This study employs a Lagrangian particle tracking model to simulate larval dispersal processes
and uses a suite of statistical approaches to characterize dispersal patterns. Clarifying larval
dispersal pathways in this manuscript is undoubtedly valuable for understanding recruitment
dynamics and informing fisheries management. Nevertheless, several methodological
limitations should be acknowledged. Moreover, the overall analyses and conclusions could be

substantially strengthened through more rigorous treatment and deeper conceptual integration.

Response: We sincerely thank the reviewer for reading and commenting on this manuscript. We
have carefully considered all comments and addressed them point by point in the revised

manuscript.

1. The hydrodynamic model used here has been validated against observed current velocity at
selected stations in the previous publication. Given that this study relies heavily on particle
transport pathways, it would be highly desirable to compare modeled trajectories with surface
drifter observations. Such a validation would greatly enhance the credibility and robustness of

the particle tracking simulations.

Response: We thank the reviewer for this valuable comment. The hydrodynamic model and
particle-tracking framework used in this study were adopted from our previous publications
(Xing et al., 2020; Xing et al., 2021), in which the hydrodynamic model was extensively

validated against observed current velocities at multiple stations.

We agree that direct comparison between simulated particle trajectories and surface drifter
observations would provide a valuable evaluation of the particle-tracking simulations.
Although satellite-tracked drifters have documented broad transport pathways in parts of the
region (Moon et al., 2010), these observations were not released from the same spawning
grounds, months, or years as the larval simulations and therefore do not provide a direct
trajectory-by-trajectory validation dataset for the present particle-tracking experiments. As a
result, validation of the particle-tracking results against drifter trajectories is currently not

feasible.

We acknowledge this limitation and note that many larval dispersal studies similarly rely on
validation of the underlying hydrodynamic model (Siegel et al., 2008; Hinrichsen et al., 2016;
Hinrichsen et al., 2012; Huret et al., 2010; Johns et al., 2020; Lett et al., 2010), owing to the
scarcity of suitable drifter observations. Because particle trajectories are directly driven by the
modeled flow field, the demonstrated skill of the hydrodynamic model provides confidence in
the reliability of the simulated transport pathways for passive particles. Nevertheless, future
comparisons with drifter observations, when available, would further strengthen the evaluation

of particle-tracking performance.



2. A point of ambiguity concerns the origin of the particle tracking data: were the larval
trajectories directly adopted from Xing et al. (2020; 2021), or did the authors perform their
own tracking using the hydrodynamic fields from those studies? This should be clarified in the
Methods. Additionally, the hydrodynamic model in Xing et al. (2020) covers 1992-2018,
whereas the manuscript states 1987—-2018; this discrepancy needs to be addressed. The
rationale for splitting the study period into 1987—2004 and 2016 also requires explanation.

Response: We thank the reviewer for this suggestion. We clarify that the larval trajectories used
in this study were directly adopted from the particle-tracking simulations reported in Xing et al.
(2020, 2021); we did not perform new particle-tracking simulations using the hydrodynamic
fields. In those studies, passive particles representing larvae were released throughout the
Yellow Sea in 2016 (Xing et al., 2020) and during 1987-2004 (Xing et al., 2021). In the present
study, we extracted and analyzed only the trajectories of particles released from the larval
release locations defined here. We have corrected the description of the model periods to avoid
implying that a single hydrodynamic simulation covered all years from 1987-2018. The
trajectories analyzed here come from Xing et al. (2021) for 1987-2004 and Xing et al. (2020)
for 2016. We have revised Section 2.2 accordingly. We have clarified this in the Section 2.2 as

below:

Lagrangian particle tracking simulation outputs from Xing et al. (2020) and Xing et al. (2021),
which investigated larval retention of Japanese anchovy in 2016 and during 1987-2004,
respectively, were applied in this study. In those simulations, passive particles representing
larvae were released in surface waters throughout the Yellow Sea (YS). From these datasets,
we extracted and analyzed the trajectories of particles released from the larval release
locations defined in the present study. The hydrodynamic model and Lagrangian particle

tracking model were described as follows.

The particle trajectories analyzed here were taken from Xing et al. (2021) for 1987-2004 and
Xing et al. (2020) for 2016. Details of the corresponding hydrodynamic-model
configurations and validation are provided in those studies. Briefly, the Finite Volume
Coastal Ocean Model (FVCOM) was used to simulate the hydrodynamic fields for larval
dispersal. This model has been successfully applied to study larval retention of Japanese
anchovy in the Yellow Sea (Xing et al., 2020; Xing et al., 2021). The model configuration
features a horizontal resolution of 6.5 km (41 sigma layers vertically), with a mesh of 44,682
nodes and 86,107 grids. The time step was 40 s and hourly current data from the published
simulations were used to drive the particle tracking model. Over 4 months in 2012 and 2013

the model reproduced subtidal current velocities with root-mean-square errors of 0.70 to 3.24
cm/s.



3. The spawning grounds, named the initial positions in the model, partially determine dispersal
pathways and settlement distributions. However, the spawning grounds are approximated as
simple rectangles without considering bathymetric constraints, and their spatial extents are not
fully consistent with those in Xing et al. (2020; 2021) or the cited references. A more thorough

Justification for the chosen spawning grounds geometries is required.

Response: We thank the reviewer for this comment. As noted above, we directly adopted the
particle trajectories from Xing et al. (2020, 2021). In those studies, passive particles
representing larvae were released throughout the Yellow Sea, whereas in the present study we
extracted and analyzed only the trajectories of particles originating from the larval release

locations defined here.

The release locations were represented by standardized rectangular areas to ensure comparable
release areas and particle numbers among spawning grounds. Had spawning grounds with
different spatial extents or irregular geometries been used, differences in release area and
particle abundance could have introduced biases into estimates of dispersal rates and
connectivity. We acknowledge that larval production likely varies among spawning grounds in
nature; however, quantitative information on larval production is not available for the study
region. Therefore, to facilitate unbiased comparisons among spawning grounds, we used
standardized rectangular release areas rather than actual sampling locations or spawning-
ground boundaries. We now emphasize that these standardized release areas should be
interpreted as experimental source regions for comparing dispersal potential, not as exact

reconstructions of realized egg-production fields.

4. In field surveys, eggs are distributed heterogeneously, yet particles are released uniformly
across the spawning areas. The results uncertainty introduced by this simplification should be

assessed or at least discussed.

Response: We thank the reviewer for this valuable suggestion. We agree that egg production
and distribution are heterogeneous in nature and that releasing particles uniformly across
spawning areas and spawning season introduces uncertainty into the simulations. Quantifying
this uncertainty is challenging because spatially explicit information on egg abundance and
spawning intensity is unavailable for the study region. Therefore, we have acknowledged this
limitation in Section 4.6 and note that the simulations represent a simplified approximation of

natural conditions rather than a complete replication of field processes.

Second, although egg production and distribution are spatially and temporally heterogeneous
in nature, particles were released uniformly in space and time in the present study. This
simplification may affect estimates of dispersal rates and connectivity strength among

spawning grounds.



5. The manuscript states that larvae are released in the near-surface layer, but the exact release
depth is not specified—whether at the uppermost sigma level of FVCOM model or at a fixed
depth (e.g., 1 m). Given that horizontal velocity varies vertically, the tracking depth selection

can substantially influence transport pathways. Therefore, a clear specification is required.

Response: Particles were released from the uppermost sigma layer of the FVCOM model. We

have revised it in the Section 2.2 as below:

All particles were released from the center of the grid; and they were released in the surface
layer (the uppermost sigma layer of FVCOM model) as living eggs and larvae for Japanese

Anchovy have typically been found near the surface.

6. The key conclusions are largely predictable: spawning grounds dominating the dispersal
pattern is unsurprising given the wide spatial separation of grounds and complex coastal
circulation; larvae from the Changjiang Estuary can spread into the Japan Sea through the
Tsushima Strait, which has been demonstrated by float drifters and tracking models (e.g., Moon
et al., 2010, particle tracking for jellyfish). The finding that interannual variability contributes
least should be interpreted carefully, as the model’s ability to reproduce realistic interannual
circulation variability has not been independently validated. Further, interannual variations of
spawning grounds and egg numbers are ignored in this study. Analysis of seasonal and
interannual variations of dispersal patterns should be accompanied by more specific
discussions of the circulation dynamics (also plotting some current figures). Moreover,
simulated settlement patterns should be discussed against observational data, to examine

whether they are reasonable.

Response: We thank the reviewer for this thoughtful comment. This comment contains four

separate concerns; we thus address them point by point as below.

(1) We agree that some aspects of larval dispersal patterns identified in this study are consistent
with previous knowledge. For example, the potential transport of larvae from the Changjiang
Estuary to the Sea of Japan through the Tsushima Strait have been suggested by previous
observational and modeling studies. We have added a statement about this in Section 4.5 as:
“This is consistent with trajectories of satellite-tracked surface drifters deployed between the
Changjiang River mouth and Jeju Island in summer from 1993-2003, some of which were
transported to Jeju and Korea/Tsushima Strait (Matsuno et al., 2006; Moon et al., 2010).”
However, the primary objective of this study was not to demonstrate these transport pathways,
but to provide the first quantitative comparison of the relative contributions of spawning ground,

release date, and release year to dispersal patterns and connectivity across the major Japanese



anchovy spawning grounds in the China Seas.

(2) We have deleted the statement from the Abstract that “The relatively minor contribution of
interannual variability compared to spatial factors suggests that management should focus more
on persistent spatial structures rather than short-term fluctuations” to avoid overstating the
influence of spawning year. We have also removed the Conclusion section, as it largely
duplicated information already presented in the Abstract and Discussion. We have added a new

Section 3.2.5 to present the interannual variability in the latitude of the settlement center.
3.2.5 Interannual Variability of Dispersal

Spawning year explained the smallest proportion of variance in geographic position, relative
position, ellipse metrics, aggregation, and the LR and SR indices (Table 1). Interannual
variability in larval dispersal patterns is illustrated in Fig. S2 and further quantified using the
latitude of the settlement center (Fig. 8). For most spawning grounds, the settlement center
exhibited a slight southward shift over time, as indicated by the negative slopes of the fitted
regression lines. However, these trends were weak, as reflected by the low R? values. In
contrast, a slight northward shift was observed for the CJ spawning ground from the positive

slopes of the fitted line.
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Figure 8. Interannual variability in the latitude of the settlement center of Japanese anchovy

(Engraulis japonicus) larvae. S represents the slope of the fitted line.
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Figure S2. Interannual variability in larval dispersal pattern of Japanese anchovy (Engraulis

Jjaponicus).

(3) We have expanded the Discussion (Section 4.2) to address the effects of spawning month
and spawning year on larval dispersal as below. Because the present study re-analyzes
previously published particle-tracking outputs rather than conducting new hydrodynamic

simulations, we did not add new current-field diagnostics. Instead, we expanded the Discussion



to link the observed seasonal shift in settlement centers to the published monthly surface

velocity fields from Xing et al. (2020), as follows:

The settlement center shifted eastward and northward from April to June, but westward and
southward after July (Fig. 5, bottom right panel), a pattern that can be explained by seasonal
changes in circulation. For example, the monthly mean surface velocity fields from FVCOM
around the SDI spawning ground in 2016 showed predominantly eastward and northward
transport from May to June, followed by westward and southward transport after July (Fig.
B6 in Xing et al., 2020). The apparent southward shift in the settlement center over the period
1987-2004 warrants further investigation, given the weak relationship indicated by the low

R? values.

(4) We have added a new Section 4.1 to discuss larval settlement patterns against previous

observation data:
4.1 Larval Dispersal Patterns of Japanese Anchovy

The modeled larval dispersal patterns in the present study are generally consistent with the
observations reported by Wan et al. (2002), partly consistent with those of Wan et al. (2008),
and partly inconsistent with the patterns described by Zhang et al. (2025). In Wan et al. (2002),
larval abundance decreased along a survey transect extending from approximately 120.6°E,
35.9°N to 125.8°E, 33.0°N, consistent with the density gradient shown in Fig. 2b.
Furthermore, along the transect from 123.0°E, 31.0°N to 125.8°E, 33.0°N, larval abundance
peaked near the midpoint of the transect (approximately 125.0°E, 32.5°N), corresponding
closely to the high-density region simulated in the northern East China Sea (Fig. 2b). Wan et
al. (2008) reported the presence of larvae in the vicinity of Haizhou Bay during 2000-2003,
which is consistent with the simulated settlement patterns. In contrast, Zhang et al. (2025)
found relatively few larvae around Haizhou Bay during 20162018, with most individuals
occurring in nearshore waters around 34°N, south of Haizhou Bay. This discrepancy may
reflect the existence of additional spawning grounds that were not considered in the present
study to provide those larvae around 34°N, or the simplifying assumption of passive larval
transport. Incorporating active larval behaviors, such as directional swimming or rheotaxis,
may alter settlement distributions and help reconcile model predictions with observed

patterns. These possibilities are quite interesting and warrant further investigation.

Some specific comments:

7. In Section 3.1 and Figure 2, it should be stated whether the settlement pattern is from a single

model case or integration of all experiments.

Response: We have revised the Figure 2 title as:



Figure 2. (a) Larval settlement patterns of Japanese anchovy (Engraulis japonicus) for
different spawning grounds, integrated across all spawning months, spawning years, and
tracking durations. White areas represent the ocean, grey areas represent land, and each color
corresponds to settlement locations originating from a specific spawning ground. (b) Density
distribution of all settled larvae, calculated as the number of larvae settled in each cell divided

by the total number of larvae.

8. In Section 2.6, the sentence "The factors included spawning ground, travel duration,

spawning year and spawning month" is redundant and should be deleted.

Response: We have deleted the sentence.

9. Citations of Xing et al. (2020) and Xing et al. (2021) should be formatted as Xing et al. (2020;
2021).

Response: We have corrected it.

In the reference list, Chinese author names such as Hao, W., Jian, S., Ruijing, W., Lei, W., and

Yi'an, L. appear to have given and family names reversed.

Response: We have corrected it.
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