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Development, growth and egg production of the two copepod species
Centropages hamatus and Centropages typicus in the laboratory
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5. DK-3000 Helsingor, Denmark

Absiract. Laboratory experiments were set up in order to determine and compare desvclopmental
tates. growth rates, generation times and epg production rates for the two calanoid copepod species
Centrapages typicus and Centropages hamans The nauplii showed a higher developmental rate than
the copepodites for both species with guite different indnidual stape durations, whick gave no
indication of isochronal development For C nyvpicus equiproportional development was found. The
growth rates were exponennal and highest for the largest species C.tvpicus. and for both species the
Jurenile growth rates were very similar 10 the egg production rates of the adults.

Introduction

The object of this paper s to investigate whether the growth rate of juveniles s
similar to the growth rate of adult females expressed as egg production in two
calanoid copepod species. Centropages hamatus and Centropages tvpicus.
commonly found in Damish waters. This is of great importance, since a growing
number of investigators have assumed that the egg production rate is
representative of the growth rate of all stages. when secondary production
calculations are carried out {e.g. Kierboe and Johansen, 1986; McLaren. 1986;
Kierboe er al.. 1990). Other objectives are to compare developmental rates.
growth rates and generation times of the two species.

Growth rates of juvenile copepods and egg production in adult females have
been determined for Acartia clausi hudsonica by Sekiguchi ef al. (1980} and
for Acartia tonsa by Berggreen et al. (1988). Both found the growth to be
exponential, and that specific growth rates of juveniles were egual to specific
female egg production rates.

Isochronal development. which means that all stages have the same duration
{Miller er al., 1977, McLaren . 1986). has earlier been determined for A.clausi by
Miller ef al. {1977). even though they found that isochronality 1s not necessanly
a peneral rule for marine copepods. Isochronal desclopment was determined for
A.clausi, Chamatus. Temora longicornis and Pseudocalanus sp. by Klein
Breteler er al. {1982}, while non-isochronal development was determined for
Calanus marshallae by Peterson (1986) and for C.rypicus by Smith and Lane
(1985). Landry (1983) found that the term 1sochronality might not necessarity be
night for any species, but might be a reasonable approximation, Growth rates for
copepodite stages of Calanus pacificus and Pseudocalanus sp. were measured by
Vidal (1980}, who found a sigmoidal increase in body weight with time, while
Klein Breteler et al. (1982) found exponential growth in A.clausi, C. hamatus.,
Temora longicornis and Pseudocalanus sp.
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This work was carried out in order to determine: (i) whether the growth rate
of the juveniles is simitar to the growth rate of the adult females expressed as epg
production: {i1} whether the development of the two species is isochronal; and
(101} whether the growth rate is constant throughout all stages and the growth
exponential.

Method

Copepods were collected in Southern Kuttegat (Denmark) in Scptember 1989
ln the laboratory 200-400 males and females of C hamatus and C.rvpicus were
isolated. and transferred to 100 1 tanks with 20 pm filtered. 25%. scawater, 16.5-
17.5°C, and were fed with the alga Rhodomonas baltica (5-8 pm equivalent
spherical diameter, ESD) and the zoofagellate Oxyrrhis maring (20-22 ym
ESD).

After 2-3 days. eggs were collected for rearing experiments. Nauplii hatched
within 12 h were transferred to four 100 | (C.typicus) or one 101 (C hamatis)
tanks. For Corypicus the number of pauplii was ~ 10 000 in each 100 | tank (100
nauplii 17"y, for C hamaius the total number of nauplii was ~ 1000 (100 17 %y in
each 101 tank. The hatching percent was calculated as the number of naupin
after a potential hatching period of 22 h compared with the initial number of
eggs.

The cultures were fed R.baltica and. after copepodites appeased. Oxyrrius
maring. In order to assure excess food at all umes. samples of 100 ml were -
measured daily on a Coulter Counter model TA 11. These samples were taken
immediately before feeding. which means that the actual concentrations
measured represent the absolute minima. The food concentration was 6-10
p.p.m.. well above the critical food concentration (Vidal, 1980). Temperature
and salinity were kept constant at all times (16.5-17.5°C. 25%o salinity) for ali
cuitures. In each culture. subsamples (30-100 animals) were taken daily for
length measurements (prosome) and stages were determined after Lawson and
Grice (1970). The samples were preserved in formaldehyde solution (3%). The
C hamatus culture was observed until C5, at that time no more animals
remained. Two cultures of C rypicus were observed until adulthood {cultures |
and 1) and two cultures were observed untl N4 (cultures 111 and [V). The time
required to reach a particular stage was defined as the time when 50% of the
population had molted into that stage. Body weight was calculated from the
length-weight relations of Klein Breteler er al. (1982). The growth raies are
given as dimensionless quantities for exponential changes in weight in specific
indicated time periods, determined as the slope of the regression line of time
versus the logarithm of the weight. These are directly comparable with the non-
exponential egg production rates.

Since we had no way of knowing at which time 50% of the eggs hatched. due
to our collecting of nauplit at 7 = 24 h_ we have no development point for N1.
Total mortahity was calculated as the difference bhetween the total number of
animals picked out from the culture during the experiment and the number of
animals that remained in the container at the end of the experiment. When adult
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females appeared. imdividuals for ege production expenments were picked
Single females were incubated with excess food i 6tX) mi bottles (10 rephcates)
placed on a ptankton wheel {1 13 r.p.m.}. Centropuges hamatus was incubated
with R.baltica and Dirviwm brighnwellii 1o feed on at 19°C. and C.rvpicus with
R baltica and O.marina at 16 5-17.5°C. After 24 h of incubation, the epps in
cach bottle were counted and the length of the femates was measured. The
weight of an epp was assumed to be 37 4 ng C egg ™' (Kiprboe er uf.. 1983}, the
carbon content of the females 1o be 0 of the dry weight {Parsons er al.. 1977)
and the weight spectfic egg productton rate (g;) was calculted after:
g = W /Wy * 24/T

where W, = wetght of eggs produced (ng C). W = weight of female und T =
incubation time (h).

Results

Haiching and mortalin

Hatching and mortalits were only measured for C hamatus due 1o a mistake.
The hatching percentage was 53%. after 22 h. The mortality over the entire
experimental period was 16%.

Development

Developmental rate (Figure 1) was on the average higher in naupli than in
copepadites for both species. Avcrage stage duration for naupli was 352 +
151 h stage™ ! (Cohamamsy and 235 + 9.4 h (Coryvpiciesy and for copepodites
123 £ 7.3 h (C hamatus) and 43,1 + 12.00h (C.tvpicus).

C. hamatus C. typicus
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Fig. I. Developmental rate of C hamanus and € nvpieus (triangles, nauplii. dots, copepodites) Time
required to reach g particular stage 1 estimared from 50% fractile.
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The individual stage durations were quite different (Table 1) which gave no
indication of isochronal development. The stage durations estimated in the two
independent experiments with C.rvpicus were significantly intercorrelated (7 =
(1.853. P < 0.01, Figure 2). The development was equiproportional, as each
stage occupied a fixed proportion ot total development time {McLaren, 1986).
There was no intercorrelation of the stage durations of C Aamatus and C.typicus.
The stage duration of Corypicus N2 was significantly longer than for the
following nauplii stages (Mann-Whitney U-test, P < 0.05). The stage durations
of the intermediate stages of nauplii had a tendency to be shorter than the later
stages, and later copepodites were found to have the longest stage durations.
Development time 1o 50% adults was for C. harmatus 418.6 h (extrapolated) and
for C.typicus 388.0 h.

For C.rypicus it was observed that the animals began feeding in the second
naupli stage. indicated by Rhodomonas cells in the gut.

Table 1. Stage duration (b stage™ ") for O humarus and C.rvpicus

C ham. Cnp | Cop i Cop IR Crvp iV
N2 178 11.8 s 48.0 5
N3 253 26.0 no 280 -
N4 238 19.5 265 - -
N5 238 15.8 18 1 - -
Né 551 285 374 - -
Cl 538 30.3 3.0 - -
2 381 333 16.0 - -
i 371 380 iLs - -
4 37 523 49.0 - -

S 45.2- o4 8 S50 - -

‘From extrapolation.
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Fig. 2. Retationship between stuge durations of C.npicus i the two cultures
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Growth rate

The growth rate was constant between N1 and CS for both species, it was not
significantly different between nauplin and copepodites (Figure 3. Table 11} The
weight-specific egg production rates of the females of both species corresponded
to the growth rates of the jusveniles (Table 11},

Piscussion

The egg production rate and the growth rate of juveniles were determined to be
similar. This supports the idea that /n situ estimates of female fecundity may be
used for a field estimate of copepod production as suggested by Berggreen e al.
(1988), as long as the food concentration in site does not hmit the egg
production.

Two terms describing patterns in copepod developmens are isochronal and
equiproportional development. Isochronality means that the duration of all
stages is the same (Smith and Lanc. 1985) while equiproportionality means that
each development stage s assumed to occupy the same proportionate amount of
time relative to ather stages at any constant temperature (Corkett er al., 1986).

Our study has shown no clear evidence of isochronal development in either of
the two species. The same observation has been made by Smith and Lane
(1985). They also suggested that the first feeding stage is likely 10 be N3 We
found Rhodomonas in the puts of N2, and the significantly longer stage duration

C. hamatus C. typicus
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Fig. M. Crriropages homuie anl O hpicae tinangles, noople, dots. copepodites) weight increment
LVET TEmC.

Tabie 1. Growth rates (day ' 2 oo aandard deviation)

( hrarmain Covprons i C ropicus [}
Nauplii 0 26d 2 0.010 (L340 = (.00} G351 = .04
Copepodites (* 28K + 000K 0.3 + 0K 037 = 0007
All points 0267 * 0004 0368 + G000 0.347 + 0.005
Egg produciion 0.245 2 0.066 - (3.339 + (.G8K
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of N2 (sce Landry. 1983). also suggests that N2 is able to feed. The stage
durations of C.rypicus C4 and C5 were longer than the younger stages. In
C hamatus only C5 was fonger than the other stages. The long stage duration in
the fate copepodid stages may be due to the formation of sex products before
entering the adult stages. This has been suggested for several species (Landry,
1683. Smith and Lane. 1985. Pelerson, 1986). We found equiproportional
development for C.rypicus. This has been found for different Calanus species by,
for example, Corkett {1984) and Peterson and Painting {1990).

The two species, C harnatus and C.typicus, both showed exponential growth
from egg to adult. which was obviously higher in the larger species, C.rypicus,
which has a slightly shorter peneration time (388 h) than C hamatus (418 h). For
both species the growth rate of the copepodites is similar to that of the nauplii.
Only minor differences in the slope of the regression lines were seen between the
nauplt and the copepadites (Figure 3), although there is a tendency to a higher
growth rate for the copepodites in both species. This was also found by Klein
Breteler e al. (1982). The specific growth rate calculated by Klein Breteler er ol
(1982) for C.hamanes was 0.31 day™' at 15°C. which is slightly higher than the
growth rate we found; 0.27 day ™' (16.5-17.5°C). This difference might be due to
the methods used to determine the development time to a specific stage. We
used the 50% fractile while Klein Breteler er a/. used first appearance of a single
stage, which estimates the developmental time ~10% faster (Peterson and
Painting. 1990). Berggreen ef g/, (1988) found a specific growth rate for A.tonsa
of 0.45 day™' at 15°C fed on excess food. The development time for C. typicus
was found to be 34-51 days at 10°C by Smith and Lane (1985). while we found 18
days at 17°C. The difference in temperature of 8°C between the two experiments
prohably accounts for some of the differences in development time. Another
explanation might be the kind of food offered to the cultures. Smith and Lane
used Thalassiosira weissflogii, whereas we used a mixture of R baftica and
O.muarina. Another study has been made by Lawson and Grice (1970). They
found a development time of 22 days at 18-19°C, which is much closer to our
findings. They fed the culture with a mixture of crysomonads and diatoms. Klein
Breteler er al. (1982) found a growth rate for C. hamatus of 0 312 day™', at 15°C
when fed on [sochrysis galhana, R baltica and O.marina. For this species we
found .267 day ™' at 17°C.

We never found any crumpled and empty egg membranes, which could
indicate egg cannibalism. leading to undevestimated egg production rates. Dagg
(1977) correlated his egg production results with counting of such empty
membranes and deduced that up to 40% of all produced eggs were eaten over
24 h. Probubly due to better food quality and quantity and a much larger
incubation-volume our animals did not obviously eat their eggs to such an
extent, although we cannot entirely exclude this source of error.

According to Lawson and Grice (1970). our eggs should hatch at somewhere
between 29 and 36 h at the temperature we used. which might mean that the
effective hatching percent in our experiment would be somewhat higher. The
total mortality over the entire experimentation pertod corresponds 10 ~1%
day ', which is less than found by Stettrup er al. (1986} with A.tonsa. and it
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indrcates that Clhwamarus throughout the expenment have been in good
condition. and as all cultures were treated in the sume was . this should also be
vald for Caypicus.
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