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Abstract

Spiny icefish (Chaenodraco wilsoni) and ocellated icefish (Chionodraco rastrospinosus) are two abundant channichthyids
in the larval fish assemblages of the Ross Sea. However, little information is available about the early-life history traits of
the two icefishes, which have limited the understanding of the biology and ecology of icefishes. The present study aims to
investigate the early-life history traits of C. wilsoni and C. rastrospinosus in the Ross Sea. Through the analysis of sagittal
otolith microstructure, the size and timing of hatching, onset of exogenous feeding, and growth rate were assessed in the
two icefishes. In C. wilsoni, individuals with a standard length (SL) of 14-43 mm were estimated ages of 28—100 days. An
exponential model was well fitted to the age—length dataset, indicating a mean growth rate of 0.34 mm day . Larval hatch-
ing occurred at a size of 9.28 mm and was distributed over a relatively long period, lasting from October to December. The
onset of exogenous feeding took place between 16 and 29 days after hatching. In C. rastrospinosus, individuals with SL of
14-48 mm were estimated ages of 29-126 days and mean growth rate of 0.38 mm day~'. The larval size at hatching was
estimated as 10.90 mm and hatching dates extended over a long period from September to December. The yolk-sac dura-
tion estimated from hatching to the onset of the exogenous feeding check was 21-41 days, which was longer than in other
channichthyids. This study provides new information on the biological features and life history strategies of C. wilsoni and
C. rastrospinosus.
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Introduction

The Ross Sea is a large embayment of the Antarctic conti-
nental shelf and is one of the most biologically productive
and dynamic environmental regions within the Southern
Ocean (Smith et al. 2018). Because of its high primary pro-
ductivity, the Ross Sea plays an important role as a spawn-
ing and nursing ground for many fish species (Granata et al.
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2002), especially for Antarctic silverfish (Pleuragramma
antarctica) (La Mesa and EaStman 2012), Chionodraco
humatus (Vacchi et al. 1996) and Antarctic toothfish (Dis-
sostichus mawsoni) (Collins et al. 2010; Hanchet et al.
2015). According to a survey on the abundance and distribu-
tion of ichthyoplankton in the Ross Sea, larvae and juveniles
of Nototheniidae and secondarily of Channichthyidae have
been the most common species in the continental shelf ich-
thyoplankton community (Granata et al. 2002). In the 1970s
and 1980s, some icefishes were abundant enough to be
exploited by commercial fisheries as either the main target
species (Champsocephalus gunnari, Chaenodraco wilsoni)
or bycatch (Chaenocephalus aceratus, Pseudochaenichthys
georgianus, and Chionodraco rastrospinosus) (Kock 1992).
With intensive exploitation of Antarctic fishery resources,
some icefishes experienced strong fishing pressure, resulting
in stock declines and changes in population structure and life
history traits (Papetti et al. 2010; CCAMLR 2012). There-
fore, the Commission for the Conservation of Antarctic
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Marine Living Resources (CCAMLR) established a marine
protected area (MPA) in the Ross Sea to protect important
areas related to the life history of Antarctic toothfish and
the core distributions of trophically dominant pelagic prey
species, including Antarctic silverfish and icefishes (Parker
et al. 2019).

Icefishes are unique among vertebrates in that their mem-
bers lack erythrocytes and respiratory pigment hemoglobin,
thus they are commonly referred to as “white-blooded”
fishes (Kock 2005). Icefish exhibits typical life history
traits, including low reproductive effort associated with the
production of large eggs, a long pelagic larval and juvenile
phase lasting several months to 2—4 years in some species,
and slow somatic growth after sexual maturity (Kock and
Kellermann 1991; Kock 2005). It is important to understand
the early-life history traits of fish, such as larval duration
and incubation time, because these characteristics strongly
influence the dispersal rate of larvae and the connectivity
between populations (Galarza et al. 2009). Early-life history
traits have been studied in some channichthyid larvae, espe-
cially in mackerel icefish (Champsocephalus gunnari) (Mor-
ley et al. 2005), blackfin icefish (Chaenocephalus aceratus)
(La Mesa and Ashford 2008a), Dacodraco hunteri (La Mesa
et al. 2012), and ocellated icefish (Chionodraco rastrospino-
sus) (La Mesa et al. 2013a). However, the current knowledge
of the early ontogeny of channichthyids is incomplete and
is restricted to a few species and/or sites (North 2010). The
early-life history traits of spiny icefish (Chaenodraco wil-
soni) and C. rastrospinosus inhabiting the Ross Sea remain
unknown. Due to a lack of knowledge on the age, growth,
and exact timing of the reproductive and life history traits of
icefish (Traczyk and Meyer-Rochow 2019), stock assessment
and resource management data are inaccurate. Furthermore,
knowledge of early-life history events in these fish are essen-
tial for monitoring the population dynamics of fish stocks
and effective management of fishery resources.

Otolith microstructural analysis techniques can pro-
vide accurate estimates of the hatching period and vari-
ability of individual growth rates and can allow accurate
determination of the timing of significant events during the
early ontogeny of Antarctic fishes (Kellermann et al. 2002;
Morley et al. 2005). In the last two decades, the analysis of
microincrement patterns of sagittal otoliths has been widely
applied in the study of early-life history traits of Antarctic
fishes (Radtke and Kellermann 1991; Llompart et al. 2020).
Chaenodraco wilsoni and C. rastrospinosus larvae are the
most common channichthyids within the pelagic communi-
ties in the Ross Sea and have often been found to co-occur
with Antarctic silverfish (Granata et al. 2002; La Mesa et al.
2011). To date, La Mesa et al. (2013a) have provided the
only report of the early-life history of C. rastrospinosus
off the Antarctic Peninsula based on otolith microstructure
and stomach content analyses. The timing of key events
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occurring in the larval stage in these two species is largely
unknown, especially in C. wilsoni. In the present study, we
analyzed the otolith microstructure of C. rastrospinosus and
C. wilsoni larvae collected in the Ross Sea. Our aims are to
provide insights into the timing and duration of key events
in early ontogeny, such as larval hatching and the onset of
exogenous feeding, and to estimate growth rates. Our results
may be regarded as the basis for the future monitoring and
conservation of fish stock recruitment and reproduction in
the region.

Materials and methods
Fish sampling

Fifty-seven icefishes (14-48 mm in standard length, SL)
were collected with a rectangular midwater trawl (RMT,
with a mouth of 4 m X2 m) in the Ross Sea during 4-11
January 2020 (Fig. 1, Table 1) aboard the research vessel
Xuelong, during 36th Chinese Antarctic Research Expedi-
tions. The RMT was towed for 60 min at depths between
0 m and 800 m with 3 knots. Larvae and juveniles were col-
lected from 3 survey stations and then stored in 95% ethanol
solution.

The specimens were identified as Chaenodraco wilsoni
and Chionodraco rastrospinosus according to the descrip-
tions of Efremenko (1985) and Kellermann (1990). The
stage of development was assigned to each specimen accord-
ing to North and Kellermann (1990). The SL of each larva
and juvenile was measured to the nearest 0.1 mm. Body
shrinkage due to preservation was considered to be negligi-
ble (Fey 1999).

Otolith preparation

Sagittal otoliths were extracted with fine needles under a
stereomicroscope (JSZ5A), embedded in epoxy resin and
mounted on glass slides. The otolith surface was manu-
ally polished with 2500 grit waterproof and then polished
with 0.05 pm alumina powder until the daily growth incre-
ments could be observed clearly under a light microscope.
Finally, the otolith microstructure could be observed under
1000 X magnification using a microscope system (OLYM-
PUS BX53 and DP74).

Age determination

Each microstructure showed a common bipartite struc-
ture consisting of a discontinuous zone (D-zone) and an
incremental zone (L-zone), which appear as dark and light
regions under the transmitted light microscope (La Mesa
et al. 2013a, b). The daily periodicity of growth increments
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Table 1 Sefmpling data Of, Station  Latitude Longitude Maximum sam-  Species Standard N
icefish Qurlng the 36th Ch}nf-:se pling depth (m) length (mm)
Antarctic Research Expeditions
conducted in the Ross Sea in RI02  75.003°S  164.861°W 328 Chaenodraco wilsoni 14-18 15
2020 Chionodraco rastrospinosus ~ 14-31 13
RA1_0 75.417°S 149.000°W 198 Chaenodraco wilsoni 43 1
Chionodraco rastrospinosus 48 1
R1_02 73.578°S  149.616°W 318 Chaenodraco wilsoni 14-26 18
Chionodraco rastrospinosus ~ 18-31 9

has been confirmed in C. rastrospinosus (La Mesa and
Ashford 2008b; La Mesa et al. 2013a) but has not been
reported in C. wilsoni. We assumed the daily periodicity
of increment deposition in the otoliths of C. wilsoni based
on previous results because our samples showed similar
deposition patterns and increment widths to those validated
in Champsocephalus gunnari, Chaenocephalus aceratus,
and Pseudochaenichthys georgianus (Morley et al. 2005;
La Mesa and Ashford 2008a; Traczyk et al. 2021). The age
of each specimen was estimated by counting all increments
recorded from the primordium to the otolith margin along
the same count path. Each otolith increment was read twice
with ImageJ software and otoliths in which the counts dif-
fered by more than 5% were read again.

Data analyses

To estimate the reproducibility of aging precision (Cam-
pana 2001), the index of the average percent error (APE)
and the mean coefficient of variation (CV) were calcu-
lated by comparing each reading. Linear, exponential,

logistic, and Gompertz growth models were used to fit the
age—length relationships (La Mesa et al. 2013a, b, 2017)
and the best-fitting function was selected based on the cor-
relation coefficient (R?) and Akaike’s information criterion
(AIC) (Akaike 1973). The exponential model was fitted by
linear regression performed on log,-transformed data to
stabilize the variance, which increased considerably with
fish size in the untransformed data.
The applied growth models were as follows:

Linear growth model: SL = a+gt (1)

Exponential growth model: log, SL = log, a+gt )

Logistic growth model : SL = L x (1 — e (“‘0))/\ -1
€)]

Gompertz growth model: SL=L_ exp (—exp (— g(t —1,))), 4)

where SL is the standard length (SL, mm) at age ¢, a is the

initial SL (or incubation size), g is the instantaneous growth
rate,  is the age of fish, L, is the theoretical asymptotic
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length, ¢, is the theoretical age when fish length is equal to
0, and £ is the growth rate at which SL approaches L.
Finally, the daily increase in size at the mean SL of the
fish was calculated. The hatch date distribution was back
calculated by subtracting the age estimates from the date
of capture. The otolith radius (OR) was determined using
ImagelJ software along the axis with the longest distance
from the nucleus to the outer edge. Least squares linear
regression was used to estimate the relationship between
the OR and the fish length (standard length, SL).
Mann—Whitney U test was used to compare the
length—frequency distributions and exogenous feeding
time among C. wilsoni and C. rastrospinosus. Analysis of
covariance (ANCOVA) was used to compare otolith radius
between species, with larval size as the covariate. A multiple
slope test between linear models was used to compare the
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Fig.2 Length—frequency distributions of larvae and juveniles of
spiny icefish (Chaenodraco wilsoni) and ocellated icefish (Chion-
odraco rastrospinosus) collected in the Ross Sea in January 2020

Fig.3 Photographs of

sagittal otoliths of icefish
larvae (left, Chaenodraco
wilsoni, SL =19 mm; right,
Chionodraco rastrospino-

sus, SL =18 mm). The first
arrowhead indicates the hatch-
ing check and a second check
(triangle) is linked to the onset
of exogenous larval feeding
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growth rate between species. Significant level was termed
as p <0.05. The statistical analysis and graph plotting were
performed using SPSS 25.0 and R (version 4.0.3).

Results
Length-frequency distribution

A total of 57 larvae and juvenile icefish were caught in the
uppermost layer of the water column, from 0 m to 400 m
depth. The length—frequency distributions of C. wilsoni SL
ranged from 14 mm to 43 mm (mean+SD=18.21 +5.28;
n=34), with a main peak at 16-20 mm SL. The length—fre-
quency distributions of C. rastrospinosus SL ranged from 14
to 48 mm (mean+SD=22.13+7.78; n=23), with a single
mode at 16-20 mm (Fig. 2). Significant differences were found
in length—frequency distributions between C. wilsoni and C.
rastrospinosus (Mann—Whitney U test, Z=-2.625, p=0.009).

Morphometry and microstructure of sagittal
otoliths

The sagittal otoliths of larvae and juveniles of C. wilsoni and
C. rastrospinosus had a discoid shape. Within the core area,
the primordium was an optically dense and irregular dis-
coidal area containing multiple nuclei (Fig. 3). Away from
the core, a hatch check (H) could be clearly observed on all
otoliths and it was assumed that the first growth ring was
laid down at hatching. A second marked check was located
at a distance of 16-29 and 21-41 microincrements from the
core in C. wilsoni and C. rastrospinosus, respectively. This
check was associated with the beginning of exogenous feed-
ing. Significant differences were found in exogenous feed-
ing time between the both icefishes (Mann—Whitney U test,
Z=-4.546, p <0.0001). The dates of the first exogenous
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feeding check ranged from October to January in C. wilsoni
and from October to December in C. rastrospinosus, with
both showing a pronounced peak in December (Fig. 4).

In C. wilsoni, the otolith radius varied from 58.47 pm
to 190.53 pm (mean +SD =80.11+27.76; n=34) in
fishes of 14 mm to 43 mm SL and showed a linear
increase at a rate of 4.99 pm with each mm increase in
SL. The otolith radius varied from 64.98 pm to 256.88 pm
(mean +£SD =103.88 £44.22; n=23) in C. rastrospinosus
individuals of 14 mm to 48 mm SL and showed a linear
increase at a rate of 5.51 pm with each mm increase in SL.
Otolith radius did not differ between species after larval size
was taken into account (ANCOVA, F, 5,=1.076, p=0.304).
The relationship between SL and OR was well fitted by a
linear equation (Fig. 5).
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Age and growth

Overall, 34 individuals of C. wilsoni and 23 individuals of C.
rastrospinosus were successfully aged through microincre-
ment counts. The estimated age ranged from 28 to 100 days
for C. wilsoni and 29-126 days for C. rastrospinosus. Count-
ing variability between readings was generally low, with dif-
ferences of less than 5% of the relevant mean. The APE and
CV indices were 2.8% and 1.98%, respectively, indicating
good consistency between readings.

The exponential model best described the age (z, days)
and standard length (SL, mm) of C. wilsoni (Table 2,
Fig. 6a). The growth function was determined as follows:

log, SL = 10g,9.28 + 0.016 ¢ (R =0.988; (p < 0.0001)).

%)
25 100
b

@« 201 / - 80

<

= —_
2 S
> -’
5 154 - 60 P
£ =
s 2.
5 104 40 O
2 =
£

=

7z s [ 20

0 T T T 0
October November December

Fig.4 Distribution of exogenous feeding onset dates in Chaenodraco wilsoni (a) and Chionodraco rastrospinosus (b) in the Ross Sea
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Fig.5 The relationship of the sagittal otolith radius (OR) and standard length (SL) in Chaenodraco wilsoni (a) and Chionodraco rastrospinosus
(b) collected in the Ross Sea. The shaded gray area represents the 95% confidence interval
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Table 2 Akaike’s information

e Fish species Fit coefficient Growth curve
criterion (AIC) and
correlation coefficient (R?) Linear Exponential Logistic Gompertz
fitting for growth functions
of Chaenodraco wilsoni and Chaenodraco wilsoni R? 0.979 0.988 0.922 0.922
Chionodraco rastrospinosus in AIC 84.494 58.676 58.841 61.173
the Ross Sea Chionodraco rastrospinosus R’ 0.978 0.960 0.960 0.890
AIC 91.319 48.079 58.202 98.392
60- 6077
a SL=log, 9.28+0.016 ¢ b  SL=log, 10.90+0.012 ¢

E 50+ (R?=0.988; p<0.0001) T 504 (R?=0.960; p<0.0001) %
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Fig.6 Age-length data fitted by the exponential growth curve estimated for Chaenodraco wilsoni (a) and Chionodraco rastrospinosus (b) col-
lected in the Ross Sea. The shaded gray area represents the 95% confidence interval

Based on this relationship, the size at hatching in C. wil-
soni was estimated to be approximately 9.28 mm SL. The
percentage of the daily increase in size (G=_g X 100, % SL
day~!) was 1.6% SL day~' and the daily growth rate at the
mean size was 0.34 mm day .

In addition, the exponential model fits the age—length data
of C. rastrospinosus well (Table 2, Fig. 6b). The growth
function was as follows:

log, SL =1og,10.90 + 0.012 ¢ (R* = 0.960; (p < 0.0001)).
(6)
The model estimated a hatch size of 10.90 mm SL, the
percent daily increase in size (G) was 1.2% SL day~!, and
the daily growth rate at the mean size was 0.38 mm day~'.

Back-calculated hatch days

Based on the estimated age and date of capture, C. wilsoni
hatching occurred from October to December, with a pro-
nounced peak in November (Fig. 7a). In C. rastrospinosus,
the hatch dates were spread over a relatively long period,
from September to December, with an apparent peak in
November (Fig. 7b).
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Discussion

Icefishes are characterized by a long pelagic larval phase,
and the duration of and growth rate during this phase
strongly influence the dispersal range and connectivity
between populations and determine the year-class strength
(La Mesa et al. 2013b; Riginella et al. 2016). This study
investigated the early-life history traits of C. wilsoni and C.
rastrospinosus in the Ross Sea for the first step. The results
fill a knowledge gap and support the small amount of biolog-
ical data available in the literature. Based on four surveys of
ichthyoplankton in the Ross Sea region from 1987 to 1996,
Granata et al. (2002) reported that the length range of C. ras-
trospinosus larvae and juveniles was 15-55 mm SL in Janu-
ary to February. Our results based on samples collected in
January fell within the same range (14-48 mm SL). Larvae
and juveniles of C. wilsoni and C. rastrospinosus occurred
in the upper O m to 400 m of the water column in this survey,
which was consistent with previous research records. Post-
larvae and juveniles of icefish commonly prefer subsurface
waters and inhabit the upper 100 m of the water column
(Loeb et al. 1993; Kellermann 1996).

In the Ross Sea, C. rastrospinosus spawns from January
to March and has a long-hatching period, lasting four to
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Fig.7 Monthly frequency distribution of the hatch dates of larvae and juveniles of Chaenodraco wilsoni (a) and Chionodraco rastrospinosus (b)

based on age estimates and dates of capture

six months (Prutko 2004). We conclude that the hatching
period of this species lasts from September to December,
which is in line with the previously reported spawning
time in the Ross Sea (Prutko 2004). This is also consist-
ent with the observation of early larvae of 15-36 mm SL
captured in offshore waters outside Terra Nova Bay in the
Ross Sea from November to January (Granata et al. 2002).
Furthermore, La Mesa et al. (2011) speculated that the
hatching of Chionodraco hamatus took place in spring
(September to November) and early larvae of 14-20 mm
SL were collected in January. This suggests that the
hatching time of members of the genus Chionodraco is
the same in the Ross Sea (Vacchi et al. 2003). However,
the hatching date of C. rastrospinosus in the Ross Sea
is slightly different from that reported around the Ant-
arctic Peninsula (August to November) (La Mesa et al.
2013a). The spawning of C. wilsoni likely occurs from
October to December at the tip of the Antarctic Peninsula
and from November to December in the Cosmonauts Sea
(Pshenichnov 1988; Kock et al. 2008). After a relatively
long-incubation period (8-9 months), C. wilsoni hatches
beginning in the late austral winter (August to September)
(Kock et al. 2008). Our results indicate that the hatching
period of C. wilsoni is from October to December in the
Ross Sea, which is different from the findings of a previ-
ous study (Kock et al. 2008). Kamler (2002) suggested
that the incubation time of eggs is determined by extrinsic
and intrinsic factors affecting the ontogenetic rate, among
which the most important are water temperature and the
maternal contribution to offspring eggs size. Therefore,
it is reasonable for the incubation period of a single spe-
cies to vary in different geographical regions as well as
interannually, according to the environmental conditions
of the sea water. Moreover, previous studies reported that
the egg diameter of C. rastrospinosus ranges from 4.8 mm

to 5.0 mm, which is among the maximum values reported
for notothenioids, while the egg diameter of C. wilsoni
ranges from 4.3 mm to 4.8 mm (Kock 2005; Kock et al.
2008). It is a rather common feature among channichthy-
ids for larger egg to take a longer time to hatch (La Mesa
et al. 2013a). In this study, C. rastrospinosus showed a
relatively long-incubation time compared to C. wilsoni,
which confirmed the general rule that the incubation time
is directly related to egg size under similar environmental
conditions (Kock 1989).

An exogenous feeding check is a rather common feature
among channichthyids, which begin to feed exogenously at
least one to two months after hatching (La Mesa and Ashford
2008a). The present study clearly documented the second
check located outward from the hatching check as the exog-
enous feeding check (Fig. 3). The exogenous feeding period
lasted from 16 to 29 days in C. wilsoni and 21-41 days in
C. rastrospinosus. The timing and duration of the yolk-sac
larval stage of icefish (i.e., from hatching to complete yolk-
sac absorption) differed somewhat among individuals (Kock
2005). It has been reported that the timing of exogenous
feeding increases with increasing egg size and larval size
at hatching (La Mesa and Ashford 2008a). Accordingly, the
onset of exogenous feeding was found to be later in C. ras-
trospinosus than in C. wilsoni in our study because these
species produced large eggs and abundant yolk reserves.
In contrast, our results are slightly different from La Mesa
et al. (2013a), who reported that the exogenous feeding
period (or yolk-feeding period) of C. rastrospinosus around
the Antarctic Peninsula lasted from 23 to 52 days. Larvae
and post-larvae of channichthyids prey heavily on Antarctic
krill (Euphausia superba), ice krill (E. crystallorophias),
and larval notothenioids (La Mesa et al. 2009, 2011). Lar-
vae and juveniles of Antarctic silverfish are the dominant
and most abundant species in the Ross Sea, representing
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approximately 98% of the total ichthyoplankton (Guglielmo
et al. 1997). In particular, Dacodraco hunteri (La Mesa
et al. 2012) and Chionodraco hamatus larvae smaller than
40 mm SL (La Mesa et al. 2011) feed almost exclusively
on Antarctic silverfish larvae in the Ross Sea. The analysis
of stomach contents showed that C. rastrospinosus larvae
mainly fed on furcilia, adult euphausiids, and Antarctic
silverfish larvae (La Mesa et al. 2013a). In contrast to the
relatively long-hatching period, our results showed that the
exogenous feeding time of C. wilsoni and C. rastrospinosus
was concentrated in a short period, mainly in December.
Vacchi et al. (2003) reported that Antarctic silverfish eggs
occupied a layer of platelet ice under fast ice and hatched in
the Ross Sea from mid-November to December. It is reason-
able to speculate that the onset of exogenous feeding in C.
wilsoni and C. rastrospinosus is consistent with the hatching
time of Antarctic silverfish larvae. This phenomenon is in
line with the “match-mismatch” hypothesis (Cushing 1990),
which suggests that the availability of sufficient food during
the timing of exogenous feeding determines the survival and
recruitment success of larvae. Interestingly, the both species
hatched at similar times in the Ross Sea and showed overlap-
ping timing of the onset of exogenous feeding, suggesting
that C. wilsoni and C. rastrospinosus are likely to compete
for food during their early stages.

The larval size at hatching was 9.28 mm in C. wilsoni
and 10.90 mm in C. rastrospinosus according to otolith
microstructure analysis, which is below the lower range
of hatching size reported for channichthyids (13-17 mm)
(Kock 2005). However, the hatching size of C. rastrospi-
nosus around the Antarctic Peninsula was reported to be
17.2 mm (La Mesa et al. 2013a). The timing of and size at
complete yolk resorption are likely variable and related to
local environmental conditions (La Mesa et al. 2012). Nota-
bly, the sizes at hatching of 9.28 mm and 10.90 mm reported
here for C. wilsoni and C. rastrospinosus have to be con-
sidered theoretical, because they were estimated by fitting
an exponential model. Given that smaller C. wilsoni larvae
(7 mm SL) are found around the Antarctic Peninsula (Kock
et al. 2008) and considering the size of the smallest larva of
C. wilsoni and C. rastrospinosus (14 mm SL) collected in
the present study, this estimate seems to be quite feasible.
In addition, the hatching size of C. rastrospinosus larvae is
larger than that of C. wilsoni larvae, in accordance with the
production of large eggs by C. rastrospinosus (Kock 2005).

The larvae and post-larvae of a few high-Antarctic spe-
cies, such as C. rastrospinosus and Chaenocephalus acera-
tus, grow comparatively fast and appear to achieve lengths
of up to 60—80 mm in their first year (Kellermann 1990).
Previous studies based on otolith microstructure reported
that the daily growth rate of Champsocephalus gunnari
was 0.31 mm around the South Shetland Islands and the
instantaneous growth rate of Chaenocephalus aceratus

@ Springer

was estimated to be 0.23 mm day~' (La Mesa and Ash-
ford 2008a; La Mesa et al. 2013b). La Mesa et al. (2013a)
reported that the daily growth rate of C. rastrospinosus col-
lected around the Antarctic Peninsula with the SL of 39 mm
to 69 mm was 0.25 mm day~'. The growth rate reported by
La Mesa et al. (2013a) is slightly lower than our estimate of
a daily growth rate of 0.38 mm day ™' for C. rastrospinosus
collected with SL of 14 mm to 48 mm in the Ross Sea. The
lack of synchrony of early ontogenetic steps among individu-
als and the variation among the cohorts in terms of size and
the timing of hatching may explain the variability observed
in the larval growth rate of this species (North 1998; Kamler
2002). Different environmental conditions in terms of water
temperature and food species also greatly affect the larval
growth rate; for example, the Ross Sea is characterized by
high phytoplankton productivity, which is beneficial to larval
growth (Davis et al. 2017). Because of their different hatch-
ing periods and the interannual changes in environmental
conditions, such as prey availability, the both species grew
at different rates during their early-life period (F'=5.048,
p=0.024). Moreover, endogenous factors can cause substan-
tial variation in larval growth, which is also associated with
high heritability of growth rates (Purdom 1993). In future
studies, we should focus on the influence of food or envi-
ronmental factors on the early-life history traits of icefish in
this sensitive area of the Ross Sea and conduct long-term
monitoring of the early-life history strategies of icefish.

Conclusion

In conclusion, microstructure analysis of sagittal otoliths in
C. wilsoni and C. rastrospinosus provides novel informa-
tion on the hatching periods and growth rates of these two
icefishes in the Ross Sea. Our study indicates that C. wilsoni
and C. rastrospinosus exhibit the main biological features
found in many icefish species: they grow comparatively fast
(0.34 mm day~! and 0.38 mm day~') when they are imma-
ture and have a long-incubation period. The newly hatched
C. rastrospinosus have a considerable yolk supply, enabling
them to start exogenous feeding later than C. wilsoni. In
addition, the incubation time of C. wilsoni was shorter than
C. rastrospinosus and the newly hatched larvae of C. wil-
soni were also smaller. Despite the differences in hatching
time and larval size at hatching, C. wilsoni and C. rastros-
pinosus share some common life history features. The dura-
tion period of hatching was relatively long, with the peak
time of exogenous feeding overlapped and concentrated in
December.
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