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Cycas micronesica

Abstract:  A case study is described wherein strong focus on research during the developing threats that caused the elevation of Cycas 
micronesica from Near Threatened to Endangered status illustrates how targeted research results may be used to aid in conservation 
education.  We argue that the devotion of a portion of conservation funds to research in addition to mitigation efforts may improve 
ultimate conservation success.
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communication formats and attempt to influence any of 
these audiences.

Convey local importance
(a) An extensive forest inventory conducted in 2002 

portrayed C. micronesica as the most abundant tree 
on Guam (Donnegan et al. 2004).  The first arthropod 
invasions that initiated plant mortality were documented 
in 2003 and 2005 (Moore et al. 2005; Marler & 
Muniappan 2006; Marler 2012b).  Plant mortality was 
so rapid and voluminous (Marler & Lawrence 2012) 
that the species was Red Listed as Endangered in 2006, 
only three years after the devastating invasions began 
(Marler et al. 2010).  These facts demonstrate that this 
cycad species was not just a common tree on Guam, it 
was the most abundant tree prior to the arrival of the 
invasive species that initiated the threats.  They also 
illuminate an unprecedented case where the decline in 
a plant population progressed from most abundant to 
endangered status in only three years after the arrival of 
a biological threat to an insular habitat.

(b) Cycads are gymnosperms (Norstog & Nicholls 
1997).  Cycas micronesica is not on a short list of 
native gymnosperm species, it is in fact the only native 
gymnosperm on the island of Guam.  Therefore, the loss 
of this single taxon would lead to the loss of every native 
gymnosperm in the region.

(c) Cycads are exploited by indigenous peoples in 
many regions for food, spiritual, and medicinal uses 
(Norstog & Nicholls 1997; IUCN 2010).  In Guam, seed 
gametophyte tissue has been exploited as an important 
source of starch in the traditional diet (Whiting 1963).  
Reliance on this food source was especially important 
at times when tropical cyclones destroyed other crops 
(Edwards 1918).  Recent threats to the C. micronesica 
population also threaten the traditional knowledge that 
enables preparation of this traditional food.

(d) Litterfall and litter decomposition dynamics 
control biogeochemical cycling in forested habitats.  
We have determined litter decomposition speed 
for 11 common forest species in Guam, including C. 
micronesica.  The results indicate that C. micronesica 
litter was the only litter that retarded decomposition 
speed of the litter from other species, and that its 
presence resulted in 23% slower decomposition of co-
mingled litter than the presence of litter from the other 
species (unpublished data).  Preferential removal of the 
C. micronesica population from Guam’s forests would 
therefore alter natural decomposition and carbon 
sequestration traits more so than preferential removal 
of any one of the other species.

Conservation of biodiversity is not straightforward, and 
no recipe applies to every threatened species.  Effective 
conservation programs balance ecological, economic, 
political and jurisdictional issues.  Discontinuities and 
conflicts are inevitable, and long-term planning would 
benefit from bringing such issues into public discussion 
of conservation measures.  Ecologists fulfill a crucial role 
in conserving threatened species by providing the sound 
science that conservation practitioners require to fulfil 
their responsibilities.  While biologists in general value 
the conservation of threatened species, non-biologists 
are sometimes apathetic about potential extinctions.  
What can ecologists do to address such indifference 
or opposition from stake-holders while attempting to 
establish formal conservation programs or recovery 
plans?

Cycas micronesica K.D. Hill is a cycad with an 
endemic range from Palau to the Mariana Islands in the 
western Pacific Ocean (Hill 1994).  The armored scale 
coccid Aulacaspis yasumatsui (Images 1–3) (Hemiptera: 
Diaspididae) and several other non-native specialist 
insects have invaded this endemic range in recent years, 
and the resulting plant mortality led to a change in status 
of C. micronesica from Near Threatened to Endangered 
in 2006 (IUCN Red List: Marler et al. 2010).  The United 
States Fish & Wildlife Service recently proposed this 
species for federal listing (Ashe 2014).  Based on recent 
occurrences, the justification for this listing may be met 
with apathy and misconceptions from some members of 
the general public.  Moreover, the proposed listing may 
be met with outright opposition by the United States 
Department of Defense because of the prominence of C. 
micronesica on federal lands.

Scientists have traditionally used outlets such as 
newspapers or magazines to convey the importance of 
conservation to stakeholders.  Additionally, field trips 
for members of the general public or more affluent 
individuals such as politicians or policy makers may 
be facilitated to venues where endangered species 
can be observed and discussed.  Lectures in classroom 
settings, or at garden clubs and civic organizations, 
have also been employed by scientists as vehicles for 
marketing conservation ethics.  Web-based information 
dissemination approaches may also reach target 
audiences.  Here we do not attempt to expand this 
list of venues or stakeholder audiences as a means of 
improving conservation education, rather we outline 
how a compilation and communication of empirical 
evidence about the importance of a threatened taxon 
may improve the efforts to sell the need for conservation 
when scientists enact any of these traditional 
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Describe phylogenetic importance
(a) Of the world’s described cycad species, 62% are 

threatened with extinction, making cycads the most 
threatened group of plant species on Earth (IUCN 2010).  
Therefore, conservation of Guam’s cycad species results 
in conservation of the most threatened group of plants 
worldwide.

(b) Cycads are the most ancient of contemporary 
spermatophytes (Donaldson 2003), forming 20% of the 
world’s flora during the Jurassic period (IUCN 2010).  As 

such, empirical research on today’s cycad taxa has the 
potential to provide a window to the past (Brenner et al. 
2003), and illuminate the traits that may have enabled 
persistence of cycads as myriad other sequential 
sympatric species appeared then disappeared from the 
Earth.  For example, conservation of C. micronesica would 
enable sustained research on the role of thalassochory 
(oceanic dispersal) in cycad evolution.

(c) A coalition of alien specialist insects has imposed 
the acute threats to C. micronesica. In contrast, the 
remainder of threatened cycad species faces the 
primary threats of habitat loss and poaching (Donaldson 
2003).  Therefore, the greatest threats to C. micronesica 
are unique among contemporary threatened cycads. 
Biological invasions will likely increase as global change 

Image 1. Healthy Cycas micronesica trees (left) were the most abundant tree on the island of Guam prior to the invasion of several exotic 
specialist pests. Aulacaspis yasumatsui invaded Guam in 2003, and heavy infestations rapidly began to kill trees (right). 

Image 3. Cycas micronesica female strobili bear naked seeds as with 
all gymnosperms (left), and direct attack by Aulacaspis yasumatsui 
(right) reduces germination percentage and seedling vigor.
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Image 2. Cycas micronesica male strobili are borne terminally on 
stems (left), and are susceptible to direct attack by Aulacaspis 
yasumatsui (right). 

© Thomas Marler © Thomas Marler
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ensues, so the Guam case study is positioned to inform 
future cases where invasive species begin to threaten 
other cycad populations. 

Communicate importance to science
(a) Environmental toxins inadvertently enter the 

human food chain and cycads have been the focus of 
myriad research programs on this subject (Whiting 
1963).  The role of consumption of C. micronesica 
seed tissue on the extremely high incidence of 
neurodegenerative disease on Guam has received 
decades of attention (Kurland 1988; Mabry 2001; Marler 
et al. 2005).  Despite very clear correlative explanations 
about the relationship, no clear causal mechanism has 
been confirmed.  Epidemic loss of the plant population is 
threatening sustainability of this ongoing research that 
is of international importance to human health.

(b) Islands have been vital for the study of evolution 
and many other scientific disciplines.  Island ecology is 
of crucial interest to contemporary biologists, ecologists, 
and conservationists.  One of the first authoritative 
writings that informed island ecology emphasized 
how oceanic island research has application to all 
“insular” habitats (MacArthur & Wilson 1967).  For 
example, anthropogenic forest fragmentation is creating 
disjointed communities that are islands in many respects 
(Laurence & Bierregaard 1977).  Therefore, research 
in oceanic islands directly informs many questions 
pertinent to other global agendas. The endemic range 
of C. micronesica has its southern limits in the Rock 
Islands of Palau, and its northern limits in the island of 
Rota (Hill 1994).  The islands of Yap, Guam, and Rota 
supported extremely high densities of C. micronesica 
prior to the recent pest invasions.  In 2014, Yap remains 
pest-free and the cycad population is showing no signs 
of decline, Guam has an established scale predator 
(Moore et al. 2005) and recent fortuitous additional 
parasitoid scale control and is exhibiting a clear decline 
in plant mortality, and Rota has the predator control only 
with no augmentation of the parasitoid control.  Rota 
continues to exhibit epidemic, sustained plant mortality.  
These three disjunct C. micronesica populations are 
ideally positioned to use the distinct islands as “living 
laboratories” (Garcia-Verdugo & Fay 2014) to study 
how the differing tritrophic relations drive the ongoing 
threats to the plant population. Seizing the opportunity 
to conduct “natural experiments” such as this provides 
unique insights about system perturbations, as they 
incorporate the capacity of the entire system to shift 
in response to the treatment in a manner that is 
not achievable in controlled experiments (Sagarin & 

Pauchard 2009).
(c) The ecological concept of a ‘foundation species’ 

was introduced to describe particular species that exert 
a disproportionate effect on the rest of the community 
(Dayton 1972).  Foundation species exert their influence 
largely by abundance, and focusing on foundation 
species may enable a simplified approach to more rapidly 
understand how a community may react to disturbances. 
In previous areas of occupancy, C. micronesica exhibited 
densities greater than 12,000 plants per hectare (Marler 
& Terry 2013).  Only three species emerged as exhibiting 
more than one million mature individuals in a 2002 
forestry survey of Guam’s forests (Donnegan et al. 
2004), and of those three only C. micronesica exhibits 
a relationship with a nitrogen-fixing endosymbiont.  All 
cycad species utilize a relationship with cyanobacteria to 
access fixed nitrogen within specialized root structures 
(Norstog & Nicholls 1997).  Grove et al. (1980) estimated 
up to 8.5kg ha-1 yr-1 of nitrogen was fixed in Macrozamia 
riedlei Australian habitats, verifying a substantial input 
of nitrogen into the forest ecosystem as a result of 
the cycad population.  For C. micronesica, the high 
plant density undoubtedly combined with its role as a 
nitrogen source for the terrestrial system to signify that 
this taxon could be exploited to study the foundation 
species concept.

(d) The concept of ‘keystone species’ was introduced 
to describe those species that exert their effect on 
the community by way of other organisms depending 
on them (Paine 1995).  The clearest examples result 
from mutualisms where the loss of one species would 
have a great impact upon other components of the 
ecosystem.  Two native arthropods on Guam depend on 
C. micronesica tissues as food for their larval stage.  The 
stem borer Dihammus marianarum feeds on stem tissue 
and the pollinator Anatrachyntis sp. feeds on male cone 
tissue after pollen dispersal (Marler & Muniappan 2006; 
Marler 2010, 2013b).  Conservationists must approach 
case studies such as this by resisting the tendency to 
elevate the importance of conserving the plant host 
above that of the native insect herbivores.  Wu et al. 
(2010) discussed a similar case in Taiwan where the 
Cycas-specific herbivore Chilades pandava is native, and 
mitigating the arthropod threats to the endemic Cycas 
taitungensis population warrants acknowledgement 
of the need to also conserve the native butterfly. How 
does a conservationist balance the need to conserve the 
insect and its host plant, when these two goals seem to 
be at odds? Guam’s C. micronesica exemplifies an ideal 
insular system to study these phenomena.
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Communicate importance to global agenda
(a) We have used Guam’s C. micronesica population 

to demonstrate how arthropod pest invasions can 
compromise resilience of a native tree species to large 
scale natural disturbances, by focusing on tropical 
cyclone (TC) activity.  We have accomplished this using a 
before-after approach. Prior to the invasions, 12% of the 
cycad population failed mechanically by stem snapping 
during an intense TC (Marler & Hirsh 1998) and 100% of 
these trees recovered (Hirsh & Marler 2002).  After the 
invasions, however, 18% of the cycad population exhibited 
stem snapping during a moderate TC and 100% of these 
trees subsequently died (Marler & Lawrence 2013).  We 
also employed experimental winching techniques within 
a “chronosequence” approach to demonstrate that 
chronic pest infestations compromised biomechanical 
integrity of the cycad stems (Marler 2013a).  Climate 
change predictions indicate severity of TCs will increase 
in the coming decades (Elsner et al. 2008; Knutson et 
al. 2010).  The scientific community has studied climate 
change predictions on natural systems by focusing on 
temperature and moisture changes, but the effects of 
disturbances caused by climate change have largely been 
ignored (Dale et al. 2001). Seizing every opportunity 
to learn from today’s frequent severe Pacific TCs will 
uniquely prepare the global community for this future.  
As alien invasions are also of global concern, the Guam 
case study using C. micronesica demonstrates how these 
two global change issues may interact.

(b) The C. micronesica case study also emerges as an 
informative example of a threat created by an ‘invasional 
meltdown’ (Simberloff & von Holle 1999) within insular 
habitats. While the armored scale Aulacaspis yasumatsui 
was the primary catalyst for the epidemic mortality of 
the plant population (Marler 2012b), the realistic threat 
is actually a result of a coalition of invasive species. The 
specialist leaf miner Erechthias sp. and blue butterfly 
Chilades pandava are exotic arthropod herbivores that 
compete directly with the scale, feral pigs (Sus scrofa) 
also damage Guam’s cycad trees as plants decline in 
health, and numerous exotic ant species are facilitators 
of the blue butterfly damage.  As cycad trees decline and 
begin to exhibit dead tissues, exotic termites begin to 
infest the live trees and add to the assault (Marler et al. 
2011). We have addressed this meltdown with long-term 
monitoring of pest incidence within permanent plots, 
which enabled us to retrospectively understand how 
three of the most severe biological threats interacted 
with the scale (Marler 2013b).  Other examples of 
invasional meltdowns would benefit from implementing 
a similar approach.

(c) The risk of ‘coextinction’ (Koh et al. 2004) 
in biodiversity conservation is a phenomenon that 
magnifies the consequences of species losses.  
Extirpation of the C. micronesica population from Guam 
would consequently lead to extirpation of the native 
stem borer and pollinator species, magnifying the loss 
of biodiversity.

(d) Employing biological control to counteract 
biological invasions provides unparalleled benefits for 
conserving plant taxa threatened by invasive herbivores. 
Ecologists can learn from previous case studies where 
attempts at biological control were not effective.  In 
that regard, our introduction of the predator Rhyzobius 
lophanthae (Moore et al. 2005) to Guam has been 
plagued with limitations. Following several years 
of observing the plant, scale herbivore and beetle 
predator populations interact, a spatial pattern emerged 
whereby scale infestations were frequently abundant 
on leaves near the forest floor.  Experimental parsing 
of this phenomenon confirmed that the predator tends 
to avoid lower strata in the forest canopy, thereby 
allowing sustained scale infestations on small plants or 
leaves of low side stems of mature trees (Marler et al. 
2013).  Direct observations of the foraging behaviors 
of the predator also revealed a structural limitation 
where the scale insects could find and exploit plant 
surface microsites that structurally protected them from 
the predator (Marler & Moore 2010; Marler 2012a).  
Understanding these and other phenomena may directly 
inform future cases where attempts at biological control 
are not successful. 

Selling the need for conservation
We have conveyed various issues that demonstrate 

the value of C. micronesica within local, regional, and 
global perspectives.  When met with the attitude of 
indifference concerning the threats to C. micronesica 
from members of the general public, we believe these 
specifics can be used to address the indifference and 
thereby build capacity for implementing conservation.  
We suggest that ecologists could reach greater success 
in selling their conservation efforts to the general 
public by reducing the approach of arguing the virtues 
of biodiversity conservation in a generic sense, and 
amplifying the approach of clearly communicating the 
benefits of the singular target species that is threatened.  
These efforts may require a portion of limited funding 
to be earmarked for empirical research on a newly 
threatened taxon in order to generate the required 
specific knowledge, rather than devoting all available 
funding for direct mitigation or conservation efforts. 
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