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MESSAGE

et )

Dear Friends,

Conservation through collaboréitierissue of CYCADS presents a new initiative: to network and coordinate the re
living cycads into adorset OIETACOLLECTIONS.,collections of collectiems order to assure not another cycad species
vanishes. See the article by Hafdiégn pagd2 Recent understandingycfd genetics points a way forward in which
every garden, collettiand extant population can contribute to that goal of no further extinctions. This innovat
@ kplogfrj&mrogkbop¢l ro&Dolrm$pEbumboqfpbc¢tfqgec v
in a novel way.

Our featurezycad collection in this issue isMNaowh Tropical Botanic Garden (page 5), which leverages their excepti
broad holdings to advance cycad conservation horticulture in new and innovative ways. We are glad to includ
perspective of mipeering cycad expect, Chamberlain, showing his early contributions to our field. Articles on polli
ecophysiology show how the expertise of our own era can address more modern conservation challenges.

This issue also marks our first simmanthemic. | am inspired by all of the progress made on cycad research and cons
since that time, in our greatly changed world. | extend my best wishes for further progress, health and gémdwill as
2022.

While so many plans had tolaged rethought or set aside, | am excited to tell you that solid preparations are unde|
the next Cycad Conference in the Philippines in 2023, fdigeaeti@yrderence in Cubaini 2@pe to see each of you
at both!

M. Patrick Griffith

CaChair, Cycad Specialist Group

Executive Director, Montgomery Botanical Center Florida, USA
E patrick@montgomerybotanical.org
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FEATURE ARTICL

The Cycad Collection at
Nong Nooch Tropical Botanical Garden, Thailand

Anders Lindstrom

NongNooch Tropical Botanical Gardéwe, total area of the garden is B4%conia, Hogad Bougainvilleavith
Thailand was started in 1954 by Kkkstare and the average of 5b8@veen 687% being of documented
Nong Nooch Tansacha and has vwie@ars/day. Thyarden hirasore than origin. Thepalm collection congsof
managed by her son, Mr. Kang@f0 staff to manage not only the plEBB3 taxa and of these 199 species are
Tansacha for the last 30 years. and gardens but also thestaurants unique tohe garden and do not exist in
and Resorts with 280 rooms. Sewesalothebotanical garden in the world
The Botanical Garden is situated ateeference facilities including a laxgeording to BGCI. Among the interesting
level to the East of Bangkok in Thaitatdbition Centre with an exhibition patas are the Caleo Mer,Lodoicea
The lttude is 12 degrees North of ¢€5,610 mThe plant collections consisa/divicafrom the Seychelledhe
Equator which equals the positioioddly 0fl9266 accessions represengagden has a large number of plants
Nicaragua in the Americas and SudaB689 taxa of a highly diverse assegnilying and have successfully ptoduce
Africa. It has a monsoonal tapiof ropical plants. viable seedSeeds haveeen acquired
climate,  with average  annual in  cooperation  with  Seychelles
temperatures * k d f k d & ¢ o | Thé mainXa@is gfl tita@iCaa@én authorities and consist of material from
all year roundighest ever recorded wiaas always been theads andhms, both knowpopulations. The main focus
38C and lowest A8 Raltive humiditybut the collection of today host a weide the palm collections are Asian
range from BB all year round. Theariety of plant groups such saecies, especially Indochinese and
area does not suffer from typhoongirgiberaceae, Bromeliaceae, Cactéudaresian species, but alsesgemn
equal strong wind as it is sheltered irmatlte many family and genera othier pastof the world such as the
bay of Siam. The geologheokite is succulentsrchidsand shrubs and tree€aribbean and Latin Ametdiale and
low lying beach sand soil with underlijireg garden has one of the largestmercially utilised plant groups such
granite/quartzite base. collections in the world pdims, as mango, dnana,Guavand Annona
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collections are extensive, both wild doaed collections. At preskeagarden responsibility of maintaining healthy
as well as cultivars are maintainedoesnot sell cycads but are adtivdiving, documented plant collections with
field gene & set ups. These collectiexehange of seeds and plant matatiphrties interested. Responsible private
are the base of regular research projgittsbothscientificinstitutions but als@ollectors have more and reatzed
to investigate and fingerprint distohedlicated collectors. the londerm value of their collections
cultivars and their wild ancestry. and often search out ways to donate,
The garden is an officially registeteare or sell their treasured plants to
The originalycad collectigvas limited CITES nursery under the DOA of Thatlagidpartieé\s the plants vematured
in species and number of plants andralse are no CITES registered sciamiificstart coning, the emphasis has
lacking crucial and irtgpdrdata as wellinstitutions in Thailande do the factchanged towards conservation and
as proper horticulture care. A full tima Thai Law under DOA make noisycbvement of hautiure of cycads.
Cycad Curator, Anders Lindstrom,preassion. The importance of specitistsetup of a cycad pollen bank startec
hired in 1993 to amend these issuesprivete collectors cannot meearly 2000 and has expanded and bee
original cycad collection consistedunaferestimated and many of thHoggroved over the years. The garden is
bought in and donated material feoitections often hold more and beitévely  participating in  Cycad
private institutions and botanical plant material than most Scientifimservation and good examples are the
gardens At first, Mr. Lindstrom teambtbtitutions which in turne aoften Debao Cycad Conservation project in
up with DrSHin Yang from China afichited in space and effort by being Gkgaa thavas initiated by William Tang
together they did field work in Chépacialized and more generalized inath@iAnders Lindstrom in cooperation with
Vietnam, Thailand and Laos. Lateplamé selections. Liu Nian. Another project was the
continued study and doing field work on Ugandan cycad project that involved
cycads with the late Mr. Ken Hill fidre oftequoted drawback of privataining and field survey of Ugandan
AustraliaTogether they wam several collections is that they are often nepecies with emphasiscmeephalarios
field trips to China, Vietnam, Thaifsrdhanent set up and will not be alfiéelockii and E equatorialis Close
and the Philippines. Lindstrom expandédain the plants longmterThis cooperation with Kew Millennium seed
his field trips to Indonesia, Malaydirawback is however artificially invebttk has resulted in several projects,
India, Sri Lanka, Papua New Guineasartie dedication for the -temg most notable the cycad germination
the Pacific islands. Several scientiiintenance in scientific Institutionsresearch that is still on going with Dr.
papers were -aothored by Lindstroas sensitive to the same factors, witha Nebot. Several visiting researchers
and HillLindstrom has continued todedicated staff leaving and with ha&econduetd and produced numerous
regular field trips to numerous Afrmamterproductive policies of not shadigptific and popular pam®ncerning
and South American countfldge plants wh othersthose plants ardghe plant collections.
collection has expanded from a feegver lost in cultivation. The best
modest base towards more sciersgfenario is of course to share the

Collected seeds 2 4

Genus Taxa Amount
Ceratozamia 7 229
Cyecas 367 13,928
Dioon 3 20
Encephalartos 20) 59,491
Lepidozamia il 21
Macrozamia 2 26
Stangeria 14
Zamia 451,81

Aotal 5817682

Figure .Total number of hand pollinated seeds produced in 2014 as an example.
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landsape plants and also lacpe

seed production for commercial use and
to support the conservation of the cycads
left in the wild.

Somespecies of less tropical origin has
been moved to a property in Northern
Thailand where the cooler winters are
more suitable to the selected species.
These plants are now starting to cone
and thegardens arenow able to
propagate these from seeds. With no
natural pollinators for these African
genera the seeds can be confidently pure
to species and population. The species
involved are mostly the waxy blue leaved
Encephalartopecies, these are the very
same species that are most thought after
and consequbn more inclined to be
removed from the wild instead of grown
1999004 Debao Cycad ConservatioGQonsequently, no cycads set seedsfraith seeds. Some species are
Project (IUCN/SSC Group/ the exception &fangerfanithout manunfortunately it is too late as their wild
Nong Nooch, South China made controlled hand pollination. THgRSlations are extinct or nearly so but by
Botanical Garge crucial as the large number of sé¥gducing non hybrid seeds of these
20142017 Protecting Ugandan Enderﬁllito‘duced at the gardan be sure thatPecies the hope is that these species
Cycads (Darwin Initiative/ they are not hybrids as no o dlJ, survive in cultivation and perhaps
Kew/Nong Nooch/SANBI) . 0 day the resulted seedlings might be
pollination can take place. The seeds . : .
useqd for reintroduction back in to the
The living cycad collection consist tBERgHced are pure or documented h%ﬁmﬁs

of one of the largest collections of liJRRE ON purpose.

and scientifically documented cyca(ﬁa' production has on many occalifistent genera of cycads are all
the world, as the number of taxa suggested to be an important 1GYltiyated within the garden and the
number of plants as well as the area 585 the commercial treat mymfollowing breakdown goes into some
to grow and propagate this plant grQp. 4s |t seeds and plants are avafl§ids On our experénavith each
The genu€ycawith 110 taxa and 5 en the market will be less inclined&gusAlmost all described species in
accessions and Zamiaceae with 223 8@ o |arge plants from the wild, idhR@Ienusycaare represented. Several
and 654 accessions. The total num%%rn%on notion. The reality is aé Shggies are not known in cultivation
living plants (2020) is 1,415,069 C%‘ER)% more complicated. Large Cﬁﬁeyhere, such &¥rcas falcata,. C
plants as offidlregistered with Th%ke considerable time to grow into |5€géan/ca, @iontana, . gavanand C
CITES nursery regulations. sizes andt is often not commerciaW"daica The garden has been

_ viable to grow, as the production tinf¥§SeS8! in producing seeds from hand
Cycad pollinators are for most pa'goﬂgiderable. Species are priced glligation of 80% of all species in the

perhaps exclusively host specific, at &ﬁ%rity and on the sizes of the st@fpsCycasNotablyCycas javana, C.

to genera of cycads, that translates tmg}@ collectors of cycads are not ﬁgﬁ{eal‘a, C. papuana, C. bqa’ens/s, C
different genera of cycads that now %iﬁtics as such' but are drawn tog(ﬁgcaand many other Species. The
are on separate continents andhéusigh prices and statusteyrthatarge ¢limate at the garden seems to be
natural pollinators are only found orcyad plants commafide garden haSuitable for all species but speeies
same continent. By cultivating cyteel land grown cycads of most gef@@not coned, most likely due to the

genera from other continent than AsianHeover 60 species for several vy of a cool spell, species dike

garden supports no natural pollinatot§¢sg plants, some rare others not sd@ypu/iaand C. faungensi@s never

. , , d.
those cycads. In fact, the garden is r&fRdiOW starting to grow into size. THECE

. : ts will be used as mother stock for . L.
isolated from any natural Thai cﬂgﬂe production from both seeds Eygy described species in the genus

populdon and as such the garden Jﬁ%ions and will be commercializeff@gr0zamia cultivated in the garden.

not have any natural cycad pollinatorg, "o 4omand for large cycadSeyeral species seem to suffer from the
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high bimidity in the rainy season andregularly. Also, some rarer species Spebies that we had problem in
have had severe problem with fuagdél. zoquorum, C. beccerae, C. alveubixiatiyp are Z  wallisii and Z.
attacks on the young leaves. Howevér, Bovidesiie also coning and produaitgodos most likely related to their
far, a large number of species has czeest. cool cloud forest habitat preference.
and we successfully produced viable Other problem species such a8igua
seeds. Notably species such Sasprisingly, considering the -liffen and.Z. macrochieseems to suffer from
Macrozamia mcdonnelii, M. stenosigitade habitat of mafyoorspecies the high PH and we can only keep this
and M. cardiacensiksas coned andve grow and cone every descridpmties in pots with highly caddil
produced viable seeds. species. Dioon tomaselfiand D mixes. Most species have coned,
sonorensas well asD argenteum including those problem species
Both species tepidozarmgows and Dioorseems to be very adaptable mentioned before but we have so far
cones, we can see that L. peroffskyamdyido the tropical climate but also tdaied to produce viable seeds of some
suffering from the tropical climate excess of rain and humidittha¥e had species, such & uremnd strangely
succumb to fungal attacks. Both spéZieaputaoning from seed grown plaet®ugly. /ndenilhese two species are

in the genuBoweniandMicrocycaas in less than 10 years. now part of a project to eiee pollen
well as Stangeriaare all growing viability and proper hand pollination
excellent and we regularly produce vididemajority gamigpecies are thrivingechniques order to produce sedds.
seeds. in cultivation. Especially the tropggcalvn. a complete collection of

rainforest species and many Sdutbephalart@gth the exception Af
Several species in the gélmsatozamiaddmerican species. We are regulafgiusMost species are growing very
seem to be on the borderline of theiducing seeds &t restrego Z nicely but a large number of species
climate preference. Ceratozamiadisodorand Z. manicatas well asZ. seems not to bdealn cone, most likely
zaragosaénas never coned ald roezliiand Z /lecointe/Also, Centralrelated to the lack of cooler
matudaeones only rarely. BroagktbaAmerican species Such. aganeyesii, temperatures.
species such a§. europhyllidia, . sandovalfind all the species indhe
whitelockand C. miqueliarzae coning skinnercomplex are thriving and coning.

Photo: Simon Lavaud
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Such a&. /longifolius, E. horridngE. dressing that we do. For trogmala Cycas with their open group of
transvenos@eems to not thrive in tleendCeratozanmme top dress with a mixwegasporophylls are always pollinated
tropics, with slow growth and no cormhg;hopped coconut husk and coabgwutand also alCeratozamiand

other species such fastrispinosu&. coir, it nicgl keeps the moistin the Macrozamiae pollinated with the dry
lehmanniand E. arenariusnly cone soil and suppressthe weeds. Fomethod onlEncephalartegecies such
rarely. However, all tropical speciesMaerozamand mosEncephalartasd ask. ferox, E. whitelcakdE. ituriensis
doing excellent with coning and sBémbpiwe have a layer of coconut sgiems to be successful g weither
production &. whitelockii, E. ituriensigixed with coarse sandmusich soil way but other species such as E. turneri
E.equatorialf€. laurentianus, E. sclawaixed with sand is used for seedlingEambggeind £. marunguengigist be

E. kisabo doing very well. All theewly rooted suckers. pollinated by the dry method only. In the
seasonatieciduous species suchEas genusZamiane have found that there
delucanus, E. schmitzii, E. flavostroBidus) poléation are species that can be pollinated by

E. schafeseil, marunguensgnd £. A number d@géchrjgueshas been usecdither way but some are only dry
poggerare also thriving with annualer the years and we are constaatlinated suchs Z roezliand Z
coning. High altitude species suéh amproving otechniqueghe two mainsandovalli.

ghellinckiare struggling but are aliweys are either with pollen mixed with

after more than 20 years. tr*"gboc¢ I o¢ ml i i bk CThe gdrdert hasobeen ¢the&) bobt ¢of | thte
l'jbgel ac¢ f p¢ s bov Clnpemationdl Centpréncel ofcClycadBiologs
Horticulture pollen mixed with waterd anserted in 2002 and organized waokshop/

The majority of the cycad collectionwéitea medical syringe into the receptivderences in Cycad Horticulture in 2017
grown in raised brick beds, filled Wéthale cone. This method is used watidaagain in 2019.

excellety drainage soil. The beds hanenber of species in several genera;

no bottom, so the cycad roots can arftbarever, we have found that several

growing though the layer of good tosgedies seems to resent this method and Anders Lindstrom
into our sandy natural soil. Gihensx must be pollinated by using the dry Nong Nooch Tropical BateGiarden,

ratio ishalf part sandl quarter ofmethod only. - Thailand
compost and 1 quarter of coarse gravel. ajlindstrom71@gmail.com
The main difference is the regular top

SN

.

Photo: Simon Lavaud
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< iodd) = »y
Charles Chamberlain (left) and William Land (right), a friend and colleague from the University of Chicago. Chamberlain was a
renowned sharpshooter and trained marksmen in WW1, hence the medals. A photograph given to Dennis Stevenson by
Chamberl ainds grandson.

Charles Joseph Chamberlain (1863} 1943),
pioneering American cycad biologist

Roy Osborne & Dennis Wm Steyvenso

In acknowledging the grdmedking work Chamberlain, American pioneer in cydaldamberlain was innovative in applying
of cycad biologists who preceded obiology. zoological misampic techniques to the
generation, we have recently prepared short . study of plant material, especially in his
biographical sketches Foiedrich Anton ch on 23 Febr.uary 1863 near S””"’i’)vfbrk on cycad anatomy and morphology. Ir
WilhelnMiquel(18111871), Johann Georg Ohio, Chamlgerlaln was educated aj[ Obeﬂiﬂition to organising and directing the
Christian Lehmann (4¥8&0), Eduard (?ollege, Ohidhe gldest C,Oeducat'onalbotanical laboratories atUhaversity, he
August von Regel (:8892) and liberal arts_colle_ge in the _Umted $a¢s, "obr"gbac¢fkcgebctl oi a
Ferdinand Jacob Heinncn Mueller at t_he_ Un|ver§|ty of Chicago, lllinois, Bllection of ihg cycads, containing
(18251896). These four articles arénsm_'tIon which Wa_‘s _to become thgpecimens from Cuba, Mexico, Australia
mobpbkqgiveé fké mobp _r%mlqgﬂt_e@ulreé)f( h'sb“frﬁ'eHe iw_ﬁsot ang South Africa in a plant collection that
Journal of the Cycad Society of So It reC|p|eqt of _a Ph.D. degree in Bo YMained unsurpassed until a decade after
Africa. In this paper, we are privileged flr(S)m the University, where he was a Va_llﬁg death.

introduce to you Professor Charlggnployee,_ being  appointed Ass_omate
Professor in 1911 and full Professor in 1915.

10 CYCADIS/olum#/Il Issuel | January 2022



Charles Chambeneith part of his cycad

collection in the Garfield Park, University of
Chicago, glasshouse. A photograph given to
Abkkf pcéPgbsbkpl k¢ _viE@e’

‘!

I
. /1 - | v,

During the first two decades of the 1900ahl, the Eastern Cape and Cape Provi The University of Chicago Science Series

Chamberlain travelled by extensidgty becoming familiar wiffncephalart@nd
ship, by rail and even on horseback. Fusdeayeriabefore leaving for London a
by grants from the American Botanitein home to Chicago. In total, he sa THE LIVING CYCADS

Society and the University of Chicagokimwvn cycad genera and some 30 diff
went first to Florida then onto Cuba, sesimgcies, making field notes, taki _
Zamiaand Microcycasn the wild, then photographs, collecting material for @

twice to Veracruz, Mexico, where he saigroscopic studies and arranging for
Dioorand CeratozamiaThose excursionsplants to be shipped to Chicago for
were followed by his major and challengireenhouse collection.
rounetheworld trip, commencing by boat . . . N
from the USA to the Sandwich Islan'ds(,ge be Ifsfkdc @v a qfk

onwards to Fiji, New Zealand and tﬁSﬁdmg'_ Par_t One of the_-;buﬁevolume
Australia. Arriving in Sydney, he lost no Hﬁ@s W'th h|s.travel§. H'_S struck up w;
in exploring the local cycads and otﬂéq ongoing f.r|endsh|.p.s with many peop
aspects of flora and fauna. He then travéa}”:.'me countries he V'SIte_d apd cIe-arIy S
almost thdull ength of the Queensland time in the company of-fagking officials

coast, from Brisbane in the south to Cairﬁ‘g%_ other persons of influence;
the north. During that filve saw all four anticipation of suotccasionshe had Chamboi " f k$p& ml mri "o¢& _1 |

ES JOSEPH CHAM

. packed formal attire in his baggage. (1919). In Part One he recounts his worldwide
genera of Aust.rallan cycads.. After t_hat, e travels in search of cycads. Part Two deals with
went once again by boat, this time via Perth morphology and anatomy while Part Three covers
to South Africa, where he spent time in evolutionary and phylogenetic aspects.

CYCADIS/olum#/Il Issuel | January 2022 11



Handwritten inventory of thentemts of :\%‘;.§ ,-,v:‘(_ :
@e™j _boir"fk$p&agtl ¢ qo":-\-“.\"ge y
Australiand South Africa. Note the formal atff,,., «E s SESCERS &
packed in the upper layer of trunk #1. Fronf s §, i & S8
notebook given to Dennis Stevenson DY

@e™j _boir"fk$Spcdorkap

He died ifChicago,litois on 5 February
1943, just a few days before His 80

During his second visit to Mexieo BRSNS | birthday.

Literature cited
Chamberlain, C.J. 1912. Two species of
3 e A BowenigBotanical Gazdite 41923.
Spanish cedar, mahogany, ceiba, vage®™ = ot Chamberlain, C.J. 1919. The Living Cycad:s
kinds of rubber and occasionally ebq ; University of Chicago Press, 172 pp.
Orchids, bromeliads, ferns and othisr ot ) LN ChamberlainC.J. 1926Zamia monticola
a pygmaeah

. an. . .
weigh down the branches of the trees qu‘(@n by Chamberlain during a tripbto Cu ChambBotanical Gaze@é: 21223,

they break off, so that one may collect §aisied by him at the tim&zmia kickxii figs 13. .
epiphytic vegetation without the labor -of Chamberlain, C. J. 1932. Methods in Plant

Cifj _fkd o+ Histology. 5th Revised Edition. University
- of Chicago Press.

In Australia, Chamberlain was much tgkbamberlain produced several impor@dmberlain, C.J. 1935. Gymnosperms:

with Macrozamia mofré/ ' t e f ° @xgboekp. dVith John Coulter he wrote theStructure and Evolution. University of

abundant at Springsure, aboutumdred Morphology — of  Gymnosp@eno), Chicago Press, 484 pp.

miles west of Rockhampton, just on fpkowed by his popular t@%e Living Coulter, JM. & C.J. Chamberlain..192_1.

Tropic of Capricorn. It has a massive trG¥kac£1919), then hidethods in Plant ~ Morphology of Gymnosperms. University

seldom more than eight or ten feet in heif#gfo/ogy (1932), and finally his of Chicago Press, 466 pp.

but often fifteen inches or even two feetGimnosperms, Structure and  Evolution

diameter. The grass was dry and brown(3#5). His publications | the field of cycad

the cycads looked fresh andouigyavith taxonomy relate to two species: in 1912 he

darkgreen leaves and a wonderful displaglevatedBowenia serrulaggom William

"l kbp  +¢FkEPlrqgec>20bfl 8pgetbeddppofp Mipeleh R & €6 GG StEvehdBP

t "pé&grhbke& _ve Grj bpwieinild2e e sésedgamia goaticadlaa b ¢ ql &

see the single extant specimdfPm Guatemala, both papers published in

Encephalartos wofidé about ten miles theBotanical Gazette.

erc:;n hg:g;"};;;rt;i mltlj;;;];.ﬂh:?g/erla Chamberlain married Martha Life in 1888
0. yphy S %nd they had ope. daughter, After his vﬁfe

zibitatA hanetbioﬂred side

Roy Osborne
cycad101@bigpond.com

dws@nybg.org

ngoyands+ ¢ Fk¢ ~kl gebo) ¢ C c I c¢ epc
excitement of findiBgcephalartos latifron. asseg away qn 19311’ he married %no er

) tha, Martha Lathrop.
in the Trappes Valley near Grahamstown. artha, Viartha Lathrop
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Figure Ranger Eliah Hlungwani holds se®usephalartos dyeriavtise Lillie Flora Nature Reserve in Limpopo, South Africa. The
reserve protec¢he sole extant wild population of this Critically Endangered species.

Global Conservation Consortium for Cycads: Accelerating
conservation of cycads on a global scale

Vanessa Handley, M. Patrick Griffith, John DdnaldSagory &riktina Lop&allego

Nearlytwo decades have elapsed sinternational (BGCI), the objective of ithgplementing an overall wamkpbr the
publication of th@ycads Status Survey ar@CCC is to enhance durable conservatiGCaIC.
Conservation Action REDD3). The Planglobal cycad diversity through integrated ex
included a robust slate of proposed actigfigand in situ actions. While the Consortium Steering Committee
which have since been actively pusseed ( will provide broad, strategic leadership, a
G””’?‘” & I_/owc_/es, this /)sswdmeve_r ' To this end, GCCC members will worklate of Regional Steering Committees will
despite this increased emphasis on . . . . . ; .
conservation, the intervening years hg%cert with natl.onahnd regional directly guide and cpgrdmatg COI"I.SGI’VEitI(.)n
borne witness to an ongeinat times goverpmgnt agencies, -gmmzrnmental. hubs. Hubs are enwsmqed in Africa, Asia,
intensified - global decline in cycadPrganizations, indigenous communit@entral & South Ameri€aribbean &
populations. This apparent paradox spékdowners, and other interested partiedfexico, and Oceania. Membership from
to the complexity of the issues at hand agepmplish the lelegn conservation ofdiverse geographies will ensure that the
the lag the in efficacy of conservatiogenetically diverse and representativerk of the Consortium is global in scope
measures. It also highlights the need gopulations of cycads. This will ertail band representative of key diversity hotspots.
greatly accelerated action. traditional approaches (i.e. land protectitiith logistical and administrative support
ex situ collections) and emergifigm the Consortium Lead Insijtutie
CSG leadership has eloquently soundedribitodologies (i.e. genetically infornRegional Steering Committees will develop
alarmsee Gregory & Lepatlego, Cycadsmetacollection management, integratiorregfionally appropriate objectives.
3(1))while acknowledging the need fprivate holdings, conservation credit systems
increased  funding, dissamima of with local communities). An additional, more granular level of GCCC
expertise to regional practitioners and participation will be that of the Species
coordination of conservation efforts. TiRe administratigem of the GCCC is th&teward. Ideally at least one Species
response to this call for direct action,cgnsortium Steering Committee; curreBtigvard will be identified every cycad of
Global Conservation Consortium for Cyggfposed of CSG leadership and chairemtriservation concepecies Stewards will
(GCCQ), has been launched. As a joint gffgftating Consortium Lead Institutionbénbotanic gardens (or, when appropriate,
of the IUCN Cycad Specialist GB@p (Eollaboration with partners at BGCI, ihidividuals) that manage an in situ
and Botanic Gardens Conservatigdm is tasked with developing apdpulation and/or an ex situ collection of
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high conservation quality for one or m®iece there will be attendant metacollection Vanessa Handley
priority species. For participating gardelada management and data security burden, Montgomery Botanical Center
the ctective accessions of a stewardeee are pleadeto announce that BGCI is Coral Gables, Florida, U.S.A.
pmb fbp& 1 kpqgf qr qbdewlepng !aj rhogute’ fori théir gidbal k Vapegsp@ngontgomerytwatiami g
that taxon a living resource potentiallPlantSearch platform that will provide
distributed across multiple institutions blatabase support to the GCCC and other
managed collaboratively for research eowservation consortia.

conservation purposes.

M. Patrick Griffith
Montgomery Botanical Center
Coral Gables, Florida, U.S.A.

o ] patrick@montgomerybotanical.org
To support the administrative costs

In this manner, each oetwof Species associated with launching the GCCC, John Donaldson
Stewards will assume responsibility fdontgomery Botaic Center (MBC), Wild Cycad Conservancy
management of their focal specesd working with the Morton Arboretum, has Cape Town, South Africa
serve as a force for accelerated conservatonred funding through the US Institute of cycadsg@gmail.com
action. In general, an institutional lead WMliseum and Library Services. In

be designated within each, to facilitatenjunction, MBC has stepped forward to TimGregory
annual tracking and repgrin serving as aserve as the initial Consortium Lead Wild Cycad Conservancy
lead, an institution will be expected Hustitution and CSG members Patrick Griffith Cape Towsouth Africa

stimulate conservation efforts for the targat Vanessa Handley have agreed to serve cycadtim@gmail.com

species and, as feasible, conduct alkeq respectively, GCCC Project Leader and
rgsearch and fgndraiging. EngagemngGICC Chair & Coordinafcor for thg Iaunc?h Universidad de Antioquia Medellin,
direct conservation action will be a critigdiase. Throughout 2021 virtual meetings will Antioguia, Colombia
near term objectiee priority taxa. In shortpe held across regions to introduce the GCCC clopezgallego@gmail.com
the goal is to move beyond basiod encourage broad participation. In the
metacollection management and to n@atime, we invite broad participation
enhance genetic representation thro@HG members would be particularly va
acquisition and exchange and b) enhamceRegional Steering Committessd
conservation impact. The desired outcomeisome feedback and suggestions.
to not only secure cycad collediwns deep expertise and passion of CSG men
perpetuity but to greatly increase theitl be integral as we mobilize to enhal
conservation value. As applicable, ttee action imdted with the 2003 Plan.
introduction strategies will be developed @udlectively we can implement the next
implemented in parallel. phase of an ambitious, coordinated, and
actiororiented conservation strategy for
cycads!

Cristina Lop&allego

séaa " GLOBAL
/4 CONSERVATION
: CONSORTIUM

CYCADS

Macrozamia stenomefaS.Johnson Photo: Bret Dalziel
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Cyad Garden Networks: History, Foundations,
and the New Path Forward

M. Patrick Griffith and Andrew Vovides

An ambitious goal laid out inGhead early 2011 accomplished two of the acti@onaldson, 2003), the stage is now set for
Status Survey and Action (Bfamaldson, steps laid out by the 2003 Action Plan: it€figjaging ycad collections at a greater

[/ --0&C¢C t~pcC | | j mob ednmpnicatdd Gmorig scypcad gdrteds,| acale and scope, in alignment with our
cycad taxa in genebankst Qe b ¢ g b(@)qgtcpiowddédgam over@all gap analysis @fcads 2050 plathat no cycad species
goal (10.2.1; ibid, page 59) is worth quotihgbalex sificycad collections, which wasgoes extincA new US Federal grant (see

in depth: presented at Cycadll20in Shenzhen Handleyet al,this issue) funds active
(Vovidest a/2018). facilitation of the exact goals presented in
| Although the few gardens now involved the Action Plans A partnership involving

have built up collections of manyhis network of cycad gardens has atbe CSG, BGCI, and a number of botanic

threatened species, there are still speciesen leveraged for many researgfardens, it meets the vision from decades

that are not in genebanks and there ayetcomes. For example, the Jardin Botapiast exactly. We are excited to have a clear

inadequate backup emtibns. Such Francisco Javier Clavijero in Xalapgsath forward for cycad collections!

backup collections are crucial to deal wifleracruz, Mexico holds the Mexican

natural disasters and mishaps. Additiomstional Cycad Collectidim ewier 90% of Literature cited

gardens need to be encouraged kative cycads represenfdds species BGCI. 2010. Congress Conclusions.

develop genebanks, even if they focusfaym other world genera on display. Mexico Proceedings tife 4 Global Botanic

only one or a few species. There iscames in second worldwide for native cycadGardens Congress. Dublin, Irela8d 13

special need to develop genebanks withimersity after Australia (Vovides, 2000), andJune.

cy@ad range states because it will béhus the Xalapa -collection contributésogler, D.X& J. Francis€rtega. 2004.

easier to maintain mutualisms in thesignificantly to such netedrkefforts. Moleculasystematistudiesn Cycads:

collections and they can form part of lodabst of the living cycad collection at the evidencéromtrrLintrorandTS2DNA

conservation programmes. The faciliti€tavijero Botanic Garden is bar coded, (se&equenceslihe Botanical Reviédr

and expertise that exist in the curreiicolaldéorejéoner a/ (2011)) and many  260273.

network of gardens involved in cycad these cycads have contributed (@aputo, P., D.W.vBteson & E.T. Wurtzel.

conservation can fahm framework for molecular phylogenetic studies (Gaputo 1991. A phylogenetic analysis of

a broader network of gafdens al.,1991; Moreter al.,1993; Goalez & American Zamiaceae (Cycadales) using

Vovides, 2002, 2012:a4d/.2003; Bogler chloroplast DNA restriction fragment
Aims were clearly articulated in that text & Ortega, 2004, among others). More length polymorphismBrittonia 43:
assure cycad survival through a worldwiégeently, some controversial cycad 135145.
network of gardens. Action steps on tlamplexes have also been solved bBgnaldson, J.S. (ed.). 2003. Cycads. Statu:
page specifically call upon botanic gardemalysing leaflet anatomical traits -(Pérez Survey and Conservation Action Plan.
to work with the Cycad Spdc@atmup to Farreraet a/.,2014, 2016; Vovid#sal., IUCN/SSC Cycad Specialist Group.
set up genebanks and facilitate exchange@16, 2@l 2020), emphasizing that older IUCN, Gland, Switzerland and
duplicate  plants. Botanic  Gardersaditional methods such as anatomy veryCambridge, UK. ix + 86 pp.
Conservation International (BGCIl) waten compliment modern molecul@onzalez, D. &P.Vovides2002. Low
specifically tasked to partner with the Ca@alyses. intralineage divergence in the genus
to identify gaps in coverage for these Ceratozamia Brongn.  (Zamiaceae)
assurance collections, and facilitattnother importarconservation strategy  detected with nuclear ribosomal DNA
communition among gardens worldwideemphased in the 2003 Action Plan is its and chloroplast DNAd-f non
?D@F$pC Mi "kgPb”" o ednsayvhtion tirough'pm@agatian ith gplantcéding regionSystematic Bota2iy.
facilitated in identifying plants and gardeales coupledith habitat protection and  654661.
holdings. reintroduction. This creates an incentiveGonzalez, X A.P. Vovides. 2012. A
conserve cycad habitats that are generallymodification to the SCAR (Sequence

In 2010, important steps were taken ém marginal lands not suited to agriculture. Characterized Amplified Region) method
begin this network of gardens in supportRairal farmers, assisted by a botanic gardenprovides phylogenetic insights within
cycads in a way that matched the visionwofl make an effort to protect habitats when Ceratozamia (Zamiaceae). Revista
the 208 Action Plan. Dr. Andrew Vovides imome is assured through plant Mexicana de Biversidad3: 92938.
convened a symposium on cycads at thepftipagation and sales, even though thi8l, K.D., M.\W. &, D.W. Stevenson,

Global Botanic Garden Congress in Dulslistem is not free of problems érag H.G. Hill& B. Schutzman. 20D%e
which formalized a call to establish 2018). families and generaof cycads:A
Botanic Gardens Cycad Collections molecular phylogeneticanalysis of

Consortium as part of the IUCN SSC (B®/EHh this foundation and progress towards Cycadophythased on nuclearand
2010). The establishneéthat network in the action steps agreed upon in 2003
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plastid DNA sequencesinternational
Journal of PlaBtiencd$4. 93948. zZamia katzeriatiéamiaceae).
Moretti, A., P. Caputo, S. Cozzolino, P. DePhyfotax2ir0: 16181.
Luca, L. Gaudio, G. Siniscalco Giglidremg, W., A.P. Vovides, M.ézHdrera,
& D.W. Stevenson. 1903. T. Steyn, D. Kamdga.S. Kaijam.
phylogenetic  analysis  oDioon 2018.
(Zamiaceae)American Journal of
Botan80: 20214.
NicolaldéMorejon, F., J. GonzAkinrga,
F. Vergai@ilva& A. P. Vovides. 2011.
Perspectivas sistematicas Jdenia

Cycad3(2): 511.

Biodiversit&431):-40.

Vovides, A.P. 200&xico: segundo lugar
mundial en diversidad de cicadas. MedinaVillareal, J. Gonzaletorga,

morphology suggest a hybrid origin of Collections: 4th GB@&ymposium

Report. In Li Nan, D. W. Stevenson, and
M. P. Griffith (ed<2018. Cycad Biology
and Conservatidthe 9th International
Conference on Cycad BidMwmoirs

Village nursery projects for of the New York Botanical Gakien
cycads: Review and assessment. 4353.
Vovides, A.P., M.A. PEserra, J.S.

Gutiérre@rtega, S. Avendafio, A.

& S. Galici®2020.A revision of the

(Zamiaceae) en Megaméxico: de V@vides, A.P., D. Wm. Stevenson, M.A.Cerafozamia miqueliaZamiaceae)

taxonomia alfa a los cédigos de barras PéreFarreraS. LopeMendoza& S.
genéticos. Revista Mexicana de
Biodiversida8?: 34B55.

PéreFarrera, M.A., A.P. Vovides, &S. Science94: 419129
Avendafio. 2014. Morphology and Vovides, A.P., J.AR. Clugsfo§,
leaflet anatomy of th€eratozamia Gutiérre@rtega, M.A. PéFemrera,
norstogif (Zamiaceae,

Avendafio. 2016. WhatC&atozamia
mexicana (Zamiaceae)? Botanical

Cycadales) M.Y. Séanch@&moco, & S. Galicia.

species complex based on analyses of
leaflet anatomical characters.
eqqmp?7, ,alf+lod, .- -
6.

M. Patrick Griffith
Montgomery Botanical Center

Coral Gables, Florida, U.S.A.
patrick@montgomerybotanical.org

species c@fex in Mexico with
comments onrelationships and

2018. Epidermal morphology and leaflet
anatomy ofDjoon(Zamiaceae) with
comments on climate and environment.

speciatian /nternational Journal of

Plant SciencEs5: 11021. Flor&39 2044.

PéreFarrera, M.A., AP. \&vicC. Ruiz Vovides R., M.P. Griffith, D.Wm.
Castillejos, S. Galicia, A. Gibrian Stevenson, N. Li, Y. Li, S. Fang, D. Qian,

Z. Zhong, A. Moretti, & K. van der Walt.

Gardens  Cycad

Jaramillo, & S. Lopez.2Z018omy and
2018. Botanic

Zamia indeniiRegel ex André natural habitatEcuador.
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Laboratorio de Biologia Evolutiva
Instituto de Ecologia, A.C.
Xalapa, Veracruz, Mexico
andrew.vovides@inecol.mx
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Emerging insights into the ecophysiology of dioecy in
cycads: a call for research
Sophia Gosetti, Christopher P&Kialgerine A. McGll

Cycads are one of the most endangerediganbne production, and vegetative groeliination biology (Tefya/,2007, 2012).
groups on the planet, with more than 63#eofthe number of leaves an individuaFoan example, many cycad species are
species threatened with extinction (I4$Gphort, as both processes require epeligyated by insects that distribute pollen
2003), yet many aspects of their biologlyoanghe plant. If on& afocates more of itfom male plants to female plants (Tang,
poorly understood. For example, cycadsengy to reproduction than the otherl188%,; Terrmgt al,2007). In order to attract
dioecious, meaning there are wmmade then it is possible that other aspectgpadiifnators, many cycads undergo periods of
female individuals, and although dioecygroagh may be reduced in one sex moré¢hiremogenesis (heatifigsones before and
been hypothesized to lead to diverdpenbthe~g. L Indeed, similar observati@hging pollen shedding) to emit volatile
selective pressures for reproduction, mingtvés been made in some cycads, vdoenpounds thought to attract pollinators
unknown about the ecophysiologieptoductive inidivals of both sexes of ti{g§uinyugt a/,2010, 2013). In some species,
implications of dioecy in cycads éKi@g species Zamia skinnerincreased theirmale cycads can undergo greater degrees o
2017). Additionally, cycads are img@eunumber of leaves the year before togrenogenesis than femaldsit the
phylogenetic position because they are gmechiction (Clark & Clark, 1988), whichngequences thermogenmaais have on
the first dioecious vascular plant gre@opsistent with reproduction beingresource allocation are not well undelitstood.
(Nixoret a/,1994) and the earliest diverggemerally very costly process (becausseleafs plausible to posit that if heating a
seed plant lineage with complete dioecyliictosynthesis is the mwd@ty to acquirecone for thermogenesis requires large
strict  sex separation and withamd store carbon). In the same study, feamatesits of energy, then there might be a
hermaphroditism). did not grow new leaves up to two yearsat&urrent increase in carbon acquisition (e.g
reproduction, indicating that there may e aincreased photosyngheso gather
Research on @by in cycads is crucial higher energy cost for females, so muelmdgor store the energy needed for
understand how males and females in teatlythey could not afford new leaf grdatihmogenesis. Plants can increase their
seed plants allocate resources to vadftes reproductivevents (Clark & Clarghotosynthetic carbon uptake in a variety of
functions, such as growth, defense ®88). Despite evidence for sevags, including increasing the total number
herbivory, and reproduction. Becausgphological differences (e.g., leaf nuofber)leaves  and/or increasing the
resources in the environment are liniketdyeen males and females, little is krulvatosynthetic capacity per leaf. The
allocation to each of sie processesabout the actual carbon costs for growtlolasehions of leaf growthdamia skinneri
competes with one another, thus creatipgpduction in either sex or allocgiiwor to reproduction may indicate that one
tradeoffs within an individual pl&ig.(L patterns across any dysecies. way individual plants are increasing their
When reproductive effort is separated carbon uptake is by increasing their total leaf
between sexes, as in dioecious systemsReamt research suggests that diveegeat However, it remains unclear if
the selective pressures acting on allocagbective pressures on reproductive traitereasing the total number of leaves and/or
related tradeffs are ats separated. Onenales and females may have contributetreasing the photosynthetic capacity per
example of a possible taftieis the physiological differences between the dexes ¢ ¢ "ob ¢ j b e~ kfpj p¢
relationship between reproductive strucinregcads (Krieg a/.,2017), and to theiassociated with reproduction.

If major physiological functions If reproduction requires more energy for a

are equally prioritized within an fertile individual of either sex, then
individual, then they would all growth and defense could be reduced
receive similar energy inputs. leading up to and during reproduction.

Reproduction

Reproduction

Defense

Defense

Figure Rotential consequences of disproportional aflscatim to reproductive effort on other important processes.
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Thereare clear gaps in our knowledgeeafy versionsf the manuscript. We alSuinyuy, T.N., Donaldson, J.S. & Johnson,
ecophysiological differences between rttzdeg the Montgomery Botanical Center f&D. 2013. Patterns of odour emission,
and females, as well as between sterilesapdorting and encouraging our researtiiermogenesis and pollinator activity in
fertile individuals of the same sex. Fuffioets on cycad ecology, physiology, ambnes of an African cycad: What

research should focus on the extent to whathtion. mechanisms applytals of Botati2
nutrient uptake and allocation differ between 891902
males and females, as well as their stitemature cited Tang, W. 1987. Heat production in cycad

tolerance, and if these processes chang€laith D. & Clark, D. 1288f Production cones. Botanical Gazette, 148¢2),4165
phenology and reproductive status withiand the Cost of Reproductiotheé Terry, I., Walter, G. H., Moore, C., Roemer, R
each sex. If males and females differ in k&jeotropical Rain Forest CyZadya & Hull, C. (2007). @dediated pushull

ways such as in their resource requiremerd&inneriJournal of Ecolog§(4)1153 pollination in cycadienc818 (5847):

for reproduction, then a singleahaidy be  1163. doi:10.2307/2260640 7070.

better suited for one sex to reproduce lh@N  Species  Swadviv CommissionTerry, |., Tang, W., BIAKST., Donaldson,

the other, and potentially impact populationonaldson, J2003. Cycads: Status J. S., Singh, R., ¥esj A.P. & Jaramillo,
dynamics. Furthermore, if males and femalgsrvey and Conservation Action PlaA.C. 2012. An overview of cycad
differ in their responses to environmentdUCN Publicationg. 1 pollination studies. Wroceedings of
stressors (which remains entirely unexfoiegl, C., Wats, E., Chambers, S., Husby,Cycad 2008. The 8th International

in cycads), then malesl demales may C.E.2017. Sespecific differences in Conference on Cycad Biology, Paname
respond differently to climate changefunctional traits and resource acquisitio€ity, Panama,-18 January 2008.
Ultimately, a better understanding of then five cycad species. AoB PLANTS 952394). Ng York Botanical Garden
ecophysiological tradis associated with plx013; doi:10.1093/aobpla/plx013 Press.

dioecy in cycads may help conservidiiam, K., Crepét,, Stevenson, D., & Friis,

practitioners form effective plans for theiE.1994. A ReevaluatminSeed Plant Sophia Gosetti
conservation and possibly theeo@tion of  Phylogeny.Annals © the Missouri Christopher P. Krieg
other plant groups, if connections can bBotanical Garc&%(3)484533. Katherine A. McCulloh
made between the traffs in cycads an@uinyuy, T. N., Odean, J.S. & Johnson, S. Department of Botany, University of
those in other dioecious plant groups. D.2010. Scent chemistry and patterns of Wisconsin, Madison WI 53706
thermogenesis in male and female cones gosetti@wisc.edu
Acknowledgments of the African cycaffncephalartos christopher.p.krieg@gmail.com
We would like to thank Dr. Duncan Smith, astalensis(Zamiaceae)South Afiican kmcculloh@wisc.edu

well as Alex Goke, for helpful feedback aiournal of Botargy 717725.

Cycs siamergiis). l ' | ' 7 Photo: S urijam
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Pollination Ecotypes in the African cycad
Encephalartos ghellinckil

Terence N. Suinyuy

In response toetltall for global efforts tghellinckin the mountaimere associatedLiterature cited

study the different pollination systemsviih the arrival and departure of inggwémnick, J., Oberprieler R., Donaldson, J.
cycads (Chemni¢la/ 2002), a recent studyollinators dominated My goodein the Terry, |., Osborne, R., Vandsorster, P.

on pollination &. ghellinckshowed that afternoon. In mountain plants, 2004 Insect pollitars ofcycads A report
this species consist of two pollinafiebariidaebeetles and Erotylidae sp. nov.tHedm a cycad pollination workshop held in
ecotypes that are adapted to two pollirssor ocur in the lowland populations hadThailand, 2002 with a protocol for
assembiges (Suinyuy and Johnson, 2080)r levels of activity during peakcollecting and studying cycad pollinators.
Encephalartoghellinckiia South Africarthermogenic episodes in psiiedding Cycad Newsletzar. 37.

endemic is a medisimed cycad with acones when compai®d/. goodiactivity. Grobbelaar, N. 20@ycads with special
erect or reclining trunk that grows in diieiedd and laboratory bioassays showed thetference to the Southern African
habitats on rocky slopes and grasslandd/angoodie from mountain plants and speciesPulished by author, Pretoria,
occurs singly and in clumps. The spEcidglidasp. novrom lowland populations South Africa: 331 pp.
exhibitmorphological variation with sowere attracted cone odours and conesJvoss, D., 1993. Cycads of the world.
isolated mountain populations occurdngtiaé host plants and local regions. The studyk ~ f bk q¢ mi "kgp¢ | ¢c¢
15062700 m a.s.l. often called the gieantributes to knowledge in understandingeed, Chatswood, Australia.

form, and scattered lowland populationgtikatole of cone thermogenesis in pollin&tiornyuy, .N. & Johnson, .B. 2018.
occur at. 506:900m a.s.l. called the dwamnf Encephalartapp. and can be useful in Geographic variation in cone volatiles and

form (Jones 19€3pbbelaar, 2004). resolving thenplogeny of. ghellinchiiat pollinators in the theogenic African
exhibit morphological variation. cycadencephalartoghellinckii Lem.
A recat study revealdgtiat cone odour Plant Biologgh: 579590.

profiles of mountai&. ghellinckiare

characterized by emissions Abfg3

octadiene andisb-ocimene, while con
emissions in lowland populations

dominated lmamphene (Suinguyohnson,
2018).The beetléetacucujugioodei an

undescribed species of Lobariidae !
Platymerusp. occur incones of mountait

plants, whereas an undesdihigtidae sp.
nov. are common iboth mountain ant
lowland populations (Suing&uyohnson,
2018). Despite the variation in oc
composition and pollinator assembl
between the different morphological fo
there are no molecular data to sug
recognibn of the two forms as separ
species.

Suinyuy, T.N. & Johnsdh, 2020. Evidence
for polhation ecotypes in the African
cycadcncephalartggellincki{Zamiac
eae)Botanical Journal of the Linnean
Societ95(2233248

Terenchl. Suinyuy
Schoabf BiologgndEnvironmenttiences,
Universitgf Mpumalang®/Bag{11283,
Mbombela200SouthAfrica
tsuinyuy@gmail.com
Terence.suinyuy@ump.ac.za

Pollination studies revealed that the mot
plants are pollinated My goodeand the
Lobariidae beetle while the Erotytidae
nov.pollinates both mountain and lowl&if#'re 1A) Male and female cones of
plants (Suinyuy and Johnson, 2m):EViEncepha/artoghe///qck// B) Metacucwus

for pollination ecotypes is supported by@qg’@nd C)Lobariidae thaitinate cones
differential response oM. goodei of E. ghe///nckn mounta!n populatioDy;
Lobariidae, and Erotylidae spormatterns Erotylidae sp.wathat pollinate conesof

of cones thermogenesis and cone voiiéckiiin mountain and lowland
emissions in theountain and lowland plarfR@Pulations. Scale bar = 10 mm (Suinyuy and
(Suinyuy and Johnson, 202@ymgenic Johnson, 2020).

episodes in polisinedding cones &
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