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INTRODUCTION

Low survivorship of juveniles is one of the bottle-
necks that have restricted large-scale seahorse cul-
ture for many years (Lin et al. 2009, Zhang et al.
2011). The major reason for their low survivorship is
diseases (Arca-Ruibal & Sainsbury 2005, Koldewey &
Martin-Smith 2010), of which the most concerning is
gastrointestinal disease. Many studies have demon-
strated that the pathogens of gastro intestinal disease
are primarily Vibrio spp., including V. harveyi

(Alcaide et al. 2001, Tendencia 2004), V. alginolyti-
cus and V. splendidus (Balcázar et al. 2010a), V. fortis
(Wang et al. 2016) and V. parahaemolyticus (Lin et al.
2016). Recently, a few studies have also provided evi-
dence that live food (i.e. copepods and Artemia) can
be a source of Vibrio spp. (Balcázar et al. 2010b).
Therefore, treatment of live food with antimicrobials
to reduce the bacterial load may be a promising
measure to lessen the occurrence of gastrointestinal
disease. However, current and relevant investiga-
tions are rare.
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ABSTRACT: Gastrointestinal disease is one of the most serious diseases in cultured seahorse juve-
niles. Treatment with antimicrobials of live food (i.e. copepods and Artemia) that is used to feed
the juveniles may be a promising measure to alleviate the occurrence of gastrointestinal disease.
However, relevant investigations are rare. In the present study, we first investigated the anti -
micro bial efficacies on bacteria within copepods that were treated with 4 antimicrobials, including
3 antibiotics (i.e. enrofloxacin hydrochloride, oxytetracycline and rifampicin [RFP]) that are
approved for use in aquaculture and 1 disinfectant (i.e. povidone iodine). We then assessed the
effects of copepods treated with the antimicrobial that had the best antimicrobial efficacy on
 survival, growth performance and immune capacity of juvenile lined seahorses Hippocampus
erectus. The results showed that RFP had the best antimicrobial efficacy on both Pseudo -
alteromonas spp. and Vibrio spp., 2 dominant bacteria with potential pathogenicity within the
copepods; the proper concentration of RFP was 6 mg l–1. Moreover, H. erectus juveniles fed with
RFP-treated copepods demonstrated an improved survivorship and immune capacity and had a
lower abundance of pathogenic bacteria within their gastrointestinal tracts compared to juveniles
fed with untreated copepods. These results suggest that treating live food with RFP is a potential
measure for reducing the incidence of gastrointestinal disease in seahorse juveniles.
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The lined seahorse Hippocampus erectus, which
is an ideal species for commercial culture due to its
large size and high medicinal and ornamental val-
ues (Scarratt 1995), has been successfully reared in
captivity in China since 2009 (Lin et al. 2008, 2009).
Dongshan County in the province of Fujian is the
largest producer of H. erectus in China. In 2015, an
unofficial source indicated that the annual pro -
duction of cultured dried H. erectus in Dongshan
was more than 2.0 t, which accounted for ap -
proximately 50% of the total national output (Lin
2016). However, similar to other captive-reared sea -
horse species, H. erectus juveniles also frequently
suffer from gastro intestinal disease resulting in low
 survivorship.

Copepods contain superior levels of nutritional
components and have been recognized as ideal live
prey for seahorse juveniles (Payne & Rippingale
2000, Zhang et al. 2015). However, the challenge of
developing a reliable protocol for the large-scale
culture of copepods has not yet been overcome
(Dhont et al. 2013); as a result, copepods used in
seahorse culture in China are sourced from fish
and shrimp ponds. Although copepods collected
from fish and shrimp ponds may cut production
costs, they also likely carry pathogenic microorgan-
isms resulting in an increased risk for the develop-
ment of disease (Beckman et al. 2008, Brandt et al.
2010).

In the present study, we first investigated the
antimicrobial efficacies on bacteria within copepods
treated with 3 different antibiotics approved for use
in aquaculture, including enrofloxacin hydrochloride
(ENRH, a type of quinolone), oxytetracycline (OTC, a
type of tetracycline) and rifampicin (RFP, a type of
ansamycin), and 1 type of halogen disinfectant (i.e.
povidone iodine, PVPI). We then assessed the effects
of copepods treated with the antimicrobial that had
the best antimicrobial efficacy on survival, growth
performance and immune capacity of juveniles H.
erectus.

MATERIALS AND METHODS

Experimental seahorses, 
antimicrobials and  copepods

Newborn Hippocampus erectus juveniles produced
by 10 pairs of F3 generation broodstock on the same
day were collected and pooled. They were ac clima -
tized in the tanks (110 × 70 × 30 cm) containing rear-
ing seawater with a salinity of 31–32‰ and a temper-
ature of 26–27°C at the Senlay Biotechnology Co., Ltd.,
in Dongshan. The tanks were connected to a central
circulating system that featured mechanical and bio-
logical filtration and ultraviolet-ozone sterilization.

Four antimicrobials, viz. ENRH, OTC, RFP and PVPI,
were purchased from a local aquatic medicine market;
detailed information is provided in Table 1. Copepods
were collected from a local shrimp culture pond using
a screen mesh (150 µm) and were immediately trans-
ported to the company in a tank with aeration.

Experimental protocols

Expt 1: Antimicrobial efficacies on bacteria within
copepods treated with four different antimicrobials

To ensure the efficient antimicrobial efficacies on
bacteria, we used 2 times the upper limit value of the
recommended concentration, i.e. ENRH of 20 mg l–1,
OTC of 30 mg l–1, RFP of 10 mg l–1 and PVPI of 2 ml l–1.
Copepods were filtered and rinsed with sterilized
rearing seawater (SRS) 3 times and then suspended
in SRS. The concentration of copepod suspension was
approximately 1200 ind. ml–1. The experiment was
divided into 5 groups, i.e. ENRH, OTC, RFP, PVPI
and control (CON), and each group had 3 re plicates.
For each replicate, 3 l of SRS without antibacterials
(CON), or with ENRH, OTC, RFP and PVPI in SRS
were placed into a glass beaker, respectively, and
each beaker was then added into the copepod pellet
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Anti-          Appearance                                     Purity       Manufacturer                                                           Recommended 
micro-                                                                   (%)                                                                                         bath concentration 
bial                                                                                                                                                                           (mg or ml l–1)

ENRH        White powder                                  >98.0        Zhejiang Guobang Pharmaceutical Co., Ltd.                6–10
OTC          Yellow powder                                >98.0        Dafeng Huashu Pharmaceutical Co., Ltd.                     10–15
PVPI          Reddish brown liquid solution       10.0        Xiamen Huiying Pharmaceutical Co., Ltd.                  0.6–1.0
RFP            Red powder                                     >98.0        Shanxi Shouai Pharmaceutical Co., Ltd.                         3–5

Table 1. Detailed information of the 4 antimicrobials tested in this study. ENRH: enrofloxacin hydrochloride; OTC: oxytetra-
cycline; PVPI: povidone iodine; RFP: rifampicin
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filtered from 1 l of copepod suspension. After a
30 min bath, 1 ml of copepods was taken out for via-
bility detection by microscopic observation, 5 ml of
copepods were taken out for homo genate using a
glass homogenizer, and the remaining copepods
were filtered and rinsed 3 times with SRS, and then
placed into DNase/RNase-free freezing tubes, and
stored in liquid nitrogen.

Bacterial communities and loads within the  copepods
were analysed by the methods of thio sulphate–
citrate–bile salts–sucrose (TCBS) agar cultivation,
which is mainly aimed at Vibrio spp., and 16S rDNA
analysis, which is applicable to most bacterial spe-
cies, particularly the species that cannot be cultured
by conventional cultivation methods. For TCBS agar
cultivation, 1 ml of homogenate was 10-fold serial
diluted to 1 × 10–5, and then each dilution was ap -
plied to TCBS agar medium and cultured at 27°C for
48 h to count colonies.

For 16S rDNA analysis, genomic DNA was extrac -
ted, and the V3-V4 hypervariable region of the 16S
rDNA gene was amplified using primers 343F and
798R. Amplicon pools were sequenced on an Illu-
mina Miseq platform at Shanghai OE Biotech. Co.,
Ltd. Obtained raw paired end reads were then pre-
processed using Trimmomatic software (Bolger et al.
2014) to detect and cut off ambiguous bases (N). It
also cut off low-quality sequences with average qual-
ity scores below 20 using a sliding window trimming
approach. After trimming, paired-end reads were
assembled using FLASH software (Reyon et al. 2012).
Parameters of assembly were 10 bp of minimal over-
lapping, 200 bp of maximum overlapping and 20% of
maximum mismatch rate. Sequences were quality fil-
tered as follows: reads with ambiguous, homologous
sequences or below 200 bp were abandoned. Reads
with 75% of bases above Q20 (99% certainty) were
retained. Reads with chimeras were then detected
and removed. These 2 steps were achieved using
QIIME software (version 1.8.0) (Caporaso et al. 2010).
CDHIT (Edgar 2013) was used to cluster the sequences
into operational taxonomic units (OTUs) with 97%
similarity cutoff. The most abundant sequence was
selected as a representative sequence from each
OTU using the QIIME package. These representa-
tive sequences were blasted against the Greengenes
database (version 13_8) (16s rDNA) and annotated
using the RDP Classifier (confidence threshold was
70%) (Wang et al. 2007). Alpha-diversity parameters
(Chao1, ACE, Shannon and Simpson index, and the
rarefaction curve) for each sample were calculated
using QIIME. In addition, heatmap clustering of bac-
terial communities was visualized according to Ihaka

& Gentleman (1996). The sequences of the amplicon
libraries were deposited in the NCBI Short Read
Archive database (accession no. SRP104080).

The results of Expt 1 showed that bacterial com -
munities within the copepods were dominated by
Pseudo alteromonas spp., a group of potentially patho -
genic bacteria that have been increasingly demon-
strated in marine animals (Costa-Ramos & Rowley
2004, Chistoserdov et al. 2005, Pujalte et al. 2007, Bai
et al. 2013), and by Vibrio spp., a group of well-
known pathogenic bacteria (see Results). Expt 1 indi-
cated that RFP had the overall best antimicrobial effi-
cacies on both Pseudoalteromonas spp. and Vibrio
spp. compared to the other 3 antimicrobials (see
‘Results’). Therefore, RFP was selected as the desired
antimicrobial in the following experiments.

Expt 2: Antimicrobial efficacies on 
bacteria within the copepods treated with 

different concentrations of RFP

To screen for the proper concentration of RFP in
order to save cost, 5 concentrations (2, 4, 6, 8 and
10 mg l–1) were tested. Each concentration had 3 re -
plicates. For each replicate, 3 l of 2, 4, 6, 8 and 10 mg
l–1 RFP in SRS were placed into a glass beaker, and
then each beaker was added into the copepod pellet
filtered from 1 l of copepod suspension. After a 30 min
bath, copepods were collected in DNase/ RNase-free
freezing tubes and stored in liquid nitrogen for 16S
rDNA analysis.

The result of Expt 2 showed that a RFP concentra-
tion of 6 mg l–1 had a similar antimicrobial efficacy on
both Pseudoalteromonas spp. and Vibrio spp. com-
pared with concentrations of 8 and 10 mg l–1 RFP (see
‘Results’). Therefore, 6 mg l–1 was selected as the de -
sired concentration for the next experiment.

Expt 3: Survival, growth performance and 
immune capacity of seahorse juveniles fed with

RFP-treated copepods

To test the improvement effect of RFP-treated
cope pods on the survival and growth of H. erectus
juveniles, the juveniles were divided into 2 groups;
one group was fed with RFP-treated copepods, and
the other was given untreated copepods as a control
(CON).

Each group had 3 replicates, each with 120 juve-
niles. The juveniles in each replicate were maintained
in a tank (50 × 25 × 30 cm) containing rearing seawa-
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ter with a salinity of 31–32‰ and a temperature of
26–27°C. All tanks were connected to a central circu-
lating system that featured a mechanical and biolog-
ical filtration and ultraviolet-ozone steri lization. To
prevent copepods transferring among  different tanks,
the outlet pipe of each tank was wrapped with a
mesh screen of 150 µm in size. Juveniles were fed
twice per day, at 08:00 and 15:00 h. The faeces in the
tanks were siphoned out 2 h after each feeding. The
experiment lasted for 60 d.

Dead juveniles in each replicate were recorded and
siphoned out daily, and the wet body weight (BW) of
20 randomly selected surviving juveniles from each
replicate was measured once every 30 d to calculate
the specific growth rate (SGR = 100 × [ln BWfinal – ln
BWinitial) / time]. At the end of experiment, 12 surviv-
ing juveniles randomly sampled from each replicate
were bled. The sampled juvenile was placed into a
bucket containing a solution of 0.035% MS-222 in
rearing seawater and anaesthetized for 2 min, then
1/3 of the tail was cut. The amputated tail portion was
immediately inserted into a 1.5 ml sterile centrifuge
tube containing 0.4 ml of anticoagulant (citric acid
0.48 g, sodium citrate 1.32 g, glucose 1.47 g, and dis-
tilled water 100 ml) and dipped into the anticoagulant
for about 2 min. Blood spontaneously poured out and
mixed with the anticoagulant. The blood of every 4
juveniles was pooled. The pooled blood was cen-
trifuged, and the resulting plasma was used for deter-
mination of interleukin-2 (IL-2), interferon-α (IFN-α),
lysozyme (EC 3.2.1.17, LZM) and immunoglobulin M
(IgM), and these 4 im mune parameters served as in-
dicators to reflect the seahorses’ immune capacity
(Lin et al. 2016). After blood sampling, the juveniles
were dissected for gastro intestinal tract sampling,
and the tracts of every 4 juveniles were pooled and
stored in DNase/ RNase-free freezing tubes in liquid
nitrogen for 16S rDNA analysis.

Statistical analysis

All data are expressed as means ± SD and were
analysed using the Origin statistical software (version
8.0, Origin Lab). Prior to the analysis, the data of rela-
tive abundance of bacteria, SGR and survival rate
were arc-sine transformed, and the data of Vibrio spp.
amount were log10 transformed. The normality of all
data was evaluated using Shapiro-Wilk’s W-test, and
the homogeneity of the variances was assessed using
Levene’s test. The effects of antibacterials and RFP
concentrations on the relative abundance of bacteria,
and the effect of RFP on the survival, growth perform-

ance and immune capacity were analysed using a 1-
way ANOVA followed by Tukey’s multiple compari-
son tests when the ANOVA results were significant.

RESULTS

Antimicrobial efficacies on bacteria within
 copepods treated with four different antimicrobials

The 16S rDNA analysis showed that the bacterial
communities within the copepods were dominated
by Pseudoalteromonas spp. and Vibrio spp. (Fig. 1,
Lane 5), with relative abundances of 24.8 ± 3.2% and
12.2 ± 2.4%, respectively. After a medicinal bath for
30 min, while the viabilities of copepods treated with
4 antimicrobials all remained at more than 90%, the
relative abundance of bacterial communities within
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Fig. 1. Bacterial communities and their relative abundances
within copepods treated with different antimicrobials (see
Table 1 for abbreviations). The heatmap excludes unclassi-
fied and other bacterial species. CON: control (no anti-

microbials)
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the copepods of the respective antimicrobial group
changed greatly (Fig. 1, Lanes 1–4). Specifically, for
Pseudoalteromonas spp., the lowest value was in
OTC, followed by RFP, while for Vibrio spp., the low-
est values were in RFP and PVPI, followed by ENRH
(Table 2). Similar to relative abundance, the absolute
amount of Vibrio spp. also experienced significant
change, i.e. the biggest reductions were again ob -
served in RFP and PVPI (Table 3). Thus, RFP had the
overall best antimicrobial efficacy on both Pseudo -
alteromonas spp. and Vibrio spp. compared with the
other 3 antimicrobials.

Antimicrobial efficacies on bacteria within cope-
pods treated with different concentrations of RFP

The decreasing numbers of Pseudoalteromonas
spp. and Vibrio spp. were positively correlated to RFP
concentrations when it was lower than 6 mg l–1. How-
ever, there was no significant difference in the de -
crease when RFP concentration was higher than
6 mg l–1 (Fig. 2); 6 mg l–1 of RFP had an almost equi -
valent antimicrobial efficacy to concentrations of 8
and 10 mg l–1.

Survival, growth performance and 
immune  capacity of seahorse juveniles 

fed with RFP-treated copepods

In the control group, the survival rate of juveniles
at the end of the experiment was 31.1 ± 2.93%, and
the deaths mostly occurred within the first 30 d. In
the RFP group, most deaths appeared within the first
month as well; however, the final survival rate was
51.67 ± 3.82%, which was significantly higher than
that of the control group (p < 0.05; Table 4). No signif-
icant difference in growth was observed between the
control and the RFP groups on both Day 30 and
Day 60 (p > 0.05; Table 4). In terms of the relative
abundance of Pseudoalteromonas spp. and Vibrio
spp. within the gastrointestinal tracts of the 60 d old
juveniles, they were both significantly reduced in the
RFP group (p < 0.05; Fig. 3). Similarly, in terms of the
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Group Pseudoalteromonas spp. Vibrio spp.

CON 24.8 ± 3.2a 12.2 ± 2.4a

OTC 12.4 ± 1.2d 8.6 ± 0.7b

RFP 14.6 ± 1.4c 4.4 ± 0.4d

ENRH 19.1 ± 1.2b 6.4 ± 0.5c

PVPI 19.8 ± 1.5b 4.9 ± 0.6d

Table 2. Mean ± SD relative abundance (%) of Pseudoaltero -
monas spp. and Vibrio spp. in the 5 groups of copepods
treated with different antimicrobials (see Table 1 for abbre-
viations) and analysed by 16S rDNA analysis. Within a col-
umn, different superscripts indicate significant differences. 

CON: control (no antimicrobials)

Group Vibrio spp.

CON 4.43 ± 0.32a

OTC 3.32 ± 0.18b

RFP 2.20 ± 0.11c

ENRH 3.12 ± 0.21b

PVPI 2.47 ± 0.15c

Table 3. Mean ± SD Vibrio spp. concentration (×103 cfu cope-
pod–1) in the 5 groups of copepods treated with different an-
timicrobials (see Table 1 for abbreviations) and analysed by
TCBS agar cultivation. Different superscripts indicate signifi-

cant differences. CON: control (no antimicrobials)

Fig. 2. Relative abundance (%, +SD) of Pseudoalteromonas
spp. and Vibrio spp. within copepods treated with different
concentrations of rifampicin (RFP). Different letters above
bars indicate significant differences (p < 0.05) among the 

different concentrations of RFP

Day Treatment SGR (%) Survival rate (%)

30 Control 14.97 ± 0.27 36.94 ± 4.19
RFP 14.73 ± 0.18 57.22 ± 4.59*

60 Control 8.31 ± 0.07 31.11 ± 2.93
RFP 8.42 ± 0.03 51.67 ± 3.82*

Table 4. Mean ± SD specific growth rate (SGR) and survival
rate of juvenile seahorses Hippocampus erectus between
the control group and the group fed with rifampicin (RFP)-
treated copepods on Days 30 and 60. Asterisk (*) indicates
a significant difference (p < 0.05) between the 2 groups on a 

given day
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plasma immune parameters, except IFN-α, the activ-
ity or concentrations of LZM, IgM and IL-2 were sig-
nificantly higher in the RFP group than in the control
group (p < 0.05; Fig. 4).

DISCUSSION

Copepods are an important component of the mar-
ine food web. Their high nutritional value makes
them an ideal live prey for seahorse juveniles, and
this has long been recognized (Payne & Rippingale
2000, Zhang et al. 2015). However, copepods are
usually associated with a large number of bacteria

because their crustacean chitin exoskeleton is suit-
able for extensive bacterial colonization (Carman &
Dobbs 1997). In addition to the attachment on the
copepod exoskeleton, bacteria also prevail within the
intestine and faecal pellets of copepods (Brandt et al.
2010). In the present study, the results of conven-
tional cultivation and 16S rDNA analysis both vali-
dated that copepods carry high bacterial loads, par-
ticularly dominated by Pseudoalteromonas spp. and
Vibrio spp. (Fig. 1, Lane 5). Previous studies reported
bacterial communities dominated by Vibrio spp. (So -
chard et al. 1979, Huq et al. 1983), Alteromonas spp.
(Beckman et al. 2008), Alphaproteobacteria (Møller
et al. 2007, Brandt et al. 2010) and Rickettsia-like
bacteria (Wiwatanaratanabutr 2013). The diversity of
dominant bacteria is mainly related to certain cope-
pod types (Cyclopoida, Calanoida or Harpacticoida),
sources (cultured or natural) and environmental
 conditions (e.g. season, food availability) (Dhont et al.
2013).
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Fig. 3. Bacterial communities and their relative abundances
within the gastrointestinal tracts of 60 d old juvenile lined
seahorses Hippocampus erectus in the control group (CON)
and in the group fed with rifampicin (RFP)-treated cope-
pods. The heatmap excludes unclassified and other bacterial
species. Asterisk (*) indicates a significant difference (p < 

0.05) between the 2 groups

Fig. 4. Variations of immune parameters (+SD) in the plasma
of 60 d old juvenile lined seahorses Hippocampus erectus in
the control group (CON) and in the group fed with rif -
ampicin (RFP)-treated copepods. Asterisk (*) indicates a sig-
nificant difference (p < 0.05) between the 2 groups. (a)
lysozyme (LZM), (b) immunoglobulin M (IgM), (c) inter-

leukin-2 (IL-2), (d) interferon-α (IFN-α)
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Vibrio spp. are well-known pathogenic bacteria.
Pseudoalteromonas spp. are pathogens that infect
marine animals and have also been reported in the
past few decades (Costa-Ramos & Rowley 2004,
Chistoserdov et al. 2005, Pujalte et al. 2007, Bai et al.
2013). Therefore, feeding juvenile seahorses with
potentially pathogenic copepods is most likely to be
the vector for the seahorses’ gastrointestinal disease.
As evidence, the high relative abundance of Pseudo -
alteromonas spp. (i.e. highest abundance) and Vibrio
spp. (i.e. third highest) in the gastrointestinal tract of
the seahorses fed with copepods (Fig. 3, Lane 2) coin-
cided with the dominant bacterial communities car-
ried by copepods (Fig. 1, Lane 5).

With the aim of reducing bacterial loads within the
copepods to lessen the occurrence of gastrointestinal
disease, we investigated the antimicrobial efficacy of
4 antimicrobials that are approved for use in aqua-
culture, and found that all of these antimicrobials can
reduce the bacterial loads more or less successfully
(Tables 2 & 3). Generally, RFP showed the greatest
antimicrobial efficacy on both Pseudoalteromonas
spp. and Vibrio spp. compared to the other 3 anti -
micro bials. Additionally, we also found that juveniles
fed with RFP-treated copepods had a higher sur-
vivorship (Table 4) and immune capacity (Fig. 4), and
a lower abundance of pathogenic bacteria within
their gastrointestinal tracts (Fig. 3) compared with
the juveniles fed untreated copepods. These results
strongly suggest that treating live food with RFP is an
effective measure to improve the culture perform-
ance of seahorse juveniles.

RFP is one of the most potent and broad-spectrum
antibiotics against bacterial pathogens. RFP diffuses
freely into the cell wall and membrane and has a
high-affinity binding to and inhibition of the bacterial
DNA-dependent RNA polymerase, making it highly
effective against bacteria (Campbell et al. 2001). In
recent years, a number of bacterial species, including
V. cholerae (pathogenic bacteria for grass carp Cteno -
pharyngodon idellus; Li et al. 2011), P. lipolytica (path-
ogenic bacteria for kuruma prawn Marsupenaeus
japonicus; Bai et al. 2013), V. vulnificus (pathogenic
bacteria for eel Anguilla spp.; Li et al. 2014) and V.
ichthyoenteri (pathogenic bacteria for half-smooth
tongue sole Cynoglossus semilaevis; Xu et al. 2015),
have been increasingly demonstrated to be strongly
sensitive to RFP.

Although significant antibacterial and therapeutic
effects to aquatic animals are observed, RFP, a kind of
ansamycin antibiotic, is not allowed frequent use be-
cause it is not only easy to disturb the host gastro -
intestinal microbiota and to result in drug residues in

aquaculture products and the environment, but it is
also likely to contribute to the development and
spread of drug-resistant bacteria (Cabello 2006, Ba-
quero et al. 2008). Therefore, to prevent seahorse
health problems, in addition to reasonable use of the
RFP, alternatives that could reduce the use of RFP
need to be explored. To date, probiotics, including
some inno cuous microorganisms such as lactic acid
bacteria, Bacillus and yeasts, have been used success-
fully in aquaculture, and application results increas-
ingly show that probiotics are beneficial not only for
their ability to prevent disease, but also for improving
di gestion and growth of aquatic animals (Romero et
al. 2012, Banerjee & Ray 2017). Accordingly, in future
work, we will investigate whether probiotics can im-
prove the culture performance of seahorse juveniles.

CONCLUSIONS

In the present study, we found that RFP had a
strong antimicrobial efficacy on potential pathogens
(i.e. Pseudoalteromonas spp. and Vibrio spp.) within
copepods, and juvenile seahorses fed with RFP-
treated copepods showed improved survivorship and
immune capacity. These results suggest that treating
live food with RFP is a candidate measure for culture
improvement of seahorse juveniles.
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