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Article information Abstract
Received: September 23, 2021 The activity of the sensory organ in the eye structure of the teleost fish is
Revised: November 15, 2021 essential, as it plays an important role in regulating fish-feeding behaviors.
Accepted: November 19, 2021 Unfortunately, the above information in reference to the zebra-snout seahorse
Hippocampus barbouri, an aquaculture species in Thailand, has not been
Keywords described. In this study, the eye structure, together with the retinal structure, of
Eye structure, juvenile [5™ and 20™ day after birth (DAB)] and adult (35" DAB), H. barbouri
Histology, reared in captivity was investigated. All DABs were carried out and
Photoreceptor cell layer, histologically observed. Light microscopic level explored the external-lateral
Seahorse, surface of the eye structure of H. barbouri, which consisted of the external,
Juvenile, middle, and inner layers, as similarly reported in other teleost species. Well-
Thailand differentiated retinal and photoreceptor cell layers were observed at 35" DAB

compared to that of other DABs. This finding supports feeding strategies in
captivity, helping the Thailand “circular aquaculture” of this fish.

1. Introduction

The eye of fish is considered to be the major visual system and serves as an important
sensory organ to support mating, feeding, and predator avoidance (Genten et al., 2008; Yokoyama
& Yokoyama, 1996; Bowmaker, 1991). The anatomy and histological structure of the eye is an
important topic in several fishes (Perez et al., 2017; Boonyoung et al., 2015; Senarat et al., 2013;
Genten et al., 2008). The remarkable retinal layer of most fish includes the neuron and neuronal
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fiber, especially cone and rod cells (Genten et al., 2008). The retinal layer is thought to be mediated
by the absorption of photons under the process of visual transduction. Single and double rods
accompany the cones with a regular arrangement, which allows for possibility of color and visual
acuity (Genten et al., 2008). In contrast, the structure of rods is hardly identifiable or able to
function under low light conditions (Flamarique & Harosi, 2000). Based on the different photic
habitat conditions and ecological life, the variation of these cells in terms of their density and
patterns might differ among fishes (Thomas & Craig, 2010; Kim et al., 2014) and life cycle stages
(Pavon-Muiioz et al., 2016).

During the early larval stage, the eye ontogeny of teleost fish, i.e., Paralichthys olivaceus
(Kawamura & Ishida, 1985), Tilapia nilotica (Kawanura & Washiyama, 1989), and Oxyeleotris
marmoratus (Senoo, Kaneko, Cheah, & Ang, 1994), show only pure-cone cells. Only rod cells were
exclusively detected in Anguilla anguilla and Macruridae larvae (Blaxter & Staines, 1970). Two
important fish species, namely Tinca tinca (Bejarano-Escobar et al., 2009) and Solea senegalensis
(Bejarano-Escobar et al.,, 2010), exhibited an undifferentiated retina. Further, their retinal
development is not completed until the late larval stage. Based on the fundamental importance of
the eye development mentioned above, the possibility exists that rod-cone interactions play a vital
role for the feed consumption and behavioral activation of fish.

The zebra-snout seahorse Hippocampus barbouri (Jordan & Richardson, 1908) is an
economically valuable species belonging to the family Syngnathidae. The circular aquaculture
systems of this seahorse have been principally conducted by the Phuket Marine Biological Center
(PMBC), Thailand. However, the fundamental question concerning the eye, with an emphasis on
the retinal layer, of H. barbouri has never been addressed. The eye structure, with the initial
evidence of the eye and retinal structure between juveniles ([5™ and 20" day after birth (DAB)] and
adults (35" DAB), was investigated concerning predictive behavioral activity.

2. Material and methods

2.1 Seahorse sampling and hatchery area

Dead specimens of zebra-snout seahorses (H. barbouri), were gifted as voucher specimens
from Kamnurdnin (2017). Briefly, they were reared in a recirculating aquaculture system. They
were kept in cement concrete tanks filled with seawater (temperature ~26 - 28 °C, salinity ~31 - 33
ppt) and fed with wild krill twice per day. All animals were maintained under a 12/12 h light/dark
cycle. Every three samples of seahorses were randomly chosen at 5™, 20", and 35™ days after birth
(DAB). A preliminary investigation warranted that the adult stage of H. barbouri in captivity was
proposed as individuals over 30-days of age, from which the appearance of secondary growth
developed (Kamnurdnin, 2017). The experimental protocol was approved by the Animal Care and
Use Committee of the Faculty of Science following the guidelines for the care and use of laboratory
animals prepared by Chulalongkorn University (Protocol Review No. 1623004).

2.2 Anatomy and histological analysis of eyes

All dissected eyes from different sampled times were processed using a standard histological
technique (Presnell & Schreibman, 2013; Suvarna et al., 2013). Paraffin blocks were sectioned at 4
um thickness and then stained with Harris’s hematoxylin and eosin (H&E), Periodic acid-Schiff
(PAS), and Masson’s Trichrome (MT). The localization and histology of the eye were observed and
photographed by a TE750-Ua camera (Leica, Heidelberg, Germany).

2.3 Morphometric analysis of retinal and photoreceptor cell layers

All histological slides of the eye were collected. The parameters of the retina and
photoreceptor cell layers were measured from three located areas of the retina using Image J
software version 4.9. The results were presented as mean + S.D. Statistical comparisons of the data
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were performed using the ANOVA test, followed by Tukey’s HSD Post Hoc analysis with SPSS
(version 25.0) software package for Windows (IBM Corp, 2017).
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Figure 1 Morphology (A) and light microscopic level (B-E) of H. barbouri eye. A: eye morphology
(yellow arrow). B: Overall structure of the eye, composed of external (1), middle (2), and inner (3)
layers. C: Histology of the eyeball showed several compositions including the lens (L), iris (Ir),
cornea (Co), sclera (S), vitreous bod (Vb), and retina (R). D: A network of capillaries showing in
the choroid (Ch) was identified. E: The retinal histology comprised: 1) pigment epithelium; 2)
photoreceptor layer (rod and cone processes); 3) outer limiting membrane; 4) outer nuclear layer; 5)
outer plexiform layer; 6) inner nuclear layer; 7) inner plexiform layer; 8) ganglion cell layer; 9)
nerve fiber layer; 10) internal liming membrane.

Scale bra A = 0.3 mm
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Figure 2 Light microscopic level of the retinal development of H. barbouri during the 5™ DAB (A),
20" DAB (B), and 35" DAB (C). They were identified and composed of ten layers, including 1)
pigment epithelium; 2) photoreceptor layer (rod and cone processes); 3) outer limiting membrane;
4) outer nuclear layer; 5) outer plexiform layer; 6) inner nuclear layer; 7) inner plexiform layer; 8)
ganglion cell layer; 9) nerve fiber layer; 10) internal liming membrane.

3. Results and discussion

Macroscopically, a lateral-eyed structure of H. barbouri was observed from the distinctive
conical snout (Figure 1A). A spherical lens eye was observed (Figure 1B), which reflected the loss
of the refractive power of the cornea when the seahorse lives in a shallow-water environment
(Collin, 1997). Most adult fish have well-developed eyes, which are likely to be effective for prey
location as well as predator detection (Hawryshyn 1991; Browman et al., 1990).

The external-lateral surface of the H. barbouri eye was histologically divided into the
external, middle, and inner layers (Figure 1B), similar to the other investigations (Boonyoung et al.,
2015; Genten et al., 2008). The external layer (the sclera-corneal layer) contained the cornea and
sclera (Figure 1C). The middle uveal layer of the eye was identified by the choroid and iris (Figure
1C). A choriocapillaris with a network of capillaries of the choroid was identified (Figure 1D). The
likely role of this layer is to supply oxygen to the retina and an inner pigmented cell layer (Zyznar
& Ali, 1975).

Inside the retina of the H. barbouri, an inner layer was found. This structure could be further
divided into ten specific layers, including 1) pigmented epithelium, mainly containing melanin; 2)
photoreceptor layer (rod and cone processes); 3) outer lining membrane; 4) outer nuclear layer
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consisting of the nuclei of the photoreceptors; 5) outer plexiform layer; 6) inner nuclear layer; 7)
inner plexiform layer; 8) ganglion cell layer; 9) nerve fiber layer that synapses with the optic nerve;
and 10) internal lining membrane (Figure 1E). A photoreceptor vision-cell layer of H. barbouri
displayed a long rod and a single small cone, as is consistent with a previous report of syngnathid

fish (Collin & Collin, 1999). This was probably related to an increasing sensitivity of fish under low
light conditions (Warrant, 2004; Wagner, 1990).
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Figure 3 The retinal (A) and photoreceptor cell (B) layer thickness of H. barbouri eye. Values
represent means + SE; symbols (* and #) indicate significant differences at p < 0.05.
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Light microscopic level and morphometric analysis of the retinal development of the H.
barbouri (Figures 2 and 3) showed that the H. barbouri at 5" DAB with clear classification of the
ten layers was found (Figure 2A). Both retinal thickness and the photoreceptor cell layer from the
5™to 35™ DAB were increased dramatically, which were of a statistically significant difference (p <
0.05) (Figures 2A, 2B, 3A, 3B), indicating that this is concerned with visibility, capturing prey, and
feeding. Similar reports concerning seahorses showed that this fish group is a visual feeder and can
capture prey like small shrimp and plankton (Lee, 2013). Similar to a previous report, seahorses are
predators that use high resolution acuity for prey detection (Lee & Bumsted O’Brien, 2011). A
previous study by Mass (2007) focused on photoreceptor density, including the retinal layer
thickness of H. abdominalis. 1t was found that this change was related to environmental light and
background color. In H. abdominalis, there was an adaptation, as seen by the varied layer
thicknesses of the retina to different colors during a span of 56 days. The results of this study were
also similar to that of Ofelio and colleagues (2018). They found that the thickness of photoreceptors
and retinal layers in H. guttulatus increased significantly at 118 days of age.

4. Conclusions

The eye structure of seahorse Hippocampus barbouri, as the photoreceptor cell layer,
developed from the 5™ to 35™ DABs. This finding supports feeding strategies in captivity, helping
the Thailand “circular aquaculture” of this fish.

Acknowledgements

The authors are thankful to the Department of Marine Science and Environment, Faculty of
Science and Fisheries Technology, Rajamangala University of Technology Srivijaya, Trang,
Thailand, for providing technical support and laboratory resources.

References

Bejarano-Escobar, R., Blasco, M., Degrip, W. J., Martin-Partido, G., & Francisco-Morcillo, J.
(2009). Cell differentiation in the retina of an epibenthonic teleost, the tench (7inca, Linneo
1758). Experimental Eye Research, 89, 398-415. https://doi.org/10.1016/j.exer.2009.04.007

Bejarano-Escobar, R., Blasco, M., Degrip, W. J., Oyola-Velasco, J. A., Martin-Partido, G., &
Francisco-Morcillo, J. (2010). Eye development and retinal differentiation in an altricial fish
species, the Senegalese sole (Solea senegalensis Kaup 1858). Journal of Experimental
Zoology B, 314, 580-605. https://doi.org/10.1002/jez.b.21363

Blaxter, J. H. S., & Staines, M. (1970). Pure-cone retinae and retinomotor responses in the herring.
Journal of the Marine Biological Association of the United Kingdom, 50, 449-460.
https://doi.org/10.1017/S002531540000464 1

Boonyoung, P., Senarat, S., Kettratad, J., Poolprasert, P., Yenchum, W., & Jiraungkoorskul, W.
(2015). Eye structure and chemical details of the retinal layer of juvenile queen danio
Devario regina (Fowler, 1934). Kasetsart Journal (Natural Science), 49, 711-716.

Bowmaker, J. K. (1991). Evolution of photoreceptor and visual pigments (pp. 63-81). In Cronly, J.
R., & Gregory, R. L. (Eds.). Evolution of the eye and visual pigments. New York: CRC
Press.

Browman, H. 1., Gordon, W. C., Evans, B. 1., & O'Brien, W. J. (1990). Correlation between
histological and behavioral measures of visual acuity in a zooplanktivorous fish, the white
crappie (Pomoxis annularis). Brain Behavior and Evolution, 35, 85-97.
https://doi.org/10.1159/000115858

Collin, S. (1997). Specialisations of the teleost visual system: Adaptive diversity from shallow
water to dee-sea. Acta Physiology Scandinavica, 161, 5-24.

Maritime Technology and Research 2022; 4(2): 254581 Page 6 of 8



Retinal structure in the zebra-snout seahorse, H. barbouri Ezra Mongkolchaichana et al.

https://s004.tci-thaijo.org/index.php/MTR

Collin, S. P., & Collin, H. B. (1999). The foveal photoreceptor mosaic in the pipefish.
Corythoichthyes paxtoni (Syngnathidae, Teleostei). Histology and Histopathology, 14, 369-
382. https://doi.org/10.14670/HH-14.369

Flamarique, I. N., & Harosi, F. I. (2000). Photoreceptors, visual pigments and ellipsomes in the
Killifish, Fundulus heterociltus: Microspectrophotometric and histological studies. Journal
of Neuroscience, 17,403-420. https://doi.org/10.1017/s0952523800173080

Genten, F., Terwinghe, E., & Danguy, A. (2008). Atlas of Fish Histology. USA, Science Publishers
Enfield.

Hawryshyn, C. W. (1991). Light-adaptation properties of the ultraviolet-sensitive cone mechanism
in comparison to the other receptor mechanisms of goldfish. Visual Neuroscience, 6, 293-
301. https://doi.org/10.1017/s0952523800006544

IBM Corp Released. (2017). IBM SPSS statistics for Windows, Version 25.0. Armonk, NY: IBM
Corp.

Kamnurdnin, T. (2017). Effects of food on growth and gonadal development of seahorse
Hippocampus sp. (Master thesis). Chulalongkorn University, Bangkok, Thailand.

Kawanura, G. & Washiyama, N. (1989). Ontogenetic changes in behavior and sense organ
morphogenesis in Largemouth Bass and Tilapia nilotica. Transactions of the American
Fisheries Society, 118,203-213. https://doi.org/10.1577/1548-
8659(1989)118%3C0203:0CIBAS%3E2.3.CO;2

Kawamura, G., & Ishida, K. (1985). Changes in sense organ morphology and behaviour with
growth in the flounder Paralichthys olivaceus. Nippon Suisan Gakkaishi, 51, 155-165.
https://doi.org/10.2331/suisan.51.155

Kim, J. G, Park, J. Y., & Kim, C. H. (2014). Visual cells in the retina of the auchaperch
Coreoperca herzi Herzenstein, 1896 (Pisces; Centropomidae) of Korea. Journal of Applied
Ichthyology, 30, 172-174. https://doi.org/10.1111/jai.12311

Lee, H. R. (2013). The development of seahorse vision: Morphological and behavioural aspects.
(PhD thesis). Australian National University, Canberra.

Lee, H. R., & Bumsted O'Brien, K. Y. M. (2011). Morphological and behavioral limit of visual
resolution in temperate (Hippocampus abdominalis) and tropical (Hippocampus
taeniopterus) seahorses. Visual Neuroscience, 28, 351-360.
https://doi.org/10.1017/S0952523811000149

Mass, M. (2007). Skin colour, colour preferences and retinal structure of pot-bellied seahorse,
Hippocampus abdominalis (Ph.D. thesis). University of Tasmania.

Ofelio, C., Diaz, A.O., Radaelli, G., & Planas, M. (2018). Histological development of the long-
snouted seahorse Hippocampus guttulatus during ontogeny. Journal of Fish Biology, 93, 1-
16. https://doi.org/10.1111/jfb.13668

Pavon-Muioz, T., Bejarano-Escobar, R., Blasco, M., Martin-Partido, G., & Francisco-Morcillo, J.
(2016). Retinal development in the gilthead seabream Sparus aurata. Journal of Fish
Biology, 88, 492-507. https://doi.org/10.1111/jtb.12802

Perez, L. N., Lorena, J., Costa, C. M., Araujo, M. S., Frota-Lima, G. N., MatosRodrigues, G. E.,
Martins, R. A. P., Mattox, G. M. T., & Schneider, P. N. (2017). Eye development in the
four-eyed fish Anableps anableps: Cranial and retinal adaptations to simultaneous aerial and
aquatic vision. Proceedings of the Royal Society B, 284,20170157.
https://doi.org/10.1098/rspb.2017.0157

Presnell, J. K., & Schreibman, M. P. (2013). Humason's Animal Tissue Techniques (pp. 1-600). 5t
eds. US, Johns Hopkins University Press.

Thomas, J. L., & Craig, W. H. (2010). Ocular dimensions and cone photoreceptor topography in
adult Nile tilapia Oreochromis niloticus. Environmental Biology of Fishes, 88, 369-376.
https://doi.org/10.1007/s10641-010-9652-7

Maritime Technology and Research 2022; 4(2): 254581 Page 7 of 8



Retinal structure in the zebra-snout seahorse, H. barbouri Ezra Mongkolchaichana et al.

https://s004.tci-thaijo.org/index.php/MTR

Senoo, S., Kaneko, M., Cheah, S. H., & Ang, K. J. (1994). Egg development, hatching, and larval
development of marble goby Oxyeleotris marmoratus under artificial rearing conditions.
Fisheries Science, 60, 1-8. https://doi.org/10.2331/fishsci.60.1

Senarat, S., Kettratd, J., Yenchum, W., Poolprasert, P., & Kangwanrangsan, N. (2013). Microscopic
organization of eye of stoliczkae s barb Puntius stoliczkanus (Day, 1871). Kasetsart Journal
(Natural Science), 47, 733-738.

Suvarna, K. S., Layton, J. D., & Bancroft, J. D. (2013). Bancroft Bancroft's theory and practice of
histological techniques (7™ eds). Canada, Elsevier.

Yokoyama, S., & Yokoyama, R. (1996). Adaptive evolution of photoreceptors and visual pigments
in vertebrates. Annual Review of Ecology, Evolution, and Systematics, 27, 543-567.
https://doi.org/10.1146/annurev.ecolsys.27.1.543

Warrant, E. J. (2004). Vision in the dimmest habitats on earth. Journal of Comparative Physiology
A, 190(10), 765-789. http://dx.doi.org/10.1007/s00359-004-0546-z

Wagner, H. J. (1990). Retinal structure of fishes (pp. 109-157). In Douglas, R. H., & Djamgoz, B.
A. (Eds.). The visual system of fish. London: Chapman and Hall.

Zyznar, E. S., & Ali, M. (1975). An interpretative study of the organization of visual cells and
tapetum lucidum of Stizostedion. Canadian Journal of Zoology, 53, 180-196.
https://doi.org/10.1139/z75-023

Maritime Technology and Research 2022; 4(2): 254581 Page 8 of 8



	1. Introduction

