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The timing of reproductive life-history events has significant fitness and 
survival implications for all species. Often the timing of an organism’s 
reproductive window is constrained by food abundance, or prey phenology, 
during critical stages of young development (Visser et al, 2006). 
Evolutionarily, it is hypothesized that among avian species, the highest energy 
demand during the reproductive period, often chick growth, would coincide 
with the period of greatest food abundance (Lack 1950). Understanding 
phenological synchrony and overlap between predator and prey is of great 
importance because it allows us to understand selective forces acting on the 
timing of reproduction (Visser et al, 2006). Understanding this correlation, is 
becoming increasingly critical, with the current intensification of climate 
change effects.

In response to climate change, many organisms have advanced their 
phenology, causing bud-burst, insect abundance, and avian hatching to occur 
earlier in the reproductive season (Post et al. 2001). While some species have 
augmented their reproductive phenology to track the changing timing of 
resource abundance, others have not, resulting in phenological mismatch 
across trophic levels that rely on each other for reproductive success (Cole et 
al 2015), where mismatch is defined as reproduction occurring too late or too 
early in the season to take advantage of peak prey biomass. This mismatch in 
synchrony and overlap can be devasting for the survival of a population, or 
even an entire species (Tulp and Schekkerman, 2007). 

For primarily insectivorous birds, like the neotropical migrant, the 
Flammulated Owl (Psciloscops flammeolus), synchronization between the 
energy demands of offspring and food abundance, is critical for the species’ 
fitness and survival. The Flammulated Owl, a secondary cavity nester that 
breeds in the ponderosa pine forests of Western North America (Linkart 2001), 
relies on Noctuid and Geometrid moths as their primary food source 
(Reynolds and Linkhart, 1987). While the breeding phenology, lifetime 
reproduction and breeding dispersal of the Flammulated Owl (Reynolds and 
Linkart 1987, Linkhart 2001, Linkart and Reynolds 2006, Linkhart and 
Reynolds 2007) is understood, phenological correlation with food abundance 
has not yet been investigated. 

Here, I expand on the long-term investigation of P. flammeolus demography 
and phenology, to include twelve years of moth abundance (2008-2019) paired 
with P. flammeolus reproductive phenology. We tracked P. flammeolus
breeding phenology and moth abundance from 2008-2019 to understand the 
degree of correlation between P. flammeolus breeding phenology and the 
timing of abundance of its primary food source, Noctuid and Geometrid 
moths. 

Primary Objectives:

- Determine peak hatching initiation and peak fledging initiation for 
Flammulated Owl

- Determine peak moth abundance

- Assess overlap and correlation between hatching initiation and moth 
abundance

INTRODUCTION METHODS RESULTS & DISCUSSION

• The majority, 60%, (N=212) of nests, between 2008-2019, initiate hatching 
between Julian day 172-182 (June 21-July 1) (Figure 4). Most nests, 65% 
(N=209), begin fledging between Julian day 194-204 (July 13-July 20) 
(Figure 4).

• Moth relative abundance between 2008-2019 is at its highest between day 
165-196 (June 14- July 5) (Figure 5). This 31-day high abundance window 
peaks at approximately day 183 (July 2) (Figure 5).

• There is high overlap and between peak abundance of Noctuid and 
Geometrid moths and the initiation of  hatching (Figure 6). 

• Peak moth abundance occurs, on average, 8 days after most nests initiate 
hatching (Figure 6), aligning with increased energy demands that occur as a 
result of having young to feed. 

• Multiple studies have shown peak prey abundance to coincide with 
optimum avian breeding phenology (Martin 1987, Visser et al. 2005). 
Additionally, multiple studies have found a significant relationship between 
nestling condition and the degree of synchrony between reproductive 
phenology and food peak (Garcia-Navas and Sanz, 2010, Hipfner 2008), 
emphasizing the importance of phenological synchrony for the fitness and 
success of avian species.

• Most fledging also occurs during the tail end of the high moth abundance 
window. This aligns with the increased energy demands prompted by the 
final and crucial days of nestling growth before fledging (Figure 4 and 5). 

• The high abundance window ends in the days after most nests have fully 
fledged (Figure 5) and quickly reduces after Julian date 196, emphasizing 
the importance of the synchrony and overlap between P. flammeolus and 
Noctuid and Geometrid moths. 

• It appears that there have been no changes in synchrony and overlap 
between P. flammeolus and its major food source between 2008 and 2019. 
While the consistency of synchrony and overlap in phenology and 
abundance between P. flammeolus and noctuid and geometrid moths as 
their climate has changed is promising, it also may suggest that P. 
flammeolus has relatively low plasticity in their phenology, which may be 
problematic as climate change continues to alter their environment.  
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Figure 4. The proportion of nests where hatching and fledging has been 
initiated for each time segment, for all nests (N=212 and N=209) observed 
from 2008-2020, from May 19-October 30. 

Figure 6. The average hatching initiation of P. flammeolus for 
year year and peak abundance days for Noctuid and Geometrid 
moths from January 1-September 7.

Figure 2. The research team handles a Flammulated Owl 
nestling. 

Figure 3.  Male Flammulated Owl observes his 
surroundings after being captured.

Figure 1. A noctuid moth, a member of a family of moths that 
comprises a major proportion of the P. flammeolus diet.

• Locate P. flammeolus nests (N=212, for hatching phenology, N=209, for 
fledging phenology) and determine nestling phenology dates through 
consistent monitoring. 

• This includes visual monitoring inside the nest with cameras and external 
observation of prey delivery rates by the nesting pair. Phenology dates may 
also be estimated based on the nesting stage upon nest discovery and 
nestling growth measurements.

• Moth capture through nighttime blacklight trapping. All moths sorted by 
family. (N=14920)

CONCLUSIONS

Figure 5. Relative proportion of Geometrid and Noctuid moths 
(N=14902) over the course of the 2008-2019 breeding seasons, 
from May 10-October 27.


