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' °  ABSTRACT: o g
: , The v/ario'us' neuropiles and cellular glomeruli of the brain,

suboes;oph'ageal.ganjl-‘_ion and ventral ganglion chain were idéntified

N - “in Gammarus setosus Dementieva. Two types of n_eurosepr.etory cells,

> ' a and B, were px;esent in the bram glomerull, two in the glomeruli

° . . of the éuboesophageak gangllon, A and k', and four in the glomerull

s of the ventral 'ganglia, A, A' B and: €, all basad on perlkaryon 51ze.,

T There were “twe types ofn neurosecretory granules ?n the cells of, thL.

-

brain g’iomefﬂgll, typc I wcre small, "dense spheres 98-1G0 nm in d1a~
metexr found only in the A Lells, whlle the- larger‘ type 11 vesmles
ranged from 195-815 nm, resembled mly)ochondrla and were found 1n

* Dboth A and B ceils. Ehe type I granules were Golglkfor;ed but the'
origin of tlie .type II v'esicles is uncertain, the possibilitidés be-
lng transformatrﬁ of Golgl formed multJ.veSJ.cular bodles (MVB), or -

mltochondrlal fission and alteration of conformatlon. /Accessory

cephallc structures present in the.anterior head reglon wére the

sinus gland, palred statocysts and a .dorsal, medial, unpalred frontal

, organ, Productlon and release of neurosectetory material - (nsm) ,

o™~ was obse(rved in the frontal organ neuroné and they wgre’ divided into:

. two ‘types, I and 1T, based on the 512e of their. secretory granules.

Those of .type 1 ranged from 1000- 4500 nm in. diameter, similar in
morphology to the type II Vesicles of u'hg brain- but larger, wlule o
the type II ve51c1? of the frontal organ neurons were '300-<900 nm

and Golgl—formed. The frohtal organ appears to be a neurohema-l

. -
. . organ, w:.th the §iSM liberated through rupture of the cell membrane.

The <sinus gland contained variable amounts’ of NSM but release was

. . not observe& and no X organ was. found. Morpholog_lcal alteratlon
. of the follJ.cular epithelium was rioted before vitellogenesis beg'ins'

and t!le hepatopancreas was. indicated as a probab],e source of the

. JJA REAVAR §
. vitellogenic materials. Decrease in photoperlgd stimulatel vzt—

d7ellogenes:.s in late.summer and”long, photoperiods (14 hours lJ.ght)

- prolong the ovarian cycle, while shorter ones (12 and 8 hours 1lght)

. accelerate it respectively. Complete darkness resulted in successxve

0
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JINTRODUCTION: . , S ¢

B -

Tho .purpose of this study was to. present the morphology

of thu central ncrvous syst'em( and ncurosccretory system of .G/set—

oéus as well as dcfx&g::e so.,asg?\al actuuty of the neuro7écret—b

. ory cells regulating repr uctlon and the effect of photopyrlod on .

fave
POTI

o i ’ -~
. ‘the rcproductlve cycle. . . .o . ' /

] !' hd © * -
- B - P R . & ¢
: . ‘ The history Of knowledge of neurosccretxon be{xns w1th

- 3,
the description by %pcldel (1919) of neurosecretlon contalnlng
\ \u I
neurons in the caudal re n\Qf'the’ elasmobranch splnal cord.
1 82), Nansen (1886) , ‘Metal-

B tst':hnloder (1914) .and Dahlgren

WOrkcrs ‘such as- Belloncu (1881,
.n.1kof£ (1.900), Reupsch (1912)/'
,(1914) had all prgceeded S'p‘e, c.l n descrlblng‘smllar cells in-
) the nervous system of'the/',/ investigated but they attached
no impori:ance to these cei' e not even recognlzlng their

glandular nactivity. Spé el 919) was the first to attach
" glandular su]nlflcance gd t] ells descrlbed -by Dahlgren (1914) -

« in the spinal- cbrd of trf\ te., re]ectlng hlS hypothe51s that

o " intornal secret%ns. A

L

after Speidel's dlscovery, Ernst Scharrer

|
\' About ten ‘yea

-

- (1928), reported evidence of seoretory activity 1n hypot’halamlc

neurons of the minnow. Dunng the 1930 S, SCharrer described

-

»

alml ar neurons as a constant occurrence in the hypothalamus of

[N

other vertebratd groups .‘\ : -
. . . A - £
-’J ; X R » A “ -‘ . \ R
. . Perklns (1928) and Koller (1928) were the first workers
to 1n1t1ate s::udles on neurosecretlon in crustaceans. Following
this neurosecret:.on wvas described in crustakeans by Hanstrom (1935,
: rl937a, l937b), in lnSects by Weyer (1935) and in several other m-
verteLrate groups by Berta Scharrer (1935, 1936, 1937)+" The phe~

nomenon of neurosecretlon ‘has been found in gve:y metazoan animal

LN

-
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(-

b

so far exa.m:med possessing, L clentral‘nervou's system Wiéh.scme “de-

gree of u_phallzatlon. Thésc cells gongregate to form organs or'
are scattercd througl\out tHc\ nerwvous system of the an:Lmal. When
Hanstrom (1931) descnbe&\t\te eyestalk 'hormone in the :,mus gland

of brachyurans, it motlva;’tgcg *others to establlsh neurosecretory
!
pathways in manhy crustagean species (Brown’-, ‘1944; Hanstrom, 1947,

1948, 1953, 1957; Passanon 1951; BIiss & W :1sh} 1952; B, Scharrer,
{ .

1959 and E. cl\arregwl‘b‘a) The s‘ignifi ance of these systems

in the physiology of "the de!:apod crustacean has b_eer}'investigated

by_ several authors (Scharrer, 1955, Welsh, 1955 apd Carlisle &

Knowles, 1959).

P ’

- -

'r’anouse'(l‘{'ru, 1944) was the first’ to observe hormonal:
Lo . ﬂ' . B g
‘influence on the reproductive activity of crustaceans. The pre-
sence_ of an ovary-inhibiting Jormone was conflrmed by Brown & .

Johes (1947, 1949), .Demeusy & Veillet (1952) and Carllsle (1953)

Stin a, number of crustacean spec1es., Otsu (1960) dlscover,cd the |

N

.

presence of an ovar.y-stlmulatlng prlnciple secreted by the neurg-

seci:etiox:y cells of the thoracic ganglia of Potamon Eiehaeni.
Gomez (1965), showed thdt in anothex species, Paratelphusa hydro-
dromous, the gonad—stlmulat‘lng substance was present in the neuro-

se etory cells of the bra:.n and thoraclc ganglia of both sexes.

v . g 2]

. . o <%
\ The f£irst 1ndlcatlons of cych.c changes 1n neurosecre—

tory alls was described by Pyle (1943) studying the? 51nus gland

of hlgher malacostracans. Perryman (1969) correlated morphologlc '

changes m the neurosecretory cells ldentlfled by Bhss et al

(1954) in the braln of Procambarus 51mulbans to its reproductlve
cycle. Other authors such as Low%(196l) ’ Bhargava {1972) and
Perryman (1969) ha\e tmentloned the correlatlon of changes in the

[}

neurosecretox;y pathway with the moult. cycle of insects and crust-

[ . > ‘ JY . R

, -

aceans, . . 3 . . . R

3
»

'I‘l_lere is little information, on:the neurosecretory system

- N,
- )

At

N

" e



i cxtenéively studicd. The oxx‘%ﬁuw’ell documented éndocrinological

" ncurosccretory *cells have been little more than identified and
rd

'brabgr (1933) deSLrlde Lho morphology of the brain of G fluv-

- M . . v
N . .

in Amphipoda.-- ‘The neurosecrgtof{y cells themselves have not been

phenomenon that ‘has been cxaminud in the.amphipods is the dis-
covery and fuxi(.:t'ion, of the an‘drc)ngn q.land by Clmrni?nﬁx-(:otton
{1956) 'in orchestia qanunarell'a. \ihls stru(.ture is completely
mdec_ndan of Llu, gonads and. 1S“Class1f1ed as a non-ncural end-
ocrmc orqun. ' Another non—ne_ural endocrine organ presént in .
malacostracans lS the pulred Y organ, first described by Gabe

(1953a) . The ovary hormone release 51Les responslble for female
characteristics havc not as yot been, plnpon.nt_ed

\

other neural endocring features of the neurosecretory
, 1 ! L

system in amphipods have only been initially investigated. The

3) -and Gammarus lacusta (Stfahl, 938) and in

described in the sinus glands of Gammarus pulex, Gammarus fluv-.
‘ X .
iatilis (Craber, 1 <}

thie cephallc statocyst which Dahl (1963)  equates’ to t.he X organ .-
of higher malacostracans.. Zavadsky and Prag (1914) mvestxgated .
‘LhL statocysL and frontal organ.of G.’ pulex while Tpore (1932)

lso elaborated on’ thesc s\tructures in G. locusta and G. pulex.
VA

iatilis in great detail th. e 'l‘hore (1932) described that of G.
pulex and G. -locusta but} in £ar less detail. ~ Baid and Dabbagh

o describe the protocephalic neuro- i\ -
. et

(197‘2‘)> were the Ffirst workers
secretory system of a gamrﬁarid Rivizlogammarus syriacus, and
classify the types of neurosecr tory cells preség . Shryamasun- .
dari’ (1973) has' . 1n1t1ally descrlbed only tWo tybes of neurosecre- .
story cells found in the brain and' ganglia of two ‘talitrid amph-

b pb‘ds ' Talorchestia martensii and | Oi‘ches tia platens is.

© »

e i

Because the amp}upods are more primitive members of the
Q\alacostracans, it is Qnterestlng to compare the morphology of the .
neurosecretory systems of these species with those of higher mala—

costracans, partlcularly the decapods.  The neurosecretory systems
. -
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of many crustaceans have been 'thgroﬁghly exa;nined by authoxs

such as Bliss & Welsh (195’2)’5,' Knowles (1953), Bliss et al. (1954),

Potter (1954, 1958), Miyawaki (1956), lentschel (1963, 1965),

Fingefman ot a'l. -{1964) , Nagabhushanam (1962), 1’ingerman & Ogquro

(1967), Lake (i969b. {221971), &ulakovsr}iii (1970) .an.d Smith & Nayla
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: e S S _ . .
\) / BIOLOGY OF G. SETOSUS . : L

A South of Labrador G. setosus is rarely found on exposed

4
: . L . . . f ‘- -
-, A , . . . K .\
. . . .

. ‘ S Gammarus setosus Deméntieva is a 11ttora1 amphlpod that
. L :thablts sheltered to: moderiz
under ‘rocks, ~algae or other cover when the tide 1s low. . It has
fa c1rcumpolar dlstra.butlon in Arctic regions- and is found as far

north as land extends. In the northwest Atlantlc region it occurs

as far south as the Bay of Fundy in New Brunsw:.ck (Steele: & Steele,

v

1970). S v SR

- . . .- ) . 7
L]

beaches but: north of this it wmay reside in upper tﬂde pools on the
shore. ° The species is euryhal:.ne as it may lJ.ve in low salim.ty

areas such as in outflow reglons of brooks rivers and beach seeps.

South of Labrador, only areas w1th cool waters throughout the

y exposed beaches where it is -found .

R

summer support populatlons of G. setosus. North of Newfoundland - -

1t is the most abundant spec1es of Gammarus, but on Néwfoundland'

beaches 1t is generally less common w1th 1solated pépulatlons 1n- )
[

habatlng selected rocky beaches (Steele & . Steele, 1970)

v

: ’l‘he population of G.'setosus at Witless Bay,’ newfoundland
reaches 50% sexual matur‘lty at about 13.7 mm in length. Animals
kept 1n the 1aboratC{ry at 3°C attain sexual maturity after the 13th
moult - about 12 mm in the’ female and 14 mm in thé male. ’ Mature .

) females usually produce only one brood in the fall of each year.
Anlmals kept 1n the labo tory at 12°C and exposed to shorter '

E photoperlods ‘can be induced into a second brood per Yyear (Steele &
Steele, 1970). . " 1

s T T . .
. .

M

v 3

oo~

‘ Fecundlty 1ncreases with. té size of the.female and their
size at magufiiyy, Sl Cont:.nued growth *and a relat:.vely long lJ.fespan
help to cogpen\:.ate for the productlt})n of a smgle brood per year.
These ammals have a hlgh surv1val rate J.n the 1aboratory and are”

less cannlbalﬁstlc than other Spec.les of Gamarus. After 120,

- - v *
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“days into an experiment there is at least a.50% survival rate. °

[ - e »
¢

. .

ORI In the fleld the oogdnla of the female enlarge in August.

Ny Approxlmately two or three weeks prlor to ovulatlon the male couples

;with'a seiected female (precopula) and releases her,only after’ copwf

ulatlon and fertilization of the eggs in the brood pouch has oc-

D

curred in,late September to October.,- The rate of development ‘of .
the embryos is dependent upon the 1ncubatlon temperature but the .
flrst young are- released as early as December.l THe later mat—
urlng anlmals .dé not have their broods unt11 1ater 1n the fall and
release thelr ‘young as: ‘late as May
the young takes place over a perlod of f1ve to six months, al-
.though the maJorlty of .the po ulatrpn release their young in

° January and Ftbruary (Steele & Steele, 1970)

- . . . ‘ o

5 . ) .
c o 2t . I .
b , . Q

After each brood the females enter~an ob11gatory restlng

,stage (Steele, 1967) . ' Thosé females that release thelr young in
‘December are’ prevented from hav1ng a second brood by the low temp-
eratures durlng the w1nter and thlS tends to prolong the repro— '

: ductlve phaSe.. The". bulk of -the populatlon in February to March

-~

o 1s made uP of one—year-olds as few anlmals are Jarger than 20 mm.

I

I

lLvlng‘and dead plant or anlmal fooﬂ The released young feed

-.'-on a- form of filamentous, aLgae that is present flrst in. Febrhary

Ya

-and per51sts untri/August or. September w1th a peak of development

.in Iate June. 'T .

erefore,rt reproductlve cycle of G. setos%s

corresponds with the avallablllty of nutrlents and for this reason|

a SLngle brOOd per year may be of advantage (Steele, 1967) .

- Gammarus are not&speblallzed feeders and consume both (r‘,

’

Therefore, the releaSe of ' s

w
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MATERIALS AND METHODS: . e T U e
ML .... R oL . . - u. - P
- FIELD COLLECTIONS : . .The animals used in the’study were
¢ . taken frOm a populatlon of G. setosus at Wltless Bay on the Atlantic '

coast of’ the Avalon Penlnsula of Newfoundland They. were- ampled ' : A

-t L]

monthly durlng the yéar, except £pr those months 1n which -ide nade.

sampllng 1mpossfble, and during the breedlng season .when collectlons
. e “ \ .
ne 2" . were made more frequently to obtain sufficight numbers for use .in

‘llght experlments. Collectlons were made durlng the neap t1de

period as the species 1nhab1ts the m1d~reglon of the 1ntert1dal S
'. zone at Witless Bay. " The representatlve samples were obta1ned~

by handplcklnq the anlmals from,the coarse ‘substrate under flat .

rocks w1th forceps or dip. nets. . The average 51ze of the females

collected was 14.5 mm, ranglng from 11. O mm to 24.0 mm. - The : o

average size of males was 16.8 mm, ranging from 13.5 mm to 26 0

=)

mm in lgngth f o T . e

-

) EXPERIMENTAL ANIMALS° ‘After fixing a representatlve
number of females (24) from each saiple, the rest were used 1n the ;
photoperlod experlments. -The anlmals were- sorted lnto groups of

q‘ . 50 females and 35 males and placed into Lew1s Stack-n-Nest Tote ‘
Pans (fxberglass rexnforced polyester) of a 0,14 cublc meter cap—
aC1ty For use in llght the covers had - plexrglass windows .in-

. f ~ stalled and for use in the dark, the.exterior of the cover and

pan was palnted black to ellmlnate any bossible llght transm1SSlon. .

Each pan was Supplled with air. ~

-r

o

Culture pans were kept in environmental chambers w1th

-

photoperlods of 8 12 and 14 hours llght The temperature .was
kept at 10°¢C il°C andmthe sallnlty adjusted to 300/00 w1th1dem1n— IR

erallzed water. Each pan had a malntalned volume of one liter:
'of sea water. Marble chlps, shells .and larger pebﬁles were added .

to absorb excreta and dupllcate their natural physical env1ronment.

There wai no attempt- to simulate the tides and the anlmals were . ”Afprhfﬁr“ﬂnﬂﬂ'r
r o
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meat when avallable. Other food was obtalned ‘from' the ﬁetrltus

z

and:algal blooms in’thbse pans exposed to‘light._

K

The anlmals were checked weekly and all experlmental

:

'data was collected after an accllmatlon perlod of 14 days, They -
. were kllled at predetermlned intervals of time after exposure

.to each photoperlod complete darkness or combldatlons of thesq‘u

Animals were also kept i} the Marine Sciences Research Laboratory
(MSRL) at Logy Bay, Newfoundland, where they were held in 51m11ar

containers supplied with running sea’ water. These animals were

‘fed and checked less frequently and existed 'mainly on detritus

and algae. that passed through the sea water fllters. The water
temperature varled seasonally 1n these pans and wa .usually
around 0°C during the w1nter months when the MSRL ac111t1es were
utlllzed. These ‘animals were collected during the autumn breed- -
ing season when theylare‘present'in 1arge humbers.and‘were kept

at the MSRL for experimental use ghrough the winter months when.
G: setosus are unaccessible on the ice-covered beaches;

— | : e

GROSS HISTOLOGICAL STUDY: Whole spec1mens from, the

Ae

fleld collectlons oY from photoperlod experlments were fixed in.

aqueous Bou1n s fluid. The 1ntegument was slit and legs cut off

T .
to facilltate\inﬁgltratlon. The speclmens were dehydrated in

the alcohol series, tleared in xylene and embedded in paraffln

. (TiSsue-prep 56.5°C, Fisher). Serial frontal, cross and sagittal

el

sectiens of 8 to 10 microns were obtained.
These samplespwere stained routlnely with the follow1ng
techniques considered selectlve for the ‘'visualization of neuro-
secretory,materlal (NSM) s Bargmann's (1949) modification of
Gomori's (1941)~chr6me'hematoxylin-phloxine'technique (éHPY,'
Cameron & Steele's (1955) modification of Gabe's (19535) modif=
ication of‘Gomori's'(1950) paraldehyde-fuchsin with Halmi's (1952)

IS
A
—.y
-
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: counéerstaxn (PF) and Dogta & Tandan s (1964) modlflcatlon ‘5f

-"in each technique.

°& van de Kamer's (1

)
e

. Humberstone s performic acxd—Vlctoria blue technlque (PAVBL.

Controls were algo carrled out by omlttlng the oxldatlon step

Other newer or experlmental technlques were also tested

but many involved procedures too long or expensive to lend them- - © L

selves to routlne workK. The~more useful of these for 1nverte-
brate ‘tissue _were: We delaar Bonga s (1971) modlflcatlon of Peute

7) alclan blue/alc1an yellow technlque, Hub—

' schman’s (1962) mo iflcathn of Heidenhain's Azan technique, Itty+

'_klesteln & Menefee, 1963),-hematoxy11n and phloxxne staln for .

cheriah & Marké,fl 71) performic acid-resorcin-fuchsin technique
and Shoumaker & VanDamme's (1971Y.modification of Miillet's 0s04~ '
ZnI, fixative and alcian blue staining technique:

[

- FINE AND- ULTRASTRUCTURAL STUDY : Epoxy resin sections
were used for observation of fine and ultrastructural detall. . ‘o
Both light and electrong;;sroscope sectlonﬁ QErE examined. All
tissue was fixed in Karnovsky\s (1965) glhteraldehyde-paraform- -
aldehyde tixative and postfixed in 1% 0s0O4. it was‘dehydrated _ i‘ .
in alcohol and propylene oxide\then embedded in Epon 815 resin. :
Sections for ‘light microscopy were cut at 0.5 to 1.5 microns

with glass knives on a Sorvall Porter-Blum JB-4 microtome. Sec-

tions used In”electron mlcroscopy were cut on. a Reichert Um 03

ultramicrotome and examlned with the Zeiss 9A eleciron mlcroscope.

o i R . ] . . .:)
/ The epoxy sections for the electron microscope were °

stalned with uranyl acetate and lead citrate. Those examined

under the llght mlcroscope had the epoxy resin removed w1th aged . Q&

1-2%.sod1um hydroxlde in absolute methanol (Erlandsen et al., Ce

’ 1973) and were'stained with one of the followlng metho%ﬁ. tol~

uldlne blue pH 11.1 (Trump et al., 1961), ba51c fuchsin (Win-

o OSmlum—flxed tissues (Munger, 1961), aldehyde-fuch51n technlque

- for epoxy-re51n sections (Stoeckel et al., 1972) and tribasic

. . -
. . . -

L



stain for epoxy fesin‘sections (Grimley, 1964). Of the above,
_the.toluidine\b}ue and alhehyde-fﬁchsin techniques were the mobt
useful. The stained sections were mounted with Epon Bl2 resin:

NS ¢

and polymerlzed
-
SCANNING ELECTRON MICROSCOPY- Whole specimehs\were
flxed by 1nject10n of. Karnovsky S fluld (1965) After washing .
' 1n the phosphate bufter (pH 7.2), the approprlate organs were
dissected out and stored in 70% alcohol. Before freeze-drylng
. in a Speedivac - Pearse Tissue Dryer model 1, the material was
taken down to 25% alcohol. . After fteeze-drying for apordﬁimately
4 hours the‘tissﬁe was' gold coeted in an Edwards Pirani and Pen-
ning model Qxyéguum coater and then examined with‘a_Camﬁrnge
Stereoscan. '
PHOTOGRAPHY nght mlcroscope photographs were taken
.on a ZElSS Photomlcroscope II with Kodak Panatomic X film (ASA 32}.
.Kodak 'Kodachrome II film was used. for color slides aig'photographs
Electrohlmlcrographs were taken on Kodak 4489 EM film (estar th%fk
base) . Whole mounts of the nervous system were photogfaphed on
‘a leon stereoscope model SM equipped with a Nikon microflex model
AFM camera on Kodak Panatomlc X film, ° Scann&ng'electron mlcro—&’

graphs were taken on Pri X film by Kodak. { ) i .
\ f : n N
b i .

Fllters were used to increase, the.contrast of the neuro~
secretory mater1al in the black and white light photomlcrographs.
With aq}mels sgq}ned by paraldehyde—fuch51q a Kodak Wratten gelatin
filter #22 (orange) was placed over the light source. Animals
stained: with chrom& hematoxylln—phlox1ne required a #25 (red) fl}-

ter.‘- aAll photographs were prlnted on- I1lford sxngle weight, glossy \

.photographlc paper, labeled with .Letraset, arranged in plates and

L}

photographically copieq.



| , RESULTS: - . .

] . : - Y
STRUCTURE OF THE CENTRAL NERVOUS SYSTEM” (termlnology adopted from
. . s Bullock & Horrldge,. 1965)

e

L] i * ‘ I‘. ' - 3
‘ . o - ~ ! . -

The central nervous system of G. setosus ie corhposed of .

. a suprao%sophageal gancjlion (bra_in)} circumoesophageal commissures
. ? leading to a suboesophageal g;anglionand.a ('entral chain of ganglia.
s Each of thes‘:e components hals tw’o—z—ones, the core an/d the rind, thHe -
Cor nomenclature being based ob tu{eir position. (f'ig. 6) . The core is

the inner central mass of fibers Which is free of perikarya while™ the

rind is the external layex"s of neuron perikarya. - There are no.
» fibers ending in the 'cellt_xlar rind as “the synaptic fields and ﬁbat.h—
ways are in the fiber core (Bullock & Horridge, 1965).

'CELL TYPES: The common neuronal type.in the nervous

rd

system 1s unipolar with branchlngrgrocesses, axon collaterals

< (fig. "8) The central nervous system contains most of the motor

and 1nternunc1a1 cell bodies while the perlpheral system contains

Supporting elements ‘of the central Jnervous systo.m, the ~

)

o’ of such great variety that class1f1cat10n is difficult. The outer

~ L 4
capsule of fibrous connectlve tissue is secreted by the underly:.ng

? non-nervous perilemmal (glia®) Tells. LThe outer membrane-of the

‘Perilemma is distinct from the capsule and the perilemmal cells

have distinct tinctorial propertles. . L
. . 3
N . " .

St The larger cell bodies have a sheath of gllal processes

wrapped around them arlslng from adjacent neuron satellite cells.
Glial- cells also form an axonaT sheath, the neunlemma (flg. 24), .
by spiralling loosely' around the ,axon with several cells: formlng

the overlappﬂlng shaéth. Smaller axons are completely enveloped
. .

-~
Lt .

» ‘ . -

neurogllal cells, can be found Ln,a great numbex; of locations and are

-~
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. erial (fig. .18) .4

by a s;mgle glial cell. The nuc1e1 of these cells are seen oc-

- casionally wn'.hm the fiber core (flgs 12, 20). Gllal cells

of. this type are called nerve fiber satelllte cells. The- ultra—

structurq of the neuron and glial cell will be descrlbed later;.
‘ L o . ;i
‘F‘(EER CORE: The fiber core of the nervous system is -
differentiated into tracts and neuropile (figs. 20, 22). TheSe" ;

tracts are the epquiv_alent of vertebrate white matter- and are axons

en- route with few terminations or synapses. The 'neﬁropile isa -

‘dense plexus of ' fibers t.Lghtly matted together with a large number

of axon termlnatlons and synapses (figs. 12, 13) They consist

mainly o xons of motor neurons and the cytoplasmlc—rlch

neurons concerned with association. The neuropile® is the prin-

ciple region for integrative nervous events and is‘'differentiated ’

to various degrees (figs.' 7,8) with the 1oose,'c'oarse-textured
areas being of lesser importance. An 1ncrease in dlfferentlatlon

of texture and separatlon of tracts from neuroplle indicates a

‘x:eglon of greater importance ( llock & Horridge, 1965)).

. i
. : s
- Y \L
° ULTRASTRUCTURE OF THE FIBER CORE: In a cross sectioh: .
through the flber core of the nervous system mitochondria, neuro-
tubules, neurofllaments, freée -ribosomes (fig. 16), dense-cored
and electron lucent vesicles (fig. 18) as well as other tubular

s‘tructures can ‘be 1dent1f1ed w1th1n the boundarles of the axons.

’N .

e
" A s:.ngle supportlng gllal cell.ensheaths from one to any numbek

of axons of varying diameter. Mesaxons can be seen throughout

the flbe,r core. These supportlng elements are dlstlngulshed
from the axons ln cross section by their more vacant, paler cyto--
plasm. They contqln an occa51onal m:.tochondnon, sparsely

scattered ribosomes, dark staining glycogen granules and glio-

.tubules. The i:-emaj.ning space is filled with a flocculent mat-

"

- L)
[ L)

o The neuropile of the brain and ganglia of G. setbsus

»
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consists of uniyelinated aicons, axon teiminals, synapses and sup-
- °porting glial cells. The el'ements are closely packed separated
"only by spaces 12 'to 19 nm wide. - The axons are dellmlted by a
single unit membrane although the appearance of a double membrane
is 1mparted'by the closeness of the appos_lng membranes. There
is ‘'great variation in axon diameter’ ranging anywhere  from .035
to 2.5 microns in the sections examined (fig." 1';, 18).

In the synaptic regions, the mitochondria appear circular
: in uoss section and exhibit a spiral internal configuration (flg.
18). Along the axons the mltochondria are found in various
L . conflguratlons but their ‘long axes- paralQlul Lhose of the axons-‘
(flgT 16) . Thp degree an internal organlzatlon is also vari-

. able yith some being more dist‘n’\.nct than others. - The spher_ical
‘thi§ocho_ndria show_the typical douhie membrane features and their
crests exhibit various degrees of, swelling. . In cross section

“the crests appear to be directed inwards: in sagittal or_f'-ron'tall'
sections they tend to be parallel with the long axis of the
elongated organklle. The mitoch'ondria"in the sections’ exa;nixied
.-ranged from .135 to .75 microns in'diameter and-t45 to 3.40

microns-in length (figs. 16-18). . e ) : "

., i, .
1

(=
3
.

< . ‘ { .
" The neurotubules are prominant structures'in the axon

cross.section extending its length and ranginé from 23 to 38 nm

v in diameter (fig. 16). They appear as small hollow .spheres and
v have no particular arrangement. " The. neurofllaments are t:my fib-
+  rillar structures w1th a beaded appearance arranged ln no spec1a1
pattern (f:.g 16) . The beéad- llke portions of. the neurofllaments

measuré 15 td 30 nm in diameter and are conneqted by crossbars

5 nm thick. The neurofllaments are characterlstn.c of the axon
o and ‘are 'ffar less common in the per:.karyoh. Both these structures

appear to be proteinaceous in character.

Synaptic endings gre-marked by a thickening of th,e cell

. L) ‘ -
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i : . . ) ’
' granules on the external surfale of the membrane in some cases

apse 'being llttle dlfferent Erom that of adjacent areas. An J.nter-'-
mediate bond is not readlly visible at th:.s«magnlﬂcatlon suggest-l

. ing that these synapses are.c of Type 2. ' An electron dense sub-

stance accumulates in the cytoFlasm and .'LS disposed symmetru:ally.

on either S.‘Lde of the synaptic cleft. Thére is also an accumu-'

)

lation of two types of vm‘s in this region - dense core and

. 3 L
electron 1ucent (fig. 17,7 18). The densce core é'esiules range from

50 to 116 nm in dlameter and the electron lucent vanety ‘are
about 50 to '77 5 nm.

«
. . - .
. D \
- & K .

) Other tubular structures present in the_ sections ex- ’
amined vfer’e primarily of two types. ‘ The .first appears as a\\
1arge membrane-bounded structure 77,5 to 158 nm in diameter (flg.
17). . The othér is-a hollow cisterna with: a s1ng1e boundlng -
mem_larane rang:.ng in' diameter from 108 to 120 nm in the sect1ons"

examined {fig. l6) .- - This last type appeafs to have "small

- and may be cross sectlons of rough endoplasmlo retlculum found

3]

in the axon (fig., 16).

leferent types of neuroplles are present w1th1n the
fiber core. Clomdvrull .are knots or small spherical masses of

neuroplle of tlg)’ltEI weave than that surroundlng it (figs. 7, B8).

‘ Tracts@and fascicles of axons alsg show marked decussatlon be-

hlhd each eye in the optic lobes £ G. setosus across a plane, ' ‘

in the axis of the system.

0 .

In the braln areas of small neurons with very- large

nuclei extremely rich in chromat:.n, but relatlvely poor in cyto—

plasm, ‘are packed tightly together in the rind into a glomerular
(ganglionic) cell layer. (figs. 6, ; 7). These are centers of

high integrative functioning. A marked Lmlformlty of cell type

+

A
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or absence of very large’ o'i gJ:ant neorons, cell masses set off «
from ohe another, or abrupt trans;.tlons from one cell type to
another are all signs,of localized spec1allzatlon (Bullock & - "
Horrldg\e, 1965). The differentiation 'of the cell rind ‘is based

mainly on the size of the neuron perikarya-and position or pro-

'portion:of cytoplasm t& chromatin. ———————p— .

._THE BRAIN: + - = ° .-

[

. S, 3 .
- . .o 0 Y., & e
> i . -~ . .

B :/} ’ -

.7 , The bra:.n of G. setosus, is anterlor to the allmentary
m‘ between the eyes and sllghtlyA posterior and lowerr than the
anterior gnd upper limits of the eyes i’n the head somite. It

‘is, bent .u'p'wards'li'ntO"a vholly vertical position {fig. 1.) ‘* The
external form is lobular bearlng tw0 large pairs of lobes dorso-
laterally and ventrally (fig. 2). Tt is embedded in a web-llke
network of adipose connective tissue which is attached to the

fibrous connectlve tissue capsule of the brain and also to the

©

hypodermis (flg. 5. The optlc nerves connectlng the left and *'_

_right lateral;extremtles to the eyes also help ke]ap the brain in
1ts upright p051t10n (fig. 8). There are two pairs of nerves
to antennae 1 and II arising from th% antenor aspect of the brain

"as well as tritocerebral connectives 11nk1ng the brain to-the . .

ventral ganglion cha1n (fig. 1). all these points of attachment-:_.
and- contlmntles with the rest of the central nervous system as
well as the nerve connectlng the accessory cephallc structures

with the'brain help ‘hold it in place.-

) The brain of the females averaged 0.79 mm at its widest
‘~p01nt (between the tlps of the optic lobes of the protocerebrum)
" and 0:53 mm in helght from dorsal to ventral tip. It is com-
posed of”’ three divisions; the protocerebrum, -the deu ocerebrum
and the tr1tocerebrum (flgs. 1, 3) The morpholoq:L al d1v1sxon-

‘is partially obscured by the reductlon* of the. deutocerebrum

. .
- Y
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The-brotocerebrum is the most.supqrior (dorsal) parﬁ of
by 2701,
the braln and also the largest . This is partially due to the

& ———

size of the optic lobes as_ they are associated with: the anlmal'

relatlvely well developed eyes, They comprise 3/4 the volume of

-s-... .
&

the dorsolateral lobes of the’ protocerebrum, tapering towards:the

~

optic nerves (figs. 2, 7, 8).

The deutocerebrum is not as large or as well developed =

".as thé protocerebrum. "~ It is a bundle lying below the protocerebrum

-giving rise to the -antennary nerves of antenna I as well as the

.

olfactory, lobes (figs. 1, 9). The antennary I nerves arise from

the anterior aspect of this section and the olfactory lobes lie

lateral to these. The posterior side-of the deutocerebrum is

i relativel? smooth and éurved in a gentle concavity (fig. 1).

N — - .

’

. . « . , 1‘. N
The tritocerebrum is a swelling below the deutocerebrun

‘and is the smallest section of the prain{ It is the ventral and

caudal portidn sending branches anteriorly and posteriorly (fig. 1).

- -

The antennary II nerves extend anteriorly and the tritocerebral

- ' K3 (] K3 > ' N 2 v -
connectives posteriorly merge into the c1rcumoesophageal connectives.

It also gives rise" to theotegumentary nerve and othér minor nexvous

. connections (figs. 2, 10, ll) C )

.
-
NERVES OF THE BRAIN: ' .

. b . B
The three main pairs of nerves originating from the brain

of G. setosus are the optic, antennéry I and antennary II. Several

secondary nerves innervate the accessory cephalic structures and

they are the statocyst, sinus'gland; frontal organ'.and tegumenﬁery
nerves (figs. 1, 2, 3). . Only the tegumentary nerve of this last
group will be Q\scussed in this section leaV1ng the rest to be in-
clﬁded with the 'description of the varleus structures.
. . ,
The optic nerve of G. setosus stemming frg% the distal

‘Q
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hump of ,the protocerebral optic lcbe is short and barely recog-

nizable as a nerve (flg 8). it 1s exposed only to a,small

degree and 1is generally surrounded by the gangllonlc cell layer in

that reglon (the thlc lobe glomeruli). The nerve is sturdy and

enters the ¢ye at its mld—posterlor region.

The antennary 'I nerve is a large structure originating

in the superior antErior poftion of the ‘deutocerebrum (fig. 9) .,

It contalns both sensory and motor bundles that unite to form a

unlformly thlck‘cord

Before it enters the brain it d1v1des

1nternally sending part of the cerd‘to the oifactqry lobe and the

remaining portion into the antennary I.neuropile in the form of

‘a thick interspersed cord {£igs. 1, 9). | . ////f/f :

The antennary II nerve arlses from the superior anterlor'

part of the trltocerehrum just ventral to the point where the -ant- Y

ennary I nerves 301n the deutocerebrum (fig: 1). " This nerve is

also a stout ‘structure but‘of smaiier diameter than the antennary

I nerve. The neuroplle 1nto which 1ts fibers enter is developed

to a lesser degree in, both size and texture (fl& 10) .Both

these antennary nerves have numerous branching collaterals ex-~

tending to thé peripheral regions of the antenna (fig. 14).
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The tegumentary nerve orlglnates in the superlor part of

the trltocerebrum (flg “3) .

hypodermls and divides into. two equal branches just under the eye.

It extends dorsally, parallel to the

One branch extends to the hypodermls just under the eye while the.

other branch passes by the protocerebral optlc lobe to the hypod‘ﬁp

e

_dermis of ‘the head above the eye (flg. 15). They facilitate

sensory receptlon from small groups of sensory cells located 1n

the hypodermls at the locations mentloned.

NEUROPILE LOCALIZATION IN THE BRAIN:

PROTOCEREBRUM:

-

‘ ) . -
The protocerebrum receives the nerves from
= ]

)

o~



-l

18

_the eyes, statocysts and frontal organ._ Itvcontains three well

developed neuroplle masses, the optic, ganglla, medulla termznalls

and central body.' - e St : >

L L . The optic ganglla are loEated in each dorsolateral ex-

¢

ten51on of the protocerebrum where they form the.path for inward
flow of excztatlon from the eyes (flgS?‘fﬁ:é) _They are composed
of-three optic neuroplles, the lamina gangllarls, medulla externa
and_medulla interna respectlvely‘from the eye nedlally. A1l

thfee appear. to be distinct entities with the lamina.ganglionaris

-~ .
and mgdulla externa in close proximity. These two optic neuropiles

" J-are large and well developed, cqdrresponding toc the degree of devel-

opment of the compound eye. Thé medulla interna is poorly devel-
oped ‘and further~separated from the other two gangf\é than they are

+ from each o s connectlon to the medulla externa 1s not

developed ad\ a chiasma. in the remalnlng medlal portlon .of the
protocerebrum, the medulla termlnalls is located rece1v1ng innex~
vation from the paired statocysts (fig. 8). ‘ -
8 x ' L t. .
.- The central body is a spindle<=shaped mass of" neuroplle,
/51tuated in the 'ventral region of the protocerebrum extending in-

to the dorsal region of the deutocerebrum In thick section it

appears to- composed of up to seven small subunlts although a

fair. degree of fusion is evident (flg. 8). 'In thln sectlon'$he

central body is a single, well developed, Faterally elongated
neuropile (fig. 12, 13}, with short ventrally directed tips-at
- each extremity. -It is a meeting‘polnt for Jxons*from diverse .
sections of'the brain,nsdch as fibers from the.deeper optic glomj
~eruli, antennal II lobes and -the cell bodies’ from the anterior -
and posterior sides of the'protOCerebrum._' Its structure and
location suggest an integratide function. - .
i r
The protocerebral bridge is a poorly develbped median

neuroplle that con51sts of two glomeruli connected across the mld-

line by a th1n band(Jng. 2) It is found in the dorsal reglon .

q
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of the protocerebrum.- The corpbra pedunculata and ocellar centers

found in the protocerebrum of hlgher crustaceans are both absent in

v

"G. setosus. ' o . . ; °
- ’ ~ L ~ '. . . [ P‘-,g,‘
N . L . 7 ) <& ?

DEUTOCBREBRUM.., The deutocerebrum of G setosus is of a R

.8

. 51mp1er nature than that of higher crustaceans (Bullock, & Horridge,
1965) . Although the antennal I neuropiles are compﬂex, a dlstlnct
olfactory lobe is also Jpresent. = A weak antennary commlssure con—
nects the deutocerebrum on both 91des in this reglon. There‘ére t

'several neuroplle masses present in the deutoc@tebruﬁ‘Rflg. 9)

"l L4
. e ; .
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The antennal I neuropile is extremely highly developed

It extends for some’ dxstan e, out the antenna I nerve having. orzg-

5

- inated.at 1ts dlstal end as a 51ngle neuroplle mass and then be- 4
. - comes. perforated w1th a serles of holes (flgs. 2, 99 The vac-
uolation starts as two adjacent spaces which extend 1nto two rows

in thg deutocerebrum w1th four large vacuoles 1n the vent®al Yow’

© “

and-four smaller.ones in the upper. It 1s also in thlS region’

that the large fibers of the statocyst nérve terminate,

., N
.

The olfactory lobes lie dlrectly 1ateral to the antennal
1 neuroplles, resembllng a bunch of grapes clustered around a viﬁé'
Q' (flgs 2, 9. he olfactory neuropxle glomerulx are pos1tloned

around the perlphegy of ‘the lobes and a tract extends into the lobe

€ .

~

-

sendlng f1bers to each of . these glomerull. The olfactorlo-glob— .

ularls tract is extensive cr0551ng over and ending without glom-- .
erulx in the medulla termlnalls as the.central glomerull_are're-
.duced. it passes from-theiolfactory lobe to the medulla texm-a
inalis and may be chiasmatic. There are two bundles of s:t-ng-le~

;~c antennal I nerveg, one extending to the antennal glomeruli of the.

’ olfactory lobe and the other to the tlny spher1ca1 glomerull ‘sit-

-

uated in  the trailing edge of the neurop1£§ . : S -
. ﬁ ) ~ q

Coa S The parolfactory lobes also found in the d%utocerebrum

lie immediately central to the olfactory lobes (£ig. .9) . They

~ . . ‘.
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lneuroplle lles agvibe root of th;\herve in the lateral reglon of Tre e

tHe braln is divided lnto an 1nfer10r (front or anterlor) ‘and

e -" o

are small of no distinct shape 'and almost 1ndlst1ngulshable,from ’
"the- ordlnary flber core. Also found bere are Ehe accessory olf-
factory lobes between the, olfactory lobes :and the lateral antennal

LI neuroplle, referred to as’ “Nebenlappen" or accessory lobes by

<

Graber (1933) They are well developed and connected*by a comm-

=

- rssure cr0551ng th% deutocerebrum (flg. 9).

5. S S L \-

TRITOCEREBRUM- The trltocerebrum consists of tracts of

flbers from the circul sophageal connectlves surmounted on\the dor-

~

sal aspect by the large tennal 11 lobes. . It receives sensory ‘-

and motor tracts from ‘the tennary II nerves as well as the teg-

‘ umentary nerve ffbm ‘the hypod-rmls of thehead feglon. The trlto-

. g “j%
. cerebrum is not divided into ob ious regions and the«tegumentary s ﬂ,r

-
RS-

hlS section. The antennal II neuropi;es 11e laterally at. the

base of their correspondlng nerves (f ((l 2) The two halves

of”ﬁhe ventral/trltocerebrum are joined’ by acneuroplle brldge

%ﬂig.nllglgnd . many transverse fibers just prior to its separatlom

1nto two parts (€ig. 10). From this p01nt the flber tracts ex-

‘tend 1nto tbe trltocerebral connectlvesh

dp o

GANGLIONIC CELL LAYERS OF THE BRAIN:. (nomenclature adopted from.
o : - \Graber, .1933).
° ’ 6 ce.

The glomerular‘layers fbrming the cellular rind around

the braln are ‘hot, evenly dlstrlbuted over 1ts entlre surface. ‘They

'occur in areas of strateglc 1mp0rtance for the 1ntegrat1ve funct-

B

-'lonlng of the brain. - To illustrate the varlous glomerular groups,

'superlor (back or posterior) portion.

s '3
N ]
]

ST *On .the frdntr _aspect of the protocerebrum of G.‘setosus

f .
the follow1ng gangllonlc ‘Cell layers are present,; the anterior . .

élnferlor lateral glomeruli (allg, fig. 6), the optic lobe glomeru11

(olg, flg. 6), the anterlor 1nfer10r medial glomeru11 (almg, fiq. 7),

« .
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‘the anterlor Lnferlor medlal glomerular brldge (axmgb flg. 6) and
K é%? 7 the Lnferlor lateral anterlor glomerull‘?:iagy ‘£ig. 7) On the o,
) posterlor side of the protocerebrum the anterior superlor medlal -3
'ﬁlomerull (asmg&.g. 7), the anterlor superlor lateralfglomerull

(aslg, flg. 6) panp of the posterlor superior lateral glomeru11

(pslg, flg. 7) are found. ’ These,glomerull are shown dlagramatlcallj.
P ) - on the surfaces ogjthe brain of G. setosus in figures 3 4nd 4.
_ i a . e = , S

v aq ~" . .
; Ve C B The anteriqr face of the Jdeutocerebrum is cqvered by the
inferior anterlor medlal glomerulus (lamg,.flg. 9), the olfactory '

.?\NT*7~"‘Iobe~glgmerull (oflg, flg. 9) and pa:t o£ the 1nferlor lateral

B .,‘ (1lg) and inferioxr medlal glomerull (lmg, flg. 10). .On the post— K

. (‘ ' : l.erlor 51de of this sectlon the remainder of thé posterdor super--

I . . jor lateral glomeru11 (pslg, fig. 9) is found Figurés 3 ;;3‘4 .
' show ~-the glomeru11 of this reglon dlagramatlcally. )

- - .
M . L} [} L

’ o- -

) . . .

o ' - ’ __— The trltoc%rebrum has the rest of the inferior medial

Tl < (img) ‘and 1nferlor lateral glomerull (ilg, 1g. 10) as well as - -
s - _{; -1/2 the inferior posterzor glomeruli (1pg, fig. 110m) on its ant- :
- ' erlor face. The - posterior ‘side of the trltocerebrum has only | ¥
-'" : the: remaining portlon of the 1nfer10r posterlor glomeruli (ipg, .f
. " " .- fig. 4) on it.: Thls last glomerulus is- found lying along the ‘
‘ .outsiQe.lateral portion of the tritocerebral connectives (£ig. o \
« >~ ' 1100). The glomeru11 of the trltocerebrum of G. setosus are ‘ "

\

shown dlagramatlcally in figure 3 and 4,

. v n
T~ .
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THE SUBOESOPHAGEAL GANGLION: . .

. . . .
N 2 . l

The c1rcumoesophageal connectlves that extend posteriorly
».’ o from the trxtocereb%%l connectlves around the oesophagus totthe -«
"‘ ﬂ suboesophageal ganglion are relatively shortv The suboesophageal
ganglion is a fusion of the first four thotaqic gangliaeinto an
elongated mass with ah average length of 0.67 mm and a width of e
0.27 mm’ (fig. 19); The number of ‘ganglia fﬁsed into this mass-is

Variable in the_Amphipoda, but always includes those ganglia cor- &
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. responding to the mendiﬁleyana maxillae. Some of the neryee assoc-

~iated with thie mass ere-the extracentral lonéitudinal, median

v .»f37“ 1ongltud1nal, nerves of’ the leg reglon and'nerves of the, 1ntegument
o 0 (Bullock&Horr:Ldge., 1965). L '

T . N \

Ty . . C AN
] - The euboesopheécal mass_ is relatively flat along its - ¢
dorsal s;de in sagittal section '‘but has a smooth bllobed appearance e
.1n cross sectlon The neuroplle is conflned to the ventral por-
t;on ane the r‘gts of the many nerves that erlse from. this reglon
0 (fig. 20). - There are many nexves prejecting from different Posi—
. tions.?nnthe mass, the most anterior of these are thick and, extend

‘ M .
1n & dorsolateral dlrectlon from,the circumoesophageal connectives

~just before they join the mass.

v

N '
. s

From each of the foux fused gangllon bodles there are
two relatlvely thlck nerves passrpq.to the 1ateral extremltles,
N . one superior to the other. - The superlor nerve extends'sllghtly
- dor501;EErally to the 1ntegument while the 1nfer10r one passes
ventrolaterally to the appendagcs of the region (flg. 19, 20). Each
of these blfurcates into two smaller nerves a short, distance’
from the mass.,. "Two other ventral nexrves orlglnate almost per-'

pendlcularly from the ventral side of the suboesophageal mass.

N ~'

~ . .

-~ ‘ The gangllonlc cell layers on the dorsolateral aspect
of the fused portlons also line the ventral 51de of the neuro-

pile masses in these areas. ‘SOme neurons also line the neuro—

2 M “u

. plle df the nerves extending ventrally from the mass (flg. 20).

.

" The major racts of fibers course dlrectly through the mass and

N
Al continug/ down into the connectives and ganglla of the ventral -

’

- .negve ¢ ain, The axons of cell‘bodies on the periphery pass
. . . : .athroug ‘the neuropile and out the lateral nerves'that innervatey .
" the anterior appendages,, integument -and mqécle,bﬁndleé‘
. . ‘ . B “ v ‘ . ) ‘:‘ M - LIRS . o \'
' THE VENTRAL GANGLIA: ' 3 -s : e : T
. “a . J' . . .
N .

The number'eﬁ ganglia in the ventral nerve chainpcorres-

[y
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o and between individuals. -
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- ponds to the number of body segments... There are eight thoracic
NN & 1 : .

. . . ¢ -, . | W .
and four abdominal ganglia in G. setosus. The connactives ext-

"ending between the gangylia -are adjacent but- remain separate giving

the gangllon chain a’'ladder~like appearance (fig. 21). Thga thor-
atlc and abdominal ganglia differ in that the two lobes have ‘fused.

:1nto_ a single mass in the abdominal regmn (fn.g. 23, 26). e

The thoracic ganglia generally appear bilobed when

v1ewed dorsally or ventrally with slightly more 'of the gangllonlc

“mass in the ventral portlon (fig. 24a). They average '0.53 mm

~

.vary in chemical composition as shown by the diverse array of

in width ‘and 0.33 mm in length while the cbnnectlves average 0. 13

mm in width. The length of the connectives is varlaple and

"great variation in ganglion morphology was observed both within, '

.

There is a layer of neuron perikarya on the ventral

- side of each gdnglion as well as four dorsolateral groups, -one
. . S . 1 N

in each freg corner of the-gangl’ion (£igs. 22, 25). . The neurons
vary in size ranging from 7 to 35 microns in diameterand also -f'.%
o , .‘('/
- N L. e
color after staining with Hubschman's modified ‘Azan technique’
. - ,
for crustacean tissue. These cells are mainly unipolar with a

rare bipolar example. The axons of these neurons pass t\tgrough

) the fiber core of the ganglflon and a number of axon collaterals a

arise before the main portion terminates or passes out of the.

ganglion ofﬁen.'with a decussation (fVJ.g. 25).

The dorsolateral neurons send thelr axons out along

“—-tshe segmental nerve (flg. 21). These nerves are a bundle of _
axons sheathed in igllal cell wrapplng dand then tlghtly bound
t

J.nto a single uni y the fibrous connective tlssue capsule sec-

reted by the underlying perilemmal cells and.continuous with that

)

of the ganglion body (fig. 24b). "_I‘he ganglion: is a compact str-.

ucture with extracellular spaces occurring.largely in the cell layers

(fig. 25)._ The segmental neruves are 'compacted and contain both

. .
L3 -
"



~parallel cyllndrlcal neuroplles‘extend in" the same dlrection ab

‘qvoid masses paralleling each other. The neuron iayer is still

. .
, : . - . . .
N .

' sénsbry' and motor axons, while the ‘two main tracts entering and

. -1
leaving the ganglion, from the connectlves con51st of dorsal

-
-

‘(malnly ascendlng) and-, ventral (mainly descending) tracts (Bul

‘ .

lock &_ Horrldge, 1965). O i T
’ _' . . 9
\ The thoracic ganglia have differentiated neuropile ‘
.regi‘ons There are two large lateral neuropiles ihto which -

the tracts of the segmental nerves merge along with the axons

from the dorsolateral gangllonlc cell layers (fig. 22c) Two

the - longitudinal tracts of the conne;:ives {fig. 22b) and are -

joined in‘- the posterior part of the danglion (fig. 22a) . In

ctoss section this portion of the neurepile .appears arc-shaped.
5 . "

o
-

'I‘he abdominal ganglla have undergone lateral fusion

"and, taper postenorly (fig. 27). The copnectives have also

v .
© fused to form a s.tngle‘-;ttructure and the once lateral segmental

nerves now originate from an extreme-ventrolateral position.

* The, nerve:é; that in the primitive malacostraca arise from a lat-

. eral position bn the conpectives, originate here. from a ventral

position (fig. 23). The neuropile in the ganglia h s béen re-
T .
arranged with a large spherical mass.found in the anzerior portion

of the ganglion.” In' the pos\t_e_i:ioi‘ portion there are two thin

™
t

ventral with' some dorsolateral cells present"e'specially in the

. anterior region (figs.’ 26, 27). ' The last abdorhinal ganglion is

the largest and nerves radiate from its ‘posterior region into’

"the telson which is without a ganglion.

&

NEUROSECRETORY CELLS OF THE CENTRAL NERVOUS SYSTEM: ‘

Two types of neurosecretory cells were dis’tinguished .
in routine p'araffin sections of 'the Jbrain and designated tyée A
and’ type B on the ba51s of perlkaryon size. - The shape of the

perlkaryon and morphology of the neurosecretory granules were

:

e
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* plasm between it and the cell .membrane.,

-

not found to be useful guidelines in"this study. The crowding
of neurons into the glomerular layers accounts for the majorxty
of variation in shape and routine’ paraffln sectlons do not i
sufficiently dlstlngulsh the condltlon of the neurosecretory

materlal (NSM) within the perikaryon. The relative 1nten51ty

" of the stain in these sections was used as an lndlcator of sec-

retory activity. In most €ases the secretory material—was 4
“found to be evénly distributed throughout the perlkaryon differ—
ing only in density and staining intensity.

- N i Q

Type A Heurosecretory ce'l}s are small, unipolar neurons
9 to 20 microns in diameter with a large nucleus and very little
cytoplasm (figs. 28, 29). The neurosecretory naterial'in these

cells appears as a thin ring around the ‘nucleus fllllng the cyto-

t

fyp€e€ B neurosecretory cells are neurons .20 microns oxr’
larger in.diameter. The cytoplasmicinuclear volume ratio is much
. ’ ; i

greaﬁer. The cells exhibit vdrying intensities of NSM staining

usually distributed evenly throughout fhe perikaryon (fig. 29). '

The iargest~of‘these B cells are located in the posterodorsal
portion of the anterior inferlor medial glomerular bridge (aimgb)" .
and axe easily recognized by their unusuallj large size (48-58.5

microns in diameter) and staining intensity (figs. 30, 11l0a,b).

" Thin section shows these B cells have a wispy; vacuol-

afed‘cy;oplasm and little nuclear chroma ing periods of
beak syntﬁetic activity (fig." 30). ,_Observations'on adjeceqp
type A and B neurosecretory -cells reveals an inVerse relation-
ship between the amount of chromatln and condition of the cyto—
plasm (fig, _29). Neurons with a good'deal of dense chromatin
have fairly homogeneous cytoplasm with few NSM~positive regions.
Those with scattered chromatin have a more;vacuolated cyeoplasm'

(fig. 30a) while those with eﬁen.less chromatin have a severely
. ) ‘ ' .
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vacuolated"cytoplam and many NSM-positive granules scattered
throughout the. perlkaryob/ (fig. 30b). . Localization and. 1dent-
ification of the #eurosecretory cells in the glomeruli of the ,

brain, suboesophageal fass and ventral ganglla \ﬁs dealt with T

funder the heading "Neurosecretlon and Reproductlon" {(pg. 53).

-

f g™

F . .
ULTRAS TRUCTURE OF BRAIN NEUROSECRETORY CELLS: L ;
. - [~ 4 - . ‘

LR
. o L
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. The- penkarya in a glomerular layer are closely packed

w:.th 15 -38 nm spaces between them. The vacant areas of thin’

,sectlon (flg. 28) are actually fllled w1th large glial cell pro-

cesses as well as axons (fig. 31)... Each neuron is ensheathed

'by between 2-20 overlappmg 1ayers - processes from the surround—

ing glial cells. Trophospongla ' lnflltrate the perlkarya for -
dJ.stances up to one micron in the, mat:er:.al ’éxamlned " The troph’o-
spon_g..xa arlse from the innermost layer of this gllal sheath

and the cell membrane is .l'nvag.mated by thls process but the

two cells remain separated by their respectlve plasma membranes

(fig. 31). ‘ . «‘/

. : £ 3
v . . 2
. |

The individual .neurosecretory and 'non-neurosecretory
neurons differ. appreciably in ‘fshape, cytoplasmic clensity and
coni.fign'rati"on of, the endoplasmic retjfculum (ER) as well as
number of othermsynthetlc organelies present, The nucleus'

is enclosed by as double membrane system 46-270 nm thick (flg.

. 36). 'I‘he tw0 membranes of thls system are separated by an

electron lucent space of 30-230 nm ‘and 13 perforated 1rregularly

by pores rang:.ng from 90-260 nm in dl.ameter. _No fibrous lam-
ella was obsexrved beneath the nuclear membrane nor was any con-

tJ.nulty between it and the c1sternae of the rough ER in the™

‘-_sectlons examined, . ' .o .

>

’ The nucleoplasm is generally ‘electron lucent w1th

a

scattered electron dense partlcles that also fon;l_, locallzed
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masses (chromatin). The chromatin tenas to be condensed arpund

the perlphery of the nucleus as well as scattered throughout

(Fig. 31). .The nucleolus Kas no membrane but is un1versall§ . o
present being composed of chromatln granules in denser cénc— o -
entration than those of the nucleus. T

Electron ‘ microscoplmealed‘preduW

of neurosecretory granules. Type I g'ranules are 'small - dense

spheres with no surrounding halo deflnlng a limiting membrane

-~
'

(fig. 36). ‘I‘hese granules range. ‘from 98- 160 nm in d:.ameter -3

" and occur in clusters of varylng number scattered throughout the

2

A

-

L

‘somes, are scattéred throughout the cell (fig, 38). - -

cell (flgs. 34, 36). The dens;Lty of the granule appears to in-

[
~

e

crease with its s12.e* suggestlng a maturation process. .The
granules are found” to ‘be in close association with active Golgl . i ' /

regions (figs. 35, 36) and areas of lesser density can be seen

‘within the flocculent Golgi cisternae (flg. 36) . Type I gran-—-

ules- have been found prlmarlly in the A cel’ls of the braln but T /
/4‘

not 1n every example ) " - ;e . \

L

,The majority of“B cells and some A cells exhibit pro-
duction of a second type of neurosecretory granule. The o;rto— .
“plasm of these neurosecretorjl cells contalns many -spherical
ve51cles 195- 815 nm in dlameter (flg. 40). These vesicles are '~

dopble membraned and have a varlety of internal conflguratlon

and matrix den51ty.

The cytoplasm of these célls contams a number of ST
active Golgi dlspersed throughout that are characterlstlcally - -
crescent shaped and large numbers of various sized Gdlgi Vés-'
icles radlate from their d'.l.Stal face (fig. 37). Short, dllated

cisterns of rough ER, "sbme so fragmented as to‘resenm1e micro=

- “p H )
e " The cytoplasm is heterogeneous with definite electron’

lucent and dense areas due primarily to the distribution of the .
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polyribosomes, Golgi and a va’rie,ty of vesicéles (figs. 39, 40).. ~——
Distinct mitoc_hondria are scarce and hard to distinguish among _ -
the numerous type 11 vesicles. {fig. 38). Single’ membraneci res—~
idual bodies containing, accumulations of cellular debri ; :
lamellated fibrillar esénﬁ:ling .fingerprints are :pre—
sent in the cytoplasm ('fi?. 40). 'n :“ -
The t)‘(pe‘ II neurosecretory vesicles are presen}: thrc;ugh—
out the perikaryon, axon hillock, axon and glial cell processes’
th)at ergcapsule the neuron (fig.vﬁ39). Migration of these ves-
icles into the ‘gljial processes appears to be through perikaxryon
release, especially in the region of the trophospongia. Both

‘m'embranes break down allowing free passage of‘,' these vesicles

‘ ranged cisternae of rough ER scattered t;hr6\1/éhout the éytoplasm Tl

-

'-(f}g. 31).. ibosomes and polyribosomes are still found in thq
L : cytoplasm that/has an overall homogeneous appearance in these

. - ’ cells (fig. 3)1). . . . — . e

S htpesis of type II neurosecretory \'res'icl;as is poorly
understood’ with e\}igience present supporting two q"uite differe;t_
. - . modes gpf production. - Nishiitsutsuji—i}wo (1960, 1961) ‘working
‘ ¢t with a lepidopteran suggested mitochondrial fission as a source . \

“ of the mitochoncirion\-like neurosecretory vesicles found in the .
‘ neurosecretory. neurons of that animal. The type II neurosecretory )
vesicles found in the neurons of G. setosus bear a’striking re- -
. éembleynoe to mitochondria (figs. 39, 40). Tk}ege organélles'
have the c_:harabteristic double limiting membrane of m'itochondrﬁa" .
(58-60% tl-gick) and the wide array of their internal crests are
of types not ﬁncommon to that organel'le. In some instances

¢
s

mitochondrial fission (fig. 40) and budding .(fig. 33) haye been

'

s5een.




{ Théw distal face of the Golg) complex produces large

Th(.se bmall vesicles appear to bec

.

limiting membrane forming a much lakger vesicle, an M

e encapsulated by a single -

area betweﬂh’ the J.nternal \{esicles bscomes electron dense and
the accumulatlon of thLSE ultrapartieles results in apparent
distension of the smaller vesicles causing them to appear as
tubular structures in some se’ctlons. A second\ J.nner membrane .
appears and gives the organelle its double membrane appearanCe
(fig. 41). Aftdr this point the vesrcl,es becomé& more eleetron

i
dense and-contiitue to grow in size until they resemble mito-

\
condria. 4 : . ' . ’ B -
M . ,' . N A\

. ) )

.

_ These type II vesicles _extruded from the perikaryon

through the cell membrane, or seen along the axons; are smaller

. but similar to those seen in the type I frontal organ neuxons - N

(fig. 64). - “These ves;tcles~~were, also seen in the axons 1eadlng

' to these frontal organ neurpns (fig. 68). . Thésfe frontal organ

' _type I vesicles could be the resultsf continued enlaryement of

the protocerebral perhaps elementary, ty'pe II neuroseeretory ves-
icles. The vesicles have perhaps undergone some form of matur-— '77‘-~

ation before thcir hormonal components are released ) _/

] * . '
‘

ULTRASTRUCTURE OF GANGLIONIC NEUROSECRETORY, CELLS: <

[N

The ultrastructure of the neurosecretory cells in the
. Vi /r .
thorac:.c ganglia is strikingly srmllar to that of tire Jprotocerg-

bral neurosecretory neurons. The most obvious -difference is the

—— B o i
tj ) N\ ot ! o ’ . ' .
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COmn.\on 6ccu;:rence of elongated' mitochondria in thé’ perik.aryon
afxd' axor; of ganglion neurons. These mitochondria are present
, in various configurations, the majority haying‘ transverse or
tubular crests (figs.-42, 45).

The’ cytoplasm contains free.ri'bosomes ’ polyribosomes,

-~

scattered short dilated cisterns of rough ER.and Golgi con-’

* taining a flocculent rr{atrix (fig. 42). Tfoéhoéﬁ)ngi\x are

e

common and the nturons are encapsuled by l;yers of glial cell
processeé (fig‘ 43). ’I‘here %,f,e many types of vesicles bemg
produced by the Golgi regions including small dense cqre ves-

1c1es from 58-143 nm diameter and single membraned vesicles

' LY »

.‘ P;oducf:ion of MVB's is evi@{(figs. 43, 44) and-
the presence.of the t)cpe II mitocﬁondtion—like neurosecretory
vesicles was also noted, (fig. 42). ° The transition from MVB
to type II vesicle. was more poticeable here as. neurons in the ~
early ‘st'qges of NSM synthesid contained _]:a.rge n'uxﬁbers o_f‘MVB's

as well as double m'embraned MVB-like vesicles (fig. 43).

_ Neurons in later stages of synthesis contained this double

*membraned t'ype‘of MWB but the interndl matrix appeared sSome-
what denser (fig. 46). By the. time the vesmles reached the

axon hillock they. were well into their maturatlon phase and .,

l?ore a striking resemblence to-mitochondria (fig. 42).

’
.
a ? L X . -

ACCESSORY. CERHALIC STRUCTURES :

THE SINUS GLAND: = - v

'

)
The sinus gland®of G. setosus is an ovoid mass of

tissue at the. end of a thick stalvk composed of a large number
of cell bodies. The overall projection averages 580 microns

in length and 175 microns in width. The struéture lies
t ‘ : A

. 131-442 nm. in diameter containing a flocculent matrix '(fig. 42).
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- -slightly lat’eral and’ caudal to the medulla externa of the optic

\(_

s

1obe arising from the optic 1obe glomeruli (figs. -2, 47) The
cellular stalk projects from -the posterdlateral aspect of“'“these
glomeru11 at the lateral extremlty of the protocerebral optic-
1obes and it appears cutvéd with the concavity directed med-
1ally and ventrally. The- sinus ‘gland lies in the general

plane of the body.

F

Its globular form” is surrounded by a smooth envelope
of flbrous connectJ.Ve tissue contlnuous Wlth that of the optlc
lobe of the brain mass. This sheath is cyanophlllc when stain-

' 3

ed with a trichrome dye. The gland is packed with cells that

have large nuclei and are relatively poor in cytoplasm (fig .t&~49) .

PF and CHP-pos:Ltlve material .can be seen within the perlkarya

at various tlmes of the physiological cycle whlch will be de-

fined later (flg. 48) . | The fiber mass of the sinus. gland has

a ‘texture similar tq,Dthat of the adja_cent optic lobe (fig. 49).
. ‘ -

e

The sinus gland has beert termed an ac:cessory ce;;;xalic
structure rather than a simple projection of the nervous system
in this study because it deviates from the rlnd/core arrangement
found throughout the nervous system of the a.mph:.pod. ~ The re-

gions dre more - :LntersperSed in’this structure (figs.’ 49 50).

The fiber sect:.on appears vacuolated in this sedtion 1n the .

proximal port;.on and more compact in the distal portion of
. ‘ i

‘the sinus gland (fig. 49). o . .

. In the ¢oncav1ty between the sinus gland and the optic

. lobe of the protocerebrum there is a nucleated tissue pad formed
‘from the cellular components of the adipose, connect:l.ve tissue

that supports the braln (Flgs. ‘49, 50). It appears to function -

as a cushion helpmg to hold this delicate projection in place.

There are many other po;.nts of attachment with the adlpose con-

nect:we tissue network along the capsule of the $:.nus gland ‘and

these further facilitate support (fig. 49).

—_— L A . ’

= i £ . . - ) . . .
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THE FRONTAL ORGAN:" S
r . ) )

e e .
e e SOV R

R The frontal organ of G. setasus is a simple sac-like ' .

'

méss of cells just under the hy‘podermis in the anterior dorso-
- mé'dlal reglon of the head cavity (figs. 1, 51, 53). The oxrgan
has a wide’ dorsal dlmensmn extendmg both laterally and post- ‘

- ) .' erlor,ly. It 1s defmed by a connectlve,,tlssue.,, membrane that )

.. Ty
- i

sets it off from the .1nterior region of the ‘head’ (f;gs. 53, 54) U

On each side the hypodgrmal lining of the head reglon forms a
& _ canal with a sac on the end that ,grows ventrolaterally to engulf
. the eye. From its laterally convexed domal base it tapers .« -
- in all directions resembllng an inverted cone yuth a sllghtly‘

coricave surface. The frontal organ is bounded posteriorly by

the ’web-like adipose connective tissue networ.k that supports
the brain mass (fig. 59). » S o
R e, s
: Where the ventrally sloping boundaries of the- frontal
organ come to its vortex, an unpaired, relatively thick cord . v
" connects its body, to a dorsomedlal p01nt on the protoce;ebrum ,“J
- (£iqg. 51) The cells of this organ have been previously\des- ST
cribed by Thore (1932) in G. pulex and G. locusta as nerve cells . .
with axonal processes, " The axonshof these neurons paiss'ventrally ' $/@\
frompthe frontal organ into the layer é)fq gangﬂlion'ic neurons in ’ o
y T the' central region of the protocerebrum. This gangliqnic‘.layer
1y s?lits itself into the lateral and medial- anterior inferior and
"\3 - anterior superior glomeruli which cover the surface of either
, ' : s:l.de of the fiber core's central depression (f:.gs. 3, 4) This
medlal frontal organ nerve appears to be double-rooted orlgln- ) -
- : ating: from both s.1des of the protocerebrum qnd ‘the branches are
pulled together near the base of the origin of the antennary I
nerves. ' Both parts arlse behizpl and beneath the dorsal gang-

-lionic cell layers.. of the' anterior part of the protocerebrum (fig. 52).‘.
- K
" . ) l‘ .
' Within the’ frontal organ:extend thin, perpendicular
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v
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-

- connective tissue strands to which chromatin-—rich, cytoplasm—poor
= and granule—ladﬁatm (fig. 55). ‘i They cling ‘

‘ to these strands in Yosette clumps resemblmg grapem’on a v:me.
e e =" "The spa.ces between the cells is- filled w1.th a flocculent material

‘ tlnctorz.ally similar to the blood within the dorsally located - .
heart found Just p&qenor to thls {fig. 56). S,.mce the dorsal

< aorta emptles mto the head region just behmd the bra.m, thls
could indeed be a blood sinus. The granules seen within the

Ny ' cells are of varyihg sizes and are cHp, BF and PAVB-positive.

]

,,.-.-- - They appear to be NSM and the frontal organ of G. setosus may':

s

- Y

T be a. neurohemal organ (fig. $6). .

: s _ 7
¢ - THE-STATOCYSTS: - .-

P . . .

' L}
a D The statocysts are paired structures_ in_the dorso- _

" anterior pert;io'n of the head in G. setosus (figs. 1, 54, 59).
They are immediately in front of and algoire the ,eye and en each -
- , . side of the posterior' portion of the ffontal organ. ‘They' liél, '
B obii'quely with the dorsal tips pointed inward toward the medial .-%
frontal organ. Dorsally they slope forward to the hypoderrnJ.S
. C ‘ 4 and ventrally to the eye formmq an excretory duct. = At any

:point they are roughly egg-shaped in cross sectlon with the
. o “‘wi::iest portion’ directed inward ‘(fig. 62).‘ . In longitudinal
section the statocyst is bag—éhaped,c tapering drastically at ‘the
dorsal end while the ventral' end is more rounded (fig. 60).

The medial part .‘LS connected ‘to the brain by a large ‘nerve

-

(figs. 57, 62b) The statocysts are about 350 mlcrons long and

-

120 microns wide in average sized females. e -

‘- Y
o

B . N R
. ‘ -

The external membrane of the statocyst is wvery thin.

, In paraffln sect.tons its patteip is .1rregular {(fig.. 61), but in oy

5 . . “ Iy AP

thm sectien it- appaars smooth (flg. 62) .~ w.u:}un the membrane

o o the wider mnermost portlon of the Statocyst is 11ned by a

i

v, ' . layer Of sensory neurans (Thore, 1932), and 1ateral to this 1s

an intensely astalnmg seructure, the sgatolith (figs. 60, 61, 62).

. a L}
A . . » Lo
-
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.o - ' B W R
T Wlthln the statocyst, along the w1dest portlon, an ex- )

tremely thGn membrane parallels the outer ‘one creating a.crescent— o L ';:'

shaped chamber (flg. 620). This chamber is of varying length ' o

.7 3

and’ w1dth depending upon the diameter of the statocyst at that ' L t "t
o _ .
polnt. It contalns the sensory neurons whose axons pass ventral-. . A

- a

ly vla the statocyst nerve to the most dorsal: tip of the proto- - .u:r“m:

cerebrum (flgs..57 58 62b)s, where they penetrate the medulla Ll
terminalis.h: In thick section the axons appear to spiral so that - A -

each neuron seems to beeencapsululcd by™its own axon - slmllnr Lo . -

) -~

- that seen 1n the sp1na1 ganglia of vertebrates (fig. 61). ~ In T .

thin sectlon the neurons appear to be embedded ‘in ‘a homogeneous

B matrlx-and,the ﬁxons ‘cannot be dlstlngulshed. iny in. a few. . T,

*62b,c)., o : PR -

¢ PRI - 2 . N
. M . L3 > .
S
g . N . .. R '
. P . . .
B . » > .
* - . ] .

o
[

3%

o -
uGZb c). The stanllth nges the statocyst 1ts form and over-

. all shape. It‘ls a splndle-shaped structure tapered at both S coe

instances the ncurons appear to be situated in a vacuole (figs.  Tx-

o N . : . n

r In the mid region of the.statocyst a stalk arises

L TU

: from this neuronal layer connectinoiit with the statolith (figs. '

ends and ventnelly elongated into - .a- stalk that extends deep

1nto the ventral reglon of the statooyst (f1g. 60) “In G, -

&

g setosus the statollth 1s medlum—51zed with ample space between ° . ) o

it and the statocyst wall. In thlck section it-has a.strlped _ . : L
appearance and resembles a muscle Bundle (flg. 54)em-- - ' '

/wnen viewed in th1ck cross section, the statollth has

an eregular shape thh a homogeneous core (flg. 61), but in

th?h septlon at least thee different reglons can be dlstlngulshed s ﬁilg.'

[ R ¢ . .
by textural dlﬁferences (fi'g. 62c). ' The inner core is very . x; R
dense and bounded 1rregular1y by a llghter region. On the very °’ ) SRS

edge of the statoylth large vacuoles bounded by this llghter

) .outer layer are found Two different homogeneous tlssue types

»compose the statollth. Septa forge thelr way. 1nto the dore l . - s

- giving the statol:th its Strlpéd or lobulated appearance 1n

thick and_ thin- sections respectlvely.

v
—_—— e | I o
-3 - &,
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.- st{uctures 1n the head of G. setosus, large, dark PF-,

@
* ., -
. e " .35
o - n.n " ‘6) 'b' o . ¢
P ce A = [3S
.= ,L:A, ffn Lhc dorsal region of the statocyst the sg tollth ‘?“
T o . -
= st

i (thlng out. dnd {llllng the entlrc area (flg..62a) ThL neuronal
—
faytr is abscnt from this portlon. In the most ventral parts
: il .
. , of thc statocyst, the statollth malntalns 1ts zoncd appearance

. : bccomlng more organlzed but with no vacuolatlon of the outer
b oo lay01 (flg. b2d) S o .
.t N - . . : . M L)
L ] .J'-\ ) K s : .
. . "The statollth is a llVlng/tlSSUé in G. setosus as nucle1

appear on the outer membrane of the, vacuolated reglon. Theré
are anywhere from four to 51x of these nucle1 along the length

—_ _ofethc statollth (figs. 62b c). They “arce scarce 1n thL ext~

reme dor al ‘and vontral SGCthhS, belng more common in the m1d

rcglon ‘of the statollth. Thc statocyst of" the gammarlds fun-

ction in 1ntegraL1ng balance and orlentatlon (R. Barnes, 1963),

. ‘ °and_thc statollth is probably secreted as the external duct is
o not visibly open nor large enough 'to facilftate the uptake of
e ‘. T [
' - .sand grains, to, he incorpdrated into this structure. - 6
. Kt SRR
A & i -
Z EA . - . . - ,: . - y
: Vﬂ-‘».w~ﬁ53 s T S N
- -CLLLS OF THE . FRONTAﬂ ORGAN' . . T )
. b 1&'-"' ‘- - I ,J o o ' e T
- ;f . . T :L}'-‘Zq o - '
Tult oo s el

. Durlng the morphologlcal study. of accessory ceﬁhallc
DR W

.CHP=
-
and PAVB-9051t1Ve granules were observed in the perlkarya of

\

: the frontal,organ neurons jflg.-SG).

_ these granules were as strongly basophlllc as the nuclear

chromatin When stained with toluidine blue pH'll.
[) .

In routlne -thin sectloy/‘

|
i
A |
@ (flg. 63&). H
- v,
_The granules were. epoxy PF—9051t1ve wheras the chromatln did i
L.
.- not staln (f1g 63b) In control epoxy PF sections (omlttlng .

the permanganate.oxldatlon) the granules ‘were not stalned and

could not be dlstlngulshed but the chromatln was dlstlnctly .\
.., stained (fig.-63c). o . ' ; Lo .

»

&~
———

. . . : . ) v \',{

After examining the frontal,orgéns'of females in differ-

. . . o - .
. N . '
. . . : L . T
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ﬂln the empty.vacuole (£ig. 66b),' - B S 3

_Gith vesicles and tha% present is amassed around the nucleus. ,

“ . -
) . » .o ! + .

e

erent phy51ologlcal stages of their annual cycle, 1t was ev1dent
that there are. two types of frontal organ neurons and they ex-

h;blted two extreme morphologlcal condltlons, empty and full.

e -

Type 1 neurons contaln'from lO-lS extremely large granule-packed

veSLCles, 1.2-4. 5 microns ln dlameter that almost obllterate ¥

"~ the pytoplasm (flg. 64). When the’ cells vesxcular contents are

released, large empty vacuoles,'equal in size to the released

_vesicld, are left in the cytoplasm (f1g 65) " When viewed under
: * o
- low,  light Lnten51ty,‘$ale "ghost" granules can, bq dlstlngu1shed

- > e

. . . . A
ot . . . . .
v .

a'ijn animdls ,where the majority of the frontal'organ:neurons
ﬁere in the empty state, a second tell type (type li) was found.
These dxffer from cell type I in thé content of large numbers
(75 90 pex cell) of, much smaller (0. 20 0.85 microns in dlameter) .

epoxy PP-posrtlve granuley (flg..66) ' ' o .

. Y . : '
* 'Both cell types were studied in electron microscopy (fig.

67). They are generally spherical to ovoid and occasionally peri-

. form with processes. Each 'has an axon- arising from the perikaryon

enveloped py an irreqular. glial sheath varying from 96-270 nm in
thickness (fig. Géf ‘ Neurofilaménts are common and extend for '

great distances along the axon (flg. 70) Vesicles can be seen

.

Jin varxous locatlons throughout the gyons and perlkarya of both.

:§_ . j . :,:

. : 3 . ‘

types‘(flgs. 67, 68) .

~
0

Type I neurons show very little cyteplasm when filled-

Some ‘nuclear chromatin is condensed around the periphery of the

3

Ruclear membrane. - There are large nuclear éores 95~270 nm ) \\

in diameter, s§aced irregularly so that the electron ldcent

L]

nucleoplasm appears confluent w1th the cell cytoplasm (flg. 76) .,

)

The 'double nuclear membrane. is dlscontlnuous in the reglons

of.the nuclear-pores. The innmer component of thls double membrane

sysStem is more 'regular than €he outer, the space between theém ranging

u . -
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,the vesicles during the maturation'éhase (fig. '70). In a' fully

diffuse into the surrounding 51nus (fig. 74) . . .. .

.from 35-115 nm. . The outer membrane is studded with ribosomes

. . [ ‘ *
~and may ‘be continuous with the rough' ER system of the cell

(Fig. 71). . T

» . » - -
' N\

Tyze/lfnéurosecretory‘Vesicles have a spherlcal con~-
flguratlon during-the early accumulative stages but by ‘the - . s -

¢

- 4 -

time they are released they have become compacted lnto ov01ds .
and various other shapes (fig. 73). In the earlier stages,

‘the vesicles resemble mitochondria in orthodox conflguratlon.. '
They appear to have a double membrane and m1tochondr1a1 crests +§§;

(crlstae) project short dlstances AAnto the finely granulated

. matrlx (flgs. 70,‘71) As the ve51cles ehlarge there is an . R

1ncrease in the number of smaller granules W1th1n the retaining

-

vesicular membrane. TheJrough ER is closely assoc1ated with

mature state the vesicles become more electron dense ahd the .

crests are no longer visible in the granular matrlx (figs: 72b, . -
73) The t1ny granules of the matrix range from 6-10 nm 1n T 3
dfameter (flg. 72b). ~

N~ e -

These granuleJIaden'uesiclés eventually-either push
their way to the cell boilldary or expand outwards to meet it.
The cell membrane has a confiQuration similar to the typical-.
unit membranerseen 1n the protocerebral and ganglionic -neurons
(fig, 72a) - " When the mature vesicles .eome into contact with
the cell membrane-prior to the release of its granular contents, )
the membrane becomes,indistinct, without any particular config-' : - \\\<
urat10n~and the limiting membranes of the ve51cle also dlsappear

(flg,,??ﬁ), The cytoplasm is pushed back around the nucleus ' ‘ o

'and contalns free r1bo$omes,‘scattered rough ER and flattened -

Golgl cxsternae. The* vesicles eventually push thelr way ’ +

through the cell boundary and the flnely granulated contents - S
\ .

" . ' ‘'
1

" . The embty'vesicle retains/its/shépe after release of-

3 N PO ~

3
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3

4 ’
» the contents, possrbly by an Lnflux of the sinus fluid (flg.~75).'

T None of the ghost granules of" llght microscopy were seen in_ the ’
' ' empty ve51cle when examined 'in electron m1croscopy. " Only a -
.  small number of mxtxtruded granules remain in the vesicles (fig.

A e 75)." The vacuolated ve51c1es eventually shrink and the cells
B tappear to have many more cellular organelles actively 1nvolved
[

. . '
T in. new neurosecretory_vesxcle formation (ﬁlg. 69)._ . e -

Active Golgi regions with dilated cisternae are seen

. : . - > o M
forming large numbers of Golgi vesiciles - or-elementary-neéuro--
//* - secretory vesicles' (figs. 69, 75). These sinq1e membraned . d

. vesicles are pinched off the dilated, sae—like'ends of the

distal regions of the Golgl. " These vesicles enlarge and be-
" come fllled with a flnely retlculated matrix of tiny granules.~

" This matrlx becomes denser as the vesicles enlarge and a double "

membrane appears. ’ . , .

o . . The mltochondrla at thls stage are large and falntly

dellneated wrth an electron lucent flocculent matrlx (flg 76)
“ . . !
4 The matrix also appears to become denser:* and they may swell 1nto

. the—orthodox configuration possibly accountlng for the mlto—
o ¢
, : . chondrlon—llke appearance of the maturlng neurosecretory ve51cles

' - . (fig. 70).~ Rough ER becomes much more abundant and may be ar-
YL ranged in lamellated stacks in the cytoplasm in close association

with the maturing .wvesicles as well as‘the nucleus (fig.,69).

N [ . @’
v

- T Type II- neurons contaln a large .number of the smaller,

more denSe v951c1es with no m1toch9ndr10n-llke crests {(fig. 67b, ‘\\\\\

78). There are numerous small Golgi from whlch VeSlCleS ‘with
P
flnely granulated contents, .but no dellneatlng membrane,\geqm

i to have arisen (fig. 78c). - The vesicles increase in numbef*

size and density of their granular contents. Those vesicles .

that become.homogenegusly dense have a double limiting membrane

st ‘ a»
i . . .
T SN Yo "

¢ ) 3 a2
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similar to the type I vesicles (fig...78).

™

This gradation in

39

ve51cu1ar size, dens:.ty and presence of a llmltlng membrane _sug-

gests that the formatlon of the membrane 1s a step in the mat—

- uration of ‘the type II frontal organ neuron neurosecretory ves-

N

Hele.

'y

The cell boundary is similar in morphology to that

described  in the type I neurons.

icles was not observed in the material examined.

Actual release.of_the ves-

The vesicles

however, were not grouped near the cell boundary but dlspersed

thrpughout the perlkaryon (fig. 67b)

) - . 2
junctive contdining more organelles than the type I neuron.’

’

This suggests a gradual -

release of the neurosecretory ves:.cles from the type II neurons.

The cytoplasm of the type II neuron is coarse and dis-

mif:o'chongria are smaller and have a pale,'

flocculent matrix.

The

Rough ER is present in shorter cisternsnthan in the type I neuron

while the free ribosomes are in dense "clustefs interspersed be—

" tween the vesicles (fig. 78c)

“The cyclic neurosecretory ves-

icle formation and release phenomena of the type I and II frontal

‘organ neurons is outlined under. "Neurosecrethn and Reproduction"

(pg. 53).

THE OVARY:

; MQRPHOLOGY :

that. of Gammarus duebeni (LeRoux,

A

t

The ovary of G. setosus is 51m11ar in morphology to

1933; Steele, 1964) and O.rch-

from the: secOnd thoracic. to the first abdominal somite. Each

4

is cylindrical in shape ‘connected ‘to the other g’.n the midline

K;'_'.: -

—_— estia gammarell (Charnlaux-Cotton, 1960; Meusy, 1963). These
. \mtfeiorgans are dorso’lateral to the dlgestlve tract and extend

/l’nd attached laterall'y by adipose vconnective tissue to the hegato-~

o .
L}

-

I



e . » N » 1

pancreas (hepatic caecae). Additional conngective tissue membranes

ags

.ovary in-the Ffifth thoraci_c~ somite and ex‘tends posteriorly and

extend tothe anterior and posterior regions-functioning as sus-

penso‘ry ligaments. The ovarian volume increases between broods

and follow1ng ovulation- the ovaries appear as two pg;ﬁllel narrow

.bands. An oviduct is attached to the 1nfer1or part of each’

obliquely to the inner ventral side of the fifth epidermal plate

at the base of the ,oostegite. B ' .

[

At. the point of junctioﬁ between the. ovary and the

i
oviduct and extending .bout half-way down the oviduct is a

large mucous—sécret_ing_ glaxid. The ‘oviducts are blocked either

by the eqgs pending their release Qr by a mucous plug secreted

by this gland between ovulatlons (fig. 80). . Ovilation is pre—-
.cedad. by the reIease of .an album1nous Substance sekreted by . the
mucus cells in the oylduct. lThe substance coagulates on' con-
tqct with water forming a-temporary capsule around the eggs.

The sac disappears within hours of ovulation and may serve to

,protect the eggs i ‘their most crltlcal stages just after final

maturatlon and through fert:.l.lzatlon.
- : .

The mucous secretlng columnar epithelial cells. seen

4

'll‘l thlS gland exh1b1t three main phases of act1v1ty correspond—

1ng closely to those descrlbed by’ LeRoux {1933) in G. duebeni.
(1) The preparatory stage beglns three or four days after
ovulat:l.on and contxm.ies Until the onset of the successive ov-
ulation. The cells have a finely retitulated cytoplasm and'
the nucle1 are 51tuated near the base ‘of the cells Sl - The
secretory phasé is ldentlfled by the accumulatlon of s;:retory
droplets in the cytoplasm of the ceélls. The cell boundaries
becornfe J.ndlstlnct and the outer surface of the ‘droplets appears
finely ‘J;etlculated. 'I‘.he droplets shrink when treated with an
acid ..fixative ahd‘staih stro'ngly with eosin and g'ahlioxine but are
not differentiated with m‘ucicaz':‘mine.. (3) The excretor‘y:phase
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is of short duration beginning with the arrival of the first
oocyte in the oviduct and teminéting with the passage &f the
last oocyte. When ovulatiqr{ terminates the cells are efpty

of secretory material.

GLANDS :

. I . . » L.,
In the sagittal plane of the ovary, ﬁ:‘iangular wedges
> . ~ 4

of connective tissue extend up and around the oocytes dividing

" the ovary into compartments’ - An ou‘aslmal lipid droplet is

) enﬂaedded 1n the tlssue as well as many types of cells (fig. 82).

In some areas the cells are indistinct and only the elongated
nuclei can be distin‘guishe;i (fig. 81).while in others the cells
gre quite distinct with'a nucleus and granule-laden‘cyl:o'plasm
(fig. 82). - some of these granule- filled cells have tail- llke
processes resembllng axons or pseudopodla suggest:.ng a possmle

nepronal character (flg. 83). Thebgranules stain deeply with

-toluidine blue and are PF-positive .as well. (fig. 83). These cells ‘

- could be the ‘source of the ovarian hormone i:hat controls fe-

male sex characteristics ln crustaceans but this remains to be
investigited. " n ‘

. C ¥ n ’ ’

Some of the other cells in- these septa resemble those
seen if lobular sac-shaped 'glanas “found ,_ir‘l'close proximity to
the hepa’;opancreas and ovary as well as“in other ‘scattered arees"
of the .body cavity. These glands bear a striking resemblance
‘to the mucous Bowman s glands in the -olfactory epithelium of
vertebrates, even in dlmens;Lons (flg 84). Each consists of.
approximately 25 cells and is 'divided into as.many as six lobes.
The cells will.not take upﬁrout‘ine mucous stains such as muci~ .

carmine but stain with toluidine blue and are"I;F—poeiti.ve (fig.,

. 85). * The glands have ducts extendipg deep jinto folds and surface

- concavities of the “hepatopanlc':reas. In these areas the cells o
. . - .

release their granules and appear vacuolated (fig. 85). The
released mate}iallis taken into Eh_e hepatopancreaé by pinocytosis
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ized egg formation within a well defined gonéd. By longitudinal-

" (Raven, 1961) and can be divided into three phases.

a3

" (Fig. 86). The droplets ary homogeneéps dénse bodies with no

TR - . . . L] B
llmltlng membrane and’ average 62 nm in diameter, The yest of -

the cyLopldsm of these granule—carrylng CLllS 1s void oE any jreat

dccumulatlon of organelles excopt for scattcrod bits of dilated

. rough ER (fig. 87). T ' . U et

@
OOGONIAL DEVELOPMENT: L ] - ..

- In G. setosus oogonial development proceeds as local-’

B

extension of the gomad, cylindrical ovarioles are formed. -, In

o -
many other invertebratg\groupsathe ovaries are solid but those _

of . sctosus have a'lumen early in ovgenesis which is later - :
|
obliterated by rapld yolk dep051tlon and oocyte enlargemcnt »£

Oogenesls can bL claSSlElLd as locallzud allmentary egg fogmation

PHASE 1: FORMATION OF EJOGONIA.

>

The ovarian wall is lined infernally by anhepitheligl

- . -
v

‘layer and covered externally by a thin tunica propria. The oo~

gonia are’ produccd from the eplthellal cells and are surrounded

by connective tissue and a few small folllcle cells (Fig. uy, 89)

’ ?he primary oogonia are formed within the ovarian epithelium

lhyer at ‘the inner portion of' the ovary and they-.give rise to"
successive’ groups of ‘secondary oogonla. There are .one or more
Yows of oogonia maturing 51multaneously, the number dependlng

upon tthSlZQ of the female (fig. 89).

~

- i .

This initial phas¢ begins with the :formation of the

oogyonia but growth is uery'weak and almost imperceptible. A

sequence of pre meiotic phenomena occurs® (Raven, 1961) within .

the’ nucleus at the‘qnd of which the oogonium is pusned out into the -

lumen of the ovary by the proliferation of new primary oogonhia in

3
¢ hY
]



. follitle cell is to brotect the oogonia (Raven, °1961) .

el ; ' 43 -

[

the inner région of the ovary. The undeveloped oogonia are
small, (0.05-0.10 mm), roughly sphorlcal with a-cemtral nucleusa.
and contain no form of yolk granules (fig. 883. ' '

L]

PHASE IIt OOGONIAL GROWTH.

‘The second phase is one of relatlvely slow qrowth
extcndlng over most of the, year The developing oogonia have
llttle cytoplasm and LeRoux (1933) reported “the appearance of
mitotic figures within the nucleus of oogonia in G. ouebenl.

The oogonie'darké\\as they enlargc and become oblong and roughly

rectangular in shape with a central‘nucleus. The growlng 0o~

- gonia are accompanied by follicle célls that lle around thelr

periphery and play an 1mportant rolé in nutrition {fig. 89).

»

During oogonial development, the folliclg/cell under-
goes a series of morphologlcal changes. The nucleus is large

=and tontains a great dﬁal of” RNA indicating. some degree of act-

. Tvity. The cytoplasm is strongly basophilic nearest the ‘co-

plasm when stained with PF. Dllated Golgi and rough ER .as well

as numerous mltochondrla accumulate in- this reglon. Extru51on

) of theé follicle cell through the zona radlata of the oocyte was'

observed in the' form of cytoplasmlc connections extendlng "froff

the follicle célls -with dlslntegrated cell membranes (figs. 92,
93). ' ' o

Dudipg the first two pheses'of oogonial development
the morphology of the folllcle cell changes -only slightly. The
membrage of each cell is.well defined.and ddly‘a slight enlarge-
'ment,of the oogonia causes 2 miningal deqree of stretchlng of the

follicleicell.ﬁfig. 90). At ‘this polnx_the—ﬂmfh role of the

“

PHASE III:. VITELLOGENESIS. e I

N



" - they become w1dely spaced along the periphery of the oocyte at

~

The oogonia fihallyaenters the phase of rapid enlarge-
ment and within a period of weeks (8-10) reach their full-tenh

51ze. 3 During thls phase the bulk of the yolk lS deposxted and’

it is termed the perlod of v1tello¢ene51s The mature _oocytes

_are compressed by crowdlng within the ovary and the nucleus be- - -

comes ventrally displaced lying adjacent to the vitélline membrane~
(fig. 10ln). while the cytq‘lasm i's packéd with. proteinaceous yolk,
granules, llpld globules and 1nterspersrng polysaccharlde material.,

The number of fpllicle cells seem/,to lncrease 1n ‘this phase and

-

irreqular intervals (fig. 90):

The follicle cell begins to alter its mo¥phology to
accept the- additional role’ of nutrition as.the oocyte ‘enters
vitellogenesis. The cell membrane becomes ind}stinct and begius
to disappear and the cells coalesce into a continuous band of
multinucleate cytoplasm about ohe.micron thick ﬁﬂich completely
surrounds the oocyte (fiq 91). The cytoplasm becomes fillegd -
thh granules of various shapes,” 51zes "and den51t1es, numerous

mltochondrla, dilated Golgi and rough ER. The cell membrane

on the external surface of the follicle cell ~and,on the side ad—

- Jacent to the ooplasm is entlrely lacklng so that free passage

\bf materials into the oocyte becomes p0551b1e (figs. 92 93).

~

-

~

As dep051t10n of the yolk nears completlon, the fol— -
licle cell becomes fu51form W1th 1ts thin extremltles stretchlng )
out ‘to form a syncytium with the next one and the nucleus forms
the thicker "bel y" of €ach gelk. ' The cell membrane has reformed“

and becomes dist'nct (fig.- 90). At the end of vitellogenesis

‘the cytoplasm i practically obliterated as a' result of resorp-

tlon by the oocyte as well as stretching of the puter layer of |
cells effected by the gross enlargement of the oocyte. At thls

p01nt a folllcle cell seen-in thin section appears as a nucleus

. surrounded by a mlnlmal amount of cytoplasm embedded in an 1ndent—

ation of the peripheral area of the oocyte's yolk mass'(flg. 90) .
\
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The oocyte of G.-setosuglis isolecithal and three main o
yolk components can be distinguighed’ in Qarying amounts: c;:bo—jﬂ‘ﬂ
hydrate;‘lipid and' protein. The Gammarud--oocyte is rich in poly-
saccharides present in the form of"gnanufés scattered throughout’
the ooplasm. The pblysaccharide granules arise in the peripheral

zone of the ooplasm and then extend centrlpetally, dlsperSLng

throughout the oocyte as ooplasmic vacuolatlon begins (fig. 99c).
. . - ) . . N .
o

The }ipid component of the yolk. is deéosited after

‘the carBthdrate portidn but usually before»the protein yolk -

éomewhcre in the last half of vitéilogenesis. Lipid globule
formatlon was not observed but transfer of lipid dro from'
the hepatopancreas to the ovary ls shown‘1n.flqﬁ;;~;?%ehsThe ,
close proximrty.of the two organs, as well as,the,prééence and -

apparent :xglic nature of'iipid st&raqe in the hepatcpancreas

helps to substantiate this theéry of synthesis (fig., 94).

ich in 1ipid globules, poly-

saccharldes (PAS;DOSL ive reactlon) and granular PF-positive
T~ .

pggteln materlal (figs. 95, 98). ‘Electron mlqrqgraphs reveal a

dense lamellaf arrangement' of rough ER in the sécretory columnar

‘cells of the hepatopancreas as well as numerous mitochondria of -

varylng‘lengths that help to account for the proteln synthetlc

act1v1ty (fig. 79). - The lipid globules become evenly distrib~
- \

uted throughout the oocyte, interspersing w1th the already pre-

sent polysaccharide yolk granules (fig. 94).

-

Th% protein yolk components are lncorporated into the.
maturlng oocyte durlng the last.phase of v1tellogene31s. These
small granules accumulaté near the cell membrane and then‘spread
through the ooplasm fllllng the spaces between the llpld and
carbohydrate yolk granules (fig. 97a). The protelh granules
are much smaller in 51ze, 1nf111trat1ng the ooplasm and gradually
fllllng the spaces with a solid protein mass {(fig. 97b). The

proteln granules stain W1th bR and the lntenSLty of the stalnlng
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becomes stronger as vitellogenesis nears completion. The per~
-centage composition of the mature ‘cocyte yolk is approximately

hl N . - )
2:2:1 in oxder of octurrence.

THE OVARIAN CYCLE: L o N _ .

The stages of ovarian n in G. setosus were

g various months of the year at Wltless Bay, Newfoundland

der;ged by examination of paraffin ‘sections of females collected
- ¢ dury

The oocgonia and ococytes were measured in sagittal and frontal ‘ /~J
_sections although in stages of late maturation heavy yolk de- '"\\\‘
;nsition made sectioning difficult. Sections greatéer than 15 .

microns are necessary in- these cases but are of little use in

cellular detall. Not all the oocytes in the ovary are'at the .

Same tiwe. The stage of maturation was de-

nial dnd oocyte matura ‘stages were determined
for G. set s by'Steele & Steele (1970). The,measurements'for .

=\ gogonia in stage 1 (él), were modified: in the appearance of the

< . ’ H v,

A Y

- Approximately two to three weeks before ovulation o R
the male will couple with a selected female (precopula) The. | |

- female undergoes the pre-reproddctlve moult assxsted by the .~ ‘ . :
male and immediately following this ovulatlon occurs. The oo- : »
cytes. are expelled into the brood pouch'for'fertilization.u . ‘
‘Thi$ occurs sometime between late September to December atu - H
Witless Bay and in- the laboratory usually at night or eerly l ‘

moxning.

\Follow1ng ovulatlon it is not clear whether the o -

-

secondary oogonia remalnlng 1n the ovary begin maturatlon and -

. . ? o . "‘»’/i .
e . s : .



. - the rate appears slow due to low ambient temperatures or
EI ~are Hormonally inh%bited uhtil release of the hatched young.

" A small but steadQ_increase in s#ee is experienced by Fhe‘oo-'
gonia. They appear ouboidal to gectahgular with a weli—defined
nucleus, nucleolus ana:dense, solid\opplasm surrounded by a thin
‘oogpnial epithelium (fi&. 101a-4d). The“oogonia remain in .
stage 1 until laté spring. In May as hhe temperature rises'

oogonial growth .proceeds ii a qulcker pace (flg. 101e) and
by‘iate May the increase. steady (fig. 101f)

- -, . a

ﬁrom iate June toé July, the oogonia ;eaohr0.20 mm’
and yolk deposition begins (fig. 10l1g-i). Stages in vitellf -
Qgene51s are plctorlally represented in figure 99. The oo-
gonla are now referred to as oocytes. Yolk dep051t10n is
preceeded by the ap@earance of -small Qacuoles in the per1phera1
“ reglon of the homogeneous ooplasm. , Within the nucleus there ._;’

- -appears to be some'degree of act1v1t; mafked’by the "appearance
. of ph}oxine—pdsitive_granules“(fig. 99b): Yolk is fiest de-,
: ‘positqd around the peFipheiy,of .the oocyte, this‘acthity in;
‘q 1t1at1ng stage 2 (flgs. 99¢, 1011) From here the stages of
‘}, 'the oocytes are determlned mainly by size and the p051t10n’bf R

the nucleus.

a . - N
. 4 . -

},e Throughout July and August the oocyte contlnues to
- .enlarge through to stage 3 and the ooplasmlc vacuolatlon in- .
‘_ creases (flg 994)., .It how has a web-like appearance resembling .
. adipose connectlve tlssue Wlth ’small yolk granules on -the tissue
webs and larger granules concentrated_1n51de the vacuoles (fig: .

. 9%e). , - S S

- -~
B3

- . ' The most ‘rapid perlod of ooéyte growth is 1n August

when the yolk deposition is very heavy (fig. lOlj,k) The .

oocytes pass rapldly through stages 3 and 4. ' ‘At the end of

August the oocytes are between 0.35 and 0.48 mm and contaln a

~1; - idense concentratlon of yolk granulesw Stage 4-15 recognized by
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,-1ts 51ze and yolk concentratlon as well as a sllghtly etcentrlc

o

. -~ VoL LX . N .
o .p051t10n ﬁor the nucleus (flgs. lle l). C . . o,
-, - o When the females enter precopula the oocytes are in
Lo ) .etage 5. recognrzed by a -size oE 0.50 mm or more and the nucleus L

abuttlng on' the ventral perlphery of the oocytes to fac111tate R

R

N s oncomlng fertlllzatlon (flg. 101h). “'.The next generatlon of

' oogonla can be seen- squeezed aqalnst the 1n51de wall of the ovagy
©. % . (Fig. 99b) T R SETEE
T . L ' : . ™ . T : o

. R . ~‘ .. Lo . ' -
o : . o FdlloW1ng-ovu1atlon whlch occurs sometlme between late.:v
' . fall and early w1nter, the secondary oogonia left 1n the -ovaries’
exhlblﬁ a m1n1ma1 degree of enlargement due malnly to the effect\‘ s
'of the low 1ncumbent temperature and 90551b1y hormonal control. o h
-Aftér the release of the brood” from early w1nter .oh,, the female o
f-.' E ‘enters a perlod*eﬁ reduced phy51ologlcal act1v1ty - the restlng
. stage.' Inh;b;baon of actlve oogonlal growth contlnues and may

A T R I

‘.agaln be under the Lnfluence of temperature or hormones or, both..

oy

- The annual gonad maturatlon cycle of G setosus at wltless Bay,
T {*Newfoundland is shown in’ flgure 102 S L P
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The correlatlon between ,average hours of 1lght per day AR

per month And 1ncrease in oogonxﬂl and 00cyte size 1n females at.

W1tless Bay LS * shrown graphlcally 1n flgure 103 (and tables 2 & 3).

L. »m;‘ 1t appears that the perlod of rapld oocyte enlargement (v1tello— o
. ‘ ‘ genesrs) occurs durlng the months of dedfeaSLng photoperlod sug- ‘
: "’i" gestlng that ‘a decrease 1n day length stmmulates ovarlan maturatlon.,,
. .,_ .-:‘ N ! . , L ‘,)ﬂ A% R . ) . L .‘ o P « ..
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e .,  Photoperiod: %as been shown to have a deflnlte effect
. on the ovarlan cycle of G. setosus., Subjectlng groups of females

d

go one of 'the four photoperlods, 8, 12,- l4 hours 1lght, complete
darkness or a comblnatlon of these, resulted in dev1atxons from
"and varlatlons‘of the normal ovarian cycle ‘as, shown in figures.
The experlments were based on plac1ng females, usuallv
w1bhout males,nlnto a photoperlod for varlous 1engths of time at
different phy31oldg1cal stages of’ their annual cycle. Malés .

were gederally excluded so females would not gvulate and garry

) embryos but rather -epter the.successive ovarian cycle follow1ng

7
oocyte resorption.  Bxperiments 'in which males were ‘included

'showed that their survival rate was extremely poor in comparlson

LY

Wlth that of the female._. bamgllng of the, animals was conducted

after an%accllmatlon perlod of at ‘least two weeks. .
P . "/ . ’
4 " PP T ’ ’ . -

: Ovulation- rarely. occurred- after the co etion of

a

ovarlan maturation and resorptlon was qhe,most common method -of

: dlsposal of. full“term oocytes from the ovary. o¢Yolk rfsorptlon

&
. V&thln the stage 5, oofytes (flg. 100a).

‘resogptlon of the remaining ooplasm resultlng ln a collapbe .

‘is flrst ev1denced by vacuolatlon of the dense yolk granules

. v oo

This is followed by

-

‘104-1082 ° -5 N A S e

of the oocyte epithelium which has~become shrunken and 1rregular-f

.ly shaped A total dlslntegratlon follows and the ovary appears

full of scattered yolk granules, b1ts of oocyteegplthellum,

nuclel and other cytoplasmlc materlal (flg. 100b)

healthylstage 1 oogonla ‘can be seen llnlng the 1n51de wall of

The young,

the ovary amongst the deterldratlng mass of ovarlan materlal.
The oogonia begin thelr .normal maturation and enlargement cycle
once the'majorlty of the debrls has been resorbed ,(fig. 100c).
The first two stages of oogonlal development proceed’ at -a"much
'faster or slower rate than observed 1n females at Witless Bay,
depend@ng upon the photoperlod Once thlS resorptlon cycle

‘- » N -
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. oothes whlle others have enlarglng stage 1 oogonla, a sample range

B

s

* intervals - 121, 150 aﬁu 165 days. ‘The results of this experl—._'

has begun it cannot be stopped and will.go on to completlon be-

fore a new oocyte ‘cycle can beglna.. . . \
/ . L3 -
- . . . -

In the graphs lllustratlng the exper1mental results
(f;g. 104-108), the ordlnate represents mean oogonlal s1ze of
oocytes from stage 1 through resorptlon of stage 5 oocytes (O 10-
O 50 mm),,back to stage 1 of the successlve cycle. ThlS allows
a dlrect comparlson to be made between two or more-groups in the-
form of—a 51ng1e llne. In cases where the dnimals *of a part1c~

‘ular sample were between cycles, le. some w1th resorblng stage 5

"l

was usedﬂto.plot the results (f;gs. 1o6- 108). BY‘using the‘dif-

° A ...
ference between the two means a,more accurate position in the ‘cycle

was oBtained. | In all cases the mean oogonial,size was ‘used to

s ' e m

plot the results and the values'were derived from measurements.of

.the oogonia found in paraffin secE}ons of each female.

5

- « .

»

. )
The first set,éf e@peiimehts'wks to determiﬂE'the'in—

fluence of the four light‘conditlons on females in restihg stage.

'The animals were sampled at-two intervals after acclimation to £
the photoperlod 31 and 79 days. Figure 104 ( and table 5)

show that a decrease in photoperlod,caused an increase 1n‘the
oogonial growth rate and that the difference between animals kept
in'the four photoéeriods becomes greater the longer.they are ex-
posed. The females kept in'cohstant darkness'had the greatest

‘ovarian growth rate while those exposed to 8, 12 and l4 hours-

L~

. e, ! . -

In the second experlment, the two extreme photoperlods,

llght ‘had'a substantlal decrease respectlvely 1n that oxder.

homplete ‘darkness and 14 hours llght were used. The females

were 1nt1ally subJected to thecexperlmental photoperlod \\£:heir\

final stages of ovarian maturatlon (54_5) aqd sampled at g ateb.

ment are shown,graphlcally in figure 105 (and tabel 6). Those'

s

. . - . e
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"' divided -upfinto one of ‘the other three photoperiods: 8, 12 oxr

T tlng the sample range for the mean oogonlal size of the females

' animals kept in constant darkness had completed the successive °

ovarian cycle by 150 days and had just entered the:Lr thlrd"’after

~

8"
165 days. The anlmals kept 1n 14 hours llght matured gonslder-

ably’ slower and after 165 days were only 1n mld maturatlon (S3)
T~ .
of .the flrst successive cycle. T

oA A

L ) vl

-

In the third experlment 'females in miqd maturatlon‘
stages (83=4) of ovarlan development were exposed to ong of the
. four photoperiods for 165 days.’ I‘lgure 106 (and table 7)., i '
show the influence of photoperlod on the rate of ovarian mat-— '

_uration. , fThe anlmals kept in constant darkness were almost
a full cycle ahead of those exposed to 14 hours light. " The
' anlmals in 12 and ‘8 Jhours light had an increase in ovarlan
growth as the photoperlod decreased
. " Thz second set of experlments demonstrated the effect
of photoperiod changeovers. _ The females were subgected to a
glVEfl photoperlod and after a perlod of t1me a portlon of the
anlmals were sampled and the remainder placed 1n/;2__a ‘different
one. After a further tlme lapse ‘the - am.mals were sampled.

In the fJ.rst exPerlment a group of females was placed in complete
v A

darkness for 117 days, the survivors sampled and-the remaining .

. 14 hours light. = After 14 days the, animals were sacrificed and

-“t_he change in ovarian growth is shown in figure 107 (and table -~

8)... . After 117 days: the anlmals/had progressed from the 1nJ.t1al

stages of late maturation /(S Y to the same stage 1n the suc-
i\ 4-5

cessive cycle w1th a mean oocyte 51ze of 0.52 mm. After plot-

LY

in each photoperlod, the graph showed, a decrease in maturation

in- each case corresponding with.an increase'in photoperiod length.
: Ok - Ak . .

In the. second ekperiinent the animals were first ex—

- posed to a 14 hour photoperlod for ll7 days and then transferred '_

'"to one of the remalnlng photoperlods. . The rYesults are shown.

.
v

\ .
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graphically in figure 108 (and table 9). After 117 days thé .

"had-a stimulatory effect, resu

imal o'varian development.

females had Qrogressed from the initial stages of late maturation
(SA-%) to a stage of mid maturation (S3_4) in .the successi;e“'
cycle with a mean oogonlal size of 0.35 mm. After exposure fo
the second photoperlod, which in all cases was shorter than the
first, there .was a defined increase .in the ovarian maturatlon
rate.' The greatest 1ncrease corresponded/mlth the shortest

. g e ¢

photoperlod. o

Observatlons on the ovarian cycle of females at Witless

Bay' revealed, that decrea51ng photoperiod probably stlmulated 1n—

1t1at10n of rapld ovarlan maturatlon (v1tellogeneS1s) The ex-
perlments performed in the laboratory confirmed this theorQ.' The
longest photoperiod available was -14- hours light and 1t showed
a mag}ed inhibitory effeot on<;§ffratlon while complete darkness?
ng, in successive reproductive
cycles. Those photoperlods between ‘the two extremes inhibited
ovarian maturatlon in proportlon to the day length
(] ' L
: The oogohia,of 6. setosus do not hormally develop to
any great degree while the embryos are in the brood pouch. After.
release of the young and the subsequent post-reproductive'moult,
‘the females at Witless Bay enter restlng stage. .This condition‘
is characterized by the loss of the ov1gerous setae from the.

oostegltes and a lull in’ reproductlve act1v1ty ev1denced by mln—

. s,

b Approxlmately 95% of the females in the photoperlodA.
experlments had no setae on thelr oostegites when sampled

This may indicate that the pre-reproductlve moult, as well as

ovulatlon, is dependent upon tlie presence of the male.

e
' i

LN
l Both ovarian development and incubation period for
the embryos in G. setosus are’ influenced by temperature. " By
comparing females kept in the laboratory at 10°C to those kept .

’
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at the MSRL and subjected to seasonal sea water temperatures'during
the.year, rﬁ could be seen that low temperaturgs retarded both .
covarlan and embryonlc development. leferenees in reproductlve .
‘tlmlng can also be seen by comparlng the reprodoctlve act1v1ty

=;and the incumbent temperature; for two successive breedlng years
at Wltless Bay (flgs. 103, 109 and tables 2, 3 & 4). The dlffer—
ence between the peaks of brood productlon for these two years '
was derived from figure 102 ‘and was about one month later in 1973
The results suggest that if the female is kept in temperate water .

- and exposed to a shorter photoperlod, more’ than one brood per

-year can be induced. s e

a - ‘ - M . .
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NEUROSECRETION AND REPRODUCTION: R L - {u
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NEURQSECRETORY CELLS OF THE BRAIN, SUBOESOPHAGQAL MASS

f . . AND VENTRAL GANGLIA:
‘_Examination of tthe brain, suboesophageal mass and ventral
ganglialof»females during various months of their annual cycle o
revealed a seasonal variation of activity in the neurosecretory
oells of the glomerular layers. ' stain intensity and number of-
. ‘ : stalnable cells were the crlterla used to determine the degree
; of neurosecretory activity at the varlous 1ntervals.

- " NEUROSECRETORY CELLS OF THE BRAIN:

. .

NEUROSECRETORY CELLS,OF THE PROTOCEREBRUM:
: ’ . N ' v . \ ARy R =~
he Y ‘ ! ; "

. The majorlty of neurosecretory cells in. the prztﬁEege-u-
. ‘_ brum are found in the anterior inferior medial glomeru11 d ‘
' the antérior 1nfer10r med1a1 glpmerular brldge in the reglon '
betweeh the fibrous humps of the‘Lrotocerebrum (figs. 110a-f)
and are concentrated in the st{erlor dbrsolateral portlon of

* .

this bridge (figs. 110a,b). The” most constant -features of thls

2 ‘ PO
L/ - .
(S _ . 4 . . . .
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region are the two large B cells of the Enterior inférior medial

glomerular bgidge (éimgb) Neurosecretory B cells are also

common along' the borders of this bridge.

Neurosecretgry-A cells are dispersed throughout the
. ~ R
anterior inferior~lateral (ail) and anterior superior, lateral

,(qsl).gleﬁeruli (figs. 110a-c) and are occassionally seen in

- the optic iobe glomeruli (olg) exteﬁding'frombthx'optic lobes

of ‘the protocerebrum to the eye (fig. 110c) A few are seen .
in the ventral part of the afterior 1nfer10r medial glomeru11
(aimg), (figs. "1104-f). The greatest accumulatlon of neuro-
seéfetory neurons appeers to be localized-i; the dorsoposteriof

portion of the anterior superior medial glomeruli (asmg). B

cells are relatively’scarce in this glomeruli but those presenb'

are scattered throughout as well as around the periphery. Fig-
ure 1lla shows the location and type ef neuroseéretory cells
present in the. protocerebrum of Gpﬁgetésus at peak periods of

——

. .2l
activity. ’ . L=l

pNEUROSECRETORY CELLS OF THE DEUTOCEREBRUM::
’ ' . .

Compared to the‘protocerebrum, thé deutocerebrum is
relatively poor in glomerular layers and also in numbers of
neurosecretory ceiis. The posteriorly loqétéd’superior lateral
posterior glomeruli (slpg) contain a- few cells of both types.
The A cells are more numerous {(figs. 110g-h). The posterioi
part of the élﬁactoty'lobe glomeruli (oflé).have the largest
‘concentration of neurosecretory cells in-this brain region
(Figs. 110i-1)7 These glomeruli contain fair numbére of both
A 4nd B cells. The inferior lateral glomeruli (ilg) have very

few neurosecrerory cells. and those present are type A (flgs. 110°

1 1-h). Figure 1l1l1lb- shows the locatlon and type of neurosecretory

s

cells present in, the deutocerebral glomeruli of G. setosus at’

perlods of peak act1v1ty i

q;bnl ‘-

R

s2 d.



: larger than-ll microns were designated A'. ' The A' ncurosecretory

’

Y
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' NEUROSECRETORY CELLS OF THE TRITOCEREBRUM:

B " o . : ' 3
1n thc tritocerebrum the neurosacfetori'cells are con-
finéd to the unterlor medlal (1mg) and 1nfCrlor 1ateral (ilg)

gloerqll.f—-A cells predomlnate in the inferior mcdlal glom-t

:

éruli (£igs. llOm,n) ‘and in the 1nfer10r-poatcrlor qlameruli
. : . 2] . * ! :
(ipg) where they are arranged in a row along the lateral aspect

\of thc trltoccrubral connectlvcs (flg.~1100) B LCllS hrc

.

rare and only seen in the infédrior medial glomerull. ngure »
lllc bhOWb the location and type of ncurosea&étory cells prcsent

in the tritocerebral glomeruli of G. setosus! at .periods of peak

: 4
activity. , -

NEUROSECRETORY CELLS OF THE SUBOESOPHAGEAL MASS: .
o

4

The neurosecretory cells in the dorsolateral, ventral

and scgmentel nerve root glomeruli of the suboesophageal mass

‘were identified as type A and not exceeding:ll microns in dia-

‘meter’ (flg. 119b) .éze majoriﬁy.of these A cells areé smaller

ranglng from 2 5-7.0 mi¢rons in diameter. There were no neurons

prcscnt largc cnough to be cla551f1ed as .B cells and those

neurons exhlblt a larger amount of stainable NSM (flg. llgb) and
are located in the dorsolateral glomeru11 region surroundlng the
root of the segmental nerve where it arlses from the gangllonlc,
mass. : @
- . E . o X L
NEUROSE‘%ET'ORY CELLS OF.THE VENTR.AL THORACIC éANGLIA:

‘

The cellular glomefu1i~are located on-the ventral and-

s . . : :
dorsclateral aspects of the ventyal thoracic ganglia. These

layers are richly endowed with neurosecretory cells of various

types. In routine paraffin sections the neurons show greater

‘detail" than- those. of the brain and subeesophageal mass.y

v

S
¥
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~ 'The neurons of the ventral gidmefuli 'were'cl]ssifi'ed o
into ohe of several types: (1) Non-:neurosecretory, th llttle

cytoplasm and no stainable NSM, 7-15 mlcrons in diameter wlth

variable cytoplasmic: nuclear ratios. (2) Neurosecretory

Type A - small unlpolar neurons 7-11 microns in dlameter with

the nucleus occupylng'about 90% of the perlkaryon. The NSM
forms‘ a thin black ring filling the space ‘between it and the
cell membrane (fig. 124b).. These cells comprlse approxlmately
50% of the .glomeru]..ar layer. )

Type A' - small,’ 'bi~polar neurons with the nucleus
filling the center of this fusiform cell leaving two NSM-filled
triangular-.re_gions at either end (fig. 126b) . They contribute
about 5% of the total neuronal coniplerhent Type B < medium-sized
neurons 11. 5-15 0 microns."in dlameter, the nucleus occ1.1py1ng
about 66% of the perikaryon. The NSM is found throughout the
cytopl'asm in varying intensity (fig. 124b). These neurons
compo_se about 30% of the ventral glomeruli..‘ - -

‘Type C - large neurons, 15.5 mi,crons or greater.‘
The largeet C cel.l examined measured s microns in diameter.
The nucleus occupies 50% or less of the perikaryon and the NSM &
is pr‘esent_ in various intens_ity, dependé'ﬁt upon the physiological
state of the femaﬁle (fig. 124b). These rieurons comprise about’
15% of(the total neuronal composite of the v'entral'glomeruli.

'l‘he pr.:oportion of smaller neurcns (tybe A and A') to 1arger ‘
neurons (type B and C) in the dorsqlateral glomerull of the -

-

thoracic ganglion is about 2: l

LKy
' - .
(. . 14

NEUROSECRETORY CELLS OF THE ABDOMINAL GANGLIA:

- ¢ hd

The ventral glomeruli of the abdomihal' gaﬁgliia are-
also heavily endowed w1th neurosecretory cells " The types

of cells are as descrlbed in the thoracic ganglla but the number

v

L
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of smaller neurons (type A and A')._ in proportion to the larger

neurons (type B.and C) is hlgher - approx1mately 10 1 (fiq. 127)

» . B . . -~
4

) . . ¢ ! N
SEASONAL ACTIVITY OF NEUROSECRETORY CELLS IN' THE
‘CENTRAL' NERVOUS SYSTEM: o LA

0
[UEN

. - - —

. C .THe. braln, suboesophageal mass and ventral ganglla

- are never completely free of neurosecretory cells and the great-
est concentratlon of actlve cells appears in tHe perlod ‘between
majoxr phy51olog1cal events. In August,’ the neurosecretory cells

- e)(hlblt tb.a*g:(eatest amount of stainable NSM present at any -
point of the annual cycle (flg. 110). The ‘location and type
of neuroseg:ietory cells showing stainable amounts of NSM at
this point in the three _brain sections have been shown in fig-
ure 111.

E‘lgure 114 118 illustrate the lcompa\ratzl.ve stalnable
neurosecretory act1v1ty in the brain éf G. setosus throughout
the female s annual physiological cycle. The number of active

- -cells and stalnmg 1ntens.1ty of the NSM increases through May
(flgs. 114- 118a) and by the initiation of v1tellogenes£s' in .
early August (figs. 114-118b), the brain shows an appreciable
'1ncrease in both aspects.

. . . .

-In” late August, ‘when theé female is in precopula and

prior to ovulatlon, the neurosecretory cells show the greatest

Adegree of actlv;x.ty (£ig. 110}. The brains of females immed-

1ately follow1ng ovulatlon are notlceably free 0f s:.gnlflcant '
amounts of stainable NSM and.the number of active neurosecretory

eells is much reduced (figs. 114~118c). A

B& the time the embryos are in late A—B stages of

development, the neurosecretory cells of the brain are few and

.faintly discernable (flgs 114- 118d) At later -stages of

development, the number of neurosecretory cells, amo\)nt and

a

N o . o
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J.nten51ty of stamable NSM increases visibly, md:.cat:.ng resumed

synthetlc act1v1ty (flgs. 114-—118e). L ‘ , . ;n' o
The cycle of neurosecretory activity .;ppears to be
similar in the neurons of the suboesophageal mass (fig. 1.19) and
the dorsolateral and ventral glomeruli of the thoracic and abdom-
mal ganglia (flgs. L20-127). * The neurons of the ventral gang-
11a however, ﬁhlblt a sl:.ght degree of neurosecretory act1v1ty ‘

aftcr ovulatJ.on when the braln and - suboesophageal mass appear

L

free of neurons engaged in synthetlc activity (f:.g. 123)

The sinus gland exhibits a stainable NSM cycle similay

* to that encountered in the glomeruli of the ‘central nervous system.

The bulk of the NSM appears to be“_localized in the more distal

portion of the ‘gland'. Actual release of NSM from this'g],.and
was not observed in either paraffin or plastic sections (fig.
112). o e ' .

The glomerular layer- in, the ventral regions of the

protocerebrum, ref’erred to by Gabe (1954) as a\probable amphipod

X oxgan, was located in G. setosus and seen to contaln stainable

: amounts of NSM (fig. 113) This glomeruli J.S the ventral por-'

.

tlon of the anterior superlor lateral glomeruli (aslg) and has
a secretory cycle similar to that of the other brain glomerula.
(figi 113). B O
“In an a.ttempt‘ to coxrelate ‘the secretory cycle of the
neurosecretory cells in the central nervous system to the phys-
1ologz.cal processes of the female, the following facts were con-
s:Lderedy the bull/dup of sta}nable NSM until the tinte of .the
preovulatory. moult and its absence after. ovulation for ‘a sﬁdrt
period of time and then its subsequent bulldup 1n the neuron

penkarya once again. : B o ‘ .

v

. -

These observations suggest that ‘the cells constantly

. N -



-

&

release NSM and its ég:oduction approaches levels too gfeat to

‘be compensated by its release. The quantity.,\f NSM continues :

.

to build up until its productlon ceases, sometlme before the\
pre—ovulatory moult, but the release contlnues until the’ cells
are free o,f any‘stored_ NSM. This type of cycle could have.
either an inhibitory effect on the moult .and ovulation or a;
st.lmula.tory effect on gonad maturat:.on and development. _.These .
physmloglcal processes are very. closely related in G. setosus
durlng the fal_l and detern_unatlon of the 1ndn.v1.dual, or 1solated
effect of these cells is d/ifficult to assess by ordinary.histo-
loéical ’éxamina'tion. . ‘ l . / B ‘

/ ' ’ .
! .
/ . L. ) . s

. /
VITELLOGENES1IS AND NEUROSECRETION:

. 5
In view of the presence of NSM granules within.the’

neurons .of the frqntal organ, the possibility that this organ ~ %N

* functions as a neurchemal site in G. setosus arises. Aftexr

examining frontal organs from féﬁalgs /sampled throughout their

annual physiological cycle, a correlation was found between

e

. lthe cyclic release phenomena of the' t'ype I neurons and certain

phases of the reprod'ucti-ve cycle. ‘ Figure 128 illustrates the
’

~type I frontal organ neurons at varlous times durlng the annual

female reproductlve cycle. )

' From May until August there is a steady 1ncrease *in

-

the amount of NSM.present in the form of CHP and P[‘-posxtlve t

-

granules (figs. 7or= _ In early ‘August the neurqons are empty

‘of granules at the time of initiation of vitellogenesis in the

ovarir (figs., 128c, 129)." This occurs during the -period of de-
ereasing day length At Witless Bay (fig. 103). . .
« . ..

G

By 1ate August the gells have-once agaJ.n accumulated
a substantial amount of NSM (fig. 128d). ' The granules increase |,

in number rapidly and by late September thé eggs are pac)ged with large

’
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CHP-posxt:Lve granules (figs. l28e rf) At the time of the pre-
ovulatory moult the type I frontal organ ‘neirons contain fewer -
granules than they. did in late September, indicating either in-
creased speed of release or cessation of ‘NSH granule p‘roduction
(flg,, l28g) . Immediately affjer‘the moult, while t:ne female is
stlll in precopula, ovulation occurs. One day after ovulatlon .
and separatlon from_ the male, with cleavn.ngir A stage embryos .1n ‘

) the grood pouch, the neurons appear empty of granules (flg 128h)
Durxng brooding of the develop‘mg embryos . the quantity of NSM
granules steadily increases within the perikarya (128i-1}.

After December'“femaies could not be obtained frprk the o
ice—covered rocky beach nntil May, but by examinirxg animals o
kept at the MSRL aﬁ Logy Bay, a third granule release from the
frontal organ was observed (fig. 130). Thig 1'ast release occurs
after’4 the release of the hatched young and coincides with the
post-repro’lauctive.moqlt' into resting stage. After this the.

NS'M "granules are'pr'og'iucbd at a much_sloWer. rate. In May the
cells are about one, half full of granules which is prooably a
_ result of the physiological slowdown encountered over the w1nter

months caused by the low J.ncumbent temperatures.

\ - -
’ v

The obsédrvations on the’ cycle of storage and release

of NSM in the type I frontal organ neurons (fig. 128), suggests :

that the granules may- control or partlally control v:.tellogen—

. $
’ /ems and moulting. It is extremely dlfflcult to isolate the

exact s.ignificance of the release because the two physiological

;}éht"s occur within a short ‘period of time, ie. moulting and .’/
ovulation. If the NSM.Iis“;an inhi_bi‘tory' substance, its/.f'e‘l/ease .
may tontrol moulting by letting it proceed when tne level of ’
NSM in the frontal organ falls below a certaln threshold value.

Its total absence may stlmula.te release of the oocyte at ovulation.

As it was. impossible to identify empty vesicles in

parat“fin sections, it was uncertain whether there was a

3 N L - )
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" they release ‘it accounting for .the a::éumu‘lation -of granules be-

- ovulation o_n. the orther, occur, The production and build up of

as -well. . L . ., . ‘. s -

slow contlnual release of. NSM or a simultanéous xoleaw T T
Thin plastic sectmns of the frontal organ at perlods when the ‘

cells appeared full of granules in paraffln sectlons, showed that : .
vacuoles resembllngu empty granules were present wlthin cach cell '
(flg. 64) This suggests a °slow contlnual release of the complex.
neurc:secretory ve51c1es ‘seen by electron mlcroscopy from these
type 1 frontal organ neurons. The ultrastructural obsex;vatlons .

also suggest that these cells preduce and receive NS.H faster than

N -
- v ’

tween major phys.iolo.c_;ical events. - °

The production of vesicles  must eventuaily cease, but
the stored vesicles continue to bc‘released'. At the time- when ~

the cells are. emptled, v1tellogene81s on one hand, l\l()u].t.lng and

NSM'vesiqles 'bei;ins soon after the above functions have transpire;i
It would seem 1oglcal to concluded that the NSM released £rom the

type I frontal organ neurons is 1nh1b1tory in nature. . .
. . -
Y . . . , . N . '

]

) At this time nothing can be said about the function - T
of the neurosecretory vesicles produced, stored and released from

the type II frontal organ neurons.' These vesicles must furction

in the control. of_ some ,other physmlogical phenomena as’ they.ap- " 7

at

pear filled w:.th stored vesicles at penods when the type I neurons

a < - "
are empty (flg. 66) . It can be g:oncluded that release of neuro-:-

-t

secretory vesicles stored 'withi_n these type i1 neu‘ron_s' is -gradual
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. © ", ' _THE CENTRAL NERVOUS ‘SYSTEM: . . _ . 0 . o BT
; . R The study of external and lnternal braln morphology ,
.. . oV e T B

.o ' .+ An Amphlpoda, especlally Ganmmrus, has kgen' limlted. . Dahl (1956) . 4
a PR - - . . o

' correlated the ! topography of the central nervous system W1th the

p051t10n of the varlous'anatomlcal structures such astthe mouth, ) .

-~ 4"- - 1o

. R eyes, and head appendagés. . In Ganmurus the eyes are located ,
laterally but qre functldnally dlrected dorsoventrally, the head

., appendages are pr_ltloned antErodorsal and anteroventral, whlle Tt
?

- VI
.

ceo T the’ ‘mouth openlng 1s ¥Ventral. The axls of the nervous system ' e o
. ' o therefore, 1s~deflected rather abruptly upwards 1n “the’ posterlor o
L part.of the trltocerebrum. . The brain. does not bend over, back— . P

" wards and the protocerebrum lies dlrectly above the deutocerebrum

' . . P
‘o T ° - X L P
-, . . N R
¢ r

. : o . 7. " -‘Griber (1933) alone 1nvestlgated the amphlpod brain 1n

) grEat sdetail’ 1n Gammarus pulex and Gammarus fluv;at;lzs.? Others .
oL, ' -
T . such as Hanstrom (1929, 1933, 1947) and Madsen (1960) studled .

“'the bralns of related amphlpods ox rev1ewed amphlpod braln morph-“
ology 1n general. Thore (1932) and Stahl (1938) .touched. brlefly

.ofr ‘the anatomy of the braln in Gammarus whlle describing. the ac~3

cessory cephallc structures. ' IV -:iﬁ N TN

.. ‘c . . . N v . > . . 1] - ' . ‘ .°
- ) . o o : ’

CT R ., :. .The braln of G. setosus has the three characterlstlc

-

."' ‘Y‘ ' .
. .. crustacean lelSlOnS‘ the_prot0cerebrum, deutocerebrum and trlto— N
- cerebrum. . It is remark\\iy.simllar 1n external morphology to

.that of G. fluv1at1115, a ﬁ%esgwater spec1es,,as described by . .. g

~ LY l

. 1
P . : Gfaber (1933) The protocerebrum 1s laterally elongated with .

“

N ' ',f no(curVLng of the outermost bdttlons as seen in-G. pulex (Thore,

he .

. oo /

oL 1932) The braln of G locusta (Thore, 1932) is far more later—z”\\ - X
.- N ' N
Cooe T j)*__ally compressed in comparlson with that of G. setosus.\~\~/;///)f S
. - y ‘¢" . Toe N . . . .. , .. R - N L v .. v
- . ,; ) The deutocerebrum of amphlpods -is generalLy 51mpler

¢ d »
PO .

FRN v " than that of hlgher malacostracans (Hanstrom (1947) The antenna. .

.
.
.
4
.
.
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~and olfactory lobes are well developed but the parplfactory

lobes. are small and relatlvely undeveloped “ Both the deut(SL o8t

i

: t
cerebrum and trrtocerebrum of G.-setosus resemhpe those of G.r

flUVlatlllS (Graber, 1933) in morphology and proportlon and o .

- |\|l‘

. differ from thosg of 6. ulex and G." locusta aSJHescr19Ed by .

. . B va .. - A . \ 2" . R o ) - .
“Thore (1932).”. , Bk . LRI : : . €
. O 5 ST g : L

LT 'The dlstrlbutlon of the superflClal glomerull forming
e the cellular rlnd df -the Ganmarus braln had’ ,been pr691ously ln-
vestlgated to an even lesser degree.-— Graber (1933) 1ncluded a ©
. Q -

thoroughwdesprlptlon of ‘he varlous glomerull coverlng areas’ of

the braln surface in G. flUV1atlllS and it appears to be the only

,‘\7' deSCIlpthn of ;ts kind in the llterature for ‘Gammarus. The( R
Y great 51mllar1ty of ‘external- bnaln mgrplology in these two qam— . .
‘f:w i gvmarlds fac111tated the comparatlve study of the glomerull.
O - . 4 . -] - . ‘
o L. L . . v S . L

' 3 . RN N . - \ 3

All the celluLar glomerull descrlbed by Greberh(l933) B

b ‘werd 1dent1f1ed in G, setosus

1th some degree of variation in

” - §

tend a great dlstance further backlalong,the trltocerebral con-

nectlves. ' The olfactory lobe glomerdli’ioflg) have 1ncreased

/iv:,

. fh 512e and a gIomerular brldge (aimgb) is preseqt in the aﬂterlor

‘*:eglon of the anterlor 1nfer10r medlal ‘glomeruli (aimg). This = — W
K fprmatlon is the greatest dev1at10n in cellular dlstrlbutlon be~" &

tween the two gammarids and.forms a small .canal between the flbrous

‘ humps of the protocerebrum "+ This brldge 1s not present in the
descrlptlon of G. ﬁJUVJatLllﬁ by. Graber (1933) " fThe -functional - |

) \ 51gn1flcance of this cellular brfﬁge is unclear and.except for the |

pre ence of ‘two extremely largé=geurosecretory cells in the post- ' '

erio dorsolateral regton Of the bridge, lt is 51mply an addltlonal )
ey . ‘

aggr atlon of neuron perlkaxya.
D The location and descrigtion of the neuropile masses. -

- ., . N . . . o
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.gangllarls and medulla externa. .
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present in the flber core of the GammarUS brain were again most»-
xten51vely studied by Graber (1933) in G. fluviatilis. Pt‘ls
in thls aspect ‘that: the brains of these two gammarlds differ the
most.. The three Optlc neuropllea are dlstlnctly separate- bodles
with’ no overlap as shown by Graber (1933) in G. fluv1atllls. The
compound eyes have a varying structure throughout the Amphlpoda
and this in turn 1nf1uences the size of the three prlmary optlc
centers of the protocerebrum (Bullock & Horrldge, 1965) ‘The
most characterlstlc feature here ls the poorly developed state of”’
the medulla 1nterna The connecthn between it and the medulla
externa is not developed as- ahchlasma llke that between the larn.Lna:\c
;- .

&

’ .
The protocerebral brldge 1n the braln of G. setosus is -

not as'distlnct as that present ln.G. fluvratllas, belng only

"ba¥ely distinguishable from the surrounding fibrous mass of the

pr%tocerebrum/ The central body is hemogeneous and not divided

~

into seven subunits like that of G. pulex (GrAber, 1933). ‘The
central body of most gammarlds is well dezeloped compared to that .
of decapods where it is reduced w1th a correspondlng enlargement

of the antennal a55001at10n centers (Bullock & Horridge, 1965).
N

0 . -

A fairly well deveIOPed é%uropile locdted in the dorsal *
!

portion of the-protocerebrum, the medulla terminalis;“recefves

. nervous innervation from the paired statocysts as well as deeper

areas of the brain. This neuroplle was not descrlbed as béing
dlstlngu1shable in the brain of G. fIUV1atlllS by Graber (1933).

The antennal I and antennal I neuroprles°of G. setosus are well. n
developed and compare favourably to those of G. fluviatilis. A"

tegumentary neuyopile ‘can be Vaguely dlfferentlated in the upper

‘regig of the trltocerebrum of G. sétosus which was also not des-

, cribed in G. fluviatilis, o L '

e, The.morphology of the suboesophageal mass is similar.

to that described by Rosenstadt~(1888) and- has the typical amphipod
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 observin§ statocysts in the head region'of several familieg of

- T
P . .
- :é
- . . ' 65
. . LY
_ S Y : BN
-« - 2 o . - '
trait where thewilrst four ganglia fuse to form one mass. The,

the ventral nerve cor is sxmllar to that

descrlbed by Sars &~1867)

" general morphology
. Apart from

theseltWO ecco ts, no'ffecent materlal on the subﬁect'could be

-~

found in the llterature for Ganmurus.- .The morphology, however,g

:appeared to resemble that described in the lower Crustacea by

Bullock and Horrldge (1965) : Lo o . T

,
¢

ACCESSORY CEPHALIC STRUCTURES: - .
- : . ) . .

Earller 1nvest1gat10ns foCuqed on the sensory structures °

wlthln t¥he head of amphlpods, especrally the statocysts. Zavad—
sky and Prag (1914) descrlbed ‘the- presence of these str&&ﬂhres in
the head of G. pulex. Langenbuch (1928) studled ‘the’ statocysts
of several amphlpods 1nclud1nq G. locusta and G. pulex, but used
the terms' statocyst' and 'frontal organ! 'somewhat synonomously
and the work .of these two authore,on'the:statoeysts oﬁ G.'pulex

~

did not coincide. Hanstr5m'(l933)-and Grdber (1933) recorded .,

v

" Amphipoda. Recent histological obgervations on the'strucﬁure
7

of the statocyst in the-gammarids”or related amphlpods could not
be_ found. o . o

- . .
. . . . P
. - -

o : : . -

Thore (1932) dlStlhgulShed between the statocysts -and

frontal organ in hlS study of G. pulex an

two gammarlds studled G. pulex and G.
- distinct and dlfferent structures; ‘Tle stato sEAdf-G. setosus
resembles ‘that of G. locusta descrlbedﬂby Thore (1932) The

_statolith is also fusiform although its overall structure 1n G.

setosus is, broader but still retains the dorsal and ventral tager—

'hy an outerfcellular.laQer.-. 7

1ng points of attachment. Thln sections ‘have glven a clear
picture of the cellular and acellular aspects of this structure.®

it is evident . .that thé statolith is a secretory product.enveloped

i

i
)

)

L]

»
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There-has'béenﬂa great‘deallof confusion pVer'tne idEUt‘s
ity of the organs of Bellonc1 (X organs) and the ffontal organs »
'as well as thelr functlon throughout Crustacea. . Claus’ (1886)
flrst descrlbed the dorsal frontal organs in Artenua and regarded
.them as sensory structures.. Hanstrdm (1939) rpgarded the X_organ
.as a transformed group of'sensory cells of a. rudimentary eye pap-
Llla that had movcd 1nwards mk*taktn over a new sccretory functlon..
In hlgher Crustacea, hlS eye papilla exists in the form of ‘a pap-'
1lla or sensory pore. The X organ has been found 1n many groups

of crustaceans 1nclud1ng Leptostraca and Cumacea (Stahl 19Q&;;$::' -

Anaspldacea, My51dacea, Stomatopwda and Dtodpoda (Hunstrom, 1t

-, -
< . Arralew;

1933, 1934, 1937). oL , oo
- . T . ST 1 '
‘_: 'The'x organ does not appear to be present in Amphipoda :
althoﬁgh Gabe (1954) described a structure slmilar to.the organ
of Bellonci‘(x organ) in Isopodd ‘on the yentraL-aspect of the .
o protocerebrum in some amphipods. This was characterized by an
aggregatlon of a nUmber of strongly NSM—p051t1ve Jheurons. Q'In
-G, setosus thig partlcular glomerular group was found in the mld

¢ .

portron of the posterlor superlor Yateral glomerull (pslg). ThHe
aggxegation of neurosecretery cells here had cycllc pattern of ~

> actlvlty correspondlng ith- that of the remaining brain glomerull.
g ' ' hd

The frontal organs of Amphlpoda were élrst descrlbed

_as belng palred structures in Gammarus by Zavadsky and Prag (1914)

-

and in Caprella by Hanstrom (1924) although w1th reservatlon.
Thore (1932) and Griaber (1933) found an unpalred medlal dorsal

frontal organ ih G. pulex and.G. locusta. Graber dlscounted

~

the presence of -paired organs in e pulex and clalmed the struc-. .

~~tures rcpresented something other than frontal organs. The

-

frontal organ in G. setosus—i also medial and unpaxreé)ﬁéing

- ‘quite similar in morphqlogy\to hat descrlbed by Thore f(1932) in .
G. locusta. - o ' - R
- - o .
N /L ’ -
" Ihe frontal orgdns of the lower crustaceans were attributed

 y g . P to
. A . . N

by
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a secretory functlon by Hanstrbm (1931, .1934) and reg rded as )
precursors to the hlgher malacostracan X organ. Hanstrom (1939)
found that the medfal frontal organ of the advanf:ed members of }zhe

lower Crustacea showed the Same structural transformatxon as the

I lateral frontal organ of the lower. crustaceans. The. lateral TN

S ~

frontal organ represents the eye papllla of these forms but its
“ function -is -unknown. ~ Hanstrdm (1939) noted obvious signs of
' secretory activity 1n the cells of the' medial frontal organ. He

concluded that ‘this organ represented the’ transformatlon of a-

- sensory Qrgan 1nto a secretory one. He did not _cgm51der thcse >

cells to be true neurosecretory cells as. they are-derived’ from

’- T
sensory rather than nervous tisgue! . o . =

Menon*® (1962), Elofsson (1966) and Lake (1969a) suggested

)

the .the frontal organs were as’,socuated with the naupllus eye

center in Anostraca and other forms exhlbltlng A nauplius stage 1n

~

thelr development. - Elofsson (1965) dlsputed the, ex1stence of

frontal organs in the Amphlpoda claimlng those stated were llttle

2

mor’e than either the nervus tegumentanus or a‘cluster of cells
su ounding the ramifications of the anterior acrtd that could be
found in' decapods', syncarids' and mysids. " This stndy shows that
the frontal organ of G. setosus is a locallzed group of loosely
' arranged but apparently highly speclallzed cells that synthes:x.ze

and release'neurosecretory material. : "

Bald and Da.bbagh (1972) descrlbed paired frontal organs -

in Rlvulqgammarus syr_w.acus ‘that were assocn.ated with neumsecre-

.

tory release and pOSSlbly its synthesrs.h Although thelr wrltten

’»f P
* descrlptlon of these organs coincides with that generally accepted

in other species of Gammarus, the photographs indicate a mlsnomer.
. The structures labelled as palred frontal organs in,R. syriacus
appear to be located too low in 4the head region and have a core

with a texture similar to that of the adjacent protocerebral fiber
[4

mass.' These structures appear to be the antennal I nerves 1n

cross sectlon before they Joln the deutocerebrum at a location

-

of
~!
H
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' - (1963) and Knowles '(1963) treated thls 9ub3ect Wlth some caution.

"

just vent‘ral to ‘this.. Therefore _the ex1stence of palred frontal
orgam.s Ain Amphipoda is doubtful and awalts the presentatlon of some

'solid chdence oL Lo ' ' -

[ 4

] The secretory nature of the frontal. organs is not a new “.
concept as thls functron ,‘nas already been attrlbuted to them .in '
some groups: Copepoda (Carllsle & Pltm 1961) , Anostraca (Han- :
.str:o'm; 1934;‘Menon, 1962 and Llofsson, 1 65) and Amphlpoda (Bald
& Dabbagh 1972) ThlS would perhaps glve the frontal organ a_ '

.

“t
‘secretory functlon analogous to that of the X organ of hlgher . ’it

malacostracans A > d Lo

- . N o
. ; " .

°
2

~Dahl (1965) considered the. homolocjf between the ‘frontal’

~ organs and sensory pofe X organs of Crustacea suggested ‘by many

A7
': authors ie.. Hanstrom (1939) Other authors such as Barrlngton

Dahl &.1'965) however, _states that this homology is. improbable.
’ Ay : : :

The \fafious types of neu;:osec_retory cells_ in the ‘X organ '
of Crustacéa form a final pathway: term:rnating in’a non-neural = _.
. organ ‘called the sinus gland. This .strnctur‘e was recognized as~'(
a hormonal, source by Hanstrom (1935 l937a) and is present in all
malacestracans so far examlned except for Leptostraca, Syncarlda
and Cumacea (Hanstrom, 1948)- Hanstrém (1931) bru?'fly mehtloned
the ex:.stence of a simus gland in: Crustacea and later descrlbed it

in greater detail (1233). After a survey of the decapods, Hanstrom

. (1937) noted that there Wwere many anatog\lcal varlatlons of this

- ]

4 LI ' : ‘

gland -

There  is ’confusion-with' reSpect to thd sinus gland and

."sensory pore X or‘gan in the Isopoda. _ 'I‘wo’ etruci:ures have been _' ’
obseryed in the optlc region: the organ of Bellonci (1881) and

) the pseudofrbntal'organ'- (Graber (1933) F’Amar (1948 1950, -1953) R
Gabq;(l952, 1954) and Oguro (1960) homologizeg the pseudofrontal '

organ to the sinus gland and the. organ of Beilon01 to the sensory

.

n
"
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‘pore X organ.

and‘decapods, Hanstrém (1947,

pore

[

v

In Amphlpoda, as well as some species of J.sopods

69 .

’.-,

- 1948) was unable to ..flnd a sensory

. The sinus gland in Gammarus was descrlbed by Graber

(1933) in G.. fpulex and G.- fluviatilis as: the pseudofrontal orqan.

. Other workers found structures they termed pseudofrontal organs

or sinus qlan@s 1n many lower malacostracan crustaceans

(1930) ’.

r

.. organs described by some authors to the sinus glands of the- hlgher:

Walker (1936) ; , Hanstxrom (1933), Oguro (1959a, 1959,
Baid and Dabbagh (1972)

. malacostracans.'

t
%

.

Kol ler

Gabe (1952) equated the psoudofrontal’

I

: hfi.t,‘ ‘
. e -

The sinus gland nerve connecting it with the X organ

was located by Hanstrom (1931, 1933) but the transoort of NSM

aleng the fibers was detected by Bliss (1951),
Welsh (1952). and Passano, (1951,

. (1951) 1nd1cated its mlgratlon.

4

1952) ,.

Bliss and

and observations by Enami

Nucleated ceils are present in

all malacostracan sinus glands while dn.stlnct zones with differ-.

*1nq tlnctorlal properties have been reported in those of’ hJ.gher

m.alacostracans (Baid & Dabbagh, 1972) ..

’ rI‘he sdnus gland is the

most; constant component of the malacostracan neurosecretory sysw

tem and its bulk is composed of an aggregatlon of axonal texrmin-

als fllled with NSM stored for release from this neurohemal organ._

*
¥

¢

1

The sinus gland of G. sSetosus contains nucleated cells N

. as well as large "areas of .fibexr core composed of axons and . thelr

términals.

R

Observatlons suggest a cyclic pattern of neurosecre-

\'\}ﬂry activity corresponding with the rest of the brain glomeruli.

This g‘land' has an, ideal location to“funotion as'a': neurohemal

-

-

organ belng progected out from the bra:.n mass .and suspended :m

an area’ bathed in blood

Howeveyr, - actual release of NSM.was not

observed 1n the sections examlned

+

n

1960) '

K.
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" found, The-oc,currer{ce.of these cells can be’ reasonably expec_ted_ -

'THE NEUROSECRETORY SYSTEM: . - '- . N S}

. . PR . . .
. A, L . Ny

The phenomenon of neurosecretion is found in almost - i

every metazoan anlmal wherever a: central nervous 5ystem ex1sts ’

~along Wlth a degree of cephalratlon (Bullock & Horrldge, 1965)

In' these areas some nerve cells 'with secretory act1v1ty can be -

-

ih.rep‘resentatives of all ihvertébrates although some of the
smaller invertebrate phyla have yet to be ekamined (Gabe, 1966).

a

~

The generallzed r\eurosecretory system found in meta— ' Lt

zoan anlmals con51sts of "a source of secretlon in the gr?ﬂ- of . e

o neurosecretory ce11§ and a tract of secretlon—bearlng fibers

whlch termlnate in close assoc:Latlon with a neurohemal organ for

storage and release of NSM. Although a great deal of the re-

search conducted on 1nvertebrate neurosecretory systems has been )

N ¢ . , -
based on that of 1nsects, ‘evolutionary convergence has resulted -

9 “

in the occurrence of neurosecretory systems that Glosely resemble
those’ in other major invertebrate groups (Hanstrom, 11947, 1948,

1953, 1957; B. Scharrelr, ,195_9 and E. Scharrer, 1959) .

'
\ L.
- . -
l'
)

The neurosecretory systems 1n the Malacostracé are - =
“complex and their corrponents are wide-spread throughout the central
* .

nervous system: Neurons- of- secfetory function have” been found

.in most ganglia exam:med 1nclud1ng the ganglia o£ the Optlc

commissure of natantians and the thoracic-lqanglla of brachyurans,

e,

L,

centers, the braln, the connectlve ganglia, the trltocerebral ‘
: . 3, . o
natantians, isopodsand amphipods (Bullock & f—iorridge, 1965) .

1 - ’ .
‘“ s .- - -3

There are three components of the crustacean neuroendo- e
X . ) ‘
orine system- neurosecretory cells, ‘neurohemal’ organs and non-‘ ' C

endocrlne qlands.‘ g - - ' t o

NEUROSECRETORY, CELLS: o -



[XY

. dowed with neurosecretory' cells.. 1In Crustacea the neurosecretory

3' Yypes in the brains of* these two aﬁ\ph.'i.pods. e
) e, L R

e

The central nervous system'of G. setosus is wén en-

\
cells have‘ been classxf:.ed into as many as 11 types w:.thm one
1nd1v1dual based on size of the cells, mode of dlscharge and
nature of the secretory mater:.al (Matsumoto,. l958): The neuro-
secretory cells of crustaceans have been studi.e'gL in_ a wide variety
of speciﬂ% including Sésal‘rha (E'nar‘n-i,‘ 195.1), Eripche.ir (Matsumoto,
1954), Chionectee (Matsumoto; 1956), Pacl;.igr;apsus (Inoue, 1?57),‘

Armadlllldlum (Matsumoto, 1959), Potamo:i, Chione"c,tes,-N'eptuns and

Sesarma (Mlyawakl, 1960) , Tectlceps ]apOI'lJ.C'US (Oguro, 1960), Str-

eptocephalus sp. .(Menon, 1962), Metapenaeus sp (ball 1965)‘, ‘Art-

-enua sallna (Baid s Ramaswanmy, 1965), Chlrocephalus and A. salinus

(Uentschel ' 1965) . Spylla sezjratd (Nagabhushanam & Rango Rao, 1966)‘},

Chlrocephalus dlaphanus (Lake, l969a), baphnia, magnus (Halcrow,

1969), D&ogenes bichristimanus (Nagabhushanam & Smjlnl, 1969),

Podon 1ntermed.1us (van den Bosch Agullar, 1971), Porcellzo c:?.l.lai.‘:-l

atus, .P. laevis, Protrocheamscus a51at_1cus (Vltez, 1971), RlVUlO.

,danuna\{us syriacus (Baid & Dabbagh, 1972) ’ Talorchestla maftensii

and orchestia platenus (Shyamasundarl, 1973) .

¢ -
. .
Baid and Dabbagh (1972) classified the neurosecretory\
cells in the cyral nervous system of the amphlpod R. synacus
-
into 6 types baSed on the sigze, mode of NSM dlscharge~ and nature
of the secretory ‘granules, of which only 4 were located in the.’

- .

brain. -Shyamasundari (1973) analyz.ed ‘the meurosécretory cells

of two talit-rlds 7. martensii and O. platensis,' and identified -

. Maynard- (1961) poin‘ted out'that the previdus methods
of neurosecretory cell cla551f1catlon were both unsatlsfactoryh

and confusing. Mlyawakl (1960) was among the s first authors to,

-adopt the s;meIe size basis, for classification - small, medium

and large. ., " In-G. setosus the neurosecretory cells of the braln'

“and suboesophageal mass were cla351fled solely on_ the ba51s of

size. THé morphology of these relatlvely,small cells, in com~ $

parison to those in, the ventral ganglia, was too vague to make
o 3

e Oy .
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-varylng 1nten51ty . .

w

"in 1nten51ty and during the active phase the’ cytOplasm had a.
uniform dark color.® .The chosen size cla551flcatlon encompassed

the types of neurosecretory cells present. Qbservatlons on: the.

morphology of the NSM. w1th1n the cells proved‘diffjcult and in- ~

consistent as-it commonly appeared as’ a homogeneous mas?{of

R ' |

»

There were only two types of neurosecretory cells
1dentlf1ed ln light mlcroscope sectlons of the braln of G. set-
osus and these were cla551f1ed type A and type B.- Electron ) ‘
‘mlcrographs revealed that there were two types of A cells but
the dlstlnctlon was made on the presence “ofe two dlfferent types

of neurosecretory granules that could not be olstlngulshed on

“the light microscope level. - The suhoesophaéeal mass also con-'

tained two types of neurosecretory'cells; type A and A'. ‘Al-

though these cells are w1th1n the size- llmlts of the A cells in T

thé brain, they are present here in two dlStlnCt size ranges.
and have been cla551f1ed accordlngly. ) B
. - -
Many of the neurosecretory cells of the ventral gangJ
lia in Crustacea %méf included in the cla551f1catlon of the en-

‘tire nervous system by some of the above authors. However.

% other lnvestlgators have fbcused their attentlon on the ahnglla

alone; ie. Carlisle anqunowles_(l959) 1n natantlans,-Matsumotoﬁ

691956) in bhlonectes(oplllo, Idothea baltica and Oniscus, Mat-

'. ~* sumoto (1959) 1n Armadillidium Vulgare, Legrand and Johnsoﬂ (i961)

in Ligia oceanica, Matsumoto (1962) 1n.Hem1grapsus, Johansson and |
Schreiner {1965) in Homarus vulgaris,.Teodorescu et al., (IBGSL

and Prunesco (1970) in Chilpod SP. Baid et al., (1967,.1968) in

‘_Potamon'magnum magnum and Schrelner et. al., (1969) in Homaris

vulgarls.' Baid and Dabbagh 91972) locgted 3 of the 6 neurosecre—
tory cell types in the ventral ganglxa 6f R. syrlacus and Shyama- ,
sundar1 (1973) ‘found 3 of the 4 cell types present in the ventral

ganglla of the two talltrld amphlpods..

- ‘ “

elaborate descriptions; The NSM'ﬁpalnlng varled con51derably

o @



M

.Setosus possesses only the sinus gland.'l The prgsence ob a

‘1lisle, 1959). ‘Hoﬁdart and‘Bradbury (1972) found neuroseoretory
) ¥

" .. " ' 1] ) ~ ") . "‘. . 73

- in G._setosus uery few of the braln and suboesophageal .

P

‘ mass cell types could be ‘found in the glomeru11 of the ventral

ganglia. " The- neurons, especially those ofthe ventral glomeruli,
of the ‘ventral qanglla'are seen in much gfeater detall probably

- due ‘to the lack of underlylng cells. of the 4 cell. types des—

<

crlbed here, only type A' is not recognlzed on the basis of 51ze,

A—C are arranged in lncrea51ng'perikaryon dlmen51ons.'

- .
- ' . ’
. .

2 N * °

. In comparlson to the gangllon neurons of hlgher crust-
aceans le. decapods (Johansson & Schrelner, 1965), the neurons T
"of G. setosus are much smaller in proportlon and lack theLoccur-
ren%e of “glant" cell types. These observat;ons correspond in

general with Maynard 'S (1961) method of classification. The'f

. ventral gangllon neurons all ultimately acquire a- unlformly d?nse

accumulatlon of NSM and at other times they are in- the process

of synthesls or release. These observatlons were conflrmed by ..

.

electron microscopy. . - T

- . . . . .

o

NEUROHEMAL ORGANS: "¢ . - (i
. C - V"

Ce C There are three class}cal neurohemal organs 1n dlfferent

orders of Crustacea- the sinus gland, postcommlssure organ and

perlcardlal organ (Bullock & Horridge, 1965) The latter two

are» found only in the higher malacostracans-and of these three G.

neurchemal organ is not a necessary component of a functi'onal |

neurosecretory system as many neurosecretory axons do nef termin-

ate ina neurohemal:associationiﬁﬁt mingle with the ordinary.’

axons extending out to the_peripheral_areas of the animal (Car-

. . " * . : “‘ o
axons terminating in crustacean skeéeletal muscle. .,
. i
L4 . w

The cephallc neurosecretory system of G. setosus con-

slsts of a frontal organ that produces and‘reléBSES NSM, as well

& B

W e

belng the only example of a’blpolgr neuron in this amphlpod. Types'
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' reported by Khatter (1972).

>~
I8
.
\

“ . . , ‘ . . N
" a sinus gland that exhlblts cycllc storage of varylng amounts of
NSN, although actual release bf the material was not observed on'
the llght mlcroscope level. Many authors recognlzed or theorlzed
a secretory functlon for the frontal organ (Hanstrom, 1939) but .
little was actually described about its seeretory cycle or mechan-
lsm. Ultrastructural studies in G. setosus have(shown the act-
ual release of,thousands_of minute elementary partlcles coﬂtarned
within the secretory vesicle‘of the type 1 frontallorgan neurons.
Actual release of the vesicles from the type II frontql.organ
neurons was not gbscrved but is hypothes;zed These clusters
of NSM-contalnlng cells" suspended in a blood sinus f£&d by the
anteriorly emptying dorsal aorta, constltutes an addltlonal

neurohemal organ‘in G. setosus., . o -

LI N -
a .

_The presence of neur&hemai organs within the. ventral’
ganglia of an orthopteran insect Schizodactylus monstr;us wés:.
’ In this animal the external 'fibrous
connective'tiSSUe capsule is invaginated .forming a sinus,_but'
Gundevia and Ramamurty (1972) found intragahglionic netirohemal .
sites ln the coleopteram lnsect Hydrophllus ollvaceus. Neuro—
hemal organs of thls type were not seen ln the ventral ganglla N

of G. setosus. - o '

—

- NON-NEURAL ENDOCRINE ORGANS :

- N . v :

v - . R
¢ InverteBQate hormones are not exclu31vely néurosecretory

[

in origin and some arise from epxthellal secretory tissues {(non-
endocrlne organs) but these seem & pldy only mlnor roles (Bullock
& Horrldge, 1965) .

Ve
the Y organ flrst descrlzj;rby Gabe (l953a)

A main source for this type of*®hormone is

" It was shown to
have control over the mojltifing process in a large number of hlgh—
erumalacostraoans. lThe Y organ is a pair of glands 1y1ng in
the artennary or second maxillae segment, depending upon‘the
location of the excretory organs. It is slmllar to the- ecdysial

«

gland of:insects and both are derived from ectodermal ventral-

' . . , - . . ' .o
). , . - . a

vo

. .-o'



.15

gl(}lnds. o [

In Gamnufus"thg oaired,Y'organs are located in the . o . -
antenndfy reglon as the eﬁcretory organs are located in the
maxlllary segment.- The gland’ has“a follaceus appearance and\“\\
‘is composed of small, unlform cells averagang ‘10 microns ln

.diameter (Tombes, 1930);. The gland is 1nnervatedﬂby nervous ', -’ . i . "

*" extensions of the suboesophageal mass and they are the true ;' o : -

-

'secrctors of the. moult inducing hormone whlch ig inhibited. by ' s

‘the secretlons of the X organ-51nus gland complex in hlgher

>

malacostracans (Karlson & Sklnner, 1960). o : - - Loe -

a . -

'R . g . e . R TR N
. . -
~ A}

The Y organ of Cbr01nus maenus (Arvy et al., fG). R P e
affects the immature male and female gonads by hormenal lnfluence .
on cegll dlv151on. Removal of the Y organs results in blockage
- of oogonial growth' and yolk dep051tlon in the oYary. Carllsle‘
and Knowles T1959) found that the Y'organ.controlled gonadaI
development in Juvenlle females but after puberty. removal-had LTy
7’ no effect ; . o . . o ‘ .

N

‘., The andrpgen gland was first described by Charniauk-
o . ;

Cotton (19563 and is located near the genital’pore of most male
‘ ~

crnstaceansf ThlS oggangdetermlnes testicular dévelopment and
maleaseqondary~sex characteristics. The .androgen gland .anlage |
-does not-debelop into a functional organ in the female and through
auto—dlfferentlatlon in the absence of a hormone, the gonad de- .
velopes into an ovary (Charnlaux-Cotton, 1959). Implantatlon of ‘

the gland into the female causes transformatiobn of the ovaries

. L. ¢ v
into testes (Charniaux-Cotton, *1.960). , *

. ;///))‘ Development of oostegites is induced by the release : .
35 an ovarian hormone (Charnlaux-Cotton, 1955, 19572 The moult ‘
hormone ls resPon51ble for the formatlon of the juvenile hairs ' RN

on the oostegltes that resemble those found elsewhere on the

¢ .

animals body but when the ovarian hormone is added the trlcho-
genic matrix- stretches‘out and an ovigerous hair (long seta) is

A . 3
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-throughout the ovary (Charnlaux—Cotton, l960)

?‘“ce%ls would be the most llﬁely source as they

.
- .
I3 ' v )

AN “76’

PR ., - . -

-~ -, ) . .' Z . .
,formed (Charn;aux—Cotton, 1957) . “SIf the hormone is not QECretid

- >

i
in a threshold level (1e..after a &artlal ovarlectomy), the halrs
/\:, . .

reach’ gn 1ntermed1ate length v Any” portlon of the. ovary in stages

of . v1t&llogene51s ,can 1nduce the formatlon offiong ov1gerous setae.

‘This lndlcates that. the source of the hormone is well dlstrlbuted

v

The follicul

are the only comp-

themselves (Vevers, /

negtsj?f the ovary out51de of the germ cells

1962)

-
2

v

£

» @

«

s

.

_ ' The~formation of the brood pouch.in Gammarus is also’
‘s 8

~under ovarian control and the X organ-51nus gland complex pro-

P - .“ g . .

duces: a hoxmone that inhibits the rlpenlng of the ovary and.il

o Vs
' . .. yolk deposition outside the' breeding season in hléher malacost- -

racans (Charn1aux—Cotton,-l960) The NSM produced and released

by the type I frontal orgam neurons in G. setosus may have this _
’ t, 7 -
°funct10n. -At initiation of v1tellogenes1s 'in the ovary -these :

cells are empty of the ovary-inhihiting NSM and- the ovary en-

larges and v1tellogene513 begxns. ‘With.the appearance of the

yoik,.the folllcle célls have undergone a morphologlcal change

anSAthe ovar;an hormone influenging ‘the productlon of the ovig- \ 144

. I " erogs‘halrs may be_produced (Vevers, 1962). . . ’ L=

e -
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. * NEUROSECRETORY CELL ULTRASTRUCTURE: - - - . ',

L] - T
. * 3.

! ' . a

.

The ultrastructure of 1nvertebrate neurosecretory cells ¢

' S - : .

_ ) v+ ds a rela ively young fleld and lnvestlgatlonston crustaceans are \jr-
ae cee \ ’

. : v ,few_and those on amphlpods even rarer. Some of the crustacean in-- -

RRETE e ve51gators 1nc1ude Malhotra and Meek (1961), Wendelaar Bonga (1970, T

L . : , ‘{97ll Iernandez and Fernandez 31972), Yahata (1972), Hérman and ~+« .* _ L
Preus (1973) and Robbos (1979) i L . , B

. . ]

’
3 . « . I . - s o S .
h P . N e “ : . e e L. Uy oL LT, e U

. ‘
a . . . f - . . .
n . -~ . ¢ . .

. \ . < .
- ey, * 'As -in other areas of’ 1nvertebrate neuroendocrlne re- - A’ N o

.

-
) research the bulk of the information has been Collated on 1nsect$ e,

. . . ) . N , :')i .
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These studles however, are valuable as reference and work hy
- ' T authors such as. lehlktsutsu31 Uwo (1960, 1961), Beattle (1971),
. "% - Scharrer (1971), Sandlfer and Tombes (1972), MqLaren (1972). O

]

L — Girardie (1973), Kono (1973) and Borg et al.y (1973) have proved

R to be useful in thij study on 'G. setosus.
. e : s’ e i’
K o - Tne most distigftive feature of the crustacean neuro- '
secretory cell "is the large nucleus, the chromatin contént of
N . 'which is varlable and appears to be correlated to thé\degree of
" NSM synthetlr act1v1ty. . sandifer and Tombes, (1972) also note
N , fhls iﬁ well as the difference of’ chrdématin distribution betweep.

- the neurosecretory neuron and ‘the adjacent chromatin-laden qllal
®
cell nuclel. Both‘these features were: seen 1n ‘the neurosecre—

.

- .
. tory neurons of G. sét?sus. s !

.//_\\_’_~v:/Malhotra and ‘Meek (1961) describe anophar'distinctive'
. / feature of these cells inh Leandsg serratus, the agranular mem-

v . gysomes. - Bullocg and‘uorridgéhk?965) equate these st;uctufes

- e " with Golgi and attribute theirlshape to fixation techniques; .

S L * Similar sprudéules”rssembllng flattened grolps of Golgi

cisternae grranged in a fingerprint configuration are also found

in the perikaryon.’ Lake and Ong (1972) Eérmed &hgpe stiuctures
. ’ "phaosomes" 1n the onion cell bodles of’ . the organ’of BellSﬁc1.

. s Fahrenbuch (1964) and Dudley (1969) found them in photoreceptor

N . > most recentby desgrlbed these structures and .called them re51dual
- ) ' * bodies. .‘\%ese structures were also seen 1n G. setosus surnounded

v

¢ -, &% by an isolation membrane. Residual bodies 'of another form were
also seen, large bag-like bodies containing assortments of fibril-

<+« “lar and grandlar debris. _ The' significance and function of these

structures is ‘uncertain but in G. setosus,.the lardger.variety ap- -~

~ s . "péar to be: the *garbage tollectors™ of the berikaryon-and have

’

ll -
Jh . . oo N

!Leary et al., (1973), Borg and Marks  (1973); Marks et al.,_(l973f, -

t, - brane systems of the neuron. perikarya, the g}escenﬁ—shaped dict-- .
. ’ : . .

y : /. .
s ‘ cells associated in some locatloﬁf with rough ER. Lai- Fopk (1973) :

~—m,

-



' serratus (Malhotra & Meek,"

RN
been.ob.erved forming poreg.through the tell membrane as if
. ’ '\ :

‘dumping their contents- into the qllal cell’ processes.

': oo o . ';‘ .
Large accuulations of mitochondria are present in-.
- ? 2

most activ§ly secreting neurons and tend to be massed in the,

.region of the axon hillock and extend out along the“axon. v

A

'Yahata’(19723 termed this arrangement a "mitochoPdrial lump"”

"elongated mitoéhondria, stating previous authors mistook the

trophoapongla for these organelles, “such were undoubtedly pre—
sent and a dominant feature\yp the neuron perlkarya and axon
of G, setosus. Other authors 1nclud1ng lehiltsutbuj =Uwo

’

(1961); Sandifer.and Tombes (1972), Herman-ggﬁ Preus (}973)

_and_Borg'and'Marks (1973) also ncoted their preaence as®wéll as

their endless variation in both configuration'and diménsions.

- * >

Lamcllated stacks ©0f, rough ER were not uncountered

__1n the neurosecretory neurons of G. setosus, the majorlty of

whlch was present in scattered shorL c1sterns dllated to var-

“
ious dcgreey. The 'non- neurosecfctory necurons contain rough
ER in longer, bt¢t randomly arranged c1sterns. Large aggregaLes

‘of these.mcmprane systems correspondlng to vertebraté Nissl

. ) . + ! b, .
bodies were not seen, as 55 the case in the perikarya of L. -

1961) .

\ ! . .
Trophosponyium, a charactqristic feature of crustacean

nehrohs were also described by Malhotra and Meek (1961). fhese

structures penetrate tﬁe neurons for varying distances, branching

mainly at the innermost .pgrtion and usually for, short distances

oﬁly. - The tubular and- fibrillar structures of the cell vere

+

‘somewhat similar in configuration’to thosé described by Dawid

etal., '(1973)‘ There was no definite arrangement and their

overall d1mens¢ons dlffered slightly from those deserlbed by

8
’ o -

bavid et -al., (1973) worklngwln vcrtebrate tlssue. .

s
.

Although Malhotra and Meek.(l961) diécoﬁnteg the prescence of -,

P

©

~m—,
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NSM PRODUCTION: ‘ ' - o

¢ - - . ~

B

. Theorles on the productlon of secretlons by neuro—’

secretory cells are based on the morphologlcal ‘observations. of '

4
‘some earlxer v.'orkers in the field ‘(E. Scharrer and W. Bargmann)

“There ;have been many theories put fOrth 1nc1ud1ng. nutlear sec-

'retlon of NSM (Palay, 1943; Ortmann, 1958), related to the fact

that the.chraomatip content‘decreases as synthetlc act1v1ty in- ~
{r-,.

_ Ccreases. THis was observed in the neurosec'\retory tells of G.

setosus but actual 1mplementatlon of the mode was. not seen.

Scharrer et al.,'°(1945) and Palay and issig (1953) associated
NSM productlon with N:xssl ‘substance, . Edstrom@m Eichner (1958)
found 1t had an assoc:LatJ_on with cytoplasmic RNA whlle othexrs

such” as Pardoe and Weatherall (1955) and NlShlltSUtSU]l Uwo, (1960

-

" 1961) suggested an assocn_atlpn with mitochondria.

. el . ) . - ) -

. : . : ®

NSM production in G. setosus,' still remalns to be

clarified as there are at leas\’t two possible modes to be con-

2 sjs'dered' Green and Maxwell (1959) claim that mitochondria may‘

transform into neurosecretory granules whlle._lehlltsutsfljl Uwo

(1960, 1961) stated that mltochondrla fragment in to t.h_mse granules

“and Knowles (1958)0 felt thatythe gramhl.&‘ wvere manufactured along

the bcourse of the axon by mitochondrial  activity. ‘ The mltochon-

drlon like NSM—p051t1ve granfiles descrlbed m the type I frontal ,

- organ, protocerdbral and gariglionic neurons are very similar to

those, described by Green 4and Maxwell (19239) and NJ.ShlltSthSLljl-

Wwo (1960, A1961) . ‘ o v

. . e v

- \— : \ o ¢ ’ L) . "
. Mitochondria can undergo morphdlogical changes in- '

cluding fragmentatlon ‘into granules’ followed by ly51s and dls-
per51on, as well as intense swelllng w1th transformatlon 1nto .
large vacuoles. ' The internal conflguratlon of these organelles.
can also be altered between two extreme states. 'lheforthodo%
conformaqun appears with the J.nner membrane organlzed 1nto the

characterlstlg crests and the.matrix £filling the entlre mner;‘ .

. . . o ( -
+ " ., - . .
3 N 0 ‘ . . P
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*s  volume of the mitochondrion, giving it a granular appearance.

¢ ’l‘he -othc.r ex-treme' is the condehsed state in;%tl}é “4nner com- -
partment ‘becomes #hrunken and fluid‘acc'umul. tes iIn ‘l:he outer
compartment (DcRobertis et al‘_, 197OI MlLochondn@ in ortho- = .
dox conformation a}: :'sdu;l‘l;_—;found Lo be- related to glandular
activity Je. in thé adrt_nal cc\rLex whcre they are engaged in the
synthc51s of steroid hormoncs (beRobertis et al,., 1970). ']he

neurosecrctory vesicles in the type Iy frontal orgam ncurons of P

.

G. setosus bear a striking resemblanfe to mitochondria in this

Te ‘o norphological state.:

N ) o ' : ' "’\ . ¢

bulldlng» blocks or by fragmentatlon of elon Ld par(.nl.“ or-~

2

ganclles mto smaller ones (peRobertls et al., 1970) , an in- ' .

tLerthg relat:.onshlp may ‘axist within neurosec,retory cells.
- 'Dhcrc is ﬂ:.l noted depletion of chromatln (RNA) within the neuro-
sccretory~ ‘cell nucleus as NSM synthetlc activity incrééses. It . '
is w~idely accepted that the rough ER system is continuous'wi'th
. V thx, outer, rlbosome studdn.d, mcmbrane “component of ‘the nuclear

munbranc. system (DeRobertls ot al., 1970) ~ Ruby et al., (1969}

Y - .noted a close morphologlcal relat.lonshlp between miTochondria
S < . and rough ER, in many cases thg\outer mltochondrlal membrane belnq
contlnuous w1th the retlcular mcxlnbranes. These contlnur‘tles

rwere obscrv«.d in mammal:.an ovar:LLs and may functlon J.n the tranb—”

i .
fer of proetin Erom the rough ER to the mltz;ochondrla. F2

y el .. B

- . -

fp—s

Fmer T e
E-ah i o

A Y . o *
2 ® MilLochondria poesess -the’ nccessary machlnery for the

true Xbosomes within the mltochondrla "J.‘S ‘difficult even at. the',
electrdh mlcrdscdpe level, mlLochondrlal ribosomes being smaller.

: - than those of the cytoplasm and arc similar in size to bactérial

- » l

N )

. ribosomes' (DcRobcrtJ.b. 2t all 1970) ThlS could mean that ‘the

RNA gramﬁ:és are p&ssed' froyf the nucleus via the _rough ER to the

. ‘mitochondria, possibly undgrgoing elaboration along the “way'v. :

,In the’ mitochondriof_they jare finally made into proteins; and/or . \
Y . -lipoprotein secretory subStance. This could also explain the -

' ’ - . ¢ . »
N /
' 4 S ’ /
. .

synthesls of p%telns from amlno acids but the rccognltlon of .+ . S



tory granules, . Scharrer (1971) reported the incorporation of:

. »
N

glose assocxatlon of the rough ER w1th the maturlng mltochondrlon—

llkc neurosncxetory vesicles observed in G. setosus... ' -®

L BN
¥ - - Y , - '
o .The most commonly accepted theory on NSM synthesis as-
I * :
sociates the neurosecretory, vesicles with the Golgi membranes ﬁ

(Palay, 1960; Miyawaki, 1960; Bern et al., 1961; Steinnon & Dro-
chmans, 1961; Murakami, 1961, 1962; Bern, 1963). This mode of
synthesis hés been clucidated for some species with bhe electron
microscope and:the presumed pathway involved in the formation‘og
proteinaceous NgM is the synthesis of materifal in the rough Eﬁt’

its transport to the proximal fad% of the Golgi complex and final,

- ' ~

".. condensation at the distal or mature ‘Face of the Golgl Scharrer;

. and Brown (1961), Scharror (1963) and Borg et al., (1973) reported .

a pathway similar to this in invertebrates? Contlnu1ty of sec-

retory ‘vesicles with the GOlgl membranes has been observéd in
many invertebrate endocrine Gells (Scharrer, 1963,.1971; Norman,
1965; Bloch et al., 1966; Wendelaar Bonga, 1971) but evidence

of continuities w1th both the rough ER and Golg} have been reported
i) ~
oniy by . Borq et al., (1973) 'f ! :

Type I neurosecretory granules produced in a number - - ‘
of the protocerecbral neurosccretory A cells were 5iearly Golgi-
Formed and the formation gf a solid perlphery thought to de51g— ‘

&
nate granule maturxty as 1n those of the 1nsect Plerls rapae
\

cru01vora, distinguished by Kono -and Kobayashl (1972). The
type II veelcles of the type II frontal organ neurons also ap- ‘
. pear~to.haGé'a similar formatlon -matu ion ‘process. ) '
“ﬁ P U . ‘ A .o \

-Borg et ag., (187.3) no 3 the_common occurrence, of
multﬁyesichlar bodies (MVB) in.the neurosécfetory cells of

M - » v ] 3 3 §
Manduca sexta and their association with the. opaque neurosecre-
: Opaq
. L] . N

-

.

i&oldi-formed vesiClesAiyto MVBS . Theeé booies_had Small Golgi
. v » ' ¢ B

vesicles inside and outside the limiting membrane.. Scharrer’
. . - ’ . . -

(1971) noted that thése organelles seemed to reflect '# process.
. 2 \ .

‘Y . R . : ) -
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\
of transformatlon to dense bodies perhaps due to a gradual :anor-
poration of a coanent? of low electron dens:.tyqdurlng growth and

maturation. - b X , .
1 . o ) * .

The occurrence of MVBs was also noted in the neurons’

_of G. setosus and like Scharrer (1971), a maturation p‘récess- in-J

volving the’ t;\ansformatlon of these organelles into neurosecretory

ves:.cles was a p0551b111ty but more study is needed tn this area

before a definite conclustion can be reached. The quest;lon of :

‘-

mitochondrial or Golgi }_Sroduction of NSHM in G. setoeus alsc can-

not be answered at this time and experrmentatlon at’ d.ei‘_lectron
24,
mlcroccoplc level J.s the only technlque available Lo solvc the

A}

problem. -
) &

. ~
Prs

_"'- ’ Although !?ere is a prc;blem(f_i'forrel'.ating {:ne secretory
granul'e in light and elect;ron n{i-créseopy, the .st‘a'inable NSHM
1s not a f1xat10n artlfact. Passano (1954) obs—erved living
neurosecretory cells in crustaceans and the materlal produced by

these cells had a"’blue—whlte opac1ty. A distinction has" to be
At

_made between the’ neurosecret?ry granules and synaptlc ve51cles

sOmetlmes found in the same nerve endlngs. In\G. setosus, _thgs
. is no problem™due to the larger size and conflguratlon “of " the ..
elementary and mature vesicles. ' L . ,ooe :
i g ’.
\ " I'

Fingerman and Aoto (1959) found elefctron dense neuro—"'
—S
secretory granules in Cambarellus ranglng fro 300 BOOOR in diar

meter'depending'\upon their, location. Those of the 51nus gland )

‘were 300-16508 in diameter. Passano (1954) found that then O

'

neurosecretory granules :m the X organ of Seésarma were composed
of e;ementary, granules with dimensions in the range of 1000%.
These in turn form large granules 300 nm in diameter grouped.t':o—
ge'thef to form granular spheres.-o.f 2-.-{ microns in diameter.
These spheres finélly forrﬁ the large light microscope NSM gran—

of o
ules 7 mlcrons wide and 13 microns "Long. The size of the NSM

“l

- granules in G. setosus was intermediate éﬁtween those of Sesarma

0 . e
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a.nd Cambare.llus. - It varies from 2.6 microns in the type'I

frontal organ neurons to 195 nm in thc protocerebral and gang-

llon neurons. The size of the secrc.bory granules appear to

differ-from-species to spgcies.

o . [t

c

Detailed examination of the ‘elemel eurostcretory
granules at high magnlflcatlon reveals a deg ee of ‘internal "str-

uct’u . -» The apparently homogeneous granule in the erl(.dldldl

'organ of Squilla, is a vesicle filled with ultraparticles about

_50R in dia_meéor (Knowles, 1960).

These vesicle have an internal core ¢

The neurosecretory vesicles

in the frontal t':’rgan of G. setosus are similar to those of Squilia.

Rosed of slightly larger
S S : ©
4% =

. . \ ’ . s i
The vesicle membrane may not simply serve as an in-

ultraparli%lcs, ©60-100R in diameter.

’ -

‘active limiting membrane but may possess dynamic- properties’ to |

facilitﬁte the modification of the vesiclo content after it .

pass‘cé froi .iw site of origix@(GerSChenf'icld et ale ¢ 19G60) .

, The Nsw contmm.d w1thln the vesicle may increase J.n quantlty “ s

- and (c) in vivo "observaftiqn of secretions movirfihaloag the axons

‘the -axon ° (Matbumoto, 1956; Lake, 1969a) .

the concept of neurosecretion.

or quallty ‘as it -moves towards thc axon hlllOC}\ and out along

This modlflcatlon

‘ma¥ continue up until the p01nt of rclease (Bullock & llorrldge, :

1965) . '. Do T e .
L L y o
/ S o . ) 4 . VA '}
", MIGRATION AND RELEASE OF NSM: R
Burgen (1959)' considérs the migr;atio‘n of NSM from ° . é"q

the perikaryon to the axon términal to be the major pfobl’em in
'l‘hcre are three pnncxpal facts
that pnov1de ev1dence for the e5clstence of axon-travellxng sﬁ‘c—

retions: (a) the existence of “stainable materia_ls along’ the
Y , T . ,
axons of neurosecretory cells; (b) the ,accumulation of secretory.

materials-at the cut end of ne'u;oseéret'ory axons . (liild, 1951);



of -u:ustacean neurosecretory cells by . Carllsle (1953 1959).
\

Axonal mlgratn.on of NSM was olyzerved in the suboesophageal con—- '

-

nectlves stalned with ljjubschman's Azan 1nw3_.G. setosus.

\ I\xoplasmlc flow 1tself is a generally ac.ccptc_d pheno— -

. )

’ mg_non and can be attrlbutcd to’ préssure causing changes in fiher
diameter with the moving cytoplasm acceleratlng as it ent rs thLa'

narrow axon. The rate of movement is controlled by the cell body

and is cons.tsLenL with Elbor growth or regeneratlon .rate, estab-
lishing a bélldl‘lce“ between. central synthesis and~per1p_heral des-
truction. Neurosecretory tra53po¥t and storage”in the axon
terminal may be juc,t LE] spec_ial” case of-a phenon;enon occurring in
all neurons. . Instead of bcing continually replaced, as in the
ca.sc of. the transmitter substance, the NS.M ,is_allgwed to pile up .
due to interrupted rele*é ‘or inabilit.;r .to releasé the material

as fast as it is bbing produced (Bullock & 'Hdrridge,- 1965) «
A - ‘ : C : -

" The majority of workers in the: field accept thc dxonal
transport theory but® a few such as Green and Maxwell (1959),
Knowles (1959) and_BodJ.an (1951) sugg'e:st that NSM J.S synthesized

j-th-roughout the neurorn. Th(_ groth of the elcmentdry granule
whlle en rQute from the perlkaryon J.mplles contlnued syntheSJ.s..
Goslar and Schultze- - (1958) found a _concentrgtlon of structural :

elements in the axons of the neurosecretory cclls. The peri-

pheral axoplasm however, does not have the essential prerequlsn.tes

for sub::tantxal blosynthesz.s as there are no ribosome concentrat:.ons

in the axoplasm (5ch(n1tt 1959) "
-’ , v . v . LR Y

-

. "After S)}nthesis and transport of. NSM occur, rElease is

.

;meeraLJ.ve and is genelxially thought, to occur at the axon termmal

Howuvex, it can take place} along the\axon as well as from the

perikaryon lLbelf cltlw{rjlone or in combination’ w.'Lth release
from .the axon terminals '~(Matsumoto, 1958) In 1nsec:ts the moult;

hormone. is released Eroml.the braln 1tself . ..

as

oo



- system by dlsruptlczn of the cell membrane in some

‘cerebral and ganglion neurons of G. setosus was only observ«.d in

~ the perikaryon but this does not‘eliminate ?%nxonal release as:

Tombes (1970) summarlzed three modes of ngurohormone

- relé;ase; (1) 'release of the intact granules mto tife vascular

anner, (2)

release of the contained material by exocytosi§ or reverse pino-

brane. ot

l\fe.urOSLcretOLy release of ‘thé. vesicles in’ the proto—-

this aspect was not investigated.  The vesicles ‘pass throygh
a dis'ini;e.qr‘ate_d ‘portion of the cell membrane, usually in the
region of the trophospongia, into the gliai qgll'processes |
intac€t. The neurgsecretox.‘y vesicles of the type I frontal

. 1)
organ neurons$ ‘liberated their contents throudgh a rupture in the

LI N

cell membrane but release of ‘the granular contents - of the type
11 ves_icles was not observed. . . Lo - A
- © . R - P

3

THE OVARY AND- VITELLOG_ENESIS :

-

.- t

The female reproductlve» organs in G. setosus are sin-

PR

u].ar to those, descrlbed for G. duebezu by LeRoux (1933) and Steele

(1964) and those of O. gammarella by Charn;aux-totton (1960) and . .-

Meusy '(1963) Oost:eglte ‘and long setae development is contro],ied.

. by an ovariarn hormone of uncertain ora.gln (LeRoux, 1933 Charm.aux—

‘o

Cutton, 1vov) . When no yolk 15 deposn:ed between moults, thé

-

long setae are lost' and this cond}tlon was induced by removal 61:'

the ovaries in O. gammarella by Charniaux-Cotton (4960) and by ,

‘radium irradiation that suppressed yolk depositiofi in G. duebeni

by LeRoux (1933)." . PN

-~ - s
Steele (1964) found that in G. eceanicus unfertillzed

-

egcjs were ‘hot dep051ted 1nt the brood pouch by’ females 1solated .
? '

‘From precopula with male.s and they thérefore did not moult. -

. .
[ . . . '

. ) . . . LT

v
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) Sexton - (1924) had 51m11ar results w1t:h G. pulex-and G. chevreuxi
and observatxons on the females in the photoperlod experlments
. 1nd1':;ate that G. setosus behave in.the same manner. . However,
. some species such as G. duebeni (LeRoux, 1933) and G. locusta
(Sexton, 1924), lay unfertilized eggs. .
- ’l‘he maturatlon .tycle of male gametes was not studled

in'G. setosus as Steele (1964) determlned that the male does not

N .

'have a definite cycle and will seize females with rlpc gonads at
any time of the -year, ThlS 1nd1cates that the female cycle is
more definitive and is responsible for regulatlon of the breed-

“ing cycle.’ _—

. P
" The v:.tellme menbiane of the oocyte J.s £ormed dunng
oogenesis by a hardem.ng of th outer layer of ooplasm and in
'sPéc‘ies where it is thick (i’e. WOrms, molluscs and.echmoderms),

* a zona radiata is present {Raven, 1961}, The zona radlata is -

- not cont:.nuous beJ.ng perforated by pores through which pass. )
cytoplasmlc extrusmns (connectlons) llnklng the cytoplasm of ..
the" folllcleacell with thatvof the oocyte (Kemp & HJ.bbart, 1957)
,These extruslor}s were seen in the cocyte of G. setosus but the
zona radiata is relatively thin. .

Yamamoto (1956) noted the appearance qf fine granules
beneath the VJ.tellJ.ne membrane, in the zona rac‘ilata, at the in-

itiation of v1tellogenesxs form:.ng a dense cor ;‘Jcal layer.‘ Be-

neath .this layer 1s a vacuolated zone. that gradually dlsappcars

v
as the cortical layer thJ.ckens. This process also occurs, in '

the oocyte of G. seWosus-where the appearance ‘of peripheral poly~
saccharide g;a‘nules,eve'néually lead to oblbteratj:on’of the vac-

" uolated ooplasm. . ' -
. - &

. . * * - . » . . R I}

L

The formatlon of llplc}/gl()bules was not studied in.
. PR
Gv set:osus although f:ome were seen en route from the hepato-

i, Pancreas in. the direction of the ovary. - In the crustaceans

. -y - -
" . . . n v

;'. ) . : .. ‘..' .-, \ .

-

@,

L]

¢
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. Q . ’ '
Cambarus (Kater, 1928)., Palaemon and Paratelphusa (Bltatia & Nath

1931) lipid yolk g’lobules arise. from Gong. ‘bodies. The fatty ° -
yolk is orJ‘.glnally rich in phospholipid while the neutral fats
(triglycerides) predomrnate in the final stages. .‘ The l\fyll tertﬁ >
oocyte is- c.omposed almost entirely. of saturated and fa'tty' 4cids
(Raven, 1961).. Nath"et al., 21958) found that th Pherétima, -
the fat globules "had an rnner core of phosphollpld enveloped by
"-a trlglycerlde cortex whereas Perlplaneta had trlglycerlde ot
centers. rI‘he phospholipid later dlsappears l’eavmg a solld try-,
glyceride fat droplet. ‘Electron ‘mlcrographs of the yolk in G S
~ setosus show some lipid globules with a'co'ré’of different den— "
sity, but this may be the result of 1nsuff1c1ent OSmlflcathE).

The yolk globules however, have a Jlg—saw -like arrangement fac- )
~111tat1ng the compact_:lng of the oocyte, ., T . "-

"The protgein ‘gr'ani.lles are not o"ften exclusiveiy protein, ‘ o
but -are associated wj:th .v'arious ‘proportions of fats and:.iipids.
Usually they are bound to protein as lipoprotein while polysac="
oharides are ‘al:so admixed .to the protein yéik granule:s .‘(Raver;,i
1961), ~ Telfer (J:96l) showed that inh some insects the ‘yolk _ ‘
_ protems have ext‘raovarlan orlgln and: are J.mmunologlcally sim-

.J.lar to'protelns found in- the hemolymph. The female-spec1f1c
vitellogenic ptoteins have been shown to originate 'in the fat ad
body of some lnsect si:ec1es and enter the oocytes through the
mtrafolllcular spaces (Brooks, 1970). . -

The oocyte of G. setosus is malnly polysaccharide in
composn;J.on with both llpld and prote.m fractions also present. .
These components are probably extraovarlan in prigin and the . : l.‘f‘ N
neJ.ghbourlng hepatopa.ncreas is the major -suppller as llpld
'glob.ules, PAS-pOSlthe polysacchar;.de areas and PI‘—pos;.tlve

-,prote:.n granules are all found: w1th1n ts cells and usually

concentrated near their bases adjacent to the ovary. - ’ " y .
' - ' . ; . o . . '_
The follicular epithelium must: function hormally in

. . .
3 e . w2 s te A
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- THE HEPATOPANCREAS : E ‘.

. 'orgsr for yolk @bposition to oc’cur.. Laurence and Simpson (1974),

« . N , o - . ‘. " . » LN . .
working with four species of mosquitoes, found that ‘there vere
mitot;ic divisions reBWlting :in an increase in the riumber of fol-1 B

licle cells and without thls step* tliere was no further develop—
K )
.",ment of the oogonia. A numerlca.} 1ncrease in lell&ular cells

was also noted ln G. setosus at initiation of v1tellogenes:.s.
¢ " Bell and Ba’rth (1971) ‘showed that the presence of the juvenlle

hormone was reqd_‘lred for morphological, changes in the follicular -
by . . A C . , . ¢ . . .

epith‘elium prior to vitello'genesis in inéec‘ts after Deloof/asnd “
ngasée (1970) found that these changes were necessary7 r suc-

.

) cessful yolk depos.uta’.on. .Anderson (1.971) showed ~that l\f,the
. .,folllculur cells were stripped off the oogom.a in’ culture " t‘hey

-4
) falled to ab:.orb the' v1tellogen1c protelns from the surroundlng v,

oy

medla. N T

0

. R . —_

- .
uo* . o

, ' ¢'$ $ahota (197:3) found that: the juvenlle hormone in the
Douglas Tir beetle 1nfiuenc¢.s RNA synthedis in “the folllcle cellé R
may als e controlled by similar méans in ‘G. setosds as mbrpho—‘
locjlcal changes were noted J.I‘l the follJ.c],e cells prior o v1tel— g

. e .. . > . ¢
. , . . .

logenes 15 .

w 't -
® aoy ‘

°x
s

o . ¢’

Yonge (1924) descrlbed glands 1n the body caVJ.ty ofr’ 5‘

e crustaceans \openlng via ducts Gf varying length and regarded them

.~ to be actlvely secreting mucus and/or amylaée. .The granule—

laden, gland—l:.ke accumulatlon of cekls in the reglon of «the n
A 3

and\w.ttr?t this yolk depos:.tlon 15 J.nhl}nt:ed Yo'lk deposz,tlon kg

hepatopancreas*kand ovary of G. s‘etosus may also functlon in the - -

o

secretlon of mucus. These structures are morphologlcally

.

. ' sm?ila.r to the B u@.@prcduc:mg glands of vertebrate- ' |

b_,,. . ] ‘7 &

olfactory eplthellu,m and their ducts infiltrate the lnvaglnatlons;

‘a

hepatopancreas LY. plnocyt051s and may be, elaborated by these

. N .

. of'the h p,atopancreas.. The . released granules penetrate the | .

'
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. .cells or éas'secl diréct‘ly ‘through into the’ gut to serve as a pro—c.
tectlve lubncant against the c/gstlc enzymes produced by the

seoretory cellgf%f the hepatopancreas. . The collectlng ductules

funnel these Secretlons into the mldgut behlnd the stomach in G.

setosus. Roche (1953) found that in asellus the mldgut played °

. an accessory rple in the secretion of the dlgestlve ]ulces, whlle

‘in dccapods, these s,ecretlons are proﬁuced almost entlrely by the

. . . - -

hepatopancfeas (Vonk 190) . . »

) . 4 ‘-.\' B , , _'. . _. - . .
- The inner wall of the blind. tubules is composed of a
. -

. : Simple eplthellum Wlth special structure ‘and functJ.on. There

and secretory cells . (B, cells), (Yonge, $924) .

L~

s also serves m absorbing”’ nutrients as well as in the secretion of

The hepatogancreas

B

- digestive ],Ulces that include proteases, lipases and carbohydrase:s.‘w
S~ . The R cells of Nephrops abseorb iron (Yonge, 1924) whz.le those of '

Atya store llplds {van chl, 1955) The hepatopancreas of G. P

setosus cont::un stored. lipid globules, and massive ‘rough ER com—

‘ . plexds and laxge numbers?.of mltochondrla account for the prescnce
. ]

of PF-pds;Ltlve protelrl @.nd PAS-posrtlve po'lysacrharlde materlal
These cells had cxtenslve canallcular networks weaw,ng through

their cytoplasm, especially in the° reglon nearest the ovary.

T <

. Y . . ] .
’ ' . The .hepatopancreas of crustaceans (analogous to the

’
-

- >~

Y llver of vertebrates and fat body of 1nsects) is a major s:.te

. / © ‘for bulk storage, synthSJ.s and transformatlon of a Varlety of

o=

/- o organlc and 1norga::'1c su.bstances. Adlyodl and AdlYOd.l. (1970, v

—— -

1971, l972?,.wor}\ing w1th Paratelphusa hydroa‘_romous, established
—

that' the hepatp nc/eas reserves were {g\axlmal in intermoult

and become mobl,llzed to medt the demands of somatlc and repro-

duc‘tlve growth, - Hepatopancreatlc phosphollplds, espec1ally

¢ ; '

phosphotldylethanalamlne ‘and phospl;atl.dylchollne, were depleted

Lo ’ by the oogonial marlturat.xon process.. Free sugars and unsaturated .

fattfy acxds vaned ‘n quality a‘nd,qua,nt:.ty suggestmg utJ.leation
: in-yolk forma\tlon. Fluctuatdions also dccurred gwlth the organlc
L a . - th " N

«® [ . - . < . a n' ‘o

.
- . .. .
vt . ’ - -
‘ 5 s - .

"arel generally tw0 types of cells present: storage cells (R cells) - - -

N C e
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and inorganic substaeces associated with the moult. Although
the chemical components of the hepatopanc}eas were not extensively
studied 1n . setosus, a marked depletion of lipid globules in-
these cells was noted during yitellogenegas in the ovary and the
other yolk constituents probably had similar cycles. The synth-
, .

esls of proteins 1n the hepatopancreas related to the moult and

reproductive activity, vitellogenesis, appears to be inhibited

during the 1ntermoult by some eyestalk principle (Adiyodi & Adiyodi,

1472) . ' . .

o ’

v .
R .

In evaluating the effectcof photeperiod on the ovarian

éycle it'wés necessary to take inta consideration. that not all

n

oogonla and oocytes in an ovary pass through sxmllar stages sim-

ultaneously Som& aocytes appear healthy and normal while the

1n1t1al ‘stages of- resorptaon are occurring 1n the ones adjacent.
Determihing Lhe state of the ovary was based on the number of oo-
gonlia or oocytes that are being 51multaneously affected.

~

Photoperiod duration does-not influence the freqg-

- -

uency Bf the cycle -in ariy portion of the® population but rather
causes resorption of the oocytes instead of ovulatlon., It does

however, lnfluence the amplitude of the ovarlan cycle in reqard

to the number of cogonia or oocytes affected sxmultaneously in a

glven anlmal ‘There are vary1A§ thresholds of llght sens;t1v1ty

in the anlmals and.the 1onger the period- of exposure to a certaln'
photoperlod, the greater the number of animals influenced, Step-
hens (1952) found that.w;th Orconectes virilis, 20 hqyrs af .

light per day synchronized the responses of an entire experimental

8ample. '

- - . . R LN T
. . ) . ° \'
O. virilis (Stephens, 1952), Cambarellus shufeldti -

(Lowe, 1961) and Procambarus simulans (Perryman, 1969), all edreo-

BrEeT \L,)l" PHOTOPERIOD. ON R PRODUC"I‘ION: / oo



o
‘yoached. ,

subtyopical species, show that an increaseé in photoperiod caused
rapid ovarian maturation'and resorption cycles, the longer the
‘photoperiod the faster the cycle. l)ec:f&xsud photoperiods re-~

sulted in a more rapid maturation process but stabxiizgd the ovary
in a mature condition with limited recycling atfter the majority
ot the oocytes attained maturity (Lowe, 1961),, wiile in complete

darkness no reeyeling was recorded (Perryman, 19oY) .,

The duurcaslqg témperaturce and shortenigg photoperiods
im lote fall stimulated prolifcration of new ootytés but in-

hibited ovarian maturation. Gradually ‘this dnhibition is. lost

with the onsect of sprind with increasing temperatures and lendth-

i " LT . . ‘u N ¢ . *
ening photoperiods, and’ the ovaries mature and ovulation follows

f

' n . - .
(Ldwe, 1961). Lowe found "that even after yolk -deposition is
complete ovulatiom ‘couldn't always be induced suggesting that

udditional changes accur aftcr'appérent histological maturity is

. - l‘,' -
stephens (1952) suggestgdf?hat total darkness stimulates
. - . "“‘ . .
the release of an inhibitory factor restricting proliferation of
« . ‘ B} - *

newyoocytes. The, médhlla‘terminalis section of the X organ may
produce tﬂis gubstanbe'(Bréwn & Jones, 1947). Continuous expos-
ure to 0 hpurs light causes the inhibitorL released in tétal darkll
ness, to loose its i{:eét and the cyclic process begins after in-

. - . . * » ’ 3 -. p
itial rapid maturatich is reached but can not be maintained in O.

L ]
virilis (Stephens, 1952).

“
.

N Aiken %1969) found that temperature alone would not

permit qphpleﬁe ovarian maturation in O. virilis but would pre-

. . . £ .
vent growth and degeneration cycles and a temperature threshold .

of 10-11°C was established for ovulation, Below this, sustained
maturation and degeneration cycles were reported (stephens, 1952;

Lowe, 1961). -Growth is photoperiodfcally controlled in juvenile

~

0. virilis but this was: not proven in adults.

«

. . . . R
ol . - . .



cherstréle 11970) obsegzcd that the boreo arctic
amphi pod Pontoporeza affinis breeds ln;éhe cold season afld results '
suggested that it wds the detreasc in seadbnal lllumlnatlon that L/
induced maturation of the gohads and controlled the reproductive
cycle. Animals kept in.complete darkness ‘had ovariés far more
mature than Lhose txposed to beasonal phOLOerlOdS while con- \\\
stant 11lum1nétlon lhhlbltLd ovarlan activity (Seyerstrale, 971)
The difference in illumination that triggers this cycle may pe
dué to an adaptive mechanism connected with the perception of
light. When the animals live in wqter deeper than'lOijeters,

I d
they also breed ocutside the period defined by those in shalloWeg

v . . .
depths as at 100 mpters constant darknessprevalls (Segerstréile, . ,’ﬁ\*“j

¥ ’ . L
- . )

2

1970) .

H. Barnes (19§3) and Crisb and Patel (1969) fQUnd that
i{lumindtion exerted an inhibitorytfnfluence on ovarian maturation
in Balanuys, delaying the'onset of'breeding' The decrease of
light' in late summer may also trlgger the maturatlon in thls
specxes as they reproduce in November. P. affinis shares thl$
feature of winter reproductién w1th other marine animals living
at K&gh latltudes It has been suqqested that this is an adapt*
ation tO‘thL marked seasonal fluctuatlons in temperature, food )
supply and sd¢ on, typical of thls.reglon‘wbere conditions are
fgbeprable in the spring for survival of the new generation

-~

(1. Barnes, 1963). & 2

, * Temperature has been excluded as a regulatory mechan-
ism in P. affinis because of the marked difference be&tween that

M -

of the shallow and deeper waters of its rangeybefore jand at the -

onset of gonad maturation in Xate sumnmer (Segérstréle; 1937).

- In the subarctic waters of Newfoundland, G. setosus .
‘has a weli defined reéproductive cycle regulting in-one brood per
,year. Sifice the rate Si de?élopment in Gamparus depends largely

"". on the temperature (Sex n, 1924; Steele & Stkele, 1973),‘the

v

R \

P o . o .

> el C. .



gonads of the‘large} (older) females mature earlier in the year

than thosc of 'the developrﬁfﬁyo \g. ThlsPSpreads their breeding '

s

perlod over several months "and females releasing their young “in ‘

o,

early wxnter are prevented_from havxng a second brood by the low
o .

,-1ncumbent te?Peratures that prolon7 the physxologlcal progesses %

and Lhe [ema enters the restlng stage (Steele, 1967).

’ ‘ e a

- \\\,r/; " rhe resting stage is considered by Steele (1967) to

- '

be the mechanism requlating the reproductive éycle in G. setosus 4

S

’

Lhat prevents. Lo animal Lrom gatting out of uhase with its environ-

mentvwhich is most favourahle for surv1val.of the young Lowe
.,.r .

(1961) found’ that the ovaries in C. shufbldtl had an 1nHErent

late summer’ decllne that may\have beén llnked to a. general meta-
[}

bolic Factor ds the anlmals showed the least body welght 1ncrease

at this time. ° ThlS ‘may be-a phenomenon analogous g\\&pe resting

stage of G. setosus. . . X,
n Reproductlveltlmlng in G. setosus has been foung to be

ldrgely dependent upon photoperlod (Steele personal communlcatlon)

and to a lésser degree upon temperature. The timing £ér release

of the young and their embryonic developmeﬁtchas been found to be

_based.upon environmental temperatures and occurs earlier the fur4

ther south the animal lives in its range (Steele & Steele, 1973)

The females enter the restlng stage earller but the next ovarlan

f L] .

f cycle does not proceed any faster unless-induced by altering the

photoperiod. Based on the obsefvations in this stud&, the
|

_resting stage ls probably a phenomenon brought on by»the anlmals

at

physiological slow down after release of the yoﬂng 1nﬂa berlod

of low/incumbent temperatures. At 10°C in the laboratoay, the
resting stage duration was not as long but it cannot be ruled out
as it could have been reduced to the period during whlch the

stage 5 oocytes Were resorbed in the ovary priocx to the 1n1t1at10n

of the successive cycle, °* , o ) !

. R -
- . . .
. . ——

Because G. Setosus reproduces from late, fall ‘o early

- . ’ .

S //'
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[ U

t - winter, it may bc assumx_d that acceleration oi ovarian 'devetlo'pmen’t‘._' o RN
. y) < . ' . . ) ' ~ee
»R i’ is Lrlggered by the scasonal decrease in 1.lluminathn. Results - -

! . .

from the photoperiod cxponrments Al this study g:oxnc'lde with the A L -

. . . * '] . ) * . . .
L hypothesgis elucidated by ;‘/zgerstréle (297Q) . = Fhe shorter, the - - -
durwtion of the photop"e-riod' thelfaster the animals pass throhgh

‘their ovarian cycle. .(,omplet.e darkness stlmulateb sucécs.‘aum -t . -
[ o b ) ] . .
. , ) cyc.i s, 14 hours lxght pi*lunqb thaé cycles while uunsLanL il- v

lumumtlon probably lnhlblts ov'arlan devo.lopment as™ in the case
Of P. affinis (begerstrél‘e, 19711) ‘ox may ‘arrest th ocyt;t_s in’, l’,'
969)

a- stugc of maturity as in P. SLmulans (Perryman, I 69 .:md (). o e a

y v1r1 lig {Aiken, ) 19()9) < e ¢ A A < o Co R
. 5 ) F& .. ' . P . -, L . R
N 4 p . cea T, PR e ) T v, .o N

.. - \ ) . - Do e . N R < s .

) . .
y o , ¢ », - -

.~ s Lt e : Bllbs .(1966) noted that femgles kept in long day pho"

o,

Lo rates poss.lbly explfhned by ahtagonl.sm between the proces% s' lead'-
S W to somatu. and/reproductlve growt:h 'l‘h,Ls ¢ould als' be téhe T e
’ - cduse of the, hlgher mortallty ratu.&. observed. among fem'le G. set- ~
' & . ) ’ [ M - - < S~
o . osus exposed to 14 hours llght 1n th‘lb study. , A .. A L.,
f ) . . ;| e T
e " ’ ‘ N ’ - ’ .. ' o i - : ," . - e ‘. .,
' . "~_G'.' setosus and P. “ffln.ls (Segerstrale, 168707 1971)’ a : : A
< are _buhd"}(,t_ g sp&‘ g : nd 11\70 .ﬂ ‘different laﬁltuu es than the - - - 3 *_, ¥
- . * /\"‘>- ’ ’ , - :A v «
; : “three, crayfish 'spevles, Cf shufeldtl,-P. szmulans and o. virilisy A
> - ' ' a7 Ty Teroot
) w-ax;t_ subt:roplcal. 'l‘he phot:.oPerlods that trlgger theu: repro— .} @ ;
R . N
ductive cycles and, reSPOnsle to- t’ne varl.ous experxmental phot_o— - o
' periods are opposxte. ’ ) - Y A
i - -‘ ~ . . "\\’!
° o i T ) - “ Ter tme
. . LI A . : — . Vel it
d T ' St - . \ . ? - ) . ' . ! o7 i .’ . _‘ ’ . ‘.,.'..
. 1 _ ' . NEUROSECRETORY EFFECT ON REPRODUCTION: S T PR
& , o w, e, Y . . T - -
. ! A b . ' . e
! ' RN s . . ‘ . - ' . /' - . . et
. The repreductive activity of female crustaceans is de- s ORI
) * pendent upon both environmental and liermonal actjon but the com- . N
. ) plete picture is' still vague._  Panouse (1943, 1944) ‘was the first o . g
. . . e e
to observe an ac¢eleration of ovarian growth, vitel'loqenésis and ' J "%;f:h\;
ovulation in a resting stage Leander serratus female aftef,:eye— A g
R . . : Lo N R
s . : stalk removal., Otsu and ‘lanaoka (1951) stated, that ovarian dev- -~ . . o
4 . ' ! - |
» * . N . N
. P Al 4 -
- . N ‘ , L4
‘* -
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elopment was (uut.lolled by two. antagonistic f'uc,tors in C,rustnu.u,
/

2 oone inhi\nlory and t.ha *oumr aleulatory. urown and Janes

u)nfut)/'d the prey cn(.u of an ovaty-—-rnhilu Linq hurmom-
Brown

.
»

«  lCinus,

(l‘)47)

in’ (.uubnz‘u_::,
(]

.a}qmata". _ Carlis le- (195 3) «l

-‘dn ated that Lhu Qvary- lnlnb).t.;ng ’hormunc was

€

~and ('\'r‘li-;l'u (19)3) in 50 in=-
p'r'od'uced

of

Iy Lhe X
'\)l\j--\l\. .

ian @lopmcnt, qu w.'cru; 1;4.)!11 Lhu C,'Yl!hL-.llk .x_nd the third lrum
Lhe L.ubuu,oplmqua,l qangllon

. . - N 1> [ -~
.. . . . . A Lt -0 -
< R 1.
»

. -

L . A .-....r ¥ - - .’ . ' . -
The eyes 'L&lk hormom_ noubr.ol mouiLlnq, ._,ogp.m i

b

P v it
'Nn. ;&_prmwc‘Lu{L

hhrmqm,a miluehcc th ynthesl and uccmhulp.t.um of a ltpoplptcln

uLllszd .Ul vltt_llbgeneb '. h 'l'hi:: buh I,:DHLU -wus found 1n adulL

‘l’anaJ.e Ll.buym by lhhu.h (19’72) Uu‘t nQL .Ln juvuulo an.lmals.“

,L‘Ythdl]\ hrnmbm.e. regulatc -OVUlElLl‘On buL al‘Lmﬁ rcmoval the:e'a

‘. ” -

a dglay buLorc ovulm.um occurs, 1ugq<_st1ng LH(_ uwol.\h_menh of

BT

Y

'I‘lus sub-
could bu atlmulatox‘y and be produccd by the*neurobugrutory

L‘Ollb ot Lhe t.Lrebral and/or thoracl.c gangl,m e B !

3
i R - .
R
fe v Jf . ot

. L B
. B . PR S
N - - B

LS Lmu

J ) Otsu (-1960) dlscow,rc_d tlu_ pre:.endc- of Lh«, dVary—sth-
: ulatlng hormonn ic_cruu.d by the neurosccret{;ry t.clls of Lhc thjx:—
uci ganqlm An Pot:amon delmam -

v

Otsu (1963) shchd that melant-
-ation oL p thO’raC.lC gangllcn mass into a, female crub w:.th eyabtalks

mduc >d ovari;m devcl@pment. ._" Gomez (1965) demon‘sbrated ‘accelera—_

v -

hydrodromouts

\

m.nsch and Bennett (1973) shoWed \:hat." lmplam.atz.tm
. R N

" of t.he thorac;c gangllon nf adult femaie splder crabs J.nto J.mmaturc.

K

,,,fémaleb chultedﬂ .'m hormonal' 'stlmulation bf’ v1tellchpncsi.s. . The

endocr:.ne centers of Lhe eYestalk 1nhlb1t the reproductlve, cycle
ﬂ

’/ .

of' deuapod CL staceans whjgle r_horacu: ga,nglion ;mplants mduqe the

_same accéleratlon of oVarlan growth shown aftér removal of the eye—

‘-) e oy
e
~C -

s
1,

dnoﬂ‘wr Luctor nlso undr_r the control of t.lu_ pycbt;alk R )

am{ Janes (19-‘1_*)) in lh;a, Uemeusy and Vm J.J.eL (1‘) 52) in Cdr= -
. ' ’

Lhu three undouru\q t.u,t.or\i thmqht to inf: Lumu,e ovar.-‘ ’

‘
>

Lmn of gonadaf dew.lopment after braln :melantatlon 1n Hdratelphusa .
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N T . li‘he sinus glind of Uca pugllator mlublts .reproduction -
° - . L7
SN and lts removal’ QQCGleahL.S‘ oVarian \growth maturatlon of oocyte‘b *
l - . -and ovulation dunng th(. period when- the oocytes are normally . ' | .
S quQaCGnL (Brown & Jones, ‘)4‘))1 : Larliblo (1‘)53) suggostod that . N
2 o2 . . 4

' o T sex revarsal in L._;smat:a sutlchhdata was thilﬂLed by thik sAmo

-, R hormonc_ produuid in’ the qan1gl¢onlc X organ and releascd from the - :
P , . slnus g}.and. Rangneckor ut al. _(l.9~7l) [ound that the hormones .

T . . X

A Crom' the e‘&‘estalk also irhibit- the act‘1v1ty o[ the and.;:oqen gland o

‘ AU oo A male crabb whl(_h ln turn 1n]ub1.t.s gonadal development. Gon;- L=
. adal dcvelopment in- femaleb requlres less pvary-stlmulatlng hor-— ' ’ .
T - mone fr'o'm the eyestalks and more oVary Jtlmulating hormone from PR

L -"the bxa.Ln and thoraclc ganglla., e e SRR . . e s

' .
. « w T . -{* . . -° ‘ . M T Lt

L [ . .. .- . , B <t L o
- - P . . o - . - - . . .

._' i 5 B

o R f
[T ( O .t .
’ & . -

T "‘bcbt;a ked 1nuna.t:.u‘rc ,dcclpods do not attaln sexual mat—' e

Coa, '_' : ll RZ -

,-urlty, suggesung hornonal control from locat,lonsﬂother than tho '

'b M . . T
¢, VL e PR

Ln some crusta‘ceans the -Y organ may . '_J

I

Ce e ) X organ--smus gland complex: v

bo Lhe soﬂrce oj:‘ tho maturatlon ‘Eactor (H\neoh, 1972) ~'Do_mpu'.-‘.yl (1962) ,' o
‘-; oLowne R showed that Carcxnus macnus underwent ovarlan enlargement after rv.,v L e

moval of the moult—lnduca.ng Y organ. ) Gona,dal development may alsd . ’

[3

-

E e requ1re an increase in the amoun‘t of moult-—;thJ,bltlng hormone and a~ o

9," o decrxﬁbc in Y organ mm@lt-inducmg hormone. Tn Paratelphusa and - ,

"" = Caridina llbcratlon of the moult hormone at ’the time of the intra-
. brood moult stlmulates vrtellcgene51s in the ovary (John, 1967) - . -
' The gonadotroplc hprmone controlllng vitellogenes:.s is dlstlnct y

" - R - from th'e moult-'lnlubltlng hormone as the rate of yolk dep051t10n ) yo

) - R cannot be Aattributed to..the. acceleratlon of the intermoult per- . . __,M
R PN . . . B
Cotw mds af-tv.er eyestalk removal .. Premature v1tellogene51s prolongs

‘-; D8 -
e " the 1ntermoult period ln normal xntermoult females (Drach, lQSS). R . '

: tet ta - ' L *\ - . ) .7 . "_ " 2N N ‘ ’
L ST o e L The moult-lnduc:.ng ‘and ovary-stlmu'latlng hormones .,. . -
T ' are both produced in tlie eyestalk of hlqher malacostracans and | -

)

are- a.ntagom.stlc to one another. When the eyestalk 1s remcwed'-

.- B . - the; anlmal somehow determlnes Whlch of the two" phenomena should ‘ '

be expressed.  The anéwe:; seems to depend upon the tJ.me of

year durlng whlch the destalking occur.red The anlmallls more '_ o200

S . . - : ! - - ’ . - .i?.
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physiqloglcally equa.pped at one time For moulgling and t another

for zeproductlve development ‘(Bliss,.. 1966).

“The fact! that OOgen—

" esis does not always occur is based on whether the oogon,a.a have

reached the po.1nt permlttlng~vitellogene51s to proceed.’

-

Its re-

moval pr;tor to the breedlng season ‘'usually causes acceleratlon of

the event (Charnlaux—Cotton, 1960)
o,

L o

@
)
The «1nt{$ns1ty of neurosocretory act1v1ty 1&:he eyestalk

0. 1. . t

-
i
P

I'-

" correspondd’ witH &hat of the oocytes\ The difference in histo-

loglcal appearancéPs have been’ used to show tZat reurcsecretory

cells do 1nf1uenf.‘e" reprod'uctJ.on and neuroseo

etory control of

ovarian maturatlon and ovulatlon has bEen establ:.shed in many- in-

sect spécieas (H;,ghnam, 1962
Eoster, 1972 and léupferman, 1972)

Ittycherlah, 1967, Mouton, 1971;

T_A -and’ Andersson and Jewell (19573 recognlzed a correlation betWeen

the phys:.ologlcal sta,te of the am.mal and the qu‘antJ.ty and quallty

£, NSM. Matsumoto (19597 found that: the secretory actlv.l.ty o.f

the alpha— ‘and. betd neurosecret 194 cells of ‘the optlc peduncle to .‘

R

-
«

. be hlgher during. peak lletfods o reproductn.ve actlvity 1n Sesa;:ma, .

. p,rollferatlap o:‘c' new oogonia -until the matur

o | either ovulated’ or resorbe“d.

« Potamon, Neptunas and Ciuonectes. Pﬁrymz{n (1969) related morph~

.o!og:.cal changes in the neurosecretdry celkls 1dent1f1ed by Bliss

et al., (19547 and Durand (1956), 1n P..s,lmulans with the repro—

ductive c¥c1e .

At dlfferent pengds ﬁ .the ovarian cycle there -

i

were varylng amoqnts of NSM‘in cell§ located in the suboesophageal

ganglion and eyestalk.

the medulla termnallsbmgan ‘and could both e related ‘to the

i .
7 -
P
- wr -,
p

-

. *'Eeproductlve cyclds

» ‘ -

of the four basxc cell ypes, two were in ~

~ e
. A
A I

Gell type one From the medulla termlnala.s X organ of

* the eyestalk produced ant inhibitory secret:.qn that restrlctedp

qytes Had been

The NSM graffules ac®umulate, while Lo

’ _the ocotytes deVeloped reaching.a peak at time of ovulatlon or

resorptlon .

qell type three) also J.n the medulla ternunalls X

organ,,produced 3 sy&:stance that accelerated ovulatJ.on or reso‘gp—

[~ e

-

..

K.ratzsch (1951&'), Ortmann (1951) .'
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tion of the mature oocytes. %zre granules were present when
bl . "
vitglloegenesis oceurred.

Q
‘Besse (1968) found that in‘thyisopod.Porcelliq dilat-

atus,. ablation of the medial proi:ocerebral regj.'on of the adult ft»

’

male brai‘n, 'in_duced ovarian matugation and aborted the occurrence
of the moult: 1 Mooquard et al,, (1971) showed that one, ¢or mgre .
neu'rohemal centers 1nH1b1t1ng growth, moult'.lng and vitellogenesis
were present in the protocereprum of the isopod Ligia oceanica.
The ventral ganglion chain stimulated water resorption at.moult-'

tn

», ing But had: no effect on sexuai physioloq'y. _The inhibitory ef-
hY

efistent. The sinus gland mqy Stlll bé- an J{ntegral ne&ohemal )

-

release 51te for i;he regulatlon of tl?e riproductlve cycle by l:.b—

eratlng an undeslgnated hormone.- The' s cretory activity of the

"“. .\

gland is cycllc, appearihg empty of NSM at the’ time of~ovulation.
As actual release .of NSM from the gland was not obserued thé’

hormone could be .inhibitory if released. contlnually up untll a
N )

1nt of depletion, or stimulatory if released all at once at the
R A § L4 .
tiime of the preovulatory moult, 1nduc1n'g o‘vulatlon. '
. ﬁ. ’ [N 7

. . 1

. - )

ory role in tHe reproductlve cycle, 1m1].ar to thaﬁ exhlbltqd by

the X organ 51nus gland complex of hlgher- malacostracans. ) In

¢

early August, ‘when the type I, fronta organ neurcns «appear empty ’

of NSM, v1tellogene51s is 1n1t1ated in the ovary. ’hftér another\
accumu}atlon and release cycle .the n urons empty agaln, at t1me
of ,precop\_.\la, 'apd ovulation occurs..‘ These cells may also_ inhib-.
'li't moulting as it 0c£:urs when.t.:h‘é frontal -o-rgah nsuroxis copte&n .

only a small quanity of NSM. . The role of the Y organ was not

Ll W . N . < [N

.

~

The fror)):a’l-' organ however, | appears to play an inhibit-~ -



- . . - , 99_« .

investigated in G. setosus but its moult-inducing role exhibited , p

-

v g‘( - throughout Crustatea was assumed Wrth the ppssrblllty that tife

latter observatign on the frontal organ was c01ncxdental The Y‘
oo *  organ .could also eéxhibit ity repbrted stlmulatory effect on Vit- )

. ‘ - ' ellogénesis as at‘, thlS pol.n‘l; its mou}t-lnducmg hormones are §81ng

4

suppressed. However, at: ovulatl n .Lts secret hormone is domin-
y
l);tb Y \m‘c‘uft and its presence could . -

- ant ‘due to the colnexd,tng %eovu
1 q,roiiferatlon after -

he hagrhed. young could ..

/ ". stimulate ovulatlon/ Inh:L itJ.on,pf
\fpovulatlon and up until tlmt; df ‘
i

P " . ‘ " ¥ (AN -
. of gvulation and’'do !)1 ceggt, 'f\u?lx'&‘t:‘he possl@'vulatory moult at C .

- L Y A ' d -
,b 3‘; ulrated ;m\.o growth only to .

A

. s 7 .
- -b inhlblte'é ,155'( ﬂ} ¥ ,/; % tu (Ez%ﬁﬂ ER e nitiation 'of the L
- " 'exift‘ihe temberq% "flsé;?‘.ﬁgaln in, the sprmg tL
i the - qogonla‘qgutvzmﬁ 1cal;ky begln ‘ti( rgrﬂw wi;:hc&ut the appearance ' 4 .
. i dq Jt_}qnqﬂ“ : 1ack oﬁ Jnedr q"oretory "act1v1ty. o : ' '
T A f-%.:lg.;:fig’\;'{;}a,' e |
TN £ \}:he braln and ventral * - J

'\L

gt ¥ {
f} hy neu;rgsecretory k}el |
uction and undergo an in- : . .

‘1 S
11a also ’appe s: ‘to effect\re

[

'se in aﬁctl%mty as tha cycle?

e perlldarya . ‘After

1 amount is still
9 p

ia.  The results of

. i s V. k\. - )
Ni;} the ir}.:’fﬁlgation are ha/x:d to )% w thout ablation exper- - o .
- ' /2 B e X . 4
. v .

! I
(Y im ~t;o observ the reproduct,lge aotl\zs.,ﬁ,y in the:.r absence. : .

P

A / .
kL ar to .‘that descrabed by Bess\e (19% Jazmd .Mocquard et al., .
.fy 1) in two 1509% species, as inhlb tori The apparent build~ )

of NSMyln the neurons may be the reshl of a faster Productlon .

'“~thz‘{z}2§}n§ of precopula, the
AT

rase, and at a p01,nt aroun%

-,f lsL\ease productigh depleting t
,' : oc ur% “The activity of the prot'

f}‘.'ﬁ) ‘that of t.,he frontai orgax;; thro g,]?( ﬁhe iﬁedlal frontal organ
. . 5 , , i . o,

em of NSM and ‘ovulation . S

r ral neurons may be linked -
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_nerve that orlglnates in this reglon and neurosncretory vesicles .

_have been seen along” the axons of the frontal organ neurons. . The

ovary—stimulating hormone may be produced by ‘the cells of the
thoracic ganglla whea the frontal organ depletes ltbelf of; granules
!

/ at :the, onset. of v1tellogex10515/ e ' B
A\l ,”
D Lo ' . \ ] &t
PHOTOPERIOD EFFECT ON NEUROSECRETION : s

.

L]

The flrst Lndltdtlons of oyclic changes in neutbscc— \\
n_t.ory eleme.nts woere desc,rlbed by Pyle (1943)' studylng th;_ smus
gland of higher malacostracans. 'I‘hese have) smce been cOan.rﬂi—ed
and ample,led by sevexal authors 1nclud1ng Stephens (1952") and

v &,uko (1958) )rela,bmg changes m the neurosecx‘erory pathway to >

' t.he moult cygle as well as  photoperiod. St:ephens '(.11_952) sug—'
gests that bvarlan\maturabmn and ovulatlonxln d VJ.r.Ll.Ls are :
controllé

R

perlod.- g\rkeh .:51969) claims that t.he Stephen 5. t.heor’y (1952)
s ‘
does. not «5 ?‘é“s. tEmperatue enough. There Was however, ev1dence

-N.

zb_y four hormones that are in turn regﬂia'ted by photo-

-

T v

that neurosepretoxggcélls in the cen’tral nervous system secrete
o .

Tan ovary-stlmulat'n substance that: regulates reprodut:tlve act-
1v1ty 1@,0»“ er_l.zs (Alken, ~1969) Although photoperlod in-
fluencets, Warrxan maturation .and ovulat-lon partly‘ Chrpt.igh the X ..51’

organ-s:.nus gland oomplex, ‘the balance of the endocrlne control,

endocrine systiem remain™*€6 be explained. = . '

- N ‘:\

.1 - v . ' RN . ’ ﬂ""’
* .  Photoperiod control of the endocrine, ‘s'yster‘n and photo-- '4_"_

U : R

period influence over it has been most thoroughly investigated s

in_insects by Lees’ (1964), '}flighnam (1965) , Geldiay (‘19636;, 1967.) ,.
Williams and, Adkisson (1969) and others. They &ollectiVely est~
abllshed the direct actJ.on of lJ.ght on endocrlne system receptors
mfluencmg brain hormone secretlons that control pupal dlapause
as well as long-—day photoper:.od stlmulatlon of cerebral neyrosec-

retory cells and thelr effect’ on ovarian development:- T

. . . ) - - .
. TR . - -

v
1.
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-+ mone produced by other glandular tissue..

Parker (1966) esta‘bllshed that'reproduct:.on was centrbl— "
led in Daphnia by a n\eurohormone f.mfluence whose productlon is .'
P regulated by photoperlod The quantlty of NSM 1n the central k ' -
nervous system of Daphm.a. sch¢d1er1 .LS affected hy photpperlod. ‘ ;
.The NSM may be an antlmoult hormbne actlyated and’ released 1nto

o

R the bloodstream thch irtarn < causas release Yof 4 second hox-

SJ.nce Da_phma, Like G.

‘setosus, usually nioults each time it releases a*bropd; either

hermone ‘could be reldted to reproductive activity.
' . bt ] :

[N - s . . - .

s . Tighe-Ford' (1967) found that - the breedirig Sycle of T
'\ Balanus balano:.des was COntrolled by .both léht and temperature. oo S|
Cr:,tical values of 10° C and 12 hours llght below whlch the barn-—

e

aele could breed, were establ;l.shed Neurosecretory cells were - BT

1ocated ln the subsupraoesophageal gangllon and J.llumlnation o CT ‘

a4 . i oS

caused the photoreceptor c:ells to generate a sustaxne.d depO.lar- PN
1zat10n lnhlbltlng the second ordeY\neurons idin; thls &gangllcn A

“,;‘,.:— nerve by Fahrenbuch (1965) ‘ ‘ Lk BRI | |

3 .. PN LR - - Ten

o, = . - . . - R . LI

Actual effe.ct of photoperlod o) tl}e neurosecretory ce'lls

Id v

.- ‘was not evaluated due to the l:utu.tat:.on t:Lme in this study It'..

sta:rrds ‘to reason by extrapolatlo\*%;e effect of photoperlod on .,

the ovarlan cycle, that a speed up o 11 the neurosecretory act-

1v1t1es related w1th ovarlanfdeveIopmerhceurSr ?n. regard to’.

the mecham.sm of resorpt:.on, thlS phenomenon has not -been i,nvest—

1gated in Crustacea and is awquest}gm worthy of future problng. o N

®v — . -
: -

e whae L \ - N . roa

-

CORRELATION oF NEUROSECRETORY ACTIVITY-WITH' PHYSIOLOGICAL DV
PROCESSES. . -" ' ) R A-'/_'

» . N

Staining reactxons alone cannot prov:\.de an adequate
basrs fox conclus:.oqs regardlng the occurren-ge of neurgsecretlon.

- Bullock ‘and . Horrz.dge (1965) employed"’ the following crlterIa An
- &

' ,__/* Neurosecretory, f:Lbers were foungd in the medlan photoreceptor coal Lo e B
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T irfakintj the assufption: (1) the observatxo'n of stalnable materlals o N ‘ .
oL N, T R
" y . i m the neuron 1nd1cat1xf'g t‘he poss:.blllty of neu;'osecretlonr (2) 1f S a' v,
,, R changes J.n quant:.,ty or qhallty of presun1ed NSM can be-correlat-ed - . N
o ol thh seasonal changes ox PhYsmloqizal condltion tht- -occurrence co e ] e
- ’ T ! >
‘,of a- secrEtory cycle J.ndlcates the xistence of’ neurosecretlon :Ls T o

R ‘ probable and (3) J.f the presumed NSM can be asboc.lat’a\ in quantlty e ‘;

’ .
(2] . ot

. \and irr locat:.on with the cmcurrence of a hprmonal factor, the s

. - ‘.neurosecretion cah be .cqnsn.)dered ‘vestabllshed. . P )
S - . .o . ‘. . I MPIRA .._ S e I T AN ' '
.. - -t . . . - .. LN i, . . N N . L

L3
\\ : ‘,dlfferent meaﬂﬂqus J.n dxfferent forms In some :Lnsects the i . PP

':.’-' B explanatldns. (1) the cell .'LS actively releas:.r;g hormOne ;Lnt:o

) . such’ as thlS would completely reverSe that s’tated' previously ":l“ “

.when tl}e stainlng cel.'L has been esta.bllshed ‘as belng f R o

S neurosecretory, the J.nterprétatlon of the phys:.ologxcal sign‘- ,

I LI
Theré are at ].éast two\ alternate s

‘f,

1f1cance remnres c’autmn..‘

° 3 e . . the blood stream b\Jt/'J.S producing the Secrétmn faster than it“

o can llberate J.t ar- (2) the rate of release ls“slight Or even m.l

d ey sp that a low rate of sxnthesls causes acczumulatlon df secretion e

5, - g "...r',j,-" ©ine tﬁe axon and pertk«aryon (Bullock & HOrrldge,~1965)

wot b ‘ .‘--"-', Holms and Knowi.es (1960), Norman (1965), Sma.th and Smlth w
- o y » (1966) ’. Scharrer (1968) -and Kono (1973) COnsmer secretion ‘to be ‘-._, B . “
ST - °°°“rr..1“9 Constantl%and neurosecretory aet.wJ.ty .to cons:.st of twé L f.‘,,"-'"". PR

. s . . :

p‘hase's’- (l) synthe of NSM in’ the perikaryon and (2) the‘release "‘}

e of NSM.// Thw quantlty of NSM mfthe cytoplasm changes accord:.ngly s ff,-'q-'. . .

.

,w1th the relata.ve actJ.VJ.t:Les of t'heg}e twc processes. e

~ ~.-.u . -

’ K] ‘. . . : . ) . s

(- ) . ' L) - - ~’» ' A ’ S e :
. . ) - .

- . .o - . .. [ v ‘ PRI PR N e

< , Staa.mng as a q;rhterlon for secretor)7 actx,vxty has R PR R

L) -~
" _ ,nehrosec;:etory ceél.s contaln the most sec:ceta.on dur:mg per:.ods ‘- i
,when there lS l;ttle or rno Ahormone belng llberated as release lS S B {'

' "o Y [ -.,h _-:; St e

s:.s contmues.{' Thls leads to an ac0um—" R

. , Q . not occurrlng. but synt‘ !
e - , : . : . ' L O
Y L0 {u],atlon of NSM :m ell-"'e,_ (Belloet al., 1974) A s:.tuat:.on R % i '
. . : : ( '

r - - B R -0
‘ . about the neuros'ecretag,z;y slgnlfleagcé Ain reproductlon 1n G E= o La
f e '~ osus. ' This can only be clarlfled by further ultra.structural R R
A o . . (S U . A : Gl LR oL -_:.'I -
| & . ~ .‘.,' - :"- . ! 1 ' ',“ ‘f . ¢ . .:' .
. . v . X A . .‘ C - - . .:.‘ Yo
s . - .. . l\ N . ..,” ¥ - < b .. o . . . .
5 v - '- R b .1. . [ . £"$\ 3 we R
f . e ! Vel AR P ol ‘ - b e




v o : . o
. “ . The -‘function qf the neurogecretory cells is to form a
system that is central to the operatisn of endocrine mechahisms
. whereyer‘ they exist amory metazoan animals, There are many
.. *nbr—neural %nd¢crine organs in invertebrates and they also have
s IR IN %their functj.“oning closely regulated by the nervous system “through T
e ; hormonal or nervous pathways. NeurosecreE{on is a specialized
i - o . activity of neurons that are carrying out a type of secretory pro-
Y ﬁ;ss éistinct from the ﬁeurohbmal role of the ordinary neuron (Bul-
. T ‘ lock & Ho{ridge, 1965). Major questions qor‘mcerning neurosecretion
/, : . still exi§€ in }egard(to the nature, both structural and chemical,
' . .synthesi's‘,‘ transport and ré¢lease of NSM as well as the neug:onal

. -propertids Qf the neurosecretory neuron.
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SUMMARY AND CONCLUSIONS:

The central nervopus system of G. setosus consi%ts of
a brain, suboesophageal ganglion and a ventral ganglion chain.
The ofganization of the nervous elements show the characteristic ;
gxdétaééan core/rind arrangemenggand both the central fibrous
ﬂeuroéilesiand ﬁhe Peripheral cellular glomeruli show goéq dif-
- ferentiation. gQThe glomeruli of the brain contain two types of
neur&gec;etory“cells, A and B, bgsed on perikaryon size. The
medial glomeruli of the pfotocerebrhm contain the largest accum—
ulatlon'of neurosecretory célls while the glomeruli of the deuto-
cerebrum and tritocerebrum contain relatively fewer cells and the
majority of these are A cells. The glomeruli of the suboesophqr
geal g&ngllqn contaln two types of néurosecrefory cells, A and A',
" based on perlkaryon size and these cells are found mainly in the <
dorsolateral glomeruli at the root of the segmental nerves. The’
glomeruli of the ventral.thoracic,nnd abdominal ganglia contaih
four types of neurosecretoiy cglls, A, A', B and C, based on peri-
karyoh size with A' being hiphlar. ‘These cells axe found evenly
disgtributed ‘throughout the dorsolateral and ventral glomerull of
the ﬁhoraclc ganglla but malnly in the ventral glomerull of the

abdominals* ganglia.

Theé accessory cephalic structures of the anterior head

7

reglon include the sinus gland statocyst and frontél 6rgan, all
three of which have a nervous connection w1th the brain. The
sinus gland has both cellular and acellular areas, containing
variable quantities of NSM._ The statocysts are large and well
develdbed-and the neurons of the frontal organ are of two tfpes,“
I and II, based on the size of the nelrosecretory vesicles they <
produce and-release,in a cyc¢lic- pattern. -~ There is no X organ

. . -f & .
presen®# « P

M : {_‘ R
~ : N Ty
a i
The ovaries of .G. SetOE#s,are paired and located dorso-
- i 2 '
‘} ,r: .

1



« 105

.
A -
N ' o .
- s

lateral to the digestive tract. The female has one brood per
year at Witless Bay, Newfoundi;nd, with the ovaries beginning
steady érowth in May. In early August they undergo vitellagen-
esis resulting in rapid enlargement and final maturation of the
ovaries. Ovulation occurs in late fall and the female enters
a resting stage after release of the hatched young in early winter.
Oogonial growth is weak during this period, probably the result of
low ambient temperatures. The’hépatopancreas appears to function
in'eupply of the vitellogenic materials te the: ovary and the
peripherei follicular epithelial layer of' the oocytes, undergoes
major morphologicdl changes to facilitate this process. “The yolk
of the oocyte has three fractions: polysaccharlde, llpld and pro-
teln, deposite® in that order. Phqtoperlod appears to bd the .
"main environmental factor influencing the reprodugtlve cycle and
the decrease in illumination of late sumher is the stimulus for
yitellogenesis. The photoperiod experiments show that longer
photoperiods {14 hOUrs light) prolong the ovarian cycle, whlle

shorter ones (12 and 8 hours light)} accelerate 1t.. Complete dark—

ness induces succe551ve cycles after resorptlon of the mature co-

- ~

.

cytes produced by each maturation cycle.
Synthesis of NSM was directly associated with the Golgi
regions‘in the type II frontal organ neurons and the A cells of
.the brain glomeruli producing type I néurosecretory granules.
Production of the larger, mitochondrion-like neurosecretory ves-
icles fqpné'in the type 1 frontal'organﬂneurons and the remaining

.

neurosecretory neurons of thefbrain and ventral ganglia, has not
been definitely established. Mitochondrial fission and enlarge=
ment,'or tfensformation of Golgi-formed multivesicular bodies
were the two alternatives suggested in this study.

- The EOntinugl release.of NSM from the type I frortal
s organ neurons appears to ha»e an lnhlbltory effect on ovarian

development. The cells flrst appear empty in early August when

vitéllogenesls is intitiated. The cells then produce and liberate

N
v
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more NSM becoming empty again at‘;he time of dvulation. The -
_./ -

neurosecretory activity-&y@ié\af the,cells of the brain, suboes-

ophagedl and ventral ganglia is difficult to int2rpret and coyld

be aither stimulatotyggg inhibitory pending furthe;'investigation.
FL S

The cells have an agcumulation of NSM that builds up until the
time-of ovulapion aftér which thé? appear empty; -Ff the mode of
release is graduél: Lhe material is inhibitory; if the release is
all-out, it is stimulatory. A numbeyi of neurons in the .ventral
ganglia exhibit stainable NSM at all tfimes and th¥se méy @g the -
source of an ovary-inhibiting'hormon . The#4Yole‘of th Y"orgaq
was not investijéted but it mdy algo have an inhibltory effect

when in dominance.

4
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LEGEND OF ABBREVIATICNS USED IN FIGURES
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» . (S y} .
A .
a,A - axon L - DG - dense(g_anuis
act ~. adipose connective tissue dnl - dorsolateral neu:pnal
ag - antennal glomeruli . layer
a%lé - anterior inferior lateral ds - distal portion
) glomeruli dt .= deutocerebrum
aimg - anterior inferior medial )
glomeruli . - .
aimgb - anterior inferior medlal .
glofierular bridge E N
al - accessqry lobe Coe , : )
alc ~ accessory lobe commissure e - eye 2
an- - antenna II nerve . eg - empty granule
anb ° '~ antennal® nerve branch . es ~~ extracellular space
ann - antenna II neuropile - - . EV - empty ve51c1e
ant - antenng, I nerve B . . )
antn, - antenfna I neuropile : . b —— : .
aslg - anterior superior lateral . F . : :
'gLomerulL . ’ < : :
asmg -~ anterior superior medial fc,FC - %ollidle cell
' ) glomeruli fct - fibrous connective '
s . - tissue .
e . Fm - flocculent material
k ‘ fo - frontal organ
' . -foc - frontal organ cells -
b - blood - . fr. - fiber core
bl - basal lamina . FR. - free ribosgue )
+ ; ! ~
C © ] .
G - corhective g ~  ~ granule
c - mitochondrial crest ‘ G - Golgi e
-cb C - centralgbody \ gb¢y - ganglion body* '
CE ' - cytoplasmic extrusion gc,GC - glial cell ,
CM . - cell membrane . - , Ngg - ghost granule -
cp. .- capgule ) Gg : = glycogen granulg
cr - core P s ' gp ° - gap
cs ~-.connective tissue gtrand GP - glial process .
ct - connective tissue gs,GS - glial sHeath
Cy - cytoplasm . : Gt.” -~ gliokubule
. C LGV - Golgi vesicle
-y . )
D . L -
B ' H
d - dorsal ’

DC - dense core vesicie h - hypodermis
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L) : - N -‘ + . i : N . -
‘L e . - ) - NP . - nu(;lear édre - “/ .
: o - - ¢ ." ns - nucleelus . ° .
e 1ntegument = © NS ~ nuclear space )
iamg -inferior. an‘terlor medial Nt " - neurotubule
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M ilag - inferioxr lateral ‘anterlor s Yot ' < .
gloméruli . . St . o R
ilg ' inferior lateral glomerull -0 . T =
img - :- lnferlor medial glomeruli -~ . . ' A - ' ’
- ipg inferlor pcsterlor glomerull o - ovary
. oe -~ ovarian épithelium
. ~ oo . ‘oflg ="olfactory lobe glomeruli
o R » S .-~ og ~ optic ganglia )

’ e gl . = optic lobe -
1.L . = lipid, ~ e J‘alf _~“-_ olfactory lobe- —— C
1g . - lamlna gangllonar:l.s . ¢ " olg - - optic lobe glomeruli K
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Figure 1: Sagittal view through the head region of

in relation to one another. '
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Figure 2: ° Anterior vertical view of the brain of

L e . G. setdsus showingi{#:h'e" lacption .of the.var-

. ' ious neuropiles (mqhi‘.’fiea ‘from Graber, 1933).
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Figure 3:. Vertical V1ew of the anterior side of the .
-~ brain of G. setosus showing the gapgl;onlc cell .
layers (modified from Graber, 1933).
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Figure 4: Vertical view of the posterior side of the
brain of G.. setosus showing the gangllon:.c cell
. h layers (modifled from Graber, 1933) - R
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,Fggure 5:"(A) Structure‘og the adipose' cannective tissue‘

found in the head rééion of G. setosus surrounding

‘-‘ - Y N
the brain mass (epon, toluidine blue. pH,(11.1, 1420x).
.. . "
s T .(B) Qd.j.pose co;ﬁectiv,e‘ tissue strands adhering

e
. \\\\ . . to the fibrohs connective tigsue capsule of the brain
P < .,
. " mass functlonlng in. support holdlng the brain in

< .
. o,

' - a fixed position {epon, toluidine blue pH 11. 1“l4zox)

v
r _“ - ,M':,l" . , ) R S ‘ . ¢ « ,0 L I3
.- -’lm
e e Flgure 6: h1n frontal section of the-dorsal part of the
R = e ' protoceribrum of G. setosus (epon, toluxdme blue
‘ cs ) t l‘ - pH ¥\l / VOX) ' o ’ ‘ ~ * I

: , i
~ " Y Figure '7: Thin frontal section of the mld—protocereFral N
reglon of the brain‘of G setasus (epon, tO]!Llldlne

4 .

.. " /5 ) %’ o b}ue:PH ll.‘l, 7QX) . g ) .L\
W T, . . -t e ' 4 ‘
R ; [V . e - ~, . - ‘o
i n ~ Figure 8:V Thick section of the mld-protocerebral region
.- o
?\ T, in” the bram of G. setosus showing the.,varlous
;) AT neuropiles (paraffin, PF, .o0X) . e )
: . \ 'é\ .:J . s
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Figure 9: Thin frontal section of the lower deutocerebral

region of ‘the brain of G. setosus showing the var-
ious neuropfles, tracts and cellular glomeruli'?epon,

udX). ~

¢

toluidine blue pH 11.1,
° 3

A

Figure .10: Frontal section of the lower tritocerebrum of
the braih of G. setosus just above the region where

the antenna II nerves and tritocerebral connectives

originate (epon, toluidine blue pH 11.1, 110X).

Figure 1l: Frontal section through the upper tritocerebral
region showing the neuropile bridge (epon, toluidine

blue pH 11.1, 110X).

co
. ’

_Figure 12: Thin:oross section through the brain of G. setosus
in fhe region of the central body showing its homogen-

eity (epdn, toluidine blue pH 11.1, 500X).

~ - N

Figure 13: Higher magnification of the neuropile constituting
the central body ( epon, toluidine blue pH 11.1, 2600X).

[y

Figure 14: Cross sect?ﬁh of the antenna' I nerve in antenna I
of 6. setosus showing the origin‘of.peripheral antennal

nerve branches (epon, toluidine blue pH 11.1, 225X). =

)

Figure 15: . Thin frontal section of the upper head region of

G. setosus showing the tegumentary ‘'sensory ordgn in-

nerva¥ed by the tegumentary nerve of the mid-trito-

+ cergbral region (epon, toluidine blue pH 11.1, 225x)*\\
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Figure 16: Longitudinal sectjon through the ganglionic 77
fiber coré. Note the elongated aitochdndria that
are common in this region. The majority ¢f the
‘tubular structures found in the axons are identified
(epony uranyl acetate/lead citrate, 20,840X) .
a . ’
Figu;e.i7: Cross seetE%nzof,the prdtocerebral fiber core

in the brainﬁ G. setosus. 'Note-'téfnitochondria
with gxtremely'swollén crests (arrow). The'vaéipus
types of vesicles found t:hrc:ughéut\' the. fiber ‘é:c;’zze.‘
a.;:e identified (epon, uranyl acetate/leaéi citrate,
- 20,840X) . o

Figure 18: Cross section through the protocerebral fiber

’ coEe. The mitochondria have swollen crests and a
spix!l configuration in the synaptic regions (arrow)

M - {(epon,’ uranyl acetate/lead citrat’e, . 20,840X) .

/
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Figure 19: Frontal sec‘tran thraugh the; subaesophageal
LY ganglmn showing--t’he fl{slqn Qf\ tl:le four s;.ngle

ganglion bOdleS (parafficn . SRS

',')z l , _e .'.‘ ' '-x o :..,' ,'-'.’
Figure 20:. sag'm.ttal sactuon tb_z’dthh,.'&.he suboesophage.
. gang\mn s'howmg “Prie pds:."t;:.lc;n ;;f" i:'he néuroplle:sﬁ':
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Figure 21; Dlssectea thqra_cu: gangllo L Eee'n in ventral s
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Figure 22: Fron'tal sectiﬂns.‘ a, B‘ Cp) thr uqh e thOr.aliic- 3
.‘. & ."-

: gangllom .,from dorsa],--

l"v

Figure 23: A portfion of the-.ventxal. g’anql.iox‘x cha,in w;th the
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Figure 24: Scanning electron micrographs of a thoracic

ganglion dissected from a G. setosus female.

,, b (A) Ventral aspect of the thoracic ganglion ({(45X).
(B) Prayed end of a’segmental nerve showing in-
! dividual axons (8QX).
(C) Cut end of a connective in the ganglion chain.
. with axons removed in fhe cutting process (48bLX}.

(D) Core area_Qf~the.gang1ion,(fiber) showing the

'

‘glial cell wrappings around .displaced axons
- _ : (1200%)". - s '
(E) sSplit in the fibrous connective tissue cap-
‘ sule allows a look inéo the intérior of the
ganglion body passing through the neuron layer
, ‘ into the fibex m&ss (370X) .
(F) Higher resolution photomicrograph of the same

N r]
area seen in (E) but concentrated on the neuron

layer (950X). .

{gluteraldehyde-fixed, gold coated) . ¢
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Figure 25: Scanning eJ'.ectron micrographs of a cross

sect-:ion througfi the body of a thoracic ganglion.
AXrows 1ndicate the locatlon of the ventral
neuronal grogpé (345X%) . -

i . (‘l . "
e § ’ -
(A) Area A Bﬁ center picture at increased mag-

.«

niflcatlon vaote the defired "gap" between

‘the neuron grpup and the flber core g1930x) .
lu

»

(B) &Area B of center picture at increased mag-

riification. § 3,.,. The "gap" is again visible (960X)

l IJ
(epon-embeddeé NaOH/methanol treated/ to remove
- epon, gold !pgated).

S
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Figure .26: Thin frontal section th\:':oqgh the mid region .

of the first abdomin‘al‘gengiion_xshowing the neuro-
pile(eé'j;ement (epon, osmium stained, 180X). '

3

@ - TN

,._,-——

Figure 27: , Ventral neurorial layer of t thie first abdominal

Flgure 28: A;rangement of the unlpolar neuroxgs in the -

ganglion in G. setosus (paraffln, PF 130X%).

9

iy
anterlor superior medial glomeruli‘ (asmg) of the .

brain. Note 1arge extracellula; spaces ‘present -
in’ thJ.s reglon (epon, toluid:l.ne blue pH 11.1, 580x)
Lo '

.. N

’ 1 -

Figure 29-' FO\Jr adjacent B’ dells ln the anterlor super—‘«: -

‘iox medJ.al glomeruli (asmg) of the bram positioned

along ‘the perlphery of the glomerull w:.th numerous -

"a cells clustered Wl.thln it “(epon, - epoxg PF 580x)

-
- - v "
% - .

:
<,

Figure 30: (a)“ Note absence of chfomatin in the riucleus

of the large B cell found in the dorsoposterlor

reg:.on of’ the antenor mferlor medial glomerular

. bridge (almgb) as. well as the prese e of epoxy PF-

pos:.t:.ve regions throughout the wigpy cytoplasm‘
(epon, epoxy PF, 1475x) i

'--,(b)' Secthn ‘through another region of the same
B’ cell staxned w:.th toluidind blue. ’ Note presence
of fa.lrly lafge deeply stalnlng gi‘anules (arrow)
inh the extensn.vely vacuolated cytoplaém (epon, tol—

uidine blue p&{ 1.1, 12175)(). ) .

- .

-

J .
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31:° Ultrastructure of a brain glomeruli con-
taining neurosecretory and non—neurosecretory
neurons. The presence of granules in the cyto-
plasm and chromatln-poor condition.'of the nucleus
indicates neurosecre@o:y aot1v1ty in the neuron
on the lower right. a-Several~layers ‘of gllal
cellamembranes and cytoplasm £i11 the dpaces be-
tween neurons. Note the 1arge re51dual body

(RB) present 1n the glial pehl (GC) process in

the center of the picture (epon, uranyl’ acetate/"

lead citrate, 4,750X). : . - ‘?5

X.\;(?‘

32: Nucleus and ramifying perikaryon'cf a glial o

chondrion-like vesicles (small arrow) and dense '
chunks of material®resembling .chromatin Jlafge

arroﬁ) in the cytoplasm. ' The cnromatin is loc-
alized around the inside of the pﬁclear membrane

(epon, uranyl acetate/lead Tcitrate, 4,750X).

v

- t ~
v

33: . A large mitoenond;%on/that appears to be
dividiég " transversely. The close association
of the two smalleYr organelles oh the right sug-
gest they have been-foimed ;n a 51m11ar manner.
The conflguratlon of the’ crests dlffers greatly
in each portion.” Note the extremely dilated

cistern that appears"to be tough ER (arrow) as

‘the limiting membrane is rlbosome studded in

D

places (epon uranyl acatate/lead cltrate, 17,900X) .

i N . !

" cell. Note the presence of large spherical mi to-

\
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Figure 34: An A cell containing type I neurosecretory
granules scattered throughout the perikaryon in
clusters (solid arrow). The nucleus contdins
small’amounts of chromatin and cisterng of Golgi
and rough ER appear to be e'xt':remely dilated (hc')l-
low arrow), some having avflocculent matrix (e:éon, .

" . uranyl acetate/lead citrate, 17 000X) . A i

, Figure 35: A Golgi complei actively pro\ducina‘ltype I

né'uros'ecretory granules (epon, uranyl acetate/

lead citrgte, 17,000X).

Figure 36: Dilated cisterns of smooth ER (Golgi) filled
with a finely granulated matrix. Some of the
cisterns gontain denser more aggregated- particles ’
that may be the precursor of the type I neurosec-
rétory granules present: (epon, uranyl acetate/

lead citrate, 17,)(')00)().

Figure 37: An active Golgi region producing large numbers
of Golgi vesicles which radiate from its distal face.
Note the close association of thg, rough ER with its
proximal face and the slightl%cnlqdifi:-e'd’ mt;ltivesic—
ular body (MVB) in the loWer- Eiqht (epon, uranyl
acet':'ate/lead citfate, 17 ,OOOX_):_;- -

&
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Figure 38: Portion of a neurosecretory B cell containing
a number of MVBs as well as mitochondrion-like
type II neurosecretory vesicles. ' The rough ER
cisterns in the neuron on the'right are dilated ,
and contain a flocculent maérix while those in the
adjacent neuron are dilated but contain little
matrix (arrows), (epo uranyl acetaté/lead cit-

rate, 15,900X).

A <

' Figure 39: Migration of a «type 1I neurosecretory vesicle
:dut of the neuron perikaryon into a.glial cell pro-

cess via a trophospongia. The gell membranes have .
disintegrated at the Lottom of’ the ?nvagination ai—

lowing free passage of the vesicie (arrow), (epon,

uranyl acetate/lead citrate, 15,900X).

Figure 40: An aggregation of type II neurosecretory
vesicles that bear a striking resemblence to mito- ST

chondria. Mitochondrial fission appears to pe”_
occuring in the lower left and another examél;‘is-
shown in the upper right insert. Note‘the small
vesicle in the jindentation of the-lower right
mitochondrion (hollow arrow). Residual bodies
(RB) -are glso present in both compact lamellate
and debris-filled vesicle forms (epon, uranyl ace;

¢

tate/lead citrate, 15,900X).
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’ ' Figure 41: Synthe51s of tyee II neurosecretory vesicles Co s -
involving- mult1vesxqular body tranSformation (epOn,.;, ' :
uranyl acetate/lead eltrate 20 50@() e Ul -
(a) Active Golgl regions producing large numbers
of Golgi ve51c1es.'5 . ii.,: "~f o ' 5 A
? (b) A number of these small vesiules encapsuled )
by a 51ngle llmlting membrane, the structure ‘ )
. - _ o > - T
& ' now -comprising an MVB. .. '.‘: ‘.‘*.; . o, ot o
. (c) and (d) The space hetween*the vesicles hecomes o .
By . electron dense and-a double membrane appears. ;_ " :;5=$"1

, mitochondrlon—lﬂke ve51c1e w1thxn a nequsee—.3.f'

retory neuron. Note the double membraned ves 5\. ’

A\.

(e) A single membranéd MVB and a dauble membraned i? .- o :jfj“;

icle has a denser matrix” although,smaller 1n\sxze.~_ .
o oo ¢ f"{ ‘ \ o '*‘:: SR .

B -

Figure 42: An axon hillock of a neurosecretory‘neuron in

_the dorsolateral glomeru11 of.a thoracic gangllon. v -

. ® Note the presence of elongated Eltaehendrla in tHe

.
™ -~

adjacent neuron (solid arrow) as’ well as a Iong c1s~ R ';“,,

tern that appears to be composed of :rough ER at. one
v ‘. end and agranular ER (Golgi) at the other. The rough ) . .
ER segment- (on the left) contains dark granules. _ ' s - l
The small so;ld and hollow arrows indicate tubular“ '
and transverse mitochondrial crests respectively. f. _' :' .o Vzg
The axon hillock contains numerous large mitochondrlon- ‘ .
‘like neurosecretory vesicles, an actlve Golgi complex - _‘ fi
and dense core vesicles. The 51ng;e membraned ves- |
! icles containing flocculent material may i)e rough ER
. and Golgi cisterns (epon, uranyl acetate{lead citrate,

s 20,500%). . , : . R

r
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Figure 43: A neurosecretory neuron in the dorsolateral

glomeruli of awthoracic gapglion. " ‘There is an
active Golgi req}on producing both electron lucent
and semi-opague Golgi vesicles. Nqgte the presence
of single meTbraned MVBs (arrow) as well as mito-
chondrion-like double membraned vesicles with denser

-—

matrix (epah, uranyl acetate/lead citrate, 18,500X).

)
Figure 44: Portion of anothgr neu{osecretor{iheuron in
the ventral glomeruli of a tho?acic ganglion showing
the presence of MVBs (large arroﬁ), dense core vesicle§
(small arrow), and double ﬁempraned mitéchondrion—like
vesiclés with a dense matrix. These-vesicl§§ are
also found in the trophospongiuh (epon, uranyl acetate/

lead citrate, 18,500X).

Figu}e 45 A thoracic ganglion neurosecretory neuron in
the dofsoiateral ylomeruli containing elongated mito-
chondria in many configuratiéns. The arrow indicates
a possible point of fission producing two smaller
mitochondria fepon, uranyl~acetate/lead citrate, 18, 500X} .
Figure 49: A neurosecretory neuron in the mid stages of

neurosecretory vesicle formation. Note the absence

b O

Of MVBs and that the mitochondrion-like, double
membraned vesicles have become more electron dgnse
with the vesicles cont&ined inside becoming distended?
Note the rough ER is dilated and coqtains a flocculent
matrix (epon, uranyl acetate/lead citrate, 18,500X).

-~
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Figure 47: JPd'itlon of the sinus gland in relation to the

. J
brain iﬁ,c. detosus (epon, toluidine blue pH 11.1,  45X).
o . “ N

' -

[

Figure 48: » « ontdl seotion of‘thé'éinus,gland showing its

wﬁéééii&?&% stalk, fiber mass and presence of granules‘.
' ﬁL“\nin ﬁhdﬁﬂeuron perikarya in the distal end (paraffin,
cup?j4§k).

i

o

. [}
Figure 49 :ﬁygine structure of the sinus gland showing the
"ﬁbution of the cellular and fibrous éortions

11 as presence of supporting tissue anchoring -

‘ fplace (epon, toluidine blue pH 11.1, 165X).

[, |

. Figure SO#Qf Thin frontal section of the sinus gland delin-
eafing the cellular and fibrous portions (epon, tol-
Ky, ' .
+#1{§ne blue pH, 11.1, ¥15x).

A . : !
Figure Y. [sagittal section through the ‘head region showing
N ) ’
-? n;§ugus connection between the protocerebrum of
\(t F brain and the medial frontal organ (paraffin, Mal-
4 ] 3 -
}iryrs trlgle, 45X):

.’ . /

Fi
7

~

!

i

{ - . .
of éhe bra}n'show1ng one of th%/palred roots of the

-
.

Figu'E}SZ: Cross<section of the mid protocerebral region

RET e - o

medial'f}ontal organ nerve originating from the
! ‘ . ¥ ) B
Qnt.;ior superior medial glomeruli (asmg), (paraffin,

HubSthman's Azan, 225X).
R
J
S R
Figﬁfe 533"

Frontal organ of G. setosus in cross-section.
. W
! Lhoﬁinq the clusters of neurons on the vine-like

. ‘ctr nds of connective tissue (paraffin, PF, 100X).
ty

i

Y t ! . )
Figire‘54;. Iongitudinal section of the statocyst and

i :ﬁrontal organ showing their proximity in the cephalic
ﬁﬁeéion of G. setosus (paraffin, PF, 115X).°

4 -
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! L . * '. ‘iﬁ,

- : _' Flgure 55: Thln cross section of the frontal organ show-
’ ing the chromatln-rlch “nuclei of the neurons arrangéd

. . : e in a vine-like manner (epon,-tolu1d1ne\b1ue pH 11.1,
. . . - \ . . ?
60x). ' 0

L.

Figure 56: Paraffin sectidn.through the frontél organ.

. -showing the granule-laden neurons surrounded by a
granular matrlx WLth tlnetorlal propertles 51m11ar

. to that of blood fOund Withln the animal (paraffln,

I - - i
-

o
4 .t . - . \

o . ' of the statocyst. Note -the large nerve arising from
: ]
> . . * the anterior inferior lateral glomerull {ailg) of the
. ) protocerebrum and extendlng to the dorsally located

statocyst (paraffin, Mallory 8 trlple 65X).

y

Figuré 58-' Thin cross section through the basal root'of

< the statocyst nerve where it arlseslfrom the anterior
. e 1nfer10r lateral g;omerull {ailg), (epop,-toluldlne

- , blue pH 11.1, 540X).

. B . .
) . \

4 " . .

e . Figure 59: Frontal séction.through the upper: head region

— © .

structures (paraffin, CHP, 120X).
) ) N . 3 . .

X ! 3 C

" . ) ! CHP, 160X). : p S ) - .

Figure 57- Sagittal sections through'the anterlor cephallc

e // reglon of G. setosus show1ng the’ nervous ;nnervatxon'

.+ - . showing the position of the various accessory- cephalic®
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«*

. R- ’ N .
— . - Figure 60: Thin cross-section through the dorsal cephalic b
region of‘G. setasus passing longitqdinally through
. . -, the statocyst showing its structure (epon, toluldlne

* . blue pH 41 1, .250x> ) .
. L A - -

! Flgux:e 61: Cibss—section throﬁgh the statocyst as seen ¢

e / . < .. in paraffln sectlon. Note the-encapsulated ap- , ‘

Pearande of the neuron perikarya 1n the neurona.l
o] . 7

layer (paraffln, PF, 560X).

. .. L
T N . .. < -9 .
&
o . .

Flgure 621 . ‘Thin f;rontal sectlon through the dorsal cephalic

. . " . regmn cuttmg the statocyst into, cross sections (epon, .
L . toluiding bl pH 11.I,7250X). . Lo !
- * . > (a) DorsaL end of the statocyst']ust below the at-
l ' oo tachment «of the stalk. ) . . ‘ . it
. A ., N ’ Py
. - - {b) Mid-settion showg\:g the statocyst nerve arising-
..0 .
FOE T . ' frpm the neurqgnal layer. ! ;
’ . ‘ v ' *
. c @ o {c) Section just vent,ral to ‘the orlgln of th,e stat-
. g 7 .o ocyst nerve ‘showing the attaéhment of the sta‘to— 0
. .0 , - . oo .
’ ¢« lith with the neuronal ],ayer. Y .
by RN : 3 ¢
o, ¢ _ .*(d) section of the sta!cocyst at its vehtral tip. : ¢
’ . ’ ' o & -/ ": v h‘ t‘ ‘ K » * L
«.’. RIS . s 4 ' - , . .
- Ae . . 2 . e o
o ey y ) 7 , . . - B . ‘-: , - . .
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Figure

Figure

Figure

. Figure

Y

.eppxy PF, 600 & 1500X).

63: Demonstration of NSM within the neurons of the

*frontal orgah (epon,‘205 ). .

(a) Routine toluidine blue pH 11.1 stained section
showing apparent granules and nuclear chromatin.

{(b) Epoxy ?F-positive staiktng reaction exhibited
by the granules. Note non-reactive nature of
the chromatin.

(c) . Epoxy PF control section from the same animal
(permangana;e oxidation omitted). The granules

are not exhibited but the chromatin is.

o

64: The frontal organ of G.yeetosus in its full

condition, / ' ) ", ‘

(a) ‘'Frontal organ in cross-section with the majority
of the neurons loaded wlth granules {(epon, tolui~

»dine blue pH 11.1, 185X). ) .

(b) Type I frontal organ newprons.loaded with granules
Note the presenée of scattered vacduolated vesicles
within these cells (epon, toluidine blue pH 1l1.1,
1500%) . : -

65:° The frontal organ of G.hsptdsus in the empty -

condition. -'-ﬁw—€§;\k

(a) Frontal organ in crossésectionfﬁhowing the
majority of the neurons to be empty of granules.
Note presenee of type 11 neurons still loaded
with granules (epon, epoxy PF, 185X).

(b), Type I frontal organ neurons in an' extremely
vacuolated state after release of the grahules

T LI

(epon, toluidine blue pH 11.1, 1500X). o 56

¢ ‘

~ .

66: Appearance of the type II frontal organ neurons
among the empty type I's in the frontal organ of a
-female G setosus. Note the presence of large numbers

of neurosecretory granules packing the cytoplasm (epon,

- : N
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Figure 67: The two types of frontal organ neurons ident-
ified in thin sections and verified here by electron .
(3

microscopy - The cells are classified by neurosecretory

vesicle size (epon, uranyl acetate/lead citrate, 4,118X) .,

{(a) Type I frorital organ neuron with large mito- oo

chondrion~like vesicles present in the peripheral'

-regiorr of the cytoplasm.

-

(b) Type II frontal organ neuron containing many of

the smaller neurosecretory vesicles.

Id

L
Y

Figure 68: Axon projecting from a ty;ie I frontal organ
neuron 1n longitudinal section showing a large mito-
chondrion-like vesicle en route. Rough ER is in

close association with the vesicle in a number of

: ldécations {(epon, uranyl acetate/lead citrate, 19,980X).

Figure 69: Synthesié of neurosecretory vesicles in a typé
I frontal organ neurc;n. Shrinking empty vesicles
can be seen near the periphery and are, flanked by
small stacks of rough ER. Mitochond;ia are in the
regic_:m and a number of active Golgi ’are producing
_ numerous Golgi ve_asiclesv-filled with a finel'y reticulated
matrix; (arrow) , (epon, uranyl acetate/lead citrate,

19,980X) .- '

2

- ’

0y
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Figure .70: Axon of'a.type I frontal organ neuron con- ~

taining.large mitochondrial-like vesicles. The

(-Aﬂitocﬁondfial crests (C) can bé clearly .distinguished

- and rough ER is closely associated with the vesicles.
Some is dilated and filled with a finely flocculated
material (arrow). The- glial sheath can be distin-
guisﬁed in this region and thin trophospongia ex-
tepd‘into the.axon'(epon, uranyl acetate/lead cit-
rate, 18,855X). N .

s &
'

Figure 71: Veéiéle'ié close proximity with ‘the nucleus.
Note thé double membrane of the vesicle as well as
the mitochondrial-like crest extending a shoEt dis-'
tance intp the granular matrix (epon, uranyl acetate/
lead citrate, 63,000X). " .

Figure 72: (a) Cell membrane of a type I frontal organ.

neuron during periods of neuroéecretory vesicld ac-

cumulation. Note definite confiqurati&n gf ﬁhe
membrane (epon, uranyl acetate/lead citrate, 54,165X).
(b) GYanule as it approaches tlie cell boundary
of a type I'f!%ntal drgan neuron. The double membrane
of the granule is now absent and thé cell memgrane has
become indistinct (epon, uranyl acetate/lead citrate,

63,000X). .

- ) ) | ] .

Figdre 73: Type I frontal organ neuron with ?eurosecretory

vedicles in various stages of maturation.. Note the

lamellated stack of rough ER and thellarge mitochondria:

(eﬁbn} uranyl acetate/lead citrate, 18,855X).

K]

~
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Figure 74: Lysis of the cell boundary of a type ngrontal
organ neuron and expulsion of the vesicles granular
contents. The rough ER is in a scatte;ed arrangement

' close to the nucleus and large mitochondria with floc-
culent’matrix are also in this region (epon, uranyl

acetate/lead citrate, 18,720X).

Figure 75: - Restoration of cell boundary continuity of a
’ type I frontal organ, neuron and formation of turgid
empty vesigles following release of the granularjcon-
tents. An active Gélgi complex is ‘close to the nucleus
-~ with numerous Golgi .vesicles of varying diameter rad-
iating from it (epoﬁ, uranyl acetate/lead citrate,
18,720X). . .
Figure 76: Empty type { frontal organ neuron after vacuole
) resorption'priog.to active neurosecretory vesicle
accumulatian. The mitochondria are present in many
configurations (arrow) and the rough ER is near them.
’NQ£2 the nuclear pores, larg; space beétween the paired
membranes delineating the nucleus and the chromatin-
rich pucleus (epon, uranyl ace%ate/lead citrate, 18,720X).
Figure 77: Type I frontal organ neuron at an early phase
of neurosecretory vesicle accumulation {(epon, uranyl

"acetate/lead citrate,>18,720X).

—_ p——

o
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W8 = Ultrastructural aspects on neux‘ecretory

esicle formation in type II frontal organ neurons.
te the apparent formation of a pale vesicle (PV)

uble membrane formation coincides with an increase

[, _ 1 .
vesicle density. 78(b) contains a vesicle at-

N

rane in the section where 3.

i
é’l}le matrix is denser\ (arrows). This suggests that

“in ~\the maturation process-of the vesicle (epon,

uranyl acetate/lead citrate, 18,850X).

%,
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Figure 79:

.

Some histological aspects of the hepato~ .

pancreas illustrating its synthetfc capacity.

(a)

(b)‘

().

(d)

projections on their outer Border adjacent

’

Arrangement of the cells in the simple
blind tubules. Note presence of lipid
globules (bJack), (gpon, toluidine. blue ‘
pH 11.1, 85X), : .

He'patopar'xcreatic cells with wvilli-like

to the lumen (epon, epoxy PF, 850X .

Dense aggrei;ations of mitochc:ndria-of var-
ioly configuration in these cells (epon,’
uranyl acetate/lead citrate, 16, 000)01
Ultrastructure of the villi-1like border

of tle@ hepatopancrearzlc cells (epon, uranyl
acetate/lead citrate,, 16 'OOOX) -

Inner membrane of the hépatopancreas cells
nearest the ovary shov:mg the invaglnat.lon of
the mucous gland duct. Note the network of
canallcuh perforating thls edge of the “¢ell
(arrow) ,—(epon, urgnyl acetate/lead citrate,

N

16,000X).

v .

"Section througb the mld regiom of these cells

showing the dense rough ER accumulatlons, flat—

tened' Golgi cisternae and the larger prcbable

_-portions of the canaliculi (arrow), (eponj

uranyl acetate/lead citrate, .16,000X).

S )
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Figure 80: . Cross sdction through the anterior portion of
the oviduct in the region of the mucous gland. The

,duct'is blecked with 4 mucous plug (paraffin, CHP,
AN5X) . ' ~~ |

EY - . . - .
Figyre 8l: 'Connective tissue wedge between two developing

-

’ The nuclei here are prominent but the cell

oocytes.

boundaries are indistinct (epon, toluidine¢ blue pH

' 11.1, S60X). =
J .

Figure B2: Connective tissue wedge of more irregular com-

posure with different cell types readily visible.

The cell badies are distinct and contain a,varying

. é? quantity of granules (epon, toluidinec blue pH 11.1,

. -‘

Fapn ) ¥

WUX) . . g
'; Pigure 83: A.PF—éositivq reaction (arrow) of the granules

within the cells found in the comnective tissue wedges

©of the ¢pvary.. Pscudopodia-like processes can be seen
The chromati

arising from a number of these cells.

".does not react (holiow arrow), (epon, epoxy PF, 145 ﬁ)e

4

Localization of the mucous cell aggregations

1

Figurc 84:

in the region of the ovary and hepatopancfeas. They

: bear’ resemblance to' Bowman's glands of vertebrate

olfactory epithelium (epon, toluidine blue pH 11.1,

~

D1y,

Fiéure 85:andéous cells . releasing their granules in the

S
concavities along the basal lamina of the.hepato-

pancreas: The cell can be seen rupturing through the

membrane of ‘the dgct and,vaéuolate cells”are also

present (epon, toluidine blue pH 11.1, 1450X).

.

Figure 86: Released mucous droplets being taken into the

hepatopancreas by invagination of the basal lamina:‘

(epon, toluidine blue pH 11.1, 1430X).
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Figure

Figure

Figure

- -

87: Ultrastructural aspect of the mucous cells
showing the large homogeneously dense mucous granules,
relatively organelle-poor, finely reticulated cyto-

plasm (epon, .uranyl acetate/lead citrate, 20,.30LX).

88: Cross—sectién of the ovary of G. setosus
showing the slowly developing oogonium en route
into the lumen of the ovary. The ovarian épi-
thelium appears irregularly thickened and wispy
(epon, tolgidine blue pH 11.1, 145X).

89: Crosg—sectibn througtf the germinal part of
the ovary showing the developing primary and sec-
ondary: oogonia (epon, toluidine blue pH 11.1, ‘1456X)-
. ‘ .
90: Frontal section through the ovary showing a
maturing oocyte (stage 4-5) and the different mor-
phological stages of the follicle cells. They first
§;come cénfluent with indistinct boundaries (hollow
arrow) then regéin‘their membranes (short white a}row)
and finally become extremely stetched jusf before
ovulation (long white arrow), (epon, toluidine glue

pH 11.1, 245X). . [

-t

S RN
91: Low power electron micrograph o% the homogeneous
follicular cells mq%svsurrounding the developing oo~
cyte. Both cell membranes have broken down (arrows)
ghd great cytoplasmic activity is evident. Many
mitochondria, dilated rough ER and Golgi accumulate
in the area nearest the oog}asm {epon, uranyl acetate/

lead citrate, 4,170X). - N

»
LL
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\
Figure 92:  The inner portion of a follicle cell nearest
.
the ocoplasm. The cell niembrane is partidlly dis-
. entigrated (hollow arrow). . No cytoplasmic extru-

' sions are apparent a\tﬂﬁs point (epon,.uranyl ace-

tate/lead citrate, 21,335X). .
& \
~ ) 7
A
4
Figure 93: Deteriorated follicle cell boundary (arrow)
. during vitellogenesis. Note the cytoplasmic ex-

trusion from the cytoplasm of the follicle cell into
“ the zona radiata of the oocyte (epon, uranyl acetate/

lead' citrate, 21,335X).

?

a
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Figure 94: Frontal section through the viscera of the
. animal showing the proximity of the gut‘: and hepato-
pancreas to the ovary. Note the absence of lipid
‘ globules iq the section of the'hepatopancreas opposite
the fully mature section of the oocyte (small arrow)
oppoéed.to‘the anteriqr portion still underqgoing vit-

ellogepesis (large ar;ow),‘(epon, toluidine blue pH

11.1, 140%) .
1] (
s Figure 95: Pfoximit& of the ovary and hepatopancreas with
/ emphasis on the location of the lipid globules in . N

the hépaiopancreas (epon,, toluidine blue: pH 11.1,

3400%).

r "'ﬂ-.. : n ‘

Figure 96: A 1i§iq globule penetfating the basal %amina
of the hepatopancreas (ar;ow) moving ipﬁo the space

. bétween it and thé ovary (epon, toluidine blue pH
11.1, 1400%). E

i - ’ o
Figure 97: Deposition of the pro;ein fraction of the yolk

occuring during the fi; stages of vitellogenesis in .
thes cocyte of G. sefsgi:%:;pon} epoky PF, 1400X). -
(a) Initial stages of Protein g;anu;e infilération (*i. ’
(b) Latter stages when the granules become packed ’
into a solid protein mass (*) and the follicle :
v cell appearse devoid of granules. The lipid
material appears as empty'vacuoles due to pro-

)
cessing.

-Figure 98: Proteinaceous granules accumulated in the <

<4

posterior region of the hepatopancreas cells (epon,
epoxy PF, 1400X). '
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Figure

Figure

99:

&

Stages of vitellogenesis in the oocytes of

G. sctosus (paraffin, CHP, 120X).

(a)

(b)

(c)

(d)

(e)

(f)

(9)

100:;

Large stage 1 oogonia prior to initiation

of vitellogenesis.

Stage 2 oogonia with ooplasmic vacuolation
beginning (seolid arrow) as well as initia-
tion of nuclear acgivity (hollow arrow).
Stage 2 oocytes with yolk granule deposition
occurring, around the periphery (hollow arrow).
The nucleolus (solid arrow) becoqes enlarged.
Stage 3 oocytes with a great increase of
oop}asmib vacuolation and more exténsive
yolk granyle deposition.

Stage 3 oocytes with severe ooplasmic vac-
uo;ation and invasion of yolk granhules deep
iqtd the oocyte.

Heavy degpgition of yolk granules in a stage
4 oocytewith only a small amount of ooplasm
remaining unvacuolated. '
Complete deposition 6f yolk in late stage 4
ocoocytes and accumulation of édditional gran-

ules results in size enlargement.

Stages of yolk resorption and oocyte des-

truction in female G. setosus kept in constant

darkness (paraffin, CHP, 53X).

(a)

(b)

(c)

Vacuoiation of y91k granules in a stage

5 oocyte begins (arrow).

Ovary fiiled with scattered yolk granuleé

and othe; debris from the degrading ococytes. °*
Mgfority of the degraded material ﬁﬁg been
‘resorbed and ooplasmic vacuolation has begun
in oogonia present ?lé}gq,arrow) as well as

nuclear activity (hollow arébw).

- -
Yo
‘wa
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Figure 101: Annual ovarian cycle of female G. setosus at
Witless Bay, Newféundland. The figures repiesent
average size of ocogonia and oocytes ;n each dated
sample (péraffin, CHP, 52X).

{a) OCTOBER 21st, 1971. Oogonia from female with
A-B stage embryos (Stage 1, 0.086 mm). v

(b) NOVEMBER 20th, 1971. Oogonia from female with
B-C stage embfyos (Stage 1, 0.091 mm).

(c) DECEMBER 9th, 1971. Oogonia from female ‘with
C-D stage embryos (Stage 1, 0.097 mm).

(@) JANUARY 6th, 1972. Oogonia from female with
D-H stage embryos (Stage 1, 0.105 mm).

(e) MAY 4th, 1973. Oogonia from resting stage
femalé with no setae (Stage 1, 0.125 mm).

(f) MAY 29th, 1973. Qggonia from resting Stage
female with no setae (stage, 1, 0.152 mm).

(g) JUNE 1st, 1972, Oogonia from female in
;estinq stagéHSEth Lo setée (étage 1, 0.189 mm).

(h) JULY 12th, 1972. . Oogonia fron:female with no
setae (stage i, 0.197 mm).

(i) JULY 12th, 1972. Oocytes from famale with no
setae. Arrow indicates initiatiorf of vitello-
genesis (Stage 2, 0.230 mm).

it (j) AUGUST 12th, 1972. Oocytes from female with

no setae (Stadg 3, 0.343 mm).
& (k) . AUGUST 26th, .1972. Oocytes from female with no
. setae (Stage 3, 0.359.mm).
(1) SEPTEMBER Bth, 1972.  Oocytes from female with
no setae (Stage 4, 0.406 mm).
(m) SEPTEMBER 25th, 1972. Oocytes from female with
no setae and in precopﬁla (Stage 4, 0.483 mm).
(n) OCTOBER 7th, 1972. roype‘from female with no

setae and in precopula (Stage 5, 0.526 mm).

e

s
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Figure 102: staqes.of oogonia, oocytes and embryos
- of C,:.'setOSus at Witless Bay, Newfoundland. !
The number in the sample is shown in the-“uppe;: -
box of each year. Criﬁqria\ for determining
: stages of oogonial and embryo development were
adopted ‘from Steele and Steele (1969).
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Pigufe'103: Correla;ion,beéﬁeen photopériqd"(Domiqion
Observatory). and sea wate%';empergture (@SRL,

- Logf Béy,_Newfoundlandf and §ize of ooania/ )
ooqyges”iﬁ‘c. setosus for the 1972 breeding -
season at Witless Bay, Newfoundland. ‘The arrows
indicate the po{pf at which the majority of the

.. females ovulate.
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Figure 104: Mean stage of oogonial/oocyte development '
N

in G. qetosﬁs females placed into a designated
photoperiod during resting stage andéégmpled at
stated intervals.: Thirty—five‘(SS) females were
placed initiafly into each and the s;mple size is
shown in the circles. ' ‘
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Figure 105: Mean oogonial/cocyte size in female G.
setosus kept in either cémplete darkness or 14
hours lighf per day. Fifty (50) femaleS é'ntered .
the e?periment in lat‘é stages of évarian matur- '
atfon (54_5) and were sampled at the intervals
sta%‘&. The figurie in the circle r'.eiarese;'xts
the number of animalks in each sample. . R cin the

"ordinate signifies ovarian resorption.
¢
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Fiq.u're 106:‘ Meam size of oogonia/ococytes a-f:ter 165
. days éxposuvr_e to one of the bhotope_riods. In-
itial sa.mplé.‘size in each photoperiod wa‘s 35
femalé.s-.and the fiumber in the circle represents
" the survivors s'ampled at t}'le ‘end of 'the experi-.
° -+ ment. The number in the square is the averat-ge
.size of all-oogonia o tes measured in each
sample Jn mm. The arrow indicates the positicm
of the valle in Lthe square in-: the réprédgctive
cycle and the range of the sample means is-de~-

lineated by- the horizontal bars.
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Figure 107: The effect of a photoperiod change on mean

Flgure l08

/

~

size of oogonia or cocytes in the reproductive
cycle of female G. setosus. Fifty (50) females
were placed into the experiment indate stages of
ovarian maturation (S4-5) and after 117 days in-

complete darkness the sbrviving animals (31) were

e

divided into,tﬁree groups and each placed in a

Voge b
different photoperiod for 14 day§a R on the

ordinate represents oo

., s ; £ . -
number in each sample is|shown in the circle.

Nl

pay .The effect of a photoperlod change on mean
size of. obgonla or ooeytes in the reproductlve
cycle of female G. setosus. Fifty (50) females
were placed into thé. experiment ln late stages of
ovarian maturation ($4-5) and after Il7 days in a
;‘.hour photoperlod the surv1vors (27) were divided
lnto three groups and each placed into~a dlfferent
photoperlod for 14 ddys. R on the ordinate re-

presents oocyte resorptlon and the number Ln each

Sample is, shown in the circle. .

te rdsorption and the . *
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. Figure 109: Annual variation in air (Monthly Record) and

sqa water (MSRL, lbgy Bay, Newfoundland) temperature
expresse;i as mean mé_:nthly.vvalues._. The solid bars

indicate the period during which G. setosus a:t Wit~
less Bay, Newfoundland ovulated. -“The vertical line
thro'.ugh each bar indicates. the’ peak period of repro-

duction.
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Figure 110- (al' to (f) Neurosecretory actxv:.ty in the
*“¢ellular - .glomeruli Qf the protocerebral reglon of
, the brain of a Iate August, female G. setosus in
precopuia. _ The sol:.d arrows :LndJ.cate appearance
. of NsM 1n the* A cells w‘hlle the’ hollow arrows re- '
present that in the B cells (paraffm, PF, 205X,
Ji ' l(odak Wratten fllter #22) .
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Flgure 110. (m) Neurosecretory act:.v:.ty in the cellular
) gloﬂ\erull along the upper reglon of th ocerebrum
Y
T of a late August female G. setosus in pre pu)a (par-—

.

~affin, PF 195X, Kodak.Wratten filter #22)
' oy (n)' Neurosecretory activity 1n the cellular -
glomeruli locate;d in the.lower region of the trlto- e

~

cerebrum of a lete .Aixdust female G. setosus in pre-

copula (paraffin, PF, 260X, Kodak Wratten filter #22).

(0) t\leurosec‘retéry activity in 'the'ce'llulﬁr.
glomerull along the trltocerelbral connectives of -a
late August female ¢., setosus in precopula (paraffln,
PF, zeox Kodak Wratten fllte.g'% #02).

-‘,' ‘ - - -~

- f
.

Flgure 111. (a) . Locatlon and type of neurosecretory cells

in the protocerebral reglons of the brain'of a late

August female G. setosus 1n precopula. . The solid

¢

dgt's represent A cells wh11e the hollow trlangles v o,

-
. +

aw

indicate B cells.

{b) Iocatlon and t}fpe of neurosecretory cells
in t.he deutocerebral rng.ons of the brain o6f a late

G August female G. setosus in precopula. The solid

», dots represent A cells while the hollow triangles

»

‘indicate B cells.
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_*Fxgure llk{) (c) Trltocerebrum of G. setosus females in
precopula show1ng the locdtlon arld types of neuro-

_'| ) secretory cells 1n the perlpheral glomerull.' The- . .

te

. ‘f fsolld dots 1nd1cate A cells whlle the hollow tr1-
angles represent B ceﬂjx. o T e K

- ' -\‘ ST N
?FLguresllz Slnus gland of -a December female broodlng "> ’
' B-C' stage embryos with. stalnable amounts of N%@ S '
v;51ble in the neuron perlkarya (arrow), (paraffin,- -
PF, 190x ‘Xodak Wratten filter. #22). e
.L Flgure ll3 jal ’Ventral portlon of the. anterlor superlor \l ‘1\

medlal glomeru11 (asmg) of a December female" broodlng T,

a ]
)

-

Kodak Wratten fllter #22) . _\.' - , T

(b) Sinus gland and ventral portlon of the
a4,
anterlor superlof medlal glomeru11 (asmg) of an- " = .
October ‘Female just after QVulatlon wWith: ‘R cleavage ,“'

stage embryos. Note absenge of stalnable NSMdln ; '“-:' -

51gn1f1cant amounts 1n ‘the’ neuron perlkarya (parAffln,'
..+ PF, Lsox Kodak Wratten fllter #22) L S .
. ;o . , . R 1 S -

Flgure 114~ Varlatlon 1n neuroSecretdry act1v1ty of the ‘; ‘ .:

) SOlld arrow indicates appearance of 'NSM, in typlcal ' i
WA cells while the hollow arrow represents that of :
. the B cells (paraffln PF, 190X, Kodak Wratten oo S
fllter #22). .. ;L . < .

B-C stage embryos and show1ng neurosecretony act1v1ty . ..W'?-'

#in some neuron perlkarya Narrow), (paraff1n~ PF, lBOX, RN
( o

‘ ) <j.(.A) May female in restlng stage. - . ‘ -'.J
‘_ \ ' e ’_ () Early August female at initiation Qf v1te1- ..
' . K ‘.logene51s. ] : ; ‘ ’
! ) .' i & (c) 'October female w1th A cleavage stage embryos.._
‘-.’A PR : ) (D) November female with A-B stage embryos.

* K t. ‘. - i (E)

December female with B-C stage embrxos.

L3
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Flgure

. .‘.
e

’ I

’ _. re . . . Yo '
115 D Vai-iation" in neufdsecret’ory activity in the

antenor J.nferlqr medlal (almg) and anterior sup-

. erJ.or medlal glomerull (asmg) .of the.lower proto-

cerebrum of G. setosus.,. . 5011d arrows :mchcate .
I » ot . N N *

appearance of NSM m A cells whlle hollow arrows

deblgnate that of B cells (paraffm, PF 170X, g - ..

’Kodak’ wratten fllter #22)

y o

i _“(A)‘ May female 4in- rest1ng stage. '

(B) Early A\gust female as mdtlatlon of v:.tello- B

" genesis. . - ’ -
. 1

. (C) October female with embryos ina cleavage stage.

© . (a) May female in resting stage.

"Kodak Wratten fliter 432) .

(D)¢ November femdle with A-B stage embryos.
(E) December female ‘with B-C stage embryos. -

1 . ’

e 1,16 :' vVariation in neurosecretory activity in the .

Slfactory 1obe"glomei'u1i (oflg)- of the deutoce-rebrum.
,Solid arrows indicate appearance of NSM in the pre- ’

domlnantly A cell popula.tlon (paraffm, PF, l70x,

8 . o
- - ..

(r) | May female in resting stage.

(B)- Early August female ‘at initiation of vitello- .
. » ) e o .

() Octobexr female w1th A cleavage stage embryos.

., genesis. ¢

(D) November female w1th A-B stage embryos.
(E] December female wn:h ‘B-C stage embryos.

/
[ . ° ¥ 4
117 | Variation in-neurosecretory .activi

i

inferior medial glomeruli (imgh of the trito
Bolid arrows indicate appearance of NSM in the A

cells (paraffln, PF, 17ox, Kodak Wratten fllter #22)

.t

“(B) Early August:female at initiation of vitello-

‘ genesis. s
‘(C)"\ October female with A cleavage stage embryos. "
(D) November fémal& with A-B stage embryos. * =

-

(E) Decémber female with B-C sta'ge 'Embryo*s.' N

. ¢ 5 7 ‘
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) Fn.gure

. (B) May female in. resting stage. <.

Flguﬁs)

“Figure

i
3

118 Variation in neurosecretory activity in the

neurcns of the 1nfenor posterior glomeruli (1pg) '

of the trltocerebral fonnectlves. 5011d arrows

1nd1cate appearance of st%nable NSM (paraffln,

PE, 190X, }\oda]\ Wratten filter #22)

{B) Early August female at 1n1t1atmn of vit-"

ellogene51s

2
~

() October female with A cleavage stage -embrycps.

.‘ (&-l\) November female w1th A-B stag“‘e embryos.

J[E) December female with B-C stage embryos.

o
o«
' v 1 N

'119: Variation in neurosecretory activity fi} the,

main glomerull of the suboesophageal mass in

female G. setosus. SOlld arrows lndlcate appear—'

‘anc:e of NSM (paraffln, PF, 190X, Kodak Wratten
- N ) . oo * (
f:ﬁ:,er #22) . CTa Yooeo

(A) May, .female An_ restlng gtage.  }--
(B) Earily August Femalé ’JUSt after initiation
., : L . .
of vitellogenesis (hollow arrow indicates

Al r;eurosecretoryn«ce‘ll type)'.

. . | )
_(C) Late August precopula . female.

(D) october female with’ A. cleavage stage embryos. T

" {E) ‘November,female with A-B stage embryos.

(F) December|female “with B~ C stage embryos.‘
’ .

-
»

°1‘20'- Neurosecretory act:.v:.ty in the neurons of

‘the dorsolateral and ventral glomeruli of the

thoracic ganglJ.a of a May female in restlng stage.

y Solid arrows indicate.the appearance of NSM (par-

affin, PF, 190X, Kodak Wrgtten filter #22).

[
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.
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" Figure.

‘ Fig‘ure

121: N‘eurosecretory'_‘act.ivity in the neurons. of
the dorsolateral and véntral glomeruli of. the '
thoracic' ganglia of an. earIy'August ‘Female just

after J,nltlatlon of v1tellogene51s._ Solid arrows’

1nd1cate appearance of NSM (paraffn.n, PF,. 19ox, I

Kodak Wratta_gﬂ.’ter #22). - 9

N

.122: Neurosecretory actnnty in the neurons of

the dorsola.teral ahd ventral glomerulJ. of the

"thoracic ganglla of a late August precopula female.

Solld arrows indicate appearance of NSM- (paraffin,
PF, 190X, Kodak Wratten nfllter #22).

1237 - Neurcosecretory a%tivity in the neurons of
the dorsolatéral and ver-tral glomerul:. of the )

thoracic’ ganglla of an October female Jjust after .

ovulatlon thh A cleavage stage embryos in the

" brood pouch Hollow arrows 1nd1cate meager amounts

of NSM present (paraffln;‘PF, 190X, Kodak Wrattenw

. - .
© filter #22). . e

. \ ' L
124: Neurosecretory act1v1ty in the neurons of

: the dorsolateral. and veﬁtral glomeruli -of the

thoracw danglia of a November female with A~B

.stage embryos in the brood pouc,h .Sollifoﬁ.s
indicate appearance of NSM (pag.’&ffm, PF Pl 90X,

Kodak Wratt‘en filter. #22) .
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e Figure 125 ‘Neuroseérp'tory activity. in the neurons. of
s " ‘the dorsolateral and ventral glomerull of the’
\. “ ! o thoraclc ganglla of a December female hrooding

- o ‘B- C 'stage embryos. Solld arrows indicate the
o o . appearance pf NSM (paraffin, PE, 200X, Kodaje ’

e N . . d
.

, .Wratten fi‘lﬁer #22).

NER e
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"Flgure 126: N‘eufosecretory activ1ty in the neurons o
¢',‘2 . :', the dorsolateral and ventral glomerul; 8t the
‘ ‘ ‘thoracn.c ganglla of a J,anuary fe e in rest:.ng
i} ‘ ’ stage. Note presence df large Zlunts of NSM v
A . .(small arrow) and presence’-c:f_\blpolar A neuro- .
B ) N ' ecretory neurons Plarge arrow) (paraffin, .PF,
" , 200X,' Kodak Wratten. fJ.lter #22) . o
E F<i‘gur'e 127: Nel;rosecretory act1v1ty in the ventral o
‘ . - glomerul:. of the abdominal ‘gangl#s in. G. setosus. '
(a) | Note pr,esence of NSM (solld arrows) J.p the
- (~ various sized neurons (type C uppermost
s E type A below) of .a May female in 'reSting,
. ( ™ 'stage (pa'refﬁin, PF, .200X, Kodak Wratten .
) ' . .-fllter #22) o o _.¢-.-'.'*'
, ) _ I Y AN
" (B) § Note absence of 51gn1f1cant amounts of staln— )
; - "7 able-NsM in the abdominal gag@lion’ of ah Oct-
. ' ‘ ober female with»A cleav:a;ye‘"embryos (paraffin,
‘; _ o ot J « PF, 200X, Kodq]é Wratten""fiiter \#22) . ‘\ L
.4. N L . ' . (C) ‘b’lote presence of chromat:.n in the nuc1<s of _.

oo ) ‘ - L_ the NSM—poor neuroh ‘(SQlld arrow), (paraffm,

PF, 560X, Kodgk Wratten fllter #22)
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128: .’Annual storage and release cycle of ﬁSM in . -

"type I frontal organ neurons 1n female G. SetOSUS.

The arrow indicates appearance "of NSM granules (par-

. affln, CHP, JGOX, Kodak Wratten fllter #25) .

4

. May female.ln restlng stage NS* 45%%, s1°.-
(b) .JULY female in resting stage- NS, 60%, Sj.

.

a

(ci :Early AUGUST female,at inltlatlon of vitello-

gene51s. Note absence of qranules in the cells )

(hollow arrow). NS, 0%, S3. : S Te

(@) Late, AUGUST female; NS, 50%, Sq.

(e)" SEPTEMBER female; NS, 70%, S4-~

.‘(f) Late SEPTEMBER female in preeopula, NS, 90% Ssg.

(g} OCTOBER female just after preovulatory moult. .
Note presence of’feWer granules, LS, 50%, Ss5.
(h5 OCTOBER female less than 1 day after- ovulatlon.
. Note extreme scarc1ty of granules, LS 1ess than

5%, Sl'oogonla A cleavage’ stage embryos.

(i) OCTOBER female 4 days after ovulatlon- LS, 20%, -

#;.5] oogonia, A stage embryos oL .

.ji)> OCTOBER female; LS 40%, S3 oogonia, A- B staqe

‘ embryos.

(kf NOVEMBER female; LS, 60%, S) oogonia, B-C stage ‘ y
embryos o - B .

(1) JANUARY-female; LS, 80%, S3 oogonia,ﬁhatcned young

®

-

in brood pouch.

* NS - no setae; LS - long setae -on oostegites.
.t percent og cell cytoplasm filled w1th granules.

' "Stage of developMent of oogonla and oocytes.

129:  Oocyte fn early August female at initiation

L of vitellogenesis~ Note vacuolation ofﬂooplasm (v)

and perlpheral ‘distribution of yolk granules (yg).

At thlS p01nt the type I frontal organ neurons, appear
devold of granules (see flguré 123c1, ﬁgaraffln, CHP,
'