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With the development of acoustic data processing technology, it is possible to

make full use of the “chaotic” acoustic data obtained by fishing vessels. The

purpose of this study is to explore a feasible statistical approach to assess the

Antarctic krill density rationally and scientifically based on the acoustic data

collected during routine fishing operations. The acoustic data used in this work

were collected from the surveys conducted by the Chinese krill fishing vessel F/

V Fu Rong Hai since the 2015/16 fishing season in the Bransfield Strait. We first

processed acoustic data into small units of 0.1 nm, then selected the location of

the central fishing ground for grid processing. Because of many zero and low

values, we established a Regional Gridding and Extended Delta-distribution

(RGED) model to evaluate the acoustic density of the krill. We defined the

selection coefficient of grid size by using the coefficient of variation (CV) of the

mean density and the weight of the effective covered area of the grids. Through

the comparison of selection indexes, cells of 5′S × 10′W were selected as a

computational grid and applied to the hotspot in the Bransfield Strait. Acoustic

data reveal the distribution of krill density to be spatially heterogeneous. The CV

of the mean density for 4 months converges at ~15% for cells of 5′S × 10′W.

Simulations estimate krill resource densities in February to be ~1990 m2 nm−2

and to increase to ~8760 m2 nm−2 in May (4.4 times higher). We deem the

RGED model to be useful to explore dynamic changes in krill resources in the

hotspot. It is not only of great significance for guiding krill fishery, but it also

provides krill density data for studying the formation mechanism of the

resource hotspots.
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Introduction

As a key species of the Southern Ocean ecosystem, Antarctic

krill (Euphausia superba, hereinafter “krill”) occupies a central

position in pelagic food webs because it is the main food for many

predators such as fish, penguins, seals, and whales (Murphy et al.,

2007; Atkinson et al., 2009; Trathan and Hill, 2016). The

Commission for the Conservation of Antarctic Marine Living

Resources (CCAMLR) was established by international convention

in 1982 with the objective of conserving Antarctic marine life.

CCAMLR practices an ecosystem-based management approach

and is responsible for the conservation of Antarctic marine

ecosystem. This does not exclude harvesting as long as such

harvesting is carried out in a sustainable manner and takes

account of the effects of fishing on other components of the

ecosystem (https://www.ccamlr.org/). CCAMLR is committed to

precautionary, ecosystem-based management, especially in areas

where a fishery is concentrated (Zhao et al., 2020; Zhao Y. X.

et al., 2021; Trathan et al., 2022). Accordingly, CCAMLR has agreed

that priority items for consideration by the Working Group on

Acoustic Survey and Analysis Methods (WG-ASAM) and the

Working Group on Statistics, Assessment and Modelling (WG-

SAM) should be subarea-scale krill biomass estimates based on

repeated regional surveys and a review of the open-source

Generalized Yield Model (GYM) implementation for krill

assessment, respectively (SC-CAMLR- XXXVIII, 2019,

Paragraph 13.4).

According to the characteristics of krill fishery equipment,

product type, and fishery management, the development process

of the krill industry can be divided into three stages (Zhao et al.,

2016; Figure 1): 1) a development period from 1972 to 1991

(including initial development and first peak periods), 2) a

stagnation period from 1993 to 2006, and 3) a second

development period from 2006 until the present. By the end of

the 2019/20 fishing season, the total annual production of

Antarctic krill (460,000 t) was at its highest level in nearly 30

years. With the development of krill fishery, working groups of

the Scientific Committee (SC-CAMLR) have actively promoted
Frontiers in Marine Science 02
development of technical specifications for acoustic data

acquisition and processing of commercial fishing vessels, to

enable the appropriate application of fishing vessel acoustic

data in krill resource assessment (Watkins et al., 2016; Wang

et al., 2019).

The vast circumpolar distribution of krill (many potential

habitats, Atkinson et al., 2008) and complex food–web

relationships (Trathan and Hill, 2016; Warwick-Evans et al.,

2021) are the obstacles to krill resource assessment. Krill are a

micro-nektonic and move with ocean currents; they do have

some behavioral control of their position in the water column

(Nicol, 2006; Thorpe et al., 2007; Trathan et al., 2022). Therefore,

the size, mobility, and variable behavior of krill are challenges for

acoustic or net sampling (Watkins et al., 2016). On the other

hand, estimating the krill standing stocks based on the acoustic

data is restricted by limited spatial and temporal coverage (Reiss

et al., 2008; Kinzey et al., 2015), particularly in near-shore waters

(Trathan et al., 2022). Although a large number of investigations

(Atkinson et al., 2017) and studies have been conducted on the

assessment of Antarctica krill resources, estimates of their total

biomass and production are still uncertain (Atkinson et al., 2009).

In the Southern Ocean, due to the limitations of various factors,

the large-scale scientific investigations had been undertaken only

twice, one in 2000 (Watkins et al., 2004) and the other in 2019

(Krafft et al., 2021), which were both conducted in Area 48 of

CCAMLR in the Atlantic sector, mostly stations concentrated in

subareas 48.1–48.3 (Supplementary Figure 1).

Generally, the evaluations of distribution and biomass of

marine organisms are based on scientific surveys characterized

by the use of full-time dedicated vessels and pre-planned sampling

designs (Gunderson, 1993).With the increased interest in acoustic

data from fishing vessels, relative noise-mitigation (Wang et al.,

2016), krill identification (Wang et al., 2017a), and statistical

techniques for density estimation (Niklitschek and Skaret, 2016;

Zhao Y. X. et al., 2021) are already under development. The

acoustic method to identify these swarms was established based

on their biological characteristics using a biological swarm

algorithm, which overcomes the limitations of having to use
FIGURE 1

Antarctic krill catch 1970-2020 (CCAMLR, 2021).
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multiple frequencies in traditional frequency-difference

identification methods (Wang et al., 2017a). This method

improved the utility of fishing-vessel-based acoustic data for a

range of objectives, and it was applied and validated based on the

Antarctic krill resources data in the 2019 International Joint

survey (Krafft et al., 2021). Multiple works using commercial

fishing vessel acoustic data were promoted by the ASAM (SG-

ASAM-2017, 2017; SG-ASAM-2018, 2018; SG-ASAM-2019,

2019); the outcomes indicated that fishery-based acoustic data

could be applied to assess krill abundance. The methods using

these acoustic data rationally and scientifically are being

increasingly discussed (Watkins et al., 2016; Niklitschek and

Skaret, 2016; Zhao Y. X. et al., 2021).

Currently, to improve krill fishery monitoring and

management, an important challenge is the estimation of

krill population dynamics in the fishery hotspots (WG-

EMM-2019, 2019; SC-CAMLR-XXXVIII, 2019). Thus, using

fishery-based acoustic data in different spatiotemporal scales is

useful to the assessment of krill density. However, the

applications of the acoustic data collected during routine

fishing operations remain in exploration (Watkins et al.,

2016; Niklitschek and Skaret, 2016; Zhao Y. X. et al., 2021),

and there is no commonly used method. Though the spatial

coverage of these trace tracking acoustic data is less

systematically collected than the data in the general acoustic

survey, these data cover more primary fishing grounds. At the

same time, these data cover the entire fishing season, which can

show the dynamic changes of krill density in fishing hotspots,

and are of value to fishery management. Our objective is to

develop a simple statistical approach to assess the density of

Antarctic krill and an associated coefficient of variation (CV)

using acoustic data collected by the krill fishing vessel from

routine fishing operations.
Materials and methods

Fishing area

Surveys were conducted by the Chinese krill fishing vessel F/

V Fu Rong Hai during the 2015/16 fishing season. The acoustic

data were recorded using a scientific echosounder (Simrad

EK60) at 38, 70, and 120 kHz. The acoustic navigation routes

are depicted in Figure 2. Most fishing effort occurred in the

Bransfield Strait, especially in a hotspot (59.50–57.75°W, 63.50–

62.90°S) within the red polygon (Figure 2B). The bathymetry of

the Bransfield Strait is generally shallower than 1000 m and

characterized by steep slopes between the deep basin alongside

the South Shetland Islands and Antarctic Peninsula. This

topography with large depth gradient changes also complicates

the physical environment of this region, especially the flow field

(Wang et al., 2017a).
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Acoustic data collection and processing

Acoustic data were collected using a Simrad EK60

echosounder system with hull-mounted transducers operating

at 38, 70, and 120 kHz. Echosounder parameters were set in

accordance with CCAMLR specifications (SC-CAMLR-XXX,

2011). Acoustic data were processed using Echoview (v

10.0.298). Krill backscatter was identified using a swarm-based

method (Krafft et al., 2021) at 120 kHz, and a ‘nautical area

scattering coefficient’ [acoustic density, NASC or SA, m
2 nautical

mile (nm)-2] was integrated on a 0.1 nm horizontal resolution

grid and exported for analysis. Detailed information of

transducer specification and transceiver settings during data

collection and the process of data analysis is described in

Wang et al. (2017a).
Statistical approach

After the preprocessing of the raw data, the chaotic acoustic

data were gridded, and the mean value for each grid was

calculated to evaluate acoustic density. In the further

processing involved, we assumed the distribution of krill

population to be relatively random; then we averaged the data

during a month as the monthly mean value, filtering the effect of

tides on krill migration. The processed acoustic data had many

zero and lower values with the horizontal resolution grid of 0.1

nm. We designed the Regional Gridding and Extended Delta-

distribution model (hereinafter RGED model) to make

reasonable use of these data to evaluate dynamic changes of

krill density. This statistical method was verified by the data

collected during the 2015/16 fishing season.
Regional gridding

According to the tracks of the fishing season vessel (to

determine the study area boundary), we selected data from

February–May 2016 from an area of ~1753 nm2 (6013 km2)

within the Bransfield Strait as our study area (Figure 2B). We

designed 10 scenario simulations with different grid sizes. We

divided the grid cells on the basis of the length along the

meridian direction, respectively 1’S (about 1 nm), 2’S,…, 10’S,

with the corresponding length along the latitude direction being

2’W, 4’W, …, 20’W, respectively. Within each grid cell, data

were averaged for each month and treated as independent

observations for that grid and that month.

A principle of grid size selection is that the coefficient of

variation (CV) of acoustic density is relatively small, at the same

time the proportion of effective covered area is relatively optimal.

Accordingly, we design a selection index calculated as CV/

weight of the effective covered area. The weight of the effective
frontiersin.org
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covered area is the proportion of the acoustic data coverage to

the total study area. The smaller the selection index, the better

the grid design. Additionally, we also refer to the common space

between stations and data analysis methods for the design of

fishing resource bottom trawl survey stations.
Extended delta-distribution model

Delta-distribution has been applied to the distribution of

catch-per-tow data from trawl surveys for fish and plankton

(Pennington, 1996; Pennington and Strømme, 1998; Li et al.,

2008). The delta-distribution is a logarithmic normal

distribution that includes data with a sample value of zero,

and its non-zero value part is a logarithmic normal distribution,

that is, the natural logarithm of non-zero value conforms to

normal distribution. The statistical advantage of using the delta-
Frontiers in Marine Science 04
distribution is that the estimator of the mean defined for this

distribution is more efficient than the ordinary sample mean

typically used to estimate abundance within study area strata

(Smith, 1988). Smith and Pennington have conducted many

studies on the application of this method in fisheries resource

assessment (Smith, 1996; Pennington, 1983; 1986 and 1996).

During the data analysis, density data (non-zero value part) are

first converted to natural logarithm, with converted values then

tested for goodness of fit to a normal distribution. The

prerequisite for logarithmic transformation is that there can be

no zeros in the sample. If they conform to a lognormal

distribution, then the model is used for calculation.

Acoustic data are highly skewed to the right and usually have

a cluster of smaller values relatively close to zero. Even after

removing zero values, it is difficult to completely satisfy the

normal/lognormal distribution. Myers and Pepin (1990)

demonstrated that the sample mean and variance are more
FIGURE 2

Study area: (A) CCAMLR Subarea 48.1 topography, (B): F/V Fu Rong Hai track lines, February–May 2016 (color intensity indicates number of
days). The red polygon denotes area within grid 59.50–57.75°W, 63.50–62.90° S.
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robust than lognormal-based estimators of mean and variance of

population abundance if the data don’t follow a lognormal

distribution. Because low values can severely bias lognormal-

based estimators, we suppose the values greater than k are

distributed approximately lognormally (Pennington, 1991;

Kappenman, 1999). Here, k is a value to ensure that the values

greater than it are approximately conforming to lognormal

distribution. The basic principle of the method is as follows

(Pennington, 1996; Folmer and Pennington, 2000).

Let ri be the NASC value of Grid i (i∈n). An alternative

estimator r, as the mean of ri is given by

r =
n −m
n

�y +
m
n
exp �xð Þgm

s2x
2

� �
(1)

Where n is the number of sample values, m is the number of

sample values > k, �y denotes the mean of the value ≤ k, and �x and

s2x are the mean and variance, respectively. Here x=ln(ri) of the

logged values > k, gm(t) is a function of m and t ( t = s2x
2 ) defined

by

gm(t) = 1 +
m − 1
m

t

+o∞
j=2

(m − 1)2j−1

mj(m + 1)(m + 3)… (m + 2j − 3)
·
tj

j!
(2)

The estimator of the variance of ri is given by

var(r) = var(rx) +
n −m − 1
n(n − 1)

� �
s2y +

m(n −m)
n(n − 1)

� �
�y2

− 2
n −m
n(n − 1)

� �
�yrx (3)

where s2y     is the variance of the values less than or equal to k,

and rx is the mean of the values greater than k,

rx =
m
n
exp(�x)gm

s2x
2

� �
(4)

and

var(rx) =
m
n
expð2�xÞ m

n
g2m

s2x
2

� �
−

m − 1
n − 1

� �
· gm

m − 2
m − 1

s2x

� �� �
 

(5)

The standard error (SE) of the mean density is estimated by

SE(r) =
ffiffiffiffiffiffiffiffiffiffiffiffiffi
var(r)

p
(6)

An approximate 95% confidence interval for the mean

density r is calculated as

r ± 1:96SE(r)   (7)

The coefficient of variation (CV) is given as

CV =
SE(r)
r

(8)
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When determining k, we use a Kolmogorov–Smirnov (K–S)

test to determine if the non-zero part of the original data is

subject to a normal or lognormal distribution. For our data, we

consider the k value to be subject to a lognormal distribution.
Results

Sensitivity test of grid size

Using chaotic acoustic data during fishing operations from

February 2016 as an example, the krill density scatter

distributions in the study area in 10 different grid scenarios

are illustrated in Figure 3. The scatter distributions in March–

May 2016 are shown in the supplementary material

(Supplementary Figures 2A–C). It can be seen that when the

grid size is small, there are many zero and low values in the

acoustic data, which is unsuitable for statistical analysis. With

the increase of the grid size, the area covered by grid points

accounts for a larger proportion of the total study area. The

number of grid points and weights of effective areas within the

research area in the 10 scenarios are presented in Figure 4.

Figure 4 also compares the CVs of the mean density for each

scenario. When grid size decreased to<5 nm (meridian), CV

values tended to converge. Few differences in CV were apparent

among months at grid sizes<3 nm (meridian). At a grid size of 5′
S × 10′W, the selection index (CV/Weight of effective covered

area) decreased, with results for the four months being relatively

homogeneous. In the survey designs of fishery resource

assessment, a distance of 5 nm between stations is more

commonly used. Accordingly, we selected the 5′S × 10′W grid

to calculate krill resource density for this region.
Sensitivity test of the k value

The K-S test results of the extended delta-distribution model

are shown in Table 1. After selecting the k value, the distribution

of these data larger than the k value follows lognormal distribution

and passes the hypothesis test of the significance level a = 0.05.

Here the k value is the minimum value, and p-value >0.05 means

the data obey a lognormal distribution. Histogram of the number

of samples with a grid cell of 5′S × 10′W is shown in the

supplementary material (Supplementary Figure 3).
Krill density

Estimated krill density at multiple grid sizes (Figure 5)

reveals similar means, but with some variation in confidence

intervals among grid sizes, especially in high-density months

(April and May). CVs generally increased with changing grid

size (Figure 4). As grid size increased, the sample size used to
frontiersin.org
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FIGURE 3

The scatter distributions of acoustic density for different grid sizes in February 2016. Circle diameter is proportional to krill density.
FIGURE 4

Gridded sample number, weight of effective covered area, coefficient of variation of the nautical area scattering coefficient (NASC), and grid
selection index for different grid sizes.
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estimate mean krill density decreased (Figure 3). Mean density

was not strongly changing with grid size; however, a larger grid

size resulted in greater variation (with larger confidence interval,

CVs) in krill density estimates (Figure 5).

The spatial distributions of acoustic density S1=2A throughout

the study area are presented in Figure 6, wherein differences in

spatial sample sizes used to estimate pooled mean krill density of

krill in fishery hotspots are apparent, with discrepant

distribution in formations. Averaged acoustic density

estimated in the hotspot with a 5’S × 10’W grid cell in

February–May 2016 is presented in Figure 7 and Table 2. Krill

density in the fishing ground is dynamic, and density was very

high toward the end of the fishing season (May). Krill density in
Frontiers in Marine Science 07
February was 1987.4 m2 nm−2 and reached 8757.9 m2 nm−2 in

May (4.4× February values).
Discussion

Statistical approaches

The overall characteristics of acoustic data collected during

fishing operations are disordered. As for traditional bottom trawl

survey data, a proportion of zero or small values exist for

sampling points (nets), and a proportion of sampling points

have high density values. While traditional empirical statistical
TABLE 1 From February to May 2016, the p-values corresponding to k values of the four groups of data and test values at the significance level
a = 0.05 are shown in Table 1.

K-S test Feb. 2016 Mar. 2016 Apr. 2016 May 2016

Number of samples 37 44 52 37

k 0 0 0 3%×r

p-Value 0.0626 0.53 0.126 0.7420
fro
The grid size is 5′S × 10′W.
FIGURE 5

The estimations of nautical area scattering coefficient (NASC) in the hotspot with 10 gridding scenarios in February–May 2016. Error bars
represent 95% confidence intervals of means.
ntiersin.org
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methods generally combine these zero, low, and high values,

model-based methods generally treat them separately and, by

doing so, better describe the resource distribution for an entire

region (Gunderson, 1993; Li et al., 2008). According to the

spatial distribution of krill acoustic density (Figure 6), the

difference between high- and low-density areas is 10 or more

times larger. Areas with high resource densities are inherent

manifestations of the spatial distribution characteristics of fish

populations, with high catch values making the distribution of

resource density very discrete (Pennington, 1996). The working

paper WG-FSA-2021/56 (Zhao X. Y. et al., 2021) regarded high

concentrations of, and high variation in, Antarctic krill resources

to be natural characteristics of krill populations, for which

reason the distribution of the Antarctic krill fishery must be

highly concentrated, and the yield also highly variable.
Frontiers in Marine Science 08
Before using the extended delta-distribution model, we used

the arithmetic average method, re-sampling (Bootstrap) method,

delta-distribution model, and Gamma distribution models to

perform relevant experimental simulations. Each approach has

its pros and cons. When we use classical probability statistics in

the study of data, data must be independent (random variables).

However, the distribution of krill appears to have a degree of

spatial correlation or continuity rather than being purely

random. Here, we assume that the data is random and

relatively independent. The mean density and CV calculated in

our study using the arithmetic average method, Bootstrap

method, and the extended delta-distribution model differed

little (Supplementary Figure 4). On another side, if a data

sample does not obey a normal distribution, the arithmetic

mean method cannot accurately reflect the size characteristics
FIGURE 6

Monthly (February–May 2016) spatial distribution of nautical area scattering coefficient (NASC) values with a 5’S × 10’W grid cell.
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of the variable, because this method is easily affected by the

minimax value (Yuan et al., 2011). Taking this into account, the

extended delta-distribution model in this paper has more

advantages and stronger universality.

The delta-distribution model based on normal distribution

has certain advantages over other methods in dealing with zero

values (Smith, 1988; Pennington, 1996; Li et al., 2008). However,

when processing acoustic data and simply using the delta-

distribution model to analyze them, we find that non-zero data

follow neither a normal nor logarithmic normal distribution, so

CVs are large (Supplementary Figure 4). The extended delta-

distribution model takes this problem into account.

The Gamma distribution model is not appropriate for

analyzing samples with zero values (Smith, 1981). The average

density and mean calculated using this model in monthly samples

without zero values differ little from the extended delta-distribution

model (Supplementary Figure 4). There is no zero value in the

acoustic data of the 2015/16 fishing season applied, so the Gamma

distribution model is applicable. However, if the data series has

zero values, this method is not suitable (Supplementary Table 1).

The non-parametric Bootstrap method based on the

resampling theory of EFRON (Efron, 1979) replicates

observation information on the basis of the given original

sample, does not need to make a distribution hypothesis or

add new sample information, and can carry out statistical

inference on the distribution characteristics of the whole
Frontiers in Marine Science 09
population (Money and Duval, 1993; Zhao et al., 2010; Yuan

et al., 2014). Although the spatial distribution of krill resources

has not been determined, the Bootstrap method does not need

to consider the overall distribution type. Therefore, this

method can be used when there is uncertain data

distribution, or the data layer distribution type is

inconsistent (Zhao Y. X. et al., 2021). The fitting analysis of

the simulation results between the extended delta-distribution

model and the bootstrap method showed high agreement, with

R2 = 0.9895 (Figure 8). In the case of this study, when the grid

size is confirmed with 5′S × 10′W, the number of samples is

around 37–52 (Table 1), so the two methods are both

applicable (Supplementary Table 1) . The bootstrap

distribution is greatly affected by the samples; especially

when the sample size is small, the bootstrap distribution will

be significantly different. In this case, the bootstrap

distribution reflects more the characteristics of the sample

(Hesterberg et al., 2005). Therefore, with the increase of

samples, the extended delta-distribution model might be

more widely applicable.
Monthly variations of krill density

The Antarctic circumpolar current has a strong effect on the

transportation of krill larvae, with the krill population
FIGURE 7

The estimations of the mean acoustic density in February–May 2016 in the fishing ground with a 5′S × 10′W grid cell. Error bars represent 95%
confidence intervals of means.
TABLE 2 Krill nautical area scattering coefficient (NASC) (= acoustic density), and coefficient of variation (CV) of the fishing ground in the
Bransfield Strait in February–May 2016.

Feb. 2016 Mar. 2016 Apr. 2016 May 2016

NASC (m2 nm-2) 1987.4 1280.0 2279.3 8757.9

CV (%) 14.2 15.7 14.8 14.8
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distribution consistent with the overall current direction

(Atkinson et al., 2008; Piñones et al., 2011; Piñones et al.,

2013). For large-to-medium scale krill populations, ocean

currents also influence their distribution, but how these

currents retain or aggregate krill is not well understood (Reiss

et al., 2008; Hinke et al., 2017). The Antarctic Ecosystem

Research Division et al. (2016), indicated that seasonal

horizontal migration of krill led to its accumulation in the

Bransfield Strait, and the slower winter flow retained krill

within it.

The krill hotspot that we report represents an important

central fishing ground that for several months produces high

yield (Ying et al., 2017; Wang et al., 2017b). Krill catch data

statistics for this area reveals that with fishing season

progression, krill fishery production sites gradually

concentrated in the central Bransfield Strait, and by the end of

summer and fishery closure, krill density in this hotspot trended

significantly upward (Zhao Y. X. et al., 2021). The direction of

flow in the northern Bransfield Strait is from west to east, from

the Bellingshausen Sea coastal current to the Bransfield Strait

Current. The southern regional current forms a branch of the

northward Antarctic coastal current from the Weddell Sea into

the interior of the strait (Trathan et al., 2022). Currents from the

Bellingshausen Sea and Weddell Sea intrude into the strait,

providing a source of krill, and affecting changes in their

biomass and biological structure. The special topography of

the Bransfield Strait produces many eddies that provide an

environment for the accumulation and retention of the krill.

However, there are few reports detailing specific inputs and

outputs of krill for this fishery hotspot. The driving mechanisms

for the accumulation and retention of the krill in this hotspot

need further research.
Frontiers in Marine Science 10
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As krill is an important species in Antarctic marine

ecosystems, the change of krill population will directly affect

the entire ecosystem. Under the background of climate change,

the health of the ecosystem has become a global concern. Striking

a balance between conservation and sustainable fishery

exploitation requires long-term monitoring and analysis of

changes in the abundance and distribution of krill, which also

presents a challenge for CCAMLR fisheries management (Wang

et al., 2021). To promote the development of science-based

management, the Commission endorsed a three-component

strategy agreed upon by the Scientific Committee (CCAMLR-

XXXVIII, 2019, para. 5.17; Ying et al., 2021): 1) the krill

population is assessed to estimate a precautionary catch limit

(i.e., the parameter gamma in the Generalized R Yield Model

(GrYM) and the catch rate corresponding to a precautionary

catch limit); 2) regular biomass estimate updates, initially at a

subarea scale, but possibly at multiple scales; and 3) a risk-

assessment framework to inform the spatial distribution of

catches. It is not practical to regularly assess krill biomass by

multi-year large-scale surveys. We explore how to apply acoustic

data accumulated during routine commercial fishing operations

to regionally assess krill density. Although this can only reflect the

resource dynamic in the hotspot, it is a step towards achieving the

goal of krill biomass assessment.
Conclusion

We present RGED model to process and apply “chaotic”

acoustic data collected during routine fishing operations.
FIGURE 8

Fitting analysis of the simulation results (10 gridding scenarios) between extended the delta-distribution model and the bootstrap method.
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Selection indexes calculated by the CV and weight of effective

covered area of grids were screened using the Regional Gridding

process. We then used an extended delta-distribution model to

analyze the gridded data. Acoustic data collected by the Chinese

krill fishing vessel F/V Fu Rong Hai since the 2015/16 fishing

season in the Bransfield Strait were used as an application

example. The results showed that the CV of the mean density

for 4 months converged in a 5′S × 10′W grid cell at

approximately 15%. Our method accurately reflects

characteristics of the spatial and temporal distribution of krill

density in the central Bransfield Strait fishing ground, with

acoustic density in February of ~1990 m2 nm-2, reaching

~8760 m2 nm-2 in May. We demonstrate the RGED model to

reasonably and scientifically analyze commercial fishery acoustic

data collected during the production period to identify changes

in Antarctic krill density and to provide a scientific basis upon

which this fishery can be managed.
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