










Figure 5. Photomicrograph showing the stages of ovary development in P. cornucola. A) Overall view of a regenerating ovary, B-C) ovary 
in early development stage, D) ovary in advanced development stage, E) ovary in spawning capable stage, F) ovary in regressing stage. 
CA: oocyte in cortical alveolar phase, GVM: oocyte in germinal vesicle migration phase, PG: oocyte in primary growth phase, POF: 
post-ovulatory follicle, Vit1: oocyte in primary vitellogenic, Vit2: oocyte in secondary vitellogenic, Vit3: oocyte in tertiary vitellogenic 
/ Microfotografía mostrando los estadios de desarrollo del ovario en P. cornucola. A) Vista general de un ovario en regeneración, B-C) ovario 
en estadio de desarrollo temprano, D) ovario en estadio de desarrollo avanzado, E) ovario en estadio preparado para desovar, F) ovario en 
estadio de regresión. CA: oocito en fase cortical alveolar, GVM: oocito en fase de migración de la vesícula germinal, PG: oocito en fase de 
crecimiento primario, POF: folículo post ovulatorio, Vit1: oocito en vitelogénesis primaria, Vit2: oocito en vitelogénesis secundaria, Vit3: oocito 
en vitelogénesis terciaria
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Figure 7. Regression of potential fecundity (PF) with respect to: A) evicerated weight (EW) and B) total length (TL) in P. cornucola from Patagonian 
intertidal rocky shores / Regresión de la fecundidad potencial (PF) respecto de: A) peso eviscerado (EW) y B) longitud total (TL) en P. cornucola de 
intermareales rocosos patagónicos

Figure 6. Photomicrograph of testicular development stages in P. cornucola. A) testis in regenerating stage, B) testis in developmental stage, C) 
testis in spawning capable stage, D) testis in regression stage. L: lumen, Sc: spermatocyte, Sg: spermatogonia, St: spermatid, Sz: spermatozoa 
/ Microfotografía los estadios de desarrollo testiculares en P. cornucola. A) testículo en estadio de regeneración, B) testículo en estadio de desarrollo, C) 
testículo en estadio preparado para desovar, D) testículo en estadio de regresión. L: lumen, Sc: espermatocisto, Sg: espermatogonia, St: espermátida, Sz: 
espermatozoide
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Discussion

This study provides the first data on the reproductive cycle of 
the nototheniid fish Patagonotothen cornucola. The gonads 
are like those of most teleosts: females have cystovarian-type 
ovaries, in which the coelom forms a closed sac, the lumen, 
where ovulation occurs (McMillan 2007), whereas males have 
unrestricted lobular-type testes, with blind lobules at their 
distal end, and cysts with developing germ cells distributed 
around them (Vizziano et al. 2008).

According to the annual GI trend, P. cornucola gonads 
remain underweight from spring to mid-autumn and then 
undergo rapid growth until mid-winter, when they reach 
the maximum weight. This was confirmed by histological 
analyses, which showed that, from spring to mid-autumn, 
females move from the regressing (post-ovulatory follicles 
+ atretic oocytes) and regenerating phases [primary growth 
oocytes (PG)] to the developing phases (PG+CA+Vit1+Vit2); 
and then, until mid-winter, to the SC phase (Vit3+GVM). 
Two groups of oocytes at different development stages 
were observed at the same time: one group of PG oocytes 
appearing throughout the year and a second group that shift 
to the developing phases to spawn in that season. This is clear 
evidence that P. cornucola spawn synchronously.

In the case of males, the maximum frequency of SC 
testes was observed in mid-winter, following the sequence 
of gonadal phases observed in females. This indicates that P. 
cornucola has only one reproductive period during the year 
and that spawning occurs in winter, between July and August. 
This differs from that observed in the Beagle Channel by Rae 
(1991), who, based on the observation of females at different 
stages of maturation in winter and summer, suggested that P. 
cornucola has two spawning periods in one year. However, 
this author did not develop a complete reproductive study. It 
would thus be interesting to study whether P. cornucola has 
one reproductive period per year in the north and two periods 
in the south of its distribution.

Results of this and previous studies allow concluding 
that notothenioids show different reproductive patterns. For 
example, in central Patagonia, P. cornucola has an annual 
oocyte maturation cycle with one yolked oocytes batch and 
one reserve stock of oocyte, and therefore one spawning 
period per year during winter. In the Beagle Channel, P. 
tessellata has a biannual oocyte maturation cycle with a 
batch of yolked oocyte and one reserve stock of oocyte, 
and therefore two spawning periods per year, one in winter 
and another in summer (Rae 1991, Rae & Calvo 1995a). In 
Antarctica, nototheniids have a biennial oocyte maturation 
cycle, with seasonal-pack ice species spawning in autumn/
winter and high-Antarctic zone species spawning in spring/
summer (Kock & Kellerman 1991).

Temperature also seems to play a very important role in the 
sexual cycle of nototheniids, as there is latitudinal variation 
in reproductive seasons related to temperature. In central 
Patagonia, P. cornucola reproduces in winter with water 
temperatures ranging between 8 to 11 °C (per. obs of the 
main author), whereas, in the Beagle Channel, P. cornucola 
has one or two reproductive periods, one in winter, with 
temperatures around 4.3 °C, and the other in summer, with 
temperatures between 9 and 11 °C (Rae & Calvo 1995a). 
Apparently, nototheniids do not prefer temperatures above 
11 °C, so it would be interesting to study species living north 
of the San Jorge Gulf. 

Another effect of the environmental conditions on 
the reproductive cycle of P. cornucola can be seen at the 
beginning and end of the SC phase: in 2008 and 2009 females 
reached this phase in August, whereas in 2010 they reached it 
in July. In contrast, in 2008 and 2009 males reached this phase 
in July, whereas in 2010 they reached it in August. Variability 
of the sexual cycle in relation to environmental conditions 
has also been observed in other notothenioids species, such as 
in Trematomus from Antarctic waters, which show plasticity 
with respect to environmental and ecological conditions that 
can vary geographically and temporally (La Mesa et al. 2006), 
and P. tessellata, in which gametogenesis occurs more rapidly 
in summer than in winter (Rae & Calvo 1995a).

Vitellogenin, which is involved in oocyte maturation and 
largely responsible for oocyte growth, is produced in the liver 
(McMillan 2007). The simultaneous increase in HI and GI in 
P. cornucola females and their subsequent decrease indicate 
that vitellogenesis is occurring. In June, just before spawning, 
there was a slight decrease in K. Perhaps the high energy 
demand in the last part of the vitellogenesis process requires 
an extra source of energy from somatic tissues. 

In males, HI and K did not show seasonal variation as 
observed in GI. This is evidence of the low energy required 
for testicular maturation. In P. tessellata males from the 
Beagle Channel, Rae & Calvo (1995a) observed a decrease 
in HI during evacuation and suggested that this species uses 
energy stored in the liver to sustain general metabolism 
during nesting, a period during which males do not feed. In 
P. cornucola from San Jorge Gulf, parental care was observed 
during August, after spawning, but it could not determine 
whether it is the male or female that care of the nest or 
whether they feed during nesting. These issues are subject 
for future research.
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Finally, a maximum potential fecundity (PF) of 27,095 
oocytes was observed in the largest female (11.7 cm TL). 
As expected, the number of oocytes per female was size-
dependent and increased with increasing size. These results 
are in agreement with those previously reported for other sub-
Antarctic and Antarctic notothenioids, which showed a wide 
range of PFs in relation to parental fish size and latitudinal 
distribution. As an example, P. tessellata spawned 62,033 
oocytes in the Beagle Channel at 24 cm TL, Notothenia 
angustifrons spawned 12,900 oocytes off the South Sandwich 
Islands at 17 cm TL, and Nototheniops nudifrons spawned 
9,866 oocytes in South Georgia at 18 cm TL (Kock & 
Kellerman 1991, Rae & Calvo 1995b). 
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