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INTRODUCTION

The Håyun lågu Tree Serianthes nelsonii Merr. is 
endemic to Rota and Guam Islands within the United 
States (U.S.) Commonwealth of Mariana Islands and the 
U.S. Territory of Guam (Fig. 1; Image 1).  The tree was 
reported as extremely rare when it was first described 
(Merrill 1919).  The natural population on Guam has 
been reduced to one known mature tree (Wiles et al. 
1996). The species is listed as endangered by the U.S. 
Endangered Species Act (US Fish and Wildlife Service 
1987) and as Critically Endangered in the IUCN Red List 
(Wiles 1998). Lack of natural regeneration is considered 
the major cause of population decline. 

A recovery plan was published in 1994 (U.S. Fish 
and Wildlife Service, 1994), and called for research into 
the factors that are limiting the natural recruitment. 
Predation by wild ungulates was considered one of the 
major threats to seedlings in the past (U.S. Fish and 
Wildlife Service 1994; Wiles et al. 1996). A functioning 
exclusion fence surrounding Guam’s only mature tree 
was repaired in October 2012 and has been maintained 
since that date.  All exotic plant species were removed 
from the exclosure by December 2012.  These endeavors 
enabled the potential to monitor seedling emergence, 
health, and longevity in the absence of alien plant 
competition and introduced ungulate pressure. 

Our objectives were to evaluate the early dynamics 
of seedling performance beneath Guam’s only S. 
nelsonii tree.  The results will provide the foundation 
to begin understanding limitations to recruitment, 
which will address several of the recovery actions 
listed in the U.S. Fish and Wildlife Recovery Plan 
for S. nelsonii (U.S. Fish and Wildlife Service 1994). 

MATERIALS AND METHODS

This research was conducted under United States 
Endangered Species Act Recovery Permit TE-84876A-0.  
The sole known surviving S. nelsonii tree on Guam 
was visited twice monthly beginning 15 November 
2012 and continuing for 16 months.  During each visit, 
every seedling that had emerged since the most recent 
visit was marked with a wire stake and the date was 
recorded (Image 2).  In addition, every pre-existing 
wire stake that did not have a live seedling associated 
with it was collected and recorded as the date of death.  
Longevity of each seedling associated with each stake 
was calculated as the stake collection date minus the 
recorded emergence date. 

For the purpose of this report, we included 
every seedling that emerged during 2013 in order to 
quantify recruitment potential, define issues related 
to seedling longevity, and consider potential causes 
of mortality.  In order to follow the mortality of every 
seedling that emerged through December, the site visits 
continued through 23 March 2014.  The emergence 

Figure 1. The Mariana Island Archipelago is comprised of the United 
States Commonwealth of the northern Mariana Islands and the 
United States Territory of Guam. The endemic range of Serianthes 
nelsonii is restricted to the islands of Guam and Rota. 

Image 1. The canopy of a mature Serianthes nelsonii tree exhibits 
fine-textured foliage and retained dried fruits.
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data and the longevity data were sorted by month 
and discussed in relation to seasonal rainfall patterns.  

RESULTS

The emergence of 374 seedlings was recorded during 
2013.  Almost 30% of the seedlings died in less than 15 
days, 51% died in less than one month, and 76% died in 
less than two months (Fig. 2).  Only 10% of the seedlings 
lived longer than three months.

Seasonal patterns of seedling emergence revealed 
highly contrasting numbers for each of the 12 months 
(Fig. 3). The monthly mean was 31 new seedlings, and 
the differences among the months were more than ten-
fold.  The range was from five new seedlings in March to 
59 new seedlings in November. 

Longevity of the newly emerged seedlings was also 
contrasting among the months of emergence (Fig. 4).  
The variation in longevity was not as great among the 
months as was the number of newly emerged seedlings, 
and ranged from 31 days for seedlings that emerged in 
May to 78 days for seedlings that emerged in June.  Only 
three of the 2013 seedlings lived for more than 200 days, 
and these emerged in early March, mid June, and mid 
July.

The first quarter of the year represents the first 

Figure 2. The proportion of the 374 Serianthes nelsonii seedlings 
that emerged in 2013 within 15-day age interval categories.

Figure 3. The number of Serianthes nelsonii seedlings that emerged 
in 2013 for each month. Dry and wet refer to major annual seasons.

Figure 4. Mean longevity of the 374 Serianthes nelsonii seedlings 
that emerged in 2013 as a function of month. Dry and wet refer to 
major annual seasons. Mean±SE.

Image 2. A week-old Serianthes nelsonii seedling has retained 
cotyledons and one pair of true leaves.
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half of the annual dry season, and 29±10 (mean±SE) 
seedlings emerged per month and exhibited a mean 
longevity of 43±4 days.  The second quarter of the year 
represents the second half of the annual dry season, and 
7±1 seedlings emerged per month and exhibited a mean 
longevity of 53±14 days. The third quarter represents the 
first half of the annual rainy season, and 52±4 seedlings 
emerged per month and exhibited a mean longevity of 
51±7 days.  The fourth quarter is the second half of the 
annual rainy season, and 37±12 seedlings emerged per 
month and exhibited a mean longevity of 34±2 days. 

DISCUSSION

Proposed actions for recovery of S. nelsonii as 
described in the published recovery plan (U.S. Fish 
& Wildlife Service 1994) represent the only attempt 
to date to recover an endangered plant in Micronesia 
(Wiles et al. 1996).  Yet little has been done in the past 
21 years to fulfill the goals within that formal recovery 
plan.  For example, frequent site visits on a fixed 
schedule are required to determine limitations to S. 
nelsonii recruitment, but were never employed in past 
studies.  Most historical site visits have revealed the 
presence of a healthy number of seedlings (e.g., Wiles et 
al. 1996; Marler & Musser 2015), but there was no way 
of determining if the stand of seedlings was comprised 
of recently emerged seedlings of limited age or older but 
persistent seedlings with constrained growth.  We have 
now shown that Guam’s only known mature tree exhibits 
sustained high recruitment potential with more than 
one seedling emerging on average per day throughout 
2013, and 100% recruitment failure with extremely 
short lifespan for all seedlings.  Therefore, the turnover 
rate of the in situ group of seedlings is considerable.

The thanatological aspects of studying S. nelsonii 
germination and seedling establishment cannot be 
avoided given our current level of knowledge.  First, 
a portion of the seeds appears to be programmed for 
death.  Based on our in situ and nursery observations, 
some of these germinate but never emerge, while 
others emerge then immediately begin to decline in 
health. For this portion of potential recruits, nothing we 
have observed in situ and nothing we have provided in 
a nursery setting has been effective in turning off the 
impending mortality.  We have discussed the possibility 
of inbreeding depression as a cause of this behavior 
(Marler et al. 2015), but declining health due to the tree’s 
age or other physiological traits may also be involved.  
Second, healthy seedlings that remain persistent after 

the initial pulse of mortality also exhibit relatively short 
lifespan.  Ungulate damage, arthropod herbivory, and 
soil-borne pathogens have been proposed as causal for 
the extensive seedling mortality (U.S. Fish and Wildlife 
Service 1994; Wiles et al. 1996; Marler & Musser 2015).

If we juxtapose each month of seedling emergence 
onto the seasonal trends in rainfall patterns, the results 
may provide some understanding of the annual S. 
nelsonii seedling population behavior.  The quarter 
exhibiting the least number of new seedlings was 
the second half of the dry season from April to June, 
when only 6% of the annual emergences occurred.  
The quarter exhibiting the greatest number of new 
seedlings was the first half of the rainy season from July 
to September, when 42% of the annual emergences 
occurred.  Rainfall patterns indicated 11% of the annual 
rainfall occurred in the second half of the dry season, 
and 42% of the annual rainfall occurred in the first half 
of the rainy season.  Serianthes nelsonii seeds exhibit 
physical dormancy (Finch-Savage & Leubner-Metzger 
2006), where the intact seed coat physically inhibits the 
factors that enable germination such as imbibition of 
water and leaching of inhibitory substances.  In order 
to break this form of dormancy in the seed bank, each 
seed coat must be broken down by biotic and abiotic 
factors over time.  The rainfall and emergence patterns 
that we recorded fit well with the scenario where high 
rainfall in the current month combines with breakdown 
of the physical dormancy in the previous months to 
define total numbers of seedling emergence.  Seeds 
that pass through the breakdown of physical dormancy 
during the rainy season may germinate immediately.  
However, seeds that pass through the breakdown of 
physical dormancy during the dry season may exhibit 
non-dormant conditions but wait until sufficient rainfall 
occurs before proceeding to germinate.  Therefore, the 
initial high rainfall events in the first half of the rainy 
season may stimulate germination of the cumulative 
number of seeds that were able to pass through the 
conditions of dormancy throughout the previous dry 
season months. 

Comparing seasonal trends in seedling longevity and 
rainfall may also reveal potential causes of variation in 
longevity. For example, decreased longevity in the dry 
season may indicate that one of the main seasonal 
drivers of mortality may be drought stress of newly 
emerged seedlings due to limited root size in the litter 
layer. Alternatively, if seedling longevity is greater in the 
dry season, the mortality may be pathogen-related, as 
root pathogens are usually less severe in dry conditions.  
Moreover, ambient light load is greater in Guam’s dry 
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season because of more clear days, so greater longevity 
in the dry season may indicate light limitation in the 
rainy season is partly causal of the short lifespan of 
S. nelsonii seedlings.  Our results indicated the two 
months exhibiting seedling longevity much greater 
than the annual mean were June and July.  The months 
subsequent to emergence of these seedlings fell within 
the rainy season, indicating increased water availability 
may be at least one of the drivers of increased seedling 
longevity when seasonal aspects are considered. 

The three seedlings that lived more than 200 days 
exhibited extraordinary longevity in relation to the 
population mean. These seedlings emerged in March, 
June, and July.  This span in emergence dates did not 
allow the seasonal rainfall patterns to be used to identify 
possible causes for why these three outliers were able to 
better cope with the biotic or abiotic factors that limit S. 
nelsonii seedling lifespan. 

Our methods were highly informative, but the 
temporal resolution of 15-day intervals between site visits 
potentially under-estimated total seedling emergence 
throughout 2013.  These methods accurately quantified 
every seedling that lived at least 15 days.  However, our 
methods did not allow us to determine if any seedlings 
emerged and died in less than 15 days.  Therefore, we do 
not know the low end of seedling longevity or the true 
number of 2013 seedlings inclusive of all seedlings that 
died in less than 15 days.  This limitation to our temporal 
scale may have underestimated the <15-day category.  
More frequent site visits would be required to quantify 
the number of seedlings that emerge and die in less than 
15 days. 

All observations to date indicate that the framework 
of the Janzen-Connell model (Connell 1971; Janzen 
1970; Clark & Clark 1984) may be useful for design of 
experimental methods to more fully understand various 
causal mechanisms of the acutely limited S. nelsonii 
seedling lifespan.  No seed dispersers are known, so 
the study of natural seedling behavior and longevity at 
locations away from the maternal tree are not possible.  
However, the model calls on threats such as host-specific 
seed predators, seedling herbivores and pathogens, 
and intra-specific competition for resources to explain 
why progeny close to the maternal parent may exhibit 
limited lifespan.  Experimental methods may be used for 
mitigation of these various abiotic and biotic threats for 

a portion of newly emerging seedlings (Marler & Musser 
2015), and these methods may uncover which of the 
threats cause such rapid mortality beneath the maternal 
tree.

Five actions were outlined in the Recovery Plan for 
Serianthes nelsonii: secure habitat and manage threats 
of current populations, conduct research, augment 
current populations, reestablish in former range, and 
validate recovery objectives (U.S. Fish and Wildlife 
Service 1994).  Our results are useful for improved 
management of the threats to the current populations 
and advancing research into limiting factors.  Therefore, 
we have addressed two of the five published actions 
with this study.
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