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Abstract Different developmental stages, fertilized eggs through hatchlings, of the climbing
perch, Anabas testudineus, have been studied by scanning electron microscopy. The surface
specialization of eggs and hatchlings reveals that while the egg surface is reticulate in appearance, the

hatchlings are covered with microridges.
inal regions.

pairs of such arteries are distinctly seen in the pharyngeal region.
at places over the entire body surface of the embryo before the formation of scales.

They supply nutrients directly from the yolk sac to the developing embryo.

Vitelline arteries are seen at the pharyngeal and abdom-

Three
Mucous glands are discernible
The skin

seems to be helpful in gaseous exchange till the gills and accessory respiratory organs develop and

become functional.

The spawning behaviour of Anabas testudineus
has been observed by Moitra et al. (1979). Some
workers have studied its embryonic and post-
embryonic developmental stages (Moitra et al.,
1978; Singh and Mishra, 1980; Hughes et al.,
1986). The gills and air-breathing organs of
fingerlings (1-2.5 g) and adult (30 g) Anabas test-
udineus have recently been studied by scanning
electron microscopy (Munshi and Hughes, 1986).
The hatchlings come out of egg membrane about
10 h after fertilization. During the yolk sac stages
the gaseous exchange takes place through the well
vascularised skin. But no information is available
on the relationship between the yolk sac and the
developing embryo.

The present paper reports a SEM study of the
surface architecture of the fertilized eggs and the
developing embryos including their relationship
with the yolk sac.

Materials and methods

Properly conditioned adult males and femaels of
Anabas testudineus were induced to breed in the
laboratory by intramuscular injection of hetero-
plastic pituitary gland extract (15-20 mg/100 g
body wt.) during the monsoon months (June-
August). Collapsible plastic pools (1 m diameter)
and glass aquaria (60 x30x30 cm) were used as
breeding containers. During the experiment the

temperature of ambient water was 29+1°C.

Fertilized eggs and different developmental
stages were fixed in chilled 2.5 percent glutaral-
dehyde prepared in 0.1 M phosphate buffer (pH
7.4) and kept at 4°C. The eggs and hatchlings
were then washed thoroughly in phosphate buffer
and dehydrated in graded alcohol and in a mixture
of absolute alcohol and acetone in different con-
centrations and finally in anhydrous acetone at
room temperature. Eggs were air-dried and
hatchlings of different age groups were critically
point dried using carbon dioxide. The samples
were fixed on standard aluminium stubs by plasti-
cised micro-cellulose solutions, coated with gold
and then studied under Phillips PSEM-500
scanning electron microscope at RSIC, Bose
Institute, Calcutta.

Results

6-9 h stage. The fertilized eggs (6 h) of Anabas
are somewhat spherical in shape measuring 0.466
mm in diameter (Figs. 1, 2). At this stage the
embryo measures 0.472 mm in length and 0.067
mm in breadth. At nine hours the eggs bearing
the developing embryos become oval shaped with
increase in the length of the embryo. The head
part of the embryo becomes broader than the tail
region (Figs. 3, 4) (Table 1). The yolk surface is
reticulate in appearance having numerous depres-
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Fig. 1. Developing embryo within the egg (6 h). EMB, embryo; YS, yolk sac. Scale bar indicates
) 100 pm.
Fig. 2. Head end of the developing embryo with vitelline arteries entering into the pharyngeal region (6 h).
MYO, myotome; VA, vitelline artery. Scale bar indicates 100 gxm.
g. 3. Lateral view of the embryo and yolk mass (9 h). Scale bar indicates 100 zm.
g. 4. Aboral view of the embryo and yolk mass (9 h). MGO, mucous gland opening; VA, vitelline
artery. Scale bar indicates 100 xm.
Fig. 5. Mid-aboral view of the embryo showing the vitelline arteries emerging from the yolk sac and enter-
ing into the myotomes (9 h). Abbreviations as in Fig. 4. Scale bar indicates 50 xm.
Fig. 6. Magnified view of the myotomes and the vitelline artery (9 h). Abbreviations as in Fig. 2. Scale
bar indicates 10 gxm.
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Fig. 7.

Fig. 8.

cell. Scale bar indicates 10 um.

Fig. 10. Sense organs of the lateral line canal towards the tail region of the hatchling (96 h).
Scale bar indicates 0.5 mm.

thelium; SO, sense organ.
Fig. 11.

Lateral view of the hatchling showing the developing myotomes in the tail region (12 h).
tions as in Figs. 1 and 2. Scale bar indicates 1 mm.

Head end of the hatchling with opened jaws and fin primordia (16 h).
fin. Scale bar indicates | mm.
Fig. 9. Depressed epithelial cells with microridges, encircling the orbit (42 h).

Reticulate surface of the egg membrane (6 h).

Abbrevia-

PC, pectoral fin; PL, pelvic
LE, lens; MRC, microridged
EP, epi-

EM, egg membrane. Scale bar indicates 5 um.

Fig. 12. Microridged epithelial cells and mucous gland opening over the general body surface of the hatch-

ling (12 h).

sions on its surface (Fig. 11). In the next three
hours the rate of growth is further accelerated.
The embryo becomes more elongated (0.743 mm)
and it is at this stage that the hatching takes place
at about 10 h after fertilization.

At the head end of the embryo, the vitelline

Abbreviations as in Figs. 4 and 9. Scale bar indicates 10 um.

arteries are seen arising from the yolk sac and
entering into the pharyngeal region (Fig. 2).
Similar blood vessels also arise in the trunk region
in between the myotomes as seen from the ventral
side (Figs. 4-6).

12-16 h stage. The newly hatched larva is

55



B M Japan. J. Ichthyol. 34(1), 1987

1.889 mm long and the yolk sac measures 0.250
mm in diameter (Fig. 7). It has not yet developed
its mouth and operculum. A continuous dorsal
and ventral fin is seen. The chromatophores
make their appearance on the head region. They
are somewhat oval or stellate in shape and remain
scattered over the surface of the head and the
body.

The hatchling measures about 2.411 mm at
16 h. At this stage the entire body surface re-
mains covered with microridged epithelial cells.
The eyes and pectoral fins are very conspicuous
in structure (Figs. 8, 12). The operculum and
jaws have developed. Amongst the microridged
epithelial cells, the lateral line canal pores, measur-
ing 0.0043 mm to 0.0045 mm in diameter, are
seen. The distance between the pores increases
with the gradual development of the embryo.

At 96 h, the whole body of the hatchling remains
covered with microridged epithelial cells. The
pores of lateral line sense organs are also dis-
cernible in the trunk and tail regions of the hatch-
ling (Fig. 10). The yolk sac is completely ab-
sorbed.

The diameter of the eye is nearly 0.059 mm at
22 h (Fig. 9) which gradually increases to 0.200
mm at about 60 h (Table 1).

Chromatophores are present on the body
surface of the developing embryo. They have
also been observed over the yolk sac. The mucous
gland openings are also discernible between the
microridged epithelial cells of the body surface.
At about 60 h the chromatophores change the

colour from grey to black.

Discussion

Assessment of the degree of development of the
respiratory surfaces in the post-embryonic stages
of Anabas testudineus has recently been made
(Hughes, et al. 1986). It has been seen that during
the yolk sac stages the gaseous exchange takes
place through the well vascularised skin. The
present SEM study gives information on the
supply and distribution of vitelline arteries. There
are three distinct pairs of vitelline arteries in the
head region of the 6 h old embryo. They are not
only involved in gaseous exchange but also supply
nutrition from the yolk sac region. The nutrient
vessels have also been discovered on the ventral
aspect of the embryo between the myotomes.

The reticulated surface of the developing embryo
may hold on the aerated water. The pitted surface
of the eye may be better adapted for gaseous
exchange.

Recently, Fischelson (1984) has made an ex-
tensive study of the microridges on the surface
epithelial cell membrane of fish scales and has
classified them into three major types with their
subtypes. The microridges on the epithelium of
Anabas hatchlings are of coil maze pattern. Two
distinct subtypes have also been identified as
helix or spirema and acentric type. But the ridge
pattern of the epithelial cells at the lateral line
canal are different- Fischelson (1966) has also
observed similar modifications in Tilapia juveniles,

Table 1. Morphometric measurements of the different developmental stages of Anabas testudineus.
Develop- Diameter Length of Breadth of Length of Diameter Diameter
Age mental of egg embryo embryo hatchling of yolk of eye
Stage (mm) (mm) (mm) (mm) sac (mm) (mm)
06 hrs Egg 0.466 0.472 0.067 — — —
09 hrs Egg 0.431 0.507 0.130 — — —
12 hrs Hatchling — — — 1.889 0.043 —
16 hrs Hatchling — — — 2.411 0.035 —
20 hrs Hatchling — — — 2.778 0.020 0.059
24 hrs Hatchling — — — 2.841 0.015 0.062
30 hrs Hatchling — — — 2.944 0.005 0.070
36 hrs Hatchling — — — 3.111 — 0.098
40 hrs Hatchling — — — 3.278 — 0.115
42 hrs Hatchling — — — 3.333 — 0.130
46 hrs Hatchling — — — 3.555 — 0.150
50 hrs Hatchling — — — 3.652 — 0.160
56 hrs Hatchling — — — 3.667 — 0.180
60 hrs Hatchling — — — 3.722 — 0.200
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where, with the gradual sinking of the neuromasts
into the lateral line canal, the involved cell surface
becomes completely modified.

The microridges on the epithelial cell surface
have been assigned with various functions by
different workers, viz., increase in the functional
surface area (Hughes and Wright, 1970; Olson
and Fromm, 1973), spreading of mucus away
from the mucous secreting cells (Sperry and
Wassersug, 1976); anchorage of mucus (Hughes
and Wright, 1970; Hughes, 1979) and to withstand
the mechanical stress (Harding, 1973; Lanzing
and Higginbotham, 1974; Ezeasor and Stokoe,
1980). The present study indicates two possible
functions of microridges. Since the microridges
are seen on the epithelial cells of the body at 16 h
stage when the respiratory organs have not de-
veloped, the sculped surface probably increases
the functional surface area for the gaseous ex-
change. The microridges of the epithelial cells
on the body of the delicate embryo may also
serve to withstand the mechanical stress.

The mouth with prominent jaws develop al-
most simultaneously with the opercular slits and
operculum at the 24 h stage. The gill differentia-
tion also takes place at this stage. The develop-
ment of labyrinthine organs begin after 51 h but
the hatchlings do not take air-gulps till 13/14
days (Hughes et al., 1986). The entire body be-
comes covered over by scales in about 10-12 days.
The appearance of scales prevents cutaneous
respiration and therefore correlates with the onset
of aerial respiration.

Acknowledgment

The authors are thankful to Dr. P. K. Roy for
his co-operation.

Literature cited

Ezeasor, D. N. and W. M. Stokoe. 1980. Scanning
electron microscopic study of the gut mucosa of the
rainbow trout Salmo gairdneri Richardson. J. Fish.
Biol., 17: 529-539.

Fischelson, L. 1966. Untersuchungen zur verglei-
chenden Entwicklungsgeschichte der Gattung Tilapia
(Cichlidae, Teleostei). Zool. Jb., Abt. Anat. Ontog.
Tiere, 83: 571-656.

Fischelson, L. 1984. A comparative study of ridge-
mazes on surface epithelial cell membranes of fish
scales (Pisces, Teleostei). Zoomorph., 104: 231-
238.

Harding, C.V. 1973. Corneal epithelial surfaces in
elasmobranchs and teleosts as seen with the scanning
electron microscope. Biol. Bull., 5: 345-351.

Hughes, G. M. 1979. Scanning electron microscopy
of the respiratory surfaces of the trout gills. J.
Zool., Lond., 187: 443-453.

Hughes, G. M. and D. E. Wright. 1970. A compara-
tive study of the ultrastructure of the water-blood
pathway in the secondary lamellae of teleost and
elasmobranch fishes—benthic forms. Z. Zellforsch.,
104: 478-493,

Hughes, G. M., J. S. D. Munshi and J. Ojha. 1986.
Post-embryonic development of water and air-
breathing organs of Anabas testudineus (Bloch). J.
Fish. Biol., 29: 443-450.

Lanzing, W.J.R. and D.R. Higginbotham. 1974.
Scanning microscopy of surface structures of Tilapia
mossambica (Peters) scales. J. Fish. Biol., 6: 307-
310.

Moitra, A., A. Pandey, T.K. Ghosh and J.S.D.
Munshi. 1978. Some aspects of developmental
biology of the climbing perch, Anabas testudineus

(Bloch.). All India Symposium on ‘“Some per-
spectives in problems related to developmental
biology”. University of Pune, Abstr. No. 28.

Moitra, A., A. Pandey and T.K. Ghosh. 1979.
Spawning behaviour of the climbing perch, Anabas
testudineus (Bloch). Biol. Bull. India, 1: 31-34.

Munshi, J. S. D. and G. M. Hughes. 1986. Scanning
electron microscopy of the respiratory organs of
juveniles and adult climbing perch, Anabas testudineus
(Bloch). Japan. J. Ichthyol., 33(1): 39-45.

Olson, K. R. and P.O. Fromm. 1973. A scanning
electronmicroscopic study of secondary lamellae and
chloride cells of rainbow trout (Salmo gairdneri).
Z. Zellforsch. Mikrosk. Anat., 143: 439-449.

Singh, B. R. and P. K. Mishra. 1980. Development
of the air-breathing organ in Anabas testudineus
(Bloch). Zool. Anz., 205: 359-370.

Sperry, D. G. and R. J. Wassersug. 1976. A proposed
function for microridges on epithelial cells. Anat.
Rec., 185: 253-258.

(Ichthyology Research Laboratory, Post-Graduate
Department of Zoology, Bhagalpur University, Bhagal-
pur-812007 (Bihar), INDIA)

F /RVIF ORBIOEEE FHEMFHITIE

Amita Moitra » Tapan K. Ghosh « Asha Pandey -
Jyoti S. D. Munshi

x 2 ®A Y v+ Anabas testudineus OZEEIRH &KL
fFRIC D - 2R BERME, EEBHEIC X o THEL
7o, BIREXEIRTH 32, BAUETCIBNNETEDL
X5k s, IREEIRIZ, MHZEELEEBICHFEEL, U8

57 —



B Japan. J. Ichthyol. 34(1), 1987

HPbEETOR~RSEUBT 5. BRRMOEES TRESKEL, BMEEEi: T’ B2 B30 R 3
RELDL T, HERBRAMA LT 5, METCHY BroTv3rEbhs,

__ 58 —



