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Abstract Egg hatching times were determined at a range
of temperatures for four species of commonly occurring
Antarctic copepods. At a given temperature the eggs of
Rhincalanus gigas took longest to hatch, up to 9 days at
0°C, followed by those of Calanoides acutus, Calanus
propinquus and Calanus simillimus. A BeÏ lehraÂ deks tem-
perature function with the parameter b ®xed at )2.05
accounted for >95% of the variance for each species.
There was an approximate doubling in hatching times
between 5°C and 0°C for R. gigas and for the other
species the increase in embryonic duration was 40±50%
at the lower temperature.

Introduction

Relatively little is known about the reproductive biology
of Southern Ocean copepods although some direct
measurements of gonad maturation, clutch size and the
spatial variability of egg production in relation to food
supply have been made (see studies by Huntley and
Lopez 1990; Kurbjeweit 1993; Roberts et al. 1994; Ward
and Shreeve 1995). For copepods generally it has been
concluded that mortality is greatest in the egg and
naupliar stages (Kiùrboe and Sabatini 1994; Peterson
and Kimmerer 1994; Poulet et al. 1995) and therefore
the determination of embryonic duration in relation to
temperature is an important step towards a better un-
derstanding of the population dynamics of Antarctic
species.

Corkett et al. (1986), McLaren et al. (1969, 1989),
Uye (1988) and others have shown in a series of papers
that embryonic development times for species of Calanus

and Pseudocalanus, over a range of temperatures, can be
described by a BeÏ lehraÂ dek's temperature function [D �
a(T ) a)b, where D � stage duration in days, a, b and a
are constants and T � temperature (°C)]. The constant
alpha has been shown to be related to the temperature
regime of the species and a proportional to egg diameter.
In this paper we report work carried out during De-
cember 1996/January 1997 onboard RRS James Clark
Ross in the region of South Georgia (53.5°S 37°W). Egg
hatching times were determined at a range of tempera-
tures for four of the large copepod species commonly
occurring in the Southern Ocean, Rhincalanus gigas,
Calanus simillimus, Calanoides acutus and Calanus
propinquus.

Materials and methods

Hatching times were determined on eggs recovered from female
R. gigas, Calanus simillimus, Calanoides acutus and Calanus prop-
inquus, which were individually maintained in ®ltered sea water
(FSW) in small perspex petri dishes (25 ml capacity) at ambient sea
surface temperature (2.5°C). Dishes were examined every 2±3 h and
any eggs laid were gently pipetted out into another petri dish
containing FSW that was pre-chilled to experimental temperatures
of 0°C, 2.5°C or 5°C. Dishes were then set to incubate in modi®ed
chest freezers. Clutches of between 30±50 eggs were transferred to
each dish and the temperatures at which they were incubated
chosen to re¯ect the range over which these species are known to
occur. Replication was carried out for each species at each tem-
perature. Experiments carried out at these temperatures on a pre-
vious cruise had established to within 12 h when the ®rst eggs
should hatch. From this point onwards the present experiments
were inspected every 2 h until hatching was complete. A nauplius
was judged to be fully hatched when it was clear of the egg mem-
branes.

Calculation of embryonic duration

Embryonic duration was taken as the point at which 50% of the
®nal number of hatchlings was observed (Peterson and Painting
1990). This was generally within 12 h of the ®rst nauplii being
observed, although in the case of Calanoides acutus and Calanus
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simillimus hatching continued for up to 2.5 days after the ®rst ap-
pearance of nauplii. R. gigas eggs generally all hatched within a 6-h
period at all temperatures.

Results and discussion

Time to 50% hatching versus temperature for the three
species is shown in Fig. 1. A BeÏ lehraÂ dek function
[D � a(T ) a)b] relating embryonic duration (D � days)
to temperature (T°C) was ®tted to the data for each of
the three species. Of the three parameters, a (tempera-
ture scale position of the response) and a (slope of the
response) were determined (Table 1), whereas b (curva-
ture) was ®xed as )2.05 (see McLaren et al. 1969). For
each species the ®tted response with b ®xed accounted
for >95% of the variance in the data. Values of a re¯ect
di�erences in temperature adaptation between species
(Corkett and McLaren 1970), with the lowest value be-
ing seen for Calanus propinquus and Calanoides acutus,
followed by Calanus simillimus and R.gigas. This es-
sentially re¯ects the geographic distribution of the spe-
cies; i.e. Calanoides acutus and especially Calanus
propinquus are particularly abundant in the colder parts
of the Southern Ocean such as the Weddell Sea
(Schnack-Schiel and Hagen 1994; Atkinson et al. in
press) whereas the latter two species are more commonly
found in the polar frontal regions and sub-Antarctic
(Atkinson 1991; Ward et al 1996).

There were clear di�erences in embryonic duration
between species with the fastest at a given temperature
being Calanus simillimus followed by Calanoides acutus,
Calanus propinquus and ®nally R. gigas. For R. gigas
there was an approximate doubling in development time
between 5°C and 0°C whereas for the other species the
curvature of the temperature response was ¯atter and
the increase in embryonic duration only some 40±50%
greater at 0°C. Parameter a has been found to be related
to egg diameter in related species of the genus Calanus
(Corkett 1972). For the two species of Calanus in this
study this relationship is consistent in that Calanus
propinquus, the largest species, produces bigger eggs
(Table 1) and has a larger value of a than Calanus
simillimus. However, for both species a is considerably
larger than would be predicted from Fig. 2 of McLaren

et al. (1988), in which for a number of temperate and
boreal members of the genus Calanus, a is plotted
against egg diameter. The temperature ranges over
which embryonic durations were determined by McLa-
ren et al. (1988) exceeded the 5°C span of our experi-
ments and, as a consequence, the values of a for their
species may re¯ect an increased slope by virtue of values
at the extremes of the range. In areas such as the Wed-
dell Sea, the average temperatures that copepods may
encounter during spawning can be below 0°C and, as
Ross et al. (1988) have shown, development times for
Euphausia superba eggs and early larvae increase dra-
matically below this temperature. Our experiments could
therefore be usefully repeated and the temperature range
extended in both directions.
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Fig. 1 Embryonic duration versus temperature for four species of
Antarctic calanoid copepod. n Rhincalanus gigas, r Calanus
similllimus, , Calanoides acutus, s Calanus propinquus

Table 1 Female prosome length, egg diameter and parameters a and a of the BeÏ lehraÂ dek equation D = a(T ) a)b ®tted to egg hatching
times for four species of Antarctic calanoid copepod. Measurements are means (�SD) for 20 females and 30 eggs respectively

Species Prosome
length (mm)

Egg diameter
(lm)

a a

Inner membrane Outer membrane

Rhincalanus gigas 7.02 (�0.42) ± 200 (�5) 1305 )11.20
Calanus simillimus 2.82 (�0.14) 150 (�5) 225 (�10) 2475 )21.42
Calanoides acutus 4.10 (�0.18) ± 190 (�8) 4883 )27.19
Calanus propinquus 4.23 (�0.15) 155 (�7) 260 (�15) 5077 )29.14
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