10.25145/j.51.2021.04.01
REVISTA SCIENTIA INSULARUM, 4; diciembre 2021, pp. 11-25; ISSN: e-2659-6644

25 11

2021, PP 11

M, 4,

U

SCIENTIA INSULA

A

o


https://doi.org/10.25145/j.SI.2021.04.01

25 12

PP. 11

27,

)
!

SCIENTIA INSULAR

REVISTA &

UM, 4; 20

INTRODUCCION

Pluchea Cass. es un género de la familia Asteraceae que se distribuye exclu-
sivamente por regiones tropicales y subtropicales del Viejo y el Nuevo Mundo en
ambos hemisferios (King-Jones 2001). Aparece en Asia, norte y sur de América,
Africa y Australia (Qaiser & Abid 2003) y cuenta con 45-80 especies (King-Jones
2001; Oliver i Martinez-Fornés ez al. 2007). Salvo algunas excepciones, son arbus-
tos y subarbustos adaptados al severo estrés propio de los dmbitos donde se distri-
buye: altas temperaturas, bajas precipitaciones, estaciones secas y sequias prolongadas
(King-Jones 2001).

En la isla de Tenerife se han naturalizado dos especies de este género: P. ova-
lis (Pers.) DC., cuya distribucién abarca del oeste de Africaala peninsula de Arabia
(King-Jones 1999), y P. dioscoridis (L.) DC. estd muy extendida en Africa tropical
y subtropical y la peninsula ardbiga, apareciendo también en Australia, exclusiva-
mente en Queensland (King-Jones 2001).

Ambas especies comparten distribucién en Angola, Burundi, Tanzania,
Chad, Etiopia, Kenia, Suddn, Eritrea, Somalia, Uganda, Omdn, Arabia Saudj,
Qatar, Emiratos y Bahrain (htep://www.plantsoftheworldonline.org), e incluso pue-
den encontrarse creciendo en las mismas dreas en los paises de Burundi y Tanzania
(King-Jones, 2001).

En Tenerife P. ovalis se detecté en el afio 2000 en el casco urbano del muni-
cipio de Adeje (R. Mesa, com. pers.), posteriormente Padrén-Mederos ez a/. (2009)
recolectan material en el borde de carretera de la variante La Caleta-Golf de Adeje,
en el barranco del Agua. Verloove & Reyes-Betancort (2011) confirman la rdpida
propagacion por numerosas localidades entre los nicleos poblacionales de Adeje y
Playa de Las Américas, y Barone & Herndndez (2014) amplian la corologia a los
municipios cercanos de Arona, Santiago del Teide y Guia de Isora sin rebasar los
200 m de cota mixima.

Martin-Osorio & Wildpret (2014) encuentran P. dioscoridis (L.) DC. en
el interior de una presa artesanal que recoge las aguas pluviales estacionales en el
complejo de San Blas, municipio de San Miguel de Abona.

En su zona de procedencia, P. ovalis aparece en suelos con humedad eddfica
relativamente alta, pastizales y, ocasionalmente, en terrenos pantanosos, en margenes
de rios, arroyos, acequias y humedales temporales o permanentes no muy salados
(King-Jones 1999; Charco 2001) y, P. dioscoridis en zonas donde el agua subterrinea
estd cerca de la superficie, o cerca de bancos de agua, caminos y pantanos (King-Jo-

nes 1999; Shaltout & Slima 2007).

* Técnicadel Servicio de Impacto Ambiental de la Viceconsejerfa de Lucha contra el Cam-
bio Clim4tico del Gobierno de Canarias. Santa Cruz de Tenerife, Islas Canarias, Espafia. Autor para
la correspondencia: lrodnav@gobiernodecanarias.org.

** Licenciada en Biologfa. Santa Cruz de Tenerife, Islas Canarias, Espafia.

*** Licenciada en Biologfa. Santa Cruz de Tenerife, Islas Canarias, Espafa.


http://www.plantsoftheworldonline.org

Quizés la distribucién de las especies del género Pluchea pudiera estar vin-
culada a su uso medicinal. En Africa, Arabia e India, hojas y tallos se emplean como
purgante, antipirético o para tratar inflamaciones o fortiinculos dolorosos (King-Jo-
nes 2001). Con la decoccién de hojas frescas de P. dioscoridis se trata la epilepsia en
nifnos, los cdlicos, como carminativo y como remedio para el enfriamiento; ademds,
en Tanzania, la decoccién de la corteza de la raiz se emplea contra la esterilidad en
mujeres e impotencia en hombres (Shaltout & Slima 2007). El extracto etandlico
de las raices de P. ovalis sirve en el tratamiento del asma (Oliver i Martinez-Fornés
et al. 2007).

El comportamiento invasor de P. dioscoridisy P. ovalis en diferentes lugares
de Africa e incluso para Tenerife se recoge en varias bases de datos (Global Register
of Invasive Species y Global Biodiversity Information Facility) y literatura (Simp-
son 1932; Shaltout & Slima 2007).

En atencién a la peligrosidad de varias especies exdticas invasoras en la isla
de Tenerife, el Area de Desarrollo Sostenible y Lucha contra el Cambio Climético
de su Cabildo Insular y el Gobierno de Canarias trabajan en su control, estable-
ciendo prioridades en las intervenciones en funcién del grado de peligrosidad y de
los valores ambientales afectados. Al mismo tiempo, abren lineas de cooperacién con
el Centro Superior de Investigaciones Cientificas (CSIC) para el ensayo de diferen-
tes métodos de actuacién en las mds problemadticas (Elejabeitia & Delgado 2018).

Aunque los taxones aqui tratados no estdn incluidos en el Catdlogo espafnol
de especies exdticas invasoras —Real Decreto 630/2013, de 2 de agosto—, las citadas
administraciones pablicas estdn procediendo al control de P. ovalis en aplicacién del
articulo 9 del citado Real Decreto 630/2013 al «... constatarse la existencia de una
amenaza grave producida por la aparicién de una especie exdtica invasora, incluida
o no en el catdlogo...».

En 2017, con financiacién europea, se dio inicio al Proyecto de Control
de Flora Exética Invasora en Tenerife, que ha continuado en afios posteriores rea-
lizando trabajos de control. Desde ese mismo ano el equipo del proyecto REDE-
XOS del Gobierno de Canarias incluye, por su cardcter invasor y como respuesta
temprana, el control de P. ovalis especialmente en espacios naturales protegidos y
su entorno inmediato.

Respecto a los objetivos del trabajo se plantean: identificar las posibles vias
de introduccién y dispersion; recopilar cartogréficamente la distribucién de ambas
especies en la isla de Tenerife y, en concreto, con respecto a los espacios naturales
protegidos de la Red Canaria y de la Red Natura 2000; y reunir las prdcticas de
manejo y control que se estdn aplicando con estas especies.

MATERIAL Y METODOS

Se ha realizado una exhaustiva busqueda bibliografica sobre las dos especies
tras consulta al Banco del Inventario Natural de Canarias (https://www.biodiver-
sidadcanarias.es), se analizan las citas y la documentacién referida a las mismas, se
buscé informacién en floras bdsicas y publicaciones especificas, se tomaron en con-
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sideracion los datos corolégicos aportados por el Cabildo Insular de Tenerife y por
REDEXOS, ademds de los cedidos por R. Barone y F. Herndndez, y los obtenidos
en el trabajo de campo del presente estudio y, por tltimo, las comunicaciones per-
sonales de diversos interlocutores.

Entre los meses de septiembre y noviembre de 2019 se recolectaron mues-
tras, tomando datos sobre la fenologia (tamanos de edad y estado reproductivo),
corologia (incluyendo la altitud) y georreferenciacién mediante el empleo de un
dispositivo GPS marca Garmin modelo Etrex Vista Hex. Igualmente, se han foto-
grafiado detalles morfolégicos de los ejemplares y de su entorno. Adicionalmente,
se realizaron visitas a los principales campos de golf presentes en la isla de Tene-
rife: campo de golf Los Palos, Amarilla Golf, San Andrés Golf del Sur, Golf Costa
Adeje, Abama Golf, Buenavista Golf y Real Club de Golf de Tenerife. El Golf Las
Américas no otorgd autorizacién para acceder a sus instalaciones; no obstante, se
visitaron sus exteriores.

El material recolectado, tras su prensado y determinacion, fue depositado
en el Herbario ORT del Jardin de Aclimatacién de La Orotava, sito en el Puerto
de la Cruz, para su registro.

Unificando las coordenadas UTM (-WGS 84-) de los datos coroldgicos de
las especies de Pluchea estudiadas provenientes del Cabildo Insular, REDEXOS, R.
Barone y F. Herndndez y propios, se han representado en mapas, reflejando igual-
mente la Red de Espacios Naturales Protegidos de Canarias, mediante el uso de
herramientas SIG (ArcGIS 10.5.1) y usando como base cartogréfica la extraida de
los servicios cartogréficos bdsicos aportados por el Sistema de Informacién Territo-
rial de Canarias-IDECanarias (https://www.idecanarias.es).

La similitud morfolégica entre ambas especies (Chevalier 1935) y la variabi-
lidad de P. ovalis (King-Jones 1999) dificultan la identificacién. Para la determina-
cién del material recolectado seguimos el criterio adoptado por King-Jones (1999),
segun la siguiente dicotomia:

— hojas ampliamente auriculadas y/o decurrentes, indumento grisdceo lanoso........P. ovalis
— hojas ligeramente auriculadas, nunca decurrentes, indumento piloso......... P. dioscoridis

RESULTADOS

Fruto de las visitas de campo se recolectaron un total de 18 pliegos (ver
anexo 1) que tras su identificacién fueron registrados y depositados en el Herbario
ORT. Deellos 9 corresponden a P. ovalisy, el resto, a P. dioscoridis (ver figuras 1y 2).

Resenar que, en la charca de la Reserva Ambiental San Blas, locus donde
Martin-Osorio & Wildpret (2014) citan P. dioscoridis, hemos herborizado una
muestra asimilable a P. ovalis al presentar hojas decurrentes en la base, al menos las
inferiores y anchamente auriculadas. Las plantas vistas en campo presentan fauna
invertebrada asociada, por lo que pudiera ser una especie hospedadora de pardsi-
tos y/o patégenos. En concreto, se detectaron individuos del género Bemisia (mosca
blanca), familia Aleyrodidae.


https://www.idecanarias.es

Figura 1. En la imagen de la izquierda Pluchea dioscoridis (L.) DC., y en la de la derecha P. ovalis
(Pers.) DC. con hojas auriculadas y decurrentes.

Figura 2. Planta de P dioscoridis en flor en el mes de octubre.

De los mapas obtenidos (ver figuras 3 y 4) con datos de diversa proceden-
cia (—~Cabildo Insular, REDEXOS, R. Barone y F. Herndndez, que estd referida a
P. ovalis— y los herborizados en campo —P. ovalis y P. dioscoridis-) se infiere que
las especies del género Pluchea presentes en Tenerife, principalmente aparecen en
entornos antropizados, ocupando una ancha banda entre los 0 m s.n.m. como punto
mds bajo y los casi 900 m de altitud en Santiago del Teide, y concentradas desde el
municipio de Granadilla de Abona hasta el de Buenavista. La localidad mds orien-
tal sujeta a control fue en un parterre de la mediana de la carretera TF-29, a esca-
sos 500 m de la autopista TF-5, principal corredor viario que une la conurbanacién
Santa Cruz-La Laguna.

15

25

2021, PP 11

M, 4,

)
!

SCIENTIA INSULARL

REVISTA



)
!

&3
<
<
z
[IN

Figura 3. Representacion de los datos de las especies del género Pluchea presentes
en la isla de Tenerife segtin su procedencia: Cabildo Insular de Tenerife, REDEXOS,
informaci6n inédita cedida por investigadores y el material herborizado (base cartogrifica
extraida de los servicios cartogréficos bédsicos aportados por el Sistema de Informacion
Territorial de Canarias-IDECanarias —https://www.idecanarias.es—).

Figura 4. Representacion de los datos de las especies del género Pluchea presentes
en la isla de Tenerife de diversa procedencia, respecto a los espacios naturales protegidos
de la Red Canaria existentes en dicha isla (base cartogréfica extraida de los servicios
cartograficos bdsicos aportados por el Sistema de Informacién Territorial
de Canarias-IDECanarias —https://www.idecanarias.es—).
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TABLA 1. ESPACIOS NATURALES PROTEGIDOS DE LA RED CANARIA
Y DE RED NATURA 2000 EN LOS QUE ALGUNA ESPECIE DE LAS ESTUDIADAS
INICIA SU PROCESO DE COLONIZACION

EsPACIOS NATURALES PROTEGIDOS DE LA RED CANARIA
Parque Rural de Teno (T-13)
Sitio de Interés Cientifico Acantilado de la Hondura (T-37)
Sitio de Interés Cientifico Tabaibal del Poris (T-38)

Sitio de Interés Cientifico Acantilados de Isorana (T-39)

Sitio de Interés Cientifico La Caleta (T-40)

Monumento Natural Montanas de Ifara y Los Riscos (T-17)

Monumento Natural Montana Pelada (T-18)

Monumento Natural Montafa de Guaza (T-22)

Monumento Natural Caldera del Rey (T-23)

Reserva Natural Especial Montafia Roja (T-6)
Reserva Natural Especial Malpais de Rasca (T-7)

Reserva Natural Especial Barranco del Infierno (T-8)

Paisaje Protegido Barranco de Erques (T-30)
Paisaje Protegido Ifonche (T-32)

Esracros pe REp Natura 2000

ZEC Teno n.0 95_TF

ZEC Montana de Ifara y Los Riscos n.c 98_TF
ZEC Montafia Roja n.° 85_TF

ZEC Malpais de La Rasca n.c 78_TF

ZEC Barranco del Infierno n.c 87_TF

ZEC Barranco de Erques n.° 105_TF

ZEC Barranco de Nidgara n.° 67_TF

Sefalar que P. ovalis ha alcanzado o se encuentra en la cercania de espa-
cios naturales protegidos de la Red Canaria y de la Red Natura 2000 (ver tabla 1),
lo que supone un impacto directo sobre el 16% de los espacios naturales protegi-
dos presentes en la isla y amenazando a la periferia del 21% (ver figuras 5 y 6). Hay
individuos de una de estas dos especies en los siguientes hdbitats naturales de interés
comunitario: 5330 «Matorrales termomediterrdneos y pre-estépicos», 1250 «Acanti-
lados con vegetacién de las costas macaronésicas (flora endémica de estas costas)» y
92D0 «Galerfas riberefias termomediterrdneas (Nerio-Tamaricetea) y del sudoeste
de la peninsula ibérica (Securinegion tinctoriae)».

Respecto al manejo y control, las cuadrillas de control trasladan que han
aplicado los siguientes métodos: tala, desenraizado, aplicacién de herbicida, pudri-
cién de los troncos y quema controlada. En los ejemplares mds jévenes funciona el
arranque manual, y en los de mayor porte el tratamiento con herbicida en tocones
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Figura 5. En la imagen de la izquierda, individuo de P. ovalis en el campo de golf Los Palos,
a menos de 400 m de los limites del Monumento Natural de Montafia Guaza (T-22).
En la de la derecha, la misma especie en el cauce del barranco de Masca,
dentro del Parque Rural de Teno y su ZEC homénimo.

-
<T

=

; Figura 6. Porcentajes de los espacios naturales protegidos de la Red Canaria afectados

= y amenazados por las especies del género Pluchea presentes en la isla de Tenerife.

=
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= de plantas taladas o desbrozadas cuando estdn parcialmente agostadas, a finales de
o

verano y principios de otofio. Los rebrotes de las plantas alertan sobre la necesidad
de ejecutar revisiones periddicas en las localidades objeto de manejo. En todo caso,
la Administracién entiende que actia sobre P. ovalis, aunque, sin saberlo, por la
dificultad en la identificacion, es probable que también lo haya hecho sobre P. dios-
coridis si se atiende a la distribucién del material muestreado.



DISCUSION

La introduccién de especies exdticas invasoras por el hombre puede ser acci-
dental, a través del cultivo de sus semillas (Mack ez a/. 2000) o plantas, o inten-
cionada, al emplear especies utilizadas en silvicultura, acuicultura y horticultura
(Bayon & Vila, 2019). En la isla de Tenerife, parece que en el caso de P. ovalis,
su introduccién se podria deber a motivos ornamentales (Padrén-Mederos et al.
2009; Verloove & Reyes-Betancort 2011), probablemente por su plantacién en el
campo de Golf de Adeje (Verloove & Reyes-Betancort 2011). Ademds, su presen-
cia en otras de estas instalaciones (campo de golf Los Palos, Golf de San Miguel de
Abona, Amarilla Golf, San Andrés Golf del Sur, Golf Costa Adeje y Abama Golf)
hace pensar que los propdgulos también podrian haber llegado en la arena que se
emplea como sustrato base, ya que al parecer en los tltimos afos las arenas utili-
zadas en la isla de Tenerife se traen desde el noroeste de Africa, en concreto, desde
El Aaitn (A. Aguiar, com. pers.).

Su propagacién y expansién debe atribuirse a la elevada produccién de semi-
llas (aquenios vilanados) que se dispersan con facilidad por anemocoria (Barone &
Herndndez 2014; Martin-Osorio & Wildpret 2014). Las semillas que caen al suelo
quedan sujetas al transporte por la accién del agua de lluvia y de la escorrentia super-
ficial colonizando zonas préximas, o incluso avanzar a través de barrancos y/u obras
de drenaje, como pudiera tratarse de los ejemplares localizados en la desembocadura
del barranco encauzado de la Reserva Ambiental San Blas, conducciones soterradas
con desagiie en la playa de La Caleta, obra de drenaje en el barranco del Golf del
Sur o el barranco anexo a la Finca Abama.

Stiles (2000) apunta que las aves son uno de los mejores vectores de disper-
sién de propdgulos. En especial, las aves acudticas suponen una importante via de
transporte de semillas (Figuerola & Green 2002). Los ecosistemas hidrofiticos en
los que crecen estas dos especies (principalmente en bordes e interior de charcas,
estanques y presas) posibilitan la visita regular de fauna ornitolégica que favorece-
ria la dispersién de sus semillas. Ademds, el uso como recurso alimenticio y para
la construccién de nidos por parte de paseriformes (R. Jorge, com. pers.) también
corrobora que la avifauna es uno de los vehiculos de su dispersién.

Volviendo a los campos de golf del sur de la isla, la propagacién de P. ovalis
y P. dioscoridis entre distintas instalaciones puede obedecer al trasiego de jugadores,
siendo la dispersién a través de los zapatos y/o la indumentaria, tal como se informa
por parte del Greenkeeper del Real Club de Golf de Tenerife.

Las carreteras promueven la dispersién de especies exdticas al alterar los habi-
tats y proveer corredores para el movimiento (Trombulak & Frissell 2000). En este
sentido, la presencia de ejemplares de alguna de estas dos especies del género en los
madrgenes de las carreteras del sureste y suroeste de la isla hace presagiar que estas
especies ampliardn su drea de distribucién alcanzando el norte de la isla, mdxime
cuando se han iniciado las obras para dar continuidad al corredor principal en el
noroeste y cerrar el circuito de carreteras rdpidas de la isla.

Por tltimo, el cardcter alelopdtico identificado en especies del género Plu-
chea, relacionado con la presencia de compuestos fendlicos en hojas y raices de, por
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Figura 7. Explosion de las especies del género Pluchea en dmbitos de influencia antrépica,
de izquierda a derecha y de arriba abajo: playa La Caleta, interior de una tanquilla

S de riego con agua, margen de carretera, charca de Las Galletas o de

Q Don Casiano (Arona, Tenerife) y en las oquedades de un muro.

:

@ ejemplo, P. lanceolata (Dakshini 1994) y P. dioscoridis (Fahmy et al. 2012), favo-
o rece su expansion en el entorno mds préximo al controlar la germinacién y el cre-

cimiento de otras especies vegetales. El monopolio de P. ovalis y P. dioscoridis en la
charca de Las Galletas o de Don Casiano y en la charca de la Reserva Ambiental
San Blas podrian explicarse, en parte, por esta propiedad.

Estas especies han encontrado dmbitos propicios para su asentamiento y
expansion en la isla de Tenerife. Principalmente en los de fuerte influencia humana
que, en ocasiones, estdn asociados a aportes adicionales de agua, como bordes de
charcas y presas, atarjeas, jardines con riego por goteo, margenes de carretera, fon-
dos de barrancos, bordes de invernaderos, muros de piedra, solares y otros lugares

con humedad edifica (ver figura 7).
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CONCLUSIONES

La actual distribucién de P. ovalis y P. dioscoridis supone un incremento
espacial con respecto a los datos conocidos hasta el momento. Ademds, su llegada
a los espacios naturales protegidos de la Red Canaria y de Natura 2000 pone en
riesgo el equilibrio de sus hdbitats y especies, como podria llegar a suceder con el
amenazado lagarto gigante de Tenerife (Gallotia intermedia Herndndez, Nogales &
Martin, 2000), en la fuente de Borrallos, dentro del Parque Rural de Teno y ZEC
homénimo (J.M.R. Carmona, com. pers.), lo que podria poner en peligro los recur-
sos alimenticios de esta especie protegida, por competencia de ambas especies de
Pluchea con plantas autdctonas de la zona por el espacio.

Para la contencién y control de la expansion de estas especies es necesario
que se dé continuidad a los trabajos que, desde las distintas escalas de la Administra-
cién, se llevan ejecutando desde 2017, por otra parte es necesario contar con secto-
res del 4mbito turistico (hoteles y campos de golf) y comercial para evitar su venta.
Es importante la formacién del personal con competencia en gestién de parques
y jardines en el reconocimiento de las especies y en los métodos de control, tanto
municipales como de establecimientos turisticos y de viveros.

Las caracteristicas de estas especies exdticas como plantas potencialmente
invasoras (elevada produccién de semillas, rdpida expansién y maltiples vias de dis-
persién) pueden facilitar el salto a cualquier otra isla. Resulta, por lo tanto, primordial
el traslado de la informacién al resto de cabildos y ayuntamientos del archipiélago,
en particular a los de las islas de La Gomera, La Palma y El Hierro, con los que se
mantiene conexion via linea maritima desde el sur de la isla de Tenerife a través del
puerto de Los Cristianos.

La inclusién de estas especies en el vigente Catdlogo espanol de especies ex6-
ticas invasoras —y en el futuro Catdlogo regional— desplegaria sus efectos juridicos,
favoreciendo, entre otras cuestiones, que las politicas medioambientales de control
y erradicacion se focalicen sobre estos taxones, dedicando recursos para acotar y fre-
nar la expansion, evitar la plantacién y/o mantenimiento en zonas publicas, insta-
laciones hoteleras, campos de golf 'y jardines en general y, de paso, abordar aspectos
como la educacién ambiental, herramienta imprescindible para el control y gestién
de estas especies.
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ANEXO I

Exsiccata: Pluchea ovalis (Pers.) DC. Tenerife:

Charca San Blas, San Miguel de Abona, 03.X.2019, (UTM-WGS 84-: 342443/3102245, a 43 m de
altitud), (Leg. B. Farifia y A. Rivero), (ORT47097 + duplic.); Ibid., 17.X1.2019, (UTM-WGS 84-:
342443/3102245, a 43 m de altitud), (Leg. B. Farina y M.L. Rodriguez Navarro), (ORT47098);
carretera San Isidro-Cueva Hermano Pedro, Granadilla de Abona, 03.X.2019, (UTM-WGS 84-:
347119/3105065, a 113 m de altitud), (Leg. B. Farifia y A. Rivero), (ORT47099 + duplic.); carre-
tera Fafiabé-La Caleta, Adeje, 06.X.2019, (UTM-WGS 84-: 329718/3109955, a 121 m de altitud),
(Leg. B. Farifa, A. Rivero y M.L. Rodriguez Navarro), (ORT47102); beo. del Agua, carretera Fafa-
bé-La Caleta, Adeje, 06.X.2019, (UTM-WGS 84-: 329697/3110322, a 117 m de altitud), (¢jusd.),
(ORT47103); Golf Los Palos, Arona, 11.X.2019, (UTM-WGS 84-: 334809/3102552, a 65 m de
altitud), (¢jusd.), (ORT47107); Los Gigantes, Santiago del Teide, 14.X.2019, (UTM-WGS 84-:
319699/3127158, a 20 m de altitud), (Leg. M. Padilla), (ORT47109 + duplic.); cauce de Masca, Bue-
navista, 23.X.2019, (UTM-WGS 84-: 317504/3130855, a 48 m de altitud), (¢jusd.), (ORT47111);
hotel Abama, Guia de Isora, 31.X.2019, (UTM-WGS 84-: 322962/3117355, a 51 m de altitud), (Leg.
M.L. Rodriguez Navarro y A. Rivero), (ORT47112).

Pluchea dioscoridis (L.) DC. Tenerife:

Mirgenes del Campo de Golf de San Miguel de Abona, 06.X.2019, (UTM-WGS 84-: 340730/3100865,
a 25 m de altitud), (Leg. B. Farifia, A. Rivero y M.L. Rodriguez Navarro), (ORT47100); Casa Club
Amarilla Golf, San Miguel de Abona, 06.X.2019, (UTM-WGS 84-: 340965/3101747, a 58 m de alti-
tud), (¢jusd.), (ORT47101 + duplic.); trasera Universidad de Verano de Adeje, 06.X.2019, (UTM-WGS
84-: 330496/3111975, a 286 m de altitud), (¢jusd.), (ORT47104); solar en el entorno de la Universi-
dad de Verano de Adeje, 06.X.2019, (UTM-WGS 84-: 330550/3112038, 2 295 m de altitud), (ejusd.)
(ORT47105); paseo de Los Pinalitos-Caleta de Adeje, 06.X.2019, (UTM-WGS 84-: 327315/3109817,
a 28 m de altitud), (¢jusd.) (ORT47106); charca de Las Galletas, Arona, 11.X.2019, (UTM-WGS
84-: 336203/3101026, a 43 m de altitud), (¢jusd.), (ORT47108); Chimiche, Granadilla de Abona,
en el interior de una represa actualmente seca, 18.X.2019, (UTM-WGS 84-: 352117/3110325, a 155
m de altitud), (Leg. A. Rivero y M.L. Rodriguez Navarro), (ORT47110); jardines de la Urbanizacién
Ocean Boulevard en Amarilla Golf, 17.X1.2019, (UTM-WGS 84-: 341639/3101375, a 49 m de alti-
tud), (Leg. M.L. Rodriguez Navarro y B. Farifa), (ORT47113); desembocadura del barranco encau-
zado de la Reserva Ambiental San Blas, 17.X1.2019, (UTM-WGS 84-: 342779/3101375, a 5 m de
altitud), (Leg. B. Farifia y M.L. Rodriguez Navarro), (ORT47114).
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MONITORING A THERMOPHILOUS WOODLAND
REFORESTATION PROJECT IN TENERIFE, CANARY ISLANDS

Francesco Rota’, Mercedes Vidal-Rodriguez™, Alessandro Chiarucci™,
José Maria Ferndndez-Palacios™, Robert J. Whittaker’

ABSTRACT

The Canarian juniper woodland, dominated by Juniperus turbinata ssp. canariensis, is a
priority habitat and is among the most endangered ecosystems of the European Union.
Saplings of 12 species were planted between March 2006 and January 2008 within the
Rural Park of Teno (Tenerife) during a LIFE reforestation project. To assess the replanting
effectiveness, six 25 x 25 m permanent plots were established for monitoring plant conditions
in 2014. We report the results of annual surveys up to 2019. We recorded vitality, phenology
and size of 225 planted individuals belonging to eight different species. The vitality showed
general positive trends, with a low 2018 decrease. Around 30% of surviving saplings displayed
flowers or fruits in 2019. Juniperus turbinata ssp. canariensis and Olea cerasiformis presented
a significant increment for all the growth traits, but only the juniper showed locally varied
patterns of growth. We expect that the monitoring will contribute useful insights for other
restoration projects for the endangered Canary endemic thermophilous woodland.

KEYywoRDs: ecological monitoring, endemic juniper woodland, functional traits, restoration
ecology, Tenerife.

SEGUIMIENTO DE UN PROYECTO DE REFORESTACION
DEL BOSQUE TERMOFILO EN TENERIFE, ISLAS CANARIAS

RESUMEN

El sabinar, comunidad dominada por Juniperus turbinata ssp. canariensis, constituye un
habitat prioritario de la Unién Europea. En el marco de un proyecto LIFE de reforestacién
entre marzo de 2006 y enero de 2008 fueron plantadas pldntulas de 12 especies leniosas en
el Parque Rural de Teno (Tenerife). Para comprobar el éxito de la plantacién se establecieron
en el ano 2014 seis parcelas permanentes cuadradas de 25 m de lado en la zona reforestada.
En este trabajo se describen los resultados del seguimiento anual llevado a cabo hasta 2019.
Se registraron valores de vitalidad, fenologia y tamano de 225 individuos pertenecientes a
ocho especies diferentes. La vitalidad presenta una tendencia positiva, con un pequefio bajén
en 2018, mientras que el 30% de los individuos supervivientes ya producian flores o frutos
en 2019. Juniperus turbinata ssp. canariensis y Olea cerasiformis presentaron un incremento
significativo para todos los rasgos analizados, pero solo la sabina mostré patrones de creci-
miento localmente variados. Esperamos que el seguimiento contribuya con conocimientos
ttiles para otros proyectos de restauracion del amenazado bosque terméfilo endémico canario.

KEeyworbs: seguimiento ecolégico, bosque de cedros endémicos, rasgos funcionales, ecologia
de la restauracién, Tenerife.
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INTRODUCTION

The thermophilous woodland in the Canaries is a highly degraded and
threatened ecosystem, owing to its occurrence within the most valuable agricultu-
ral areas of the islands (mid-elevation —medianias— of both windward and leeward
slopes) and today due to the closeness of the few remnant juniper patches to areas
with intensive human activities, such as urbanizations or infrastructure construc-
tions (Ferndndez Palacios ez al. 2008). On Tenerife, the remaining remnants, are
few, small and scattered, mostly being restricted to inaccessible gullies and slopes
(Otto er al.2012, Ferndndez-Palacios ez al. 2020) (figures 1, 2). An endemic juniper
restoration project (LIFE04/NAT/ES/000064) was developed by the island govern-
ment (Cabildo Insular de Tenerife) and funded in part by the Cabildo, but especially
with funds from the European Union. The restoration was implemented within the
Teno Rural Park, in the north-west of Tenerife, during 2005-2008. The goal of this
project was to trial the restoration of the juniper community in Tenerife by planting
Juniperus turbinata ssp. canariensis (Guyot and Mathou) Rivas Mart., Wildpret and
P. Pérez and other key species of this formation, such as the endemic wild olive (Olea
cerasiformis Rivas Mart. and del Arco). The other species included in the planting
were Euphorbia atropurpurea Broussonet, Globularia salicina Lam., Gymnosporia cas-
sinoides (UHér.) Mast., Hypericum canariense L., Jasminum odoratissimum L., Pista-
cia atlantica Dest., Retama rhodorhizoides (Webb and Berthel.) Webb and Berthel.,
Rhamnus crenulata Aiton, the thermophilous ecotype of Heberdenia excelsa (Ait.)
Banks and Visnea mocanera L.f. (Ferndndez-Palacios ez al. 2008). A second goal was
to contribute to the scientific knowledge about the ecology of these species and the
dynamics of this plant community (e.g. see Otto et /. 2010). A third goal was to
gain experience restoring this ecosystem within a protected area such as a Rural Park,
sharing this knowledge with local people in order to show how the thermophilous
woodland restoration can be compatible with the conservation of traditional rural
activities (Ferndndez-Palacios ez al. 2008). Even if project-level monitoring has his-
torically been neglected, it is a necessary component of forest restorations (Schultz
et al. 2012). The present work aims to provide quantitative data on the early years
of the Teno thermophilous woodland restoration project.

The initial plantation density in 2006-2008 was of c. 1237 plants hectare™
(Ferndndez-Palacios ez al. 2008). There were early indications of inter-specific varia-
tion in performance in the plantation, showing differential responses to seasonal
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Figure 1. The pre-human (left) and current (right) distribution of thermophilous woodlands
on Tenerife (from Ferndndez-Palacios ez 2/. 2008, based on del Arco et al. 2006).

Figure 2. One of the remnants of the Juniper community in Afur, Tenerife.
(Photo Francesco Rota).

adverse weather conditions, late planting date and/or herbivory, especially after the
removal of the metal grid protectors initially used to protect the saplings against
rabbits and goats (Ferndndez-Palacios ez a/. 2008). However, for several years after
2008, no monitoring was carried out. In March 2014 a monitoring effort was ini-
tiated, to record the regrowth by establishing permanent plots in the upper part
of the estate (700-850 m a.s.l.). The field data collection was carried out together
by the MSc Biodiversity, Conservation and Management (University of Oxford)
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and the MSc “Biodiversidad Terrestre y Conservacién en Islas” (University of La
Laguna) field-course students and professors, as an instructive exercise for them and
to generate the data reported herein. On each occasion, the data has been recorded
in a single afternoon and by students who have no prior experience of the site, but
under supervision of the same experienced staff. The principal goal was to record
the survival and growth of the saplings planted and to continue monitoring the sites
as the woodland cover develops.

MATERIAL AND METHODS
STUDY SPECIES

The species selected in any restoration project depend on the community to
be restored. In this case it was a dry juniper community for the lower part, with a
transition community towards a humid juniper woodland in the upper part of the
site, more favoured by the overflowing sea of clouds, that is formed by the north-
eastern humid winds. The high abundance of Juniperus turbinata ssp. canariensis
and Olea cerasiformis, still existing in inaccessible cliffs of the few remnants of
thermophilous woodland belt on Tenerife, justifies their selection as structural
species in the restoration. Moreover, several place names of the surroundings indicate
a putative historical presence of junipers (e.g. “El Sabinal”, used for an area of the
restoration land, from Spanish “sabina” = juniper) (Ferndndez-Palacios ez 2/. 2008).
There are no appropriate sedimentary sites in the zone (lakes, calderas, etc.) for
carrying out a palacoecological analysis that could confirm the composition of the
woodland cover prior to human arrival. funiperus and Olea improve the structure
and composition diversity, since they show a certain nurse’ effect, mitigating the
adverse environmental conditions of the zone, decreasing the wind speed, increasing
the humidity and shade of the site (Ferndndez-Palacios ez al. 2008, Otto et al.
2010). Following the natural pattern, a series of auxiliary species were chosen for the
plantation. Globularia salicina, Euphorbia atropurpurea and Retama rhodorbizoides
were used in lower areas of the site, but not in the upper part of the restoration zone
where the monitoring plots are. Therefore, restoration monitoring included data for
two structural species, Juniperus turbinata ssp. canariensis and Olea cerasiformis, and
six auxiliary woody species: Gymnosporia cassinoides, Heberdenia excelsa, Hypericum
canariense, Jasminum odoratissimum, Pistacia atlantica and Visnea mocanera.

THE JUNIPER COMMUNITY AND THE TAXONOMIC STATUS OF THE “SABINA”

The Juniper woodland, also called sabinar, is a community dominated by
Juniperus turbinata ssp. canariensis in its mature state (figure. 2). Due to its elevational
distribution, between 200 and 400 m a.s.l. on windward slopes and between
400 and 800 m a.s.l. on leeward slopes, we can distinguish two types of juniper
communities. (1) The humid sabinar, in the northern or eastern windward slopes,



experiences lower temperatures, reduced actual evapotranspiration and slightly
higher precipitation (300-450 mm/year) due to the influence of the sea of clouds
(Ferndndez-Palacios e al. 2008). (2) The dry sabinar, located in the southern and
western leeward slopes, experiences rainfall of about 200-300 mm/year, higher levels
of actual evapotranspiration and higher temperatures. According to the requirements
of each species, there are compositional differences in response to these environmental
differences (Otto ez al. 2012). The species favouring the windward sites, such as
Argyranthemum spp., Echium strictum, Erica arborea, Erysimum bicolor, Heberdenia
excelsa, Hypericum canariense, Marcetella moquiniana, Morella faya, Pericallis spp.,
Sideroxylon canariensis, Sonchus spp. and Visnea mocanera require wetter conditions.
Within the drier sites, the thermophilous elements adapted to a moderate hydric
stress predominate, such as Bupleurum salicifolium, Carlina salicifolia, C. canariensis,
Cistus monspeliensis, C. symphytifolius, Convolvulus floridus, Echium aculeatum,
Globularia salicina, Jasminum odoratissimum, Olea cerasiformis, Pistacia atlantica,
Retama rhodorbizoides and Rhamnus crenulata. These juniper communities do not
require particularly rich soils, and depending on the elevation and the exposure to the
trade winds, they can grow in more or less stony soils (Bello-Rodriguez ez al. 2016).

The genus Juniperus (Cupressaceae) includes more than 67 species distributed
all over the North Hemisphere (Adams, 2006). Juniperus turbinata ssp. canariensis
is an endemic monoecious tree of the Canaries and Madeira and its taxonomic sta-
tus is still a topic of discussion, with genetic values and morphological characters
supporting the recognition of the Canary Island juniper of the phoenicea group at
a specific level as /. canariensis Guyot in Mathou and Guyot (Romo ez /. 2019).
This species occurs nowadays in the central and western Canary Islands, as well as
in Madeira and Porto Santo. It may also have occurred on Lanzarote and Fuerte-
ventura prior to the anthropogenic transformation of these islands (del Arco ez al.
2016). Although juniper woodland is considered the most extended thermophilous
community on the western Canary Islands, today it is only well-preserved on El
Hierro and La Gomera (von Gaisberg, 2005), and it appears very fragmented in La
Palma, Tenerife and Gran Canaria (Ferndndez-Palacios ez 2/. 2020, del Arco et al.
2010). The reddish brown fleshy-fruits (cones) of the juniper contain 3-7 seeds and
they are mainly dispersed by lizards (Gallotia spp.) and, to a lesser extent but poten-
tially further, by frugivorous birds, such as the blackbird (7urdus merula cabrerae)
and the locally threatened raven (Corvus corax canariensis). The seeds are also pre-
dated by the brown rat (Rartus rattus) and the rabbit (Oryctolagus cuniculus), both
species introduced by the Castilians in the xv century. /. turbinata ssp. canariensis
regeneration typically displays a very slow progress because of the hydric stress cau-
sing problems in seedlings germination and establishment (Otto ez 2/. 2006; 2010).
The species shows a K-strategy, typical of dominant species of late successional sta-
ges. Thus, this species presents a particular challenge for ecological recovery and/or
restoration, because of the long time needed for its growth. For these reasons, the
presence and abundance of /. turbinata ssp. canariensis are good indicators of the
state of the community (Ferndndez-Palacios ez al. 2008).
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Figure 3. Geographical location of the restoration area and the monitoring plots
(from east to west namely A, B, C, D, E and F) within the Rural Park of Teno
(delimited in blue), in the north-western part of Tenerife, Canary Islands.

STUDY SITE AND THE RESTORATION PROJECT IMPLEMENTATION

The study was conducted in the Siete Fuentes farm (57 ha and with an
elevational range of 400-950 m), a publicly owned area located in the Barranco
de Taburco de Adentro, within the Teno Rural Park protection area, part of the
Teno massif located in the north-west extreme of Tenerife, Canary Islands (figure
3). Prior to the restoration the area was used by some goat herds involved in the
local production of goat’s cheese. Later, the land was bought by the Cabildo with
European funds and the goat keepers were invited to use other public owned land
in nearby barrancos, so that the restoration project was not threatened.

The Teno massif emerged from the sea ca. 6.2-5.6 Ma Ma, being for most
of its history an independent island. It was joined with the other massifs to form the
present island of Tenerife during an important volcanic cycle around 1-2 Ma (Goillou
et al. 2004). The old age and isolation of the Teno massif, in conjunction with the
distinctive morphology of the deeply-dissected landscape, has allowed the evolution
of a unique natural heritage. The thermophilous woodland in Teno was potentia-
lly situated in the windward slope between 250 and 550 m a.s.l and in the leeward
between 300 and 800 m a.s.l. (Otto ez 2/. 2012). There is an ideal climate and a sui-
table soil for agriculture, that are the key reasons why the area has historically been
exploited and was largely converted to agricultural use (pastoral and arable). Prior
to human arrival, it is believed that the restoration area would have been covered by
a woodland dominated by Juniperus turbinata ssp. canariensis and Olea cerasiformis.



The area of the Siete Fuentes farm was planted with saplings grown in the
nursery of “La Tahonilla” (Cabildo Insular de Tenerife, La Laguna), from seeds collec-
ted within the closest populations of the species located in a triangle delimited by
Icod, to the Northeast, Guia de Isora to the Southeast and Punta de Teno, to avoid
genetic dilution when putting them in contact with individuals of different genetic
origins (in practice it is possible that a few juniper used in the lower part of the farm
were, in error, sourced from Anaga; JMFP pers. observ.). The seedlings obtained were
kept under shading structures for a couple of months, until they reached a size of
10-15 cm. Then, they were exposed to direct sunlight, and since the moment of the
beginning of the hardening stage coincides with the summer, a shading mesh was
placed over them, until the arrival of the least sunny weather. The plants that had
survived were prepared to be transported and planted out. Between March 2006
and January 2008, three different phases of planting were undertaken. Approxi-
mately 20% of the holes were made by manual drilling, digging a 40 cm deep pot,
while 80% were made with a backhoe machine, which due to its special locomotion
technique minimizes the effect on the soil and existing plants, paying attention to
avoid paths and stony areas with no soil. Subsequently, a single irrigation of about
30-40 liters of water per hole was performed to facilitate the initial establishment
of saplings. For this, it was necessary to have a truck with four-wheel drive and at
least 400 meters of hose to provide access to all points of the area.

SAMPLING

In order to continue evaluating the success of the restoration, we focused
our monitoring measure at species level, which is considered the most direct way
to understand the population response (Block ez /. 2001). With that aim, in 2014
we placed six permanent plots (25 m x 25 m, A, B, C, D, E, F) distributed in the
upper part (around 800 to 900 m a.s.l) of the restoration area. Seedlings have
been monitored every March since then (with the exception of 2020) and the data
analysed here span 2014-2019.

The monitoring project was set up with both an educational goal (providing
students with direct experience of the challenges involved in such exercises and
guiding them towards best practice) and the goal of contributing quantitative data
on the progress of the restoration experiment. The recording is undertaken in a single
afternoon, following a set of written protocols. Each year, a group of 4 to 6 students
were assigned to record one of the six plots, overseen by experienced staff members
(among them JMFP and RJW). Inevitably, this approach involves a considerable
amount of measurement error and so notwithstanding efforts taken to minimize
these errors and to correct mistakes made in previous years, the data are likely to
feature minor inaccuracies. One particular area of difficulty is the recording of the
stem basal diameter, in which errors arise due to changes in the amount of soil and
leaf litter surrounding the base of the plant, which in turn lead to changes from
year to year in the number of stems recorded and some unlikely gains and losses
in basal diameter. Height and canopy diameter measurements, which are taken
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directly with tapes, are more likely to be reliable. Losses in height do sometimes
occur due to plants tilting over. This occurred for two main reasons: (1) the plants
were originally protected from browsing by stray goats or by rabbits through the
installation of cylindrical wire cages during planting. These cages were removed c.
2014 (although some were missed and were then removed in a subsequent sampling
year); (2) the site is exposed and windy and without the protection of the cages some
plants have been blown over from their original upright position as they have grown.
Hence, negative height changes are consistent with field observation. We therefore
pay more attention to height and canopy extent than basal diameter measurements.

In each plot, every individual of the eight planted species was tagged, spatially
located with x-y coordinates (allowing us to produce maps of the individual plants)
and measured. In order to describe the annual size increase, we measured height
(cm), maximum and orthogonal crown diameters (cm) and stem diameter (cm)
immediately above the ground for each plant.

To understand the changes in survival and living stages, a 5-point ordinal
vitality index was recorded according to the percentage of damaged or lost leaves
observed (1 <25 %, 2 =25-50 %, 3 = 50-75 %, 4 > 75% and 5 = dead individual).
Particular attention was paid to Hypericum and Pistacia, in order not to confound
leaf-less with dead stages, because both are deciduous species. We also noted the
presence of flowers or/and fruits as evidence of reproductive effort.

STATISTICAL ANALYSIS

The data were analyzed with Microsoft Excel and R (R Core Team, 2020).
The vitality, the phenology and the initial and last year growth traits were analyzed
per species. In order to understand if the response traits varied significantly among
the species in the initial (2014) and last monitored year (2019) a comparison of the
mean values was done through a Kruskal-Wallis test for non-parametric data with
R function “kruskal.wallis()”, followed by a Mann-Whitney U test with Bonferroni
correction, with R function “pairwise.wilcox.test()” (Elzinga, 2019). To test for
any local variability in growth performance, this analysis was done also to check
for difference among monitoring plots for the two dominant species (i.e. Juniperus
turbinata ssp. canariensis and Olea cerasiformis) both in initial and final monitoring
stage (2014-2019). We applied the Wilcoxon signed rank test with the option for
paired samples to test the temporal trend variation (2014-2019) for each species.
The comparison letters obtained from the p. values were printed with R packages
“rcompanion” (Mangiafico, 2020) and “multcompView” (Graves, 2015).



TABLE 1. SURVIVAL AND MORTALITY FROM 2014 TO 2019 WITHIN THE SIX PLOTS
(EACH OF 25 M x 25 M) IN THE SIETE FUENTES SITE (TENO, TENERIFE) OF THE
PLANTED INDIVIDUALS OF EIGHT SPECIES (N TOT = NUMBER OF INDIVIDUALS IN 2014,
INCLUDING LIVE AND DEAD PLANTS THAT WERE SECURELY IDENTIFIED TO SPECIES)

SPECIES N Tor TOTAL LIVE SURVIVING ~ DIED BETWEEN 0o MORTALITY
IN 2014 IN 2019 2014 anD 2019
Gymnosporia cassinoides 5 5 4 1 20
Heberdenia excelsa 15 15 9 6 40
Hypericum canariense 54 52 50 2 3.85
Jasminum odoratissimum 37 37 35 2 5.41
J. turbinata ssp. canariensis 58 52 50 2 3.85
Olea cerasiformis 36 36 34 2 5.56
Pistacia atlantica 2 2 2 0 0
Visnea mocanera 8 8 8 0 0
All 215 207 192 15 7.25
RESULTS

MORTALITY

In the six study plots, there were 207 surviving plants in 2014, and 192 in
2019 (a mean of 32 per plot). This equates to a density in 2019 of 512 plants hec-
tare”, suggesting a mortality of approximately 59% compared to the initial estima-
ted plantation density of 1237 plants ha' (Ferndndez-Palacios ez al. 2008). These
estimates are broadly consistent with an initial monitoring exercise that was carried
out in autumn of 2006, 2007, 2008 and in spring of 2007, 2008, which reported
initial survival rates of around 50%. Between 2014 and 2019 around 7% of the
plants recorded as alive in 2014 died (table 1). Of the five species with a minimum
of 10 individuals in 2014, four had mortality rates of 3-6%, while Heberdenia excelsa
lost 6 of 15 individuals, a mortality rate of 40% and accounting for over a third
of the total mortality. Across all species an increase of 5% in the number of indi-
viduals of the highest vitality classes (1-2) was observed between 2014 and 2019
(when it stood at 80%).

PHENOLOGY

In 2019, across all species and sites, we recorded 57 plants producing
flowers and fruits, which corresponds to 30% of the surviving individuals showing
evidence of reproductive effort, up from c. 18% in 2014. While only one juniper
was observed to have cones in 2017, three Juniperus individuals were observed with
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TABLE 2. MEAN AND STANDARD DEVIATION (SD) OF HEIGHT, CROWN AREA AND STEM
DIAMETER OF SURVIVING INDIVIDUALS IN THE SIX PLOTS (COMBINED) AS OF 2014
AND 2019 (FOR N VALUES SEE TABLE 1). WE EXCLUDED G. cassinoides AND
P. atlantica DUE TO LOW NUMBER OF LIVING INDIVIDUALS.

(HEIGHT = cm, CROWN AREA = m?, STEM DIAMETER = mm).

HeiguT CROWN AREA STEM DIAMETER

SPECIES 2014 2019 2014 2019 2014 2019

Heberdenia excelsa  37.42 (15.71)  33.67 (17.07)  0.04 (0.02) 0.04(0.05) 12.54 (4.27) 25.87 (16.08)

Hypericum 78.07 (21.61) 88.1(3237)  0.40(0.27) 093 (0.81) 1750 (8.06) 27.19 (15.58)
canariense
Jasminum
. 7102 21.58) 9159 247)  0.20(0.16) 0.7 (0.6)  21.54(10.29) 3158 (24.93)

Juniperus turbinata
sSp. canariensis

Olea cerasiformis 87.64 (22.57) 140.85 (35.78) 0.53(0.38) 2.64(1.26) 39.74 (18.43) 82.86(30.27)
Visnea mocanera 50.33 (18.28) 99.38 (52.05)  0.10 (0.08) 0.66(0.62) 16.08 (5.95) 34.48 (17.56)

75.64 (28.74) 108.3 (40.01)  0.37 (0.28) 194 (1.29) 27.14(13.65) 64.24(13.05)

cones in 2018 and in 2019. Many Olea, Hypericum and Jasminum individuals bore
fruits and flowers. The number of individuals flowering or fruiting per species,
across all six sites, were as follows: Olea cerasiformis 2014, 0; 2015, 0; 2016 1; 2017
8; 2018, 1, and 2019, 3; Hypericum canariense 2014, 20; 2015, 8; 2016, 26; 2017,
23; 2018, 7, and 2019, 17; Jasminum odoratissimum 2014, 18; 2015, 28; 2016, 23;
2017, 31; 2018, 31, and 2019, 32; Juniperus turbinata ssp. canariensis 2014, 0; 2015, 1;
2016, 1; 2017, 2; 2018, 3, and 2019, 3. One individual of Gymnosporia cassinoides
started fruiting in 2018 and one individual of Visnea mocanera was first observed
flowering in 2019. There was no evidence of flowering or fruiting in the surviving
individuals of Heberdenia excelsa.

GROWTH TRAITS AND RATES

The size (Height, Crown Area and Stem Diameter) attained by 2014 and
2019 by surviving individuals varied significantly between species (Kruskal-Wallis
sum rank test, p < 0.001 for each trait for both 2014 and 2019). The mean values
and SD for each variable are reported in table 2. Heberdenia excelsa was found to be
the most different from the other species for each attribute. Oles individuals are on
average the tallest, the largest in crown area and in stem size, followed by Juniperus
(tables 2, 3). All six species of n>8 individuals show significant growth increments
over the sampling period except Heberdenia excelsa (figure 4).

We provide more detailed plot-by-plot analyses of our two structural species
O. cerasiformis and J. turbinata ssp. canariensis, both of which have relatively large
representation in the study. The Kruskal-Wallis test showed significant (p < 0.001)
variation among the plots only for the juniper, both in the initial and final stage of



SPECIES 2014 2019 2014 2019 2014 2019

Heberdenia excelsa a

a a a a a
Hypericum canariense be b bc b ab a
Jasminum odoratissimum be b d b be a
Juniperus turbinata ssp. canariensis be b bd c c be
Olea cerasiformis b c c d d b
Visnea mocanera ac abc ad be abc ac

2014 2019 2014 2019 2014 2019

SPECIES df p x2 p x2 p x2 p x2 p x2 p x2

Juniperus
turbinata ssp. 5 <0.001 21.801 <0.001 24.642 <0.001 26.127 <0.001 24.714 0.002 19.347 <0.001 26.214
canariensis

Olea
cerasiformis

4 0845 1393 042 3.896 0461 3.615 0389 4126 017 6476 046 3.619

SPECIES PLOT 2014 2019 2014 2019 2014 2019
Juniperue mrbinatesp A ab ab a . b b
B a a bc ab ab ab
C b b ab a a a
D ab ab a a ab ab
E a a c b b b
F ab ab abc ab ab ab

the monitoring (table 4). The juniper shows considerable between-plot variation in
performance for the height in plots B and E for both the initial and final stage of
the monitoring (table 5). Even within plots, there appears to be some variation in
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Figure 4. Plots showing variation in height (cm), crown area (m?) and stem diameter (mm) for six
different species across time (2014 to 2019). Values sharing a letter are not significantly different
after pairwise Mann—Whitney comparison test along the years (p < =0.05 with Bonferroni
correction). (middle bar = median or 50 percentiles, box limits = 25% and 75% (25% and 75
percentile), vertical lines = minimum and maximum, dots = outliers)



Figure 5. Maps of the six permanent 25 m x 25 m plots: A and F show little growth
compared to the other plots. Dark green corresponds to junipers while light-green
to wild olive while the size of the circle corresponds to the crown area (m?)
for each surviving juniper and wild olive in 2019.

growth of these two species in response to local topography and variations in soil
depth and shelter, although it should be understood that sample sizes are rather
small for format testing (see figure 5).

DISCUSSION

Monitoring is important for evaluating the success of restoration experiments
(Michener, 1997, Ruiz-Jaén and Aide, 2005, Herrick ez a/. 2006). The monitoring
should be conducted over a sufficiently long time to ensure that the populations
have adjusted to time-dependent changes resulting from restoration treatments
and also to incorporate the range of environmental conditions allowing for valid
estimates of process variation (Block ez a/. 2001). However, for this particular project
there were no funds specifically allocated to continuing the monitoring activities, a
component of such projects described as critical by Lindenmayer and Likens (2010)
policy-makers and managers. (By taking advantage of an educational opportunity
(the annual visits of a field course of MSc students), we were able to implement a
simple monitoring project extending over a number of years, and which we hope
to be able to continue.
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Opverall, we have estimated the total mortality since planting to be around
59%, most of which happened very shortly after planting. This fairly high mortality
may reflect that due to practical constraints, the planting out of many of the
seedlings had to be done at the start of the driest part of the year. It should be
noted, however, that this particular estimate is rather crude, being based on sites
located in the upper part of the site and on a general estimate of planting density
across the whole site, as we only began tracking the fate of plants in the six plots in
2014, some six years after the planting was completed. In another thermophilous
restoration project carried out in the neighboring island of Gran Canaria (LIFE+
Guguy LIFE12 NAT/ES/000286, 2013), where planting was completed in 2014,
there was a reported 42.2% initial mortality rate (Gesplan, 2019), not far below
the c. 50% initial reported rate in the Teno study c. 2008 (above). There were some
differences between the two studies, which shared just three species in common
(Juniperus turbinata ssp. canariensis, Olea cerasiformis and Pistacia atlantica), but
these data indicate broadly similar levels of early mortality.

Our monitoring of the Juniper woodland restoration project in Teno Rural
Park in Tenerife has shown that between 2014 and 2019, now a little over a decade
on from the planting, the plantation can be considered reasonably well established,
although most plants remain small and the cover provided by the plantation species
remains limited. During this time, survival has been good and growth steady for
each of the species in the study plots, with the exception of Heberdenia excelsa.
Cubas etal. (2019) demonstrate that endemic plant species are often more vulnerable
to browsing damage from introduced herbivores than non-endemic plant species in
oceanic islands. In the case of Heberdenia excelsa, a Macaronesian endemic species
in the family Primulaceae, we consider rabbits to be the principal cause of the
herbivory damage that has limited their growth and indeed caused plant shrinkage
and mortality. That has happened especially after the retrieval of the protectors,
which took place mostly in 2014 and 2015, paradoxically to avoid damage to the
plants from chafling against the wire as they grew through the gaps and to permit
access for measurements. Observations of nibbled stems and characteristic angled
cut marks, combined with the incidence of rabbit droppings in the site, support
this inference. For this species, at least in open sites favored by rabbits, it appears
that some form of browsing protector shield is necessary for the plants to survive
and reach adulthood. Removal of the wire protectors was necessary to conduct the
monitoring and because plants were being damaged by the wire, but it has had a
mixed outcome. To avoid that, better designed protective shields are needed.

In general, the good survival and growth of both structural dominant species,
and especially of Olea, suggests that there is a strong prospect of both maturing to
form, at least in the upper parts of the restored area, the largest component of the
woodland, attaining at least one element of the key goals of the restoration project.
Individuals of most species in the restoration remain far below their potential mature
size, especially so for Olea and Juniperus, which can potentially reach heights 10-12
m of and 5-8 m, respectively. Even specimens of Hypericum canariense, for which a
mean height of 88 cm was obtained, have potential to grow 2 to 3 m in height in
the right conditions, but have yet to do so within the site. The variation in growth



and survival recorded within our plots is probably a function of local topographic
controls on soil depth, moisture and exposure to strong winds and drought. This
points to the likelihood that this site will show rather slow and patchy development
of thermophilous woodland in the coming years, with some variation in composition
developing across the site, resulting both from intentional variation in initial planting
but also from varying species performance. In these upper reaches of the site, the
conditions seem to be particularly suited to the wild olive, mixed also with clumps
of juniper.

Another key feature of such a restoration project is the capacity of the
replanted stands to regenerate themselves and to provide a habitat for the spontaneous
appearance of additional native species through seed dispersal into the newly
developing woodland habitat. Here there are some encouraging signs, in that
individuals of six of our study species were showing evidence of reproductive effort
(fruits or flowers). In addition, in 2018 and 2019, around 45 seedlings (in total) of
two of the study species were observed to have established within the study sites:
Jasminum in three of the plots (C, D and F) and Hypericum in one plot (E). They
are quite hard to find given the ground vegetation cover is quite dense in March
and it is more than likely that more thorough investigation of the sites would have
revealed rather more seedlings of these particular species.

Providing that the restoration area is allowed to continue undisturbed and
even without further intervention, our data support the hope that in time, the
restoration project will give rise to a new patch of thermophilous woodland within
the Barranco de Taburco de Adentro. Further management intervention to provide
protection from grazing for particular species, especially for Heberdenia excelsa,
modest interventions to control re-invasion of more open parts of the site by the
exotic invasive species Opuntia maxima and Agm;e americana, and an extension
of the monitoring work to examine lower elevations within the restoration area
(following Ortto et al. 2012) would each be worthwhile steps, which we recommend
be considered. We close by expressing the hope that the thermophilous woodland
restoration project in Teno may serve as a model system for improving our
understanding of the dynamics of this greatly endangered ecosystem type and as
an inspiration for further efforts to restore this ecosystem type in other locations.
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REEF ENVIRONMENTS OF MURCIELAGO ISLANDS
AND SANTA ELENA PENINSULA, GUANACASTE
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ABSTRACT

The ecology of the marine environments of the Murciélago Islands and the Santa Elena
Peninsula have been studied little despite their high biodiversity. This area is influenced by
a coastal upwelling. In 2014, 2016 and 2018, the region was visited to assess the composi-
tion and diversity of its reef environments. Bottom coverage, macroinvertebrate diversity
and abundance, and reef fish biomass were quantified. The substrate was dominated by
turf and crustose calcareous algae. Live coral coverage has decreased compared to previous
reports for the area. Sea urchins were the macroinvertebrates with the highest densities,
while species of commercial interest presented low densities, this may suggest some degree
of fishing pressure. 84 reef fish species were identified, making the islands area with the
greatest diversity of reef fish in the North Pacific of Costa Rica. Coral biotopes in this region
are key to the conservation of connectivity between reef areas due to their high diversity.

Keyworps: Coastal ecosystems, continental island, coral reefs, rocky reefs, seaweed.

AMBIENTES ARRECIFALES DE LAS ISLAS MURCIELAGO Y LA PENINSULA DE
SANTA ELENA, AREA DE CONSERVACION GUANACASTE, PACIFICO DE COSTA RICA

RESUMEN

Las Islas Murciélago y la peninsula de Santa Elena han sido ambientes marinos poco
estudiados a pesar de la alta biodiversidad de sus ecosistemas. Esta zona estd influenciada
por un afloramiento costero. En el 2014, 2016 y 2018 se visit6 la region para evaluar la
composicién y diversidad de sus ambientes arrecifales. Se cuantificé la cobertura del fon-
do, la diversidad y abundancia de macroinvertebrados y la biomasa de peces arrecifales. El
sustrato estuvo dominado por tapetes algales (turf) y algas calcdreas costrosas. La cobertura
de coral vivo se ha reducido con lo previamente reportado para la zona. Los erizos de mar
tuvieron las densidades mds altas entre los macroinvertebrados, mientras que especies de
interés comercial presentaron bajas densidades, lo que sugiere cierta presién pesquera. Se
observaron 84 especies de peces arrecifales, lo que hace de esta drea una de las mayores
diversidades del Pacifico norte de Costa Rica, esto puede atribuirse a la presencia de 4reas
marinas protegidas. Los biotopos coralinos de esta regién son claves para la conservacién
de la conectividad entre zonas arrecifales, debido a su alta diversidad.

PALABRAS CLAVE: ecosistemas costeros, islas continentales, arrecifes de coral, arrecifes
rocosos, algas.
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INTRODUCTION

The Murciélago Islands, Guanacaste Conservation Area (ACG, by its
Spanish acronym), are located in North Pacific of Costa Rica. The oldest scientific
references to the Murciélago Islands are from the Templeton Crocker expedition of
the California Academy of Science (Crocker 1933) and the Zaca expedition of the
New York Zoological Society to the Eastern Pacific (Beebe 1938), which visited the
islands and collected specimens and contributed to the knowledge of Costa Rican
marine diversity. Since the mid-1990s, Costa Rican expeditions have frequented the
islands to record the region’s marine biodiversity, reporting 594 species with a focus
on mollusks, crustaceans, and fishes (Cortés 2014, 2017). In 2015, the BioMar-ACG
project was launched and recorded upwards of 1097 species, including 50 potentially
new species, thus increasing the known biodiversity of the ACG to 1453 species
(Cortés and Joyce 2020).

The coral reefs of the Murciélago Islands were first described 20 years ago
(Cortés 1996-1997). Later, the impact of the 1997-1998 El Nifio Event on these
reefs was recorded (Jiménez et al. 2001), the coral species and reefs descriptions
were reviewed (Cortés and Jiménez 2003), and aquarium related extraction of the
populations of the Cortez rainbow wrasse (7halassoma lucasanum) was studied with
a proposal for sustainable management (McCauley ez a/. 2008). More recently, a
detailed description of coral ecosystems was provided for the Murciélago Islands and
three bays on the Santa Elena Peninsula (Playa Blanca, Santa Elena, and Cuajiniquil)
between 2004 and 2008, with records of 21 coral ecosystems (nine coral reefs), 21
scleractinian coral species, with a mean live coral cover of 47.4 + 29.4% in the coral
reefs and 30.2 + 21.0% in the coral communities, accounting for a total of 24480
m? (Bassey-Fallas 2010).

These islands have been considered one of the most important reef areas
in Costa Rica (Cortés 1996-1997; Cortés and Jiménez, 2003; Cortés et /. 2010).
During the last decade they have been degraded by natural and anthropogenic
impacts that threaten its biodiversity and ecological stability (Alvarado et al. 2018).
Our study quantifies the composition and diversity of reef bottom substrates,
macroinvertebrates, and fishes. These results are compared with historical data from
the region with the aim of identifying possible drivers of these changes over time.
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Figure 1. Map showing sites of sampling localities, methods and years,
in the Costa Rican North Pacific.

MATERIALS AND METHODS
STUDY AREA

The Murciélago Islands (MI) and Santa Elena Peninsula (SE) are located
on the western side of the ACG on the Costa Rican North Pacific coast (figure 1).
The marine environments are included within the 430 km? of the ACG’s Marine
Sector. The islands (five main islands and at least ten islets) are 5 km off the coast
of the peninsula, are of volcanic origin as evidenced by the presence of columnar,
pad and massive basalts, with an estimated age of 109 million years (Cretaceous)
(Hauff ez al. 2000; Denyer ez al. 2005; Denyer 2019). The peninsula is made up
of a sequence of alkaline basalts, radiolarite, and polymictic gaps from around the
Jurassic-Cretaceous (Denyer e /. 2005; Denyer and Gazel 2009; Denyer 2019).

The North Pacific of Costa Rica is subjected to a strong seasonality, with
a dry season from December to April, a first rainy season from May to June and a
second from August to October. During the dry season, the influence of northeastern
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trade winds increases, causing a tropical seasonal upwelling, and exposing shallow
coastal habitats to cold, nutrient-rich waters (Alfaro and Cortés 2012; Cortés et al.
2014; Lizano and Alfaro 2014). A variety of forests, meadows, shrubs, cacti, and
succulents dominate terrestrial foliage on MI, while SE is covered by a tropical dry
forest that extends from the mountains to the coastline (Janzen 1988).

SAMPLING

The sampling of reef ecosystems was carried out in 2014 (June 18-20; 26
transects), 2016 (July 27-28; 14 transects), and 2018 (April 21-May 1; 38 transects).
Sampling was always carried out between the upwelling and rainy seasons for
improved navigation and visibility underwater. Surveys of the MI were conducted
at nine sites in 2014, five in 2016 and six in 2018. Seven sites were surveyed at SE
in 2018. (figure 1). Due to sea conditions not all sites could be re-surveyed.

We estimated diversity and abundance of reef bottom substrates (diversity
and cover), conspicuous macroinvertebrates (> 2.5 cm), and fishes inhabiting the
reef (diversity and density), following methods described by Alvarado ez al. (2015,
2018). To quantify diversity and abundance of these three reef components, we used
three 10 m transects along the reef, parallel to the coast, and between 6 m and 15 m
depth. The transects were separated by 10 m.

At each transect, a 1 m? quadrat subdivided in 100 quadrats of 0.01 m?* each
was placed successively 10 times along the transect to quantify the area occupied
by each substrate taxa to the lowest identifiable taxonomic level. The reef bottom
categories were: live coral, dead coral, bleached coral, macroalgae (more than
6 cm), turf (less than 6 cm), crustose calcareous algae (CCA), other crustose algae,
sponges and “others” (such as sea squirts, sea anemones, bryozoans, polychaetes
and barnacles).

Belt transects of 10 m length x 2 m width, centered in the same transects
used for the reef bottom quadrats, were used to quantify the population densities of
conspicuous macroinvertebrates (> 2.5 ¢cm), including benthic shelled gastropods,
nudibranchs, octopuses, bivalves, holothuroids, asteroids, echinoids and some
decapods (spiny lobsters and large conspicuous crabs).

Tunnel transects of 10 m length x 5 m width x 5 m height, centered in the
same transects used for reef bottom and macroinvertebrates, were used to quantify
densities of reef fishes, identify, count and estimate the sizes of fishes encountered
within the tunnel transect. The fish census was carried out prior to any other
monitoring of the bottom or counting of invertebrates, in order not to modify the
behavior of the reef fish and to have a better appreciation of the diversity of these
organisms. The diver who carried out the fish census dives at a constant speed
ahead of the rest of the work team, with adequate buoyancy management, without
making sudden movements that could disturb the ichthyofauna. The sizes of fish
were classified by categories (<5 ¢cm, 5-10, 10-15, 15-20, 20-25, 25-50, 50-100, 100-
150, 150-200, 200-250, 250-300 cm). A trophic group classification was assigned
to the reef fishes according to Quimbayo ez a/. (2017).



STATISTICAL ANALYSES

We used non-metric multidimensional scaling (nMDS) to determine
similarities between sampled localities considering reef bottom cover,
macroinvertebrate density, and fish biomass, using the Bray-Curtis index (Clarke
and Gorley 2006). Data were standardized and square root-transformed for reef
bottom, and fourth root-transformed for macroinvertebrates and fishes. Localities
were grouped by sites around MI and SE: North Peninsula, West Peninsula,
South Peninsula and Murciélago Islands (figure 1). We used one-way Analysis of
Similarities (ANOSIM) to determine differences among localities considering as
factors: site (North Peninsula, West Peninsula, South Peninsula and Murciélago
Islands) and sampling year (2014, 2016 and 2018). A test of Similarity Percentages
(SIMPER) was used to determine the trophic groups of fish contributed the most
to similarities between sampling years. All the statistical analyses were performed

using PRIMER® 7.

RESULTS
REEF BOTTOM COVER

Overall, the dominate substrate by localities and years was turf algae,
with an average cover (+ standard error) of 38.5 + 5.3% (with a maximum in San
Pedrito during 2014 with 82.0%), followed by CCA (12.9 + 3.7%), live coral (2.6
+ 0.8%) and macroalgae (1.3 + 0.4%) (figure 2). The other substrate categories such
as sponges, crustose algae, barnacles, and sea squirts, comprised less than 1% of the
reef floor coverage.

In this region we found some isolated coral communities built mainly by
the coral Pavona gigantea, which is not commonly observed in other regions of the
country. Also, in places like Colorada Island, we found Sargassum forests, where algae
can reach 20 to 30 cm high. These forests are unique in the Costa Rican Pacific coast.

The results of the ANOSIM supported five groups of localities from the reef
bottom cover data (figure 2). Group I only included Bajo Negro, with the highest
CCA (89.00%). Group II included three localities sampled during 2018 (including
MI and Western SE), where turf cover was low to moderate when compared with
other localities, ranging between 1.34% and 37.26%, CCA coverage ranged between
2.33% and 26.72%, and live coral coverage was between 0.23% and 4.70%.
Group III included Matapalito 2018 and south side of Colorada Island 2018, where
sand cover was highest, 12.69% and 29.45%, respectively. Matapalito also had the
highest live coral cover among localities (20.31%). Group IV included all localities
sampled during 2014 and Isla Golondrina 2016, with moderate sand and CCA cover,
and high to moderate turf cover. Group V was made up of localities with high turf
cover sampled during the three years (figure 2).
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Figure 2. Similarities among localities (see fig. 1) considering the cover of the reef floor
by categories of benthic organisms in Murciélago Islands and Santa Elena Peninsula,
based on a Bray-Curtis index. CCA: crustose calcareous algae;

CA: crustose algae; MA: macroalgae.

MACROINVERTEBRATES

The highest density of invertebrates was found at Bajo La Vita 2016 (23.2
ind-m?), while the lowest occurred at San Pedrito Island in 2018 (1.14 ind-m?).
Echinoids were the macroinvertebrates with the highest mean densities (+ standard
deviation) 2.98 + 1.66 ind'm™ (max: 6.58; min: 0.32), while other groups had mean
densities lower than 1.00 ind-m™ (bivalves: 0.06 + 0.05 ind'm™; decapods: 0.34 +
0.45 ind'm™; asteroids: 0.25 + 1.05 ind-m?; nudibranchs: 0.06 + 0.17 ind'm?;
holothuroid: 0.46 + 1.11 ind'm™; octopuses: 0.01 + 0.02 ind-m?).

The results of the ANOSIM for macroinvertebrates showed a highly
heterogeneous composition between localities, and conspicuous groups were not
observed (figure 3A). However, there was a subgroup from MI that was not similar
to the others. We observed differentiation by sampling year between 2014 and 2018,
and between 2016 and 2018 (figure 3B), suggesting there was a variable influencing
the macroinvertebrate assemblages during the study period.



Figure 3. Similarities among localities considering the composition of macroinvertebrate
densities (ind'm ) in Murciélago Islands and Santa Elena Peninsula, based
on a Bray-Curtis index, using a A) dendrogram and an B) nMDS plot.

Fisues

We recorded a total of 84 species of fishes, distributed in 20 families and 10
orders. The biomass was dominated by piscivores with the highest mean (+ standard
deviation) biomass of 0.63 + 1.01 ton-ha™, followed by macroalgae-eating herbivores
(0.39 + 1.09 ton-ha'). The detritivores (0.13 + 0.17 ton-ha™), invertebrate feeders
(0.10 £ 0.15 ton-ha™), and planktivores 