
Juniperus navicularis -�a�study�of�Portuguese�population�structure
and�fitness

Mário�Rui�Castro1,�Anabela�F.�Belo1,�Anabela�Afonso2,�M.�Amely�Zavattieri1

Received:�28�January�2015�/�Accepted:�23�March�2016

Abstract. Juniperus navicularis Gand. is�a�dioecious�endemic�conifer�that�constitutes�the�understory�of�seaside�pine
forests�in�Portugal,�areas�currently�threatened�by�increasing�urban�expansion.�The�aim�of�this�study�is�to�assess�the�con-
servation�status�of�previously�known�populations�of�this�species�located�on�its�core�area�of�distribution.�The�study�was
performed�in�south-west�coast�of�Portugal.�Three�populations�varying�in�size�and�pine�density�were�analyzed.�Number
of�individuals,�population�density,�spatial�distribution�and�individual�characteristics�of�junipers�were�estimated.�Female
cone,�seed�characteristics�and�seed�viability�were�also�evaluated.�Results�suggest�that�J. navicularis populations�are
vulnerable�because�seminal�recruitment�is�scarce,�what�may�lead�to�a�reduction�of�genetic�variability�due�solely�to
vegetative�propagation.�This�vulnerability�seems�to�be�strongly�determined�by�climatic�constraints�toward�increasing
aridity.�Ratio�between�male�and�female�shrubs�did�not�differ�from�1:1�in�any�population.�Deviations�from�1:1�between
mature�and�non-mature�plants�were�found�in�all�populations,�denoting�population�ageing.�Very�low�seed�viability�was
observed.�A�major�part�of�described�Juniperus navicularis populations�have�disappeared�through�direct�habitat�loss�to
urban�development,�loss�of�fitness�in�drier�and�warmer�locations�and�low�seed�viability.�This�study�is�the�first�to�address
J. navicularis conservation,�and�represents�a�valuable�first�step�toward�this�species�preservation.
Keywords: clonal�growth;�Cupressaceae;�endemic�endangered�species;�fragmented�population;�population�structure;
seed�viability.

[es]�Estudio�de�la�estructura�y�del�valor�adaptativo�de�poblaciones�portuguesas�de
Juniperus navicularis

Resumen. Juniperus navicularis Gand.�es�una�conífera�dioica�endémica�de�Portugal,�que�constituye�el�sotobosque�de
bosques�de�pinos�junto�al�mar�en�áreas�actualmente�amenazadas�por�la�creciente�expansión�urbana.�El�objetivo�de�este
estudio�es�evaluar�el�estado�de�conservación�de�las�poblaciones�de�esta�especie�en�las�regiones�costeras�del�suroeste�de
Portugal.�Se�escogieron�tres�poblaciones�debido�a�su�diferente�dimensión�de�fragmentación�y�a�la�densidad�de�pinos.
Se�analizaron�el�número�de�individuos,�la�densidad�de�la�población;�la�distribución�espacial,�las�características�indivi-
duales�de�los�arbustos,�el�cono�femenino,�las�características�y�la�viabilidad�de�las�semillas.�Los�resultados�sugieren�que
las�poblaciones�de�J. navicularis son�vulnerables�debido�al�escaso�reclutamiento�seminal,�lo�que�puede�conducir�a�una
reducción�de�la�variabilidad�genética.�Esta�vulnerabilidad�parece�ser�determinada�en�gran�medida�por�las�limitaciones
climáticas�recientes�con�un�incremento�de�la�aridez�en�el�área�estudiada.�Ninguna�de�las�poblaciones�analizadas�mues-
tra�una�relación�entre�arbustos�masculinos�y�femeninos�significativamente�diferente�de�1:1.�Desviaciones�a�dicha�pro-
porción�fueron�detectadas�en�todas�las�poblaciones�entre�pies�maduros�y�jóvenes,�que�parece�indicar�envejecimiento
de�las�poblaciones.�Además�se�observó�una�baja�viabilidad�de�las�semillas.�Una�gran�parte�de�las�poblaciones�de�J.
navicularis descritos�han�desaparecido�a�través�de�la�pérdida�directa�de�hábitat�con�el�desarrollo�urbano,�la�pérdida�de
la�aptitud�en�lugares�más�secos�y�cálidos�y�la�baja�viabilidad�de�las�semillas.�Este�estudio�es�el�primero�en�abordar�la
conservación�de�J. navicularis,�y�representa�un�valioso�primer�paso�hacia�esta�preservación�de�esta�especie.
Palabras clave: crecimiento� clonal; Cupressaceae; especies� endémicas� amenazadas; poblaciones� fragmentadas;
estructura�poblacional; viabilidad�de�semillas.
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Introduction

Juniperus navicularis Gand.� (=� J. oxycedrus
L.�subsp.�transtagana Franco),�the�Portuguese
Prickly� Juniper,� is� a� dioecious shrub� from
Cupressaceae family�(Franco,�1986)�endemic
to�SW�Iberian�Peninsula.�Spanish�populations
with�a�very�different�population�ecology�were
recently� described� as� being� a� geographic
vicariant�of�the�portuguese�populations�(Pérez
Latorre,� 2006),� due� to� their� genetic� isolation
since�the�Pleistocen�(Boratynski�&�al.,�2014)
Juniperus navicularis portuguese�populations
are�threatened�mainly�by�urban�expansion�and
tourism� development.� Juniperus navicularis
habitats� were� included� under� the� Habitat
Directive�92/43/CEE�–�Annex�I,�as�a�Priority
Habitat� 2250� “Coastal� dunes� with� Juniperus
spp.”� (European� Commission,� 1996;� ICNF,
2008).�Under� the�Portuguese� law�nº� 49/2005
(Annex�B-1),�this�habitat�is�also�considered�in
a� natural� and� semi-natural� area� of� special
interest,�what� allowed� its� inclusion� in�SAC’s
(Anonymous,�2005),�but�the�species�itself�was
not� considered� threatened� (Dray,� 1985).
Beyond�anthropogenic�origin�threats,� the�low
germination� rates� of� their� seeds,� a� constraint
shared�with�other�Juniper species�(Juan�&�al.,
2003),� is� another� serious� conservation� issue
for�J. navicularis.
Along� with� irregular� seed� production,

most� junipers� have� germination� limitations
due�to�age�of�the�juniper�bush,�insect�preda-
tion� and� empty� seeds� (Thomas�&�al.,� 2007;
Verheyen�&�al.,�2009),�and�also�to�dormancy
directly�associated�with�the�embryo,�the�seed
coat� impermeability� or� the� presence� of� ger-
mination�inhibitors�(Juan�&�al.,�2006).�These
recruitment�limitations�might�also�be�exacer-
bated�by�climate�alterations,�since�more�fre-
quent�warmer�and�drier�summers�can�influen-
ce� seed� production� and� viability� due� to
water� deficit� stress� (García� &� al.,� 1999;
García�&�al.,� 2000;�Muñoz-Reinoso,� 2003).
According� to� IUCN� Red� List� of� Species,
from� the� 1052� gymnosperm� known� species,
399�are�considered�threatened�(38%),�a�num-

ber� that� more� than� doubled� in� the� last� 17
years� (IUCN,� 2014).�Among� these,� 202� are
conifers,� representing� ca.� 33%� of� the� 618
known�conifers� (Baillie�&�al.,� 2004)�one�of
the�few�taxonomic�groups�fully�evaluated�in
terms�of�conservation�status�(Farjon�& Page,
1999).

J. navicularis portuguese�populations�have
a� high� ecological� value,� as� they� successfully
occupy� dry� sandy� soils� with� poor� nutrient
availability�and,�therefore,�actively�contribute
for�soil�retention,�nutrient�and�water�cycle�re-
gulation� in� places� and� conditions�where� few
species� succeed� (Neto� &� al.,� 2004).� They
exert,� therefore,� a� facilitation� effect� on� asso-
ciated�flora�whilst�providing�refuge�for�native
fauna.� Furthermore,� communities� formed� by
this� species� (Daphno gnidi-Juniperetum na-
vicularis and�Junipero navicularis-Quercetum
lusitanicae)�have�higher�species� richness�and
conservation� interest� when� compared� with
other�Portuguese�Juniper�shrublands�(Costa�&
al., 2005).�J. navicularis has�also�raised�phar-
macological� interest,� being� researched� for
chemical� composition� of� essential� oils� con-
tained� in� its� leaves� (Adams,� 1998;� Velasco-
Negueruela� &� al.,� 2002)� and� berries
(Cavaleiro�&�al.,�2003).
Despite� its� ecological� value,� Portuguese

Prickly�Juniper�is�a�poorly�known�species,�and
essential� information� about� its� ecology� is
missing,�hampering�future�restoration�actions.
The�aim�of�this�study�is�to�provide�data�about
population�structure�and�fitness�and�to�evalu-
ate�the�conservation�status�of�previously�iden-
tified�J. navicularis Portuguese�populations�in
its�core�distribution�area.

Materials and methods

Study species

Juniperus navicularis is�a�dioecious�shrub�up
to�2m�high�with�a�dense�canopy.�Leaves�are�4-
12 x 1-1.5mm�with�two�parallel�white�bands�of
stomata� on� the� adaxial� side.� Female� indivi-
duals� bear� 7-10� mm� sphere� to� conic-shaped

Abbreviations: CA:� coefficient� of� aggregation;�DMS:�Degrees,�minutes,� seconds;�GIS:�Geographical� Information
System;� GPS:� Global� Positioning� System;� ICNF:� Instituto� da� Conservação� da� Natureza� e� das� Florestas;� IGEO:
Informação� Geográfica;� IUCN:� International� Union� for� Conservation� of� Nature;� SAC:� Special� Area� of
Conservation;WGS84:�World�Geodetic�System,�1984.
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berry-like� seed� cones,� green� at� first,� reddish
coral�in�full�maturity�(Franco,�1986).
In� Portugal,� this� species� constitutes� the

understory�of�Pinus pinea L.�and/or�P. pinaster
Aiton� pinewoods� in� the� Pliocene� low� altitude
(0-80m)� consolidated� dunes� of� SW� Portugal
coastal� regions,�namely� those�belonging� to� the
Sadense� Superdistrict� biogeographical� area
(Rivas-Martínez�&�al.,�1990),� its�core�distribu-
tion�area�(Franco�&�Rocha,�1982).�The�commu-
nity� named� after� this� species� belongs� to� the
edafo-xerophytic� formations� of� the� psam-
mophile�sub-humid�to�dry�thermo-mediterranean
bioclimatic�area�of�Portugal’s�Southwest�coast.

Reassessing identified populations

Historical� populations� were� identified� from
available� bibliography� on� the� species� (e.g.
Adams,� 1998;� Velasco-Negueruela� &� al.,
2002;�Cavaleiro�&�al.,�2003)�and�records�from
Portuguese� herbariums� (from�Universities� of
Algarve,� Aveiro,� Coimbra,� Porto,� Trás-os-
Montes� e� Alto� Douro,� Instituto� Superior� de
Agronomia� and� Jardim� Botânico� de� Lisboa)
and�their�current�existence�reassessed.�Recent
records� of� J. navicularis from� the� national
herbariums� presented� GPS� data� allowing
direct� use� of� their� coordinates.� Populations
from� older� records,� without� GPS� data,� were
confirmed�by�a�visit�to�the�mentioned�location
and� visual� inspection� on� potential� areas� of
occurrence� of� Pinus pinea and/or� Pinus
pinaster,� two� species� associated� with� J. na-

vicularis.� DMS� coordinates� were� obtained
through�WGS84�Datum.
We�used�GIS�in�ArcView�3.2�to�estimate�poten-

tial� locations� of� Juniperus navicularis ocorrence
(Figure� 1).� This� was� done� by� superposing
lithological,�hydrological�and�hypsometrical�data
(Agência�Portuguesa�do�Ambiente,�2014)�appro-
priate� for� this� species� according� to� Franco� &
Rocha� Afonso� (1982)� and� to� Soil� Occupation
Charts�(IGEO,�95).�This�was�aimed�at�reducing
search� effort� for� potential� J. navicularis
Portuguese� populations� by� eliminating� areas
without�suitable�habitat�including�urban�areas�and
areas� without� sandy� soils� originating� from� the
Pleistocene�era.�This�map� is� currently� the�most
updated�map�available� for�potential�distribution
of�J. navicularis Portuguese�populations.

Study populations

To�study�the�conservation�status�of�Juniperus
navicularis,� three� populations� were� selected
within� the� species� optimal� distribution� area
(Figure� 1)� in� accordance� to� different� habitat
fragmentation� status� due� to� human� interven-
tion�and�pine�forest�density�and�storey�compo-
sition.� Two� large� populations� isolated� from
human� occupation,� one� under� a� dense�Pinus
pinaster cover� (Pinhal� da�Apostiça)� and� the
other�under�a�sparse�Pinus pinea cover�(Pinhal
de�Arez),� and� a� small� population� (Pinhal� do
General)� in� the� middle� of� two� heavily
constructed�areas,�named�hereafter�as�popula-
tion�A,�B�and�C,�respectively�(Table�1).
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Table� 1. Study� area� characteristics� and�Juniperus navicularis populations� characterization:� density� and
morphological�parameters�(mean�values�±�SE).�One-way�ANOVA�for�plants�distance�and�height�with�LSD
post-hoc� test;� Kruskal-Wallis� with� LSD� post-hoc� test� applied� to� ranks� for� density� and� canopy� area.
Different�letters�in�the�same�line�indicate�significant�differences�between�populations�mean�values�or�mean

ranks�(P<0.05).



Population� measurements� were� made in
2009,� using� distance� sampling� techniques
adapted� from� “point� centered� quarter”� and
“nearest� neighbour”�methods� (Allphin�&�al.,
2007)�along�a�randomly�established transect�of
100�m�× 4�m�with� a� south-north� orientation.
Within�each�transect,�ten�4�m�× 4�m�plots�were
evenly�marked�along�its�length.
Inside�each�of� the� ten�plots,� the�following

data�were�recorded:�(a)�number�of�individuals;
(b)�distance�from�the�south-easternmost�corner
of�the�plot�to�the�nearest�individual,�then�to�its
first� neighbour� and� finally� from� this� to� its
nearest� neighbour� in� order� to� access� spatial
distribution;� (c)� individual� characteristics� of
each� of� these� shrubs� (sex,� height,� maximum
canopy� diameter� and� its� perpendicular,� age
class).� Canopy� area� was� calculated� using
ellipse�formula�(π × largest�diameter�× perpen-
dicular� diameter).� To� estimate� plant� size� we
used� shrub� volume� rather� than� height� or

canopy�area�because�this�measure�is�less�sen-
sitive�to�variations�in�plant�structure.
Individuals� were� classified� into� three

groups�according�to�sex:�female�or�male�indi-
viduals� when� reproductive� structures� were
present,� and� non-matures� when� reproductive
structures� were� absent.� Age� structure� was
determined� by� assigning� each� individual� to
one�of�two�age�classes,�based�on�reproductive
structures� presence� and� shrub� height� (García
&�al.,� 1999;�Allphin�& al.,� 2007):� juveniles,
plants�with�height�inferior�to�1m�and�without
reproductive� structures;� and� adults,� plants
higher� than� 0.50� m� and� displaying� evident
flowering�apparatus.

Female cone and seed characteristics

After� a� thorough�measurement� of� cone�mor-
phological� parameters� (Table� 3),�we� realized
that�each�population�has�their�own�cone�char-
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Figure�1. Black�background�areas� represent�potential� distribution�of�Juniperus navicularis in�Portugal,
calculated� through� GIS� tools� (right).� Close-up� on� the� three� studied� areas� (P.�Apostiça;� P.�Arez� and P.
General,� corresponding� to� population� A,� B� and� C,� respectively)� and� nearest� localities� (S� –� Setúbal;

AC�–�Alcácer-do-Sal;�T�–�Troia;�LM�–�Lagoa�de�Melides).



acteristics,�with�cones�from�C�population�sig-
nificantly�smaller�and�lighter�than�those�from
the�other�two�populations.
From� each� population� 200� female� cones

were�randomly�analysed�regarding�the�presence
of� apparently� viable� seeds.� The� observed
percentages�of�female�cones�with�at�least�one
apparently�viable�seed�inside�were�28,�17�and
25%�in�populations�A,�B�and�C,�respectively.
These� percentages� differed� significantly
among� populations� (X2 =� 7.23,� df� =� 2,
P=0.027)� with� population� B� presenting� a
lower� percentage� of� apparently� viable� cones
when� compared� with� the� other� populations.
The�apparently�viable�seeds�obtained� in�each
population� were� afterward� subjected� to
Tetrazolium� test� and� only� 14,� 7� and� 21%,
respectively,� contained� viable� embryos.� The
proportion�of�viable�embryos�differed�signifi-
cantly�among�populations�(X2 =�6.219,�df�=�2,
P=0.045),�with�population�C�presenting�higher
percentage� of� viable� seeds� when� compared
with�population�B.�Extending�these�results� to
the� total�number�of� seeds�examined�made�us
realize�that�only�2,�1�and�3%�of�the�seeds�were
viable�in�populations�A,�B�and�C,�respectively.
No� apparent� association� between� cones� size,
weight�and�number�of�apparently�viable�seeds
was�found.

Data analysis

One-way�ANOVA�followed�by�Fisher’s�Least
Significant� Difference� (LSD)� post-hoc� test
was� employed� to� investigate� differences
among� populations� for� mean� shrub� height.
Due� to� the� unbalanced� and� non-normality
nature�of�the�data,�differences�in�shrub�densi-
ties,�canopy�areas�and�in�their�volume�among
populations� and� sex� (male,� female� and� juve-
niles)�were�evaluated�with�Kruskal-Wallis�test
followed� by� LSD� post-hoc� test� applied� to
ranks� (Conover,� 1999).�These� last� tests�were
also�used�when�testing�for�differences�in�both
cone�vertical�and�horizontal�diameter�and�cone
weight� among� populations.� Differences� in
height,�canopy�area�and�volume�between�male
and� female� shrubs� in� each� population� were
evaluated�with�Mann-Whitney-Wilcoxon� test
(Conover,�1999).
Spatial�distribution�of�plants�was�assessed

by�calculating�their�coefficient�of�aggregation
(CA)�according�to�Hopkins�&�Skellam�(1954)
and�Welden�&�al. (1990),� the�most� adequate
method� since� only� distances� from� the� south-

easternmost� corner� of� the� plot� to� the� nearest
plant�and�from�this�plant�to�its�first�neighbour
were� made.� This� coefficient� employs� both
point-to-plant� and� plant-to-plant� distances� to
access� departures� from� random� distributions
of�individuals.
Chi-square� test� was� used� to� compare� the

number�of�male�and�female�plants�based�on�an
expected�1:1�ratio�and�also�to�compare�the�pro-
portion� of� viable� female� cones� and� viable
seeds�among�populations.
All� tests� were� performed� in� PASW

Statistics� (V.18,�SPSS� Inc.,�Chicago,� IL)� and
conclusions�of�significance�were�based�on�P�<
0.05.

Results

Reassessing identified populations

Some� herbaria� records� were� more� than� 100
years� old� and� the� populations� represented� by
those� records�were�destroyed�by�urban� expan-
sion.�Most�of�the�historical�populations�located
in�Setúbal�Peninsula�have� already�disappeared
or�subsist�in�an�extremely�fragmented�condition,
mostly�due� to�urbanization.� In�Tróia�Peninsula
the�presence�of�many�populations�could�not�be
confirmed�due�to�recent�forest�understory�clear-
ing�operations.�To�the�East�of�Tróia,�larger�pop-
ulations� were� confirmed� in�Mata� de�Valverde
and� Arez� (38°19’60.00”N;� 8°32’0.00”W� and
38°18’3.52”N;� 8°29’16.98”W,� respectively).
The� northern-most� identified� population� is
located� near� Figueira� da� Foz� (40°� 6’21.68”N;
8°51’12.78”W)� and� the� southern-most� in� the
dunes�of�Praia�do�Monte�Velho�(38°�4’51.48”N;
8°48’38.69”W).�With� a� small� number� of� indi-
viduals,�this�population�was�composed�uniquely
by�dwarf�individuals,�probably�due� to� the�sea
spray�or�to�the�proximity�to�its�southern�geo-
graphical�range�or�both,�while�Figueira�da�Foz
individuals�have�been�producing�less�and�less
seed�cones� in� the� last�years� (pers.�com.� from
University�of�Coimbra�Herbarium�curator).

Comparing populations

Population�A�occupies�the�largest�area�and�has
the�biggest�pine�tree�density,�followed�by�po-
pulations�B�and�C.�Juniper�shrub�density�also
increased� from� population�A� to� C� (Table� 1).
Shrubs�were� randomly�distributed� in� popula-
tions�A� and�C� (CA=1.06;�P-value=0.893� and
CA=2.09;� P-value=0.1063,� respectively),
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while�in�population�B�they�have�an�aggregated
distribution�(CA=�10.37;�P-value<0.0001).
Individuals�from�populations�B�and�C�were

higher�than�individuals�from�population�A,�but
individual�canopy�area�and�volume�were�sig-
nificantly�larger�in�population�B�(Table�1).
When� populations� are� compared� taking

individuals� sex� into� account�we� verified� that
population� B� had� the� smallest� proportion� of
non-mature� shrubs,� but� these� had� the� largest

canopy� and,� consequently,� with� the� highest
volume� (Figure�2a,� b,� c� and�d,� respectively).
Non-mature�and�female�shrubs�height�was�not
significantly� different� between� populations
(Figure�2b).�Canopy�area�and�volume�of�non-
mature�and�males�of�population�B�are�signifi-
cantly�bigger� than� those�of� the�other�popula-
tions� (Figures� 2c� and� d).� Canopy� area� of
female� shrubs� from� population� B� is� signifi-
cantly�higher�than�that�of�population�C.
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Figure� 2. Population� composition� (a),� height� (b),� canopy� area� (c)� and� plant� volume� (d)� according� to
sexual� maturity,� for� each� population� studied.� Different� letters� within� the� same� sexual� category� mean
significant�differences�between�mean�heights�or�mean�ranks�of�volumes�or�canopy�areas�at�p<0.05,�after

Kruskal-Wallis�test;�the�absence�of�letters�means�that�no�significant�differences�were�found.



Females� were� significantly� higher� than
males�in�population�A�and�C�(0.75�m�and�0.36
m�in�population�A;�0.94�and�0.63�m�in�popula-
tion�C,�respectively),�while�in�B�population�no
significant� height� differences� between� male
and� female� shrubs�were� found.�More� signifi-
cant�differences�were�found�only�in�population
A,� where� canopy� area� and� volume� of� males
(0.08�m2 and�0.03�m3)�were�smaller�than�those

of�females�(0.24�m2 and�0.18�m3,�respectively).
Around�39%�of�the�shrubs�were�males,�38%

females� and� 23%� non-mature.� Ratio
male:female� did� not� differ� in� any� population
from�the�null�hypothesis�of�a�1:1�(Table�2).�The
number�of�non-mature�individuals�was�similar
among�populations.�The�mature�individuals�are
significantly� more� than� the� non-mature� indi-
viduals�in�all�populations�(Table�2).
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Figure�2. Age�structure�relationship�and�distribution�of�J. navicularis according�to�sexual�differentiation
in�each�of�the�three�studied�sites.�χ2 applied�to�the�number�of�mature�and�non-mature�plants�vs.�number�of
male�and�female�plants�and�calculated�on�an�expected�1:1�ratio�of�mature�to�non-mature�plants�and�male

to�female�plants,�respectively;�*=P <�0.05;�n.s.�=�not�significant.

Female cone and seed characteristics

Cone� characteristics� differed� among� popula-
tions�(Table�3),�with�cones�from�population�C
being� significantly� smaller� and� lighter� com-
pared� with� the� other� two� populations,� espe-
cially� population�B� that� had� the� biggest� vol-
ume�and�cone�weight.
The�observed�percentages�of�female�cones

with�at�least�one�apparently�viable�seed�inside
were�28,�17�and�25%�in�populations�A,�B�and
C,� respectively.� These� percentages� differed
significantly�among�populations�(χ2 =�7.23,�df
=�2,�P=0.027)�with�population�B�presenting�a
lower� percentage� of� apparently� viable� cones

when� compared� with� the� other� populations.
The�apparently�viable�seeds�obtained� in�each
population�were� afterward� subjected� to� tetra-
zolium� test� and�only�14,� 7� and�21%,� respec-
tively,�contained�viable�embryos.�The�propor-
tion� of� viable� embryos� differed� significantly
among� populations� (χ2 =� 6.219,� df� =� 2,
P=0.045),�with�population�C�presenting�higher
percentage�of�viable�seeds�than�population�B.
When�the�total�number�of�seeds�is�considered
only�2,�1�and�3%�of�the�seeds�were�viable�in
populations� A,� B� and� C,� respectively.� No
apparent� association� between� cones� size,
weight�and�number�of�seeds�was�found.

Table� 3. Cones� morphological� parameters� (mean±SE)� per� population.� Different� letters� in� the� same
column�indicate�significant�differences�between�mean�ranks�(n=500,�p�<�0.05).�Kruskal-Wallis�test�with

post-hoc�LSD�test�applied�to�ranks.

Discussion

Populations�identified�in�herbaria�records�and
in�scientific�papers�were�verified�in situ.�Most

herbaria� records� dated� from� late� nineteenth-
and� early� twentieth-century� and� the�majority
of�the�historical�J. navicularis populations�are
now�part�of� the�urban�matrix�and�others� face



destruction� due� to� direct� or� indirect� anthro-
pogenic� interference.�Together�with� fragmen-
tation� by� human� occupation,� clearing� of
pinewoods�(J. navicularis main�habitats)�with
non-selective�techniques�to�prevent�fire�are�the
main�threats�to�the�slow�growing�populations
of�J. navicularis (ICNF,�2008).

Juniperus navicularis is� a� dioecious
species�without�secondary�sexual�characters�to
help� identify� plant� gender� in� the� absence� of
reproductive�structures�and,�therefore,�females
or�males� are�not� identifiable�until� they� reach
sexual�maturity� and� flowering�begins.� In� our
study,� females�were� higher� than�males,� or� at
least�equal�sized�(in�population�B).�Also,�con-
sidering� that� shrub� height� was� taken� as� an
approximate� measure� of� shrub� age,� higher
shrubs� identified� are� supposedly� older.� This
could�mean�that�females�have�a�delayed�flow-
ering�compared�to�males,�that�is,�males�flower
younger�than�females�(because�they�can�do�so
with� a� minor� resource� investment)� and� are,
therefore,�smaller�in�size,�as�also�found�by�Gao
(2009).� Regarding� Juniperus virginiana L.,
Van�Haverbeke�&�Read� (1976)� reported� that
male� cones� can� develop� on� 4-yr-old� trees,
whereas� female� cone� develops� only� in� trees
with�no�less�than�10�yr.�Falinski�(1986)�states
that�males�of�Populus tremula first�flowering
period�occurred�earlier�than�that�of�females�–
males�flower�around�the�age�of�thirteen�years
but� females� did� not� flower� until� they� were
older�and�bigger,�with�taller�and�thicker�trunks.
According� to� the� Differential� Reproductive
Cost�hypothesis� (see�Obeso,�2002�for�a� thor-
ough� revision),� in� woody� dioecious� species
females�reproductive�costs�are�generally�high-
er� than� those�of�males,� because� they�have� to
support�the�additional�costs�of�producing�fruit.
This� can� cause� a� lower� female� vegetative
growth� rate,� a� delay� in� flowering� or� even� a
reduced� female� survival� rates.� Testing� this
hypothesis�requires�an�accurate�determination
of�both�female�and�male�shrubs�age�and�it�may
be�the�aim�of�future�work�on�this�species.
Population� B� is� different� from� the� other

two� populations:� both� adult� and� juvenile
shrubs�of�this�population�have�wider�canopies
while�male�and�juvenile�shrubs�are�the�highest
and�the�more�voluminous.�Additionally,�unlike
in�the�other�populations,�females�are�not�high-
er� than� males� but� equal� sized,� despite� their
preferential� location� under� pine� canopies
(pers.�obs.�Anabela�Belo),�what�might�enhance
their� performance� and� reduce� stress� levels

(Bierzychudek� &� Eckhart,� 1988)� like� exces-
sive�radiation.�Also�contrasting�with�the�other
two�populations,�spatial�distribution�of�popu-
lation�B� is� aggregated.�This�kind�of�distribu-
tion�is�more�frequent�in�unfavourable�environ-
ments,� because� this� spatial� pattern� facilitates
the�recruitment�and�the�development�of�juve-
niles�through�the�creation�of�microhabitat�con-
ditions�(Montesinos�&�al.,�2007),�namely�the
reduction� on� incoming� solar� radiation� and
water� evaporation� (Castro�&�al.,� 2004).�This
nursing� behaviour,� enhanced� by� the� wider
canopies�of�population�B�shrubs,�is�particular-
ly�important�in�semi-arid�environments�where
survival�greatly�depends�on�water�availability
and� has� been� observed� in� other� Juniperus
species�(Verdú�&�al.,�2004;�Montesinos�&�al.,
2007).�All� above�mentioned� differences�may
be�due�to�the�fact�that�population�B�is�located
in�a�drier�and�warmer�area�than�the�other�two
studied� populations,� and� where,� additionally,
the�soil�is�sandier�and�loose.�This�makes�water
retention�in�soil�more�difficult�and�J. navicu-
laris survival�harsher,�in�spite�of�its�ability�to
live�in�such�environments�(Neto�&�al.,�2004).
We�believe�that�females�of�population�B�don’t
surpass�males�because�their�growth�in�stressful
conditions like�aridity�increase,�is�reduced�rel-
ative� to�males (Dudley,� 2006;� Iszkulo�&�al.,
2009).
Male:female�ratio�was�not�significantly�dif-

ferent� from� the� hypothetic� 1:1� ratio,� which
means�that�there�aren’t�sex�related�bias�in�any
of�the�three�populations,�at�least�at�the�consid-
ered�spatial�scale.�The�age�structure�of�popula-
tions�provides� information�on� their� regenera-
tion�process�and�conservation�status�(García�&
al.,� 1999).�The� small� proportion� of� juveniles
found�for�all�populations�indicates�population
ageing,� and� this� represents� a� serious� recruit-
ment� limitation� (Muñoz-Reinoso,� 2003).
Juvenile� proportions� varied� between� 17� and
30%,� but� an� undetermined� number� of� juve-
niles� are� vegetatively� linked� to� nearby� adult
plants�in�spite�of�having�been�counted�as�sin-
gle�individuals,�because�they�were�located�in�a
quite� broadened� neighbourhood� that� often
reach� up� to� 5� m� and� further� away� from� the
main�shrub�(pers.�obs.�allowed�by�excavating
soil�around�some�juveniles).�Finding�that�part
of�the�juveniles�is�not�of�seminal�origin�raises
further�concern�regarding�populations�genetic
impoverishment,� even� though� Juniperus spp.
are�considered�to�be�plants�capable�of�surviv-
ing�for� long�periods�under�unfavourable�con-
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ditions�(García�&�al.,�1999; García�&�Zamora,
2003;�El-Bana�&�al.,�2010).
Junipers� produce� a� large� proportion� of

apparently�viable�but�empty�seeds�(Thomas�&
al.,� 2007),� but� proportions� of� viable� seeds
obtained� in� this� study� are� lower� than� those
found� for� J. communis in� Iberian� Peninsula
(García�&�al.,� 2000)� or� for� the� endangered�J.
oxycedrus ssp.�macrocarpa (Juan�&�al.,�2003,
2006)�and�very�low�when�compared�to�similar
studies� with� other� junipers� (Rumeu� &� al.,
2009).�Some�junipers�like�Juniperus communis
L.�(Verheyen�&�al.,�2009)�or�Juniperus sabina
L.�(Wesche�&�al.,�2005)�are�threatened�due�to�a
lack�of�sexual�reproduction�caused�by�poor�seed
viability. The�results�obtained�for�J. navicularis
suggest�that�the�conservation�of�this�species�is
endangered�because�populations�are�maintained
mainly� by� vegetative� reproduction.� In� fact,
when�the�number�of�viable�seeds�per�population
is�analyzed,�we�verified�that�viability�of�seeds
varies�in�accordance�with�non-matures�propor-
tion� and� that� they� both� vary� positively� with
annual�mean�rainfall�and�negatively�with�annu-
al� mean� temperature.� This� seems� to� indicate
that�climatic�constraints�toward�increasing�arid-
ity�might�determine�Juniperus navicularis sur-
vival� through� reduction� of� seeds� viability� as
found� for� other� junipers� (García�&� al.,� 2000;
Wesche�&�al.,�2005;�Otto�&�al.,�2012).
In�summary,�a�major�part�of�Juniperus nav-

icularis populations� recorded� in� the� past� have

disappeared�through�direct�habitat�loss�to�urban
development.�This�is�still�a�major�threat�to�this
species. Seed� viability� is� lower� at� drier� and
warmer� locations, suggesting� that� this� species
distribution� will� be� reduced� with� climate
change.�Male:female� ratio�deviations�were�not
found� in� the� studied�populations�but� the� small
fraction�of�juveniles�detected�is�a�sign�of�popu-
lation� ageing� (Muñoz-Reinoso,� 2003).
Furthermore,�a�part�of�those�juveniles�seems�to
result� from�clonal�growth.�Therefore,�quantita-
tive�information�on�Juniperus navicularis popu-
lation�structure�and�natural�regeneration�is�need-
ed.�Nevertheless,� based� on� this� first� study,�we
can� already� advise� that� conservation�measures
to� prevent� further� destruction� of� populations,
especially�in�the�more�arid�locations,�should�be
taken�in�order�to�preserve�this�important�species.
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