


M. A. Ali - M. Anctil

Retinas of Fishes

An Atlas

With 364 Figures in 125 Plates

Springer-Verlag
Berlin Heidelberg New York 1976



Professor M.-ATHER ALI
Dt. MicHEL ANCTIL
Département de Biologie, Université de Montréal, Canada

ISBN-13: 978-3-642-66437-3 e-ISBN-13: 978-3-642-66435-9
DOI: 10.1007/978-3-642-66435-9

Library of Congress Cataloging 1n Publication Data Al;, Mohamed Ather, 1932— . Retinas
of fishes. Bibliography: p.  Includes index. 1. Retina-Atlases. 2 Fishes-Anatomy-Atlases
L. Anctil, Michel, 1945~ joint author. II. Title. QL639 A427 597°.04'8 76-22204

This work 1s subject to copyright. All rights are reserved, whether the whole or part
of the material 1s concerned, specifically those of translation, reprinting, re-use of illustra-
tions, broadcasting, reproduction by photocopying machine or similar means, and storage
in data banks. Under § 54 of the German Copyright Law where copies are made for
other than private use, a fee 1s payable to the publisher, the amount of the fee to be
determined by agreement with the publisher.

© by Springer-Verlag Berlin Heidelberg 1976
Softcover reprint of the hardcover 1st edition 1976

The use of general descriptive names, trade marks, etc. in this publication, even if the
former are not especially 1dentified, 1s not be taken as a sign that such names as understood
by the Trade Marks and Merchandise Marks Act, may accordingly be used freely by
anyone



Preface

A considerable amount of information on the retinal morphology
in fishes has been accumulating during the past century. Among
the vertebrates, fishes are a highly successful group, both in number
of species and in the adaptive radiation of forms. For instance,
415 teleost families are now recognised (GREENWOOD, ROSEN,
WEerrzmann and MyYERS, 1966), and the 20,000 odd fish species
mentioned in text-books have been by far out numbered. The
fish retina also shows considerable variations, in conformity with
the extreme morphological diversification reached by piscine forms,
in colonising all conceivable aquatic habitats and developing a
wide spectrum of life habits.

We intend to illustrate this in the present Atlas, a collection
of short texts and photomicrographs of the retina from about one
hundred fish families. This Atlas is intended also to fulfil other
purposes. One of them is to present in a phylogenetic order the
rather scattered data on fish retinal structure, with appropriate
illustrative material; another is to assist the visual physiologist
or biochemist in his search for a retina with particular morpholog-
ical features compatible with his specific requirements. In other
words, what we aim at is a ready pool of information for laymen,
students, and specialists of varied interests.

The material used for this Atlas comes from various sources.
Fishes from about 70% of the families represented herein were
collected and their eyes processed by us in the last twenty-two
years. Materials from fish made specially for the Atlas more recently,
and from continuing projects, have been incorporated. The remain-
ing fish families which compose the Atlas come from materials
(fish specimens, histological slides, photomicrographs) kindly made
available to us by many colleagues around the world (see Acknowl-
edgements).

The atlas is organised in three principal parts. The first part
introduces the classical morphology of the fish retina and defines
the terminology used in the characterisation of the retinas of each
fish family. It also includes a brief list of the main histological
techniques applied to the study of retinal morphology and a chapter
on the preparation and examination of the retina. The second part
constitutes the bulk of the Atlas. It is conceived as a catalogue
of fish retinal structure, arranged in families according to the mod-
ern phylogenetic classification (BiGELow and ScHROEDER, 1948;
GREENWOOD et al., 1966; MCALLISTER, 1968; RoSEN and PATTER-
soN, 1969). The mode of presentation is as follows. A textual page
faces the corresponding photographic plate on the right. The text
includes (1) the phylogenetic position of the fish group (Class or
Subclass, Superorder, Series, Order, Suborder, Family), (2) a line
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diagram and a paragraph briefly describing the fish family (taxo-
nomic position, habitat and habits), (3) a paragraph describing
the most striking features of the retina of one or more species
of that family, (4) a collection of references concerning the retinal
structure of fishes belonging to that family, (5) when available,
a list of the categories (vitamins A;, A;) and maximal spectral
absorptions (4,,,) of the visual pigments investigated in the
members of that family, and (7) the legend for the facing pho-
tographic plate (s). A short text arranged according to the above
scheme (except for the legend) is also included for fish families
whose retinal structure has been described, but for which no pho-
tographic material is available. As a whole, the Atlas contains
about 150 fish families, some 100 with photographic material. The
third part is an exhaustive, though not complete, bibliography
on fish retinal structure; it includes, of course, all the references
mentioned in the text. Since many readers may not be familiar
with the modern classification of fishes (especially the teleosts),
a synopsis of families is also given and the index includes all the
taxonomic terms used, including the generic, specific and common
names.
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1. INTRODUCTION

The aim of this chapter is to give a brief description of a generalised
fish retina to enable easy understanding of the photomicrographs
presented in the following sections. However, as mentioned earlier,
the great morphological diversity displayed by fishes should deter
us from usingl this scheme for purposes other than introducing
the material and terminology.

The fish eye is oval (Plate 1) with a spherical lens. Due to
the peculiar accommodatory process wherein the lens is moved
back and forth, unlike in the higher vertebrates, the lens muscles
are usually well developed. The lens plays a predominant role
in image formation in fishes, whereas the cornea has optical charac-
teristics similar to those of water and therefore is not involved
in dioptric processes. Other ocular structures resemble more or
less those in the rest of the vertebrates; WarLLs (1942) and RocHON-
DuvieNEaUD (1943) should be consulted for details on various
fish eye structures and their relationships with those of higher
vertebrates.

Many fishes, especially the elasmobranchs, have pigment in the
choroid. In the elasmobranch eye this pigment is capable of move-
ment in response to light. In light it expands and occludes the
reflecting material in the choroid, while in the dark it retracts,
thus leaving the reflecting material exposed (Nrcor, 1963). This
results in the maximal utilisation of the available light due to reflex-
ion within the eye cup.

1.1. Retinal Circulatory System

Besides the choroidal blood supply and its rete mirabile involved
in active secretion of oxygen into the eye (WrTTENBERG and WrT-
TENBERG, 1962), the fish retina is nourished by other intraocular
vascularisations. These include several types of falciform process,
with or without branches on the inner (vitreal) surface of the retina,
and vitreal vessels, all of which originate from the hyaloid artery
and join a peripheral (ora terminalis) annular vein (Hanyu, 1959,
1962; Arr etal., 1968; ANcrIiL, 1968). The eel families constitute
a notable exception in that the choroid blood supply is absent
and is replaced by a rich supply of retinal vessels running on
and, in the retina, converging into a hyaloid vein (Hanyu, 1959;
ALt etal., 1968). In some cases (e.g. sharks and skates), both the
vitreous chamber and the retina are avascular (Hanyu, 1962).



1.2. The Retina

The retina is a projection of the brain and consists of various
cell types which are traditionally arranged in eight “layers” and
two “membranes”. Although this layer arrangement does not re-
flect the actual situation (see Plate 2), it will be retained in the
following description for convenience and ease of comprehension.
From sclerad to vitread these layers are as numbered below (Plates 2

and 3):

1. Epithelial layer 6. Internal nuclear layer

2. Visual cell layer (rods and 7. Internal plexiform layer
cones) 8. Ganglion cell layer

3. External limiting membrane 9. Nerve fibre layer

4. External nuclear layer 10. Internal limiting membrane

5. External plexiform layer

The epithelial layer is made up of cells which have a basal part,
the cell body (usually hexagonal in shape) containing the nucleus,
and one or more finger-like processes. The latter are interspersed
among the outer segments of the visual cells. Except in hagfishes
and the elasmobranchs (sharks, skates and rays) the epithelial cells
contain melanin granules and/or reflecting material. In fishes which
are nocturnal, or which inhabit deep or murky waters these granules
are usually concentrated in the cell body. In most teleosts (bony
fishes) the pigment is considerable in quantity and composed of
granules and needle-shaped crystals. In many cases this pigment,
like the rods and cones, is capable of responding to light. It migrates
vitread within the cell processes. In the dark it vacates the cell
processes and concentrates in the cell body, thus forming a dense
strip (Plate 3).

Visual cell layer. A visual cell or photoreceptor is made up
of an outer segment, with lamellar pilings (saccules) containing
the visual pigment. The outer segment is attached to the inner
segment by a connecting cilium. There is also a ciliary structure,
the accessory outer segment, alongside the outer segment, whose
origin lies in a centriole near that of the connecting cilium. The
inner segment is made up of an ellipsoid containing mostly mito-
chondria and a myoid containing ribosomes, vesicles, rough and
smooth endoplasmic reticulum, Golgi bodies, and microtubules.
The nucleus and perikaryon are followed by the inner fibre (axon)
containing microtubules and by the terminal pedicle containing
synaptic vesicles and ribbons. In a few fishes the outer tip of the
ellipsoid may contain an “oil” droplet of mitochondrial origin,

Plate 1. Transverse section through the eye of a juvenile chum salmon
(Oncorbynchus keta).

CH choroid, CO cotnea, FP falciform process, 7 iris, L lens, ON optic
nerve, RE retina, about x 100

2






while in some a paraboloid (glycogen) is present in the myoid region
(Plate 4).

In general, two types of photoreceptors may be distinguished:
the rods (scotopic) and the cones (photopic). The former are gener-
ally more numerous and slender with a cylindrical outer segment,
while the latter are fewer and bulkier with a shorter and tapering
outer segment (Plate 5). The outer segments of the rods and cones
differ also in their ultrastructure (Conen, 1969, 1972). Autora-
diographic studies coupled with electron microscopy have shown
that while the discs of the rod outer segments are continually
regenerated to replace the older ones when phagocytosed by the
retinal epithelial cells (in frogs and rats), the cone outer segment
discs are not subject to such a process (Younag, 1969). The cones
may be of different kinds. Usually, only two types are present,
the single and double (or twin) cones. Sometimes triple or even
quadruple cones are encountered. The double cones may be either
equal or unequal in size and shape. When they are unequal, one
member is referred to as the principal and the other, presumably
of rod origin, is labelled accessory (Plate 5). The shape and density
of the mitochondria vary between the rods and the cones. It is
also probable that even within one type, electron microscopy will
demonstrate differences in the density of the mitochondria between
light- and dark-adapted states.

In many teleosts the rods and cones respond to light and dark
by undergoing changes in their positions. These changes go hand-
in-hand with the response of the epithelial pigment mentioned
earlier. In light, the rods are expanded and their outer segments
are generally masked by the pigment that has migrated into the
cell processes surrounding them. Meanwhile the cone ellipsoids
are situated adjacent to the external limiting membrane (Plate 3,
right). In the dark, the cones are expanded and their outer segments

Plate 2. Routine histological transverse section of the retina of Nannacara
anomala on the left and a number of silver-impregnated receptors and
neurones of the same retina arranged according to the normal layering
on the right. The classical description of the retina in terms of nuclear
and plexiform layers (/eft part) does not take into account the range
of the dendritic or terminal arborisations of the different classes of nerve
or interneurone cells, which can only be seen in the right part. It would
appear that this latter approach is more suited to give an idea of the
functional morphology of the neural network in the vertebrate retina
PEL pigmented epithelial layer, EINL external nuclear layer, EPL ex-
ternal plexiform layer, /NL internal nuclear layer, /PL internal plexi-
form layer, GCL ganglion cell layer, NFL optic nerve fibre layer, og oli-
godendrocyte, 7 rod, rm rod myoid, ¢cone, dr double cone, s« single
cone, ¢p cone pedicle, eho external horizontal cell, 740 internal hotizontal
cell, 7bi rod bipolar cell, ¢bi cone bipolar cell, sam stratified amacrine
cell, bam bistratified amacrine cell, bg bistratified ganglion cell,
sge stratified ganglion cell, 7-7 subdivisions of the inner plexiform layer.
% 1,000. (Courtesy of Dr. H.-]. WAGNER)
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Plate 4. 1, 2. Transverse sections of the retinas of Amia calva. (1) Amiidae, x 1,000,

showing paraboloid P4 in the myoid region and of Fundulus heteroclitus. (2) Cypri-
nodontidae, x 1,900, showing cone droplets OD

< Plate 3. Transverse sections through the dark-adapted (/%f?) and light-adapted
(right) retinas of the Arctic char (Salvelinus alpinus)

7 pigmented epithelial layer, 2-70 see Plate 2 and Introduction

A amacrine cell, B bipolar cell, C cone ellipsoid, G ganglion cell, / horizontal
cell, P epithelial pigment, R rod ellipsoids. About x 1,000



and ellipsoids are approximately where the rods were in light,
while the rods have moved vitread, closer to the external limiting
membrane and consequently closer to the incoming light quanta
(Plate 3, left). There is considerable variation from this generalised
pattern among the various fish families depending on their retinal
structure, habitat, and behaviour. These movements of the epithe-
lial pigment and visual cells are collectively known as the retinomotor
responses and have been known for about a century. Their character-
istics, the influence of environmental factors on them, and their
relationship to the fish’s habitat and behaviour have been studied
by various workers and the literature has been reviewed from
time to time (AREY, 1915; vox Stupnitz, 1952; ALL, 1971, 1975).
It is probable that the myoid and the accessory outer segment
of the cone play a role in the retinomotor responses. The myoids
might pull the photoreceptors vitread by contracting while the
accessory outer segment of the cone may act as a spring, pulling
it sclerad in the dark when the myoid is relaxed.

The external limiting membrane usually straddles most of the cone
nuclei, which are more sclerad. It is usually very clearly seen and
is often the dividing line between the myoids and the nuclei of
the visual cells. This membrane is made up of the sclerad extremities
of the Miillerian cell branches. These are the main supporting
cells of the retina, and are also called radial fibres.

The external nuclear layer is composed of the visual cell nuclei.
In rare cases (some elasmobranchs, holosteans, sturgeons, and the
pike) one encounters some displaced bipolar cells also in the vitread
part of this layer. It is usually possible to distinguish the rod
and cone nuclei. In most teleosts, the former are located more
vitread and are smaller while the latter are larger and located very
close to the external limiting membrane, some of them even pro-
truding into it. In the elasmobranchs, these respective positions
are inverted.

The excternal plexiform layer is composed of the foot-pieces (inner
fibres and pedicles) of the visual cells, and the sclerad processes
and dendrites of the horizontal and bipolar cells, which make synap-
tic contacts with the visual cells.

The internal nuclear layer includes three distinct sublayers of neu-
ronal cell bodies and nuclei. The sclerad-most sublayer is composed
of horizontal cells, the intermediate one of bipolar cells, and the
vitread-most of the amacrine cells. All these sublayers, especially
the horizontal and bipolar cells, may themselves be multilayered
and interdigitate with other sublayers. The horizontal cells are
usually flat or cuboidal with large nuclei and smooth fibrillar cyto-
plasm. They send out lateral processes which connect with various
visual cell pedicles over a certain receptive field. The bipolar cells
are second order neurones with slender cell bodies, round nuclei,
and more or less elaborate dendritic ramifications. The diverse
categories of horizontal and bipolar cells are often connected to



Plate 5.1-6. Photomicrographs of photoreceptors isolated by chemical or mechani-
cal means (see ANcCTIL et al., 1973). (1) brook trout (S. fontnalis) rod, (2) bowfin
(A. calva) single cone, (3) goldfish (Carassius anratus) single cone, (4) yellowperch
(Perca flavescens) single cone, (5) bowfin unequal double cone, (6) brook trout
equal double cone

O outer segment, E ellipsoid, P.A parabolid, M myoid, N nucleus, F inner fibre,
S synaptic pedicle. All x 1,950



a corresponding type of visual cell (rod, single, or double cone).
The amacrine cell bodies are larger than those of the bipolats
and their nuclei stain less deeply with haematoxylin than the bipolar
nuclei. Also part of this layer are the Miillerian cell or radial fibre
nuclei.

The internal plexiform layer comprises the axonal processes
of the bipolar cells, the amacrine cell processes, and the dendritic
ramifications of the ganglion cells which make synaptic contacts
with the two former. The result is a dense meshlike network of
fibres running both horizontally and vertically. In some cases (ag-
nathes, elasmobranchs), ganglion cell bodies are scattered
throughout this layer.

The retinal ganglion cell bodies of all except the jawless and
cartilaginous fishes are confined to one layer, immediately vitread
to the internal plexiform layer in which two or more types of
cells may be distinguished according to size and ramification pat
terns.

The axons of the ganglion cells form the nerve fibre layer. These
fibres converge in the region of the optic disc to form the optic
nerve (or tract). In the jawless fishes, this layer is located between
the internal nuclear layer and internal plexiform layer. In several
primitive fishes (bowfin, gar, deep-sea salmoniform teleosts, lung-
fish) the optic nerve fibres are located as fascicles between nuclei
in the ganglion cell layer.

The internal limiting membrane separates the nerve fibre layer
from the adjoining vitreous humour and vitreal vessels. This appat-
ent membrane, analogous to the external limiting membrane, is
the result of the expansion of the vitreal ends of contiguous Miiller’s
or radial fibres.
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2. TECHNIQUES

The methods mentioned here are those used both by the authors
and other workers whose material has been incorporated. Most
of the eyes and retinas used in the preparation of this Atlas were
fixed in Bouin’s fixative. Some were fixed in formalin, Kolmer’s
fluid, Pereny’s fluid, etc. Some eyes, whose cornea and lens had
been removed, were also fixed in buffered glutaraldehyde and retinal
pieces were postfixed in buffered osmium tetroxide. Whole eyecups
or retinal pieces were embedded in paraffin and, in a few cases
in celloidin; paraffin or celloidin sections were cut at three to
ten microns. The small retinal pieces fixed in glutaraldehyde and
osmic acid were embedded in Epon 812 and cut at one to two
microns for light microscopy. In some fishes, the retinas were
treated using the rapid Golgi-impregnation technique (see PARTHE,
1972), from which celloidin sections were prepared.

Stained and unstained histological sections were used. The main
staining techniques employed were (1) Harris’ hematoxylin and eo-
sin, (2) Mallory’s one-step triple stain, (3) Heidenhein’s Azan, and
(4) fuchsin-paraldehyde and one-step trichrome (GaBE, 1968). Some
Epon sections were unstained; others were stained with the
Azure II-Methylene Blue technique. The unstained preparations
were examined with phase contrast and Nomarski differential inter-
ference-contrast optics. The stained preparations were examined
in bright field microscopy and, in some cases, with the interference-
contrast optics.

For further details, the reader is referred to the pertinent litera-
ture on retinal morphology listed in the bibliography and to the
following chapter.
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3. PREPARATION AND EXAMINATION
OF THE RETINA

5.2.

5.3.

6.2.1.

6.2.2.

6.2.3.

6.3.

12

Measure body length.

Inspect intact eyes: eye shine, colour of cornea, colour of

lens, shape of iris etc.

Decapitate fish and enucleate eyes (not necessary in speci-

mens with less than 3 cm body length destined for light

microscopy). Smaller fish to be fixed in toto.

Measure horizontal eye diameter (or temporo-nasal).

Puncture the eyes at the sclero-corneal junction with a fine

needle at least twice (sufficient for light microscopy)—or

Remove cornea and lens with a sharp razor blade or a

De-Wecker type of scissors (essential for electron micro-

scopy).

Careful inspection of retinal fundus: intraretinal vessels, fal-

ciform process, ventral eye fissure, optic papilla and fovea.

In larger eyes, separate ventral, dorsal, nasal, and temporal

parts as well as the fundus (Plate 6 ).

Fixation in one of the following media:

Light microscopy:

1. Bouin’s fixative (75 parts saturated picric acid; 25 parts
formaldehyde; 5 parts glacial acetic acid).

2. Kolmer’s fixative (5% aqueous potassium bichromate so-
lution, 20 cc; 10% formalin, 20 cc; glacial acetic acid,
5cc; 50% trichloracetic acid, 5 cc; saturated aqueous
(10%) uranyl acetate, 5 cc).

Electron microscopy (see 15 for recipes): 2.5% glutaralde-

hyde and 1% paraformaldehyde diluted in 0.06 M sodium

phosphate buffer containing 3% sucrose for freshwater
species and 5% for marine fishes. Fix for 30 min at room

temperature and 90 more min at 4° C.

Wash twice in buffer and carefully remove sclera in a way

that does not separate retina,. pigment epithelium and cho-

roidal gland (binocular microscope). Trim pieces of tissue
to convenient size (3% 3 mm). If not done earlier, separate
ventral, dorsal, nasal, temporal, and fundus regions now

(Plate 6).

Post-fixation in 1% osmic acid (2h at 4° C). Wash thorough-

ly in distilled water after postfixation.

Material fixed for light microscopy destined for semithin

(lum) sectioning may be treated according to 6.2 and

processed further as for electron microscopy.

Dehydratation in graded seties of alcohol (i.e. methanol)

at 4°C starting at 50% (5 min), 70% (10 min), 80%

(15 min), 90% (20 min), 95% (20 min) and 2x100%

(15 min each).



Plate 6. Photograph of the dissected left eye of Labrisomus nuchipinnis
(Clinidae) showing the eye-cup on the left and the cornea CO and lens L
on the right. The ventral fissure (arrow) is clearly seen. Dorsal D, ven-
tral 1/, temporal 7 and, nasal IV regions are indicated. (x 11.7)

8. Infiltration.

8.1.  Light microscopy.

8.2.  In acetone (or propyleneoxide) (30 min, 4° C) and in three
stages of graded mixtures of acetone-resin (3:1, 15 min;
1:1, 30 min; 1:3, 45 min and pure resin, 60 min).

9. Embedding: make sure that the orientation of the specimens
will allow both transversal and tangential sectioning.
9.1.  Light microscopy: paraplast; if there is no need to examine

lens, cornea and sclera, you may gently peel off these struc-
tures and remove the lens with a hot needle after a first
embedding stage and then re-embed the remaining retinal

tissue.
9.2.  Electron microscopy: Epon or Araldite.
10.  Sectioning: transversal and tangential sections of the retina

at different levels must be obtained.

10.1. Light microscopy: 5pm sections for paraffin-embedded
material; 1pum sections for plastic-embedded material.

10.2. Electron microscopy: silber-gray sections.

11.  Staining.

11.1. Light microscopy: Haematoxylin-Eosin or Masson’s trich-
romatic stain for paraffin-embedded material. Methylene
blue according to RicmarRDsoN etal. (1960) for semithin
plastic sections.

11.2.  Electron microscopy: double
and lead citrate.

12. Suggestions for examination of retinal structure (light mi-
croscopy; see Plate 7).

12.1. Pigment epithelium
1. Extent of development

< 5

‘staining” in uranyl acetate
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2. Distribution of melanin granules
3. Relation of processes to outer segments of rods and cones
4. Capacity for migration
12.2. Tapetum lucidum.
12.3. Photoreceptor cells
a) Rods
1. Shape and size
2. Distribution: single, grouped, in banks
3. Density (tangential sections or counts of nuclei in the
external nuclear layer (ENL)
4. Capacity for movement
b) Cones
1. Types: equal or unequal double cones, different types
of single cones
2. Size and shape of cone types
3. Structural peculiarities (e.g. oil droplets, paraboloids etc.)
4. Distribution: mosaic, row or square pattern with central
and/or additional single cones (tangential sections)
5. Density (tangential sections or counts of nuclei in the
ENL).
12.4. External plexiform layer
1. Thickness.
12.5. Horizontal cells
1. Number of rows
2. Number of cell types (amounts of cytoplasm stained)
3. Distribution (mosaic?)
4. Presumably horizontal axons.
12.6. Bipolar cells
1. Density.
12.7.  Glial cells.
12.8.  Amacrine cells
1. Density.

Plate 7.1-8. Transverse section of the dorsal retina (area) of Blennius
cristatus surrounded by the tangential sections of the parts of retina
indicated by the brackets. (1) Pigmented epithelial layer PEL and
rods R. (2) Cone C ellipsoids forming a square mosaic of double cones
with additional single cone, as seen within the circle. Single cones,
if present, when situated at the corners of a square mosaic are called
“additional”, and when situated in the centre of the mosaic are referred
to as “central”. (3) Section through the external limiting mem-
brane £L M showing tangental sections of cone myoids. Note the square
mosaics. (4) External nuclear layer EINL darker nuclei are those of rods.
(5) Tangential section across the external plexiform layer £PL showing
square mosaics formed by the cone pedicles. Dark spots within these
correspond to the ribbon synaptic complexes. (6) Horizontal cells /.
Note their regular arrangement in rows. (7( Rod horizontal cells. (8) Bi-
polar cells B form the major part of the inner nuclear layer /VL. Semi-
thin (1pm) sections stained with methylene blue (x 700)
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12.9.

12.10.
13.
13.1.

13.2.

13.3.

14.

15.
15.1.

15.2.

15.3.

15.4.

16

Inner plexiform layer

1. Number of horizontal sublayers

2. Regular pattern in tangential sections

3. Displaced ganglion cell nuclei.

Ganglion cell layer

1. Density of nuclei.

Quantitative assessment of observations.

Summation rates are obtained by determining the ratio of

receptor cell nuclei to bipolar cell nuclei to one ganglion

cell.

The degree of integration is indicated by the number of

horizontal and amacrine cell nuclei.

The items mentioned should ideally be examined and com-

pared in the dorsal, ventral, nasal, temporal, and central

region of the eye.

Special conditions: sometimes specimens cannot be

processed without major interruptions in this schedule. Dur-

ing an expedition, for example, it may be possible only

to fix the tissue and then store it. Storage is most convenient

both for light and electron microscopy at the 70% alcohol

stage. If it has to occur earlier, tissue may be kept in buffer

after the end of the fixation period. For electron microscopy,

it is essential to carry out the postfixation in Os O, because

the aldehydes are not capable of fixing all ultrastructural

details.

Routine fixation for electron microscopic examination

Preparation of 100 ml 0.06 M phosphate buffer

1. Dilute 0.828 g Na H,PO,-H,0O in 100 ml H,O (sol. A)
and 1.608 g Na,H PO, in 100 ml H,O (sol. B)

2. To reach pH 7.3 take 23 ml of sol. A and add 77 ml
of sol. B;

3. Adjust with concentrated Na OH or HCI, if necessary

4. Add 3 g of sucrose for freshwater specimens and 5g
for marine fishes.

Preparation of 20 ml aldehyde-fixative

1. Dilute 0.2 g of paraformaldehyde in above-mentioned
buffer (20 ml); heat to about 70° C and stir for 30 min.
Solution must be filtered after cooling.

2. Add 2.5 ml of 25% glutaraldehyde.

Preparation of 10 ml of osmic acid (1%)

1. Dilute 2.5 ml of stock solution (4%) in 7.5 ml of the
above buffer.

Use the remaining buffer for thorough rinsing.

If need be: stain tissue blocks in 2% uranyl acetate in sodium

maleate buffer at pH 5 for 90 min.



4. DESCRIPTIONS

4.1. Agnatha (Jawless Fishes)



Myxinidae (Hagfishes)

Agnatha, Myxiniformes

Hagfishes belong to a very primitive and well-adapted group ref-
erred to as the cyclostomes, because of the circular suctorial mouth
equipped with rasping teeth. The jawless fishes (hagfishes and
lampreys) lack bones, jaws, paired limbs and girdles, scales, and
their bodies are supported by an unsegmented notochord. They
possess a single nostril and respiration takes place through gill
pouches. The hagfish is a blind, elongate, wormlike fish with several
whiskers extending from around the mouth, and is a voracious
scavenger. It inhabits soft mud bottoms where the food is located
entirely by smell.

The retina of the hagfish (Myxine glutinosa, M. garmani, Polistotre-
ma stouti, Eptatretus) is degenerate to some extent and its infolding
fills the space of the vitreous chamber (Plate 8.1, M. glutinosa). There
are distinct and well-developed external and internal nuclear layers
(Plate 8.1), but the ganglion cells cluster near the optic tract. The
visual cells are cone-like in appearance in M. garmani, with long,
tapering outer segments, whereas they are rod-like in P. stouti,
with cylindrical outer segments. The visual cells of M. glutinosa
cannot be classified into rods or cones; the outer segments are
short, whorl-like, and somewhat disorganised (Plate 8.2), and there
is no differentiation of the cell organelles into inner segment fibre
and synaptic body. In M. glutinosa, there are no synaptic ribbons
in the visual cell foot-piece, but only synaptic agranular vesicles
adjacent to membrane densities are found (Plate 10). Synaptic rib-
bons are present in the better-developed retina of P. stouti.

References: Konr (1892); Arrexn (1905); Ercenmann (1909);
Ducker (1924); Franz (1934); WaLLs (1942); Kosavasnr (1964);
HormBERG (1969, 1970, 1971); KLEEREKOPER (1972); FERNHOLM
and HorMmBERG (1975)

Plate 8.1, 2. (1) Median section through the eye, 7 Epithelial cell layer,
2 Receptor cell layer, 3 Inner layer of cell bodies, 4 Inner fibrous layer,
5 Connective tissue strand, 6 Optic tract, £ extracellular space. An out-
er fibrous layer x often separates the receptor cell layer from the inner
layer of cell bodies. Azan (Heidenhain). x300. (2) Median section
through the eye. The receptor cell layer RL as well as follicle cells
Fo show a PAS-positive reaction. /L inner fibrous layer, OT optic tract.
Periodic-acid/Schiff, x 220
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Plate 9. Longitudinal section through the apical part of a receptor cell RC. BB basal body, C'P connecting
piece, EC epithelial cell, Eve evagination from the apical surface of epithelial cell, Evr evagination
from the apical surface of receptor cell, G/ glycogen granules, J# cell junction, A: mitochondria,
OC oblique centriole, SC “Supporting” cell, x extracellular space. Multivesicular bodies MB and
vesicles [7¢ are seen in spaces between the arrays of membranes. Larger vesicles (Broad arrow),
membrane fragments MF and discs which pinch off small vesicles x are found 1n material fixed 1n
osmium tetroxide alone. Notice rows of small vesicles (Double arrows) near the plasma membrane of
the receptor cell. Osmium tetroxide, x 26,000
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Plate 10. Receptor base in which agranular vesicles A1 are aggregated
near membrane densities MD. D1  dense-core vesicle, F/filaments,
G/ glycogen granules, Mimitochondria, N#nuclei of “supporting”
cells SC, 2 type 2 process without agranular vesicles. Osmium tetroxide,
x 26,000. Reproduced with modifications from HoLmBERG (1970)

21



Petromyzontidae (Lampreys)

Agnatha, Petromyzontiformes

Lampreys have freshwater as well as marine representatives. Al-
though they are capable of rapid, undulating swimming, the sea
lampreys (Petromyzon marinus) travel mostly attached to host fishes
while sucking out their blood. In general, the parasitic forms of
lampreys remain for a shorter time on the host than do the hag-
fishes, the latter being internal parasites from deeper water.

The retinas of Geotria australis, Ichthyomyzon, Petromyzon marinus,
Entosphenns and Lampreta fluviatilis (listed in a primitive-to-ad-
vanced evolutionary gradient) have been studied. The retina of
the lamprey differs from all others in that its ganglion cells are
not separated from the internal nuclear layer (Plate 11.2). Dissimilar
to hagfishes, large horizontal cells are present in the adult Lampreta
retina (Plate 11.1, 3). The visual cells are all conelike Geotria; they
belong to two types according to length in /chthyomyzon, but both
have tapering outer segments; there are rodlike (cylindrical outer
segment) and conelike visual cells which are longer in Petromyzon;
in Entosphenus the conelike cells are still longer; in Lampreta, there
are two visual cell types which differ in the length of the myoid
segment and in the fluorescence of the slightly tapered, truncated
outer segment with Procion Yellow. Synaptic ribbons are present
in the foot-piece of Lampreta visual cells.

References: DUCKER (1924); WaLLs (1928, 1935, 1942); Duke-EL-
DER (1958); YamapA and Isamikawa (1967); GovarRDOVsKY and
TsruLts (1969); Orman (1970, 1971); KLEEREKOPER (1972)

Visual Pigments: A; max 497, A, max 518 (LYTHGOE, 1972)

Plate 11.1-3. (1) Transverse section through the retina of P. marinus
showing the pigment epithelium with its short processes (upper inset),
the photoreceptor layer made of rodlike R and conelike C cells, the
two layers of large horizontal cells and the small number of bipolar
cells. Note the prominent Muller’s fibres M. x 560. (2) Another trans-
verse section through the retina of P. marmus showing displaced bipolar
cells B and optic nerve fibres ON running between the bipolar cell
layer and the inner plexiform layer. x560. (3) Enlarged view of the
photoreceptor synaptic layer and the horizontal cells. Note the displaced
bipolar cells B, the rodlike R and conelike C synaptic pedicles. x 1,400
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Plate 11.1-3. (Legend see opposite page)
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4.2. Chondrichthyes (Cartilaginous Fishes)



Isuridae (Mackere! Sharks)

Chondrichthyes, Elasmobranchii, Selachii, Galeoidea

Chondrichthyes are fish with a cartilaginous skeleton and toothlike
scales. The elasmobranch subclass includes the sharks (Selachii),
skates and rays (Batoidei). In the selachians, the gill openings are
at least partly lateral and the upper margin of the orbit is free
from the eyeball (free eyelid), whereas in the batoids the gill open-
ings are confined to the ventral surface and the upper margin
of the orbit is not free from the eyeball.

Mackerel sharks are diurnally active, and swim strongly in put-
suit of their prey (schools of mackerels and herrings). They are
distributed from the surface to the bottom of the continental shelf
waters.

The elasmobranch retina shows a number of characteristic fea-
tures: the epithelial cells are devoid of pigment and the processes
are very short or absent; as a rule the rods are the preponderant
photoreceptor elements; the retinal cells, especially in the inner
neuronal layers, are relatively large. Cones have been reported in
the mixed retina of Lamna cornubica.

Reference : RocHON-DUVIGNEAUD (1943, 1958)
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Orectolobidae (Carpet and Nurse Sharks)

Chondrichthyes, Elasmobranchii, Selachii, Galeoidea

The nurse shatk, Gunglymostoma cirratum, is a sluggish fish which
is found chiefly inshore, in relatively shallow waters. It forms small
schools and feeds mostly on invertebrates.

Single cones have been reported in this species. The rod: cone
ratios are 7:1 in the dorsal retina and 13:1 in the ventral retina.
Cone myoids, which are found below the external limiting mem-
brane, have been reported to elongate in the vitread direction
in the dark-adapted state.

References: Hamasaxt and GRUBER (1965); WANG (1968) ; GALLEGO
(1972); ScaroeDER and EBBEsson (1975)

Scyliorhinidae (Cat Sharks)

Chondrichthyes, Elasmobranchii, Selachii, Galeoidea

These small sharks appear to be bottom dwellers from moderate
depths of the continental shelf. The spotted dogfish, Se¢yliorbinus
canicula, may inhabit shallower waters.

S. canicula has a simple pure-rod retina according to most au-
thors with the exception of ProTasov (1960) who reported cones.
The rods are numerous (4-5 layers of rod nuclei), normal in shape,
with a short myoid. There is one layer of horizontal cells. The
bipolar and amacrine cells are fairly numerous, but the ganglion
cells are few. Pure-rod retinas were also reported in S. stellare,
S. catulus, Galeus canis and Pristinrus sp.

References: VERRIER (1930a); KormEer (1936); Rocnon-Duvic-
NEAUD (1943, 1958); ProTasov (1960); Nricor (1961a)
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Triakidae (Whitetip Smoothhounds)

Chondrichthyes, Elasmobranchii, Selachii, Galeoidea

Triakid sharks are closely related to the Carcharhinidae. They inha-
bit both shallow and relatively deep waters. They are most active
during the day but generally sluggish in habit.

The whitetip smoothhound, 77iaenodon obesus, has been reported
to have a pure-rod retina (Plate 12.1); the rods are slender and
possess long myoids. The internal nuclear layer is composed of
two layers of large horizontal cells, the sclerad one being made
of nearly cuboidal cells, and a few bipolar and amacrine cells.
The ganglion cells are few. Plate 12.2 shows the retina of an em-
bryonic smoothhound (44 cm). The short visual cell layer has fila-
mentous rod outer segments, and the internal nuclear layer is thick.

The retina of the smooth dogfish, Mustelus canis, differs from
that described above by the presence of a few cones and a third
horizontal cell layer; this retina is also characterised by the presence
of three types of giant ganglion cells which are found at three
distinct levels in the amacrine cell, internal plexiform, and ganglion
cell layers.

References : GREEFF (1899); Franz (1913, 1931); VERRIER (19302);
Sverbprick (1940, 1955); Karto (1962); YamapAa and IsHIKAWA
(1965); SteLL and Wrtkovsky (19734, b); WiTkOvsKY and STELL
(1973); StELL et al. (1975)
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Plate 12.1,2. Transverse section of the retina of the adult (1) and embryonic (2) whitetip shark, 7. obesus. (1) x 560;
(2) x600. After Kato (1962)
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Carcharhinidae (Requiem Sharks)

Chondrichthyes, Elasmobranchii, Selachii, Galeoidea

Requiem sharks constitute the largest family among the elasmo-
branch fishes. Their appearance resembles closely that of the shark
species: two dorsal fins, paired pectoral and pelvic fins, an anal
fin, and a long lopsided tail with the upper lobe much elongated.
Carcharhinid sharks usually forage in relatively shallow waters and
are diurnal. While feeding, vision apparently plays a major role
during the final phase of search and attack.

The retinal structure in these sharks is strikingly similar to
that of the hammerhead sharks (Sphyrnidae). In Carcharhinus longi-
manus the rods are largely predominant over the cones; they are
slender cells with long inner segments (myoid and ellipsoid) and
outer segments of about the same length (Plate 13.1). The cones
are short and hard to distinguish (Plate 13.3). The three layers
of horizontal cells appear to correspond to those present in the
hammerheads (Plate 13.1,4). There are few bipolar cells, but giant
ganglion cells are present in this species (Plate 13.1,4) as well as
in the lemon shark (Negaprion brevirostris) and the tiger shark (Ga-
leocerdo cmvieri). The retina of the latter species differs from that
of other requiem sharks by the presence of large, blunt processes
in the epithelial cell layer (Plate 13.2).

References: GiBert (1961, 1963); Kato (1962); GruBER etal.
(1963); Wanc (1968); Grusgr (1975)

Visual Pigments: A; max 497 (LyTHGOE, 1972)

Plate 13.1-4. Transverse sections of the retinas of the whitetip shark,
C. longimanys (1,3 and 4), and the tiger shark, G.cuzeri (2). % 560.
G giant ganglion cell, A large horizontal cell. Arrows indicate cones
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Plate 13.1-4. (Legend see opposite page)
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Sphyrnidae (Hammerbead Sharks)

Chondrichthyes, Elasmobranchii, Selachii, Galeoidea

The characteristic features of the hammerhead sharks are those
of the carcharhinids, except that the anterior portion of the head
is much flattened dorso-ventrally and very widely expanded lateral-
ly, with the eyes at its outer edges. These sharks are found either
very close to the shore or far offshore. Many are strong swimmers.
The sluggish species feed on invertebrates in shallow water.

The retina of the young hammerhead shark is almost pure-rod
and the single cones are difficult to distinguish (Plate 14.1). The
rods are very slender and densely packed (ca. 160,000/sq mm).
The photoreceptor synaptic pieces form a distinct row just above
the horizontal cell layers (Plate 14.1). The latter form three layers
of large cells: the external (Plate 14.1,2) made of cuboidal cells,
the intermediate (Plate 14.1,3), and internal (Plate 14.1,4) layers
made of flattened cells with long processes. Note the large Miiller’s
fibres penetrating the intercellular spaces between the horizontal
cells. The bipolar and amacrine cells are very numerous (Plate 14.1).
Giant ganglion cells are found in the amacrine cell layer (Plate 15.1),
in the internal plexiform layer (Plate 15.2), and in the ganglion
cell layer proper (Plate 15.3).

References: GrRUBER et al. (1963), report cones similar to those of
Negaprion in Sphyrna mokarran. ANcTIL and ALt (1974)

Plate 14.1-4; Plate 15.1-3. Transverse (14.1; 15.1-3) and tangential (14.2-
4) sections of the retina of the scalloped hammerhead shark, Sphyrna
lewini. x 560. G giant gangliom cell
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Plate 15.1-3. (Legend see page 32)



Squalidae (Dogfish Sharks)

Chondrichthyes, Elasmobranchii, Selachii, Squaloidea

Squalid sharks are characterised by the presence of a spine in front
of each of the two dorsal fins. Squaloids have a fusiform and
compressed body, lateral eyes, and nostrils without whiskers. Sgua-
Ius acanthias is a sluggish fish and a facultative schooling species;
it may live at various depths along the coast. Dogfishes of the
genera Centroscyllium and Etmopterns are confined in distribution
to the deep sea and possess light organs.

Both rods and single cones are present in the retina of S. acan-
thias and S. suckleyi. The rod: cone ratio is about 50:1. The rod
and cone myoids are large, and the rod and cone pedicles are
much alike. There are at least two layers of large horizontal cells.
The bipolar, amacrine, and Miiller’s cell bodies form little more
than a single layer. Pure-rod retinas were reported in Centrophorus
caleens, C. granulosus, Centrina salviani and Etmopterss sp. (132,000
fundus-rods/sq mm).

References : RETz1Us (1896, 1905); FrANz (1905, 1910, 1913, 1920,
1931); VERRIER (1930a); KoLMmER (1936); RocHON-DUVIGNEAUD
(1943); SteLL (1972)

Visual Pigments: A; max 497.5 (LYTHGOE, 1972)

Dalatiidae (Spzneless Dog fishes)

Chondrichthyes, Elasmobranchii, Selachii, Squaloidea

These sharks are very closely allied to the squalids, from which
they differ by the loss of one or both dorsal spines. They are
pelagic in habit.

Pure-rod retinas were reported in Somniosus microcephalus and
the semi-abyssal Scymnus lichia (= Dalatias).

Reference : KoLMER (1936)
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Squatinidae (Angel Sharks)

Chondrichthyes, Elasmobranchii, Selachii, Squatinoidea

Although angel sharks resemble skates in general appearance and
in some skeletal characters, they are classified with sharks because
they share with them the selachian characters mentioned before
(see Isuridae). Their eyes are placed dorsally and the nostrils possess
branched barbels. Angel sharks live usually in very shallow water
but also stray to deeper water. They are bottom fishes, often partial-
ly burying themselves in sand or mud. Both rods and cones have
been reported in the retina of Squatina sp.

Reference : FrRanz (1913)

Torpedinidae (Electric Rays)

Chondrichthyes, Elasmobranchii, Batoidea, Torpedinoidea

Skates and rays are highly specialised elasmobranchs that have
gone far in developing adaptive features for a benthic life. The
body is extremely flattened dorso-ventrally and the eyes are dorsal.
The electric and torpedo rays have small eyes, which are functional
in most species, but rudimentary in a few deep-sea forms. Electric
rays, possessing two electric organs on the body, are sluggish
in habit and lie on the bottom most of the time, partially buried
in sand or mud. Narcine brasiliensis is a little electric ray found
inshore in very shallow water.

The retina of . brasiliensis is thin (Plate 16.1); rods and cones
are present in the ratio 12:1. The rods resemble in shape those
of the sharks, but are larger and fewer (Plate 16.1). The horizontal
cells are of moderate size and form one or two layers. The bipolar
and amacrine cells are few and sparsely distributed. Some ganglion
cells are found in the internal plexiform layer (Plate 16.2). There
is a difference in the retinal thickness and development between
the posterior (Plate 16.1) and anterior part (Plate 16.2) of the eye.

References: BRaUer (1908); Franz (1905, 1913, 1931); VERRIER
(19302); RocroN-DUvIGNEAUD (1958)
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Plate 16.1,2. Transverse sections of the posterior (1) and anterior (2) retina of
the electric ray, IV. brasiliensis. % 560. C cone
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Rajidae (Winter Skates)

Chondrichthyes, Elasmobranchii, Batoidea, Rajoidea

Skates are benthic fishes inhabiting the continental shelf at various
depths. They are sluggish and often live half-buried in the sand
or mud. The skate eats mainly benthic invertebrates; it usually
swims over its victim, then suddenly falls upon it and devours it.

The winter skate has a pure-rod retina (Plate 17); the rods
are similar to those of the shark retina, with long myoids and
small ellipsoids. The rod nuclei form about two layers. The horizon-
tal cells are present and appear to form one or two layers. The
bipolar and amacrine cells are moderately abundant in the internal
nuclear layer. The ganglion cells are relatively few and tend to
lie in rows parallel to the optic nerve fibre bundles.

References : PapPENHEIM (1842); FrRanz (1905, 1913, 1931); VERRIER
(1930a); ALl et al. (1968); DowriNG and Ripps (1970)

Visual Pigments: A; max 497 (LYTHGOE, 1972)

Dasyatidae (S#ing or Whip Rays)
Chondrichthyes, Elasmobranchii, Batoidea, Myliobatoidea

As in most batoids, stingrays have dorsal eyes and spiracles. They
are characterised by a venomous spine associated with the dorsal
fin or replacing it. Stingrays commonly lie on the bottom in shallow
water, and often bury themselves in the sand or the mud with
their tails, eyes, and spiracles exposed. They feed on benthic inverte-
brates by excavating the bottom.

Rods and cones are present in the retina of Trygon pastinaca
(= Dasyatis americana). There are three layers of visual cell nuclei,
and layers of large horizontal cells that strikingly resemble those
of the smooth dogfish and hammerhead shark. Bipolar cells are
sparse.

References : RocHON-DUVIGNEAUD (1958); ProTasov (1960); BERN-
sTEIN and DieTrICH (1960); GRUBER et al. (1963); Hamasakr and
GRUBER (1965); YamMaDA and Isnikawa (1965)

38



Plate 17. Transverse section of the ventral retina of the winter skate, Raja ocellata.
x 785
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Myliobatidae (Eagle Rays)
Chondrichthyes, Elasmobranchii, Batoidea, Myliobatoidea

Eagle rays are characterised by the presence of a large, fleshy pad
extending around the front end of the head. The eyes and spiracles,
unlike in the other rays, are lateral. The eagle rays are pelagic
and active swimmers, but they feed exclusively on the bottom.

Rods and cones are present in the retina of Myliobatis aquila.
The rods are slender; the cones have large, oblong ellipsoids and
short outer segments. The cone ellipsoids are found vitread to
the rod ellipsoids. Although the cones have not been counted,
they appear to be nearly as numerous as those of the freshwater
stingray. At least one layer of large, cuboidal horizontal cells are
present. The bipolar and amacrine cells form one or two layers.

Reference : VERRIER (1930a)

Potamotrygonidae (Freshwater Stingrays)
Chondrichthyes, Elasmobranchii, Batoidea, Myliobatoidea

Freshwater stingrays are close relatives of the dasyatid-rays from
which they are distinguished by the presence of a long, median,
forward-directed process on the pelvis. Dasyatid-rays inhabit ma-
rine and brackish waters, whereas the potamotrygonids are exclu-
sively freshwater rays from the tropics. The eyes of these rays
are like longitudinal slits.

The retina of the freshwater stingray is very thin (Plate 18.1)
when compared with the adjacent chorioidal tapetum lucidum.
Both rods and cones are present, and the rod/cone ratios average
around 7:1 and 6:1, which are the lowest ratios so far reported
in elasmobranch retinas. Note in Plate 18 (3) (tangential section,
fundus retina) the large number of cone ellipsoids. The horizontal
cells are large and form one or two poorly defined rows
(Plate 18.1,4). The bipolar and amacrine cells are large and moder-
ately abundant. Large ganglion cells are present in the internal
plexiform layer and in the nerve fibre layer (Plate 18.1,2). Note
that the posterior part of the retina (Plate 18.2) is thicker than
the lower (fundus) retina (Plate 18.1).

Reference: ALt and ANcTIL (19744)
Visual Pigments: A; max 500 (MuN1z et al., 1973)

Plate 18.1-4. Transverse (1, 2) and tangential (3, 4) sections of the retina
of the freshwater stingray Paratrygon motoro. X 560. CH choriordal tape-
tum lucidum
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Chimaeridae (Chimaerids and Ratfishes)
Chondrichthyes, Holocephali, Chimaerae

Chimaerids are aberrant forms of sharks thought to have evolved
from a sharklike ancestor. As in sharks, they have a cartilagenous
skeleton and paired claspers used for internal fertilisation. But they
also have a dermal opercle covering the four pairs of gill openings,
and an anal opening that is independant of the urogenital aperture,
both characters shared by bony fishes. The short-nosed chimaerids
are marine species living in deep shelf water and are benthic or
bathybenthic in their habits. They have large eyes and are omnivor-
ous.

The retina of Chimaera sp. is apparently a pure-rod one. The
estimate of rod density in the fundus-retina is 100,000/sq mm.

Reference : Franz (1905, 1913, 1931)
Visual Pigments: A; max 484499 (LyTHGOE, 1972)
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4.3. Osteichthyes (Bony Fishes)



Acipenseridae (S$urgeons)

Teleostomi, Actonopterygii, Chondrostei, Acipenseriformes

Sturgeons are regarded as primitive fishes, which have not changed
significantly in general appearance and morphological features for
millions of years. They have an elongate and fusiform body with
five longitudinal rows of bony scutes. Their skeleton is cartilagi-
nous for the most part. Their snout is greatly extended and they
possess prominent chin barbels. Both freshwater and marine forms
are known. The Atlantic sturgeon (Acipenser oxyrhinchus) is a bot-
tom fish from the continental shelf and is anadromous. This is
a relatively sluggish fish, which finds its food (worms, molluscs,
sand lances) mainly by its tactile (barbels) and olfactory organs.

The retina of A. oxyrhinchus is poorly developed and made of
relatively large cells (Plate 19.1). The short, blunt epithelial cell
processes have little pigment. The visual cell layer is composed
of large rods and single cones. The cones have each a large oil
droplet in the centre of the ellipsoid, and a short, truncated outer
segment. A row of displaced bipolar cells is seen vitread to the
visual cell nuclei (Plate 19.1,2). The horizontal cells appear to form
two huge layers. The visual, horizontal, and bipolar cells are smaller
and more abundant in the peripheral (Plate 19.2) than in the fundus-
retina (Plate 19.1).

References : WALLs (1942); Avr1 et al. (1968); N1cor (1969); WAGNER
(1972)
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Plate 19.1,2. Transverse sections of the ventral fundus-retina (1) and
peripheral retina (2) of the Atlantic sturgeon, A. oxyrhinchus. % 990.
B displaced bipolar cells, OD cone oil droplet
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Polyodontidae (Paddlefishes)

Teleostomi, Actinopterygii, Chondrostei, Acipenseriformes

Paddlefishes (Psephurus gladins and Polyodon spathula) have all the
characteristics of the sturgeons, with the exception of their smooth,
scaleless body and the monstrous paddle appendix attached to their
nose. They have a large mouth and small eyes. The paddlefish
catches its food by swimming with its mouth wide open; the long
gill rakers strain the planktonic organisms thus engulfed. The padd-
lefish is strictly a freshwater fish.

The retina of P. spathula resembles that of the sturgeons in
structure. Single cones with paraboloid and oil droplet, and long
rods without these organelles constitute the visual cell layer.

Reference: Munk (1969b)

Lepisosteidae (Gars)

Teleostomi, Actinopterygii, Holostei, Lepisosteiformes

Gars are close relatives of the bowfin. They are characterised by
an elongated body covered with ganoid scales arranged in rhombic
flat plates which do not overlap. Gars have the same habitat and
habits as those of A. calva.

The retina of Lepisostens productus is essentially similar to that
of the bowfin. The epithelial cell processes are more heavily
pigmented in the ventral retina. In the dorsal retina, where the
tips of the rod outer segments are in close contact with the epithelial
cell bodies, the rods are very long.

References: McEwan (1938); Munk (1968b)
Visual Pigments: A, max 523 (LyTHGOE, 1972)
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%’T“_‘" '? Polypteridae (Bichirs)

Teleostomi, Brachiopterygii, Polypteriformes

Polypterids constitute a small African family of primitive freshwater
tishes. They are characterised by an elongated body, ganoid scales,
which are rhombic in shape, and a pair of gular plates. As in
other primitive fishes, they possess a digestive tract with a spiral
valve. As in the lungfishes they possess lungs that permit them
to live out of water, but for a few hours only.

The retina of Calamoichthys calabaricus and Polypterus spp. is bet-
ter developed than that of the lungfishes, and is made of smaller
cells. The rods are large and have only the paraboloid, whereas
the single cones have both the oil droplet and paraboloid. The
principal element of the unequal double cone has both the oil
droplet and a small paraboloid, while the accessory element has
only a small paraboloid. Displaced bipolar cells form one layer
immediately vitread to the visual cell nuclei. There is one layer
of small, flattened horizontal cells and the bipolar and ganglion
cells are numerous.

References : RocHON-DUVIGNEAUD (1943); Munk (1964 c); PFEIFFER
(1968)
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Amiidae (Bowfins)

Teleostomi, Actinopterygii, Holostei, Amiiformes

The bowfin is the only living representative of this family of primi-
tive fishes, which flourished millions of years ago. It is restricted
in distribution to some freshwater basins of North America. As
in other primitive fishes, it possesses a spiral valve in the intestine
and a gular plate on the lower jaw. The nostril barbels are promi-
nent and the eyes are small. The bowfish inhabits shallow, weedy
waters of bays, inlets, and lagoons. It is a relatively sluggish and
carnivorous fish.

The retina of A. calva is better developed than the chondrostean
retina and its cells smaller and more numerous (Plate 20.1). The
epithelial cells are heavily pigmented and have relatively long
processes. Rods and cones (single and unequal double) compose
the visual cell layer; all of them possess a paraboloid of varying
size (Plate 20.1), but no oil droplet. The single cone: double cone:
rod ratio average 1:1:2. A row of displaced bipolar cells occupies
the vitread margin of the external nuclear layer. There are two
layers of small horizontal cells and the bipolar cells are numerous.
The centre of cone abundance is in the ventro-temporal quarter
(Plate 20.2).

References: MCEwaN (1938); WaLws (1942); Munk (1968b); Gra-
MmonT and Arr (1970); Ali and Ancrtin (1974b); ALt and WAGNER
(1975a)

Visual Pigments: A, max 525 (LYTHGOE, 1972)
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Plate 20.1,2. Transverse (1) and tangential (2) section of the retina of
the bowfin, A. calva. x 560. PA cone paraboloid. See also Plates 4 and
5 in Introduction
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Elopidae and Megalopidae
(Lenpounders, Tarpons)

Elopomorpha, Elopiformes, Elopoidei

Elopomorphs constitute a primitive, divergent teleost group.
Among them, the elopids and the megalopids are the most genera-
lised forms as opposed to the more specialised Anguilliformes.
They possess, however, a distinctive mark: a fairly large bony
gular plate located under the mouth, between the two mandibles.
These teleosts are primarily marine pelagic fishes.

In the retinas of the tenpounder (Elops saurus) and the Pacific
tarpon (Megalops cyprinoides), only single cones have been reported.
These cones are arranged in bundles ensheathed by a group of
pigment cells. A tapetum lucidum system was reported in these
pigment cells, possibly made of guanine.

Reference: McEwan (1938)

Albulidae (Bonefishes)

Elopomorpha, Elopiformes, Albuloidei

The silvery, pelagic bonefish is also a generalised elopomorph
teleost, and like all the members of this superorder it has an eel-like,
leptocephalus larval stage.

Single and double cones have been reported in the retina of
Albula conorbynchus. The distal (sclerad) parts of the double cone
ellipsoids are separate.

Reference: McEwan (1938)
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Anguillidae (Freshwater Eels)

Elopomorpha, Anguilliformes, Anguilloidei

These eels are specialised elopomorphs sharing a number of charac-
teristics with some of their more generalised relatives such as the
tarpons and tenpounders. They are elongate in shape and the pelvic
girdle and fins are absent; they are also characterised by a leptoce-
phalus larval stage as in all the elopomorph teleosts. The American
eel is a catadromous fish, inasmuch as it lives in fresh water as
an adult and undertakes seaward migrations to spawn. The Ameri-
can eels eat voraciously, chiefly at night; the main items are small
fishes and invertebrates.

In their retina, the epithelial cell processes are well developed
and filled with melanin pigment (Plate 21). The rods are numerous,
whereas the cones are fewer and very small (Plate 22.1). Single
cones, and probably double cones, are present (Plate 21; Plate 22.1).
The cone nuclei are placed sclerally to the external limiting mem-
brane and the cone ellipsoids are about the same size as the nuclei.
Only two or three poorly defined layers of bipolar and amacrine
cells are present, and the ganglion cells are few (Plate 22.2).

References : GARTEN (1907); WuNDER (1925); VERRIER (19282); VIL-
TER (1951b); MirzaLIEv and Koross (1964); Avrr etal. (1968);
Bearry (1975)

Visual Pigments: A; max 487, A, max 523. (ALt and WAGNER,
1975b)

Plate 21 D> Plate 22 D> D
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Plate 21. Transverse sections of the retina of Angulla rostrata. x 650. Plate 22.1, 2.
A. anguilla. Note the presumed double cone, (arrow) in (1). B bipolar cell layer,
RBYV retinal blood vessel. x 1,000
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Plate 22.1,2. (Legend see opposite page)
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Muraenidae (Moray Eels)
Elopomorpha, Anguilliformes, Anguilloidei

Moray eels are the most common of the rock-and-reef dwelling
eels. Nearly all have strong jaws and fang-like teeth; they differ
from most of the other eels inasmuch as they lack pectoral fins
and lateral-line pores on the body and in the gill openings, which
are small and round. Morays are very secretive, usually hiding
during the day and coming out at night to forage. They are known
to locate their food largely by smell.

The retina is characterised by abundant epithelial pigment, a
large number of rods and very small cones with short outer seg-
ments (Plate 23.1). The mosaics are square with central single cones
(Plate 23.2). There are apparently both single and double cones
in the retina of the moray eel (Plate 23.2). The bipolar and ganglion
cells are fairly numerous.

Visual Pigments: A; (ALt and HEumANN, 1970)

Congridae (Conger Eels)
Elopomorpha, Anguilliformes, Anguilloidei

Congers are oceanic eels usually having light-coloured pectoral
fins. Although congers are often found in shallow waters, they
all apparently spawn in deep water.

The retinas of the following species have been studied: ““ Lep-
tocephalus” lacrymatus, L. mirabilis, Coloconger raniceps and Conger con-
ger. L. mirabilis possesses tubular eyes. All of these species have
pure-rod retinas. The rods are slender, elongate, and very numer-
ous. Some pigment granules are present in the epithelial cells and
there is a single layer of well-defined horizontal cells.

References: BRAUER (1908); Franz (1910); VERRIER (19282)

Visual Pigments: A; max 488487 nm. (Munz and McFARLAND,
1973; ALt and WAGNER, 1975b)

2. (Legend see opposite page)
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Plate 23.1,2. (1) Transverse section of the retina of the moray eel, Gymno-
thorax ruchardsons. x 700. (2) Tangential section of the dorsal retina of
G. ocellatus. x 420
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Ophichthidae (Snake Eels)
Elopomorpha, Anguilliformes, Anguilloidei

Snake eels are small and very slender. They are tail burrowers,
having accordingly a very sharp, strong, spikelike tail. Snake eels
are worldwide in distribution, however they are found principally
inshore in the tropical seas.

The retina of the shrimp eel, Ophichthus gomesi, follows essentially
the structural model encountered in freshwater eels (Anguillidae)
and moray eels (Muraenidae). The rods are very slender and densely
packed (Plate 24). The single and double cones are tiny and consid-
erably less numerous than the rods. The external nuclear layer,
mainly composed of rod nuclei, is extremely thick. The horizontal
cells are few and scattered, while the internal nuclear layer is poorly
developed.

Synaphobranchidae (Deep-Sea Eels)
Elopomorpha, Anguilliformes, Anguilloidei

Synaphobranchid eels appear to be intermediate in morphology
between the moray eels and the conger eels. The pectoral fins
are present and the gill openings are placed between them. They
are mostly found in deep water, but the larval forms commonly
appear near the surface.

The retina of Synaphobranchus brevidorsalis, caught in the bathype-
lagic zone, has been described. The retinal structure strikingly
resemble that of C. raniceps (Congridae), except that the rods are
less abundant and the horizontal cell layer appears to be missing.

Reference : BRAUER (1908)

Nemichthyidae (S#ipe Eels)
Elopomorpha, Anguilliformes, Anguilloidei

Snipe eels are elongate, deep-sea fishes with extremely long, needle-
like upper and lower jaws; the upper jaw is bent upwards and
the lower jaw downwards, therefore they cannot be closed. The
tail usually tapers out to a long filament. The eyes of these eels
are quite small.

Avocettina infans has a pure-rod retina; the rods are short, slender
and very numerous. The epithelial cells are pigmented. There is
one layer of horizontal cells, and the bipolar and amacrine cells
each form one layer.

Reference : BRAUER (1908)
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Plate 24. Transverse section of the retina of the snake eel, O. gomesi. X 825
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Clupeidae (Herrings)
Clupeomorpha, Clupeiformes, Clupeoidei

Herrings comprise a large family of primarily marine fishes. Al-
though the clupeomorpha constitute a clearly defined teleost group
on morphological grounds, their relationship to other fishes re-
mains obscure.

The herring is a coastal pelagic fish forming large schools and
large aggregations. These fishes usually swim close to the surface
and feed on planktonic forms.

The retina of the herring conforms to the well-developed teleos-
tean retina. The epithelial pigment is moderately abundant, the
rods are very numerous and slender, the cones are large, the hori-
zontal cells are present in three layers, and the bipolar and ganglion
cell layers are more or less well represented (Plate 25.1). The double
cones constitute almost the unique cone type in most retinal regions
(Plate 25.2), but in the ventro-temporal area retinae the single cones
are about half as many as the double cones.

The alewife (Alosa psendobarengus) is an anadromous fish, being
found close to shore. It feeds chiefly on plankton. It resembles
the herring in that it is a schooling fish.

The retina of the alewife is quite similar to that of the herring,
except that the area retinae is ventral (Plate 25.3) and that some
triple cones are seen in the fundus-retina (Plate 25.4, arrow). The
retina of Harengula jaguana, a tide pool fish, is quite different. Note
the prominent amacrines, Miillerian fibres and the difference be-
tween dorsal and ventral regions (Plate 26.1-4).

References: McEwAN (1938); ViLTER (1950); BaABURINA (1955); Ba-
BURINA and Kovareva (1959); VERHEEN (1959); ENGSTROM
(1963b); O’ConnELL (1963); BLaxTER and JonEs (1967); ANCTIL
(1969); WaGNER (1972); ZyzNaR and Nicor (1973); ALt and WaG-
NER (1975a); BLAXTER (1975); WAGNER et al. (1976)

Visual Pigments: A; max 500-508; A, max 521-528 (Ar1 and HEu-
MANN, 1970, 1972; ALt and WAGNER, 1975b)

Plate 25.1-4. Transverse (1) and tangential (2—4) sections of the retinas
of the herring, Clupea harengus, and alewife, A. pseudobarengus. (1) x 320;
(2) and (3) x400; (4) x 530

Plate 26.1-4. Transverse sections (X 550) of dorsal (1) and ventral (2)
retinas of H. jaguana. Tangential section (X 1,380) of dorsal and ventral
retinas through the cones are shown in (3) and (4) respectively. .4 ama-
crine cell layer
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Chirocentridae (Wolf Herrings or Dorabs)
Clupeomorpha, Clupeiformes, Clupeoidei

This large clupeoid fish is characterised by the presence of a spiral
valve in the intestine, a rare feature among the teleosts. This pelagic
fish is a voracious carnivore, eating chiefly microplankton.

The only known mention of the retina of Chirocentrus dorab
emphasizes the well-developed internal nuclear layer.

Reference: McEwan (1938)

Engraulidae (_Anchovies)
Clupeomorpha, Clupeiformes, Clupeoidei

Anchovies are marine pelagic fishes closely related to the herring
family. They differ from herrings by the following characteristics:
(1) the mouth of the anchovy is set far back on the underside
of the head, (2) the lower jaw is small and inconspicuous, and
(3) the adipose fin and lateral line are absent. Some species are
distributed in coastal turbid waters.

Very slender cones (unidentified) and numerous rods have been
reported in the retina of Engraulis encrasicholus. The retinas of
E. mordax and Anchoa compressa ate characterised by the presence
of an occlusible tapetum lucidum system in the epithelial cell
processes. The rods are slender and numerically well represented,
however only equal double cones with no single cones have been
reported in these species. The area retinae is located in the ventro-
temporal region.

References: McEwan (1938); Sverprick (1940, 1955); O’ConNNELL
(1963); ZyzNar and Nicow (1973); ALt and WAGNER (19752)

Visual Pigments: A; (AL and HEumANN, 1972)

< Plate 26.1-4. (Legend see page 58)
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Hiodontidae (Mooneyes, Goldeyes)

Osteoglossomorpha, Osteoglossiformes, Notopteroidei

The living osteoglossomorph teleosts are all freshwater fishes and
appear to be a separate group, not closely allied to any other
teleostean group. The mooneye family comprises three species of
herringlike fishes, which are limited in distribution to central and
eastern North America. The hiodontids are related to the Asiatic
and African featherbacks (Notopteridae). Hiodon tergisus (mooneye)
has a very large eye, a silvery colour, and inhabits mostly clear
water. H. alosoides (goldeyes) is similar to H. fergisus in appearance,
but differs by the golden colour of the eye and can tolerate muddy
and turbid waters.

In both species mentioned above, the retina is characterised
by a visual cell layer composed of rods and cones (Plate 27.1,4). These
are arranged in bundles ensheathed in epithelial cells, like the cone
bundles of the Elopiformes and Mormyriformes. The epithelial
cells are apparently filled with reflecting tapetal material
(Plate 27.2,4).

References: MoORE (1944); Moore and McDoucaL (1949)
Visual Pigments: A, max 535 (BeatTy, 1973)

Plate 27.1-4. Transverse (1) and (2) and tangential (3) and (4) sections
of the mooneye, H. fergisus (1) and (3) and the goldeye; H. alosoides
(2) and (4) retinas. (1) x292; (2) x228; (3) x182; (4) x 571. ET epithe-
lial tapetum lucidum, P epithelial pigment, R rod bundle
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Notopteridae (Featherbacks)

Osteoglossomorpha, Osteoglossiformes, Notopteroidei

This is a small family of freshwater fishes from the Indo-Australian
and West African regions. Featherbacks are easily identified by
the very long anal fin extending from behind the head up to the
tip of the tail. They possess small bones and a small, slender dorsal
fin on the middle of the back, or, as in the false featherfin, Xenomys-
tus, the dorsal fin is entirely missing.

The retinas of the featherback, Nofopterus notopterss, and the
featherfin, X. nigri, are characterised chiefly by the presence of a
reflecting tapetal material in the large processes of the well-devel-
oped epithelial cells (Plate 28.1,3), and by the grouping of the
visual cells into bundles (Plate 28.2,4). In X. nigri, the photorecep-
tor bundles comprise about 15-20 cones and 20-25 rods; rods and
cones are segregated, rods forming a sclerad “bouquet” and the
cones forming a distinct, vitread bunch with strikingly small outer
segments (Plate 28.2,4). The horizontal cells form two or three
layers in IV. motopterus (Plate 28.1), but they are not so clearly defined
in X. nigri. The bipolar and amacrine cells are relatively few, and
the ganglion cells are moderately abundant.

Visual Pigments: A; max 503; A, max 527 (AL and WAGNER,
1975b)

Plate 28.1-4. Transverse sections of the retinas of the false feathetfin,
X. nigre (1) and (2) and the featherback, N. notopterss (3) and (4). (1)
and (4) x350; (2) x560; (3) x225. C cone bundle, ET epithelial tape-

tum lucidum, R rod bundle
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Plate 28.1-4. (Legend see opposite page)
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Mormyridae (Elephantfishes)

Osteoglossomorpha, Mormyriformes

These freshwater fishes are confined to Africa. Some mormyrids
have very atypical forms while others have peculiar appearances.
Some species have a tuberous process on the jaw serving as a
feeler, others have a greatly elongated proboscislike snout, both
adaptations to a bottom life. The eyes are small and many species
possess weak electric organs. Most of these species are solitary
and crepuscular in habits, and live in muddy, slow-flowing waters.

The retinas of Marcusenius longianalis, M. rudebeckii, Petrocephalus
stublmanni, P. brevipedunculatus and Gnathonemus macrolepidotus have
been described. Rods and cones are grouped in bundles, each bun-
dle being ensheathed by a tube formed by the processes of the
pigmented epithelial cells. Only the single cones are present. Their
ellipsoid and myoid segments cannot be differentiated. Several rods
surround each cone in the bundle. The epithelial cells are packed
with reflecting tapetal granules and little melanin pigment is pre-
sent.

References : Franz (1920); McEwan (1938); EnGstrOM (1963 b)

Gymnarchidae (Gymnarchids)

Osteoglossomorpha, Mormyriformes

These fishes are very closely related to the elephantfishes, but they
lack the pelvic, anal, and caudal fins and have no teeth on the
tongue or palate. They also possess weak electric organs, and inha-
bit the same muddy waters. They are carnivorous and eat small
fishes when adult.

The retina of Gymnarchus niloticus has been described and is
identical, in most morphological characters, with that of the ele-
phantfishes.

Reference : ENGsTROM (1963 b)
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Salmonidae (Sa/mons, Trouts, Chars)

Protacanthopterygii, Salmoniformes, Salmonoidei

The salmonids constitute a family of generalised teleosts morpho-
logically speaking. These are soft-rayed fishes with an adipose fin
and posteriotly placed pelvic fins. The salmonids, in general, are
anadromous (Sa/mo, Oncorhynchus), passing their adult life in open
sea and spawning in fresh water. They are swift swimmers, travel-
ling close to the sutface, and feed on fishes and crustaceans. The
Pacific salmon is a schooling fish, which depends on vision for
the location and capture of its food.

The retina is of the classical teleostean type in its morphological
characteristics. The epithelial pigment fills the long processes and
migrates in response to light- or dark-adaptation (Plate 29.1,2).
The visual cells comprise numerous rods, single, and equal double
cones which are arranged in regular patterns when viewed tangen-
tially (Plate 29.3). These cells undergo retinomotor responses
(Plate 29.1,2). Two or three layers of horizontal cells are present
(Plate 29.1,2) and the bipolar and ganglion cells are relatively abun-
dant. The retinas of the Sockeye (O. nerka), Coho (O. kisutch), Chum
(O. keta) and Pink (O. gorbuscha) are essentially similar.

References: BRErT and Avrr (1958); Avrr (1959, 1971, 1975); ALl
and WAGNER (19752, 1975b)

Atlantic Salmon

The retina of the Atlantic salmon (S. salar) resembles that of the
Pacific salmon in morphological characters and retinomotor re-
sponses (Plate 29.4,5). However, the retina of the former is more
sensitive to light than that of the latter.

References: RYDER (1895); FursT (1904); LyarL (1957a); ALt et al.
(1961); ENcstROM (1963b); ALrr (1963, 1964d); WacNER (1972)

Brook Trout

The brook trout (S. fontinales) lives in cool, clean streams and lakes;
it eats a large variety of food (insect larvae, adult insects, fish).

The retina of this trout resembles closely that of the salmons.
Plate 30.1 shows a semi-adapted retina in which the epithelial pig-
ment, rods, and cones are found in transitional positions. Plate 30.2
shows a regular cone mosaic of double cones arranged in squares
with central single cones.

References: VERRIER (1928a); RocHON-DUVIGNEAUD (1943); PoLy-
AK (1957); Arr and Kosayvasur (1968a, b); KoBavasur and ALl
(1971); ALt and WaGNER (19752)
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Plate 29.1-5. Transverse (1), (2), (4) and (5) and tangential (3) sections
of the retinas of the sockeye salmon, O. nerka, and the Atlantic salmon,
S. salar. Retinas in (1) and (4) are light-adapted, those in (2) and (5)
are dark-adapted. (1)-(3) x 560; (4) and (5) x 300

68



Plate 30. Transverse (1), (3) and (4) and tangential (2) sections of the
retinas of the brook trout, S. fontnalis, and the albino splake F; hybrid
between . fontinalis and S. namaycush. (1), (3) and (4) x420; (2) x 440
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Salmonidae (cont’d)

Albino Splake

The retina of the albino splake (cross between S. fontinalis and
S. namaycush) is devoid of epithelial pigment, thus permitting better
observation of the retinomotor changes of rods and cones.
Plate 30.3 shows a light-adapted splake retina in which the cones
are closely applied to the external limiting membrane, and a dark-
adapted one (Plate 30.4) in which the cones have moved sclerally
and the rods are in turn found close to the limiting membrane.

References: AL (1964c); ALt and WAGNER (1975a)

Arctic Char

Plate 31, shows a dark-adapted retina of the Arctic char (5. alpinus)
in which the double cones appear unequal in shape.

Reference : ALt (1965)

Ciscos

Ciscos are freshwater salmonids with adaptations for plankton-feed-
ing, such as a small mouth and a protruding lower jaw. Ciscos
apparently look at their prey from below (silhouetting), and are
found at various depths in lakes, according to species.

The retinas of Coregonus acronius, C. albula, C. pennantii and
others are well developed. The rods are of moderate size and more
or less numerous. The cones are numerous especially in the ventro-
temporal area retinae. Very small single cones and unequal double
cones with long, light-adapted myoids are present; they are
arranged in square mosaics in the temporal half of the retina, and
in row mosaics in the nasal half. There are two or three layers
of horizontal cells, and the internal nuclear layer is thick and densely
populated in the ventro-temporal part of the retina.

References : Fruts (1879); E1GENMANN and SHAFER (1900); WUNDER
(1926, 1933); LyarL (1957a); AHLBERT (1969)

Visual Pigments: A; max 502-520; A, max 526-545 (BeaTty, 1973;
Avt and WAGNER, (1975b)

(See also Plates 1, 3 and 5 in Introduction)
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Plate 31. Transverse section of the dark-adapted retina of the Arctic char, . alpinus.
x 800
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Osmeridae (Swelts)

Protacanthopterygii, Salmoniformes, Salmonoidei

Smelts are small salmoniform fish from the continental shelf differ-
ing from the salmonids by the reduction or absence of pyloric
caeca. Smelts live in shallow coastal waters and ascend streams
to spawn. They feed mainly on small crustaceans.

The retina of the smelt, Osmerus mordax, is characterised by
a large number of small cones, which are of the single and double
types; and the rod nuclei form only one or two layers transversely
(Plate 32,1). The internal nuclear layers are well developed and
there are two or three layers of horizontal cells (Plate 32.1). The
cones are smaller and more abundant in the ventro-temporal region
(Plate 32.2) than in other retinal regions (Plate 32.3). They form
alternating rows of single and double cones.

Reference : ANCTIL (1969)

Capelin

The capelin (Mallotus villosus) is very similar in appearance to the
smelt, however differs in its habits and other characteristics. It
is usually found in deeper shelf waters, except during the reproduc-
tion period when it comes close to the tideline to spawn on the
shore.

The retina of the capelin differs strikingly from that of the
smelt. The epithelial pigment is less abundant and retracted sclerally
(Plate 32.4); the rods are very long, extremely abundant, and only
equal double cones ate found.

References: ANCTIL (1969); ALT and WAGNER (1975a)

Plate 32.1-4. Transverse (1) and (4) and tangential (2) and (3) sections
of the retina of the smelt, O. mordax; and capelin, M. villosss. (1) and
(2) O. mordax; (2) and (4) M. villosus. (1) x310; (2) and (3) x765;
(4) x 600
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Argentinidae (Argentines)

Protacanthopterygii, Salmoniformes, Argentinoidei

The argentines resemble the smelts (osmerids) in most of their
external characters, but their mouths are much smaller and the
entire base of their rayed dorsal fin is in front of their pelvic
fins. They have eyes much larger than either the smelt or the
capelin, a characteristic probably associated with their deepwater
habitat. They live in marine shelf water as deep as 80 to 300 fathoms.

The Atlantic argentine has a pure-rod retina. The epithelial
pigment is packed sclerally (Plate 33.1,2); the rods are very numer-
ous and arranged in two or three superimposed layers (Plate 33.1).
Large horizontal cells are also present in two or three layers
(Plate 33.2). Note the blunt epithelial processes devoid of pigment
in Plate 33.2; this feature is not present in the ventral retina and
possibly constitutes a retinal tapetum lucidum.

References : Tamura (1957); ALt and Hanyu (1963); Munk (19662)
Visual Pigments: A; max 497 (ALt and WAGNER, 1975b)
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Plate 33.1,2. Transverse section of the ventral (1) and dorsal (2) retinas
of the Atlantic argentine, Argentma silus. x 440. ETL epithelial tapetum
lucidum, P pigment epithelium
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Bathylagidae (Deep-Sea Smelts)

Protacanthopterygii, Salmoniformes, Argentinoidei

Deep-sea smelts are mesopelagic or bathypelagic fishes character-
ised by a slender body, rarely stout, covered with large cycloid
scales. They have a small mouth and large eyes, which are some-
times tubular and directed upwards.

Deep-sea smelts Bathylagus spp. and Microstoma microstoma have
a typical pure-rod retina like their relatives, the argentinids. Howev-
er, in many species of the genus Bathylagus the rods are set in
several (3-6) superimposed layers probably in order to increase
sensitivity by increasing visual pigment concentration (Plate 34).
The area retinae, in this case a retinal region of higher rod density
with a foveal depression, is temporal (Plate 34).

References: BRauer (1908); Victer (1953, 1954a, b, ¢); Munk
(1966 2)

Visual Pigments: A, max 467-501 (AL1 and WAGNER, 1975b)

Opisthoproctidae (Barreleyes, Spookfishes)

Protacanthopterygii, Salmoniformes, Argentinoidei

This small family of mesopelagic and bathypelagic fishes is charac-
terised by a ventral surface broadened as in the soles, supported
anteriorly by an expansion of the cleithra; other features include
large, tubular eyes and the elongate, doglike snout. Some species
possess luminescent organs whose luminescence is of bacterial orig-
in.

Since most of the opisthoproctids (Dolichopterysx,Opisthoproctus,
Rhbynchobyalus, Winteria) have tubular eyes which are directed up-
wards, a main (bottom) and accessory (lateral) retinas are differen-
tiated, the main one being better developed. In Rhynchobyalus, a
third specialisation, the diverticulum retina projecting rostro-later-
ally, is present. All these retinal specialisations are pure-rod; rods
are notably fewer and shorter in the accessory and diverticulum
retinas compared to the main one. In the nontubular eye of Bazhy-
lychnops, the diverticulum retina is developed spectacularly and pos-
sesses its own lens; several superimposed rod layers are found
in the main and diverticulum retinas of this “four-eyed” fish.

References: BRAUER (1908); BERTELSEN et al. (1965); Munk (1966a)

Plate 34. Photomicrograph of the transversely cut temporal retina of
the deep sea smelt, B. pacificus. X 290. R1-R6 superimposed layers of
rod acromeres
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Plate 34. (Legend see opposite page)
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Galaxidae (Puyes)

Protacanthopterygii, Salmoniformes, Galaxoidei

Galaxiids or puyes form a small family of fishes with primitive
characters, and are distributed in Chile, New Zealand, Australia,
and South Africa. They have an elongate and almost cylindrical
body, a naked skin and a single dorsal fin inserted close to the
caudal peduncle. They are found in lakes, rivers, and estuaries.
The young are surface forms and eat planktonic animals (copepods).
As they grow, the adults live in increasingly deeper water, and
finally move close to the bottom, where they feed on benthic inver-
tebrates.

In the retina of the juvenile Galaxias platei (Plate 35.1), the
epithelial cells possess long and poorly pigmented processes. The
visual cell layer is thick and composed of bulky rods and large
equal double cones; single cones may be present, but are not clearly
defined. The rod outer segments are in close contact with the
epithelial cell bodies (Plate 35.1,2). The cones have long ellipsoids
but their outer segments are as cylindrical as those of the rods
(Plate 35.1,2). The bipolar and ganglion cells are present in large
numbers.

Reference : ScaoEBITZ et al. (1973)
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Plate 35.1,2. Transverse section of the retina of the puye, G. platei.
(1) x560; (2) x1,400. C double cone, R rod
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Esocidae (Northern Pikes)

Protacanthopterygii, Salmoniformes, Esocoidei

These predaceous freshwater fishes are characterised by the soft-
rayed fins of the primitive teleosts, the posterior placement of the
dorsal fin, the presence of cycloid scales, the elongated and well-
toothed jaws, and the large gape. They are sluggish in general,
though capable of rapid movements. They feed chiefly on other
fishes.

The main characteristics of this retina are the small number
of rods present, the large single and equal double cones with bulky
foot-pieces (Plate 36.1), the large horizontal cells arranged in three
layers (Plate 36.1,2), and the presence of displaced bipolars
(Plate 36.3), a unique feature among the teleosts. The area retinae
is ventral, and the peculiar triangular cone mosaic is better resolved
in this region (Plate 36.4) than elsewhere in the retina (Plate 36.5).
This type of cone mosaic has not been found in other teleosts.

References: EIGENMANN and SHAFER (1900); WunDER (1925); Ro-
cHoN-DuvigNeEaUD (1943); Lyarr (1957b); Porvax (1957);
EncgstrROM (1963b); WaGNER (1972); Byzov et al. (1972); ALt and
WAGNER (19754a)

Visual Pigments: A, max 533 (ALt and WAGNER, 1975b)
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Plate 36.1-5. Transverse (1) and (3) and tangential (2), (4) and (5) sections
of the retina of the pike, Esox lucius. (1) x 560; (2), (4) and (5) x440;
(3) x1,100. B displaced bipolar cells
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Gonostomatidae (Lightfishes)

Protacanthopterygii, Salmoniformes, Stomiatoidei

Gonostomatids are small mesopelagic fishes, which are dis-
tinguished from other stomiatoids by the possession of true gill
rakers and small teeth, and by the absence of postorbital photo-
phores. Miiller’s pearlside is an oblong fish with large eyes, a
relatively small mouth, and rows of small ventro-lateral photo-
phores. They feed on plankton, migrate vertically in the ocean
and form schools at the surface during the night.

The retinal epithelium is moderately pigmented and the pigment
is packed sclerally (Plate 37.1). This is a pure-rod retina. The rod
inner segment is relatively long and the rod diameter is large;
there is only one row of rod nuclei. The ventral retina (Plate 37.2)
is thicker and better developed than the dorsal retina (Plate 37.1);
the rods are longer and the bipolar and ganglion cell populations
are denser in the ventral retina. There are two layers of horizontal
cells in the ventral retina and only one in the dorsal retina
(Plate 37.1).

References: BRAUER (1908); VERRIER (1930b); Munk (19664)
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Plate 37.1,2. Transverse sections of the dorsal (1) and ventral (2) retinas
of the pearlside, Maunrolicus muelleri. x 560
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Sternoptychidae (Hatchetfishes)

Protacanthopterygii, Salmoniformes, Stomiatoidei

These small, silvery fishes are closely related to the gonostomatids
(deep-bodied). All have luminescent organs along the ventro-lateral
margins of the body, and some have tubular eyes directed upwards.
The hatchetfishes, like the gonostomatids, are mesopelagic fishes
and feed mainly on planktonic crustaceans.

Sternoptyx diaphana and Polyipnus spinosus have a simple, pure-rod
retina, with few rods (a single layer of rod nuclei) and one layer
each of horizontal, bipolar, amacrine, and ganglion cells (Plate 38).
In the tubular eye of the fishes of the genus Argyropelecas the
dorsal retinal region of the larva is modified into a rudimentary
““accessory retina”, with short rods and devoid of horizontal cells,
while the larval ventral retina developed into the main retina with
long-rod outer segments and a layer of horizontal cells.

References: BrRaUer (1908); VERRIER (1930b); Contmno (1939);
Munk (1966a); LockeT (1970a)

Visual Pigments: A; max 478, 485 (AL and WAGNER, 1975b)
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Plate 38. Photomicrograph of a transverse section of the retina of the hatchetfish,
S. diaphana (about x 800). ROS rod outer segments
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Chauliodontidae (I7perfishes)

Protacanthopterygii, Salmoniformes, Stomiatoidei

This family of deep-sea (mesopelagic) fishes is characterised by
an elongate body, a large gape with many large fanglike teeth,
a first dorsal ray which is modified as a long sensory filament,
and a ventro-lateral series of photophores. The body is covered
with large and thin cycloid scales which do not overlap, a specialisa-
tion associated with a distensible body wall, and an ability to ingest
large prey.

The retina of the viperfish possesses a dense amount of pigment
distributed in epithelial cells without processes. This is a pure-rod
retina, the rods being numerous and arranged in a single layer
(three such layers in Chauliodus sloani). The internal layers are pootly
represented.

References: BRAUER (1908); HAFFNER (1952); Munk (19664a)

Idiacanthidae (Chin-Whisker Fishes
or Dragonfishes)

(including Astronesthidae, Melanostomiatidae, Malacosteidae, Sto-
miatidae)

Protacanthopterygii, Salmoniformes, Stomiatoidei

These include several world-wide families of mesopelagic and
bathypelagic teleosts possessing a single whiskerlike barbel attached
to the underside of the chin. They also possess serial luminescent
organs on the body, and the barbel itself is luminous. All these
fishes have daggerlike teeth, some with small hooks at the tip.
The dragonfishes (Melanostomiatidae, Stomiatidae, Idiacanthidae)
have very elongate snakelike bodies, whereas the astronesthids and
malacosteids have bodies of moderate length. They are active preda-
tors, eating nectonic and planktonic organisms. All have normally
shaped eyes with a simple pure-rod retina. The epithelium is
pigmented and sends short processes vitreally (Plate 39.1,2). The
rods are numerous and arranged in two superimposed layers
[(Plate 39.1,2) Melanostomiatidae], except in Idiacanthus where
there is only one such layer. A retinal tapetum lucidum has been
reported in Malacosteus indicus. The internal nuclear layers are poorly
developed (Plate 39.1,2).

References: BRAUER (1908); Munk (19662)
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Plate 39.1,2. Photomicrographs of the retinas of two stomiatoid fishes
(Melanostomiatidae), cut in cross-sections. (1) Transverse section of the
retina (fundus) of Melanostomias spilorhynchus. x 945. (2) Transverse sec-
tion of the retina (fundus) of Flagellostomias boureei. x 945
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Alepocephalidae (S/ickbeadfishes)

Protacanthopterygii, Salmoniformes, Alepocephaloidei

This is a large group of small, slender-bodied mesopelagic fishes.
Most of them possess a lateral line and lack both the swim bladder
and adipose fin. Some species possess luminescent organs.

These fishes have pure-rod retinas. In some species (Searsia
koefoedi, Platytroctes procerus, P. apus, Platytroctegen mirus), the retina
is specialised into a main retina with long rods (Plate 40.1) and
a foveal depression (Plate 40.2), and an accessory retina with short
rods. The epithelial cells have short processes and are pigmented.
The horizontal cells are present only in the main retina. P. apus
is a grey, bathypelagic fish seldom found shallower than 900 metres.
It has large eyes with a wide pupil only partly occupied by the
spherical lens.

References: BRAUER (1908); Munk (1966a); Locket (1971a)
Visual Pigments: Ay max 471479 (ALt and WAGNER, 1975b)

Bathylaconidae (Bathylaconids)

Protacanthopterygii, Salmoniformes, Bathylaconoidei

These are bathypelagic fishes, which resemble the alepocephalids
externally. They have a short snout and large lateral eyes. These
fishes are considered to be transitional forms between the stomia-
toids and esocoids.

Bathylaco nigricans has a pure-rod retina with short pigmented
epithelial processes. There are three superimposed layers of rods
in the visual cell layer, except in the temporal fovea where only
one rod layer is present. The horizontal cells can be observed.
The retinal anatomy of this fish is similar to that of the alepocepha-
lids.

Reference : Munk (19682)
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Plate 40.1, 2. (1) Photomicrographs of a transverse section (about X 550)
and the foveal depression (2) of the retina (about x 250) of the searsid
tish, P. apus
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Chlorophthalmidae (Greeneyes)

Scopelomorpha, Myctophiformes

This is a small family of teleosts inhabiting deep shelf waters.
In appearance greeneyes are much like the thread-sail fishes (Aulo-
pidae) but their fins are more normal in size and they are usually
found in much deeper water. Chlorophthalmus albatrossis lives at
depths of 200400 m on the continental shelf. The retina of this
fish presents interesting characteristics. Only rods and equal double
cones are present in the visual cell layer. The cones are mainly
confined to the ventral part of the retina. The remaining parts
of the retina are composed of rods present in the form of bundles
of 50-100 slender cells, except in a horizontal band slightly dorsal
to the optic disc, where rods are grouped in columns with a few
intercalated double cones.

References : Tamura (1957); Somrva and Tamura (1971)
Visual Pigments: A; max 485490 (ALr and WAGNER, 1975b)

Bathypteroidae (Spiderfishes)
Scopelomorpha, Myctophiformes

This is a specialised family of deep-sea teleosts with elongate snouts.
The first pelvic fin rays are greatly elongated and stiffened; these
form a landing or resting tripod with the tips of the caudal fin
rays. This is an adaptation for a benthic life. Spiderfishes are found
on abyssal bottoms (2,000 m and deeper).

Varying degrees of retinal degeneration are reported in the
eyes of Bathypterois longipes (Plate 41.2,3), Benthosanrus grallator
(Plate 41.1), and Bathymicrops regis. These are all pure-rod retinas.
Only the sclerad part of the epithelial cells are pigmented
(Plate 41.1). The rod outer segments ate fragmented and their tips
include a considerable amount of macrophage cells with pigment
granules (Plate 41.2). The retina of B. longipes is best preserved
at the periphery (Plate 41.3). The internal nuclear layer is pootly
developed in all cases (Plate 41.1-3).

Reference : MUNk (1964a, 19652, 1966a)

Plate 41.1-3. Photomicrographs of the transverse sections of the retinas
of two spidetfishes B. grallator (1) and B. longipes (2) fundus; (3) peripher-
al retina. (1) x878; (2) x945; (3) x715. [EP epithelial process,
M A macrophage cell, R rod layer
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Ipnopidae (Grideye Fishes)

Scopelomorpha, Myctophiformes

Bathybenthic ipnopids are remarkable in that in some species the
eye structure is greatly modified. The cornea is flattened and the
retina enlarged so that its sensitivity is potentially enhanced; this
would be efficient in perceiving ambient luminescence, but lumi-
nous organisms seldom occur below depths of 1,000 m and the
ipnopid eye presents some degenerative characters, as shown below.

In Ipnops meadi the flattened retinas (Plate 42.1) cover a large
part of the upper surface of the broad head, and are covered by
a bony plate. Only the scleral parts of the epithelial cells are
pigmented (Plate 42.2). The coarse rod outer segments are irregu-
larly swollen and surrounded by macrophages (Plate 42.2). There
is a single layer of rod nuclei. The nuclei are rare and scattered
in the thin internal nuclear layer.

Reference : Munk (1959, 1965a, 1966a)
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Plate 42.1,2. Photomicrographs of the transversely sectioned retina of
the grideye fish, 7. meadi. (1) x575; (2) x945. L rudimentary lens,
PE epithelial cell, R rod layer, RE retina
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Omosudidae (Hammerjaws)
Scopelomorpha, Myctophiformes

This family is represented by a single deep-sea species, Omosudis
lowei. The hammerjaw, which derives its name from the hammerlike
lower jaw, resembles the alepisaurid (lancet-fish) to which it is
closely related. The hammerjaw is a bathypelagic fish whose young
undertake daily vertical migrations. Its diet includes squids and
small fishes.

The retina of O. lowei possesses two remarkable features for
a deep-sea fish: the long pigmented epithelial cell processes
(Plate 43.1-3), and its almost pure-cone visual cell layer
(Plate 43.1,2,4). The coarsest cones are found in the dorsal fundus-
retina (Plate 43.2, 3), with slightly tapering outer segments and typi-
cally long, teleosteanlike ellipsoids. Transitional cones are present
in the central fundus-retina. In the thickest ventral fundus-retina
(Plate 43.1) the cone outer segments are actually rod-shaped. All
are single cones and the area retinae is ventral (Plate 43.4). The
few rods are found maximally in the dorsal fundus-retina
(Plate 43.2), where the internal (vitread) layers are less developed.

Reference : Munk (1965b, 1966a)

Evermannellidae (Sabre-Tooth Fishes)
Scopelomorpha, Myctophiformes

This is a family of small meso- and bathypelagic fishes, whose
first pair of vomero-palatine teeth are modified into sabre-type
structures. These fishes have either lateral or tubular eyes. They
can swallow prey much larger than themselves. Evermannella atrata
has lateral eyes and a pure-rod retina. The epithelial cell processes
ensheath rod bundles. A reflecting tapetal system is apparently
present in this epithelium, but only in the dorsal part of the retina.
The eyes of E. balbo and E. indica are tubular, and the ventral
(bottom) retina is very thick and specialised as an area retinae
in which the epithelial cells are well pigmented, but devoid of
tapetal material. The rods are slender and densely packed in the
area retinae; they have long ellipsoids and relatively short, rod-
shaped outer segments. The dorsal (accessory) retina of the tubular
eye has coarser rods with long outer segments.

References: BRAUER (1908); Munk (19662)

Plate 43.1-4. Photomicrographs of the transversely cut ventral (1) and
dorsal (2, 3) retinas, and the tangential (oblique) ventral retina (4) of
the hammetjaw, O. lowei. C cone, R rod. (1) and (3) x945; (2) x1,900;
(4) x 2,685

94






Scopelarchidae (Pearleyes)
Protacanthopterygii, Myctophiformes, Myctophoidei

The peatleyes are small meso- and bathypelagic fishes, which are
characterised by the presence of large, compressed, hooked teeth
on the tongue, and tubular eyes. The tubular eyes are directed
forwards in some species, upwards in some others, and slightly
backwards in still others.

A main (bottom) and an accessory (dorsal) retina are differentiat-
ed in the tubular eyes of Scopelarchus guentheri, S. sagax and Neoscope-
larhoides sp. All are pure-rod retinas, with well-developed internal
nuclear layers. The main retina of S. guentheri includes an anterior
part with a uniform population of rods associated with an unspecial-
ised pigment epithelium (Plate 45.1), and a posterior part with
bundles of about 23 rods inserted into pits in a reflecting tapetum
lucidum formed by the epithelial cell processes (Plate 44; Plate 46).
A third, anteriormost part is present in the main retina of . sagax,
with extremely long rod outer segments which are not grouped
(Plate 46.2). The accessory retina possesses rod bundles of variable
size (Plate 45.2).

References : BRAUER (1908); MuNk (1966a); Locker (1971b)
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Plate 44. Photomicrogtaph of the grouped main retina of S. guenthers,
seen in transverse section (about x 550). ETL epithelial tapetum luci-
dum, R grouped rods. Plate 45.1,2. Photomicrographs of transverse sec-
tions of the nongrouped main retina (1) and the accessory retina (2)
in S. guentheri (about x 550 and x 1,100). Plate 46.1,2. Photomicrographs
of a transverse section (about X 200) of the retinal step in S. guenther
(1) and a tangential section (about x 1,100) of the grouped main retina
in §. sagax (2)
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Myctophidae (Lanternfishes)
Scopelomorpha, Myctophiformes

Myctophoids constitute a large group of teleost families presenting
some primitive, salmoniform characters as well as advanced
morphological features; therefore it is thought that they may have
contributed to the ancestry of certain major percomorph types.
The lanternfishes are a major constituent of the mesopelagic fish
fauna throughout the world. Their most distinctive external charac-
ters are the large eyes, the wide mouth gaping back beyond the
eye, one soft-rayed dorsal fin, a deeply forked tail, and the presence
of a series of luminescent organs on the head and trunk. These
small and fragile fishes are in many cases active vertical migrants,
living at considerable depths in daytime and ascending hundreds
of metres by night, as they chase crustacean planktonic forms.

In general, the retina of the lanternfish is characterised by the
degenerate pigment epithelium in which only remnants of melanin
pigment are occasionally seen at the retinal periphery. This is a
pure-rod retina (Plate 47.1, Notoscopelus kroyeri); the rods are extre-
mely slender and densely packed, averaging around 500,000 cells
per mm®. Three types of retinal organisation may be observed
among the myctophids: (1) the rod inner segment is very short
in comparison with the outer segment, and the bipolar cells are
relatively few (Plate 47.1,2, Stenobrachius lencopsarus), (2) the rod in-
ner segment is long in comparison with the outer segment, and
the bipolar cells are numerically abundant (Plate 47.3 Ceratoscopelus
maderensis), (3) an intermediary type in which the dorsal retina be-
longs to the A-type and the ventral region to the B-type retina
(Plate 47.4, Plate 48.1 respectively, Benthosema glaciale). Note in
Plate 48.2 (Protomyctophum thompsoni) what may be interpreted as
macrophages, between the choroid pigment and the flat, degenerate
pigment epithelium.

The retina of the larval lanternfish differs from the descriptions
given above by the presence of a normal pigment epithelium with
long processes and dense pigment inclusions (Plate 48.3, possibly
S. lencopsaras). This pigment is less abundant in the dorsal retina
than in the ventral part. The visual cells are fewer than in the
adult and have filamentous nuclei, long inner segments, and taper-
ing outer segments (Plate 48.3). In the retina of the postlarval
lanternfish, degeneration of the pigment epithelium is under way
(Plate 48.4) and the visual cells are more numerous.

References: BRAUER (1908); ViLTER (1951a); Jorrie (1954); AwLr
and Hanyu (1963)

Visual Pigments: A; max 485490 (ALt and WAGNER, 1975b)

Plate 47> and 48> D>
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Plates 47.1-4, Plate 48.1-4. Transverse sections of the retinas of various A Plate 47
lanternfish species (see text). Plate 47 (1) and (3) x440; Plate 47(2,4),
Plate 48(1-4) x720. M.A macrophages Plate 48 D>
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Neoscopelidae (Neoscopelids)

Scopelomorpha, Myctophiformes

Neoscopelids are deep-sea teleosts, which are closely related to
the myctophids. They occur in deep shelf waters. The neoscopelids
are noted for the advanced condition of the jaws, a hyoid and
branchiostegal apparatus which is acanthopterygian in character.
Some forms are luminescent.

The retina of Neoscopelus macrolepidotus, which is pure-rod, re-
sembles very much that of the myctophids. The epithelial pigment
is missing except near the iris region. The rods are numerous
and long; the bipolar, amacrine and ganglion cells form one layer
each. A tapetum lucidum has been described between the chorioca-
pillaris and the retinal epithelium.

Reference : BRAUER (1908)
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Cetomimidae (Whalefishes)

Acanthopterygii, Percomorpha, Beryciformes, Cetomimoidei

The rare, deep-sea whalefishes are undoubtedly the most interesting
group among the Beryciformes, and the most specialised. They
are very delicate and small, being remarkable due to the large
mouth and highly distensible stomach which permit them to swal-
low other deep-sea fishes as large as themselves. The frontal and
parietal bones are fused, the pelvic fins are absent, and the eyes
are degenerate.

The retinas of Cetomimus gilli, Ditropichthys storeri and Gyronomi-
mus sp. present various degrees of degeneration. The epithelial pig-
ment has proliferated; the rods, which are the only visual cells
present, are very small; the rod outer segment is swollen in many
instances; in Gyronomimus sp. the rods are altogether absent. Macro-
phages accompanied by pigment granules are found between the
outer segments. The inner retinal layers show marked cystoid de-
generation.

References : BRAUER (1908); Munk (1965a, 19662)

Giganturidae (Giganturids)

Acanthopterygii, Percomorpha, Beryciformes, Giganturoidei

Like the whalefishes, giganturids are highly specialised fishes. They
lack the pelvic fins, maxillary and palatine bones. They possess
sharp and depressible teeth; the lower lobe of the tail is greatly
extended. These small bathypelagic fishes are equipped with tubular
eyes directed forwards.

The retina of Gigantura indica is divided into the main and
accessory retinas. The main retina is located on the bottom of
the tubular eye; it is a pure-rod retina in which horizontal cells
are present and the bipolars, amacrines, and ganglion cells form
one layer each. The accessory retina is located on the lateral wall
of the tubular eye; the rods are considerably fewer and shorter
in this area, and the horizontal cells are missing.

Reference : BRAUER (1908)
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Characidae (Characins)
Ostariophysi, Cypriniformes, Characoidei

This is a large group of teleosts with great diversity of body forms,
as is well indicated by the conflicting family classifications proposed
so far. These freshwater fishes are distinguished from the cyprinoids
by the presence of teeth in the jaws and a small fleshy adiopose
fin on the back. Some are herbivorous or omnivorous, while others
such as the piranhas are dangerous carnivores, especially when
in schools.

The retina of the piranha is characterised by the long processes
of the epithelial cells and the rods, which constitute an important
part of the retinal thickness. The epithelial processes are filled
with granular reflecting material in the dorsal retina (Plate 49.1),
while they contain primarily melanin pigment in the ventral retina
(Plate 49.2). Single cones and unequal double cones are present
(Plate 49.1,2), and they are arranged in square mosaics containing
only accessory single cones (Plate 49.3,4). The area retinae is ventral
(Plate 49.4). The internal layers (bipolars, ganglion cells) are poorly
developed.

References: LULING (1955b); Cannx (1958); ExcstrOM (1963b);
Joun and Haur (1964); Joun (1969); ALt and Raymonp (1972);
Ar1 and WAGNER (1975a)

Visual Pigments: A; max 503; A, max 527-530 (AL1 and WAGNER,
1975b)

Plate 49.1-4. Transverse (1) and (2) and tangential (3) and (4) section
of the dorsal (1) and (3) and ventral (2) and (4) retina of the piranha,
Serrasalmus marginatus. X 560
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Lebiasinidae (including Nannostomidae)
(Pencilfishes)
Ostariophysi, Cypriniformes, Characoidei

Pencilfishes are characinlike Ostariophysi of Central and South
America. They are distinguished from typical characids by their
dentition; in fact, in most of them, the lower jaw is without teeth.
They inhabit small, slow-flowing, weedy or shaded water basins,
and many species get their prey (mainly insects) at the surface
film. As an adaptation to this feeding habit, they swim in an oblique
position, with the head upwards.

In the retina of the tube-mouthed pencilfish, Nannostomus equus
(Plate 50.1,2), as in the retina of the characids and anostomids,
the double and single cones form regular square mosaics in which
the single cones are in the “accessory” position only, i.e. at the
corners of the squares (Plate 50.3,4). Two horizontal cell layers
were reported.

Reference : WAGNER (1972)

Visual Pigments: A; max 503; A, max 527 (Arr and WAGNER,
1975b)

Plate 50.1-4. Transverse (1) and (2) and tangential (3) and (4) sections
of the retina of the characin, IN. nannostomus X 560
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Anostomidae (Headstanders)

Ostariophysi, Cypriniformes, Characoidei

Anostomids are characoids which are distributed throughout Cen-
tral and South America and characterised by their narrow mouth.
The genus Anmostomus comprises freshwater fishes of elongate,
strongly compressed forms in which the upper part of the head
is often somewhat flattened. They are inhabitants of standing or
sluggish weedy waters in which they swim in an oblique position,
with their heads down, continuously seeking their food over the
bottom.

The retina of the headstander is characterised by the presence
of some reflecting pigment in the epithelial cell processes
(Plate 51.1) of the dorsal retina; in the ventral retina only melanin
pigment is present and the cone density is higher (Plate 51.2, area
retinae). As shown in Plate 51.2,3 (temporal retina), there are three
main cone types: the long single cone, the short single cone, and
the unequal double cone, more or less regularly arranged in square
mosaics. A few triple cones may be seen occasionally (Plate 51.2,
arrow). Note the coarse granular texture of the double cone and
triple cone ellipsoids.

Leporinus fasciatus

This is a genus of fishes with elongate, torpedo-shaped, slightly
compressed bodies. Their mouths are relatively small with few
teeth. Most species are herbivores and inhabit gravelly, sluggish
streams.

The retina of L. fasciatus resembles strikingly that of Anostomus.
Unequal double cones and single cones are present, but no triple
cones were observed. Note in Plate 51.4 (temporal retina) the very
small single cones and the large horizontal cells. Plate 51.5 is a
tangential section passing through the double cone myoids and
single cone ellipsoids; note the unequal components of the double
cones and the regular square mosaic composed of double cones
and so-called accessory single cones (defined by ENGsTROM, 1963 b).

Visual Pigments: A; max 503; A, max 527 (ALt and WAGNER,
1975b)

Plate 51.1-5. Transverse (1) and (4) and tangential (2), (3) and (5) sections
of the retina of A. anostomus and L. fasciatus. (1), (3)—(5) x 560; (2) x 720
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Cyprinidae (Minnows and Carps)
Ostariophysi, Cypriniformes, Cyprinoidei

Cyprinoids constitute a large and successful group of freshwater
teleosts, having worldwide distribution. Among them, the cypri-
nids are now considered as the most primitive. They are character-
ised, as are all of the Ostariophysi, by the presence of a distinctive
kind of otophysic connexion, the Weberian apparatus. The cypri-
nids have soft-rayed fins, toothless jaws and pharyngeal teeth to
grind their food in or on the bottom ooze.

The retina of the goldfish (C. auratus) conforms to the current
morphological type commonly found in the teleosts. The epithe-
lium pigment is abundant, the rods and cones are numerous
(Plate 52.1) and undergo extensive retinomotor movements. As
shown by EncstrROM (1960), single and unequal double cones
(Plate 52.2) are present and arranged in alternate rows. There are
two or three layers of tiny horizontal cells. Plate 52.1,2, and the
internal nuclear layers are well developed.

References: WUNDER (1925); VERRIER (19282); WaLLs (1942); Qua-
GUEBEUR (1955); Lyarr (1957b); MarsHALL and THINEs (1958);
EncsTROM (1960); BaBURINA (1961a); ENnGsTROM and RossTorp
(1963); ALt (1964a, b); SteLL (1965, 1967); PETERS and PETERS
(1965); BiMEs et al. (1966a, b); PEYrRaUD (1966); WITKOVSKY et al.
(1974); Scuorgs (1975); Arr and WAGNER (1975a); STELL and
Ligurroot (1975); SteLL (1975); SteLL and HArosr (1976)

Visual Pigments: Rods A; max 467-510; A, max 522-536; Cones
A, max 455-625 (ALt and WAGNER, 1975b)
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Plate 52.1,2. Transverse sections of the retina of the goldfish, C. auratus. (1) x 235;
(2) x560. (See also Plate 5 1n Introduction)
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Catostomidae (Swuckers)
Ostariophysi, Cypriniformes, Cyprinoidei

Suckers are freshwater cyprinoids from North America and Eastern
Asia. They are close relatives of the minnows from which they
are probably derived; like the minnows, the first four vertebrae
are modified, the fins are soft-rayed, and the scales cycloid. The
mouth is inferior in position and modified as a sucking device.
The longnose sucker frequents cool and relatively deep waters
where it feeds on the bottom.

The retina of the longnose sucker differs from that of the gold-
fish. The rods are comparatively few as shown by the external
nuclear layer (Plate 53.1). The cones are large and are of three
types: the short single cone, the long single cone, and the unequal
double cone (Plate 53.1,2). Their centre of density (area retinae)
is found along the temporo-nasal arc, and as seen in Plate 53.2
the cone types are not distributed in a mosaic. Plate 53.3,4 illus-
trates the external and internal horizontal cell layers respectively;
they are sectioned tangentially to the retinal surface.

Visual Pigments: A, max 524 (AL1 and WAGNER, 1975b)

Cobitidae (Loaches)
Ostariophysi, Cypriniformes, Cyprinoidei

Loaches are typical Old World cyprinoid fishes. They have a worm-
like appearance or a flattened lower surface, both being adaptations
for bottom-living. They also have a ventral mouth without teeth
and three or more pairs of barbels. Many loaches (Cobitis, Misgurnus)
burrow into the sand or mud to protect themselves from predators
and the winter. Their food consists of worms and insect larvae.

Only single cones and rods have been reported in the retina
of C. barbatula, C. taenia and M. fossilis. Rods and undefined cones
have also been reported in the retina of M. anguillicandatus. In all
these species both the rods and cones, as well as the epithelial
pigment, are capable of retinomotor responses.

References: WUNDER (1925); KoBayasur (1957)

Plate 53.1-4. Transverse (1) and tangential (2)-(4) sections of the retina
of the longnose sucker, Catostomus catostomus. X 560
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Ictaluridae (Bullbeads, Freshwater Catfishes)

Ostariophysi, Siluriformes

Siluriformes are Ostariophysi without parietal, symplectic, subopet-
cular, first and second pharyngobranchial, epipleural, and epineural
bones. True scales are absent and the body is naked or covered
with bony plates. They constitute an unusually well-defined order
of fishes, mostly confined to freshwaters of South America and
Africa. Within this order, the Loricariidae and Callichthyidae,
among other families, are regarded as representing one or more
distinct lines of evolution within the catfishes.

The North-American catfishes (Ictaluridae) are characterised by
a more or less tadpole-shaped body with a large broad head, and
by the presence of sharp spines and eight whiskers. The brown
bullhead is a fish of quiet, weedy, muddy lakes and ponds, or
of slowly flowing rivers. It is omnivorous and nocturnal. The
retina of the bullhead is characterised by a very thick epithelial
cell layer, whose processes are filled with some reflecting material
of granular texture (Plate 54.1 dark field, interference contrast). The
large rods are immersed in this granular tapetum lucidum
(Plate 54.1). The cones are small, and only single cones are found.
The myoid region of the cones (Plate 54.1,2) has a darkly stained
core bordered by a loose membrane (see Plate 54.2). The internal
layers are thin and pootrly developed. Note the two kinds of hori-
zontal cells seen in tangential section in Plate 54.3, one kind with
a large cell body and the other with slender profiles and filamentous
processes. Their retina is also characterised by the presence of
an optic nerve that branches into five optic papillae as it penetrates
the fundus.

References: AREY (1916); WuNDER (1925); VERRIER (1927); WELSH
and OsBorN (1937); ARey and MunpT (1941); Porvak (1957);
ALt (1964a); Witkovsky et al. (1974); ALt and WAGNER (1975a)

Visual Pigments: A, max 534 (Arr and WAGNER, 1975b)
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Plate 54.1-3. Transverse (1) and (2) and tangential (3) sections of
ventral retina of the brown bullhead, Zctalurus nebulosus. x 560
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Sisoridae (Catfishes)

Ostariophysi, Siluriformes

These are Old World catfishes with an entirely naked skin. The
eyes are usually covered by skin.

The retina of Euchiloglanis sp. has been studied, but no descrip-
tion is given.

Reference : McEwan (1938)
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Clariidae (Airbreathing Catfishes)

Ostariophysi, Siluriformes

Clariids are elongate, sometimes eel-shaped catfishes with a broad
head, a transverse mouth, and four pairs of barbels, which are
often very long. Tubular or arborescent accessory air-breathing
organs are found posterior to the gill chamber. These organs assist
the catfish in very oxygen-deficient waters or when walking out
of the water. All these catfishes are voracious predators and feed
by night. They burrow in the mud during the dry season.

Only rods have been reported in the retina of Clarias batrachus.
Stout rods with short myoids were described, and the ellipsoids
appear to form two superimposed layers in the illustration. This
is an indication that the cones, presumably placed in front of the
rods in the histological sections, were overlooked. The internal
nuclear layer is similar to that of the brown bullhead.

Reference : VERRIER (1927, 1928a)
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Mochokidae (Upside- Down Catfishes)

Ostariophysi, Siluriformes

Mochokids are entirely naked catfishes from the African continent.
They possess three pairs of barbels. These crepuscular fishes inhabit
slow-flowing waters and lagoons, gathering in large shoals during
the day, hiding in suitably protected areas. They have the habit
of swimming belly-up close to the sutface of the water, and in
this position they feed on the underneath of aquatic leaves.

The retinas of Synodontis nigriventris and S. notatus have large
rods and small single cones which are numerically represented
in the ratio 2:1 (Plate 55.1). The retinomotor movements involve
the epithelial pigment and the rods, but not the cones (Plate 55.4, 5).
The epithelial cells are packed with some, as yet undefined, reflect-
ing material. The optic nerve fibres are arranged in fascicles between
the ganglion cells. A remarkable feature of these retinas is the
presence of multiple optic papillae Plate 55.2,3 radiating from the
point of emergence of the optic nerve into the retina (Plate 55.6).
Twenty-five to twenty-seven such papilla are present in the upside-
down carfish, while only five have been reported in the brown

bullhead.
References: WAGNER (1970); ALt and WAGNER (1975a)
Visual Pigments: A, max 533 (AL and WAGNER, 1975b)

Plate 55.1-6. (1) Transverse section of the central region of a dark-
adapted retina of S. nigriventris. Note that cones are sparse and small
whereas rods are more numerous and fairly big. The inner layers are
very poor. 5 um paraffine section; Azan; x400. (2) Transverse section
of the retina of S. nigriventris in the region of the multiple optical papilla
showing two sites of entry of the optical nerve; light adapted. 5um
paraffine section; Azan; X 200. (3) Tangential section of the retina of
S. nigriventris in the region of the multiple optical papilla showing four
paired entries of the optical nerve. 5 pm paraffine section; Azan; X 506.
(4) and (5) Transverse sections of the light-adapted retina of §. notatus;
(4) from the ventral and (5) from the central part of the retina. Note
the striking difference in the distribution of the retinal pigment epithe-
lium. 5pum paraffine sections; Azan; x710. (6) Transverse section of
the ventral retina of S. nofatus showing the course of the optical nerve
behind the retina, and six different sites of entry into the retina. 5 um
paraffine section; Azan; x 110
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Pimelodidae (Catfishes)

Ostariophysi, Siluriformes

Pimelodid catfishes are elongate in varied degrees. They are entirely
devoid of scales and bony plates, and are usually provided with
long barbels or whiskers extending forwards from the thin, flattened
head. These New World catfishes are closely related to the Bagridae
of the Old World.

The retina of this catfish is strikingly similar in morphology
to that of the ictalurid catfishes. The epithelial cell processes are
extremely long, especially in the dorsal retina (Plate 56.1), and con-
tain a granular material which presumably constitutes reflecting
tapetum lucidum. This reflecting system is less developed in the
ventral retina (Plate 56.2). The single cones compare to those of
the bullhead, with long and loose myoid segments in the light-
adapted state (Plate 56.1,2). Note the tangentially sectioned cone
ellipsoids in Plate 56.3, surrounded by the tapetal granules. The
internal layers are poorly developed, and the horizontal cells are
large and intermeshed when observed in tangential sections
(Plate 56.4). In the cave catfish, Pimelodella kronsi (Pavan, 1946)
the retina has degenerated.

Visual Pigments: A, max 527 (AL1 and WAGNER, 1975b)

Plate 56.1-4. Transverse (1) and (2) and tangential (3) and (4) sections
of the dorsal (1) and ventral (2)—(4) retina of the catfish, Rbamdia sebae.
x 560
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Callichthyidae (Armoured Catfishes)

Ostariophysi, Siluriformes

Armoured catfishes are small freshwater fishes characterised by
bony plates arranged in two overlapping series on the flanks. They
have a small terminal mouth, one or two pairs of maxillary barbels
and moveable eyes. They inhabit slowly flowing waters where
they search for food and occasionally act as scavengers in mud
and sand banks.

The retina of Corydoras sp. resembles that of the brown bullhead
in its main features. The rods are large and few, forming a single
layer of rod nuclei (Plate 57.1). As in the bullhead the epithelial
cells and their processes are filled with some granular pigment,
presumably a reflecting system (Plate 57.1). The cones, which are
exclusively of the single type, are larger than in the bullhead’s
retina (Plate 57.1,2). Note the clearly defined cone synaptic pieces,
just sclerad to the horizontal cell layer in Plate 57.1 (between arrows),
and note their appearance in tangential section (Plate 57.3, between
arrows). Plate 57.4 shows the retina of Corydoras julii.

Plate 57.1-4. Transverse (1) and (4) and tangential (2) and (3) sections
of the retina of the corydoras, Corydorassp. and C.sulii. (1), (3) and
(4) x560; (2) x720
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Amblyopsidae (Cave, Spring and Swamp Fishes)

Paracanthopterygii, Salmopercomorpha, Percopsiformes, Am-
blyopsoidei

This small family of freshwater teleosts constitutes one suborder
of the Percopsiformes, an order of primitive paracanthopterygian
fishes. With the exception of Chologaster, these fishes have adapted
themselves to live in caves; in fact, their distribution is closely
related with limestone formations. Adaptive features to the cave
habitat include small, rudimentary eyes, and the presence of sensory
papillae or tactile organs in prominent rows over the head, body,
and tail.

Single as well as double cones have been reported in the retina
of C. cornutus and C. papilliferus, whereas only “irregularly elon-
gate” double cones have been found in C. agassizi. In the retinas
of the cave fishes Amblyopsis spelaca, A. rosae, and Typhlichthys subter-
raneus the visual cells (rods and cones) have degenerated to varied
extents.

Reference : EIGENMANN (1899, 1909)

Batrachoididae (7 oadfishes)

Paracanthopterygii, Salmopercomorpha, Batrachoidiformes

Toadfishes are slow-moving, bottom-dwelling fishes with large
mouths and sharp teeth. They have a broad head, which tapers
posteriotly to a slender tail. Toadfishes are found in shallow as
well as deep shelf waters. The midshipmen (genus Porichthys) are
equipped with ventro-lateral series of luminescent organs. As in
the goosefishes (Lophiidae), the epithelial cells are heavily
pigmented and their processes are moderately elongate (Plate 58.1).
The rods are short and numerous, while the cones are very large
and few. The cone outer segments are very small. Most of the
cone population consist of equal double cones (Plate 58.2), but
a few single cones are also present. There is one layer of horizontal
cells and the internal nuclear layer is pootly developed.

Visual Pigments: A; max 496499 (Bearry, 1973; ALt and Heu-
MANN, 1970, 1972)
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Plate 58.1,2. Transverse (1) and tangential (2) sections of the retina of the midship-
man, P. porosissimus. X 560
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Gobiesocidae (C/ingfishes)

Paracanthopterygii, Salmopercomorpha, Gobiesociformes

The retina of Gobiesox strumosus is characterised by a well-developed
visual cell layer, two rows of horizontal cells, and a large number
of bipolar, amacrine, and ganglion cells (Plate 59.1,2). Rods and
cones are present in relatively large numbers. The single cones
are about half the length of the equal double cones (Plate 59.2)
and they form together orderly square arrangements (Plate 59.3,4).
Note the long outer segments and the large, pale nuclei of the
cones straddling the external limiting membrane (Plate 59.2). Multi-
ple droplets are also very clearly seen in the cone ellipsoids. The
retina of clingfishes is known to possess a fovea.

References: VRABEC (1969); WAGNER et al. (1976)

Plate 59.1-4. (1)—(4) Transverse and tangential sections of G. strumosus.
(1) Dorsal retina ( x 880). (2) Part of the ventral retina (x 1,380). (3) Tan-
gential section of the dorsal retina (x 210). (4) Ventral retina (X 1,380).
Note the bulk and sparseness of the rods in (1) and (2)
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Lophiidae (Goosefishes)

Paracanthopterygii, Salmopercomorpha, Lophiiformes, Lophioidei

Goosefishes are relatively specialised pediculate fishes in which
the base of the pectoral fin takes the form of an arm. They have
very large and flattened heads and the eyes are directed upwards.
Goosefishes are typically benthic fishes of the continental shelf,
distributed from the tide line down to hundreds of metres; they
are sluggish and attract their prey by means of a tentacular lure
hanging over the extremely large mouth.

The retina of the American goosefish (Lophius americanus) is
poorly developed. The epithelial pigment is abundant and well
distributed in fingerlike processes (Plate 60.1,2). Rods and cones
are present, the latter are slender (Plate 60.1) at the temporal periph-
ery of the retina and very bulky (Plate 60.2) in the fundus region.
Single, double, triple (Plate 60.3), and some quadruple cones could
be distinguished. The internal layers are extremely poor in bipolars
and ganglion cells.

References: VERRIER (1928a); ENGsTROM (1963b); AncriL (1969)
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Plate 60.1-3. Transverse (1) and (2) and tangential (3) sections of the retina of
the goosefish, L. amerwcanus. (1) x560; (2) and (3) x 700
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Ogcocephalidae (Batfishes)

Paracanthopterygii, Salmopercomorpha, Lophiiformes, Antenna-
rioidei

Batfishes are a teleost family somewhat related to the anglerfishes.
They are characterised by a flat body, a large head, and the presence
of a rostral flap and a fishing pole (escum). Some are deep water
forms. Like the anglerfishes, they are bottom dwellers of the conti-
nental shelf. The batfishes wander about on the bottom by moving
alternately their pelvic and pectoral fins. They are reported to
be luminescent, but no specialised light organ has been found
on their body.

The retina of Ogeocephalus vespertilio, from the Brazilian coastal
waters, is fairly well developed. The pigment epithelium is well
endowed with pigment and processes. The visual cell layer contains
a large number of cones and, to a certain extent, rods. Long and
short single cones as well as double cones are present (Plate 61.1,2),
and arranged in square patterns (Plate 61.3,4) at different levels
of the cells. Two layers of horizontal cells can be readily identified
(Plate 61.1) and a relatively large number of bipolar and amacrine
cells are present. The ganglion cells usually form a single layer
in transverse section.

The retina of Halicmetus ruber is characterised by densely packed
epithelial pigment. Only rods are present as visual cells, and they
are longer in the ventral retina.

Reference : BRAUER (1908)
Visual Pigments: A; (ALt and HEumMANN, 1970)

Plate 61.1-4. Transverse (x 330) sections of dorsal (1) and ventral (2)
retinas of O. vespertitilio. Tangential sections (x 525) of dorsal (3) and
ventral (4) retinas ate also shown
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Oneirodidae (Deep-Sea Anglers)

Paracanthopterygii, Salmopercomorpha, Lophiiformes, Ceratioidei

Ceratioids differ from the lophioid and antennarioid anglers by
the absence of pelvic fins. These are mesopelagic and bathypelagic
and are highly specialised. They possess an escal lure in the rostral
region, which is equipped with a luminous organ. Some families
produce parasitic males reduced to the status of a sperm-producing
appendage.

The oneirodids are small, usually black anglers with luminescent
esca and small eyes.

The retina of Oneirodes niger appears normally developed. The
epithelial pigment forms a thick layer. It is a pure-rod retina, and
the rod layer constitutes one third of the thickness of the retina.
The bipolars and amacrines are few and sparse. Brauer noted some
cone-like elements in the visual cell layer, but interpreted them
as artifacts.

Reference : BRAUER (1908)

Gigantactinidae (Deep-Sea Anglers)

Paracanthopterygii, Salmopercomorpha, Lophiiformes, Ceratioidei
Bathypelagic fishes (cf. Oneirodidae)

The retina of Gigantactis vanhoeffeni resembles that of O. niger, except
that the epithelial pigment is less abundant and the rods are shorter.

Reference : BRAUER (1908)

Ceratiidae (Seadevils)

Paracanthopterygii, Salmopercomorpha, Lophiiformes, Ceratioidei

In this family there are parasitic males attached to the females
during the adult stage (cf. Oneirodidae).

Ceratias holboelli and Cryptosaras cousei (warted seadevil) have
pure-rod retinas (Plate 62); the rod ellipsoid is very short and
the outer segment relatively long. The ventral retina is thicker
than the dorsal retina. In the retina of the females, the rods are
strikingly more numerous, and the internal nuclear layers better
developed than in the retina of metamorphosed free-living males.

References: BRAUER (1908); Munk (1964b, 19662)

132



Linophrynidae (Deep-Sea Anglers)

Paracanthopterygii, Salmopercomorpha, Lophiiformes, Ceratioidei
There are parasitic males, as in the Ceratiidae (cf. Oneirodidae).

The retinas of Aceratias (= Linophryne macrorhinus) and L. arborifera
are essentially similar to those of other ceratioid fishes. However,
they have tubular eyes pointing forwards.

References : BRAUER (1908); Munk (1964b, 19662)

Plate 62. Photomicrograph of the transversely cut retina of a female
warted seadevil C. conser. x 945

133



Gadidae (Codfishes)

Paracanthopterygii, Salmopercomorpha, Gadiformes, Gadoidei

Atlantic codfishes are soft-finned, primarily marine shelf water
fishes. The large pelvic fins are situated under or in front of the
pectorals, and the codfishes are also characterised by the presence
of a mental barbel. The Atlantic cod is distributed from the surface
down to 500 m. It is a predaceous fish feeding mostly on other
fishes and invertebrates.

The pigment in the retinal epithelial cell processes is very abun-
dant, the rods are long, slender, densely packed, and the single
and double cones are numerous. Note the difference in cone posi-
tions between the petipheral (Plate 63.1) and fundus (Plate 63.2)
retina; in the former single cones are close to the limiting mem-
brane, while the double cones are partly extended sclerally.

References: CoBoLD (1862); WuUNDER (1925); WaLLs (1942); LyaLL
(1957b); EnGstrROM (1961; Arr and Hanyvu (1963); Avrr etal.
(1968); Wagner (1972)

Greenland Cod

The Greenland cod (Gadus ogac) is found in islets and close to
shore. It is rarely found offshore in deeper water.

The retinal epithelial pigment is less abundant than in the Atlan-
tic cod, and the internal nuclear layers are poorly developed
(Plate 63.3).

References: ALt et al. (1968); ALt and WAGNER (19752)

Tomcod

The tomcod (Microgadus tomeod) is limited in distribution to coastal
waters and estuaries, feeding mainly on amphipods, annelids,
shrimps, etc.

The retina is similar to that of the Atlantic cod; the cones
are present in large number and the internal nuclear layer is well
developed (Plate 64.1).

Reference: ALt et al. (1968)

Pollock

The pollock (Pollachius virens) is found chiefly offshore on the conti-
nental shelf, and is piscivorous.

Plate 63.1-4, Plate 64.1-4. Transverse sections of the retinas of various
codfish species (see text). Plate 63.1,2 and Plate 64.4, x440; Plate 63.3,
X 330; Plate 63.4 and Plate 64.1, x 355; Plate 64.2, x305; Plate 64.3,
X 255
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Gadidae (cont’d)

The retina is poorly developed (Plate 64.2). The pigment is
less abundant than in other codfishes and is in the dark-adapted
state. The rods are relatively short and the cones less numerous.

Reference: ALI et al. (1968)

White Hake

The white hake (Urophycis tenuis) is a bottom-fish ranging from
shallow water to over 1,000 m. It feeds on crustaceans and small
fish.

The retina is very poorly developed; the rods are particularly
long and numerous while the cones, which are of the single and
double types, are sparsely distributed (Plate 64.3). The internal
layers are more or less ill-defined.

Reference: ALt et al. (1968)

Haddock

The haddock (Melanogrammus aeglefinus) lives mainly on the bottom.
A small subterminal mouth limits the haddock to small food articles

(crustaceans, molluscs, etc.).
The retina resembles that of the Greenland cod (Plate 63.4);
the rods are numerous and very long.

Reference : Av1 et al. (1968)

Blue Hake

The blue hake (Awntimora rostrata) has a mental barbel and the
second ray of the first dorsal fin is modified into a filament. It
inhabits deep shelf or oceanic waters.

The retina of the blue hake represents an extreme specialisation
within the codfish family. It is a pure-rod retina (Plate 64.4) with
little epithelial pigment which is fully retracted sclerally, and with
barely visible internal nuclear layers.

Reference : ALt and Hanyu (1963)

Visual Pigments: A; max 485-523; A, max 527 (ALt and WAGNER,
1975b)

Plate 64.1-4. (Legend see page 134) D>
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Merlucciidae (Hakes)

Paracanthopterygii, Salmopercomorpha, Gadiformes, Gadoidei

Hakes are very closely related to gadids. The silver hake, (Merluccins
bilinearis) is benthic, or nearly benthic, and is found at various
depths; it pursues its food in a pelagic fashion, coming near the
surface chiefly at night. It eats young fish, squids, euphausiids,
and decapods.

The retina is strikingly similar to that of most gadid fishes,
especially that of the pollock (Pollachius virens). The epithelial pig-
ment is present in short processes, the rods ate very abundant,
the cones are relatively few, and the internal layers are only moder-
ately developed (Plate 65).

Reference : AL1 et al. (1968)
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Plate 65. Transverse section of the ventral fundus-retina of the silver hake, M. b/in-
earss. % 500.
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Ophidiidae (Cusk-Eels and Brotulas)
Paracanthopterygii, Salmopercomorpha, Gadiformes, Ophidioidei

Cusk-eels are usually elongated forms with the pelvic fins reduced
in size, modified into chin whiskers, or entirely lacking. This is
a family of widely differentiated species, ranging in habitat from
the greatest depths of the ocean, to freshwater caves. Both habitats
may have some blind species. Some species are occasionally caught
in shallow water (tide pools and estuaries). The cusk-eels are essen-
tially benthic or bathybenthic fishes.

The retinas of the deep-sea Neobythites nigripinnis, Barathronus
affinis, B. erikssoni, Bassogigas profundissimus and Sciadonus knllenbergi
show various degrees of degeneration: a simple pure-rod retina
with short rods or fragmented rod outer segments surrounded
by macrophages, or a retina reduced to a mass of heavily pigmented
cells (Sciadonus). More or less degenerate retinas have been described
in the cave-dwellers Lucifuga subterraneus, Stygicola dentatus, 1yphleo-
tris madagascariensis, Thyphliasina pearsi and Dipulus caecns. Grouped
photoreceptors (rod bundles?) have been reported in the retina
of the larval Cataetyx memorabilis.

In a specimen of Ophidion welshi caught in shallow coastal water,
the retina has epithelial cells with bodies that are heavily filled
with melanin pigment; and the short blunt processes contain lipid
tapetal material which is missing in histological preparations
(Plate 66.1).

It is an almost pure-rod retina; the rods are very numerous,
having a short outer segment, and appear to be arranged in several
tiers (Plate 66.1). A few small single cones are present at the sclerad
margin of the visual cell layer, adjacent to the epithelial cell
processes (Plate 66.1,2).

References: Braver (1908); ErcenmanN (1909); TuinEs (1960);
Munk (19642, 1966a); MeEYER-RocHOW (1972)
See also Nicowr etal. (1973), on tapetum lucidum in cusk-eels.

Visual Pigments: A; (ALt and HEuMANN, 1972)
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Plate 66.1,2. Transverse (1) and tangential (2) nasal retina of the cusk-eel, Genzpte-
rus blacodes. x 560
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Zoarcidae (Eelponts)

Paracanthopterygii, Salmopercomorpha, Gadiformes, Zoarcoidei

Eelpouts are slender, eel-like benthic fishes with the anal fin contin-
uous with the caudal fin. They are sluggish in general and spend
most of their time hiding among seaweeds and stones. They are
found at varying depths on the continental shelf. They feed on
shelled molluscs, crustaceans and echinoderms.

The retina of the oceanpout, Macrogoarces americanus, has a well-
developed epithelium with abundant pigment, relatively few rods,
and large bulky cones (Plate 67.1). The internal nuclear layers are
ill-defined.

The retina of the eelpouts varies from a well-developed condi-
tion in L. turneri (Plate 67.2) with numerous rods and cones and
thick internal nuclear layers, to a poor condition in L. reticulatus
(Plate 67.3) with few cones, many rods and ill-defined internal
layers. An intermediate situation is found in L. /avalei (Plate 67.4).
The epithelial pigment is densely packed sclerally. The cones are
of the single and (chiefly) double types (Plate 67.5,6).

References: BRaAUER (1908); ArLr and Hanyu (1963); ENGSTROM
(1963b); Avrr etal. (1968); Ancrir (1969); WaGNER (1972); ALr
and WAGNER (1975a)

Plate 67.1-6. Transverse (1)~(4) and tangential (5) and (6) sections of
the retinas of various eelpouts. (1) x 580; (2) x 500; (3) x 465; (4) and
(5) x365; (6) x765
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Macrouridae (Grenadiers)

Paracanthopterygii, Salmopercomorpha, Gadiformes, Macrou-
roidei

Grenadiers are characterised externally by having large heads, pro-
jecting snouts, and slender bodies that taper to whiplike tails. The
eyes are large. They are closely allied to the cod family but differ
in having one stout spine in the first dorsal fin. These fishes are
benthic in habits and live in deep waters from the continental
shelf to the oceanic abyssal bottoms. They are loose in texture,
weak swimmers, and feed on bottom invertebrates.

The retina of the grenadier (Coryphaenoides rupestris) is very simp-
ly built and pootly developed. Note in Plate 68.1 the densely packed
epithelial pigment sclerally, the numerous rods whose length takes
nearly half of the retinal thickness, and the very sparsely distributed
bipolar and ganglion cells vitreally.

References : BRAUER (1908); ALt and Haxyu (1963); Munk (19644,
1966 a)

Nezumia

Nezumia (Negzumia bairdii) is a bottom fish usually found on soft
mud in depths ranging from 100 to 2,400 m.

It has a pure-rod retina as in C. rupestris, with essentially the
same characters, except that the internal layers are almost absent
(Plate 68.2).

Reference: AL and Hanyu (1963)

144

A

LY

7



Plate 68.1,2. Transverse sections of the retinas of the grenadiers, C. rupes-
tras (1) and V. bairdii (2). x 440
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Exocoetidae (Flyingfishes and Halfbeaks)

Acanthopterygii, Atherinomorpha, Atheriniformes, Exocoetoidei

Typical flyingfishes are marine, epipelagic teleosts with long, stiff
pectoral fins with which they plane several feet through the air,
chiefly in attempts to escape their predators (such as dolphins).
Some exocoetids have a pyramid-shaped cornea with flattened sut-
faces to permit emmetropic vision in air as well as the typical
hypermetropic (farsighted vision), of epipelagic teleosts in water.

The retina of E. volitans shown in Plate 69.1 is in a dark-adapted
state, with the abundant pigment retracted sclerally, the numerous
cones fully extended, and the very numerous and slender rods.
Single cones are present, and there are unequal (Plate 69.2) as well
as equal (Plate 69.3) double cones in this retina. The area retinae
is ventro-temporal (Plate 69.2). The nuclear layers are moderately
well developed and three layers of small horizontal cells are present
in Plate 69.1.

The retina of Fodiator acutus resembles essentially that of Exocoe-
tus volitans, with the exception that rods are less abundant and
that unequal double cones are found more regularly (Plate 70.2).
Note the light-adapted ventral retina and the well-developed bipo-
lar as well as the ganglion cell layers in Plate 70.1.

References : ANctiL and ALt (1970); ALt and WAGNER (1975a)
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Exocoetidae (cont’d)

Halfbeaks

Halfbeaks, previously included in a separate family (Hemirham-
phidae), are very elongate, coastal, pelagic fishes. Adult halfbeak,
Hyporamphus unifasciatus have fast and sudden movements. They
feed on small crustaceans, molluscs, and plant material.

The retina of the halfbeak is essentially similar to that of the
flyingfish, as is evident in Plate 70.3 showing a semi-light-adapted
dorsal retina. The cones are very tiny in comparison with the
long, slender rods. The horizontal cells are small and disposed
in three layers, one of which is shown in Plate 70.4.

Reference: ALt et al. (1973)

Visual Pigments: A; max 475499 (AL1 and HEumANN, 1970; Munz
and McFarLaND, 1973)
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Plate 69.1-3. Transverse (1) and tangential (2)
and (3) sections of the retina of the flyingfish
E. volitans. (1) x320; (2) and (3) x 1,105

Plate 70.1-4. Transverse (4) and (6) and
tangential (5) and (7) sections of the retinas
of the flyingfish F. acutus, and the halfbeak,
H. umifascratus. (4) x 600;(5) x 182;(6) x 225;
(7) %560
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Belonidae (Needlefishes)

Atherinomorpha, Atheriniformes, Exocoetoidei

Needlefishes or garfishes are closely related to the flyingfish (Exo-
coetids) family. They have an elongate body and a long jaw armed
with many fine teeth, and are fast swimmers. They are essentially
coastal, pelagic or epipelagic. Although their body is rather rigid
they swim relatively well, and are able to jump vertically out of
the water when chased by larger predators.

The retina of Strongylura timuweu is characterised by a large
number of rods and cones, three to four distinct layers of horizontal
cells, a moderately well-developed internal nuclear layer, and one
layer of ganglion cells (Plate 71.1). Single and double cones are
present (Plate 71.2) and arranged in square patterns (Plate 71.3,4).
Cones are characterised by unusually long outer segments and large
ellipsoidal mitochondria, giving a coarsely granular texture to the
inner segment (Plate 71.2). Some cones appear to possess a globule
or droplet at the scleral end of their ellipsoid.

References: HANNOVER (1843); Frurs (1879)
Visual Pigments: A; max 501 (Munz and McFarLanD, 1973)

Plate 71.1-4. (1) Transverse section of the dorsal retina of S. timucu.
Note the large, conspicuous Miiller’s fibres MF x 330. (2) Transverse
section of the dorsal retina of S. timucn % 1,320. (3) Tangential section
of the dorsal retina of §. fimucn showing the cone arrangement at the
ellipsoidal level (x330). (4) Tangential section of the ventral retina
(% 525)
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Plate 71.1-4. (Legend see opposite page)
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Cyprinodontidae (Ki/lifishes)

Acanthopterygii, Atherinomorpha, Atheriniformes, Cyprinodon-
toidei

Cyprinodontoids are small, common fishes, with the characteristic
appearance of fishes that spend much of their time capturing food
near the water surface: the mouth is in a forward position at the
upper tip of the head. The lateral line and adipose fin are absent,
however an air bladder is present. The killifishes (Cyprinodontidae)
are a large family of voracious fishes living in fresh or brackish
waters.

Their retina conforms to the well-developed teleostean type.
There are many rods and three types of cones: the short single
cone, the long single cone (Plate 72.1), and the unequal double
cone (Plate 72.2). All the cone types possess a distinct globule
at the scleral tip of the ellipsoid (Plate 72.1,2). The mosaic formed
by the cones is viewed tangentially in Plate 72.3. A ventral band-
shaped area retinae is present in this species and is characterised
by very slender cones. The change in cone dimension takes place
abruptly in the area as seen in Plate 72.4. Cone ellipsoids contain
oil droplets of mitochondrial origin in several species, notably F. he-
teroclitus (Plate 72.5,0). See also Plate 4, (2).

References: EIGENMANN (1899); Burcher (1938); LyarL (1957b);
EnGsTROM (1963 b); Munk (1970); WAGNER (1972); ALt and WaG-
NER (1975a); AncriL and AL (1976)

Visual Pigments: A; max 500-506; A, max 522 (Arr and WAGNER,
1975b)

Plate 72.1-4. Transverse (1), (2) and (4) and tangential (3) sections of D

the retina of the killifish, F. heteroclitus. (1) and (2) x1,105; (3) and
(4) x 440
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Anablepidae (Four-Eyed Fishes)

Acanthopterygii, Atherinomorpha, Atheriniformes, Cyprinodon-
toidei

The four-eyed fish differs from all the other cyprinodontoids by
its larger number of vertebrae and peculiar eyes. This freshwater
fish spends much of its time cruising just below the surface of
the water with the upper half of its eyes protruding above the
water. The water line is at the centre of each eye, and at this
point the eye is clearly divided by a longitudinal epithelial band.
The cornea and the retina are also divided; this appears to be
an adaptation for air-and-water vision, enabling the fish to watch
for predators or prey both above and below the water surface.

The retina is well-developed. There are significant differences
between the upper (aquatic vision: Plate 73.1) and lower (aerial
vision: Plate 73.2) portions of the retina of Anableps microlepis.
In the ventral retina there are about twice as many cones as in
the dorsal retina and they are smaller; the internal nuclear layers
are better-developed in the ventral retina (aerial vision). In A. -
trophthalmus, there are short and long single cones and double
cones, which are arranged in square patterns, and there are three
layers of horizontal cells. Oil droplets of mitochondrial origin are
found in the ellipsoids of several species.

References : SCHNEIDER-ORELLI (1907); ScawassMAaNN and KRUGER
(1965); WaGNER (1972); BorweIN and HoLLENBERG (1973)

Visual Pigments: A; max 506 (ALt and WAGNER, 1975b)
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Plate 73.1,2. Transverse sections of the dorsal (1) and ventral (2) retina of the
four-eyed fish, 4. microleprs. x 560
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Poeciliidae (Livebearers)

Acanthopterygii, Atherinomorpha, Atheriniformes, Cyprinodon-
toidei

Poecilids differ from other cyprinodontoids by the absence of exoc-
cipital condyles and the presence of a gonopodium in the male,
being a modification of the anal fin rays designed for viviparous
habits. The livebearers are shoaling fishes that inhabit shallow,
stagnant waters. Some frequent brackish waters. They feed mainly
on insect larvae and algal materials.

The retina of the guppy Poecilia reticulata, (= Lebistes reticulatus)
resembles closely that of the cyprinodontids. Both rods and cones
are fairly numerous. In the light-adapted retina (Plate 74.1), the
three types of cones (short and long single cones, unequal double
cones) are found close to the limiting membrane, the nucleus being
inside in the short single cone, outside in the long single cone,
and across the limiting membrane in the double cones. In the
dark-adapted retina (Plate 74.2), it is noted that the short single
cones show negligible movements, whereas the long single cones
move to an intermediate position, and the double cones to a fully
sclerad position. These cones are arranged in square mosaics of
double cones with the short single cones at the corners, and a
long single cone at the centre (Plate 74.3,4). Oil droplets of mito-
¢hondrial origin are found in the cone ellipsoids of several species.

References: Burcuer (1938); MULLER (1952); ENGsTROM (1963b);
LANG (1965); BERGER (1966); WAGNER (1972); AL and WAGNER
(1975a)

Visual Pigments: A; max 498-502; A, max 521 (ALt and WAGNER,
1975b)

Plate 74.1-4. Transverse (1) and (2) and tangential (3) and (4) sections
of the retina of the guppy, P. retwulata. X 560
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Plate 74.1-4. (Legend see opposite page)
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Atherinidae (Si/lversides)

Acanthopterygii, Atherinomorpha, Atheriniformes, Atherinoidei

Silversides are characterised by a broad silvery band along their
sides, the presence of two separate dorsal fins, and the absence
of a lateral line. They are chiefly coastal marine, schooling fishes.

Rods are present in large numbers in the retina of Austromeni-
dia sp., and small single cones as well as unequal and equal double
cones have been reported. The retinal epithelial pigment, rods
and cones are reported to undergo retinomotor changes in response
to light and dark in Atherina mochonpontica.

References : SVERDLICK (1940, 1955); ProTasov etal. (1960)
Visual Pigments: A; max 501-508 (ALt and WAGNER, 1975b)

Melamphaeidae (Bigscales)

Acanthopterygii, Percomorpha, Beryciformes, Stephanoberycoidei

The Beryciformes include some groups of similar subperciform
fishes that are generally considered to be antecedent to the Perci-
formes.

The melamphaeids are small mesopelagic or bathypelagic fishes
with blunt heads covered with spines and crests, truncate snouts,
and big eyes. They differ from other stephanoberycoids by the
presence of large cycloid scales on their bodies.

In the retina of Melamphaes buborbitalis the epithelial pigment
is densely packed sclerally and the rods, which are very numerous,
are the only visual cells present. In the retina of Poromitra nigrofulvus
(Plate 75) there are two superimposed layers of rods with short
ellipsoids, the sclerad-most rods possessing long and slender myoids
running between the vitread-most rods. The internal nuclear layers
of both species are poorly developed.

References : BRAUER (1908); LockeT (1969)
Visual Pigments: A; max 488 (AL1 and WAGNER, 1975b)
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Plate 75. Photomicrograph of a transverse section of the retina
of P. nigrofulvus, showing two banks of rods
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Diretmidae (Diretmids)

Acanthopterygii, Percomorpha, Beryciformes, Berycoidei

Diretmids are mesopelagic fishes related to the Berycidae, with
bodies that are higher and more compressed. Their eyes are very
large.

The retina of Diretmus argenteus is well developed and highly
specialised. Its main characteristics are (1) the presence of multiple,
superimposed layers of rods throughout the retinal regions (espe-
cially in the ventro-temporal region; Plate 76), the vitread-most
being considerably longer than the more sclerad ones, (2) the pres-
ence of small single cones in a restricted area (near the ora termina-
lis) of the specialised ventro-temporal region (Plate 76), and (3)
a corresponding increase in thickness of the internal nuclear layers
(bipolar and ganglion cells) in the latter region.

Reference : MuNk (1966b)

Zeidae (Dories)

Percomorpha, Zeiformes

The oceanic Zeiform fishes are a small group of spiny-rayed fishes,
usually compressed and deep-bodied. They normally have enor-
mously distensible jaws set at an oblique angle. The John dories
inhabit only moderate depths of the seas.

The retina of the Japanese dory Zemion japonicum, caught at
depths of 100-300 m, is characterised by the presence of double
cones forming a sharp area retinae in the ventral region. The single
cones are absent. A reflecting tapetum lucidum is reported in this
species, but it is not stated whether it is of chorioidal or retinal
origin.

Reference : TamURrA (1957)

Visual Pigments: A; max 492 (ALt and WAGNER, 1975b)
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Plate 76. Photomicrograph of the transversely cut ventro-temporal retina
of the diretmid fish, D. argentus. x 385. C cone layer, LR layer of long
rod acromeres, SR multiple layers of short rod acrometres
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Stylephoridae (7ube- Eyes)

Acanthopterygii, Percomorpha, Lampridiformes, Stylephoroidei

Lampridiform fishes are rare, bathypelagic forms with large eyes
and small, more or less protractile mouths. The stylephorids have
an elongated body, subcylindrical rather than ribbonlike, a naked
skin, a very long lower jaw, and rostrally directed tubular eyes.

The main retina has three superimposed layers of rods; the
cones are absent. The bipolar, amacrine, and ganglion cells are
numerous and distributed in multiple layers (Stylephorus chordatus).

Reference : MUNK (19662)

Gasterosteidae (Sticklebacks)

Acanthopterygii, Percomorpha, Gasterosteiformes, Gasterosteoidei

Sticklebacks constitute a group of small, pugnacious, primarily
marine fishes. Their dorsal, anal, and pelvic fins are normally
equipped with sharp spines. They live in shallow shore waters
and feed on copepods, isopods, euphausiids, etc.

The retina is well-developed with a great abundance of epithelial
pigment distributed in long processes, a large number of slender
cones (equal double cones and single cones), a certain number
of rods and well-developed internal nuclear layers (Plate 77).

References: MENNER (1929); WuNDER (1925); VERRIER (19282);
MULLER (1952); ENGsTROM (1963b); ALrr etal. (1968); WAGNER
(1972); ALt and WAGNER (19752)

Visual Pigments: A; max 501; A, max 522 (ArLr and WAGNER
(1975b)
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Plate 77. Transverse section of the retina of the three-spine stickleback, Gasterostens
aculeatus. X 825
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Syngnathidae (Seahorses and Pipefishes)

Acanthopterygii, Percomorpha, Gasterosteiformes, Syngnathoidei

Seahorses and pipefishes are specialised marine inshore fishes chat-
acterised by segmented bodies and tails encased in jointed bony
rings; they have lobate gills, tubular snouts and their heads are
cocked at tight angles to the main axis of the body. Seahorses
lack the caudal fin and have prehensile tails; they are found in
weedy areas and move slowly, feeding principally by sight.

The retina is characterised by abundant epithelial pigment
distributed in long processes, by the presence of a few rods and
a large number of slender cones, and by the well-developed bipolar
and amacrine cell layers (Plate 78.1). Note the foveal region in
the ventral retina (Plate 78.2), and the single and equal double
cones observed tangentially (Plate 78.3). Note also the filamentous
cone cells in the peripheral dorsal retina in Plate 78.4.

References: CARRIERE (1885); VERRIER (1928a); Kanmann (1934,
1936); EngsTrROM (1963b); WAGNER (1972)

Plate 78.1-4. Transverse (1), (2) and (4) and tangential (3) sections of >
the retina of the seahorse, Hippocampus kuda. (1) and (4) x 560; (2) x 360;
(3) x 1,400
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Centropomidae (Snooks)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Shovel-headed snooks are primarily marine coastal percoid fishes
that are related to the serranids. These carnivorous fishes are found
in abundance in mangrove areas, in estuaries, and some even in
freshwater.

The retinas of Centropomus undecimalis and C. ensiferus have the
characteristic appearance of a teleostean retina with numerous slen-
der rods, and large single and equal double cones arranged in
regular square mosaics. There are four layers of horizontal cells,
and the rod horizontal cell layer is intercalated between the medial
and inner layers of cone horizontal cells. There are three layers
of bipolar cells.

Plate 79.1 illustrates a Golgi-impregnated rod horizontal cell;
Plate 79.2, a cone internal horizontal cell; Plate 79.3 a small, pyri-
form amacrine cell. Note the multiple branches and terminal arbo-
risation of the rod horizontal cell, compared to the terminal struc-
tures of the cone horizontal cell.

References: VILLEGAS (1960, 1961); ViLLEGAs and ViLLEGAs (1963);
SteLL (1965); SELVIN DE TEstA (1966); PARTHE (1972)

Visual Pigments: A; max 499-500 nm; A, max 520 nm (Arr and
WAGNER, 1975b)

Plate 79.1-3. Thick, transverse sections of the retina of C. andecimalis,
impregnated according to the Golgi procedure. Enlargement not avail-
able
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Plate 79.1-3.
(Legend see opposite page)



Serranidae (Sea Basses and Groupers)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

This is a large family of marine shore fishes. The major characteris-
tics that identify the serranids are (1) a more or less elongate and
compressed body, (2) a large mouth and sharp teeth, and (3) the
ctenoid scales on the body. The species of small size and the juve-
niles of the larger-sized species form schools, while the adults of
the larger species tend towards a solitary life. Some groupers are
diurnal; others are crepuscular. The soapfish, on the other hand,
is strictly nocturnal. The diet of these fishes is composed of other
fishes and benthic crustaceans.

The retina of most serranid species described so far is very
well-developed. The single cones and equal double cones are nu-
merous, especially in the area retinae temporalis, where in species
such as the kelp bass Paralabrax clathratus the retina is invaginated
to form a foveal depression (Plate 80.1). The cones are arranged
in regular square mosaics with central single cones (Plate 80.2).
In species from deeper coastal waters (Acanthistius sp., Malakichthys
wakiyae), only double cones are seen and the rods are numerous.

References : VERRIER (19282, b); Kanmann (1934, 1936) ; SVERDLICK
(1940, 1955); Tamura (1957); ScawassmManN (1968)

Visual Pigments: A; max 492-502; A, max 534 (ALt and HEeu-
MANN, 1970, 1972; Munz and McFarLanD, 1973; ALt and WaG-
NER, 1975b)
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Plate 80.1,2. Transverse (1) and tangential (2) sections of the temporal retina of
the kelp bass, P. chathratus. (1) x 140; (2) x 560
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Centrarchidae (Sunfishes)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Bass

This is a relatively small family of strictly fresh-water fishes, native
to warm lakes and rivers of NorthAmerica. The large mouth bass
(Micropterus salmoides) lives in warm, weedy waters and is tolerant
of turbid or silted conditions. These predaceous fishes feed on
fish, crayfish, and insects.

The retina of the largemouth bass is characterised by a densely
pigmented epithelium with long processes, and a large number
of densely packed cones (Plate 81.1). The single and equal double
cones are arranged in regular square mosaics (Plate 81.2). There
are two to three layers of small horizontal cells and the bipolar
cells are abundant. The ganglion cells are densely set in one to
two layers (Plate 81.1).

References : SHAFER (1900); EIGENMANN and SHAFER (1900); WaLLs
(1942); Porvak (1957); EnGsTROM (1963b); WaNG (1968)

Black Crappie

The black crappie (Pomoxis nigromaculatus) inhabits lakes, ponds
and slow-moving streams, usually where there is a dense growth
of aquatic plants. It is a gregarious species, swimming often in
schools. Small fishes and aquatic insects constitute its diet.

Rods are more numerous and cones are fewer and stouter in
this species than in the retina of the largemouth bass. As seen
in Plate 81.3, the single cones are considerably smaller than the
double cones (see also Plate 81.4), the horizontal cells are relatively
large, and the bipolar cells are few and sparse. The equal double
cones and central single cones are organised in regular square
mosaics (Plate 81.4).

Visual Pigments: A, max 524-527 (AL1 and WAGNER, 1975b)

Plate 81.1-4. Transverse (1) and (3) and tangential (2) and (4) sections
of the retinas of the largemouth bass, M. sa/moudes, and the black crappie,
P. nigromaculatus. (1), (3) and (4) x440; (2) x 560
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Plate 81.1-4. (Legend see opposite page)
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Percidae (Perches)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Yellowperch

Percids are elongate, spiny-rayed predaceous teleosts with two dis-
tinct dorsal fins and ctenoid scales. They inhabit lakes and rivers
of North America, Europe, and Asia. The adult yellowperch,
P. flavescens, usually moves about in schools and its diet includes
animal plankton, aquatic insects, and fishes.

The yellowperch (P. flavescens) has a typical teleostean retina, similar
to that found in diurnal fishes. The epithelial melanin pigment
is abundant and distributed in processes (Plate 82.1). Rods and
cones are present in large numbers. The cones are bulky with
short outer segments, large ellipsoids, and short myoids
(Plate 82.1). In tangential sections they are arranged in regular
square mosaics in the ventro-temporal area retinae (Plate 82.3),
or in modified quadrangular mosaics in other retinal regions
(Plate 82.4). Triple cones are present in the fundus-retina
(Plate 82.2, arrow). There are at least two layers of horizontal cells
and the bipolar and amacrine cells are more or less numerous
depending on retinal regions.

References : EIGENMANN and SHAFER (1900); WunDER (1925); AREY
(1928); Lyarr (1957); ExcstrOM (1963b); AHLBERT (1969, 1973);
WAGNER (1972)

Walleye

The walleye (Stigostedion vitreum) is a North American freshwater
fish developing negative phototropism with age. As soon as it
reaches its second year of life, the walleye is found in sheltered
areas of clear waters during daytime, or in relatively turbid waters.
This is a crepuscular fish, leaving its shelter at dusk in search
of food and other activities. The retina of the walleye appears
to be well adapted to dim-light conditions. The epithelial cells
have very long processes filled with a somewhat granular material,
and they constitute a well-developed retinal tapetum lucidum
(Plate 83.1,2). Some melanin pigment is present at the sclerad base
of these cells and also at the vitread tip of the processes (Plate 83.1).
This reflecting system is well-developed only in the ventral region

Plate 82.1-4. Transverse (1) and tangential (2)—(4) sections of the retina
of the yellowperch, P. flavescens. (1) and (2) x 560; (3) and (4) x1,120.
See also Plate 5 in Introduction
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A Plate 84.1-4.  Tangential  sections
through the cone ellipsoids of the reti-
na of the walleye (1) and (2) and sau-
ger (3) and (4), x 1,120

< Plate 83.1-4. Transverse sections of
the dark (1) and (3) and light-adapted
(2) and (4) retinas of the walleye, . vz-
treum, and sauger, S. canadense. x 560.
C cone, ETL epithelial tapetum luci-
dum, R rods

of the retina (Plate 83.1), while in other regions (Plate 83.2, nasal)
the tapetal granules are sparsely distributed and fewer. The rods
are slender and very numerous compared to the large, stout cones.
The single and double cones, whose segments are very short
(Plate 83.1), are arranged in parallel rows in the tangential section
(Plate 84.1,2) and the area retinae is temporal (Plate 84.1). The
horizontal cells are very large (Plate 83.1).

References: ALt and WAGNER (1975a); Zyz~nar and Avr (1975)

Sauger

The sauger (§. canadense) like the walleye, develops negative pho-
totropism with age, however it differs from the walleye in its habits.
The sauger prefers extremely turbid waters and actively feeds
throughout the day. Observations suggest that the sauger does
not take advantage of physical shelter from light to the extent
that the walleye does. Moreover when walleyes and saugers occur
sympatrically an increase in turbidity may change the relative pro-
portion of these two species in favour of the sauger. This is reflected
in the differences in retinal structure between the two species,
differences that favour the sauger in a dimmer (more turbid) envi-
ronment. The sauger’s ventral retina has a well-developed tapetum
comparable to that of the walleye (Plate 83.3), but the other retinal
regions, contrary to those of the walleye, have well organised tape-
tal structures (Plate 83.4, nasal). Note also that melanin pigment
is slightly less abundant in the epithelial cells (Plate 83.3) compared
to that of the walleye (Plate 83.1). There are two areae retinae
in the sauger’s retina: one is dorso-temporal (Plate 84.3), and the
other is ventral (Plate 84.4).

References: WuNDER (1930); Moore (1944); BaBurina (1961b);
EnGstROM (1963b); ALr and Ancrin (1968); ZyznNarR and ALl
(1975); ArLr and WAGNER (19752)
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Theraponidae (Shorefishes)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

This is a small family of Indo-Pacific shorefishes of small to modet-
ate sizes. A few species are limited to fresh water, while most
are found in marine or brackish waters. They are closely related
to the serranids.

The retina of Therapon oxyrhinchus possesses few cones compared
to that of the serranids. Single and double cones are present. The
area retinae is temporal.

Reference : TaMURrA (1957)
Visual Pigments: A; max 497 (Munz and McFarLanD, 1973)

Priacanthidae (Bigeyes)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

These carnivorous shorefishes are characterised by very large eyes,
small rough scales, and a bright red colour. They are nocturnal
and are usually found in deep shore waters.

The retinal structure of the bigeye, Priacanthus arenatus, resem-
bles that of the cardinalfishes. Sclerad to the choriocapillaris and
the flat, poorly developed retinal epithelium, there is a well-devel-
oped, unpigmented reflecting tapetum lucidum (Plate 85.1). The
rods are numerous and densely packed, whereas the cones, which
are mostly of the double type, are bulky, few, and possess a very
short outer segment (Plate 85.1,2). There are two or three layers
of moderately large horizontal cells (Plate 85.2) and few, sparsely
distributed bipolar and amacrine cells. The area retinae is ventral.

References: Tamura (1957); Nicor (1963); Nicor and ZyzNARr
(1973); ALt and WAGNER (19752)

Visual Pigments: A; max 496 (Munz and McFarranDp, 1973)
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Plate 85.1,2. Transverse sections of the retina of the bigeye, P. arenatus.
x 560. H horizontal cell layers, 7L tapetum lucidum
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Apogonidae (Cardinalfishes)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Cardinalfishes are small tropical shorefishes with bright colours,
large eyes, and two separate dorsal fins. They frequent coral reefs
and lagoons, and some types inhabit deeper shore waters. Cardinal-
fishes are notoriously nocturnal in their habits.

The retina of the flamefish is poorly developed. There are no
processes in the heavily pigmented epithelium, the rods are short
and numerous, the cones are bulky and few, the horizontal cells
are indistinct; the bipolar, amacrine and ganglion cells are sparsely
distributed (Plate 86.1). Both single and double cones are present
(Plate 86.2), the latter being of the equal and unequal types.

References: Tamura (1957, Apogon lineatus); Kato (1962)

Visual Pigments: A; max 482-495; A,<10% (Munz and McFAR-
LAND, 1973)
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Plate 86.1,2. Transverse sections of the retina of the flamefish, A. maculatus. x 560
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Pomatomidae (Bluefishes)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

The bluefish is a fast-moving, schooling fish found in coastal marine
waters. This fish is particularly voracious.

The retina of Pomatomus saltatrix possesses an abundant epithe-
lial pigment, numerous rods and cones, all undergoing extensive
retinomotor movements. Single as well as double cones are present.
The horizontal cells are large and arranged in at least three layers.

Reference : OLLa and MARCHIONT (1968)

Coryphaenidae (Dolphins)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Dolphins are very fast-moving epipelagic percoid fishes, character-
ised by a long dorsal fin, and a forked tail like that of the carangids;
the male has a large square head. They may be found singly or
in schools, and they feed on a variety of fishes, including flying-
fishes, and invertebrates.

There are about as many single cones as double cones in the
retina of Coryphaena hippurus, thereby indicating that two types
of single cones are present. The cone density is almost uniformly
distributed throughout the retinal regions, with a peak in the tem-
poral region (area retinae).

Reference : TamMura and WisBy (1963)

Visual Pigments: A;:A, 2:1 (Arr and Hreumann, 1970);
A, max 500.6 Munz and McFArLAND, 1973)
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Carangidae (Jacks and Pompanos)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Carangids (jacks, pompanos) are fast-moving, coastal, pelagic
teleosts. Some possess along each side of the caudal peduncle a
sharp ridge made of a series of bony scutes or plates; many are
torpedo-shaped.

Plate 87.1 illustrates a dark-adapted retina of the leatherjacket
(Oligoplites sanrns). The epithelial pigment is packed sclerally in
the cell bodies, the long, slender, and densely packed rods occupy
almost all the space of the visual cell layer, and the cones are
moved sclerally. Single and equal double cones are present. There
are three layers of moderately large horizontal cells Plate 87.1, the
two vitread-most layers being shown in a tangential section in
Plate 87.2. The sections of the retina of a tide pool fish from Brazil
(Trachinotus carolinus) are shown in Plate 88.1,2,3. Note the four
tiers of large horizontal cells (Plate 88.1, 3).

References: VERRIER (19282); Tamura (1957); O’ConnNELL (1963);
TaMura and WisBy (1963); Arr etal. (1973); Arr and WAGNER
(19752)

Visual Pigments: A; max 495-500; A,<10% (AL and HEUMANN,
1970, 1972; Munz and McFArRLAND, 1973; AL and WAGNER,
1975b)
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Plate 87.1,2. Transverse (1) and tangential (2) sections of the retina
of the leatherjacket O. saurus. x 560

Plate 88.1-3. Retina of 7. carolinus. (1), transverse section of dorsal retina
(x 700). (2), tangential section (% 1,380) of the dorsal retina. (3), trans-
verse section of the ventral retina (x 550). Note the large horizontal
cells arranged in four tiers in Plate 87.1 and Plate 88.1
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Plate 88.1-3. (Legend see opposite page)
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Lutjanidae (Snappers)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Snappers are marine, shallow-water, inshore fishes with distinctly
enlarged jaw teeth and a snout with a flattened tip. They are carni-
vorous, occurring in large schools, and are essentially nocturnal.
The lane snapper, Lutjarus synagris, is known to inhabit deep shore
water and to feed on fishes and large invertebrates.

The retina is characterised by the retracted, dark-adapted epithe-
lial pigment, by extremely numerous, long and slender rods
(Plate 89.1,2), and by single and equal double cones (Plate 89.2,3),
the centre of abundance being in the temporal region. There are
three layers of small horizontal cells (Plate 89.1,2). As seen in
Plate 89(1), the bipolar, amacrines, and ganglion cells are well re-
presented.

References : SELVIN DE TEsTA (1966); O’Dary (1967); ParTHE (1967,
1972); Avt et al. (1973)

Visual Pigments: A; max 494498 (AL and HEumMANN, 1972; MuNz
and McFARLAND, 1973)

Letognathidae (S/zpmonths)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

These are small Indo-Pacific fishes, chiefly marine in habitat, charac-
terised by deep, laterally compressed bodies, by extremely protrusi-
ble mouths forming tubes when extended, and by the presence
of luminous organs around the base of the oesophagus. Slipmouths
live inshore and are nocturnal.

Single cones and double cones are present in the retina of
Ledognathus argentens. The area retinae is found in the dorso-temporal
and temporal regions.

Reference : Tamura (1957)

Plate 89.1-3. Transverse (1) and (2) and tangential (3) sections of the >
retina of the lane snapper, L. synagris. (1) x225; (2) and (3) x 560.
H horizontal cell layer
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Toxotidae (Archerfishes)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

The spitting archerfish is a freshwater fish, which adapts readily
to brackish or salt water. It projects its water pellets by compressing
the gill covers, which results in the fish’s tongue pressing against
a longitudinal groove on the palate. The archerfish shoots by sight
with spectacular accuracy using as targets insects on which it feeds.

There is a sharply defined ventro-temporal area retinae (uppet-
fore visual axis) in the retina of Toxotes jaculatrix. Single and equal
double cones are present.

Reference : LULING (1958)

Gerridae (Mojarras)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Mojarras are closely related to the leiognathids and are small, silvery
shorefishes with protrusible mouths.

The retinal neurones of this species have been extensively
studied by silver-impregnation techniques. Plate 90.1 shows a rod
horizontal cell (centre) and large rod bipolars (/efz). Plate 90.2
shows small (centre right) and large (centre left) cone bipolar cells.
Plate 90.3 shows a small rod bipolar cell (7ight arrow), a large
cone bipolar cell (centre arrow), and large rod bipolar cells (/lef?
arrow). Plate 90.4 shows an oligopolar cell (arrow). Higher magnifi-
cations are shown of rod and cone foot-pieces (Plate 91.1), rod
pedicles contacting a rod horizontal cell (Plate 91.2), a rod pedicle
making synapse with a small rod bipolar (Plate 92.1), and a large
cone bipolar cell with dendritic ramifications on one side only
(Plate 92.2, arrow).

References : SELVIN DE TEsTA (19606); O’DAry (1967); PARTHE (1967,
1972); VanEcas and EBBERsoN (1973); LAUFER and VANEGAS
(1974)

Visual Pigments: Aj:Aj; 2:1 (AL and HEumann, 1970, 1972)
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Plate 90.1-4. Plate 91.1,2. Plate 92.1,2. Thick, transverse sections of the
Golgt impregnated retina of the mojarra, Exgerres plumieri (see text).
Enlargements not available. C cone foot-piece, R rod foot-piece
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Plate 92.1,2. (Legend see page 187)

< Plate 91.1,2. (Legend see page 187)
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Pomadadasyidae (Grunts)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Grunts are shorefishes and their external appearance is much like
the snappers (Lutjanidae). They produce sounds by grinding their
pharyngeal teeth together, and the adjacent air bladder acts as
an amplifier. They are nocturnal in habit, passing the day grouped
in relatively inactive schools over rocky or sandy bottoms. At
night, the schools disperse and each individual fish actively forages
on the sand.

The retina of the grunt (Pomadasys crocro) is similar in structure
to that of the snapper (Lutjanidae), mojarras (Gerridae), and snooks
(Centropomidae). The rods are abundant, the single and double
cones are also numerous, and three layers of horizontal cells are
present.

References: SELVIN DE TEestAa (1966); Zyznar and Nicor (1973)

Visual Pigments: A; max 500 (AL and Heumann, 1970, 1972;
BeaTtyY, 1973)

Sparidae (Porgies and Sea Breams)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Porgies and sea breams are deep-bodied percoid fishes, usually
equipped with powerful incisor teeth in the jaw as well as strong
grinding teeth. These marine fishes, which resemble the grunts
in general appearance, occur in loose aggregations or in large
schools along the sandy or rocky shores.

The retina of the sheepshead (sea bream) (Archosargus rhomboidalis)
has the characteristic features of the retina of noctural teleostean
shore fish: the epithelial pigment is distributed in short epithelial
processes, the rods are extremely long and numerous, and the
horizontal cells, which are set in four layers, are fairly large
(Plate 93.1). Note in Plate 93.1, the fully dark-adapted state of the
pigment and cones. The single and equal double cones are very
small and arranged in square patterns (Plate 93.2). The area retinae
is temporal.

References: Tamura (1957); Avr etal. (1973); Arr and WAGNER
(1975a)

Visual Pigments: A; max 493-518 (AL and HEeumann, 1972;
BeaTry, 1973; ALt and WAGNER, 1975b)
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Plate 93.1, 2. Transverse (1) x 225 and tangential (2) x 560 sections of the retina of
the sea bream, Archosargus rhomboidalss

191



Sciaenidae (Croakers)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Croakers are shallow-water fishes and mainly marine, being usually
carnivorous and related to the basses. They are gregarious and
associated with the benthos; they are noted for their ability to
produce sound. They have nocturnal habits.

The retina is degenerate in the Red drum (blind croaker) Sciae-
nops ocellata. The retina of the seatrouts Cynoscion aremarins and
C. nebulosus is characterised by the presence of a reflecting tapetal
system in the pigment epithelium, made of lipid spherules. The
visual cell layer of the seatrout retina is composed of single and
double cones; and of extremely long and slender rods, which are
all capable of retinomotor changes.

References: WarRD and GUNTER (1962); ArRNoOTT et al. (1970, 1972);
ALt and WAGNER (19752)

Visual Pigments: A; max 500-504 (Beatty, 1973; AL and WaG-
NER, 1975b)

Mullidae (Goatfishes)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Goatfishes are benthic, living in shallow waters of the littoral
zone. They are elongate and have two long tactile barbels under
their chins which they drag over the bottom. They are carnivorous
and feed principally on invertebrates.

Double cones have been reported in the retina of Mullus barbatus.

Reference: VERRIER (1928a)

Visual Pigments: A; max 484-495.6; A,<10% (Arr and HEeu-
MANN, 1972; Munz and McFarLaND, 1973)

192



Kyphosidae (Rudderfishes and Nibblers)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Kyphosids are oval-shaped, schooling fishes with small mouths
and fine teeth. They are abundant in shallow littoral waters around
rocky areas, and in tide pools.

In Microcanthus strigatus and Girella punctata, the area retinae
is located in the temporal or ventro-temporal regions of the retina.
Single and double cones are arranged in regular square mosaics.

References : Y aMaNoucHI (1956); Tamura (1957)

Visual Pigments: A; max 493.9497.8; A,<10% (AL and HEu-
MANN, 1972; Munz and McFarLAND, 1973)
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Ephippidae (Spadefishes)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Spadefishes are deep-bodied shorefishes, which are somewhat simi-
lar in general appearance to butterflyfishes, but they differ from
the latter in having two dorsal fins, one spiny and the other soft-
rayed, and by the fact that most spadefishes are schooling fishes.
The Atlantic spadefish, Chaetodipterns faber, hides during the day
among the wrecks and pilings of the reefs or in deeper littoral
waters; it is noted for its craving for shellfish.

The principal characteristics of their retinas are the lipid tapetal
material in the epithelial cell processes (Plate 94), the long and
densely packed rods, and the large cones that are capable of retino-
motor changes (see the dark-adapted state in Plate 94). The single
and equal double cones are arranged in square mosaics and are
almost equally abundant in all the retinal regions. There are three
layers of horizontal cells (Plate 94) and the internal nuclear layer
is moderately developed.

References: SELVIN DE TEsta (1966); ArNotT etal. (1970, 1972);
Avr et al. (1973); ALt and WAGNER (19752)

Visual Pigments: A; max 496.5-497; A,<10% (Ar1 and HEu-
MANN, 1970; Munz and McFarLanD, 1973)
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Plate 94. Transverse section of the retina of the Atlantic spadefish, C. faber. x 825
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Chaetodontidae (Butterflyfishes and Angelfishes)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Butterflyfishes and angelfishes are small, oval-shaped, compressed
fishes chiefly inhabiting shallow waters of the seashore. They pos-
sess small, extended snouts that are well adapted to picking up
small invertebrates from cracks and crevices of the reefs. They
are solitary and diurnal in habits.

The retina of this butterflyfish is well developed and its cells
are small and densely packed (Plate 95.1). The epithelium is faitly
well pigmented, the rods are small and relatively few, and the
cones are tiny and arranged in more or less regular square mosaics
of double and single cones (Plate 95.3,4). The internal nuclear layer
and ganglion cell layer are particularly well developed
(Plate 95.1, 2).

Visual Pigments: A; max 491-495.6; A,>10% (AL and Heu-
MANN, 1970, 1972; Munz and McFaRrLAND, 1973)

Nandidae (Leaffishes)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

This is a small group of small, robust, perchlike teleosts. They
are restricted to freshwaters of South America, West Africa, and
Southern Asia. These voracious predators prefer habitats of low-
level illumination. The leaffish, Monocirrbus polyacanthus, is a bad
swimmer resting obliquely, head-down among plants in the water.

Regular square mosaics composed of central single cones and
double cones have been reported in the retina of the leaffish. There
are as many rods as cones, and two layers of horizontal cells.

Reference : WAGNER (1972)

Plate 95.1-4. Transverse sections ( X 580) of the dorsal and ventral retinas >

of Chaetodon striatus are shown in (1) and (2) respectively. Tangential
sections (x 1,380) of dorsal and ventral retinas in (3) and (4) respectively.
Note the well-developed Miillerian fibres
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Cichlidae (Cichlids)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Cichlids are tropical perchlike fishes, and are distinguished from
true perches (Percidae, Centrarchidae, etc.) by such characteristics
as the presence of only one nostril on each side of the head. The
cichlids frequent still or sluggish waters that are provided with
a cover for hiding. Almost all cichlids (except Geophagus and Tilapia)
are predatory fishes and feed predominantly upon smaller fishes,
insect larvae, water-beetles, worms, etc.

Red Devil

The retina of the red devil (C. labiatum) is fairly well developed
as seen in Plate 96.1. The epithelial cells send long processes vitreal-
ly, which contain pigment granules in the light-adapted state. Rods
are more are more or less abundant while the cones are numerous
throughout the various retinal regions and are of two types: the
single, and equal double cones (Plate 96.2). The bipolars and ama-
crines are very numerous. The horizontal cells viewed tangentially
possess regular mosaics like those of the cones (Plate 96.2,3). See
also Introduction, Plate 2.

References: BraeMER (1957); EncstrOM (1963b); Kuenzer and
WanGeR (1969); HisearD (1971); WaGNER (1972, 1973, 1974)

Plate 96.1-3. Transverse (1) and tangential (2) and (3) sections of the
retina of the red devil, C. labiatum. x 560
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Plate 96.1-3. (Legend see opposite page)



Cichlidae (cont’d)

Tilapia

The retina of 7. rhendali is essentially similar in structure to that
of C. labiatum. In the dark-adapted ventral retina (Plate 97.1), the
pigment of the epithelial cells is more or less retracted sclerally,
the rods form a distinct row close to the external limiting mem-
brane, and the cones, whose myoids have elongated, have a distal
(sclerad) position, near the epithelium. The dorsal, dark-adapted
retina differs in the positions of the single and double cones
(Plate 97.2); the single cones, which are shorter, form a distinct,
vitreally placed layer in relation to the double cones. Note also
(Plate 97.2) the three layers of small horizontal cells.

Visual Pigments: A; max 480-503; A, max 516-527 (Munz and
McFarrLaND, 1973; Arr and WAGNER, 1975b)
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Plate 97.1,2. Transverse sections of
the ventral (4), and dorsal (2) dark-
adapted retina of 7. rhendali. x 560



Plate 98.1,2. Transverse (1) and tan-
gential (2) sections of the retina of

the blue devil, Eupomacentrus coeruless.
(1) x560; (2) x 1,400

Pomacentridae (Damselfishes)

Acanthopterygii, Percomorpha, Perciformes, Percoidei

Damselfishes are typical inhabitants of sea shores and coral reefs.
The round to oval fishes have compressed bodies, however, like
the cichlids but unlike the chaetodontids and ephippids, they have
only a single nostril on each side of the snout instead of two.
The damselfishes display a great variety of shapes and colours,
having a highly developed social behaviour. They are diurnal in
habits and feed primarily on plant material and invertebrates.

The retina of the blue devil is characterised by the abundance
of its epithelial pigment, by the large number of slender cones
in comparison to rods, and by the very thick internal nuclear
layers (Plate 98.1). Both single cones and equal double cones are
present and arranged in more or less regular square mosaics; the
area retinae is found in the ventro-temporal region (Plate 98.2).

Reference : LytHGOE and LyTHGOE (1971)

Visual Pigments: A; max 491-497; A,<10% (ALt and HEUMANN,
1970; Munz and McFarvanDp, 1973; Art and WaGNER, 1975b)
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Labridae (Wrasses)

Acanthopterygii, Percomorpha, Perciformes, Labroidei

Wrasses are shorefishes with a single, long dorsal fin that is anterior-
ly spiny. This is a very successful and common group of tropical
fishes with some temperate representatives. The cunner, 7autogola-
brus adspersus, is an omnivorous fish which browses among
seaweeds, stones, and dock piling in shallow waters. It spends
most of its time resting quietly close to the substrate, or swimming
slowly.

The retina of the cunner is characterised by the presence of
abundant epithelial pigment (Plate 99.1), the large numbers of cones
in all the retinal regions, and the relatively low rod-densities. The
equal double cones and the long and short single cones are arranged
in regular square mosaics with central and accessory single cones
(Plate 99.2). The internal nuclear layer is well developed
(Plate 99.1).

References: VERRIER (1928a); ENGsTROM (19632, 1963b); ANCTIL
(1969) ; Kawamura and Tamura (1973)

Visual Pigments: A; max 484.6-527; A, max 510-513 (Ar1 and
Heumann, 1972; Munz and McFARLAND, 1973; ALt and WAGNER,
1975b)

Plate 99.1,2. Transverse (1) and tan-
gential (2) sections of the retina of
the cunner, 7. adspersus. (1) x560;
(2) x700



Plate 100.1,2. Transverse sections of
the tangential (1) and nasal (2) retinas
of the bluelip parrotfish, C. roseus.
(1) x225; (2) x560. C cone layer

Scaridae (Parrotfishes)

Acanthopterygii, Percomorpha, Perciformes

Parrotfishes are reef fishes whose beak-like, chisel-sharp jaw teeth
in front appear as an adaptive feature for coral feeding. Some scarids
show a strong homing instinct and use the sun as a compass for
orientation. The bluelip parrotfish, Cryptotomus roseus, is a small
wrasse-like fish dwelling in shallow grassy waters and has diurnal
feeding habits. At night it buries itself in the sand like a wrasse,
and there secretes a mucous envelope.

The presence of a temporal foveal depression (Plate 100.1), the
exceptional development of the internal nuclear and ganglion cell
layers, together with the large amount of retinal epithelial pigment
are the main features of the retina. Note the extremely slender
cones in the visual cell layer (Plate 100.2).

References: ALl et al. (1973); ALt and WAGNER (1975a)

Visual Pigments: A; max 483-484.6; A, max 520 (ALt and Heu-
MANN, 1972; Munz and McFaArLAND, 1973; AL and WAGNER,
1975b)



Mugilidae (Mullets)

Acanthopterygii, Percomorpha, Perciformes, Mugiloidei

Mullets are torpedo-shaped, marine schooling fishes found in shal-
low water usually over sandy or muddy bottoms with detritus,
where they normally grub for food. Their feeding consists of gulp-
ing mouthfuls of dirt and sand and spitting out the coarser particles.
There is an adipose eyelid and a vertically elliptical pupil.

The retina of the white mullet, Mugi/ curema, is characterised
by the poor development of the epithelial melanin pigment
(Plate 101.1), by extremely abundant rods which are very long
and slender (Plate 101.1), by relatively large single and equal double
cones particularly numerous in the temporal area retinae
(Plate 101.2), and by the large horizontal cells which are set in
four layers (Plate 101.1), the vitread-most layer consisting of rod
horizontal cells (Plate 101.3).

References : Frixs (1879); VERRIER (1928a) ; SELVIN DE TEsTA (1966);
ParTHE (1967, 1972); WaGNER (1972); AL etal. (1973); AL and
WAGNER (1975a)

Visual Pigments: A; max 499; A, max 522 (Munz and McCFAR-
LAND, 1973; ALt and WAGNER, 1975b)

Sphyraenidae (Barracudas)

Acanthopterygii, Percomorpha, Perciformes, Sphyraenoidei

Barracudas are pelagic, torpedo-shaped fishes with a jutting lower
jaw and fanglike teeth. These are active predators, and feed appar-
ently by sight rather than by smell.

Although the cone density does not vary significantly among
the retinal regions of Sphyraena barracuda, the nasal direction of lens
accommodation indicates that the area retinae is roughly located
in the temporal region. Single cones and double cones are present
in the proportion 1:3.

Reference : Tamura and WisBy (1963)
Visual Pigments: A; max 497.6-498 (Munxz and McFarLAND, 1973)

Plate 101.1-3. Transverse (1) and tangential (2) and (3) sections of the
retina of the white mullet, M. curema. X 560
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Plate 101.1-3. (legend see opposite page)



Mugiloididae (Mugiloidids)

Acanthopterygii, Percomorpha, Perciformes, Trachinoidei

These are little-known marine coastal fishes.

Rods, single cones, and equal and unequal double cones have
been reported in the retina of Pinguipes sp. The rods are more
or less numerous. The unequal double cones are largely dominant
in number over the two other cone types. All the cones are slender
and densely packed, and their myoids are well developed.

Reference : SvERDLICK (1940, 1955)

Trachinidae (Weeverfishes)

Acanthopterygii, Percomorpha, Perciformes, Trachinoidei

The weever family includes only four species of small, elongated
marine fishes with long anal and second dorsal fins, which are
noted for their poisonous spines. These fishes bury themselves
in the sand; some, like T7achinus draco, live in deep shelf waters.

Double cones have been reported in the retina of 7. Draco.

Reference: VERRIER (19282)

Dactyloscopidae (Sand Stargazers)

Acanthopterygii, Percomorpha, Perciformes, Trachinoidei

The sand stargazers are shorefishes dwelling near or buried in
sandy bottoms. They feed on bottom-living animals, mostly small
crustaceans and small fishes. Both their eyes and mouth are directed
upwards (Plate 102.1).

The retina of Dactyloscopus tridigitatus is very well-developed.
The epithelium possesses long, heavily pigmented processes
(Plate 102.3). The visual cell layer contains both rods and cones.
The rods are large and relatively few (Plate 102.3). The single
and double cones are numerous and slender, with granular ellip-
soids, short myoids, and short outer segments (Plate 102.3). The
internal nuclear layer is thick and packed with bipolar and amacrine
cells, and the ganglion cell layer is composed of two rows of
cells (Plate 102.1,2). Note the grouping of rods (Plate 102.3, arrow).

Reference : WAGNER et al. (1976)

Plate 102.1-4. (1) x 100, cross section of the entire eye of a juvenile >

specimen of D. tridigitatus. (2) x 700, transverse section of the ventral
retina. (3) x 1,380, transverse section of the dorsal retina. Oblique section
(x1,770) of the central retina is shown in (4)
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Uranoscopidae (Electric Stargazers)

Acanthopterygii, Percomorpha, Perciformes, Trachinoidei

Electric stargazers are benthic fishes, being characterised by the
presence of ocular muscles modified into electrogenic organs, by
the small eyes on the top of the head, and by the mouth that
is in a nearly vertical position. These stargazers may be found
in shallow to very deep shelf waters and bury themselves in the
sand. Double cones have been reported in the retina of Uranoscopus
scaber.

Reference : VERRIER (19282)

Clinidae (Clinids or Klipfishes)

Acanthopterygii, Percomorpha, Perciformes, Blennioidei

Clinids constitute a large family of small inshore fishes which differ
from the blenniids by the presence of scales on the body, a protrac-
tile mouth, and a dorsal fin in one, two, or three parts. Dialommus
Juscus is a pot-hole dweller, living in deep depressions at some
distance from all but the highest tides; this fish spends a consider-
able amount of time out of water.

D. fuscus is a “four-eyed” fish, with two lens muscles per eye
to permit amphibious foveal vision and two flattened corneal win-
dows per eye to permit emmetropic vision in air. L. nuchipinnus
from a tide pool in Sio Paulo state, Brazil, shows an interesting
combination of oil droplets in the cone ellipsoids (Plate 103.3),
and grouped rods (Plate 103.1,3), which end in a role as light
guides for the cones ellipsoids (Plate 103.4).

The retina is well-developed. Rods as well as single and double
cones are present and arranged in fairly regular square mosaics
(Plate 103.5). The cones are particularly slender and densely packed
in the area temporalis retinae. There is a shallow foveal depression
in the dorso-temporal part of the retina.

References: Munk (1969a); WAGNER et al. (1976)

Plate 103.1-5. L. nuchipinnus retina. Transverse sections (1) and (2) of
dorsal and ventral retinas at x700. (3) shows the photoreceptors at
a higher (x1,300) magnification. Note the oil droplets OD, grouped
rods R and the reflecting layer £7. Tangential sections (4) and (5) of
the dorsal retina show two levels. One (4) across the outer segments,
and the other (5) across the ellipsoids. Note the light guiding role
of the ellipsoids in (4). (4) and (5) at x 1,380

208






Blenniidae (Combtooth Blennies)

Acanthopterygii, Percomorpha, Perciformes, Blenniodei

The blenny family comprises about two hundred species of small
shorefishes. They are found in rocky shore waters and tide pools.
Their skin lacks scales and possesses many slime glands protecting
them against abrupt changes in salinity and temperature. Blennies
feed on small crustaceans.

Scaleless tropical blennies are small, rather elongated, littoral
fishes with reduced, or entirely absent, pelvic fins. They are also
characterised by the presence of crests, ridges, and fringes on their
heads. This is a very successful group of carnivorous or omnivor-
ous, bottom-dwelling fishes.

The retina of several Blennius spp. and Salarias enosimae have
been studied. Single and double cones are present; they are
arranged in square mosaics with central single cones in B. gentilis,
and with accessory single cones only in B. v#lgaris (Plate 104.1,2).
Two horizontal cell layers are present. There is a temporal fovea
in the retina of B. basilicus.

The retina of B. cristatus, is well-developed with characteristical-
ly thick internal nuclear and ganglion cell layers (Plate 105.1,2).
The rods are fairly large and numerous cones are arranged in
two types of square patterns (Plate 105.3,4). Horizontal, bipolar,
amacrine, and ganglion cells are very abundant. Note the prominent
area dorsalis (Plate 105.1). See also Plate 7.

References: BEER (1894); KarsTEN (1923); RocHON-DUVIGNEAUD
and Roure (1927); VERRIER (1928a); BatHELT (1970); WAGNER
(1972); WAGNER et al. (1976)

Visual Pigments: A; max 496 (Munz and McFARLAND, 1973)

Synbranchidae (Swamp Eels)

Acanthopterygii, Percomorpha, Synbranchiformes, Synbranchoidei

Synbranchids, which are not true eels, are air-breathing freshwater
teleosts that lack the pectoral and pelvic fins, and whose dorsal
and anal fins are reduced to a ridge. Only one species is marine.

The retina of Synbranchus sp. has been reported to possess prima-
rily single cones which are relatively long and slender; only a
few double cones have been observed. Rods are very long, slender,
and numerous.

Reference : SvERDLICK (1940, 1955)
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Plate 104.1,2. Transverse (1) and (2) and tangential (2) sections of the temporal
retina of the blenny, B. valgaris. (1) X 560; (2) x 1,400

g

Plate 105.1-4. Transverse sections of area dorsalis (x310) and ventral retina
(x700) in B. cristatus (1) and (2). Tangential sections of dorsal (3) and ventral
regions (4) are also shown. (3) and (4) are at x 1,380. Note the additional single
cones in the square mosaics in the dorsal region and central single cones in
the ventral region
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WWJ{?} Pholidae (Rock Eels or Gunnels)

Acanthopterygii, Percomorpha, Perciformes, Blennioidei

Rock eels or gunnels are fish resembling the blenny with a single,
long, spiny dorsal fin. These active, slippery fishes inhabit the
littoral zones where they hide among stones and seaweed, feeding
on various molluscs and crustaceans.

The retina of the rock eel is well-developed. Plate 106 shows
the peripheral part of the retina. Note the abundance of epithelial
pigment and processes, the well-defined layer of horizontal cells,
and the outstanding development of the bipolar and amacrine
layers. The single and double cones, which are arranged in quadran-
gular mosaics, are very numerous, especially in the fovea tempora-
lis. The rods are comparatively few.

References : VERRIER (1931); EnGsTROM (1963Db); ALt (1968)

Plate 106. Transverse section of the peripheral retina of the rock eel,
Pholis gunnellus. x 825

< Plate 105.1-4. (Legend see page 211)
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Anarhichadidae (Wolffishes)

Acanthopterygii, Percomorpha, Perciformes, Blennioidei

Wolffish

Wolffishes are closely allied to the blennies, but differ by the pres-
ence of large molar teeth and canine tusks, the absence of pelvic
fins, and being also larger size. The wolffish (Awnarbichas lupns)
is solitary, living in close association with hard bottoms where
it hides among seaweeds and rocks or searches sluggishly for its
food (hard-shelled molluscs, crustaceans, echinoderms). A. /upus
is distributed from below the tidal zone down to moderate shelf
depths (150-200 m).

The retina of this wolffish is moderately to poorly developed
(Plate 107.1). The pigmented epithelium possesses moderately long
processes; the rods are very short and few, while the cones are
relatively large with short outer segments. The bipolar and ama-
crine cells are few and sparsely distributed. The single and equal
double cones are arranged in square mosaics and the area retinae
is found in the dorsal region.

References: ExcstrROM (1963b); Arr (1968); Arr and WAGNER
(1975a)

Spotted Wolftish

The spotted wolffish lives deeper in the continental shelf than
A. lupus: over bottoms as deep as 400-500 m.

The structural pattern of its retina resembles essentially that
of A. lupus. The only significant difference lies in the larger number
of rods, which are more elongate (Plate 107.2), and the lesser
number of cones where the ellipsoid is fairly bulky.
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Plate 107.1,2. Transverse sections of the retinas of two wolffishes, A. /x-
pus (1) and A. minor (2). x 460
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Stichaeidae (Pricklebacks)

Acanthopterygii, Percomorpha, Perciformes, Blennioidei

Prickleback

Pricklebacks are generally elongate blennioid teleosts with a poorly
developed lateral line. They are closely related to gunnels (Pholi-
didae). Unlike gunnels, pricklebacks are not confined to the littoral
or intertidal zone, but also occur in deep coastal marine waters.
The foutline snakeblenny (E. praecisus) is found at depths of 20—
100 m, and its lateral line system is exceptionally well developed.

The retina of the pricklebacks is characterised by the large
numbers of cones, bipolar, amacrine, and ganglion cells represented
in it (Plate 108.1). In spite of this, the heavily pigmented epithelial
cells lack the processes found generally in well-developed retinas.
The single and double cones are arranged in more or less regular
quadrangular mosaics (Plate 108.2). There is a temporal area re-
tinae. The rods are moderately numerous as seen transversely
(Plate 108.1) and tangentially (Plate 108.2).

Arctic Shanny

The retina of the Arctic shanny, an active coastal fish, is better
developed than that of E. praecisus. The epithelial cell processes
are long and well pigmented in the light-adapted state (Plate 108.4).
The cones are slender and densely packed. The bipolar and ama-
crine cells are very numerous and equally well represented.

Snakeblenny

The snakeblenny is the most slender of all the stichaeids, and
the one with the largest eyes. This fish inhabits mud or clay bottoms
from the lower tidemark to depths of 100 m. It tends to burrow
in the mud or clay. Its diet includes small crustaceans.

The retina of L. lumpretacformis resembles that of the fourline
snakeblenny (E. praecisus), except that the epithelial cell processes
are better developed here (Plate 108.3).

Radiated Shanny

The radiated shanny is a bottom fish, living among seaweed and
stones from the low-tide mark down to 60 m or deeper.

The retina of this shanny follows the structural pattern of other
stichaeids. The pigmented epithelium has very short processes as
in E. praecisus (Plate 108.5). The rods are very long whereas the
cones are very short, and the internal nuclear layer is less developed
than in the other pricklebacks.

References: ENGsTROM (1963b); ALr etal. (1968); AncriL (1969)
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Plate 108.1-5. Transverse (1), (3)—(5)
and tangential (2) sections of the reti-
nas of various stichaeid species (see
text). (1) X 140; (2) x 340; (3) x400;
(4) and (5) x 420






Ammodytidae (Sand Lances)

Acanthopterygii, Percomorpha, Perciformes, Ammodytoidei

Sand lances are small, elongate, carnivorous fish, somewhat eel-like
in general appearance; they frequent inshore marine waters and
often bury themselves in the bottom sand. They differ from many
percoids in that the spinous dorsal fin is missing, and the soft-rayed
dorsal is low and long. The northern sand lance, Ammodytes dubius,
is found inshore and offshore on the continental shelf and occurs
in large schools. The retina of the sand lance is well-developed
(Plate 109.1). The epithelial pigment is abundant and distributed
in long processes. The cones are numerous and the rods are large
(Plate 109.2) and comparatively few. The equal double cones are
dominant, but single and triple cones are also present; the double
cones are arranged in parallel rows (Plate 109.3). There are two
layers of small horizontal cells (Plate 109.1), and many bipolar,
amacrine, and ganglion cells.

Reference : Fru1s (1879)

Plate 109.1-3. Transverse (1) and (2) and tangential (3) sections of the
retina of the northern sand lance, A. dubius. (1) and (3) x 560; (2) x 720
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Plate 109.1-3. (Legend see opposite page)

219



Callionymidae (Dragonets)

Acanthopterygii, Percomorpha, Perciformes, Callionymoidei

Dragonets comprise a group of small fishes with slender, anteriotly
flattened bodies, a sharp preopercular spine usually in the form
of a hook, and a very small gill opening on the upper part of
the head. They live on the shelf floors of tropical and temperate
seas.

The dorsal part of the retina of Callionymus lyra is pure-cone
(Plate 110.1), while the ventral retina (Plate 110.2) has both rods
and cones, with inner (vitread) layers much less developed. The
single and equal double cones are arranged in regular square mo-
saics, (Plate 110.3) and there is a perfectly regular three-dimensional
grid made of bipolar axons in the internal plexiform layer. The
degree of convergence between the cone, bipolar, and ganglion
cells (1:3:1) is remarkably low in the dorsal retina. Note the two
giant amacrine cells (Plate 110.4) whose expansions lie in a single
horizontal plane in the tangential section.

References: VILTER (19472, 1947b); VRaBEC (1966)
Visual Pigments: A; max 485-511 (Arr and WAGNER, 1975b)

Plate 110.1-4. Transverse (1) and (2) and tangential (3) and (4) sections
of the retina of the dragonet, C. /yra. (4) Golgi-impregnated preparation.
(1) x260; (2) and (4) x350; (3) x 1,000
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Gobiidae (Gobies)

Acanthopterygii, Percomorpha, Perciformes, Gobioidei

Gobies are bottom fishes of world-wide distribution, whose main
characteristics are the usually complete, sometimes partial, fusion
of the pelvic fins, producing a basin-shaped sucker. Most gobies
inhabit the shallow inshore waters of tropical seas. Some of them,
the mudskippers, have adapted themselves to spend periods of
time out of the water in moisture-saturated air.

The retinas of the mudskippers Periophthalmus sobrinus
(Plate 111.1) and Boleophthalmus sculptus (Plate 111.2) are very well-
developed and characterised by the presence of a horizontal band-
shaped area retinae. This area extends across the retina slightly
dorsal to the centre of the fundus, and is marked by a thickening
of the retina (Plate 111.1,2). Both rods and cones are present in
the visual cell layer; the cones are very slender in the area retinae
(Plate 112.1,2). The bipolar and ganglion cells are extremely numer-
ous in the area retinae (Plate 111.1,2). The retina of a Brazilian
goby (Barbulifer centhoecus) from a tide pool is depicted in
Plate 113.1,2,3. The change in the mosaics from dorsal to ventral
regions is noteworthy.

References: Franz (1910); Karsten (1923); VERRIER (1928a);
ExcsTrOM (1963b); Munk (1970); BaTHELT (1970); MOSKALKOVA
(1971); WaGNEeR (1972); Kunz and Kerry (1973)

Visual Pigments: A; max 500-512 (Ar1 and HEumAaNN, 1972; ALz
and WAGNER, 1975b)

Trypauchenidae (Ee/ Gobies)

Acanthopterygii, Percomorpha, Perciformes, Gibioidei

Elongated eel gobies have representatives in fresh and salt water.
Like the true gobies (Gobiidae), they usually have a sucking disc
under the body, but they differ by the presence of a spiny-rayed
dorsal fin that is continuous with the soft-rayed portion. The eyes
of the eel gobies are small or vestigial.

Pure-cone retinas were reported in the cave-dwelling gobies
Trypanchen wakae and Trypanchenophrys anotus. On the other hand,
T. vagina is said to possess a pure-rod retina.

References : Franz (1910); EcGert (1931)
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Plate 111.1,2. Photomicrographs of the transversely cut retinas of P. so-
brinus (1) and B. scultus (2) in the region of the band-shaped area retinae.
x 350

223



Plate 112.1,2. Transverse sections (X 1,400) of the depigmented retinas
of P. sobrmus (1) and B. sculptus (2)

Plate 113.1,2. Transverse section (X450) of the central region of the
retina of B. centhoecus (1). (2) (x525) and (3) (x 1,380) show tangential
sections. Note the square mosaics and the change 1n them from dorsal
(2) to ventral (3) regions. In the dorsal region the mosaics contain
additional single cones while in the ventral there is a central single
cone
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Acanthuridae (Surgeonfishes)

Acanthopterygii, Percomorpha, Perciformes, Acanthuroidei

Acanthuroids differ from the percoid teleosts principally by the
anatomical relationship of the head to the rest of the skeleton.
These fishes have compressed bodies and their life cycle includes
a strange ‘“‘acronurus” larval stage with vertical ridges on the
body. These tropical, inshore fishes are herbivorous and diurnal.

The retina of Xesurus scalprum is well-developed. There are
many single and double cones even in the nasal region, and the
area retinae, which is not sharply demarcated. The area is found
in the dorso-temporal region.

Reference : Tamura (1957)

Visual Pigments: A; max 490-497; A,>10% (ALt and HEUMANN,
1970, 1972; Munz and McFARLAND, 1973)

Siganidae (Rabbitfishes)

Acanthopterygii, Percomorpha, Perciformes, Acanthuroidei

Rabbitfishes are small, inshore teleosts related to the surgeonfishes,
but differ from the latter by the presence of two spines on each
pelvic fin. They are mostly herbivorous and are noted for rapid
colour changes. The foxface (L. valpinus) differs significantly in mor-
phology from all the other siganids; it possesses a long, foxlike
tubular snout. Siganids are confined to the tropical Indo-Pacific
area.

The foxface (L. valpinus) possesses a very well-developed retina
that resembles those of other shorefishes such as the damselfishes
and butterflyfishes. In the light-adapted state the pigment is con-
fined to the epithelial cell processes (Plate 114.1). Both rods and
cones are abundant, and the small single and equal double cones
form regular square mosaics (Plate 114.3). This regular square ar-
rangement can be followed in the horizontal cell layer (Plate 114.4).
As seen in the ventral (Plate 114.1) and nasal (Plate 114.2) retinal
regions, the bipolar and amacrine layers are almost equally well-

developed.

Visual Pigments: A; max 495.5-495.6; A,<10% (Munz and
McFARLAND, 1973)

Plate 114.1-4. Transverse (1) and (2) and tangential (3) and (4) sections
of the retina of the foxface, L. valpinus. x 560
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Trichiuridae (Cutlassfishes) T

Acanthopterygii, Percomorpha, Perciformes, Scombroidei

Cutlassfishes are oceanic scombroid teleosts with narrow,
compressed bodies, and snouts like a beak, armed with an impres-
sive dentition. Most of them are pelagic, deep-water forms. They
are good swimmers and active oceanic predators.

The retina of the Atlantic cutlass fish, Trichiurus lepturus, is
characterised by the presence of epithelial cells with pigmented
short processes, and of a thick visual cell layer composed of numer-
ous slender rods and relatively large single cones (Plate 115.1).
The rod ellipsoids are very tiny and distributed in several irregular
banks. The single cones are rodlike in appearance, except for the
tapering of the long outer segment. Three layers of horizontal
cells are present, the median one being the largest (Plate 115.2).
There are two or three layers of packed bipolars and amacrines

in the thin internal nuclear layer. Plate 115.1,2. Transverse sections of
] ) . the retina of the Atlantic cutlassfish,
Reference : BRAUER (1908), on deep-sea Lepudopus tenuis, a fish with 7. feptyrys. x 560. H horizontal cell

a pure-rod retina layer




Scombridae (Mackerels and Tunas)

Acanthopterygﬁ, Percomorpha, Perciformes, Scombroidei

This is a family of streamlined, fast swimmers living a pelagic
life. A typical mackerel or tuna has a smooth, cigar-shaped body,
a narrow caudal peduncle, and a large, strong tail divided into
individual lobes. The second dorsal and the anal fin are followed
by a series of small finlets.

The retina of Scomber scombrus possesses all the characters of
a well-developed teleostean “duplex” retina. Its visual cell layer
is composed of numerous rods, single and equal double cones.
There are different retinomotor responses between the single and
double cones, and in tangential sections the cone mosaic is made
of alternate rows of single and double cones. Three horizontal
cell layers are present. The area retinae of the scombrids is found
temporally (Scomber) or ventro-temporally (Acanthocybinm, Eunthyn-
nus, Scomberomorons, Thunnus).

References : Frixs (1879); VERRIER (1928a); TRETJAKOFF (1930); Ta-
MURA (1957); EnxcgstrOM (1963b); O’ConnNELL (1963); TaMura
and Wissy (1963); Wacner (1972); Kawamura and TamMura
(1973); ALt and WAGNER (1975a)

Visual Pigments: A; max 484; A, max 530 (Ar1 and HEUMANN,
1970; Munz and McFariLanD, 1973; Art and WAGNER, 1975b)

Istiophoridae (Billfishes and Sailfishes)

Acanthopterygii, Percomorpha, Perciformes, Scombroidei

Istiophorids are scombroid teleosts with long, rounded bills and
two ridges on each side of the caudal peduncle. These large epipela-
gic fishes are active fish eaters.

The retinas of the sailfish (Istiophorus albicans) and white marlin
(Tetrapturus albidus) are well-developed. The single and double
cones are very numerous and there is a well-demarcated area retinae
in the ventro-temporal region. In the tangential section cones are
arranged in square mosaics.

Reference : Tamura and WisBy (1963)

Visual Pigments: A; max 484.4-486 (Munz and MCcCFARLAND,
1973; ALt and WAGNER, 1975b)
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Scorpaenidae (Scorpionfishes)

Acanthopterygii, Percomorpha, Scorpaeniformes, Scorpaenoidei

Scorpionfishes (also known as rockfishes) are perchlike or basslike
marine fishes, however they are related to the sculpins by having
a bony stay stretching across the cheek area. These fishes are pelagic
or benthic in the continental shelf waters. Their diet includes a
variety of crustaceans and small fishes. Sebastes marinus marinus is
usually confined to depths of 100-200 fathoms while S. 7. mentella
has been reported in waters 200-300 fathoms deep (a fathom is
about two metres).

The retinal epithelial pigment is densely packed in the cell
bodies sclerally. The rods are numerous and slender while the
cones are comparatively few and bulky (Plate 116.1), almost exclu-
sively represented by equal double cones (Plate 116.2). The internal
nuclear layers (bipolars, ganglion cells) are poorly developed
(Plate 116.1, 3). Note the difference in size and position of the cones
between the retinas of S.m. marinus ' and S. m. mentella
(Plate 116.1, 3).

References: Braver (1908); Tamura (1957); Wunper (1958);
Hanyu and At (1962); Arr and Hanyu (1963); ALt and WAGNER
(1975a)

Visual Pigments: A; max 491-500; A,<10% (BeaTtTy, 1973; AL
and HeEumann, 1970, 1972; Munz and McFarranD, 1973; AL
and WAGNER, 1975b)

Plate 116.1-3. Transverse (1) and (3) and tangential (2) sections of the
retina of the redfish S. marinus. (1) and (3) x440; (2) x 1,105
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Plate 116.1-3. (Legend see opposite page)
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Triglidae (Sea Robins)

Acanthopterygii, Percomorpha, Scorpaeniformes, Scorpaenoidei

Sea robins are marine fishes from the continental shelf, and are
characterised by bony heads armed with spines and pectoral fins,
whose lower rays are modified into feelers. These feelers are used
by the fish while “walking” on the bottom. These benthic fishes
are found in shallow to moderately deep shelf waters, and they
feed mainly on crustaceans and molluscs.

The retina is characterised by the presence of rods, single and
equal double cones arranged in more or less regular square mosaics.
Triple cones are also present. The area retinae is temporal (Chelido-
nichthys kumu, Trigla gurnardus). In Peristedion rivers-andersoni, the
epithelial cell processes are few and short, and the epithelial pigment
is packed sclerally in the cell bodies. The internal nuclear layers
are poorly developed, except in the temporal region.

References: BRAUER (1908); VERRIER (1928a); Tamura (1957);
EnGstrROM (1963 b)

Visual Pigments: A; max 491-511 (ALt and HEumaNN, 1970, 1972;
Arr and WAGNER, 1975b)
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Cottidae (Sculpins)

Acanthopterygii, Percomorpha, Scorpaeniformes, Cottoidei

Sculpins are stout-bodied marine and freshwater fishes with large
heads and prominent eyes, and with a preopercular bone often
equipped with spines. They inhabit a variety of depths in the conti-
nental shelf area. The sea ravens (Hemitripterus) are found over
rocky or hard sand bottoms to a depth of 200 m where they feed
on whatever they find (invertebrates, fish).

The retina of the sea raven (H. americanns) is very much teleos-
tean in appearance (Plate 117.1). The epithelial cell processes and
pigment are well represented; rods are numerous, and long single
cones as well as equal double cones are seen.

Mailed Sculpin

The mailed sculpin (77riglops nybelini) is a small bottom form, feeding
on worms and various crustaceans.

Its retina resembles that of other sculpins (see the dorso-tempo-
ral retina near the ora terminalis, Plate 117.6) except that the area
retinae is ventro-temporal and the cone densities are higher, while
the internal nuclear layers are better organised.
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Cottidae (cont’d)

Longhorn and Shorthorn Sculpins

These sculpins are omnivorous and voracious fishes, feeding chiefly
on bottom invertebrates. The longhorn sculpin (Myoxocephalus octo-
decemspinosus) has a wider depth range than M. scorpins (Shorthorn
sculpin).

The retina is essentially similar to that of the sea raven (cf.
Plate 117.1). The epithelial processes are well-developed though
the pigment is only moderately abundant (Plate 117.2,3). Equal
double cones and single cones form comparable square mosaics
in both species (Plate 117.4,5). The area retinae is temporal
(Plate 117.5), and two horizontal layers are present (Plate 117.4).

References:  (Cottids general) : Lyair (1957); Tamura (1957);
EnxGstROM (1963b); Goopranp (1966); Arr etal. (1968); ANcCTIL
(1969); BaTHELT (1970); WAGNER (1972)

Visual Pigments: A; max 492-511 (Bearty, 1973; ALI and WaG-
NER, 1975b)

Plate 117.1-6. Transverse (1), (2), (3) and (6) and tangential (4) and
(5) sections of the retina of various cottid species (see text). (1,2, 3)
x 320; (4) and (5) x560; (6) x 360
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Plate 117.1-6. (Legend see opposite page)
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Agonidae (Poachers)

Acanthopterygii, Percomorpha, Scorpaeniformes, Cottoidei

Atlantic Poacher

Poachers are marine fishes, being related to the sculpins morpholog-
ically. Their bodies are armed with several rows of overlapping
plates. These slender fishes inhabit the continental shelf on the
bottom at various depths.

The retina of the Atlantic poacher is moderately developed;
the epithelial cell processes are short and filled with pigment, the
rods are relatively numerous (Plate 118.1), and the cones are few,
mainly of the double cone type (Plate 118.2). Some triple cones
are present.

References: EngsTROM (1963b); Arr and Hanyu (1963); AncriL
(1969); ALt and WAGNER (19752)

Alligatorfishes

The alligatorfish is also a benthic form, found over pebble, sand,
or soft mud. As in the case of the Atlantic poacher, its depth
range is about 20-200 m.

Plate 118.3 shows the dorsal retina of the alligatorfish with
the epithelial cell layer removed. Rods are numerous and relatively
short, while the cones (single and double) are fairly large. The
bipolar and amacrine cells form two more or less defined layers.
Note in Plate 118.4 the equal double cones, which tend to be
organised in square mosaics.

Reference : ANcrtIL (1969)
Visual Pigments: A; max 499 (Beatry, 1973)

Plate 118.1-4. Transverse (1) and (3) and tangential (2) and (4) sections b

of the retinas of Atlantic poacher, Agonus decagonus, and the alligatorfish,
Aspidophoroides monopterygins. (1) and (3) x 560; (2) x 630; (4) x 730

236



Plate 118.1-4. (Legend see opposite page)
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Cyclopteridae (Lumpfishes and Snailfishes)

Acanthopterygii, Percomorpha, Scorpaeniformes, Cottoidei

Lumpfish

Lumpfishes and snailfishes are stout-bodied marine fishes with pel-
vic fins modified to form an adhesive disc. The lumpfish is charac-
terised by a short, thick, high-arched body, and a skin with tuber-
cles. This is a bottom fish from shallow coastal waters; it is some-
times semipelagic, dwelling among floating masses of seaweed.
Its diet includes euphausiid shrimps, jellyfish, amphipods and other
invertebrates. The retina of the lumpfish (dorsal region, Plate 119.1)
resembles that of the cottids except that rods are fewer and the
internal nuclear layers (bipolar, ganglion cells) have few and
scattered cells. Horizontal cells form 1-2 layers. The single and
double cones (Plate 119.2) are arranged in square mosaics. The
area retinae is ventral.

Reference : ANcCTIL (1969)

Snailfish

Snailfishes are shaped like tadpoles with soft bodies; they are
distributed along the continental shelf from the intertidal zone
to thousands of metres deep. They are benthic and sedentary in
habits.

The retina of the snailfish is very poorly developed. This is
a pure-rod retina; the rods are elongate and the rod nuclei form
6-8 layers. The heavily pigmented epithelial cell layer lacks
processes (Plate 119.3). The internal nuclear layers are extremely
pootly defined.

References: ENGSTROM (1963 b, on Liparis liparis, whose retina pos-
sesses single, double, and triple cones as well as rods); ALI et al.
(1968); AL and WAGNER (19752)

Plate 119.1-3. Transverse (1) and (3) and tangential (2) sections of the
retinas of the lumpfish, Cyclopterus lumpns, and the snailfish, Careproc-
tus sp. (1) x260; (2) x700; (3) x320
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Plate 119.1-3. (Legend see opposite page)
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Belontiidae (Bettas)

Acanthopterygii, Percomorpha, Perciformes, Anabantoidei

The anabantoid fish is a small, tropical freshwater fish distributed
in Southeast Asia and Africa. Because of the labyrinthine breathing
apparatus located in a cavity above each gill chamber and connected
to it, the members of this specialised suborder are called labyrinth
fishes. This accessory breathing apparatus enables the fish to breath
air and to live in oxygen-deficient water. The Siamese fighting
fish, a belontiid, is found in clear and weedy waters, as well as
in irrigation ditches and dirty ponds.

Single and equal double cones are arranged in regular square
mosaics in the retina of Betta splendens. The area retinae is located
in the ventro-temporal region. Two horizontal cell layers are pre-
sent.

References : ENGSTROM (1963b); WaGNER (1972)
Visual Pigments: A; max 500 (AL and WAGNER, 1975b)

Osphronemidae (Gouramies)

Acanthopterygii, Percomorpha, Perciformes, Anabantoidei

Osphronemids have essentially the same group characteristics as
those of the bettas.

The retina of the dwarf gourami (Colisa latia) and the pearl
gourami (7richogaster leeri) is similar to that of the bettas. Both
species possess single and equal double cones, and two layers of
small horizontal cells.

Reference : ENGSTROM (1963 b)
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Bothidae (Lefteye Flounders)

Acanthopterygii, Percomorpha, Pleuronectiformes, Pleuronectoidei

The lefteye or bothid flounders are flatfishes with an oval, more
or less compressed body, and a large, symmetrical mouth. The
symmetrical mouth with uniformly distributed teeth indicates that
the bothids, unlike the pleuronectids, catch their prey in midwater
and not on the bottom.

Double cones (equal and unequal) are found in the retinas of
Bothus maximus and B. rhombus.

Reference : Frirs (1879)

Visual Pigments: A; max 486-517 (AL1 and HEumANN, 1972; ALl
and WAGNER, 1975b)
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Pleuronectidae (Righteye Flounders or Flatfishes)

Acanthopterygii, Percomorpha, Pleuronectiformes, Pleuronectoidei

Flatfishes are specialised percomorph teleosts flattened laterally,
and accompanied by a twist of the skull with the consequent migra-
tion of one eye to the upper side. These features are adaptations
for a benthic life on sand bottoms of the continental shelf. The
witch flounder, Ghyptocephalus cynoglossus, inhabits deep shelf waters
where it remains stationary in muddy sand and feeds on inverte-
brates.

Witch Flounder

The retina of the adult witch flounder (435 mm, Plate 120.1) is
moderately developed. The epithelial cells are packed with pigment
sclerally and have very short processes. The rods are extremely
long and numerous, while the cones are small and relatively few
except in the ventral area retinae and the temporal region
(Plates 120.1,4). The single and equal double cones form regular
square mosaics only in the area retinae (Plate 120.3), and the cones
are irregularly arranged in other retinal regions (Plate 120.4). The
internal nuclear layers are thin and pootly developed (Plate 120.1).
As seen in Plate 120.2 the retina of the young witch flounder (ven-
tral region) (130 mm), which probably has not yet settled on the
bottom, is rich in cones and has relatively few rods; accordingly,
the horizontal, bipolar, amacrine, and ganglion cells are very abun-
dant. Note that the pigment epithelium has long processes.

Yellowtail

The yellowtail, Limanda ferruginea, is a shore water flatfish in com-
parison to the witch flounder. It lives on any type of sandy bottom
and eats small crustaceans, small shellfish, and worms. It is consid-
ered to be a particularly sluggish fish.

The retina of the yellowtail is essentially similar to that of
the adult witch flounder (Plate 121.1). The area retinae is dorso-
temporal in this species. Single and double cones are arranged
in square mosaics in the area retinae and other regions (ventral,
Plate 121.2), while no regular patterns are present elsewhere in
the retina (fundus, Plate 121.3). Triple cones are present in a con-
fined spot near the area retinae.

Plate 120.1-4. Transverse (1) and (2) and tangential (3) and (4) sections
of the retinas of the witch flounder, G. cynoglossus. (1) x400; (2) x370;
(3) and (4) x 700
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Plate 120.1-4. (Legend see opposite page)
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Pleuronectidae (cont’d)

Dabs

Dabs are flatfishes which inhabit a variety of depths, from tideline
to 800 m. They prefer bottoms with a fine mixture of sand and
mud. Their diet includes mainly echinoderms, various shrimps,
and small fishes.

Contrary to the other flatfish mentioned, the retinal epithelium
of the adult American plaice (dab) Hippoglossoides platessoides, pos-
sesses long, needlelike processes. The rods are numerous and mo-
derately long, and the cones are relatively large. The internal nu-
clear layer and ganglion cell layer are very poorly developed
(Plate 121.4).

References: HANNOVER (1843) ; Frixs (1879); VERRIER (1928a); MEN-
NER (1929, 1950); ExGgstrOM and AHLBERT (1963); Nicor (1965);
Arr et al. (1968); AncrIL (1969); WAGNER (1972); ALt and WAG-
NER (1975a)

Visual Pigments: A; max 491-510 (BeaTry, 1973; ALt and Wac-
NER, 1975b)

Soleidae (Soles)

Percomorpha, Pleuronectiformes, Soleoidei

Soles are flatfishes in which both eyes are on the right side of
the head. The migrated eye is very close to the fixed eye, unlike
the pleuronectids. They have a small, asymmetrical mouth. Soles,
like all the pleuronectids, are benthic.

The retina of the sole (Soka solea) is less developed than that
of the pleuronectids. The epithelial pigment, rods, and cones under-
go retinomotor changes. The single, equal double and triple cones
do not form regular cone mosaics in tangential sections, except
for more or less regular rows of double cones in some retinal
regions.

References: CaaBaNAUD (1946); Nicor (1961b); ENGsTROM and
AHLBERT (1963); ALt and WAGNER (1975a)

Visual Pigments: A; max 501 (Ar1 and HEumanN, 1972; ALt and
WAGNER, 1975b)

Plate 121.1-4. Transverse (1) and (4) and tangential (2) and (3) sections
of the retinas of the yellowtail, L. ferruginea, and the American dab,
H. platessoides. (1) x420; (2) and (3) x700; (4) x 440
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Plate 121.1-4. (Legend see opposite page)
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Cynoglossidae (7 onguefishes)

Acanthopterygii, Percomorpha, Pleuronectiformes, Soleioidei

Tongue soles are small flatfish characterised by the position of
both eyes on the left side of the head, and the absence of ribs.
Except for the position of the eyes and their more pointed tail
they resemble the true soles.

The retinal structure of Symphurus plagusia is similar to that
of other flatfish. The epithelial pigment is mostly retreated in the
cell bodies (Plate 122). The rods are slender, densely packed, and
numerous. The cones, of the equal double type are in majority,
short, bulky, and few. The bipolar and amacrine cells form two
or three layers.

Balistidae (7riggerfishes)

Acanthopterygii, Percomorpha, Tetraodontiformes, Balistoidei

Plectognaths or tetraodontiforms form a group of specialised
teleosts restricted in distribution to shallow, inshore marine waters
of the tropical regions. All of them have small gill openings and
small mouths with strong teeth. The triggerfish have bony scales
and lack pelvic fins. They are usually solitary and slow-moving
in their habits, with small eyes.

The temporal area retinae is not sharply defined in Cantherhines
modestus. Single and double cones are present in the retina of this
species.

Reference : Tamura (1957)

Visual Pigments: A; max 491-502; A,>10% (ALt and HEUMANN,
1972; BeEATTY, 1973; MUNZ and McFarrLanD, 1973)
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Plate 122. Transverse section of the retina of the blackcheek tonguefish,
8. plagiusa. x 825
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Tetraodontidae (Puffers)

Acanthopterygii, Percomorpha, Tetraodontiformes, Tetraodontoi-

dei

Puffer fishes are specialised teleosts that have their teeth fused
together in each jaw. They possess the ability to inflate themselves
with air or water when frightened. Puffers are shore fishes feeding
mainly on crustaceans, molluscs, and echinoderms with the help
of their powerful teeth.

In Sphoeroides chrysops and S. myphobles single as well as double
cones are present in the proportion 1:2. The area retinae is tem-
poral in both species, but the cone density in this area differs
greatly between S. chrysops (585 cones/0.01 mm?) and S. nyphobles
(107 cones/0.01 mm?).

The retina of S. spengleri is very well-developed, with a large
number of visual cells, principally cones. While the horizontal cells
are arranged in one or two ill-defined layers, the bipolar and ama-
crine cells are packed in two easily distinguished layers
(Plate 123.1), and the ganglion cells form a regular layer. The single
and equal double cones are arranged in square patterns
(Plate 123.3), and cone densities vary from one retinal region to
another (Plate 123.3,4). The area retinae of these fishes is in the
temporal region of the retina. Differences between dorsal and ven-
tral regions are marked (Plates 124.1,2,3,4)

References: Tamura (1957); EncstrOM (1963); WAGNER etal.
(1976)

Visual Pigments: A; max 495-503; A, max 522-527 (AL and Heu-
MANN, 1972; Bearty, 1973; MUuNnz and McFarvLaND, 1973; ALr
and WAGNER, 1975b)

Plate 123.1-4. Transverse sections of the dorsal (1) and ventral (2) retinas
of S. spenglers. (1) x700; (2) x 880. Tangential sections (x 1,380) of the
dorsal (3) and ventral (4) retinas of the same fish
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Lepidosirenidae (South American Lungfishes)

Teleostomi, Dipneusti, Ceratodi, Lepidosireniformes

The African (Protopterns) and South American (Lepidosiren) lung-
fishes differ in that the former has six gill arches and five gill
clefts, whereas the latter has one less of each. Lepidosiren is more
eel-like than Protopterus in appearance. On the whole they are much
alike, not resembling, however, the Australian Neoceratodus. Lepido-
siren is inactive and inhabits stagnant waters that become isolated
and lacking of water during the dry seasons. The lungfish is preda-
tory, feeding on bottom fishes, snails, mussels, etc.

The retina of L. paradoxa is essentially similar to that of Protopte-
rus. There are large nuclei (Plate 124.1) throughout the retinal
layers. Note the pigmented epithelial cell processes and the large
number of bipolar and ganglion cells relative to the number of
visual cell nuclei. Unlike in Protopterus, only single cones and rods
are represented in the visual cell layer, with the characteristic oil
droplet and paraboloid (Plate 124.2); note in (Plate 124.3) that the
tangential section passed through the cone droplet and rod ellip-
soid. Landolt’s clubs (Plate 124.4) are also present.

References : Kerr (1902) ; RocHON-DUvIGNEAUD (1941, 1943, 1958);
Ar1 and AncriL (1973); Avt and WAGNER (1975a)

Protopteridae (African Lungfishes)

Teleostomi, Dipneusti, Ceratodi, Lepidosireniformes

Lungfishes are relics of a formerly abundant group that was plenti-
ful from the Devonian to the Triassic. African lungfishes have
small embedded scales, filamentous paired fins, and a long eel-like
body. They possess two lungs. During the dry season Protopterus
aestivates in mudballs and survives by breathing air with 1ts lungs.
Protopterus has very small eyes.

The whole retina of P. aethiopicus and P. annectens is characterised
by the large size of its cells. The epithelial cells possess pigmented
processes. Bulky rods, single, and unequal double cones are present.
The rods have each a large paraboloid and a large oil droplet;
the single cones also have a large oil droplet, with only a small,
excentrically displaced paraboloid; the principal element of the dou-

Plate 124.1-4. Transverse (1), (2) and (4) and tangential (3) sections
of the retina of the South American lungfish, L. paradoxa. A single
one 1s outlined in (2). (1) and (3) x560; (2) and (4) x1,400. LC Lan-
dolt’s club, OD oil droplet, P.A paraboloid
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Protopteridae (cont’d)

ble cone has a large oil droplet, but the accessory element has
only a paraboloid. Landolt’s clubs derived from bipolar cells and
projected in the sclerad direction are present; they have been de-
scribed in urodele amphibians before. The internal nuclear and
ganglion cell layers are well developed.

References: ScHIEFFERDECKER (1886); Hoscu (1904); GRYNFELTT
(1911); WarLs (1942); Munk (1964b); Prerrrer (1968); LockET
(19702, b; 1975)

Latimeriidae (Coelacanths)

Crossopterygii, Coelacanthi, Coelacanthiformes

The coelacanth is a strong, heavy-bodied, carnivorous fish with
pectoral and pelvic fins stalked with basal lobes. This fish, which
lives in deep shelf waters off the southeastern African coast, is
the only known living representative of the group that is ancestral
to the land vertebrates. The coelacanth possesses a large lung,
an almost linear heart, a sharklike intestine with a spiral valve,
and an axial skeleton reduced to a hollow tube of cartilage. It
is benthic in habit and negatively phototropic.

Latimeria chalumnae has an almost pure-rod retina (Plate 125).
The epithelium is avascular and lacks melanin pigment entirely.
The rods are numerous, densely packed, and possess long outer
segments. Cones (single type) are very rare and possess a clear
oil droplet. The internal nuclear and ganglion cell layers are made
of sparsely distributed neuronal cells, whereas the Miiller’s support-
ing cells are very numerous.

References: MiLLot and Carasso (1955); MiLLotr and ANTHONY
(1965); Locker (1972, 1973, 1975); GrirriTH and THOMSON
(1973); Lacros (1975)

Visual Pigments: Ay max 473 (DartNALL, 1972)
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Plate 125. Photomicrograph of a transverse section of the retina of the coelacanth,
L. chalumnae. x 850
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6. SYNOPSIS OF
FAMILIES

Acanthuridae (surgeonfishes)
Acipenseridae (sturgeons)
Agonidae (poachers)
Albulidae (bonefishes)
Alepocephalidae (slickhead fishes)
Amblyopsidae (cavefishes)
Amiidae (bowfins)
Ammodytidae (sand lances)
Anablepidae (four-eyed fishes)
Anarhichadidae (wolffishes)
Anguillidae (freshwater eels)
Anostomidae (headstanders)
Apogonidae (cardinalfishes)
Argentinidae (argentines)

Astronesthidae (chin-whisker fishes)

Atherinidae (silversides)

Balistidae (triggerfishes and filefishes)

Bathylaconids (bathylaconids)
Bathylagidae (deep-sea smelts)
Bathypteroidae (spiderfishes)
Batrachoididae (toadfishes)
Belonidae (needlefishes)
Belontiidae (bettas)

Blenniidae (combtooth blennies)
Bothidae (lefteye flounders)
Callichthyidae (armoured catfishes)
Callionymidae (dragonets)
Carangidae (jacks and pompanos)
Carcharhinidae (requiem sharks)
Catostomidae (suckers)
Centrachidae (sunfishes)
Centropomidae (snooks)
Ceratiidae (seadevils)
Cetomimidae (whalefishes)
Chaetodontidae (butterflyfishes)
Characidae (characins)
Chauliodontidae (viperfishes)
Chimaeridae (chimaeras)
Chirocentridae (wolf herrings)
Chlorophthalmidae (greeneyes)
Cichlidae (cichlids)

Clariidae (airbreathing catfishes)
Clinidae (clinids)

Clupeidae (herrings)

Plates

19
118

40

4,20
109
73

107
21,22
51

86

33

34
41
58
71

7, 104, 105

57
110
87, 88
13

53

81

79

62

95
49

2, 96, 97

6, 103
25, 26

Pages

226
44
236
50
88
124
48
218
154
214
51
108
178
74
86
158
246
88
76
90
124
150
240
210
241
122
220
181
30
112
170
166
132
103
196
104
86
42
61
90
198
117
208
58
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Synopsis of Families Plates Pages
Cobitidae (loaches) 112
Congridae (conger eels) 54
Coryphaenidae (dolphins) 180
Cottidae (sculpins) 117 233
Cyclopteridae 119 238
(lumpfishes and snailfishes)
Cynoglossidae (tonguesoles) 122 246
Cyprinidae (minnows and carps) 5, 52 110
Cyprinodontidae (killifishes) 72 152
Dactyloscopidae (sand stargazers) 102 206
Dalatiidae (spineless dogfishes) 35
Dasyatidae (stingrays) 38
Diretmidae (diretmids) 76 160
Elopidae and Megalopidae 50
(tenpounders and tarpons)
Engraulidae (anchovies) 61
Ephippidae (spadefishes) 94 194
Esocidae (northern pikes) 36 80
Evermannellidae (sabretooth fishes) 94
Exocoetidae (flyingfishes and halfbeaks) 69, 70 146
Gadidae (codfishes) 63, 64 134
Galaxidae (puyes) 35 78
Gasterostidae (sticklebacks) 77 162
Gerridae (mojarras) 90, 91, 92 186
Gigantactinidae (deep-sea anglers) 132
Giganturidae (giganturids) 103
Gobiesocidae (clingfishes) 59 126
Gobiidae (gobies) 111, 112, 113 222
Gonostomatidae (lightfishes) 37 82
Gymnarchidae (gymnarchids) 66
Hiodontidae (mooneyes and goldeyes) 27 62
Ictaluridae 54 114
(freshwater catfishes, bullheads)
Idiacanthidae (dragonfishes) 39 86
Ipnopidae (grideye fishes) 42 92
Istiophoridae (billfishes and sailfishes) 229
Isuridae (mackerel sharks) 26
Kyphosidae (ruddetfishes and nibblers) 193
Labridae (wrasses) 99 202
Latimeriidae (coelacanths) 125 252
Lebiasinidae (pencilfishes) 50 106
Leiognathidae (slipmouths) 184
Lepidosirenidae 124 250

(South American lungfishes)
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Synopsis of Families Plates Pages
Lepisosteidae (gars) 46
Linophrynidae (deep-sea anglers) 133
Lophiidae (goosefishes) 60 128
Lutjanidae (snappers) 89 184
Macrouridae (grenadiers) 68 144
Malacosteidae (loosejawed fishes) 86
Megalopidae (tarpons) 50
Melamphaeidae (bigscales) 75 158
Melanostomiatidae (dragonfishes) 86
Merlucciidae (hakes) 65 138
Mochokidae (upside-down catfishes) 55 118
Mormyridae (elephant fishes) 66
Mugilidae (mullets) 101 204
Mugiloididae (mugiloidids) 206
Mullidae (goatfishes) 192
Muraenidae (morayeels) 23 54
Myctophidae (lanternfishes) 47, 48 99
Myliobatidae (eaglerays) 40
Myxinidae (hagfishes) 8,9, 10 18
Nandidae (leaffishes) 196
Nannostomidae (pencilfishes) 106
Nemichthyidae (snipe eels) 56
Neoscopelidae (neoscopelids) 102
Notopteridae (featherbacks) 28 64
Ogcocephalidae (batfishes) 61 130
Omosudidae (hammerjaws) 43 94
Oneirodidae (deep-sea anglers) 132
Ophichthidae (snake eels) 24 56
Ophidiidae (cusk-eels and brotulas) 66 140
Opisthoproctidae 76
(barreleyes and spookfishes)
Orectolobidae (carpet or nurse sharks) 27
Osmeridae (smelts) 32 72
Osphronemidae (gouramies) 240
Percidae (perches) 5, 82, 83, 84 172
Petromyzontidae (lampreys) 11 22
Pholidae (gunnels) 106 213
Pimelodidae (pimelodid catfishes) 56 120
Pleuronectidae (righteye flounders) 120, 121 242
Poeciliidae (livebearers) 74 156
Polyodontidae (paddlefishes) 46
Polypteridae (bichirs) 47
Pomacentridae (damselfishes) 98 201
Pomadasyidae (grunts) 190
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Synopsis of Families Plates Pages
Pomatomidae (bluefishes) 180
Potamotrygonidae 18 40
(freshwater stingrays)
Priacanthidae (bigeyes) 85 176
Protopteridae (lungfishes) 124 250
Rajidae (winter skates) 17 38
Salmonidae (salmons, trouts, chars) 1, 3,5, 29, 30, 67
31
Scaridae (parrotfishes) 100 203
Sciaenidae (croakers) 192
Scombridae (mackerels and tunas) 229
Scopelarchidae (peatleyes) 44, 45, 46 96
Scorpaenidae (scorpionfishes) 116 230
Scyliorhinidae (catsharks) 27
Serranidae (sea basses) 80 168
Siganidae (rabbitfishes) 114 226
Sisoridae (old world catfishes) 116
Soleidae (soles) 244
Sparidae (porgies) 93 190
Sphyrnidae (hammerhead sharks) 14, 15 32
Sphyraenidae (barracudas) 204
Squalidae (dogfish sharks) 35
Squatinidae (angel sharks) 36
Sternoptychidae (hatchet fishes) 38 84
Stichaeidae (pricklebacks) 108 216
Stomiatidae (stomiatids) 86
Stylephoridae (tube-eyes) 162
Synaphobranchidae (deep-sea eels) 56
Synbranchidae (swamp eels) 210
Syngnathidae 78 164
(pipefishes and seahorses)
Tetraodontidae (puffers) 123 248
Theraponidae (shorefishes) 176
Torpedinidae (electric rays) 16 36
Toxotidae (archerfishes) 186
Trachinidae (weeverfishes) 206
Triakidae (whitetip smoothhounds) 12 28
Trichiuridae (cutlassfishes) 115 228
Triglidae (searobins) 232
Trypauchenidae (eel gobies) 222
Uranoscopidae (electric stargazers) 208
Zeidae (dories) 160
Zoarcidae (eelpouts) 67 142
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Subject Index

Numbers in zzalws refer to pages including photographic plates for that

particular species.

A
Abyssal 35, 90, 144
acanthias, Squalus 35
Acanthistius 168
Acanthocybium 229
Aceratias 133
Acipenser 44, 45
acronius, Coregonus 70
aculeatus, Gasterostens 163
acutus, Fodiator 146, 149
adspersus, Tautogolabrus 202
aeglefinus, Melanogrammus 135,
136
aethiopicus, Protopterns 250
agassigt, Chologaster 124
Agonus 237
Airbreathing catfishes 117
— fishes 210, 240, 250
albatrossis, Chlorophthalmus 90
albwans, Istiophorus 229
albidus, Tetrapterus 229
Albino splake 69, 70

Albula 50

albula, Coregonus 70
Alewife 58, 59
Alligatorfishes 236, 237
Alosa 58, 59

alosoides, Hiodon 62, 63
alpinus, Salvelinus 6, 70, 71
Amacrine cells, pyriform 166
— —,glant 220

Amblyopsis 124

amerwana, Dasyatts

amerwanus, Hemitripterus 233, 235
—, Lophius 128, 129

—, Macrogoarces 142, 143
Amia 7,9, 46, 48, 49
Ammodytes 218, 219
Anableps 154, 155
Anarhichas 214, 215

Anchoa 61

Anchovies 61

Angel sharks 36

Angelfishes 196
Angler-fishes 130, 132, 133
Anguilla 52, 53
anguillicandatus, Misgurnus 112
annectens, Protopterus 250
anomala, Nannacara 4
Anostomus 108, 109

anotus, Trypanchenophrys 222
Antimora 136, 137

Apogon 179

apus, Platytroctes 88, 89

aquila, Mylwbatis 40

arborsfora, Linophryne 133

Archerfishes 186

Archosargus 191

Arctic char 6, 70, 71

Area retinae 58, 70, 76, 80, 94,
104, 108, 112, 146, 152, 160,
168, 172, 175, 176, 180, 184,
186, 190, 193, 201, 204, 208,
210, 214, 216, 222, 223, 226,
229, 232-234, 238, 240, 242,
246, 248

— band-shaped 152, 222, 223

arenarius, Cynoscion 192

arenatus, Priacanthus 176, 177

argenteus, Diretmus 160, 167

—, Ledognathus 184

Argentina 75

Argentines 74

—, Atlantic 74, 75

Argyropelecus 84

Armoured catfishes

Aspidophoroides 237

Atherma 158

atrata, Evermannella 94

anratus, Carassins 9, 110, 111

australis, Geotrra 22

Austromenidia 158

Avocettina 56

Axonal processes, axons 10

122,123

B

bairdn, Nexumia 144, 145
balbo, Evermannella 94
Barathronus 140
barbatula, Cobitis 112
barbatus, Mullus 192
Barbulsfer 222, 225
Barracudas 204
Barreleyes 76

basilicus, Blennius 210
Bass 170, 192

—, largemouth 170, 777
Bassogigas 140

Batfishes 130, 737
Bathybenthic 42, 92, 140
Bathylaco 88

Bathylagns 16, 77
Bathylychnops 76
Bathymicrops 90
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Bathypteross 90, 91

batrachus, Clarias 117

Benthic fishes 36, 38, 42, 90,
128, 138, 140, 142, 144, 192,
208, 230, 232, 2306, 238, 242,
244, 252

Benthosanrus 90, 91

Benthosema 99, 100, 101

Betta 240

Bichirs 47

Bigeyes 176, 177

Bigscales 158, 759

balinearis, Merluccius 138, 139

Billfishes 229

Bipolar cells, cone 186

—, displaced 23, 44, 45, 47, 48,
80, 81

—,rod 186

Black crappie 170, 777

blacodes, Genipterus 141

Blennies, combtooth 210-212,
213, 214

Blennwus 15, 210, 211, 212

Blind spectes 18, 140, 192

Blue devil 2071

Bluefishes 180

Boleophthalmns 222, 223, 224

Bonefishes 50

Bothus 241

Bottom dwellers 26, 27, 36, 44,
66, 78, 108, 112, 124, 130,
136, 144, 192, 204, 206, 210,
214, 216, 218, 222, 234, 230,
238, 242, 244, 250

boureei, Flagellostomias 87

Bowfin 9, 10, 46, 48, 49

Brain 2

brasiliensis, Narcine 36, 37

brevidorsalis, Synaphobranchus 56

brevipedunculatus, Petrocephalus 66

brevirostris, Negaprion 30

Brook trout ¢

Brotulas 140

Bullheads 114, 120, 122

—, brown 114, 775, 117, 118,
122

Butterflyfishes 194, 196, 797, 226

C

calabaricus, Clamoichthys 47
Calamoichthys 47

caleens, Centrophorus 35
Callionymus 220, 221

calva, Amwa 7, 9, 46, 48, 49
canadense, Stigostedion 174, 175
cantcnla, Scyliorhinns 27

canis, Galeus 27

276

—, Mustelus 28
Cantherbmes 246

Capelin 72, 73, 74
Carassius 9, 110, 111
Carcharinus 30, 31
Cardinalfishes 176, 178
Careproctus 239

carolmus, Trachmnotus 181, 183
Carps 110, 7771

Cataetyx 140

Catfishes 114-123

Cat sharks 27

Catostomus 113

Cave 124, 140

— catfish 120

— fishes 124, 140
Centrina 35

Centrophorus 35
Centropomus 166, 167
Centroscyllium 35

Ceratias 132

Ceratoscopelns 99, 100
Cetomimus 103

ceuthoecus, Barbulifer 222, 225
Chaetodipterus 194, 195
Chaetodon 197

chalumnae, Latimeria 252, 253
Characins 104, 1006, 707
Chars 67

Chauliodus 86
Chelidonichthys 232
Chimaera 42

Chin-whisker fishes 86
Chirocentrus 61
Chlorophthalmus 90
Chologaster 124

chordatus, Stylephorus 162
Choroid 1,3

— blood supply 1

— gland 12

— pigment 1

— tapetum lucidum 40, 41
chrysops, Sphoeroides 248
Cichlasoma 198, 199, 200
Cichlids 198-200, 201
cirratum, Ginglymostoma 27
Ciscos 70

Clarias 117

clathratus, Paralabrax 168, 169
Clingfishes 126, 727
Clupea 59

Cobitis 112

Codfishes 134-137, 144
—, Atlantic 134, 7135

—, Greenland 134, 735, 136
Coelacanth 252, 253
coeruleus, Eupomacentrus 201



Colisa 240

Coloconger 54, 56

compressa, Anchoa 61

Cone, bundles (grouped) 50,62,65

— —,quadruple 5,128

— —, triple 5, 58, 108, 128, 172,
218, 232, 2306, 238, 242, 244

Conger 54

Conger eels 54, 56

conorhynchus, Albula 50

Coregonus 70

Cornea 1, 3, 12, 13, 92, 1406, 154,
208

cornubica, Lamna 206

cornutus, Chologaster 124

Corydoras 122, 123

Coryphaena 180

Coryphaenoides 144, 145

cousei, Cryptosaras 132, 133

Crepuscular 606, 118, 168, 172

cristatus, Blennius 15, 210, 212

Croakers 192

crocro, Pomadasys 190

Cryptosaras 132, 133

Cryptotomus 203

Cunner 202

curema, Mugil 204, 205

Cusk-eels 140, 7141

Cutlassfishes, Atlantic 288

cuveert, Galeocerdo 30, 31

Cyclopterus 239

cynoglossus, Glyptocephalus 242,
243

Cynoscion 192

cyprimordes, Megalops 50

D

Dabs 244

—, American 245

Dactyloscopus 206, 207

Dalatias (Scymnus) 35

Damselfishes 207, 226

Dasyatis 38

decagonus, Agonus 237

Deep-sea 10, 35, 36, 56, 86, 90,
94, 102, 103, 140, 160, 168,
238

— — anglers

— — eels 56

— — smelts 76, 77

Deep waters 2, 28, 54, 56, 72,
74, 78, 90, 102, 112, 124, 130,
134, 136, 144, 176, 178, 184,
206, 208, 214, 216, 229, 232,
242, 252

Dendtitic ramifications
186

132, 133

5, 8, 10,

Daialommus 208

diaphana, Sternoptyx 84, 85

Dipulus 140

Diretmus 161, 161

Datropuchthys 103

Diurnal 26, 30, 168, 172, 196,
201, 226

Dogfish sharks 35

Dolichopteryx 76

Dolphins 146, 180

dorab, Charocentrus 61

Dories 160

— Japanese dory 160

draco, Trachinus 206

Dragonets 220, 221

Dragonfishes 86, 87

dubius, Ammodytes 218, 219

E

Eagle rays 40

Eel gobies 222

Eelpouts 142, 743

Eels 1, 51-57

Elasmobranchs
2641

Electric rays 36, 37

Elephantfishes 066

Ellipsoid 2, 5, 6, 8, 9, 15, 30, 38,
40, 44, 50, 51, 66, 78, 94, 108,
117, 120, 126, 132, 150, 152,
154, 156, 158, 172, 174, 206,
208, 209, 214, 229, 250

Elops 50

encrasicholus, Engranlis 61

Engranlss 61

enosimae, Salarias 210

ensiferus, Centropomus 166

Entosphenns 22

Epithelial cells 2, 5, 20, 206, 46,
62, 93

— — degeneration 99

— — layer 2,0, 15, 19, 30, 114

— — pigment 2, 5,06, 8, 12, 13

— — processes 2, 5, 23, 206, 31,
44, 46, 48, 51, 61, 64, 66, 74,
78, 88, 94, 96, 104, 108, 120,
122,134, 140, 162, 164, 170,
172,190, 192, 200, 216, 229,
232-2306, 242, 244, 250

Eptatretus 18

eques, Nannostomns 106, 107

Esox 81

Etmopterns 35

Euchiloglanzs 116

Eugerres 187, 188, 189

Eumesogrammus 216, 217

Eupomacentrus 201

1, 2, 8, 10,
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Euthynnus 229

Evermannella 94

Exocoetus 146, 148

Eye cup 1,11, 13

— —, rudimentary (vestigial)
36, 124, 222

— — shine 12

— — structures 1

— —, tubular 54, 76, 84, 94, 96,
103, 133, 162

F

Jfaber, Chaetodipterus 194, 195

Falciform process 1, 3, 12

fasciatus, Leporinus 108, 109

Featherbacks 62, 64, 65

Feathetfin 064, 65

Sferruginea, Limanda 242, 245

Flagellostomus 87

Flamefish 178, 7179

Flatfishes 241-247

flavescens, Perca 9,172, 173

Flounders, lefteye 241

—, righteye 242-245

—, witch 242, 243

fluvatilis, Lampreta 22

Flyingfishes 146, 147, 148, 180

Fodwator 146, 149

Sfontinalis, Salvelinus 9, 67, 69, 70

fossalis, Misgurnus 112

Four-eyed fishes 154, 755, 208

Fovea 12, 76, 88, 89, 126, 164,
168, 203, 208, 210, 213

Foxface 226, 227

Freshwater catfishes

— eels 51-53, 56

— stingrays 40, 47

Fundulus 7, 152, 153

fuscus, Dialommuns 208

114-123

G

Gadus 134, 135
Galaxias 78, 79
Galeocerdo 30, 31

Galeus 27

Ganglion cells, displaced 16, 36
— —, glant 28, 30-32, 34
Gars 10, 46

garmani, Myxine 18
Gasterosteus 163
Genipterus 141
gentalis, Blennins 210
Geophagus 198
Geotria 22
Gigantactis 132
Gugantura 103

gilli, Cetomimus 103
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Gumglymostoma 27

Gurella 193

glacale, Benthosema 99, 100, 101
glutinosa, Myxime 18, 19-21
Glyptocephalus 242, 243
Gnathonemns 66
Goatfishes 192

Gobies 222-225

Gobresox 126, 127
Goldeyes 62, 63

Goldfish 9, 110, 777, 112
gomest, Ophichthus 56, 57
Goosefishes 124, 128, 129
—, American 128
gorbuscha, Oncorhynchus 67
Gouramies, dwarf 240

—, pearl 240

grallator, Benthosanrns 90, 91
granulosus, Centrophorns 35
Greeneyes 90

Grenadiers 144, 7145
Grideye fishes 92, 93
Groupers 168

Grunts 190

guenthert, Scopelarchus 96, 97, 98
gunnellus, Pholis 213
Gunnels 213, 216

Guppy 156, 157
gurnardus, Trigla 232
Gymnarchus 66
Gymnothorax 55
Gyronomimus 103

H

Haddock 735, 136
Hagfishes 2, 18-21, 22
Hakes 138, 139

—, blue 136, 737

—, stlver 138, 739

—, white 136, 737
Halfbeaks 146, 147, 149
Halicmetus 130
Hammerhead sharks
—, scalloped 33, 34
Hammerjaws 94, 95
Harengula 58, 60
harengus, Clupea 59
Hatchetfishes 84, &5
Headstanders 108
Hematripterns 233, 235
Herrings 58-60, 61

heteroclitus, Fundulus 7,152, 153
Hiwdon 62, 63

Hippocampns 165
Hippoglossoides 244, 245
hippurus, Coryphaena 180
holboellr, Ceratias 132

30, 32, 38



Holosteans 8, 46, 48, 49
Horizontal cells 166, 167
— —,cone 166

— —, external 4, 32

— —, intermediate 32
— —,internal 4, 32, 166
— —,rod 166, 186, 204
Hyporamphus 147, 149

I
Ichthyomyzon 22
Ictalurns 115
Idiacanthns 86
indica, Evermannella 94
—, Gigantura 103
mdwcus, Malacostens 86
unfans, Avocettina 56
Inner fibre 2, 8, 9
Inner segment (see ellipsoird and
myoid) 2, 99, 150
Ipnops 92, 93
Iris 3, 12, 102
Istiophorns 229

J

Jacks 181

Jaculatrix, Toxotes 186
Jagnana, Harengula 58, 60
Japonwcum, Zenion 160
gulii, Corydoras 122, 123

K

Kelp bass 168, 769
keta, Oncorbynchus 3, 67
Killifishes 152, 7153
kusutch, Oncorbynchus 67
Klipfishes 208, 209
koefoedi, Searsia 88
kronss, Pimelodella 120
kroyerz, Notoscopelus 99, 100
kuda, Hippocampus 165
kumu, Chelrdonichthys 232

L

labiatum, Cichlasoma 198, 199,
200

Labrisomus 13, 208, 209

lacrymatus, Leptocephalus 54

Lamna 26

Lampreta 22

Lampreys 18, 22, 23

Landolt’s club 250-252

Lanternfishes 99-101

latia, Colisa 240

Latimeria 252, 253

lavales, Lycodes 142, 143

Leaffishes 196

Leatherjacket 181, 782

Lebistes 156

leeri, Truhogaster 240

Leswgnathus 184

Lemon shark 30

Lens 1, 3,12,13,93

— muscles 1

Lepidopns 228

Lepidosiren 250, 251

Lepisosteus 46

Lepormus 108, 109

Leptocephalus 54

lepturus, Trichiurns 228

lencopsarus, Stenobrachius 99, 100,
101

lewinz, Sphyrna 33, 34

Lightfishes 82, 83

Limanda 242, 245

Limiting membrane, external 2,
5, 8, 15, 27, 29, 51, 70, 126,
200

— —,mternal 2, 10

Linophryne 133

Lipars 238

Livebearers 156, 157

Lo 226, 227

Loaches 112

longianalis, Marcusenius 66

longimanus, Carcharmus 30, 31

longipes, Bathypterois 90, 91

Lophins 128, 129

lower, Omosudis 94, 95

Lucsfuga 140

lucius, Esox 81

Lumpfishes 238, 239

lumpretaeformis, Lumpretus 216,
217

Lumpretus 216, 217

lumpus, Cyclopterus 239

Lungfishes 10, 47, 250-252

—, African 250, 252

—, Australian 250

—, South American 250, 257

lupus, Anarbichas 214, 215

Lutyanus 184, 185

Lycodes 142, 143

lyra, Callwonymus 220, 221

M

Mackerel sharks 26

Mackerels 229

macrolepidotus, Gnathonemus 66

—, Neoscopelns 102

Macrophages 90-92, 99, 101,
103, 140

macrorhmus, Lynophryne 133

Macrozoarces 142, 143
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maculatus, Apogon 179

maderensis, Ceratoscopelus 99, 100

Malacostens 86

Malakichthys 168

Mallotus 72, 73

Marcusenius 66

marginatus, Serrasalmus 105

marinus, Petromygon 22, 23

—, Sebastes 230, 231

Maurolicus 83

maximus, Bothus 241

meads, Ipnops 92, 93

Megalops 50

Melamphaes 158

Melanogrammus 135, 136

Melanostomias 87

memorabilis, Cataetyx 140

Merluccins 138, 139

Maicrocanthus 193

mucrocephalus, Somnwosns 35

Microgadns 134, 137

microleprs, Anableps 154, 155

Micropterus 170, 171

Microstoma 76

Midshipman 124, 725

Minnows 110, 112

manor, Anarbwchas 214, 215

mirabilis, Leptocephalus 54

mirus, Platytroctegen 88

Misgurnus 112

Mitochondria 2, 5, 20, 21, 150,
152, 154, 156

mochonpontica, Atherina 158

modestus, Cantherhines 246

Mojarras 186-189, 190

Monocirrbus 196

monopterygius, Aspidophoroides 237

Mooneyes 62, 63

Moray eels 54, 55, 56

mordax, Engranlis 61

—, Osmerus 72, 73

morbua, Gadus (see Atlantic cod)
134, 135

motoro, Paratrygon 41

Mudskippers 222, 223, 224

muelleri, Maurolicus 83

Mugil 204, 205

Mullerian cells (radial fibres) 10,
23, 32, 35, 58, 151, 197, 252

Mullets 204, 205

—, white 204, 205

Mullus 192

Mustelus 28

Myoid 2, 4, 5, 7-9, 15, 22, 27,
28, 30, 35, 38, 66, 70, 108,
114, 117, 120, 158, 172, 200,
206
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Myolibatis 40
Myoxocephalus 234, 235
Myxine 18, 19-21

N

namaycush, Salvelinus 69, 70

Nannacara 4

Nannostomus 106, 107

Narcime 36, 37

nebulosus, Cynoscron 192

—, Icetalurus 115

Needlefishes 150, 757

Negaprwn 30, 32

Neobythites 140

Neoceratodus 250

Neoscopelarchoudes 96

Neoscopelus 102

nerka, Oncorbynchus 67, 68

Neguma 144, 145

Nibblers 193

nager, Onetrodes 132

nigre, Xenomystus 64, 65

nigricans, Bathylaco 88

nigrwentris, Synodontss 118, 119

nigrofulyus, Poromitra 158, 159

nigromaculatus, Pomoxis 170, 171

niloticus, Gymnarchus 66

Nocturnal 2, 114, 168, 176, 184,
190, 192

notatus, Synodontss 118, 119

Notopterus 64, 65

Notoscopelns 99, 100

nuchipinnis, Labrisomns 13, 208,
209

Nurse sharks 27

nybelnz, Triglops 233, 235

nyphobles, Sphoeroides 248

o

obesus, Triaenodon 28, 29

Oceanpout 142, 743

ocellata, Raja 39

—, Sciaenops 192

ocellatus, Gymnothorax 55

octodecemspinosus, Myoxocephalus
234, 235

ogac, Gadus 134, 135

Ogeocephalus 130, 131

Oil droplet 5, 7, 14, 4448, 126,
150, 152, 154, 156, 208, 209,
250-252

Oligoplites 181, 182

Oligopolar cell 186, 187

Omosudis 94, 95

Oncorbynchus 3, 67, 68

Oneirodes 132

Opbhuchthus 56, 57



Ophidion 140

Opisthoproctus 76

Optic disc 10, 90

— nerve 3,4, 10, 23, 114, 118,
119

— nerve fascicle 10, 118

— papilla 12, 114, 118, 119

— tract 10, 18, 19

Osmerus 72, 73

Outer segment 2, 5, 9, 14, 18,
22, 28, 30, 40, 44, 54, 64, 78,
84, 85, 90, 92, 94, 96, 99, 103,
124, 126, 132, 140, 150, 172,
176, 206, 209, 214, 229, 252

—, accessory 2, 8

—, discs 5

oxyrhynchus, Acipenser 44, 45

—, Therapon 176

P

pacificus, Bathylagns 77

Paddlefishes 46

papillferns, Chologaster 124

Paraboloid 5, 7, 9, 14, 4649,
250-252

paradoxa, Lepidosiren 250, 251

Paralabrax 1068, 169

Parasitic forms 22

Paratrygon 41

Parrotfishes 203

— bluelip 203

Pearleyes 96-98

Pearlside 82, 83

Pelagic 35, 40, 50, 58, 61, 138,
147, 150, 181, 204, 228-230

— bathypelagic 56, 76, 86, 88,
94, 96, 103, 132, 158, 162

— epipelagic 146, 150, 180, 229

— mesopelagic 76, 82, 84, 80,
88, 94, 96, 99, 132, 158, 160

— semipelagic 238

Pencilfishes 106

pennantr, Coregonus 70

Perca 9,172, 173

Perches 172-175, 198

Perwphthalmus 222, 223, 224

Peristedion 232

Petrocephalus 66

Petromyzon 22, 23

Pholss 213

Photopic 5

Photoreceptors 2, 5, 8, 9, 14, 23,
209

—, bundles (grouped) 064, 66,
140

Pike 8, 80, &7

Pimelodella 120

Pingurpes 206

Pipefishes 164

Piranha 104, 705

plagusia, Symphurus 246, 247

Plaice, American 244

plater, Galaxwas 78, 79

platessordes, Hippoglossordes 244,
245

Platytroctegen 88

Platytroctes 88, 89

plumzers, Eugerres

Poachers 2306, 237

—, Atlantic 236, 237

Poectha 156, 157

Polistotrema 18

Pollachius 136, 137, 138

Pollock 136, 737, 138

polyacanthus, Monocirrbus 196

Polyspnus 84

Polyodon 46

Polypterus 47

Pomadasys 190

Pomatomns 180

Pomoxis 170, 171

Pompanos 181

Porgies 190

Porwhthys 124, 125

Poromitra 158, 159

porosissimus, Poruhthys 125

praecisus, Eumesogrammus 216,
217

Priacanthus 176, 177

Pricklebacks 216, 217

Pristiurus 27

procerus, Platytroctes 88

productus, Lepisostens 46

Protomyctophum 99, 101

Protopterus 250

pseudobarengus, Alosa 58, 59

Puffers 248, 249

punctata, Grella 193

Puyes 78, 79

187-189

R

Rabbutfishes

Raja 39

ranuceps, Coloconger 54, 56

Ratfishes 42

Rays 2, 26, 36-38, 40, 41

Red devil 198, 799

Red drum 192

Redfish 237

Reflecting layer, material (see
Tapetum lucidum) 1, 2, 62,
64, 66, 94, 104, 108, 114, 118,
120, 122, 192, 194, 209

regis, Bathymucrops 90

226, 227
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Requiem sharks 30

retuwnlata, Poecilia 156, 157

retucnlatus, Lebistes 156

—, Lycodes 142, 143

Retina, accessory 76, 84, 88, 94,
96, 98, 103

—, degenerate 18, 90, 92, 103,
120, 124, 140, 192

—, diverticulum 76

—, pure-cone 94, 220, 222

Retina, pure-rod 27, 28, 32, 35,
38, 42, 54, 56, 74, 76, 82, 84,
86, 88, 90, 94, 96, 99, 102,
103, 130, 132, 1306, 140, 144,
158, 222, 228, 238, 252

Retinal layers 2

— step 98

— vessels

1,12, 53

Retinomotor responses 8, 67, 70,

110, 112, 118, 158, 180, 192,
194, 229, 244

Rbamdia 121

rhendali, Ttlapia 200

rhomboidalis, Archosargus 191

rhombus, Bothus 241

Rhynchohyalus 76

ruchardsoni, Gymmnothorax 55

Rock eels 273

Rod banks (superimposed
layers) 14, 74, 76, 77, 86, 88,
117, 140, 158, 159-162, 229

— bundles 62, 63, 65, 90, 94,
96, 140

—, grouped 14, 97, 206, 208,
209

rosae, Amblyopsis 124

roseus, Cryptotomns 203

rostrata, Anguilla 52

—, Antimora 136, 137

ruber, Halicmetus 130

Ruddetfishes 193

rudebeckss, Marcusenius 66

rupestris, Coryphaenodes 144, 145

S

Sabre-tooth fishes 94
sagax, Scopelarchus 96, 98
Sailfishes 229

salar, Salmo 67, 68
Salarias 210

Salmo 67, 68

salmoides, Micropterus 170, 171
Salmon 67

Salmon, Atlantic 67, 68
—, chum 3

—, coho 67

—, pink 67

282

—, sockeye 067, 68

saltatrix, Pomatomus 180

Salvelmns 6, 67, 69, 70, 71

salvians, Centrina 35

Sand lances, northern 218, 279

Sauger 174,175

sanrus, Elops 50

—, Oligoplites 181, 182

scaber, Uranoscopus 208

scalprum, Xesurus 226

Scavenger 18, 122

Schooling species 35, 58, 67,
104, 158, 168, 170, 172, 180,
184, 190, 192, 194, 204, 218

Sciadonus 140

Sctaenops 192

Scomber 229

Scomberomorns 229

scombrus, Scomber 229

Scopelarchus 96, 97, 98

Scorpionfishes 230, 231

scorpius, Myoxocephalus 234, 235

Scotopic 5

Sculpins 230, 233-235, 236

—, longhorn 234, 235

—, mailed 233, 235

—, shorthorn 234, 235

sculptus, Boleophthalmus 222, 223,
224

Scyliorbinus 27

Sea basses 168, 169

— breams 191, 191

— ravens 233, 235

— robins 232

— trouts 192

Seadevils 132, 133

—, warted 733

Seahorses 164, 165

Searsia 88

sebae, Rhamdia 121

Sebastes 230, 231

Serrasalmus 105

Shallow waters 27, 28, 30, 32,
36, 38, 48, 54, 72, 124, 130,
140, 156, 162, 192, 193, 196,
202-204, 208, 222, 232, 238,
246

Shanny 216

—, Arctic 216, 217

—, radiated 216, 217

Sharks 1, 2, 26-36
Sheephead 190, 797
Shorefishes 164, 168, 176, 178,

184, 186, 190, 194, 196, 201,
202, 206, 208, 210, 222, 2206,
242, 246, 248

Shrimp eel 56



Siamese fighting fish 240

silus, Argentina 75

Silversides 158

Skates 1, 2, 26, 36, 38

Slickheadfishes 88, 89

Slipmouths 184

sloani, Chauliodus 86

Sluggish fishes 27, 28, 32, 35,
36, 38, 44, 48, 80, 128, 142,
214, 242, 246

Smelts 72, 73, 74

Smooth dogfish 28, 38

Snailfishes 239

Snake eels 56, 57

Snakeblenny, fourline 216, 277

Snappers 184, 190

—, lane 184, 785

Snipe eels 56

Snooks 166, 767, 190

Soapfish 168

sobrinus, Periophthalmus 222, 223,
224

Solea 244

Soles 244

Somnwsus 35

Spadefishes, Atlantic 194, 7195

spathula, Polyodon 46

spelaea, Amblyopsis 124

spengleri, Sphoeroides 248, 249

Sphoerodes 248, 249

Sphyraena 204

Sphyrna 33, 34

Spiderfishes 90, 97

spilorhynchus, Melanostomias 87

Spineless dogfishes 35

spinosus, Polyipnus 84

splendens, Betta 240

Spookfishes 76

Spotted dogfish 27

Squalus 35

Sqnatina 36

Stargazers 206-208

—, electric 208

—, sand 206, 207

Stenobrachins 99, 100, 101

Sternoptyx 84, 85

Sticklebacks 162, 163

—, three-spine 763

Stingrays 38

Stigostedwon 172, 174, 175

storeri, Ditropuchthys 103

stouti, Polistotrema 18

striatus, Chaetodon 197

stragatus, Miwcrocanthus 193

Strongylura 150, 151

strumosus, Gobresox 126, 127

stublmannt, Petrocephalus 66

Sturgeons 8, 44, 46

—, Atlantic 44, 45

Stygicola 140

Stylephorus 162

subbifurcata, Ulvaria (see Shanny,
radiated) 216, 217

suborbitalis, Melamphaes 158

subterranens, Typhluhthys 124

Suckers, longnose 112, 773

suckleyr, Squalus 35

Sunfishes 170, 171

Surface dwellers 26, 58, 67, 78,
1006, 152, 154

Surgeonfishes 226

Swamp eels 210

— fishes 124

Symphurus 246, 247

synagris, Lutjanus 184, 185

Synaphobranchus 56

Synaptic ribbons 2, 15, 18, 22

— vesicles 2, 18, 20, 26

Synbranchus 210

Synodontis 118, 119

T

taenia, Cobitis 112

Tapetum lucidum 14, 40, 41, 50,
61, 63, 65, 74, 75, 86, 96, 97,
102, 114, 120, 140, 160, 172,
174-177, 192, 194

Tarpons 50, 51

Tantogolabrus 202

Teleosts 2, 5, 8, 10, 50-249

Tenpounders 50, 51

tenuis, Lepdopus 228

—, Urophycts 136, 137

tergisus, Hiodon 062, 63

Tetrapterus 229

tetrophthalmus, Anableps 154

Therapon 176

thompsont, Protomyctophum 99,
101

Thunnus 229

Thyphluasina 140

Tide pool fishes 58, 140, 181,
193, 208, 210, 222

Tiger shark 30, 37

Tilapia 198, 200

timucu, Strongylura 150, 151

Toadfishes 124, 125

tomcod, Microgadus 134, 137

Tonguefishes 246, 247

—, blackcheek 247

Toxotes 186

Trachmotus 181, 183

Trachinus 206

Triaenodon 28, 29
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Trichinrus 228

Truchogaster 240

tridigitatus, Dactyloscopus 200,
207

Triggerfishes 246

Trigla 232

Triglops 233, 235

Trout 67

Trypauchen 222

Trypauchenophrys 222

Tube-eyes 162

Tunas 229

Turbid waters
175

turners, Lycodes 142, 143

Typhleotrss 140

Typhlichthys 124

61, 62, 170, 172,

U

Ulvaria (see Shanny, radiated)
216, 217

undecimalis, Centropomus 166, 167

unifasciatus, Hyporamphus 147,
149

Upside-down catfishes 118, 779

Uranoscopus 208

Urophycis 136, 137

\'%

vagina, Trypanchen 222
vanhoeffeni, Gigantactis 132
Vascularization, hyaloid artery 1
—, hyaloid vemn 1

—, intraocular 1

vespertilto, Ogeocephalus 130, 131
villosus, Mallotus 72, 73
Vipetfishes 86

virens, Pollachius 136, 137,138
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Visual cells 2, 8

— —, conelike

— — foot-piece
186, 188

— — pedicle
186

— —,rodlike 18,22, 23

Vitreal vessels 1

vitreum, Stigostedwon 172, 174, 175

volitans, Exocoetus 146, 148

vulgares, Blennus 210, 211

vulpinns, Lo 226, 227

18, 22, 23, 132
8, 18, 22, 80,

2, 8,9, 15, 23, 35,

\\4

wakae, Trypauchen 222
Walleye 172, 174, 175
Weeverfishes 206
welsht, Ophidon 140
Whalefishes 103
White marlin 229
Whitettp smoothhound 28, 29
Winter skates 38, 39
Winteria 76

Wolf herrings 61
Wolffishes 214, 2715
—, spotted 214
Wrasses 202, 203

X
Xenomystus 64, 65
Xesurus 226

Y
Yellowperch 9,172, 173
Yellowtail 242, 245

VA
Zenion 160



N.]J. STRAUSFELD

Atlas of an Insect Brain

81 figures, partly coloured, 71 plates
X1, 214 pages. 1976

Contents: A Historical Commentary.—The Structure of Neuropil.—
The Primary Compartments of the Brain.—The Coordinate System.—
Some Quantitative Aspects of the Fly’s Brain.—The Atlas: Sections
through the Brain—~The Forms and Dispositions of Neurons in
the Brain.—Appendix 1: Histological Methods.—Appendix 2: Dic-
tionary of Terms.

This atlas is the first presentation of the main regions and
pathways of an arthropod brain to combine both mass-staining
of fibres and selective impregnation of neurons. It displays in detail
the basic structures of the neuropils and schematizes them into
a comprehensive and simple plan of sensory compartments and
core neuropil. The main section of the book illustrates serial sec-
tions through the brain of the fly Musca domestica with reference
to a coordinate system that relates covert structures to the head
capsule. There follow detailed drawings of the forms and locations
of Golgi-stained elements in the brain. The introductory chapters
summarize the history of insect neuroanatomy, sketch the cellular
constituents of neuropils, and outline the neuropil’s basic organiza-
tion. There is an appendix on histological methods applicable to
insects and a multilingual glossary of terms relating to brain struc-
tures. The atlas is richly illustrated with 160 carefully prepared
photographs and many beautiful drawings.

Springer-Verlag
Berlin Heidelberg New York



R.G. KEesseL - C.Y. SHiH

Scanning Electron Microscopy in Biology

A Students’ Atlas on Biological Organization

22 figures, 132 plates, X1, 345 pages
Corrected Reprint. 1976

Contents: One-Celled Organisms.—Cells in Culture.—Prokaryotes.—
Fungi and Algae.—Multicellular Plants.—Organ Systems of Angio-
sperms.—Multicellular Animals.—Tissue and Organ Systems of Ani-
mals.—Development.

The recent development of the scanning electron microscope
has resulted in increasingly wider use of this instrument as a re-
search and teaching tool in the biological and natural sciences.
This altlas covers theory and techniques, protozoa, cells in culture,
prokaryotes, myxomycetes, multicellular plants, organ systems of
angiosperms, multicellular animals, tissue and organ systems of
animals and development. In each case, the emphasis is on the
view obtained with the scanning electron microscope, since this
information sometimes represents new knowledge or expands and
clarifies previously existing information.

The major significance of this well-accepted book is that it
gives coverage in a phylogenetic and systematic way to both the
animal and plant kingdoms. It also attempts to disseminate knowl-
edge of recent acquisition to students beginning their study of
biology and medicine.

Because of the broad information coverage, in terms both of
illustrations and text this atlas has proven to be particularly useful
to students and teachers of general biology, including cell biolo-
gists, anatomists, zoologists, botanists, entomologists, and elec-
tron microscopists.

Springer-Verlag
Berlin Heidelberg New York




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




