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INTRODUCTION 

Limited dispersal and recruitment of Cyanea superba subsp. superba occurs at reintroduced 
populations managed by the Oahu Army Natural Resources Program (OANRP), with the majority of 
fruits either depredated by rats (seeds are destroyed), or rotting on the plant and falling to the ground with 
limited subsequent seed germination and seedling survival, despite having typically high seed 
germination rates in fresh mature fruit (Pender et al. 2013, OANRP 2016a, OANRP 2016b, pers. obs.). 
Several factors may limit successful recruitment, including microsite specificity, predation of seedlings by 
slugs, soil moisture, light availability and fruit senescence. In order for OANRP to achieve goals of long 
term self-sustaining C. superba subsp. superba populations, these issues must be taken into consideration. 
Should self-sustainment be ineffective, populations will require on-going replacement via outplanting or 
seed sowing. Preliminary investigations suggest that germination rates are reduced in Cyanea superba 
subsp. superba senesced (mean germination 39.7%, sd 20.6) vs. fresh fruits (mean germination 86.2%, sd 
20.3) (n = 10) (OANRP 2015). The degree of senescence was not quantified, but was estimated to be less 
than 1 week following peak maturation. The reduced germination in seeds from senesced fruit limits 
recruitment potential in the absence of dispersers, as fresh mature fruits that are not consumed by 
dispersers will senesce and fall to the ground, and subsequently have reduced potential for germination. 
This trial explores two questions to gain a more precise understanding of recruitment limitations in 
association with fruit senescence. What is the rate of decline in seed germination as C. superba subsp. 
superba fruits senesce, and at what point are seeds no longer viable? A laboratory trial was conducted to 
examine these questions as a means of exploring the ability of seeds from progressively senescing fruit to 
germinate over time. 

METHODS 

Fresh mature C. superba subsp. superba fruits were collected from Pahole Management Unit 
(MU) in December 2015 (Figure 1). A total of 24 fruits were collected from infructescences (not from the 
ground) from six individuals. Fruits were cleaned and stored individually in a clear plastic container 
(containing a moist sponge to maintain humid conditions) at ambient room temperature at the OANRP 
seed lab. Seeds from four randomly chosen fruits were sown twice a week for three weeks, beginning on 
the collection date, for a total of six viability assay dates. Seeds were sown on agar in petri dishes, 
including 40 - 50 seeds per fruit (1153 seeds total). Petri dishes were stored in a Percival Controlled 
Environment Chamber (with diurnal light and temperature settings matching average monthly 
temperatures for the Nike missile installation at Pahole, at approximately 2100 feet elevation), and 
examined weekly for germination for a total of 10 weeks. Germination rates (using mean rates among 
replicates) were compared using ANOVA with post-hoc Tukey’s pairwise comparisons in IBM SPSS 
Statistics Version 24.  
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Figure 1. Location of Cyanea superba subsp. superba fruit collection 
at Pahole MU.  
 
RESULTS 
 
 Seed viability differed significantly among fruits allowed to senesce between 0 and 19 days 
(ANOVA: P < 0.001, F = 9.602). Fruits began visible rotting quickly (Figure 2), and while seed 
germination rates were relatively high among seeds sown from fresh fruit, viability was much lower (less 
than half that of the fresh material) for seeds sown from fruits allowed to senesce for 5 to 12 days (Figure 
3). No germination occurred in seeds from fruit that senesced for 15 to 19 days. Seed viability did not 
decline at a steady rate in accordance with increasing numbers of days senesced. Post-hoc pairwise 
comparisons between groups revealed seed viability from fresh fruit differed from that of senesced fruit, 
but there were no differences between days among the senesced fruits. Viability was wide-ranging among 
individual sampled fruits that senesced between 8 and 12 days, with a single fruit having a seed 
germination rate of 74% after senescing for 12 days.  
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Figure 2. Photographs of fresh Cyanea superba subsp. superba fruit and 
sampled fruit allowed to senesce for 5 to 19 days.  
 



 
Figure 3. Mean germination rates of Cyanea superba subsp. superba seeds from fruit 
allowed to senesce for 0 to 19 days prior to sowing. Letters denote significant Tukey’s 
pairwise differences between groups.  
 
DISCUSSION 
 
 Limitations in Cyanea superba subsp. superba recruitment cannot be attributed to an inability of 
the plants to produce viable seeds, as indicated by high seed germination rates that occur among fresh 
fruit. However, the marked decline in seed germination from fruit that senesced for one to two weeks, 
followed by a total loss of viability after two weeks of fruit senescence, suggests a potential hindrance to 
recruitment in the event that fresh seeds are not dispersed by frugivores.  
 

The mechanism responsible for the decline in viability remains unknown. Conditions contributing 
to viability decline may differ among fruit that have fallen to the ground versus those persisting on the 
plant. While the amount of time that infructescences remain on the plant has not been quantified, 
persistence has been anecdotally observed to be at least one week (pers. obs.). Seeds from fresh mature 
fruit remain viable at ambient room temperature in laboratory storage, with germination rates as high as 
62% after 12 years at 24C and 10% relative humidity (OANRP 2016b).  
 

Differences among the replicates in seed viability of sown from fruit allowed to senesce for 5-12 
days may be attributable to differing degrees of maturity or senescence already underway when fruits 
were collected. Only what appeared to be fresh, mature fruit were collected, but may have differed in age 
by a few days, with some slightly immature, and others slightly senesced. Alternatively, factors 
differentially affecting individual fruits could be attributed to influences by invertebrates. Diverse 
invertebrates were observed on and in the fruits at the time of collection, and while processing fruits to 
extract seeds, with live invertebrates persisting inside fruits up to 19 days. There was no visible direct 
damage to the seeds by invertebrates.  



Should effective dispersers not occur at reintroduced populations of C. superba subsp. superba, 
supplemental greenhouse propagation and/or human mediated seed dispersal will be necessary for 
continued population stability. If effective C. superba subsp. superba dispersers are identified, 
considerations should be made to incorporate and/or enhance this interaction at new or existing 
reintroduction sites.  
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