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Abstract

The current lack of high-precision information on subsurface seawater is a constraint in fishery research. Based
on Argo temperature and salinity profiles, this study applied the gradient-dependent optimal interpolation to
reconstruct daily subsurface oceanic environmental information according to fishery dates and locations. The
relationship between subsurface information and matching yellowfin tuna (YFT) in the western and central
Pacific Ocean (WCPO) was examined using catch data from January 1, 2008 to August 31, 2017. The seawater
temperature and salinity results showed differences of less than +0.5°C and +0.01 compared with the truth
observations respectively. Statistical analysis revealed that the most suitable temperature for YFT fishery was
28-29°C at the near-surface. The most suitable salinity range for YFT fishery was 34.5-36.0 at depths shallower
than 300 m. The suitable upper and lower bounds on the depths of the thermocline were 90-100 m and 300-350 m,
respectively. The thermocline characteristics were prominent, with a mean temperature gradient exceeding
0.08°C/m. These results indicate that the profiles constructed by gradient-dependent optimal interpolation were

more accurate than those of the nearest profiles adopted.
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1 Introduction

Analyzing the environmental characteristics of fish activity is
important in fishery oceanography. The basic properties of sea-
water, such as temperature and salinity, have important effects
on fish behavior: different types of fish have different temperat-
ure and salinity requirements (Song and Wu, 2011; Lan et al.,
2017). In the past decades, sea surface observation data were ob-
tained by satellite sensors at various spatial and temporal scales,
which is helpful for fishery research in the open ocean (Laurs and
Fiedler, 1985; Fitza, 1990; Kluger et al., 2016; Lan et al., 2017).
However, many important processes and structures associated
with fishery resource distribution occur below the surface or at
greater depths. As a major component of the ocean observation
system, the increasing Argo array has allowed, for the first time, a
near-global sampling of the upper 2 000 m of ice-free oceans with
relatively small bias since 2005 (Roemmich and Gilson, 2009;
Johnson et al., 2015; Liu et al., 2020). The obtained subsurface en-
vironmental data containing multiple variables and can be used
to better understand the relationships between oceanic environ-
ments and fishing conditions. However, the spatial-temporal
mismatch between fishery and environment data means that the
latter cannot be used effectively in fishery research. Presently, the
integration of available environmental data sources into fishery
data is a challenging but urgent task in fisheries oceanography.

Tuna species are critical commercial open-ocean fish and are
of great ecological importance. For example, the yellowfin tuna
(YFT) can swim at high speeds and exhibit deep-diving behavior

(diving to over 500 m) (Schaefer et al., 2007, 2009). They dive into
deep depths for food and spend about 30% of the daytime below
the thermocline. It is believed that the long-distance vertical
movement of the YFT may weaken the correlation between the
YFT catch rate and sea-surface temperature (Zagaglia et al., 2004;
Schaefer et al., 2011, 2014). Many studies have indicated that the
longline catch per unit effort of the YFT had a closer relationship
with the subsurface water temperature rather than the surface
water temperature. Therefore, the vertical temperature structure,
especially the thermocline distribution, is a vital factor in tuna
fisheries (Langley et al., 2009; Lan et al., 2011; Yang et al., 2015).
Nevertheless, research on the relationship between oceanic in-
terior characteristics and fishery activities is rare because of the
lack of synchronous environmental observations with catch data.
Some studies rely on inversion models, climate-gridded
products, or finding the nearest synchronous observation (Song
and Wu, 2011; Klemas and Yan, 2014; Yang et al., 2015). Subsur-
face data retrieved from satellites or climate products have the
problem of spatial-temporal mismatch. When the distance is sig-
nificant, the nearest synchronous observation may describe the
environment imprecisely or unilaterally. It is necessary to devel-
op an approach to solve this problem.

Optimal interpolation (OI) is an objective analysis method
proposed by Gandin (1963). OI equations can be easily derived as
a variation problem to find a vector of estimates that minimizes
the total error variance of the field being estimated (Wikle and
Berliner, 2007). The estimator is unbiased and linear between the
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observations and the first estimate (a priori estimation) of the
field. It has been widely used to calculate the gridded analysis
data for ocean numerical models (Bonanno et al., 2019; Burgess
and Webster, 1980; De Feis et al., 2020). Zhang et al. (2013) pro-
posed the gradient-dependent correlation scale method, which
uses the horizontal gradient change of oceanographic elements
to estimate the correlation scales in the OI. This scheme, named
gradient-dependent OI in the following, effectively extracted
shorter wavelength information in zones with a large gradient
(Zhang et al., 2015). It provides a new perspective for construct-
ing real-time environmental information of fishing sites using a
point-to-point method. The optimal weighted average is expec-
ted to provide results close to real observations. Then, we provide
a data basis for better study of the fish living environment.

In this respect, this study applies the gradient-dependent OI
to obtain high-resolution subsurface data from the Argo array ac-
cording to YFT fishery dates and locations in the western and
central Pacific Ocean (WCPO). The results were used to determ-
ine the most suitable environmental conditions for YFT fishing.
The fishery and Argo observations and the principle of the meth-
od are described in Section 2. In Section 3, we verify the results
and apply them to validate the relationship between fish activit-
ies and the subsurface seawater environment. We discussed the
suitable temperature and salinity vertical distribution for YFT in
Section 4. Finally, in Section 5, we present our conclusions.

2 Materials and methods

2.1 Fishery and environment data

Daily fishery data from the WCPO purse seiners were ob-
tained between January 1, 2008 and August 31, 2017 from 14
ocean-going fishing vessels (Jinhui 1, 2, 3, 6, 7, 8, 9, 18, and 58,
Pohnpeil, LOJET, LOMETO, LOMALO, and MAJUROL1) of the
Shanghai Kaichuang Fishery Co., Ltd. (SKFC). These data in-
cluded the date, longitude, latitude, operation type (free-swim-
ming and fish-aggregating device used), ship name, daily catch
per ship, and other production information. The amount of free-
swimming was small, and we selected the fishery data of the fish
aggregating device (FAD) used only (Fig.1a). There were 6 354
fishery points used in this study. These fishing vessels have simil-
ar fishing capacities. Therefore, this study ignored the influence
of ship properties on fishery catch data. We adopted the daily
output per ship as the catch as the measure of the resource
abundance.

Two categories of environmental data were collected in this
study: Argo profiles and WOA18 gridded data. The former were
derived from the China Argo Real-Time-Data Center (ftp://ftp.
argo.org.cn/pub/ARGO/global/). These include temperature, sa-
linity, and pressure, which are processed in real-time and
delayed-mode quality control (Tong et al., 2003; Liu et al., 2006).
We collected Argo observations for the same period as the YFT
catch data in the WCPO. A radial distance of 500 km was set to
ensure that more than five Argo temperature and salinity profiles
were obtained at every fishery point each day. Only profiles loc-
ated within the specified range were used to establish subsurface
environmental information for fishery points at depths between 5 m
and 1 500 m. A total of 62 726 Argo profiles surround the 6 354
fishery points. Figure 1a displays the locations of fishery points in
August 2017 and their corresponding Argo profiles within the ef-
fective radius. The frequency statistics of the available Argo ob-
servations surrounding every fishery point are shown in Fig. 1b.
All fishery points have more than 10 and sometimes as many as
35 environmental profiles within the specified range. Most fish-

ery points have 15-23 available profiles. The World Ocean Atlas
2018 (WOA18) gridded data were used to calculate the horizont-
al gradients and provide the first guess field via bilinear interpol-
ation at each fishery point. Two gridded datasets, longitude, latit-
ude, pressure, temperature, and salinity were downloaded from
the Ocean Climate Laboratory of NODC (https://www.nodc.
noaa.gov/OC5/woal8/). These data have a pixel resolution of
(1/4)° and span the area from 30°S to 30°N and 120°E to 140°W.

2.2 Gradient-dependent OI

The purpose of the scheme was to obtain an optimal analysis
value for the goat point based on least squares theory. The ana-
lysis results at the fishery point was used as the background value
plus the innovation value weighted by the optimal weights. As for
the fishery point influenced by M observations, the standard ana-
lysis equation is given by Eq. (1). A critical part of the scheme is to
estimate the optimal weights. According to the minimum vari-
ance theory, the optimal weight can be determined by solving
Eq. (2) (Kalnay, 2003):

M
U=+ widy, (1)
J
M
> w4 mawie = py, k=1,-- M, )

J=1

where v/ is the analysis value and v can be any environmental
variable, such as temperature or salinity. The first estimate v was
given by the WOA18 monthly data via bilinear interpolation. The
subscript i denotes the number of fishery sampling points, and j
and k denote the number of available Argo profile sites. For ob-
servational increments, 8y; :yj‘?fH(vj’-’), the observational operat-
or H converted the background field into the first guesses of the
observation )7. In this study, a radial distance was set to ensure
that only the Argo profiles located within a specified range sur-
rounding each fishery point were counted. Each increment has
an optimal weight wix associated with the background error cor-
relation, p; and p;.. where py, 1y are the correlations between
the background errors at the two observational points, j and k,
and at the fishery and observation points i and k, respectively. 7 is
the mean square of the relative observation errors compared with
the background errors, which was frequently “tuned” to vary the
weights of the observation. We used the value of 7= 0.25 for the
Pacific Ocean in this study (Zhang et al., 2015). The correlations
are usually assumed to follow a Gaussian exponential function
(Zhang et al., 2013):

iy ~ exp C—x)® i) 3)
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where x and y are the longitude and latitude, respectively, and
Ly /G depend on the Rossby radius of deformation and the hori-
zontal gradient changes, which define the background error cor-
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Fig. 1. Location of YFT fishery points and the available Argo observations. a. The YFT fishing locations in the WCPO and the locations
of fishing locations and Argo profiles during August 2017; b. the frequency statistic of observation number surrounding each fishing

point.

relation scale. Ly is the correlation scale that can be obtained
from the scale parameter multiplied by the cosine function of the
latitude (¢) at fishery sampling point i. The radial distance was
set to 500 km when constructing high-resolution profiles to en-
sure that a sufficient number of observations were considered.
The parameter G, calculated using the WOA18 climatological
data, is associated with the horizontal gradient (s) at location i. It
contains a zonal component (Gx) and a meridional component
(Gy). The Gaussian functions presented in Egs (3-5) provide an-
isotropic background error correlations at each fishery point.

3 Results
According to the algorithm described in Egs (1-5), we ob-
tained 6 354 temperature and salinity profiles based on Argo ob-

servations. Each profile was obtained on the same time (day) and
location as the YFT fishery data from January 1, 2008 to August
31, 2017, in the WCPO. The vertical depths (5-1 500 m) were di-
vided into unequally spaced 24 layers.

3.1 Verification of the results

We randomly selected 30 Argo T/S profiles as the “true” ob-
servations and constructed the analysis profiles according to the
Argo observation locations using the gradient-dependent OI
shown in Section 2.2. The true observations at each location were
not included when we constructed the analysis profiles using the
Argo observation profiles located within the specified range.
These analysis profiles were then used to verify the algorithm by
comparing them with the corresponding “true” observations.
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The verification was carried by calculating the root mean square
errors (RMSEs) and differences between analysis and “true” ob-
servations. The RMSEs of analysis results and those of nearest
profiles at the depth range of 5 m to 1 500 m were shown in Fig. 2.
Figure 3 displays the temperature and salinity differences
between analysis results and “true” observations at depths of 5 m
to 500 m.

It can be seen that both temperature and salinity have larger
RMSEs and differences at the upper depth than at the deep
depth. The temperature differences were no more than 0.50°C
and salinity differences were less than 0.01 above 500 m. Figures 3a
and c indicate that the differences were near zero in the middle
and deep layers. The maximum temperature RMSE is approxim-
ately 0.4°C. If the nearest temperature profiles are adopted, the
corresponding RMSEs exceed 0.4°C at depths of 50 m to 300 m,
which are the principal activity layers of YFT (Fig. 2a). As for the
salinity RMSE (Fig. 2b), the difference was more significant. The
salinity RMSEs of the analysis results present a value of less than
0.02 at a depth of 5-1 500 m. At the nearest profiles, the salinity
RMSEs are all larger than 0.04 above 300 m.

In other words, the analysis results were very close to the ob-
servations. Near the surface, the temperature and salinity differ-
ences were relatively significant. There were one-third profiles
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whose temperature differences are in 0.4-0.5°C at a depth of 5 m
(Fig. 3b). At a depth of 10 m, 11 profiles in 30 had salinity differ-
ences of 0.006-0.01(Fig. 3d). The lack of surface observations in
most Argo profiles made the true values scarce at 5 m, and the ac-
curacy was lower. The salinity observations with more significant
variances because of the salinity sensor drift at the near-surface
would influence the accuracy of the analysis. However, most
temperature and salinity differences at depths greater than 150 m
were less than 0.2°C and 0.002, respectively. At depths deeper
than 300 m, temperature RMSEs are less than 0.1°C, and salinity
RMSE:s are close to 0 for the analysis results. The nearest RMSEs
are large, with a maximum RMSE of approximately 0.9°C for tem-
perature and 0.17 for salinity, as shown in Fig. 2.

3.2 Application and analysis

The temperature and salinity profiles of 6 354 constructed us-
ing Eqs (1-5) were applied to discuss the relationship between
the YFT catch data and several oceanic environmental factors, in-
cluding temperature, thermocline, and salinity, using frequency
statistics and contrastive analysis. Most of the YFT catch values
corresponding to these profiles were concentrated in 1-50 t. To
give the general vertical characteristics clearly, we interpolated
the temperature and salinity of each water layer to YFT catch val-
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Fig. 2. Root mean square errors (RMSEs) of 30 sample points from the analysis results (indicated by dots) and nearest profiles

(indicated by circles) at a depth range of 5 m to 1 500 m.



120 Zhang Chunling et al. Acta Oceanol. Sin., 2022, Vol. 41, No. 2, P. 116-126

Temperature-difference/°C
0 0.1 0.2 0.3 0.4 0.5

EET .

— o I 0-0.1°C
5 Frpaeeeen G e e e I 0.1-0.2°C
0.2-0.3°C
10 EETg L3 L 0'370'40(3
[ 0.4-0.5°C
16 I >0.5°C
20 B
© = 15
§ KB = I L T T
B . 19
':'::; N St O T T T
1
£ 2100 T L TR
= g
S Q
] 5125 e e
3
16
>
% 150 FF tdreroormresrmnriomes i man e
£
E 200 [ e L
o Pl 10 e
17
300 ferrrrrrrernenn i ST
9 21
400 e e b
27
500 3 L L L L )
5 10 15 20 25 30 0 5 10 15 20 25 30
Fishery point Fishery point
Salinity-difference
0 0.002 0.004 0.006 0.008 0.010
0
5 I 0-0.002
N 0.002-0.004
0.004-0.006
10 0.006-0.008
100 I 0.008-0.010
b = T T R ERE LR T T _ >0.1
30
3
g 50
=
200 %
s 30
\E Ab TOO freerrmme e o ae e e
g E
= = 30
a & 125 prevrssriinnniin
=)
300 z 30
S 150 ..................................................
=
g 30
D 200 frrmrrrrerrm e e
30
250 ..................................................
400
30
300 [rrrerrrrirrn i
30
400 ......................................... d .
30
500 500 * * * * *
5 10 15 20 25 30 0 5 10 15 20 25 30
Fishery point Fishery point

Fig. 3. Temperature and salinity differences between 5 m to 500 m at each fishery point. a and c show the vertical difference
distribution, whereas b and d are the difference frequency at each depth.

ues of 1-50 t. The temperature and salinity sections with the the thermocline parameters and YFT catch is shown in Fig. 7 and
change in catch are displayed in Figs 4 and 5. The YFT suitable = Table 1.

temperature and salinity were statistically significant at 5 m, 150 m, Figure 4b shows the general characteristics of the temperat-
and 300 m, as shown in Fig. 6. Finally, the relationship between ure distribution corresponding to different catches. At the fishery
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Fig. 4. Temperature section at the depth range from 5 m to 100 m

(a), 5m to 500 m (b), and temperature curves at 5 m and 100 m (c)

for different catch. The temperatures at every water layer were interpolated to the catch sequence. C. I indicates the contour intervals.

ground, the near-surface temperature was approximately 30°C.
The temperature remained high (>27°C) up to a depth of 100 m.
At a depth of 300 m, the temperature decreased significantly to
12°C. There was an evident thermocline corresponding to each
catch value. When the catches were larger than 25 t, the temper-
ature isopleths tended to be smooth. In contrast, the temperat-
ure fluctuated greatly with the catch change when the catch was
small. The vertical temperature characteristics at the upper
mixed layer (<100 m) are clearly displayed in Fig. 4a. It can be
seen that many fishery points with lower catches had surface
temperature values of 30°C at depths lower than 50 m and had
temperature values of 28°C at depths of 50-100 m. At the fishery
points with higher catches, their temperature was concentrated

in the range of 28.5-29.5°C at depths of 5-100 m. The temperat-
ure curves shown in Fig. 4c clearly demonstrate the similar
trends: (1) when the catches were higher (>25 t), the temperat-
ures tended to be stable. Otherwise, the temperatures had large
fluctuations at the YFT fishery points with lower catches. (2) At
the near-surface, the temperatures of the fisher points with high-
er catches were slightly colder than those with a lower catch.
(3) At all the fishery points, the vertical temperature change had a
value of approximately 17°C at a depth of 5-300 m.

Figure 5 shows that the relationships between the YFT catch
weights and seawater salinities had similar characteristics with
temperature. Overall, the salinities presented high values of
35-36 at depths of 50-300 m (Fig. 5b). The near-surface salinity
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was approximately 34.5-35.5. Most salinities derived from higher
catches (>25 t) were 34.5-35 at depths lower than 50 m. At the
fishery points with lower catches, the near-surface salinities were
concentrated in 34-35 (Fig. 5a) with salinity values near 35.5 at a
depth of 150 m (Fig. 5¢). When the catches were higher than 25 ¢,
the salinity differences between the depths of 5 m and 150 m
were less than 0.5. The vertical salinity change was smaller than
that in the lower catch fishery points.

According to their weights, the YFT catches (daily output per
ship) were divided into two groups: higher catch (>25 t) and
lower catch (<25 t). Three representative layers (5 m, 150 m, and
300 m) were selected, and five parts were divided at each depth
according to the temperature and salinity scale. Figure 6 displays

the statistical results for suitable temperature and salinity for the
YFT.

At the near-surface (<5 m), the suitable temperatures and sa-
linity were 28-29°C and 34.5-35.0, respectively (see Figs 6a and b).
The higher catches had smaller variations, and the lower catches
had a large number of higher temperatures (> 30°C) and lower
temperatures (<27°C). When the salinities were in the range of
35.0-35.5, the catches increased. However, the catches were
lower with a salinity larger than 35.5 or smaller than 34.0. Suit-
able temperatures were 22-23°C at a depth of 150 m. This can be
represented by both catch groups (Fig. 6¢). Figure 6d shows that
the suable salinities had a larger value of exceeding 35.6 at a
depth of 150 m. When the salinities were between 35.4 and 35.6,
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the YFT were frequently active. At a depth of 300 m, the most
suitable temperatures and salinities were 11-12°C and 34.5-35.0,
respectively, just as shown in Figs 6e and f.

Thermoclines can be clearly observed in the upper ocean
where the YFT migrates mainly. The thermocline, or the vertical
temperature gradient, is an important factor influencing the YFT
activities. Figure 7 shows the characteristics of the thermocline
parameters corresponding to different catchments. The depth
and strength of the thermocline were calculated using the max-
imum angle method (Chu and Fan, 2011). Here, we considered
only the seasonal thermocline that existed in the top layer. The
thermocline parameters were obtained first according to the
Argo temperature profiles surrounding each fishery point. These
parameters were then merged with the fishery points using the
method described in Section 2.2. The thermocline parameters
mainly included the upper bound depth (indicated by h1 in Fig. 7),
the deeper bound depth (indicated by h2 in Fig. 7), and the tem-
perature gradient that indicates the thermocline strength (indic-
ated in the gth panel in Fig. 7). The thermocline thickness is rep-
resented by symbol thk.

Combined with Fig. 1, these fishery points were primarily loc-
ated in the tropical western Pacific. The location of the thermo-
cline was evident. Figure 7a shows that most of the upper bounds
of the thermocline (h1) are 50-150 m. At points whose catches
exceeded 25 t, the upper bound of the thermocline was approx-
imately 100 m, which was deeper than that of the lower catch
points. The deeper bound depth of the thermocline (h2) was
between 250 m and 450 m. Most of the large catch points had a
value of 300-400 m. The mean thermocline thickness was ap-
proximately 250 m at most fishery points. Fishery catches were

lower when the thermocline thickness exceeded 300 m. As can be
seen in Fig. 7b, the stronger the thermocline, the lower the catch.
For the higher catch fishery points, most of them had temperat-
ure gradients (gth) of 0.12-0.15°C/m. For the fishery points with
catches lower than 25 t, their corresponding temperature gradi-
ents (gth) were very large (>0.16°C/m) or very small (< 0.10°C/m).
The temperature gradients of the thermocline were larger than
0.08°C/m at all of the fishery points.

Based on their weight, YFT catches were divided into four
groups: < 10t, 10-20t, 20-30 t, and > 30 t. In Table 1, matching
the four catch clusters (< 10 t, 10-20 t, 20-30 t, and > 30 t), the
thermocline parameter ranges with the largest proportion are
given. The h1, h2, thk, and gth results were given by statistics with
intervals of 10 m, 50 m, 10 m, and 0.01°C/m, respectively. The ta-
ble shows that the suitable upper (h1) and deeper bound depths
of the thermocline (h2) were 90-100 m and 300-350 m, respect-
ively. The corresponding suitable thickness was 240-250 m. The
larger the thickness and gradient, the smaller the catches be-
came. The most suitable temperature gradients for YFT were
0.12-0.13°C/m.

4 Discussions

4.1 YFT and vertical T/S distribution

The YFT is a warm-water fish that needs a specific water tem-
perature to inhabit and spawn. Studies have shown that the
highest yield of YFT comes from areas where the surface temper-
ature is approximately 29°C (Wang et al., 2014). The statistical
results indicated that the most suitable temperatures and salinit-
ies for the YFT were 28-29°C at 5 m. Most fishery points with high
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Fig. 7. Statistics for the thermocline variable matching each fishery point. a. The upper bound depth (indicated by h1) and the deeper
bound depth (indicated by h2); b. the thermocline thickness (represented by thk) and thermocline strength represented by

temperature gradient (indicated by gth).

Table 1. Thermocline parameters for different catch (t) groups

<10t 10-20t 20-30t >30t
hl/m 80-90 80-90 90-100 90-100
h2/m 350-400 350-400 350-400 300-350
thk/m 350-360 260-270 280-290 240-250
gth/(°C-m-!)  0.14-0.15 0.14-0.15 0.12-0.13  0.12-0.13

Note: The upper and deeper bound depth of the thermocline are
represented by hl and h2, respectively. Thk and gth indicate the
thickness and gradient representing strength of the thermocline, re-
spectively.

catch values had temperature values of 29-29.5°C. When the
near-surface temperatures were above 30°C or below 28°C, there
were few catches. The vertical temperature decreased with in-
creasing depth. The temperature was reduced to 22-23°C at
depths of 150 m, where the YFT spent 5% of their time staying in
the water layer. The temperature difference between the surface
and 150 m was approximately 8°C. This is consistent with previ-
ous research results (Schaefer et al., 2007; Weng et al., 2009).

Salinity is not as critical as temperature. The suitable near-
surface salinities were found to be 34.5-35.0. The higher the
catch, the smaller the change in the vertical salinity. These con-
clusions are similar to those obtained in previous studies (Song
and Wu, 2011; Yang et al., 2015). Most of the time, YFT lived in
the warm water layer below 100 m and migrated to food in the
upper ocean. The tolerance time of YFT to environmental
changes is limited. They were more suitable for less vertical tem-
perature and salinity changes, as shown in this study.

4.2 YFT and thermocline

The YFT can break through the temperature thermocline and
enter the deep water layers, even deeper than 1 000 m (Schaefer
etal., 2011). However, it was also pointed out that the purpose of
YFT frequently entering deep water was foraging. Thermocline
may influence the diurnal vertical distribution of the YFT by af-
fecting the diurnal vertical distribution of food organisms. Most
of the time, the YFT lived in water layers lower than 100 m but
rarely below 10 m in the western and central Pacific Ocean (Leroy
et al., 2007). Compared with sea surface environmental informa-
tion, the thermocline had a more significant effect on YFT catch.
At the same time, the YFT catches were small when the thickness
and gradient of the thermocline were very large. At the moment
of thermocline formation, the temperature changed dramatically
in the vertical direction. This is not conducive to forming a good
fishing ground. As shown in Table 1, the catches were lower
when the temperature gradient exceeded 0.13°C/m. The central
fishing ground was concentrated in an area with an upper bound
depth of ~90 m. Moreover, tuna were visual and opportunistic
predators, and light was weak in deep water, which reduced the
ability of YFT to hunt. It is difficult to form a fishing ground where
the deep boundary of the thermocline is deep.

5 Conclusions

A new data assimilation algorithm called gradient-depend-
ent Ol was proposed in this study. The purpose of this study was
to verify the effectiveness of gradient-dependent OI in construct-
ing near-real-time (daily) subsurface (5-1 500 m) environmental
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information for fishery data based on Argo profiles. We construc-
ted temperature and salinity profiles corresponding to YFT dates
and locations. These fishery points spanned 10 years, with more
than 6 000 locations in the WOPC. Most of the relative analysis
errors were near the observational errors. Compared with the
Argo observations, the derived RMSEs were less than 0.4°C for
temperature and 0.02 for salinity. In places where the temperat-
ure and salinity changed rapidly, the analysis errors were relat-
ively large. The most significant differences between analysis and
observation were less than +0.5°C for temperature and +0.01 for
salinity.

The most suitable temperatures and salinities for YFT at the
near-sea surface were 28-29°C and 34.5-35.0 at the near-sea sur-
face. As the depth increased, the temperatures decreased to
22-23°C and 11-12°C at depths of 150 m and 300 m, respectively,
and suitable salinities changed to higher than 35.6°C at a depth of
150 m. The upper and lower bound depths of the thermocline
were 90-100 m and 300-350 m, respectively. The thermocline
characteristics were prominent, with a mean temperature gradi-
ent exceeding 0.08°C/m. It is not surprising to see complex envir-
onmental effects on biological populations. Nevertheless, the
simple application demonstrated that the method presented in
this study is effective. The novel approach proposed in this paper
can provide many types of near-real-time environmental inform-
ation based on Argo observations. Other factors, including dis-
solved oxygen and chlorophyll, will be analyzed in future studies.
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