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Abstract

Chaunax abei Le Danois, 1978, is a bottom-dwelling species caught by bottom trawls in Suruga Bay. In the present study,
we assessed the age and growth pattern of C. abei from Suruga Bay during the period of 2021-2022 for the first time.
The totallength(TL)of the population ranged from 37.4-268.8 mm(mean + SD: 124.7 + 3.64 mm), and the fish weight (W)
between 1.11-491.75 g (mean + SD: 58.40 + 7.25 g). The length-weight relationship was estimated as W =
(2.07 x 1075)TL?°°%(r?=0.937). Age determination was based on annual growth ring counts of transverse sections of
the sagittal otoliths and age ranged from 1to 12 years, with the majority of fish aged 4 (32.79 %) years old. The von
Bertalanffy growth function was used to model the growth, and the parameters were found as: TL.. = 468.1 mm, K =
0.056 year”, to=-0.402 year. This research provides the first results on the growth of C. abei and enriches the regional
fisheries biology database. Furthermore, it presents the primary population data on the growth patterns of one of the

chaunacid species.
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Introduction

The family Chaunacidae (coffinfishes or sea toads) has
two genera, Chaunacops and Chaunax and is
represented by 29 species worldwide (Caruso, 1989; Ho
et al., 2013; Ho and McGrouther, 2015; Ho and Ma, 2016;
Quattrini et al., 2017; Fricke et al., 2018, 2019). Members
of the family are considered benthic species, living at
reported depths from 90 to over 2200 m with nearly
global distribution, albeit absent from both polar
regions (Lundsten et al.,, 2012). The chaunacid
anglerfish genus of Chaunax is a group of medium-
sized demersal fishes which inhabit sandy to rocky
bottomsinthe warm waters of all major oceans and the
Mediterranean Sea (Ho and Ma, 2016). Generally, they
are moderately sized (up to 400 mm in TL)with various
colour patterns, with or without spots on the dorsal
body (Rajeeshkumar et al., 2020). Chaunacid species
have an important role in marine food webs and the
ecology of benthic ecosystems, as predators, feeding

on other fish (Masuda and Allen, 1993).

In the genus Chaunax, only three species inhabit
Suruga Bay, which is located on the Pacific side of
central Japan: Chaunax penicillatus McCulloch, 1915,
Chaunax abei Le Danois, 1978 and Chaunax fimbriatus
Hilgendorf, 1879. Especially, C. abei has round green
spotsin opposition toround and irregular yellow on the
body surface in C. fimbriatus(Lee and Kim, 1999). Thus,
it is distinguished with obvious phenotypic colouration
from other sea toads in Suruga Bay. Even though C.
abeihas beenreported from different marine areas, no
study has been conducted yet to examine its age and
growth characteristics. This is understandable
because of the rarity of individuals and the difficulty in
obtaining a sufficient number of fish, and C. abei’s
restricted distribution range which only occurs in the
southern part of the Japan into the South China Sea
(Nakabo, 1993). In addition, the consumption of
Chaunacid species is quite rare, because they are not
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ahigh proportion of trawl catches, poor supply, and the
lack of demand. Chaunax abei is deemed to be a by-
catch species by fishers. Also, it is considered a non-
economically important asset and often discarded
species in Suruga Bay, despite its biogeographic
importance to Asia. Yet, the current knowledge of this
species is incomplete and lacking, especially on the
population biology of this fish species.

In anglerfish (Lophiidae: Lophiiformes) species, calcified
structures such as otoliths and the illicium (modified first
dorsal fin ray) are frequently utilised to determine age.
Particularly for the species of Lophiidae, a significant
number of researchers have established a standardised
aging approach using the illicium, drawing insights from
the outcomes of workshops and published research
findings(Landa et al., 2002; Garcia-Rodriguez et al., 2005;
Takeya et al., 2017; Senbahar and Ozaydin, 2020; Erasmus,
2021). In particular, some fishery-targeted species are
avoided to remove their heads in order to maintain
commercial value, even if their otoliths are desired for use
(Takeya et al., 2017). In Chaunacid species, a single ray in
the anterior dorsal fin forms the illicium which fitted into a
scaleless U-shaped depression(or rostral chamber)(Smith
and Heemstra, 1986; Caruso and Pietsch, 1987; Ragonese
and Giusto, 1997). However, the illicium of these species
adequately short in terms of length unlike the Lophiids and
a methodology to examine this structure is not well
established yet. Furthermore, no verification data has
been published to show how annual increments have been
oninillicium of Chaunacids. On the contrary, the otolith is
one of the only two calcified structures known to grow
continually throughout the lifetime of fish, even when
somatic growth ceases (Maillet and Checkley, 1990), and
there is no resorption even during periods of starvation
(Campana and Neilson, 1985). Once deposited some
elements are not reworked because the otoliths are
metabolically inert. Thus, it may be possible to access the
life history information retained in the otolith across the
entire lifetime of the fish (Fowler et al., 2004). The
estimation of the age and growth of a sea toad has been
attempted for the first time in this study. Therefore, we
decided to conduct this research with otolith which is a
well-known and studied calcified structure in terms of
determining the age and growth of fishes.

Materials and Methods
Ethical approval

No live animals were used in this study. Fish sampling
was carried out in accordance with the guide for the
care and use of laboratory animals from Tokyo
University of Marine Science and Technology.
Throughout the start to end of this research (including
laboratory works), there was no ethical contravention.

Sampling and measurement
A total of 133 C. abei individuals were obtained from the

seasonal bottom trawls between April 2021 and
December 2022 from Suruga Bay(Fig. 1). Allsamples were
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collected by fishermen on the ship deck, and we received
them on the Heda port (Heda, Numazu City, Shizuoka
Prefecture, 34°58'18"N-138°4637'E). We had planned to
collect as many C. abei as possible from local fishers in
the region, spanning all seasons and as many months as
possible. However, this species was not consistently
encountered during fishing operations and fishing
restrictions. Thus, samples were restricted to three
seasons (Autumn, Winter, and Spring) per year due to
commercial fishing regulations imposed by Numazu in
the Shizuoka Prefecture. Consequently, trawl fishing was
prohibitedin Suruga Bay from May to September(NCOTS,
2022). These factors led to a study with a limited sample
size. Therefore, MGl (Marginal Growth Increment) values
could be reported only for the months/season of April
2021(Spring), October 2021 (Autumn), April 2022 (Spring),
and December 2022 (Winter). The samplings were
collected from trawls, constructed of 27.5 mm mesh size
throughout, conducted in depths of 254-324 m. In the
laboratory, total length(TL, mm)and total weight (W, g) of
all individuals were taken. The lengths of the samples
were measured with a 1 mm precision with a digital
calliper (Mitutoyo-CD-S20C, Japan) and weighed with an
electronic scale (As One-AXA30002, Japan) with 0.01 g
sensitivity.

Fig. 1. Sampling area of Chaunax abei in Suruga Bay, south-
eastern Japan.

Length-weight relationship (LWR)

The functional relationship between the total length
and weight of the samples were determined through
the log linear regression equation:

W = aTLP

where a and b are regression parameters. The 95 %
confidence interval (Cl) was estimated for parameters a
and b(Froese, 2006). The overall analyses were performed
in Microsoft Office Excel and R software v.4.3.1 (R Core
Team, 2023). The student t-test was applied to determine
the growth type of the samples, the equation:

,_b-3

where t: t-test value, b: slope and SE,: the standard error
of the slope (Sokal and Rohlf, 1987). The hypothesis of
isometric growth was tested by Student's t-test (Ricker,



1975)was carried out to determine if the (b) coefficient was
different from “3" (if b = 3, isometric growth and b # 3
allometric growth). It was not possible to determine the sex
of individual fish due to poor preservation of samples and
therefore, only one relationship was determined for both
sexes combined.

Otolith preparation and age reading

The pair of sagittae otoliths were extracted from the otic
capsules of the specimens and cleaned with ethanol and
distilled water. After that, they were stored dry separately
within microtubes. The left otolith of each pair was usedin
sectioning for age estimation (n = 122) following the
transversal cross-section methodology of Strissmann et
al.(2020). This method uses a new embedding material of
ultraviolet (UV) cured resin instead of traditional epoxy
resin and hardeners. Three major steps were carried out in
preparing and sectioning each side of the otolith (anterior
and posterior): embedding, grinding and polishing. Before
starting the embedding process, the otolith was mounted
onareference-lined guiding block that is made of the same
resin with a small droplet of UV-cured resin(Tama-Koubou
and UV-Craft, Japan). In the embedding phase, the semi-
transparent embedding silicon mold was used, and the
molds were filled with UV-cured resin. A commercial UV
nail-gel-curinglamp(UVlamp 365 nm, 9W = fourlamps)was
used to harden the resin inside the molds for ~15 min. The
grinding and polishing proceedings were applied to the
mounted otolith block, starting from the outer side and
proceeding to the core of the otolith. These processes
were carried out with a semiautomatic lapping wheel
(Doctor-lap ML-182, Maruto Instrument, Japan) with
sandpaper starting of 120-grit, 400-grit, 800-grit, 1200-
grit, 2400-grit, and 4000-grit, respectively. Finally, the
finished surface of rounded resin block was polished via a
diamond polisher (Struers LaboPol-4, Denmark) with 1-um
diamond paste (Struers DP-Paste P, Denmark) with a slow
dripping cooling-lubricating agent (Struers DP-Lubricant
Blue, Denmark)for 20 min. This completed the preparation
for one side of the otolith. Afterwards, the otolith was re-
embedded from the polished side and the same
procedures were applied to the reverse side of the otolith.
The thickness of each otolith section was 50-100 pm.

The sectioned otoliths were initially observed under a wide
zoom stereo microscope (Olympus-SZX10, Japan)and then
under a binocular microscope (Olympus-BH2, Japan)
equipped with a colour camera (Artray, Japan)and linked to
an otolith micro-increment analysis system (Ratoc System
Engineering Co. Ltd., Japan). Age readings were
accomplished by counting opaque zones (0Z) on sectioned
otoliths on images. Age readings were accomplished by
counting opaque zones (0Z) on sectioned otoliths and
performed two times by one operator at a different time on
images. In rare cases of discrepancy between the reading
results, additional counts were carried out and the revised
final result was accepted. Overall, 8.27 % (n = 11) of otoliths
were discarded with this context. In rare cases of
discrepancy between the reading results, additional counts
were carried out and the revised final result was accepted.
Overall, 8.27 % (n = 1) of otoliths were discarded with this

context, leaving 122 otoliths for the estimation of growth.

On the otolith marginal analyses, otoliths were examined by
photographing method to detect the marginal growth
increment (MGI). To confirm the annual ring formation, we
calculated the seasonally changes in the MG of samples during
Spring 2021-December 2022 using the following equation:

MGI = R_rmax

Tmax — Tmax-1

where Ris the median otolith radius, rmax is the distance
from the core to the inner edge of the maximum 0Z (the
outermost opaque zone), and rma is the distance from
the core to the inner edge of the immediately preceding
0Z (Yokota et al., 2014). The distance measurements

(um) on otoliths were performed with Fiji software
(Schindelin et al., 2012) on the images (Fig. 2).

Estimation of age and growth

The von Bertalanffy growth function (vBGF) equation
(von Bertalanffy, 1938) was used to estimate the
length-at-age based on the otolith-based age
estimation of C. abei using the equation:

TLy = TLo (1 — exp(—K(t — t,)))

where TL:is the mean total length of fish at age "t"(mm,
TL), TL. is the theoretical asymptotic total length
(mm), K is the instantaneous growth coefficient (year
'), tis age of fish (year), and t; is the theoretical age of
fish before hatching (year). These parameters were
estimated by using the “fishmethods” package by
Nelson(2023)in R software v.4.3.1(R Core Team, 2023).

Results

Over the study period, a total of 133 fish samples were
collected, each displaying varying TL and W across
different years and seasons (Table 1; Fig. 3). In the
Spring of 2021(n =12), the TL displayed a range in size
from 40.59 to 262.64 mm, with a mean TL (+ SE) of
131.10 mm +17.90 and the W values ranged from 2.04 to
491.75 g (mean = 81.67 + 39.34 g) (Table 1). In Autumn
2021, the TL ranged from 73.45 to 208.63 mm (mean =
129.29 + 15.82 mm) and the W ranged from 5.99 to
269.42 g(mean=66.87 + 32.55 g). In the Spring of 2022,
only two fish were caught and they ranged from 113.72
to 116.52 mm (mean = 115.12 + 1.40 mm). W values
ranged from 28.35t0 31.71g(mean=30.03+1.68 g). The
greatest number of fish came from the Winter of 2022
(n =111), when the TL ranged from 37.44 to 268.75 mm
(mean =123.81 + 3.80 mm) and W varied from 1.11 to
461.12 g(mean =55.79 + 7.31g)(Table 1).

The length-weight relationship estimated for both
sexes was highly significant with length accounting for
93.7 % of the variation in weight (Table 2). The slope of
the line was 2.99 and determined to be isometric: b =
2.996, which did not differ significantly from 3(Table 2;
Supplementary Fig. 1).
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Fig. 2. Cross-sectioned otolith of Chaunax abei
showing four opaque zones (ri). R: otolith median
radius (distance from core to edge); C: core
(nucleus); black line (R to C)used for MGI method:
yellow dots indicate the opaque zone (black
bands), total length = 95.3 mm, otolith length =
4.87 mm, R =797.51 um, 4 years old, DO: dorsal;
VE: ventral; DI: distal; PR: proximal.

Table 1. Total length (TL), and weight (W) data of Chaunax abei.

Month/Season TL(mm) W(q)
n Lewin Lmax Lmeant SE Whnin Winax Winean+ SE

_ April 2021(Spring) 12 40.59 262.64 131.10 +17.90 2.04 491.75 81.67 + 39.34
§ October 2021(Autumn) 8 73.45 208.63 129.29+15.82  5.99 269.42 66.87 + 32.55

Total 20 40.59 262.64 130.38 +12.18 2.04 491.75 75.75+26.39

April 2022 (Spring) 2 13.72 116.52 115.12 +1.40 28.35 31.71 30.03 +1.68
§ December 2022 (Winter) m 37.44 268.75 123.81+ 3.80 1.11 46112 55.79 +7.31
& Total 13 37.44 268.75 123.66 + 3.73 1.11 46112 55.35+7.18

Qverall 133 37.44 268.75 124.67 + 3.64 1.11 491.75 58.40+7.26

SE: standard error.

Fig. 3. Length distributions of Chaunax abei from Suruga Bay,
south-western Japan for 2021, 2022 and both years combined.

Asian Fisheries Science 37(2024):138-148 ® 141



Table 2. Summary of the length weight relationship for Chaunax abei from Suruga Bay, south-western Japan.

n a b 95% Clof a 95% Clof b SE(b) I t-test Growth
type
133 2.0678 x 2.996 0.000010- 2.863-3.298 0.067 0.937 -0.052 Isometric
10° 0.000039

a: intercept, b: slope, SE: standard error.

There were strong positive relationships between fish
TL and median otoliths radius (R) and between TL and
otolith length(0OL)(r?=0.927and r?=0.951, respectively)
(Fig. 4) and the observed ages of fishes based on
annual ring formation (see Discussion) were divided
into 1 to 12 distinct yearly age classes and the most
common age class identified was age-4 with 32.79 % (n
= 40)(Supplementary Fig. 2).The age-length key from
the interpretation of estimated ages from otoliths is
shown in Table 3.

Fig. 4. The relationship between fish total length and otolith
sizes. a: total length (TL) vs median otolith radius (R) and b:
TL vs otolith length (OL) for Chaunax abei in Suruga Bay,
south- western Japan.

The mean MG for April 2021(Spring) was 0.493 um + 0.176
(mean = SD, um), while for October 2021 (Autumn) it was
0.301 + 0.184 um (Fig.5). In 2022, the mean MGI in April
(Spring)was 0.461+0.023 um and in December (Winter), it
was 0.446 + 0.211 ym. The growth parameters estimated
from the von Bertalanffy growth function were: TL..=468.1
mm, K=0.056 year™, to=-0.402 year(Fig. 6).

Discussion

Age datais crucial for understanding the life history of

fish. Also, the accuracy of age determination relies on
the size of the samples and how the growth zones on
the otoliths are interpreted (Filiz et al., 2008). This
study presents the life history and demographic
characteristics of C. abeiin Suruga Bay, south-western
Japan, along with the first-ever population data
conducted within the Chaunacid species.

From our sample of 122 fish that could be aged, we
found 12 age groups with a maximum age of 12 (i.e. 1-12
opague zones). The vast majority of the fish (n =72, 569
%) were within the range of 90.0 to 134.9 mm and age-
4 (n = 40) and age-5 (n = 32), and caught in depths of
254-324 m. The scarcity of smaller individuals (<100
mm) as well as larger ones (>200 mm) in the sampling
periods could be attributed to the selectivity of fishing
gear or the inclination of fish towards specific
bathymetric environments. JAMSTEC (2023) reported
that 33.3 % of the total individuals examined in their
fish database (9 out of 27) demonstrated a
predominant occurrence depth between 276-326 m,
which is similar to the range of depths where our fish
were collected. The congruence between the
observed depth ranges in both cases provides insights
into the general habitat preferences for the population
of C. abei in the Pacific waters of Japan. Also, the
limited occurrence of larger individuals in the current
study may suggest a proclivity for inhabiting deeper
waters, a trend commonly observed in other anglerfish
species(Lophius sp.)(Carlucci et al., 2009).

The length-weight relationship (LWR) is an important
tool which helps to know especially to understand the
growth pattern(Kumar et al., 2022) and measurements
of biomass(Froese, 1998; Gonzalez Acosta et al., 2004;
Senbahar et al., 2020)in fish populations. The slope(b)
in an LWR serves as an allometric growth factor and
indicates variability in growth and development
(Froese, 2008). The population of C. abei showed a
tendency towards isometric growth, indicated by a
growth coefficient (b = 2.996) (Table 4). This aligns
closely with the precalculated value (b= 3.02) from the
Bayesian LWR based on the (sub)family-body shape
data from FishBase (2023)(Table 4).

The MGI for C. abei varied among the seasons and
notably, December 2022 (Winter) had the greatest
variation in MGI because of the much greater number
of individuals obtained than in other sampling periods
(Fig. 5). The varying MG! values across the seasons
conformed with the anticipated natural increment
hypothesis which mentioned by Campana (2001), that
posits that due to the annual growth layer formation,
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Table 3. The estimated von Bertalanffy parameters and age-length key for Chaunax abei in Suruga Bay, south-western Japan,
determined from the interpretation of estimated ages from otoliths.

TLo(mm) 468.1

K(year) 0.056
tolyear) -0.402

Age (year)
TL(mm) 0 1 2 B 4 5 6 7 8 9 10 11 12 Total
30.0-44.9 3 3
45.0-69.9 1 1
60.0-74.9 1 2 3
75.0-89.9 12 12
90.0-104.9 25 25
105.0-119.9 15 8 23
120.0-134.9 24 24
135.0-149.9 14 14
150.0-164.9 2 4 6
165.0-179.9 1 2 3
180.0-194.9 2 2 4
195.0-209.9 2 2
210.0-224.9 1 1
225.0-239.9 1 1
Mean - 39.11  60.38 80.84 102.45 124.47 14252 159.96 177.80 192.61 207.22 222.10 234.92
SD = 1.68 1.47 5.05 7.5 5.95 5.62 3.30 4.67 2.06 1.98 = =
n - 3 2 14 40 32 16 5 4 2 2 1 1 122

TL: theoretical asymptotic total length, K: instantaneous growth coefficient, to: theoretical age of fish before hatching, TL: total
length, SD: standard deviation.

Fig. 5. Box plots of the marginal growth increment (MGI) estimated for the
different seasonal sampling periods for Chaunax abei, south-western Japan.
Mid-line: mean/median, box: 25 to 75 percentiles, whiskers =5 and 95
percentiles.

Fig. 6. The von Bertalanffy growth curve (vBGC)fitted to length-at-age classes
for Chaunax abei from Suruga Bay, south-western Japan.
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Table 4. Comparative length-weight relationships (LWR) of Lophiiformes species inhabiting the inland seas and bays connected
to Pacific Ocean and the Bayesian LWR based on the subfamily body-shape data from FishBase (2023).

Species  Author Sex Area n a b I Growth
Yoneda et al. Q E China Sea and Yellow Sea 302 4.01x10° 2.850 0.98 (-)allometric
(1997) J 512 34410 2.470 0.96 (-)allometric

s Chaetal.(1998) @ NW waters of Korea 8.9x10° 3.303 (+)allometric

= d 3.29%107 2.775 (-)allometric

2 Kawano (2011) Q SW Japan Sea 249 9.74x10°® 3.077 0.96 Isometric

= s 83 5.5x10° 2.781 0.91  (-)allometric

3 Q 332 1.09x10°  3.056  0.95  Isometric
Sunetal.(2021) 9 Yellow Sea 239 2x10° 3.333 0.90 (+)allometric

J 635 1x10° 3.033 0.82 Isometric

b FishBase(2023) @9 Bayesian LWR from (sub) 1.905x10?  3.020 Isometric

§ 2 family-body shape

= O

£ Present Study ®d  Suruga Bay 133 2.07x10° 2.996 0.93 Isometric

a: intercept, b: slope, r: coefficient of determination.

the average advancement of the outermost layer
would display a sinusoidal pattern when plotted
against the yearly seasons. We were not able to
confirm that the opague zones were laid down annually
because samples could not be obtained in many
months, and this also did not allow us to determine
when the opaque zones are delineated. However, as
other Lophiiformes species form an annual opaque
zone, it is possible that this also applies to C. abei.
Additionally, otolith growth is related to an increase in
fish size and generally follows an allometric increase in

dimensions (Chilton and Beamish, 1982; Tuset et al.,
2003). Therefore, for the increase in the consistency of
validation of ageing structure, growth related variation
of age at a given otolith properties were evident in
Figure 7. The otolith height (OH, mm)(r?=0.847), otolith
length (OL, mm) (r? = 0.917), median otolith radius (R,
pum) (r?2 = 0.938) and otolith weight (OW, g) (r> = 0.945)
show a positive and strong correlation with advancing
age, indicating a gradual increase in these dimensions
as the estimated age in years increases
(Supplementary Fig. 3).

Fig. 7. Increment of otolith features by age classes. a: age vs otolith height (OH), b: age vs otolith length (OL), c: age vs median

otolith radius (R)and d: age vs otolith weight (OW).

Asian Fisheries Science 37(2024):138-148
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To assess the growth pattern and population
characteristics specific to C. abei, an evaluation was
conducted by comparing the findings with reports on
Lophius litulon, another Lophiiformes species
investigated in the same Pacific waters as the current
study(Table b). The overall results indicated that there
is a significant divergence of theoretical asymptotic
length between L. litulon and C. abei(TL. = 468.1 mm).
This is an expected result as Chaunacid species are
already known for smaller size than Lophius species.
Also, this should be considered as a family-type
specific feature for Chaunacids in terms of maximum
attainable size. Furthermore, the obvious slower
growth rate observed in both species is a notable
characteristic. However, C. abei (K = 0.056 year”)
exhibited an even slower growth pattern than ever
reported for L. litulon (K = 0.06 to 0.18 year™, Table 5).
Korostelev et al. (2023) postulated that within certain
Moridae species, a potential reduction in metabaolic

rate could contribute to decelerated growth and an
extended lifespan in deep-water species. Some
researchers attribute this phenomenon to the impact
of the extreme conditions prevalent in the deep-sea
environment on their metabolic processes.
Additionally, Pauly (1998) reported that as temperature
rises, metabolic rates also increase, and growth is
constrained by respiratory metabolism. Thus, this
emphasizes the intricate link between the
environment, metabolic processes, and the growth
patterns of species in the deep sea. Also, deep-sea
environments generally tend to favour the survival of
species with low energy requirements. Long and
Farina (2019), based on observations from remotely
operated vehicle (ROV)videos, that Chaunacid species
exhibit notably low metabolic rates and also an
extremely slow, high-volume gill ventilatory cycle.
Consequently, the slow growth rate of C. abei may be
directly linked to its low metabalic activity.

Tableb. Comparative growth parameters of Lophiiformes speciesinhabiting the inland seas and bays connected to Pacific Ocean.

Author Yoneda et al. (1997) Cha et al.(1998) Sun et al. (2021) Present study
Species L ophius litulon [ophius litulon L ophius litulon Chaunax abei
Methadology Vertebrae Vertebrae Otalith Otalith

Area E China Sea and Yellow Sea NW waters of Korea Yellow Sea Suruga Bay
Sex Q J Q J Q J 1)

TLe(mm) 1547 130 827.3 1276 765 579 468.1
KlyearT) 0.064 0.080 0.183 0.122 0.102 0.162 0.056
tolyear) -0.345 -0.401 -0.643 -0.385 -1.106 0.718 -0.402

TL«: theoretical asymptotic total length, K: instantaneous growth coefficient, to: theoretical age of fish before hatching.

This paper aimed to provide age and growth of C. abei
by utilising otolith observations. Such information is
significant, particularly given the difficulty in
estimating the age of sea toads. However, as it was
difficult to obtain large numbers of sample in the
different months, the estimates in this study should be
regarded as preliminary. We also noted while the fish
grow, the larger plain zones move toward each other
on sectioned otoliths. Thus, it becomes more difficult
to detect true opaque zones, as previously noted for
Lophiidae species by Tsimenidis and Ondrias (13880). In
future studies, it is important to not only focus on
otoliths but also on other calcified structures (illicium
and vertebrae).

Conclusion

There is limited information available regarding the
fisheries biology of deep-sea fishes in the inner part of
the Kuroshio Current, mainly due to the lack of
fisheries data. Obtaining a sufficient number of
samples in order to represent the fish population of
Suruga Bay was a major challenge encountered
throughout this study. Our study reveals that C. abei
exhibits a slower growth pattern and follows an
isometric growth type. Nevertheless, we believe that
this study will contribute significantly to advancing our
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understanding of the biological characteristics of C.
abei.

Acknowledgements

The present study was supported by Monbukagakusho
(MEXT) Scholarship for the 1t author and all the results
were obtained with help of the Population Biology
Laboratory of Tokyo University of Marine Science and
Technology. Additionally, we thank the staff of the
Seishin-Maru trawl vessel for providing the fish for our
analyses.

Conflict of interest: The authors declare that they have
no conflict of interest.

Author contributions: Ahmet Mert Senbahar:
Conceptualisation, methodology, writing-original
draft. Eto Akira: Collected data and review. Masashi
Yokota: Writing-review and supervision.

References

Campana, S.E. 2001. Accuracy, precision and quality control in age
determination, including a review of the use and abuse of age
validation methods. Journal of Fish Biology 59:197-242.
https://doi.org/10.1111/j.1095-8649.2001.tb00127.x


https://doi.org/10.1111/j.1095-8649.2001.tb00127.x

Campana, S.E., Neilson, J.D. 1985. Microstructure of fish otoliths.
Canadian Journal of Fisheries and Aquatic Sciences 42:1014-1032.
https://doi.org/10.1139/f85-127

Carlucci, R., Capezzuto, F., Maiorano, P., Sion, L., D'onghia, G. 2009.
Distribution, population structure and dynamics of the black
anglerfish (Lophius budegassa) (Spinola, 1987) in the Eastern
Mediterranean Sea. Fisheries Research 95:76-87. https://doi.org/10
.1016/j.fishres.2008.07.015

Caruso, J.H. 1989. Systematics and distribution of the Atlantic
Chaunacid anglerfishes (Pisces: Lophiiformes). Copeia 1989:153-165.
https://doi.org/10.2307/1445616

Caruso, J.H., Pietsch, T.W. 1987. Chaunacidae. In: Fishes of the North-
eastern Atlantic and the Mediterranean, Quéro, J.C., Desoutter, M.,
Lagardére, F., Whitehead, P.J (Eds.). UNESCO, Paris, pp. 1341-1347.

Cha, B.Y., Park, Y.C., Huh, S.H. 1998. Age and growth of the yellow
goosefish, Lophius litulon. Korean Journal of Fisheries and Aquatic
Sciences 31:529-534. (in Korean).

Chilton, D.E., Beamish, R.J. 1982. Age determination methods for fishes
studied by the Groundfish Program at the Pacific Biological Station.
Canadian special publication of fisheries and aquatic sciences 60.
Department of Fisheries and Oceans, Ottawa. 102 pp.

Erasmus, V.N. 2021. Uncoupling the exploitation and climate change
effects on the biology of Cape monkfish, Lophius vomerinus
Valenciennes 1837 in Namibia. PhD dissertation. Rhodes University,
South Africa. 193 pp.

Filiz, H., Bilge, G., Irmak, E., Togulga, M., Uckun, D., Akalin, S. 2006. Age
and growth of the hollowsnout grenadier, Caelorinchus caelorhincus
(Risso, 1810), in the Aegean Sea. Journal of Applied Ichthyology
22:285-287. https://doi.org/10.1111/j.1439-0426.2006.00806.x

FishBase. 2023.
https://fishbase.mnhn.fr/summary/8236 (Accessed 02 November
2023).

Fowler, A.J., Gillanders, B.M., Hall, K.C. 2004. Adult migration, population
replenishment and geographic structure for snapper in SA. Final
Report to FRDC. Project No. 2002/001, SARDI Publication Number
RDO04/0163. South Australian Research and Development Institute

Information  page  of  Chaunax  abei.

(Aquatic Sciences), Adelaide. 12 pp.

Fricke, R., Eschmeyer, W.N., Van der Laan, R. 2019. Eschmeyer’s catalog
of fishes: Genera, species, references.
http://researcharchive.calacademy.org/research/ichthyology/catal
og/fishcatmain.asp

Fricke, R., Mahafina, J., Behivoke, F., Jaonalison, H., Léopold, M.,
Ponton, D. 2018. Annotated checklist of the fishes of Madagascar,
southwestern Indian Ocean, with 158 new records. FishTaxa 3:1-432.

Froese, R. 1998. Length-weight relationships for 18 less-studied fish
species. Journal of Applied Ichthyology 14:117-118. https://doi.org/10
111/).1439-0426.1998.tb00626.x

Froese, R. 2006. Cube law, condition factor and weight-length
relationships: history, meta-analysis and recommendations. Journal
of Applied Ichthyology 22:241-253. https://doi.org/10.1111/j.1438-
0426.2006.00805.x

Garcia-Rodriguez, M., Pereda, P., Landa, J., Esteban, A. 2005. On the
biology and growth of the anglerfish Lophius budegassa Spinola, 1807
in the Spanish Mediterranean: a preliminary approach. Fisheries
Research 71:197-208. https://doi.org/10.1016/j.fishres.2004.08.033

Gonzalez Acosta, A.F., De La Cruz Agiiero, G., De La Cruz Aglero, J. 2004.
Length-weight relationships of fish species caught in a mangrove
swamp in the Gulf of California (Mexico). Journal of Applied
Ichthyology 20:154-155. https://doi.org/10.1046/j.1439-0426.2003
.00518.x

Ho, H.C., Ma, W.C. 2016. Revision of southern African species of the
anglerfish genus Chaunax (Lophiiformes: Chaunacidae), with

descriptions of three new species. Zootaxa 4144:175-194.
https://doi.org/10.11646/zootaxa.4144.2.2

Ho, H.C., McGrouther, M. 2015. A new anglerfish from eastern Australia
and New Caledonia (Lophiiformes: Chaunacidae: Chaunacops), with
new data and submersible observation of Chaunacops melanostomus.
Journal of Fisheries Biology 86:940-951. https://doi.org/10
AMV/jfb.12607

Ho, H.C., Roberts, C.D., Stewart, A.L. 2013. A review of the anglerfish
genus Chaunax (Lophiiformes: Chaunacidae) from New Zealand and
adjacent waters, with descriptions of four new species. Zootaxa
3620:89-111. https://doi.org/10.11646/zootaxa.3620.1.4

JAMSTEC.  2023.
https://www.godac.jamstec.go.jp/bismal/j/view/3000358 (Accessed
30 December 2023).

Kawano, M. 2011. Biological characteristics of anglerfish, Lophius litulon

Information page of  Chaunax  abei.

in the southwestern Japan Sea. Bulletin of Yamaguchi Prefectural
Fisheries Research Center 9:115-118. (In Japanese).

Korostelev, N.B., Maltsev, I.V., Orlov, A.M. 2023. First data on the age and
growth of Schmidt's cod Lepidion schmidti (Moridae) from waters of
the Emperor Seamounts (Northwestern Pacific). Journal of Marine
Science and https://doi.org/10
.3390/jmse11061212

Kumar, P., Kailasam, M., Sundaray, J.K., Ghoshal, T.K. 2022. Sustainable

fisheries/aquaculture of hilsa, Tenualosa ilisha in changing and

Engineering 11:1212.

dynamic riverine ecosystem of India and its neighborhood. Ecological
Significance of River Ecosystem 2022:455-480. http://doi.org/10
.1016/B978-0-323-85045-2.00010-8

Landa, J., Duarte, R., Quincoces, |., Dupouy, H., Bilbao, E., Dimeet, J.,
Lucio, P., Margal, A., McCormick, H., Ni Chonchuir, G. 2002. Report of
the 4th International ageing workshop on European anglerfish.
IPIMAR, Lisbon. 133 pp.

Lee, C.L., Kim, J.R.1999. First record of two species from the South Sea
of Korea. Korean Journal of Ichthyology 11:29-32.

Long, N.P., Farina, S.C. 2019. Enormous gill chambers of deep-sea
coffinfishes (Lophiiformes: Chaunacidae) support unique ventilatory
specializations such as breath holding and extreme inflation. Journal
of Fish Biology 95:502-509. https://doi.org/10.1111/jfb.14003

Lundsten, L., Johnson, S.B., Cailliet, G.M., DeVogelaere, A.P., Clague,
D.A. 2012. Morphological, molecular, and in situ behavioral
observations of the rare deep-sea anglerfish Chaunacops coloratus
(Garman, 1989), order Lophiiformes, in the eastern North Pacific.
Deep Sea Research Part |: Ocean Research Papers 68:46-53.
https://doi.org/10.1016/j.dsr.2012.05.012

Maillet, G.L., Checkly, D.M. 1990. Effects of starvation on the frequency
of formation and width of growth increments in sagittae of
laboratory-reared Atlantic menhaden Brevoortia tyrannus larvae.
Fishery Bulletin 88:155-165.

Masuda, H., Allen, G.R. 1993. Marine fishes of the world: Greater Indo-
Pacific Region. Tetra-Verlag, Herrenteich, Melle. 437 pp. (in German).

Nakabo, T.1993. Fishes of Japan with pictorial keys to the species. Tokai
University Press, Tokyo, Japan. 392 pp. (in Japanese).

NCOTS, 2022.
https://numazukanko.jp/feature/numazu-trawler/top (Accessed 15
November 2022).

Nelson, 2023. R Package “fishmethods". Fishery science methods and

Numazu City official tourism site.

models. https://cran.r-project.org/web/packages/fishmethods
/index.html

Pauly, D.1998. Tropical fishes: patterns and propensities. Journal of Fish
Biology 53:1-17. https://doi.org/10.1111/j.1095-8649.1998.tb01014.x

Quattrini, A.M., Demopoulos, A.W., Singer, R., Roa-Varon, A., Chaytor,
J.D.2017. Demersal fish assemblages on seamounts and other rugged

features in the northeastern Caribbean. Deep Sea Research Part [:

46 @

Asian Fisheries Science 37(2024):138-148


https://doi.org/10.1139/f85-127
https://doi.org/10.1016/j.fishres.2008.07.015
https://doi.org/10.1016/j.fishres.2008.07.015
https://doi.org/10.2307/1445616
https://doi.org/10.1111/j.1439-0426.2006.00806.x
https://fishbase.mnhn.fr/summary/8236
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp
https://doi.org/10.1111/j.1439-0426.1998.tb00626.x
https://doi.org/10.1111/j.1439-0426.1998.tb00626.x
https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.1016/j.fishres.2004.08.033
https://doi.org/10.1046/j.1439-0426.2003.00518.x
https://doi.org/10.1046/j.1439-0426.2003.00518.x
https://doi.org/10.11646/zootaxa.4144.2.2
https://doi.org/10.1111/jfb.12607
https://doi.org/10.1111/jfb.12607
https://doi.org/10.11646/zootaxa.3620.1.4
https://www.godac.jamstec.go.jp/bismal/j/view/9000358
https://doi.org/10.3390/jmse11061212
https://doi.org/10.3390/jmse11061212
http://doi.org/10.1016/B978-0-323-85045-2.00010-8
http://doi.org/10.1016/B978-0-323-85045-2.00010-8
https://doi.org/10.1111/jfb.14003
https://doi.org/10.1016/j.dsr.2012.05.012
https://numazukanko.jp/feature/numazu-trawler/top
https://cran.r-project.org/web/packages/fishmethods/index.html
https://cran.r-project.org/web/packages/fishmethods/index.html
https://doi.org/10.1111/j.1095-8649.1998.tb01014.x

Ocean Research Papers  123:90-104.
.1016/j.dsr.2017.03.009

R Core Team, 2023. R: A language and environment for statistical

https://doi.org/10

computing. R Foundation for Statistical Computing, Vienna, Austria.
https://www.R-project.org/

Ragonese, S., Giusto, G.B. 1997. Chaunax pictus Lowe 1846—first record
of the family Chaunacidae in the Mediterranean Sea. Journal of Fish
Biology 51:1063-1065. https://doi.org/10.1111/j.1095-8649.1997
.tb01544.x

Rajeeshkumar, M.P., Bineesh, K.K., Hashim, M., Cubelio, S.S., Sudhakar,
M. 2020. New geographical record of Chaunax penicillatus McCulloch,
1915 (Chaunacoidei: Chaunacidae) from the eastern Indian Ocean.
Thalassas 36:225-229. https://doi.org/10.1007/s41208-019-00183-x

Ricker, W.E. 1975. Computation and interpretation of biological statistics
of fish populations. Journal of the Fisheries Research Board of
Canada. 19:1-382.

Schindelin, J., Arganda-Carreras, I., Frise, E., Kaynig, V., Longair, M.,
Pietzsch, T., Cardona, A. 2012. Fiji: an open-source platform for
biological-image analysis. Nature Methods 9:676-682. https://doi:10
.1038/nmeth.2019

Sokal, R.R., Rohlf, F.J. 1987. Introduction to biostatistics. 2" edition.
Freeman. 363 pp.

Senbahar, A.M., Gileg, 0., Tosunoglu, Z., Ozaydin, 0. 2020. Length-
weight relationship of the most landed pelagic fish species European
pilchard (Sardina pilchardus Walbaum, 1792) and European anchovy
(Engraulis encrasicolus Linnaeus, 1758) in the Izmir Bay (Aegean Sea,
Turkey) purse seine fishery. Marine Science and Technology Bulletin
9:32-37. https://doi.org/10.33714/masteb.673318

Senbahar, A.M., Ozaydin, 0. 2020. Age and growth of black-bellied
anglerfish Lophius budegassa(Spinola, 1807) from the Central Aegean
Sea, Turkey. Croatian Journal of Fisheries  78:45-51.
https://doi.org/10.2478/cjf-2020-0005

Smith, M.M., Heemstra, P.C. 1986. Smith’s sea fishes. Springer, Berlin.

Asian Fisheries Science 37(2024):138-148

® w7

369 pp.

Strissmann CA, Miyoshi K, Mitsui S 2020. A novel, efficient method for
otolith specimen preparation using UV-cured resins. North American
Journal of Fisheries Management 40:1187-1194. https://doi.org/10
.1002/nafm.10484

Sun, Y., Zhang, C., Tian, Y., Watanabe, Y. 2021. Age, growth, and mortality
rate of the yellow goosefish Lophius litulon (Jordan, 1902) in the
Yellow Sea. Journal of Oceanology and Limnology 39:732-740.
https://doi.org/10.1007/s00343-019-9216-4

Takeya, Y., Takatsu, T., Yamanaka, T., Shibata, Y., Nakaya, M. 2017. Use
of the illicium for age determination and verification of yellow goose
fish Lophius litulon off Aomori Prefecture, northern Japan. Nippon
Suisan Gakkaishi 83:9-17. https://doi.org/10.2331/suisan.16-00041 (in
Japanese).

Tsimenidis, N.C., Ondrias, J.C. 1980. Growth studies on the angler-fishes
Lophius piscatorius L., 1758 and Lophius budegassa Spinola, 1807 in
Greek waters. Thalassographica 3:63-93.

Tuset, V.M., Lozano, I.J., Gonzélez, J.A., Pertusa, J.F., Garcia-Diaz, M.M.
2003. Shape indices to identify regional differences in otolith
morphology of comber, Serranus cabrilla (L., 1758). Journal of Applied
Ichthyology 19:88-93. https://doi.org/10.1046/j.1439-
0426.2003.00344.x

von Bertalanffy, L. 1938. A quantitative theory of organic growth
(inquiries on growth laws. Il Human Biology 10:181-213.
https://www.jstor.org/stable/41447359

Yokota, M., Fukuo, Y., Watanabe, S. 2014. Age and growth of the snake
fish Trachinocephalus myops (Forster 1801) in Tateyama Bay, East
Japan, using otolith ring marks. Asian Fisheries Science 27:27-136.
https://doi.org/10.33997/j.afs.2014.27.2.004

Yoneda, M., Tokimura, M., Fujita, H., Takeshita, N., Takeshita, K.,
Matsuyama, M., Matsuura, S. 1997. Age and growth of anglerfish
Lophius litulon in the East China Sea and the Yellow Sea. Fisheries
Science 63:887-892. https://doi.org/10.2331/fishsci.63.887


https://doi.org/10.1016/j.dsr.2017.03.009
https://doi.org/10.1016/j.dsr.2017.03.009
https://www.r-project.org/
https://doi.org/10.1111/j.1095-8649.1997.tb01544.x
https://doi.org/10.1111/j.1095-8649.1997.tb01544.x
https://doi.org/10.1007/s41208-019-00183-x
https://doi:10.1038/nmeth.2019
https://doi:10.1038/nmeth.2019
https://doi.org/10.33714/masteb.673318
https://doi.org/10.2478/cjf-2020-0005
https://doi.org/10.1002/nafm.10484
https://doi.org/10.1002/nafm.10484
https://doi.org/10.1007/s00343-019-9216-4
https://doi.org/10.2331/suisan.16-00041
https://doi.org/10.1046/j.1439-0426.2003.00344.x
https://doi.org/10.1046/j.1439-0426.2003.00344.x
https://www.jstor.org/stable/41447359
https://doi.org/10.33997/j.afs.2014.27.2.004
https://doi.org/10.2331/fishsci.63.887

Supplementary Fig. 1. The total length (TL) - weight (W) relationship for Chaunax abei from Suruga Bay, south-western Japan.

Supplementary Fig. 2. Age frequency distribution for Chaunax abei from Suruga Bay, south-western Japan. n=122.

Supplementary Fig. 3. Correlation of age and otolith properties for Chaunax abei from Suruga Bay, south-western Japan(A: age
vs median otolith length (R), B: age vs otolith height (OH), C: age vs otolith length (OL)and D: age vs otolith weight (OW).
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