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Abstract: China is the richest country in terms of cavefish species diversity, which brings us excellent
materials for studying adapted evolution of cave animals. For instance, most of species from the genus
Oreonectes have cave-dwelling behavior. Due to the darkness all the time, cave is an extreme environment for
organisms. To adapt this dark environment, cavefish always has degenerated eyes. On the contrary, other
sensory organs including olfactory organ have been developed for satisfying the needs of their normal life.
Therefore, we chose cave-dwelling loach, O. polystigmus, as a target species to study the structure of the
olfactory epithelium. For getting more knowledge and data on its morphological adaptation to cave dark
environment, we observed the olfactory epithelium of four individuals of O. polystigmus by using a scanning
electron microscopy (SEM). The olfactory organs of O. polystigmus are oval and lie in the olfactory chamber.
The average length of olfactory sac is 2.27 mm, 1.36 times of eye diameter, which revealed that O.
polystigmus is a kind of “olfactory sensation” fish. The olfactory apparatus has 22 to 24 primary lamellae
arranged on both sides of a narrow raphe. Each lamella has developed tongue-like structure (Plate I: 3).
Non-sensory cilia are continuously distributed on the lamellae (Plate [: 4), more on the terminal and the
middle of lamellae than the area closed to the raphe, where has many folds with plenty of tiny pores (Plate I:
7). Sensory cilia mainly locate in the area with thin non-sensory cilia (Plate I: 8). Microvilli are always
distributed under non-sensory cilia (Plate 1: 9). The number of pits on the lamellae located in the middle of
raphe is more than that on the lamellae of the anterior or posterior raphe. And on the same lamella, pits on the
place close to raphe are denser than those on anywhere else. There is a clear boundary between bare and
non-bare regions on the lamella and raphe. Generally, no sensory cilia and microvilli on the raphe are
distributed in the grooves of non-bare region. Areas of bare and non-bare regions on the raphe are almost
equal (Plate I:7). Epithelium of raphe is formed to a series of polygons by continued microridges (Plate I: 10
- 12). Olfactory sac belongs to G-type, defined by Yamamoto, and always plays an important role in the
teleost. Due to the existence of plenty of non-sensory cilia and a certain amount of sensory cilia and
microvilli on the lamella and raphe, O. polystigmus is a typical fish relying on the sense of smell in their life.
Moreover, isosmate is the hydrodynamic mechanism for O. polystigmus, revealing its adaptation from another
angle.

Key words: Oreonectes; Cavefish; Olfactory sac; Morphological adaptation; Scanning electron microscope
(SEM)
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Table 1 Number of olfactory lamellae, characters of some metric and ratios related to

olfactory organ of Oreonectes polystigmus

FrA Samples

VI = bR

No. 02020238 No. 02050734 No. 02050729 No. 02050728 Mean + SD
& Standard length (mm) 43.30 53.07 51.22 49.46 4926+ 4.30
A G S fLIAEE (mm)
Distance between anterior and 1.22 1.22 1.27 1.26 1.24 £0.03
posterior nostrils
e K44 %S
B AR (mm) MR (mm) 220/1.55=142  237/1.79=132 236/1.71=138  2.13/1.60 = 1.33 1.36 £ 0.05
Olfactory sac length/Eye diameter
H e K44 ' 4A
WAERAE (mm) /R (mm) 220/131=1.68 2371.71=139 236/1.60=148 2.13/1.32=1.61 1.54+0.13
Olfactory sac length/width
AR 20 Number of olfactory lamellae 22 24 24 22 23+1
K, FIRSS AR o TCIR AR WAL (pit): WAL RV AN MO A 2 b 53k
223 W LB WS I FEIITE (IR 1: 8), 0 AiAY), 2 000 1%

B WA E T e AL,

B 4T E (non-sensory cilia): HIAFEE
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TELL P ATAE MR AN BB, WS 8 b o g s
S o S R AT BB (R 1:4), (A
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WA, H B miR 2 anhL (- T:6).
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BT (B 1:8), astE (EIhi 1:8) M
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AR IS 2 1 AR IR b 21 B R b () b 7y CETRR
[:8),

WERE (microvillus): JRNER AN, S5
LT B ZE AR, R R ok B R
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T i AR B R R B A AR R D (TR
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HLBE T, oh R AR (R IRAL 50 ~ 66 A, IREER |
Je AR TR AR L 53 ) R 43 ~ 47 45 ~ 55 /.
[F]—MAR I 2 000 f5FEEE T, SElmmdahit 22 ~
26 A, HEFBAL 15 ~ 18 AN, HARGEHBAL 16 ~ 18
A, AT AN AL R LI 2 (IR T:5).

EE X (bare region) FIE#EE X (non-bare
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PR DX A AR WA 2 NI R A o IR A
Fr DR ER D (IR T 7D 1595, Rk
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4 (microridges): A H BLAE M0 L,
{7 TR BR B X . MRLAIRR R X b gl — R A%
e IR 2 (BT 11, Z2iF
WERAVFZ RS/ (B T:12).
3 Wik
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Fig. 1 Eight types of lamellae in the olfactory of teleosteans (from Yamamoto 1982)
A, MR B, PG  C. —HRBEUR; D AT A B WAL T, AR BRIREES; F AR SRR
HESITERAL S ;G WA [ B ASURF B BRHES T KRB IO L WA [ X Bt 1) T — AR IRl i ]«

A. No lamella; B. One longitudinal lamella; C. One transverse lamella; D. Longitudinal lamella; E. Lamellae arranged in a fan-shape; F. Lamellae

radiating in all directions from a raphe; G. Lamellae arranged transversely or obliquely to an elongate raphe; H. Numerous lamellae mostly

arranged transversely to very long raphe.

ARG AR AT R AR EEE/E R (Yamamoto
1982). WLAE N )R TR HR . AR
MRS, I MR AR S e o ik (BRAL
T 1988). 2 BRI 4] e AR H AT — AN ik
PIFARTE, EEA BB MRIEAL. 2 BRiR i)

TR (OB H AE 22 ~ 24 (B 11 ~ 12) 22 i),
[F] 2% Zx o0 & A O A AT 1) 3k B R R
(Triplophysa dalaica) (Waryani et al. 2013b).
Jefft (Lefua costata) (4545 1990). e ff
(Misgurnus anguillicaudatus) ( 4325 1990)

K2 ZPIGHSHEY H ARRREE b

Table 2 Comparison of olfactory lamellae of Oreonectes polystigmus and other fish from Cypriniformes

WEL g M VLA B

112 2 . -
L/ Number of olfactory %ﬁﬂ%@m?rim A Licip Sl
Species lamellae on one side of Orphiology O primary Habitat Data source
lamellae
raphe
. AR 2 NEae:L .

Z B4 Oreonectes polystigmus 11~12 s l\% S 7 Pk AL

“ N -like sub-pattern  Subterranean water

A A L SR Y 7R S o bk
ALt | y R RNy 2013
Sinocyclocheilus furcodrsalis “ N7 -like sub-pattern ~ Subterranean water
| S[E IJ N bra
ZERALRER S, jii 12~ 14 P l\_/Iji 5 7Rk Waryani et al. 2013a
|7 -like sub-pattern ~ Subterranean water
. R AY i 7 N
ToHR 44240 S. anophthalmus 15 i H}\ il RS 2009
7 -like sub-pattern ~ Subterranean water

N S . . N VLS VAR
I8 B R 68 Triplophysa dalaica 10 s l\% 5 B {ﬂ.m Waryani et al. 2013b

“ 1 ” -like sub-pattern Lack and river

SR TP Ry

Juif Lefua costata 6~9 _’m}\ﬂzﬁh B %2 1990

Oar-like sub-pattern Stream
; . - PEPIR G2 B nne
Y Misgurnus anguillicaudatus 5~8 A 1990
el 9 g Hook-like sub-pattern Stream =
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B BT 2 e () M R R A R B H 2, ]
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Explanation of Plate

Olfactory sac of Oreonectes polystigmus
1. Snout; 2. The tear nostril of olfactory; 3. Olfactory sac and the observation site of Fig. 4 - 13 on the olfactory sac; 4. Middle part of olfactory

lamellae; 5. Middle part of olfactory lamellae; 6. Enlarged Fig. 5; 7. Bare and non-bare regions on the lamella; 8. Middle part of olfactory lamellae;

9. Tongue-like structure; 10. Middle part of raphe; 11 - 12. Raphe; 13. Distribution of the sensory and non-sensory epithelium on the lamellae.

AN. Hi59L; BR. #R#EEX; MD. ffF; MV. #Z%E; NC. &L E; NE JFEIEX; NR. FREX; OG WM, OK. Wy,
OL. MUfR; OS. MA%E; P. MAfL; PN. f5dudfl: R. Mh; SC. JEHEFE; SE K3EX: TP. /L.

AN. Anterior nostril; BR. Bare region; MD. Microridges; MV. Microvillus; NC. Non-sensory cilia; NE. The sensory epithelium; NR. Non-bare
region; OG. Olfactory groove; OK. Olfactory knob; OL. Olfactory lamella; OS. Olfactory sac; P. Pit; PN. Posterior nostril; R. Raphe; SC. Sensory

cilia; SE. Non-sensory epithelium; TP. Tiny pores.
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