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Abstract

Amongst the nototheniid subfamily Pleuragramminae, Aethotaxis mitopteryx is an infrequently collected high Antarctic
species with an array of morphological and physiological adaptations supporting an evolutionarily derived benthopelagic
lifestyle. The present study deals with some poorly known life history traits of this species, counting on 79 specimens col-
lected in the Weddell Sea during 2014 and 2015 austral summer. Annulation pattern in sagittal otoliths were used to assess
population age structure and growth rate, while macroscopic and histological analyses of gonads were performed to estimate
reproductive status and features of gametogenesis. The sex ratio of the sampled population was close to parity, with females
significantly larger than males. Based on the von Bertalanffy growth model, females attained a larger maximum size (40 vs.
27 cm) at a lower rate (0.05 vs. 0.12 years™!) than males. Individual longevity was remarkable in both sexes, females and
males attaining 62 and 32 years of age, respectively. Females showed group synchronous oocyte development and presumed
high reproductive effort, as indicated by the large size of residual hydrated oocytes in regressing individuals (4.6—4.8 mm).
Body sizes at sexual maturity were 33 and 19 cm in females and males, corresponding to 32 and 11 years of age, respectively.
All specimens were caught far from the reproductive season. From an evolutionary perspective, it appears that the process
of pelagization similarly influenced the life strategies of the species within the clade Pleuragramminae, which shared high
reproductive effort linked to early sexual maturity, slow somatic growth and long life span.
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Introduction newly devoid of competitors, the notothenioids underwent

an adaptive radiation exhibiting a remarkable morphologi-

The modern fish fauna inhabiting the Antarctic continental
shelf is largely dominated by a single endemic perciform
suborder, the Notothenioidei (Kock 1992). In the early Mio-
cene, a series of tectonic and oceanographic events progres-
sively isolated the Antarctic Continent, altering the local fau-
nal composition. Loss of habitat, low temperature regimes
and changes in the trophic structure of the ecosystem prob-
ably led to the extinction of the Eocene components of the
fish fauna (Eastman 2005). Since then, in filling habitats
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cal and ecological diversification. Although notothenioids
shared a benthic, bladderless ancestor (Eastman 1993), some
species evolved an array of morphological and physiologi-
cal characters to utilize unfilled niches in the water column,
an evolutionary process sometimes referred to as pelagiza-
tion (Klingenberg and Ekau 1996). Despite lacking swim
bladders, some lineages of Nototheniidae, most notably the
Pleuragramminae, adapted to a pelagic lifestyle by evolving
towards neutral buoyancy through a combination of reduced
skeletal mineralization and intramuscular lipid deposition
(Eastman 1993).

Based on morphological characters and molecular data,
the “pelagic” clade was found to be monophyletic and basal
amongst the Nototheniidae, including four genera (Aetho-
taxis, Dissostichus, Gvozdarus and Pleuragramma) within
the subfamily Pleuragramminae (Andersen 1984) or Pleura-
grammatinae (Balushkin 2000; Sanchez et al. 2007). Except
for Dissostichus, which includes two large species with
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partially overlapping circum-Antarctic distributions, the
other genera are monospecific and attain small to medium
size (DeWitt et al. 1990). This clade has developed rather
recently, between 10 and 20 million years ago (Near et al.
2012), evolving physiological adaptations (e.g. neutral
buoyancy) to accomplish recent changes in lifestyle (e.g.
Wohrmann 1998). Although they share the same pelagic
environment, data on blood physiology and oxygen-carrying
capacity indicated that some genera (Aethotaxis and Pleu-
ragramma) are sluggish with a limited scope for activity,
while others (Dissostichus) are regarded as more active (e.g.
Kunzmann 1991).

Due to their dominance and key role in the pelagic food
web of the Antarctic continental shelf (Pleuragramma ant-
arctica) and/or their importance for commercial fisheries
purposes (Dissostichus eleginoides and D. mawsoni), a huge
amount of data have been reported on biological and eco-
logical features of these species (recently reviewed by Col-
lins et al. 2010; La Mesa and Eastman 2012; Hanchet et al.
2015). On the other hand, Aethotaxis mitopteryx is one of
the lesser-known species of the family Nototheniidae (Kunz-
mann and Zimmermann 1992), while Gvozdarus svetovidovi
is known only from the holotype taken in the Ross Sea and
another specimen collected in the Cooperation Sea (DeWitt
et al. 1990).

Compared to other nototheniids, A. mitopteryx was
described somewhat recently from McMurdo Sound, Ross
Sea (DeWitt 1962). The common name, threadfin pithead,
is due to the unique elongated spines and rays associated
with the first dorsal and pelvic fins, as well as to the pores
on head appearing as large holes or pits (DeWitt et al. 1990).
It is a rare species with a supposed circum-Antarctic distri-
bution, having been sparsely recorded from the Ross Sea,
Cooperation Sea, Lazarev Sea, Weddell Sea and along the
islands of the Scotia Sea (DeWitt et al. 1990, Zimmermann
1997). As an example, four Polarstern expeditions carried
out between 1985 and 1992 in the Weddell and Lazarev Seas
yielded a total of 99 A. mitopteryx, representing 90% of total
catches of this species reported until then (Kunzmann and
Zimmermann 1992).

The streamlined appearance of body placed A. mitopteryx
at the lowest rank of morphological characteristics standing
for pelagic life style (Ekau 1988). On the basis of skeletal
reduction and lipid deposition in typical subcutaneous adi-
pose cells, Eastman and DeVries (1982) argued that this spe-
cies was probably close to neutral buoyancy, as recently con-
firmed by direct measurements on fresh specimens collected
from the Bransfield Strait (Near et al. 2007). Accordingly, A.
mitopteryx feed almost exclusively on small zooplanktonic
prey such as krill, copepods and amphipods (Kunzmann and
Zimmermann 1992), as suggested by the numerous long and
slender gill rakers (Eastman 1993). Like P. antarctica and G.
svetovidovi, A. mitopteryx exhibit extensive peritoneal and
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gut melanism reducing potential predation due to zooplank-
tonic prey bioluminescence (Eastman and DeVries 1997).

In an evolutionary perspective, the pelagic mode of life
similarly influenced the life history strategies of the species
within the clade Pleuragramminae. Compared to other noto-
theniids, they attain sexual maturity earlier (i.e. at 30-50%
of maximum age) and exhibit higher absolute (Dissostichus
spp.) or relative fecundity (P. antarctica), producing pelagic
eggs floating free in the water column or layer under the
platelet ice (Evseenko et al. 1995; Vacchi et al. 2004). In
turn, a large parental investments in reproduction largely
contribute at determining their slow somatic growth after
sexual maturity linked to a long life-span (LLa Mesa and Vac-
chi 2001).

Whether A. mitopteryx evolved similar life history strate-
gies such as the relative timing of sexual maturity and long
life span representative of other clades of Pleuragramminae
inhabiting the same pelagic environments is not known. To
address this issue, we aim to study the reproductive traits
from juvenile and adult specimens of A. mifopteryx collected
in the Weddell Sea using macroscopic and histological anal-
yses of gonads. In addition, we examine the age structure
and growth rate of local population through the sagittal oto-
liths growth increment pattern.

Materials and methods
Fish sampling

Samples of A. mitopteryx were collected during two
Polarstern expeditions carried out in the southern Weddell
Sea (PS82, ANT-XXIX/9 during December 2013—-March
2014; PS96, ANT-XXXI1/2 during December 2015-Feb-
ruary 2016). All the specimens were sampled in two sta-
tions (PS82/341-1, 72°47,93'S, 19°29,71'W, 14 February
2014; PS96/090-11, 72°19,24'S, 16°53,74'W, 29 January
2016) located off the Riiser—Larsen Ice Shelf at 740 and
882 m depth (Fig. 1, Table 1). The gear was a bottom trawl
equipped with 40-mm mesh in the cod end and towed at 3
knots for 30 min (Knust and Schroder 2014; Schroder 2016).

After species identification and sorting, each specimen
was measured to the nearest half cm below as total length
(TL) and standard length (SL), weighed as total weight (TW,
g) and sexed macroscopically through direct examination
of gonads. Stage of gonad maturity was assessed according
to the five-point scale proposed for nototheniids (Kock and
Kellermann 1991). Gonads were excised from the abdominal
cavity, weighed (GW, 0.1 g precision) and stored in Dietrich
solution (60% distilled water, 30% ethanol, 9% formalde-
hyde, 1% acetic acid) for further analyses. Sagittal otolith
pairs were removed from each specimen and stored dry in
numbered vials.
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Fig. 1 Map of the eastern Wed-
dell Sea, showing the sampling
stations (crosses) for Aethotaxis
mitopteryx located off the
Riiser—Larsen Ice Shelf
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Table 1 Sampling data of Aethotaxis mitopteryx collected during
Polarstern expeditions in the southern Weddell Sea

Station code PS82/341-1 PS96/090-11
? 3 9 3
n 2 1 42 34
Size (SL, cm, mean+SD)  41.8+1.8 30 31.1+8.8 223+44

Weight (TW, g, mean+SD) 751+149 254 446+341 134176

SL standard length, TW total weight

Laboratory activities

For histological analysis of gonads, subsamples of gonad
tissue were dehydrated through ascending concentrations
of ethanol and embedded in paraplast. Serial transverse
sections of 5-7 pm thickness were put on slides, dried at
50 °C and stained with Harrys’ haematoxylin and eosin
(Pearse 1985). The histological sections were observed at
50 to X1000 magnification using a light microscope (LEICA
DM400B) linked to a software video analysis system (LAS,
Leica Application Suite). Based on the presence of differ-
ent cellular types and morphological structures within the
gonad tissue, each specimen was staged according to five
phases of gonad development (Brown-Peterson et al. 2011).
For both sexes, the phases were defined as follows: (1)

immature (never spawned); (2) developing (gonads begin-
ning to develop, but not ready to spawn); (3) spawning
capable (fish are developmentally and physiologically able
to spawn); (4) regressing (post spawning); (5) regenerating
(sexually mature but reproductively inactive). Representa-
tive subsamples of gonads from regressing females (i.e. the
only specimens with vitellogenic oocytes) were removed and
weighed to determine their oocytes size—frequency distribu-
tions. Oocytes were manually separated into a Petri dish,
counted and diameter measured using a stereomicroscope.
From each specimen, the weights of left and right sagittal
otoliths were recorded (OW, 0.1 mg) and compared to each
other using a ¢ test for paired comparisons. As they differed
significantly (r=3.06, df=71, p <0.01), right otoliths were
arbitrarily selected and their maximum length (OL, 0.01 mm
precision) measured using a stereomicroscope linked to the
LAS software. As commonly observed in notothenioids (e.g.
White 1991), sagittal otoliths of A. mitopteryx were opaque
with a dense calcareous matrix, requiring to be sectioned
or ground to reveal the inner structure. Right otoliths from
all specimens were first burned in an oven at 350 °C for a
few minutes to enhance the contrast between growth rings.
They were individually embedded in resin (Crystalbond 509
Amber, Aremo Products, Inc.), ground using abrasive paper
and polished with a lapping film covered by alumina pow-
der (0.05 um particle size). Once the annulation pattern was
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clearly visible from the core to the otolith margin, the trans-
verse sections were fixed on glass slides and observed under
reflected light using a stereomicroscope at 25 to x40 mag-
nification. The annulation pattern consisted of an opaque
nucleus surrounded by alternating opaque (light rings) and
translucent zones (dark rings). The combination of each pair
of opaque and translucent zones was considered to form an
annulus, as generally reported for other species of nototh-
enioids (e.g. North 1988). Individual age was assigned by
counting all translucent zones, assuming the annual perio-
dicity of annulus formation. Two blind counts were made by
the a single reader for each otolith, taking the mean value as
individual age estimate.

Data analysis

The length—frequency distributions of sexes were compared
by the Kolmogorov—Smirnov’s two-sample test. The depar-
ture from the expected 1:1 sex ratio was assessed using a
2* goodness-of-fit test. The length—weight relationships of
fish were calculated for each sex, fitting experimental data
to the equation TW =aSL"b, where TW is total weight (g),
SL is the standard length (cm) and @ and b are the regres-
sion parameters. An F-test was applied to test for differences
of allometric coefficients (b) between sexes. In addition, a
t-test was applied to determine the deviation from isometric
growth (b=3) using the equation = (b — 3) sb~!, where sb is
the standard error of b. The relationship between fish length
(SL) and otolith maximum length (OL) was determined by
simple linear regression analysis (Hecht 1987). Assump-
tions of normality and homogeneity of variance were veri-
fied by the Shapiro—Wilk test and analysis of residuals for
all relationships.

As a measure of reproductive investment, the gonado-
somatic index (GSI) was individually calculated as GW/
TW X 100. The fish size at sexual maturity was estimated
for both sexes by taking into account the smallest maturing/
mature male and female (i.e. in phases 2-5), as the rela-
tively few specimens caught did not allow for fitting a logis-
tic model to the proportion of mature fish over the whole
size range. The size—frequency distributions of oocytes
were recorded in regressing females, to infer their pattern
of development (Wallace and Selman 1981).

The average percentage error (APE) and the coefficient of
variation (CV) (Beamish and Fournier 1981; Chang 1982)
were calculated as a measure of age estimates precision.
Age-length data pairs estimated for each sex were fitted by
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the von Bertalanffy growth model, and the growth parame-
ters (L., k, t;) compared by the likelihood ratio test (Kimura
1980). For best fitting, three larvae of A. mitopteryx (17.4,
21.5 and 34.1 mm SL) collected in the Weddell Sea from
November to February were added to age estimates of juve-
niles and adults, assuming they hatched 2-5 months before
capture (Kellermann 1990). The growth performance index
(@'=2 log L, +1log k, Munro and Pauly 1983) was calcu-
lated for comparison with other nototheniids.

Results
Fish samples

Overall, catches yielded 44 females and 35 males. Females
were significantly larger than males (Kolmogorov—Smirnov
test, D=0.83, p<0.01), ranging between 18 and 45 cm SL
and 13 and 31 cm SL, respectively (Fig. 2). Total body
weight (TW) ranged from 59 to 1159 g and from 26 to
314 g in females and males. The departure of sex ratio
from the proportion 1:1 was not statistically significant
(#*=1.02, df=1, p=0.311). The length-weight relation-
ships for females and males were TW =0.0057SL"3.20
and TW =0.0111SL"2.99, respectively (Fig. 3). The body
growth of females was positively allometric (i.e. b > 3)
(t=4.30, df=42, p<0.0001), whereas that of males tended
towards isometry (b=3) (+=0.14, df=33, p=0.888).
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Fig.2 Length—frequency distribution of Aethotaxis mitopteryx popu-
lation sampled during the PS82 (ANT-XXIX/9) and PS96 (ANT-
XXX1/2) Polarstern expeditions in the Weddell Sea
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Fig.3 Length-weight relationships estimated for Aethotaxis mitop-
teryx females (a) and males (b) collected in the eastern Weddell Sea

Allometric coefficients (b) were statistically different
between sexes (F=4.71, df=1,75, p=0.033).

Reproductive traits

Given the histological examination of gonads, we arrived at
the following characteristics to define the phases of gonad
maturity.

Females

(1) Immature: small ovaries, with follicles consisting
exclusively of oogonia and previtellogenic or primary
growth oocytes (Pg) at two stages of development,
namely chromatin nucleolar and larger perinucleolar
(Fig. 4a).

(2) Developing: ovaries increasing in size, with follicles
consisting of primary growth and endogenous vitel-
logenic or cortical alveolar oocytes (Ca), characterized
by a large nucleus with several peripheral nucleoli and
chromophobic vesicles (cortical alveoli) forming sev-
eral rows at the periphery of cytoplasm (Fig. 4b).

(3) not recorded

(4) Regressing: small and flaccid ovaries, containing pri-
mary growth and cortical alveolar oocytes, as well as
early vitellogenic oocytes (Vtg) with yolk granules
filling the cytoplasm before coalescence; presence
of postovulatory follicles (POF) in varying stages of
degeneration (Fig. 4c).

(5) Regenerating: small ovaries, with primary growth and
cortical alveolar oocytes; several atretic oocytes (A) at
different stages of resorption (Fig. 4d).

Males (unrestricted testes)

(1) Immature: small testes with densely packed lobules
without evident lumina, filled by cysts of spermatogo-
nia (Sg) (Fig. 4e).

(2) Developing: testes increasing in size, with the germinal
epithelium consisting of cysts of spermatocytes I and
IT (Sc) and spermatids (St), and spermatogonia located
at the periphery of the gonad (Fig. 4f, g).

(3) not recorded

(4) not recorded

(5) Regenerating: small testes, with continuous germinal
epithelium made up of spermatogonia throughout lob-
ules with partially collapsed lumina; residual sperma-
tozoa not present into the sperm ducts (Fig. 4h).

The GSI patterns in relation to fish size and different
phases of gonad development were determined for each
sex (Fig. 5). In agreement with the gonad cycle, the GSI
increased from immature (mean = SD, 0.17+0.09, n=13)
to developing (0.41 +0.12, n=3) and regressing females
(0.73+£0.28, n=14), decreasing in regenerating ones
(0.67+0.21, n=5) (Fig. 5a). In males, the GSI increased
from immature (0.02+0.01, n=35) to developing speci-
mens (1.08 +£0.31, n=3), declining in regenerating ones
(0.06 £0.03, n=19) (Fig. 5b). Fish size at sexual maturity
was 33 and 19 cm SL in females and males, corresponding to
73 and 61% of their maximum standard length, respectively.
Considering the size—frequency distribution of oocytes in
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Fig.4 Photomicrographs of
gonad histology, illustrating the
reproductive phases recorded
in both sexes of Aethotaxis
mitopteryx. a Immature female
with sparse oogonia (Oo) and
previtellogenic oocytes (Pg),

b developing female with
follicles consisting of previ-
tellogenic oocytes (Pg) and
cortical alveolar oocytes (Ca),
¢ regressing female show-

ing previtellogenic (Pg) and
cortical alveolar oocytes (Ca),
vitellogenic oocyte at an early
stage of development (Vtg) and
postovulatory follicles (POF), d
regenerating female character-
ized by a few previtellogenic
oocytes (Pg) and oocytes at
various stages of atresia (A),

e immature male with cysts

of spermatogonia (Sg), f, g
developing male in active
spermatogenesis, with lobules
filled by peripheral spermatogo-
nia (Sg), spermatocytes I and II
(Scl and Scll) and spermatids
(St), h regenerating male with
lobules consisting exclusively
of spermatogonia (Sg), lumen
of lobules and sperm duct (sd)
empty

regressing females, this species showed a group synchro-
nous development, consisting of two discrete groups of
oocytes separated by a threshold size of ~1 mm (Fig. 6).
Based on the histological analysis (see below), the smaller
group included previtellogenic and cortical alveoli oocytes,
whereas the larger one was composed of vitellogenic oocytes
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at an early stage of development. The presence of posto-
vulatory follicles (POF) and atretic oocytes in regressing
females prevented any estimation of individual fecundity. A
few residual eggs as large as 4.6—4.8 mm at the final process
of hydration were found in a single specimen.
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Fig.5 Pattern of gonadosomatic index (GSI) in relation to fish size
evaluated for Aethotaxis mitopteryx females (a) and males (b) col-
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ing female (43 cm SL, 1040 g TW) of Aethotaxis mitopteryx, show-
ing two discrete groups formed by previtellogenic and cortical alveoli
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Age and growth

The relationship between fish standard length (SL) and
maximum otolith size (OL) was linear, being described
by the equation SL=— 1.9545.24 OL (?=0.91, n="73)
(Fig. 7). Through the otolith sectioning, a total of 75 speci-
mens of A. mitopteryx were successfully aged (Fig. 8).
Indices of precision of age estimates were both relatively
low (CV=3.7%; APE=5.2%), revealing a good con-
sistency between readings. The von Bertalanffy growth
curves fitted to age—length data pairs were separately plot-
ted for each sex (Fig. 9). Age estimates of juveniles and
adults ranged from 7 to 62 years for females and from 7
to 36 years for males. Von Bertalanffy growth parameters
and index of growth performance are reported in Table 2.
Applying the likelihood ratio test, growth curves differed
significantly between sexes, females attained larger size
and grew slower than males (Table 3). Based on Von Ber-
talanffy growth curves, age at sexual maturity was about
32 and 11 years in females and males, corresponding to
50-30% of their maximum estimated age, respectively.

Discussion

Considering the relatively few records of A. mitopteryx
reported in the past throughout the Antarctic continental
shelves (Kunzmann and Zimmermann 1992), the present
collection was worthwhile for the large number of sam-
ples, enabling us to shed more light on the biology of this
infrequently collected species. The fish sample collected
in the Weddell Sea consisted of juveniles and adults, with
a balanced sex ratio. It was characterized by a remarkable
sexual dimorphism, being females significantly larger than
males, as found in other components of the pelagic clade
such as Pleuragramma and Dissostichus spp. In addition,
maximum size and weight of A. mitopteryx was larger than
previously reported, being 52 cm TL and 1159 g respec-
tively. Despite the considerable fishing effort (a total of 56
hauls) spent over a wide area located in the eastern and
south-eastern Weddell Sea, A. mitopteryx was caught only
in two stations north of Vestkapp, indicating a patchy distri-
bution in relatively deep waters. In agreement with previous
records from the Weddell Sea (reviewed in Kunzmann and
Zimmermann 1992), the species was mainly distributed on
the shelf at depths of more than 700 m. As most specimens
were caught by bottom trawl, A. mitopteryx may be consid-
ered a benthopelagic species, inhabiting at least temporarily

@ Springer



Polar Biology (2018) 41:1777-1788

1784
Fig.7 Linear fitting of fish 50 -
length—otolith length data esti-
mated for Aethotaxis mitopteryx 45 4
specimens collected in the
eastern Weddell Sea 40 -
535 1
N
£ 30 -
c
Q2 25
©
@
S 20 -
c
& 15 A
10 -
5 4
0 T L]
0 1 2

in close proximity to the sea bottom. Nevertheless, the
attainment of neutral buoyancy through skeletal reduction
and lipid deposition allowed this species to move easily
throughout the water column to feed on zooplanktonic prey
(e.g. Takahashi and Iwami 1997).

Based on macroscopic and histological analyses of
gonads, the specimens collected in late summer in the Wed-
dell Sea were out of the reproductive season. However, the
presence of several regressing females with postovulatory
follicles (POF) at various stages of resorption suggests that
spawning likely occurred 1-2 months before sampling. It
was unclear whether the early vitellogenic oocytes forming
the larger batch found in regressing females will be spawned
later in the season or resorbed undergoing atretic processes.
Lacking mature females in our samples, we were unable
to estimate in this species the reproductive investment in
terms of fecundity. In any case, the large size of hydrated
eggs observed in a single regressing female could support
the hypothesis of a marked reproductive effort, as elsewhere
reported in the few other pelagic nototheniids such as Dis-
sostichus and Pleuragramma (e.g. Collins et al. 2010; La
Mesa and Eastman 2012). In A. mitopteryx, large eggs give
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rise to relatively large yolk—sac larvae of approximately
17.5 mm SL, collected in the Weddell Sea in November
(Kellermann 1990). Unlike adults, larvae of A. mitopteryx
are particularly widespread, ranking second in abundance
in the inner shelf of the south-eastern Weddell Sea (White
and Piatkowski 1993).

The most striking result of the present study concerned
the life span and the strong sexual dimorphism in size and
age estimated for this species. Although age estimates were
only presumed lacking validation, A. mitopteryx exhibited
the longest life span reported so far amongst notothenioid
fishes (Kock and Everson 1998). However, the annulation
patterns in the sagittal otoliths and ageing criteria used for
this species closely resembled those reported in Dissosti-
chus mawsoni, in which age estimates have been recently
validated using radiometrics (Brooks et al. 2011). Sexual
dimorphism has been observed in a few number of nototh-
enioids, generally associated to different body colouration
or fins morphology in mating fishes (Kock and Kellermann
1991). A remarkable dimorphism in size was described in
the Scotia Sea icefish, females being larger and slightly older
than males (La Mesa et al. 2004).
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Fig.8 Transverse section of
sagittal otolith under reflected
light of a 62 years old Aetho-
taxis mitopteryx female; the
enlarged lower inset shows
the best counting path along
the ventral/medial side of the
otolith; scale bar=1 mm

@ Springer



1786

Polar Biology (2018) 41:1777-1788

50 -
€
o
<
k)
c
Ko}
B
@
el
c
S
7]
0 T T T T T T !
0 10 20 30 40 50 60 70
Age (years)
b
50 -
40 A
€
A
=
)
o
o
B
©
©
C
8
7]
0 10 20 30 40 50 60 70
Age (years)

Fig.9 Age-length data fitted by the von Bertalanffy growth curves
estimated for Aethotaxis mitopteryx females (a) and males (b) col-
lected in the eastern Weddell Sea; open circles indicate data from lar-
vae

Table 2 Von Bertalanffy growth parameters and growth performance
index estimated for Aethotaxis mitopteryx; L, K and t, represent the
von Bertalanffy growth parameters, @' is the growth performance
index

In the Weddell Sea, the age structure of local popula-
tion of A. mitopteryx consisted of very old fishes, most of
them being older than 20 (males) and 40 (females) years
of age. Attaining a moderate maximum size coupled with
a low instantaneous growth rate (k), the growth perfor-
mance of A. mitopteryx was at the lower end reported
for notothenioids inhabiting the high-Antarctic Zone (La
Mesa and Vacchi 2001). Although late in absolute terms
due to slow body growth rate of juveniles, A. mitopteryx
reached sexual maturity early if compared with the long
life span estimated in this study. Most high-Antarctic fish
spawn for the first time at 50-80% of their maximum age
(La Mesa and Vacchi 2001), whereas A. mitopteryx reach
sexual maturity at 30-50% of their life span. In turn, an
early sexual maturity associated to high parental gonadal
investment spread over a long life span would likely pro-
duce a great reproductive potential for this species, as
reported elsewhere for P. antarctica (La Mesa et al. 2015).
Instead of investing energy reserves in somatic growth, A.
mitopteryx utilized most of metabolic energy to assuring
an adequate number of offsprings (Hubold 1991), as well
as the production of antifreeze glycopeptides and lipid
storage for buoyancy.

In conclusion, the evolutionary trend towards a complete
pelagic life style which involved the few species within the
clade Pleuragramminae shaped their life strategies through
unique morphological, physiological and ecological adapta-
tions. In adapting to the physical and biological constraints
of the pelagic environment, they evolved common character-
istics such as streamlined shape, skeletal reduction and lipid
storage for buoyancy, zooplanktonic to piscivorous feeding,
high reproductive effort linked to early sexual maturity, slow
somatic growth and long life span.

Sex Growth parameters
L, (cm) K (years") 1o (years) @'

Q 40.49 0.05 —-2.28 1.91

a 27.32 0.12 -0.39 1.95

Tabl.e 3 Likelihood ratio test Parameter 0 RSS X2 a  p

applied to the von Bertalanffy

growth parameters estimated for L, k to L, k to

Aethotaxis mitopteryx

o 39.29  0.06 -1.70 39.29 0.04 -6.14 1078.22  25.73 1 *E

k 38.55 0.06 -0.79 3132 0.06 —3.04 93549 14.23 1 *E
ty 39.67 0.06 -1.04 27.60 0.11 - 1.04 805.96 2.16 1 ns
L, =k=t, 40.69 0.04 —-3.66  40.69 0.04 —3.66 1211.56 35.18 3 *E

Statistics are based on four null hypothesis, assuming no difference between sexes

RSS residual sum of squares; df degrees of freedom; **significant at ®=0.01; ns not significant; L, K and
t, represent the von Bertalanffy growth parameters
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