
Reply on RC1 

We thank Referee #1 for the constructive comments that have helped us to clarify and improve our 

manuscript. Our responses to the specific questions/requests (in bold & italic) are listed below. 

Assessment: 

(…)Mostly my confusion was in the description of the different model runs (i.e., Table 3) and how 

the description of storms (which seemed to have significant impact) were not explained in detail. 

(…) 

 

Thank you for pointing this out. We have improved the description in naming the functional groups 

and parameter settings in the associated sensitivity model runs.  

Abbreviations for the functional groups, seasonality, hydrodynamic forcing and sediment parameter 

are: 

Biomixers = mix 

Accumulators = acc 

Stabilizers = sta 

Seagrass = gra 

Inclusion of all four functional groups = all  

Abiotic model run without consideration of any benthos effect = abio 

Seasonal variation of benthos excluded/included = no / abbreviation of specific functional group(s) 

Hydrodynamic forcing excluding/including storm surges = T / TS 

Erosion rate by default / scaled by factor of 10 = 1 / 10  

 

The experiments are named by combination of the different model features separated by an 

underscore and read as:  

Modeled functional groups_Seasonality_Hydrodynamics_Erosion Rate  

 

A full set of experiments with the modified names is provided in the updated Table 3, including 

all_no_T_1 

all_no_TS_1  

all_mix_TS_1  

all_all_TS_1 

mix_no_T_1 

mix_no_TS_1 

mix_mix_TS_1 

sta_no_T_1 

sta_no_TS_1  

sta_sta_TS_1  

sta_no_T_10 

sta_no_TS_10  

sta_sta_TS_10  



acc_no_T_1 

acc_no_TS_1  

acc_acc_TS_1  

acc_no_T_10 

acc_no_TS_10  

acc_acc_Ts_10  

gra_no_T_1 

gra_no_TS_1  

gra_no_T_10 

gra_no_TS_10  

abio_no_T_1 

abio_no_TS_1  

abio_no_T_10 

abio_no_TS_10  

 

A short description on how storms were implemented was shown in the supplementary material. We 

will expand this paragraph with a more detailed description. 

Specific comments: 

Line 23: We agree with the reviewer. This line will be changed in order to emphasize that “opposite” 

refers to morphological changes in terms of erosion and deposition. 

Lines 99 101: We will change ca. to approximately to prevent confusion. 

Line 137: Indeed, some of the parameters were determined from model simulations, that did not 

contain benthos. However, there is no conflict in using those parameters for predicting a current 

species distribution. The reviewer specifically questions if mud content and shear stress can be 

determined without benthos. The term shear stress should not be mistaken for critical shear stress 

for erosion. The latter is indeed strongly impacted by benthos, but the former is primarily depending 

on the hydrodynamics at the sediment-water interface. For the prediction of species distribution, 

bottom shear stress but not critical shear stress for erosion were used.  

The applied mud contents are based on measurements (not simulations) and was used as a proxy for 

estimating species distribution. It is correct that benthos strongly impacts local mud content (and 

vice versa), but the induced small-scale changes may accumulate on time scales of years to decades 

to generate a large-scale effect. We agree that a more adaptive species distribution, which includes 

the mutual and dynamic feedback between mud content and benthos would be more accurate. This 

was however, out of scope in this study.  We assume that other environmental parameters which 

were based on simulations and used for the estimation of species distribution such as inundation 

time or salinity are not significantly influenced by benthos. 

Line 209: Instead of “vegetation proof”, we will use the term “vegetation cover” 

Table. 3: Please see our response to comment 1. 

Lines 256-258: Actually storms were mentioned earlier in chapter Model setup for the study area in 

line 230. However we do understand why it was easy for the reviewer to overlook this point. In line 

230 we only mention storms once and point to the supplementary. We will add another brief 

explanation here on how storms are implemented and extend the description in the supplementary.  

Lines 306-320: We agree and will add a remark earlier in the text. 



Lines 321-328: We agree and will update the abstract accordingly. 

Figure 6b. This is true, caption and axis are inconsistent. We will improve this figure to provide more 

precise and quantitative information. The caption inconsistency will also be corrected. 

Figure 7b: Plot 7b is not our work, but was adopted from Ritzmann and Baumberg (2009) with 

permission (as indicated in the caption). This plot is based on measurements and the “greenish grey 

area” indicates the area where no measurements were made. We will add this information to the 

caption. 

Figure 7: One of the main purposes of this study is to show that simulation results are significantly 

improved if benthos impact is added. In order to prove this, we used historical morphological data, 

and data indicating the sediment change for model assessment. The sediment change data are 

shown in figure 7b. These data and this plot were not created by us, but adopted from Ritzmann and 

Baumberg (2009) with permission. The plot depicts the sediment change in terms of flat type change. 

Unfortunately we were not able to get the raw data that were used to produce the plot. We agree 

with the reviewer, that it would be more useful to compare composition changes and temporal 

transitions maps from one flat type to another. Because of lack of field data we had to stick to the 

flat type change comparison. 

In order to avoid confusion here, we will provide explanation in the text on why flat type comparison 

was chosen, rather than actual composition change. 

Technical Edits: 

Line 129: Will be changed as suggested by the reviewer. 

Figure 7 caption: NLWKN (“Niedersächsischer Landesbetrieb für Wasserwirtschaft, Küsten- und 

Naturschutz”) is state agency that is subordinate to the German state administration. We will explain 

this in the text. 

Line 500: Will be changed as suggested by the reviewer. 

   

 

 

 

 

 

 

 

 

 

 

 

 



Reply on RC2 

We thank Referee #2 for the constructive comments that have helped us to clarify and improve our 

manuscript.  Our responses to the specific questions/requests (in bold & italic) are listed below. 

 

1. “(…) the naming conventions (as those presented in Table 3) are confusing for a casual reader.”  

 

Thank you for pointing this out. We have improved the description in naming the functional groups 

and parameter settings in the associated sensitivity model runs.  

Abbreviations for the functional groups, seasonality, hydrodynamic forcing and sediment parameter 

are: 

Biomixers = mix 

Accumulators = acc3 

Stabilizers = sta 

Seagrass = gra 

Inclusion of all four functional groups = all  

Abiotic model run without consideration of any benthos effect = abio 

Seasonal variation of benthos excluded/included = no / abbreviation of specific functional group(s) 

Hydrodynamic forcing excluding/including storm surges = T / TS 

Hydrodynamic erosion rate by default / increased by factor of 10 = 1 / 10  

 

The experiments are named by combination of the different model features separated by an 

underscore and read as:  

Modeled functional groups_Seasonality_Hydrodynamics_Erosion Rate  

 

A full set of experiments with the modified names is provided in the updated Table 3, including  

all_no_T_1 

all_no_TS_1  

all_mix_TS_1  

all_all_TS_1 

mix_no_T_1 

mix_no_TS_1 

mix_mix_TS_1 

sta_no_T_1 

sta_no_TS_1  

sta_sta_TS_1  

sta_no_T_10 

sta_no_TS_10  

sta_sta_TS_10  

acc_no_T_1 

acc_no_TS_1  



acc_acc_TS_1  

acc_no_T_10 

acc_no_TS_10  

acc_acc_Ts_10  

gra_no_T_1 

gra_no_TS_1  

gra_no_T_10 

gra_no_TS_10  

abio_no_T_1 

abio_no_TS_1  

abio_no_T_10 

abio_no_TS_10  

 

A short description on how storms were implemented was shown in the supplementary material. We 

will expand this paragraph with a more detailed description. 

 

2. “While you chose the model runs to optimize RMSE, it is not possible to evaluate the effects of 

the different biological groups if the baseline hydrodynamics are not the same.”  

 

We agree, that the baseline hydrodynamics should be the same. This will be updated in the plots in 

the revised manuscript. Nevertheless, the main message and interpretations are not affected. 

 

3. “However, I worry that readers (who would cite your paper) may use your results to say that in 

general seagrasses don’t affect morphodynamics, which is not always true.”  

 

Indeed. This is a misleading message which our study would like to avoid. Despite that seagrass 

impact is less striking when compared to the major impact by bioturbators in the Jade Bay, seagrass 

meadows are indeed impactful and can change the morphology by several centimeters and up to 

tens of cm within a few years. More important is that seagrass meadows can modify the 

hydrodynamics and thus morphodynamics at scales well beyond their habitat. The discussion will be 

updated in this regard, highlighting that the differences in impact of different functional groups is 

strongly depending on their distribution and abundance/biomass, which can vary strongly among 

different sites. We will also add more references in the discussion highlighting the impact of seagrass. 

 

4. “Need additional results figures besides just maps. The maps only qualitatively show 

differences, no way for reader to quantitatively compare.”  

 

We will add quantitative comparisons on the benthos effect in tidal channels and tidal flats. The 

newly added figure will show the average depth change in the channel as function of the distance 

from the tidal inlet for different biotic and abiotic runs and the depth change at the tidal flats as 

function of distance from the tidal inlet. It will be clear from this figure that, according to the 

measurements, the main channel have accumulated abundant sediment during the investigated time 

period, which was reproduced by the simulations including biomixers while other simulations failed. 

 

The new figure and interpretation will be added to the main text. 

 

The other two suggestions from the reviewer to create new maps were not realized for the following 



reasons: 

A graph with the distance that effects from benthos extends across domains is in principal possible to 

create. In case of the seagrass this can be done since it is very locally distributed. For other species 

however, this is not feasible since they are spread over the whole domain. And only considering 

areas with high biomass may lead to wrong results since benthos impact in region of small benthic 

biomass might be higher than in regions of high biomass depending on hydrodynamics (Cozzoli, 

2016). 

The third suggestion is about comparison between distal and proximal effects. This suggestion is 

similar to the previous one. If we understand the reviewer right, he/she asks for normalization of 

benthos impact of morphology, normalized by the metabolic rate of the different species. This is 

indeed a very interesting suggestion, which however we can unfortunately not realize. The reason is 

that for stabilizers and for seagrass no metabolic rates are known. Their abundance relies on rough 

estimates for stabilizers (Widdows and Brinsley, 2002; Daggers et al., 2020) and 2D abundance maps 

for seagrass (Adolph, 2010). Generating estimates for the metabolic rate are possible but will come 

with huge uncertainties. Furthermore it is not clear if the impact of macrophytes and 

micropythobenthos scales similar to the relation between microbenthic fauna and their metabolic 

rate since they are autotrophs and partially immobile.  

 

5. “Please elaborate on why you made certain modeling decisions by either citing more literature 

or discuss the decisions. (…) Additionally, did SSC remain constant for the study period (in real 

life)? (…) Additionally, do you assume that benthos abundance numbers remain constant? (…)”  

 

One of the ideas of this paper is to test the impact of different biological, hydrodynamic and 

sedimentological properties on the model outcomes in order to estimate the sensitivity of the 

morphology. For this reason major benthic functional groups including seasonal changes, storm 

impacts and sediment properties, namely the erosion rate, were investigated. In setups that included 

bioturbators (biomixers) the suspended sediment concentration (SSC) is strongly increased. Higher 

SSC makes the effect of filter feeders more pronounced since there is more material to deposit. Thus, 

making simulations with only accumulators is not sufficient to disentangle their impact in a realistic 

(all benthos) scenario, since their impact will be much weaker compared to those in a combined 

simulation of species. Increasing the hydrodynamic erosion rate by a factor of 10 aims to evaluate 

the effect that accumulators are having in the all benthos run.  

The SSC coming from the open boundary is constant in the model. Likely there will be seasonal 

variability in SSC which we did not implement due to the lack of measurement data. To our 

knowledge there is no existing dataset showing turbidity values over longer time spans and on larger 

spatial scales in Jade Bay. The measurements we were able to find typically cover one or a few points 

measured over one or a few tidal cycles (Götschenberg and Kahlfeld, 2008; Becker, 2011). Measured 

values are in the same range as the one chosen in the paper (Becker, 2011). Other modeling studies 

from the Jade Bay show comparable amounts of suspended sediment as found in our simu lation of 

Jade Bay (Kahlfeld and Schüttrumpf, 2006). This will be emphasized by putting a plot into the 

supplementary, showing the average SSC in the Jade Bay. Explanations and mentioned citations will 

be added to the main text. 

There is unfortunately no field measurements on the inter-annual variability of benthos in the study 

area. We adopted the distribution derived from 2009 measurement. Seasonal variation was 

implemented as a simple function in some of the experiments. Other experiments assumed a 

stationary distribution. As pointed out in Arlinghaus et al. (2021) and Arlinghaus (2023, PhD thesis in 

press), the lack of species abundance/biomass distribution data is one of the major problems 



hindering the development of large-scale morphodynamic modeling. This can/should be improved by 

implementing regular monitoring schemes. We would like to emphasize here that, although the field 

dataset lacks a temporal evolution, it represents the most comprehensive dataset from the Wadden 

sea that is used in a large-scale bio-morphodynamic modeling study, see Table 2 in Arlinghaus et al. 

(2021).  

We will add discussion of each point above in the main text. 

 

6. Consistency in naming. Please improve the consistency with how you refer to benthos 

functional groups/species. (…) 

We agree. This has been clarified in the response to the first major comment. Please see above. 

 

7. You could consider calculating the RMSE for areas with high biomass of the given species 

(for example seagrass) to get at the local effects and normalize for the fact that seagrass is only 

found in a small area compared to more extensive presence of bioturbators. 

This comment is similar to an earlier one (comment 4). Unfortunately, as explained above, the 

normalization regarding biomass of metabolic rate for seagrass and other functional groups is not 

feasible with the data that we have due to large uncertainty. 

 

8. Strengthen answer to research question 2. As is written now, your rational for choosing the 

model runs you show is not compelling. 

We agree that especially the question for combined impacts of benthos is not elaborated thoroughly 

enough. We will do so in the text. 

 

9. Can you isolate the individual contributions of each functional group within All2 run? (…)  

As assumed by the reviewer this is only partially possible since the functional groups interact and 

thus a single functional group simulation can never completely represent the effect that this 

functional group would have when presented with other functional groups. However, one way 

interaction is mediated between functional groups, which is due to the available amount of 

suspended sediment. To reach a comparable level of suspended sediment to the scenarios in which 

the sediment is strongly destabilized by bioturbators, the hydrodynamic erosion rate was artificially 

increased by a factor of 10. A respective note will be added to the text.  

 

10. “Also the approach you take is slanting your results towards bioturbators because they are 

the most abundant. Can you normalize by downsizing to a subdomain (…)”  

As explained in several comments above this is not feasible since biomass values for seagrass and 

stabilizers are not known. To address this we will add a discussion in the main text, pointing out the 

need to further investigate the relative impact of species/functional groups, compared to its biomass 

and metabolic rate. 

 

11. “If unable do 1 & 2 based on model limitations, choose same hydrodynamic conditions. (…)” 

In context of suggestion 1 it is valid to use RMSE to compare the functional groups, even though they 

are presented in different abundances and biomasses. Because it shows, which functional group 

contributes most to the changes observed in the study area. 

If we understood the reviewer right, he/she wants to get answer for the following question: 

“Assuming the same biomass and/or metabolic rate and the same spatial distribution in a patch that 

experiences the same hydrodynamic conditions, which functional group will have the largest impact 

on the morphology? If this cannot be answered, cross out biomass and metabolic rate from this 



question”. 

As mentioned above, answering this question offers sufficient material to make a new study by itself. 

For example, to answer this question we would need to make a new model simulation, choosing a 

small patch where all four functional groups are abundant and on the other hand remove all benthos 

outside this patch (since benthos effect reaches well beyond their habitats). We also need to be 

careful when choosing the patch, since every part of the bay has a unique impact on the overall 

hydro-morphodynamics of the whole system. We believe that answering this question is very 

interesting and worthwhile, but would go beyond the scope of this study and lead to a very lengthy 

but not well streamlined paper. We hope the reviewer would agree with our argument. 

  

Figures: 

In general: 

It is not uncommon to use blue color for erosion and red for accumulation of sediments as can be 

seen in Benninghoff et al., (2019) or Brückner et al.,  (2021). For this reason we prefer to keep the 

color presentation. 

In the choice of the colormap we are limited to a divergent colormap. In order to better distinguish 

the subtle changes, seismic instead of bwr colormap will be used in an updated plot, which has 

higher saturation in color. Additionally the range for the depth change will  be adapted in order to 

emphasize small changes. The information lost, when cropping the colorbar will be compensated by 

the new picture suggested by the reviewer and that will be added to the updated version of the 

paper. It shows the actual depth change in the channel and tidal flats.  

Figure1: 

We agree: Scale bar and North arrow will be added to the plot. 

Figure 2: 

Both common names and cartoons will be added to the figures. That the biomass is constant  will be 

mentioned in the text. 

Figure 3: 

We will keep the Taylor diagram. One of the circles will be changed to a triangle as suggested. 

Figure 4: 

This is a good idea. We will color all model run names that appear in figures.  

Figure 5: 

The figures will be updated according to the new names. Also increased erosion rate is indicated in 

the new model run names. 

As can be seen from figure 4, adding seasonality of bioturbators (biomixers) improves simulation 

results, while adding seasonality of filter feeders into the simulation decreases the model 

performance. This is why All2 (now: all_bio_TS_1) was presented.  

Indeed, the abiotic runs have no seasonality of benthos because they do not include benthos. We 

think it is valid to keep All2 since seasonality is exclusively linked to benthos. 

The order of panels a-d will be changed according to the suggestion. 

Figure 6: 

The figure will be updated by using the new names of the experiment according to the suggestion.  

Figure 7: 

Panels will be reordered as suggested. All2 (now: all_bio_TS_1) is chosen because it has the least 



RMSE. In figure 7 and 5, the aim is to compare the measurements to the best simulation (least RMSE) 

that could be achieved. This does not conflict with having no seasonality of benthos implemented in 

Ref1b and Ref1, because these runs are abiotic (see response to Figure 5). On the other hand, since 

we are comparing to measurements here, that inherit benthos seasonality, it makes sense to 

compare with a simulation which includes benthos seasonality.  

The roman numbers indicating the five areas with pronounced changes are chosen to compare the 

measurements with the simulations. An indication of that will be added to the caption of the figure.  

Figure 8: 

We agree that it makes no sense to compare runs with different forcing. Thus the compared runs will 

be adjusted. 

Indicating the amount of erosion and deposition in the plot is a very good idea. It will be added to the 

figure. 

Figure 9: 

The reviewer’s suggestions will be adopted to update the figure. 

Figure 10: 

We are happy about the reviewers appreciation of this figure! The figure will be further improved 

according to the reviewer’s suggestion. 

 

Line-by-line edits 

line 110: We will extend the description accordingly. 

Line 120: The reference for figure 2b-f will be added. 

Line 124: Common names will be added: 

Line 161: How a and b are calculated is already described in the lines below and stated in the 
equations (5) and (6). However, we found a typo in equation (5). It is corrected as: 

𝑎𝑏𝑖𝑜 = 41.67 ∙ (1+ 𝑀𝑇𝑂𝑇)
0.34 ∙ (1 +𝐵𝐼𝑛𝑑𝑣)

−0.09 

Move paragraph starting at line 288 above previous paragraph: Order of paragraphs will be 
switched 

Line 321: A brief explanation on how to calculate the cosine similarity will be given. 

Line 464-466: A further explanation will be added to the main text. 

Line 85: Correction will be applied. 

Line 93: Correction will be applied. 

Line 157: Correction will be applied. 

Line 365, 369, etc.: Correction will be applied. 

Fig 7b: Indeed we meant “plot” and not measurements. This will be clarified in the caption of figure 
7. 



Line 541: Correction will be applied. 

Line 545 and 551: Correction will be applied. 

Line 552-553: Correction will be applied. 
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