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Abstract

The Magellan plunderfish Harpagifer bispinis is a small and benthic sub-Antarctic notothenioid commonly found in shallow
waters of the Beagle Channel, whose biology is poorly known. Based on a seasonal sampling conducted throughout a year,
we provide original data on some biological parameters, such as reproductive traits and age structure. The sampled population
of Magellan plunderfish was sex balanced, showing no dimorphism in fish size and isometric body growth. Macroscopic and
histological analyses of gonads enabled us to infer that this species is a total spawner, with a single annual spawning season
during the austral winter. Total fecundity was considerably low (mean of 574 eggs per female), even compared with other
harpagiferids. Based on daily increment counts made in juveniles, larval hatching took place between late September and
early October, likely enhancing their survival during the warmer months. The Von Bertalanffy growth parameters, estimated
from the length-at-age data pairs for the whole population, were L,,=80.7 (+0.82), K=0.25 (+0.01), and 7,=— 2.31. The
estimated growth performance (3.21) and life span (7 years) of H. bispinis were both comparable to those reported for their
most closely related species, H. antarcticus. The life-history traits of Magellan plunderfish are discussed from an ecological
and evolutionary perspective, through a comparative approach with their Antarctic counterparts.
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Introduction

Harpagiferidae is a monophyletic family (Derome et al.
2002; Near and Cheng 2008) that includes a single genus
(Harpagifer) and between 10 and 12 species according to
different authors (Duhamel et al. 2014; Eastman and Eakin
2016; Eschmeyer et al. 2019). Harpagiferids are the smallest
fish among notothenioids ranging between 5.7 and 11 cm of
total length (Eastman 2019), and are distributed in shallow
waters between 0 and 320 m depth (Eastman 2017). They are
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ecologically and morphologically similar species (Eastman
2005) that inhabit marine benthic/epibenthic environments
at both sides of the Antarctic Polar Front (APF). However,
most of the species are distributed around the sub-Antarctic
islands, whereas a single species inhabits the inshore waters
off the Antarctic Peninsula (Harpagifer antarcticus Nybelin,
1947) and another species lives at the southern tip of South
America (Harpagifer bispinis Forster, 1801).

From an evolutionary point of view, Harpagifer species
provided new evidence of faunal connections between the
Antarctic and South America through the Scotia Arc during
the Pleistocene (between 1.7 and 0.8 Ma) (Hiine et al. 2015).
These authors proposed that the northward displacement of
the APF occurring during the middle Pleistocene, along with
the long larval life span of H. antarcticus (Kock and Kel-
lermann 1991; White and Burren 1992), and the retention
of antifreeze glycoproteins facilitated their dispersion from
polar latitudes. The next relocation of the APF to its cur-
rent position probably finished the dispersion process and
resulted in the definitive separation of H. bispinis from their
closest ancestor H. antarcticus (Hiine et al. 2015).
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The Magellan plunderfish H. bispinis inhabits the sub-
littoral zones and intertidal pools in southern South Amer-
ica (Hureau 1990) between the 46° 40’ S in the Pacific
Ocean (Zama and Cardenas 1984) and 47° 45’ S in the
Atlantic Ocean (Gostonyi pers. comm.). In these habitats,
they can be found in the subtidal zone, within the kelp for-
est hidden on the floor beside the fronds and near the hold-
fast of Macrocystis pyrifera (Cruz-Jiménez 2019). Further-
more, Bruno et al. (2018) demonstrated the importance of
the giant kelp forests for the early stages of this species in
the Beagle Channel. Also, H. bispinis is commonly found
under rocks in the low and medium levels of the inter-
tidal zone, in tide pools. Living in these tides pools was
interpreted as a huge ecophysiological challenge, as this
habitat is usually frozen during winter and is exposed to
a wide range of salinity (from 0 to 38 %o0) by the flow of
small freshwater input during ice melting (Calvo, unpub-
lished data). The capacity of H. bispinis to cope with these
ranges of salinity and temperature are related to specific
adaptation such as aglomerularism in the kidney (Perez
et al. 2003) and the retention of antifreeze glycoproteins
(DeVries pers. comm.).

Biological information on H. bispinis is still very scarce.
From a morphological point of view, this species is charac-
terized by having a big head with two prominent preoper-
cular and opercular spines and a mouth with villiform teeth
(Lloris and Rucabado 1991). This is a sluggish, bottom-
dweller species with the lowest value of buoyancy among
sub-Antarctic notothenioids (Fernandez et al. 2012) that can
change their scaleless-skin colour depending on the type of
substrate. It was described as a “sit-and-wait” predator with
a mean trophic level of 3.7 (Riccialdelli et al. 2017), primar-
ily consuming benthic prey such as crustacean gammarids,
tanaids and isopods (Hiine and Vega 2016).

Some generalization on reproductive traits and early
life stages of harpagiferids has been made, although based
almost exclusively on H. antarcticus (Everson 1968; Tomo
and Cordero Funes 1972; Daniels 1978, 1983; Burren
1988; Kellerman 1990; White and Burren 1992; La Mesa
et al. 2017). For example, it was demonstrated that H. ant-
arcticus exhibits nesting behaviour, consistently with its
relatively low fecundity. Furthermore, it is characterized
by a wide spawning period, demersal eggs, small size at
hatch and an extended larval pelagic phase. In a recent
study carried out in the South Shetland Islands, the hatch-
ing of small and fast growing larvae of H. antarcticus
occurred in spring—summer and is probably triggered by
wind-induced turbulence in nearshore subtidal environ-
ments (La Mesa et al. 2017). Conversely, little is known
about spawning season, fecundity, hatching time and size
at maturity in Harpagifer species living in sub-Antarctic
waters. Until now, the oogenetic process of Harpagifer
spinosus was described from the Crozet Islands (Van der
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Molen and Matallanas 2004) and different larval stages
were described for H. kerguelensis (Koubbi et al. 1991)
and H. georgianus (North 1991).

Considering the wide distribution of harpagiferids from
the Antarctic Peninsula to sub-Antarctic Islands to Patago-
nian coastal waters, it would be interesting to assess how
environmental factors in different latitudes contribute to
shape the life strategies of these species. In particular, our
hypothesis is that the establishment of closely related species
in non-Antarctic coastal waters, such as H. bispinis, sup-
poses a rearrangement of their life-history traits to cope with
seawater temperature increases of up to 11 °C, as is the case
in the Beagle Channel during summer. To address this issue,
the aim of this study was to analyse the life-history strategies
of H. bispinis including its reproductive cycle, age structure
and growth rate, in order to gain further insight into the bio-
logical adaptations evolved in non-Antarctic notothenioids.

Materials and methods
Study area

The Beagle Channel (BC) is a tectonic valley repeatedly
carved by glacial cycles and flooded by the sea during the
last transgression (Rabassa 2008; Bujalesky 2011). The
BC is a unique subpolar marine ecosystem situated at the
tip of South America with water flowing eastwards and
connecting the Pacific and the Atlantic Oceans (Isla et al.
1999; Gordillo et al. 2008). In this area, water temperature
ranges between 4.2 and 4.3 °C in August and between 8.9
and 9.8 °C in January, while salinity ranges from 26.7%o
in November to 31.3%o during July (Balestrini et al. 1998).
However, extreme values up to 0 °C during winter and
11 °C in summer as well as a salinity range between 0 and
38%o can be found in the intertidal zone. The tidal regime
is almost microtidal, with typical amplitudes between 1 and
2 m (D’Onofrio 1989).

Fish samples were collected in an intertidal zone with
rocky substratum near the southernmost natural protected
area in Argentina, Tierra del Fuego National Park (Fig. 1).
This protected area supports high marine diversity, repre-
senting the spawning and nursery site for many invertebrate
species (Rae and Calvo 1995; Adami and Gordillo 1999;
Diez et al. 2009). The BC fish fauna encompasses almost 50
different species (Lloris and Rucabado 1991). Fish assem-
blages in the kelp forest of the BC are dominated in diversity
and biomass by notothenioids both as adults (Vanella et al.
2007) and at larvae stages (Bruno et al. 2018). In the inter-
tidal zone, the most common species are Patagonotothen
tessellata (Richardson, 1845), P. cornucola (Richardson,
1844), P. sima (Richardson, 1845) and H. bispinis.
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Fig. 1 Map of South America (upper left) and fish sampling site in the Beagle Channel (main panel)

Field sampling and laboratory activities

Fish were collected by hand during low tides both during the
day and night at the same beach during spring (27 November
2018), summer (18 February 2019), autumn (30 April 2019)
and winter (18 and 29 July 2019) to consider seasonal vari-
ability. Fish were transported to the laboratory in aerated
100 L tanks with water at environmental temperature. In the
laboratory, fish were euthanized with tricaine methanesul-
fonate (MS-222, Sigma- Aldrich, St. Louis, MO, USA). The
total length (TL, mm) was measured and the total body mass
(TW, g) and gonad mass (GW, g) were recorded with an
accuracy of 0.01 g. The sagittal otoliths were removed and
stored dry. Gonads were extracted and immersed in Bouin
solution for 12 h and then in ethanol 70% for histological
analyses. Sex was assessed macroscopically by the gross
gonad morphology.

For ageing purposes, left or right otoliths were ran-
domly selected from a few fish, and after being sectioned,
their ring pattern was observed. This pattern was com-
pared with the result from whole otolith reading. As no
difference was found, otolith pairs from each individual
were put whole in a petri dish and analysed under reflected
light by means of a stereomicroscope (Leica M205C) at
X25 magnification. To enhance the contrast between

opaque and translucent zones, otoliths were soaked in
ethanol before reading. Individual age was estimated by
counting annuli, which are formed by contiguous opaque
and translucent zones assumed to be laid down annually. In
a few numbers of unsexed fishes smaller than 40 mm, sag-
ittal otoliths were embedded in resin (Crystalbond 509),
ground on abrasive paper and polished with a lapping film.
The sagittal sections were observed at X400-630 magnifi-
cation using a light microscope (LEICA DM400B) linked
to a software video analysis system (LAS, Leica Applica-
tion Suite). Individual age (days) was estimated by micro-
increment counts, assuming they were laid down on a daily
basis (White 1991).

Histological analyses of gonads were performed in males
and females collected in all seasons investigated. Follow-
ing a standard protocol, gonads were dehydrated through
increasing concentrations of ethanol and embedded in par-
affin. Transverse sections of 6—8 um thickness were put on
slides and stained with Groat’s haematoxylin—eosin. Gonad
sections were examined using a light microscope (Leica
DM4000B) at x5-100 magnification. According to Brown-
Peterson et al. (2011), gonad development of adult males and
females was assigned to four different phases based on cell
morphology, as developing, spawning capable, regressing
and regenerating.
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Data analysis

The length—frequency distributions of sexes were compared
by the Kolmogorov—Smirnov two-sample test. The sex ratio
was estimated for the whole sampling period and the dif-
ference from 1:1 was analysed by the Chi-square test (Zar
1999). The length—weight relationships of fish were calcu-
lated for each sex, fitting data to the equation log (TW)=log
a+b (TL), where a and b are the regression parameters
being estimated by the least-squares method. The slopes
of regressions (b) of both sexes were tested for allometry
(Hy, b=3), applying a ¢ test to the equation t= (b —3) SE™!,
where SE is the standard error of b, and the difference
between them tested using an F test (Zar 1999). All tests
were performed with a significance level of 0.05.

The gonadosomatic index (GSI), as the percentage of
GW to TW, was calculated for each specimen. To assess the
reproductive investment during the gonad cycle, the mean
value (+ standard deviation SD) of GSI was calculated for
each sampling season and for each phase of gonad devel-
opment separately from males and females. The ovaries of
spawning capable females were examined and the total num-
ber of yolked oocytes was counted to estimate individual
total fecundity (F,.). The relative fecundity (F) was then
calculated as the number of yolked oocytes per gram of total
body mass.

For assessing ageing precision between the two readers,
the average percent error (APE) and the mean coefficient of
variation (CV) (Campana 2001) were applied. A bias plot
was computed to measure for systematic difference between
readings (Campana et al. 1995). The somatic growth rate
of fish population was modelled by fitting the von Berta-
lanffy growth function (VBGF) to the individual age-length
data pairs. The VBGF parameters (L, K, t;) estimated for
males and females were then compared using the likelihood

Fig.2 Length—frequency dis- 60 1
tribution of Harpagifer bispinis Ofemales
males and females collected in Emales

the Beagle Channel 50 1

40

n of specimens
(8]
S
'l

ratio test (Kimura 1980). The growth performance index
(@'=2 logL,+1ogK) was calculated to compare with other
notothenioids.

Results
Demographic characteristics

The sampled population of H. bispinis consisted of 99
females ranging between 38 and 76 mm TL and between
0.79 and 7.01 g TW and of 84 males ranging between 40
and 80 mm TL and between 1.19 and 8.28 g TW. A few
specimens (n= 14) were unsexed juveniles between 38 and
43 mm TL and between 0.71 and 1.08 g. No statistical dif-
ference was found between the length—frequency distribu-
tions of males and females (Kolmogorov—Smirnov test,
D=0.07, p>0.05) (Fig. 2). The departure of sex ratio from
the expected proportion 1:1 was not statistically significant
(Chi-square test, X, =1.23, p=0.27). As no difference was
found between sexes (Fisher test, F 174=0.95, p=0.33),
the relationship between TL and TW was calculated for the
whole population (Fig. 3), resulting in the following func-
tion: TW =0.0000237 TL>%8, The population exhibited an
isometric growth since the slope (b) was non-significantly
different from 3 (Student test, #,43,=1.47, p=0.14).

Reproductive traits

As a measure of the reproductive investment and the gonad
development by sex, the GSI ranged from 0.3 to 6.8% in
males and from 0.4 to 42.9% in females. Although with dif-
ference in amplitude, the GSI trend according to histological
development phases was the same in males and females.
GSI increased from regenerating through developing to

B
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Fig.3 Length-mass relation- 9 A
ship for the population (sexes
pooled) of Harpagifer bispinis
in the Beagle Channel
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spawning capable phases, with a sharp decrease after spawn-
ing (regressing phase) (Fig. 4). Accordingly, the seasonal
trend of GSI showed a minimum in November and then
increased progressively from April to July when H. bispinis
was ready to spawn (Fig. 5). Gonad development was rather
synchronous, with almost all specimens at the same phase
in the same period (Fig. 6).

In spring (November), males and females were in the
regressing (cessation of spawning) and regenerating phases
(sexually mature but reproductively inactive) of gonad
development, respectively. Males had small and flaccid
testes, with a proliferation of spermatogonia in the periph-
eral lobules and a small amount of residual spermatozoa
in the enlarged lumina of inner lobules (Fig. 7a). Females
were characterized by small ovaries, with ovarian follicles
composed of primary growth oocytes (chromatin nucleolar

40 50 60 70 80 90
Total length (mm)

and perinucleolar stages, mean size +SD, 51.7 +9.7 um and
92.6 +17.8 um, respectively) and cortical alveoli at an early
stage (260.9 +22.3 um), a thick ovarian wall and a few scat-
tered degenerating postovulatory follicles (POF) (Fig. 7b).

In summer (February), males were in the regenerating
phase, whereas females were in early developing subphase
of gonad development. Males had small and compact testes,
with an active proliferation of spermatogonia throughout the
lobules and lumina completely occluded (Fig. 7c). Gonads
of females increased in size, and the ovarian follicles mainly
consisted of cortical alveoli oocytes (386.4+29.1 um) with
cytoplasm completely filled by empty vesicles, as well as a
few scattered primary growth oocytes (Fig. 7d).

In autumn (April), males and females were both in the
developing phase (i.e. gonads beginning to develop, but still
not ready to spawn) of gonad development. In males, testes

Fig.4 Mean values of gonado- 45 A
somatic index (GSI) calculated O females
for each histological phase of 40 A
. W males
gonad development in males
and females of Harpagifer 35 A
bispinis. Vertical bars represent
the standard deviation 30 -
$25 A
& 20 4
15 4
10 A
.| m o
0 T T T 1
developing spawning capable regressing regenerating
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Fig. 6 Pie charts showing the proportion of fish in each stage of gonad development calculated for females (left panel) and males (right panel) of

Harpagifer bispinis during the whole sampling period

were enlarged with lobules mainly containing cysts of both
spermatocytes and spermatids, as well as spermatogonia in
the periphery (Fig. 7e). In females, ovaries mainly consisted
of vitellogenic oocytes (572.9 +20.9 um), characterized by
yolk vesicles of different sizes filling completely the cyto-
plasm from the central nucleus towards the periphery, and a
few scattered primary growth oocytes (Fig. 7f).

In winter (July), all males were in the spawning capable
phase (i.e. they are developmentally and physiologically
able to spawn in the current season), whereas females were
in developing, spawning capable or regressing phases (ces-
sation of spawning). Males had large gonads with lumina
of lobules and spermiduct massively filled by spermatozoa,
and a few spermatogonia present in the periphery of testes

@ Springer

(Fig. 7g). Spawning capable females had ovaries entirely
composed of late vitellogenic oocytes (1260.3 +58.3 um),
characterized by yolk granules starting to fuse together in
a single yolk plate and a thick multilayered zona radiata
surrounded by the granulosa cells (Fig. 7h, i). In regressing
females, ovaries were flaccid and contained postovulatory
follicle (POF) and atretic vitellogenic oocytes at various
stages of resorption, as well as a few sparse primary growth
oocytes (Fig. 71).

The size frequency distribution of oocytes recorded in
the ovaries of the spawning capable females revealed two
well-separated groups (group synchronous development).
The smaller group was composed of primary growth oocytes
and the larger one consisted of yolked oocytes at the end
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Fig.7 Gonad histological
sections of Harpagifer bispinis
collected in the Beagle Channel.
a Regressing male; b regenerat-
ing female; ¢ regenerating male;
d early developing female; e
developing male; f developing
female; g spawning capable
male; h, i spawning capable
female; 1 regressing female.

Ao atretic oocyte, Ca cortical
alveoli oocyte, Gc granulosa
cell layer, Ow ovarian wall, Pg
primary growth oocyte, Pof
postovulatory follicle, Sc sper-
matocyte, Sg spermatogonia,

St spermatid, Sz spermatozoa,
Vtg vitellogenic oocyte, yg yolk
granules, Zr zona radiata
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Fig. 8 Frequency distribution of oocyte diameter in the ovary of Har-
pagifer bispinis spawning capable females (n=7)

of the vitellogenic process (Fig. 8). Total fecundity (F,,,)
ranged between 477 and 732 eggs/female (534 + 104), corre-
sponding to a relative fecundity between 227 and 458 eggs/g
(307 £77) for seven females between 61.6 and 71.5 mm TL
caught in August.

Age and growth

Individual age was estimated by otolith microincrement
counts in three unsexed specimens ranged between 210 and
220 days (Fig. 9a). The hatch-date, back-calculated by date
of fish capture ranged between 22 September and 2 October.
The life span was the same for males and females and ranged
between 0.5 and 7 years (Fig. 9b). Ageing precision between
readers was good (APE=5.5%; CV =7.7), and bias was not
detected between readings (Fig. 10). The likelihood ratio
test indicated that the von Bertalanffy growth parameters
did not differ between sexes and thus a single VBGF was
fitted to the H. bispinis population (Fig. 11). The estimated
parameters and their + 95% confidence interval were as fol-
lows: L, =80.7 (+0.82), K=0.25 (+0.01), t,=—2.31. The
growth performance index was 3.21.

Discussion

This study represents the first attempt to provide insights
into some biological aspects of the Magellan plunderfish
Harpagifer bispinis inhabiting the inshore waters of the Bea-
gle Channel. We focused our attention on the demographic
structure of the population in terms of size and sex ratio, age
and growth, reproductive effort and gonad cycle. Analysing
present results in a comparative context within the genus
Harpagifer, the majority of the biological information avail-
able elsewhere concerns almost exclusively H. antarcticus,
the Antarctic counterpart of H. bispinis distributed off the

@ Springer

Fig.9 Micrographs of Harpagifer bispinis sagittal otoliths from the
Beagle Channel. a Transverse section from an unsexed fish (38 mm
TL), showing the microincrement pattern and the primordium
(arrow); b whole otolith from a 4-year-old male (64 mm TL), show-
ing the annulation pattern of translucent and opaque zones

Antarctic Peninsula and neighbouring islands north of it.
The close phylogenetic relationship between the two spe-
cies (Hiine et al. 2015), together with the different environ-
ments in which they live, allowed us to evaluate if and how
environmental conditions might have contributed to shape
their own life strategies. We also discuss latitudinal trends
in specific biological parameters.

Demographic characteristics

In agreement with previous studies done on H. bispinis
(Hiine and Vega 2016; Fernandez et al. 2018), the Beagle
Channel population is characterized by a balanced sex ratio.
In addition, this species did not present sexual dimorphism
in size and both sexes showed the same type of isometric
body growth. The maximum size attainable by H. bispinis
should be updated to 80 mm TL, a value slightly larger than
the one previously reported by Eastman (2019). Consistently
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with a low level of genetic divergence, the demographic
characteristics of H. bispinis are similar to those found in
H. antarcticus, for which a balanced sex ratio and no sex
difference in fish size, body growth, length at age and life
span have been demonstrated (Daniels 1978, 1983; Tomo
and Cordero Funes 1972; White and Burren 1992).

Reproductive traits

The sampling program enabled to follow the annual gonad
cycle of H. bispinis in the Beagle Channel. Gonad matura-
tion was synchronous in both sexes and the GSI increased
from November to July when it reached a peak of 23 to
42% in spawning females. Spawning capable and regressing
females were found at the end of July, indicating that the
spawning season begins during mid-July and likely extents

throughout August. The spawning period reported for H.
antarcticus is also during the austral winter, taking place
between May and July at Signy Island (White and Burren
1992) and during June—August off the Antarctic Peninsula
(Daniels 1978).

The GSI at the spawning time is similar between females
of H. bispinis in the Beagle Channel (Fig. 5) and of H. ant-
arcticus (between 14 and 39%) off the Antarctic Peninsula
(Tomo 1981). At Signy Island (South Orkney Islands), the
maximum GSI recorded for spawning females of H. antarcti-
cus was considerably higher (55-60%), but it was estimated
using the eviscerated weight (White and Burren 1992).

In nototheniod fishes, there are considerable differences
in the total fecundity among the families (Kock 1992).
Within Harpagiferidae, Van der Molen and Matallanas
(2004) estimated a total fecundity of 1227 for H. spinosus,
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while in H. antarcticus the total fecundity ranged from 1113
to 1522 (White and Burren 1992). Both values are consid-
erably higher than the fecundity estimated for H. bispinis.
In this family, the low number of eggs could be related to
parental care and nesting behaviour along with small size
(White and Burren 1992; Van der Molen and Matallanas
2004).

As commonly described in notothenioid fishes (Kock and
Kellermann 1991), two clutches of oocytes were recorded in
H. bispinis spawning females. The more advanced will be
ovulated during the current spawning season whereas the
smaller one represents the oocyte reserve for the next year.
According to the synchronous gonad maturation process and
the seasonal trend of GSI, H. bispinis can be considered a
total spawner with a single annual spawning season. As a
consequence, the hypothesis of a second spawning period
during late summer previously suggested by some authors
cannot be supported (Rae and Calvo 1995, 1996). However,
another sub-Antarctic species (Harpagifer spinosus) from
the Crozet Island has been described as a potential fractional
spawner with separate ovulatory events (Van der Molen and
Matallanas 2004).

Coupling the spawning season with the hatching time
(between late September and early October), an incubation
period of approximately two months can be inferred for H.
bispinis in the Beagle Channel. This period is considerably
lower than those reported for H. antarcticus, which ranged
between 4 and 5 months at Signy Island (White and Burren
1992) and between 3 and 4 months off the Antarctic Penin-
sula (Daniels 1978). Since the hatching size of the two spe-
cies is very similar (~ 5 mm) (La Mesa et al. 2017; Bruno,
pers. comm.), differences in egg incubation time could be
explained by the higher water temperatures in the Beagle
Channel (4.9 °C in winter to 10.1 °C in summer, Almandoz
et al. 2011) than in the Antarctic Peninsula (— 1.8 °C in
winter to 1.8 °C in summer, Krebs 1983) and at Signy Island
(— 1.8 °C in winter to 0.3 °C in summer, Clarke et al. 1988).
In spite of this difference, hatching time and larval stage
occur during spring and summer when better conditions
exist in southern marine environments (Kellerman 1990;
White and Burren 1992; La Mesa et al. 2017). In this regard,
as an adaptation to maximize larval survival and increase
the likelihood of success of juveniles during the next winter,
both Harpagifer species tuned the larval occurrence to the
seasonal phytoplankton blooms which trigger the food chain.

The kelp forests of Macrocystis pyrifera characterize the
inshore waters of the Beagle Channel and represent a nursery
ground for the early life stages of H. bispinis (Bruno et al.
2018). In proximity of our sampling site (Lapataia Bay 54°
51" S-68° 34" W), early larvae of H. bispinis between 5 and
10 mm TL were collected during August—October (Bruno,
pers. comm.), supporting our estimates on hatching period.
Despite the fact that it is not possible to provide a direct
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estimate of the larval period of H. bispinis, it should last for
less than seven months, considering the back-calculated age
range (210-220 days) of the smaller individuals already set-
tled. Similarly, H. antarcticus exhibited a pelagic period last-
ing for about four months (Kellermann 1990; White and Bur-
ren 1992; La Mesa et al. 2017).

From an evolutionary point of view, the extent of the larval
period has significant implications. The proposed mechanism
of speciation between H. antarcticus and H. bispinis rests on
three main argumentations: (i) the position of the ACC and
the APF underwent major northward latitudinal shifts during
the middle Pleistocene (0.9 Ma), providing suitable condi-
tions for the colonization of South America from Antarctica;
(ii) the antifreeze protection might have conferred H. bispinis
the ability to cope with harsh habitat conditions and colonize
unoccupied shoreline habitats during glacial maxima; and (iii)
the long larval pelagic life reported in H. antarcticus might
have promoted larval dispersal (Hiine et al. 2015). Neverthe-
less, special attention should be paid to the latter point, as low
fecundity, nesting behaviour and parental care reported for H.
antarcticus likely determine a low potential for larval dispersal
(LaMesaet al. 2017). In addition, these authors suggested that
gene flow through connectivity among populations of H. ant-
arcticus from islands separated by deep oceanic waters might
be considerably reduced or absent and thus promoting species
isolation. The transport of adults and juveniles on floating kelp
through the west wind drift represents an alternative explana-
tion for the colonization of H. spinosus from the South Orkney
to Crozet and Kerguelen Islands (Matallanas 1997).

Age and growth

In the Beagle Channel, H. bispinis attained a maximum size
of 80 mm TL and a life span of 7 years. These parameters
were slightly different when estimated through otolith read-
ing for H. antarcticus off the Antarctic Peninsula, being,
respectively, 95 mm SL and 9 years (Daniels 1983). As the
von Bertalanffy growth parameters K and L, are inversely
related, we calculated the growth performance index (@")
to compare the body growth of Harpagifer species. As a
result, the @' was 3.21 for H. bispinis and 3.18 and 3.19 for
males and females of H. antarcticus, indicating no difference
between them. Moreover, these values were at the lower end
compared to the growth performance of high Antarctic noto-
thenioid fishes that were recalculated using K and L, values
provided by La Mesa and Vacchi (2001).

Final remarks

In conclusion, H. bispinis shares most of the common repro-
ductive characteristics of notothenioids, such as iteroparity,
group synchronous ovary development in maturing females,
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low and determinate fecundity and single annual spawn-
ing season (Kock and Kellermann 1991). By contrast, in H.
bispinis the vitellogenesis lasts one year, whereas in most
Antarctic notothenioids it is a biennial process. Compared to
their Antarctic counterpart, H. bispinis inhabiting the Beagle
Channel attained a smaller size and a relatively lower life span,
as well as a shorter spawning period and egg incubation time.
Along with Harpagifer marionensis and Harpagifer palliola-
tus, H. bispinis is the only species within the genus exclusively
distributed north of the sub-Antarctic Polar Front. In allopatry,
Antarctic and Patagonian populations of Harpagifer may have
evolved some key adaptations under different environmental
conditions. As an experimental example, when H. antarcti-
cus was exposed to a seawater temperature and salinity values
similar to those found in the Beagle Channel, this produced a
negative impact on its energy budget and higher mortality rate
(Navarro et al. 2019).

The ecological plasticity in terms of reproductive strate-
gies, growth and feeding habits recorded in Harpagiferids at
different localities (e.g. Daniels 1983; White and Burren 1992;
Casaux 1998; Van der Molen and Matallanas 2004; Hiine and
Vega 2016; La Mesa et al. 2017; present work) enabled these
fishes to colonize the intertidal zone and the coastal waters
of the Antarctic Peninsula, the sub-Antarctic islands and the
Patagonian region.
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