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CHAPTER I 

INTRODUCTION 

This thesis deals with a histological study of the mic-

ropyle and the egg membranes of the red shiner (Notropis 

lutrensis). Very little work has been done on either the 

micropyle or the egg membranes of fishes. Eigenmann in 1890 
' ' 

found that 18 in teleosts the micropyle is formed by some 

follicufar cells lying at the animal pole of the egg, send-

ing a long protoplasmic projection through the zona radiata 

into the egg". Mark (1890) in a study of micropyles stated 

that the micropylar plug (a mass of granulosa cells found 

in the rnicropylar funnel) 11 may mechanically determine the 

presence and form of a funnel 11 • 

Moore in 1944 observed a 'star' shaped structure with 

many rays in the chorion of Notropis g±rardi Hubbs and Or-

tenburger, which he assumed was a micropyle. A large number 

of teleosts and many species of Notropis have similar prom-

inent mtcropyles (Jones, personal communication). It has 

been found that the micropyle in the egg of insects plays a 

role in the entrance of the sperm into the egg (Raven 1961). 

Mark (1890) suggested that these micropyles function as a 
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passageway for the sperm in fishes. 

Because the prominent micropyle in Notropis lutrensis 

was representative of those observed in other species of 

this genus and fishes of other genera, it was felt that a 

histological study of its origin in the ovary was justified. 

No previous studies except that of Moore in 1944 concerning 

the micropyle or egg membranes of any Notropis were found in 

the literature. 



CHAPTER II 

MATERIALS AND METHODS 

Notropis lutrensis (Baird and Girard) has two common 

names, red shiner and redhorse shiner.· This species belongs 

to the family Cyprinidae and was first taken in 1852 from 

Otter Creek,its type locality, a tributary of the North Fork 

of the Red River (Jordan, Everman, and Clark 1930), probably 

in the present Tillman County, Oklahoma. The species ranges 

mainly west of the Mississippi River from Minnesota and 

Wyoming south to Mexico (Moore 1968). 

The main diet of this species includes algae, insects, 

and crustaceans. Spawning takes place in spring and early 

summer. The maximum length of the adult is about 4 inches. 

The black blotch between the halves of the lower jaw, the 

absence of a bold, black caudal spot, and nine anal rays 

serve to distinguish the red shiner from other members of 

the subgenus Cyprinella. The lateral line has 30 to 40 

scales. The back and sides of the body are usually silvery 

or steely olive and fade to white on the belly. During the 

breeding season, the male's back and sides become a dark, 

steely blue, its fins, belly and behind the shoulders are 
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tinged with red or orange (Koster 1957). 

The specimens studied were collected from Salt Creek, 

in Osa9e county near Fairfax, Oklahoma. This creek is a 

tributary of the Arkansas River. The fish were caught 

ei.ther by net or electrical shock. The first specimens 

4 

were collected on June 1, 1968. Most of the ovaries had 

reached full size. Individual eggs were distinguishable 

with the unaided eye in freshly removed ovaries. some of 

the ovaries were reduced in size because some of the eggs 

had been laid. More specimens were collected on February 

12, 20; April 6, 14, 30; and May 15, 1969. The ovaries in 

February were small. Ovaries obtained in February were not 

very different in size and appearance from testes obtained 

at the same time. Since it was too early to show the breed

ing color on the male fish, the anatomy of all the fishes 

was studied and dissection of both kinds of gonads was done. 

Dur:ing April the ovaries were larger and could easily be 

distinguished from testes. ~he males began to show the 

beautiful orange breeding color in mid-May, and some ova in 

the ovaries had reached full maturity at this time. One 

interesting fact is that in this species the males are 

usually larger than the females. Each fish studied was from 

2 to 3 inches long. 

After being fixed in Tellyesniczky's or Smith's fix~

tive, the ovaries were washed with tap water; upgraded 
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through 30 1 50, 70, 90, 100 percent isopropyl alcohol, ab-

solute isopropyl alcohol and xylene; cleared in xylene and 

embedded in paraffin. Sections were cut at 6 to 10 micra 

and mounted on slides with Sass's adhesive. Some sections 

were stained with Harris Hematoxylin and Eosin, and others 

were studied using the phase microscope without staining. 

Stained and unstained sections were mounted in picolyte or 

euparal. Various stages and sizes of the eggs were observed 
• 

fro~1 the smallest ova in the ovary to mature eggs ready to 

be taid at a later time of the year. Photographs were taken 

with a Ko¢1ak Pony IV 35mm camera mounted on a Spencer tri-

ocu+ar microscope. Measurements of the micropyles and egg 

membranes were made with the aid of an ocular micrometer. 

There is not much difference in results obtained using 

Tellyesniczky as or Smith I s fixative. Shorter time in storage 

yields a better result o As the oocytes ripen; the sectioning 

procedure was found to be more difficult due to less cyto-

plasm present among the yolk granules. The yolk thus separ-

ated from the section more easilyo Ten micra is suggested 

to be the best thickness for sectioningo The writer would 

like to call attention to the use of the Euparal technique. 

This is suggested for unstained sections, especially for the 

ripe eggso The chance of these sections being ruined is due 

very largely to going through so many hydrating, staini!),g, dehy-

drating and clearing solutionso There are two things that 
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may hapfen; the oil elements in the yolk granules may be 

dissolved during the procedures and the yolk granules may 

fall out from the sectionse Humason (1967) suggested sec

tions should be mounted after 95% ethanolG The writer found 

the concentration of isopropyl alcohol between 90 and 95%, 

after the sections went through xylene, would get better 

results. An appropriate time has to be carefully estimated 

before ~pplying the euparal. Exposure in the air too long 

will cause the tissue to shrink and dry out; too short, 

alcohol dissolves in euparal and will trap a lot of air 

bl.lbbl~s. Gener~lly spe~king, comparing the mounting media 

euparal ?nd picolyte~ air bubbles: are more.easily trapped in 

the fo~er, but they will disappear by placing the slides on 

a warmipg plate overnight. 



CHAPTER III 

LITERATURE REVIEW 

Development of the gonads of teleosts is under hormonal 

control of the pituitary gland (Hoar 1955). Gametogenesis 

in teleosts starts in the embryo and is continuous through

out active sexual life. Primordial germ cells originat

ing- in mesoderm are destined to give rise to the gametes. 

These cells migrate to .the epithelium of the germinal ridge 

through the blood stream or by amoeboid movement. After re

peated mitotic division in the germinal epithelium, primary 

oocrtes are formed and enter into the initial stages of 

oogenesis {Balinsky 1961). 

According to Wallace (1903) the oogonia of Zoarces 

originate by delamination from the germinal epithelium or 

by repeated division of primordial germ cells, which he 

named the 00 cell nests 0' ® There are large numbers of oogonia 

contained in each cell nest but only one develops into an 

oocyte, the rest of the cells degenerate. 

Balfour (1879) studied the ovary development of an 

Elasmobranch .. fish and found 00 nests 00 of primitive ova of 

Scyllium confined to the outer part of the germinal epithe-
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limn. Either all the primitive ova fuse or one primitive 

ovmn is transformed into a permanent ovmn. The cells of the 

germinal epithelimn arrange themselves almost immediately 

around each ovum and form .a single-layered follicular epi-

thelimn. Dildine (1933) stated that in Lebistes the oogonia 

are derived from primordial germ cells. 

Egg ~embranes are named for their origins~ primary 

membranes, secondary membranes and tertiary membranes. The 

primary membranes are the membranes which develop from the 

oocytes. The secondary membranes are formed in the ovary 

by the forlicular epithelimn. The tertiary membranes are 
I 

formed ~fter ovulation in the genital ducts. Mark (1890) 

recognized four kinds of egg membranes in fishesi 1) Vitel-

line membrane, 2) Zona radiatau 3) Villous layer which is 

found in Lepidosteus, 4) Muller's capsular .membrane found in 

the pike and perch. The vitelline membrane represents the 

celi membrane of the egg. Raven (1961} considered it as the 

hardening of the outer layer of the cytoplasm of the oocyte. 
I 

Thifr membrane may not exist in all.telesotean eggs; some 

app~ar to be formed after fertili.zation at the time the egg 

rnakys contact with the water (Richards 1931). Mark thought 

that the ~ona radiata and villous layers are produced by the 

ooc¥te a:q.d the Muller's capsular membrane is the product of 

the follicular epithelimn. Eigenrnann (1890) classified the 
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egg membranes as followsg 1) Eggs with single membrane, 

that is zona radiata. This membrane either appears as a 

single layer of uniform structure or is differentiated into 

an outer .and inner layer. 2) Eggs with a zona radiata and 

an outer membrane which bears appendages. 3) Eggs with a 

zona and thick outer layer produced by the secretion of the 

follicular cells. 

Early investigators showed much interest in. the origin 

and the nature of the zona radiata in the vertebrates. 

Their conclusions have been 5a.iscussed in the works of Mark 

(1890) and Eigenmann (1890). some of them believe that egg 

membranes are the product of the oocyte while the others 

attribute them to the follicular epithelium. 

As a result of his studies on the ovaries of Trichiurus 

savala and Triacanthus brevirostrisu Chaudhry (1955) suggest

ed that the zona pellucida is secreted by the follicular 

epit~elial cellso Thing (1918} described the follicular 

origin of the zona pellucida of turtles as composed of two 

different layers~ the outeru denser and thicker and the 

inner, narroweru clear and striatedo 

A few flat cells scattered over the surface of the 

oocyte formed a l~yer.of follicular epithelium after prolif

eration. Shelton (1964) stated that in Dorosoma petenense 

the follicular epithelium appears before the zona radiata 

is found. In Scyllium (Balfour 1878) the follicular cells 
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become columnar, highly vacuolated and granular. Mark 

(1890) suggested that the follicular epithelium is then 

transformed into a membrane in some species. The function 

of follicular layers have been determined by many workers 

as yolk deposition, the nutrients passing thro.ugh the 

canals in the zona radiata to the cytoplasm (Eigenrnann 1890; 

Thing 1918; Hoar 1955; Balinsky 1961). 

Both primary and secondary egg membranes are often pre

sent before fertilization takes place and usually they are 

impenetrable to the sperm. Sometimes one or more micro-

pyles are situated at or near one of the poles of the egg 

and perforate through these membranes (Richards 1931). 

Several important papers concerning the micropyle and 

egg membr~nes of the teleost(: egg appeared before 1900. Mark 

(1890) described the formation of micropyle in the gar, 

Lepidosteus and gave a critical review of the literature 

concerning the egg membranes and micropyle. Brunch (1855, 

in Mark) found that the orifice of the micropyle is of exact

ly the same size as the spermatozoan. He also distinguished 

three regions an approach, a fundus, and a neck or cylind

rical canal. His (1873, in Mark) stated that only one sperm

atozo~n can pass the micropylar ca~al at a time. Hoffmann 

(lij81, in Mark) thought that there exists a distinct plug of 

granulosa cells occupying the depression in the egg membrane 

at the micropylar region in Leuciscus rutilus. Owsjannikow 
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(1885, in ~ark) thought that the inner micropyle can be re

garded as an enlarged canal of the zona, and.it plays· a role 

in the nutrition and growth of the egg. 

Mark thought the function of the cell nearest to the 

bottom of the funnel -- micropylar cell -- to be a kind of 

mould for the formation of the micropyle, i.. e., a mechani

cal device for producing a micropylar funnel, .also to absorb 

the already f?rmed membrane as n.ecessary to. allow the passage 

of spermatozoan. Eigenmann (1890) observed seasonal changes 

·in the egg membranes and formation of the micrbpyle of nine 

teleost species. Moore : ( 1944} found the micropyle in 

Notropis girardi and made a brief description of its appear

ance. Shelton (1964) gave a detailed description of the 

oogenesis and egg membranes of Dorosoma petenense but he did 

not make any observation or description of the micropyle~ 

Bottrell (1962) described the circularmicropyle and the egg 

membranes of Hybopsis aestivalis tetranemus (Gilbert). 

Sliger (1967) described the structure of the micropyle and 

egg membrane of Hybognathus placitus (Girard). The micropyle 

of H. placitus is funnel shaped with a number of folds radi

ating outward from the funnel rim and is very similar to 

that of Notropis. The micropylar funnel is filled with gran

ulosa cells with a single large cell located at·the tip of 

the funnel. No ·indi:cat-iol'i:wes observed of micropyle or folds when 

the zona radiata had a thickness of les.s than O. 008mm in H. plac-



~- Little has been reported subsequently concerning 

either the micropyle or the egg membranes of fishes. 

In some teleosts some mature eggs are not laid, but 
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are resorbed by the follicular epithelium (Litt 1952). The 

fate of the follicular cells around the oocyte is variable. 

They may either form I post-ovulation 1 ,,covpqra, ,;lµj:ea-·;thr()µgh 

hypertrophy of cells of the ruptur.ed follicle at ovulation 

(Wallace 1903), or form the 'pre-ovulation' corpora lutea 

ovarian follicles, which serves as the main endocrine tissue 

of the teleost ovary (Hoar 1955). 



CHAPTER IV 

OBSERVATIONS 

Morphology of the Ovary 

The bf lobed hollow ovaries of Notropis lutrensis are 

located in th'e dorsal portion of the body cavity in close 

membranous union with the swim bladder. The two lobes join 

posteriorlr to form a single oviduct which empties into a 

urogenital sinus behind the anus. The ovary is covered with 

the pigmep.ted peritoneum characteristic of the. minnow. Be

neath the .:peritoneum is the thin tunica albuginea of connect

ive tissueo 

Internally the ovary consists of ovigerous lamellae, 

which project from the wall into the central lumen. Each 

lamella conta'ins a large numl:>er of eggs. The lumen can be 

recognized during the early stage of development but becomes 

obscure later as oocytes gradually mature and pass into it 

filling it. 

Development of the oocyte 

Six stages of developing oocytes have been found and 
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classified by ,their physical appearances in addition to 

the 0.0017mm spherical oogonia (Figure 1) and the ruptured, 

contracted, convoluted and slightly swollen follicles 

(Figqre 10) . 

Stage lg 

Ova in thi.s stage has irregular outlines, sizes range 

from 0.019 to 0.085mm. The cell has a single, large 

spherical nucleus which occupies 75% of the cell volume. 

The cytoplasm is homogeneous. The slightly acidophilic 

nucleoplasm contains a single, basophilic, spherical nu

cleous (Figure 1). 

Stag~ 2g 

Sizes range from 0.085 to 0.2mm. The cytoplasm in most 

cells is highly basophilic although some cells are becoming 

granular and less basophilic. Severe~! nucleoli form close 

to the periphery of the nucleus which occupies 50"/o of the 

cell volume. The villous layer appears in traces. The 

basophilic, squamous, folliculc:1r cells enclose the egg cell 

(Fig4re 4) . 

Stage 3g 

Size is approximately 0.3mm. Cytoplasm is less b?,so

philic, ranges from scattered to densely vacuolated. The 
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nuclear membrane is irregular in shape, yet the multiple, 

basophilic nucleoli can easily be recognized arranged around 

the periphery of the nucleus. The basophilic, early stage 

of the membrane appears as a thin, non-cellular structure 

about 0.002mm in thickness. The radial, darkly stained 

striation of the villous layer is apparent (Figure 5). 

Stage 4g 

Some cells reach 0.4mm in diameter. The yolk begins to 

accumulate in vacuoles in the acidophilic cytoplasm. The 

nucleus is rather small and its membrane becomes obscure. 

The egg membrane (villous layer and early -stage of zona rc;td

iata) increases in thickness to 0.0026mm. A multiple, 

cuboidal, basophilic follicular layer of cells has formed by 

proliferat,i.on. The vitelline membrane begins to differenti

ate into a very thinu transparent, non-cellular structure 

distinctly separated from the surface of the ooplasm (Figure 

5) • 

Stage 5g 

The largest eggs reach O.Smm in cross section. The 

cytoplasm fs filled with yolk spherules. The nuclear mem

brane and, nucleoli are no longer evident. Radial striation 

is apparent all through the egg membrane (villous layer and 

late stage of zona radiata) which ranges from 0.0068 to 
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O.Olmm. The striation of the vitelline membrane is very 

apparent (Figure 6). 

Stage 6: 

Size approximately 0.6mm. Yolk spherules form large 

globules in the acidophilic cytoplasm. The villous layer 

and zona radiata are 0.012mm. in thickness. Oocytes are ex-

pelled into the central lumen, the irregular shape is due to 

the loss of the support of stroma. The multiple follicular 

epithelium has degenerated to two or three layers which 

surround the oocyte. The vitelline membrane has increased 

sligqtly iQ thickness and adheres to the ooplasm (Figure 2, 

3) • 

Althou·gh various stages of oocytes are distributed in 

the ovary at all times, the seasonal changes cause a large 

number of certain oocytes to appear at any given time. The 

highly basophilic cytoplasm~ a large nucleus and nucleoli 

are ~haracteristic of the oocytes of February fish. 

Abundant oocytes of stages 1, 2, and few of stage 3 are 

present. +n April, 8~ of the volume of the ovary is filled 

with oocytes of stage 4. About 8~ of the volume of the 

ovary is f.illed with o6'cytes of stage 5 and 6 in May. Sev-
1 • 

eral ruptured follicles are found toward the end of this 

month. About one third ruptured follicles, one third of 

stages 5, 6 oocytes and one third of ,o<D.:gan:i:a and stages 1, 
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2, 3, 4 oocytes are in the ovary in June. 

The v.illous .. layer is most distinguishable in stage 6, 

where it a:ppeared as 0.0017mm thicker than the zona radiata. 

Each villus looks like the extension of one pore-canal of 

the zona radiata. There is a thin dark shadow between the 

villous layer and the zona radiata (Figure 2, 3). 

The follicular epithelium first appears as a flat, 

single layer of polygonal cells. Repeated duplication re-

sults in many layers of cells being formed. The follicular 

cells become more columnar when the oocytes matureo and then 

degenerate, but the nucleus remains spherical (Figure 10, 12) . 

No mature oocyte without follicular epithelium was found 

either in the lumen of the ovary or in the oviduct. Since 

no effort was made to observe the fish in spawning, it is 

not certain whether the ova are shed with part of the folli-

cular epithelium attached or with a naked egg membrane. 

Description of the Micropyle 

In the slides studied there was no apparent evidence or 

sign of the micropyle till quite late in the maturation of 

the ovum, when the egg membrane (villous lq.yer and zona rad~-

ata) was not less than 0.007mm. in thickness. The mouth of 

the micropyle is oval with seven or eight folds radially to-

ward the center. The zona radiata is thicker while the fol-
/ 

licular epithelium is thinner in this area. There is a sin-
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gle mic.ropyla.r cell at the tip of the funnel. The funnel 

tape.r is approximately 0.043 to 00119mm at the surface to 

0.026 to 0.043mm at the bottom. The micropylar canal is 

continuous with the funnel and passes th.rough the zona .radi

ata. The length of the funnel .r;anges from O. 077 to O. 094mm 

and is fil:!ed with layers of follicular cells (Figure 7, 8, 

9, 11) . 



CHAPTER V 

DISCUSSION AND SUMMARY 

Six stages of developing oocytes were described and 

compared with Shelton's (1964) classification of the oogene

sis of the threadfin shad and Sliger's (1967) histological 

study of the egg of the plains minnow. The oogenesis.of all 

teleosts is similar; the only difference is in the occurence 

and appearance of the egg membranes. The egg membrane in 

the red shiner contains· three parts, the vitelline membrane 

whic~ adheres to the ooplasrn, the outer thicker villous layer 

which is composed of a large number of villi, and the inner 

thin~er part, the zona radiata, which is passed through by 

the pore-canals. Mark has shown the villi of the villous 

layer are rooted in these canals. No membrane is formed 

before the follicular cells appear around the oocyte. The 

first apparent membrane is acidophilic and structureless. 

As this membrane thickens, the peripheral radial striation 

becomes apparent. Shortly the radial striation spreads to 

the inner portion. Thi& means that the zona radiata forms 

after a large part of the villous layer is already develop

ed. Mark has demonstrated that both layers are the product 

19 
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.. 
of the oocyte. 

The irregularity of cell membrane shape in the young 

oocyte is caused by the pressure of crowding in the lamellae 

of the ovary, ripe oocytes which have been expelled into the 

central lumen of the ovary and lack support of any stroma 

are also irregular in shape due to crowding. 

The folding of the wall of the micropyle may function 

as a device which prevents prematur·e entry of water. After 

the ova are spawnedp water may penetrate the egg by the way 

of the micropyle (J'ones, personal communication), and a 

perivitelline space is then formed between the vitelline 

membrane and the zona radiata. These folds, by restricting 

the aperture of the micropyle and increasing frictional sur-

face of the funnel, may slow down the water speed and retard 

entry into the perivetelline space. This would prevent rup-

ture by too rapid passage of water into the interior of·the 

ovum .. 

There is always a mass of granulosa cells in the micro-

pylar funnel and a single micropylar cell at the tip which 

Ei.genmann{l890) suggested was differentiated from the gran-

ulosa cells and served as a sort of mould for the formation 

of the micropyle. The question isg What factors cause 

these cells to aggregate there and induce such a structure? 

Si.nee the ruptured follicular epithelium later transforms 

and differentiates into the main endocrine tissue of the 
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teleosts ovary (Hoar 1955), it may be that the follicular 

ceLJ.s sec+ete some kind of substance which· causes the forma

tion of the micropyle. The change in the following epithe

liurp. from basophilic in early stages to an.acidophilic later 

stage suggests some Ghange in chemical control during matur

ation. Tpe follicular cells in the later stages of develop

ment of the oocyte are unevenly distributed (Mark 1890 , 

some follicular cells may grow larger and higher and as a 

result overlap the neighboring ones). This multiplication, 

overlapping each other cannot be avoided (Figure 12). 

The multiplication results in masses as well as layers 

of follicular cells. Among them the largest mass of folli

cular celJ_s might secrete.enough of a chemical substance 

(which might have existed in the cells as a sort of 

'repressor') and thus differentiate one of the cells 

(micropylar cell) to induce the surface of the oocyte to form 

the micro:pyle. 
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Figur e 1 . The Small Oogonium ( O) is Shown Beside a Stage 
1 (I) ( 1940X) o 
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Figure 2 . Villous Layer (V), Zona Radiat a (ZR) and Vitel
line Membrane (VM) ( 860X) o 

Figure 3 . Follicular Epithelium (FE) and the Villi of the 
Villous Layer (V) (860X) . 

Figure 4 . Stage 2 Oocyte (860X)o 

Figure 5 . Lower Ockyte is in Stage 3 (860X) . 
in stage 4 (860X) . 

Upper One is 

Figure 6. Stage 5 Oocyte (in part ) . Notice the Yolk Gran
ules Accumulated in the Vacuoles (860X)o 
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Figure 7. Micropyle with Micropylar Cell (860X) . 

Figure 8. Micropyle in a Stage 6 Oocyte (860X). 

Figur e 9. Next Section of Figure 8 . Notice the Micropylar 
Funnel and Canal (860X) . 

Figure 10 . Four Ruptured Follicles (860X) . 
had Changed to Lutein Cells . 
have Begun Transformation . 

The Top One 
The Other Three 

Figure 11 . Cross Section of Micropylar Funnel Obtained by 
Cutting Tangential Sections of the Egg (860X) . 

Figure 12 . The Follicular Epithelium of the Oocyte (860X ) . 
Notice the Columnar Arrangement of the Folli
cular Cells Along the Edge. The Center has 
Many Different Sizes of Follicular Cells . 
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