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1. Abstract

In Brazil, populations of the seahorse Hippocampus reidi are declining due to habitat
degradation and overcapture. Cultivation offers an alternative for conservation and commercial
supply, but feeding remains a challenge. Amphipods are a natural prey item with good
nutritional value, low production costs, and high potential as live feed. This study evaluated
the effects of two amphipod species (Cymadusa filosa and Parhyale hawaiensis) as
monospecific diets for juvenile H. reidi, compared with Artemia salina. Additionally, the
influence of the diet for C. filosa (algae or formulated feed) on seahorse growth was examined.
Despite having a consumption rate three times lower than A. salina, amphipods promoted six
times higher weight gain and specific growth rate (SGR), as well as greater feed efficiency. No
significant differences were detected between amphipod species or between the tested diets for
C. filosa, indicating both are adequate. However, C. filosa stands out due to its higher fecundity,
lower mobility, and ease of culture with formulated feed. These findings demonstrate that
amphipods, particularly C. filosa reared on formulated feed, represent a viable and sustainable

feeding strategy for H. reidi, supporting conservation-oriented aquaculture.

Keywords: aquarium trade; Cymadusa filosa; Hippocampus reidi; ornamental aquaculture;

Parhyale hawaiensis.
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2. Introduction

Aquaculture is among the fastest-growing food production sectors and is a major
contributor to global fishery resource production, representing 51% of the total 185 million
tons produced in 2022 [1]. Nevertheless, this growth has not been matched by the sufficient
availability of essential dietary inputs, particularly live feeds, such as Artemia and rotifers,
which are critical for the cultivation of numerous species [2—4]. This gap has driven the search
for sustainable and nutritionally rich alternatives, especially in ornamental aquaculture, a
rapidly growing sector that is supported by the development of new live feed options [5,6].

Seahorses (Hippocampus spp.) have gained prominence in aquaculture due to their high
commercial value and growing market demand [7]. Their unique reproductive biology and
limited mobility make them especially vulnerable to environmental disturbances and
overexploitation [8]. In Brazil, Hippocampus reidi was the fifth most exported marine
ornamental species between 2011 and 2018 [9], although its farming still faces several
challenges that constrain sustainability and economic feasibility [6,10,11]. Since they are
highly specialized visual predators that do not readily accept formulated diets, they depend
almost exclusively on a continuous and reliable supply of live prey to meet their nutritional
needs and achieve satisfactory performance [11-13]. Additionally, their diet must provide high
levels of essential fatty acids, particularly long-chain polyunsaturated fatty acids such as
eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3), which are
crucial for maintaining cell membrane integrity and proper development [12—-14]. Although,
the specific quantitative requirements for H. reidi regarding total lipid content remain
undetermined; studies on other seahorse species have reported lipid levels ranging, values
between 5.4 + 1.2 g kg ! for adults and 29.5 + 2.2 g kg™! for juveniles, although these may vary
among species [15,16]. Therefore, identifying alternatives that are affordable, nutritious, and
sustainable is increasingly essential for optimizing and ensuring the viability of their cultivation
[17].

Commonly used live feeds, such as Artemia salina, are nutritionally deficient,
especially in essential fatty acids, including EPA and DHA [18]. Thus, they must be enriched
with lipid compounds to improve their quality, which substantially increases production costs
[19,20]. Other options, such as mysids, are nutritionally superior but expensive to produce, as
their culture requires constant feeding with Artemia nauplii, thereby constraining their large-

scale use and economic viability [21-24]. However, one promising alternative is the use of



Trabalho de Conclusdo de Curso — Habilitacdo em Gerenciamento Costeiro

amphipods, which exhibit great potential as live prey due to their high nutritional value
(approximately 40% protein, 5.5% lipids, 27.4% carbohydrates, and 2.9% fiber, with variations
among species and according to the diet used in their cultivation) and ease of cultivation
[17,25-28]. These small crustaceans, often associated with algae, play a key ecological role as
an important trophic link between primary producers and higher trophic levels [29,30]. They
possess desirable traits for aquaculture production that facilitate culture under laboratory
conditions and enable the maintenance of high population densities, including small body size
in adults (generally under 20 mm), direct development, short life cycle (typically less than three
months), and high fecundity [28,31-33]. Amphipods are nutritionally notable for their well-
balanced nutrient profiles, being rich in long-chain polyunsaturated fatty acids (PUFAs),
including omega-3 and omega-6, as well as arachidonic acid (ARA), which are essential for
enhancing survival, growth, stress tolerance, and immune function in cultured fish [27,34-37].
Due to their naturally high nutritional value, amphipods generally do not require enrichment,
which helps reduce production costs [17,25], although their fatty acid content can be further
enhanced when reared with formulated diets [27,36].

Two amphipod species with significant potential for use as live feeds in aquaculture are
Parhyale hawaiensis and Cymadusa filosa [27,36,37]. Both species occur in tropical and
temperate regions and are commonly found on rocky shores associated with algae, where they
constitute a natural dietary component for many marine organisms, including H. reidi and other
species of seahorses [38—40]. Because they inhabit this ecological niche, they display
nutritional profiles that are well-suited to the requirements of their predators, particularly due
to their high PUFAs, which are essential for the growth, development, and health of marine
fish [27,36,41]. Parhyale hawaiensis has already been successfully used as a model feed in
studies with ornamental fish, while C. filosa, although less studied, exhibits similarly promising
traits [27]. Thus, both species represent valuable options for diversifying the supply of live
prey in ornamental aquaculture, with C. filosa standing out as an emerging candidate.

Currently used live feeds, such as Artemia and mysids, have limitations that increase
both production complexity and cost [16,17,42,43]. This reliance on live feeds consequently
hinders the development of efficient farming systems and may necessitate the capture of wild
seahorses to offset challenges in aquaculture [44,45]. Therefore, the success of H. reidi
aquaculture depends on the availability of live feeds that are nutritionally adequate, readily
accepted, and cost-effective. Thus, this study aimed to evaluate two amphipod species (P.
hawaiensis and C. filosa) that co-occur with H. reidi as alternative live feeds for seahorse

aquaculture. We compared their performance as monospecific diets with the traditional live
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feed, adult Artemia salina. Additionally, we assessed how the culture diet of C. filosa - natural
(algae-based) or artificial (commercial feed-based) - affects the growth performance of
seahorses, given that the diet used during amphipod cultivation can modify their fatty acid
content. We hypothesized that amphipods would promote better growth than 4. salina, and that
commercial feed-cultured C. filosa would further enhance performance due to an improved
fatty acid profile. This study provides valuable insights for developing more efficient and

sustainable feeding strategies for H. reidi aquaculture.

3. Materials and Methods

3.1. Ethical Approval

This study was conducted in compliance with Brazilian legislation regulated by the
National Council for the Control of Animal Experimentation (CONCEA) and the Ethical
Principles in Animal Research formulated by the Brazilian Society of Science in Laboratory
Animals (SBCAL). It was approved by the Bioscience Institute (UNESP) Ethics Committee
on Use of Animals (CEUA 01/2023).

3.2. Animals, Collection, and Stocking Conditions
3.2.1. Adult Seahorses

Two adult pairs of Hippocampus reidi were obtained through a partnership with the
Ubatuba Aquarium and transported to the laboratory in Sdo Vicente/Sao Paulo State, Brazil.
The animals were transported in sealed plastic bags filled with oxygen to minimize stress. Upon
arrival, the seahorses were acclimated in a 310 L recirculating aquaculture system (RAS)
equipped with biological filtration (biological media), mechanical filtration (acrylic fiber), a
protein skimmer, and continuous aeration, under a 12 h light/12 h dark photoperiod. Water
quality parameters (temperature at 26 °C, pH 8.3, and salinity 28) were monitored three times
per week, and 10% partial water changes were performed twice a week [45,46].

The tank was enriched with polypropylene mesh (1 X 1 cm) and artificial plants to
provide holdfast structures for the animals [27]. Feeding occurred twice daily, with small prey
items of appropriate size for adult consumption, offered in the morning and afternoon,
consisting of a varied diet of unenriched Artemia, mysids, and amphipods [11,47]. Seahorses
were monitored daily for signs of stress, including changes in color, erratic swimming, and a

reduced feeding response.

3.2.2. Juvenile Seahorses
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Newborn H. reidi were initially maintained in 2 L Erlenmeyer flasks, flasks, totaling
40 individuals (20 ind./L), to reduce early mortality associated with gas bubble disease. After
five days, the surviving juveniles were transferred to two 30 L tanks, ten individuals per tank,
equipped with a recirculating aquaculture system (RAS), constant aeration, and a 12 h light/12
h dark photoperiod. Water quality parameters were maintained as described for adults.
Polypropylene mesh structures were also provided to facilitate holdfast behavior [27].
Juveniles were fed ad libitum three times daily with zooplankton collected from Praia dos
Milionarios (23°5827" S, 46°22'20”" W, Sao Vicente, Sdo Paulo) using a 180 um mesh
plankton net. Prior to feeding, the zooplankton underwent a depuration protocol, in which the
collected seawater was gradually replaced with artificial seawater to ensure greater biosafety.
Beginning in the fourth week of life, the juveniles were gradually weaned onto a diet consisting

of Artemia and amphipods.

3.2.3. Amphipods

The amphipod species Parhyale hawaiensis (Dana, 1853) and Cymadusa filosa
(Savigny, 1816) were selected as experimental diets due to their potential as live feed and their
natural co-occurrence with Hippocampus reidi in algae-associated rocky shores, making them
ecologically relevant prey. Parhyale hawaiensis has previously been identified as an effective
food source for H. erectus [36], while C. filosa has been reported in the stomach contents of H.
patagonicus [48] and is suitable for laboratory cultivation, being able to feed on both algae and
formulated diets.

Parhyale hawaiensis and C. filosa were collected from the rocky shore at Praia de
Cibratel (24°13'31" S, 46°51"7" W) in Itanhaém, Sao Paulo, by free diving at depths of 1 to 2
m. To capture the amphipods associated with algae, the algae were carefully enclosed in cloth
bags to prevent the escape of fauna and then detached from the substrate using spatulas. The
collected algae were placed in plastic trays, and amphipods were manually separated by
successive seawater rinses. Both algae and amphipods were transported to the laboratory in
thermos boxes with seawater and were then kept in separate under controlled conditions
[40,49]. Any remaining associated fauna was immediately returned to the natural environment
after collection.

In the laboratory, maintenance was carried out in four glass aquaria (40 % 25 % 20 cm;
20 L), each equipped with filters (Maxxi HF 240 model), constant aeration, and a controlled
12 h light/12 h dark photoperiod. One aquarium was used exclusively for the algae Sargassum

filipendula, which served as the diet for C. filosa. Two aquaria were designated for amphipods
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fed with a Spirulina-based granulated feed (Tropical Spirulina Super Forte Granulat), one for
P. hawaiensis and another for C. filosa. A fourth aquarium was used solely for C. filosa fed
with algae S. filipendula. Parhyale hawaiensis was maintained only on formulated feed due to
its detritivorous habits and good adaptation to this diet. In contrast, C. filosa was used as a
model to evaluate the comparative effects of algal versus formulated diets, as its natural
preference for algae allows for a more accurate assessment of how prey diet influences its

nutritional quality and, consequently, the seahorse’s performance.

3.3. Experimental Design

To assess the effects of different monospecific live feeds on the growth performance of
juvenile Hippocampus reidi, a. 14-day randomized experimental design was conducted. One
juvenile individual was housed per aquarium (20 % 20 x 20 cm; 8 L) and was fed daily with
only one of the four treatments tested: (A) non-enriched Artemia salina; (B) Cymadusa filosa
cultured with algae; (C) C. filosa cultured with formulated feed; and (D) Parhyale hawaiensis.
Thus, our experimental design consisted of one fixed factor (diet) with four levels (treatments).
Each treatment consisted of five replicates, totaling 20 experimental units (Figure 1). The
duration of the experiment was based on Da Hora & Joyeux, 2009, [45], who reported rapid
growth until approximately 100 days of age, and on a pilot experiment, confirming that this
period was sufficient to detect significant differences in growth (full data are available in

Supplementary Materials, Table S1).
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Figure 1. Experimental design for evaluating the effect of different live feeds on the
growth performance of Hippocampus reidi. Each treatment included five replicates (one
individual per tank). The treatments were as follows: (A) Seahorses fed with non-enriched
Artemia salina (control); (B) Seahorses fed with Cymadusa filosa cultured with algae; (C)
Seahorses fed with Cymadusa filosa cultured with formulated feed; (D) Seahorses fed with

Parhyale hawaiensis.

3.4. Procedures
3.4.1. Feeding Test

Juvenile seahorses (Hippocampus reidi), aged 65 days and measuring 40.826 + 3.629
mm in total length (all individuals were in good health, showing no signs of stress or color
alteration, and feeding normally), were housed individually in glass aquaria (20 x 20 % 20 cm;
8 L; 0.125 ind./L), filled with artificial seawater (VEROMAR salt for corals), and equipped
with a small anchoring structure (5 x 5 cm) made of polypropylene mesh (1 x 1 cm) fixed to a
biological filter. Water quality in the experimental aquaria was maintained at a constant
temperature of 26 °C (Roxin HT—1300 thermostat) and a 12 h light/12 h dark photoperiod
throughout the 14-day trial. Aquaria were siphoned daily to remove debris and received partial
water changes of approximately 1 L with aerated water to ensure stable conditions [45].
Physicochemical parameters were regularly monitored and kept consistent with those of the
holding tank.

Seahorses underwent a 48 h acclimation period in the experimental aquaria and were
fasted for 12 h prior to the start of the trials. During the experiment, animals were fed once
daily with either 25 non-enriched Artemia (sourced from a specialized aquarium supplier) or
20 amphipods (kept in the laboratory as previously described), according to the assigned
treatment. Feeding quantities were based on a pilot study, in which the maximum 24 h
consumption averaged 18.21 + 1.38 Artemia and 15.16 + 1.70 amphipods (see Supplementary
Materials, Table S1). A surplus was provided to ensure continuous food availability and to
avoid feed limitation during the trial. Food remained in the aquaria for 24 h, after which uneaten
prey items were removed and counted.

The wet weight of each feed type was determined prior to feeding using an analytical
balance. Intake rates were calculated based on the number of prey items remaining after 24 h.
Seahorses were measured (in centimeters) and weighed (in grams, using an analytical scale) at

the beginning and end of the experiment. Length was determined from digital photographs of
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each individual placed alongside a reference ruler, and measurements were analyzed using

Imagel software with the scale calibrated to 5 mm.

3.4.2. Analyzed Variables

The following response variables were evaluated: (1) Intake Rate (IR), (2) Total Weight
Gain (AWG), (3) Relative Weight Gain (WG%), (4) Specific Growth Rate (SGR), (5) Feed
Conversion Efficiency (FCE), (6) Length Gain (LG), and (7) Condition Factor (CF).

Intake Rate (IR)

Intake Rate (IR) is the average daily consumption of crustaceans by seahorses in each
treatment over the duration of the experimental period. This variable was used as an indicator
of feed acceptance and feeding efficiency. IR was calculated (in g day ') by dividing the total

amount of food consumed by the duration of the experiment:

IR = Total weight consumed (g)/duration of the experiment (days)

Total Weight Gain (AWG) and Relative Weight Gain (WG%)

Total Weight Gain (AWG) and Relative Weight Gain (WG%) were used as indicators
of biomass conversion efficiency [50]. The AWG represents the absolute increase in body
weight during the experiment, whereas WG% expresses this increase as a percentage of the
initial body weight.

For Total Weight Gain (AWG), individuals were weighed at the beginning and end of
the experiment using an analytical balance, after carefully removing excess surface water with

absorbent paper. AWG was calculated as follows:

AWG =FW - WI

Relative Weight Gain (WG%) was calculated using the following:

WG% = (FW — IW)YIW) x 100

Specific Growth Rate (SGR)
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The Specific Growth Rate (SGR) reflects the efficiency with which seahorses convert
food into body mass over time. It was calculated using the logarithmic variation between initial

and final weights, following Vargas-Abundez et al. (2021) [27]:

SGR (% day ') = (InFW — InIW)/t) x 100

where In is the natural logarithm and t is the duration of the experiment (days).

Feed Conversion Efficiency (FCE)
Feed Conversion Efficiency (FCE) was used to assess how efficiently seahorses

converted ingested food into biomass. It was calculated as follows:

FCE = AWG/IR

Higher FCE values indicate greater feed utilization and superior overall performance.

Length Gain (LG)

Length Gain (LG) was used as a measure of linear growth and was determined by
summing the lengths of three body segments: crown height, trunk length, and tail length. For
measurements, individuals were gently placed in Petri dishes with sufficient water to keep them
laterally submerged, which helped to minimize stress. A reference ruler was included in each
dish. Images were taken using a digital camera (Nikon D3100, Nikon AF-S DX Nikkor 18-55
mm lens) mounted on a tripod positioned 50 cm above the specimen. The total length was later

measured with ImageJ software.

Condition Factor (CF)

The Condition Factor (CF) was used as an indicator of health and physical robustness,
allowing evaluation of nutritional status relative to body size. This metric helps identify
differences in physiological condition across dietary treatments [50,51]. It was calculated as

follows:

CF = (FW/FL®) x 100

where FW is the final weight (g) and FL is the final length (cm).



Trabalho de Conclusdo de Curso — Habilitacdo em Gerenciamento Costeiro

3.5. Statistical Analysis

The experiment followed a one-factor design (diet type), with four dietary treatments:
(1) Artemia salina (control), (2) Cymadusa filosa reared on algae, (3) C. filosa reared on
formulated feed, and (4) Parhyale hawaiensis. Data normality and variance homogeneity were
tested using the Shapiro-Wilk and Levene’s tests, respectively. When assumptions of
normality and homoscedasticity were satisfied, treatment effects were assessed by one-way
ANOVA, followed by Tukey’s post hoc test for multiple comparisons. When assumptions were
not met, the Kruskal-Wallis test was applied, followed by Dunn’s test for pairwise
comparisons. To complement the interpretation of p-values and better assess the magnitude of
treatment effects given the relatively small sample size (n = 5 per treatment), effect sizes
(Cohen’s f) were calculated for each variable using the cohens_f{() function from the effect size
package in R [52]. Effect sizes were interpreted according to Cohen (1988), with £=0.10, 0.25,
and 0.40 corresponding to small, medium, and large effects, respectively [53]. To provide a
more accurate estimate of the uncertainty associated with these effect sizes, bootstrap
resampling (999 iterations) was performed using the boot() function [54]. This approach yields
95% confidence intervals (CIs) that represent the range of values within which the true effect
size 1s expected to lie with 95% probability, based on the observed data. All statistical analyses

were performed in R software [55], with a significance level set at 5% (p < 0.05).

4. Results

The provision of different live feeds had a significant influence on the growth
parameters of Hippocampus reidi. Intake Rate was higher in individuals fed with Artemia
salina (0.103 £ 0.004 g/day), approximately threefold higher than in amphipod treatments:
Cymadusa filosa reared on algae (0.037 + 0.007 g/day), on formulated feed (0.036 + 0.003
g/day), and Parhyale hawaiensis (0.033 + 0.008 g/day) (Kruskal-Wallis: ¥* = 11.16; df = 3; p
= 0.010; Dunn’s test, p < 0.05; Figure 2A). Among the amphipod treatments, no statistical
differences were detected, indicating equal acceptance by the seahorses. The effect size for this
variable was very large (Cohen’s f=5.69; 95% CI: 3.56 - 10.40), confirming that diet type had
a strong influence on intake behavior.

Despite the higher consumption, the A. salina diet resulted in the lowest Total Weight
Gain (0.009 + 0.012 g), which was approximately one-sixth of the gains observed in the
amphipod-fed groups: C. filosa reared on algae (0.055 £+ 0.016 g), C. filosa on formulated feed
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(0.058 £ 0.020 g), and P. hawaiensis (0.065 = 0.028 g) (ANOVA: F(3, 16) = 8.063; p = 0.002;
Tukey’s test, p < 0.05; Figure 2B). The estimated effect size was large (Cohen’s f=1.23; 95%
CI: 0.74 - 2.72), indicating a strong biological effect of diet on weight gain. These latter
treatments did not differ significantly from each other. This same pattern was observed for
Relative Weight Gain, with 4. salina showing the lowest value (5.2 + 6.3%), while the
amphipod treatments reached values six times higher: C. filosa reared on algae (31.3 + 8.8%),
on feed (34.7 + 13.6%), and P. hawaiensis (33.0 = 11.6%) (ANOVA: F(3, 16) = 8.97; p =
0.001; Tukey’s test, p < 0.05; Figure 2C). The effect size for this parameter was also large
(Cohen’s f=1.30; 95% CI: 0.79 - 2.64).

Specific Growth Rate followed the same pattern, being lowest in 4. salina group (0.35
+0.42% day ') and sixfold higher in amphipods: C. filosa reared on algae (1.93 + 0.50% day ),
C. filosa on formulated feed (2.10 £ 0.70% day !), and P. hawaiensis (2.01 + 0.63% day™ )
(ANOVA:F(3,16)=10.561; p=0.0004; Tukey’s test, p <0.05; Figure 2D). The corresponding
effect size was very large (Cohen’s f = 1.41; 95% CI: 0.87 - 2.78), reinforcing the strong
influence of diet on juvenile growth. These differences were also reflected in Feed Conversion
Efficiency, with the lowest value recorded for the 4. salina diet (0.006 + 0.008), while the other
treatments showed considerably higher values: C. filosa reared on algae (0.105 + 0.023), C.
filosa on feed (0.112 = 0.032), and P. hawaiensis (0.136 = 0.042) (ANOVA: F(3, 16) = 19.13;
p <0.001; Tukey’s test, p < 0.05; Figure 2E). A very large effect size (Cohen’s f=1.89; 95%
CL: 1.11 - 4.67) confirmed that diet had a marked impact on feed conversion efficiency. In
contrast, body Length Gain did not differ significantly among treatments (ANOVA: F(3, 16) =
0.9544; p = 0.438), with values ranging from 2.69 + 2.82 mm (4. salina) to 4.54 + 1.31 mm
(C. filosa fed with formulated feed). However, the moderate effect size (Cohen’s f=0.42; 95%
CI: 0.20 - 1.78) suggests that minor biological trends may exist, even if not statistically
significant.

Finally, the Condition Factor varied significantly between groups (ANOVA: F(3, 16)
= 3.8238; p = 0.031; Figure 2F). The highest CF occurred in P. hawaiensis group (0.28859 +
0.00002), the lowest in A. salina group (0.22835 £ 0.00004), while intermediate values were
observed in C. filosa, regardless of diet (algae: 0.27419 + 0.00003; formulated feed: 0.26095
+ 0.00002). The effect size was large (Cohen’s f = 0.85; 95% CI: 0.51 - 1.66), indicating a

meaningful biological difference in body condition across treatments.
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Figure 2. Growth parameters of Hippocampus reidi juveniles fed different live prey for a

14-day period: Artemia salina, Cymadusa filosa reared with algae, C. filosa reared with
formulated feed, and Parhyale hawaiensis. (A) Intake Rate (IR); (B) Total Weight Gain
(AWG); (C) Relative Weight Gain (WG%); (D) Specific Growth Rate (SGR); (E) Feed
Conversion Efficiency (FCE); (F) Condition Factor (CF). Different letters indicate statistically
significant differences among treatments (Dunn or Tukey test, p < 0.05). Bars represent mean

+ standard deviation.

5. Discussion

Amphipods proved a highly promising live feed alternative for H. reidi, promoting
superior growth performance compared to A. salina. Feeding with amphipods resulted in
greater weight gain, specific growth rate, and conversion efficiency, even at lower ingestion
rates. Furthermore, seahorses exhibited similar performance when fed with either of the

amphipod species tested (P. hawaiensis and C. filosa), regardless of the diet used in their
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culture (algae or formulated feed). Although the number of replicates per treatment was limited
(n=15), the statistical analysis revealed large to very large effect sizes (Cohen’s f ranging from
0.85 to 1.89; 95% CI within biologically meaningful ranges), confirming that the observed
differences were strong and not artifacts of number of replicas. These results reinforce the
superior growth performance of seahorses fed amphipods compared to Artemia, emphasizing
their considerable potential for integration into more efficient and sustainable feeding strategies
in seahorse aquaculture.

Juvenile seahorses fed with amphipods exhibited higher weight gain and growth despite
lower ingestion compared to A. salina, suggesting a more suitable and highly digestible
nutritional composition. This response seems related to their richness in essential fatty acids,
such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are known to
be crucial for seahorse growth, survival, and health [25,27,34,56]. The higher feed conversion
efficiency and condition factor suggests that these nutrients were better assimilated by the
seahorses, promoting not only growth but also improved physiological status, as evidenced by
the superior body condition [50,51]. The nutritional quality of amphipods is well established
in aquaculture, as they provide a balanced diet with high energy utilization [28,57,58]. Such a
favorable nutritional profile is particularly advantageous during critical life stages, such as
early development or reproduction, when nutritional requirements are elevated and strongly
influence growth outcomes [6,12,34].

Juvenile seahorses presented similar performance irrespective of the amphipod diet.
This finding has particularly relevant practical implications. The use of commercial feeds
represents a more sustainable and cost-effective alternative by reducing reliance on natural
algae collection, thereby lowering operational costs and increasing biosecurity in aquaculture
systems [36,59-61]. Feeding with formulated diets may also reduce the risk of pathogen
introduction, a major concern in aquaculture, while minimizing the environmental impacts
associated with harvesting wild algae and amphipods, both of which play essential ecological
roles as substrates and prey in coastal ecosystems [29,60]. Moreover, formulated diets can
improve the biochemical composition of cultured organisms, potentially enhancing their
essential fatty acids and amino acid content compared to wild specimens [27,41]. Contrary to
our initial hypothesis, however, although P. hawaiensis was cultured exclusively with
formulated feed and C. filosa with either formulated feed or algae, both species promoted
similar growth performance in H. reidi, with no evidence of additional benefits linked to
formulated-feed-based rearing. Nevertheless, the findings support the feasibility of using

commercial formulated feeds in amphipod culture, as they did not compromise seahorse
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performance compared to naturally derived algae-fed amphipods. In addition to reducing
dependency on natural resources, this approach contributes to the development of more
efficient, safe, cost-effective, and environmentally sustainable protocols for ornamental
aquaculture. This result may be linked to the lower sensitivity of juveniles to variations in fatty
acid levels, compared to early life stages, where nutritional demands tend to be more critical
[12,62,63].

Although both amphipods tested promoted similar performance in H. reidi, the
behavioral and practical aspects suggest advantages in using C. filosa as live feed. This species
is a generalist herbivore with low mobility that builds silk tubes and remains closely associated
with substrates such as algae [49,59,64]. These traits facilitate predation by seahorses, which
feed through a slow approach and suction strategy [47,65]. Additionally, C. filosa stands out
for its ease of handling, capacity for high-density culture, and good adaptation to formulated
feeds [49]. In contrast, P. hawaiensis is highly mobile, does not build tubes, and may exhibit
intraspecific predation under high-density conditions, complicating large-scale cultivation
[27]. Comparatively, C. filosa also shows faster growth than P. hawaiensis, a shorter generation
time, and higher fecundity than P. hawaiensis, traits that favor its large-scale production
[27,36,49,66]. These factors strengthen the potential of C. filosa as a viable live prey, with
applicability not only in seahorse culture but also for other ornamental fish species.

In contrast, A. salina was consumed in greater quantities but yielded the poorest growth
indicators, with the exception of body length. Although it is widely used in ornamental
aquaculture due to its availability and ease of cultivation, its limited nutritional profile,
especially in essential fatty acids, is insufficient to meet the metabolic demands of sensitive
species or early developmental stages [3,20,34,67]. The higher ingestion of Artemia may be
explained by the standardized feeding protocol, which ensured greater prey density and
biomass. Additionally, being a pelagic species with constant movement, 4. salina may have
visually stimulated the seahorses, encouraging higher ingestion. It is also possible that the
animals increased Artemia consumption to compensate for its lower nutritional quality.
However, this higher consumption did not translate into improved weight gain or feed
efficiency, reinforcing the nutritional limitations of Artemia as a sole diet. Similar findings
have been reported for other seahorse species, even when using fatty acid-enriched Artemia,
indicating that it’s use involves high costs and limited growth benefits [62,68,69].

Another alternative live feed for seahorse culture, besides Artemia, is the mysid species
[63]. When tested as prey, these crustaceans showed growth performances equivalent to or

even superior to enriched Artemia [51]. Long-term experiments also reported better
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reproductive performance, including larger brood size and higher spawning frequency [70,71].
These advantages are related to their higher nutritional quality, especially the elevated levels
of essential fatty acids such as EPA and DHA [14,50,72]. Thus, both amphipods and mysids
are considered promising natural prey for seahorses [13,27,70]. Although mysid species were
not included in this study, available evidence indicates that both groups provide a suitable size
(0.3-2.5 cm), good digestibility, and balanced nutritional composition, with satisfactory lipid
and protein contents [17]. However, a practical difference lies in cultivation: while mysid
culture still faces challenges such as high costs and dependence on Artemia nauplii, amphipods
have shown greater feasibility, with the possibility of controlled supplementation through
formulated diets, representing a promising path for large-scale production [17,25].

The results obtained reinforce the potential of amphipods as high-quality live feed for
the cultivation of H. reidi. Regardless of the species or the diet used in amphipod culture,
seahorses exhibited better growth performance compared to A. salina, highlighting their
nutritional adequacy. Among the tested species, C. filosa reared on formulated feed stands out
by combining nutritional, operational, and environmental advantages, making it more suitable
for intensive culture. Incorporating live prey that aligns with the species’ natural diet promotes
not only growth and health but also more sustainable practices in ornamental aquaculture.
Importantly, the inclusion of effect size estimates (Cohen’s f) and bootstrap confidence
intervals provides a robust statistical foundation, demonstrating that the detected differences
are biologically meaningful and not compromised by the limited replication (n = 5).
Nevertheless, further studies are required to characterize the detailed nutritional profile of
amphipods and to validate their consistent use as an alternative to Artemia. Long-term
experiments, including trials with adult seahorses, are also essential to deepen understanding
of the growth effects of amphipod-based diets. These findings contribute to the development

of more efficient feeding protocols that align economic viability with species conservation.

6. Conclusions

This study demonstrates that the amphipods Parhyale hawaiensis and Cymadusa filosa
represent promising live feed alternatives for Hippocampus reidi, yielding superior growth,
feed conversion efficiency, and body condition compared to Artemia salina, regardless of
amphipod species or culture diet (algae or formulated feed). These findings confirm the high
nutritional value of amphipods and their potential to support more efficient, sustainable, and

economically viable feeding protocols for seahorse aquaculture. Among the species evaluated,
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C. filosa stands out due to its favorable behavioral traits, ease of culture at high densities, and
compatibility with formulated feed, which reduces dependence on natural resources, enhances
biosecurity, and lowers production costs. Incorporating nutritionally adequate live prey that
aligns with the species’ natural diet not only improves seahorse performance but also
contributes to environmentally responsible practices and the conservation of wild populations.
Furthermore, future studies should include comprehensive cost—benefit analyses of formulated
diet-based amphipod culture systems, considering nutritional outcomes, production costs,
biosecurity, and ecological sustainability, in order to validate and consolidate their use as a

sustainable alternative to Artemia in seahorse aquaculture.
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