
Referee’s General Opinion: 

This paper discusses the statistical properties of settling microswimmers in 

turbulence. In the first part the mathematical model for settling swimmers is derived and 

in the second part the results of numerical simulations in a turbulent flow are discussed.  

I am not convinced that the present version of the manuscript deserves publication. 

Author’s Reply: 

We appreciate the careful reading of our manuscript and your constructive 

suggestions for improving the quality of the paper. In response to your major comments, 

we provide clarifications below and additional text is clearly marked in document. We 

hope that the revised version will be suitable for publication. 

 

Referee’s Comment #1 

The derivation of the model (section 2.1) is interesting and its study probably 

deserves publication. The main objection I have is that in the limit discussed in this paper 

(eqs. 5-8). the model is identical to the Kessler model for gyrotaxis which has been already 

studied in the same flow and with the same statistical approach (clustering in terms of 

Voronoi distribution and preferential concentration). Therefore, it is not clear what are 

the new results of this manuscript. 

Moreover, this is not clearly discussed in the paper. After eqs. (5-8), it is written that 

"the second term on the rhs of (8) is analogous to the gyrotactic effect", while the model 

(6,8) is identical to the standard gyrotactic model. 
Author’s Reply: 

One of your criticisms is that, in the limit of our paper, our model is identical to the 

Kessler model for gyrotaxis. However, despite the similarities in mathematical forms, the 

mechanism responsible for the orientation effect is totally different from that in Kessler’s 

model. In the Kessler model, the reorientation effect is caused by the offset between the 

mass center and the shape center of a plankton cell. The magnitude of the gravitational 

reorientation torque is determined by the distance of the offset as well as some other 

physical properties such as fluid viscosity and density ratio, etc. As a result, the Kessler 

reorientation torque is a physical mechanism regardless of whether a plankton is 

swimming or settling or not. In our model, however, the reorientation effect is caused by 

the fluid inertial torque when a plankton swim and settling relative to the ambient fluid, 

and thus depends on the swimming and settling speeds. The magnitude of the 

reorientation angular velocity is no longer an independent parameter, which is drastically 

different from the case of Kessler model.  

We believe this difference is important and deserves investigation. First, it allows a 

plankton to modify its swimming speed and then control its reorientation behavior. 

Second, our results suggest that the settling speed also matters even if a plankton is 

motile, allowing fluid inertial torque to generate a reorientation effect. To address both 

points, we studied how clustering and preferential sampling are altered when micro-

swimmers have different swimming and settling speeds (Φs and Φg). To emphasize the 

dependency of the reorientation effect on the swimming and settling speeds, we discuss 

the clustering and preferential sampling in a Φs vs Φg parameter diagram in the paper. 

For instance, we show that clustering intensity is the largest when Φs = 10 and Φg =



0.5. This was not observed in earlier studies where fluid inertial torque and the settling 

speed are not considered as a mechanism of reorientation effect. 

To address the difference between our model and the Kessler model, we have added 

a discussion in section 2.1: 

 Around line 90:  

“The last term of Eq.(8) indicates that fluid inertial torque drives a squirmer swimmer 

to swim against gravity. Here, we use a dimensionless timescale 𝛹𝐼 to quantify the effect 

of fluid inertial torque. 𝛹𝐼 can be understood as the dimensionless time that a swimmer 

in still fluid restores upward orientation from an inclined orientation under a reorientation 

torque. This is analogous to the gyrotactic effect induced by bottom-heaviness, which is 

typically expressed as 2𝛹−1(𝑒𝑔 × 𝑛) (Kessler, 1986). We note that, however, they are two 

different mechanisms. The torque generated by bottom-heaviness depends on the 

distance of the offset between the center of gravity and hydrodynamic forces on a cell, 

which is usually determined by morphology. On the contrary, fluid inertial torque 

depends on the swimming and settling speeds and, determined by motility” 

 

 

 

Referee’s Comment #2 

In conclusion, I think that it would be interesting to investigate the model general 

model (3,4) and compare it with the known gyrotactic limit. This would add something 

new to our understanding to swimming microorganisms in turbulence. Moreover, my 

impression is that, with the typical values discussed after (9), the range of the Stokes 

numbers is comparable with the other dimensionless parameters and therefore the limit 

St->0 is not justified. 

Author’s Reply: 

We appreciate your suggestion that we can study the original model (3) and (4) to 

compare with the Kessler model. It would be interesting to see whether new physical 

phenomena emerge when the Stokes number St is not negligibly small. However, we 

want to focus the scope of the current paper on plankton or other small microorganisms 

in water. Based on their typical physical properties, the Stokes number approaches to 

zero. For instance, we assume a plankton cell has typical size a = 0.1 mm and it is 5% 

heavier than the water. For the flow environment, we use the parameter range in the main 

text after Eq. (9). The range of dissipation rate cited in our text gives the range of 

Kolmogorov time scale for ocean turbulence, τf= 31.6 to 1.0 s. At last, using the definition 

of St = 2 ∗ 1.05a2/(9𝛾𝜏𝑓) , St number ranges from 0.0001 to 0.0023. This is much smaller 

than other dimensionless parameters such as Φs and Φg in our model. A similar but 

more detailed estimate of dimensionless parameters can be referred to Table II in our 

recent paper (Qiu et al., Physical Review Research 4, 023094 (2022)), which is attached 

below. As a result, it is more appropriate to focus on the limit of zero Stokes number for 

the present study. 

To address this issue, we have added discussions in section 2.1 in the main text to 

demonstrate the range of Stokes number to validate our simplification.  

Around Line 80: 



“Typically, St of planktonic microswimmers are usually negligibly small as 

summarized in Qiu et al. (2022a). For instance, using 𝑎 =  0.1𝑚𝑚, 𝜌𝑝/𝜌𝑓 = 1.05, and 

using typical turbulence Kolmogorov timescale 𝜏𝑓 = 31.6 𝑡𝑜 1.0 𝑠 , one obtains 𝑆𝑡 =

1.0 × 10−4 𝑡𝑜 2.3 × 10−3.” 

 

 
Table II in Qiu et al., Physical Review Research 4, 023094 (2022). In this table, Φswim 

and Φsettle means Φs and Φg in the present paper. We also note that ΨI in this 

table does not refers to the reorientation time scale defined in the present paper.  

 

 

Referee’s Comment #3 

Minor point: the presentation of the model and the results is not always clear. For 

example, the settling speed v_g is not defined. 

Author’s Reply: 

Thank you. We remove the symbol v_g and give the definition of Φg directly, Φg =

2(ρp/ρf − 1)a2g/(9γuf). It can be found right below Eq. (4). 

 


