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Sylvester et al. (2019) challenge the concept in fluvial geomorphology 
that meander migration rates (𝜁) tend to decrease in bends of high 
curvature (𝒞) beyond a critical threshold 𝒞∗ =  𝒞𝑊 > 0.25–0.5, where 𝑊 
represents the width of the river (Hooke, 2013). Analyzing several 
meandering rivers in the Amazon basin, and accounting for the spatial 
lag (Δ𝒞 ) between the respective maxima in migration rate and curvature 
within meander bends, Sylvester et al. find significant correlation 
between field data and modeled migration rates computed in two 
different ways—as a function of the local channel curvature, and as the 
weighted aggregate of the upstream curvature—suggesting a monotonic 
relationship between migration rates and curvature that is not limited by a 
critical threshold in channel curvature, as previously thought. Here, we 
use the authors’ published data for rivers in the Amazon Basin (GSA 
Data Repository item 2019095) to offer that Sylvester et al. do not 
necessarily overturn the paradigm that migration rates reduce at high-
curvature bends. 

To align our analysis with the approach by Sylvester et al., we com-
pute meander migration rates with a dynamic time-warping algorithm 
(https://github.com/mlt/QGIS-Processing-tools) corrected by the average 
spatial lag between maxima in migration rate and curvature (Δ𝒞 ) in each 
individual channel reach. We show that the median binned values of 
migration rates (𝜁∗ = 𝜁/𝑊) consistently plateau at width-adjusted 
curvatures 𝒞∗ > 0.25–0.30 in all cases except the Jutaí River (Fig. 1), 
suggesting saturation of 𝜁∗ beyond a critical curvature threshold. The 
reaches Mamoré, Purus, and Purus2 even show a subtle decrease of 𝜁∗ 
beyond 𝒞∗ =  0.25–0.50, indicating a peak in 𝜁∗ over this critical range of 
𝒞∗. This peak in 𝜁∗, however, is typically observed from the maximum 
values of the 𝜁∗ distribution in {𝒞∗; 𝜁∗} space, rather than the distribu-
tion’s central tendency (see Hooke, 2013, and references therein). 
Analysis of the 95th percentiles of the 𝜁∗ distribution reinforces evidence 
that bends where 𝒞∗ =  0.25–0.50 also reflect the highest 𝜁∗, even with 
the spatial lag factored in (Fig. 1). 

Realistic meandering patterns arise from fluvial models in which, 
much as Sylvester et al. describe, channel migration rate is a function of 
the weighted aggregate of local and non-local curvature, and the 
curvature-migration lag (Δ𝒞 ) is implicitly embedded in the phase-lag 
between channel curvature and near-bank excess velocity, to which 
migration rates hold a direct proportionality (e.g., Frascati and Lanzoni, 
2009). However, the morphologic characteristics of these simulated 
patterns show statistically meaningful deviations from natural meander-

ing planforms (Frascati and Lanzoni, 2009). These differences are mostly 
related to the presence of sharp bends, where linearization of the flow 
field—a typical step in theoretical models—overlooks highly nonlinear 
processes such as the saturation of centrifugally driven secondary flow, 
enhanced secondary outer-bank cells, and flow separation at the outer 
bank (Blanckaert, 2011; Hooke, 2013). These higher-order flow 
dynamics contribute to mitigate bank erosion as width-adjusted curvature 
(𝒞∗) increases, adding to the nonlinear effects embedded in the integro-
diferential equation governing the evolution of river bends (Seminara, 
2006). As a result, this would reduce the proportionality between 𝜁∗ and 
𝒞∗ in the way we illustrate (Fig. 1). 

Moreover, the scatter obscuring a clear monotonic relationship be-
tween 𝜁∗ and 𝒞∗ (Fig. 1) suggests the influence of other in-channel 
controls on meander morphodynamics, such as the erodibility of channel 
banks (Hooke, 2013). Although Sylvester et al. discuss the potential for 
bedrock substrate to reduce migration rates, erodibility also changes with 
riparian vegetation, and with heterogeneous floodplain sedimentology, 
including fine-grained deposits sequestered in relict channel traces 
(Güneralp and Rhoads, 2011). Differential effects of erodibility on 
migration rate are particularly important in sharp bends, where highly 
erosion-resistant banks can compound the energy expenditure from flow 
separation caused by high (>80–90°) angles of incidence between the 
flow and the outer bank. 

A more clear monotonic relationship between 𝜁∗ and 𝒞∗ like the one 
Sylvester et al. describe may emerge where reach-averaged migration 
rates (𝜁∗ ) are relatively low (Fig. 1). This suggests that heterogeneous 
floodplain sedimentology may exert more influence on meander 
dynamics (e.g., Güneralp and Rhoads, 2011) in rivers where migration 
rates are high, with greater autogenic capacity to modify their own 
floodplains. 
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Figure 1. Width-normalized migration 
rates (𝜻∗ =  𝜻/𝑾), corrected for the reach-
averaged lag between maximum migra-
tion and curvature (𝚫𝓒𝜻), are plotted 
against the width-normalized curvature 
(𝓒∗ =  𝓒𝑾) for each reach. Red and green 
dots represent the binned 50th and 95th 
percentiles of the 𝜻∗ distribution, obtained 
from a set of n data points specified in 
each panel. Areas shaded in blue repre-
sent the 2-D kernel density estimates of 
the data. Gray vertical stripes denote the 
critical 0.25 <  𝓒∗ < 0.5 range. Reach-
averaged normalized migration rates 
(𝜻𝒂𝒗𝒈

∗ ) decrease from left to right. 
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