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Abstract

Yellow seahorse, Hippocampus kuda (Bleeker, 1852), is one of the heavily traded seahorse species for Traditional
Chinese Medicines (TCM), aquariums and curios in a global perspective. Experimental trials to standardize breeding,
mass-scale rearing, and culture were undertaken under captive conditions at the National Institute of Oceanography,
Goa. During the breeding trail among one spawn of 865 juveniles released by male H. kuda, it was noticed one juvenile
with an abnormality with a presence of two heads (8 mm height, tip of the coronet to tip of the tail). The two-headed
juvenile survived for 62 h only after being released. Such observations have been reported previously in other wild and
cultured teleost fishes in captivity. In this communication, morphological information about the rare bicephalic seahorse
juvenile born during captive breeding trials. The present observation suggests the possibility of captive conditions influencing

the deformities in seahorses has been discussed along with earlier observations.
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The demand for seahorses in traditional Chinese
medicine triggered the traditional fishermen community,
driven by local traders through financial support
spearheaded the fishing activities to target seahorse
resources from various fishing practices (Marichamy
et al., 1993; Murugan and Durgekar, 2008; Vinod e? al.,
2018). Due to the overexploitation of the resources from
the Tamil Nadu coast and international regulations like
CITES addressing seahorse trade restrictions, to conserve
this species, the Government of India placed them under
Schedule I of the Wildlife Protection Act, 1972 from
2001 much before the trade restriction amended by
CITES in 2002 (Vaidyanathan and Vincent, 2021). On
the other hand, scientific institutions, through
government-funded projects, have been involved in the
closing of their life cycle under ex-situ conditions from
2000 onwards. However, further research has been
undertaken, but no research findings from the outcome
of the aquaculture projects have been implemented for
conservation or commercial initiatives to date despite
state-of-the-art technology has been perfected for this
unique animal (Murugan et al., 2009; Pawar et al., 2011;

Murugan et al., 2017).

Behavioral studies linked to welfare measures are
not widely undertaken by the aquaculture industry
(Chandroo et al., 2000); hence certification system is
playing a major role in streamlining the welfare needs
of captive animals (UNEP-WCMC, 2003). In the present
scenario, positive welfare practices in aquaculture
produce healthier animals that are less susceptible to
disease (Gonzalez, 2023). During the captive breeding
initiatives, most of the welfare issues concerned with
broodstock management for seahorses are not taken
under consideration since the seahorse breeding industry
mostly depends on wild-caught brooding males (Vincent
and Koldewey, 2006). Hence, deformity and disease-
related problems during the seahorse culture period have
been reported based on experimental trials, whereas
welfare issues faced during pilot studies during the
implementation of aquaculture production project during
brood stock period, pelagic juvenile and settled juvenile
period during the culture period exits, but information
pertaining to deformity and clutch dropping of immature
eggs are not reported on scientific terms. Observation of
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snout and tail deformity in juveniles has been reported
due to the role of temperature and nutrients provided to
the brooding seahorses (Woods, 2002; Murugan, 2004;
Blanco et al., 2012).

Morphological abnormalities in the animal kingdom
have been reported from aquaculture and wild-caught
species in vertebrates as well in invertebrates from time
to time (Owusu-Frimpong and Hargreaves, 2000). Fish
deformities are detrimental to aquaculture and
conservation initiatives; it is also an ethical problem
and causes substantial financial losses to the aquaculture
industry (Chandra et al., 2023). Artificial environmental
provided during captive condition can affect the
morphology, physiology, and behavior of fish
(Kihslinger and Nevitt, 2006). Environmental stress and
oocyte ageing can give rise to decreased developmental
stability of individuals reared in controlled conditions
(Clarke, 1995; Moller and Swaddle, 1997; Nowosad et
al., 2018) causing morphological abnormalities or
deformities.

Bicephaly refers to the presence of two heads in a
single individual (Bircenas-Ibarra et al., 2015). Animals
with bicephalic (two heads/Siamese twins) have been
recorded and reared successfully to some extent in higher
vertebrates like reptiles, amphibians and mammals
(Velo-Anton et al., 2007; Fernandez-Alvarez et al., 2011;
Martin-del-Campo et al., 2021), whereas it is reversed in
the case of lower vertebrates and invertebrates with rare
success. Morphological abnormalities are observed
commonly in hatchery-reared flatfishes and are assumed
to develop during the period of asymmetric change and
tissue differentiation associated with metamorphosis
(Seikai et al., 1987). The occurrence of two headed
juvenile seahorse has been reported by Blanco et al.
(2012), whereas aquarists/hobbyists might have
observed these abnormalities but not reported them
scientifically. Other deformities in newborn juveniles,
like tail and snout deformities, have been observed
during captive breeding in seahorses (Murugan, 2004).

There has been growing interest in captive breeding,
rearing, and culturing of seahorses in many countries to
reduce the pressure on the wild stocks (Job et al., 2002;
Wong and Benzie, 2003; Murugan et al., 2009).
Commercial seahorse culture for species like H. kuda,
H. trimaculatus and H. erectus has been carried out for
the aquarium industry from many other countries
following the CITES guidelines (Vincent and Koldewey,
2006; Koldewey and Martin-Smith, 2010; Koning and
Hoeksema, 2021). However, seahorse aquaculture is a
relatively new industry with many challenges, such as
low reproductive efficiency and juvenile survivorship
(Lin et al., 2007), and much research is still required to
improve the efficacy and commercial viability of

seahorse aquaculture. The age and associated size of the
parent of syngnathids can influence the embryonic size
(Berglund et al., 1986; Masonjones and Lewis, 2000),
fecundity, growth, and survival of the offspring (Dzyuba
et al., 2006). Environmental factors such as food and
nutrition can also greatly influence brood size by
affecting gonad development (e.g. ovary development)
and fertilization (Foster and Vincent, 2004).

Captive breeding trials and mass-scale culture of the
yellow seahorse H. kuda were carried out at the
Aquaculture Laboratory of the National Institute of
Oceanography, Goa. For all the mating pairs, optimum
water quality parameters were maintained (salinity, 26+1
ppt; temperature, 27+2°C; dissolved oxygen, >6 mg L),
and the feeding was done ad libitum by providing wild-
caught mysids (Mesopodopsis orientalis) and cultured
amphipod (Grandidierella nioensis). Out of the observed
7 captive spawning of H. kuda, one juvenile released by
the last spawning pair was found to be born with a
bicephalic head with a laterally conjoined body. Under
normal circumstances, the juvenile inflates the swim
bladder and exhibits pelagic behavior immediately after
the release from the male brood pouch (Woods, 2002).

However, the bicephalic juvenile did not exhibit
pelagic behavior and was found to be confined to the
bottom to mid water of the juvenile rearing tank. The
main reason might be due to the independent movement
of the head; through this behavior, the pelagic movement
was restricted while the two head juvenile could able to
swim and reach out only up to the middle of the water
column, whereas the water depth maintained in the
juvenile rearing tank was 50 cm. Twinning in fish of the
family Syngnathidae has been previously described in
the pipefish, Syngnathus floridae (Jordan and Gilbert,
1882; Cable, 1940), but not in seahorses, whereas the
first reported observations of conjoined twins in newborn
seahorses, Hippocampus guttulatus was made in 2012
(Blanco et al., 2012), in multiple spawning events and
such scientific reporting has been not yet reported in
recent times. We observed that due to non-coordinated
movement of the head, they could start the first feeding
behavior, but they exhibited feeding strikes which might
not be successful, and they could survive only for 62 h.
During the 62 h survival period, the laterally conjoined
Jjuveniles attempted 14 feeding strikes. Deformities in
fish can hinder their ability to capture prey and forage
effectively, which ultimately leads to biological
problems (Branson and Turnbull, 2008; Boglione e? al.,
2013). Deformities adversely affect the swimming
performance of fish (Le Vay et al., 2007), whereas in the
case of seahorse juvenile rearing inflating the swimming
bladder coupled with pelagic behavior and lack of yolk
sac resulting in immediate initial feeding after spawning
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are the biological threats in the case of deformed
seahorses. In aquaculture practices, especially in salmon
and sea bream, deformities like conjoined larvae and
abnormalities in fins and vertebral column development
have been noticed (Nguyen et al., 2008). The reason for
those abnormalities might be due to high stocking, lack
of nutritious diet, chemicals, and temperature of the
cultured system, whereas the present study suggests that
the bi-cephalic in seahorses might be due to the
physiological activities involved during the gestation
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period. Further studies regarding conjoined twins need
to be undertaken by researchers who are working in
marine aquariums as well as in seahorse hatcheries to
further improve the knowledge to overcome the
shortfalls and an achievement in rearing the conjoined
twins will be an interesting subject even for the marine
ornamental industry.

Laterally conjoined bicephalic twins might have
emerged from the unipolar embryonic development with
bifurcated heads (Owusu-Frimpong and Hargreaves,

2000), whereas the exact mechanism of deformities
is still amystery (Chandra et al., 2023). Morphometric
and meristic measurements of the dead conjoined
juvenile were made as per the standard protocols
described by (Lourie et al., 1999). Morphometric

Table 1. Morphometric characters and meristic counts of
normal and bicephalic juvenile of yellow seahorse
(Hippocampus kuda)

Morphometric characters Bicephalic Normal  measurements carried out using an ocular micrometer
juvenile juvenile  ynder a compound microscope (Olympus BX40) are
First Second listed in Table 1. In the observed two headed juvenile,
body body the body was found to be laterally fused from TD4
Height (Ht) (mm) 8 8 (between 4™ and 5" trunk ring) to TD9 (9" and 10*
Weight (W) (mg) 33 19 trunk rlpgs) with a common tail '(Flg. .1). At birth, the
- - wet weight of the two headed juvenile was 3.3 mg
Orbital diameter 0.48 0.48 0.49 . . .
(OD) (mm)
Snout length (SnL) (mm) 1.1 1.1 1.1
Snout depth (SnD) (mm) 0.6 0.6 0.6
Head length (HL) (mm) 2.4 2.42 241
Head depth (HD) (mm) 1.5 1.5 1.5
Trunk length (TrL) (mm) 2.5 2.5 2.7
Trunk width between 4" 1.6 for joined 0.7
and 5™ trunk ring animal
(TW4) (mm)
Trunk width between 9" 0.9 - 0.8
and 10" trunk ring
(TW9) (mm)
Trunk depth between 4" 0.8 0.8 0.8
and 5™ trunk ring
(TD4) (mm) . .. .
Trunk depth between 9% 0.8 0.85 08 Fig. 1. Lalt]erallyHc'onJomed t’\;n:lls of yellow
and 10" trunk ring seahorse (Hippocampus kuda)
(TD9) (mm)
Tail length (TaL) (mm) 33 ) 36 Knowledge about the effects of captivity and
Dorsal fin length 0.7 - 0.7 . . L .
environmental stress on fish populations is basic to
(DL) (mm) . .
the culture of any organism. Environmental stress
Pectoral fin length 0.5 0.5 0.5 can give rise to decreased developmental stability
(PL) (mm) of individuals, which may result in reduced
Anal fin length 0.3 0.3 0.3 performance of fitness components. Animal welfare
(AL) (mm) parameters should be given priority in aquaculture
Dorsal fin rays (DF) 18 - 18 systems, which might reduce the profit a little bit
Pectoral fin rays (PF) 16 16 17 but provide optimum conditions for the growing

species and for sustainable growth of the industry.
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The specific mechanisms of deformities are poorly
understood; thus, the exact mechanisms behind the
deformities are unclear (Chandra et al., 2023).
Behavioral studies can also constitute a useful tool for
aquaculture and contribute to the improvement of
rearing protocols, by allowing the evaluation of animal
response to culture conditions and animal welfare
assessment. Behavioral alterations can be indicative of
environmental disturbances and animal distress (Mench
and Mason, 1997; Huntingford et al., 2006; Scherer
et al., 2018), and this can be particularly useful in
aquaculture facilities.

Several factors are responsible for the induction of
deformities in fish; still, the phenomenon is mysterious
among the scientific fraternity (Chandra et al., 2023).
Adopting and practicing good aquaculture initiatives such
as broodstock husbandry, gamete management, species
specific standard breeding and larval rearing protocol,
management of water quality parameters, and providing
nutritionally balanced feed, especially to the broodstock
and developing larvae (Nowosad et al., 2018; Chandra et
al., 2023). Hence, the development of a seahorse husbandry
manual is of prime importance to address this issue. The
international aquarium trade for seahorses has seen a shift
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