No evidence of critical slowing down in two
endangered Hawaiian honeycreepers
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Figure 1. State-space abundance estimates ( +/- 95% credible interval) of the Hawaii Creeper, Hawaii ‘Akepa
and the Japanese White-eye, 1987-2012, in the open forest of Hakalau. Modified from 3.

If there is a recent or impending transition in creeper and ‘akepa populations, from persistent dynamics to dynamics associated with imminent
extinction, it might be statistically detectable using an emerging tool:
early warning signals of critical transition.

2 To test for more subtle, short-term changes in population trajectory
METHODS

DATA
Abundance estimates of the Hawaii Creeper and Hawaii Akepa were
generated from a 25-year (1987-2012) annual sampling effort of open
3
forest at Hakalau, refined using state-space models .
EARLY WARNING SIGNAL (EWS) ANALYSES
We detrended the data and analyzed three indicators of critical slowing
down: autocorrelation, variance and linear skewness for two rolling window lengths: 25% & 50% of the time-series. For each potential EWS for
each species we looked for trends in slope and Kendall’s tau in:
the entire 50% rolling window analysis (1999-2012);
the entire 25% rolling window analysis (1992-2012); and
up until the year 2000 for the 25% rolling window analysis (1992-2000)
BREAK-POINT AND CHANGE-POINT ANALYSES
We also analyzed the data using break-point and change-point tools to
determine if more subtle shifts in trajectory were present that would not
elicit early warning signals (R packages ‘segmented’, ‘strucchange’,
and ‘bcp’). We compared piecewise regression slopes to biologically
meaningful thresholds defined by a 25% change over 25 years in order
to interpret short-term tranjectories.
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1 To look for evidence of early warning signals of impending transition

to extinction

If early warning signals are detectable in natural populations,
they might allow preemptive
species mangement.
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Objectives

from persistance

Slow recovery associated with a
tipping point, or critical slowing
down, can be preceded by
early warning signals, including
increases in autocorrelation, variance, & skewness as the system
moves towards transition.
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State A
system state

Populations and ecosystems can
have multiple stable states, separated by a tipping point. Systems
far from the tipping point recover
quickly (high resilience); near the
tipping point recovery is slower
(low resilience).
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WHAT IS CRITICAL SLOWING DOWN?
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Thus, the long-term trajectories for both species appear to be
increasing or stable with no signs of imminent collapse. The
piecewise regressions describe the short-term fluctuations
within long-term increases.

0

19

points, changing trajectories from strong increase to negligible
increase (creeper) or negligible decline (‘akepa).
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3 Piecewise regression revealed shifts in trends at the break-
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by Bayesian change-point analyses
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2 Break-points for both species were only weakly supported

35

Hawaii Creeper
Autocorrelation

19

to the proposed start of the population declines in 2000 or
across the entire time series

Early warning signal analyses for each species revealed no evidence of
critical slowing down. Specifically, there were no consistent increases in
autocorrelation, variance, or linear skewness over the entire time series in
either rolling window length or corresponding with the year 2000 (Figure 2).
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1 Early warning signals of extinction were not detected prior

There is debate about the current population trends and predicted short
term fates of the endangered forest birds Hawaii Creeper (Loxops mana)
and Hawaii ‘Akepa (L. coccineus) in Hakalau Forest NWR, Hawaii. Some
studies report the populations as stable or increasing1-3 while others
report signs of decline and imminent population collapse associated with
the rapid increase of an invasive competitor, the Japanese White-eye
(Zosterops japonicus), starting in 20004,5 (Figure 1).

RESULTS
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We did not detect any evidence of critical slowing down, a
phenomenon preceding a drastic transition to an alternate
state, or other evidence of population decline in the Hawaii
Creeper and the Hawaii ‘Akepa using new state- space
abundance estimates from Hakalau Forest NWR, Hawaii.
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Figure 2. Autocorrelation, variance and linear skewness with two rolling window sizes (50% = dashed lines;
25% = solid line). The vertical red line occurrs at the year 2000, when the Japanese White-eye population
started increasing and the controversial proposed start of both species’ population declines. The Kendall tau
indicate the strength of the trend in the indicators along the time series.

For both species, break-point results using two different methods were
not supported by change-point posterior probabilities (P), indicating that
the likelihood of a break-point at those years was at best weak. If we assume
that the weakly supported break-points are real and evaluate slopes on
either side of the break-point, there is an increase in both species’ populations until the break-point followed by borderline negligible trends (Table 1).
Species; break-point P

Slope

95% CI range

Interpretation

Very weak support
Increasing
0.0288 - 0.0332
0.0310
0.0109
0.0065 - 0.0154
Negligible/increasing
44%
Weak support
0.0295 0.0258 - 0.0332
Increasing
0.0120 0.0093 - 0.0148
Negligible/increasing
8%
Very weak support
‘Akepa; 1996
Increasing
1987-1996
0.0351 0.0153 - 0.0550
-0.0137 -0.0234 - 0.0038
Negligible/declining
1996-2012
Table 1. Estimated break-points and piecewise regression slope estimates for the creeper and ‘akepa. Breakpoints are shown with the corresponding posterior probability (P) of a change-point at that time. Biological significance of trends interpreted by comparing 95% CIs against thresholds defined by a 25% rate of change over
25 years:2,3 declining (< −0.0119); negligible (−0.0119 to 0.0093); or increasing (> 0.0093).
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