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SUMMARY

This is a study of the structure and functions of the endocrine
tissues in the head=kidney of the teleost fish, the homologous tissues
to the mammalian adrenal cortex (=adrenocortical tissus) and adrenal
medulla(=chromaffin tissue). The study is divided into three main
sactiong?

1« The first section comprises a study of the general morphology,
at the anatomical and histological level, of the different types of
head-kidney which occur in teleost fish. The rangs of types is
illustrated by studies on twenty-four species, some of which have
been previously investigated, and including in particular sixteen
marine species from the Rad Sea coast of Saudi Arabia collected by the
author. No previous studies of the head-kidneys of middle-eastern
teleosts have been mads, despite their economic importance. From these
twenty-four species, and 129 previously studied by Nandi (1962), there
is clearly a considerable range in the anatomical configuratidn of the
head=kidneys and the trunk-kidneys = The head-kidney may be separate
from the trunk-kidney, completely fused with it, or intermediate in
form. Haemopoietic tissue may occupy most of the head—kidney and
functional renal elements may be absent, or renal elements may pre=—
dominate. A complete range of intermediate forms exist.

Melanophore~macrophage complexes occur in the hasmopoietic tissue.
The distribution of the endocrine tissues is also very variable from
spacies to species. Both the adrenccortical and chromaffin tissuss ars
in some way associated with the main veins draining the head-kidney
into the heart. They may exist as sheaths: aroynd major veins (either

the posterior cardinals, or the ducts of Cuvier), as diffuse massgs of



tissue permeated by minor sinusoidal branches of the veins, or as
discrete massss of tissue embedded in the haemopoietic tissue. The
adrenocortical and chromaffin tissuss may lis intermingled toaether,
or they may form separate layers around the vessels, sometimes with
the chromaffin closer to the vein lumen, sometimes with the adreno-
cortical in this position. The adrenocortical tissus and chromaffin
tissue may lie separately with the chromaffin £issua posterior. There
is littles evidence for the association of a particular morphological
type with a particular taxonomic group of teleosts, so that each
species is best investigated in its own right,

2. The second section of this thesis comprises a detailed study
of the morpholbgy of the hsad=kidney of one particular speciss,

Phoxinus phoxinus (Linnaaus), and a two year study of seasonal variations

in the activity of its adrenocortical and chromaffin tissus. Samples of
fish werse collected from a population in the Walton Reserveir, Scotland,

at monthly intervals. The activity of the adrenocortical tissue was

assessed by measuring nuclear diamster of the adrenocortical cells, a

criterion already widely used for this purposs, The activity of the

chromaffin cells was similarly assessed, though the metﬁbdology is less
well established in this case. The effects were compared of electro-
fishing followed by anaesthesis and immersion in Bouin's fixaéius while
still under electronarcosis. Both proved to be relatively stress—free
methods. The reproductive cycle of both males and females sampled were
assessed by measuring the gonadosomatic ratio, and by counting the
pronortions of different oocyte stages and observing the different
spermatocyte stages in gonad sections. The cycle was found to vary
a little from year to year, dependent on weather conditions. WNuclear

. éﬁ%mater of both adrenocortical and chromaffin cells showed a sesasonal
variation which was closely correlated with the reproductive cycles;

minimum mean nuclear diameter in both cases occurring at the end of



spawning period. A high degree of adrenocortical actiuity accompanying
spawning has been described independently in other teleosts.
3. The third section of this thesis comprises a study of the

fine structure of the endocrine tissues of the head-kidney of Phoxinus

phoxinus and Salmo gairdnerii. Electron micrographs were prepared using

fish caught under stress-Pree conditions in the Walton Reservoir, and
from aquariume-maintained fish. The adrenocortical cells in both species
are characterised by having a great many conspicuous mitochondria with
tubulo-vesicular internal structure. The nucleus is circular in section,
and centrally situated in the csll. There is an extensive smooth endo-
plasmic reticulum and numerous ribosomes. Microvilli occur on cell
surfaces in contact with veins. There is a wide range in the stBucture
of the adrenocortical cells of individual fishj; mitochondria range

from small, elongated structure, with dark matrix to large, circular
structures in which the internal structufes sventually breaks down.

The cytoplasm as a whole tends to be pale in cells with small denss
mitochondria, and dense in cells with large, paler mitochondria. Pale
highly vacuolated cytoplasm is associated with cells in which the
mitochondria are breaking douni the vacuocles are probab;y associated

with the degenerating mitochondria. In Phoxinus maintained in aquaria

for twenty-four hours bgfore killing, the proportion of adrenocortical
cells with small mitochondria with dark matrices, .. as compared to

fish caught by stress-fres methods and fixed immediately. In Salmo’

which had been maintained in aquaria for longer pericds, the proportion
ofr cells showing mitochondrial degeneration and cytoplasmic vacuolation
is higher. It is concluded that small, dark matrix mitochondria are
typical of early stages of adrenal activity; dense cytoplasm and an
increased number of large, circular mitochondria are typical of

maximum activity; and mitochondrial degeneration and vacuoclation of



the cytoplasm is typical of exhaustion. Chromaffin cells, not hitherto
described in teleost fish, are of the type found in other vertebrates,
with many chromaffin vesicles containing varying amounts of granular
inclusion. Synaptic contacts occur commonly, apparently all of
cholinergic type. In Salmg the chromaffin and adrenocortical cells lie
separately, but in Phoxinus the adrenocortical cells form a sheath

round the posterior cardinal veins and their main tributarieé, and

the chromaffin cells lie beyond them, against the haemopoietic tissue.
These chromaffin cells communicate with the vein by elongated projections

running amongst the adrenocortical cells.
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TABLE OF TRANSLITERATION

3 (For use of interpretation of arabic local names of Red Sea fish)
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i - r ah - E
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$ = e Y = <
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damma + waw = U fatha = a
fatha *+ ya = ai kasra -
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CHAPTER 1

GENERAL INTRODUCTION

This study is intended as a contribution to our knowledge of the
morphology and physiclogy of the head-kidney of teleost fish. The
hea8d=kidney was first described in 1845 by Miller. It comprises the
anterior part of the kidney, but typically it has no renal function.
It consists mainly of haemopoietic tissue, a mass of lymphocytes and
supported by sparse connective tissue. The head-kidney is drained by
the cardinal veins and associated with these veins ars two types of
endocrine tissue=

1. The adrenscortical tissue

2. The chromaffin tissue
which correspond with the adrenal cortex and the adrenal medulla of
mammals.

There are many morphological variations of this basic pattern in
different species of fish, of which only a relatively small number have
so far besn investigated (Nandi 1962; Chavin 19663 Ngndi 1965; Banerji
and Ghosh 1965; Banerji 1973).

The physiological funetions of the head-kidney tissuses are extensive,
and by no means understood. Lymphocytes are mobilised during stress
(such as disease) and pass into the general circulation (Slichzi/:;éz).

The adrenocortical tissue secretes corticosteroid hormones (Chester
Jones 19573 Idler 19723 Fuller 1974; Fuller, Sgott and Fraser 1976 and
many others) similar totHe:masmalian corticosteriods; but perhaps with
somewhat different functions (Goswami and Sundarara j 1971b) which are
not yet clear. Less raesearch has been carried out on the chromaffin
tissue, but it apparently sscrstes adrenaiin and/or noradrenalin
(Banerji 19733 Chavin 19663 Coupland 1953). The corpuscies of Stannius

which lie posterior to the head-kidney but were once thought tec have
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properties similar to ths adrenocortical tissue, are MoWconsidered to be
a completely separate system, perhaps concerned with \the regulation of

mineralocorticoid secretion in the fashion of the juxtaglomerular apparatus

of the mammalian kidney.

Only very recently have any studies been madd on the fine structure

of the head=kidney tissus

In the present work, three main aspects of the sub ject are

consideraed.:

1. A review of the morphelogy and histology of the head<kidnay of
a numbper of teleost species; in parficular of a range af
marine species from the Red Sea coast of Saudi Arabia which

have not been preyipusly studied,

2. Physiological changes in the head-kidney in relation to the
reproductive cycle in a natural population of the european
minnow, Phoxinus phoxinus. Associated with this phase of

the project is a detailed morphological study of the head-kidney
of this species.

3. An electron microscope study of ths fine structure of the

head=-kidney tissuss in Phoxinus phoxinus.




CHAPTER II

MORPHOLOGY OF THE HEAD-KIDNEY

A, Introduction

1. Head~kidney

The head=kidney is the name given to the anterior part of the
kidney of telsost (and other) fish. In many species it is more ar less
igolated in one or more lobes from the posterior part of the kidney
(the trunk kidney) and contains few or no renal elements (type 1 Fig, 1).
In other species the head-kidney is not externally distinguishable
from the trunk-kidney, but it can be histologically identified by the
absense of renal elements (typa ii Fig. 1). In other Species-again,
renal elements extend to ths anterior end of the kidney, and the head-
kidney can not be distinguished from the trunk-kidney (type iv Fig. 1)+
There are many intermediate types (type iii Fig. 1). There was early
interest in the embryonic origin of this complex body of tissues and
several embryological studies uwere made about the turn of the century,
including the beautifully illustrated work of Giacomini (1902~ 1922)
who alsp discovered the adrenocortical and chromaffin tissues, now known

to be endecrine, and which he called interrenals anteriore and sistema

feocromo, in the head-kidney. It was generally considered that the head-
kidney of adult teleosts was homologous with the pronephros, the first
functional kidney to develop in the embrya. As more species were studied,
it became svident that not all teleosts had a discrete, non-renal head=
kidney and in some species functional renal elements extended to the
anterior end of the kidney. This discovery led to considerable disputs
towards the end of the century as to the exact relationship betuween
pronenhros and head-kidney (Balfour 1881, 1882; Parker 1882;

Weldon 18843 Calderwood 1891). This line of investigation has now




Diagram of different types of kidney in teleost fish.

(i) DOiscrete head-kidney without renal elements.
(ii) Head-kidney continuous with trunk kidney, but
containing no renal elements,
(1ii) Head-kidney continuous with trunk kidney, and
containing varying amounts of renal elements.
(iv) Head-kidney continuous with trunk kidnsy, and

containing many renal elements.

. (See text pages 3;4)

Types of distribution of the associated endocrine

tissues in the kidney according to Oguri and Hibiya (1957b).

(See text pages 6=7).

CH = chromaffin cell

A = Adrgnocortical cell
HT = haemopoietic tissus
V = vein.
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fallen into desuetude, as interest has been transferred to discovering
the functions of the tissues, rather than their homologies. The
accepted viewpoint now is that the head-kidmey, where it exists as a
discrete organ, is homologous with the pronephros. Kerr (19219 Jhas
also pointed out that since the posterior kidney of all fishes is
derived from the entire caudal portion of ths nephrotomic plate, it
should be called an opisthonephres, representing both the embryonic
mesonephros plus the caudal metanephros of amniote vertebrates. To
avoid confusion, in the pressnt work, the terms head-=kidney and trunk—
kidney will be used, without any implication of embryonic origins.

The discrets head-kidney comprises lymphoid tissue, extensive
sinusoids, melanocytes, adrenocortical tissue and chromaffin tissue,
plus of course arteries (including the main arterial branches to the gut,
which often pass through the head=kidney mass), veins (nutably the large
posterior cardinal veins which drain the kidneys into the sinus venosus
of the heart via the ducts of Cuvier) and nerves. Some renal elements
may be present, and the pronephricAducts are often conspicuous. The
corpuscles of Stannius generally lie posteriorly in the trunk=kidnay,
and are only considered incidentally in the pressnt worke.

In those species without a discrete head-kidney (plates 5,6,7)
renal elements predominate and only the presence of adranucortical and
chromaffin tissues distinguish the head-kidney from the trunk-kidney.

2. Adrenocortical Tissue
"Interrenale anteriore”, "Interrenal", "Acidophil cells" and

"Suprarenal.

The adrenocertical tissue of teleosts was fipst described in 1902

(Giacomini 1902 in Anguilla vulgaris Flem; Esox lucius Lin; Cyprinus

carpio Lin; Tinca vulgaris Cuys Leuciscus albus Bp; Leuciscus aula Bp;

Barbus plebejus Val;) as distinct epithelial cell~layers along the
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walls of the cardinal veins in the head—kidney. Betueen 1902 and 1922
Giacomini described the histology of the head-kidney tissues in many
species (Giacomini 1922). Nandi (1962) has reviewed these and subsequent
descriptions of 129 species from Fifty-~five families, and since 1962
further species have been described (Ueatherley 19633 Scott 19633

Roy 19643 Nandi 1965; Banerji and Ghosh 19653 Chavin 1966, Ulivereau
1966; Hanke and Chester Jones 19663 Banerji 1973.) Basically, the
adrenocortical tissue is associated with the veins in the head-kidnasy

(in the anterior region of the functional kidney, if no head-kidney as

such is present.) There are, hewever, many variations in detail. WNandi
1962 has attempted.to bring order to this variety by categorising the
distribution of adrenocortical tissue into four main types (Fig. SA),
while admitting that many intermediate types exists:

Type 1. Adrenocortical tissue surrounds the poste-cardinal veins

or their largest branches.

Type 2, Adrenocortical tissue . surrounds small or medium sized
’ branches of the veins, and therefore is rather widely

dispersed throughout the anterior parts of thes kidney.

Type 3, Adrenocortical tissue is associated with venous sinuses
within the anterior kidney tissuej it oftgn forms strands
or cords of cells, sometimes scattered through tha
haemopoietic tissue and sometimes appearing to replace
large ~areas of the latter, Adrenocortical cells do not

surround the veins.

Type 4, Adrenoccortical tissus forms a solid mass of cells in a

localised *-area,
3. Chromaffin Tissue.
“Sistema Feocromo” "Chromaffin”,
The chromaffin tissue of teleosts was first described in 1908 by
_Giacomini. As a general rule, chromaffin cells are much less abundant
than adrenocortical cells, and tend to be concentrated rather in the

posterior region of the head-kidney. Howsver, as in the case of the




8.

Types of distribution of adrenocortical tissue
according to Nandi (1962).

(See text page 5)

Large stippling Haemopoietic tissue

Small stippling = Adrenocortical tissue

it

Unstippled Veins.

Typas of distribution of chromaffin tissue
according to Nandi (1962)

(See text page 6).

Legend as for Fig. 3A, and chromaffin tissue

indicated by largsst stippling.
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adrenocortical tissue, thers is considerable specific variation which

Nandi (1962)

Type 1.

Type 2.

Type 3.

Type 4.

Type 5.

has simplified into the following five categories (Fig. 3B )z

Chromaffin cells are embedded in the vein walls$ none
occurs in the region whers adrenocortical tissue is

gituated,

Chromaffin cells are embedded in the vein walls, and occur
in the area containing adrenocortical cells as well as in

other regions of the anterior kidney.

Chromaffin cells are embedded in the vein walls, but only

in the region where adrenocortical cells are situated.

Chromaffin cells are embedded in the vein walls, and are

also interspersed amaong adrsnocortical cells.

Chromaffin cells are found only interspersed among

adrenocortical cells.

Nandi (1962) categorises adrenocortical and chromaffin distribution

separately, though the two tissues are almay% spatially associated for

biochemical reasons.

An attempt to classify head-kidney types based on the association

of the two types of endocrine tissues has been wmade by Oguri and Hibiya

(19576) They visualise six categories (Fig.2 )&

1. Type 1

2. Typg II

The main vein in the head=kidney and its small branches

surrounded by adrenocortical cells and among them exist the

chromaffin cells. (e.g. Carassius auratus, Cyprinus Earpig.
Misgurnus anguillicaudatus, Channa arqus, Plotosys anguillaris).
Chromaffin cells are found within the walls of the main

vein and its branches. Adrenocortical cells are found
surrounding these veins. (e.g. Parasilurus argtus, Niphon
spinosus, Pterois lunulata, Lenidotrigla micropntera,
Hoplobrotula armata.)

3. Type III Both types of cells are not next each aother, but th%élls

exist within the head=kidney separately. Chromaffin/appear
in the vein wall in the head-kidney and are not as numsarous
as adrenocortical cells., The chromaffin cells form two to

three laysrs. Some of them protrude into the vein wall

as small groups of cells. (e.g. Salmo gaindnerii iridems.)
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4, Type IV Mgst of the chromaffin cells are similar to those in
Type III separated from ths adrenocortical cells, but
some of them exist among the adrenocortical as very small

groups. (e.q. Prionurus microlepidotus, Hexaavammos,otakii.)

5, Type V  Adrenocortical and chromaffin ...: form: . strands of cells.

These strands exist beside sach other and sometimes some

nerve cells are found among them. (a.g. Eaxalinhxhxa,glinanaus,)

6. Type VI Neither the adrenocortical nor the chromaffin exist in the
head-kidnsey, but both cells are confinsd within the thick
wall of sinous vein near the head-kidnmey. Adrenocortical
cells exist in the thick vein wall as two to thres layers.
Chromaffin cells exXist among the adrenocortical cells or
segparately within the wall of the vein and sometimes
chromaffin cells protrude into the vein lumen as small
groups separated from the adrenocortical cells by

connective tissus. (a.g. Anguilla japonica.)

4, Vascular supply and innervation?

The primitively paired posterior cardipal veins gather blood from
the kidnsy tissue and run forwards within the kidneys, towards the
heart. It is not uncommon, howevsr, for one of the veins to bs much
larger than the other (e.g. Coregonus lavaretus Plate 4 3 and
Phoxinus Fig. 23 Plate 28 ) in which case blood from ons kidnay lobe
drains across into the other. The posterior cardinal vgin/Veins pass
through the head-kidney to meet the anterior cardinal veins, generally
at tha anterior end of the head=-kidney. The ducts of Cuvier then continue
to the sinus venosus of ths heart; in those species in which the posterior
cardinal veins ars asymmstrical, so are the ducts of Cuvier. The
posterior cardinal veins may break up into sinusoids as thsey pass through
the head-kidney, or they may remian as simple large vesssls.

The main artery (gastromessnteric) sarving the organs in the coelomic
cavity gensrally passes close to the head=kidnsy, or even through it
(e.g. Coregonus) and presumably is the source of oxygenated blood to

the head~kidney itself.

Sympathetic nerves, derived from segmental spinal nerves, generally
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Tun to the coelomic organs in asscciation with the gastromesenteric
artery, forming a conspicous ganglion close to the head-kidney.
Presumably the sympathstic inmervation of the chromaffin tissus is

derived from these nerves,




The species used in this section of the work were obtained;

(i)

From aquarium dealers

Genus/species Family
Aphanius dispar Cyprinodantidae
Brachydanio rerio Cyprinidae
Rasbara heteromorpha Cyprinidae
Salmg irideus Salmonidae
Xiphophorus helleri Paeciliidae
Phoxipus phoxinus Cyprinidae

(1i)

By the author during an expedition to the Red Sea coast of

Saudi Arabia in January 1974 (. Fig, 4

Genus/spacies Family
€hanos chanos Chanidae
Acanthopagrus bifasciatus Sparidae
Crenidens _crenidens " Sparidae
Segarus_species Scaridae
Herklotsichthys punctatus Clupeidae
Jhalassoma amblycephalus Labridae
Thalagsoma lunare Labridae
Cheilinus diaorammus Labridae
Variola louti Serranidae
Cephalopholis miniatus Serranidae
Monodactylus araenteus Monodaxtylidae
Gaterin gaterinus Plectorbynchidae
Lethrinus species - Lethrinidae
Hepsetia pinquis Atherinidae
Siganus species Siganidae

Zgbrasoma veliferum

Acanthuridae

ey




Map of part of Red Sea coast of Saudi Arabia,

showing location of fishing.

(See text pages 9-10)

Scale line corresponds to 45 Km,
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The latter group wers mostly obtained by commercial fishermen in
their camps south and north of Jeddah, who use nets and traps, which
they set in the evening and collect in the morning. Some were purchased
from fishermen along the Red Sea shore bstween Jeddah and Yanbu Al-Bahp
(the second Saudi Arabian port on the Red Sea) 300 Km. to ths north of
Jsddah, Air temperature at the time in Jeddah area was betwsen fifteen
and twenty degress centigrade, water temperaturs twenty~four and twenty-
seven degress centigrade, in Yanbu Al-Bahr the air temperature was eight
to twelve degrees centigrade and thers were eleven hours of light per day.

Some of the fish caught framvthe Jaddah arsa were brought live from
the fishery camps to the marine laboratory at the Ministry of Agriculture
in Jeddah, where they were killed, fixed, and dehydrated to seventy per
cent sthanol=

Chanos _chanos

Achanthopaqrus bifasciatus
Sparus species

Variola louti

Monodactylus argenteus

Zehrasoma veliferum

Lgthrinus species
The others were killed and fixed in the camps and then taken to the
laboratory and dehydrated to seventy per cent ethanol=

Thalassoma lunare

Herklotsichthys punctatus

Cephalopholis miniatus

Gaterin oaterinus

Hepsetia pinouis

Siganus spscies

The fish caught along the Red Sea shore from Jeddah to Yanbu Al-Bahr

were killed, fixed and dehydrated to seventy per cent ethanol on the spot?
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Crenidens crenidens

Thalassoma amblycephalus

Cheilinus diagrammus

(iii) From D.B.C. Scott

Genus/species Family
Sgleropages formosus Osteoglossidae
Coreqonus_lavarstus Salmonidae

Fish bought from aquarium dealers in Britain were killed by
immersion in a lethally concentrated solution of MS222 (Sandoz). The
Red Sea fish were killed by one of three methods= large specimens by
concussion or decapitation, small specimens by direct immersion in
fixative. All fish were fixed as soon as possible after death, in Bouin's
(Agueous) fixative [Eicric acid saturated solution in distillad water
seventy~five parts; ' fprmalin twenty-five parts; glacial acetic acid
five parts, v/v_ /. The abdomen of small fish was slit open to permit
rapid fixation of the kidney, and the whole specimen immersed in fixative,
In the case of large fish, the kidneys were dissected out and fixed
separately. In intermediate cases the head-kidneys wsre fixed in situ
and fixed with the vertebral column and dorsal musculature attached.

After fixation for twenty-four hours the tissues were transferred
to thirty per cent ethanol for twe hours, fifty psr cent ethanol for
three hours, and seventy per cent ethanol for storage. Picric acid was
removed from the tissue by repeated changes of seventy per cent ethanol.
Red Sea fish were transported to Scotland in seventy per cent ethanol,

The tissues were embedded in “"Fibrowax" (A.B. Horwell, Ltd) using

a tertiary butyl alcohul/paraffin saries =

{ T.B.A. 80 ml'
70% Embedding alcohol 4 95% Ethanol 200 ml. 24 hrs,

H2(} dis. 120 ml.
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H20 dis. 60 ml.

85% Embedding alcochol  95% Ethanol 200 ml. 4 hrs.
T.B.A. 140 ml,
H20 dis.

95% Embedding aleohol  95% Ethancl 180 ml. 3 hrs.
T.B.A. 220 ml.
H20 dis.

100% Embedding alcohol  100% Ethanol 100 ml.’ 3-hrs.
T.B.A. 300 ml.

Tertiary butyl alcohol = thres changes two, twelve, two. hours,
Tertiary butyl alcohol/paraffin 50/50=four to six hours,Filtersd
"fibrowax" = three changes, two twelve, two hours embed in frash wax.

Serial sections of all specimens were cut at a thickness of five to
eight Am. {500 - 1000 sections) on MSE rotary microtome, and sections
wers routinely stained with Masson's trichrome (Humasen 1972).

The morphology of the head-kidney and associated tissues ware
determinad by gross dissection and by reconstructing serial sections as
three dimensional drawings. This was achieved by transposing drawings
of sections on to isometric graph paper, and superimpoafng sections in

series. (Figs. 5,645759,10)«
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C. Results
Reyisw of head-kidney typas. (Fig. 7 )

(a) Type 1. Discrete head-kidney anatomically separate from

trunk-kidney devoid of renal elements.

(i) Ragbora beteroparpha : (Harlequin fish)
Family - Cyprinidae;

/" A species occurring in freshwaters of S+E. Agia, length 35 mm,
purchased from aquarium dealers, St. Andrews. /7 (Fig. 5 | 8

There is a discrete.haad—kidnsy, which is connected to the trunk—
kidney by a thin strand of rasnal tissue which runs along the right side
of the dorsal aorta. (P1ate 1 ). The head-kidney itself is bilocbed
with a narrow transverse bridge joining the left and tha right lobes
about half=-way along the length of the head-kidney. The right posterior
cardinal vein is large, and runs as a continuous vessel from the trunk-—
kidney to the right duct of Guvier., The left posterior cardinal vein
is smaller, and breaks up into a capillary network in the left lobe of
the head-kidney before re~forming into a discrete vesssl, the left
duct- of cuvier, Venous blood evidently returns to the heart mostly
on the right side of the system.

The coeliacomesenteric artery branches off the dorsal aorta
immediately anterior to the head-kidney, passing ventrally between
the two lobes, and accompanied by sympathetic nerve trunks. The
dorsal aorta runs bstuween the lobes of the head and trunk kidneys
except at the extreme posterior end of the trunk-kidney, whers the
lobes fuse to form a median organ. Here the dorsal aorta lies in a
groove on the dorsal surface of the kidney.

The adrenocortical tissue is of Nandi's Type I, forming a layer
one to three cells in thickness surrounding the posterior cardinal
vein, and extending for a short distancs aiong somg of the major

branches. The adrenocortical cells lie in the vein walls directly




Fig. S. Isometric drawing of serial transverse sections through
specimen of Rasbora heteromorphas, 72 um apart. Each
section is 7 mm. long by 4 mm., wide. Right side af fish

on left of drawing and anterior end at top of pags.

(See text page 13)
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below the endothelium. The diameter of the nuclei of adrenocortical
cells is 4,65 * 0.12 pm, Chromaffin cells were observed in a very
few number of cells with very much irregular nuclei. The chromaffin
tissue is of Nandi's Type V. The diameter of the nuclei of chromaffin

cells is 5.11 & 0,29 um.

(ii) Scleropages formosus (Kelesa)

- Family? Usteoglossidae
/A species occurring in freshwaters of Malaysia., Length 40 cm.
Supplied by D.B.C. Scott /. Plate 2.

The head-kidney is discrete and consists of two main lobss and a
variable number of smaller lobes, The posterior cardinal veins pass
through the main lobes. The major part of the lcbes consists of lymphoid
cells and a very extensive capillary network. Erythrocytes are much
more abundant than in typical teleost head=kidneys (Scott 1963, Hanke ‘g
and Chester Jones 1966). ‘

Adrenocortical tissue is of Nandi's Type IV Porming isolated islets
of cells interspersed amongst the tissues of the right lobe of the head-
kidney. The diameter of the nuclei of adrenocortical cells is 3.65 % 0.14

AdMe

Chromaffin tissue is of single cell form scattered within the ;

vein walls, It is of Nandi's Type I. The diameter of the nuclei of

the chromaffin cells is 4,25 X 0.22 um,

(b) Type II Head-kidney not discrete, exterpally indistinguishable
from trunk-kidney, but containing no renal element.

(i) Salmo gairdnerii irideus (Rainbow trout)

Family: Salmonidae
LA species occcurring in freshwaters of Morth America and non
introduced elsewhere as a game ~ and food-fish, Length 20 cm. purchased

from fish farm, Perth../ Plate 3,
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The head-kidney is not externally distinguishable from the trunk-
kidney, but its position is indicated by the expansion into lateral
wings at the anterior end of the kidney. There are no renal elements
in the head-kidneyj tubules and glomeruli appear only at the most
posterior level of the lateral wings. Pigment cells occur in the
haemopoietic tissus,

The posterior cardinal veins are much branched in the anterior
part of the kidney. The right posterior carqinal vein is higger than
the left. The adrenocortical tissue is of Nandi's Type II, surrounding
the posterior cardinal veins and their branchss as small clumps or
strands, which sometimes extend into the surrounding tissue. In the
posterior part of the head-kidney the adrenocortical cells are lying
in the vein wall only, and very few. The diameter of the nuclei of
adrenocortical cells is 6.5 & 0.21 um.

The chromaffin tissue is of Nandi's Type II, occurring within
the walls of the main trunks of the veins only. The diameter of the

nuclei of chromaffin cells is 7.48 X 0,29 um.

(ii) Coreqonus lavaretus (Poyan)

Family® Salmonidae.
/A species occurring in freshwaters of Loch Lomond, Scotland,
Length 35 cm._/ Plate 4.

The kidney extends from the heart region to the posterior end
of the body cavity, and liss against the dorsal side of the cavity
dorsal to the air bladder, ventral to the vertebral column. The head-
kidney is not externally distinguishable from the trunk-kidney. It
comprises abgut the anterior one-tenth of the length of the kidney.
Mg renal elements are found in the head-~kidney. The right posterior
cardinal vein is much larger than the left. The left lobe of the head-

kidney contains numerous small veins rather than one large ons.
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Adrenocortical tissue is associated with the right posterior
cardinal vein and its main branches, though less abundantly, round the
veins of the left lobe. The tissue forms only one layer thick round the
small veins, but round the larger veins several layers exist. It is
intermediate between Nandi's Type I/1I. The diameter of the nuclei of
the adrenocortical cells is 6.4 X 0.21 um,

Chromaffin tissue is of Nandi's Type V, forming groups of cells
amongst the adrenocortical cells. These cells are concentrated close
to the wall of the main vein. The diameter of the nuclei of chromaffin

cells is 7.53 & 0.25 um.

(¢) Type I1I, Head-kidney not-discrete, externally indistinguishable
from the trunk-kidney, and containing some renal elements.

(1) Acanthopagrus bifasciatus (see pp.20-21).

(ii) Lethrinus species (ses pp.26-27).
(d) Type IV. No distinct head-kidney, renal elements extend to
anteriormost end of kidney.

(i) Brachydanio rerio (Zabra Danio)

Family® Cyprinidae .

[~ A species occurring in freshwaters of S.E. Asia: Length 40mm.
Purchased from aquafium dealers, St. Andrews../ Fig. 6 Plate 5,

There is no discrete head-kidney, but the kidney in its anterior
region extends into two lateral wings, and this is where adrenccortical
tissue occurs, Glomeruli, renal tubules and collecting ducts extend
throughout the head=kidney. The paired posterior cardinal vein pass
through the head-kidney to the ducts of Cuvier. The left posterior
cardinal vein drains only the left wing of the head-kidney. The right
posterior cardinal vein is larger than the left. It drains the right part
of the whole kidney and alsc receives a medium-sized vein from the left

part of the trunk-kidney, at the posterior part of the head-kidpey where

the left posterior cardinal vein starts,




Isametric drawing of serial transverse sections through
specimen of Braghydanio rerip, 50 um apart. Each
section is 5 mm. long and 4 mm. wide. Right side
of fish on right side of drawing and anterior end

at tap of pagse.
(See text pages 15-17).

(Legend as for figure 5).
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The adrenocortical tissue surrounds the posterior cardinal veins, as
they pass through the anterior part of the kidney, in a form of a collar
one to two cells thick (Nandi's Type I). The diameter of the nuclei of
adrenocortical cells is 4,02 4 0.1 um.

The chromaffin tissue is represented by a very few pals cells inter—
mingled throughout the adrenocortical cellar, as individual cells, Nepdi's
Type ¥, The diameter of the nuclei of chromaffin cells is 4.29 £ 0.12um.

(ii) Xiphophorus helleri (Mexican swordtail)

Family: Paeciliidae

L A species occurring in freshuwater streams on the Atlantic slope
of Southern Mexico. Length 8 cm../ Fig. 7 Plate 6.

The head-kidney is not externally distinguishahle but the kidney in
its anterior part divides into twc lateral lobes. The renal elements extend
throughout the head-kidney which is represented by the two lateral lobes.
There is only a single posterior cardinal vein in the posterior part of
the body. It runs forward close to the vertebral column on the right side,
parallel to the dorsal aorta on the left side. The dorsal aorta might,
at first glance, be mistaken for the second of a pair of posterior cardinal
veins, Anteriorly, however, the posterior cardinal vein enters the right
lobe of the kidney, and the dorsal aorta assumes a2 median location under
the vertebral column. The posterior cardinal vein breaks up into many
sinuscids amongst the glomeruli and tubules of the kidney. The left lobe
af the kidney receives its blood supply from sinusoids crossing the
narrouw bridge between right and left lobes, and also from the left anterior
cardinal vein, which is one of a pair. Tuo ducts of Cuvier gather blood
from each kidney and run to the sinus venosus of the heart. At the
junction of the anterior and posterior ecavdinal veins are groups of
adrenocortical and chromaffin célls.

The adrenocortical tissue is of MNanpdi's Type I surrounding the




Isometric drawing of serial transverse sections through
specimen of Xiphoohorus helleri, 60 um apart.
Liver stippled; kidney striped; blood vessels black.

(Figure prepared by D.B.C. Scott),

(See text pages 17-18).

V
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cardinal veins in a form of a single layer of cells or several layers.

The dismeter of the nuclei of adrenccortical cells is 3.83 X 0.09 um.
The chromaffin tissue is forming groups of cells intermingled

with adrenocortical cells. The diameter of the nuclei of chromaffin

cells is 4.54 & 0.26 um,

(iii) Aphanius dispar

Family: Cyprinodontidas

/A species occurring in freshwaters of lLebanon. Length 4cm.
Purchased from aquarium dealers, Riyadh, Saudi Arabia./ Plate 7.

The kidney is composed of the trunk-kidnsy and the discrete head-
kidney which consists of two lateral halves forming two lateral wings
arteriorly. These wihgs extend latero-ventrally and approach close to
the heart. The head-kidney is connected to the trunk-kidney by a thin
shest of Kidney tissﬁe. The head-kidney consists of haemopoietic tissue,

rénal tubules glomeruli and collecting ducts. Only a single posterior

cardinal vein drains the trunk-kidney. It is in fact the right posterior

cardinal vein, and enters the right wing of the head-kidney after leaving

the trunk-kidney. It passes through the head-kidney and descends to the

heart as the right duct of Cuvier. The left duct of Cuvier, which drains

the left wing of the head-kidney, forms from many tributary branches in

the left wing. It is possible that the venous supply to the left wing of

the pronephros comes in the form of small branches from the right wing, or

even from the left anterior cardinal vein. The dorsal aorta passes medially

between the head-kidney wings, then swings to the left side of the trunk-

kidney, parallel to the right posterior cardinal vein on the right side.
The adrenocortical tissue is of Nandi's Type I, associated with the

posterior ‘cardinal veins and forming a collar around the veins from
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one to two cells thick. The diameter of the nuclsei of adrenocortical
cells is 3.79 & 0,14 um.

The chromaffin tissue forms grouns of two to four cells inter—
spersed ameng the adrenccortical cells, i.e. Nandi's Type V, The

diameter of the nuclei of chromaffin cells is 4,77 X 0.27um.

2. Red Sea Teleosts

The sixteen species of marine teleosts described below were very
kindly identified by Or, Peter Whitehead of the British Museum of

Natural History, London.

{1) Chanos chanos o Lt (Suraimani)

Fémily= Chanidae

Length 22cm. Figs. 8,9. Plate 8,

The kidney is an elongated organ extending from the heart region
to the posterior end of the body cavity. It is thickened in its
posterior part, and expanded at its antsrior end into a wide region.
There is no discrete head-kidney, and renal elements extend throughout.

The adrenocortical tissue is associated with the posterior cardinal
veins and their branches, and ig sometimss found in the lymphoid tissue,
near the veins. It occurs as irregular masses of cells, or in layars
two to five cells deep, close to the vein or embedded in its wall.
It is intermediate betwsen Nandi's Types I/II, Adrenocortical cells are
more abundant on the right side of the kidney than the left. The

diameter of the nuclei of adrenocortical cells is 4.36 :k 0.7um.




Fig., 8

Outline drawings of kidneys of Red Sea teleosts, not

all to the same scale, ventral aspect.

Length of kidney

No, Species &z
i | Chapnos chanos 5
ii | Acanthopagrus bifasciatus 5
iii | Crenidens crenidens 5
iv | Scarus spscies 4
v | Herklotsichthvs punctatus 3
vi | Thalassoma amblycephalus 3
vii | Thalassoma lunare 5
viii | Chgilinus dizorammus 6
ix | Variola louti 5
x | Eeohalopholis miniatus 6 *
xi | Gaterin oaterinus 5
xii | Lethrinus psecies 5
xiii | Hepsetia pinguis 3
xiv { Siqanus species 4
xv | Monodactylus aroenteus 3.5
xvi | Zebrasoma veliferum 2.5







fiﬂ;_ﬂk Isomstric'drawings of serial transverse sections through

anterior region of kidney of Chanas chanos 60 Hm apart.
Each secticn is 6 mm. long and 3 mm. wide.
Right side of fish on right side of drawing, anterior

end at top of page.
(See text pages 19-20).

(Legend as for figure 5. Renal tubules occur in all

sections, but are shown in one ' only).
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The chromaffin tissue oceurs as small groups of cells,-or single
cells, interspersed among the adrenocortical cells and are also embedded
in the vein walls Napdi's Typs IV, Thay are more abundant in the
posterior region of the head-kidney. The diameter of the nuclei of

chromaffin cells is 5.0 X 0.19um,

(ii) <Acanthopanrus bifasciatus ¢Li§,1\ (Abu Kuf:llah)

(11i)  Crenidens crenidens el elan (Samak a1-J3g (Bit£it))

Family: Sparidae
A, bifasciatus length 21cm. | €. crenidens length 16.5cm.
Figs. 8, 10. Plate 9 Piate 10. Fig. 8.

The kidney is divided into two 'lateral lohes at its anterior end,
joined by connective tissus strands. These lobes comprise mainly
haemopoietic tissue and represent the head-kidney. In A, bifasciatus
the head-kidney contains only a very few renal elements in groupé; but
in L. crenidens they are much more abundant and scattered throughout
the tissue.

The adrenocortical tissue is intermediate bstuween ﬁanAi's Types
I and II.. It is associated with the posterior cardinal veins and their
main branches, forming a mass of tissue round, but not completely
sncircling them. This mass of tissue is composed of irregular strands
of cells separated by large sinuscids and somstimes in tubular arrangs—
ment. The strands of adrenocortical tissue occasionally extend into the
thick wall of the vein, so that the connective tissue of the vein wall
appears betwsen the strands. In A, bifasciatus the diameter of the
nuclei of adrenocortical cells is 3.77 & 0.13 um. and in C, crenidens
is 3.59 & 0.08 um.

The chromaffin tissue is of Nandi's Type II, embedded in the walls

of the posterior cardinal veins and their main branches. In C. crenidsns

.
L a¥



Isometric drawings of serial transverse sections through

anterior region of kidney of Aganthopagrus bifasciatus,
150 um apart. Each section is 9 mm. long by 5 mm. wide.
Right side of fish on right side of drawing. Anterior -

end at thes top of page.
(See text pages 20-21)

(Legend as for figure 5).
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chromaffin cells appear in the smaller branches as well. Chromaffin
tissue occurs where the veins pass through the mass of adrenocortical
tissue as well as in other region of the veins, The chromaffin cells
sometimes protrude into the lumen of the vein so it is possible to see
chromaffin cells separated by the vein wall from the adrenccortical
cells outside it. In A, bifssciatus the diamster of chromaffin cells

is 4,38 % 0.14 um, and in C, crenidens is 4.61 -k 0.25um.

(iv) Scarus scecies ol (Dawaii)
Family? Scaridae
Length 16cm. Plate 11. Fig. 8.

The kidney extends from the heart region to the most posterior
end of the body cavity. It thickens towards its anterior end and
divides into two lobes at its anterior end. The head-kidney is.not
externall? distinguishable but histologically thase two lobes repraesent
it. Repal tubules, glomsruli and collecting ducts extend to the anterior
ends of the twé lobes. WMo pigments were observed.

The adrenccortical tissue is associated with the posterior cardinal

#

veins and their major and medium-sized branches, one to thres cell~
layers in thickness Nandi's Type 1/11. They lie in the vein endothelium,
protruding inte the vein lumen. The diamster of the nuclei of
adrenocortical cells is 3.98 X 0.24 um.

The chromaffin tissue forms one layer of cells lying separate from
the adrenocortical tissue within the vein wall. It is of Nandi's Type II,
The diameter of the nuclei of chromaffin cells is 4.92 £ 0,18, um.
The vein wall is very thick, so that the adrenal tissues occupy the
ipner layers of it but still a thick part of it appears outside them

separating them from the rest of the head=kidney tissues.




v L0

(v) Herklotsichthys punctatus .(dab)CthL,(Sardin (Ruggdh))

Family: Clupeidae
Length 10cm. Plate 12. Fig. 8.

The kidney is an elonoated organ extending along the dorsal side of
the abdominal cavity. It ends anteriorly in the heart region and
posteriorly at the end of the cavity. It gradually thickens from the
posterior end towards the anterior. The head-kidney is not discrate
and can not be recegnised extérnally.

The adrenocortical tissue is of Nandi's Type I, surrounding the
posterior cardinal veins and their major branches, forming a collar
of one or two cells thick around the vessel. The adrenoccortical cells
are situated directly under the vein endothelium. The diameter of the
nuclei of adrenocortical cells is 2.89 % 0.13 um. There is very little
connective tissus in the vein wall,

The chromaffin tissue is in the form of a small number of cells
scattered through the adrenocortical tissue. It is of Napdi's Type V.
The diameter of the nuclei of chromaffin cells is 4,07 X 0.23 um.

#*

(vi) Thalassoma amblvcephalus 3,2 (Mugharrid)
Family: Labridae
Length 9.5cm. Fig. 8. Plate 13.

The kidney occupies the dorsal region of the body cavity, from
just posterior to the heart to the posterior end ¢f the cavity., Its
anterior third is divided into two lateral halves. The head-kidney
cannot be distinguished from the trunk—kidney externally, but it is
represented by these two lateral lobes. Histologically, the anterior
part of the kidney (in which the adrenocortical tissue lies) is
composed of glomeruli, renal tubules, and collecting ducts. The

hasmopoistic tissue is lymphoid. There are no pigment cells. The
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adrenocortical and chromaffin tissues are found in most of the
anterior part of the two lateral lobes.
The adrenocortical tissue is intermediate between Mandi's Types
I and II, surrounding the posterior cardinal veins and branches. This
tissue in the anterior part of the head-kidney forms a mass of tissue
covering most of the area and the veins of all sizes run through this
mass. Ihe diameter of the nuclei of adrenccortical cells is 3.3 * 0.14ym.
The chromaffin tissue is of Nandi's Typs 1V, distributed throughout
the adrenocortical tissue and embedded in the vein walls. The chromaffin
tissue extends farther posteriorly than the adrenocortical tissus. The

diameter of the nuclei of chromaffin cells is 4.2 * 0.16um.

(vii) Thalassoma lunare lels (Ghusab al-Bahr)

Family: Labridae
Length 18cm. Fig. 8. Plate 14,

The kidney resembles that of T. amblycaphalus but it is longer and

has no externally distinquishable head-kidney. The anterior one-quarter
of the kidney in this species is divided into tweo lateral halves which
represent the hesad-kidney.

The adrenocortical tissue and chromaffin tissue are similar to
that of T. amblycephalus but they occupy léss area in the anterior part

of the head-kidney in relation to the size than in T, amblycenhalus,

The diameter of the nuclei of adrenocortical cells is 3.11 2 0.2 _um.

The diameter of the nuclei of chromaffin cells is 4.3 £ 0.21 _um.
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(viii) Cpheilinus diaorammus el (malaig)

Family: Labridae
Length 25cm. Fig, 8.

The kidney is similar to that of T, amblycephalus. Its anterior

half is divided into two halves and these two halves swing away from

the midline leaving betwsen them a wide area which is filled by a bundle
of muscles. The anterior extremities of these lateral halves represent
the head-kidney.

The adrenccortical tissue is of Nandi's Type I, associated with
the posterior cardinal veins and their major branches. The diameter
of the nuclei of adrenocortical cells is 3.69  0.17um.

The chromaffin tissue is associated with the posterior cardinal
veins and their branches. It lies within the vein walls as individual
cells or groups of cells, and extends farther posteriorly than
adrenocortical tissus. It is of MNandi's Type II. The diameter of the

nuclei of chromaffin cells is 4.71 X 0.27 _um,

(ix) -Mariola louti s (Louti)

Famiiy= Serranidae
Length 24cm. Fig. 8. Plate 15.

The anterior one—~third of the kidney is divided into two lateral
halves which comprise the head-kidney. These two lateral lobes end
anteriorly at the heart region in triangular projections. There is
no external difference between head and trunk-kidney. Histologically,
the head~kidney is composed of haemcpoietic tissue, very few renal
tubules and collecting ducts, various sized clumps of yellouw~brown
pigment, and adrenocortical and chromaffin tissue.

The adrenccortical tissus is intermediate between Napdi's Types II and 771

I1I, consisting of irregular cords of cells associated with the posterior
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cardinal veins branches and also of cords or strands of cells running
through the surrounding tissue. Expanded sinusoids are visible
between the cords. The tubular arrangements were observed. Tha
diameter of the nuclei of adrenocortical cells is 3.32 * 0.13 um.

The chromaffin tissue is only rarely observed. It comprises
individual cells, embedded in the vein walls. The diameter of the

nuclei of chromaffin cells is 4,24 & D.O@um.

(x) Cephalopholis miniatus (J=1) won ! (AbTG Adas (NF311))
Family? Serranidae
Length 20cm. Fig. 8. Plate 16,

The kidney is bilobed anteriorly. The head-kidney is not
externally distinguishable, but consists entirely of haemopoietic
tissue, with a very limited number of renal tubules. It contains
variously—-sized clumps of yellow~brown pigment.

The adrenocortical tissue is intermediate between Nandi's Types
I and II1, forming clumps and tubules associaterd with the largest and
medium~sized veins. In some areas the adrenocortical clumps comprise
relatively large masses of tissue, penstrated by blood capillaries.
The diameter of the nuclei of adrenoccortical cells is 3.4 * 0.14 um.

The chromaffin tissue is associataed with the largest branchas of
the posterior cardinal veins in the form of individual cells embedded
in the vein walls uwhere adrenocortical tissue exists and also with
small branches where adrenocortical cells ére absent. The diameter of

the nuclei of chromaffin cells is 4.45 X+ 0,2 um.
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(xi) Gaterin gaterinus C&;EJ (Gayerin)

Family: Plectorhynchidae
Length 17cm. Plate 17. Fig,. 8.

The kidney is bilobed. Its two lobes anteriorly end dorsally
to the heart. The head-kidney is not externally distinguishable but
it is represented by the anterior parts of the two halves of the kidney.
Each lobe is composed of two zones, an inner and an outer. The inner
zone contains many renal elements and the outer zone consists of
haemopoietic tissue and adrenocortical tissue. The posterior cardinal
veins run between these two zones.

The adrenocortical tissue is concentrated in the outer zone of
the head-kidney lobe in association with the main vein Mapdi's Type I,
Adrenocortical cells also occur on the inner wall of the vein, but only
where the renal elements are not close to the vein itself. The
adrenocortical tissue forms mass of tissue containing sinusoids and
blood capillaries, The'diameter of the nuclei of adrenocortical cells
is 2.43 L 0.12 um.

The chromaffin tissue is easy to distinguish, as palely-staining
cells embedded in the walls of the posterior cardinal véins and
associated alsa with the small branches, Nandi's Type II. Sometimes
the chromaffin cells protrude into the vein lumen. The diameter of

the nuclei of chromaffin cells is 3.79 &£ 0.22 um.

(xii) Lethrinus species gyt edaw (Samak A1-Shuiir)
Family: Lethrinidae
Length 12.5 em. Plate 18. Fiq. 8.
The kidney is enteriorly divided into two lateral halves. These
two lobes are thin but they end in the he=art region in triangular

projections and leave a space between them which is occupied by small

. O
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muscle bundle. The two triangular ends meet in the mid-line anteriorly
by one of their anglas. The head-kidney, which is represented by the
triangular regions and a little further back along the two halves,

is not externally distinguishable. The greater part of the a%terior
lobes, houwever, consist of haemopoietic tissue, amongst which are

groups of renal tubules, glomeruli, and collecting ducts. These renal
plemsnts are associated with the veins. No pigment cells were observed.

The adrenccortical tissue is of Nandi's Type I, forming a mass af
tubules associated with the postsrior cardinal vgins. In some areas
this mass is expanded into the haemopoietic tissue. The adrenocortical
mass is penstrated by blood capillaries. The diameter of the nuclei of
adrenocortical cells is 3,71 X 0,08 pm,

The chromaffin tissue is of Nandi'a Type Il associated with the
posterior cardinal veins and their branches, The chromaffin cells are
embedded in the vein walls at different depths and sometimes they
protrude into the vein lumen. They occur in the same regions as the
adrenocortical tissus and also in isolation. The diameter of the nuclei

of chromaffin cells is 4,15 & 0.19 um.

(xiii) Hapsetia pihquis ¢£ji&5 (Kashkishah)

Family® Atherinidae
Length 10cm., Fig. 8. Plate 19.

The kidney is divided anteriorly into two lateral wings, sseparated
from each other by muscle. The wings consist of lymphoid tissue, some
glomeruli, tubules and collecting ducts. One or two clumps of pigment
were observed in the left wing.

The wings are joined together by tuwo, junctions one anterior to

the other. The first one unites them dorsally with the dorsal aorta,
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which swings to the left side and runs through connective tissus in

a channel in the ventral side of the left wing. The second junctiaon

starts ventrally to the dorsal aorta. After the posterior junction

is complete the kidney increases in width. The head-kidney is

represented by these two lateral wings and a little farther back.

Anteriorly the head-kidney ends in the hsart region and the anterior

cardinal vein runs through the right wing for a short distance before

joining the right posterior cardinal vein just at the ventral surface

of the wing. Only the right posterior cardinal vein was ohserved, and

it runs through the right wing of the kidney and receives a mediume-

sized vein from the left side of the kidney which passed to the right 3

through the anterior junction referred to above. .
The adrenocortical tissue is associated with the anterior cardinal 7

vein as it passes through the right wing of the hesad-kidney. It does

not encircle the vein, but forms an irregular collar. Napdi's Type I.

The diameter of the nuclei of adrenccortical cells is 3.73 £ 0.13 um.
The chromaffin tissue is associated with the right posterior

gcardinal vein Nandi's Type I, It forms groups of two to four cells

=

or individual cells embedded in the vein wall., The chromaffin cells

extend with the vein to the extreme posterior part of the head-kidney.

The diameter of the nuclei of chromaffin cells is 4.69 % 0.21 _m.

(xiv) Siganus species ol (Sigan)
Family® Siganidae
Length 13.6cm. Fig., 8. Plate 20. é
The kidney is almost entirely divided into two lateral halves.

!
:
1
These lobes are joined together at the extreme posterior part of the i
:
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kidney and end anteriorly in two lobes. These two lobss represent ¢
the head-kidney. Histologically, the head-kidney consists mainly of
haemopoietic tissue, though some renal slements are also present in

groups, similar to that of Acanthopaagrus bifasciatus and Lethrinus

species.
intermediate betuween
The adrenccortical tissue is 4 Napdi's Types I and II, situated

LY W

alongside the main posterior cardinal veins and branches, The main
vein is not entirely surrounded by adrenocortical tissue. The
adrenccortical tissue forms a mass of tissue at the junction of the
branchas with the main vein. This mass is composed of irrescular
cords penstrated by blood capillaries. The diameter of the nuclei of ?
adrenocortical cells is 3.28 x 0.08 ,um,
The chremaffin tissue is of Nandi's Type II, associated with the

posterior cardinal veins and their branches; both in association with :

R

the adrenocortical tissue, and separately. The diameter of the nuclei

of chromaffin cells is 4,63 X 0,28 um.

(xv) Monadactylus argenteus il (Abu Qurg)
Family: Monodactylidae
Length 16cm. Fig. 8, Plate 21.

The-kidney is divided anteriorly into two lateral wings, and in
the posterior part it forms a single mass of tissue extending to the
posterior end of the body cavity. The head-kidney is not externally
different from the trunk-kicdney, but these two wings represént the
part of the kidney which contains the adrenal tissues. Histologically,
these wings are composed of haemopoietic tissue and renal elements, but
some haemopeistic areas are free of any renal elements. The right
posterior cardinal vein has a very thick wall aftsr it comes out of the

right wing and it continues close to the venltral surface of the wing
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for a short distance. Inside its connective tissue sheathe, which is
connected to the kidney, are some groups of adrenocortical cells. The
right posterior cardinal vein drains the right side of the whole kidnsy
and receives a vein frem the left side when the two lateral wings join
together to form the trunk-kidney. The left posterier cardinal vein
drains the left side of ths kidney not only the left half of the head-
kidnsy but also the trunk-kidney.

Adpenocortical tissue is of Nandi's Type I, asscciated with the
pogterior cardinal veins and their main branches. It is embedded in
the vein walls in the form of single or groups of two to five cells.
The diameter of the nuclei of adrsnocortical cells is 3.8 % 0,17 um.

Chromaffin tissue is embedded in the vein walls where the
adrenocortical cglls are present and in the posterior part of the head-
kidney where the adrenocortical cells are ahsent. Nandi's Type 1I,

The diameter of the nuclei of chromaffin cells is 4.21 x 0.17 um,

(xvi) Zebrasoma veliferum JL,.! (Ath Tinbak)

P

Family: Acanthuridae
Length 13ecm. Fig. 8. Plate 22,
The kidney is bilobed anteriorly. The two lobes are flat and
the left is wider than the right. The rest of the kidney is in tha form .
of extended mass of tissue lying ventrally to the notochord. The
head-kidney is not discrete, but histclogically it is represented by
the two flat lobes and a little farther back. It contains renal elements
in the same proportions as in the trunk-kidney.
Adrenocortical tissue is associated with the posterior cardinal

veins. [(he adrenocortical cells are found lying in the vein walls

closely applied to the endothelium. They form a single irregular layer
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of cne to two cells thick, Nandi's Type I. The diameter of the nuclei
of adrenocortical cells is 3.61 X 0.09 um,

Chromaffin tissue is of Nandi's Type II, individual cells amongst
the adrenocortical cells in the anterier part of the head-kidney and
groups of two to five cells lying in the vein walls in the posterioer
part of the head-kidney where there is no adrenccortical tissue.
Chromaffin cells are more abundant in the posterior part of the head-
kidney than in the anterior part., The diamster of the nuclei of

chromaffin cells is 4.28 + 0.24 um,




CHAPTER III

PHYSIULOGICAL ASPECTS CF THE HEAD-KIDNEY

1. Introduction.
(a) Endocrine activity of the head-kidney tissues. Intensive
study of the physiological activity of the head-kidney tissues dates

from the 1950's, when corticosteroid production by the hsad-kidney
was confirmed (Chester Jones 1957; Chester Jones, Phillips and Holmes
19593 Idler, Schmidt and Ronald 1962; Phillips and Chester Jones 1957;
Phillips 1959; Phillips, Holmes and Bondy 19593 Phillips and Flulrou
1959), Histochemical studies identified the adrenocortical cells as
steroidogenic. Since then, experimental and observational studies by
many workers (reviewed by Idler (1972), Chester Jones, Chan Henderson
and Ball (1969) and Chester Jones (1976) have shoun that the head—

kidney hormones are involved in a wide range of activities ~ osmoreg-—

ulation and ionic balance, intermediary metabolism, resistance to stress

(parhaps including social stress:Erickson 1967) and some aspacts of
reproduction, in‘particular the final maturation and oleation of
oocytes. (Goswami and Sundararaj 1971a).

The general aim of this part of the project is to investigate
the relationship (if any) between adrenocortical activity and the
reproductive cycle,

(b) Reproduction and adrenccortical tissue.

Many studies have shown some correlation between adrenocortical
activity and the reproductive cycle in teleosts (Stanuworth 19533
Hane, Robertson 1959; Robertson and Wexler 1959; Robertson, Xrupp,
Favour, Hane and Thomas 1961; Donaldson and Fagerlund 1968; ldler,

Ronald and Schmidt 1959; Goswami and Sundararaj 1971a, Fagerlund and

e
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Dopaldson 1969; Fagerlund 1967; Hane, Robertson and Wexler 1966; Fuller
19743 Scott 19633 Bal;;1g%6; Fulier, Scott and Fraser 1974; Fuller,
Scott and Fraser 1976). In many cases, however, these observations

are open to doubt, for three main reasons, i.8.3

(i) The criteria for adrenocortical activity may be subjective,
depending on histological changes (which are not sasy to
quantify) in the adrenocortical tissue,

(ii) The species studied may be one in which other physiological
phenomena occur which are difficult to diésociate from
reproduction (e.g. the Pacific salmon studied by Robertson
and Wexler 1959 undsrgo extreme changes in osmotic needs
during their spawning migration; and they are senescent at
this time, dying after gpauwninghas taken place).

(iii) It is now well-established that the level of circulating
adrenocortical hormones in the blood is affected by the
treatment to which the fish are subjected. Maintenance of
specimens in aquaria raises the hormons level, and even the
method by which the fish are caught and killed can result in
a ten—fold increase in hormonse concentration in Coregonus,
lavaretus, (Fuller, Scott and Frasar 1976). So rapid is the
rise in hormone concentration in the latter species that
the authors consider that a delay of only a few minutes
between catching and killing the fish would result in
unacceptably elevated hormone levels (Scott, D.B.C. personal
communication).

The particular aims of this project are therefore to use ohjective

criteria to study the changes in adrenoccorticel cells activity in
relation to the reproductive cycle of a teleost species which, firstly,

has no extraneous metabolic requirements which might abscure adreno-

cortical~reproductive interractions, and secondly, which can be caught
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and killed with the minimal chance of any artifact changes in the

\

tissues concerned,

2. Materials and Methods.

(a) The species.

The species chosen for this project was the European Minnow,
Phoxinus phoxinus L. It is a member of the family Cyprinidae of the
Order Ostariophysi (Greenwood et al 1966), It occurs in most fresh~
waters of Europe, and is widespread in Britain, except for the Highlands
of Scotland (Maitland 1972). Minnows are abundant in the middle reaches
of rivers, in shallow lakes, and in the littoral regions of deep lakes,
where wave action is modsrate and the substrate stony. They are less
common whers aguatic vegetation is dense and the substrate is organic,

- fhey ae .
and: in such habitats it is replaced by the sticklsbacks (Egasﬂngataua

spp ). They are likewise replaced by Brown trout (Salmn_trutka - .)
and Loach (Nemacheilus barbatula) in the uppermost reaches of fast—

flowing waters. In certain areas (e.g. round St. Andrews) minnows have
disappeared from many waters, possibly as a result of agricultural
pollution.

Its abundance and accessibility make the minnow a suitable species
for the present study. In addition, its life cycle and in particular
its reproductive cycle are relatively simple. The minnow is a strictly
freshwater species, spending most of the year in the still waters of
ponds and lakes or slow flowing rivers. From May to July the fish
generally move upstream to spawn in fast-flowing shallow streams (as in
the population studies in this project), hhough in the absence of
suitable streams, they may spawn on stony substrates in still water.

In any case, the migration is not far. A further advantage is that the

_general biology of the species is wsll documented (Yarrell 18363 Couch 1855;




- 35 -

Day 1880; Regan 19113 Mottram 1922; Bullough 1939, 19403 Frost 1943;

Scott 1963; Vladykov 1927-28), and so is its reproductive biology

(Mottram 1922; Sullough 1939-40; Frost 19433 Scott 1963) and other
related physiological factors e.g. the thyroid cycle (Barrington and

Matty 1953) and the pituitary (Barrington and Matty 1955). It is knoun
that the minnow spauwuns annually for at least four years in succession,

and there is no evidence of senescence or change in reproductive potential

with aga.

(b) The location.

The population chosen for study was the one which inhabits the
Walton reservoir in the Gargunnock Hills, Scotland (56" 3 15 N3
£ ¢ 30 W) (Fig. 41 ). A study of the ecology of this population has
been mada (Maitland 1972) and of its reproductive cycls, though of females
only‘(scott 1963). Since such a widely distributed species as the minnow
is bound to have local variations in its bioclogy becauss of differencss é
in latitude, elevation, etc., it is valuable to have accurate background
infarmation on the specific population under investigation.

The reserveir is 1.5 Km long with a mean width of 0.4 Km and a
maximum depﬁh of 4m. The inflow is from two main streams (in the larger
of which the minnouws spaun) and seepage from many springs on the hillside
above, The reservoir is céntained by an artificial dam at its western :
end, and drains first into a smaller reservoir about 10m lower and thence
via the River Endrick, Loch Lomond, and the River Clyde, to the ssa.

The reservoir contains, besides minnows, brown trout (Salmo :trutta L.),

eals (anuillg anauilla L.), three-spined sticklebacks (Gasterostens

aculeatus L.) but no migratory salmonids, as they cannot ascend waterfalls
on the Endrick. The entire body of water, including the spawhing stream,
is easily accessible and so fish should be easy to collect in statistically

valid numbers and under controlled conditions. Unfortunately, the sizs
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Map of Walton Reservoir, showing locatities at which
most minnows were cought. Mipnows were also collected

from the lower reservoir immediately to the uwest,

\
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of the minnow population has declined since Scott's study (1963), and

it proved difficult, in the present study, to collect sufficient fish.

Theg reason for this decline in numbsers has not been investigated, but

the Walton Reservoir is intensively managed as a game fishery for

brown trout (Salmo trutta) and anglers' records show that the mean

weight of individual trout has increased over the past ten years. The
mean size of minnows also seems to have increased (Fig. 12 ) & may

be that the same factors are affecting the minnows as the trout, or

- that the larger trout eliminate by predation, many of the smaller minnows.
I am most grateful to the Walton Reservoir Angling Society for

their permission to collect minnows from the reservoir.

(c7 Sampling and Maintenance.

A1l fish used in this study were caught by electrofishing round
the shoras of the Walton reserveir in depths of from 0 ~ 1.5m. The
electrofishing device used a rotary transformer with 'an input of 18v
from three 6v 12 a-h lead-acid accumulators. The output of 450v was
pulsed by means of a mechanical make-and-break which was variable from
20 - 200 pulses per second. 40 - 50 pulses per second proved most
effective for minnows in the size range 5-10cm. The current on/current
of f ratio per pulse was also variable, and the optimum was about 50/50.,
The two electrodes weres mounted 0,5m apart on a single hand-held pole.
With this equipment the fish, which are usually to be found hiding amongst
large ¢ones, are first attracted towards the negative electrode from a
range of up to 1-2m, and they are then stunned as soonas they swim to
within 10-20 cm and can be collected in a2 hand-=net.

Fish required alive were transferred to stainless steel containers
408m X 27Cm x 30€m., where they generally recoverad within one minute.
Occasionally fish failed to recover, probably as a result of contact

with the slectrodes. To determine the rate of acclimatization and whether



Fitie: 12 Size of minnows caught in Walton Reserveir in May,
Jupna and July 1964 and 1975 compared, shouwing an

increase in both length and.weight in 1975.
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delay in killing the fish resulted in histological and endocrine changes,

S
as have been reported by Fuller, Scott and Frazer (1976), minnows were

maintained in fibreglass tanks 2m x 2m X 1m deep at ths Walton reservoir
supplied with running water from the hillside. They were fed with
commercial trout food (fishmeall. Samples were killed after one day,
seven days, thirty days and three manths. The sample of three hours
were killed after three hours from catching.
Fish required for light microscopy were transferred either?
(i) to s solution of the anaesthetic MS222, 0.001% in reservoir
water, for one-two minutes, after which the abdomsn was
opened and they were immersed in Bouin's fixative for twenty-
four hours, or

(ii) directly, while still under electronarcosis, ta Bouin's
fixative.

Fish required for electron microscopy (Chapter IV) were killed
gither in MS222 or by decapitation, the abdomen opened and flooded with
buffered glutaraldehyde fixative and the hsad~kidney was dissected out,
fixed for one hour in glutaraldehyde and post-fixed in esmium tetroxide
(see page 57). Samples were taken during two years?

(i) 1964 collected by D.B.C. Scott by electrofishing MS222

anaesthesia, fixed in Bouin and stored in 70% ehanol.
(i1) 1975-76 collected by the author. 1 am grateful for the occasicnal

V help of Mr, R, Dempsey and Mr. D. Roche during these

collections.

Sgmples were taken at monthly or fortnightly intervals (sometimes
more coften if catches were poor), and the aim was twenty-five fish per

sample., The actual numbers caught were?

;
§

fesre
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Month 1964=65 1975-76
January — 20
February _— 27
March 81 31
April 74 55
May 100 47
Jdune 102 40
July 94 57
August 53 42
September e 30
October 22 6 (é?)
November 25 23 -
December 23 20

Only fish of 60mm total length and over were taken,as specimens

of this sizes in this habitat, are invariably adult.

(d) Assessment of the reproductive cycle.

An excellant background to the present study is available in a
study of the reproductive cycle of female minnows in ths Yalton
reservoir (Scott 1963) (Fig. 13 ). In the present study both males
and females were examined, In the case of the males, the state of the
reproductive cycls was assessed by the gonadosamatic ratio. In the
case of the females, in addition to the gonadosomatic ratio, the
proportions of the various ooecyte stages present was measured, as this
gives a finer distinction betwsen the reproductive phases. An
indication pf the ratio of body weight to length was obtained by
calculating the condition factor and the somatic condition factor

(see below) for each fish.
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After fixation in Bouin for twenty-four hours, the minnows Qare
dehydrated in 30% ethanol (3 hours); 50% ethanol (3 hours) and 70%
ethanol (several changes). After two~four days each fish was measured
to the nearest mm, the tofal length from snout to fully-extended
caudal fin being taken. The gonads were then dissected out and after
drying the fish superficially with tissues, the fish and its gonads
were weighed to the nearest mg. The head-kidneys were next dissected
out., Gopads and head-kidneys were embsdded and sectioned. As previously
described (pp11,12) and particular care was taken to ensure that the
histological procedures were identical in all cases, to avoid variations
which might invalidate comparisons betwssn individual fish (see Pe
below ), The following criteria were used to assess the annual cycle
of the fishs

(i) The condition factor of each fish was calculated as an

index of "Fitness" (Scott 1963)

total weight (g.) ~.. 102
total length®. (em)

total weight = qonad weight (35)102 !
total length % (em)

a percentagse of each fish was also calculated. This

(ii) The somatic condition factor

excludes the weight of the gonad from the formula, and so
gives an indication of changes in body reserves unobscured
by the considerable variations in the weight of the gonad

(S5cott 1963).

(gonad waight (Q,»
(total weight (g,.)
a percentage). This gives an indication of gonad

3
(iii) The gonadosomatic ratio e}Bressed as

development relative to body weight, and provides a reasonably
sound assaessment of the reproductive stage of the animal.
However, a more accurate assaessment in the casa of females
is provided by:

(iv) The proportions of the various stages of oocytg/spermatocyte

development,




v ) =

Sections of selected gonads (see below) were cut at a thickness
of 6-8B Mm, and every fifteenth section was stained in Masson Trichrome
stain (p. 12 ), to @ total of 6-8 sections per gonad. The numhers of
oocytes at sach of four stages of development were counted, viz?

(a) Primary cocytes (Pre-vitellogenic)

(b) Secondary cocytes (Uitel;ogenic)

(c) Ova (yolk-filled, mature ococytes)

(d) Atretic oocytes (undergoing reserption)
and the results expressed as the percentage of each stage present per
ovary. In practice it was found that the reproductive cycle of males
could be satisfactorily assesssd by gonadosomatic ratio alone,
and therefore the proportions of the spermatocyte stages ware not
accurately measured, but were estimated subjectively.

As this process is very time-consuming, not all fish in each sample
were so examined, The fish selected for gonad examination.were?

(a) The fish whosa gonadosomatic ratio cameinéarest to the mean

valua for the sampla.

(b) The fish with gonadosomatic ratio directly above (a)

(c) The fish with gonadosomatic ratio directly beigw (a).

(d) The fish with the highest gonadosomatic ratio.

(e) The fish with the lowest gonadosomatic ratio.

Fiive males and five females from each monthly or fortnightly sample
were so examined in the 13964 collectionsy; and ten males and ten
females from sach sample in the 1975~76 collection. These fish were the
fish with gonadosomatic ratio cams nearest to the mean value for the
sample and from ths fish with gonadosomatic ratio directly above or

below the mean value of the gonadosomatic ratia,
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(e) Assessment of adrenocortical and chromaffin tissue activity,

Ideally, measurement of circulating corticosteroids in the plasma
would give a good idea of adrenocortical activity. Several such
tachniques are now available, including double isotope dilution (James,
Townsend and Fraser 1967.3 Fraser and James 1968; Arnold and James 1971;) _
competitive protein binding (Purphy and Patee 19643 Murphy 1967;
Leyendecker, Wardlaw and Neecke 1972); radioc immunoassay {Mayes, Furuyama
and Nugent 19703 MiKhail, Wu, Ferrin and Vaude-Wiele 1970; Leyendecker,
Wardlaw and Nocke 10723 Martin and Nugent 1973); gas-liquid chromatography
(Fraser, Wilson and Holmes 1973; Fuller, Mason and fraser 1976; fullsr
1974) and fluerimetry (Nattingly 1962). The small siza of the minnouw,
howsver, rules out these methods because of the very small:samples of
blood available. To use a larger species would not nscessarily éolva
this problem, because it has besen shown (Fuller, Scott and Fraser 1976)
that’corticosteroid lavels may vise rapidly as much as ten-~fold in response
to certain catching and killing techniques, so that there is a great
advantage in dealing with a species which can be caught under controlled
conditions with minimum stress. Fuller, Scott and Fraser for example,
were forced te catch their coregonids by gill-netting, déspita the fact
that this method is known to elevate plasma cortisol. FPhoxinus can in
fact be cauggt by electrofishing throughout the year,

An alternative way of determininn adrenocortical activity is to
study histological changes in the adrenocortical tissus. Until the recent
development of plasma steroid measuring techniques, indeed, this was the
only method. Many histological criteria are unfortunately vague or
subjective, however, and it was considersd to be essesntial to use criteria
which ware objective, One such criterion, which has besen repeatedly used
by many workers is the measurement of nuclear size (diameter/area/volume)

of adrenocortical cells (Stanworth 19533 Hanke, Bergerhoff and Chan 19673

Hanke and Chester Jones 19663 Robertson and WYexler 19593 Honma 1960).
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It is known that there is no storage of hormones in the steroidogenic
cells, so that intense synthetic activity would be expected when they
are stimulated. In practice, in Phoxinus, nuclear volume may increase
by two times. The exact cytological changes associated with this change
in volume are bnknown; in the fipal part of this thesis a study of the
fine structure of adrenocortical cells is made, partly in an attempt

to explain these changes.

The hsad-kidneys of the five males and five females which were
selectad for the gonads examination from the 1964-65 collections and
the ten males and females of the 1975~76 collections, were serially
sectioned at 4-5 im, Great care was taken to ensure that all specimens
underwent exactly the same procedures, so as to ensure that no artefact
variations would be introduced into the measurements., Times in the
embedding solutions wers strictly adhered to, and 57° M.P. "Fipbrowax"
(A.é. Horwell) was ussed throughout. Every fiftesnth and sixteenth
sections was taken and from sixteen to twsnty sections per fish ware
stained in Masson's trichrome and examined.

Tha.nuclei of thirty to forty adrenocortical cells, and the nuclei
of thirty to forty chromaffin cells wers measured using a Yatson Shearing
Eyepiece(Cadartelli 1965). Only nuclei which were clearly complete or
nearly so, were measured, and ths minimum diameter was measured in any
cases where the outline of the nuclsus was not circular.

Rs a preliminary exercise to locate and identify the adrenoccortical
and chromaffin tissue, the head-kidneys of eight fish were serially
sectioned at 4-5 Am and all sections were stained for a basic study of
the morphology of the head-kidney. Eight fish were additionally sectioned,

with the head-kidney in situ, at 5-6 4m, and all sections stained.
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3., Results

(a) Histology of the gonads.

The gonads in both sexes of Phoxinus nhoxinus are paired elongated
organs lying in the dorsal region of the body cavity, ventral to the
swimbladder, The weight of the gonads varies cyclically during the
yesar (Table 1 ).

The much higher mean values in 1975-76 compared with that in 1964
are associated with the fact that the mean sizs and weight of minnows
also increased in that period, (Tables 2,3 Fig, 12 2o

As the histology of the gonads of Phoxinug has already been described
(Buliough 1939; Scott 1963 (Females only)), only a brief description will
be given here.

(i) The Ovary: (Plates23,26 ). The ovaries of Phaxinus are
solid structures, with no hollow core. In general five stages of cocyte
dave&opment can be distinguished:?

(1) Oogania )
) previtellogenic
(ii) Primary oocytes)
(iii) Secondary oocytes )
vitellogenic
(iv) Ova )
(v) Atretic oocytes resorptive

(i) Bogonia (Plate 23,26 )« The ocogonium measures up to 8Mm
in diameter and stains deeply with Masson's Trichrome.

(ii) Primary ococvtas. (Plate 23,26). Primary oocytes grow up to
250 um in diameter. They have densely staining granular cytoplasm, and
@ large and conspicuous éhromaphohic nucleus with peripheral acidophilic
nucleoli. For the purposes of this study, counts of oocyte numbers did
not distinguish between oogonia and primary oocytes}; they were grouped
together as a single qroup of "previtellogenic oocytes”.

(iii) Secondary cocvtes. (Plate 23,26). Secondary oocytes rangs

from 250 um to 500 um in diameter. Yolk—precursor globules appear at the
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periphery and spread gradually towards the centre. The cytoplasm loses
its great affinity for stain, and the yolk-precursors take up the light
green of Masson strongly. Inside the layers of the follicle a vitelline
membrane, the oolemma (=zona radiata) is formed, strongly acidophitic
and with marked radial striations,

(iv) DBuva. (Plat923,2Q Ova grow to a maximum diameter of 1.4mm,
and are recognised by the presence of red-staining yolk deposits. Yolk
formation, unlike yolk-precursor formation, is centrifugal. There is
no final fusion of the individual yolk globules before ovulation as
described by Bower and Halliday (1961).

(v) Atrstic pocytes. (P1ate 23,26). Atretic oocytes are rare
and do not occur in nature except during and after the spawning period.
They are formed by the degeneration of unspawned ova and secondaryococytes

which are being resorbed.

(ii) The Testis: (Plates24,27 )

The testes of phoxinus phoxinus are paired slongated structures
enclosed in a thin fibrous membrane. Dorsally the fibrous mambrgne is
thickened, and contains the vas deferens, and the spermatic artery and
vein. The seminiferous tubules are of varying sizes and shapes, with 4
thin membranaus walls, The seminiferous tubules radiate from the vas
deferens, at right angles to the long 2xis of the testis. They end
blindly at the periphery of the testis.

The spasrmatogenis: . elements of the testis lie ip discrete cellular
nests inside the seminiferous tubules. The cells in a singls nest are
all at the same spermatogenic . stéga (except that spermatogonia are 3
generally present thrcughout). in general six stages of spermatocyte
development can be distinquished:?

(i) Primary spermatogonia

(ii) Secondary spermatogonia
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(iii) Primary spermatocytes

(iv) Secondary spermatocytes

(v) Spermatids

(vi) Spermatozoa

(i) . Pripaty soermatogonia (Plates 24,27 ) The primary
sparmatogonia are derived from the germ cells which ars observed at all
times of the year lying along the walls of the seminiferous tubules.

The nuclei of the germ cells are measured 7.27 + 0,68 um in diameter
and the nucleoli 2,15 -+ 0,17 um. The primary spermatogonia are smaller
than the germ cells, Their nuclei are about 5,35 + 0,47 um in diameter
and the nucleoli about 1,73 + 0,15 um. The nucleus has more chromatin
than the nucleus of the germ csll.

(i1) Sscondayy snermatogonial (Plates24,27>- Nyclear diamester is
reduced to 4,24 + 0.37 um and the cytoplasm is shrupk and stains more
deepiy. The nucleoli :.: measure. 1.3 + 0.09 um in diameter. The
chromatin can be recognised.

(iii) Primary spermatocytes. (Plates?24,27). The cytoplasm and
nucleus are gven émaller and mofe deeply staining. The nuclear diamster
is reduced to 3.11 + 0,25 um and'the chromatin material is contracted to
one side of the nucleus.

(iv) Secondary spermatocytes: (Plates24,27 ). This is a transient
stage'in spermatogenesis. The nuclei are smaller (about 2,29 + 0.13,um‘
in diameter) and stain more deeply than all the earlier stages. Their
granular chromatin distinguished them from the nuclei of sp=zrmatids,

(v) Spermatids: (plat3824,27 ). Spermatids are produced by the
second maturation division. The cell is.spherical, stain solidly with
Magson's trichrome and measure 1.88 + 0.05 um in diameter. Spermatids
are the final stage cf development which takes place within the wall of

the seminiferous tubules.
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(vi) Spermatnzoat (Plateszd,Z?). Spermatozoa are found in the
lumen of seminiferous tubules. The diameter of the nucleus (or head)
is 1.58 + 0,07 uym. They are the smallest cells in spsrmatogenesis and

the most intensely-staining,

{b) The annual reproductive cycle
(i) General.
The spawning period of Phoxinus phoxious in the Walton

Reservoir is from May to July. In early May small numbers of minnows
migrate upstream (Fig. 1 ), but the peak of ths spawning season is in
June. Buring the whole spawning period, male minnows in full nuptial
coloration are abundant in the upper reaches of the spawning stream, ‘2
suggesting that there is a large population resident there throughaout
the period., Females are less common, suggesting that this sex stays
on the upper reaches only for long enough to spawn,

Nuptial colours and associated characters (as described by Vladykou
1927; Frost 1943; Scott 1963) first appear in late April, but are not

general until May. They persist, decreasing in intensity, until late

TP TR

August or early September. The normal colour of adult minnouws is dark
brown on the back and sides down as far as the lateral lines and white
with a silver sheen on the ventral surface (Plate 25 ). Ouring the
spawning period the dorsal surface darkens and becomes suffused with
metalic green; the belly becomes bright red with milky white patches
at the b3ses of the fins, and white tubercles develop on the dorsal
surface of the head. Both sexes develop this coloration, but it is much
more intense in the male (PIate 25 ). The typical red belly of the
nuptial livery sometimes reappears in fish caught in winter; no other
feature of the nuptial coloration is seen at this tims, ¢
After spawning, during August and September, minnows become difficult

te catch, and it is presumed that they move to the inaccessible deep




- 47 -

waters of the reservoir. Many fish caught during this time are infected
with Saprolegnia and have open wounds in the skin. From Octeber until
the following spring ssason minnows are found under heaps of stones
round the edge of the reservoir in water from 0~2m deep. According to
Seott (1963) the minnows remain in darkness, undar the stones during

the daylight hours, but emerge into open water after dark. Uhen the
water temperature rises to 8-~90C (generally in March) the fish begin to
swim in open water during the daylight hours also. This change in
beghaviour is accompanied by a sudden increase in the bulk of the gonads.

Shortly thersafter the fish migrate upstream, and spawning takes place,

(ii) Females: [?he annual reproductive cycle of female minnows
in the Walton Reservoir is shown in Figs. 15,17
(1975-76); Figs. 14,16 (1964) and for comparison,
the results of Scott (1959-61) have been redrawn
in Fig. 13 (Scott 1963) 7
. The gonadosomatic ratio (Figs. 14,15) shows a reqularly recurring
cycle, with the lowsst value in August in all years studied. There is
a gradual increase in gonadosomatic ratic during the autumn months,
followed by a period of inactivity during the winter. In March the
gonadosomatic ratio begins again to increase, but in late spring there
is a sudden rise to the highest values for the year, in May and June, the
spawning period. [/ Scott (1963) ascribes this raplid phase of ovarian
growth to photostimulation induced by a temperature-mediated change in
the minnows' behaviour /.

Corresponding changes are seen in the distribution of the various
oocyte stages in the ovary (Figs. 14,15 ). Previtellogenic cocyhes are
abundant throughout the year, seldom accounting for less than 40% of the
oocytes present in a section. This percentage, moreaover, is clearly an

underestimate because it is based on a two-dimensional count, and takes

no account of the difference in volume betwsen previtellogenic and later

oocytes. The highest percentage of previtellogenic cocytes eccurs

immediately after spawning, in August. At this time the ovary contains




Fig. 13

Reproductive cycles of female Phoxinus phoxinus in

Walton Reservoir from December 1959 to July 1961,shouwing
minimum and maximum te?bsrature, hours from sunrise to
sunsst, condition factor and somatic - condition factor,
gonadosomatic ratic +1standard deviation’, and

percentage oocyte stages. Redraun from Scott 1963.
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Fig.

14

Gonadosomatic ratio of females Phoxinus phoxinus

during 1964 X1 standard deviation,

Percentage oocyte stages

during 1964,

Black
Coarse stippling =

Fine stippling

il

White =

of female Phoxinus phoxinus

primary oocytes
secondary oocytes
ova

Atretic'oocytes.
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Figs 15

Gonadosomatic ratio of females Phoxinus phoxinus

during 1976-76 1 standard deviation.

Percentage oocyte stages of females Phoxinus phoxinus

suring 1975-76.

Black = primary oocytes
Coarse stippling = secondary oocytes
Fine stippling = ova

White = Atretic cocytes.
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only previtellogenic oocytes, later (vitellogeniC) oocytes which are

being resorbed (Atretic oocytes) and the empty follicles from which ripe
ova have been ovulated (Plates. 26 )

Atretic gogvtes occur chiefly during the spawning peried, late May at

the earliest, and they reach their maximum percentage after spawning

late Jupe in 1975 and late July in 1964 (Fi§9,14315 ). Atretic ococytes
occur occasionally at other times of the year, but in low numbers.

/[ Scott (1963) has suggested that oocytes may become atretic when fish

are under stress; this may account for their presence outside the spawning
season_/.

Sgcondary oocytes also appear in the figures (Figs.14,15 ) throughout

the year, but this is due to the fact that the figures repressnt the ®
mean values of several fish, where spawning pariods have not coincided
exactly. In individual fish, after spawning, any remaining secondary
oocytes become atretic and are resorbed, so that the cvary contains only
previtellogenic oocytes. OSecondary ovocytes increase in number in autumn
(so that their development cannot be dependsnt on increasing daylsngth)
and again in early spring (Plate 26 ). Later in spring, however, their
numbers stabilise (Fig. 14 ) or even fall (Fig. 15 ) as ova develop.
Oya appsar in very semall numbers in autumn 1964, and mors abundantly,
in 40% — 50% of all fish in the sample in 1975-76, though in neither
casa in sufficient numbers as to bs apparent in the figures (Fig. 15 ).
In 1959~61, ova were rars in autumn, developing only in very few fish
(Scott 1963). Ova develop most rapidly in late spring, immediately prior
to spawning (Plate 26 8

The condition factor and somatic condition factor show less clear
cyclical changes (Fig. 16,17)- The difference between these two
measurements reflects the cyclical changes in gonad weight. The somatic
condition factor, which ignores gonad weight, gives a good indication of

the state of ths fish's body tissue reserves. In 1964 the lowest valus




Fig, 16 Condition factor of femals Phoxinus phoxinus

during 1964, X1 standard deviation.

Somatic condition factor of female Phoxinus phoxinus

during 1964, X1 standard deviation,
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Fig. 17 Condition factor of female Phoxinus phoxtnus

during 1975~76, *1 standgrd deviation.

s

Somatic condition factor of female Phoxinus phoxinus

during 1975-76, &1 standard deviation.
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of somatic condition factor {0.63 + 0,06) occurred in June and in
1975 (0.86 + 0,06) in July. In 1959-61 (0.75) in June or July. Low
condition factors are generally associated with the end of the spawning
period (Scott 1974; Scott and Fuller 19763 Fuller, Scott and Fraser 1976).
(iii) Males / The annual reproductive cycle of male. minnows in
the Yalton Reservoir is shown in Figs?®#2(1975-76);
and Figs. 18,21 (1964)., No comparable data for
1859-61 are available,7

The gonadosomatic ratio (Figsﬂa,zd shows a cycle not unlike that
of females, with a minimum value in August., Slight gonad growth in
autumn, a relatively quiescent period in winter, resumed growth in
early spring, and accelergted growth immediately prior to spawning.

In the weeks following spawning, the testis passes through a
resting stage which consists mainly of primary spermatogonia and secondary
spermatogonia (Plate 27 ). A very small percentage of primary sperma-
tocytes may be present. Spermatogonial division continues throughout
the summer and autumn,. Primary spermatocytes appear about September,
but by Octobsr many primary spermatocytes have appeared, and the size
of the testis increases accordingly. (Prate 27 i 8

Very little change occurs during the winter, from gctcber until early
March, but spermatogonia continue to divide. Secondary spermatocytes
appear in February at ths earliest. In April and May, however,
sparmatoggnic activity increases markedly, and in addition to the
production of more primary and secondary spermatocytes, both spermatids
and spermatozoa appear in the seminiferous tubules (Piate 27 ). In
late May ﬁhe seminiferous tubules as well as the sperm ducts are full
of spermatoéoa (Plate 27 ). In the mature testis at this stags,
spermatogonia are present in considerable numbers, but they are rarely
seen in division. Spermatids and earlier stages are scarcse.

In July,after spawning, the testis shrinks as the spermatozoca are
relsased, At this stage primary spsrmatogonia and residual spermatozoa

comprise the content of the tubules (Plate 27 ).




Figq. 18 Gonadosomatic ratio of male Phoxinus phoxinus

during 1964, *1 standard deviation.

Fig., 19 Effect of killing female Phoxinus ohoxinus by
fixative or anaesthetic on?
i) condition factor and somatic condition factor.
ii) Gonadosomatic ratio.
iii) Nuclear diameter of chromaffin (upper)
and adrenocortical (lower) cells.

(B = Bouin's fixative; MS = 1$222)
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Fig. 20 Gonadosomatic ratio of male Phoxinus phoxinus

during 1975-76, 21 standard deviation,
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Fig. 21 Condition factor of male Phoxinus phoxinus during

1964, 41 standard deviation.

Somatic condition factor of male Phoxinus phoxinus

during 1964, *1 standard deviation.
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Fig, 22

Condition factor of male Phoxinus phoxinus

during 1975-~76, 1 standard deviation.

Spmatic condition factor of male Phoxinus phoxinus

during 1975~76, X1 standard deviation.
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The somatic condition factors of male minnows are less clearly
cyclical than in the ca@se of females. Thaere is no evidence of a
signigicant fall in somatic condition factor after (or during) spawning

time, as there is in females. (Figs. 21,22).

(¢) The Morphology of the head~kidney
(i) General morphology (Fig. 23)

The head-kidney of Phaoxinus phoxipus is a discrete structurs,
separate from and anterior to the trunk-kidney, to which it is connected
only by a fine strand of haemopeietic tissue on the right side. The
head-kidney is bilobed, and the two dorso~ventrally flattened lateral
lobes are connected to each other by two narrow bridges of hasmopoietic
tissue, one towards the anterior end, one towards the posterior end, of
the head=kidney. Through the central space between the lobes and these
bridbes, passes the gastromesenteric artery, running from the dorsal
aorta (immediately dorsal to the head-kidney)tc the organs of thes gut.

The trunk-kidney is drained by two posterior cardinal veins, but
(as in many fish) one of these is more important than the othesr, and
deals with most of the drainage. In the case of Phoximis the right
posterior cardinal is by far the larger vein, and several transverse
vessels transport blood from the left lobe of the trunk-kidney to the
right lobe., Only the anteriormost part of the left trunk-kidney lobe
drains via & small left posterior cardinal vein,

Both right (major) and left (minor) posterior cardinal veins pass

into their corresponding head-kidney lobes, near the midline., They then

pass through the head-kidney, swinging outwards, and emerge from the anterc-

lateral region of the two head-kidney lobes as the ducts of Cuvier,which
travel ventrally inte the sinus venosus of the heart (Plate 28 ).
The dorsal aorta lies near the midline immediately dorsal to the

head-~kidney, and oxygenated blood pa-ses to it via small arterioles,




Fig, 23

Isomatric drawings of serial transverse sections

through specimen of Phoxinus phoxinus, 60 um apart,

anterior uppermost. Right side of fish on left
side of drawing. Each section .. ig 7 mm long X

5 mm wide. (see text pages 50-51,

(Legend as for figure 5.)
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As already mentioned, the gastromesenteric artery passes between the
head-kidney lobes on its way to the gut (Plate 28 ).

The innervation of the region has not been investigated in detail,
but segmental sympathetic nerves can be seen in sections, and conspicuous
sympathetic ganglia and nerve trunks are associated with the gastromes—
enteric artery (Priate 28 ). Major branches run to the gut, and minor
branches run to the head-kidney lobes, though it has not proved possible
(except by electron microscopy, see pages 55¢F) to trace their endings.
Parasympathetic nerves, derived from the cranial nerves, are also visible
in the region. Occasionally some nerves or ganglia were observed in
association with the posterior cardinal veins.

(ii) Histology

The head=-kidney is composed of haemopoietic tissus, a mass of
lymphoid cells permeated by sinusoids and erythrocytes, with sparse
cnnéectiue tissue. There are one to thres renal tubules.

As the two posterior cardinal veins travel through the head-kidney,
they are surrounded by adrenccortical and chromaffin cells. The adreno=
cortical cells form a layer two to six cells in thicknass, lying close
to the endothelium of the vein. Adrenccortical tissue';lso surrounds
the main tributary veins for a short distance from their fusion with i
the main cardinal veins, This arrangement corresponds with Nandi's
Type I (see page 5 ). The adrenocortical cells are rounded, ovoid and
polygonal in shape (between 8-10 um in diameter) with sphrerical nuclei.
The diameter of the nuclei rangss between 4.1 and 4.6 _um in both sexes, A

The chromaffin cells are less numerous than the adrenocortical cells,
but are most abundant towards the posterior part of the head~kidney.

They are generally polymorphic cells, between 10.4 ~ 15.2 um in length, ;
with large irreqular outlined nucleus, sometimes rounded,measuring

between 5 ~ 5.7 um in diameter. They are scattered amongst the adreno-—

e o T P B

cortical cells or sometimes separately from them, (MNandi's Type V).
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It is sometimes difficult to distinguish the two types of cells. Houwsver
electron microscope studies (Page 55 ) confirm that the identification

is correct,

(d) Variations in adrenocortical and chromaffin activitys

(i) Variati in _res que y

It has been shown (see page 33 ) that adrenocortical activity may
be affected by capture and maintenance techniques. Two killing methods
were therefore compared (Fig. 19 ) using fifty-eight mature female
minnows caught by electrofishing in September. There was no significant
difference in gonadosomatic ratio, condition factor, somatic condition
factor, or nuclear diameters of adrenocortical and chromaffin cells.
Only twenty femals minnows of the fifty-sight, whose gonadosomatic ratios
were closest to the mean value of the sample, were used for measuring the
nucl;ar diameter of adrenocortical and chromaffin cells (Table g9 ).

To determine whether maintenance in captivity affects adrenocortical
activity, sixty—five females were kept in aquaria (see page 37 ) for

three months, and samples of ten fish were killed at three hours, one

3
<
E
3

day, and seven days, of thirteen fish at thirty days and of twenty~tuwo
fish at ninety days after capture in December 1975 (Fig. 24 ). The f
condition factor and somatic condition factor fell in one week, but
thenremained at only slightly below December lsvel for the remainder of
the period in captivity. There was a corresponding, but not statistically ‘
significant change in the nuclear diameter of adrenocortical and
chromaffin éalls (Table10 ). A tentative conclusion would be that
after an initial period of stress, the fish become acclimatised to their
new environment.,

(ii) Seasonal variations:

Adrenocortical cells? The mean nuclear diameter ranges from

3,9 + 0.1 um in the female and 3.9 + 0.1 _um in the males in Auqust 1975




Fig. 24 Condition factor and somatic condition factor, of

65 female Phoxinus phoxinus caught by electro-

fishing in December 1975 and maintained in aquaria
for three hours, one day, seven days, thirty days
and ninety daysj and nuclear diamster of adrsno-
cortical and chromaffin cells of ten fish of

each group.
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to 4.6 £ 0,12 4m in the female and 4,6 +.0,.06 um in male in May 1975

and from 4.0 £ 0,1 .um in females and 4.2 % 0.1 .um in male in Auqust 1964
to 4.6 + 0,1 um in female and 4.6 + 0.1 um in male in fMay 1964. In
gensral thers is no significant difference between the nuclear diameters
of males and females and the results of 1975-76 and 1964. The increase
in diameter of about 0.7 um from the minimum represents an increase in
nuclear volume (calculated as a sphera) of about two times (Figsas,zs)

APter spawning, in late July ~ August, the adrenocortical cells form
a narrow collar, only one to two cells in thickness around the veins.
The nuclei ars small in both sexes, 1964 = males 4,2 * 0.1 .um, females
4,1 £ 0,1.um; 1975 = males 3,9 £ 0.1 .um, females 3.9 + 0,1.um. The
cytoplasm is densely stained, (P1ate 30 ).

There is a gradual increase in nuclear diameter during the autumn
mokths in both 1964 and 1975-6, but whereas in 1964 little change took
plac; during the winter months, in 1975-76 the increase in nuclear
diameter continued without interruption (Figs.25,26 ), from 4,1 + 0.1 _um
in September 1975 to 4.3 & 0,1 .wm in February 1976 in females, and from
4.1 £ 0,%m in September 1975 to 4.4 + O.%ein Fabrua;y 18976 in males.
Buring this period there is a slight increase in adrenocortical cell
size and in the number of layers of cells round the veins (Plate3n ).

Nuclear diameter increases more rapidly during spring 1975 = from
4,3 £ 0,1 um to 4.5 &£ 0.1 um in females, and from 4.4 £ 0,1_um to
4,5 * 0,1 4m in males and reaches its maXimum at spawning time in late
May and early Juna. Hyperplasia of the adrenocortical tissue, and an

increase in the number of cell-layers are conspicuous (P1ate 30 ).

During late June -~ July the volume of the adrenccortical tissue is reduced

and the nuclear diameter decreases rapidly from its maximum to its
minimum in both sexes.
Chromaffin cells= The mesan diameter ranges from 5.22 * 0,14 um

in females and 5,34 + 0.2 um in males in late July or August 1964 to
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Fig, 25, Mgan nuclear diamater Qum).i?standard deviation of
chromaffin (upper) and adrenocortical {lower) cells
from March to December 1964,
A Females

B fales.
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Fig. 26. Mean nuclear diamster (,um) +71standard deviation
of chromaffin (upper) and adrenocortical (lower)
cells from May 1975 to April 1976,
A Females.

B Males.
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6.14 £ 0,15 wm in females and 5,83 £ 0,09 um in maleé in April or May
1964, and from 5.0 £ 0,07 wm in females and 4,94 * 0,09 .um in males in
August 1975 to 5.76 &+ 0,17 wm in female and 5.71 * 0,1 _um in males in
May 1975. In general the chromaffin cells, like adrenocortical cells
do not show any significant difference between their nuclear diameters
in males and females. The difference between the maximum and the minimum
values of diameter (about 0.79,um) represents the change in the nuclear
volume which takes place through a year, (Fig.25,26). The chromaffin
cells reach their smallest size of the year immediately after the
spawning period. A gradual increase in size then occurred during autumn
months in 1975~76, but in 1964 little change tocok place. In January
1976 the nuclear diameter drop a little from 5,37 £ 0,11 um in females
and 5.32 £ 0.04 um in males to 5.22 + 0.05.um in females and 5,14 =& 0.03
Am in males. This reduction is probably due te reduction in the fishes
activity because of the low temperature. After January until late April
or early May the nuclear diameter of chromaffin cells increases rapidly
from 5,22 * 0.06 um in females and 5.14 % 0,03 .um in males in 1976 to
5.61 & 0.09 .um in females and 5,59 =+ 0.08 um in males. .

During the spawning period the nuclear diamster deéreasas very
rapidly from 5,76 £ 0,17 .um in females and 5.71 &£ 0.1 um in malas in
1975 to 5,0.% 0,07 wum in females and 4.94 + 0.0%8.um in males in 1975.

The gams phenomenon took place in 1964,




CHAPTER IV

Fine structure of the Hoad-Kidnay of Teleost fish.

A, Iptroduction

Although the endocrine head-kidney tissues of fish have been the
sub ject of study for some time (see pagas1,3,32), most of the research
affort seems to have been directed more towards physiological and
bio~-chemical aspects rather than towards a detailed analysis of
structurs. In comparison to the extensive literature on the fine
structure of the corresponding endocrine tissues in mammals, only very
few published descriptions of the fine structure of the adrenocortical
and chromaffin tissues of hony fish exist, (Yamamoto and Onozato 19653
Ogawa, 1967).

» What information there is, however, suggests a high degree of
uniformity of structure of these endocrine tissues in the various
vertebrate classes. The adrenocortical cells have mitochondria with
tubulo-vesicular interpal structure, as opposed to the more usual cristas.
These tubulo-vesicular cristae are characteristic of all steroidogenic
tigsue such as the ocvarian follicle, corpus luteum, interstitial cells
of testis and the placenta, (Sheridan 1963, Belt and Pease, 1956).
Similarly the fine structure of chromaffin cells is characterised by the
presence of abundant chromaffin granules scattered throughout the
cytoplasm (Coupland, 1965;Z&lander1964).

In those classes in which the adrenocortical tissues are distributed
in discrete zones with different functions (e.g. the amniotes, and at.
least some sharks), fine structural differences in the cells of each
zone have been described. With esach zone, too, changes in fine
structure associated with degree of activity have been described by
certain workers, (Lever 19563 Nishikawa, Murone and Satc 1963; Taylor,

Honn and Chavin 1975).
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In the bony fish, where such zoning is not apparent (at the light
microscope level, at any rate), it is ‘more difficult to decide whether
differences in fine structure of adrenocortical cells are due to
differences in éctivity level, or to diffsrences in the basic function
of the cells.

Two distinct types of chromaffin cells have been described in many
vertebrates, (Lever, 1955; Coupland 1965; Yates, WYood and Ouncan 19623
Piezzi 1967; Unsicker 1973), secraeting adrenalin and noradrenalin
respectively. The existence of types has been confirmed by histo-
chemical methods (Tramezzani, Chiocchio and Wassermann 1964), as well
as by comparison of fipe structure. As in the case of the adrenocortical
cells, it is difficult, on the basis of fine structure alone, to decids
vhether two discrete cell types, or one type at different levels of
activity, are involved., No comparable studies on the chromaffin tissues
of t;leosts have bsan mads.

The aim of this part of the project is to examine the fins structure
of the head-kidney tissues, in particular the endocrine tissuesj and to
identify the changes which are observable at different levels of activity,
Such changes, as observed at the light microscope leuel: were used in a
previous section as an index of cells activity (Chapter I1I, pagess2-54 ),

and it would clearly be of value to know in detail the naturs of ths

changes which were used for this purpose,

B, Materials and Methods =

1. The fish Two species were studieds

(a) The Rainbow Trout, Salmo gairdneri_irideus, chiefly because

of the sase with which the endocrine cells could be located in small
pieces of head-kidney . and?

(b) The Minnow, Phoxinus phoxinus, because of the useful basic

information on head-kidney structure and function described in

Chapter III pages 50-54 .
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The trout, about 20 cm. in length, were purchased from a commercial
fish=farm, and maintained in an aquarium with running water until required
for use. Ihey were then killed by immersion in a lethal concentration
of MS222 (Sandoz).

The minnows were daught by electrofishing in the Yalton Reservoir
(see pages35,36 ). All wers adult Pemales from 7.5 to 8 cm. in length.
Four fish were killed immediately, while still under electronarcosis in
one of two ways?

(a) Immersion in MS222, (b) Decapitation.

Four were brought back to St, Andrews and maintained in an aquarium
56 x 30 x 30 cm. in the labdratory,‘where they were subjected to
disturbance for twenty-four hours. They wsre then killed in either
MS222 or -by ‘dedapitation.

2. Fixation and Embadding.

>

Immediately after death the fish were opened by a median ventral
incision. In the c3se of the trout (which the dissection of the kidney
is relatively easy) the head=kidney region was dissected out and a
small piece was cut from each of three parts —~ right and left anterior
lobes, and the posterior lobe. In the case of the minnéms ( in which
the discrate, small, head-kidney is difficult to dissect in fresh
specimens) the abdominal coelom was flooded with fixative which served
ta harden the tissuss. The head-kidney was then dissscted out under
gluteraldehyde. Fixation etc. followed the following schame=

(1) Fix in 2.5% gluteraldehyde buffered to pH7.2 for one hour
£ Phasphate buffer = 8.0ml. of 0.0066M NayHPO,
2.0ml. of D0.0066M Na Hy PO,
m.:I.x one part of 25% gluteraldehyde with nine parts buffer to
make 2.5% gluteraldehyde, pH 7.25 - 7.45,7.

(2) Wash in phosphate buffer, three changes of two minutes each.

(3) Post—fix in 1% osmium tetroxide, pH 7.4, thirtyﬁminutas.
/[ 2% osmium tetroxide Sml. ’
Veronal acetate buffer 2ml. (palade;i1952).




(4)
(s5)

()

(7)

(8)

)

0.,1N  HCy 2ml.,
Uater 0.5ml..7

Wash in distilled water, three changes of two minutes.

Dehydrate (i) 70% Ethanol thirty minutes
(i1) o95% i one hour

(iii) 100% ./ one - twenty four hours

Embed (i) Soak in propylene oxide 1,2 epoxy propane),
two changes of thirty minutes
(ii) Soak in propylene oxide /araldite mixture
(2/1) one hour
Araldite resin CY212 27ml. J
/ Araldite =gHardener HY964 23ml, )
Accelerator DYo64 1.Dml.g

(iii) Add an equal volume of araldite and leave it
for one hour at room temperaturs.
(iv) Soak in pure araldite, four hours at room
tempsrature.
(v) Transfer specimens to bottom of dry gelatin
capsule and fill with fresh araldite, incubate

at 37°C for twelve hours, 45°C for twelve

hours, and 80°C for twelve hours.
Section® The araldite blocks were trimmed to a pyramidical
shape with the specimen at apex, and sections‘cut using glass
knives on a LeK.B. Ultratome III, Ag a first step thick
sections (1Mm.) were cut, steined with methylens blue, and
examined under the light microscope to locate adrenocortical
and chromaffin cells. The block was then Purther trimmed down
to these limits, and thin sections (700-900 A) were cut.
Silver and grey sections were mounted on hexagonal typs grids
3.05mm, diameter with supporting films (Smethurst Highlight, Ltd.).
Stain? The sections were stained in uranyl acetate
(saturated solution in 50% ethanol, centrifuged before use)
for one hour, then washed three times within two minutes in
distilled water, dried and stained with lead citrate (pH 12.0)

for ten minutes (Reynolds, 1963).
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(9) Examination and Photaography.
The stained sections were examined on a Philips Electron
Microscope E.M. 301 HRG, operated at 60 Kv with a S0 pm
objective aperture. The material was photographed on
I1ford E.M,4 plates at various magnifications. The plates
were developed for two and half minutes at 20°C in Ilford
PQ upiversal developer, and fixed in "Amfix",

Results

The descriptions which follow apply essentially to Phoxinus

phoxinus. Significant differences in Salmo gairdnerii iridups

are mentioned where appropriate at the end of each paragraph.

1. Haemopoietic tissue, In electron microscope sections, the

haemopoietic tissue is clearty delimited from the endocrine tissues in
the vein wall. (Plates 31, 32). UYhite blood cells {5.6-7.9.um in

diameter) are abundant in the haemopoietic tissue. Most of these cells

in Phoxinus phoxinus contain many electron-opaque ellipsoid granules.
Cthers, homever,.cuntain few or no granules (Piates 31,32). in
sinusoids within the haemopoietic tissue are slongated erythrocytes
(8.9um - 9.5um in length) with uniform osmiophilic cytoplasm and
regular ovoid nucleil (Prates 31,36). Cpllagen fibres and fibroblasts
are also found (Plate 31) and many nerve fibres (P1ate 32), some of
which innervate the endocrine cells, and which will be described in
that context (see page 63,64 below).

In Salmo cairdnerii iridews haemopoietic tissue is essentially
similar (Plates 33,34), except that cells with the ellipsoid granules

seen in Phoxinus phoxinus are absent and the cells contain seither

no granules, or a few small circular granules. Very few cells occur

containing groups of dense, large, circular granules (Prate 33).
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2. Endocrine tissues. Ag previously described on the basis of light

microscope studies (pagesS1,52, the adrenocortical and chromaffin cells

of Phoxinus phoxinus surround the posterior cardinal veins and their main

tributaries in the haemopoietic tissues of the head-kidney. The
adrenocortical cells are generally proximal to ths lumen of the vein,
the chromaffin cells formiﬁg an irregular layar distally (Plates 31,32,
36,37). Electron microscope preparations show that the endocrine tissues
are separated from the haemopoietic tissue by a discrete layer of tissue
(Plates 31,32,48). Lymphocytes, though abundant in the haemopoietic
tissue, never occur inside the membrans boun&ad endocrine region.

Yithin the endocrine zone, the cells are relatively closely-packed,
though some intercellular spaces occur, containing granular material
and what appeared to be microvilli protruding from the walls of
adrepccortical cells (Plates 38,48). These spaces may be continuous
with the periendothelial space behind the vein lining, and with the
spaces in the membranous boundary between the hasmopoietic and
endocrine tissues,

In Salmo gairdnerii irideus the adrenocortical and chromaffin

©

tissuss occur separately; the adrenocortical tissue antepiorly and E
the chromaffin tissue posteriorly, so that only one type of endocrine
cells appears in sach plate (Plates 33,34,35).

3. The adrenocortical cells of Phoxinus (Plates 31,32,36,37) are

variable in shape, being circular, oval, or columnar in section. They
are bounded by a typical smoothly-contoured double cell-membrane 0.02um
in width. They form a layer or layers next to the wall of the vein,
and are generally closely-packed, though the cell surface contiguous
with intercellular spaces may be raised into microvilli of irregular
form (Plate 38).

The nuclei are gensrally circular in section, rarely oval, and

are usually centrally situated within the cell, Within the nuclear
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membrane is a zone of osmiophilic granules lined up parallel to the
inner membrane and only interrupted at the pores wherse the membranes
are contiguous. The sams type of granules is also dispersed through—
out the nucleus. One or two nucleoli, of high electron density, are
usually visible in each nuclear section (Plates 32,34,39).

The mitochondria are very numerous, of large size (up to O.me)
and with the tubulo~vescular internal structure which is typical of
steroidogenic cells (Belt and Pease 1956). In some cells the
mitochondria are nore or less circular in section, and only weakly
osmiophilic, so that their internal structure can be clearly sesn
(Plate 40)., This type of mitchondrion may occur in such numbers as
apparently to fill the cell. In other cells, howsver, in the same fish,
the mitochondria are elongated and intensely osmiophilic and tend to be
smaller than the former type (Plate 40). A complete range of types
between the tuo extremes occurs, so that it is likely that the
morphological differences reflect different lesvels of activity, rather
than representing two distinct cells types having different Punctions.

In some cases mitochondria were observed in which the cristae
appeared to be breaking down, leaving a clear lumen. Upen form
mitochondria were also present, their lumen opening either into the
cytoplasm or, more usually, into many-layered circinate structures
which are presumably derived from the mitochondria. Such structures
appeared to be further developments of the 'light' type of mitochondria
(Prates 41,42).

There is an extensive smooth enceoplasmic reticulum, and groupé of
ribosomes can also be seen in association with shart lenéths of
endoplasmic reticulum. Free ribosomes are abundant (Prates 39,40).
Microbodies occurred in cells with light mitochondria (Plate 42).

These are electron-dense structurses, smaller than mitochondria, but

with similar internal structure.
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The cytoplasmic matrix ranges from weakly osmiophilic to intensely
osmiophilic. karns vacuocles are often abundant in cells with a light
matrix, and much rarer in those with a dark matrix, but exceptions are
common. Jhe different types of adrenocortical cells lie mingled together
in an apparently random manner (Plates 32,36,37).

Golgi complexes ars apparent in some adrenocortical cells close to
the nucleus (Plate 39), They consist of flattened sacs with vesicles
clustering at their ends.

In Salme (Plates 33,43) the adrenccortical cells are similar though

the range of types is more extensive., Ths pale stage mitochondria of

Salmo are less uniform in shape than-those of Phoxinus which are almost

all circular to oval,

4, The Chromaffin cells are generally situated away from the vein wall,

close to the hasmopoietic tissue, but as described in light microscope
studies (pp. 51 ), the distribution of chromaffin tissue is erratic, so
that some sections may contain no chromaffin cells, while in others
they form the bulk of the endocrine tissue. Chromaffin cells at some
distance from fhe vein have elongated processes running *owards it

betwsen the adrenocortical cells {Plates 32,37,40). (The situation in

Salmo is quite different, see below)., Chromaffin cells are characterised

by the presence in their cytoplasm of a great many chromaffin vesicles.
These vesicles are rounded or oval, from 0.2um to 0,3um in diamster,
and they contain varying amounts of intensely osmiophilic material.
In extreme cases the vesicles are empty or filled to cap3city with
osmiophilic material (Plates 32,35,36,44). A complete range occurs,
randomly arranged within a section.

The chromaffin cells are generally polyhedral or elongated, often
with a narrow cellular projection towards the vein, which may appear as
a small isolated patch when cut transversely (Plates 32,37). They are

bounded by a double layered plasma membrane. The cell surface is smooth
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and generally without microvilli except on surfaces closely related to
blood sinuses (in the perisndothelial spaces) (Plates 38,45).

The nucleus is large and tends to be irregular in outline, often
not centrally placed in the cell. Nucleoli are conspicuous (P1rates 31,
32,40,45),

The mitochondria are few in number and variable in shape - round,
oval or rod-shaped in section, with smooth contours. They have typical
cristas, and are concentrated in the middle of the cell (Prates 44,45).

Many ribosomes occur, often in groups or associated with short
endoplasmic membranes forming rough endoplasmic reticulum.

The golgi apparatus is in the form of smooth surfaced membranes,
vacuoles and small vesicles in a paranuclear position (P1ates 44,45).

In Salmo, (Plates 46,47), the chromaffin cells are situated in the
posterior region of the head-kidney. They lie in the vein wall, unlike
the chromaffin cells of Phoxinus, which are generally separated hy
adrenocortical cells from the vein wall., The basic cell structure is
similar in both species but the range of stagss of activity appears
more extensive in Salmo than in Phoxinus.

“

5. The innervation of the head-kidney of Phoxinus phoxinus is derived

from sympathetic fibres as described in light microscope studies (fp. 51 )
Nerve axoms and ganglion cells appeaf on most sections of head-kidney

tissue (Plate 28)., In electron microscope sections, nerve axons are
conspicuous (Plate 52), and nerve junctions with chromaffin cells are
cummonly seen (Plates 48,49,50). The nerve endings often protrude into

the chromaffin cell. The degree of interdigitation between nerve snding

and cell varies. Electron density is high in the area of contiguity,

which corresponds to the pre—-and post-—synaptic Ehickening associated

with nerve synapses, and gsometimes the nerve synapse pccurs on an

" invagination of the plasma membranes into the nerve ending. Most

nerve andings contain many small light coloured synaptic vesicles and
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fewer larger, dark-cored ones (Plates 48,49,50). This description
accords with the cholinergic synapses described by Unsicker ( 1973b),
who found this to be by far the most abundant type of synapse in bird
adrenals, Synapses of Unisicker's adrenergic type with two types of
large, dark vesicles, were not found, but axons with marked varicosities,
associated with this type of synapse, did occur (Prate 54).

Chromaffin cells with more than one apparent synapse (with a single
nerve) were found, but there was no difference between the degree or
type of innervation in chromaffin cells of differing chromaffin vesicle
content (Plate 48). WNo synapses on adrenocortical cells wasre found.

In Salmo details of innervation are the same (Plates 51,52,53).

6., Effects of Killing and Maintenance Technigues.

As corticosteroid hormones are not stored, but are synthesised as
demapd arises, it would be reasonable to expéct the fine structure of
adrenocortical cells to show morphological changes associated with
changes in secretion rate, It has been shouwn (ﬁp. 33 ) that many forms
of stress, even different catching technigues, elicit a rapid rise in
plasma corticosteroid level, and consequently it is difficult to be
certain whether one is examining a resting or an active cells - To
determine the fine structure differences betwesn active and inactive
cells, fiour Phoxinus were caught by electrofishing in the Walton Reservoir,
and of these, two were killed by MS5222 anaesthesia and two .. by
decapitation while still under electronarcosis. These methods are
least likely to stimulate corticosteroid secretion (;p. 335 )y Te

provide "stressed"” fish for comparison, four Phoxinus were transperted to

the laboratory and kept for twenty-four hours in a 56 cmx 30cmx 30 cm
aquarium, and were there disturbed with a net for ten minutes, before
being killed by the same methods,

All specimens of Salms used were aquarium—maintained fish which

had heen bred and reared under similar conditionse.
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In Phoxinus, unstressed fish contained a high percentage of
adrenocortical cells with numerous large, pale, circular or sub-
circular mitochondria (Plate 32). Stressed fish contained a higher
proportion of cells with fewsr mitochondria of irreqular shape, often
elongated and densely osmiophilic (Piates 32,40). A complete rangs of

intermediate types occcurred,

The percentage of adrenocortical cells containing
few dark mitochondria and adrenocortical cells which
contain many pale mitochondria in unstressed and

stresssd Phoxinus.

Mitochondria 'Unstressad Stressed
Pale 69% 34%
Dark 31% 66%

There was no visible difference betwsen fish killed by M5222 anaesthssia
or decapitation,

In general, but not invariably, the large, pale mitochondria were
associated with relatively dense cytoplasm lacking vacuoles (Prates 32,40).
The dark, irregular mitochondria were likewise often associated with pale
cytoplasm with many vacuoles, some very large. The ass&ciation af a
particular type of mitochondria with a particular type of cytoplasm or
vascuoies was, however, not consistent (Piate 40).

In Salmo also a full range of cell types was present. [itochondria
of the pale large form often occurred in very large numbers in soms cells
(Plate 55). The dark, irregular forms of mitechondria were always sparsaer
within a cell, and often (but not always) associated with pale cytoplasm
with numerous large vacuoles (Plate 55),

In this species mitochondria apparently degenerate, the cristae prg-
gressively.  breaking down until only a few tubulo-vesicular fragments
remain (Plate 55), and finally merely a vacuole bounded by the mitochondrial

membrane (Plates 33,41,55). A similar process occurs in Phoxinus, where
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the number of mitochondria decreases from the light to the dark form.
In Salmo (but not in Phoxinus, ) multi-layered circinate structurss
occur, apparently derived from (or associated with) mitochondria

(P1ate 55).
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CHAPTER V

DISCUSSION

1. WMorphologvy of the head-kidney of teleast fish.

Early studies of the head-kidney of teleost fish (pp. 143 )
recognised it as a part of the renal system having o renal functions,
often completely separate from the functional trunk kidney situated
posteriorly., Because the hsad-kidney was so distinct from the trunk-—
kidney, it was regarded as being homologous with the embryonic
pronephros, which is the functional renal organ of larval fish (and of
adult 1ampreys). However, as more species were investigated, it
became clsar that the head-kidney and trunk-kidney were not always
clearly distinct, and that a complete rangs of morphological types
exist, from the extreme case of a discrete head-kidney without renal
elements to the other extreme in which renal elements extend to the
anteriormost end of the kidney, and the hesad-kidney, (if such a term
can be used in this case) is recognisable only becauss of the presence
of endocrine cells and lymphocytes amongst the glomeruli and tubules

" (e.g. Xiphophorus; Brachydanioc pp. 16,17). As a result, dispute

arose about the exact homology of the head-kidney, as to whether it was
solely derived from the pronephros, or whether it also contained a
mesonsphric component. This dispute seems never to have been settled,
because more interest now is directed towards understanding the
functions of the head;kidney tissues. The terms "Head-kidney" and
"Trunk~kidney" are consequently now generally used, without implying
their embryonic origins. Even thess simple terms can cause confusion,

however, as in the cass of those soecies referred to above in which
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the kidney contains functional tissue throughout its length.

Detailed study of the distribution of the endocrine tissues of
tha head-kidney beqan somewhat later (pp. 143 ), and attempts werse
made to set up categories of different types, e.g. by Nandi (1962)
and Oguri and Hibiya (1957). Again, as more species are investigated,
it is becoming apparent that there is a complete unbroken range of
types, and such elaborate systems of classification are not really
useful, Each species is better described in its own right.

Indications that the different families of teleosts might each
have a specific type of head-kidney morphology (see, e.g. Nandi 1962),
have also not been confirmed by studies on more species. In species
studied in the present work, for example, amongst the family cyprinidae
two have discrete hsad-kidneys separate from the trunk~kidney and
containing no renal elements (Phoxinus, Pe 50 Rasbora, p » 13 )
while one has renal elements extending throughout the kidney and the
head-kidney is represented only by the endocrine tissues and some
lymphocytes scattered amongst the renal elementa.naar the anterior end,
(Brachydanio, pr» 16 ). Likeuise, similar morphological types occur

in different families. For example, the arrangement in Brachzdanio
(Cyprinidae) is closely resembled by that in Xiphophorus (Poeciliidas)
p e 17 , and by AEhanius'(Cyprinodontidae) B 48 s

Amongst the Red Sea fishes, also, dissimilar types of morphology

occurred in closeiy-ralated species? in Acanthopagrus (p . 20 ) the

chromaffin tissue lies inside the vein wall, whereas in Scarus (p“. 21 )

the adrenocortical and chromaffin tissues lie together. Both species 7
belong to the Sparidaes, and similar tyoes in diverse families? In {

Chanos (chanidas) p'. 19 the arrangement is similar to that in

Thalassoma lunare and T, amblycephalus (Labridae), in Acanthopagrus

(sparidae) p « 20 is similar to that of Jethrinus (Lethrinidas) P 26 527.
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Some uniformity of type in related species does seem to exist,

For example, in the Salmonidac (Salmo pp. 14,15; Coreaocnus

pp. 15,16 ), the chromaffin tissue lies separately from the adrenocortical
tissue, and posterior to it. Similar distribution has been described

in other salmonids (Giacomini 19223 Nandi 1962), It is interesting

to spsculate why the two endocrine tissues a re separate in this family,
especially as it has been shown that enzymes in the adrenocortical

tissue are involved in the synthesis of adrenalin in the chromaffin

tissue (Chester Jones 1976).

In most species the staining properties of chromaffin cells in
Masson's trichrome are very different from those of adrenocortical cells,
and the two are easy to distinguish. In some species, however, the
differences between these two endocrineg cell-typnes is less marked, and
in tbose species in uwhich chromaffin cells are relatively rare, they may
easily go unnoticed., So, for example, Nandi (1965) found no chromaffin

cells in Brachydanio, though the present study (p. 16) shows that they

do in fact ococur. There does appear to be a great variation in the

relative abundance of chromaffin and adrenocortical tissues in different

@

species — chromaffin is particularly rare in Herklotsichthys (Clupeidae,

p. 22), in Hepsetia (Atherinidae, pp. 27,28 ), and Rasbora (Cyprinidae

P e 13 ) as well as in Brachzdanio.. Such variations in abundance might
not, of course, be a permanent feature of the species, but due to
seasonal variation or sampling technigue,

Even when the staining properties of the two endocriﬁe cell—tyées
are not markedly different, they can be resadily distinguished by a
comparison of cellular detail. For example, the nuclear size of
chromaffin cells is significantly larger than that of adrenocortical
cells (pp. 53-54 ). Consequently it is not necessary to use histo-
chemical methods to identify the cells, such as the 3P -~ ol steroid

dehydrogenase technique (Wattenberg 1958; Chieffi and Botte 1963)
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or the reaction of potassium dichromate with the chromaffin cells, from
which they derive their name (Hillarp and Hokfelt 1955). Studies of
the fine structure of the cell-types of the head-kidney, using the
electron microscope confirmed that the identification made by light

microscopy in the present work was correct (pp.13-54 ).
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2. " Physiological aspects of the head-kidney.

The object of the second part of the project was to determine the
relationship between adrenocortical activity and the reproductive cycle,
a relationship which has been claimed to exist by various workers
(V. pp.32,3%).

The reproductive cycle was determined primarily by measuring gonad
weight relative to body weight in fixed specimens. Fixation (and partial
dehydration, VY, p. 37 ) prior to weighing,obviously introduces errors,
but this method makes it possible to ensure histological material which
is fres from post~mortem artefacts. Histological assessment of gonad
state, in either sex, provides a much more accurate criterion by which
to judge the stage of the reproductive cycle (Sgott 1963) .

The state of activity of the adrenocortical tissue was determined
by ﬁeasuring the nuclear diameter of the adrenocortical cells, This
(or similar) techniques have been used by many workers and are generally
accepted as valid. Recent investigations (Scott, unpublished) in which
the nuclear diameter of adrenocortical cells and the concentration of
cortisol in the plasma of the same fish were measured, suggest that there
is a correlation betwsen the two, though with a correlation ceefficient
of only about 0.6. As an index of adrenocortical activity in fish which
areg too small to provide enough blood for direct steroid hormope measurg-
ment, nuclear diamster is an accsptaﬁle criterion,

The method used to catch and kill the fish, and the maintenance of
fish in agquaria after catching but before killing, may have a considerable
effect on circulating cortisol level (v, Pe 33 ) and therefore pre=—
sumably on nuclear diameter of the adrenocortical cells. In the present
study, electrofishing followed by killing in either M5222 anaesthetic or
in Bouin's fixative while still under electronarcosis were used.

Although no measurements of cortiscl in the plasma of fish caught by this
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method are available, Scott (1963) suggests on the basis of survival
rate and their resumption of normal gametogenssis, that this is a

relatively stress—-free method of catching Phoxinus, and therefore likely

to have minimal effect on adrenocortical cytology. Fish were maintained
in large, opan-air aquarium tanks for periods up to three months, and as
expected showed an initial stress reaction followed by a degree of
adaptation., Aguarium maintainance, however, clearly has an effect on
adrenocortical cytology (a fact revealed esven more clearly in the electron
microscope studies, V. pp.64,65), and allowance must be made for stress=—
induced changss in both adrenocortical and chromaffin cytology when using
such fish,

While nuclear diameter is a valid, though inexact, criterion. of
adrenocortical activity, it is less certain that this criterion can be
appl?ed to chromaffin cells., Because adrshocortical cells do not store
their steroid hormones, but synthesise them as required, it is reasonabls
to expect that the cells (and therefore the nuclei) might show marked
variations in size, Chromaffin cells, however, store catecholamine
hormones, and no investipations have shown a correlation between nuclear
diameter and noradrenalin or adrenalin concentration in‘fhe plasma,
However, a definite cycle of chromaffin cell nuclear diameter is
apparent (V. pp.53,54).

The reproductive cycle and the adrenocortical cycle recur uniformly
from year to year, with only minor variations. In 1975 an exceptionally
high percentage of ova appeared in autumn, apparently in response to
high summer and autumn temperatures. The adrenocortical cells had
minimum nuclear diameter during and after spawning, suggesting maximuﬁ
activity at this time. This agrees with the findings of Fuller, Scott

and Fraser (1976) that cortisol level is high at this time,
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3. The Fine Structure of the Tissues of the Head-kidney.

There exist remarkably few electron microscépe studies of the
head-kidney tissuss of teleost fish. The earliest on goldfish

(Carassius auratus L.) was made by Yamamoto and Onozato (1965),

and a more detailed study, on the same species, by Ugawa (1967).
Apart from mammals, indeed, very few fine structural studies are
available on any vertebrate groupe.

(Agnatha -~ Hardisty and Baines 1971;

Elasmobranches - Taylor, Honn and Chavin 1975;

Amphibians - Burgos 19593 Piezzi 1965,1966,1967;

Reptiles Sheridan 19633 Conte; 1977.

Birds ~ Unsicker 1973 a.b.c.d.s.)

Because of this scarcity of studies on non-mammalian vertebrates,
it is inevitable that when interpreting the present study on teleost
fish, comparisons must be made with what is known in the mammalian
system, even though the arrangement of the tissues in these two groups
is very different. So far as we know, there is no zonation of the
adrenocortical tissue of teleosts as there is in mammals, Such
comparisons between widely diverse groups of animals must obviously
be made with caution, but they do provide a basis for interpretation
of new observations,

In the present investigation, no attempt has besn made to study
the non-endocrine tissues of the head-kidney in any detail. Typical
nucleated erythrocytes are seen, collagenous connective tissue, fibro-

blasts, and various types of white blood cells, In Phoxinus ( p. 59 )
the majority of the white cells contain many dark lenticular granules,

similar to those of eosinophilic granulocytes of mammals (Bassis,1964).

Others lack granulation. In Salma ( p. 59 ) the formeritype is absent,

and four other types occurs a) with many small spherical granuless
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b) without granules; c) with many intensely dark large granuless
d) similar cells to c) but lacking granules. The differences
between the two species may not be taxonomic, but be due to ths

season, or teo the physiological states of the fish, but this was
not investigated.

The adrenocortical cells ars typical of the steroidogenic cells
of all vertebrates in having.a tubulo-vesicular internal structure
in the mitochondria (Belt and Pease 1956), and a well-~developed smooth
endoplasmic reticulum. In general their fine structure corresponds
with that of goldfish (Yamamoto and Onozato 19653 Ugawa 1967), but it
has proved possible to observs a greater range of structural types
than described by these workers (pp.SD,Gﬂ,GQlBecausefehase types form
a continuous uninterrupted ssries, it is concluded that they represent
different stages in the activity of a single cell-type. This conclusion
necessarily implies that a single cell-type producesg all the cortico-
steroid hormones in teleosts (or at least in the two species studied).
In contrast to the situation in mammals, where the adrenal cortex is
divisible into zones secreting different hormones (Chesﬁgr Jonas 1976),
however, there is evidence that in mammals, the zones are not rigidly
divided, and that cells in different phases of activity may occur in
successive zones (Nishikawa, Murone and Sato 1963).

The most consistent criterion for assessing the activity stage of

an adrenoccortical cell in Phoxinus or Salmo is the structure of its

mitochondria. Some are small (0.4um), irregularly-shaped and often
elongated, electron-opaque structures, whose internal structure is
difficult to make out because of their dark matrix. This type of
mitochondrion generally occurs sparsely within a cell, and will be
referred to as Type I, A second type is large (D.Qum), circular in
section, and with a pale matrix so that the tubulo~vesicular internal

structure is easily discerned. This type of mitochondrion generally
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occurs in very large numbers within a cell, so that in axtrems cases
the entire cell is packed with them, and will be referred tuo as Type
II, A third type is similar in most respects, except that the internal
structure is clearly breaking down, so that only a few tubulo-vesicular
remnants are visible in its extreme form, all the internél structure

of the mitochondrion is lost, and all that remains is the double outer
membrana, fhis type of mitochondrion occurs, like Type II, in largs
numbers in a cell, but this is not always apparent in extreme cases
(mostly seen in Salmo pp. 62 ) when all that remains is a number of
empty membrane-bounded vacuoles. Such mitochondria will be refsrred

to as Type III, A complete series of intermediate forms is, of course,
found.

The cytoplasm of the adrenocortical cells may appear sither dark
or light, depending on the number of ribosomes, amount of granulation,
extent of the smooth endoplasmic reticulum, number of vacuoles or
exhausted Type III mitochondria, stc. There is very little correlation
between the darkness of the cytoplasm and the typs of mitochondrion,
though a subjective impression is that cells with Typse {‘mitochundria
tend to have light cytaplasm, and those with Type II mitochondria
éarker cytoplasm. In the case of Type III mitochondria, espeeially in
the final stages of disintegration, ths cgll gives an overall impression

~of lightness, but this impression may be largely dus to the vacuolar
remains of exhausted mitochondria. Ths form of the mitochondria is
clearly likely to be the most objective way of assessing the activity
of an adrenocortical cell, but cell "darkness" or "lightness" havs been
used by Ogaua (1967) and are considered here for that reason.

It is clearly necessary to determine which are the active and
which are the inactive stages. This is not a straightforward problem,
as all stages are present in any given section, only the relative

proporticons of the staqes differing in different fish. Poreover, it
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is well established that catching, handling, and aquafium maintenance
can elicit considerable changes in certicosteroid levels in the blood
of teleosts, and unless the conditions to which the spscimens have
been subjected before tissus fixation are known, it is impossible to
decide whether the cells were fixed while active or inactive. Neither
Yamamoto and Onozato (1965) nor Ogawa (1967) make this clear. Ogawa
(1957)hypophysectomised goldfish, whose adrenccortical cells would
presumably be inactivated, but his description of the consequent fine
structure changes " s s o tHe appearance of a highly electron-opaque
cgll—type") is not clear; he might be referring either to the mito-=
chondria or to the cytoplasm, or to the cell generally.

In Phoxinus, caught by electrofishing and killed immediately, so
that corticosteroid secretion is likely to be low, all cell-«types
were present, but the most abundant (69%) were those with Type II
mitochondria., Cells with Type I mitochondria comprised only 31% of

the total. In Phoxinus killed after twenty=four hours in aquaria, the
proportions were reversed: cells with Type II mitochondria 34%; cells
with Type I mitochondria 66%. At first sight these figures suggest that
cells with Type II mitochondria are inactive, and that Type I mito-
chondria develap with increasiﬁg activity. Two arguments contradict
this interpratations
(a) Often (but not Blways) the cytoplasm of cells with Type ¥
mitochondria is relatively light, uwhereas thatAoP cells with
light mitochondria is often dark, rich in ribosomes, and
with a conspicuous endoplasmic reticulum and golgi complex,
suggesting activity,
(b) In Eflﬂﬂ’ the most common adrenccortical cell-type contains
many very closely~-packed Type II mitochondria, despite the
fact that these specimens had been aquarium-maintained for

a Such longer period than Phoxinus. In addition, many Salmo




Figo 27

Fig., 28.

Nurse Shark adrenocortical gland divided into three
zones., Ihe schematic cells illustrated represent
a composite of general cellular characteristics of

each zone ( Taylor, Honn and Chavin 1975).

-

Changes of mitochondria in the adrenal cortex of

adult rat (Nishikawa, Murone and Sato (1962).
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cells contained Type 11l mitochondria whose internal structures was
clearly breaking down, gr which had completely disappeared. Such
cells also occurred in Phoxinus, but much less commonly.

The interpretation which best fits these nbsepvatiahs is that
the cells with Type I mitochondria are at the beginning of their
cycle of activity, and when the fish are first exposed to stressful
conditions, the numbsr of cells with Type I mitochondria increase in
the hsad-kidney. Increasing secretion of hormones is associated with
the change of the small, dark Type I mitochondria into the largs, pale
Type II, The number of mitochondria per cell increases correspondingly,
and dark cytoplasm may be associated with this phase of activity.
Eventually the mitochondrial structure breaks down, leaving cells which,
because of the many residual vacuoles, look pale. Yhether such cells

repeat tha cycle or not is uncertain. In nurse sharks, (Ginqumustoma

cirratum Bonnayg;gg) Taylor, Honn and Chavin (1975) have reported that
cell death follouws the release of the corticosteroid hormoness. In

these animals, the progressively maturing adrenocortical cells apparently
migrate through zones in the adrenoccortical mass of tissus (Fig. 27)s
Taylor, Honn and Chavin (1975) describe also the fine structural changes
in these adrenocortical cells. In the outermost zons, the zona germintiva
externa the cells have elongated to spherical mitochondria with short
lamellar cristae projecting into a dense matrixj numerous spherical
vasicles; no smooth endoplasmic reticulum; no lipid droplets; no cilia

or microvilli; cell death does not occur. In the middle zona, zona
progressa intermedia the cells have elongated to spherical mitochondria
with dilated cristas; numerous irreqularly shaped vesicles; smooth
endoplasmic reticulum; liquid dropletss cilia or microvilli; thers is

a limited amount of cell death. In the innarmost zone, the zona
terminata centralis, the cells have elongated to irregularly shapad

mitochondria with vesicular cristaej numerous irregularly shaped vesicless
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smooth endoplasmic reticulumj lipid dropletsy no cilia or microvillis
there is extensive cell death.

Altﬁough there is no evidence of such zonation of the adrenocortical
cells in teleosts, the series of fine structural changes described in
the nurse shark accords well with the present author's observations in

Phoxinus and Salmo.

Allowing for the complication of zonation in the mammalian adrenal
cortex, the above interpretation also accords with the obssrvations in
rats described by Nishikawa, Murons and Sato (1963) (Fig., 28). Thay
describe "Type I" ("an immature type") mitochondria which are restricted
to thé zona .glomerulosa, and which correspond closely with Type I mito-
chondria as described in the present work. Nishikawa et al's "Type I -
intermediate mitochondria® develop into their "Type IIa", chiefly in the
outer layers of the zona faséiculata, Upder the influence of ACTH,

"Type 1la" mitochondria develop into "open form" mitochondria. Hypo-
physectomy has ne effect on "Type 1", but does cause degenerative changss
in "intermediate" and “"Type IIa" mitochondria, which are transformed to
small mitochondria with a dark matrix. 4

Nishikawa, Murons and Sato (1965) point out that classifying adreno-
cortical cells into "light" or "dark" categories is not a sufficient
indication of their state of activity, as "dark" cells may contain either
the degenerate mitochondria resulting from hypophyssctomy =~ presumably
inactive - or "Typs II" mitochondria — presumably active. Hence Ogawa's
description (see above) of an “electron opaque cell-type" after hypo-
physectomy presumably refers to inmactive cells. His subsequent conclusion
that "light cells have a great capacity for steroid biosynthesis" is

probably therefore an oversimplification, as in both Phoxinus and Salmo

Type Il mitochondria occur in cells with either light or dark cytoplasm.

Incregsing "lightness"” of the cell is probably due to the accumulation
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of vacuoles as the stage of sxhaustion approaches, in Typs III, Probably
therefore, maximum activity is occurring in cells with Type II mito-
chondria and dark cytoplasm,

The microbodies sesn in cells with light mitochondria ( pe 61 )
may be the éarly stages in the development of nsw mitochondria. Such
development of microbodies into mitochondria has bsen previously
described by Nishikawa, Murone and Sato (1963), and by Belt (1958).

In birds, Unsicker (1972d) has drawn attention to differences in

the mitochondrial structure in different zones of the avian "interrenal.

gland", He alsc describes "

wseees great numbers of concentrically
arranged fenestrated double membranes (whorls) which have been knouwn

to exist in several steroid producing glands....". These whorls he
interprets as being specialisations of the smcoth endoplasmic reticulum,
and ".......the result of certain kinds of stress'.

Although various cell-types in an animal give the classical
chromaffin reacticn with potassium dichromate, the term "chromaffin cell"
has bscome an accepted name for the endocrine cells secreting noradrenalin
and adrenalin which are often (but not almays) associated with the
adrenocortical cells. Chromaffin cells are readily identifiable by
their fine structures,and are typified by the presénce of a great many
chromaffin vesiclas more or less filled with matsrial of high electron
density (Unsicker (1973a). With only minor differences, the fine
structure of chromaffin cells seems upiform in all vertebrates so far
studied. Thare is, as in the case of the adrenocertical tissue a
considerable volume of work on mammalian chromaffin tissue (reviewed by
Unsicker, 1973&), but less information is available concerning non-—
mammalian vertebrates (Coupland 1971). Studies on avian chromaffin

/Burgos 1959,
cells exist (Unsicker 1973a), a few on amphibia (Piezzi, 1965,1966,1967);

but apparently mnone on fish.
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In the present study the fine structure of the chromaffin cells
of Phoxinus and Salmo has besn described (pp. 62,63). In most respects
they resemble the chromaffin cells of other vertsebratss. Houwever, no
cilia were observed in the telsost célls whereas cilia are described as
baing of reqgular occurrence in the chromaffin cells of birds, a single
cilium occurs in the majority, if not all, chromaffin cell (Unsicker 19733),
and of sporadic occurrence in amphibia (Piazzi 1967). In all the other
vertebrate groups it has proved possible to distinguish two distinct
types of chromaffin cells, those producing adrenalin, and those producing
noradrenalin. In birds (Unsicker 1973a), the two types can be distinguished
on the basis of the structure of the chromaffin vesicles. In noradrenalin-
sscreting cells the contents -are homogensous and electron-dense, whereas
in adrenalin~secreting cslls the vesicular contents show a granular sube
structure of less electron density, Adrenalin-secreting cells are the
more common, Non-adrenalin-secreting cells have "cavities and light
spots in the hyaloplasm} adrenalin;secreting calls have a hyaloplasm
of uniform density.

In reptiles also two different types of chromaffin cells have been
described (Wassermann, and Tramezzani 1961,1963; Benedeczky, Puppi, Tigyi
and Lissak 1964).

In Bufo zrenarum (Piezzi 1967) the tuwo types of chromaffin cells are

mixed together -« noradrenalin -~ secreting cells are slongated with densely

osmiophillic chromaffin granules. They have a modesrate number of spherical

mitochondria and empty vesicles. Adrenalin-secreting cells are spherical

or polygonal, with elongated mitochondria having an electron-opague matrix.

The chromaffin granules are less abundant, and vary in their osmiophilia.
1t is not possible, without making histochemical tests, to state

definitely whether the chromaffin cells in Phoxinus and Salmo are nor-—

adrenalin or adrenalin - secreting. The chromaffin granules have a

granular sub-structure but the cytoplasm is not uniform, so that
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comparison with the avian situation is not possible. The amount of elec—
tron-opaqu§3§§ntained in the chromaffin vesicles is very variable
(dapending presumably on the rate of secretion) so that it is not possible
to use this criterion of Piezzi (1967), though the elongate shape of the
mitochondria suggests, by analogy with Egﬁg, that the cells sscrete
adrenalin;

The variation in the content of the chromaffin vesicles is clearly
associated with the activity of the cell, but no attempt has been made
in the present study to establish an exact relatienship, because of the
difficulties in obtaining specimens in an unshocked condition. Cells of
all degrees of vesicular filling, from empty to completely filled with
electron-dense material occurred in all sections in an uninterruptad.
series, suggesting that a single cell-typs is involved.

Synaptic contacts with nerves were very commonly observed, and
occu}red equally on chromaffin cells of all types confirming that only a
single cell-type is present. Adrenergic and cholinergic synapses have
been described on chromaffin cells in amphibia and in birds. In Bufg
(Piezzi 1965,1967) adrenergic synapses are characterised by synaptic
vesicles 500 — 600AR in diameter., The cholinergic synapses by synaptic
vesicles of various sizes (700A — 1300A). In birds (Unsicker 1973b,c)
of the efferent fibres are cholinergic, the synapses typically containing
tuo populations of dense-cored vesicles. The terminals of adrensrgic

fibres lack synaptic membrane specialisations.

In Phoxinus and Salmo, by analogy, all the synapses observed were

cholinergic, but occasional axons with varicosities were observed, so
that adrenergic synapse, may be present, and the presence of rare

adrenergic synapses cannot be sliminated.




SUMMARY

This is a study of the strudturs and functicns of the endocrine
tissues in the head-kidney of the teleost fish, the homologous tissues
to the mammalian adrenal cortex (=adrenocortical tissue) and adrenal
medulla (=chromaffin tissue). The study is divided into three main
sectionsg?

1. The first section comprises a study of the general morpholoay,
at the anatomical and histological level, of the different typss of
head=kidney which occur in teleost fish. The range of types is
illustrated by studies on twenty~four species, some of which have
been previously investigated, and including in particular sixteen
marihe spedies from the Red Sea coast of Saudi Arabia collected by the
author. Neo previous studies of the head~kidneys of middle~eastern
teleosts have been made, despite their economic importance. From thesse
twenty=four species, and 129 previously studied by Nandi (1962), thers
is clearly a considerable range in the anatomical configuration of the
head-kidneys and the trunk-kidneys = The head=kidney may be separate
from the trunk-kidney, completely fused with it, or intermediate in
form. Haemopoietic tissue may occupy most of the head-kidney and
functional renal elements may be absent, or renal elements may pre-
dominate. A complete ranqge of intermediate forms exist.

Melanophore-macrophage complexes occur in the hasmopoietic tissue.
The distribution of the endocrine tissues is also very varigble from
species to species. Both the adrenoccortical and chromaffin tissues are
in some way associated with the main veins draining the head-kidney
into the heart. They may exist as sheaths around major veins (either

the posterior cardinals, or the ducts of Cuvier), as diffuse masses of
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tissus permeated by minor sinusoidal branches of the veins, or as
discrete masses of tissue smbedded in the haemopoistic tissus. The
adrenocortical and chromaffin tissues may lie intermingled together,
or they may form separate layers around the vessels, sometimes with
the chromaffin closer to the vein lumen, sometimes with the adreno-
cortical in this position. The adrenocortical tissus and chromaffin
tissue may lie separately with the chromaffin tissus posterior, There
is little evidence for the association of a particular morphological
type with a particular taxonomic group of teleosts, so that each
species is best investigated in its own right.

2. The sscond section of this thesis comprises a detailed study

of the morphology of the hsad-kidney of one particular species,

Phoxinus phoxinus (Linnaeus), and a two year study of seasonal variations

in the activity of its adrenocortical and chromaffin tissue., Samples of
fish were collected from a population in the Walton Reservoir, Scotland,
at monthly intervals. The activity of the adrenocaortical tissue was
assessed by measuring nuclear diameter of the adrenocuitical cells, a
criterion already widely used for this purpose. The activity of the
chromaffin cells was similarly assessed, though the methodeology is less
well established in this case. The effects were compared of electro-—
fishing followed by anassthesia and immersion in Bouin's fixative while
still under electronarcosis. Both proved to be relatively stress-fres
methods. The reproductive cycle of both males and females samplad were
assessed by measuring the gonadosomatic ratio, and by counting the
proportions of different oocyte stages and obsserving the different
spermatocyte stages in gonad sections. The cycls ués found to vary

a little from year to year, dependent on weather conditions. Nuclear
diaméter of both adrenccortical and chromaffin cells showed a seasonal
variation which was clossely correlated with the reproductive cycles;

minimum mean nuclear diameter in both cases occcurring at the end of
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spawinig period. A high degree of adrenccortical activity accompanying
spawning has been described independently in other teleosts.
3. The third section of this thesis comprises a study of the

fine structure of the endocrine tissues of ths head=kidney of Phoxinus

phoxinus and Salmo gairdnerii., Electron micrographs were prepared using

fish caught under stress-free conditions in the Walton Rgservoir, and
from aguarium-maintained fish. The adrenocortical cells in both species
are characterised by having a great many conspicuous mitochondria with
tubulo-vesicular internal structure. The nucleus is circular in section,
and centrally situated in the cell. Thers is an extensive smooth endo=-

Fiicrovilli occur on cell

plasmic reticulum and numerous ribosomes.
surfaces in contact with veins. There is a wide range in the structure
of thé adrenocortical cells of individual fishj mitochondria range
from small, elongated structure, with a dark matrix to large, circular
structures in which the internpal structures eventually breaks doun.

The cytoplasm as a whole tends to be pale in cells with small dense
mitochondria, and dense in cells with large, paler mitochondria., Pale
highly vacuolated cytoplasm is associated with cells in which the

mitochondria are breaking down; the vacuoles are probably associated

with the degenerating mitochondria. In Phoxinus maintained in aquaria

for twenty-~four hours before killing, the proportion of adrenocortical
cells with small mitochondria with dark matrices, =~ as cpmpared to

fish caught by stress~fres methods and fixed immediately. In Salmo,

which had been maintained in aguaria for lonoer periods, the proportion
of cells showing mitochondrial degeneration and cytoplasmic vacuolation
is higher., It is concluded that small, dark matrix mitochondria are
typical of early stages of adrenal activityj dense cytoplasm and an
increased number of large, circular mitochondria are typical of

maximum activitys; and mitochondrial degeneration and vacuolation of
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the cytoplasm is typical of exhaustion., Chromaffin cells, not hitherto
described in teleost fish, are of the type found in ether vertebrates,
with many chromaffin vesicles containing varying amounts of granular
inclusion, Synaptic contacts occur commonly, apparently all of
cholinergic type. In Salmo the chromaffin and adrenocortical cells lie
separately, but in Phoxinus the adrenocortical cells form a sheath:

round the posterior cardinal veins and their main tributaries, and

the chromaffin cells lie beyond them, against the haemopoietic tissue,
These chromaffin cells communicate with the vein by elongated projections

running amongst the adrenccortical cells.
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Table 1, Mean weight of gonads during 1964 and 1975-6

(Mgan of all fish in each sample)

Month mean gonad weight Month mean gonad weight
1964 9 d, 197576 9 O"
March 0.17 0.05
April 0.22 0.07
May 0.40 0.10 fiay 75 0.89 0.15
June 0.42 0.10 Junsg 0.51 0.13
July 0.26 0.05 July 0.36 0.08
August 0.12 0.04 August 0.2 0.03
Sept. Sept. .22 0.03
Oct., 0.1 0.03 Oct, 0.05
Noy, 0.11 0,03 Nov. 0.35 0.06
Dac, 0.19 0.04 Dec, 0.37 0.09
Jan.76 0.37 0.08
Feb. 0.37 0.08
' March 0.46 0.12
April 0.96 0,18
Table 2. Mgan total weight of fish during 1964 and 1975=76.
(Mean of all fish in each monthly sample)
Moanth mean total weight Month mean total weight
1964 9 g 1975~76 9 O;y
March 3.2 2.1
April 3.48 2.6
May 3.23 2.44 May 75 4,24 3.43
June 2.55 2.4 June 4,34 3.27
July 2,8 2.09 July 4,4 3,34
August 2.87 2.3 August 61 3.78
Sept. Sept., 5.9 4,72
Oct. 2,7 2.24 Oct. 4.8
Nov. 2,61 2.5 Nov, 6.0 5,6
Dec. 3.86 2,5 Dec, 6.5 5.7 i
. Jan,76 5.9 4,4
| Feb. 5.89 4.7
March 5,9 6.03
April ] 6.5 6al




Table 3. Mean length of fish during 1964 and 1975-~76
(Mean of all fish in each mohthly sample)
Month Mean full length Month Mean full length
1964 Q ] S 197576 Q g
March 719 5.38
April 73 6.66
May T3 6.52 May 75 2:2 T:14
June 6.64 6439 June 747 6,99
July 6.94 6436 July 7.6 21
August 7.02 T3 August 8.61 T4
Sept. Sept, 8.4 7.6
Cct, 6.7 6.28 Oct, 7.9
Nov, 6.8 6.6 Nov, 8,5 7.9
Dec, 7o 6.8 Dec. 8.64 8.35
Jan.76 8.4 T2
Feb. 8.41 7.34
March 8.6 B.43
April 8.7 8.5
Table 4, Mean gonadosomatic ratio (g/s) £ standard
deviadtion of fish during 1964 and 1975-76
(Mean of all fish in each fortnightly or
monthly sample)
Month g/s Ratio % S.D. Month g/s Ratio & S5.D.
1964 9 g 1975~76 Q g
E. March| 60,2+3.9 |30.949.06
L. March| 44.840.9 |22.5%9.86
E, April| 69,2+11." [31,2746.79 :
L, April| 76.4%13.1(53.2348,53
E., May {143,9431,2(48.27%11.5
L. May [104.6417.7|32.2410.6 {L. May75| 144.67£17.9| 38.5%6
E. June [149 *30,9/35,8%+7.6 [E. June | 151.2412.5 {44.7%10.9
L, June |159 #43.2{30,246.7 |[L. June | 96.3%13.7 |32.78%7.6 |
E, July {107.9%13.9(21.715.4 |E, July | B2,3%25.7 [25.8%4.6 |
L. July | 79.4%31.7]25.6£7.8 [L. July | 79,3+27.1 [23.3%1.1
Auqust 29.,4%6.7 [8,611.5 Aug st 29. +4.8 |5.4%0.8
Sept. Sept. 37 6.3 [6.,7E7,.8
Oct. 36.3%1,9 {13.2%2.9 |Oct, 10.842.4
Nov, 37.1%7.4 |14 £2,7 |Nov, 55.9146,7 |10.8%1.2
Dec, 46.,415,9 |17.333,6 |Dec, 53,4%9 10.9940,7
Jan., 76 | 54,816 13 £042
Feb. 58,21410.,2 |18,244,45
March 57,1%9,2 20,245,7
E., April| 90,7+26,98 |31.5%6.9
Le April|159.8429.4 |37.4%5.5
E, May {143 22,8 |32.3%4.2




Table 5.

Mean condition factor (C,F,) * 1 standard deviation
of fish during 1964 and 1975-6
(Mean of all fish in each fortnightly or monthly sample)

Month CeFe 4 SuDa Month Cef e &+ S.0
1964 o e 197576 Q e
E., March | 0.88%0.06 | 0.86+0.07
L, March | 0.81%0.07 | 0.7 *0.14
E, April | 0.79%0,05 | 0.84%0.05
L, April | 0.82%0.09 | 0.85%0.05
E, May 0.92+0.15 | 0.91%0.06
L, May 0,8910.07 | 0.83#0,07 | L« May 75{ 1.08%0.,09 | 0,94+0.09
E, June 0.85+0.05 | 0.88%0.12 | E. June 1.0740.11 | 0.88+%0.05
L. Jdune 0.7840,03 | 0.78%0.06 | L. Juna 1.03+0,07 | 0.97+0,08
E, Juiy 0.7840.06 | 0,79+0,04 | E, July 1.0 40,07 | 0.95+0.04
Le July 0.8640.28 | 0.7840.24 | L. July 0.9340,07 | 0.9 #0.05
August 0.8 #0.06 | 0.83%0.06 | August 0.96+0,06 | 0,99+0,13
Sept. Sept 0.96+0.05 | 1.07+0.15
Oct, 0.9140,03 | 0.,8940,13 | Oct. 0.96+0,06
Nov., 0,8 #0.,06 | 0.8740.09 | Noy. 1.03£0.06 | 1.18#0.16
Dgc, 0,9240.06 | 0.85%0.14 t Dec. 0.9940.07 | 0.9610,04
Jan. 76 0.95%0.12 | 0,82%0.09
Feb, 0,95+0.09 | 0.89%0,12
March 0.97+0.07 T.0120.14
E. April | 1.04%0.1 1,0240.06
L, April | 1.07+0,08 | 0.98%0,07
g Eo May 1.08i0.1 0094'-t0011
Tapls 6. Mean somatic condition factor (5:;C,F,) % 1 standard
) deviation of fish during 1964 and 1975-=76
5 (Mean of all fish in each fortnightly or monthly sampla).
Month SeCeFo & SoD. Month S.C.F, + S.D.
1964 9 g 1975~76 Q I
E, March | 0.8540.07 | 0,83+0,07
L, March | 0,76+0,07 | 0.69+0.15
E, April | 0,7410,05 | 0.8530.05
L, April | 0,.7640.11 | 0.8 *0,05
E, May 0,.7810,.1 0.8610.06 _
L, May 0.74+0.09 | 0.,79+0.08 | L. May 75| 0.9 #0.,07 | 0.9 #0.09
£, June 0,72+0,05 | 0.8540.11 | E, June 0.91%#0.08 | 0.8440.05
L. Jdune 0.63+0.07 | 0.7640.06 | L. 3June 0.8940,07 | 0.84+0,08
E, July 0.7 #0,05 | 0.7840,05 | E. July 0.9 0,07 | 0.952%0.04
L, JUly 0.8 40.03 | 037530.21 | L, July 0.8630,06 | 0.88%0,05
August 0.7940.04 | 0,8130.06 | August 0.,9440,06 | 0,99:+0,16
Sept. Sept. 0.9330,05 | 1.06+0.15
Oct, 0.88%0.024] 0.88%0,12 | Oct.
Nov,’ 0.79140.09 | 0.86%0,09 | Nov, 0.9740.06 | 1.1740.16
Dec, 0.9 #0.06 | 0.83+0.13 { Dec. 0,94+0,06 | 0.9410,04
f ? Jan. 76 | 0.8910.11 | 0.81%0.1
i } Feb, 0.9 +0,08 { 0.87+0.12
| March 0,91+0,.06 0.99+0.,15
E, April | 0,95+%0.08 | 0,99+0,05
L, April | 0.9 40,06 | 0.9440.06
E, May 0,9240,04 | 0,91+0.19




Mean nuclear diameter (N.D.) * 1 standard deviation of
adrenocortical (Ade.) cells of Pish during 1964 and 1975~76,.
(Mean of ten - five females and ten—five males in each fortnight

or monthly sample, 30 nuclei msasured per fish).

Table 7.

Month Mean NeD. + S.D. Month Mean NeDe =+ S.D.
Adrenocortical Adrenocortical
1964 Q o 197576 _Q_ o7
E, March | 4,4530,05 | 4,44+0,07
L, March | 4.6 0.06 | 4.48+0,03
E, April | 4.6410,07 | 4,5310.17
L, April | 4.4410.16 | 4.45%0,08
E, May 4,5840.08 | 4,59+0.1
L, May 4,5740.03 | 4.6320,06| L. May 75| 4.6240.12 | 4.6 £0.06
£, June 4,5520.07 | 4.6240.04{ E, June 4,3 40,12 | 4.3440.07
L, June 4,45%0,16 | 4.5740.07 | Le June 4,2140,11 | 4.31%0.13
E, Juiy 4,3 £0.17 | 4.3410,11 | E, July | 4,0540,16 | 3.98+0,08
L, July 4.2 #0.1 4,16%0,1 L. July 4,05%0,06 | 4,18+0,13
August 4,06%0,09 | 4,.,25+0.32| August 3.9 £0.1 3.9 %0.1
Sept. Sapt., 4,03+0,06 | 4.,07+0,05
Oct, 4,3240.04 | 4,29+0,06| Oct, 4,14%0,08
Nov, 4,35+0,1 4.340.05 Nov. 4,18%0.11 | 4.2440.04
Dec. 4,2 10,1 4,3 #0.07| Dec. 4.,2440,11 | 4.29%0.08
Jan, 76 4,24%0,12 | 4.34%0.06
Feb, 4,3 +0,09 | 4,.38+0.05
March 4,44%0,07 | 4,3240.07
E. April | 4.5 #0.05 | 4.42+0,06
Le April | 4.3530.11 | 4.49+0.05
7 E. May 4,65+0,09 | 4.5140.06
Table 8. Mean nuclear deameter (N.D.) 4 1 standard deviation of
Chromaffin cells (Chr.) of fish during 1964 and 1975-76.
(Mean of ten-five fish of each sex in sach fortnightly
or monthly sample, 30 nuclei measured per fish).
mOnth mean NeDe #+ SeDe " Month Mean NeDe 4 S.D.
Chromaffin Chromaffin
1964 Q o~ 1975-76 Q o>
E, March| 5,93%0.14 { 5.7410.11
L, March| 5.8 #0.07 | 5.63+%0.09
E., April| 6.14%0.15 | 6.02+0.26
L, April! 5.89%0.22 | 5.83%0.27
E. May 5.894+0.22 | 5.83%0,09
L. May 5.6340,13 | 5.7640,13 | L. May 75| 5.7610.17 | 5.71%D.1
E, June 5,6640,14 | 5.95%0.,24 | E, June 5.4 +0.,1 5,29+0,07
L, June 5,7640,35 | 5.75+0.2 L. June 5.,26%0,14 | 5.29+0,09
E. July 5.3910.23 | 5.4240,13 | E. July 5.0840,1 4,9840.1
Lo July 5.2240.14 | 5.38%0,04 | L, July 5.1740.05 | 5,13+0.09
August 5.3 #0.04 | 5,3430.2 | August 5. 40,07 | 4.,9440,09
Sept. | Sept. 5, +0.05 | 5.07+0.05
Oct. 5.3840,01 | 5.43+0,01 | Oct. 5.17+0,1
Nov, 5,450,09 | 5.35%0.05 ! Nov. 5.2840.1 5,31+40,04
Dec. 5.3540.03 | 5.4140.04 | Dec, 5,3740.11 | 5.3240.04
Jan. 76 5.2240,06 | 5.14+0,03
! Feb. 5,26+0,08 | 5.3 *0.04
{ ! March 5.3740,06 | 5.2640,05
i E. April | 5.43%0.08 | 5.34#0,04
J L. April | 5.52+0.08 | 5.56:10,06
E, lay 5.61+0.09 | 5,59+0,08




Table 9. Mean nuclear diameter (N.D.) of adrenocortical cell
(Adr.) and chromaffin cells (Chr.) of e3ch fish in
the sample. (Mean nuclear diameter was taken by

measuring 30 nuclei per fish). 9

Killed in Bouin | Killed in MS222
Nog. of NeDa NeDe N.D. N.D.
fish Adr, Chr. Adr, Chr,
1 4.1 5.0 4,0 5,0
2. 3.9 5,0 4.2 5.2
S 4.1 4.9 4,0 5.0
4, 4.0 5.1 3.9 5.1
5. 4.1 5.1 4,0 5.0
6. 44,1 4.9 4.2 5.1
7 3.9 5.0 4,1 5.0
8. 4.1 5.1 4,2 5.2
9. : 4,1 5.0 4.0 5
10. 4.0 4,9 4,0 5.0
Mean 4,1 5.0 4,1 5.1
S.D. 0.06 0.05 0,08 0.08

Table 10. Mean nuclear diameter (N.D.) & 1 standard deviation
of adrenccortical cell (Adr,) and chromaffin cells
(Chr.) (Mean of all fish in each sample.
30 nuclei measured per fish). Q

Time in lgan N.D. £ S5.0. Mean N.Ds  5.D.
aquarium adrenocortical chromaffin

3 hours 4,22 & 0.08 5.17 % 0.12
24 hours 4,19 £ 0.04 5.25 & 0.7

7 days | 4,04 & 0,19 4.99 + 0,18
30 days 4,18 + 0.09 5.13 £ 0.08
90 days 4,45 x 0,07 5.28 *+ 0.06
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ACV

AD

CA

DA

oc

FC

GC

GL

il

ABBREVIATIONS

Adrenocortical cell
Apterior cardinal vein
Atretic ococytes
Chromaffin ceil
Coeliacomesenteric artery
Dorsal aorta

Duct of cuvier
Erythrocytes

Fpllicle

Follicular calyce

Gut

Gorm call

GClomerulus
Hagmopoietic tissuse
Hgad~kidney

Kidney duct

Liver
Melanophore

Nerve

Oolemma



06 = Oogonium
0V " = Ovium

PCV = Posterior cardinal vein

PG = Primary spermatogonium
PO = Primary oocytss

PS = Primary spermatocytes

S = Spermatozoa -

5A = Sperm artery

SC = Spinal cord

S0 = Sjinusoid
Sf = Siminiferus tubule
SG = Secondary spermatogonium

SM = Sperm duct
S0 = Secondary oocytes
5§ = Secondary spermatocytes

St = Spermatid

SV = Sinus venosus
T = Rgnal tubule
V8 = Branch of posterior cardinal vein

YC = Vertebral column
Vg = Uein wall

Y = Yplk

YP = Yglk precursors.



Plate 1. _(A—D) Rasbora heteromorpha, Transverse sections, 6_um,

(A)

(8)

(c)

()

stained in Flasson's trichrome.

Section through whole fish, showing dorsal aorta and coeliacom=
esenteric artery, and laft duct of Cuvier emerging from left
lobe of head-kidney. Iha posterior cardinal vein branches

extensively in the left lobe. Scale line corresponds to 300 um,

Section through right lobs of head-kidnay, showing the median
posterior cardinal veins forming the right duct of Cuvier, to
tha heart, without extensive branches as in the case of the

left duct, Sgale line corresponds to 200 um,

Section through head-kidney, showing both lobes of the head~

_kidney with median posterior cardinal vein and right duct of

Cuvier. The coeliacomssenteric artery has-branched off from
the dorsal aorta and has passed through the kidney on its way

to the gqut, Scale line corresponds to 300 um,

Section posterior to the above, at the posterior end of the
head-kidney. The right posterior cardinal vein lies to the
left of the mid-line. The dorsal aorta lies in a groove in
the angle between the kidney and the posterior cardinal vein
On each side of the dorsal aorta is a branch of sympathetic
nervous system.. Dorsal to the dorsal aorta is the vertsbral

column, Scale line corresponds to 200 .
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Plate 1

(E)

(£)

(E~F)} Rashora heteromorpha.

Section of ventral part of left lobe af head-kidney, shawing
duct of Cuvier emergiﬁg. The vein is surrounded hy several
layers of adrenocortical cells, with very few chromaffin cells.
The rest of the tissue is haemopoietic, and there are no
functional renal elements present. Scale line corresponds to

50 um,

Section of right duct of Cuvier, showing, from left to right =
erythrocytess adrenccortical and chromaffin cellsjy baemopoietie

tissue. Scale line corresponds to 25 um,






(A)

(8)

(c)

Scleropages formgsus. Longitudinal secticns through
head-kidney, 5 um head.

Iglet of adrenocortical tissue in haemopoietic tissue

containing melanophores. Se2le line corrasponds ta 50 um.

Main branzh of posterior cardinal vain in haemopoietic
tissug, A few chromaffin cells lie in the walls of the

vein., Scale line corresponds te S0 um,

As (B), showing individual chromaffin cells. Scale line

ecorr¥esponds ta 25 _um.
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Plate 3. Salmo irideus . Longitudinal sections throuph the head=kidney,

(R)

(8)

(c)

(0)

(€)

6 um, stained in Masson's trichrome.

Adrenocortical tissue associated with : . ° .. - the posterior

cardinal vein, and surrounded by haemopoietic tissue.

Scale line corresponds to 50 um,

The same cells as in (A), Scale line corregponds to 75_um,

Adrenccortical tissue, amongst haemopoietic tissus, not

associated with a vein. Scale line corresponds to 75 .um.

Chrdmaf?in tissue in the wall of the posterior cardinal vein,
in the posterior part of the head-kidney. Scele line

corresponds to 50 um,.

The same cells as in (D). Scalp corrasponds to 75 .um.






Plate 4.
(A)
(?)
(c)
(D)

Coregonus lovaratus Longitudinal sections through head-
kidney, 6 um, stained in Masson's

trichroms,

Section through right posterior cardinal vein, shouwing vein
passing through haemapoietic tissue with little branching.
Adrenccortical tissue is associated with the vein.

Scale line corresponds to 200 _um,

Section through left lobe of head-kidney, showing muche
branched venous system with adrenocortical cells surrounding
small veins, [Melanophores cccur in the haemcopoistic tissua.,

Scale line corresponds to 50.um,

Section through right lobe of head-kidney, showing

adrenocortical cells surrounding small branches of the main

right posterior cardinal vein. 50313 line corresponds to

200 um.

Section through right lobe mear posterior epd of head-kidney,
showing groups of chromaffin cells in the well of the right

posterior cardinal vein. Scale lins corresponds to SO_um,






Piate 5 (B—D) Braghydanio rarin, transvarse sections through whole

(A)

(8)

(©)

(o)

fish, 6 um, stained in Passon's

trichrome,

Sgction at level of Ducts of Cuvier, showing bilobed kidney
with renal elements extending to anterior ends dorsal aorta
betwean kidnay lobes branching; spinal nerves emerging from

spinal cord . Scale line corresponds to 300 .um.

Section slightly posterior to (A) showing right Duét.of Cuvier
(on the left of phatograph) and smaller much-branched posterior
cardinal vein in left lobe. Coeliacomessenteric artery lies

in g;duue in ventral surface of the kidney. Scale line

corresponds to 200 _um,

Section slightly postsrior to (B), showing right Ouct of
Cuvier (on left of phatngraph) surrounded by a narrow layer

of 2drenocortical tissua. In the left side of the kidnsy

"~ the posterior cardipal vein is broken up inteo many small

vessels, soms of which are also surrounded by adrenocortic?al
tissue, Coeliacomesenteric artery runs enclaosed in a channel

in the kidney. Scale line corresponds to 200 um.

Section posterior to (C), showing single large posterior
cardinal vein on the right side, with adrenoccortical tissue
iining the walls. The kidnay ferms a compact structure near
the mid-lipe in its posterior region, Sgale line corrasponds

to 200 _um,






Plate 5 (E~H) Brachydani ig, transverse sections through the

(€)

(F)

(G)

(H)

anterior part of kidney, stained

in Magsson's trichrome.

Section through the right lobe of the head-kidnsy, shewing
right Puet of Cuvier eherging from the kidney and surrocunded
by a layer of adrenocortical tissue, 1-3 cells thick. Renal
slements are visible in the kidney tissue. Scale line

corresponds to 50 um,

Section through left lobs of Kidney showing left posterior
cardinal vein branching extensively amongst the kidney tissues.
Adrenacortical cells surround the main vein, and also extend
for a short distancs ainng smaller branches, Chromaffin cslls

are rare., 9Jcale line corraesponds to S0 _um,

Section showing right Duct of Cuvier, surrounded by layers'u?
adrenocortical cells, and branches in kidpey tissus.
Chromaffin cells ars sparsely distributed. Scale line

corresponds to 50 .um,

Section of right Puct of Euvier, shcwing adrenccortical cells
and one chromaffin cells, Renpal tubules are alse present.

Sgale line corresponds to 25._um.
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Plate §

v

(")

(8)

(€)

(A-C) Xiphophorus helleri, transverse sections through

whole fish, 6 um, stained in-

Masson's trichrome.

Section at level of Ducts of Cuvier. The right Duct of Cuyvier
{on the left of photograph) is emerging from the kidney. The
left Duct of Cuvier extands from the kidney to the sinus
venosus of the heart, Repal elements extsnd to the anterior
end of the kidney, and the two iobes are separate. Scals

line corresponds to 250 um,

Section more posteriorly, shoming‘kidney lobes joined and a
posterior cardinal vein in =sach lobe, the right bigger than
the left. The coeliacomesanteric artery lies beside the qut.

Scale line corresponds to 250 .um,

Posterior cardinal vein in right lobe of kidney, with
adrenocortical and chromaffin cells in wall. Scala line

corresponds to 150 um,
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Plate g
(®)
(£)
(F}
(6}

{D-G) Xiphophorus helleri transverse sections through

“anterior end of kidney, 6 _um,

stained in fasson's trichrome.

Left Duct of Cuvier and its tributariess gathering from left
kidney lohe. Adrenocortical and chromaffin ecells line the

walls of the vein. Scale line corresponds to 50 _um.

As (D), but more anteriorly. A glomerulus is visible.

Scale line correspands to 50 um,

Right posterior cardinal vein, close to its junction with
the Duct of Cuvier, Adrepocertical and chromaffin cells

line the walls of the vein, Scéle line corresponds to 50 .um.

As (F), but more posteriorly, Scale line corresponds to 50 .um,






Plate 7 (A~D)  Aphapius disnar. Transverse sections through whole
fish, 6 um, stained in Masson's

trichrome.

(A) Section at region whsre the kidney is narrowest, between
head=kidney and trunk-kidney. On the animals’ left, (to
the left in the photograph) kidney tissue ig almost completely
ahsent, and on tha left only a narrow strand connect head and

“trumk kidnays. Scale linz corresponds ta 150 wum.

(B) Detail of left  side of {A), showing kidney duct, one
- glomerulus and tubule, dorsal aorta and sympathetic nerves.

Seale line corresponds to 50 _u.

(C) Detail of right side of (A) showing kidney duct, t&buleé,
Y
right posterior cardinal vein and sympathetic nerve.

Scale line corresponds to 50 _um,

(D) Section slightly more posteriorly, showing trunk kidney
developing on both sides of midline. The right posterior
cardinal vein becomes progressively smaller posteriorly.
Spinal nerve ganglia are evident, Scale line corresponds,

to 150_um,






Plate 7 (E=G) Aphanus dispar. Transversa sections through anterior

(£)

(F)

(8)

region of kidney, 6_um, stained in

fiagsson's trichroma,

Sgction at level of Duct of Cuvier. The Duet of Cuvier is
emerging from the kidnhey, and adrenocortical and chromaffin
cells are situated against its wall, Renal elements extend
into the anterior region of the kidnsy. Scale line corresponds

to 150 wum,

Section through Duct of Cuvier showing adrenocortical and

chromaffin cells in wall. Scale line corresponds to 50 um.

As for (F), but also showing sympathetic ganglia.

Seale line corresponds to 50.um.






Plate 8 Chanos chanos Transverss sectien through anterior region

(A)

(8)

(c)

(0)

of kidney, 8 um, stained in Masson's trichrome.

Section showing posterior cardinal vein near anterior end of
kidney, adrenocortical and chromaffin cells lining wall of
vein, No renal tubules are visible in this secticn, but they

do occur at this level, Scale line corresgonds to 50 um,

Similar section to (A) but more posteriorly, showing chromaffin
cells only, associated with branch of -posterior cardinal vein
in haemopoietic tissve. The main cardinzl vein is at the
bottom of the photograph. Repal tubules are visible in the

hasmopoietic tissue. Scale line 6nrresuonds to 150 um,

Section show posterior cardinal vein on left eof photograph,
showing grouﬁs of chromaffin cells embedded in thick wall
of vein, groups of adrenocortical cells lis closer to the
haemopoigtic tissue and tubules. Scals line corresponds

to 50_aum,

Similar section to (C), but more posterior, showing
adrenocortical cells extending into haemopoietic tissue
and chromaffin cells in vein wall. Scale line corresponds

to 50 .um.

L~ There was some delay in the fixation of the tissues of
this specimep, and post-mortem changes have begun

hecausa aof thse high temperature.]






Plate 9, Acaptbopagrus hifasciatus. Transverse sections through
anterior region of kidnay; 6 _um,

stained in Masson's trichrome.

(A)_ Segtion through posterior cardinal vein, showing mass of
adrenccortical cells surrounded b? haemapoistic tissus and

renal elements, Scale line corrssponds to 200 um,

(B) Section through empiy posterior cardinal vein which has
contracted with loss of fluid. Haemopoietic tissue with
malandphores lies to the left and right of the vein.
Adrenocortical cells lis behind the vein wall in the
haemopoietic tissue; chromaffin cells lie in the vein wall

itself, Scale line correspends to 200 um.

(C) The same section as (B), showing strands of adrenucnrtiéal
cells permeated by small sinusoids, and chromaffin cells
lying immediately behind the endothelium, protruding into

the lumen of the vein. Scale line corresponds to 50.um,

(D) The same section as (€}, Scale line corresponds to 50 .um.






Piate 14.

(a)

(8)

(c)

(D)

Crenidens crenidans. Transverse sections through anterior
region of kidney, 6_um, stained in

Masson's trichrome.

Section through posterior cardinal vein, near anterior end

‘of kidney, showing adrenocortical cells behind vein wall,

embedded in hasmopoietic tissue with renal tubules and
malancphores. The groups of adrenocortical cells are

permeated by sinusoids., Scale line corresponds te 50 _um.

Section through posterior cardinal vein, near postericr end
of head-kidney, showing absence of adrenccartical cells,and
presence of chromaffin cells in vein wall. Scale line

carresponds to 50.um,

Section intermediate betuween (A} and (B), showing mass of
adrenocortical cells, and a few chromaffin cells, Scals

line corresponds to 50 .um.

Similar section to (C)}, Scale line corresponds to 50.um,






Biate 11,

()

(8)

(€}

Sparily species. Transverse secticns through anterior
reqgion of kidney, 6 um, stained in

Magson's trichrore,

Section through posterior cardinal vein, showing vein wall
lined by adrenocartical cells, with chromaffin cells behind
them. The haemopoietic tissue contains many renal elements.

Scale line corresponds ta 200 .um,

The same section, showing separation of adrenocortical and

chromaffin cell-layers., Scale line corresponds to 50 .um,

Similar sectien to (B) showing adrenccartical cells
protruding intc lumen of vein. Scale lipe corresponds

te 50.um,
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Piate 12,
(a)
(8)
(c)
(D)

Herklotsichthys punctatus. Transverse sections through

anterior region of kidney, S._um,

stained in Masgon's trichrome,

Section through postserior cardinal vein, showing many renal
elemants. The wall of the vein is lined by a layer of

adrenocortical cells. Scale line corresponds to 200 .um,

The same section, shnﬁing that the adranocortical cells form
s layer 1-3 cell thick around the vein. Scale line

corresponds to 50.um.

Similar section to (8)., Scale 1line corresponds to 50 .um,

Saction mare posterior, shawing a few chromaffin cells in
small vein walls a2nd associated adrenocortical cells.

Scale line corresponds to 50.um,
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Plate 13. (A-D). Thalassoma amblvgenhalus. Transverse sections through

anterior region of right
-lobe of kidney, & .um,

stained in Fasson's trichrome.

(A) Section through posterior cardinal vein, with hzemopoietic
tissue containing many renal elements. [Mostly on its
ventral side the vein is lined with adrenocortical and

chromaffin cells. Scale line corresponds to 200.um,

(B) Same section, showing the posterior cardinal vein lined with
adrenocortical and chromaffin cells, chiefly on its ventral

surface, Scale line corresponds to 50.um,

(C) Sipilar section posterior to (A). Scale line corresponds

to 200 um,

{D} Similar section to (B). Scale line corresponds to 50 .um.
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Plate 13. (E~I}, Thalasspma amhlycenhalus. Transverse sections through

(E)

(F)

(G)

(H)

(1)

anterior region of left lobe
of kidney and posterior part
of the anterior region cf

right lobe, 6 um, stained in

Masson's trichroms.

Section through left posterior cardinal vein, showing
hasmopoietic tissue containing many renal elements. Posterior

cardinal vein is small and branches extensively, lined with

-adrsnncortical and chromaffin cells which extend into the

haemopeietic tissue » Scale line corresponds to 200 .um.

Same section as (E) showing the posterior cardinal vein
lined with adrenocortical and chromaffin cells, Scale lins

corresponds to 50 .wm,

Section through right posterior cardinal vein, posterior to
(C), shouwing chromaffin cells only. Scals line corresponds

to 5D.AJm .

Section posterior to (G), showipng much enlarged posterior
cardinal vein, with chromaffin cells in wall. Scale line

carrsspoends to 200 .um,

Same section as (H), showing chromaffin cells lining wall
of vein and absence of adrenocortical cells. Scale line

corresponds to S0.um,






Piate 14.
(R)
(8)
(c)
(0)

Thalessoma lunare. Transverse sections, 5.um, stained in

Masson's trichroms.

Saction through anterior region of kidney, showing posterior
cardinal vein with adrenccortical and chromaffin tissus.
There are some renal tubules in the haemopoistic tissue.

Scale line corresponds to 200 am,

Section in the same region as (A), with groups of adreno=
cortical and chromaffin cells in a frameweork of connective
tissue and extensive sinusoids. Scale line corresponds

to 50 .um,

Section posterior to (A} showing main posterior cardinal
vein with groups of chromaffin cells in its walls. _

Adrenccortical cells are absent,many renal elements ars -

present. Scale line corresponds to 50.um,

Similar section to (£). 5cale line corresponds to 50.um.






(4)

(8)

(c)

(D}

Vapriola louti. Transverse sections through anterinor
regions of head-kidney, 6 wm, stained

in Masson's trichrome.

Section through branches of posterior cardinal vein,

showing adrenocortical tissue round veins, melanophores,

and rare- kidney elements. Scale line corrssponds to 200 .um,

Section anterior to (A}, showing adrenocortical tissue
separated from vein by haemopoietic tissue. Scale line

corresponds to 50 um,

Section posterior to (R), showing adrenacortical'cells in

the wall of the vein. Scale line corresponds te 50 .um,

Section through main posterior cardinal vein showing rare
chromaffin cells, and some adrenocortical cells, at tha
point where the vein is joined by major branches. Kidney

duct in wall of vein. OScals line corresponds to 53.um,
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Plate 16. Cephalopholis miniatus. Transverse sections through head-

kidney, 6.um, stained in Masson's

trichrome.

(A) Ssction Ehrnugh posterior cardinal vein, showing adrenocor-
tical tissus surrounding sinuscids in haszmopoietic tissue
bshind cardinal vein. Melanophores are pressnt. Scale

line corresponds to 200 .um.

(B) Section through_branch of posterier cardipal vein, showing
adrenocortical cells, arranged in follicles separated by
sinusnids. Soms adrenocortical follicles lie auay from
tha vein in the haemopoietic tissue. Scale line

corresponds to 50.um,

(C) Similar ssction, posterior to (B}, showing chromaffin cells

in wall of vein. Scale lins corresponds to 50 .um.

(B) Ssction through branch of posterior cardinal vein, showing
- chromaffin cells embedded in its wall, Scals line

corresponds to 50.um,
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Pilate 17.

(8}

(8}

(c)

(D)

Gaterin gaterinus. Llongitudinal ssctions through anterior
ragion of kidney, 6 _um, stained in

Masgon's trichrome.

Sgction near anterior end of posterior cardinal vein, showing
renal elesments concentrated on one side of the vein, and

haemopoietic tissue on the other, with adrenocortical tissue

~ in the haemopoietic tissue. Scale line corresponds to 200 .um.

Section through posterior cardinal vein, with renal elements
on left of photograph, and adrenccortical cells on both
sides. A few chromaffin cells are visible in the vein wall.

Scale line corresponds to 50.um,

Section similar to (B) showing adrenmocertical cells behind
vein wall, and group of chromaffin cells protruding into

lumen of vein. Scale line corresponds to 50 wum.

Section along posterior cardinal vein near posteriar end

of head-kidney, Adrenoccortical cells absent, and chromaffin
cells present in the walls of vein. Kidney elements and
haemopoietic tissus are alsa present on both sides. Scale

lipe corresponds to SO0.um,






Plate 18. Lethrinus species. Transverse sections trhough anterior
region of kidpey, 6 um, stained in

Magson's trichrome.

(A) Section through posterior cardinal vein, showing follicles
of adrenccortical cslls in hasmopoietic tissue, and
chromaffin tissue in and immediately behind vein walls.

Scale line corresponds to 200 wum.

(B) Similar section to (A} showing adremocortical follicles
and renal tubules and chromaffin cells in vein wall.
Note extensive sinusoids amongst adrenocortical follicles.
Adrenocortical fellicles and renal tubules are similar, but
red blood cells are sometimes visiblae in adrenocortical
follicles, and adrenccortical cells stain uniformly more
darkly than tubule cells, and have a more swollen |

.appearance, 9cale line carresponds to 50 .um,

(C) Similar section to {B), Scale line corresponds to 50.um,

(D) Section n=ar posterior end of head-kidney, showing absence
of agrenocortical cells, and vein wall containing many

chromaffin cells, Scale line corresponds to 50 .um,






Plate 19.

(a)

(8)

(c)

(0)

(E)

Hensetia pipquis. Transverse secticons through whole fish,

6.um, stained in Masson's trichrome.

Section near posterior end of anterior kidney (head-kidney),
showing dorsal aorta right posterior ecardinal vein with a
branch from left loba of kidney. Kidney lobes are fused
ovar dorsal aorta. Fflelanophores are present. Scale line

corresponds to 300 wm,

Section posterior to {A). Kidnay lobes are separate, but
fusion ventral to dorsal aorta occurs slightly further back.
Renal elements are present throughout kidney. Scale line

caorrespends to 300.um,

Section through right anterior cardinal vein, showing vein

wall linmed with adrenccortical ecells, Repal tubules are

_scattered amongst the haemopoietic tissus. Scale line

corresponds to 50.um,

Section at junction of anterior apd posterior cardinal veins,
showing adrenocortical and chremaffin cells, Scale line

corresponds to 50.um,

Section posterior to (D) through posterior cardinal vein,
showing absence of adrenoccortical tissus and presence of
chromaffin tissue in wall of vein., Scale line

corresponds to 50.um,






Plate 20. Siganus species. longitudinal section through anterior

(R)

(8)

(€)

region of kidnsy, 6.um, stained in
lasson's trichrome,

Scale line corresponds toc 50 wm.

Section through anterior region showing strands of
adrenocortical cells in hasmopoietic tissue and
chromaffin cells in wall of vein, Repal elements

ars present.

Section posterior to (A) showing few adrenccortical

cells, and chromaffin cells in wall of vein.

Section pasterior to {B), shcwing absence of adrenocortical

cells, and chromaffin cells in wall of vein.






‘Plate 21. [Monodagiylus aroenteus. Transverse sections through.

anterior region of kidney, 6 .um,

stained in Masson's trichrome.

(A} Posterior cardinal vein with thick wall and bramch, in
which lie groups of adrenoccortical cells.

Seale line corresponds to 50.um,

(B) Similar section to (A), showing adrenocortical cells and

a kidney duct, Scale line correspends to 50.um.

(C) Section posterior to (A), shouwing thin walled postsrior
cardinal vein, and adrenccartical and chromaffin cells

in wall of vein. Scale line corresponds to S0.um. .

(D) Similar section to (C), but more posteriorly,

Scale line corresponds to 50 _um,






(a)

(8)

(c)

(D)

Zshrasoma veliferym. JTransverse sections through anterior
region of kidney, 6 um, stained in
Masson's trichrome.

Secale line corresponds to 50 um.

Sectiocn near anterior end of postericr cardinal vein showing
wall of vein lined with adrenocortical cells. Renal elemants

are praesent émongst the haemopoietic tissue.

Section posterior to (A) showing chromaffin cells ih the

wall of the posterior cardinal vein.

Section about level of (A), showing adrenocortical cells

»

in wall of posterior cardinal vein.

Section posterior to (C), showing adrenocortical and

chromaffin cells in wall of vein,
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Prlate 23, Phoxinus phoxinus Longitudinal sections through ovary, 5.umy

(A) Aprirs

(8)

(€} August,

(D)

stained in Masson's trichrome.

showing: (i) primary oocytes (PCU) with uniform purple
cytoplasm and large clear nucleaus CON~
taining peripheral nucleoli.

(11) Secondary oocytes (50) with blue-green
cytoplasm econtaining yolKk=precursor
globules perigherally and red-staining
oolemma. 'he nucleus, where visible,
stains blue-green with dark red
perpheral nucleole.

(iii} Ovum (OV) with red-staining yolk (Y)
in central region of cell and pale green'
yolkepresursor vacuocles (YP) paripherally.

Scale line corresponds to 400 uom.

similar section shouwing ov@ and secondary cocytes.
Note red-staining oolemma (0) and double layered follicle

(F).. Scale lins corresponds to 100 .um.

showing oogonia (03)5 primary cocytes, young secondary
oocytes and an atretic cocytes (ACG), Scale line

corresponds to 200 .um,

Similar-section, showing nest of nogonia, primary and
young secondary occytes, and two smpiy follicular

calyces (F€), Spale line corrssponds to 200 .um.






Plate 24. Phoxinus phoxinus. Longitudinal sections through testis, S.um,

stained in Mdsson'strichrome.

() June, showing the seminiferous tubules (SF), sperm duct
(on the left of photograph) and spermatozea {S) fres

in their lumen, Scals line corresponds to 100 um,

(8) June, Showing various spermatogenic stages?
Primary spermatogonia (PG)
Secondary " ' (sG)
Primary spermatocytes (Ps)
Secondary " (s5)
Spermatiqé _ (sT)
Spermatazoa (s)

Scale line corresponds to 50 .um.

(C) August, showing various early spermatogenic stages?
Germ cells (GC)
Primary spermatogonia
Secondary spermatogenia

Scale line corresponds to 50.um.



% RS S e
’-.i&"ﬁ%&

— }.'.'-.i""’& R C




Plate 25. Phoxipus phoxinus Male and female showing nugial colours,







Plate 26. (A-0) Phoxinus phoxinus Longitudinal sections through
ovaries, 6._m, stained in
Masson's trichrome, Scala

line correspands to 4900 um.

(A) September: Ovary contains oogonia, primary oacytes, and a
few secondary oocytes, and the remains of

atretic oocytes which have besan resorbed.,

(B) November: Marked increase in the proportion of secondary
nocytes in various stages af development.

A faw ova appear at this time.

(C) March: Thare is an increase in the proportion of
o}

advanced secondary oocytes and ova.

(D) .Aprii: Yolk-formation accelerates, and ova

become comman,






Plate 26

(£)

(F)

(6)

(H)

(E-H) Phoxinus phoxinus - Longitudinal sections through

June

July

August

August

ovarigs, 6 wum, stained in
Magson's trichromse. Scale line

corresponds to 400 .um.

. The ovary is fully mature, with ripe ova pre-

dominating. A few secondary cocytes remain;
they do not mature, but become atretic and are

resorbed after spawning,

Spamning has taken place, and calyces of smpty

fullicles are present. Unspawned ova and

‘secondary vocytes are present,

Atretic oocytes are present, formed by the

resorbing of ova and secondary oocytes,

Atretic oncyts.






Plate 27 (A-D)  Phoxinus phoxinus Longitudinal sectians throth.the

(R) February.

(8) June
(C) June
‘(D)' dune

testes, 5.um, stainad in Massan's
trichrome. Scales line corresponds

to 50 wum,

Primary sparmatocytes from the bulk of the walls

of the seminiferous tuwbules,

Mature testis, with spermatozoa fres in lumen
of tubules. The sperm duct and the semini-
ferous tubules near it are packed with
spermatozoa, leaving the tubules which lie
further from the duct partly empty.

Scale line corresponds to 400um,

Showing tubules near the duct, full of

spermatozoa,.

Showing tubules further from the duct,

- partly empty,






Plate 27

(E)

(F)

(G)

(H)

(E-H) Phoxinus phoxinus Longitudinal sections thraugh the

August

August

September

November

testes, 5.m, stained in Masson's
trichrome. Scale line corresponds

to 50 _um.

After spauwning, testes are empty of spermatozoa,

and other spermatocyte stages are resorbed.

Similar to section {E)

Primary spermatocytes reappear in the walls of

the tubules,

Primary spermatocytes are plentiful in the walls

of tha tubules,






Plate 28

(A)

~(8)

(c)

(0}

{A-D) Phoxinus phoxinus Serial transuerse sections (slightly

ublique) through the whole fish, from
anterior end of kidney posteriorly.
A-L are 30_um apart, M-S are about

68 pm apart; all sections are &6 .um '
thick stained in lagson's trichrome.

Scale/corresponds to 150 um,

Section at anterior epd of kidnay, showing head-kidney, with
glomerulus, lying immediately ventral to dorsal aorta, The

laeft anterior cardimal vein is approaching the head-kidrey.

Section showing head-kidnay splitting intoc two lateral lobes.
The dorsal aorta is giving off a segmental artery on the left,
and the gastromesenteric artery betwesn the kidney lobss. The
left anterior cardinal vsin has entared the head-kidney, and
the right anterior cardinal wvein is travelling tbwards it.

A ganglionated sympathetic nerve is visible above . the

righf 1ﬁbe af the head-kidney. Spinal nerves are visiblea

amongst the muscle,

Section shouwing head-kidney divided into two lateral lobes,
sach containing an anterier cardinal vein. Dorsal aorta
branching as in (B), Spinal nerves are visible amongst

the muscle.

The head-kidney is bilobed and the gastromesenteric artery
passed between the lobes, The rcots of two segmental
arteries are visible, and a small sympathetic nerve trunk lies

dorsal to the lsft lohe of the head-kidney.






Plate 28 {(E-H) Phoginus phoxinus Serial transverse sections (slightly

(€)

(F)

(6)

(H)

ublique).thrnugh the whole fish, from
anterior end of kidney posteriorly.
A-L are 30 um apart, Fi=S are about

60 pm apart; all sections are 6 um
thick stained in Masson's trichroms.

Scale /L;Dllr‘jleesponds to 150 .um,

Similar section to (D), but gastromesenteric artery now
sepatate from dorsal aorta. The left anterior cardinal vein
hés divided into two main branches. “5 conspicuous sympathetic
nerve trunk lies dorsal to the 1eft head-kidney lobe; sbove

the ringht bhead-kidney loba the narve trunk is fragmented.

Similar section to {E), showing further brandhing of

anterior cardinal veins into head-kidney tissue,

The ducfs of cuvier leave the hedd-kidney, passing towards the
sinus venous, Sympathetic nerve trunks are present on either
side of the dorsal aorta, and fins branchas pass ventrally
through the median space betwsen the head-kidney lobes,

along with the gastromesenteric artery.

The branches from the sympathetic nerve trunks meet in the
midlins, claose to the gastromesenteric artery. A little
adrenocortical tissue lines the ducts of Cuvier where they

leave the head~kidney.






Plate 28

(1)

(3

(K}

(L)

(I-L} Phoxinus phoxinus Serial transverse sections {slightly .

oblique) through the whole fish, from
anterior end of kidney posteriorly.
A-L are 30 um apart, M-S are about

60 pum aparts all sections are 6.um
thick stained in Masson's trichrome,

' /llna
Scale/corresponds to 150 L.

The ganglionated gastromasenteric sympathetic trunk is nouw
separate from the paired trunks beside the dorsal sorta, and
tuns close beside the gastromesenteric artery. A spinal nerve
trunk is visible on the left. The anterior cardinal veins

have largely broken up into sinusoidé in the head-kidnsy tissue.
The tributary ueiné which form the left duct of cuvier are
visible, with adrenocortical tissus lining the.uein walls in
this regicon, The right duct of Cuvier alsc appears, with
adrepocortical tissue lining the wallé._ R renal duct is

vigible in the right lobs.

A similar section to (I),

The two lobes of the head-kidney have fused medially, and
the gastromesenteric artsry and nerve are running in a hollow

on the ventral surface of the kidney.

A similar section to (K)}. A spinal nerve trumk is visible

on the right.






Plate 28 (F-0) Phoxinus phoxinus Serial trapsverse sections (slightly

ohlique) through the whola fish, Prom
anterior end of kidney posteriorly.
Aul are 30 .um apart, M-S are about
60 pm apart; all sections arg 6.um
thick stained in Masson's trichroms,

Scale line corresponds to 150 .um.

(1} The main trunk of the left duct of Luvier is formed from an .
extensive network of tributaries in the left lobe of the

head-kidney, with endocrine tissue lining the larger vessels,

(N) The corresponding main vessel of the right duct of fuvier

is visible, with endocrine tissue lining its walls,

(0) A similar section to (M),
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Plate 28

(P)

(W)

(r)

(P-R)} Phoxinus phoxinus Serizl transverse ssctions (slightly

Ubliqua) through the whole fish, from
anterior end of kidney posteriorly.
A-L are 30 .m apart, M-S are about

60 pm apart; all sections ars 6 um
thick stained in Masson's trichrome.

Scale line corresponds to 150 um,

A simila r section to (€}, WNotice the large {ganglicnated)
gastromessnteric nerve. The right duct of Cuvier reaches

nearly to the mid~line af thea kidney.

The main vessel of the right duct of Cuvier emerges from
the right lobe of the head-kidney, gathering tributaries
from tﬁe entire right lobe, and also from the left lobe,
so that it forms a much larger vesssl than the left duct

of Cuvier.

The two posterior cardinal ueins are visible, the right
very much lafger than the left, and separated from if by
the dorsal hollow in which the dorsal aorta runs. Fost
of the bloed from the kidneys drains into the right-hand
side of the system. The gastromesenteric artery and
nerve still run in a groove on the ventral surface of

the head-kidney.






Plate 29, Phoxinus phoxinus. Transverss sections through head-

kidney region, 6 um, stained in
Masgon's trichrome. Scale line

corresponds to 100 .um.

(A) Section showing gastromesenteric artery branching of f
dorsal aorta, and passing bentrally between the right
and left lobes af the head-kidney which at this lavel
consists almost entirely of haemopoistic tissue, A
pair of segmental arteries is also_branching off tha
dorsal aorta., The two anterior cardinal veins have
entered the head-kidney, one to each lobe. This

section corresponds to 'D' of Plate 28,

(B) A section posterior to A, showing the gastromesentric
artery now separate from the dorsal aorta, and running
in a hollow in the right lobe of the head-kidney.
Branches from sympathetic ganglia on either sids of the
dorsal aorta are descending throﬁgh'tha gap betwean the
lobes of the head-kidney and joining to form a
ganglionated trunk alongsides the gastromesenteric artery.
The anterior cardinal veins are branching up into venules.
in the head-kidney tissue. ﬁ.renal duct is visible.

" This section corresponds to 'H' of Plate 28.

(C) A section posterior to 8, showing the gastromesentric artery
and nerve running side by side in a hellow on ventral surface
of the head-kidney. The postsrior cardinal vein is lined
with adrenccertical and chromaffin cells at this level. as ars

major tributaries., This section corrasponds te 'P' of Plate 28,






Platg 29

Phoxinus phaxinus. Transverse sections through head-—

(D)

(€)

kidnay region, 6_um, stained in
Magson's trichrome. Scale line

corresponds to 100 _um,

Section near anterior end of head~kidney. The laft 4
anterior cardinal vein can be seen gathering from the
darso-lateral muscles and travelling ventrally past the
vertebral column towards the head—kidney. This section

corresponds to 'A' of Plate 24.

Section showing emergence of left duct of Cuvier from
left lobe of head—kidney, The duct and its major
tributaries are lined with layers of adrenocortical
and chromaffin cells. This ssction corresponds to

M of Plate 2B,






Piate 30, Phoxinus phoxinus. !ransverse sections through head-

kidney, 5 um, stained in Masgon's
toichroma. At different timas of

ine
year. Scale/corresponds to 100 um.

(A) March. Showing adrenocortical and chromaffin cells in
wall of posterior cardinal vein and its branchess

and nerve cells,

(8) June flature fish at spawpimg. time, showing hyperplasia
of adrencocortical cells, round posterior cardinal

UEin. '

(C) June Rg 'B', showing increased sizs of adrenecortical

and chromaffin cells,






Phoxinus phoxinus. Transverse secticns through head-

kidney, 5.um, stained in Masson's
trichrome. At different times of
year. Scale line corraesponds to

50 um,

Spawned fish, showing reduction in number of layers

of adrenccortical cells, and deznsely-staining

Plate 30,
(D) July
cytbplasm.
(£) 3Suly

Spawned fish, showing reduction in number of layers
of adrenocortical cells, with densely«staining
cytoplasm. The chromaffin tissue in this section
forms an abundant layer behind the adrenocortical

tissue,

(F) November Showing increase in cell-layers of adrenocortical

tissues, and some chromaffin tissus.
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PLATES 31 to 55




Plate 31.

Phoxinus phoxinus.

Eleectron micrograph of head-kidney, st the
boundary between haemopoistic tissua (on
left) and endocrine tissus {on right).

At the boupdary betuween the two Zones are
sinuscids containing erythrocytes, and

also somsa connective tissue and fibroblasts,
A rouw of adrenceortical cells lines the
posterlor cardinal vein, just visible

at the bottom right. A single chromaffin

cell liss behind them. Mast of-the lymphe

'ccytes contain ellipsoid granules, but

agranular forms are alsc visible. Scale

line corresponds to 4,4 .um.






Plate 32,

Phoxinus phoxinus,

A similar section to Plate 31, with the
haemopoietic tissue (top right)

separated from the endocrine tissuss
(bottom left) by connactive tissue.
Adrenocortical cells line tbe posterior
cardinal vein, out of the field of vieuw,
bottom left. Several chromaffin cells lie
distally; with varying degress of

granulation in their chromaffin vesicles.

One can be seen with a'long process extending

towards the vein, and sections tbrough
similar processss from other cells are
algo visible, Nerve axons are visible
amongst the chromaffin cells, with which
they make synaptic contacts.(ef. Plates

48,49,50). Scale line corresponds to 3.6pm,.
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Platg 33,

Salme aairdnerii,

Elactron micrograph of a section near
the anterior end of the hsad-kidney.
Hasmopoietic tissue is at the bottom,
adrenocortical tissue at the top of
the photograph. There are no lymph-

occytes with ellipsoid granules as in

Phoxinus, but a rangs of other types.

Nerve axons are prassent in the boundary
region, but it is not clear whathar
synapsgs occur with any adrenoe

cortical cells, The mitochondria in
différent adrenocortical cells range

from small sleongate forms with a dense
matrix tn'larga circular farms with
little internal structurs {v. discussion,

p-'e 74 ). Scale line corresponds to 2um.






Plate 34, Salmc gairdnerii, A similar section to Plate 33, but from

the posterior region of the head-kidney
where anly chromaffin and no adreno-
cortical tissue occurs. Several typss
of uhite blood cells lie in the hasmo-
poietic tissue (tap), separated from
the chromaffin tissue (bottom) by a
broad band of connactive tissue in
which are smbedded many nerve fibres.
Axons can alsa he seen amongst the
chromaffin cells, with which they maka
synaptic contacts (ef. Plates 46,51,
52,53}. Scale line corresponds to 4.4ym,






Plate 35,

S5almo gairdnerii.

A continuation of the ssction shown in
Plate 34, towards the posterior cardinal
vein, the lumen of which is visible at
the bottom of the photograph containing
erythrocytes. Chromaffin cells with a

range of intensity of granulation are

* visible, with many nerve axeons amongst

them some forming synapsas. Naotice the
irregular shape of the nuclei of the
chromaffin cells, and the presance of
few irrsgular mitodhondria. The layer
of chromaffin tissue is bounded by the
connective tissue band containing nerve
fibres below the haemopoietic tissue,
and the connective tissue forming the
wall of the posterior cardinal vein,

Scale line corresponds to 4,4um,






Plate 36,

Phoxinus phoxinus.

Ap aguarium=maintained specimen, A
section through one of the tributaries
of the posterior cardinal vein in the
head-kidney. Lymphocytes and erythro-
cytes are presant in the lumen of the
vein, Adrenocortical cells in varying
stages of activity surround the vein, .
and distal to them are several
chromaffin cells with prncassas'running
tomafds the vein. Some of the
chromaffin cells are heavily granulétad,;
while in others the vesicles ars almost
empty. The nuclai of the adrenocortical

cells ars regular im outline. There

is a range in shapse, size, and electron

opacity of the mitochondria, and in the
density of the cytoplasm, and its degres
af vacuolation, but there is no clear
relationship between mitochendrial form
and cytoplasm censity in any given.call
{v. discussion, p., 75 ). Scale

line corresponds to 4.4um.






Plate 37, Phoxinus phoxinus. A similar section to Plate 36, showing

the posterior cardinal veip on the
left. All the adrenocortical cells
shown here have highly vacuclated

' cyfuplasm. The section is from an
aquafiumwmaintained fish, which:
would be under stress. The adreno-
coriical cells abut on to a sub—
endnthelial spacs in a series of
microvilli {v. Plate 38), Scale

line corressponds to 1.9um.






Plate 38, Phoxinus phoxinus.
A

. Section through head-kidnsy, showing
endocrine tissues abutting posterior
cardinal vein. E£xtensive microvilli
are visibls on the uwslls of the
adrenocortical cells and the single
chpamaffin cell in contact with the
vein, or with a subendothelial
space, Scale line corresponds to

1 .8um,

B. Similar section to A,

Scale lins corresponds to 1.8um,

C, Similar secticn to A,

Scale line corresponds to 1.4um,

D, OSalmo gairdnerii., Similar section

through anterior region of heade=
kidney, showing adrenccortical
tissue anly, with microvilli in
contact with lumen of wvein, A

group of theee adrenocortical

cells at bottom shrws small,
elongate mitochondria with a dark
matrix in uniformly dense cytoplasm,
Two cells show large circular mitochondria
with disintegrating matrix in light
vacuolated cytoplasm (v, discussion,
PRe 75 ). Scale line corraspuqu

to 4,6um.






Plate 39, Phoxinus phoxinus.

A. Adrenocortical cellé (with a small
paft of a chromaffin cell on left).
To show structure of nucleus, notice
large, circular, pals nuclei and
somewhat vacuclated ecytoplasm.,

Scale line corresponds to 1.8um.

B, Adrenocortical cells {with a small
part of a chromaffin cell hottom
right), to show conspicuous Golgi_
complex in a cell with highly
vacuolated cytoplasm and large, pale
mitochondria top left (v, discussion,
3. 75 ). Scale line corresponds

to 2,1um,

€, Adrenocortical cells, showing part of
nucleus (bottom right) with nuclear
membrane and peripheral granules,
The tubulo-vesicular form of the
mitochondria is visible, ribosomes,
smocth endoplasmic reticulum and golgi
- complex with a large vacuole. Sﬁale

line corresponds to 0.8um,

. Adrenocortical cell (top) and chromaffin
cell (bottom). The adrenocortical cell
shows conspicuous golgi complex and
smooth endoplasmic reticulum in a cell
with pale cytoplasm. Scale line

corresponds to 1.1um.






Plate 40. Phaxinus phoxinus

A

An unstressed speciméﬁ section through
posteriar cardinél vein in head-kidnay.
Adrenccortical cells line the vein, with
chromaffin cells and nerve fibres distally.
Some of the adrenocortical cells contain
large, relatively pale, circular
mitochondria, while others contain more
irregular, dark mitochondria. In some
cells the cytoplasm is uniformly dark,

in others pals and more or less vacuolated,
In this section, the dark mitochondria

arg associated with light cytoplasm, but
this is not invariably so (v, discussion

Pa 75 ). Scale line corresponds to 7o Gum,

Mitochondria of adrenocortical cell,
showing internal tubulo-vesicular
structure, ribosomes, smooth endoplasmic
reticulum, and vacuoles. Scale line

corresponds to Q.8um,

Boundary between two adrsnpocortical cells,
that.on the 1gft showing less vacuolation,
mare riboscmes and mors extensive smooth
endoplasmic reticulum than that on the
richt,and thearefore presumed to bs highly
activae (v. discussion, .p. 76 ). 5cele

lins corresponds to D.4um.






plat_e 41 -

Salmo gairdnerii.

Adrenocortical-cells, showing mitochondria
with varying degress of breakdown of
internal structure. In some cases,
nothing remains but the empty outline

(v. discussion, .p. 75 }. Scale line

corresponds to 1.5um.






Plate 42,

Phoxinus phoxinus.,

Adrenccortical cells (tnp right and
bottom left) separated by processes
from ons or ﬁan'chrumaFFin cells,
Many of the mitochandria of the mainp
adrenocortical cell are lousing or have
lost all their internal structure, |
leaving large vacuoles, HMicrobodies
arg visibla which may be an early

stage in the development of mito-

chondria. Scale line corresponds

ta 0.5um,






Plate 43,

Salmo gairdnerii.

Adrenocortical cells showing range of
types of mitochondria, from small dark
forms relatively widely dispersed in
the cell, to largs pale fo;ms closely
packed within the cell., Scale line

corragsponds to 1,6um,.






Plate 44,

Phoxinus phoxinus

A

Section through head-kidney at junction
of haemopoietic tissue (1apt) and

endocrine tissues (right). A chromaffin

cell with almost empty vesicles adjoins

one in which the vesicles contain a
considerable amount of granular material.
Twp adrenocortical cells are also visible,
one with a conspicuous golgi complex

and pale, highly vacuclated cutoplasm -
containing few mitochandria; the other
with a greater number of mitochondria,

Scale line corresponds to 4,3um.

Tuo chremaffin cells. That on the
right has vesicles almest empty of
granules, that on the left bas vesicles

ranging from empty to full of electron=-

opaque material., Mitochondria are much

sparser than in adrenccortical cells,
and very variable in form. Scale line

correspends . to 0.8um,






Plats 45, Phoxinus phoxinus.

A

Chromaffin cell (left) and adremo-
cortical cell (right) abutting
posterior cardinal vein. Ficrovilli
at surface of chromaffin cell, -

Scale line corresponds to 1.8um,

Chromaffin cell flanked by an adreno-
cortical cell (aboue) and a second
chromaffin cell (below). Secale line

corresponds to D.5um.

Detail of chromaffin cell, showing
chromaffin vesicles, mitochondria,
endoplasmie retieulum and many

ribosomes, Scala line corresponds

to 0,7 .am,

Golgi complex in chromaffin cell,

Scale line corresponds to 0,7um.






Plate 46,

Salmo pairdnerii

A

Chromaffin celi in posterior region of
head-kidney, showing nucleus (right)
with nucleolus, RNerve axons are
aggociated with the cell on the left,
and sypaptic thickening is visible

(v. Plates 51,52,53). Scale line

correspands to G,8um.

Chromaffin cells in pnstsriarlregion

of head~kidney, showing varying degress
of granulation of chromaffin vesicles,
Nerve ending with synaptic thickening
is visihle on the right. Scale lins

corresponds to 0.8um,






Piate 47.

Salmo gairdnerii.

A

\

Golgi complex in chromaffin call,

Scale line corresponds to 0.6um.

Detail of chromaffin cell, showing
mitochondria, groups of ribosomas and
chromaffin vesicles with sparse
granular contsnts. Scale line

corresponds to 0,.3um.






Plate 48, Phoxinus phoxinus.

A

Cholinergic nerve axans synapsing on
two adjacent chromaffin cells, one
with heavily granulated vesicles, the
other with empty vesiclss. On the
left is an adrenocortical cell.

Scale line corrasponds to 1.6um,

" Section close to {A). showing

synaptic thickenings. Scale line

corrasponds to 4.3um.






plate 49.

Phoxinus phoxinus

A

Cholinergic, nerve ending on chromaffin
cell, showing synaptic thickenings and
vesicles, and mitocheondria in axon.

Scale line correspands to 1.6um.

Cholinergic merve ending on chromaffin
cell. Synaptic thickenings are apparent
both on the surface of the button, and
also on two invaginatioens of the cell
inte the exon., Synaptic vesicles and
larger, denss-~cored vesicles are pressnt,

Scale line corresponds to 0,.8um.






Piats 50,

Phoxinus phoxinus

A

*

Chelinergic nerve ending on chromaffin

- cell. Ngte synaptic thickenings on

both surface of button, and on
invaginations of cell inte axcn,
Small synaptic vesicles and larger
dense—cored vesicles are present.

Scale lime corresponds to 0.6um,

A similar section to (A).

Scale 1line corresponds to O.4um.






Plate 51. Salma gairdnerii.

Section of chremaffin cells (bottom)

adiacent to the connective tissue laysr

dividing them fom the haemopoistic

tissue (top). Abundant nerve fibres

run in the connective tissue layer,

and axons are visible synapsing with the
chromaffin cells, Scals line

corresponds to 2pm.






Plate 52. .Salmo gairdnerii. Cholinergic synapses with chromaffin cells.

Scale line corresponds to 1.3um.






Plate 53,

Salmo gairdnerii.

Ostail of cholinergic nervs ending on

chromaffin csll synaptic thickenings

are visible, synaptic vesicles and

S

large dense-~cored vesicles, tale

line corresponds to 0.%um.



)




Plate 54, Phoxinus -phoxinus,

(A)

(8)

Section through two chromaffin cglls at the junction
with the haemopoietic tissue. A mylenated nerve
fibre runs in the connsctive tissuas, showing a series
of varicosities, Note the contrast bstueen the
amaunt of electron-dense core in the chromaffin
vesicles of the two chromaffin cells,

Scale line corresponds ta 1.9 um,

*

A similar section, showing detail of nerve structurae.
Note multi-layered nature of nerve wall,

Scale lins corresponds to 0.7 um,






Piate 55, Salme gairdnerii.

A, Detail of adrenocortical cell, showing

mitochondria with intsrnal tubulo-
vesicular structure breaking doun.

Scale line correspénds to 0.5pm.

8, Detail of adrenoccortical ecell, shouwing
multi-layered circinate structure, dark .
mitochondria, ribosomes, and endoplasmic

reticulum.. Scale line ecorresponds to 0.5um,






