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Scaling Mass and TBF

(a) Tail beat frequency as a function of mass

Tail beat frequency is a function of mass (S2 Fig, S1 Table) for saithe TBFP = 0.99m-0.29 (n = 18, r2 = 0.63) and for sturgeon TBFS  = 2.22m-0.29 (n = 22, r2 = 0.82). The model exponents were not different (p = 0.99). The 95% confidence intervals (CIs) for the species-specific slopes bracket a slope of -1/3 as predicted. When beat frequencies and lengths were scaled by the species-specific average TBF and average mass, the best-fit model for mass (S2 Fig, S1 Table) was TBF = 0.90m-0.29 (n = 40, r2 = 0.63). Within species, average swimming speed was independent of m (p > 0.05, S1 Table, S3 Fig). However, when speed and mass were standardized by the species-specific averages, the relationship was marginally significant (weighted ordinary least square regression, p < 0.05, S1 Table, S3 Fig) and average swimming speed increased with m 0.05 (n = 40, S1 Table).

(b) Mass as a function of TBF

For each species m was also related to dominant TBF (S2 Table). For saithe, mass was proportional to TBF -2.2, for sturgeon to TBF -2.9. The exponents were not statistically different (p = 0.27) between species

Calculation of Swimming Speed
Since it is difficult to obtain measurements of swimming speed in situ, we used the species-specific prediction models from the literature to estimate swimming speed. However, different models in the literature that scale TBF with swimming speed appear incommensurable. For example, while using similar sized white sturgeon (Acipenser transmontanus), Long [1] predicts swimming speeds that are 3 to 4 fold lower than those provided by Cheong et al. [2]. Similarly for saithe, Videler and Hess [3] predict almost twice the swimming speed reported by Steinhausen et al. [4]. Therefore, absolute values of estimated swimming speeds, including the estimates we provide here for saithe and sturgeon, must be considered cautiously. Nevertheless, the independence of body length with swimming speed at the dominant TBF holds for all speed and TBF prediction models found in the literature. We note that for saithe, we used the Videler and Hess model because the observations corresponded well to the theoretical model proposed by Kohannim and Iwasaki [5] and Lighthill [6,7].
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