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Abstract: The spiny plunder-fish, Harpagifer antarcticus, is a common shallow-water demersal species
distributed along the southernlimb of the Scotia Arc. A yearroundstudy was made ofitsreproductive biology
at Signy Island, South Orkney Islands, for comparison with populations from the Antarctic Peninsula and with
H. georgianus at South Georgia. Adult H. antarcticus inhabit rubble substrata and spawn 300-1500 eggs into
anest during May/July. The nest is guarded by both male and female fish during an incubation period of up
to 150 days. Afterhatching during November/December the larvae grow at arate of 0.082 mm d* (summer),
0.049 mm d (winter) and 0.067 mm d*! (annual), calculated from a time-series of samples collected from
the field. Thisrate of growth is slow even among Antarctic species but is similar to the closely related species
H. georgianus. Adult male and female H. antarcticus at the South Orkney Islands attain a maximum standard

length of 88 mm and 85 mm respectively.
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Introduction

Harpagifer antarcticus is a small demersal notothenioid fish
reported tobe distributed in shallow neritic habitats along the
southernlimb of the Scotia Arc (Hureau 1990). The systematic
status of the genus Harpagifer has been recently revised.
Until the review of Harpagifer by Hureau et al. (1979) the
genus was accepted to be a single species, Harpagifer
bispinis (Schneider), with several sub-species distributed
from southern South America, the Falkland Islands and the
peri-Antarctic islands to the Antarctic Peninsula. Hureau et
al. (1979) divided H. bispinis into five species but did not
achieve a satisfactory definition of the species at the South
Orkney Islands because of the lack of suitable material. We
subsequently collected samples at Signy Island, South Orkney
Islands, and on the basis of these specimens Hureau was able
to demonstrate that the population at the South Orkney
Islands was morphologically indistinguishable from
H. antarcticus (Hureau 1990). Therefore H. antarcticus
appears to have a continuous distribution from the Antarctic
Peninsula to the South Sandwich Islands and includes the
South Orkney Islands. However, the exact systematic status
of this species at the South Sandwich Islands requires further
investigation because its identification there is based on a
very small sample (J-C. Hureau, personal communication
1991).

Aspects of the biology of H. antarcticus have been described
at the South Shetland Islands (Moreno 1971), Antarctic
Peninsula (Daniels 1978, 1983, Duarte & Moreno 1981,
Tomo 1981) and South Orkney Islands (Burren 1988, North
1989). The larval stages have been described by Everson
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(1968), North & White (1982) and Kellermann (1990) as
well as larval temporal and spatial distribution (Everson
1968, Daniels 1978, Balbontin et al. 1986, Kellermann 1989,
1990). Diet and feeding behaviour has been described by
Richardson (1975), Duarte & Moreno (1981), Tomo (1981),
Wyanski & Targett (1981), Daniels (1982), and Balbontin et
al. (1986). The osteology and phylogenetic relationships
have been discussed by Eakin (1981). Early life-history of
the closely related species from South Georgia, Harpagifer
georgianus Nybelin, has been described by White & North
(1987) and North (1989). In common with many other
Antarctic fish, especially those inhabiting shallow water,
Harpagifer antarcticus has anti-freeze protection (Tradatti
et al. 1983).

Adult H. antarcticus are commonly found in shallow
coastal rocky habitats. At the South Shetland Islands and
AntarcticPeninsula the adults occurfrom intertidal rockpools
toadepth of 18 m (Daniels & Lipps 1982) while at the South
Shetland Islands Wyanski & Targett (1981) report a
distribution of 15-90 m. Harpagiferidae use nests for egg
incubation and the brooding behaviour and incubation of
H. antarcticus has been described by Daniels (1978, 1979)
from observations at Arthur Harbour, Antarctic Peninsula.

The presence of a readily accessible population of
H. antarcticus in nearshore shallow water habitats on Signy
Island, South Orkney Islands (60°45°S, 45°36’W) allowed a
year-round study on the reproductive biology of this species.
The nesting behaviour, incubation, growth and the
development of newly hatched larvae were investigated.
The development of the newly hatched larvae has been
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inferred from an incomplete data set (Burren 1988, North
1989). A year-round series of samples is now available and
so the initial growth of H. antarcticus at the South Orkney
Islands can be presented. Additional information was
collected on the habitat preference and distribution of
H. antarcticus.

Materials and methods

The behaviour of H. antarcticus at nest sites, spawning,
incubation and hatching were observed by diving in Factory
Cove and Borge Bay, Signy Island, at approximately weekly
intervals during 1986. In subsequent years the occurrence of
nests was recorded by divers during the course of their
normal research activities.

To investigate development and duration to hatching,
fertilized eggs were acquired by stripping ripe adults the
procedure described by White et al. (1982). In addition,
observations were made on the development of eggs from
spontaneous spawning inthe laboratory and from translocation
of ‘wild’ nests to the laboratory (Burren 1988). Nests, with
adults were keptin an open-circuit aquariumsystem. Stripped
ova were maintained in an accessory circulation of filtered
sea-water until hatching occurred. Development of ova in
the laboratory and field was followed by weekly sampling.

Collection of larvae and juvenile H. antarcticus was
undertaken by hand while diving and by the use of 1 m 500
um mesh plankton ring-net tows in Factory Cove and Borge
Bay from March 1986 to January 1988. ‘0’ group and ‘1’
group fish were caught using a 1 m Agassiz trawl with fine
mesh liner.

Adults were collected during monthly dives with additional
samples from the intermittent use of a 1 m Agassiz bottom
trawl. Individuals were identified, sexed and their
reproductive condition assigned using a five point scale
(after Everson 1977). Measurements of total length (TL),
standard length (SL), total weight (tw), eviscerated weight
(ew) and gonad weight (gw) were made and the ovaries of
selected adult females were examined to determine egg
diameterand fecundity. H. antarcticushave two generations
of ova presentin the ovaries and the larger series was counted
to determine fecundity.

Collections of larval and ‘0’ group fish, scheduled for each
month of the year toestablish a time-series were intermittently
interrupted during periods of instability in the seasonal fast-
ice which persists for an average of 149 days at Signy(White
1977, Clarke etal. 1988). Fishwere preserved informaldehyde
solution in diluted sea-water (1:9 by volume) and later
transferred to Steedmann solution (Steedmann 1976) for
storage. Linear measurements, recorded to the nearest
millimetre and rounded down, are likely to reflect some
shrinkage because the specimens were measured after fixation.
The gonadosomatic index was calculated using the equation:
(gonad weight + eviscerated weight) x 100.

For calculations of growth rate, a standard hatching date
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was set at 15 November. An average hatching size of 7 mm
standard length (SL) was used; the mean post-fixation length
of newly hatched larvae observed in this study. Estimates of
growth rate were calculated by least-squares regression
analysis using mean standard length values for samples of
larvae captured in the field. ‘Summer’ growth rates were
estimated from mean lengths from December-March and
‘winter’ rates from April-October. All statistical analyses
used the MINITAB package (Pennsylvania State University).

Demersal fish were sampled at Signy Island from
1984-1988 to provide samples for physiological and
ecological studies. The species composition and specimen
biometry was recorded (White, BAS unpublished data), and
used to provide additional information about the distribution
and life history of H. antarcticus.

Results
Distribution of adults and larvae

Harpagifer antarcticus at the South Orkney Islands occurs
most frequently from the immediate sub-tidal zone to a depth
of 12 m, but extends to 100 m. The preferred habitat of adult
fish was among rubble bottoms where macroalgae are sparse.
Adults were usually found in cavities beneath rocks or in
crevices and most commonly occur in refuges adjacent to
sandy or gravel areas. Adults were rarely observed in
exposed positions during the day but occasionally individuals
were observed on the top of prominent rocks. This was
presumed to be afeeding position butmay also be a territorial
display.

Early larval stages were found in the nearshore plankton at
15-20 m depth from November—May. They were most
readily captured at night either in the surface layer or close
to the sea-floor. This distribution pattern is consistent with
our observations made in aquaria where the newly hatched
larval stages either rested on the tank floor or repeatedly
swam vertically towards the surface and then passively
descended to near the bottom.

The demersal stage 0- and 1-group fish occurred on
shallow sandy substrata and were first sampled from these
localities in Factory Cove and Borge Bay during May.

Maturation

Bothmales and females were in spawning condition (stage 4)
during April-June and post-spawning condition (stage 5) in
June and July indicating that spawning was confined to a 2-3
month period in early winter.

Examination of the ovaries demonstrated that ova of two
sizes were present and of these the larger were those that
would complete maturation to spawning in each year. Egg
diameter of the larger series was 0.5-1.0 mm between
July—December followed by a rapid increase in diameter to
2.0-2.6 mm by May/June. (Fig. 1). The gonadosomatic
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index (GSI) followed a similar cycle with the GSIin females
being 5% for the period July-December and rising to S5-60%
by May—June (Fig. 2). A similar cycle was exhibited by the
males but the increase was less extreme and GSI only rose to
about 10% by spawning time.

Estimates of fecundity were derived by examination of the
ovary of the near-spawning female and by counting eggs
deposited in nests. The two methods produced very similar
results with arelative fecundity of 76-87 eggs g* female total
weight from ovaries and 76-99 eggs g female total weight
from nests. Estimates of absolute fecundity varied between
579-993 eggs per female (using data derived from nests) and
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Fig. 1. Harpagifer antarcticus: seasonal changes in ova
diameter. ® = large ova, W = small ova, bar = one standard
deviation.
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1113-1522 eggs per female (using data from examination of
ovaries of near-spawning females).

Spawning

In the field, nests were usually found on the floor of cavities
under rocks while in the aquaria adult fish spawned
spontaneously and deposited eggs on whatever substrata
were provided. Female H. antarcticus produced a single
clutch of eggs as a discoid single layer. In this study, females
spawned during late May and June with a peak of hatching
5-6 months later during mid-November. Fertilized eggs
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Fig. 2. Harpagifer antarcticus: seasonal changes in
gonadosomatic index of females. Bar = one standard
deviation.
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were highly adhesive but this property was lost after about
24 h. Observations by divers has shown that the first nests
are usually found during May (1988-1991) but can be
delayed in some years until July (1987) (BAS unpublished
records).

Nest guarding

Both male and female fish were observed to guard the nest
in the field and the aquaria. The presence of a nest guard
appeared to provide a major role in protecting the eggs from
predation and disease because unguarded eggs were subject
to fungal infection and predation. Echinoderms, amphipod
and isopod crustaceans and opisthobranch molluscs were
observed on infected and unguarded nests and among these
the echinoderm, Odontaster validus Koehler, and the
amphipod, Pariphimedia integricaudata Chevreux, were
observed feeding on H. antarcticus eggs.

Incubation

Eggs were sampled from nests in the field and aquariaat 6 h,
2 weeks and then weekly after fertilization, and the rate of
development was observed directly. A few weeks after
spawning, (Fig. 3) embryos became obscured because of a
light covering of silt and epiflora but development could
usually be followed by viewing through the ‘window’ where
eggs had been in contact. The rates of development were
found to be very similar in the field and laboratory (Table I).
By combining the results from observations in the field and
laboratory it was shown that H. antarcticus developed to

Fig. 3. Harpagifer antarcticus: development of embryo during
incubation. a. 35 days, b. 105 days, c. 7 days after hatching,
Scale bar = 1 mm.
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Table 1. Main stages of development observed during incubation of
Harpagifer antarcticus at Signy Island, South Orkney Islands (vertical
position of remark indicates relative period within month).

Month Laboratory Field

May Artificial spawning First nests observed (24/5/86)
June Natural spawning

Development of head

July Tail movements
Tail movements
Eyes visible and

pigmented
August Heart beat visible
Heart beat visible
Sept Top of yolk pigmented
First hatch 16/9/86 at
105 days, 8 mm TL
Eggs appear fully developed
October Eggs hatch in sampling bag
before reaching laboratory
Eggs brought from field
hatch immediately in
laboratory
November First hatching observed
in the field
Naturally spawned eggs
hatch 18/11/86
Peak hatching period
December No nests present at obervation

site (12/12/86)

hatching stage 105 days after spawning. However, hatching
did not normally occur at this time unless the brood was
disrupted by handling or a marked change occurred in
environmental conditions. Hatching of undisturbed nests
took place 140-150 days after fertilization. The eggs in a
clutchusually hatched near-synchronously with 80% hatching
within 24 h.

Natural hatching during the study period occurred during
November and December 1986 and few nests remained
occupied by mid-December. The larvae hatched at a length
of 6-8 mm.

Growth

Samples size for each monthly collectionranged from 1-123
individuals. The standard length data in large samples was
normally distributed and so the arithmetic mean was used to
describe the average size of each sample.

When the mean size of each sample was plotted against
time-since-hatching it was evident that growth occurred
throughout the whole of the year (Fig. 4), but withaseasonally
varying growth rate. The growth of fish is traditionally
described by the use or modifications of the von Bertalanffy
equation, althoughlarval growth is not well described by this
equation (Cushing 1975). Growth oflarval and ‘0’ group fish
is frequently linear, (Hubold 1985, Penney & Evans 1985,
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Gutiérrez & Morales-Nin 1986, Victor 1986, Thorrold &
Williams 1989, North 1990) and linear regression analysis of
the increase in length with time (Table II) was found to
provide a good fit (» = 0.98). The point-to-point curve for
mean sample length with time showed a seasonal variation
in growth rate. There appears to be slow initial growth, an
acceleration during the summer, slower winter growth then
an increase in rate during the second summer. Linear
regressions fitted to the ‘summer’ and ‘winter’ segments of
the growth curve indicate an approximate doubling in growth
rate during the summer (Table II).

The overall daily growth increment for H. antarcticus was
0.067 mm d'resulting in an average annual growth increment
of24.5 mm, toalength of 31.5 mm (SL), during the first year.
Daily growth increments for winter and summer were
0.049 mm d! and 0.082 mm d"!, respectively (Table II).

The two samples of small larvae with markedly different
average length collected only seven days apart (Fig 4) are
likely tobe aresult of the extended hatching period. Thelate
December 1987 sample was of recently hatched larvae while
those from early January 1988 had resorbed yolk-sacs and
may have hatched up to two months previously.

H. antarcticus metamorphosed to juvenile stage at 23-27
mm standard length (SL). Male fish grew to a maximum SL
of 88 mm (TL = 108 mm) at the South Orkney Islands while
the females were slightly shorter at 85 mm (TL = 104 mm).
Adult fish became mature at similar sizes, 47 mm SL for
males and 48 mm SL for females, a length which they can

Table II, Growth in standard length (SL) of larval Harpagifer antarcticus
at Signy Island

a. Linear regression for SL y =a=bx

a sd b sd r p

Annual 8.26 0.65 0.067 0.003 0.985 <0.001
Summer 6.87 0.24 0.082 0.002 0.998 <0.001
Winter 13.1 1.17 0.049 0.004 0.980 <0.001

y = mm SL, a is intercept, b is slope mm/days?, x is time in days,
r = correlation coefficient, sd = standard deviation

b. Increments for SL

Daily Calculated Estimated
annual length at 1 year
Mean daily 0.067 24.5 315
Mean sumimer daily 0.082 29.9 36.9
Mean winter daily ~ 0.049 17.9 24.9

Annual increment = daily increment x 365; length at 1 year = annual
increment + average length at hatching (7 mm).
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Fig. 4. Harpagifer antarcticus: growth of larvae during first
year after hatching. Line = range, bar = one standard
deviation,

attain in three years (Burren 1988, White BAS unpublished
data). AdultH. antarcticus atthe South Orkney Islands have
been aged at up to 11 years old using the otolith sectioning
technique (Bedford 1983), (White, BAS unpublished data).

Discussion
Distribution

The preferred habitat of adult H. antarcticus at the South
Orkney Islands, in refuges among rubble bottom substrata in
shallow water, is same as that reported for this species at the
Antarctic Peninsula (Daniels 1983) and the South Shetland
Islands (Duarte & Moreno 1981). However, the distribution
pattern differs in that H. antarcticus is not found in intertidal
rockpools at the South Orkney Islands but does extend to
depths of 100 m. The absence of this species from the
shallowest habitats may reflect the colder and more extreme
meteorological conditions experienced at the South Orkney
Islands (Pepper 1954, Jones & Limbert 1987) rather than a
difference in preferred substrata. Comparison of seawater
temperature between South Orkney Islands and Anvers
Islandistentative because there is no complementary data set
to compare with Clarke et al. (1988). However, records from
Anvers Island (Shabica 1976) and Paradise Harbour (Tomo
1981) indicate that the lowest near-surface seawater
temperatures are maintained for a shorter period during the
winter and are higher in summer than Signy Island, probably
because of the lower solar insolation levels at the South
Orkney Islands and the influence of the Weddell Sea gyre.
The greater depth distribution range at the South Orkney
Islands is likely to be a result of more extensive local
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sampling and is similar to that (15-90 m) reported for the
South Sandwich Islands by Wyanski & Targett (1981).

The habitats of juvenile fish and adults were distinct with
the early juveniles occurring on open sandy and fine gravel
substrata at depths of 5-15 m, Adult H. antarcticus are
ambush feeders consuming amphipods and small fish
(Richardson 1975, Tomo 1981, Daniels 1982, Duarte &
Moreno 1981, Wyanski & Targett 1981) whereas the juvenile
fish feed onsmall crustaceans such as harpacticoid copepods
and small amphipods (White, BAS unpublished data). We
consider that the distinct division of preferred habitat by
adult and juvenile H. antarcticus is to avoid intraspecific
competition for food and predation by the adult fish.

The larval stages of Harpagifer georgianus and
H. antarcticus have beenreported to be highly neritic (North
& White 1987, North 1989). The greater abundance of the
larval stages of H. antarcticus near to the coast over shallow
depths was indicated by plankton sampling at Signy Island,
where larvae were most commonly caught at night over
depths of 15-20 m. Sampling from research vessels in the
Bransfield Strait has captured larval H. antarcticus over
deeper water but the distribution patterns remain essentially
neritic (Balbontin et al. 1986, Kellermann 1989).

Confusion has arisen in respect of the occurrence and
duration of the pelagic phase of H. antarcticus at different
localities. Yolk-sac and small larvae have been observed in
the Bransfield Strait and adjacent waters from
October-January (Kellerman 1989, 1990), the Antarctic
Peninsula in November (Marr 1944, Daniels 1978) and at the
South Orkney Islands in November and December (this
study). Small pelagic phase larvae of the closely related
H. georgianus can be captured throughout the whole of the
year at South Georgia (North & White 1987) andit is possible
that H. antarcticus may adopt a similar strategy. However,
the description of H. antarcticus as having an extended
hatching season covering the winter and spring months at the
South Orkney Islands (Kellermann 1990) is the result of an
incorrect interpretation that the larvae described by Everson
(1968) all came from the same locality and the incorrect
report that the samples were collected in June 1944. The
yolk-saclarvae were a description of J.W.S. Marr’s collection
from Port Lockroy, Antarctic Peninsula, while the remaining
collections of post-larvae came from Borge Bay, Signy
Island (January-March 1967) (Everson 1968). The single
observation of newly hatched H. antarcticus yolk-sac larvae
in June is wrong; reference to the original collections notes
(Marr 1944) shows clearly that Marr collected eight adults,
a nest of eggs and yolk-sac larvae of H. antarcticus from a
rock pool at Port Lockroy on 1 November 1944,

Notwithstanding this erroneous observationintheliterature,
an extended period of hatching for H. antarcticus remains a
possibility. The evidence for this appears to result from the
occurrence of yolk-sac larvae of H. antarcticus in the
Bransfield Strait from October to January/February; these
observations are derived from collections in different years
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{Kellermann 1989) and the data implies that at a given
locality in a specific year, hatching is more abbreviated and
not spread over a five month period. When naturally
spawned nests were monitored in detail at Signy Island,
hatching was confined to a relatively brief six week period
and this may be typical for most localities. The underlying
reason for records of newly hatched larvae occurring in the
ichthyoplankton at widely different periods during the austral
spring and summer is likely to be a result of marked inter-
annual variation in the timing of spawning (May-July in
different years during this study) and the observation that
development to hatching could be completed in 105 days but
natural hatching may be delayed until as much as 150 days
after spawning.

Development

The Antarctic marine environment has a very stable
temperature but a pronounced seasonal production cycle.
These characteristics have been suggested to be responsible
for Antarctic marine organisms having slow but seasonal
rates of development (White 1977, Clarke 1988). The
mechanisms by which low temperature and seasonal
variations in food supply may combine to control growth are
not clear (Clarke & North 1991). Observations on
H. antarcticus at the South Orkney Islands show distinct
seasonal variations inmaturation, spawning and early growth.
Physiological experiments on H. antarcticusunder controlled
laboratory conditions by Targett et al. (1987) suggest that
this species is very sensitive to temperature change. Inthese
experiments, a small fall in temperature (< 3°C) and a
reductioninphotoperiod associated with changesindaylength
from summer to winter conditions causes amarked reduction
in feeding. However, further investigation is required to
resolve the influence of temperature, photoperiod, diet and
feeding behaviourinrelationto seasonal growth in Antarctic
fish.

Maturation and spawning

Thematurationcycle and development of the ovato spawning
condition is similar to that reported for many demersal
Antarctic fish which spawn during the early winter (Kock &
Kellermann 1991). The occurrence of two ‘generations’ of
developing ova and the rapid increase in egg diameter and
GSI before spawning in May and June are very similar
observations to the development described by Everson (1970)
for Notothenia neglecta Nybelin at the same locality and for
many other Antarctic species of demersal fish (Kock &
Kellermann 1991). It is accepted that the eggs of winter
spawning notothenioid species are usually >2 mm (North &
White 1987) and Antarctic fish usually spawn with a GSI
>20% (Kock & Kellermann 1991). Tomo (1981), described
the pre-spawning GSI values as 13.6-39.1% for H. antarcticus
at Paradise Harbour, Antarctic Peninsula, and egg size as
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2-2.5 mm. These egg diameter results are very similar but
the maximum GSI values are only about half those recorded
at Signy Island. The much smaller egg size (0.6-1.0mm)and
lower GSI value (7.2%) reported by Daniels (1978) for a
population of H. antarcticus just before spawning from
Arthur Harbour, Antarctic Perinsula is difficult to explain
especially as this is a locality near to that sampled by Tomo
(1981). The conclusions of Kock & Kellermann (1991)
would imply that Daniel’s observations must have been
derived from immature or spent fish.

Examination of mature ovaries in adult female
H. antarcticusby Daniels (1978, 1983) show that the absolute
fecundity varies between about 300 and 1000 mature eggs
but this study suggests that H. antarcticus may spawn up to
1500 eggs. There was no evidence during this study of more
than one female H. antarcticus spawning at the same nest
site. The total number of eggs in the ovary is much higher
dueto presence of a ‘generation’ of eggs that will be spawned
in subsequent years. When it is possible to distinguish
between the ova to be spawned in each year, the relative
fecundity of H. antarcticus is about 80 eggs g, a valuewhich
is similar to that reported for other small Antarctic fish such
as Nototheniops larseni (Lénnberg) (Permitin & Sil’yanova
1971). The value of 500 eggs g™ in H. antarcticus reported
by North & White (1987) is incorrect; this value was an
estimate of mean absolute fecundity.

Spawning by H. antarcticus normally occurred during
May and June at Signy Island and although a delay until July
has been recorded. Spawning appears to occur slightly later
at the Antarctic Peninsula with nest preparation reported in
June and spawning continuing into August (Daniels 1978).
Tomo (1981) reported spawning in H. antarcticus atanearby
locality in Paradise Harbour during spring with most spawning
completed by November. This conclusion was inferred from
the seasonal gonad maturation cycle and somustbe considered
less reliable than Daniels” direct observations using diving
techniques. Nestsite selection and clutch size of H. antarcticus
at the South Orkney Islands are largely indistinguishable
from the detailed description given by Daniels (1978).

Nesting behaviour

The construction and guarding of nests occurs in many
species of non-Antarctic demersal fish (Potts 1984). This
strategy has selective advantages among species that spawn
a small number of eggs because of the protection offered
from egg predators, dispersal to unsuitable habitats and
adverse factors such as silting, infection and imperfect
gaseous exchange.

Spawning behaviour and sites are not well known for
Antarctic fish but Marshall (1953, 1964) concluded that the
production of demersal eggs was typical in Antarctic species.
The large size of the eggs of many species and the prolonged
incubation period would imply that the spawning of demersal
eggs should be an effective strategy in preventing them from
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being dispersed into the open ocean but exposes them to
extended periods of being consumed by benthic predators.

The use of nests for incubation of eggs was first described
for an Antarctic fishby J.W.S. Marrin 1944 (Marshall 1964)
who observed nests of Harpagifer (H. antarcticus) at Port
Lockroy. This behaviour was subsequently described in
detail by Daniels (1978). Nesting has been observed in other
members of the genus such as H. georgianus and it is likely
that all species of the genus adopt the same mode of
reproduction.

The fate of spawned eggs is not well documented for
species other than Harpagifer. Hourigan & Radtke (1989)
record nest building in Nototheniops nudifrons (Lonnberg),
a small nototheniid with a similar geographical distribution
butoccurring at greater depths than Harpagifer. Trematomus
bernacchiiBoulenger deposit eggs in the cavities of sponges
(Moreno 1980) and the bathydraconid Pseudochaenichthys
georgianus Norman produces adhesive demersal eggs (White
et al. 1982) but it is not known if either species produces
discrete nests or guards the eggs during incubation. The eggs
of liparid Paraliparis gracilis Norman have been found
attached to hydroids at South Georgia (Marshall 1964). The
nototheniids Trematomus eulepidotus Regan and
Nototheniops larseni are reported to produce benthic egg
masses (Ekau 1989, Konecki & Targett 1989). The conflicting
factors of extended incubation, prolonged development
periods and low relative fecundity, in relation to extended
exposure to predation remain to be examined in detail among
polar poikilotherms.

Laboratory studies and plankton sampling have
demonstrated thatsome species of Antarctic fish have pelagic
eggs. Theclosely related Nototheniarossii (Richardson)and
N. neglecta spawn pelagic eggs (Camus & Duhamel 1985,
North 1989, Kellermann 1990, White & North unpublished
BAS Data) as do Dissostichus eleginoides Smitt and
Champsocephalus gunnari Lonnberg (North 1988,
Kellermann 1990). Nototheniops larseni has been reported
to have pelagic eggs for part of the period of incubation
(Kock 1989) but this is now thought unlikely,

Daniels (1979) reported the occurrence of altruistic
replacement guards in H. antarcticus when the primary
guard was lost or removed from a nest. This behaviour was
not observed among this species at Signy Island in the field
orlaboratory, but guarding was observed to be undertaken by
both male and female parents. This would imply that the
altruistic guard recorded by Daniels (1978) was the other
parentbutit would not explain why all the alternative guards
were male.

Incubation

The natural incubation duration was, on average, 23% less at
the Antarctic Peninsula (98-126 days) (Daniels 1978) than
at the South Orkney Islands (140-150 days). The difference
is probably significant and could be attributed to lower
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Fig. 5. Key events in marine parameters over series of years at
Signy Island, South Orkney Islands to illustrate intra- and
inter-annual variations (Data adapted from Signy Island
seawater monitoring data-base.) @ = Temperature rise above
-1°C, m = chlorophyll level above 1mg m?, A = fast-ice
break-out.

seawater temperatures at the latter locality. However, close
observation of development during incubation in the field
and laboratory at Signy Island demonstrated that the larvae
are fully developed after about 105 days but hatching was
delayed. The hatching stimulus has not been identified but
has been attributed to the break-up of sea-ice (Daniels 1978)
or marked changes in the coastal seawater characteristics
such as turbidity at the onset of spring bloom (this study).

The Antarctic marine environment is highly seasonal with
respect to the light and primary production cycle. This
seasonality is exacerbated by the sea-ice environment (White
1973) with the result that major events such as peak
phytoplankton production, increase in sea temperature and
sea-ice dispersal are not predictable events in the summernor
are the sequences regular. Observations of these phenomena
over several years (Fig. 5) for Borge Bay clearly illustrates
the highly irregular occurrence and sequence of the key
features of the polar marine environment at a specific
locality, probably the major limiting factor for the nearshore
benthic communities.

The phenomenon of delayed hatching by H. antarcticus is
thought to be an adaptation to the irregular coastal marine
environment to ensure that the larvae are released at a time
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Table ITI. Growth rates of larval stages of Antarctic fish (mm d'")
measured as increase in standard length (SL)

Species Summer Winter Annual Source
Harpagifer georgianus -0.014  0.049 North 1989
Nototheniops larseni 0.068 Loeb 1991
Nototheniops larseni 0.08 Kellermann
1986
Pleuragramma antarcticum 0.08 Kellermann
1986
Harpagifer antarcticus 0.082 0.04% 0.067 This paper
Parachaenichthys georgianus 0.014 North 1989
Trematomus scotti 0.11 Loeb 1991
Nototheniops nudifrons 0.122 0.046 North 1989
Pseudochaenichthys georgianus 0.044 0.103 North 1989
Notothenia neglecta 0.122 0.130 0.183 North 1989
Notothenia neglecta 0.195 White et al.
1982
Notothenia gibberifrons 0.139 Loeb 1991
Artedidraco georgianus 0.157 North 1989
Chionodraco rastrospinosus 0.21 Kellermann
1986
Chaenocephalus aceratus 0.221 North 1989
Chaenocephalus aceratus 0.13 Slosarczyk
1987
Pleuragramma antarcticum 0.24 Hubold 1985
Notothenia angustrifrons 0.251 0.121  0.139 North 1989
Notothenia gibberifrons 0.286 0.11 0.056" North 1989
Pleuragramma antarcticum ‘0 0.32 Kellermann
1986
Champsocephalus gunnari 0.354 0.079 North 1989

* hatching size = 4.7mm, average SL after 365 days = 25.2mm.

most suitable for early feeding. Thus the strategy to delay the
release of larvae until suitable conditions occur in the
environment is a most effective adaptation to maximize the
survival of larvae in a species thathaslow absolute fecundity.
This observation supports the hypothesis that reproductive
strategies among Antarctic poikilotherms are closely linked
to the manner and stage at which a species is dependent on
the seasonal production cycle (White 1977).

Larval growth rates

An evaluation of available data on growth rates in larval fish
from different marine habitats has been reviewed by Clarke
& North (1991). They concluded that growth rates among
Antarctic fish were slow when compared with temperate and
tropicalspeciesand averaged 0.152mmd”. The H. antarcticus
growth rate of 0.067 mm d is therefore slow even among
Antarctic species (Table IIT) but is similar to the average
daily increment of 0.049 mm d? for the closely related
species, H. georgianus (North 1989). Suchagrowth rate may
be typical for small demersal Antarctic Notothenioidei.
More rapid growth rates during the first year, of up to four
times that measured in H. antarcticus, are achieved by
pelagic species such as Champsocephalus gunnari and
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Pleuragramma antarcticum Boulenger (Table II). This may
reflect an increased scope for growth among notothenioid
species that have successfully adopted a pelagic niche at all
stages in their life history. Research on the effect on larval
growth of changes in environmental parameters such as
temperature and food availability has yet to be undertaken on
Antarctic species of fish. This field warrants investigation
owing to the acknowledged responsiveness of larval
development to small changes intemperature, the importance
of larval biology to the recruitment of fish populations and
the likelihood of the high latitudes being most subject to the
impacts of global climate change (Manabe & Stouffer 1979,
1980).
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