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opinion & comment

Reply to ‘Bistability and the future of barrier islands’

Figure 1 | Images of Hog Island showing that both states exist within a single island. Left: stable 
high-elevation vegetated dunes backed by extensive woody vegetation on the north end of the island 
(37° 27’ 43” N, 75° 39’ 58” W). Right: large low-elevation overwash fan that bisects the island <3 km 
away from the location depicted in the left panel (37° 26’ 18” N, 75° 40’ 09” W). Images courtesy of 
S. Brantley.

exhibits signs of rollover with exposed 
peat outcrops in some locations9. These 
examples show that bistability operates at 
the local level on barrier islands and a single 
island may consist of a mosaic of alternate 
states10. Therefore, the application of the 
published models1 at the island level for 
coastal management decision-making is 
not supported by the islands of the Virginia 
Coast Reserve. However, these models are 
a valuable contribution to understanding of 
local-scale processes.� ❐
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states6 (Fig. 1). Until recently, the southern 
portion of the island was dominated by 
extensive overwash and was eroding at 
more than 5 m yr–1 (refs 5,6). Despite this 
low-elevation state, the northern portion 
of the island was accreting seaward at 
rates of >5 m yr–1 (ref. 5) with woody 
vegetation expanding into the southern 
portion of the island4,7. Similarly, Smith 
Island, which was also characterized as a 
low-elevation island (see figure 1 in ref. 1, 

~90 km alongshore distance), has a strong 
bimodal distribution in elevation and one 
of the most diverse plant assemblages on 
the Virginia Barrier Islands due to the 
evolution of shore-perpendicular dune 
ridges, island width, human land-use 
and close proximity to mainland seed 
sources8,9. The southern portion of the 
island contains primary dune ridges that are 
1–2 m in elevation, whereas the elongated 
northern portion is highly variable and 

Durán Vinent and Moore reply — We 
thank Zinnert et al.1 for the opportunity to 
elaborate further on the local nature of the 
bistability (that is, the tendency for islands 
to exist in alternate states under a given set 
of conditions) indicated by our numerical 
results2. Because our model assumes uniform 
alongshore conditions (that is, does not 
consider alongshore variability) all of our 
conclusions apply strictly to the local barrier 
island elevation. In particular, the bistability 
of local island elevation is supported by the 
bimodal distribution of dune elevation along 
the Virginia Barrier Islands (figure 1e,f in 
ref. 2). Examples shown in figure 1a–d in 
ref. 2 correspond to sections of the island in 
a high or low elevation state, where we use 
the implicit convention of naming an island 
high (low) if its average elevation is above 
(below) the crossover elevation defined in 
figure 1f. Although a detailed analysis of 

the spatial dynamics is beyond the scope 
of this work, there are two fundamental 
spatial scales suggested by our model2 
that are important in determining future 
barrier island state: the scale of the spatial 
variation of the vulnerability index (eq. (1) 
of ref. 2), which is the control parameter 
that determines whether island elevation is 
bistable and that quantifies the probability 
of dune recovery (figures 3e and 4 in ref. 2); 
and the spatial scale of alongshore variations 
in extreme water levels that erode dunes 
and drive a transition from a high to a low 
state. The stochastic alongshore variation 
of storm-induced erosion implies that both 
states can coexist spatially in a bistable 
system and at different scales, for example, at 
the scale of individual islands or at the scale 
of island segments, as observations suggest 
is the case for the Virginia Barrier Islands. In 
summary, because alongshore variability in 

processes and through history may prevent 
entire islands from existing in the low or 
high state, our concept of bistability applies 
most strictly to individual points or local 
sections of a barrier island.� ❐
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