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- Physiological and ultrastructural aspects of late vitellogenesis and ovulation in Pacfic—

~ herring (Clupea harenqus pallasi) . -

Abstract
Three stages of Pacific herring cocytes, late vitellogenic, ovulating and ovulated, were

TTTr—

éxminémﬁmyfaﬁaﬁFlifsfaafcﬁ;nically. Late vitellogenesis was documented by

means of alkali-labile pratein phosphorus (ALFP) assay of serum and liver tissue in males

and females, and gonadal ﬁésue in females, ALFP levels both ih male and female 1ivérs

" remained constant over the study period but there were significant differences in values

between males and females., ALPP values fer_male serum were constant, but thaﬂsefar’

females declined, Female gonad values t‘iedined.(llo-mgll to 15-mg_/1‘) during ovulation.

Hepatosomatic indices for males were constant during the ovulétion, period, but those for

s

females declined (1.6% to 0.9%),

-

Pacific herring eggs underwent two hydrations. During ovulation, Moisture values

-

during water-hardening wifh a further increase to 83% moisture. Unfertilized eggs

dehydrated to 74% moisture when exposed to hydration water of the same salinity used for .

fertilized eggs.

PAS-staining localized glycogen in the vitellogenic egg cytoplasm and demonstrated the
disftributio'n of mucosaccharides in'all -étéges. The thin adhesive epilayer found on the egg
surface in ovulating and subsequent stages was PAS-negative, suggesting that this

~adhesive layer 1s mostly proteinaceous. Alkaline phosphatase was localized in follicdlar

- . . : N R
granulosa and thecal cells, but not in oocyte structures, suggesting that the former

tissues tonstitute the locations of vitellogenin dephosphorylation and pcssil:@dieavaéé

1nto phosvitin and lipovitellin,

SEM and TEM studies demonstrated that egg membranes consist of Five layers in late

3

~ vatellogenic and transitional stages. These layers are the externus, distal interlayer,
: ~ . >

-
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-, internus, proximal interlayer and the sub-internus, The proximal éngiqrigtélpigjgl‘_ayéigg |

-

¢

not appear to have been described elsewhere, A thi&, electmn-déhsé 'iayer was de;ffitéld/’
. # L. N - Y

on the external surface of the externus dunr}g avulaf?;:n. '} 4

‘A mechanical means of achieving egg membrane semipermeabilify during the éirst hydritmnv

by m'éans of compresémfr of the pores 1 the internus was suggested by TEM results, Both

b

male and fefale liver tissues cantaingd 'electron-—densg and electron-lucent hepatocytes,

however the latter were scarce in male livers but constituted over half of'thé female iver

secretory - vacuoles were larger and more abundant, and were associated with Golg:
- - . .

—<Struchres,

tissue,” Male and female hepatocytes contained secretory vacuoles. In avulating females,. °
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_ ovulatmn have not been more thoroughly mveshgated For this group of teleosts, Among

) \: - i ﬂ T e e e ij:/ e e
- Iﬁ“i;rcductlc!lﬁ L —
- ‘Lﬁ%} LT —_— .

The processes of vitellogenesis and, ovuIatMg_g_:b:gen méestlgated and descnbed Fnr

‘several teleosts. Much of the emphams has been placed on- econormcally 1mportant groups

such as the salmomds.,ie:g., Flugel, I?Ma, 1964b; Hurley and Fisher, 1966} Beams and

‘ Kessel. 1272 Hara and Hiri, 1778} Nagahama et aly 1978, Stehr and Hawkes, 1979,

Campben and Idler, 1980; van Boheman et al-, 1981} van Boheman et aly 1982, Hexgand and S
Kl .

IdIer, 1984, Groot and Alderdice, 49’85), and on speaes that are easily mamtamed under

- ey

. laboratory cr_mdx’cmns, such as the killifish, Fundulus heteroclitus . (e.g, Ande_rsqn, 1968;

il _
Kuchnow and Scott, 1971; Dumont and Brummet, 1980; Wallace and S‘elman, 1980;Belmanand

Wallace. 198°), the goldfish, Carassius auratus ( e.g., Khoo, 1975; Nagahama et al,, 1976}

Khoo, 1979, Nagahama et al,, 1983; Kagawa et alsyy 1984)’ the catfish, Heterggneustes
Fosslhs &eg., Nath and Smdarara;, 1981, Sundarara; and Nath, 1?81), the Medaka, Orxnas
1at1ges (eig Tesoriero, 1977a, 1977b, Iwamatsu, 1980; Iwamatsu and Ohta, 1981) and For

A

several other spedes. In view of the ecological importance of clupexds to trophic dynamics

in coastal ecosystems (HoGrston and Haegele, 1980), their phylogenetic position and
long-standing economic importance (Whitehead, 1985), and recent efforts at domestication

and artifigal .propagation {Morita, 1989), it is remarkable tﬁat vitellogenesis and

'

‘the mf-?zculhes assocxated thh mvesngahms of ClUpEldS have been the cnst associated

with sampling marine populations and the diFFiculty of maintaining clupeids for long

periods under laboratory conditions. Recently developed technology has facilitated-marine

zﬂ‘éﬂtﬂdment oF Pacfic herrifig (Clupea harengus pallasi) (Gillis, 1979; Brett and Solmie,
1982} Gillis et ah, 1982} Kreiberg et—alwr% HermgﬁmmnﬂW

time-series sampling from dlscreta populations of sexually maturing herring, LT

—_— -

The present study examines the process of late eocyte maturattm and ovuiatmrrm Padfic —

herring, Qocyte provisioning, or exogenous vitellogenesis, maturation and ovulation



synchroniza‘tion and vltrastructural changés Have" been exgﬁwined‘._' .7 j§ ‘ e
DiSTRIBUTION AND LIFE HISTORY - o | ”
- Pacific herring populations“ dre distributed along the cohtinental siyhelv‘e".-'. and coastal
waters from the north coast of Mexlco, northward to the Beaufort g-1-EY thence ;outhward :
along the Asian and Korean coasts. They are also distributed -along the Arctu: toasts nF
asia and N;l’th America (Blaxter, 1985} Hay, 1985), Their cen?:'re of abundanc‘e along the
eastern Pacific rim lies along the British Columbia coast from Puget Sound in the south to
Dixon Entrance in the north (Hourston and Haegel‘e, 1?89). . , . N

Adult Padfic herring éeed in tl;|e summer months in shelF Qater; off the west coast of .
Vancouver Island and He:ate Strait, A few populatmns remain in larger 1n1and bOdlES oF
water such as Georgla Stra.lt and \.oa;;al fjords, Between October and De:ember, herring
form into large aggregations and begin their shoreward migrati;:ms ta their near-sﬁo?er*
spawning grrounAds. Upon reaching the vicinity of their spawhiﬁg ground_s, breeding ,
populations inhabit deep channels, During 'tl:\e daylight; hours they rise totthe surface to
feed on zooplankton ;:;opulations at dusk (Blaxter, 1985), 3I~‘eeding gradually slows and
eventually stop_s prior to spgwning, Following gamete maturation in over—winte}ing areas,
Facific herring enter the shallows where they spawn on marine macrophytes. Spawmng isa.
mass svent with all members of a spawning population depos1t1ng their gametes in from
one-to several days (Hourston and Haegele, 1926), Gamete maturation is synchronous
among experienced spawners but secondary and tertiary spawniné waves},se/parated bx 10

, P

to 15 days, may occur, Herring involved in the 'secondary waveé are smaller, and

~

presumably younger (Hay, 1985),
OOCYTE PROVISIONING - 7 4

In most teleosts, the ovary is a hollow pairéd organ consisting of Vc;ogcmia, oocytes and
tneir surrounding follicle cells, supporting tissue ar stfoma and vascular and nervous

tissue (Nagahama, 1983), Wallace and Selman (1931) summarize three ovarian types



W

classified according to the patterns of oo@te 'development, In fish with synchronous
cvaries, all of the cocytes, onre formed, mature and ovulate in unison, Synchronous
opearies are found 1n speneé that spawn once and then die, such as the anadromous
onzorhynchus species, Most t}eléosts have group-synchronous ovaries which contain at
l2ast two popuiations of ococytes at some time in 4the'ir reprodu&ive r:yl:le. A Fair!y
s/nchronous population of maturing fqocytes (defined as a letéh) and a mdre heterogenous
nocpulation of smaller o‘:'cytes Fe:om which the clutch is recruited are obser\;a.ble in such

cvaries, Pazific herring belomg to this groups In fish with asynchronous avaries, pocytes

e ~

in all gtages of development are present at the same time. .

Turing early development, ocgonia proliferate by means of mitotic divisicn and become

primary oqcytes when the chromosomes enter melotic division, Division stops at the

dipiatens stage of the first melotic prophase (Wallace and Selman, 1981) The most
chvious feature-of the remalining ldevelopment is the accumulation of yolk material within
the oocyte, The first volk constituents to appear are the yolk vesicles fated to become

the cortical alveoil, Anderson (176%) demonstrated the association of vesicle formation

and tne in‘tém'al synthetic structures of the oocyte and concluded that. glycopmtein'

synthesls and vesicle formation were endogenous (within the. oocyte)s Lipid accumulation
commences after the start of yolk vesicle formation, Its appearance cén be considered to
marx the commencement of endogenous vitellogenesis (Shackley and King, 1977} Weigand,
%52y The yolk globules which ultimately expand to become fhe most abundant storaée
product 1n most teleost eggs form conCurrently with, but after the start of the formation
af yoik vesicies. Their endoge\nous origin from the fusion of numerous small coated
vesities ‘wm’.ch first appear peripherally in the oo\plasm has been confirmed by several
ultrastructural studies {e.g., Droller and Roth, 1964} Anderson, 1768; Shackley and King,
1¥77% Even though yolk globule precursors are synthesized endogenously, it is unclear if

1
apprecanle endogenous vitellogenesisf ocouUT S, Immediately after the formation of

—

PNt g



precursor yolk globules, exogenous vitellogenesis commences (Wallace and Selman, 1981}
Ng and Idler, 1783)

Vitellogenin is a female specific lipophosphoprotein. Its occurrence in the blood plasma
coincides with the appearance of yolk globules in the cocyte (Aida et al, 1973, cited in Ng
and Idler, 19323)s Vitellogenin is comprised of a lipid-containing fraction, lipovitellin and
a phosphorylated protein fraction, phosvitin, Mano and Lipman (196&a) observed that
there are several forms of phosvitin which differ in their amount of phosphorylation as
well as in other ways. At the start of exogenous vitellogenesis, non—-phosphorylated
phosvitin is incorporated by the oocytes. The degree of phosphorylation increases as
vitellogenesis proceeds. The highest phosphaorus levels are observed in the latter stages
of development prior to ovulation (Mano, 1967, 1970}, The hormonal control of hepatic
vitellogenesis has recently been elucidated by several authors (e.g., Wallace and Selman,
1931; Kagawa et al.,, 1982} Nagahama et al., 1982} Nagahama, 1982).

In the present study, oocyte provisioning in the later stages of oogenesis was examined by
means of alkali-labile protein phosphorus assay of female serum, gonad and liver. Serum
and liver tissues of males served as controls. The site of re-manufacture of vitellogenin
into phosvitin and lipovitellin was investigated by means of alkaline phosphatase
localization, Mucosaccharide and glycogen localization within the developing oocyte were
investigated by means of PAS staining.

Late development and ovulation synchronization are apparent in the results of Brett and
Solmie (1982) and Kreiberg et al., (1782), They measured temporal changes in
gonadosomatic indices for Pacific herring impounded under a variety of stocking densities
and other factors. In the present study, gonadosomatic and hepatosomatic indices, and egg
moisture content have been measured to assess the degree of maturation and ovulation

synchronization.
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HEFATIC AND OVARIAN ULTRASTRUCTURAL CHANGES
DURING LATE VITELLOGENESIS AND OVULATION

Ultrast’chtural changes 1n female hepatocytes related to vitéllogenesis have been

described by Peute et al., {1973) for the zebrafish, Brachydanio rerio, and by van Bohemen

et ali, (19%1) for rainbow frout, Salmo gairdneri, Ultrastructural changes assodated with

vitellogenesis for both species included the proliferation of rough endoplasmic reticulum,
tne enlargement of Golg: bodies and the development of electron-dense Golgi inclusions.
For the zebrafish, electron-dense and electron-lucent hepatocytes were identified.
Electron-luce'nt‘ hepatocytes contained less dense cytoplasm and the rough endoplasmic
reticulum appeared to consist of dilated saccules, In additidﬁ, there was a proliferation
of nuclear pores in 1ebrafish hepatocytes. For both speces, glycogen and lipid
accumulation accompanled the onset of vifellqgenesis, but these gradually dissapeared,

i
and were absent 1n hepatacytes of late vitellogenic females, Fdllowing ovulation and

sgawning 1n both spemes, hepatocyte structure regressed to pre-vitellogenic
configurations, In the present study, hebato:ytes sampled from late vitellogenic

ovuiating and fully ovulated female livers are compared. In addition, female hepatocytes ’

r each -=-10d are compared with those sampled from males during the same period,

1y
O

un

z/2ral autnors have examined ultrastructural changes in cocytes at various stages of
zzveicpment, The structure and development of the egg membrane have been investigated

~ salmonids by Flugel, (19684a7 Hurley ana Fisher, (1744)) Beams and Kressel, (1973)

—

- - et . .
S%enr and Hawwes, (1979 ard bty Groot and Alderdice, (1985), Other authors have

2xamin2g yolk formaticn 1n the guppy, Lioistes reticulatus, (Droller and Roth, 1964)) a

©ari2Ty Of 2J0Cyte deveiopmental changes in Fundulus heterodlitus, (Anderson, 1748]

moomeow and Scott, 1577) Daomeont and Brummet, 1980; Wallace and Selman, 1980); and in

ctner teleosts «&.g. Anderson, 1957) Livni, 1271} Wourms, 1974 Nagahama et al. 1974}

Tiagier, 1977, Snackley anzg King, 1977) Tessoriero, 1977a} Hart and Yu, 1¥80; Iwamatsu



and Ohta, 1%81), In the present study, ultrastructural changes in oocytes from late
vitellogeric, ovulating and ovulated ‘ovaries were examined by scanning and transmission
glectron microscopy. In addition, fertilized .water-hardened eggs were examined by

transmission electron microscopy.

—
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Materials and IMethods

)

FISH CAPTURE AND IMPOUNDMENT

Paafic herring were captured by purse-seine in the Gulf Islands soUth of Nanaimo, British

Cotumbia ;in J:anuary and early February of 1984, and transported by tank bargé to the
Pacﬁ%;ﬁ Biclogical Station experim#ntal fish farm in Depérture Bay near Nanaimo. Severa%
fishing and transfer events Qere required to secure about 50 fonnes of fish in a single
master impoundment, SUb-samples were taken in 2 hours from the master impoundment on
Feoruary 9, 1'-?84; and transFerred‘rto two 3 meter cubic impoundments. To make the
transfers, the web of the master impoundment was pulled from the water, concentrating
the fish near tﬁe surface, Fish were randomly dip-netted .in groups of ten to 30 fish and
placeq in the head of a sluice containing Flow'ing water. This proAcess was continuéd until
appro:éimately 1,300 fish had been sluiced to each of the small impoundments, Each small
1impoundment was covered with a protective net to prevent bird predation: - A-sample was
taken from the impoundments on the Follov;ing day to test sampling routines. The fish
w.ere allowed to recover for a period of 'onér week prior:to the commencement of sampling.
Consistent with the behaviaur of wild unimpounded fish, the implounded fish were nbt fed

throughout the sampling'period.

SAMPLING ROUTINE

Sampling was conducted on February 16 and 23; March 1, 5, 8, 9, 10, 12, 13, 14, 15, 14, 19,

22 and 2% and April 5 and 12, For each sampling day, the Follo;ning routine was chserved,
The impoundment web ‘wés raised, concentrating the fish near the surface. Fish were
dipped from the impoundment a“c random and blaced in 25 1 plastic pails cdntaihing sea
water of the same salinity and temperature as that found in the impoundment, Sampiing
continued until 30 to éﬁish had been placed in each of two pailéf‘ The pails were then
taken to laboratory fadlities provided at the PaciFic Biological Station, All fish were

lethargic on arrival at the lab after the ten minute trip due to anoxic conditions during



%fﬁsport. The fish in one pail were revived using compressed air. The unrevived pail of
fish was emptied into a lafée sink where fish under 100 g, and injured or diseased fish
were remaved from the sample; Ten male and female ﬁsh were taken randomly from the
remaining fish, For late vitellogenic and transitional fish, sex wa; dé?‘ermine@’; making

" a small indsion in the lateral body wall and examining the gonads directly. Sex for mature
fish was.determined by the nature of the gametes spontaneously extruding from the
uragenital papilla, The fish in the final sample were numbered from 1 to 10 for each sex
for 1dentification in subsequen»t steps, Following st’andard length measurements, excess °
slime and moisture were damp-towelled from each fish prior to weighing, Each fish was
then thoroughly dried and the biood collected by amputation of the tail followed by
draining the blood from the caudal vessels into 1.5 ml disposable po}ypropylene céntrifuge
vials, Blood serum was separated by centrifugation and stored on dry ices Gonads \ére

dissé:ted from each fish and weighed, Ovarian sub-samples were taken from each female

Frgm the same position in each ovary and stored on dryl—ice. Livers for both males and‘.
females wefe carefully dissected, taking care to exdse all of the tissue. Livers, including
gall bladders, were weighed for each fish and stored on dry ice. All tissue samples except
Serum were ';aken in duplicate., QOne to two gram ovarian samples were téken from_each
female in triplicate and placed in pre-weighed plastic weighing boats aﬁd re—weighéd for

subseguent moisture détermination. .
For 5 sampling days starting on March 19, eqgs were fertilized anq water-hardened for
four hours in sea water. Eggs were also exposed to séa water for Four haurs without
fertilization. Percent moi.sture content for fertilized water-hardened and unfertilized
wcgter-hardended eggs_.’were determined by the same method used for ovarian samples.

Cvarian samples wére fixed for enzyme hi;stochernistry in 80% ethanol, Routine per?usion

fixation for scanning and transmission electron microscopy is presented under

"Scanning Electron Microscopy”, below,



ALKALI—LABILE PHOSPHORUS AS5AY

Spedies spedfic ra.dioan%munoassay\ methods have been developed (eg. I’[dlAer e_f aly 1979}
'Opresko' and Wiley, 1984) for vitellogenin, however, the validity DF using direct
' alk.ali-l;nle phosphaorus determination in estimating Femalé-specific phosphoprotein
(vitellogenin) has been verified by Emersen and Petersen (1974) and more recently py
~ Tinsley (1785), The method of direct determination of alkali-labile phosphgrus was used
in the present study because of the ease with which it could be modiFriedA to écédmodate the
processing boF large numbers of samples of different tissues over a relatively short period
of time. The method adopted was modified from those cited by Martin and Dotty (1949) and-.
Wallace and Jared (1967), /

Samples of liver or gonad tissue (0.Z to 6.3 g} were weighed into 1‘50 by 15 mm culture
tubes and homogenized in sufficient glass distilled water to Sring the vnl;.rme ta 5 ml
Serum samples (0,03 to 0,25 ml) were similarly diluted to 5 ml, Five ml of cold (1 to 3°¢)
10% trichlaroacetic acid (TCA) was added. The tubes were vortexed and the mixture was
reld at 4°C overnight. The mixture was incubated in a water.bath ;at 90°C for 30 min,
centriFug‘ed at 3000 g for 10 min. and decanted, retaining the precipitate in the ariginal
tL}on The predpitate was vortexed with 10 ml of ethanol, held at 900(3 for S _min,
centrifuggd At 3000 g, and the supernate decanted, Follo@ed by the same treatment witl;li
mixéd solvents (ethanal ! ether | acetone | chlorcﬁ’orm, Z41212:1) without heating. The
precipitate was then dissolved and the alkali-labile phosphorus liberatéd by incubation at
IOQDC for 15 min in 1 ;nl of ZN NaOH. The solution was cooled in an ice bath and
neutralized‘ by adding 1 ml of ZN HCl. Five ml of an equal volume mixture of isobutyl
alcohol and toluene was adaed, followed by 2 ml of a freshly prepared equal volume
mixture of molybdate and silico-tungstate ’ %tin gnd Dotty, 1949) reagents.
Alkali-labile phosphorus was extracted by vigorously-inverting each tube 15 times

followed by centrifugation at 3000 g for S minutes to separate aqueous and organic phases.

4
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The remainder of this spectmphotometrlc determmaﬁon Qas conducted acccn'dxng to the
method of Martin and Dotty {1949), Prgpared standards ranged from 1.0 to 346 mg/l
4
phosphorus. Standards and reagent blanks \}gefe run with each set of samples, The method
was tested on composite tissue samples from Padfic herring and rainbow trout prio’r to its

application to étudy samples. | |

EGG MOISTURE DETERMINATION s

Pre-weighed ovarian, fertilized water-hardened, and uni‘ertili’zed water-hardened samples

were dried in a glass dessicator under vacuum over. Drierite (anhydrous calcium sulfate) =

overnight, Dried samples were weighed and the perﬂcenkt moisture determined, Hydration
water salinities weré determined t;y argentometric meth\odology (5tandard Methods, 1975),
ALKALINE PHOSPH'ATASEVLOCALIZATION )

Eighty percent ethanol-fixed ovarian samples were\ dthanol-dehydrated then infiltrated
and embedded in paraffin (56°C) within 24 haurs of collection, and stored at 2°C. Trimmed
tissue blocks. Wéﬁ‘goﬁked in distilled water overnight to facilitate 10 Pm sectioning. A
modified Gomari method was used as follows, Sections \jN.EYE deparaFFin{,z’gd in chloroform
and hydrated’ in gradeg!yrethannl'solutions followed by a 45 mirr/'i;\t‘:ggaétion at 37°C in an
solution consisting of 30&m1 of solution A, (1,Z g CaClZ; 0535 g MgSO4,7HZO; &1 g
hydroxymethyaminomethane; distilled water to make 1 1) and 50 ml of solution B (i'/;"
solution of sodium beta—glyceropho?phate) with the pH adjusted to 9.3 with 0.1N Hle The
sections were then washed in distilled watér;)2% cobalt nitrate for 5 min; washed in
distilled water; 2% yellow ammonium sulfide for Z min} washed ir distilled water;
cnunterstain_ed with eosinj dehydrated in graded ethanols, cleared in xyfene and mounted.
Control sections were dry—-heated to 100°C prior to processing to destroy énzyme activity,
CARBOHYDRATE AND MUCOSACCHARIDE LOCALIZATION | |

Fixation and sectioning was achieved as for alkaline phosphatase localization.

Deparaffinized sections were treated with alcoholic periodic acd (1 g periodic add

—t—
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dissolved in 100 ml of 70% ethanol) for Z hours followed by a S min wash in 20% ethanpl'
anci a qui’ck hydration to distilled water. Sections were then treated with Schiff’s ﬂiager?t
for 10 min. BSections were transferred through three 1~mif{' cthanges of sulfite solution (5
rﬁl 10% KZSZDS:.S ml 1N HCl, water to make 100 ml), washed in running watér- for 5 min, and
counterstained in fast green (1% fast green in 2% acetic acid, dilu'ged. 1:10 with distilled
water for use), dehydrated in gréded ethanols, cleared and mounted. Control sections were

" treated, with fresh human salivary amylase. One control and one experirnentai slide were

not counterstained for comparison purposes. Sections for both alkaline phosphatase and

] ’

PAS methods were viewed and photographed using a Carl Ieiss Photemicroscopes
Exposures were made on Kodak 35 mm type 50460 Panatomic-X Fiim de‘véloped in }_Codak
HC-110 develaper. Color exposures were made on kodak type 5018 Ektachrome film with
fE-é prc;cessing.

SCANNING ELECTRON MICROSCOFY

Tissue fixation for both transmission and scanning microscopy was achieved by pe‘rFusion
fixation according to the method of Hinton (1975) modified as follows to accomodate
Pacific her;ing. The osmolarity of herring plasma was measured and the results used to
adjust the osmolarity of the perFusate.\ The perfusate solution was preparéd by dissbi&iing
4,28 g sodium cacodylate and 25 ml of 3% glutaraldehyde to a totai volume of 95 ml in
distilied water. The pH was adjusted to 7.4 wiich 0,iN'HCl, Distilled water was added to
bring the total volume to 100 ml, The oémolari;y was adjusted to 440 mOs with NaCl (about
0,25 g)» ‘ ‘
Fish to be perfused were taken from the revived pail of Fishvand killed by a series of
blows to the head without rupturing the vascular system, espedially the gill tissue. Tihe
fish were placed in supine positions in V-shaped grooves carved in styrofoam blocks, The
styrofoam supports provided conveniient pinning substrate during subsequent operations.

The perfusion apparatus consisted of a S0 ml reservoir connected to 1,5 m of polyethylene

1



tubing (1,22 mm O.D. and 0.76 mm I,D. heat flared at the free end. The reservoir was
suspended 1 metre above the fish, |

_ Tﬁe heart and venfral aorta were expésed by an indsiun in the mid-ventral body wall, a
moistened white cotton thread was passed beneath the bulbus and a loose thumb knot
applied, The flared free end of the cannula was inserted through an incision in the
ventricle, into the bulbus, The cannula was secured in the bulbus with the cotton thread.
Perfusion was started immediately and continued for 10» to-15 min, After perfusion had
ceased, the sutures and cannula were removed from the Fish. Yél jwish coloration
appearing on the white ventral body surface indicated successful perfusion. Perfused
fish were wrapped in wet p;.per towelling and allowed to fix fot an additional hour.

For scanning electron microscopy, ovarian samples were dissected from the fish and stored

f
£

in the perfusate fixative for 30 min to 1 hour. Samples were then rinsed in 2 changes for
10 min each of rinéing buffer co;wsisting o? 2,14 g sodium cacodylate dissolved in 90 ml of
distilled water with the pH adjusted to 7.4 with 0.1N HCI and the osmolarity adjusted to
446 mOs with NaCl (about 1.6 g)» The rinsing buffer was replaced with 0504 fixative
for 1{1 hour.\ Part A of the fixative consisted of 1 g of 0504 dissolved in 50 ml of distilled
wate;\'wmle part B consisted of 8,36 g sodium cacodylate dissolved in 90 ml of water
followed by pH adjustment to 7'4?’, addition of 2 g of sucrose and dilution to_ 100 ml with
distilled wafer. One part of each solution was mixed to produce the final 1% 0504
secohaary fixative. Following fixation, tissues were rinsed in Z changes of rinsing buffer,
dehydrated in graded ethanols and stored in stoppered vials in 100% ethanol,

QOvarian samples were dried by replar:ing‘ the 100% ethanol with amyl acetate in a graded
saries and drying f:he samples in a critical point apparatus which uses CO2 replacement of‘
amyl acetate. Mounted eggs and ovarian tissue wére gold coated prior to viewing in an '

ETEC Autoscan scanning electron microscope with the accelerating potential set to 20 kV.

Exposures were made on Ilford FP4 120 rollfilm, developed in Kodak HC110 developer and



printed on Ilford variable contrast paper.

TRANSMISSION ELECTRON MICROSCOPY

Sample tissues were dissected from perfused Fis’h and all except ovarian tissJés were
minced under perfusate Fixat\ive' thenrinseg in buffer, pust—fixed in 0504, rinsed again
and dehydrated in graded ethanols. For soft tissués the ethanal was replaced with
jpropylene oxide in 3 changes of 100% and inFiltrated F;Jr 1 hour each in 201, 10, 51 and
1:1 mixtures of prop;jiene o¥ide in Spurr (196%9) medium hardness epoxy emb‘edé!ing resin,
Tissues Qere allowed to infiltrate ovemiéht in the 1:1 mixture withvthe stopper removgd
from the vial to permit evaporation of the propylene oxide, Infiltrated tissues were
oriented in fresh medium anc‘l‘ cured at 70°C overnig}ht»\in‘ a vacuum oven with a‘very low
vacuum applied, Kidney, optic rnerve, retina, white and dark skeletal muscle, {ntestine,,
liver and rovarian tissues were thusc‘pmcessed to verify the goality of preservation of this
vasﬁ.:lar perfusion technique. t.iver tissues from both males and females, and ovarian
tissues were subsequently‘ taken as experimental tissues, |

Cured and trimmed blocks were ‘silver’ sectioned (65 to €5 nm) with glass kniyes, stained
with alkaline lead citrate stain formulated as follows. Lead citrate (1 g) was suspended in
distilled u)ater to make 100 ml, To make ;che final stain, iml of 1N NaOH and 9 ml of water
was combined with 10 ml of the suspension and mixed in a CO’Z free environment, Sections
were stained for 10 min followed by rinsing in distilled water and viewing in a Phillips EM
300 transmission electron mi;'roscope with the accelérating potential set to 80 kV. Egés
from ovarian tissue were treated identically except that the time in each infiltration was
extended to 1 day and Spurr’s hard formulation was used, Ph\otggraphic exposures were
made of. Kadak type 4489 electron microscope film, developed in Kodak D-19 develaoper aqd
'printed on Uford variable contrast paper. | ‘
CALCULATION AND STATISTICS

’ Computer programs were written to facilitate the calculation of alkali-labile phosphorus,
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egg moistures and "gonadosomatic and hepatosomatic’indices. Correlation, ANQVA and

N
Student’s-t test programs were written and applied to various data. Conventional
a.lgm:ithms were used in statistical programs (Scalzo and Hughes, 1975; Coulombe, 1983),
Arcsine transformation was applied to ratio data prior to ifs processing ih statistical _

tests (Zar, 1974), Statistical significance was accepted at the highly significant (95‘;( |

level.
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PResults -

FISHING AND IMPOUNDMENT

: “n
Mortality related to the transfer operation was estimated at 5% based on a count of dead

fish removed #6m the impoundments one week after transfe‘r{ Most pF the initial
mortalities suffered predator or net damage prior to capture, Open v;ounds bécam&
infected resQlting in the death of the fish, Subsequent mqrtﬂify was estimated at less
than 1% per week, There was no eyidence of predators (otters and mink) having entered
the impoundments during the sampling périod.’ |

-The impoundment stocking dre‘nsity was estimated at appvrm‘iimately 1 kg/mg. This density
was well below 20 ltt.g/m3 density for short-term CunFinement and below 10 l»cg/r.n3 (Gillis
197%) and 8 I'cg/'m3 (Kreiberg et aly, *982) suggested for long-term confinement. The
behaviour of the impouhde&. herring was typical of that previoﬁsiy described for lovy
densit\y stocking (Gillis, 1977} Brett and Solmie, 1982} Gillis et al., 1982), Pacific herring

normally cease feeding during the final steges of maturation and spawning (Hourston and

Haegele, 19280), The impounded experimental fish did not appeér to feed, However, when

e

copepods and other zdoplankton were evident in the impoundment on April S and April 12,
The impounded herring résumed feeding even chough the females were still ripe. |
GONADOSOMATIC AND HEPATDSOMATIC INDICES (GSI} HSI)

The GSI for females rbse from 13% at the heginning of the stu’dy. period to approximately
27% after ovulation (Figure i), The GSI for malés rose from 15% to 23:’4. during the same
period, Both for _ma}es and females, the pre-ovulatory rise in GSI was significant and the
post-ovulatory variability in GSI values for both males and females was not sigl;zificant. 7
The mean GSI values for males were always lower than those for females, except for the
first sampling day. |

At the begining of the s le period female mean HSI values were twice as high as mean-

PR
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Figure 1.

Gonadosomatic indices for male and female Pacific herring.
The gonadosorrfafic index is the percentage of total somatic weight (including gonads)

comprised of gonad 'weight, Each plotted point represents the mean for ten fish, The

_vertical bars are standard errors of the mean values.,
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: —
values for males (Figure Z), Mean values for Femaﬁes were always higher than those for
males, Mean HSI values for males remained relatively cﬁnstant over trhe sampling period.”
There was no statistical significance in the variability of male values. The precipitous
decline in values for females over the pre-ovulatory period (Feb. 1¢& to March 9) wés

significant but the varzability FolMg ovulation up to March 2% was not significant,

ALKALI-LABILE PHOSPHORUS

& final test of the modified rpethod using a composite sar'hple af he;{fring ovaries confirmed
the suitability of trhe method (n=10;} range, 37.4 to 42.8 mg/;; standard rdfeﬁajtxon, 1,47 mg/1}
}mean, 40,0 mg/l} S'gandérd error of the mean; 0,47 mg/l).» The presumptive late vitellogenic
increase in female gonad ALPP was nict significant but the declinle dpring population
ovulation was significant (Figure 3), The decline in values for female serum and liver over
the total sample pe‘riod were both 'signﬁiFican‘t. During the late vitellogenic and ovulation

——

periocds, mean values for female serum were always higher than those for Femalié.:liver and
both male tissues} mean values for female liver were alwayé :higher‘ than those féir male
liver! mean values for male serum were always higher than those for male livers,

-EGG MOISTURE DETERMINATION

Herring eggs underwent two distinct hydrations (Fngre 4), The first occurred during
ovulation, Percent moisture increased from &% to 76°/o‘and remained at the latter level
until the eggs were spawned and fertilized. Immediately following fertilization the eggs
hydrated to appr:::ximately 82% moisture, Spawned but unfertilized eégs dehydrated to.
approximately 74°fa‘moisture. -The difference bet.ween ovulated, fertilized water-hardened,
ang unfertilized water—-hardensed moisture was signiFicant. The amount of water taken up
during the second hydration was not correlated with the sa}inity of the hydration water (ru
= 3,3 P » 0,09 over-the limited range of salinities te;te'd (2'3.00 to 28.29 parts per
thousand), The a_.mount) of water lost by unfertilized eggs was also not correlated with

salinity (r = 0,41} P > 0,05)



Figure Z.° g

Hep’atosomanc indices for male and female Pacific herring,

Tne nepatosomatic ingex :s the percentage of total somatic weight (including liver and
gonadg) that 1s comprised of liver tissue, Liver weights included the weight of the gall
pladder chn was invariably full, Each plotted point represents the mean for ten fish,

The vertical pars are standard errors of the mearrvalues,
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Figure 4.

Percent moisture content for ovaries, and fertilized and unfertilizgd, water-hardened eggs
‘of Pacific herring.
Each plotted point represents the mean for 10 fish, The value for each fish is the mean of

triplicate determinations, Each point therefore represents 30 determinations.
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. ALKALINE F‘HOSPHATASE LOCALIZATION

Sectioning was greatly facdlitated by soaking trimmed blocks in distilled water overnight.
Block softening did not interfere with alkaline phdsphatase o‘r,PAS reactions., Chloroform
was used as the transitidnal vehicle during infiltration. Ovulated eggs did not infiltrate
as expected, The chlorofarm diffused freely from the egg but the paraffin ;ailed to
infiltrate, resultiﬁg in shrunken and deformed sections of ovulated eggs. Late
vitell‘ogenicb.%;: ovulating eggs infiltrated normally, Alkaline phosphatase activity was
localized in grénulosa and thecal cells (Figure 5). Alkaline phosphatase activity was
further localize_d in the marging of the grahulosa cells where they t‘ouch‘ the externus
of t‘he egg membrane (Figure &), The granulles in the granulosa cells, and the thecal cells
appeared h)eavil.y stained. Alkaline phosphatase was ahsent frbm oocyte microvilli and
other Dcn;;te structur‘es. Alkaline phosphatase was not localized in sections of ovulated

eggs. _
CARBOHYDRATE AND MUCOSACCHARIDE LOCALIZATION

N

Glycogen was localized in the ooplasm between yolk globules (Figures 7 and 8). Glycogen '

deposition was particularly heavy in the vidnity of the germinal vessicle (Figure 7b),
Mucosaccharide was absent from the yolk globules, the e’xternus and the distal interlayer,
but was present in the cortical granules, the granulosa layer and the proximal interlayer

{Figure 2), The granules in the granulosa cells were not stained with either Schiffs

reagent or fast green. The cytoplasm immediately surrounding the granules stained

strongly PAS-positive, The internus and sub-internus stained weakly PAS—p_ositiue. The .

adhesive layer between two adherent eggs stained PAS-negative (Figure ';’). Glycogen
localization was confirmed by TEM results Figure 10), ° -
ELECTRON MICROSCOPY

Ultrastructural exdhination of kidney, optic nerve, retina, white and dark skeletal muscle,

intestine, liver and ovarian tissue revealed that the whole fish vascular perfusion method

L,
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Figure S.

Alkaline phosphatase localization, (Modified Gomori and easin).

Sa. A late vitellogenic oocyte which was heat treated prior to s_tgining to destroy enzyme

activity, &e egg membrane (Erm), germinal vesicle ?v) and unstained granulosa (g)

are visible, (70X)

5Sb. A late vitellogenic oocyte which was stained without prior heat treatment. Granulosa

cells (g) stain _black,\showing the location of alkaline phaosphatase activity., (70X)

%cs  An ovulating oocyte which was heat treated prior to staining to destroy enzyme |

activity, Grénulosa cells (g) are unstained. The germinal vesicle (g w) is completing

its meiotic divisions in this section. (70X)

3d, A section of the same oocyte as 3c which was not heat treated prior to staining.

Granulosa cells (g) stain black, showing the location of alkaline phosphatase activity.,

The dividing germinal vesicle (g ) is also apparent in this section. (70X)
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Figure &,

Alkaline phdsﬁhatase localization, magnified view, (Modified Gomori and eosir;).

This section of a late vitellogenic oocyte shows alkaline phosphatase -activity in the
granulpsa (‘g)q and thecal (€t h) cells, Eniyme activity is absent from oocyte microvilli
located within the egg membrane pores. Also apparent in tvhis section are the three
prindpal layérs of the egg membrane, the externus (E), interr)i.ss- (I) and sub-internus

(STI), as well as two additional layers, the proximal interlayer (p i) and d7ra/.l interlayer

" (di) Yolk vesicles (y ) and yolk globules (y g) are also visible, (140¢X)
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¢ Figui’e ras

Mucosaccharide and gly&ogen localization, (PAS and fast green),

7“a. This late vitellogenic section was treated with fresh human salivary amylase prior to
PAS-staining, PAé-re;activ,ity was deterrﬁined Frqm color micragraphs of this sections The
germinal vésicle (gwv) and yolk globules (yw»g) were PAS-negative while yoik;viesicles
{ywv) were strgngﬁly PAS-positive, The‘egg membrane () and_granulosa cells (g)
were weakly positive, The externus (ES) of the egg membrane and the granulosa ‘cellls

appear/' dark in this section due to their strong affinity for the fast green counterstain,

%

(160X)

7b. A section of a late vitellogenic ooi:yte which was_‘not treated with salivary amylase

prior to PAS-staining, Numerous glycogen granules (Q 1') are apparent in the cytoplasm

between the yolk globules, Glycogen deposition is part‘icularly heavy in the vidnity of the
‘ . '

germinal vesicle, (160X)

et






Mucosaccharide localizatioh, E-nla:rged view, (PAS and fast green).
This section of a late vitellogenic oocyte was treated with fresh human salivary amylase
“prigr to staining. Yolk globules (ywg) and granulosa cell granules (Qr) stain

PAS-negative. Yaolk vesicles (ywwv), the praximal interlayer and the cytoplasm

ediately surrounding the granulosa granules are PAS-positive. The rémaining egg

membrane strué‘cures} the externus (E), internus (I), the sub-internus (S1I) and the

distal interlayer (d i) stasn weakly PAS-positive. (F00X)

Figure .

Azherent eggs, (PAS and fast green),
Frha 1one of adhesion is shown by the heavy arrow:between the two opposed externi (E). |

/ Triz zone stains PAS-negative, but the externus in the immediate vicinity of the adhesion

1one stains weakly PAS-positive. The dark material begween the yolk globules (y» Q) is<.

FASpositive glycogen 1n this amylase-untreated section. (400X)
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L Figure 10.

@

Transmission electran micrograph of yolk globules and glycogen granules,
Clycogen granules '(91) are located in the cytoplasm between membrane bound yolk

globules {(yw ). This rmc_rogragh confirms glycogen as the PAS-positive staining granules

seen 1n Figure 7b, (83,000%)
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used broﬂuced excellent microstructural preservation., The perfusate did not initiate blood .
clotting, eliminating any requirehent for prior vascular system flushing or the use of
'anrl-clottmg agents,
 Epoxy reém inFiltratmﬁ of late vitellogenic and ovulating eggs occurred as expected, but -
infiltration of ovulated eégs did not, The propylene oxide transition vehicle diffused
readily from the ‘eggs, but the resin infiltrated less readily. Ovulated eggs invariably
shrank and became ‘dlstorted.' Shrunken eggs popped au‘dibiy dur;ng infiltration. Popped
eggs assumed their original shapes and floated. Longer residency times in each graded
mixture did not achieve satisfactory infiltration, Reasonable infiltration was achieved by
puncturing fixed eggs prior to their introduction to the first transition solution, Intéfna.l
eqqg morphology was disrupted in the vidnity of the puncture, but satisfactory sed§ms
were taken from pasitions distant from the puncture,

LATE VITELLOGENIC MORPHOLOGY ‘

«/‘}/fja/te vitelloéenic pocytes were enclosed within follicles which were attached to abun_dant
avarian stroma (Figure 1la) Oocyte vascularization was evidenced by raised ridges on the
surface of the follicle (Figure 11b) The Follicie was.comprised of two layers, the outer
theca and the mne% granulosa layer (Figures 1ic and 11dh
Atratic pocytes were present in late vitellogenic ovaries (Figure 11a) but not in ovulating
ar ovuiated ovaries, Atretic oocytes were seldom larger than 100 Pm (Figure 12), Atretic
cooytes were also observed in paraffin sections preparea for light microscaopy ‘(nct
Llushrated), Atretic oocytgs were completely covered with thecal, but not granulosa cells.,
ATrenic oocyte theca: cells were individually distinguishable (Figure 12b), PAS staining
zharacteristics of the at?enc 20Cyte membrane were identical to those of the internys and
swo-internus of late vatellogenic oocytes,

STRUZTURAL CHANGES DURING OVULATION

Several structural changes accompanied Dvulaticm,\ but the definitive event was the
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Figure 11.

Scanning elec’tlmn micrographs of late vitellogenic oocytes.

1la, Several oo&ytes are shown. All have intact thecal and granulosa layers. Abundan.t
’Dvarian stroma (O s and atretic cocytes (a0) are visible,

1ib, A single vitellogenic oocyte is shown with its associated stroma and atretic oocytes.
A capillary network (& is evident beneath the thecal layer;

1ic, A sectioned vitellogenic cocyte is shown. Visible are the germinal veside (gw), -
yolk {7Y), egg membrane (Erm), granulosa cells () and thecal layer (£t ). -
itd, An enlarged view of the egg membrane is shown, The externus (E), internus (I) and

sub-internus (S1I) are visible, Membrane pores (rmpP) are visible in the externus.
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- ' Figure 12,
C

Scanning electron micrographs of atretic oocytes from a late vitellogenic ovary.
1Za, This view shows several atretic oocyteé {ao), and their association with the
pvarian stroma {os) Ther atretic oocytes vary in size from 20 to 90 Pm in this’ field.
The tna;ca of a single oocyte (O O) ié visible in the lower rigiht'corner.

1zb, Two atretic oocytes are shown in this view. Paraffin sections\FDr light micf"osc_:npy
r:evea.led that these ococytes are covered with thecal but not granulgsa cells, The viewer of

these micrographs is seeing the external surface of the thecal cell laver, They are

attachgd to the ovarian stroma.
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)
expulsion of the oocyte from the follicle to become a fertile eqg. During the éarly stéges
of ovulation, the ger'rninal vesicle completed its meilotic divisions and the vesicle
' dissaciafed (Figures Sc and 5d). Atretic oocytes were not sean attttached to ovarian stroma.
The ethanol in which samples of ovulating ovary were fixed was turbi,d following fixation. -

This turbidity was not caused by dissbciation' of the ’F;:Hic\ular’ or stromal tissue as this
tissue was still intact, The turbidjipérticles consisted of detached atretic oocytes and
minor amounts of unidentifiable debris, Reqts and‘ tears appeared in the follicular and
stmma} tissue (Figure 13a) and the oocytes were aexpelled from the Folli‘cle” (Figure 13b).
The margin of_the‘ follicle constricted the emerging oocyte,. The isurF,ace texture of the
| érllerging oocyte was deeply indented (Figure 134:') and each indentation (formerly oécupied
by a single grbev.nulosalcell) contained numerous irregularly‘ distributed pores. The first
hydration occurred following emergence from the follicle. The egés apparently swelled,
since much of the external and internal‘ texture of the eqg mémbr*ane was smooth (Fit_:ibre
J
13d)y The egq éssumed a more spherical appearance (Figure 14a), s
Micropyles were easily observed in ovulated eggs»(Figure 14b5. Externally, tﬁe micropyle
was located at the center of a 50 Pm diameter crater-like depression (Figure 15a)y The
external diameter of the opénihg averaged 1.Z Fm (Figufe 15b), Internaily, the micropylar
opening was located at the apex of a conical mound with a base diameter of Z5 |Jm (Figure
1‘5c). The diamejcer of the inf\eLnal opening averaged 0.5 Fm (Figure 1Sd), The micropylar
canal was lined with annular ridges (Figure 15b). » o
A fine Fibrrillar network and patches of egg membrane material were present on the
proximal surfaces of the cells (Figure 14a), During ovulation the fibrillar network and the
proximal membrane of the cell were the first to degrade (Figure 1éb). Internally, late”
vitellogenic granulosa cells were Fiiled with granules (Figure 17a), RER was located in*the

cytoplasm lining the margins of the granules. During ovulation, granulosa granules were

less abundant, and the RER assumed stacked profiles along the distal margins of the cells



. : - Figure 13.

.Scanning electron micrographs of ovulating oocytés.

13a, Several oocytes (o) are sho;n‘éndosed within folds of ovarian stroma (Dé).
Several rents are visible in the stromg and thecal layers. The oocyte identified by fhe
heavy arro as partly emerged an’\ the degenerafing/membranous tissue. Atretic
cocytes 4re absent,

13b, The me;'ging o&)f;yte identified in 1Za is enlarged in this view., The oocyte appears
constricted by the thecgl tissue (£1H) in the equatorial region, suggesting that the theca -
may contain some contractile tissue. | ¢
13c, This view shows. an enlargem'en‘t‘of the exterior surface of the extgrnus. Numerous
depregésions’ are a;Jparent. -Ba-:h debression wés formerly occupied by a single grénulosa
cell, Membrane pores () are irregularly distributed within each depression.

13d, A saction of trénsition‘;l oocyte is shown, Yolk has been removed. Visible are the
externus (E), ﬁernus {I) and sub-internus (STX), The laminar' nature of the internus
and sub-internus are clearly visible in this Fortuitous section. Membrane pores (mMp)
are visible in all three layers, The interior surface of the sub-internus is also shown with

regularly arranged internal pore openings. A single microvillus (QR) is seen emerging

from the sub~-internus. -






Fig t_{re 14, ' ( “
Scanning electron micrographs of ovulated éggs. '
142, The egg shown (Eg) is fully ovulated and has completed its first hydration. /Th,e

egg has taken on a more spherical appearance. The position of the micropyle (rmi) is

-

shown within a shallow crater. Note the light circular area on the surface of the externus -

sm—

‘surrcmnding the micropyle crater.
14b, The micropyle region is shown in magnified view. The depressions in the surface of

the externus are less apparent' than the same structures in transitional eggs, but ére still

- visible, External openings of egg membrane pores can also be seen.
14c. A fractured section of the eqg membrane is shown. Visible are the externus (E),

distal interlayer (di), internus (I), proximal interlayer (p i) and the sub-internus (ST).

Membrane pores (Mp) can be seen in the externus, The laminar nature of the internus

AN

and sub-internus are also visible,
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Figure 15.

Scanning eiectmﬁ' mxcrbér;?)of éxternal and internal micropyle openings of ov‘:nlated

eggs,

1%a. This view shows the exferhal micropyle .epening {(rmii) located at the center of a
shallow, 50 Pm diameter crater=lik& depression, E4g membrane pdres (rmp) are visible in

this field:

150, \Kn enlargeéd viey oF the external opening of the midopyle is shown. The diaméter of
the opening 1s 1.2 Fm, | o

t5c. The internal configuration of the micropyle is shown, The micropyle is located at the
apex of a conigcal moﬁnd which has a diarngter of 25 Fm at its base., The wrinkled
appearance of the internal surFac; of the sub-internus can be seen in this field, \

15d. An enlarged view of the internal opening of the micropyle is.shown. The opening is

approximately 0,5 Pm in diameter,

O
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Figure 14&4,

Scanning electron micrographs of gran&losa cells,

1ta, This layer of granulosa cells waé peeled from a late vitellogenic oocyte. The
under-surface of the granulosa cells 1s shoﬁn' An extensive fibrillar network (£m) is
seen on the under—-surface of the cells and in the spaces between cells. B

t6b, This layer of granulosa cells was peeled from an ovulating oocyte. T;ue
under-surface of the grénulosa cells is shown The membranes and fibrillar network have
dissapeared revealing the granulosa granules (gr), Many of the granules are dished or

indented on one side. »

xe g
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Fig ure 17.

Transmission electron micrographs of late vitellogenic-and ovulating ococytes. (3,000X)

Sections of late vitellogenic and oyt{ating.oocytes are»shown in 17a and 1',,Zb7 respectively,
The observable structures are the thecal cells (th), basement membrane {(bm),
granulosi’_ills (g), granulosa cell granules 7?(gr), fibrilla netwark (Fr) in the
vitellogenic egg,; the epilayer (ep) in the ovula}ting eog; exterr\us(E), distal interlayer
(dil, iﬁternus {I)y proximal inteﬁayer {p 1)y microvilli (Fmivw) with fnémbran: pores,
sub-internus (STX), yolk vesicles (yw) and yolk globules (yg) Membrane pores are
seen 1n all three hwajqr membrane layers in both sgctions. In 17b, the epilayer 15 visible on
tne extzrnal surface of the externué and the pores of the internus are open. The space

between the sub~internus and the yolk cytoplasm in 17b is artifactual

*
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The membrane of Pacific herring late vitellogenic oocytes consists of five layers. (Figures -

(Figure 17b)

17a, 13d and 14c).‘v The s_ub-iﬁ‘ternus was located next to the ooplasm and was separated

from it by the plasma membrane, The sub-internus was laminar ‘in structure. The

laminations were compacted when compared with those of the internus. Pores in the

sub-internus ran relatively straight, taking the shortest rpute from the ooplasm to the

next layer. Microviili, originatingvfmm the oocy\te were observable in the pores. The

structure of fhe sub-internus did not change appreciably during or after ovulation (Figures
: \

17b and 18ak

The sub-internus was separéted from the internus by a thin layer df loosely packed
fibrous material (Figure 15b). This layer was described as the proximal interlayer.
A third layer was observed external to the proximal interlayer (Figure 17a) Tr;is layer
(the internus) was similar in staining characteristics to the sub-internus (Figures 6 and 8).
It was also laminar in nature. Thé intehus was slightly thicker than the sub-internus in
all sections examined, but the laminétions." were more widely-spaced ’and fewer in number.
- Pores within the internus took indirect, possiﬁly helical paths (Figure 17a) in laté
vitellagenic oocytes, Dwuring the early stages of ovulation, the pore structure was
) fwunchange_d (Figure )17b). However, during the first hydré/tipﬂ\gvhich occurred after the
expulsion of the oocyte, the pore struct‘ure collapsed. Inte;'nus por;é were not observed in
fully ovulatec\! or fertilized egg sections {Figure 18z and 18b), In ovulated and fertilized
egq sections, the internus was the same thickness or slightly !thinner thaﬁ _'the
's;ub—internus. ‘ | .

An additional thin interlayeir was ohserved between the internus and externus (Figures 17a
and 17b). This layer (distal interlayer) was approximately twice as thick as the proximal
interlayer an‘d consisted. of granular material (Figure 1%a). There were no changes -

ob'served in this layer during ovulation.
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Figure 1%,

-

Transmission electron micrographs of ovulated and fertilized, water—hardened eggs.
{3,000%) | " :

3 . . .
‘Sections of ovulated and fertilized, water-hardened eggs are shown in 18a and 1&b
respectively, Observable structures include the epilayer (ep); externus (E), distal
‘interlayer {(cdi), internus (XI), Proximal interlayer {(pi) and sub-internus (S1I), The
evternus in the ovulated egg has taken on a ‘spongy’ appearance. Membrane pores are

& . , .

visible in the externus and sub-internus of both sections. Note however that the pores

~are not cbservable in the internus in either sections,
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Figure 19.

Transmission e‘lectrén micrographs of proximal and distal interlayers of ovuléting oocytes,
e;nd epilayers of ovulated and fertilized water-hardened eggs.

1%a, The distal interlayer (i) is shown at high magnification to consist of numerous
small granules. 'Also visible in this field are the externus (E), int.ernus (I) remnants of
microvilli (rmaw) and an egg membrane pore (FMP) (45,000X)

196, The proximél interlayer (p i) is shown in high magnification to consist of fibrous
material, Also vis&ble in.this s'ection are the internus, sub-internus and microvilli.
(45,000X) . ;
17c. This magmﬁed view of the surface of the externus (E) shows the epxlayer (ep)in
an pvulated egg. Th1s epilayer is responsible for the formation of the substance that
renders spawned herrihg egqs strongly adhesive, (13,700X)

19d, The epilayer in this section of a fertilized, water—~hardened egg has been'acti.vated,

-

rendering the egg strongly adhesive, (21,000X)
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A fifth layer was the outér-ma;t layer in l_ate' vitellogenic cocytes (Pigure 17a). Pores in -
this layer were straight and larger in diameter than those in either the inteh@s or
sub-internus., Stai’ning ch'aracter'istics of this layer differed m’a‘rkedl(yfrom thos:e voFavll
other layer'sr. This layer was not laminatéd and appeared hgmogenous in structure, The
externus appeared unchanged in tt;e Dvulatingvoocyte sections but appeared spongy in
sections of fully ovulated eggs (Fig\é.:re 13a)y The spongy texture developed t?ur‘ing the
latter stages of ovulation, In sectit;ns of fertilized eggs (Figure 18b7) the spongy texture
was not observed, /
During the early stages of ovulation, a sixth layer was deposited onto the external
surface of the egg (Figure 17b) This 'epilayer {Figure 19c)4appveared flat and compressed in
_ovulated eggs. |
The terms ’sub—internius’, ’internﬁs’ and ‘externus’ appear elsewhere in the litérature
(Groot and Alderdice; 1985), and are dppropriately applied to the_obéerved 1&yers in Pagiﬁc )
herring. The terms ‘proximal interiaye;’, ‘distal ihterlayerf and ‘epilayer’ are used here in .
their descriptive context and are not con51dered names for the various layers. - . ;‘i
Yolk vessu:les were prominent in the penpheral ooplasm in all stages exammed except
fertilized eggs, Yolk vessicles in ovulated eggs arg called cortical alveoh.
STRUCTURAL CHANGES DURING FERTILIZATION
The egg expanded after fertilization on coritact with sea water, smoothing both e:éternal
and internal membrane texture (Figure Z0a a;d,ZQ\dﬁ.\-&ba\epilayer was activated (Figyre
19d) and the eggs became strongly adhesive, Debris acue:}nulated on the surface of the
eggs (Figure 20b) and this accumulated material conmstQ/d mostly of sperm cells (Figure
=
20c), Equatorial sperm diameters were a.ppronmately 0 SP[no /
INTERNUS AND SUB-INTERNUS LAMINATIONS . \"“'—M _

The number of internus laminations increased from a mean of 7 in late vitellogenic oocytes

to 8 in ovulated stages. The number of laminations in the sub-internus increased from a
" ° /“'

€
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Figure Z0O,

L}

;Scann'ing electron micrographs of Fertiﬁzed, water;hardened eggs:

Z20a, Three adherent eggs are shown in this view,

20b. An enlargement bF the joint betweven two adherent eggs is shown. Debris (d) is
shown ‘adhering tp,the iexte/rior surF‘ace DF the externus. There is a particularly haavy
accumulation near tﬁe joint, These eggs have co&wpleted théir second hydraticm./ The egg
surface is smooth and featureless.

20¢, Anrenlargement of the ‘adherent debris reveals that it consists mostly of spve_rm
cells, The head of each sperm is about I.Z}J\in length and 0.8Y in dia_meter. -

20d. A sectibna.l view of a joint between two adherent eggs is shown. The three major

layers of the eqg membranes are not apparent in this view.
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Figure Z1.

-

Transmission electron micrographs of livers from males and females for late vitellogenicy

-

ovulating and ovulated stages, (4,700X)

. Female liver sections from late vitellogenic, ovulating and Dvulated.stages are shown in

———

Z1a, Z1b and Zlc respectively, Sections Z1d, Zie and Z1f were taken from male livers

sampled at the same time as those for females. Female tissues were dominated by
' -

electron lucent hepato;ytés (I.h) in all stages while male livers were dominated by
Y :

plectran de-ns?a{ucytes (IO h). While vacuoles were found in /gm:)st male and female

, large secretory vacuocles () were found only ih' late vitellogenic female

Ivers six:?
hivers, thef stru&gres pbservable in these secti/oﬁs,/'ar'é’ nuclei (), nucleoli (L),

-
. // P
mmgéhondria {rm)y’and abundant rough endoplasmic reticulum (Re),
. ,// .
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Figure 2Z222.

-
-

Transmission electron micrographs of Golgi associ‘ations in late vitellogenic and ovulated
hepatocytes.,

ZZa. In this section of a _hepitocy‘te from a late vitellogénic liver, t!'ieAGolgi apparatus
(C3) is associated with a large 5écretory vacuole (v)y Golgiv bodies at this st'age containr

clusters of small, electron-dense granules. Also evident in this section are mitochondria
& -

{m) and tubular rough en'dop}asmic reticulum (IRer) with expanded lumens, (40,000X)

22b, Golgy structures in hepatocytes sectioned from avulating and ovulated livers were

b

E-3 - .
not assocated with large secretory vacuoles., Also visible in this section are the nucleus

{IN) and nucleolus (INLwi). (67,000X) (
€
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1

mean of 17 to 17 in late Wic and ovulated stages respectively. In both instances,

7 !
the presumptive increage was nat significant,

LS

HEPATIC CHANGES DURING ovrh'rrcm'
Liver 'tis':Je F?Qm both male and Fer?ﬁle fish cbntained two distinct types qF hepatocytes
{Figure Z1). Electron-dense hepatocytes generally. had abundant but compreséec! RER and
small, poorly-defined VGolgi structur.e. Electron-lucent hepatocytes had abundant RER
with dilated profiles and large, well-defined Gdlgi‘bndies. The nuclei of Eoth Eel] types
contained one or more nucleoli. Those in female cells were larger, and weli—deFined.

—

Nuclei from both male and female hepatocytes contained chromatin acmmul;h"oﬁ/s

immediately beneath the nuclear membranes, Female liver tissue differed from tth of
ma.l_es prindpally in the raﬁo of electron-lucent to electron-dense hepatocyte:zu
Electron-dense hepatocytes ‘dominated male . liver tissue, Female‘. liver tissues were
dominated by electron-lucent hepatocytes for ail three stages (Figures Z1a, Z1b and 21o),
Female vitellogenic hepatocytes contained large, well-developed vacuoles while ovuléting

and ovulated hepatocytes contained small, irregular vacuoles, Golgi structures in late

viteillogenic nepatocytes were always assodated with vacuoles (Figure‘ ZZa) while those

v

~ from cvulated hepatocytes were not assocdated with vacuoles and were more commonly

found near the nucleus (Figure 2Zb),

. -
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Discussion

OOCYTE PROVISIONING -

Central to life is ’ghe necessity to reproduce‘,- Natural selection favours tfaitsmtﬁat
maximize the production of fit zygotes. Organisms have evolved to{adopt two general
approaches to the production of zygotes, The First approach assumes that the{rﬁmber of
zygotes _produced is}»_\imp-mved’ by investing in the largest possible number of adequately
pr;:wisioned gan"ue{es. Because organisms have a Finité amount of energy available to
'invest in gametes, a critical balance must be maintained between gamete numbers and the
provisioning a#orded to each gamete, 'Sorﬁe species have evolved to pr‘oduce.mahy small
eggs. lygotes produced. by ;chis means are generally just adequately vpr-ovisioned'. small,
and vulnerable to adverse environmental conditions. Post-zygotic mortalii‘ty is high, |
Dthé; species place larger investment) in post-zygotic care, The chance of producing lérge
numbers of fit zygotes is sacrificed for the advantage of assured production of at least a
few, The trend for species in this group is to reduce the investment in gametes.l The

[

trend is apparent in the seaperch Cymatogaster aggreqata where 5 to 20 eggs are .

Fertiy/{ed and incubated internally until several large, fully developed juveniles emerge

(Dariidg et al, 1980), For the rock bass, Ambloplites rupestris about S00 eggs are
spawned by the female, Fertilized externally in a nest constructed by the male, and
incubated and defended in the nesf for five days until hatching (Gross and Nowell, 1930}

There are exceptions such as Sebastes ruberrimus where fertilization of hundreds of

thousands. of eggs is internal, as is incubation until hatching (Hart, 1973} pp. 442-443,
fecundity of 2,7 million in an 8,7 i»;g specimen), '

Pacific herring produce about twenty thousand or more eggs. _AFter ‘spawning, both males
and females leave the spawning area and migrate to offshore 'sum:ﬁer feeding areas.
Zygotes are left to develop unattended. The energy for metabolis;m and growth required to

sustain the zygote until it begins feeding must be contained within their reservoir of yolk. -
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N For Pacingc herring the matter of appropriate gamete provisioning is of critical importance.
\Bgcause/f;aciﬁc herring cease feeding prior"ﬂto final gamete maturation»r(Gillis, 1979, and
wilTB;'l’ot start feeding again until after spawning, the raw materials for 6ocyte :
provisioning during late vitellogenesis must comes from stored energy. |
VITELLOGENESIS IN PACIFIC HERRING
Vitellogenin is an al'kali'—la.bile phosphorylated protein found in females and ‘estrogeniied
males.(Emersen and P'etersen,‘ 1976} Wallace, 1978} Nath and Sund:araraj, 1981), The values
reported in Figure 3 for male ﬁtissue‘s_' resulted from non-vitellogenin sources of
alkali-’la.bilé phosp.horus». Hepatocytes haye previously been ic!entifie\czi~ as the site of
exogerious vitellogenesis in response to 17-beta estradiol secretion in the ovary and the
vascular system hAas been ident‘ified as the transportation fnute from the liver to the
ovary (Wallace, 1978; Sundaréraj and Nath, 19813 Ng and Idler, 1923)s The low ALFPP levels
in liver tissue (Figure 4) suggested that vitellogenin .was secreted into the vascular
system very quickly Follovgiﬁ/g its .synthesis and phosphorylation, Higher ALFP levels in
female se;'um suggest t.h:éqhe' seques}ering mechanism was less efficient than thev
hepatocyte secretory mechanism, or that the vascular system acted as a store for
‘v'itellngenin reduding the syntheti& inhibition that storing vitellqgenin in hepatocytes may
have generated. | Ultrastructural coﬁfigurations in hepatocytes sampled from late
vitell;agenic, livers were donsistent with changes described for zebrafish (Peute et al.,
1978) and rainbtiw:\troaut‘ (van Bohemen et al., 1981). For Padfic herri"hg, electron-lucent
rather than elect;on-dense hepatocytes appear to have heen responsible for vitéilogenin
synthésis. This conclusion was supported by their abundance in female livers durir?g%late
vitellogenesis; their scarcity in male livers during all stages examined} their abundant
dilated RER; and the presence of rlarge secrefory vacuoles with which weli—developed and

large Golgi bodies were associated, Golgi bodies have recently been shown to be the

structure that concentrates arid secretes vitellogenin in frog hepatocytes (Herbener gt al.,
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The site of dephosphorylation of.witellogenin was the layer of follicular cells surrounding .

each oocyte as indicated by alkaline phosphatase staining results (Figures )5 and &) .

Alkaline phosphatase was localized in thecal and granulosa cells, Staining was heaviest in
the proximal 4dpex of the granulosa cells and granulosa granules. These findings

suyggested that the apex of the cell is the cite of most of the dephosphorylation of

vitellogenin, In addition, granulosa RER was well developed .during the late vitellogenic -

period alnd appeared closely associated with membxane-bciund granulosa granules. There is
some evidence that vitellogenin rather than its clevage products may _}Se incorporated by
oocytes (Selmén and Wallace, 1983) 1In Paq\.ific herring however aliialine phosphatase
activity iﬁ follicular cells and widespread exocytotic activity from the bases of Qranulosa
cells supporteé the conclusion that at ieast during alate vitellogenesis, vitellogenin was
dephosphorylate::l within the follicular cells,

- The -site of cleavage of vitellogenin into its constituents (phosvitin and lipovitellin) has
not been »fully explained m other studies, nor did -the present study provided any
supplementary ins‘ié.hts. ‘ Bergink and Wallace (1974) have demonstrated ’that the
conversion of vitellogenin into yolk pmteins inyolves proteolytic splitting m sUseptit‘Jle
regions of the rr’xolecule.. In addition, Indue et al., (1971 h'a\;e shown. that
vitellogenin-derived p-hasphate is monesterified to serine and that alkali liberation of
phosphate includes the 1055 of serine from the vitélloéenin molecule, Liberation of
alkali-labile phosphorus may accompany proteolytic cleavage, If this is so then for late
vitellogenic Pacific herring, follicular cells become possible sites for the deavage qF
vitellogenin into yolk proteins, This speculation is supported by Selman and Wallace’s
-(1983) finding that macromolecules aré rapidly incorporated into yolk globules. Also,
protein synthetic structures were absént from the ooplasrp of Pacific herring., If, however,

separate enzymes are responsible for dephosphorylation and proteolytic splitting of

i
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vitellogenin, then the site ’c_f the cleavage of vitellogenin into phosvitin and lipovitellin

remains speculative.

. RER was absent from the ooplasm. Doplasr\n mitochondria, when obse'rveq,, contained

dilated cisternae and the space between inner and outer limiting membranes was also

dilated, Granular material within the ooplasm tonsiéted of glycogen granules. Oocyte

reticulum was always smooth, Concentrically arranged membranes were commonly dbserv—e\d'.

in the ooplasm. Ooplasm organelle configurations and structures are in keeping '-with those
reported For steroid producing tissues (Nagahama et al., 1976), suggesting that for Pacific
herring, the ooplasm is a posﬁible site for the synthesis of 17-beta estradiol. Steroid

producing ultrastructure was not obsérved in granulosa cells, Although a few isolated

4

fragments of SER were observed in some thecal cells, steroid producing ultrastructure was
) , ;
- ‘absent, Thecal cells spedalized for the production of steroids were not observed dl)ring

v

this study for Pacific herring, ’ . -

Yolk proteins are shunted to the micravilli of the D‘ocyt‘é: by the granulosa cells by means |,

of micropinocytosis (Droller and Roth, 1964} Anderson,ilébS: Shackley and King, 1977),
Micropinocytosis was observed in all secti«;ms of vitello;;hig nocytes in Pacific herring
5nd appears to be assodated with the fibrillar network of the g\r\;;J\laéa cells,

At th’e start of ’ov‘:ulation, vitellogenin production ceased and the hep‘atocytes began to

assume their pre—vitellogehic organelle configurations, During this period the gonads bf

both males and Female; enlarged ma;kedly. Female gonads enlarged more rapidly than
t;'wose of males. Two phenomena were associated with this rapid‘ ins:fease-?or ovaries.
Firstly, by comparing the gonadospmatic index for females {(Figure 1) with ovarian ALPP
levels (Figure 3), it 'yas e‘vident that for tihe population, some vitellogenesis continued

to ocur over the period of population ovulation. Because ovarian ALFP levels appeared to

reach a minimum at the same time that female gonadosomatic indices reached a maximum, it

was concluded that for an individual female herring, vitellogenesis ceases near the time of

hl .
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the onset of ovulation, This conclusion was suvpporte‘d by ultrastructural evidence, The
granulosa cells became deta;hed from the externus and began to degra&é early in the
proieés of ovulation. If vitellogenesis continued during the early 'stages of ovulation,
then it would be expected that ALP15 levels would stay at the higher valués beyond the
time when all of the females in the population had ovulated, Secondly.‘ moisture uptake

durihg the first hydration accounted for most of the increase (discussed subsequently).

There remains the question of the fate of the phosphate liberat‘efj from vitellogenin in the

follicular cells, From the work of Mano and Lipman (1964a and 1246b), Inoue et al., (1971)
and Cvr‘faik {1982) it is apparent that vitellogenin arrives at the oocyte with more
pﬁosphorus than can be accounted for in yolk phosvitins and lipovitellin, This is

-

especially true for marine spawning teleasts_which have less yolk phosphorus th;n
fresh-water ‘spawning teleosts by a factor of 10 (Craik, 1982). These authors offered
some s'.peculatio'n on the fate of the residual phosphate, Some of the phosphate is
evidently' used Fﬁr tﬁe phosphorylation of phosvitin before’ incorporation into yalk
reserves (Mano and Lipn)z.n, 1964b) -In addition, some of the residual phc;sphate may be
associated with the first hydration. The evidence for this contention came from the

present study, Presumably, the osmotic pressure within the ovary during the first

. hydration was similar to that of the surrounding water. The process of the first hydration

was therefore prasumed to be energy consuming. Some of the residual phosphate may have .

been associated with water:uptake during the first hydration. Other energy cansuming.

processes that occurred during ovulation were the degradatipn of atretic cocytes, follicles
and stroma. Some of the phosphate may have been associated with these processes
(Wallace, 1978; ﬁallat:e 'am; Sélman, 1981). Padfic herring eggs dehydrated on contact w{fh
sea water (in the absence of cortical alveolar release of colloids), therefore Craik’s (1982)

contention that residual phosphate may be assocdated with the massive water uptake

{

v

during the second hydration is not supported.by the findings of this study,
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Craik (1982) also contends that phosphate reserves “are not_r€quired in marine-spawning

teleosts beca,usé“etmost essential ions are readily availab}é from sea-water, particularly in
coastal environrﬁénfs, His contention is supported by the}{'esenc:e in spawned echinoid
' eggs',of a phasphate active transport mechanism (Broo

—— R .
similar mechanisms may occur in marine-spawning teleosts such.as Pacific herring.

y 1278), It is expected that

OVULATION HYDRATION

Late vitelliogeneéis ,;may account for some of the weight increase in female ovaries during
-ovulaticm but the first, or 0vu1ation> hy}:lration accaunts for most’of the increase. By
compari?hﬂg female :gonadoso.matic ind.ices with ovarian moisture levels it was evident that
increaées in ovarf;ian moisture closely paralleled iﬁcreases in the gonadosomatic index.
The gonadosomatic indéx for Fefn'aleg ahd egg moisture were pbs:'itively correlated (n =,‘170; :
r = 0.68; P < 0,01), It wds therefore conciuded that vitellogenesis is a relatively constant
phenomenon and that the acceleration in the rate of increase in GSI evident in this study
and those of Brett and SdlmieA(1982)‘ aﬁd Krejberg et al.,, (1982), resulted mostly from
moisture uptake. This conclusion was supported b'y ultrastructural chanée in female o
electron-lucent hepatuqtes which 'regressed during ::vblation | and ‘by the negative
correlation between female hepatosomatic and gonadosométic indices (n = 170} v = -0,40} P

< 0.01), |

Results of TEM investigat_ions sugg‘ested the time of the ovulation"hydration. The

¥

swelling accompanying hydration tends to smooth egg surface ;texture. By comparing the

surface texture of chlating eggs (Figure 120) with that of ;Jvulated eggs ‘(Figures 13b and

'13¢) it was concluded that hydration may hay; begun at the time when the ootyte started to

emerge from the follicle, but did not run to completion until the eggs had fully emerged./"/
FERTILIZATION HYDRATION. i o [ -
. The second egqg hydratic;n accompanyied fertilization and water-hardening, Hart and Yu

'{1980) have shown that this hydration is caused by the high osmotic pressure assodated
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with the release of collaids from the cortical alveoli imrhedi,ately after fertilization. This
process was demt;nstrated in the brese‘nt study. Interestingly, unfertilized eggs
dehydratéd on exposure to sea water;. Additional experimentation over a wider salinit);
T range than that usgd in fhe present study will bg required to investigaté correlation
between hydration/dehydration of Fertilized/unFertil'iz:ed eggs.
" EGG MEMBRANES
The structure of the Pa‘ci‘fiic/ herring oocyte membrane differs from those rebo,rted
elsewhere. Dumont and Brumme}; (1980) report ’? strata in the egg membrane oF Fpndulus’
heteroclitus, but rﬁany of t_heserappear to be similar ‘to the laminations of thg 'Pacific
~ herring intérnus and sub-internus, Groot and Alderdice ‘(1‘?‘85) report three layers in
salmonid eggs. Th;se appear to be,analogdus to the three major layers of herring egé
rr;embranes. For this reason;, éroot and Alderdice’s terminology (externus, internus ‘and
sub-internus) have béen used to describe Pacific herring ;D;:yt‘e ;andu‘eAgg mehbranes. The
proxin’ralrand distal interlayers (descriptive terminology) do fot appear tﬁ have bgen/
described elsewhere. Names for these layers should awa;t sorhe eluddation con;e?ning
their function(s). |
Light and electron microscc;py have Osuggested the origins of the}eg‘g merhprane layeré.
-Similar staining characteristics befween-the étretic oocyte membrane and the internus and
sub-internus ofAvitellt?geni:: oocytes suggested that the latter two layers were secreted
by tfhéfjnoc\:yte. These observations support Ander.f.-',on"s (1947) conclusions. The proximal
interTayer liés‘ between the internus and sub—internUs and must t_hereFore also have been
secreted by the aocytes The marked difference in ,sfaining chfaracteristics\between the
" internae and the externus, and the presence of externus material oﬁ the bééal sides of
granulosa cells suggested that fhe. externus was secreted by the gréhulosa cells.

Histological studies of early oocyfe development will be required to confirm the origins of
[ S/ .

these layers. e
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- During the éarly stages of ovulation an adc}}tional {sixth) layer was ‘deposited on the
external surface of the externus.‘ This ' electron-dense 1ayer (Flgure 20b and 220) was
similar to a thin layer identified in salmonid eggs by Groot a.nd Alderdice (1985), they
concluded that this layer that they called externus caused the transition from a porous
npocyte fembrane to g sérhi—permeabie_ one, Their \c?nclusioﬁ Qas supported rby thg
appéﬁ?ﬁcgf annulated plugs in the external openings éf\the membrane pares. In Padfic
herring eggs the thin epila)./er was hot ,V‘associat\ed/u/ith plugs or otﬁer occluding
mechanisms. Discpntinuﬁ{;ﬁin the epilayer \:v\ere yFrequen%ly observed, Surfate
examinatinn o'Fithe externus revealed thaj: the pares ‘were still open during«ovulatiun
(Figure 17a)
Changes ocf:urrgd in thelthin epilayer on contact with sea water. The electrun—den;se
epilayer expanded. This ';Jﬂfo/géss accompanied the development'Aof‘tﬂeghésﬁé;;ure of
herr;ng 2ggs. Because of the 1ocation of fhe epilayer, the concufrence of the development
of adhesiveness and thé structural changes in the'epila)?er, it -was concluded ;chat t'he
expanded epilayer constituted the adhesive substance. The adhesive substance stained
PAS negative, However, the externus-in the viéinity of the epilayer stains PAS positive in
some sections. These observations suggéstedr that the activated layer‘itself was
proteinaceous, but that the unactivated epilayer was mucos;cchari,_de in nature, TEM‘
observation of fertilized water-hardened eqg revealed that the activatic;n of the epilayer
resulted in the adhesion of debns to the surfac:e of the externus (Fxgure i4), Closer
examination of this debris }evealed that it was comprlsecl almost entlrely of sperm cells.
These eggs were fertilized in a beaker in the laboratory, Sperrn densities were much
higher than those antidpated for natural spawning waters, For wild spawned eggs, it is
less likely that large accumulations of sberm‘woﬁld occﬁr. |
EGG SEMI-PERMEABILITY I

It was concluded from this study that the a:hieve"ment of semi-permeability in the Padfic )

p
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herring egg occurred in the internus. Semi—perméahility was achieved _during -the first

hydration that accompanied ovulation and occurred as follows. Durin/g vitellogenesis; the

.

pares in fhé internus took indirect; possibly hglical’ paths throUgh the internus (Fi.gureé
20a 20b and 2Zb), During the first hydrétinn Fnlldwing expulsinn from the Folliclé. t; eqgq
stghtly, stretchmg and compressing the total egq membra.ne. In response to thls
stretchmg and compressmn, the pores in the 1nternus collapsed. probably rendenng the

<«

membrane semr—permeable. Th1s sigsstmn was supported by the following evidence.

First, the ﬁbres of the internus were fully open in late vitellogenic and ovulating ooc§te§,_

. —
but fully occluded in all avulated eggs examined,  Secend, semi-permeability was indi_rettly

demonstrated twice in thg course of this study, during the?:rocess of paraffin inﬁ]tration
for LM and’ infiltration with ‘epox)/l resin for TEM. In both instances viteilqgenic and
ovulating oncyfes infiltrated easily indicating that the porous structure of the oocyte
membrane was stil;} open'. The relatively large paraffin and epoxy moleculés moved easily

into the oocyte through the pores Qgt‘ﬁe transition vehi\cle,diFFuse,d out, -Infiltration of

a

~ ovulated eggs by both media occured very slowly. While the relatively light transitional

-

‘vehicles diffused out of the egg, the la‘fger molecules of paraffin and epoxy diffused indess

read-ily. The eggs shrivelled. Epoxy infiltrating eggs frequently popped, or resumed their

former dimensions in an explosive (audible) manner, Ev{dently. the pressure inside the eqgg
: Is

was s0 reduced that the vapour preWe trans m.bn vehicle (propylene oxide) was’

f
reached resulting in a vio}ent;’p‘gp’. ‘If the epilayer was responsible for the aﬁhieVement

of semi-permeability., then infiltration difficulties would have been encountered in
Dvuléting as_'w'eillas ovulated eggs. N : )

.

. However, if we assume that an increase in moisture content produted an identical increase

in egg volume then the calculated increase in diameter for a 10% increase in moisture

was only 3%. This increase seemed (intuitively) to be insufficient to collapse the pore

canals in the internus, Additional changes that accompanied late ovulation were the

§ . )
’ . -

N ‘Sr
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development o&st’t:e Espgngy texture in the extegnus and the merging c;F 7yb1k globqles to
form larger ones, The farmer event may have fadlitated the expansion of the inter_nu.g in
response to ,wate{' uptake and chemical changes asscoated with changes in intérﬁal egg
Struc'ture,'may_have resulted in an increé:»e in egg diameter larger than that calculated.

Further experimentation, including the accurate measurement of egg diameter increaSes

t

that accompany ovulétion, will be required VfD further elucidate, the transition to

semi—permebilify.

POLYSPERMY ' o 7

External and internal micropyle diameters, and sperm equatof‘ial diameters were 1.2, 0.5

and 0.8%m respe&ively. Although sperm penetration was not observed during this study, °

. it was apparent that sperm cells entering the micropyle canal would become lodged and
.held fast by the annular ridges, rendering the passége"impass'able to other sperm. The

?lodged sperm cell would be required to donate its DNA from its within the canal. This

mechanism may be partly responsible for the preclusion of polyspermy. - s

v
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