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Fig.1 Neighbor-Joining tree for COI sequences of unidentified eggs A to C and related species
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Plate I  Ultrastructures of the envelope surface and micropyle of

several floating fertilized eggs observed by SEM

1. egg envelope surface with pores (arrowheads) distributed in hexagonal pattern of the blastula stage K. punctatus eggs, the shape of the outer surface
has a slightly depressed lip as it circumvents the openings of pore canals (arrowheads); 2. micropylar region (MR) of the blastula stage K. punctatus eggs
with pores and shallow cavities of various sizes (arrowheads) scattered and with no distinguishable micropyle vestibule (MV), the micropylar canal (MC)
with its inner lumen completely blocked, consists of counterclockwise arrangements of single spiral-shaped ridges (AR) (from outer to inner); 3. egg
envelope surface with flush pores (arrowheads) distributed in hexagonal pattern of the embryonic stage C. hippurus; 4. micropylar region (MR) of the
embryonic stage C. hippurus eggs with no distinguishable micropyle vestibule (MV) and scattered with pores and shallow cavities of various sizes
(arrowheads), the micropylar canal (MC) with its inner lumen partially blocked, consists of 5 to 7 pieces of bulged ridge substance (BR); 5. smoothing
egg envelope surface of the embryonic stage P. argentata; 6. micropylar region (MR) of the embryonic stage P. argentata eggs with no distinguishable
micropyle vestibule (MV) and scattered with uiniform pores and shallow cavities (arrowheads) distributed in hexagonal pattern, the micropylar canal

(MC) with its inner lumen partially blocked, consists of counterclockwise arrangements of single spiral-shaped ridges (AR) (from outer to inner)
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Tab.1 Species names, ecological types, collecting areas, collecting method, ultrastucture of the egg envelope surface and
micropyle of the teleosts eggs used in this study with temperature adaptation and habitat types to their broodstock n=6
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Notes: COES. charactures on the envelope surface; DFE. diameter of the fixed egg in mm, meantSD (n=6); TM. type of micropyle; DMO. diameter of
micropyle opening in um, mean+SD (n=6); SDD. structure distribution density in per100 um?, ind/100 pm® (n=6)
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R NG SR FL A Ko B 28, ML NEER B 2K
Ui ELAT PR (BUAR T -2), RS FLAE42(7.52+1.26)
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Plate I  Ultrastructures of the envelope surface and micropyle of

several floating fertilized eggs observed by SEM
1. smoothing egg envelope surface of the embryonic stage L. haematocheila egg with indistinct envelope pores; 2. micropylar region (MR) of the
embryonic stage L. haematocheila eggs with pores and shallow cavities of various sizes(arrowheads)scattered and with indistinct micropyle vestibule
(MYV), the micropylar canal (MC) with its inner lumen completely blocked, consists of counterclockwise arrangements of single spiral-shaped ridges
(AR) (from outer to inner); 3. flatten egg envelope surface of the embryonic stage 1. japonicus eggs with flush pores (arrowheads) distributed in
hexagonal pattern; 4. micropylar region (MR) of the embryonic stage /. japonicus eggs with pores and shallow cavities of various
sizes(arrowheads)scattered and with no distinguishable micropyle vestibule (MV), the micropylar canal (MC) with its inner lumen completely blocked,
consists of counterclockwise arrangements of double spiral-shaped ridges (AR); 5. undulating status of the envelope surface of the unfertilized mature C.
herzensteini eggs and the pore canals distributed in hexagonal pattern (arrowheads); 6. micropylar region (MR) of the unfertilized mature C. herzensteini
eggs with no distinguishable micropyle vestibule (MV) and scattered with uiniform pores and shallow cavities (arrowheads) distributed in hexagonal

pattern, the micropylar canal (MC) with its inner lumen completely blocked by secretions of the perivitelline fluid

B, ZRFLX A G G R/ GERESL . iR
WAL R o B 2E , Y BE H b 28 R o LA OUIR
EH (EIRR T -4), K5 FLAF42(9.86+0.70) pm(n=6)(£
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4 O O RS 2% i BEAL B B, OSSR A
A BE AL A S HLoS R R I k2 IR A8 s (1 R T -
5), BEFLEEEF(25.38+6.67) 1N/100 pm*(n=6)(%1).
K2 AL T A, R X, R SZ2K O A
FL A8 oK iy T CE G (BRI -6), K LA 12



53 TR, G B B O[] AR AR B £ 0P B A SRS AL X OB 695

9
10 pm

Eh I O, BOPRELE0. it & IRoRARAD
ZEFLX L

140 5% R 22 Af 125 O B VR S 0I5 2 T A T BURLIR ke, BE L
(P B &y 2. 41 % K 2 f 38 iR 351 01 52 RS #L X (MR), Z 5 fL
(MO 3 58 s B ZE ,  JH 2 B 50~60%% B AR B (R), B S K iy 48
KTV U 5 T O IR THT RGO BE 22 (AF): 3. 2R ke B £ iR i
L O 8 22 h AR e T SR R T, 52 RS FL (M)A T B I 22 (AF) B
X 4.9 Sk IR 0 IR JIG 30T B 52 K5 L IX (MR), i BE X (MV) A
B, RE L (MO BE | % Ko 2 B HE A (AR); 5. K3k ig
A 2 ORE UUTE 99 O B T, BE L (o AT Sk ) RN MR B o A
TEABESLR 2 BN RCIRIE S0 6. K Sk R 52 5 ik 0f 32
FLIX(MR), AiEEX MV, 524 FL(MC)E & 4

Plate III  Ultrastructures of the envelope surface and

micropyle of the mouth brood,
adhesive filaments and demersal eggs

1. envelope surface of the blastula stage A. lineatus eggs with uniform
grain substances and indistinct pores; 2. micropylar region (MR) of the
blastula stage A. lineatus eggs, the micropylar canal (MC) with its inner
lumen completely blocked, ridges (R) arranged in a radial form around
the micropyle, adhesive filaments (AF) are attached at the outer end of
the ridges; 3. envelope surface of the blastula stage H. oxycephalus eggs
with adhesive filaments (AF); 4. micropylar region (MR) of the blastula
stage H. oxycephalus eggs with indistinct micropyle vestibule (MV); the
micropylar canal (MC) with its inner lumen completely blocked, consists
of counterclockwise arrangements of single spiral-shaped ridges (AR)
(from outer to inner); 5. unfertilized mature G. macrocephalus egg
envelope surface with pores (arrowheads) distributed in hexagonal
patterns, the pores were surround with a hexagonal structure; 6.
micropylar region (MR) of the unfertilized mature G. macrocephalus
eggs with distinguishable micropyle vestibule (MV) and a short
micropylar canal (MC)
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Plate IV Envelope surface of some floating eggs

1. envelope surface of the P. olivaceus eggs with uiniform pores (P)
(arrowheads) distributed in hexagonal pattern; 2. envelope surface of the
C. beniteguri with elaborate hexagonal ridges; 3. envelope surface of the
A. japonica eggs with irregular looped structure with spike knobs; 4.
envelope surface of the H. sajori eggs with elaborate knobs (EK)
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Plate V  Envelope surface ultrastructures and
thickness of ovoviviparous and demersal eggs

1. envelope surface of the unfertilized mature S. acus egg with uniform
grain substances and indistinct pores (P); 2. rupture unfertilized mature
S. acus egg, the envelope surface was only with a thin zona radiate (ZR);
3. the outer surface of the gelatinous-honeycomb layer (JC) of L. tanakae
egg displayed round granular structures; 4. structures of the thick egg
envelope of L. tanakae: outer surface of thick gelatinous-honeycomb
layer (JC), inner zona radiate extra layer (ZRE) and a thin zona radiate
inner layer (ZRI); 5. the gelatinous-honeycomb outer layer (JC) of H.
otakii; 6. the whole egg envelope surface of H. otakii and gelatinous-

honeycomb layer (JC) was shown in this picture
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Morphological diversities in envelope surface and micropyle of marine teleosts
eggs with different ecological types in the Bohai Sea and the Yellow Sea

BIAN Xiaodong"?, WAN Ruijing"? ~JIN Xianshi"*", ZHANG Xiumei’, MA Qian"’

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Key Laboratory for Fishery Resources and Eco-environment, Shandong Province, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Function Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China;
3. College of Fisheries, Ocean University of China, Qingdao 266003, China)

Abstract: Marine teleosts eggs distributed in the Yellow Sea and the Bohai Sea cover almost all the egg ecological
types. Scanning electron microscope (SEM) observation was conducted to examine the ultrastructure of external
egg membrane and micropyle of the 15 species with different egg ecological types which have been collected
during the fisheries resource surveys in recent years. Taxonomic diagnostic ultrastructures have been accumulated,
also habitat suitability of some related ultrastructures have been discussed. Current SEM studies have demonstrated
that ultrastructure of the external egg membrane varies among egg ecological types or even among species. The
external egg membrane of the floating eggs and mouth-breeding eggs was thin, but was thick in the demersal eggs
and the eggs with adhesive egg filaments. The pores distribution density, sculptured patterns and peculiar
elaborations of the external egg membrane and type of the micropyle in the floating eggs; fine structure of the
external egg membrane and type of the micropyle in the demersal eggs; number and location of membrane thread
or filament of the external egg membrane and type of the micropyle in the adhensive eggs; number and
arrangement of the filaments and surface ridges in the micropyle region in the mouth-breeding eggs could be used
as the diagnostic characters in taxonomy of fish eggs. Untrastructural differences in envelope surface and
micropyle between species were associated with its systematic groups, spawning environment and geographic
differences. Envelope surface ultrastructures were considered to be taxonomically useful features for identifying
fish eggs to the family or genus level, with the pores distribution density, sculptured patterns and peculiar
elaborations of the external egg membrane may be possible to assign the eggs to a species. While morphology of
the micropyle was usually species-specific. Egg envelope structure and thickness of various teleosts often reflect
the ecological challenges a species is faced with during its embryonic life stages. The sculptured patterns and
peculiar elaborations on the outer egg membrane were considered as biological response to different habitat
environments. The present study would accumulate basic data on ontogeny and morphological classification

features during its embryonic life stages of the teleost fishes distributed in the Yellow Sea and the Bohai Sea.
Key words: fish eggs; envelope; micropyle; ultrastructure; ecological type; habitat suitability
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