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Cycas cairnsian&)ueensland, Australia; | was honored to have the privilege to work with Manuel Lujan An
Nagalingum this year. Their innovative survey and genetic methods build a greater Gndessinselingtiof |
anticipate you will rehd results in a future issue!

Dear Friends,

FEtofgbcgefpcibggboccolj cgebFR@K, PP@CI br"abop$cidbbag
great to catch apd to absorb the great energy and enthusiasm here for Species Conservation. Our cycad group is r
solidly, and this gathering provides inspiration on how to further advance our efforts on behalf of the cycads.

| am excited to share CYCdélr8es4 with you! These pages contain a diverse selection of current science on the g
evolution, and conservation of these living treasures. Two feature articles present an important advancemin cyca
Brazil, as well as a historitadsgective on the Mexican National Cycad Collection. The history provided by Dr. Vovic
colleagues highlights the great value in collaboration among organizations and people to advance cycadatience ar
those international linkgdad over the decades will create further successes

Please let me also make an important announcéReatEhrIGODEAROL5re on the way! We will publish this work as
a special upcoming volume of CYCADS. Thank you to all who have palpeigdddble forward to sharing these with
you very soon. It will be great to add this anthology to the unbroken chain of volumes going back to ttiergapgfirst c
- another example of how our Cycad Specialist Group keeps dgisg great thin

Here, among the gathered worldwide leaders of dozens of SpecialiFe@v@upspsureld up as an example of a high

functioning, wallrganized and productive network-Bmawearned those compliments! The diligent work of each mer
(see page 21) acting in concert moves cycad conservation forward. It is wonderful to be a part of:sutha $rpat th:
that great momentum as we enter the next decade!

—J =
Thank you, ’;;,.;{\/_//// \_\5_}‘
. = =
Patrick Griffith SO 5 M7,
CaChair, IUCN/SSC Cycad Specialist Group -3 ( (”]' 59 | ““{0
Exective Director, Montgomery Botanical Center, Florida ((( ’ﬁ_}f“ ‘“\

m patrick@montgomerybotanical.org Cycad Specialist Group
~ - o Ry |
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Zamia chigaéBajo Calima, Valle del Cauca, Colombia. Photo by Michael Calonje
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FEATURE ARTICL

New report of Eumaeus (Lepidoptera: Lycaenidae)
associated with Zamia boliviana, a cycad from
Brazil and Bolivia

Rosane Segalla & Patricia Morellato

The species of the geBumaeudiibner, neurophyllidi®.\W.Stev.Zamia loddigesi{Segalla et al., 2019; Skelley & Segalla 2019
1819 (Lepidoptera: Lycaenidae) are-obMjgtéDeVries 1976, 1983; Clark & Clark,%88alla et al. 2019).
herbivores, in the larval stage, of n@ayk et al. 19@2stilléGuevara & Rico
NeotropicalamiaceaeClark et al. 1992Gray, 2002), Zamia encephalartoid@he occurrencefofminyas populations of
Gonzélez, 2004; CaSillevara, 2007D.W.Stev. (Gonzalez, 2004lso abioon Z. boliviarksas been recorded in situ in the
Cascanib®larin& Araya, 2012; Prado et @&qu/d.ind(Castill&suevara, 2007). state of Mato Grosso, Brazil, over the last
2014; RuZarcia et al., 2015). They exhibit four years and results suggest a stable
gregarious behaviard their bright color&amia boliviafBrongn.) A.DC. (Cycadabesurrence in cycad populations of different
are thought to be aposematic, serving Zsmgaceae) occupies a distribution reegado areas. Voucher material has been
warning ignal to predators (DeVries 19%&tween Bolivia (Beni, Cochabamba, L@dep@sited in the entomological collections of
Bowers & Larin, 1989; Nash et al., 1888)Santa Cruz) and Brazil, stateeof Museu de Zoologia of Universidade of Sdo
Lepidoptera, generally, are commonly stddiedGrosso (Jgrgensen. @0al; SkelleyPaulo (MZUS&)d at the Laboratério de
for their interactions with their plant héstSegalla 2019; Segalla & Calonje ZBd&abaeoidologia (Setor de Entordalogia
(CastillsGuevara2007), however, margegalla et al. 201Bhe species is a smdllolecdo Zoologica, UFMT), Instituto de
interactions between plants and aninpésit, up to 80cm tall, with a subterramBaciéncias, Universidade Federal de Mato
especiall those involving cycads, are patdgn, and 1 to 3 leaves per crown. It inlatmsso, Cuiaba, Mato Grosso, Brazil. Eggs
documented in South America. different Cerrado (the Brazilian savathd)s and different instars of larvae were
phytosiognomies, fronscrubland toobserved inZ. bolivianglants (Fig. 1).
EumaeusiinyasHibn. is distributed fromoodlands, across different types of gowosition occurred on vegetative and
Mexico to Colombia, in South Araedda and also on rocky outcrops (Skelley & Seggedlductive parts of the cycad, with eggs
exclusively involved in herbivoyamia 2019). Many populations have Hds=Eng present oataphylls, petioles, leaflets
feeding on @fonds and female reproductilecimated or severely fragmented due &ntherachis, pollen strobilus and ovulate
strobilus ofzana furfuraced .f, Zamia expansion of extensive agriculture sarabilus (Fig. 1).
skinneri Warsz. ex A.Dietr.Zamia ranching activities ira#8l but ab Bolivia

(2l WEaS ¥ Ei8 © i f
Figure 1Eumaeus minyas/egetative and reproductive paftsmf bolivian&B. eggs on catgfdh and a recent emerged ldaf, C

larvae on petioles and leaflet,|&vae on pollen strobilus and ovulate strobilus G. pupae in the abaxial side of a leaf and H. ad
onZ. bolivianaaf. All photos from Céaceres, Mato Grosso StafehBtazilRosane Segalla).



. . . , )
Despite the few studies on the ecology of thl},%/;ig,gg?;;;- 42@, 7gredatdeterrrent. Ileg)éc;optera.Phytochem/strM. 1955
:z?:retnr:gt t?tus tte;f(l)y rlg i?cl;tlh dgﬁiitiii’nvgi%%a?%lIeGuevara, C. 2007erbivores andPraddA., Sierra, A., Windsor, DC&Bede.
concomitantl;g w?[h F;he distribution of thec%emical defenses in cycadsan 2014. Leaf ttsiand Herbivory levels in a
populations of speciesZafniatheir host ecological and exanary approach. tropical gymnospetdamia stevensonii

plants species. The populatiois mfyas Vovides, A.P., D.Wm. Stevenson, & KZamiaceae)merican Journal of Botany

aopeared healthy.  with all life sta eSOsborne (eds), Proceedings of Cycad 2003: 437447.
pp y, ; 9%Sihe 7th international conference on cgeardlla R & M. Calonje. 2019zamia
observed and an uninterrupted life cycle as . L ] ;

. : iology. Memoirs of the New Yorkbrasiliensijsa new species dfamia
expected for natural populations (Fig.

However, the destruction of cycad habita otanical Garden, 971@&¥. New York. (Zamiaceae, Cycadales) from Mato

threatens the survival of this endemicieW York Botanical Garden Press. Grosso and Rondonia, |.BRtotaxa
: . . QI]ark,D.B. &Clark, D.A. 1991. Herbivores,404 (1): 08011.
buterfly species, as it is an obliga

e . .

herbivore which depends on these plants 0?rblvory, and plan't pheno!ogy. patﬁegalla,R., Telles, F.J., Pln.hei’rd,.F.C.,

. : . and consequences in a tropicébnesh Morellato. 2019. A review of current

the completion of its life cycle. Our : : . . .

: cycad. In Price, P.W, Lewinsohn, T.Mpowledge of Zamiaceae, with emphasis
observations suggest that the butterfl

oS . *ernandes, G.W., Benson, W.W. (Eder) Zamidrom South America. Tropical
prefers to oviposit on immature expandlr}gI : : e : . X
leaves or young reproductive parts. We haveananlmgl mteracnons. evolutionary Conservation Science, (accepted).
’ . "ecology in Tropicand TemperateSkelley, P.E. 8egalla, R2019. A new

o q?egions. John Wiley. New York. pp. 208pecies  of PharaxonothaReitter
AUSUSNIY (0.6 oizliarzlh3 GREIICE IO TS 225. (Coleoptera: Erotylidae) from central

Cerrado seasonality and Baminyaiie . b 5 Clarg, BMH Grayun992.  South AmericZooraxa590 (1): 184
cycle is in synchronicity with the emergence

. eaf demography of a Neotropical raih90.
cile] LRV ISl Y, 2LV Bl forest cycadtamia skinnéZiamiaceae) RuizGarcia, N.,Ménd&rez, B.Y., Velasco

SieioUe, American Journal of Bolaf)): 283. Garcia, M.V., SandedaVey G. &
DeVries, P.J. 1976. Noteseohethavior of  J.L. Riveddava 2015. Distribucion, ciclo
Acknowledgements Eumaeusninyas(Hubn.) (Lepidoptera: biolégco y tabla de vida femaeus
Wethank MaraelDuarte da Sileayatoof Lycaenidae) in Costa HBecanesia: toxea  (Lepidoptera: Lycaenidae)
Lepidopteraof Museu de Zoologia of 103. enlaprovinciafisiografica  Costa  de

Universidade de S&o Paulo (MZUSPDeAfries, P.J. 19FUmaeusiinyasiibner: Oaxaca, Méxic®evista Mexicana de
Alexandre dos Santos of Laboratério dmaposematic lycaenid butteviyiesia  Biodiversid6:9981003.
Fitossanidade of Instituto Federal dé&2(13): 26570.

Educacdo, Ciéncia e Tecnologia de D#aAtaes, P1983 ZamizkinnemndZamia

Grosso (IFMTampu€éaceres, Maf&rosso fairchildiana(zamia, palmera siempre Rosane Segalla
for the support with the entomologicabverde, cycadi. Janzen, D.H. (Ed.) Costa Instittio Federal de Educacéo, @éncia
specimens and their identification. We thariRican Natural History. University Chicago Tecnologia de Mato Grosso,
the IFMT for supporting the development Bfess. Chicago. pp-33P Campus G#es, Mato Grosso, Brazil. Email.:
the doctoral thesis of the first author. LBGMalez, F2004. Herbivoriaen una rosane.segalla@cas.ifmt.edu.br
receives a research productivity fellowshgimnosperma endémica de Colombia,
from National Council for Sftersand Zamiaencephalartoidésamiaceae) por Patricia Morellato
Technological Development (@Pipank  parte de Eumaeus (Lepidoptera: Universidade Estadual Paulista UNESP,
Michael Calonje and Irene Terry for thkeycaenidae)Revista de la Academia Instituto de Biociéncias, Departamento de
comments in the text. Colombiana de CienErartas, Fisicas y  Botanica, Laboratério de Fenologia, CEP
Naturaleg8(7): 23244. 1350800, Rio Claro, SP, Brazil
References Jogensen, P.M., Nee, M.HS.&.Beck.

Bowers, M.D. & Z. Larin. 1989. Acquire2D14.Catalogo de las plantas vasculares
chemical defense in the lycaenidde BoliviaMonographs in Systematic
butterfly, Eumaeusatala Journal of  Botany fro he Missouri Botanical
Chemical Ecolégg): 1133146. Gardet27 (32), viii, 51744,

CastilléGuevara, C. & V. f&cay. 2002. INash, R.J., Bell, E.R.R. Ackerd992. The
Cycasin iBumaeusiinyaglepidoptera:  protective role of cycasin in €gedihg
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FEATURE ARTICL

The Mexican National Cycad Collection at the Jardin Botanicos Francisco Javier [Clavijerc

The Mexican National Cycad Collection 45 years on

Andrew P. Vovides, Carlos Iglesias & Miguel A. Pérez-Farrera

Cycads are one of the world’'s make City of Xalapa (JBC), Veracruz begamiversity of Florida, Gainesville, thus we
endangered plant species largely owindl®@5 with Dbon edulenith the JBC collected living and dried material for the
human activities leading to habitaiccessions number M5 collected near herbarium, theitig material accessed into
destruction and collecting by commerthe classical locality of Chavarillo where GBI to form the National Collection. Several
horticulturists as well as enthusiasts. Ti@&hamberlain once collected at the turmefv species were discovered and described
are listed in the IUCN Red List (IUCN 281®)XXth century (Chamberlain 1919). | When the JBC passed to the administration
Their distribution is within the tropical aset the task by Arturo Gétoempa the of INECOL in 1989 explorations continuec
sub tropical regions of the world in Adirector of the thebiotic resources throughout the 1990°s to mid 2000s. During
Australasia, Africa, the Americas arssearch institute (INIREB) to work ontthe trandion period 19890 Andrew
Oceania witBb5 species among ten geneFdora de Veracruz project Zamiaceae fas¢médesvas Post Doc at Fairchild Tropical
(Calonje et al., 2019). Mexico is home té\@ivides et al., 1983) in collaboration v@idwrden (mo Fairchild Tropical Botanic
spp making it 2nd worldwide for specikshn D. Rees, a geographer form Califd&aieden FTBG) researching cycad pollinatio
diversity after Australia with 87 spBtate University knowledgeable on cysgddrome with Knut Norstog and Priscilla
followed by S. Africa with 39 spp. distribution and Ititas in Mexico and Fawcett. A Sister Garden relationship was
o Central America. We did field exploratiamsated in 1989ittv FTBG with aims for
Ulite [eieglinir ) O1F st 572 i became iw(ffhe mid 1970s and early 80s then latgulant exchange, teaching and research

Mexc’:an N?tlpnal Cycf':\d Collgethdrhme .. collaboration with Bart Schutzman of fmjects. During the early to mid 2000s
Jardin Botanico Francisco Javier Clavijero in

CYCADIS/olumeMl Issue 10ctobe2019 7



collaboration with the Montgomenears we learned much about growth nal@nt sales and reintroduction of plants back
Botanical Center, botanical explorati@ml life cycle dPioon edufas well as into habitat (Vovides et al., 2010).

further incremented our living collectidvecoming aware of poaching through
with duplicate plant maten&slith pant  decapitation of leaf crowns for sale by strg
exchange we managed to have in peddlers (Vovides, 1990; OAguiar et
national collection cycad species from Afakca2008) an illegal actsiitge cycads are P
(Encephalartoand Stangerja Australia protected by national legislation regard
(Macrozamend LepidozarpidVest Indian threatened and endangered species.
and Central American zamias as well as ) o
Asian Cycasspp Needless to say bothWe Iea}rned. basic cultivation a
institutioa are CITES registefée. well pr-opagatlon skills ‘f" rural nursgry wgs 53
documented National Cycad Collection ‘W:Sl% the collaboratlon of Iocal-{nhabltant
given support to researchers requiring p'l\gﬂpte Oscliro |n. the Chavelidct. In
material for molecular studies arm'S drea poaching bf edu/ecrowns
systematics, ~ anatomy, cytotaxonorﬂﬁ?“red for almost 30 years and the far

palynology, taxonomy and physioléj&couraged this. Similar nurseries were

(Vergara et al., 2002; Voaeélivares, up in Chiapas state for the propagatior
1996; Gutiérreztega et al., 2014, 2017). D/0on merolaeratozamia miranode

matudaeand Zamia soconuscensibhe
Through cultivating cycads much experiétea of these nurseries is to encourd
had been gained regarding propagation foynservation through propagation from
seeds and offsets, compost mixturediere farmers have incentive to const The weevil pollinat&opalotria modis
fertilization and pest control. Ecological #re cycad habitat through benefits fr Zamia furfuraceale cone.
demographic studies oyperiad of several

£ o

s, ~_ A ” »
Cycad propagation nursery at El Triunfo Biosphere Reserve, Chiapas

8 CYCADS/olumeVl Issue 10ctobe?019



References of the Mexican cyd@@on edulandl. Vovides, R., PérdzarreraM.A. & C.
CalonjeM, Stevensob,W.& R. Osborne. (Zamiaceae): life history stages and lIglesias. 2010. Cycad propagation by
20122019.The World List of Cycads, management impaBboftanidaournal rural nurseries in Mexico as an
online edition [Imet]. [cited 2019 Jul  of the Linnean Soclé&fy. 38891. alternatie conservation strategy: 20

11]. Availabfeom: www.cycadlist.org. Vergara Silva, F., Igle€iads A.P. Vovides. years orKew Bulletsb: 60511.
IUCN 2019. The IUCN Red List of Threaten2802. La Coleccion Nacional de Cicadagdes, R., J.D. Rees, & M. Vazquez

Species. Version 2019 del Jardin Clavijero y la investigacion deTorres. 1983. Zamiaceae Gomez

<https://www.iucnredlist.org. aspectos importantes de su biologia. Pompa, A. (EBpra de VeracRasc.
Gutiérre@rtega, J.S., Kajita, &. F.E. Biodiversitdsio 6(42):14.. 26: 131, INIREB, Xalapa.

MolinaFreaner 2014. ConservationVovides, R. 1990. Spatial distribution,

genetics of andagered cycaBjoon survival and fecunditywbon edule Andrew P. Vovides

sonorense(Zamiaceae): implications (Zamiaceae) in a tropical deciduous Carlos Iglesias

from variation athloroplast DNA&ot. forest in Veracruz, Mexico, with notes Departamento B®logia Evolutiva,

5¢/92 441451. on its habitatAmerican Journal of Instituto de Ecologia, A.C., Xalapa 91070,
Gutiérre@rtega, J.S., Yamamoto, T., Botany7(12): 153543. Mexico

Vovides, A.P., et al., 2017. Aridificatdovides, R., & M. Olivares. 1996.

as a driverof biodiversity: A case study Karyotype polgrphism in the cycad Miguel Angel Péfemrrera

for the cycad genmioor{Zamiaceae). Zamia loddigegiZamiaceae) of the Laboratorio de Ecologia Evolutiva, Herbaric

AnnBot. Yucatan Peninsula, MexBotanical Eizi Matuda, Instituto de Ciencias

http://dx.doi.org/10.1093/aob/mcx123.  Journal of the Linnean Sot28y 77 Biol6gicas, Universidad de Ciencias y Artes
Octavid\guilar, P., Gonzéistorga,). & 83. de Chiapas, Tuxtla Gutiérre2,2@68ico

A.P. Vovides. 2008. Population dynamics

pA e AVY
by MichaeP@atonje

- 2

Dioon mro/aEChiapa,Mexico
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RESEARCH & CONSERVATION NEV

Speciation processes in Mexican cycads: our
research progress on the genus Dioon

José Said Gutierrez-Ortega, Maria Magdalena Salinas-Rodriguez,
Miguel Angel Pérez-Farrera & Andrew P. Vovides

The idea that extant cycadgenerahad
synchronoumurstsof diversificatioduring
theCenoZoerahasbeenwvellsupporteldy
multiplerecentstudiesthat haveapplied
phylogenetimethodge. g. Nagalingurat
al., 2011;Salad eivaet al., 2013).This
evidencas interestingbecauset implies
thatall moderrycadspeciegvolvedh the
same niches that better favored the
evolution of angiosperms: whereas
angiospermbecamethe dominantplant
groupon Earth,cycadswvere restrictedo
very specific niches that allowed their
persistenctarouglevolutionatymes.Yet,
how did extantcycadgenerapersistand
diversif ? Wearenowtryingto answethis
guestiobyemphasizirgnMexicarcycads.

Becausebranchingn phylogenetitrees
representevents of lineage divergence,
phylogenetic methods are useful to
understantiespatiabhndtemporgbaterns
in cycackvolutionHowevelspeciatiois a
processhat occursat the populatiotevel,
andit is influencetdy demographhistory,
ecological relationships and natural
selectionregimeswhich are factorsnot
easily detectedby phylogenetimethosl.
Thereforerevealinghe mechanismthat
occurduringthe interspeciesand inter
population divergence is useful to
understandowandwhyspeciationccurs.
The obtainedinformatiorfrom studiesin
speciatiomwill notonlycontributéo reveal
the orgin of speciesand the validity of
acceptedtaxa, but it will also provide

Western side

important suggestions for effective
conservatide.g.Meerowetal, 2018).

A first casethatcalledourattentionis that
occurringvithinthe specieDioormerolae
Dioonmerdde occursat bothsidesof the
Isthmuef Tehuantepashichis oneof the
most important geographic barriers
promotingallopatricdivergenceén many
plantandanimataxain MexicqPetersoat
al, 1999).Thisisthmusseparateshe D.
merolagpopulationinto two geographic
ecologicagroupsthe westernpopulations
occurin tropicalforestscooccurringvith
xeric plant communitieswhereas the
easternpopulation®ccurin more mesic
forestgFigl).

Eastern side

More arid

More mesic

» . s .

Sty

775 i R
&
Isthmus of o
Tehuantepec | P

Figurel. Dioonmerolaés distributedn bothsidesof the Isthmusf Tehuantepethewestermopulationare distributedn morearid
environmentisantheeasterpopulationdhenumbersf populationa eactphotqPopZ4)corresportd thosendicateth theinsetmap.
Thebasemapwasproducedith GeoMapAgpttp://www.geomapapp)org

10 CYCADS/olumeVl Issue 10ctobe?019
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Figure. Hypotheticabpeciatiopathwayhat mightbe followed
by DioormerolaeT hregopulationarerepresentetlVest(left),
IsthmusfTehuantepécente@ndEas(right)intheStagel, the

three populationsreassumetb beconnectelbyancestrdiumid
forests(greenshades)ln Stage2, aridificatior(yellowshade)
startsanddryconditionsliminateéhe populatiom thelowlands
of theisthmusthis eventseparatethe westerrandthe easten

populationsin Stage 3, arid conditionsreachthe western
populatiomromotingonstargtabilizingelectiorin Staget, the

westerrsidewouldbeadaptedo aridconditiongllowindgorthe

distinctioofthewestermpopulatioasa newspeciegnblue).

Weaskwhethethepresenceftheisthmus
andthedifferenenvironmentabnditionsf
bothsideshavenfluencethedivergende
D. merolae We hypothesizehat the

wouldlike to encourageur colleagueo
also deal with the clarificationof the
mechanisntsatproducspeciatiom other
cycadsn Mexicoor othercountriegaround

northern Mesoameric@loS One:
€56283.

PetersqrAT., Sobergnl. & V.Sanchez
Cordero. 1999. Conservatism

of

divergencef D. merolags followinga theworld.
speciatiopathwayhatis de<ribedn Fig.
2: References

Gutiérre@rtega J.S, Yamamgto T,
Vovides AP, PéreFarrera M.A,
Martinez J.E, Molingreaner F,
Watanp Y. & T. Kajita. 2018b.

+ Stagel: Inthe past,D. merola@ccupied
an ancestralniche in humid tropical
forests(suggesteith Gutiérre@rtegaet
al,2018).

+ Stage2: Aridificatiomf southeriexico
madethe Isthmusof Tehuantepean
unsuitabldabitatfor Dioor(Ornelast
al, 2013), maintaining D. merolae
populationis the mountainowseasand
preventinggeneflow betweenthe two
sideoftheisthmus.

case study for the cycad gRimams?
(Zamiacea&dnnals of Botabil: 4%
60.

Meerow AW., Salad eiva DE, Calonje
M., FranciseOrtegald., Griffith M.P,
NakamuraK, JiméneRodriguezF,

Lawrus]. & A. Oberf2018. Contrasting
+ Stage 3: Arid conditionsreachedthe

populationén the westernside of the
isthmus,promotingconstantstabilizing
selectiothroughmanygeneratiornis the
westerrD.merolae

Structure  of Zamia (Cycadales:

diversitation in the Caribbean clade of
the genusnternational Journal of Plant
Sciencek’9:7306:757.
NagalingunN.S, MarshallCR, Quental
TB, RaiHS, LittleD.P. & SMathews

+ Stage4. After many generationsthe
westernside wouldgain adaptationso
counteractaridity, allowing for the
distinctionfspeciation.

Aridification as a driver of biodiversity: Anuclear

Demographic History and Population

ecological niches in evolutionary time.
Science85: 1268.267.

Salad eiva DE, MeerowAW., Calonje

M., Giffithy M.P, FranciseOrtegal.,
NakamuraK, Stevenspm\W., Lewis

CE & S. Namof2013. Phylogeny of the
cycads based on multiple singhe
genes:  congruence  of
concatenated parsimony, likelihood and
species tree inference methbas/s

of Botar/A2: 1264.278.

José Said Gutiér@izega

Department of Biology, Faculty of Science,

Chiba University, Chibe83@3, Japan

Maria Magdalena SaliRasiriguez

Zamiaceae) on six islands of the Greater Herbario Jerzy Rzedowski, Facultad de
Antilles suggests a model for populatiofiencias Naturales, Universidad Autbnoma

de Querétaro, Querétaro 76221, Mexico

Miguel Angel Péfearrera

Laboratorio de Ecologia Evolutiva, Herbaric
Eizi Matuda, Instituto de Ciencias Biologicas,

2011. Recent synchronous radiation df/miversidad de Ciencias y Artes de Chiapas

With this hypothesisn mind, we are living fossilScienc@34:796799.

colledng evidencefrom morphological, OrnelasJ.F, SosaV. Soltis DE, Daza
geneti@andenvironmentahriableswhen JM., GonzéalegZ, SoltisPS, Gutiérrez
we finishthis first stepwith the Mexican RodrigueZ, Espinosa de losMoos,
cycadD. merolaene believeourstudywill A, CastgeTA, Bell C et a/ 2013.
clarify the historyof a possiblecase of
incipienspeciatioin a cycadspeciesWe illustrate the complex evolutionary
historyof threatened cloud forests of

CYCADIS/olumeéeVl Issue 10ctober 2019

Comparative phylogeographic analyses

Tuxtla Gutiérrez 29039, Mexico

Andrew P. Vovides
Degpartamento de Biologia Evolutiva,
Instituto de Ecologia, A.C., Xalapa 91070,
Mexico
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Cycad’s pollen germination and conservation
in Thailand

Anders Lindstrom

Because cycads are dioecious the colleatiboycad pollen are of significant scientifiticephalartaend Zamip and assessed
storage and ctiem of pollen banks forhorticultural and conservation importandgability after lofigrm storage in 22
medium to lotgrm preservation andOur project, suppotigdrhe Stanley Smithp mb * f bp+¢ Peb¢ gbpgba
germplasm exchange is highly desirafll#K) Horticultural Trust and in collaboratieedia as well as added her own media for
Indeed, artificial pollination is necessarywiith Kew Millennium Seed Bank (UK) &al. Germination was tested using several
cycad ex situcollections to ensure theMahidol University (Thailamips to media and the initial result was that
setting of viable seed. Several recerstsess the pollen quality (by in vinldferent ecies have their specific
studies show that cycadshast specific germination) of a range of cycad spedpimum media for germination. The
and often pollinated by a specific pollinafter storage in the freeaemneas long as experiments were performed in Prof. Kanchit
and thus habitat and location of ex sitd years Qe”rjj~rpfof$pc i~_1lo"
collections may mean a lack of suitable . University. In another project, supported by
pollinators. Moreover, pollen preservat‘zcmm February to April 201_9' .A.\nna N?Hgt Mbhammed bin  Zayed Species
could alleviate the risks from clehateye undertook researgh on the viability of Cy&%ﬂservaﬂon Fund, pollen qualitings be
induced asynchronous ugtimh of male pollgn. In the six weeks she Stayed,iﬁ('/estigated in a critically endangered cycad
and female cones of cycads. Therlong Thailand, ~ she  developed spem%

. . ?Uganda.
storage stability of cycad pollen is hargﬁ;mmatlon conditions for 35 freshly

known, yet recommendations on the banm‘f@'eSted species (in the gelpra

f
ﬁ, E v

Figure JAnna Nebot, Anders Lindstrom, and Rzantinitasiri at Mahidol University (Ift); freshly harvested and stored Cycad pollen
tested for viability from species cultivitedgalNooch Tropical Botanical Gardens (right). Photos by Anna Nebot

Team and collaborators
Prof. Hugh W. Pritchard (Kewbukl)aniel Ballesteros (KewPukdnna Nebot (Kew, RHgj. Kanchit Thammasiri (Mahidol University
Bangkok, Thailaif) Anders Lindstrom (Nong Nooch Tropical Botanical Gardéreriailéamhpga (JERA, Uganda)

Kku\.d Botanic Gardens e
e ‘ » MahidolUniversity NONGNOOCH PATTAYA @
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grains inside the pollen tube (s) and pollen tube (t). Stained ¥at §efeami(Scale bar=20 um). (FromBaacbet al., 2000).

Ancestral characteristics in modern cycads

M. Ydelia Sanchez-Tinoco, Andrew P. Vovides & H. Araceli Zavaleta-Mancera

Cycads conserve ancestral characters aeffiarent transport of the male gametopfytemas, 1989). Another ancestral trait is the
"l kpfabobac obi f g ptéwardthejfeinalesgantetophyfe gydoplassitifriada®riykaddCpachycaulous habit with
clppfip”™)cCeltbsbocthe kwéniral scéllk thds p taefedtibgp erg litte XNefn, a0thrdwback to the stellar
of Miocene origin (Nagalium et al., 20fEtjilization of the egg cell (Norstog 1¥fZitomy of the Medullosacé@reguss,
Ql_Jtstanding angestral charaptersthare Sanchetinoco et al., 2018) (Fig. 2). 1968, Nagalium et al., 2011). This contrasts
ciliated and motile antherozoids, male and with adaptations of the living cycads

female gametophytes enclosed within midre dehiscence lines in the micropylar redion 4 red e e —

and megaspores respectively giving rise ¢bsrved in the seed sclerotesta, Su%?é)ﬁ% in some species of Zamia, the epiphytic

independence of free water for fertilizatioBdson's  synangial hypothesis, whic

take place, in other words the seed haBitylates the ovule as a temstion of Nabit in Zarmia pseudoparasitita the

i i . Panamanian rain forests, theateahation
This harks back to thed@tgperms or seedy o ned sporangia and subsequent abortion

i i 1eaflets of the enéhecaandStangeria
ferns' of which 'the Medullosan ferns are peripheral sporangia, to form a rina% fa he ge ; gel]
considered their ancestors (lkeno, 1f9r86- q transfusion tissue in leaflets of Cycas

Norstog and Nicholls, 1997; Séricoen LSTEGUIERERY (21958 SUTEieig & § %geenner et al., 2003).

et al, 2000) (Fig. 1). Outstanding isc&e,qgal fertile megasporangium (Takhtajan,

inl fi nucellus) present in % of the length of the
embedded in tissue of thaeleoor female The open female strobiluth vsieveral ) P 4 g

gametophyte. The archegonium resem%e OVlEI)|F. According to Corner (1976),rtlee cou

S . L
flask, with a neck and body. The neckalrscﬂnal EHLEs @ CYeEs [5 EmiiEsey

i otf evolution was simplified, suggesting its
equipped with two neells that assist thethe PRIIE, TESE e eEinbie. & primitive character.
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Figure Z’eratozamia ten@soss section of the archegonium in the micropylar region, growth stage of the central cell showing tw
with cell wall (w), cytoplasm (cy@usy@), and nucleolus (arrow). Unstained. Free hand section. (Scale bar=40 um).

among others, the synangial dadje vacuole (lv), solid and amorphous

neosynangial hypotheses on the origin dhatiren bodies (t) and parenchyma cells with

ovule (Beos, 1904; Kenrick & Crane).19%tarch grains (p). Stained with Sdfstnin
green. (Scale bar=200 pum).

The fleshiness of the sarcotesta is a commor
character for the majority of-ceats in

the gymnosperms. In terms of phylogeny,
seeds with this characteristic are considered
primiive (Corner, 1976)). Lsirge cells

with large nuclei and several nucleoli,
observed in the transfer cells (archegonial
jacket), the central cell and egg cell,
considered the largest in the plant kingdom,
are primitive (Figgt)3Maheswari & Singh,
1967; Sanch&moco et al, 2018).

: ‘ ] We sustain that cycads are not living fossils,
Qe g ~although they maintain traits considered

Figure 3.Ceratozamia tenuf@ngential

section of the archegonial jacket shov: = . ., . primitive,  they are an integral part of
transfer cells with cytoplasm (cy), nucleu® . - 5 - modern tropical and subtropical ecosystems
and nucleali (arrows). StainedSaitanin fﬁ%{&;@@ . and provide benefits such as nitrogen fixation
fast green. (Scale bar=20 um) Figure 4Ceratozamia tenaisLongitudinal beneficial to their habitats (Grove et al.

section of the gametophyte during 1980). The only threat to their existence is
The double vascular supply in cycad segtievigh stage of the central cell showingh@manity, whose daily activities of habitat
shared witiinkgand Gnetophytzoconte archegonium —with — central  cell  (Ggstryction are driving cycads to extinction.
& Stevenson, 1990; SaAbhero, et al., archegonial chamber (ac), transfer cells (tc)
2007). The stomata in the sarcotesta referngng the archegonial jacket (arrows),
the origin of the tegument and s$sipporacuolated cytoplasm of the central cell (cy),

14 CYCADIS/oluméMl Issue 10ctobr 2019
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Payments for ecosystem services (PES). A new
alternative for conservation of mexican cycads.
Ceratozamia norstogii a case study

Miguel A. Pérez-Farrera, Héctor Gomez-Dominguez,
Ana V. Mandri-Rohen & Andromeda Rivera-Castaneda

Mexico has the second highest dieérsit *
cycad species (Vovides, 2000). Arounc
species have been recorded worldwide
in Mexico there are 62 of which more t fs.
94% are endemic (Calonje et al., 2019}'.
more than 50% grow in southern Mexicc %%

e &

One of the endemic and rarest specie
cycds in southern MexicoCwratozamia =
norstogiilt has aerial trunks, leaflets th g
are inserted into the rachis in spig :
form,and extremely narrow-0(B.3mm) ESSE
chanelled leaflets. It grows in the oak &5
pineoak forests of Chiapas and Oaxi 4
Mexico bateen 800 and 1600 msl (Pér ¥ o
Farrera et al., 2001) (Fig. 1). This spesagt =

given its rarity, has a conservation statt g
Endangered (EN) by the IUCN (Vovides &+
2010a) and Protected (P) by the Mes#:

conservation authoritie®ughNOMO59 J:‘/\
2010 (SEARNAT, 2010). It has begie =0 &
extensively studied from the system &= I
(PéreEarrera et al., 2004), ecologh;,g::t,

(MartineXeléndez 2012), genetic (Pér s s 7 VLML < o AT S

Farrera et al, 2017), anatomical .JFiQureX®raiozamia norstaghabitat
morphological perspectives {Pareza et

al 2014).

o

threatened species: Ex situ (the mechanism is the poor representation of the
Although this species has been relatiyelgpagation and conservation of speciephanotypic and genetic variation of the
well  studied, problemsvith the botanical gardens) (BGCI, 2015)msnt2) natural populations.
conservation of its populations contingestablishment of nurseriessify (Pérez
One year after its description by Stevensamrera, 1999; Vovides et al., 1999; Vo\Rdggarding the  conservationsitu
(1982) the species was widely collectetlal., 2002; Vovides e2at10c). mechanism, a networkirefifu nurseries
Tang (1983) mentitimst a shipment of has been establidhén Mexico. These
25,000 individuals @& norstogivas  With respect to conservatoansifiy in - nurseries have been establisHéilAs =
confiscated in the United States, with thkexico, it is known th@t norstogis ~ Management Units for the conservation of
result that one of the two previously knogyotected in a few botanical gardemsldlife.This mechanism has been promoted
populations was decimated. Currently alfpiovides et al 2010a; Vovides et al., 20yZhe Secretary of Environment and Natural
seven populations of this species are kn@Mational collection of cycad in the BotanResourcd SEMARNAT) for several species,
with few individualst grows in the Garden Francisco Javier Clavijettte o among which we can HgbhliDioon
Cintalapa and Ocozocoautla municipalitistituto de Ecology AC, Xalapa, Veragnerp/ae Ceratozamia mirandae, Zamia
of Chiapas, and along the border of Bwanical Garden Faustino Miranda, Tus@leonuscensisa ChiapaspDioon edule,
Chimalapas, region of Oaxaca (Fig. 2) Gutiérrez, Chiapas and the Ethnobotanfeahia furfuracea, Ceratozamia tenuis

Garden, in the city of Oaxaca). HoweVeracruz,Dioon spinulosum Oaxaca,
In Mexico, for the case of cycads, two negparently this species is cultivated in saieon capuitoi Puebla)ioon sonorernse
alternatives have been put forward for theivate gardens in the eastered Btiites. Sonora (Tang et al, 2018). Although this
conservation and especiaflythi® most One of the problems with this conservasochemaas the potenttal greatly impact
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Figure.2Geographic distributiofatitozamia norstoggbuthern Mexico

the pressure problems of the conservatiogeoieration of some benefit derived fromithe civil association created in 2002 with
natural populations, it has not had thperation of the ecosystem (such as cathen objective of contributing to the
economic impact and viability expectspture, conserwgati of biodiversity or conservation and sustainable development
because ohe bureaucratic problems thavatersheds) through a payment or econahithe ecosystems represented in the El
Semarnat itself has implemented for tt@mpensation to the owners of the fore3isunfo Biosphere Reserve and the Protecte
UMA mechanisms. This type of approach has yielded gdtatural Areas of its areairdfuence.
results on several continents, includiRGNCET supports financing strategic, long
In recent years a new conservation schem@ral Latin American countries suchteamn projecthat seek to ensure the
has been promoted for the conservatiolCofta Rica and Brazil (Bétnal., 2011; conservation of the site and the
forests in Mexico. Since 2002, this progiaamine et al., 2017). The basis of the d&8lopment of its inhabitants, contributions
has been promoted by the Mexicarechanism is the model of the "polluteg $p ¢ dI ~i ¢ f p¢ gl ¢ ~ " e
governnm through the National Forestpays" principle: or "the one who consemesiprehensive development of the country
Commission (CONAFOR). The comeepives compensation". and to preserve biodiversity for future
consists of stimulating the conservation of generations as a heritage.
lands or important forest areas by thbe El Triunfo Conservation Fund (FONCET)
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Figure 3Geographical location of the properties under the PES project, approximately 14 hectares oak forest
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development opportunities that would 4@ consider that this is a good opportunity
beyonthe years of payments. Thikse$u to carry out a solid program of management
this programsurpassed the expectationgnd conservation for this species and that
and the learning led to create a simithe continued monitoring of its popsilation
scheme for the conservation of areas whgref vital importance for the success and
cycad populations were found sf A _fi f gexmiconsetvatignd p ¢ i |

In 2017 FONCET and the HerbariumAEknowledgement
Matuda of the University of Sciences artte authors give special thanks to the
Arts of Chiap8dNICACH) joined efforts fanonymous donor who has awarded the
the conservation 6fratozamia norstogiifunds for the conservatiolCefatozamia
Funds were received for a PES for 10 yearsfogithrough Payment for Etesy
for the conservation of 14 hectares of &mtvices (PES) to farmers in the
forest whereC. norstoggrows Hg. 3). communities. The authors also wish to thank
During that time the farmers will receiMaria Lourdes Gomez Tolosa and Sergic
economic inuives to preserve and protedtbpez Mendoza for their help in the
the reserve and they will have to activelgboration maps.
, ; conserve the cycad populations, technical
Figure .4 Activitiescarriedout by the  assistartio address causes of deforestatidReferences
farmers as part of the PES pidiject and finally education in order to cre®&CI2015 Cycads: a modgbupfor ex
break#nside and outsithefences). conscious about the importance of the situ plant conservation. Bu&:
species, thdorest and the ecosystem GardensConservation International,
FONCET was twda by the National services the area provides. Related to the Glencae
Commission of Protected Natural Areasservation of this species are associ®édnerJ., S. Wunder, A. Armas. 2011.
(CONANP), the Directorate of the El Triaofieities related to the conservation of their Pagos por carbono en América Latina:
Biosphere Reserve (REBITRI), the Instithi@bithit, such as: a) restoration of the oak de laexperiencia de proyectos piloto a
Natural History and Ecology (IHNE foutsts where the cycad grows (assisted la implementacion a gran escala.
currently known as the Secretary mtorationb) creation and maintenance of Revista Espafiola de estudios
Environment and History (SEMA&MNH), fire lines (Figt), ¢ ) creation @f norstogii Agrosociales y Pesqueros. 1228
Mexican Fund for the Conservation nafseries for propagation, and reintroduction 137
Nature (FMCN), Institute for Sustainableseedlings to the habitat (Fig. 5). Likew@&apnje M, Stevenson DW, Osborne R. Th
Development in Mesoamerica Agarallel to these activities are research WorldList of Cycads, online edition
(IDESMAC), Pronatura Sur, and four praetieities on the species withestadand [Internet]. 20€®19. [cited 2019 Mar
individuals interested in the Fund (Alfrédobarium researchers, among which are: a) 25]. Availabfeomwww.cycadlist.org
Cuaron, Claudia Virgen Montesinos, Falsgessment of the conservation status offiheine. D., Le Cog J., A. Guevara Sangine
Eccardi andefandro Hernandez Yafiez). populations and the impact of the project on (coordinadores). (2017). Los pagos pot
its population dynamics, b) evaluation of servims ambientales en América
In 2008, FONCET and CONAFOR cregtesvth and survival of seedlings under Latina. Gobernanza, impactos y
Matching Fund for ecosystem paymedifferent habitat conditions k(rdeunk, perspectivas. Universidad
where the federal program was improveshksib, bare soil), c) study on the structure, Iberoamericana AC, México DF
the payment was part of an holistic progmposition, and floristic diversity of the dértineMeléndez M 2012. Ecoligide
that not only compensated the owner fiatests, habitat 6f norstodkig. 6) and d) poblaciones d@eratozamia norstogii
conserving their land, dso generated a evaluation and determination of other D.W.Stev. (Zamiaceae) en Cintalapa,
model that would allow to identify theonservation elements (plants or animals) Chiapas. Tesis de Licemaiat
causes of deforestation and address thétrat are under someegaty of protection UNICACH. Tuxtla Gutierrez, Chiapas
The program included education, techrigahational or international laws within the
assistance in productive areas aodnserved habitat.

N2 3 =3

Figure .B\Iuréém sittof Ceratozamia norstagréintroductidoth

-

eirhabitat.
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