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A B S T R A C T

Copepods are considered relevant live feed for fish larval marine aquaculture. They promote fish larval survival
and growth rate and reduce deformities when used as food source. The cyclopoid copepod Apocyplops royi are
among others used in extensive Taiwanese aquaculture. However, knowledge on its performance in intensive cul-
tures is limited. This study investigates parameters that are relevant prerequisites before initiating intensive tank
cultures with A. royi. We found that the biochemical profile of A. royi is promising and relevant when used as
live feed with a C:N ratio of 4.7 and a fatty acid ratio (DHA/EPA 3.2 ± 0.7) that fulfil the minimum quantita-
tively dietary requirement of essential FAs for marine fish larvae and early juveniles. The size range of nauplii
(78 - 245 μm) is evaluated to be a feasible size for small mouthed first feeding marine fish larvae. The copepod
exhibits similar specific growth rates as other cyclopoids (10% DW d−1). Further, we tested A. royi populations
relative composition (nauplii, copepodites, males, females and ovigerous females) as an effect of culture densities
and found no change within the test range (300 to 3800 ind. L−1). To evaluate the recruitment into the popula-
tion we conducted an experiment with densities from a few hundred to 10,000 ind. L−1. We observed no density
limitation on the female ovigerous rate = ((ovigerous females) / copepodites + adults) x 100) ~6%) even at
very high densities. We demonstrated, that A. royi is a promising candidate for intensive copepod cultures and a
relevant live feed for marine larval fish culture.

1. Introduction

In recent years copepods have gained more interest as live feed in
marine aquaculture (Ajiboye et al., 2011; Drillet et al., 2011). The
reason behind this is that copepods as live feed is generally considered
to contribute to an increased performance of the fish larvae when com-
pared to larvae fed rotifers and Artemia (Abate et al., 2016; Øie et
al., 2017). Overall, an increase in survival, growth and a decrease in
deformities of marine fish larvae is a result when feeding with cope-
pods (Busch et al., 2011; Wilcox et al., 2006). Numerous stud-
ies have linked this with copepods biochemical profiles, and that cope-
pods often are the natural prey of marine finfish larvae (e.g. Drillet
et al., 2006; Evjemo et al., 2003; Shields et al., 1999; van der
Meeren et al., 2008). Together with a demand for diversification of
finfish species in marine aquaculture an array of different copepod can-
didates is suggested (reviewed in Drillet et al., 2011; Støttrup, 2000,
2003). Moreover, suggestions for different intensive culture systems
have emerged (e.g. Abate et al., 2015, 2016; Buttino et al., 2012;
Payne and Rippingale, 2001; Sarkisian et al., 2019). Drillet et al.
(2011) reviewed the current status and use of copepods as live feed

and gave recommendations on the future of marine copepod cultivation.
One of the recommendations was utilizing local strains; using cyclopoid
copepods for large on-site productions, with special interest to copepods
with lipid conversion capabilities. Another suggestion was to intensify
the effort of optimization copepod cultures, with emphasis on potential
density limitations.

The cyclopoid copepod Apocyclops royi is one of two dominant meso-
zooplankton species in brackish Taiwanese aquaculture ponds. The
other is the calanoid egg carrier Pseudodiaptomus annandalei (Blanda
et al., 2017). These two copepods have shown high tolerance to these
extremely variating brackish-water systems, e.g. adaptation to salin-
ity, oxygen and pH fluctuations (Blanda et al., 2015). Furthermore,
their nauplii and adults have shown good potential as live feed within
large outdoor as well as indoor marine finfish larval production sys-
tems in Taiwan (e.g. Liao et al., 2001). Recent studies have shown
that in particular A. royi exhibit lipid conversion capabilities convert-
ing short-chained fatty acids (FA) into relevant essential omega-3 FAs
(Nielsen et al., 2019; Pan et al., 2018). Hence, as a unique feature
the copepod is able to live and reproduce continuously on PUFA poor
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feed e.g. Duniella tertiolecta or even baker's yeast (Nielsen et al., 2019;
Nielsen et al., 2020).

We have a good understanding of most of the limiting factors for
copepod production in the outdoor Taiwanese aquaculture ponds, being
mainly low food quality and fluctuating abiotic factors (Blanda et al.,
2015; Blanda et al., 2017; Rayner et al., 2015). This understand-
ing has further been substantiated on a physiological level by laboratory
investigations on salinity stress (Lee et al., 2005; Pan et al., 2016;
van Someren Gréve et al., 2020), temperature and diets (Lee et al.,
2005; Nielsen et al., 2019; Pan et al., 2017). The outstanding physi-
ological plasticity and fatty acid profile of A. royi, besides by its relatives
A. panamensis and A. dengizius (e.g. Sumiarsa and Phelps 2007; Farha-
dian et al., 2009) leads us to an understanding that our target A. royi
can be considered an opportunistic species that are able to adapt to vary-
ing living conditions.

A recent laboratory study showed that in intensive cultures, the
calanoid copepod Pseudodiaptomus annandalei is density limited by a loss
in ovigerous rate by the female copepods already at densities above 287
ind. L−1 (Rayner et al., 2017). However, the loss of ovigerous rate in
P. annandalei is invariant of nauplii densities in the cultures (Rayner et
al., 2017). The cyclopoid copepods Oithona colcarva have shown to de-
crease nauplii production as an effect of temperature, salinity and diets
whereas stoking density did not affect the nauplii production (500 to
8000 nauplii L−1) (Broach et al., 2017). Another cyclopoid copepod
Paracyclopina nana is reported to successively decrease its number of
nauplii per adult female as an effect of stoking density (1000 to 10,000
female L−1) (Lee et al., 2012; Lee and Park, 2005). However, the
question remains unanswered at which density and how density effects
is expressed for A. royi while cultured in high-density tank cultures?

Here, we first validated A. royi's biochemical profile, in terms of
FAs and carbon and nitrogen content, and thereby its fundamental rel-
evance as live feed for aquaculture. Thereafter, we challenged density
limitations of A. royi cultivation by testing population development and
ovigerous rate as a proxy for the fecundity at densities ranging from 250
and up to 10.000 ind. L−1.

2. Material and methods

2.1. Culture

Apocyclops royi originate from Donggang Taiwan, but was obtained
through collaborators in LOG-Marine Station of Wimereux in France
(Pan et al., 2016). Cultures were taken into stock at Roskilde Univer-
sity, Denmark and kept for 20+ generations in a 25 °C walk-in tem-
perature-controlled room, with a 12:12 light:dark cycle. All copepods
were kept in 0.2 μm filtered 20 psu seawater and fed the microalga
Rhodomonas salina in excess (950 μg C L−1, Berggreen et al., 1988).
Cultures reaches ~700 A. royi L−1 with a ~ 6% ovigerous female rate.
Rhodomonas salina were kept with same culture conditions as described
in Thoisen et al. (2018). Both experiment 1 and 2 were conducted at
same conditions as for the copepod stock culture.

2.2. Biochemical and technical observations

To reveal the biochemical and technical relevance of A. royi as a
life feed species different experiments and analysis were conducted. To
evaluate the growth and survival rate of A. royi a seven days exper-
iment were conducted. The experimental vessels were 77 ml culture
flasks with 5 replicate bottles for each day of the seven days, given a
total of 35 flasks. Each flask was incubated with 50 ± 5 nauplii instar
stage I or II. Each day, the copepods in 5 flasks were fixed with 1%
acid Lugols solution and all individuals were counted under a Nikon
SMZ18 dissecting microscope with a mounted camera (Nikon DS-Fi 2).
Aliquots of 25 individuals were randomly picked and their total length

(nauplii) and prosome length (copepodites and adults) were measured
taking a picture and using the NIS Elements laboratory imaging soft-
ware (version 4.40). To convert length into dry weight (DW) regressions
for nauplii and copepodites/adults (prosome) stages were obtained from
Chang and Lei (1993). This, to be able to calculate specific growth
rates. Instantaneous growth rates were calculated based on following
equations.

(1)

where G is daily growth rate, and Wi and W are the dry weights at time
points td (day). The specific growth rate was calculated from the instan-
taneous growth rate

(2)

where G is the instantaneous growth rate from Eq. (1).
Carbon and nitrogen determinations were done for both R. salina and

A. royi. Preparation of triplicate R. salina samples were done by filtrating
approximately10 million cells on a muffled 1.28 cm GF/C filter. Here-
after, the filter was packed in 5 × 9 mm tin capsules, dried at 60 °C
for 24 h before the samples were analysed in a CHNS analyser (Thermo
Scientific FLASH 2000 Organic Elemental Analyser). A methionine stan-
dard curve was used to obtain known concentrations of C and N. Same
procedure were used for copepods where 45 adult copepods were indi-
vidually handpicked with a Pasteur pipette and placed on the 1.28 cm
GF/C filter, triplicate determination were done.

The lipid extraction process is based on the method used in Folch
et al. (1957). In brief, we did the following: Triplicate samples were
prepared for lipid extraction of the algae R. salina with approximately10
million cells per 25 mm diameter GF/C filter. For copepod lipid extrac-
tion triplicate samples with A. royi 45 adults in each were isolated on
a 25 mm diameter GF/C filter. All samples were freeze dried until pres-
sure 0.06 mbar in an Alpha 1–2 LDPlus Freeze dryer (Buch & Holm).
After freeze drying chloroform:methanol (2:1 vol) were added together
with 20 μL of the internal standard (C23-methyl tricosanoate), and left
for 24 h at −20 °C for extraction. Thereafter solvent were transferred
into 2 mL GC glass vials and the further homogenization and extraction
methods, as described in Rayner et al. (2015), were followed. The
transesterification process and ion scanning for the GC/MS setup, was
done as described in Drillet et al. (2006).

2.3. Intensive culture effects on population development

To evaluate the stocking density effect on the population develop-
ment of A. royi the following densities were established 300, 600, 900,
1300, 1600, 2200, 3800 individuals L−1 with four replicates of each
treatment. Hereafter named experiment 1. The copepods used for the
experiment were isolated from the stock culture with a 45 μm Nitex
filter so in principle all development stages were present with same
stage composition. The densities were established by subsampling with
a 10 mL kip-automate (NS 29.2/32; Buch & Holm, Witeg, Germany)
into 10 × 20 ml Petri dishes where they were fixed with 1% acid Lu-
gol's solution and counted using a dissecting microscope (Olympus SZ
40; Olympus Optical (Europe) GmBH, Hamburg, Germany). From the
derived copepod numbers final volumes of culture water holding the
copepods was transferred into 1000 ml Pyrex glass beakers and topped
until a volume of 500 ml 0.2 μm filtered seawater. Aeration were sup-
plied from an air pump (LP-60, Resun®, 70 L min−1), through Ø 6 mm
silicone tubing and glass Pasteur pipettes. Each day, every replicate
was fed in excess with R. salina (950 μg C L−1, Berggreen et al.,
1988). Cell concentration and volume of R. salina were established
by measuring before and after feeding each replicate using an elec-
tronic particle counter (Multiziser 4e Particle Analyser, Beckman Coulter
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Counter). After four days, all copepods in each replicate were fixed
with 1% acid Lugol's final concentration and enumerated and their stage
composition were determined in the following categories: nauplii, cope-
podites, males, females without egg sacs, ovigerous females and free egg
sacs, using the dissection microscope.

2.4. Ovigerous female rate

To establish the ovigerous female rate effect; ovigerous
rate = ((ovigerous females)/ copepodites + adults) x 100) another ex-
periment was established. Hereafter named experiment 2. Animals were
isolated with a 120 μm Nitex filter ensuring only copepodites and adults
present in the isolate. According to Rayner et al. (2015), the density
dependent ovigerous rate for P. annandalei was unaffected by the pres-
ence of even very high densities of nauplii. Following densities were
established 250, 500, 1000, 6000, 10,000 individuals L−1. The same
subsampling method as above were used, but the experimental beakers
were 2 L Pyrex beakers each filled with 1 L of 0.2 μm filtered seawater.
Food levels were determined twice a day and adjusted at the same con-
centrations and volumes as earlier described. After four days, all cope-
pods in each replicate were fixed with 1% acid Lugols final concentra-
tion and enumerated and the stage composition were categorised as,
nauplii, copepodites + adults, ovigerous females, and free egg sacs, us-
ing the dissecting microscope.

For comparing ovigerous rate between tested copepod densities, data
from both experiments were used. We clearly mark which data that de-
rives from which experiment in Fig. 2.

2.5. Theory/calculation

The ovigerous female rate vs. density was calculated for experiment
1 and 2 and linear regressions were applied to the two datasets. To test
for statistically differences between the two linear regressions an analy-
sis based on two-tailed t-tests of the regression coefficients were used
(Sokal and Rohlf, 1995). Since the t-test did not show statistical dif-
ferences between the two experiments, we choose to pool the data from
both experiments (Table 1).

3. Results/discussion

The investigated species for this study was A. royi, which appears to
be a relevant live feed item for marine finfish larvae aquaculture. To
evaluate if a particular species is a viable aquaculture candidate, sev-
eral technical and biochemical parameters of both the copepod species
A. royi and its food item R. salina, are necessary to document. The
food item is relevant, since copepods biochemically often reflects what
they eat (Breteler et al., 1999). However, here we have a quite
unique copepod species with relatively high capability to modify their
fatty acids by desaturation and chain elongation leading to high lev-
els of EPA and DHA even when fed PUFA poor diets (Nielsen et al.,
2019). The carbon (37.4 ± 1.4 pg cell−1, n = 3) and nitrogen content
(8.0 ± 0.3 pg cell−1, n = 3) and the derived C:N ratio (4.7, n = 3) of
R. salina is as expected according to other reports (Berggreen et al.,
1988; Støttrup and Jensen, 1990). The carbon (1.5 ± 0.2 μg cope-
pod−1, n = 3) and nitrogen content (0.3 ± 0.04 μg copepod−1, n = 3)

gave a C:N ratio for adult A. royi of 5.0 for A. royi (n = 3).The C:N ra-
tio of the feed alga and the copepods are almost similar. Predicted egg
production is inversely related to food C:N for copepods ingesting a con-
stant carbon ration (Kuijper et al., 2004). We have an alga C:N ratio of
4.7 which is near the ideal ratio of five in relation to maximizing cope-
pods egg production (Kiørboe, 1989; Kuijper et al., 2004). Further
C:N ratio in copepods are often increased to between 7 and 9 in inor-
ganic nutrients limited environments, whereas a C:N ratio in copepods
around five reflect well-nourished small bodied copepods with limited
lipid reserves (Van Nieuwerburgh et al., 2004). Since we fed same
quantity (950 μg C L−1) and quality of algae to all copepod densities
here, we eliminate possible dietary effects which may have influenced
our copepod results (Berggreen et al., 1988).

The size range of A. royi nauplii were in the range from minimum
78 to maximum 245 μm (n = 250), and the copepodites and adults
prosome length was ranging from minimum 260 to maximum 997 μm
(n = 180). The optimal prey size for e.g. turbot larvae is 144 μm (2 days
post hatch) and 225 μm (10 days post hatch); hence, the minimum nau-
plii size can sustain first feeding turbot larvae and even smaller mouthed
larvae species (Cunha and Planas, 1999). Moreover, later stages tur-
bot larvae and probably also other marine fish larvae, would be able to
prey on A. royi copepodites and adults until weaning to pelleted dry feed
in an aquaculture production (Jepsen et al., 2017).

The relative abundance of FA in R. salina is reflected in similar frac-
tions as reported in other studies (Drillet et al., 2006; Nielsen et
al., 2019). Fatty acid requirements for marine fish varies both quan-
titatively and qualitatively with both species and the ontogeny of the
targeted fish species (Tocher, 2010). Especially the essential FAs and
the relations between ARA, EPA and DHA, are biochemically relevant
parameters when assessing a live prey fed to marine fish larvae (Sar-
gent et al., 1999; Sumiarsa and Phelps 2007; Tocher, 2010). The
ALA (14.5 ± 3.4%), ARA (0.4 ± 0.1%) and EPA (8.2 ± 2.7%) in A. royi
(Table 2) reflected the findings in Nielsen et al. (2019). Whereas
the DHA content in A. royi in the present study was less (24.8 ± 4.6%)
when compared to Nielsen et al. (2019) with 48.8 ± 8.2% (Table 2).
Nevertheless, we see same DHA content in R. salina with 9.1 ± 0.5%
in the present study and 9.4 ± 0.2% in Nielsen et al. (2019). In
most copepods, a lack of dietary DHA would certainly reduce their
fecundity (Evjemo et al., 2008; Støttrup and Jensen, 1990). In
the present study however, we did not expect insufficient DHA con-
tent in the copepod tissues, since A. royi contain 24.8% DHA. Further-
more, A. royi is suggested to have an active n-3 LC-PUFA synthesis
(Nielsen et al., 2019). If necessary, it is capable of producing an ad-
equate amount of DHA by itself presumably to cover its own physi-
ological needs (Nielsen et al., 2019). Pan et al. (2018) reported
that A. royi ovigerous rate were not affected when fed the DHA-lack-
ing alga Tetraselmis chuii. Hence, here we do not expect that the oviger-
ous rate is affected by the biochemical profile of R. salina. This is fur-
ther supported by that Nielsen et al. (2019) tested that the rela-
tive content of DHA were statistically significantly higher in A. royi
when fed R. salina than when fed with either Dunaliella tertiolecta or
Tetraselmis suecica. Tocher (2010) has reviewed the minimum quanti-
tatively dietary requirement of essential FAs for marine fish larvae and
early juveniles and suggested that ∑ essential n-3 highly unsaturated

Table 1
Results from the two-tailed t-tests of the regression coefficients analysis on density dependent ovigerous rate of Apocyclops royi.

df to t-table

a SE N SE(b1-b2) T-test (n1−2) + (n2−2)

Exp. 1 −0.0002 0.82787 35 0.921339 −0.00015195 36
Exp. 2 −0.00006 0.404347 5
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Table 2
Biochemical observations of the alga Rhodomonas salina and the copepod Apocyclops royi.
Fatty acids data are presented as percentage of totally fatty acid ± s.d., n is the number of
samples. All %TFA can be calculated to specific amount using the presented total FA of R.
salina and A. royi.

%TFA R. salina
±
S.D. A. royi ± S.D. n

C14:0 3.2 0.7 1.3 0.9 3
C14:1 0.2 0.0 0.1 0.1 3
C15:0 0.2 0.0 0.4 0.2 3
C16:0 11.7 0.4 11.3 3.5 3
C16:1 0.2 0.0 0.2 0.1 3
C17:0 0.1 0.0 1.8 0.1 3
C18:0 0.7 0.1 5.2 3.6 3
C18:1 trans 0.5 0.0 0.2 0.0 3
C18:1 cis 2.5 0.1 2.3 0.3 3
C18:2 cis 6.8 0.1 2.9 0.4 3
C18:3 n-6 0.5 0.0 0.2 0.0 3
C18:4 19.3 0.5 9.2 2.4 3
C20:1 0.1 0.0 0.3 0.3 3
C20:2 0.0 0.0 0.1 0.0 3
C21:0 0.0 0.0 0.1 0.0 3
C20:3 n-3 0.1 0.0 0.5 0.1 3
C22:0 0.0 0.0 0.3 0.1 3
C22:1 2.0 0.3 14.8 7.7 3
C24:0 0.0 0.0 0.5 0.1 3
C24:1 0.9 0.8 0.2 0.1 3
C18:3 n-3 (ALA) 27.3 0.5 14.5 3.4 3
C20:4 n-6
(ARA)

0.4 0.0 0.4 0.1 3

C20:5 n-3 (EPA) 13.9 0.1 8.2 2.7 3
C22:6 n-3
(DHA)

9.1 0.5 24.8 4.6 3

DHA:EPA ratio 0.7 0.0 3.2 0.7 3
Total FA 19.3 (pg

cell − 1)
3.2 0.47 (μg

ind. − 1)
0.98 3

fatty acids (HUFA) should be minimum 0.6 to 5.5% dry diet. In the
present study each of the n-3 essential HUFAs (ALA, EPA and DHA)
are above this level (Table 2). DHA levels should be between 1.0 and
2.6% and EPA between 2.3 and 3.7% dry diet (Tocher, 2010). Sug-
gested DHA:EPA ratios should be between 0.3 and 2.0 (Tocher, 2010).
Sargent et al. (1999) suggested a gold standard as a guideline that
live feed should reflect as a minimum. Apocyclops royi, levels of HUFAs,
DHA and EPA fulfils all of the listed minimum requirements (Table 2).
Hence, we conclude that the fatty acid profile of A. royi complies and
that A. royi is a relevant live feed candidate.

The instantaneous growth rate was 0.10 μg DW copepod−1 day−1

(n = 25) which were used to calculate the specific growth rate. The
specific growth rate of A. royi was 0.10 DW d−1 (n = 25), which is
similar to the specific population growth rate that Lee et al. (2012)
documented for the same species (~0.09 d−1). Compared to its neigh-
bour species from the fish ponds, P. annandalei with a SGR of ~0.5 d−1

(Blanda et al., 2017), A. royi has a lower growth rate. In regards of
ovigerous rate, non-density limited P. annandalei, also exhibit a high
ovigerous rate of ~40%, compared to A. royi with 6%. According to
Berggreen et al. (1988) specific egg production is an expression of
SGR in adult female copepods since they do not have somatic growth.
Hence, A. royi seems here to apply a relatively slow reproduction/
growth strategy compared to P. annandalei, where the latter has high
ovigerous rate at low densities but are limited at 275 ind. L−1, whereas
A. royi exhibit density invariance and keep their relatively low oviger-
ous rate even at 10,000 ind. L−1 (Fig. 2). The obtained copepod densi-
ties in Taiwanese fish ponds seems to reflect these limitations (Blanda

et al., 2017). Moreover, Sumiarsa and Phelps (2007) compile five stud-
ies obtaining copepod densities of 679–1225 individuals L−1 from out-
door tanks and ponds given both organic and chemical fertilizers. It is
evident that the observed different reproduction strategies of A. royi and
P. annandalei are well adapted to the habitat and they co-exist in the
Taiwanese outdoor aquaculture ponds (Blanda et al., 2015; Blanda et
al., 2017). It is also known that copepods with lower fecundity often
compensate with higher culture densities and shorter life-cycles (Dhont
et al., 2013).

When upscaling copepod cultures from laboratory to large scale
cultures it is often different problems that are encountered. At small
scale (2 L beakers) A. royi obtained approximately 2000 ind L−1 after
30–50 days of continued culturing (P. M. Jepsen unpublished data). The
long-term stock cultures in 70 L tanks at Roskilde University achieved a
density of ~700 A. royi L−1 with an ovigerous rate of ~6%. From these
initial stock culture observations, we set out to investigate at which den-
sity A. royi's ovigerous rate become limited. For an aquaculture purpose,
high productivity with least possible resource input is an ultimate goal.
To secure that we would identify potential limitations at relatively low
level as Rayner et al. (2017) did for P. annandalei we included den-
sities within a broad range from 120 to 10,000 A. royi L−1. Food quan-
tity has been shown to restrict the fecundity in dense copepod cultures
(e.g. Acartia tonsa, Vu et al., 2017), therefore we fed A. royi in excess
(950 μg C L−1) at all densities. Hence, we are confident that food limita-
tion did not negatively influence our results.

In experiment 1, we investigated the potential density effects on the
relative population densities of nauplii, copepodites and adults of A.
royi, within the range from a few hundreds to 3800 ind. L−1 (Fig. 1).
Since we did not see any obvious negative density effect on the oviger-
ous rate (Fig. 2), a second experiment was setup with three control
densities and one density at 6000 ind. L−1 and another at 10,000 ind.
L−1 (Fig. 2); still with no significant decline of ovigerous rates as an
effect of density. This is contradictory to other density studies with cy-
clopoid copepods where both P. nana (>7000 ind. L−1) and Oithona sp.
decrease in fecundity as a density effect (Lipman et al., 2001; Lee et
al., 2012; Lee and Park, 2005). However, both P. nana and Oithona
sp. is known to exhibit cannibalistic behaviour as late copepodites and
adults changing their feeding habits from herbivorous to omnivorous or
carnivorous (Gabriel and Lampert, 1985; Lee et al., 2012). At high
densities the species encounter rate between advanced copepodites and
adults with nauplii increases and thereby the likelihood for nauplii be-
ing cannibalised also increases. If significant cannibalism occurred in
our experiments, we would have observed a substantial decrease in nau-
plii especially in the higher density treatments, which was not the case
(Fig. 1). Hence, we do not expect that cannibalism is a major problem.
Moreover, we have never observed egg nor nauplii cannibalism by A.
royi during our countless hours working with our cultures and when ob-
serving behaviour of individuals under dissecting microscopes. Never-
theless, it is important to keep microalgae feed in excess in the cope-
pod culture; or the larger stages of some species of copepods can quickly
switch feeding strategy to cannibalistic behaviour (Gabriel and Lam-
pert, 1985; Vu et al., 2017). Pan et al. (2016) showed that A. royi in
salinities from 10 to 30 exhibit an equal mean clutch size (egg cluth−1),
clutch production and a nauplii production between 10 and 12 nau-
plii female−1 day−1. In the present study we measure the ovigerous rate
which is a proxy for the number of ovigerous females in the population.
In Fig. 1 we show an equal population stage composition, so we as-
sume that we have a density independent nauplii production. Thereby
the daily nauplii production can be calculated, e.g. at 10,000 ind L−1 the
nauplii production day−1 will be 6% of 10,000 multiplied with at least10
nauplii; hence, the culture would produce ≥6000 nauplii L−1 day−1. If
the nauplii production is truly density independent should be verified in
further studies.
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Fig. 1. Title: Density effect on population development and composition.Apocyclops royi. Upper panel, copepod stage composition as a function of density. Lower panel, population com-
position in fractions as a function of end density with all development stages present. Bars are average ± s.d. (n = 4).

4. Conclusions

Drillet et al. (2011) listed relevant parameters to pursue when
selecting a copepod species relevant for intensive cultures. We inves-
tigated here if A. royi, already proven as a live feed in extensive out-
door pond aquaculture (Blanda et al., 2015; Blanda et al., 2017),
also could be a candidate for high density tank cultivation. Drillet et
al. (2011) recommended that copepods with lipid conversion capa-
bilities is of special interest since eventually microalga food could be
substituted by e.g. baker's yeast or other easy available and cheap re-
sources. Other studies have shown that A. royi indeed has fatty acid
modification capabilities, so it fulfils Drillet et al. (2011) requirement
(Nielsen et al., 2019; Pan et al., 2018). We showed that A. royi has
an aquaculture relevant C:N ratio and DHA:EPA:ARA ratio (Kuijper et

al., 2004; Sargent et al., 1999). However, the most important finding
in the present study was that at densities from a few hundreds to 10,000
ind. L−1 cultures of A. royi were not density limited. We believe, that A.
royi are a promising candidate for intensive copepod cultures.
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Fig. 2. Title: Ovigerous rate.Apocyclops royi. The ovigerous rate as a function of end densities with all development stages present. White dots represent experiment 1, black dots represent
experiment 2.
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