
Response to review comments to ‘Impact of tidal dynamics on diel vertical migration of zooplankton in 

Hudson Bay’ by Anonymous Referee # 1 

 

We highly appreciate helpful comments and suggestions from Anonymous Referee #1. In the following, the 

comments by the reviewer are in italics and our responses to the comments are in normal characters. The 

revised manuscript text is underlined. The line numbering (in bold) is referenced to the marked-up 

manuscript version.   

 

In this work the authors use ADCP backscatter and velocity data from a mooring in western Hudson 
Bay to infer diel vertical migration patterns. They present some interesting data, however, the 
results presentation and interpretation require more in depth work to make this work publishable. 
General comments: 
 
1. How do you make sure that the backscatter that the ADCP sees is actually zooplankton? The 
ADCP will ‘see’ anything from suspended sediment, bubbles, krill, fish, plankton etc. The 
presence of increased amounts of backscatter within the water column together with 
location in the water column and timing can give suggestions as to what is causing the 
backscatter: e.g. storminess leads to an increase in bubbles, or the day vs night timing gives 
an indication that you are seeing vertical movement of biological matter. BUT, how can you 
infer that you are seeing zooplankton moving rather than fish that migrate vertically from 
your data? Your sediment traps are fairly small and could easily miss swimming species. 
 

Thank you for pointing out the limitations of using ADCP and sediment trap combination for studies of 

zooplankton, but in presence of seasonal ice cover and logistic difficulties associated with using traditional 

zooplankton sampling techniques using both moored or ice-tethered ADCPs in high latitudes had been 

successful for studying zooplankton presence, behaviour and particularly DVM patterns (Darnis et al., 2017; 

Hobbs et al., 2018; Petrusevich et al., 2016; Wallace et al., 2010). 

For better zooplankton detection, it is recommended to use dual-frequency ADCP. However, in our study, 

we were able to overcome issues of backscatter from fish by applying post-processing techniques of the 

backscatter and presenting it in the form of actograms. This approach allowed us to present the portion of 

backscatter that is associated with DVM related to zooplankton. 

 

Below we would like to clarify the possible scatterers suggested by the reviewer. 

 

1) Suspended sediments. While it is true that 300kHz ADCP can be used for suspended sediment 

transport monitoring (Venditti et al., 2016), there are some general considerations that need to be 

taken into account. 300 kHz ADCPs were used mostly in the rivers with high sediment loads 

(hundreds of mg/L).  The mooring was located ~190 km north-east from the Churchill River, which 

does not create a significant plume of sediments in the system. Our mooring turbidity sensor, 

located at 41m depth, did not record values higher than 34 FTU, which corresponds with TSS of ~30 

mg/L, with an average 7 FTU or TSS about ~5 mg/L. At 100 m depth, we do not expect a high level of 

sediments from resuspension. Another consideration is the fact that sound is effectively scattered 

by objects of the size of the wavelength. For 300 kHz ADCP, it is about 5 mm (lines 235-241). Thus, 

smaller scatterers, like sediments, phytoplankton, etc. can be effectively eliminated as potential 

scatterers. This allows us to consider zooplankton as the main scatterers in our case. 

 



2) Bubbles: interference of bubbles was addressed by removing the top 8 m of surface readings. This 

removes the interference of waves and sea ice. The surface 8 m was removed from all data. This has 

been clarified in the methods: 

 

Lines 132-133: The issue of acoustic signal scattering by bubbles, waves and sea ice was addressed by 

removing the top 8 m readings from all backscatter and velocity data.  

 

3) Fish. This is a valid concern regarding the fact that fish may be detected by ADCP. It should be noted 

though that large mesopelagic fishes are rare in the Canadian Arctic (Berge et al. 2015). Arctic cod 

(Boreogadus saida) is the dominant pelagic fish in the Canadian Arctic (e.g. Benoit et al. 2008, 

LeBlanc et al. 2019) such that acoustic signals related to fish are generally assumed to be only Arctic 

Cod. The distribution of Arctic Cod is known for regions such as the Beaufort Sea (Geoffroy  et al. 

2016) and Baffin Bay (LeBlanc et al. 2019). However, little is known for Hudson Bay. It is expected 

that Hudson Bay Arctic Cod behave similarly, with adult aggregations near the bottom in deep 

waters and young (year 1/2) and larval stages in surface aggregations. The young cod are ice-

associated during the winter period, i.e., no migration to depth. As such, any backscatter associated 

with near-surface young cod would have been removed as part of the removal of the top 8 m of 

backscatter during post-processing.  Arctic Cod do not school. So, its presence in the proximity of 

the mooring will be more sporadic and acoustic backscatter will be significantly less than the 

backscatter from more abundant zooplankton.  

4) Sediment trap. Another point of concern was about the use of sediment trap in this study. It is true 

that the sediment traps do not tell us anything about the upward or horizontal movement of 

zooplankton. The trap captures only what is falling/swimming to the bottom. The trap samples 

generally indicate what zooplankton species are present in the study area and how the relative 

proportion of captured zooplankton changed over the duration of the year. Recently an issue of the 

usefulness of sediment trap samples for description of zooplankton composition and seasonal 

change was addressed by Makabe et al., 2016. They compared zooplankton caught in sediment 

traps with the ones sampled by plankton nets. Pteropods (L. helicina) showed a good correlation 

between sediment trap and plankton nets sampling. C. glacialis showed good correlation with 

environmental variables and not with net-collected abundance.  

 

We revised our manuscript in this matter accordingly: 

 

Lines 282-287: The zooplankton caught in our sediment trap provide general information on the 

zooplankton community composition and its change over the course of the year near the mooring location. 

Sediment trap samples may not quantitatively reflect zooplankton composition in the water column due to 

species-specific collection efficiencies. Comparisons between net and trap samples from Franklin Bay 

indicate that the abundance of L. helicina and some species of copepods could be estimated from sediment 

traps whereas the abundance of other key species, such as C. hyperboreus, could not be accurately 

estimated from sediment trap samples (Makabe et al., 2016). 
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2. What particle size classes does your ADCP ‘see’? How does this tie in with your definition of 

zooplankton? 

 

At 300 kHz, mesozooplankton (0.2 – 20 mm) can be detected. Not all mesozooplankton have their peak 

detection at 300 kHz. For example, euphausiids peak detection may be closer to 200 kHz and pteropods 

closer to 400 kHz. However, 300 kHz is within the detection range for the key species observed in the 

sediment trap and known from previous zooplankton taxonomy assessments from the study area. This 

includes the dominant copepods (e.g., Cottier et al. 2006). We make no attempt to distinguish between 

groups of zooplankton or to estimate abundance/biomass from the ADCP data. The backscatter shows the 

general presence of zooplankton and associated movement/transfer. There is a number of papers by 

Stanton et al. (1994, 1998a, 1998b) addressing the target strength of different zooplankton species for 

different frequencies.  

 

We revised the discussion section accordingly: 

 

Lines 240-250: Even though acoustic backscatter from the single-frequency ADCP does not provide any 

information on the identity of zooplankton species involved in DVM but signal strength can provide an 

indication of zooplankton presence provided there is information on the zooplankton species. Sound is 

effectively scattered by objects of the size of the wavelength. For 300 kHz ADCP, it is about 5 mm. It is 

known that zooplankton species with body size less than the wavelength by an order of magnitude (in our 

case 0.5-5mm) are capable of creating strong backscatter when there is a sufficient abundance of them in 

the water column (Cisewski and Strass, 2016; Pinot and Jansá, 2001). The backscatter strength of 

zooplankton species also depends on their acoustic properties, such as shape, internal structure, orientation 

in the water column and body composition, that causes a difference between the speed of sound in their 

bodies and surrounding seawater (Stanton et al., 1994, 1998a, 1998b). 

 

Lines 252-271: It should be mentioned that 300kHz ADCP can be effectively used for suspended sediment 

transport monitoring (Venditti et al., 2016), but here are some general considerations that need to be taken 

into account. 300 kHz ADCPs were used for suspended sediment monitoring mostly in the rivers with high 

sediment loads (hundreds of mg L-1).  Our mooring was located  ~190 km north-east from the Churchill river 

which does not create a significant plume of sediments into the system. The mooring turbidity sensor 

located at 41m depth did not record values higher than 34 FTU which corresponds with TSS of ~30 mg/L, 

with average turbidity of 7 FTU which corresponds with TSS ~5 mg/L. At 100 m depth, we do not expect high 

levels of sediments from resuspension. Also taking into consideration the fact that that sound is effectively 

scattered by objects of the size of the wavelength and that the mean particle size detected by 300 kHz ADCP 

http://doi.org/10.1525/elementa.339


is in the range of 0.5 to 5 mm (Jourdin et al., 2014), sporadic smaller scatterers, like sediments, 

phytoplankton, etc. can be effectively eliminated as potential scatterers. This allows us to consider 

zooplankton as the main scatterers in our case. 

Fish also can be detected with the ADCP used. It should be noted though that large mesopelagic fishes are 

rare in the Canadian Arctic (Berge et al., 2015). Arctic cod (Boreogadus saida) is the dominant pelagic fish in 

the Canadian Arctic (e.g. Benoit et al., 2008; LeBlanc et al., 2019) therefore the acoustic signals related to 

fish are generally assumed to be only Arctic cod. The distribution of Arctic cod is known for regions such as 

the Beaufort Sea (Geoffroy et al., 2016) and Baffin Bay (LeBlanc et al., 2019). However, there is little known 

for Hudson Bay. It is expected that Hudson Bay Arctic cod behave similarly, with adult aggregations near the 

bottom in deep waters and young (year 1/2) and larval stages in surface aggregations. The young cod are 

ice-associated during the winter period, i.e., no migration to depth. As such, any backscatter associated with 

near-surface young cod would have been removed as part of the removal of the top 8 m of backscatter 

during post-processing.  Arctic Cod do not school. So, its presence in the proximity of the mooring will be 

more sporadic and acoustic backscatter will be significantly less than the backscatter from much more 

abundant zooplankton. 
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3. The analysis and description of the results needs to go into more depth. At the moment it is 

mostly descriptive and does not go into enough detail describing the very interesting 

dataset. Additionally, part the results are presented in the discussion. This needs to be tidied 

up. 

4. This is a paper supposedly on DVM, however, in the results DVM patterns aren’t really 

described at all, nor is the tidal modulation. 

 

We have revised our manuscript adding the general description of different DVM patterns in the intro and 

additional description of the observed DVM pattern in the results.  

 

Lines 30-35: There are three general DVM patterns: (1) The most common one is nocturnal when 

zooplankton ascends around sunset and remains at upper depth during the night, around sunrise 

descending and remaining at depth during the day (Cisewski et al., 2010; Cohen and Forward, 2002). (2) 

Then there is a reverse pattern when zooplankton is ascending up at dawn and descending at dusk 

(Heywood, 1996; Pascual et al., 2017). And finally, (3) there is twilight DVM pattern when zooplankton is 

ascending at sunset, then descending around midnight, then again ascending and finally descending at 

sunset (Cohen and Forward, 2005; Valle-Levinson et al., 2014). This pattern sometimes is called midnight 

sink.  

 



Lines 315-320: In this study, DVM was generally controlled by solar illumination throughout the whole year, 

which is evident from the shape of VBS (Figure 3d-h) and vertical velocity actograms (Figure 4). The 

actograms are nearly symmetric around astronomic midnight (dashed horizontal line, Figures 3 and 4), and 

winter and summer solstice. During dawn and dusk there was reduced VBS at 8 and 20 m actograms (Figure 

3d-e) and enhanced at 60, 80 and 92 m actograms (Figure 3f-h). These dawn and dusk absences and 

enhancements can be interpreted as indication of zooplankton swimming behaviour during these periods, 

following nocturnal DVM pattern. The increased backscatter at dawn and dusk at 60 and 80 m actograms 

was observed regardless the presence of ice cover. 

 

Tidal modulation is described in the section 5.4 Disruption of DVM by the spring tide with some minor 

revisions in the text.  

 

5. The authors also need to be careful to separate out the supposed swimming behaviour of 

the zooplankton, i.e. DVM, from the tidally induced movement of particles (also 

backscattering) in the water column. 

 

As we pointed there will be hardly any tidally driven sediment resuspension in the proximity of the mooring. 

The tides in Hudson Bay are semidiurnal, while DVM is diurnal signal with a “V-shaped” nocturnal pattern 

(Last et al., 2016) at Actograms. The superposition of two signals can be seen for example on vertical 

velocity actogram (Figure 4a-d), with tidal currents removed there is a remaining DVM signal with a “V-

shaped” nocturnal pattern (Figure 4f-i), that matches V-shape of under-ice illumination actogram and VBS 

actograms (Figure 3d-h).  

 

6. The authors need to take more care in backing up their claims with either features that can 

be seen in the their data or else from relevant pieces of work in the literature. 

 

Thank you for this suggestion. We took this into consideration in the revised version and in responses to the 

specific comments below. 

 

Specific comments: 

Introduction: How do you define zooplankton here? What size classes or types of plankton are 

included or not included?:  

 

Zooplankton are defined here as any individual greater than 500 µm. The zooplankton fraction was 

separated from the sediment trap sample by pouring the sample through 500 µm NITEX mesh sieve. 

Because of this, smaller species, nauplii, eggs and fecal pellets were largely missed from the >500 µm 

fraction. However, the >500 µm organisms represent the group of zoo-plankton primarily detected as ADCP 

backscatter (Cisewski and Strass, 2016; Pinot and Jansá, 2001). (Lines 150-155): 

 

Zooplankton composition and diversity in the study region is addressed in Section 2: (lines 79-85 of the 

original submission. Lines 93-100 in the revised version).  

 

We added the following lines in the introduction: 

 

Lines 64-66: In this study, we are focused on zooplankton organisms with sizes from 500 µm and up. This 

group of zooplankton primarily detected by ADCP backscatter (Cisewski and Strass, 2016; Pinot and Jansá, 



2001) and allows comparison with previous studies on zooplankton caught by sediment traps (see Forbes et 

al., 1992; Pospelova et al., 2010). 

 

Line 20-22: Better off before the question at the end of the paragraph 

 

Thanks for the recommendation. We have revised and moved this sentence down. 

 

Lines 35-38: DVM of zooplankton is an important process of the carbon and nitrogen cycle in marine 

systems, because it effectively acts as a biological pump, transporting carbon and nitrogen vertically below 

the mixed layer by respiration and excretion (Darnis et al., 2017; Doney and Steinberg, 2013; Falk-Petersen 

et al., 2008). 

 

Lines 24-26: There are other diel migration patterns as well. See e.g. introduction to Cisewski et al, 

2010 

 

I have added a brief description with references for nocturnal, reverse and twilight migration patterns: 

 

Lines 30-35. There are three general DVM patterns: (1) The most common one is nocturnal when 

zooplankton ascends around sunset and remains at upper depth during the night, around sunrise 

descending and remaining at depth during the day (Cisewski et al., 2010; Cohen and Forward, 2002). (2) 

Then there is a reverse pattern when zooplankton is ascending up at dawn and descending at dusk 

(Heywood, 1996; Pascual et al., 2017). And finally, (3) there is twilight DVM pattern when zooplankton is 

ascending at sunset, then descending around midnight, then again ascending and finally descending at 

sunset (Cohen and Forward, 2005; Valle-Levinson et al., 2014). This pattern sometimes is called midnight 

sink. 

 

Line 30: Would it worth looking at Antarctic literature as well? 

 

This is a good suggestion, but such a review of Antarctic literature would be more suitable for pan-arctic 

study, in this paper we are more looking into a regional sub-arctic region of Hudson Bay. 

 

Line 60: There are multiple sets of references and an extra 1. 

 

We have added the following references (line 73-74): (Burt et al., 2016; Ingram and Prinseberg, 1998; 

Macdonald and Kuzyk, 2011; Petrusevich et al., 2018; St-Laurent et al., 2008; Straneo and Saucier, 2008). 

 

Line 94: Given that you talk about stratification in the introduction and there are some interesting 

vertical signals in your plankton distributions analysing stratification could lead to some interesting 

additional conclusions. In plots 3 a and b there is some indication that plankton distribution could be 

linked to MLD. 

 

That is a good point, but we have lack of actual multiple CTD sampling during that period, so we can only 

speculate about MLD without solid proof from oceanographic data from the mooring location. 

 

Line 101 -109: How representative are the samples from your sediment trap at capturing actual 
distributions of zooplankton in the water column? I guess you are assuming that organisms ‘fall’ into 
the trap and cannot avoid it by swimming back out of the funnel? 



 
Sediment traps were successfully used for qualitative assessment of the species responsible for acoustic 

backscatter (Berge et al., 2009; Cottier et al., 2006; Ota et al., 2008; Wallace et al., 2010; Willis et al., 2006, 

2008). It is an accepted and recommended practice to simultaneously use samples collected by sediment 

traps to better under acoustic instruments backscatter signals (Makabe et al., 2016). 

The sediment trap captures sinking zooplankton. There is a low probability that as the zooplankton sink they 

would reverse and search for a way out.  When compare to literature on zooplankton in Hudson Bay (see 

Estrada et al. 2012), the species collected within this sediment trap are representative of the zooplankton 

community we would expect to find in this system. Gelatinous zooplankton recorded by Estrada et al. 2012 

also occurred in the zooplankton samples, however, at low numbers (data not shown). It is possible that 

gelatinous species are underestimated due to issues associated with preservation. This is noted at lines 221-

226, 243-256 in the paper.   

 

Lines 110 to 116: They are also limited because you cannot tell what is causing the backscatter! How 

do you determine that your backscatter is zooplankton and not other biological matter or 

sediment…? 

 

For identification of biological swimmers, we are using special techniques like actograms, that allows us to 

distinguish diurnal and seasonal signal produced by biological swimmers from other possible passive 

scatterers. 

 

Below we would like to clarify about the possible scatterers suggested by the reviewer. 

 

1) Suspended sediments. While it is true that 300kHz ADCP can be used for suspended sediment 

transport monitoring (Venditti et al., 2016), there are some general considerations that need to be 

taken into account. 300 kHz ADCP were used mostly in the rivers with high sediment loads 

(hundreds of mg/L).  The mooring was located  ~190 km north-east from the the Churchill river 

which does not create a significant plume of sediments into the system. Our mooring turbidity 

sensor located at 41m depth did not recorded values higher than 34 FTU which corresponds with 

TSS of ~30 mg/L, with average 7 FTU or TSS about ~5 mg/L. At 100 m depth we do not expect high 

levels of sediments from resuspension. Another consideration is the fact that sound is effectively 

scattered by objects of the size of the wavelength. For 300 kHz ADCP, it is about 5 mm (lines 235-

241). Thus, smaller scatterers, like sediments, phytoplankton, etc. can be effectively eliminated as 

potential scatterers. This allows us to consider zooplankton as main scatters in our case.  

2) Fish may be detected with the ADCP used. It should be noted though that large mesopelagic fish are 

rare in the Canadian Arctic (Berge et al. 2015). Arctic cod (Boreogadus saida) is the dominant pelagic 

fish in the Canadian Arctic (e.g. Benoit et al. 2008, LeBlanc et al. 2019) such that acoustic signals 

related to fish are generally assumed to be only Arctic Cod. The distribution of Arctic Cod is known 

for regions such as the Beaufort Sea (Geoffroy  et al. 2016) and Baffin Bay (LeBlanc et al. 2019). 

However, little is known for Hudson Bay. It is expected that Hudson Bay Arctic Cod behave similarly, 

with adult aggregations near bottom in deep waters and young (year 1/2) and larval stages in 

surface aggregations. The young cod are ice associated during the winter period, i.e., no migration 

to depth. As such, any backscatter associated with near surface young cod would have been 

removed as part of the removal of the top 8 m of backscatter during post-processing.  Arctic Cod do 

not school. So, its presence in the proximity of the mooring will be more sporadic and acoustic 

backscatter will be significantly less than the backscatter from more abundant zooplankton.  



 

 

 

Line 116: Full stop missing and ‘by multiplying 1.115’  by multiplying with a factor of 1.115. I 

assume this is to correct for density differences between water and ice? If yes, say so. 

 

Corrected. The revised sentence:  

Lines 144-145: The draft was further transformed to the ice thickness by multiplying with a factor of 1.115 

for density difference between seawater and sea ice (Bourke and Paquette, 1989) 

 

Line 135-140: How do you know that the >500um makes up the greatest amount of backscatter? 

Why do you choose a >500um mesh? Mesoplankton is normally defined as 200um to 2mm in size…. 

What is the ratio between smaller species and larger species? 

 

This is valid point that meoszooplankton is normally defined as 200 um to 2 mm in size. All dominant taxa 

known from Hudson Bay are included in the >500 samples. Also, We chose >500 um mesh to maintain 

consistency and allow for comparison with previous studies (see Obrian, M.C. et al, 1991; Forbes et al; 1992;  

Posperlova et al 2010) 

 

We have added this point to our revised manuscript: 

 

Lines 153-154: 500 µm mesh was selected to maintain consistency and allow for comparison with previous 

studies (see Forbes et al., 1992; Pospelova et al., 2010). 

 
Forbes, J. R., Macdonald, R. W., Carmack, E. C., Iseki, K., & O'Brien, M. C. (1992). Zooplankton retained in sequential sediment traps 

along the Beaufort Sea shelf break during winter. Canadian Journal of Fisheries and Aquatic Sciences, 49(4), 663-67 

M.C. O'Brien, K. Iseki, R.W. Macdonald, J.R. Forbes, Yang Liangfeng, D. McCullough, 1991, Title 

Can. Data Rep. Hydrogr. Ocean Sci.: 60, 238 pp 

Pospelova, V., Esenkulova, S., Johannessen, S. C., O'Brien, M. C., & Macdonald, R. W. (2010). Organic-walled dinoflagellate cyst 

production, composition and flux from 1996 to 1998 in the central Strait of Georgia (BC, Canada): a sediment trap study. Marine 

Micropaleontology, 75(1-4), 17-37. 

 

Line 145: Do you have evidence for the reasons the ice varied? If yes, detail it, if not, I would 

speculate here. 

 

There is a paper titled “Atmospheric forcing drives the winter sea ice thickness asymmetry of Hudson Bay” 

prepared by our research group  and currently accepted for publication at JGR Oceans where the ice 

conditions and dynamics are addressed from ADCP measurements and remote sensing data. So, we 

preferred not to go deep into factors affected the ice variability in this particular paper dealing with DVM 

and tides. 

 
Kirillov, S., Babb, D, Dmitrenko, I., Landy, D., Lukovich, J., Ehn, J., Sydor, K., Barber, D. and Stroeve, J. (2020) Atmospheric forcing 

drives the winter sea ice thickness asymmetry of Hudson Bay. Accepted @ J. Geophys. Res. Oceans 

 

Figure 2: I find the y-axis very unintuitive – I feel it would be best to flip it upside down with 0 m at 

the bottom and 1.5 m at the top 

 



This figure represents the ADCP-measured ice thickness calculated from the ice draft, so it sounds logical to 

represent it in this form. 

 

Section 4.1: Section lists ‘wind data’ however it is not mentioned in this section. 

Corrected 

Line 162: 4.1. Ice Thickness and Under-ice Illumination 

 

Figure 4. The green-yellow colorscale makes it really hard to see anything. I suggest changing it a 

blue white red colorscale. 

 

We have tried different color schemes and this one (or just grayscale) seems to be the best for presenting 

actograms of ADCP-measured vertical velocity 

 

Lines 156: Maximum backscatter is consistent with many things. It only becomes consistent with 

DVM once you compare it to the midnight timeseries. 

 

We mentioned in the previous sentence, that in this section we are comparing noon time VBS with midnight 

(the following paragraph). 

 

The revised paragraph: 

Lines 174-179: For analyzing the depth-dependent behaviour of scatterers involved in diurnal vertical 

migration, we computed the volume backscatter strength (VBS) time series at noon (Figure 3a) and at 

midnight (Figure 3b). The mean difference between noon-time and midnight VBS was ~9±1dB at 96-100m 

depth layer and -3dB±1at 10-28 m layer. Running F-statistic test returned statistical significance with 95% 

confidence for VBS difference below 58 m and above 48 m. Noon-time series show persistent maximum 

backscatter strength near the bottom below 92 m depth, which is consistent with DVM. Some scatter 

stayed at noon at 60-80 m layer during October-January and at 70-80 m in June-July.  

 

Section 4.2: Could you back your descriptive results up with some numbers? Calculate the difference 

in backscatter between day and night in the different layers – is there a statistical difference? 

 

For reviewers’ reference we generated a graph (below) of difference in VBS between noon and midnight 

(not included in the revised manuscript).  

 
We have run F-statistics to find statistically significant difference and added to the revised manuscript: 

 

Lines 175-177: The mean difference between noon-time and midnight VBS was ~9±1dB at 96-100m depth 

layer and -3dB±1 at 10-28 m layer. Running F-statistic test returned statistical significance with 95% 

confidence for VBS difference below 58 m and above 48 m.  



 

 

Lines 156-157: Evidence of MLD? 

Unfortunately, with our data (lack of CTD sampling at the mooring location) we can not positively confirm or 

deny the presence of MLD during that time.  

 

Line 165: are  is, actograms  actogram 

Thank you for pointing out this type. Got it corrected (lines 187-188) 

 

Line 165-166: Describe the resemblance in shape – when in the day-night cycle do you see increased 

backscatter?  

 

Added the following sentence:  

 

Lines 188-190: This resemblance in shape is outlined by reduced VBS at 8 and 20 m actograms (Figure 3d-e) 

and enhanced at 60, 80 and 92 m actograms (Figure 3f-h) during dawn and dusk. 

 

Mention dawn and dusk enhancements/absences which could be indicative of 

swimming behaviour 

 

This is a valid observation. This increased backscatter can be explained by nocturnal migrating zooplankton 

passing through these layers at dawn and dusk. 

We revised this section of manuscrtipt: 

Lines 317-320: During dawn and dusk there was reduced VBS at 8 and 20 m actograms (Figure 3d-e) and 

enhanced at 60, 80 and 92 m actograms (Figure 3f-h). These dawn and dusk absences and enhancements 

can be interpreted as an indication of zooplankton swimming behaviour during these periods, following 

nocturnal DVM pattern. The increased backscatter at dawn and dusk at 60 and 80 m actograms was 

observed regardless the presence of ice cover. 

 

Figure 3. I would add a time series of sea ice cover here for ease of comparison. 

We were considering that option, but figure 3 was getting too big to fit the page, so we put figure 2 as a 

separate figure. 

 

Also Figure 3. In the 80 m and 60m band there is increased backscatter at dawn and dusk regardless 

of ice cover. 

 

This is a valid observation. This increased backscatter can be explained by nocturnal migrating zooplankton 

passing through these layers at dawn and dusk. 

We revised this section of manuscrtipt: 

Lines 317-320: During dawn and dusk there was reduced VBS at 8 and 20 m actograms (Figure 3d-e) and 

enhanced at 60, 80 and 92 m actograms (Figure 3f-h). These dawn and dusk absences and enhancements 

can be interpreted as an indication of zooplankton swimming behaviour during these periods, following 

nocturnal DVM pattern. The increased backscatter at dawn and dusk at 60 and 80 m actograms was 

observed regardless the presence of ice cover. 



 

Also Figure 3. Do positive vertical velocities resemble an upward movement of particles? 

 

Yes, positive vertical velocities are associated with the upward movement of particles. 

 

We have added to the revised manuscript: 

 

Lines 204-205:  Positive velocities are associated with the upward movement of particles. 

 

Lines 180 and after: I would make it clear somewhere here that your vertical velocities encompass 

both moving of water particles but also other particles in the water column and are thus a mixture of 

both. Really importantly, the velocities are a mixture of passive (tidally-driven) and actively moving 

particles (e.g. zooplankton or possibly fish). 

 

This is valid comment and we are giving more explanation on usefulness of just vertical velocities for 

estimating biological swimmers below, particularly the challenge of the presence of a tidal signal. 

 

We have added the following lines: 

 

Lines 344-347: In certain cases vertical velocity actograms can be used for estimating swimming direction 

and velocity (Petrusevich et al., 2016) when for estimation of swimming direction actograms are averaged 

for layers of several meters depth and for velocity estimation individual profiles were averaged over a 

period of few days. This method works well when there is no tidal signal to be subtracted from the vertical 

velocity data, otherwise, it makes computation rather complicated 

 

Lines 181-183: 

You say they have the same shape, but what does that actually mean? What signals do you 

see in the velocities? E.g. in the top layers you see negative vertical velocities in the 20 m 

layer at dusk and positive ones at dawn. However, assuming that positive vertical velocities 

resemble an upward movement of particles, this means that there is a net downward 

migration at dusk – this would be counterintuitive to the DVM you are describing, at least 

for this layer. 

 

In this section we presented vertical velocity actograms (showing presence of strong tidal signal) and 

vertical velocity actograms (cleared from the tidal signal) to show their general similarity of their seasonal 

shapes to VBS actograms, which attributes some of the signal to biological swimmers. There is a possibility 

that vertical velocity actograms could be used to estimate swimming direction and velocity, as we did in 

(Petrusevich et al., 2016), where we used vertical velocity actograms averaged for 14 m layers. This method 

works well in situation when there is no tidal signal to be subtracted, otherwise it makes the computation 

very complicated, especially in relation of propagation of errors. 

 

Just for illustration purposes I attach some figures from that paper (from NE Greenland fjord, with low tidal 

dynamics) that deals with that method: 

 



 



 
 

Petrusevich, V., Dmitrenko, I. A., Kirillov, S. A., Rysgaard, S., Falk-Petersen, S., Barber, D. G., Boone, W. and 

Ehn, J. K.: Wintertime water dynamics and moonlight disruption of the acoustic backscatter diurnal signal in 

an ice-covered Northeast Greenland fjord, J. Geophys. Res. Ocean., 121(7), 4804–4818, 

doi:10.1002/2016JC011703, 2016. 

 

We added the following lines: 

 

Lines 344-347: In certain cases vertical velocity actograms can be used for estimating swimming direction 

and velocity (Petrusevich et al., 2016) when for estimation of swimming direction actograms are averaged 

for layers of several meters depth and for velocity estimation individual profiles were averaged over a 

period of few days. This method works well when there is no tidal signal to be subtracted from the vertical 

velocity data, otherwise, it makes computation rather complicated 

 

In our current study, we chose to focus primarily on analyzing vertical velocity wavelets to get power 

spectrum for the semidiurnal tidal currents and their spring-neap and seasonal variability. We then 

compared them to VBS maximums, doing statistical correlation analysis (Figure 5) 

 

Can you back any of your claims with numerics? Yes, you can see a pattern but is it 

statistically significant? E.g. calculate mean backscatter in daylight hours vs night hours 

 



For reviewers’ reference we generated a graph (below) of difference in VBS between noon and midnight 

(not included in the revised manuscript).  

 
We have run F-statistics to find statistically significant difference and added to the revised manuscript: 

 

Lines 175-177: The mean difference between noon-time and midnight VBS was ~9±1dB at 96-100m depth 

layer and -3dB±1 at 10-28 m layer. Running F-statistic test returned statistical significance with 95% 

confidence for VBS difference below 58 m and above 48 m.  

 

Lines 185-187: This description belongs in the methodology. 

 

We placed it here because we are doing post-processing of the actograms to remove the tidal signal. 

 

Lines 187-190: So what is the diurnal variation? What is the pattern you see? How does this match 

up with your results in Figure 2? There you seem to find the strongest signals in the deeper layers? 

 

There is a stronger tidal signal in the deeper layers, for vertical velocity actograms cleared from the tidal 

signal we can not claim that there is a stronger diurnal signal, that associated with DVM in the deeper 

layers, while seasonal V-shape is distinguishable. 

 

Lines 191 to 192: It is not clear to me what you have done here. Are you looking at semi-diurnal 

horizontal tidal currents? Or are you looking at horizontal tidal currents from the ADCP which are 

semi-diurnally dominated? How have you post-processed your current data? Have you removed any 

tidal signals? What bandwidth are you using? It looks like it is greater than the semi-diurnal 

frequency? 

 

Here we are looking at the ADCP vertical current record. We postprocessed (as described in the lines 203-

207) ADCP vertical current signal to be used only in the actograms. 

 

We have revised this section to make it more clear: 

 

Lines 206-212: The change in vertical speed associated with spring tide is present on the vertical velocity 

actograms in a form of slanted strips of 14-day periodicity, with amplitude increasing with depth and 

reaching maximum values in the range of 10-15 mm/s. The vertical velocity actograms were post-processed 

(Figure 4f-i) to remove the semi-diurnal tidal components (M2 and S2) from the vertical velocity data which 

otherwise would create tidal background signal in a form of slanted strips of 14-day periodicity on the 

actograms (Figure 4a-d). A tidal harmonic analysis was performed for the vertical velocity time series using 

T_Tide toolbox for Matlab (Pawlowicz et al., 2002). 

 

 



Line 200-204: This belongs in the methodology. What do these parameters mean for your data? 

 

We placed this in the results because it is a result of signal post-processing and it will be addressed in 

discussion section. These parameters are specific for application of more general Morse Wavelet transform 

for analysis of oceanic currents (instead of a standard Morlet wavelet), this is addressed in the papers we 

cite (Lilly, 2017, 2019; Lilly and Gascard, 2006; Lilly and Olhede, 2009). 

 

Line 200-201: I don’t see a semi-diurnal signal in the currents – this is a spring-neap signal 

 

In the current actograms there is slanted signal which is actually – semidiurnal signal. Spring neap would not 

be seen in this case, just the periodicity of the slants on the actogram points to the periodicity of spring – 

neap signal. This is because it is just ‘amplitude modulation’ type of signal, that’s why we used wavelet and 

we can see spring-neap signal in wavelet graphs.  

 

Lines 194-195: Yes, horizontal tidal currents tend to be at least an order of magnitude larger than 

vertical ones. 

 

We revised this section as: 

 

Lines 219-220: The power spectrum range for horizontal velocities was, in general, over one order higher 

than for vertical velocity, which is consistent with the fact that horizontal tidal currents tend to be at least 

an order of magnitude larger than vertical ones. 

 

Section 4: It is not quite clear to me what the point of this exercise is? You show that you have 

stronger horizontal and vertical currents during spring tides and the opposite for neap tides. This is 

commonly known. So where does the link to DVM come in? Where do you show the tidal 

modulation your title promises? And you have removed the 12 hr signal that would give you the 

DVM? In Hudson Bay, the tides vary throughout the year due to changes in ice cover and 

stratification – how do you separate these effects from DVM? 

 

Here we compare VBS at 92 m with vertical velocity wavelet (which was calculated for actual non-

postprocessed vertical velocities without removal of tidal signal). We removed tidal signal only from the 

second set of vertical velocity actograms. Wavelets allows us to separate semi-diurnal signal from diurnal. 

An example of similar use of wavelets is presented in our previous paper Petrusevich et. al. 2016. 

 

Figure 5. Describe the results from panel 5d in the text. How do you calculate your correlation 

coefficient? What time window is used? How did you obtain your backscatter time series? You 

obtain both significant positive and negative correlations, why are the negative ones not shaded 

pink? 

 

We did not shadow pink the negative correlations because negative correlations are artificial and have no 

physical meaning. We used 14 days window (as specified in the text).  

 

We revised this portion of the manuscript accordingly: 

 



Line 365-369: For 92 m depth, the 14-day running correlation (Figure 5d, green line) between midnight VBS 

(blue line) and vertical velocity wavelet (red line) was calculated. Correlations exceeding ±0.53 are 

statistically significant at the 95% confidence level (Figure 5d, yellow shading). Pink shading identifies the 

events when this statistically significant positive correlation was observed. Negative correlations are 

artificial and have no physical meaning. 

 

Line 214: Provided you know you are looking at zooplankton – see general point 1 

 

We revised the discussion section accordingly: 

 

Lines 241-250: Even though acoustic backscatter from the single-frequency ADCP does not provide any 

information on the identity of zooplankton species involved in DVM but signal strength can provide an 

indication of zooplankton presence provided there is information on the zooplankton species. Sound is 

effectively scattered by objects of the size of the wavelength. For 300 kHz ADCP, it is about 5 mm. It is 

known that zooplankton species with body size less than the wavelength by an order of magnitude (in our 

case 0.5-5mm) are capable of creating strong backscatter when there is a sufficient abundance of them in 

the water column (Cisewski and Strass, 2016; Pinot and Jansá, 2001). The backscatter strength of 

zooplankton species also depends on their acoustic properties, such as shape, internal structure, orientation 

in the water column and body composition, that causes a difference between the speed of sound in their 

bodies and surrounding seawater (Stanton et al., 1994, 1998a, 1998b). 

. 

 

Line 217: How do you know it’s 5 mm – what is the size range on either size? What uncertainty exists 

here? What about objects larger than 5 mm? Or sediment? 

 

While it is true that 300kHz ADCP can be used for suspended sediment transport monitoring (Venditti et al., 

2016), there are some general considerations that need to be taken into account. 300 kHz ADCP were used 

mostly in the rivers with high sediment loads (hundreds of mg/L).  The mooring was located  ~190 km north-

east from the the Churchill river which does not create a significant plume of sediments into the system. 

Our mooring turbidity sensor located at 41m depth did not recorded values higher than 34 FTU which 

corresponds with TSS of ~30 mg/L, with average 7 FTU or TSS about ~5 mg/L. At 100 m depth we do not 

expect high levels of sediments from resuspension. Another consideration is the fact that sound is 

effectively scattered by objects of the size of the wavelength. For 300 kHz ADCP, it is about 5 mm (lines 235-

241). Thus, smaller scatterers, like sediments, phytoplankton, etc. can be effectively eliminated as potential 

scatterers. This allows us to consider zooplankton as main scatters in our case.  

 

There is a number of papers by Stanton et al. (1994, 1998a, 1998b) addressing the target strength of 

different zooplankton species for different frequencies. Sediments can also detected by ADCP VBS but it will 

be a background signal and will not show any patterns that are typical for DVM. 

 

For better particle size discrimination, it is recommended to use dual frequency ADCP. ADCP has their 

limitation due to their beam configuration and without going too deep into engineering side of this 

question, it is established that mean particle size that is distinguished by 300kHz ADCP is 0.5 to 5 mm 

(Jourdin et al., 2014). 

 
 



Jourdin, F., Tessier, C., Le Hir, P., Verney, R., Lunven, M., Loyer, S., Lusven, A., Filipot, J.-F. F., Lepesqueur, J., Hir, P. Le, Verney, R., 

Lunven, M., Loyer, S., Lusven, A., Filipot, J.-F. F. and Lepesqueur, J.: Dual-frequency ADCPs measuring turbidity, Geo-Marine Lett., 

doi:10.1007/s00367-014-0366-2, 2014.Stanton, T. K., Wiebe, P. H., Chu, D., Benfield, M. C., Scanlon, L., Martin, L. and Eastwood, R. 

L.: On acoustic estimates of zooplankton biomass, ICES J. Mar. Sci. J. du Cons., 51(4), 505–512, doi:10.1006/jmsc.1994.1051, 1994. 

Stanton, T. K., Chu, D. Z., Wiebe, P. H., Martin, L. V and Eastwood, R. L.: Sound scattering by several zooplankton groups. I. 

Experimental determination of dominant scattering mechanisms, J. Acoust. Soc. Am., 103(1), 225–235, doi:10.1121/1.421469, 

1998a. 

Stanton, T. K., Chu, D. Z. and Wiebe, P. H.: Sound scattering by several zooplankton groups. II. Scattering models, J. Acoust. Soc. Am., 

103(1), 236–253, doi:10.1121/1.421110, 1998b. 

 

We have added the following lines to the revised manuscript: 

 

Lines 252-271: It should be mentioned that 300kHz ADCP can be effectively used for suspended sediment 

transport monitoring (Venditti et al., 2016), but here are some general considerations that need to be taken 

into account. 300 kHz ADCPs were used for suspended sediment monitoring mostly in the rivers with high 

sediment loads (hundreds of mg L-1).  Our mooring was located  ~190 km north-east from the Churchill river 

which does not create a significant plume of sediments into the system. The mooring turbidity sensor 

located at 41m depth did not record values higher than 34 FTU which corresponds with TSS of ~30 mg/L, 

with average turbidity of 7 FTU which corresponds with TSS ~5 mg/L. At 100 m depth, we do not expect high 

levels of sediments from resuspension. Also taking into consideration the fact that that sound is effectively 

scattered by objects of the size of the wavelength and that the mean particle size detected by 300 kHz ADCP 

is in the range of 0.5 to 5 mm (Jourdin et al., 2014), sporadic smaller scatterers, like sediments, 

phytoplankton, etc. can be effectively eliminated as potential scatterers. This allows us to consider 

zooplankton as the main scatterers in our case. 

Fish also can be detected with the ADCP used. It should be noted though that large mesopelagic fishes are 

rare in the Canadian Arctic (Berge et al., 2015a). Arctic cod (Boreogadus saida) is the dominant pelagic fish 

in the Canadian Arctic (e.g. Benoit et al., 2008; LeBlanc et al., 2019) therefore the acoustic signals related to 

fish are generally assumed to be only Arctic cod. The distribution of Arctic cod is known for regions such as 

the Beaufort Sea (Geoffroy et al., 2016) and Baffin Bay (LeBlanc et al., 2019). However, there is little known 

for Hudson Bay. It is expected that Hudson Bay Arctic cod behave similarly, with adult aggregations near the 

bottom in deep waters and young (year 1/2) and larval stages in surface aggregations. The young cod are 

ice-associated during the winter period, i.e., no migration to depth. As such, any backscatter associated with 

near-surface young cod would have been removed as part of the removal of the top 8 m of backscatter 

during post-processing.  Arctic Cod do not school. So, its presence in the proximity of the mooring will be 

more sporadic and acoustic backscatter will be significantly less than the backscatter from much more 

abundant zooplankton. 

 

 

Line 224: You are assuming that your trap is reflective of what’s in the water column. Did you check this or 

can you prove this is correct any other way? 

 

We added a paragraph in Discussion 5.1 

 

Lines 282-287: The zooplankton caught in our sediment trap provide general information on the 

zooplankton community composition and its change over the course of the year near the mooring location. 

Sediment trap samples may not quantitatively reflect zooplankton composition in the water column due to 

species-specific collection efficiencies. Comparisons between net and trap samples from Franklin Bay 



indicate that the abundance of L. helicina and some species of copepods could be estimated from sediment 

traps whereas the abundance of other key species, such as C. hyperboreus, could not be accurately 

estimated from sediment trap samples (Makabe et al., 2016).  

Also, the zooplankton assemblages in the trap samples were compared to net sampling conducted by 

Estrada et al (2012) in Hudson Bay. The dominant species of the net sampling survey are present in the 

sediment trap with a similar relative abundance of the dominant taxa. (Lines 93-96, 273-281). 

 

Line 262-237: This needs to be backed up with an appropriate description of your results 

 

This general statement is addressed in the same paragraph by comparing the sediment trap catch with VBS 

at different depths. 

 

We would like to thank Anonymous Reviewer #1 for all these helpful comments. 
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