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Abstract

The work examines the drift of pollock eggs and larvae in the Pacific Ocean region adjacent to the southeastern coast of
the Kamchatka Peninsula and the northern Kuril Islands. A model approach is used, combining particle trajectory calcula-
tions using the ICHTHYOP software, ocean reanalysis data, and the results of a regional tidal model. The eggs and larvae
are considered as passive tracers, and their transport from the main spawning ground of the East Kamchatka pollock in the
deep-water canyon of the Avacha Bay was calculated for one month in 2024 and 2025, starting from the observed spawning
date in April.

The main objective of the modelling was to determine the influence of various dynamic factors on particle transport
and the likely locations of their accumulation, where egg development and larval hatching may occur. Identifying these
locations through ichthyoplankton surveys is very difficult. The model calculations did not take into account a number
of factors related to the mortality of eggs and larvae under the influence of environmental changes and predation, larval
activity during development, and other processes of physical and biological interaction. The transport of tracers after
their ascent to the surface in the spawning area was analyzed using background surface currents and those averaged over
the upper sea layer.

The simulation results show that the predicted horizontal particle trajectories depend not only on the different hydrody-
namic conditions for the two years, but also on the consideration of tidal drift. A hypothesis has been put forward regarding
the dynamic conditions favorable for the development and survival of pollock eggs and larvae, under which their drift does
not lead to their transport from the shelf water into the open ocean. Potential areas of particle accumulation in coastal waters
have been identified.

Keywords: Lagrange model, passive tracer, eggs and larvae drift, pollock, tidal currents, FESOM—C, ICHTHYOP, subma-
rine canyon, the Avacha Bay, Pacific Ocean
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MonenupoBanue nepeHoca UKPbl M JIHIMHOK BOCTOYHOKAMYATCKOTO MUHTAS
€ Y4€TOM NPUJIMBHOI TUHAMMKHI

Cratbs noctynuia B peaakuuio 18.09.2025, nocne nopadorku 22.10.2025, npuHsTa B nevats 18.11.2025

AuHoTaIMSA

B pa6ote usyvaercs npeiid UKpbI ¥ TUIMHOK MUHTasl B 06;1acTi TUXOTO OKeaHa, TIpuJIerarolieii K oT0-BOCTOYHOMY
nob6epexnlo noayoctpoBa Kamuarka u ceBepHbiM KypuibckuMm octpoBaM. KMcrnonb3yeTcsi MOaeNbHbII MTOIX0M, coueTa-
IOIINIT pacyeThl TpaeKTopuit yacTuil porpaMMHbIM MoayieM ICHTHYOP, nanHble okeaHCKOro peaHann3a 1 pe3yib-
TaThl MTPWJIMBHOM peruoHaabHOi Monenu. MKpa u TMYMHKY pacCMaTpUBAIOTCS Kak MacCUBHBIE TPAcCePhbl, a UX EPEHOC
13 OCHOBHOTO paifoHa HepecTa BOCTOYHOKAMYATCKOM IMOITYJISIIIUA MUHTAs!, PACIOIOKEHHOTO B IITYOOKOBOIHOM KaHbO-
He ABAYMHCKOIO 3aJliBa, pacCuuThIBajics B TeueHre Mecsiua 2024 u 2025 rr., HauMHasl ¢ HabJIIogaeMoli 1aThl HepecTa
B ampere.

OcHOBHasl 11eJ1b MOAETMPOBAHHSI 3aKJII0YAIACh B ONPeNeIeHUU BIUSIHUASI TMHAMUUYECKUX (haKTOPOB pa3HOit MPUPO-
Il Ha TPAHCITOPT YaCTHUII U BEPOSITHBIX MECT UX CKOILJICHUS, B KOTOPBIX MOXKET IMTPOUCXOAUTD Pa3BUTHE UKPHI U BHIKIIEB
JINYMHOK. BhIIBIEHUE 3TUX MECT MyTeM MXTUOTUIAHKTOHHBIX CheMOK BeCbMa 3aTPYIHUTENbHO. B MOneIbHBIX pacuerax
HE YIUTBIBAJICS Psll (haKTOPOB, CBSI3aHHBIX CO CMEPTHOCTBIO MKPBI 1 JIMYMHOK IO/ BO3ACMCTBUEM M3MEHEHMIT Cpebl
U XUIIHUYECTBA, aKTUBHOCTbHIO TMUMHOK IO MEPE UX PA3BUTUS U IPYTUX MPOLIECCOB (hH3UKO-OMOIOTMYECKOTO B3aUMO-
netictBus. [lepeHoc TpaccepoB Mocie UX MoxbeMa K MTOBEPXHOCTH B 30HE HepecTa aHaTM3UPOBAJICS MPU UCTIOTb30BaHUT
MOBEPXHOCTHBIX M CPENHUX B BEPXHEM CJ10€ MOPsI (POHOBBIX TEUESHUIA.

PesynbraThl MOIEIMpOBaHUS IMOKA3bIBAIOT, UTO MPOTHOCTUYECKKME TOPU3OHTATbHBIC TPASKTOPUYU YaCTUIl 3aBUCST
HE TOJIbKO OT Pa3JIMYHbIX IJI51 IBYX JIeT TUAPOAMHAMUYECKUX YCIOBUI, HO M OT yueTa NpUuBHOro npeiida. BrickazaHo
TIPENITOIOKEHNE O OJIATONPUSITHBIX JIJIST pa3BUTHUS M BBLKUBAEMOCTH MKPBI 1 IMUMHOK MUHTAs IMHAMUIECKUX YCTIOBUSIX,
MPY KOTOPBIX UX Apelich He MPUBOAUT K BBIHOCY C 1Ieb(da B OTKPbIThIN okeaH. OmnpeaeneHbl MOTEHIIMATIbHbIE PAOHBI
CKOIUIEHUM YaCcTUII B TPUOPEXKHBIX BOIAX.

KumoueBbie ciioBa: JlarpaHkeBa MoJieNb, TAaCCUBHBIN Tpaccep, Apeiic UKPbl U TUIMHOK, MUHTAM, IPWIMBHBIE TEYSHUS,
FESOM—C, ICHTHYOP, nogsonHbIit KaHbOH, ABAYMHCKMIT 3a711B, THUXMit OKeaH

1. Introduction

The northwestern Pacific Ocean region adjacent to the Kamchatka Peninsula and the northern Kuril Is-
lands serves as a spawning, feeding, and habitat area for many commercially important fish species. Among
these, the East Kamchatka population of pollock (Gadus chalcogrammus) is notable for its biomass and fishery
importance [1—3]. The spawning range includes deep-water spawning grounds located in the canyons of Ava-
cha and Kronotsky bays, as well as shelf spawning areas off southeastern Kamchatka and around the northern
Kuril Islands [3—5]. In Avacha and Kronotsky bays, spawning also occurs on the shelf, although its scale is small
compared to deep-water spawning. Varkentin et al. [4] report that in some years, roughly 61 % of all eggs are
found in the deep-water canyons, with ~44 % in the ‘Northern’ canyon of the Avacha Bay. This place can be
regarded as the principal center of reproduction for this population.

Spawning in the “Northern” canyon generally occurs at depths greater than 400 m. Spawning timing varies
annually, generally occurring from early March to early May, with a peak in late March—early April. The long-
term mean dates are 13 March for the onset of spawning, 1 April for the peak, and 19 April for its completion [4].

The study area is characterized by specific hydrological conditions. A distinctive feature of the region is the
cold Kuril—Kamchatka Current (KKC) (Fig. 1). Complex bathymetry and a variable wind regime give rise to
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meanders and eddies that strongly affect the hydrological structure of the waters, which exhibit a subarctic type
of stratification [6—8]. On average, water transport in the near-surface layer over the shelf and continental slope
of the peninsula is directed southwestward. During the pollock spawning period, current velocities range from
5to 45 cm/s [9]. Mesoscale eddies 70—150 km in diameter are clearly detected in infrared and visible imagery,
and, according to satellite altimetry, generally propagate in the same direction [10]. Closer to the coast, within
bays and on the shelf, mesoscale anticyclonic structures dominate, whereas in the deep-water area east of the
KKC jet, mesoscale cyclones prevail [7, 10—12]. Field experiments conducted in the deep canyons of the Ava-
cha Bay have revealed the presence of internal waves, likely generated by the tidal cycle [13, 4].

As in other pollock stocks, the East Kamchatka population exhibits fluctuations in abundance driven by the
alternation of generations with differing recruitment strength. The productivity of these generations depends
primarily on survival during the early developmental stages — eggs and larvae. Strong year classes are generally
associated with ‘warm’ periods [14—20], although the mechanisms governing recruitment remain poorly un-
derstood, despite repeated attempts to identify them for different populations. For the East Kamchatka pollock,
a positive correlation has been reported between the abundance of four-year-old fish, the amount of fertilized
eggs, and the mean water temperature [2].

One possible mechanism influencing year-class strength involves the direction of currents over the canyon
system [4]. The advection of larvae hatched within the canyons into open waters may lead to substantial losses
of the developing generation. Building on this hypothesis, it has been shown that the velocity and position of
the main jet of the KKC can have either a negative effect — when the jet approaches the continental slope of the
Avacha Bay — or a positive one when it remains offshore [21]. When the main KKC jet weakens, a stationary
anticyclonic circulation tends to form in the surface layer of the Avacha Bay, which may result in the export of
eggs spawned in the canyons beyond the area favourable for development. Conversely, when the Kamchatka
Current deflects strongly eastward into the ocean, a cyclonic circulation dominates in the bay. Such conditions
are likely more favourable for further larval development and survival.

— 0
| ® <1%
® 1%<..<5% 1 -500
gmlmg:%<...<10%
R 10% 4 -1000
54 N
-1500

-2000
-2500
50° N -3000
-3500
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-4500

156 E 158 E

160" E 162" E -5000

Fig. 1. Bathymetric map of the region (m) with a diagram of the
main flow of the Kuril-Kamchatka Current and the average long-
term distribution of the total amount of eggs caught during the
spawning period (%), based on ichthyoplankton survey data.
The 200-meter isobath represented by solid black line and the
500-meter isobath represented by dashed black line
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Hence, understanding the direction and scale of pollock egg and larval drift, as well as the dynamic oceanic
processes that control it, is essential for clarifying the mechanisms behind interannual variability in recruitment
strength.

It should be noted that no direct field observations of egg drift from the deep canyons of the Avacha
Bay are available; therefore, these hypotheses cannot yet be confirmed or refuted. Direct observation in
natural conditions is currently unfeasible; numerical modelling is therefore the only practical method of
investigation.

For this purpose, a Lagrangian approach is often employed, in which the motion of individual fluid parcels
is traced through space according to the local velocity field [22]. This method enables the reconstruction of
detailed structures such as eddies, circulations, and intrusions, as well as other dynamical features of the ocean,
and allows the drift of particles of any origin to be quantified. In several areas of the Far Eastern Pacific, the La-
grangian framework has already been applied [22—26]; however, for the Pacific waters adjacent to Kamchatka
and the northern Kuril Islands, comparable studies have not yet been conducted.

The aim of the present study is to assess, using a modelling approach, the direction and scale of pollock egg
and larval drift from the deep canyon of the Avacha Bay. To this end, we addressed the following objectives::

— to examine the role of background circulation and tidal currents in the transport and dispersion of pollock
eggs and larvae;

— to determine the drift trajectories of eggs and larvae originating from the deep canyon of the Avacha Bay
using available data and a Lagrangian passive-particle transport model in the spring of 2024 and 2025.

2. Material and methods

Based on the considerations outlined in the Introduction, we selected the Pacific waters off southeastern
Kamchatka and the northern Kuril Islands as the modelling domain for pollock egg drift, with the ‘Northern’
deep canyon of the Avacha Bay (Fig. 1) representing the spawning site. During spawning, eggs were treated
as passive tracers, advected by currents of multiple origins. It was assumed that egg release occurred instanta-
neously at the spawning peak. Although this simplification ignores the natural decline in egg abundance over the
spawning period [27], it provides a first-order approximation suitable for modelling.

Pollock spawning in the canyon during 2024 occurred from 8 March to 2 May, peaking on 4 April [4, 13].
Most eggs were released at depths of 300—400 m, though some early-stage eggs were observed between 200 and
300 m (Table). As they develop, eggs ascend due to their density contrast with the surrounding water. Reported
ascent velocities vary. According to calculations in [28], assuming uniform ascent over the shelf and within the
bays, the vertical drift velocity of pollock eggs ranged from 4.9 m/h (1.4 mmy/s) to 8.6 m/h (2.4 mm/s), where-

Table s in the mesopelagic layer it is roughly an order of

Number of pollock eggs (pcs/m?) based on stratified sampling magnitude lower.

conducted at the head of the “Northern” canyon Moreover, vertical displacement may also be in-

on 4 April 2024 fluenced by external factors. Field observations [13]

Stage of eggs development indicate internal tide amplitudes at the canyon head

Layers, m 1-8 20—21 reaching 100 m, suggesting that eggs could rise by a

0-25 comparable distance within half a tidal cycle. Eggs

25-50 ascending from the 200—300 m layer may thus be

50—100 14 transported out of the canyon’s deep region. Due to

100—200 478 the lack of reliable ascent velocity data, we assumed

200300 that, at the spawning peak, eggs had already reached

300-400 the 0—200 m layer, where subsurface currents domi-
400-500 nate their transport.
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Simulations incorporated background and tidal currents from 4 April (spawning peak) to 2 May 2024, with
the same period used for 2025 for comparison. The model did not account for biotic or abiotic factors affecting
particle survival and dispersion.

2.1 Background circulation

The initial data were extracted from the operational ocean analysis and forecasting system Mercator GLOB-
AL ANALYSISFORECAST PHY 001 _024!. The product is available from 1 June 2022 to the present, with
a 10-day forecast. The system implementation is GLO12v4, and the ocean model version is NEMO3.6. Spatial
resolution is 1/12° (approximately 8 km) with 50 vertical levels. Bathymetry is represented by a combination of
interpolated databases, ETOPO1, and GEBCOS8, with ETOPO1 used for depths greater than 300 m and GEB-
COS8 for depths less than 200 m. The 200-m isobath approximately separates the deep-water canyons from the
shelf region. For drift modelling, hourly zonal and meridional velocity components in the near-surface layer
and six-hourly averages over the upper 200 m of the ocean were used on the original grid. For comparative anal-
ysis of circulation patterns across different years, monthly mean current fields were employed.

The following describes the background circulation relevant to the numerical experiments. Figure 2 shows
monthly mean surface currents for April 2024 and 2025. In April—early May 2025, the KKC jet was well de-
fined, with peak velocities of 0.75 m/s (Fig. 2b). A large anticyclonic vortex in southeastern part of domain was
apparent, while no pronounced mesoscale eddies and meanders were. Velocities over the southeastern Kam-
chatka shelf and slope, including Kronotsky and Avacha bays, remained below 0.10 m/s, doubling locally near
the the Avacha Bay shelf south of the Shipunsky Peninsula and its canyons.

In April 2024 (Fig. 2a), circulation was more complex due to reconfiguration and weakening of the KKC
off southeastern Kamchatka and in Kronotsky Bay, coupled with a northward shift of the large anticyclonic
vortex into the KKC jet zone. Interaction between the eddy and the KKC generated subsidiary circulations in
the deep-water portion of the Avacha Bay, where currents intensified substantially, reaching peak velocities of
0.4 m/s. During some days, reorganized circulation increased background velocities over shallow shelf areas in
both bays to 0.25 m/s (not shown).

a) b)

54 N

52" N |§

50° N L 50" N
156" E 158" E 160" E 162" E 156" E 158" E 160" E 162" E

Fig. 2. Monthly mean surface currents (m/s) for the periods 4 April—3 May 2024 (a) and 4 April-3 May 2025 (b)

Thttps://doi.org/10.48670/moi-00016
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Circulation averaged over the upper 200 m (Fig. 3) resembles surface circulation (Fig. 2) but is slightly
weaker, with more diffuse boundaries between the KKC jet, eddies, and surrounding waters. In shallow areas,
depth-averaging reduces current speeds by over half. Monthly averaging can also obscure some circulation
features. The large southeastern anticyclonic circulation, not visible in the April 2024 monthly mean (Figs. 2a
and 3a), can be tracked in daily mean fields, including its northward shift (not shown). Overall, the circulation
system differs substantially between the two consecutive years, 2024 and 2025. The impact of these differences
on passive tracer transport is addressed in the modelling results.

a) b)

50" N 50° N
156" E 158" E 160" E 162" E 156" E 158" E 160" E 162" E

Fig. 3. Monthly mean currents (m/s) in the 0—200 m layer for the periods 4 April-3 May 2024 (a) and 4 April—
3 May 2025 (b)

2.2 Tidal dynamics

Tidal currents were derived from regional simulations of barotropic tidal dynamics off southeastern Kam-
chatka using the finite-volume model FESOM—C [29, 30]. The model used an unstructured triangular mesh
with spatial resolution adapted to local bathymetry and was validated against tide-gauge observations. Baro-
tropic tidal velocities were computed for the entire study period, including the following constituents: M2, S2,
N2, K2, K1, 01, P1, Q1, Mf, Mm, MS4, and M4. The tidal regime is mixed, with diurnal constituents predom-
inating over semidiurnal components. Compared with global models FES2014 and TPXO9, the regional model
provides a more accurate representation of tidal currents.

As reported in [30], Tidal dynamics in the Avacha Bay canyons are strongly nonlinear, with persistent re-
sidual tidal transport reaching 2 cm s™!, while instantaneous tidal currents may attain 35 cm/s depending on
the tidal phase (Fig. 4a). These velocities are comparable to background currents (Figs. 2 and 3) and can thus
influence egg and larval drift. Residual tidal circulation — tidal currents averaged over a 29.53-day synodic
month — is an order of magnitude weaker than peak velocities but exhibits characteristic along-slope transport
and eddy structures (Fig. 4b). Tidal velocities were interpolated onto the GLO12v4 reanalysis space-time grid,
generating a combined dataset of total circulation that includes tidal currents.
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Fig. 4. Monthly maximum (a) and residual (b) tidal currents
50° N (m s™') in the FESOM—C computational domain for 2024.
R i . i 0 Residual circulation is shown for Avacha Bay and the adjacent
156 E 158 E 160 E 162 E ocean area. Depth contours of 200 m (solid line) and 500 m

(dashed line) are indicated. Corresponding fields for 2025 are very
similar to those for 2024 and are not shown

2.3 Drift model

The Lagrangian particle-tracking software ICHTHYOP? [31] was used to simulate the drift of passive par-
ticles. This tool computes particle trajectories in a Lagrangian framework, updating calculation parameters
at each time step, which allows a more precise solution of the problem [32]. ICHTHYOP is a comprehensive
model designed to investigate the influence of physical (e. g., ocean currents, temperature) and biological (e. g.,
growth, mortality of ichthyoplankton) factors on the drift and migration of fish eggs and larvae. The model
requires time series of velocity, temperature, and salinity fields as input and offers options to specify mortality
thresholds for temperature or salinity, as well as egg size and age. Its output includes detailed records of particle
states and animated tracking of particle positions, with color coding to indicate properties such as age or size.

A key advantage of ICHTHYOP is its ability to incorporate three-dimensional velocity fields, including
vertical velocities. However, no regional model currently provides complete vertical current information for
the study area. All available reanalyses, including the GLORYS dataset used here, lack vertical circulation data.
Consequently, only horizontal velocity fields were employed to address the research objectives outlined in the
Introduction.

The input comprised of the previously prepared horizontal velocity fields (Sections 2.1 and 2.2). Simulation
parameters were as follows: a time step of 1 h and a default background turbulence energy dissipation rate of
1—12 m?/s3. Passive particles were programmed to “bounce” back into the water upon reaching the shoreline;
more complex particle—shore interaction algorithms were not considered. Various parameterizations of physi-
cal (except for horizontal background diffusion) and biological processes were not applied. The initial patch of
passive tracers was centred at 52°54'7" N, 159°01" E at the head of the “Northern” canyon of the Avacha Bay,
with a radius of 2 km and comprising 1000 particles.

3. Results

Six numerical experiments were conducted to simulate ichthyoplankton transport: 1) using background
surface currents, 2) using background circulation averaged over the upper 200 m layer, and 3) using total cir-
culation in the upper 200 m layer including tidal currents for 2024, with equivalent simulations performed for

2 https://ichthyop.org/
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2025 (experiments 4—6). Passive tracers representing eggs and larvae were initialized as a patch at the head of
the “Northern” canyon of the Avacha Bay after ascent into the near-surface layers driven by natural buoyancy
and external factors. Horizontal particle displacement was tracked from 4 April 2024 (spawning peak) to 3 May
2024 and over the same period in 2025. Two additional simulations examined particle drift under tidal currents
alone for the selected periods in 2024 and 2025.

Figure 5 shows the evolution of tracers at weekly intervals for the total circulation in the 0—200 m layer
including tidal currents. The combined panels show that in 2024, particles did not remain over the canyons of
the Avacha Bay but were rapidly transported across the wide shelf of the southeastern coast within the first two
weeks, with a portion (approximately one-quarter of the initial number) advected into the open ocean. During

O 2024
O 2025

54° N 54°N

52° N 52° N

50" N 50" N r

156" E 158" E 160" E 162" E 156" E 158" E 160" E 162" E

c) d)

54° N 54° N

52° N 52° N

50" N r‘ 50" N r‘

156" E 158" E 160" E 162" E 156" E 158" E 160" E 162" E

Fig. 5. Position of modelled particles after 7 days (a), 14 days (), 21 days (c), and 28 days (d) from

the start of the simulation, for total velocities including background currents averaged over the

0—200 m layer and tidal currents. Tracers for 2024 and 2025 are shown in different colors. Depth
contours of 200 m (solid line) and 500 m (dashed line) are indicated
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the subsequent two weeks (Figs. 5b, ¢), spread over the shelf and were entrained into a large anticyclonic vortex.
Some tracers entered the deep-water regions of the open ocean, but most were transported southward along the
rest branch of the KKC over the continental slope. Accumulation along the southern boundary of the domain
between 157° E and 158° E (Fig. 5d) reflects algorithmic limitations in the implementation of boundary con-
ditions in ICHTHYOP. By the end of the simulation period, only a small fraction of tracers remained in the
coastal zone (Fig. 5d).

In contrast to 2024, particle behaviour in 2025 was markedly different, particularly during the first half of
the month. Owing to weak background currents, particles remained over the shallow areas of the Avacha Bay
and the upper reaches of the canyons, while the particle patch expanded through dispersion (Fig. 5a). The patch
gradually migrated southward along the coast (Fig. 5b) and reached the broader shelf only by the end of the third
week (Fig. 5¢), with most tracers remaining in the coastal zone. Dispersion continued, and by the end of the
simulation the majority of particles still occupied the shelf and continental slope as a compact “cloud” (Fig. 5d).
Corresponding animated sequences are provided in the Supplementary Materials?.

The influence of different types of circulation on particle transport in ICHTHYOP is considered further.
Figure 6 shows simulation results at the end of the monthly interval for scenarios with and without specific fac-
tors. It is evident that the choice of velocity fields affects not only the distance travelled from the initial release
point but also the pattern of dispersion. Particles spread furthest when only surface currents were used (Fig. 6a);
in 2024, tracers dispersed widely over the shelf and into the open ocean, whereas in 2025 they largely remained
compact. Note that tidal currents were not included in these simulations.

Simulations using circulation averaged over the upper 200 m (excluding tides) are shown in Fig. 6b. The
final distribution for 2024 in this scenario (Fig. 6b) resembles that obtained with total circulation for 2024 (Figs.
5d and 6d), indicating a comparatively minor contribution of surface currents in this case. By contrast, in 2025
(Fig. 6b), nearly all tracers remained over the shallow areas of the Avacha Bay where the average (in the upper
layer) currents are very weak.

Figure 6c¢, representing a simulation driven solely by tidal currents, clarifies this pattern. Tidal currents
continuously disperse the initial particle patch over a wide area, primarily due to the oscillatory velocity field
combined with nonlinear residual tidal transport (see Section 2.2). This process facilitates the transport of par-
ticles to deeper parts of the shelf and the continental slope, where velocities averaged over the upper 200 m are
sufficient to advect them away from the release site. This is illustrated in Fig. 6d, which corresponds to the total
circulation scenario already described in Fig. 5d.

Simulation results for tracers clearly depend on the prevailing circulation system in the region, including the
accuracy of reanalysis or forecast fields for background circulation. However, a realistic description of drift also
requires consideration of the tidal component of water dynamics. Unfortunately, verification of tracer simula-
tions is not feasible due to the lack of reliable field data on the spatial distribution and dynamics of pollock eggs
and larvae. Nevertheless, it is important to highlight factors that are likely to influence the results and introduce
additional differences between simulated particle distributions and observations.

As noted above, the accuracy of background current estimates — particularly in the coastal zone — undoubt-
edly affects model outcomes. Additional sources of uncertainty arise from parameterizations in ICHTHYOP of
egg and larval development processes, such as mortality due to adverse environmental conditions, which alters
the total number of particles, or larval behaviour at later stages, including vertical feeding migrations, as well as
more complex particle—shore interactions and other factors. Another important consideration is that the actual
number of spawning sites exceeds that used in the simulations, with interannual variations in spawning intensity
and timing. Moreover, ICHTHYOP can incorporate other dynamic processes, such as wind- and wave-driven
drift. Accounting for these factors requires additional input data and greatly increases the number of possible
model scenarios. These processes were omitted here, as the objective was to assess the influence of water circu-
lation on egg and larval transport under identical spawning conditions.

3 Mercator-Fesom-200m_ichthyop Apr2024. URL: https://rutube.ru/video/95287b1{7a5d1e26244b446defbeece6/ (date
of access: 23.11.2025); Mercator-Fesom-200m_ichthyop Apr2025. URL: https://rutube.ru/video/4d0d5Seadb53a22¢9d7f
f1987f169f76f/ (date of access: 23.11.2025)
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Fig. 6. Particle positions at the end of the simulation interval obtained using surface currents

(a), currents averaged over the 0—200 m layer (b), tidal currents (c), and total currents (tidal

plus 0—200 m averaged) (d). Tracers for 2024 and 2025 are shown in different colors. Depth

contours of 200 m (solid line) and 500 m (dashed line) are indicated (panel d is the same as
panel d in Fig. 5)

4. Conclusion

Using the prepared datasets for 2024 and 2025, simulations were conducted to model the transport of passive
particles representing pollock eggs and larvae from the deep-water spawning site at the head of the “Northern”
canyon of the Avacha Bay. According to recent data, this site constitutes the principal center of reproduction for
the East Kamchatka population of pollock. The canyon is considered to provide dynamically favourable condi-
tions for egg development during April—May. As development proceeds, eggs ascend and enter the near-surface
layer, where currents can advect them and the newly hatched larvae into regions with varying thermohaline and
feeding conditions. Vertical particle displacement may also be influenced by external factors, such as internal
tides observed at the head of the canyon.
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Particle drift over the simulation period strongly depends on the circulation established during the spawning
season. Model results indicate that, compared with 2024, particles in 2025 moved more slowly and remained
closer to the coast, in warmer and potentially more food-rich waters, enhancing the chances of ichthyoplankton
survival and subsequent juvenile development. In 2024, a substantial fraction of particles dispersed across the
domain or drifted into the open ocean, where conditions for egg and larval survival are less favourable.

The use of currents averaged over the upper layer, rather than surface currents alone, is justified in this
study, as not all eggs or larvae ascend to the near-surface layer. Simulations using surface circulation data show
that particles reaching the surface are rapidly advected from areas of weak hydrodynamics and dispersed more
widely across the domain. Observations indicate that pollock larvae in the Avacha Bay develop below the photic
layer [27], further supporting the use of currents averaged over the upper layer.

Using the 2025 dataset as an example, it is shown that the addition of tidal currents to background cir-
culation promotes local dispersion of particles and can impart an additional momentum to their movement,
preventing their accumulation in a confined area. The significance of this effect for the survival of pollock eggs
and larvae remains unclear and warrants further investigation, including dedicated ichthyoplankton surveys.

Two preliminary conclusions can be drawn from the results. First, based on the simulations, 2025 appears to
have provided more favourable dynamic conditions for the survival and development of early pollock life stages
than 2024; the extent to which this “forecast” will be realised remains to be seen. Second, the results provide
guidance on where particle accumulation can be expected as a consequence of advection by the circulation sys-
tem. As indicated in Fig. Sc, this corresponds to a coastal region with a characteristic widening of the shelf near
158.5° E, 52.25° N, where both background and tidal currents weaken.

It is evident that the next phase of research will involve the acquisition of new ichthyoplankton data and the
development of a regional three-dimensional model that accounts for the full range of dynamic processes and
the specific hydrology of region.
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