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INTRODUCTION

STATEMENT OF THE PROBLEM

The skin of fishes is like that of other vertebrates in that it is
composed of two layers: an outer cellular component, the epidermis, and
an inner fibrous éomponent, the dermis, or corium (138). This external
covering protects the organism from the environment and preserves thé
milieu intefieur. A great deal of information has been obtained about
the structure and function of the skin of mammals, birds, and amphibia
(49, 50, 68, 69, 79, 121, 143, 159, 206). However, relatively little is
knowﬁ about the skin of fishes. The present thesis attempts to fill some
of the gaps in our knowledge by presenting a descriptive light and elec-
tron microscopic study of the skin of the marine teleost fish, Hippo-

glossoides elassodon. The skin of this species is of added interest
because it commonly gives rise to epidermal papillomas which have been

studied in some detail (21, 33, 213-216).

REVIEW OF THE LITERATURE

Fish Skin General.

The skin of various teleosts (bony fishes) was studied extensively
during the late nineteenth and early twentieth centuries (46, 70{ 101,
160, 161, 193, 194). An extensive bibliography relating to this early
work on skin and many other aspects of ichthyology has been compiled by
Dean (37-39) and Wood (223). These early works contained many photo-
micrographs and‘dréwings depicting the relationship of epidermis to der-

mis and the organization of the scales within the dermis. Recent reviews
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on fish skin and scales give organized presentations of the earlier work,
but have added relatively little new information (3, 15, 92, 109, 138,

174).

Fish Epidermis.

a) Squamous cells:

The fish epidermis is composed primarily of twé components:

the more ﬁumefous squamous cells, and the mucous cells. The entire thick-
ness‘of fish epidermis consists of living cells, and is therefore analo-
gous to the oral epithelium of man (226)* and unlike the epidermis of
land vertebrates where the outer layers become cornified (138, 174).
Romer (174) believes that the superficial cell layers in fish contain a
small amount of keratin, while Van Oosten (130) states that keratin is
absent in these cells. Burgess (23) was perhaps the first to prove the
absence of keratin in the teleost epidermis by demonstrating a negative
tetrazolium reaction for the sulfhydryl groups of keratin. Electron
microscopic studiés also demonstrate the lack of any keratin-like material
(33, 83, 118, 215),

It is felt by most authors that the stratified epithelium of all
vertebrates is produced by cell divisions within the basal cell layer
(3, 92, 138, 174). waever, autoradiographic étudies on goldfish
(Carassius auratus) show that tritiated thymidine is incorporated into
epithelial cells at all levels in the epidermis (82). Other studies

indicate that in the epidermis of 1l-day chick embryos incorporation

*Recent ultrastructural studies have demonstrated the presence of
keratohyaline-like granules within the oral epithelial cells of mam-
mals. However, this surface is not keratinized (116).



also occurs at all levels, while in 14;day embryos only the basal cells
incorporate the thymidine (219).

The fine structure of Salmo epidermis was the subject of a brief
report in 1963 (100), and the fine structure of teleost oral epithelium
has been studied (1). Howevér, the first detailed studies on teleost
epidermis were made by Wellings, Chuinard, and Coéper-(ZlS), Chuinard
{(33), and later McArn (119) in connecfion with epidermal papillomas oc-
curring on various speciés of flatfish collected in the San Juan Archi-
pelligo in Washington State. A similar ultrastructural study on various
species of fresh-wafer teleosts was carried out by Henrikson and Matoltsy
(83).

For descriptive purposes teleost epidermis has been divided into
three layers: Basal, intermediate, and superficial (215).

The basal cell layer comprises a single row of cells adjacent to
the basement membrane. The cytoplasm of these cells contains two morpho-
logically distinct zbnes: perinuclear and peripheral.A The perinuclear
zone possesses a small Golgi complex, most of the mitochondria and
agranular endoplasmic reticulum, and a few free ribosomes. The peri-
pheral zone contains a few cytoplasmic filaments. The filaments are a
more prominent feature in the superficial epidermal layers. Free ribo-
somes are present in large numbers in the beripheral cytoplasmic- zone
of the basal cells in those marine speéies studied so far. In the

fresh-water species (goldfish, Carassius wratus; guppy, Lebistes
reticulatus; eel, Anguilla sp.; catfish, Corydoras aeneus) studied
by Henrikson and Matoltsy (83), cytoplasmic filaments are the predominant

- feature of the peripheral cytoplasmic zone at all epidermal levels.



Microvillous interdigitations of the ceil membranes of adjacent basal
cells are prominent.

Thé intermediate celi layer varies in thickness from species to
species and at different locations on the same fish. The cells of this
layer are morphological transitions between the basal and superficial
layers.

The superficial cells have broad-based, short microvilli along their
free, surface border, butlare otherwise very similar to the cells of
other layers. The perinuclear cytoplasmic zone is reduced and contains
most of the mitochondria, the Golgi complex, the agranular endoplasmic
reticﬁlum, and free ribosomes. The peripheral zone is composed almost
entirely of cytoplasmic filaments which have a diameter of about 80 A.
The degree of membrane iﬁterdigitation between superficial cells is
decreased.

Desmosome-1ike structures (48) are a prominent feéture of the ¢ell
membrane of the marine species reported by Wellings, Chuinard, and
Cooper (215). The cytoplasmic filaments appear to be associated with
these structures, and béth the number of desmosomes and the number of
cytoplasmic filaments increases toward the surface. Both, however, are
present at all levels. Henrikson and Matoltsy (83) report some den-
sities along the plasma membranes which are éuggestive of desmosomes,
but these are not a ﬁrominent feature in the fresh-water species they
studied. Terminal bars (zonula occludens. (49) are observed at the
outer aspect of the lateral membranes of adjacent superficial cells.

b) Mucous cells:

The epidermis of fish was shown to contain unicellular glandu-

lar mucous cells by Klaatch in 1890 (92) and Reid in 1894 (161).
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These cells have since been studied extensively at the level of the light
vmicroscope (3, 70, 101, 138, 193). The smallest mucous cells are found
in the basal region of the epidermis. The cells increase markedly in
size until they reach the surface where they appear to burst open and
discharge their contents (193).

Mucus production by goblet cells of the mammalian gastrointestinal
tract has been studied extensively (60, 90, 98, 133, 134). The pre-
dominant opinion is that the carbohydrate component of mucus is first
produced by the Golgi complex and is formed into mucous droplets. Free-
man proposes than additional protein component is produced in the rough
endoplasmic reticulum and that this protein is then transported to the
Golgi complex where it becomes a component of the mucous droplets (60).
This is in agreement with studies on protein-producing cells such as
mammary alveolar and exocrine pancreatic cells in which protein syn-
thesis apparently occurs in the granular endoplasmic reticulum, followed
by formation of the product into droplets in the Golgi apparatus (28,
40, 142, 217).

The ultrastructure study of fish mucous cells by Wellings et al.
(215) demonstrates that the smallest mucous droplets are observed in the-
region of the Golgi complex and-that abundant, well developed granular
endoplasmic reticulum is also present within‘thercells. Similar ultra-
structural findings are also characteristic of the mucous cells in the
skin of the eel, Anguilla anguilla (84).

c) Other cell typés within the epidermis:

Pigment cells or chromatophores occur in both the epidermis and

-dermis of fishes and amphibians (3). The epidermal chromatophores vary



in shape from round and globular to stellafe, with long thread-like
processes. In fishes fhe majority of pigment cells are observed pri-
marily in the dermis, and will be discussed in detail later (pagel3 ).
Electron microscopic studies comparing epidermal and dermal chromato-
phores of fish appear to be lacking.

"Wandering cells", ﬁsually interpfeted as lymphocytes, are found
in the epidermis of many teleost species (3). These cells are usually
located in the intercellular spaces of the deeper layers of the epider-
mis. |

| A "mitochondria-rich" cell has been described in toad bladder epi-
thelium (32, 145) and in the epidermis of the leopard frog, Rana pipiens
(49). Similar cells have not been described in fish. The function and
origin of the "mitochondria-rich" cell is unclear at present.

Nerves and presumed sensory cells are also described within the
epidermis of various phyla (79{ 86, 127, 128, 203, 221, 222).

Other specialized cells occur in localized regions of the epider-
mis in certéin species of teleost fishes. Because they are not generally
pbserved, these cells will not be covered in detail, but aré mentioned
below for completeness.

"Pearl organs" are localized, hypertrophic, stratified squamous
areas that appear keratinized on their outef surfaces. '""Pearl organs"
occur in the males of some teleost species and are thought to be under
hormonal control (15, 162, 199).

"Chloride cells" are sﬁecialized epidermal cells found predominant-
ly in the gill epithelium. They are thought to function in osmoregula-

tion (24, 84, 106, 147, 192, 205).



"Cupula' are gelatinous, transparent structures that jut out from
the epidermis along the lateral line in elasmobranchs, and many teleost
species. The "cupula" may be formed from specialized mucous cells with-

in the epidermis (26, 198).

Dermal-Epidermal Junction - Basement Membrane.

The basement membrane (as defined by Farquhar ana Pélade [49]) is
a thin, finely fibrillar, continuous sheet of proteinaceous material
located just‘beneath the base of the basal epidermal cells and super-
ficiél to the dermal collagen fibers. The céllular origin of this
extracellular membrane has long been a question.

Perhaps the best evidence at present suggests that all or at least
part of the membrane is secreted by fhe epidermal cells (81). By in-
jecting tritiated proline into salamanders while they were regenerating
limbs, Hay (81) showed that the basal epithelial cells are iabelled
strongly at first and later the label is more concentrated in the base-
ment membrane. Hay also feels that the fibroblasts, which lined up
along the underside of the membrane and also contained some label, might
- have some role in formation of the basement membrane.

Fawcett states that immunological investigations demonstrate the
presence of an antigen common to most basement membranes"and separate
from connective tissue components. He. also feels that the bulk of evi-

dence suggests that the basement membrane is of epithelial origin (51).

Dermis.
a) General:

The dermis is composed of twoc layers: an outer, loose region
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(stratum spongiosum) and a deeper, more deﬂse region (stratum compactum)
L9d; 138Y.

The loose connective tissue region begins just below the basement
membrane and is the thicker of the two layers. This zone contains the
scales, collagen, fibroblasts, chromatophores, and some blood vessels.

Just beneath this scale-containing layer the collagen becomes more
densely packed. In some species a thin subcutaneous layer, containing
fat cells, is located between the.dense collagenous layer and the still
deeper layer of skeletal muscle. |

b) Collagen and fibroblasts:

Collagen is a large molecular protein complex, abundant through-
“out the animal kiﬁgdom from‘sponges to mammals (75)) This protein is
synthesized primarily by fibroblasts and is a major component in skin,
tendon, cartiiage, and bone (40). Collagen is'probably the most plen-.
tiful protein in the animal kingdom, comprising 25 to 35 percent of
mammalian protein and even larger percentagés'in other phyla (77).

Collageh has been studied extensively by electron microscopy, X-ray
diffraction, chemical analysis, and other techniques (30, 52; 57, 61,
67—69; 75= 78, B7; 148—151,'133, 154, 158, 159, 173, 191, 224). The wide
angle x-ray diffraction pattern, which is a reflection of both the intra-
and inter-molecular arrangement of the collaéen protein, is much less
variable than the histologic or elecfron microscopic appearance of the
fibers, and is therefore the best criterion for identification of the
protein (63).

By 1872 it was known that collagen fibers will dissolve reversibly
in acid, reconstituting when the solution is neutralized (76). In 194é

Schmitt et al. demonstrated that both natural collagen and this
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reconstituted form had a 700 R periodicity. It was therefore logical to
assume that the length of thé molecular building blocks was 700 X (76).

Continuing their work, Schmitt, Highberger, and Gross (76) found
that by adding a large, negatively charged molecule (like glycoprotein)
to a dilute acetic acid solution of purified collagen, fibers with 2800 A
spacing were seen. This type fiber was termed "FLS" to indicate that
it was fibrous and had long spacing. By adding ATP to an acid solution
of collagen another form of collagen was produced. This was termed
"SLS" (segmental long spacing) because it did not form long fibers typi-
cal of collagen, but instead formed segments of fiber 2800 R long. From
this information it was proposed that the structural unit for collagen

-was about 2800 R long and under 50 R in diameter. This unit was named
"tropocollagen" (Greek, meaning turning into collagen) (76). Studies
of the thsical properties of collagen solutions, and electron micro-
~scopy of individual fibers, are in agreement with a molecular size of
2800 A by 14 A.

. Based on this information, postulation as to the structure of the
three basic forms of collagen were made. In the native collagen>mole-
cule, tropocollagen molecules are lined up in the same direction and
overlap by about one-fourth their length, establishing the observed
periodicity of about 700 R. In the FLS form the molecules are parallel,
but not facing the same direction, and not overlapped; therefore, fi-
bers form with 2800 R periodicity. In the SLS form the molecules are
again parallel, but are all facing the same direction. Because the
'heads” of one gréup of molecules do not attach to the '"tails" of another,

fibers are not formed (76).
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Work on the ultrastructure of bone suggests that spaces of "hole
zones' may exist between the tail of one molecule and the head of the
next within the native collagen fiber (62-64). Glimcher and Krane show
that the hydroxyapatite crystals, which form the calcified matrix for
‘bone, may be primarily located in these "hole zones" (64).

The organization of the amino acids within the tropocollagen mole-
cule was studied originally by Ramachandran in 1956 (171) and later by
Rich and Crick (170, 171). Rich and Crick now feel that tropocollagen
is formed by three protein chains in a helical arrangement--therefore
a triple helix (171).

Studies of amino acid composition have shown that all collagens
studied to date contain 30 * 5 percent glycine and up to 25 percent
proline plus hydroxyproline (76). Studies on various tissues from
teleost fishes agree with this ratio (149-151).

The fact that collagen fibers are extracellular and can be precipi-
tated from a cell-free system (76, 77) does not solve the problems of
how tropocollagen is produced, how it is released from the cell, how it
forms collagen fibers im vivo, or how the fibers are oriented within
the tissue.

It is proposed that the tropocollagen molecule is produced by the
rough endoplasmic reticulum and transpdrted via vesicular elements of
granular endoplasmic reticulum to the cell surface. The membranes of
the vesicles are believed to fuse with the cell membrane and discharge
the tropocollagen into the extracellular space (52, 67, 165, 176).
Molecular aggregatioﬁ then occurs at the céll surface by accretion of

monomeric units onto the fibers already present (56, 153, 154, 224).
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The orientation of collagen fiberé within the tissue is discussed
in some detail by Fitton-Jackson (56) and shows the confusion existing
in this area. Porter and Pappas (153) suggested that the direction
adopted by the fibers is nbrmal to an axis of polarity passing through
the centrosome aﬁd the nucleus. Gross (76) feels that collagen mole-
cules may be secreted in a discontinuous or ”pulséd” manner and that
this might help to explain the organization of the fibers within the
tissue.

c¢) Scales:

Scales are the bone-1like supportive structure of fish skin.
There are six kinds ofvfish scales (92):

-(1) The placoid scales found in elasmobranch fibers are analogous
to teeth in having both enamel and dentin-like components (described by
Hertwig in 1874) (92).

(2) The cosmoid scale occurs only in extinct croésopterygian and
extinct dipnoian fishes. It consists of three layers:A an outer layer
of dentin, an intermediaté layer of vascular bone, and an inner layer
of lamellar bone (based on Goodrich, 1870) (92).

(3) The palaeoniscoid scale is found in Polypterus and extinct
palaeoniscoid fishes. It also consists of three layers: an outer layer
of ganoin (a hard, shiny substance secreted by the dermis), an inter-
mediate reduced cosmine layer, and an inner layer of lamellar bone
(based on Goodrich, 1870) (92).

(4) The true ganoid scale of gar pikes and sturgeons is identical
to the palaeoniscoid scale except that the middle cosmine layer is ab-

sent (based on Goodrich, 1870) (92).
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(5) The cycloid scales occur in Holostei, living Dipnoi and many
Teleostei (bony fishes). They are thin and flexible and consist of two
layers: an inner layer of fibrous connective tissue and an outer hard
bony layer (based on Hase, 1907) (92).

(6) The ctenoid scale occurs on about half of the bony fishes
(Teleostei). It is identical to the cycloid scale except that the free,
caudal part is covered with small teeth (hence the name ctenoid) (based
on Hase, 1907) (92).

The teleost scale is a flexible, transiucent, and usually over-
lapping or imbricating structure that is felt to be composed of an inner
fibrillar layer and an outer calcified layer, and to be entirely deriyed
from the mesoderm (3, 92, 138, 155, 174). However, a few authors be-
lieve that part of the scale may be of ectodermal origin (124).

According to current theories, scale-forming cells, called osteo-
blasts (129, 130, 138) or scleroblasts (132, 138), are derived from
mesodermal cells along the lateral line. The mesodermal cells move out
along the collagen bundles (which are arranged at 45° to the lateral
line), forming clusters at major points of intersection of the collagen
bundles. Here they give rise to the scales (56). Older theories sug-
gest that the scales are organized in relation to the underlying myo-
tomes, which are also arranged at 45° to the lateral 1iﬁe (128, 129,
204). Kassner (104) states that the scleroblasts migrate out from the
lateral line along the course of the nerve fibers in this region.

Scale growth continues throughout life by addition of new material
at the edges, cadsing rings analogous to tﬂe annual rings formed as

trees grow (130, 132, 138). The distance between the rings appears to
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be directly related to the nutritional status of the fish so that the
growth rate of the entire fish is proportional to the growth of the
scales and the width of the rings (17, 71, 187).

There is variation in the composition of teleost scales between
species. Scales contain mineral matter varying from 16 to 59 percent
of their dry weight (184). The remaining 41 to 84 percent consists
mainly of two types of protein: collagen and an insoluble albuminoid
called ichthylepidin (72). These two proteins are present in approxi-
mately equal propdrtions (184). Seshaiya et al. (184) studied the
amino acid composition of the ichthylepidin of the scales in six species
of teleosts, and compared his values with those of three other species
studied by other investigators. It was observed that there was rela-
tively little difference between the species studied, and that glycine
(25%), proline (13%), and hydroxyproline (9.7%) predominated, as they'
do in collagen.

Studies on the deposition of collagen and minerals (calcium) in
extracellular locations by fibroblasts (20, 30, 31, 52, 55, 57, 61,
/<00, T¥s I4s 70, T8y 97, 15L; 158, 154, 158159, 167=169; 175 176,
191), chondroblasts (66, 108, 165, 167, 168), osteoblasts (6, 27, 45,
54, 63, 69, 108, 122, 125, 168), odontoblasts and ameloblasts (4, 7,
6, 58, 63, 95, 207, 123, 1234, 126, 135, 139, 157, 163, 164, 181, 197,
209, 225), and cells producing the exoskeleton of crustaceans (200,
201) are described in some detail in various species. There are as yet
no such ultrastructural studies of teleost scales.

d) Pigment cells - chromatophores:

The various colors seen in fish and animals in general are pro-

duced by a special group of pigment-containing cells called chromato-
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phores. These cells are derived from the neural crest tissues of the
embryo and migrate to the superficial region of the dermis, just below
the epidermis (174).

Because chromatophores vary with respect to color, chemical compo-
sition, physical properties, and ultrastructural morphology, and because
they have been studied by numerous investigators,lthe-terminology is
complicated and perhaps confusing. An attempt to clarify this nomen-
clature is presented in Tablé 1. Chromatophores can be divided into
threé main types: 1) melanin-containing cells called melanocytes or
melanophores; 2) lipid-containing cells called lipophores; and 3) cells
contéining crystalline iridescent material and therefore called irido-
phores (also called guanidophores) (8, 58).

1) Melanocytes and melanophores--

According to terminology proposed in 1965 for melanin-
containing cells (58),'the term melanocyte is used for any cell which
produces melanin. Melanophore is used to describe the melanocytes of
poikilothermic vertebrates which differ from mammalian melanocytes in
that their melanin granules are able to aggregate and disperse so as to
cause changes in coloration.

Melanin is a protein complex synthesized from the amino acid tyro-
sine, and is located within cytoplasmic gréﬁules. The granules are
easily visible with the light microscobe, but until the advent of the
electron microscope, little was known aboit their internal morphology.
It is now known that the melanin granule is a specialized organelle which
appears to originate from the granular endoplasmic reticulum and the

. Golgi complex as a vesicle with a unit membrane (58, 113, 183, 218).
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CTABLE 1

DEFINITION OF TERMS USED IN DESCRIBING PIGMENT CELLS

Melanin Granule®:

Melanosome®:

Premelanosome®:

Melanocyte*:

Melanophore#*:

Melanoblast®*:

Lipophore:

Xanthophoref#:

Erythrophore#:

Pterinophore#:

Iridophore#:

Mixed types#:

Xantho-erythrophore#:

Melanin-containing particles seen with light micro-
SCopy.

Melanin-containing organelle seen with electron mi-
croscope. Melanization is complete so organelle

lacks tyrosinase activity.

Melanin-containing organelle during all stages of
maturation -- active tyrosinase system.

Cell that synthesizes melanosomes.

Cell in which aggregation and dispersion of melano-
somes occurs.

Precursor cell of melanocyte or melanophore.

Lipid—containing pigment cell. (Includes xantho-
phores, erythrophores, and pterinophores.)

Yellow colored pigment cell.
Red colored pigment cell.

Pigment cell containing pterinosomes#. (Either yel-

low or red.)

(guanidophore) Pigment cell containing crystalline,
iridescent material.

Found in swordtail, Xiphophorus helleri (a

Xantho-leucophoref:

teleost fish).

Amphibian cell containing both yellow lipid and

Melanolipophoret:

crystalline pigments.

A goldfish xanthophore that develops melanosowﬁ—
like granules under ACTH stimulation.

% Fitzpatrick, Miyamoto, and Ishikawa (58).

# Bagnara (8).

't Loud and Mishima (113).
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Melanin is deposited on ''membranes' or '"coiled filaments'' or '"rods"
within this vesicle. The granule eventually becomes s0 dense that the
internal morphology is obliterated (44, 143). It is proposed that the
term melanosome be applied to this terminal product of melanin syn-
thesis and that the term pre-melanosome be used for all preceding
stages. The term melanin granule is then reserved for any melanin-
containing granule seen with the light microscope (58) (see Table 1).

In mammalian skin, melanin pigment is transferred from melanocytes
into the epidermal cells within the malpighian layer (58). This trans-
fer does not appear to occur in the skin of poikilothermic vertebrates
in which melanophores are found both in the dermis and epidermis (3).

2) Lipophores--
Lipophores or lipid-containing pigment cells can be

grouped according to the color of their pigment granules. Lipophores

appearing yellow are termed xanthophores and red lipophores are termed

erythrophores (8). While most yellow and red pigments are carotenoids,

in recent years high concentrations of pteridines (close relatives of
purines and flavins; containing both pyrmidine and associated pyrazine
rings) (8) have been observed within some yellow and red chromatophores
(8). Matsumato (118) was the first to describe the morphology of a new
granule found in lipophores of the swordtail, Xiphopﬁorus helleri. Be-
cause these granules contain pteridine he called them pterinosomes. He
showed fhat the pterinosome is composed of ten or more concentric mem-
branous spheres or spheroids. Other pterinosome-like granules have been
demonstrated in several amphibian species CS) and in the teleost,

Platichthys stellatus (119).
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Lipophores containing carotinoid material are shown to possess

large membrane-bound inclusions filled with amorphous material and also
smaller vesicles with more electron-dense membranes, in the goldfish,
Carassius auratus (113). These cells are similar to other lipid-
containing, non-pigmented cells described by Fawcett (51). Fawcett (51)
states that lipid-containing cells may vary in their ultrastructural
appearance because of the difficulty in preserving lipids during fixa-
tion and dehydratioh. Unsaturated fatty acid droplets should bé 0Smo-
philic, but this varies with the composition of the lipid. Droplets
should also retain their spherical form, but they are often distorted
and irregular after fixation and dehydration.

3) Iridophore (guanidophore)--

Iridophores are refractile, iridescent pigment cells
which contain crystals of purines arranged in a highly ordered fashion
(8). With reflected light the crystals become brilliantly scintillating,
and appear white to the unaided eye. The cells are readily demonstrated
using polarized light (186). Early studies showed that the crystals
were composed of guanine, and therefore the cells were termed guanido-
phores. However, recent studies in both‘fishes and amphibians have
shown that these cells may contain three different purines: guanine,
hypoxanthine, and adenine. Therefore,‘Bagnara (8) feels'that the term
iridophore is more descriptive and appropriate for this group of cells.

Ultrastructural studies of iridophores in the skin of Hyla (185)
show that the crystals are absent from‘typically fixed and sectioned
material, and that only needle- or plate-like empty spaces or clefts

remain. However, electron-dense material is observed within the
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Melanin is deposited on "membranes' or 'coiled filaments" or ''rods"
within this vesicle. The granule eventually becomes so dense that the
internal morphology is obliterated (44, 143). It is proposed that the
term melanosome be applied to this terminal product of melanin syn-
thesis and that the term pre-melanosome be used for all preceding
stages. The term melanin granule is then reserved for any melanin-
containing granule seen with the light microscope (58) (see Table 1).

In mammalian skin, melanin pigment is transferred from melanocytes
into the epidermai cells within the malpighian layer (58). This trans-
fer does not appear to occur in the skin of poikilothermic vertebrates
in which melanophores are found both in the dermis and epidermis (3).

2) LiEthores-- |
Lipophores or lipid-containing pigment cells can be

grouped according to the color of their pigment granules. Lipophores

appearing yellow are termed xanthophores and red lipophores are termed

erythrophores (8). While most yellow and red pigments are carotenoids,

in recent years high concentrations of pteridines (close relatives of
purines and flavins; containing both pyrmidine and associated pyrazine
rings) (8) have been observed within some yellow and red chromatophores
(8). Matsumato (118) was the first to describe the morphology of a new
granule found in lipophores of the swordtail, Xiphophorus helleri. Be-
cause these granules contain pteridine he called them pterinosomes. He
showed fhat the pterinosome is composed of ten or more concentric mem-
branous spheres or spheroids. Other pterinosbme—like grénules have been
demonstrated in several amphibian species (8) and in the teleost,

Platichthys stellatus (119).
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membrane-bound clefts in thicker sections. It is suggested, therefore,
that the purine material is either physically pushed out, or leached out,
dﬁring thin sectioning.

4) Mixed chromatophores--

Chromatophores containing more than one type of pigment
granule have been described (see Table 1). The origin of naturally |
occurring mixed chromatophores, such as the xantho-erythrophores of am-
phibians, is unknown. However, Loud and Mishima (113) were able to in-
cubate lipophores on xanthic goldfish scales in a solution of ACTH, and
demonstrate the subsequent formation of melanin-like granules within
these cells. The identification of melanin granules was based on ultra-
structural morphology, and on ammoniated silver nitrate stains for

melanin and pre-melanin.

75) Physiology of color change--

The iﬁtracellular meéhanisms and physiologic control of
color change in the skin of cold-blooded vertebrates have been studied
by many auvthers (15, 18, 47, 3, 87, 81, 115, 137, 149, I52, 195, 186,
208). | '

Early studies dealt with the motion of melanin granules within the
cell during color change. At first it was felt that pseudopodia or cell
processes of the melanophores were pulled in when the skin became pale
(91). Later work showed these processes were relatively fixed in posi-
tion, but the granules moved revefsibly between the center and the
periphery of the celis during colqr changes (115). Shanes and Nigrelli
(186) studied the granules in chromatophores that polarize light (irido-

phores) and describe motion similar to that observed in melanophores.
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Falk and Rhodin (47) propose that a basket-like meshwork of fibrils,
80 A diameter, are located in the periphery of the cell. Contraction
and relaxation of this meshwork is responsible for color change. Bikle,
Tilney, and Porter (18) have demonstrated microtubules, having a dia-
meter of 225 X, within melanophores of Fundulus. These microtubules
appear to run parallel té the direction of melanosome movement, sug-
gesting they are somehow related to this movement. At present more work
is needed to solve this problem of granular migration within the cell.

Others have studied the control of color change by nervous and hor-
homonal influences (15, 53, 87, 140, 208). These studies have demon-
strated great species variation in control mechanisms.

In many studies flatfishes have been adapted to various backgrounds.
Sumner (196) shows good responses to changes  in black, white, brown,
and grey-colored background, but no response to changes in reds or yel-
lows. Flatfish adapted to checkerboard backgrounds wifh variable size
of squares arc able to nearly approximate the background (15, 87). How-
ever, blind fish are not able to adapt, indicéting that visual stimuli
‘are involved (137, 140).

6) Chromatophore units--

Bagnara, Taylor,rand Hadley (9) have shown that rapid
color changes in amphibia are due to movement of‘granules within a com-
plex of three different pigment cells that are closely associated. This
cellular corplex consists of a superficial xanthophores, an intermediate
iridophore, and a déeﬁ melahophore. These cells form a morphologically
and functional unit. These workers show the melanosomes concentrated

below the iridocyte in frogs adapted to a light background. With
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adaption to dark backgrounds the melanésomes become concentrated in
cellular processes located more superficially between the xanthophores
and the underlying iridophorg; It is apparent that the gross appearance
of color in animals is dependent upon both the type and the organization
of cells within the skin.

e) Blood vessels and blood cells:

Blood vessels in fish skin predominate in the spongy layer or
stratum spongiosum just deep to the epithelium. In the eel, Anguilla
anguilla, the vessels are more numerousksuperficial to the scales,
whereas in the blenny (Zoarces viviparus) they are located in the re-
gion between the overlapping scales (96).

Ultrastructure studies of the cytoplasm of endothelial cells of
blood vessels reveal numerous vesicles (19, 98, 144, 167, 220).
Jennings et al. (98) have shown in the rat that colloidal particles
of thorium dioxide, and saccharated iron oxide, are tfansported across
the endofhelial cells within the vesicles, and are theﬁ released into
the perivascglar spaces. Rhodin (167) also observed vesicles opening to
the inner and outer surfaces of the endothelial cells. This is consis-
tent with classic theories on pinocytosis (111), and with the apparent
mechanisms of uptake of yolk protein by the oocyte of the mosquito
Aedes aegypti (178).

Also of interest is the observat{on that desmosome-like structures
similar to those seen between epidermal cells are also noted between
adjacent endothelial cells (98, 144, 167).

Studies of the peripheral blood of the goldfish reveal blood cells

- somevwhat similar to those found in mammals (210). The red cells possess
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pyknotic nuclei, but are otherwise similar. Lymphocytes are the most
numerous leukocyte. Neutrophils, eosinophils, basophils, and platelets
are also present. Ultrastructurally these fish cells are similar to
their mammalian counterparf. (Compare Weinreb's study [210] on fish
blood with Bernard and Leplug' study [14] of normal and pathologic

blood cells in the human.)

Larval Skin.

Ultrastructural studies of developing teleost embryos (Fundulus
hetehoclitus) (110, 202) have shown that during cleavage the cells con-
tain only a few poorly developed organelles and are relatively un-
specialized. During the blastula stages ‘the endoplasmic reticulum,
Golgi complex, primary nucleolus, and polyribosomes first appear.

During the gastrula stages the endoplasmic reticulum develops further
and the nucleolus adds a granular component. Desmosomes between ad-
jacent epidermal cells first appear in the mid-gastrula stage. Ecto-
dermal cells in amphibian embryos (Iriturus pyrrhogaster) have also been
studied in some detail (103, 117). Matsumoto (117) believes that a
surface coat may be important for morphogenetic movements in these
embryos. Cloney (36) has demonstrated 50 to 70 A diemeter cytoplasmic
filaments in two tunicates, Amaroucium constellatum and Distaplia
oceidentalis. He feels these may be responsible for cbntraction of epi-
dermal cells during tail resorption.

Relatively little information was found concerning the structure
of larval (post-hatching) skin in any phylum. An early study of epi-
dermal cells in larval amphibia (Amblyostoma opacum and Rana piptens)

was done by Weiss and Ferris (211).



Priegel (153) studied early scale formation in the walleye
(Stizostedion vitreum vitrewn [Mitcheil]). He found that scales first
appeared between the 24 and 29 mm stages and that by 45 mm, scale for-

mation was essentially complete.

22
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MATERIALS AND METHODS

Flathead sole were collected by means of an otter trawl in East
Sound of Orcas Island, as preﬁiously described (214). Fish were aged

by counting the number of translucent rings on the auditory ossicle.

LARVAL STUDIES

Ripe male and female flathead sole were artificially spawned (by
applying gentle pressure to the abdomen) into one-quart jars partially
filled with filtered sea water at 9° C. The water was changed after the
first half hour and daily thereafter. Eggs which were not transparent,
or which did not float, were removed and discarded with each water change.

Hétching occurred in approximately seven to nine days. Attempts
to feed brine shrimp nauplii and sediments of centrifuged sea water
were unsuccessful. The yolk sacs disappeared on about the seventh day
post-hatching, and the larvae died.

It was possible to study and photograph the larvae in the living
state by placing them in a drop of sea water on a‘large glass slide.

A coverslip with a small amount of wax at each corner was placed over
the larva in such a way that movement was paftially, but not completely
restricted.

Larvae were also fixed for light and electron microscopic studies

(see Materials and Methods, page 24).

SCALES AND SCALED SKIN

The scales and scale-bearing skin from both the pigmented (eyed)

and non-pigmented (blind) sides of 1- and 2-year-old fish were studied.
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The scale arrangement was best observea with a dissecting microscope.

Individual scales were obtained by scraping the skin in a caudal
to-cranial direction with a sharp instrument. The scales were then
mounted in glycerine and éxamined under the ﬁicroscope. Strips of skin
measuring approximately 5 x 30 mm were also peeled from formalin-fixed
fish and mounted in glycerine. ‘

Individual scales and sections of scale-bearing skin were decal-
cified in Bouin's fluid éndiembedded in paraffin for histology (see
below). |

Sections of scale-bearing skin measuring 1 x 1 mm or less were
fixed in 1.33% osmium tetroxide, buffered with s-collidine, for electron

--microscopy (114) (sée below). Scales were thin-sectioned by means of

a diamond knife.

LIGHT MICROSCOPIC STUDIES

Tissues for light microscopy were fixed in Bouin's fluid or 10%
formalin and embedded in paraffin. Sections were cut at a thickness of
S p on a model "820" rotary microtome (A. O. Spencer), and stained by
one of the following methods: hematoxylin and eosin, Masson's trichrome,
periodic acid Schiff (PAS), Gridley's reticulum, and orcein stains (5).
A few formalin-fixed specimens were sectiohéd on a cryostat and stained

for neutral fat with sudan IV (112).

ELECTRON MICROSCOPIC STUDIES

Tissues for electron microscopy were fixed in 1.33% 0s0,, buffered

with s-collidine (12) or in Lentz and Trinkaus' fixative (110). The
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blocks, measuring about 1 mm, were embeddéd in Swiss araldite (114) and
polymerized at 60° C in an oven for 3 to 8 days. Thick (1 u) and thin
(50-100 mp) sections were cut on an LKB ultrotome (LKB Instruments,
Inc., Washington, D. C.), equipped with a glass or diamond knife. The
thin sections were mounted on 100- to 150-mesh copper grids coated with
parlodion (Mallinckrodt Chemical Works, New York, New York) and carbon.
Thick (1 u) sections were stained with Mallory's azur II and methylene
blue (172), mounted in Histoclad (Clay-Adams, Inc., New York, New York)
and viewed with a light microscope. The thin sections were triple
stained, first with lead citrate (166)>for 5 min, then with saturated
ﬁranyl acetate for 1 min, and then once again with lead citrate for 8
min. Sections were examined with an RCA EMU-3G electron microscope
operated at 50 KV, or a Phillips EM 200 electron microscope operated at

60 KV.
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RESULTS

Hippoglossoides eZassbdon, the flathead sole, is shown in Figures
1 and 2. This fish is distinguished by 1) uniform grey to olive brown
color (sometimes blotched with dusky brown) on the eyed side, dusky
blotches on the dorsal and anal fins, and white on the blind side;
2) dextral symmetry (eyes on the right hand side); 3) small scales with
ctenoid (tooth edged) scales on the eyed side and cycloid (smooth
edged) scales on the blind side, except on the caudal peduncle, and in
a band on each side of the lateral line. The flathead sole reaches a
length of about 18 inches (46 cm) and can be found from the State of

Washington to the Bering Sea (35).
LARVAL SKIN

Artificiélly spawned and fertilized eggs of the flathead sole,
kept at a water temperature of 9° C,.developed to a two-cell stage in
5 hr, 4-cell stage in 6 1/2 hr, and early blastopore stage in 48 hr.
- Kupffer's vesicle appeared in about 84 hr, and hatching occurred in 160
‘to 216 hr. The newly hatched larva (Figs. 3, 5, 6, and 7) has a large
yolk sac, prominent eye, two otic capsules contéining 3 ossicles each,
heart, primitive gastrointestinal tract, and brain. Numerous pigment
cells or micromelanophores are visible in their subepidermal location
along the body and head and are less numerous on the fins (Figs. 5, 6,
and 7). These micromelanophores have stellate cytoplasmic processes and
. measure approximately 0.07 mm in diameter, as do the micromelanophores
found in adult skin (Fig. 58). The larvae were essentially transparent

except for the pigment cells.
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By 7 days post-hatching the yolk gac had nearly disappeared and the
larvae had grown slightly. The most obvious change, except for the ab-
sence of a yolk sac, was the increase in pigmentation, especiélly within
the eyes (Fig. 2) and in localized spots along the body (not shown).
The above findings indicate fhat development is apparently normal under
the laboratory conditions of the experiment*.

‘Several stages of the developing egg, newly hatched larva, and seven
day post-hatching larva ﬁere fixed for electron microscopy. All larval
sections were taken in the tail region,‘caudal to the anal opening (see

lighﬁ,micrograph, Fig. 8).

a) Squamous Cells,

The epithelium of the newly hatched larva measures from 5 to 8 p in
thickness and usually consists of two cell layers (Figs. 9-12).

The epidermal cells are broad and flat with marked interdigitation
of the membranes between adjacent cells and narrow intercellular spaces.
Terminal bars (zonula occludens) (43) are present between adjacent epi-
thelial cells at their free (external) sﬁrfaces. The intercellular
space of the developing epidermis appears open toward the subepithelial
space (Fig. 10), as it does in the adult fish (Figs. 32 and 23).

Small desmosome-like structures are seen élong the cell margins of
adjacent cells (Figs. 10, 11, and 13).. The desmosome-like structures of

the larva are like those of the adult (Fig. 28) in the following ways:

*Larvae and eggs collected with a 1 meter plankton net were identical
to those raised in the laboratory, again indicating that the development
under laboratory conditions was normal.
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the opposing cell membranes are parallel along the length of the desmo-
some; filamentous material i§ present in the adjacent cytoplasm and does
ﬁot appear to cross the intercellular space; and an electron-dense line
(intermediate line) is observed in the intercellular space. vHowever,
larval and adult desmosbmes differ in the following respects: the larval
desmosomes are shorter on cross-section (smaller in diameterj, less
numerous, and the intercellular space along the course of the larval
desmosome appears proportionately wider than in the adult (compare Fig.
13 and Fig. 28, both at the same magnification). However, measurement
of this space reveals that it is about 250 A in width, and therefore
épproximately the same as adult epidermis in this regard.

The external surfaces of the epithelial cells are essentially flat
with only occasional microvilli. There is no evidence of a mucous coat
or of fine filamentous material along the surface (compare with adult,
Figs. 31 and 32).

Thé most prominent features of these cells are the large amount of
granular endoplasmic reticulum and ribosomes within the cytoplasm and
the absence of zonation (perinuclear and peripheral) which is tyéical of
adult epidermal cells (Figs. 10 and 11). The amount of endoplasmic
reticulum is greater in the deeper cells adjacent to the basement mem-
brane. The ribosomes appear to be in greatest concentration around the
endoplasmic reticulum,-but are numerous throughout the cytoplasm except
in the region just below the surface. This surface region contains
numerous cytoplasmic filaments which appear to be identical to those
described in various species of adult fishes (33, 83, 119, 215). These

filaments are also found within the deeper cell layers; this finding is
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at variance with the observations of McArn in larval starry flounders
(119) (Figs. 11-13). The cyfoplasmic filaments measure approximately
80 X in diameter and appear to be associated with the desmosomes. Mito-
chondria are also present in the cytoplasm (Figs. 9, 10, andv13). A
few smooth-walled vesicles are observed. In Figure 3 one of these
vesicles appears to be opening into the intercellular space. No Golgi
complexes were noted in the sections studied.

The nuclei of the larval epidermal cells are broad and flat, as are
the cells containing them (Fig. 11) and have a rather smooth surface
limited by a nuclear membrane. The material within the nucleus is rela-
fively pale with only a small amount of more electron densé material
around the periphery. No nucleoli weré seen in the sections studied.

During mitosis (Fig. 12) the nuclear membrane is incomplete and
chromosomes appear as electron dense aggregates. The nucleoplasm also
contains numerous small granules of high eiectron density, interpreted
as riboéomes. Microtubuies, measuring approximately 250 A in diameter
and up to 250 mu in length, are numerous. The microtubules probably
represent‘spindle fibers connecting the chromosomes with the centrioles

or extending between the two centrioles (40, 51).

b) Mucous Cells.

e

The larval epidermis, like the adult, contains mucous cells (Fig.
8) which are less numefous than the squamous cells. Morphologically,
the larval mucous cells are identical to those of the adult (compare
Figs. 9 and 12 with Figs. 34-36). Immature or developing mucous cells

contain abundant granular endoplasmic reticulum, well developed Golgi
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complexes, and membrane-bound vesicles containing fine, filamentous
material, interpreted as mucus. The cells also contain typical nuclei

and numerous mitochondria.

c) Dermal-epidermal Junction.

Immediately deep to the epidermis is a space 200 to 300 R wide,
which is limited by a continﬁous line of finely fibrillar appearing
material believed to represent a primitive basement membrane (Figs. 12
and 13) (compare with adult, Fig. 23). Within the space are a few
granules, 150 R in diameter (Fig. 13). These granules are smaller and
less electron dense than similar granules in adult skin (Fig. 23). The
identity of these granules and the larger ones of older skin is uﬁknown.
The basement membrane measures approximately 250 A in thickness and is

thinner and less electron dense than its adult counterpart.

d) Dermis.

The large space deep to the basement ﬁembrane contains loose fibrous
material beiieved to represent collagen. The fibers measure up to 150 R
.in diameter and are most numerous in the region adjacent to>the basement
membrane. In some areas these fibers appear to have aggregated, forming
structures with approximately 600 A periodicity, which is consistent
with the periodicity of collagen (Figs. 10 énd .33

Mesenchymal cells probably representing fibroblasts are located
deep‘to the space.containing the collagen-1like méterial (Figs. 14 énd
15). These cells havé a large nucleus, mitochondria, numerous ribosomes,

and a large amount of granular endoplasmic reticulum.
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The chromatophores are located in.the space between the early col-
lagen and the deeper mesenchymal tissue (Fig. 14). The micromelanophores
have many large homogeneous-appearing, electron-dense granuleé identical
to those of the adult (Figs. 60-62). Some of the smaller granules have
a fine lamellar appearance similar to the granules seen in a cell inter-
preted as an immature melanophore in adult skin (fig.-63) and also
similar to an immature, membrane-bound melanosome in the retinal pigment
epithelium of a human fefus:demonstrated by Fawcett (51). The micro-
melanophores also contain numerous mitochondria, small Golgi complexes,
agranular endoplasmic reticulum, vesicles, and ribosomes. Microtubule-
like structures are‘also seen (Fig. 14)..

Light microscopic examination of newly hatched larvae (Figs. 5-7)
has not demonstrated macromelanophores or iridocytes. However, on sec-
tioning (Fig. 9), one finds a peculiar cell which is composed primarily
of small, membrane-bound empty vesicles. A similar’céll is also seen in
adult skin (Fig. 60)‘and is interpreted as a possible lipophore.

A layer of muscle cells is seen deep to the cells interpreted as
dermal fibroblasts (Figs. 9 and 15). These myoblasts have central
nuclei, numerous large mitochondria, small granules (interpreted as
ribosomes or possibly glycogen), and myofibfils. The myofibrils are
located at the periphery of the cells and éfe composed of numerous myo-
filaments arranged in parallel rows. The filaments are approximately
100 R in diameter (compare with muscle in adult, Fig. 66).

Blood vessels are not seen in the larval skin.
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ADULT SKIN

a) Light Microscopy.

‘The'morphology of the skin of adult flathead sole corresponds to
previous descriptions (83, 138). The skin is composed of three distinct
layers (Fig. 16): 1) an epidermis consisting of stratified squamous
epithelium and mucous cells; 2) an outer portion of thefdermis (stratum
spongiosum) composed of lodsely arranged collagen fibers, scales, and
most of the pigment cells; and 3) a portion of dermis deep to the scales
where the collagen is more dense or compact (stratum compactum). The
web between the fin rays (Figs. 17 and 18) does not contain scales.

Here the dermis consists primarily of dense collagen, pigment cells, and
small blood vessels. The epidermis consists of 5 to 9 layers of ovoid,
polygonal, and squamoid ceils with numerous intercellular bridges. The
number of layers appears to depend upon logation on the fish and the
species (83). Mucous cells in various stages of maturation are inter-
posed between these squamous cells. A few pigment-containing melano-
phores are also seen within the epidermié (Fig. 16). 1In this species

the epidermal cells do not extend down between the scales. This compares
with scales of the lung fish, Lepidosiren (3), but differs from the yel-
low perch, Perca flavescens (138) and the guppy, Lebisteg reticulatus

(83), where the epidermis extends down between the scales.

b) Epidermis - Electron Microscopy.

1) Squamous cells:

As described previously, the epidermis of this species (33,

- 215) and other teleost species (83-85, 119) is composed of mainly two
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cell types: squamous cells and mucous ceils. Unlike the epidermis of
higher vertebrates, there is no evidence of keratinization, cornifica-
tion, or keratohyaline granule formation in the epidermis. However, for
descriptive purposes the epidermis can be divided morphologically into
three squamous cell layers: basal, intermediate, and superficial. The

basal cell layer consists of a single row of ovoid cells adjacent to the

basement membrane. The superficial cell layer is the single layer of

cells at the surface of the epidermis. All cells between these two

layers are termed intermediate cells (Fig. 19).

The squamous cells in all layers are typified by the presence of
numerous intercellular bridges or desmosomes and by the presence of fine
(80 X diameter) cytoplasmic filaments. The cytoplasm of cells in all
layers appears to be separated into two morphologically distinct zomes:
perinuclear zone and peripheral zone. The perinuclear zone contains
most of the cytoplasmic organe}les, including a Golgi complex, mitochon-
dria, agranular endoplasmic reticulum, and some 100 to 150 A particles
interpreted>as free ribosomes (Figs. 20, 26, 27, 30, and 31). The peri-
pheral zone is composed of cytoplasmic filaments and most of the ribo-
somes with only a few mitochondria and agranular vesicles.

The differences noted between the basal cell layer and the more
superficial layer are as follows: the cell.shapé changes from ovoid to
polygonal, and finally to flattened or squamoid at the surface (Fig.
19).. The anount of interdigitation between adjacent cells decreases,
and the number of desﬁosomeé increases (Fig. 19). The nuclei move from
their central location in the basal and intermediate layers to a more

- basal region within the superficial cells. The number of cytoplasmic
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filaments incregses and tends to predominate in the region superficial
to the nucleus (compare Figs. 20, 26, 27, and 30).

“The nuclei in all epidermal layers are generally oval wifh a
slightly irregular outline and d finely granular content. Nucleoli are
composed of electron-dense gfanular material (Figs. 21 and 27). Struc-
tures. interpreted as nuclear porés are seen along'the~nuclear membraﬁe
(Fig} 21) (compare with Merriam's work on the nuclear envelope [120]).

The perinuclear cytbplasm is similar at all levels in the epidermis.
There are prominent Golgi complexes (Fig. 31), mitochondria, smooth
endoﬁlasmic reticulum, and agranular vesicles (Fig. 30). The cytoplasmic
filaments, which predominate in the peripheral zone of the cytoplasm,
‘are much more numerous in the superficial cells. In the superficial
cell layer the‘filaments>are concentrated in a zone just below the epi-
dermal surface (Fig. 30), and appear to be the only cytéplasmic component
- within the short, broad-based microvilli which are found along the epi-
dermal surface (Fig.ISZ). |

There is a suggestion that these cytoplasmic filaments enter the
"cytoplasmic plaque™ (49) or "attachment plaque" (105) region of the
desmosome, making a 180° loop and returning into the deeper cytoplasm
of the same cell. This observation is similar to that of Kelly's (105)
in his work with newt (Taricha torosa) epidermal desmosomes. No cyto-
plasmic filaments are seen crossing be%ween the cells; however, there is
a suggestion that they extend between desmosomes within the same cell
(Fig. 33). Similar observations were made by Singer and Salpeters (188)
and Chapman and Dawson (29) with regard to cytoplasmic filaments in

- larval amphibians. Desmosomes appear identical to those described in
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frog epidermis (49) and newt epidefmis (105) and they appear to have an
intermediate line of elcctroﬁ~dense material (Fig. 33). Although the
cytoplasmic filaments are found within basal cells (cells just super-
ficial to the basement membrane) the cytoplasmic membrane adjacent to
~ the basement membrane lacks hemidesmosome-like structures (Figs. 20,
22-25). The adult epidermal cells are characterized by a minimal
amount of granular endoplasmic reticulum and well developed agranular
endoplasmic reticulum (Figs. 20, 26, 27, and 30).

2) Epidermal surface and intercellular space:

The cell membranes of all the cells consist of a thin con-
tinuous sheet with a total thickness of approximately 80 A. On cross-
section this shéet appears as a'typical three-layered "unit membrane"
with electron-dense outer and inner layers and a relatively electron-
lucent layer between. This is best seen in the terminal bar (zonulae
occludens, Farquhar and Palade [49]) of the superfiéiai céllé (Fig. 32)
where the cell membranes along the surface meet and fuse, suggesting
that the termipal bar forms a continuous band around the superficial
cells. In this region the outer leaflets are fused and form a faint
electron-dense line between the two inner leaflets.

The surface of the superficial cells has short, broadly based
microvilli (approximately 50 w tall and 30 u wide at the base [Fig.
30]1). At high magnification, fine hairs 30 to 50 A in diameter (Fig.
32), are seen adjacent to or protruding from the cell surface. These
are similar to the so-called '"pile or nap'" demonstrated 6n the surface
of toad bladder epithelium, Bufo marinus (32). The presence of micro-

villi and these fine hairs is the usual pattern seen with the
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collidine-buffered osmium fixation used oﬁ these tissues. However, in
one specimen the surface layer is covered by a dense fibrillar coating
(Fig. 31) which is very similar to theAmucous coating described by
Farquhar and Palade (49) on the buter surface of the epidermis of the
leopard frog, Rana pipiens.

The interdigitation between adjacent cells is most marked in thé
basal cell layer (Fig. 19). Lérge intercellular spaces containing
numerous finger-like cytoplasmic processes from adjoining cells are
seen. Terminal bars are only seen at the outer edge of adjacent cells
in the superficial layer.

Agranular vesicles are observed adjacent to the cytoplasmic mem-
branes. In some instances the vesicles appear to be opening into the
intercellular space (Figs. 13 and 31), suggesting that soluble or
particulate material is being transported across the cell surface in one
or both directions. Similar vesicles are sometimes locally abundant at
the inner surface of the basal cells (Fig.'lsl.

3) Mucbus cells:

Mucous cells in larval and adult skin appear morpﬁologically
similar (compare Figs. 9 and 12 with 34-36). Immature mucous cells are
seen in the basal and deep intermediate cell region. Tﬁey are typified
by a large amount of granular endoplasmic réticuium in parallel array
and the presence of mucous droplets within the cytoplasm (Fig. 34).
Mucoﬁs droplets appear as large membrane-bound, agranular vesicles filled
with a fine filamentoﬁs substance, and are usually seen associated with
the Golgi complex. Mitochondria are also quite numerous within these

- cells '{Fig. 35}.
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In more superficial regions of the epidermis these cells are larger
(Fig. 35). The mucous droplets have increased in size, coalesced, and
occupy most of the cytoplasmic space. The other cytoplasmic 6rgane11es,
which are again primarily granular endoplasmic reticulum, appear more
concentrated and electron deﬁse in a ring or sphere around the centrally
located mucous droplets.

At the surface of the epidermis the mucous cells sometimes appear
to be in the process of feléasing their mucus (Figs. 16, 18, and 36).
Mucous cells with discharged mucus are not seen in the epidermis.

The cytoplasmic membrane of the mucous cells lacks microvillous
éonvdlutions and interdigitations. Previous descriptions of mucous
cells in this species (215) and other species (84) describe a lack of
desmosome—likerstructures between the mucous cells and adjacent squamous
cells. However, on close inspection, a few desmosomes are seen (Figs.
34 and 35).

4) Other cell types within the epidermis:

Pigment cells--

Melanophores are the only kind of pigment cell observed in the
epidermis of the flathead sole (Fig. 16). Electron micrographs of mature
epidermal melanophores have not been observed*. However, one cell which

is interpreted as an immature melanophore has been seen within the

*This is probably because epidermal melanophores are rare in the epider-
mis of the fin web. Most of the electron micrographs of the epidermis
were taken from fin web tissue. More recent light micrographs suggest
that epidermal melanophores may be common in the epidermis of the pig-
mented, scale-containing skin.
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epidermis (Fig. 63). Melanophores and other pigment cells are discussed
in greater detail later {pages 43 to 45).

Lymphocytes--

Cells interpreted as lymphocytes are sometimes located within‘
the intercellular spaces between squamous cells in the basal region of
the epidermis (Fig. 22). These cells have a round to oval nucleus with
an irregular nuclear membrane. The nuclear content is of a comparatively
great electron density aﬁd may be coarsely clumped. The cytoplasm of
these cells contains numerous membrane-bound vesicles or inclusions of
varying sizes, some of which contain electron-dense material. The
cytoplasm also contains many fine granules, interpreted as ribosomes,
and a few structures resembling mitochondria (Fig. 22).

Mitochondria-rich cells--

Portions of cells ;ontaining numerous mitochohdria are oc-
casionally observed between epidermal cells of the infermediate layer
(Fig. 29). This cell type may be analogous to similar cells described
in the skin of the leopard frog, Rana pipiens (49). The mitochondria
are large, but are otherwise not unusual (141).

Other cell types such as '"club cells", "granular cells", and
"chloride cells'" described by Henrikson and Matoltsy (85) in the gold-
fish (Carassius), catfish (Corydoras), and‘éel (Anguilla) have not been

seen within the epidermis in numerous skin samples.

c) Dermal-epidermal Junction and Basement Membrane.

The basal cells (Figs. 20, 23-25) are separated from the underlying

epithelial basement membrane by a narrow, electron-lucent space measuring
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approximately 50 mp in width. The basément membrane (49) itself is ap-
proximately 4 times thicker (approximately 200 mp) than the width of
this space, and lies immediately superficial to dermal collagén.

The material of which the basement membrane is composed is homo-
geneous and finely granular dr filamentous in appearance with a smooth,
discrete superficial border (Figs. 23 and 24). Aiong~its basal or def—
mal border, the basement membrane is more irregular and in some cases
strands of the fibrillar material appear to extend down into the
uﬁdeflying dermal collagen (Fig. 24).

The subepidermél space (just superficial to the basement membrane)
appears to connect freely with the intercellular spaces (Fig. 23). The

“subepidermal space, like the intercellular spaces, is relatively
electron—lucent, but contains some finely filamentous material similar
to that seen in the electron-dense basement membrane proper. Electron-
~dense granules measuring approximately 200 A in'diametér are also seen
within the subepidermal space, but are not seen within the intercellu-

lar spaces of the epidermis (Fig. 23).

d) Dermis - Light Microscopy.

In the scale-containing skin (covering most of the body surface),
the dermis can be divided into two morphologically distinct layers:
1) an outer, loose region (stratum spongiosum) and 2) a deeper, dense
region (stratum compactum) (Fig. 16). The scales are located within
the outer loose region. Chromatophores predominate in the zone just
below the basement membrane and superficial to the scales, but they are

found in all regions of the dermis and within the epidermis. Blood
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vessels are seen betwegn the scales in thé stratum spongiosum and deep
to the scales in the stratum compactum.

‘In the fin web (Figs. 17 and 18), which is without scales, the
dermis appears to lack this strafification. Here the collagen fibers
appear rather closely packed except possibly around the blood vessels

located in the central region.

e) Dermis - Electron Microscopy.

1) Collagen:

The morphology of dermal collagén of this species is similar
to that described in other animal phyla. The collagen fibers have the
typical 600 to 700 A periodicity (Figs. 37 and 38), and are organized
into sheets or lamellae, each lamella composed of numerous fibers
oriented in parallel. The fiber axes of adjacent lamellae are approxi-
mately perpendicular to each other, giving the dermis a structure |
ana}ogous to plywood. On cross-section the matrix between the collagen
fibers appears relatively electron-lucent (compare dermal collagen,

Fig. 38, with scale collagen, Fig. 55). In some sections, "micro-
fibrillar" material is seen in the spaces between the collagen fibers
(Figs. 38 and 40). |

Fibroblasts are typified by the presence of large amounts of granu-
lar endoplasmic reticulum within the cytoplasm and by their stellate
or spindle shape with long cytoplasmic processes (Figs. 37-39). These
cells also have numerous agranular vesicles, mitochondria, and a nucleus
that contains homogeneous, pale staining chromatin.

Of interest is the observation that the fibroblasts always appear

to be located between the collagen lamellae and not within the lamellae.
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This means that the collagen fibers on oné side of the cell are running
at approximately 90° to those fibers adjacent to the opposing cell wall
(Figs. 36 and 37).
2) Scale:

By light microscopy the scales are located in the outer loose
connective tissue of the dermis (Figs. 16, 52, and 53). Below this
scale-bearing region is a thick zone of dense, compact collagen over-
lying the muscle. In the flathead sole, layers of loose connective
tissue are disposed between overlapping scales*. Melanophores are the
predominant pigment cell typé and are located mostly in the dermal
fegion superficial to the scales and just beneath the epidermis. Some
pigment cells also occur within the deeper region of the dermis and in
the epidermis.

Cross-sections of portions of two scales are seen in Figure 16.
The caudal, peripheral portion of the scale is represented by the more
Superficial scale in the illustration, while phe deeper scale is sec-
tioned through a more central area. The deeper scale is composed of
two parts: a deeper, dark staining layer which by electronvmicroscopy
is composed of collagen-like material and a more superficial, paler
staining area that appears to be calcified. At the peripheral margins
_ of the scale (upper scale, Fig. 16), the caicifiéd regions appear as
discrete '"tooth-like" structures which may actually be rings of calci-

fication arcund the entire structure.

*In other species the epidermal components extend down between the
scales (83, 132, 138) .
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The bulk of éach scale stains red (as does bone) by the Maséon
trichrome method, while the dermal collagen is blue (Figs. 52 and 53).
Blue staining is also observed in a thin layer along the intefnal sur-
face of each scale. This 51ue-staining region becomes thicker toward
the periphery of the scale aﬁd seems to be similar to the collagen-
containing portion of the scale seen in Figure 16.

Electron micrographs of the scales reveal multiple layers of col-
lagen throughout. The céllégen fibers are embedded in a matrix of
moderate electron density (Fig. 55). The collagen fibers in each layer
are oriented in parallel and possess the usual longitudinal periodicity
with the major period measuring about 6OQ R. The diameter of the col-
lagen fibers varies from 300 to 1100 R. The fibers of each layer,
moreover, are oriented at an angle of approximately 90° to the layers
above and below. Thus, the structure of the scale also has a striking
‘resemblance to plywood.

The deeper layefs>of the scale consist only of collagen fibers em-
bedded in the matrix material. The collagen of the scale (Fig. 55)
differs from dermal céllagen (Fig. 37) in that the fibers are more
tightly packed, the matrix between the fibers is more electron dense,
and cells or cell processes are not seen between the collagen lamellae.

The outer, superficial portion of the'gcale contains electron-
dense, crystal-like structures which abpear identical to hydroxyapatite
cryétals seen in other calcified tissues (Figs. 55 and 56) (6, 55, 167,
181, 197). The hydroxyapatite crystals are numerous in the matrix
between the collagen fibers when the fibers are seen in cross-section

(Fig. 55). However, in longitudinal section (Fig. 56), crystals‘are
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also observed within the collagen fibers. .The crystals are grouped at
600 & periods along the length of the collagen fibers, suggesting that
the hydroxyapatite crystals may be concentrated within "hole zones"
between the tropocollagen molecules as hypothesized by Glimcher, et
al., in his work with reéonstituted bone collagen (63, 64).

Cells which are apparently responsible for scale formation are lo-
cated along the deep and superficial surfaces, and the edges of the
scale (Fig. 54). These cells contain abundant granular endoplasmic
reticulum and are morphologically identical to fibroblasts except that
desmosome-1ike junctions (49) are often observed between them. In a
ﬁarrow zone between the scale-forming cells on the deep surface of the
scale and the scale proper, the collagen fibers are of progressively
increasing diameter in the direction of the interior of the scale (Fig.
54). Unlike‘the othér connective tissue structures of the dermis, the
scale lacks blood vessels and pigment cells. Scale-forming cells are
6bserved only on the surface of the scale,.not in the interior.

At the periphery of the scale the collagen-like fibers lack a
.typical lamellar pattern (Fig. 57). Small calcified areas ére noted
within the region of disorganized collagen fibers.

3) Chromatophores:

Melanophores--

Melanophores are by far the most numerous pigment cells in
this species (#. elassodon). They give the pigmented side of the fish a
brown color. Only a few large macromelanophores (182) (approximately
0.40 mm in diameter) are seen among the numerous micromelanophores

(approximately 0.07 mm in diameter). Incidental observations indicated
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that the color patterns of the fish changed to approximate varying pat-
terns of the bottom within the sea water aquaria in which live fish
were maintained. |

Ultraétructurélly, melanophores are typified by the numerous, homo-
geneous, well circumscribed, electron dehsé melanpsomes within fheir
cytoplasm (Fig. 60). The melanosomes measure approximately 600 mu in
diameter and can be seen with the light microscope. The cytoplasm also
has ﬁitochondria and a lérgé ambunt of smooth endoplasmic reticulum
(Figs. 60-62). Microtubule-like structures which were seen in larval
melanophores are not seen in adult melanophores.

A ce11>interpreted as an immature melanophore is demonstrated with-
in the epidermis (Fig. 63). This cell lacks desmosomal connection with
the adjacent epidermal cells. It contains a large Golgi complex and
numerous agranular vesicles of varying sizes, Some of these vesicles
contain electron-dense material which on close inspection appears to be
organized as thin parallel lines or sheets similar to the developing
melanin granule or premelanosome described by Fawcett (51). These pre-
melanosome—like structures are similar to some of the granules observed
within the larval melanophore (Fig. 14).

Iridophores - guanidophores--

Iridophores (also called guanidobhores), like ﬁelanophéres,
predominate in the oﬁter dermal region.just below the basement membrane
on the pigmented side of flathead sole. In this species iridophores are
scarce on the pigmented or eyed side of the fish, but are numerous on
the "non-pigmented" or blind side. On the blind side the iridophores

appear most numerous deep to the skin in the junction between the muscle
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and the dense dermal collagen. Iridophores have not been seen within
the epidermis in this species. They appear to be absent ih the newly
hatched larva.

Ultrastructurally the iridophores are similar to those described
in other species (8, 185). They contain iridescent, crystalline material
which is arranged in parallel rows within the cytoplasm. During pre-
paration the crystals are leached out of the sectioms, 1éaving spaces
or clefts oriented in parallel arrays within the cytoplasm. Iridophores
possess a Golgi complex, agranular endoplasmic reticulum, and numerous
vesicles of varying sizes.

Lipophores--

Lipophores are not définitely recognized in flathead sole by
light microscopy. However, with the electron microscope, cells inter-
preted as lipophores are observed (adult skin, Fig. 60, and newly
hatched larva, Fig. 9). These cellsvare similar to other lipid-
containing cells in that they contain numerous, large, agranular vesicles
with homogeneous material of varying electron demnsity within these
vesicles (51). Like melanophores they predominate in the outer dermis
just below the basement membrane. They are often observed adjacent fo
melanophores (Fig. 60).

At present, further morphological and biochemical studies of the
different types of lipophores are needed.

~4) Blood vessels and blood cells:

The blood vessels and the blood cells in the fish are similar
to those of other vertebrates (14, 96, 99, 144, 167, 210). Endothelial

~cells (Figs. 65-68) contain numerous agranular vesicles which are
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localized'adjacent to the cell membranes of both luminal and inter-
stitial surfaces. Cytoplasmic filaments measuring 80 A in diameter
ére noted within the cytoplasm (Figs. 67 and 68). Desmosome-like
structures are seen between endothelial cells'(Fig. 68). Thése desmo-
somes are identical to fhose seen between adjacent epidermal cells
(Figs. 28 and 33) and between scale-forming cells (Fig.v54).‘ A thin
basement membrane is observed between the endothelial cells and the
surrounding dermal structures (Fig. 67).

Nucleated red blood cells and leukocytes are observed within the
small blood vessels of the dermis. The cytoplasm of the red cells
(Figs. 65, 78, and 68) is homogeneous, finely granular, of low electron
density. Nuclei are spherical to ovoid in shape, with coarse chromatin
patterns, similar to that seen in developing human red blood cells
(normoblasté) in the bone marrow (226).

Only a few leukocytes of uncertain type were observed. Two leuko-
cytes are demonstrated and described in Figure 65.

5) Muscle:

The muscle of the body wall is located just beneath the dermis
(Fig. 15, larva, and Fig. 66, adult). The ultrastructure is similar to
that described in other species'(2, 13, 41, 51, 80, 156, 188). In the
adult, as compared to the larva, the myofibrils are more numerous and

the mitochondria are smaller and less numerous.
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DISCUSSION

The present work is an electron microscopic study of the skin of
larvél and adult flathead sole, Hippoglossoides elassodon. Scale-free
adult fin web, which has been studied in varibus teleost species (33,
83-85, 119, 215), is compared with the scale-bearing skin of the body
of the fish (22).

it is.clear that teleost skin differs from the skin of amphibians,
birds, and mammals in that both morphologically and biochemically it
lacks any signs of keratinization (23, 34; 83, 119, 215). However, in
other respects teledst skin is very similar to the epidermis of amphi-
bians, described previously by Farqﬁhar and Palade (49). Desmosomes and
complex cellular interdigitations between adjacent cells are common to
both. The intercellular space appears occluded (terminal bar or zonula
occludens [49]) toward the surface of the epidermis, but is otherwise
open and continuous with the subepidermal spacé. Numerous filaments,

80 A in diameter, are seen within the cytoplasm.

In the preseht work the squamous cells at all levels in the epi-
dermis are morphologically very similar, although the number of cyto-
plasmic filaments increases as the cells move from the basal layer toward
the surface, where the cells are eventually exfoliated.

There appears also to be'some species variation in the morphology
of squamous cells in fishes. Cytoplasmic filaments arevfar more abun-
dant in‘the fresh-water species described by Henrikson and Matoltsy (83) -
fhan the same structures are in the instance of the flathead sole. The
question arises as to whether these differences are related to dif-

ferences in the salinity of the surrounding water in marine versus
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fresh-water species. More comparative studies are needed before this
question can be answerea.

The function of cytoplasmic filaments in epidermal cells is at pre-
sent unclear. They are associated with desmosomes and perhaps help to
increase the strength of intercellular attachments. As stated previous-
ly, there is no evidence.that cytoplasmic filaments condense to form
keratohyaline-like structures typical of mammalian squaﬁous cells (116,
177), nor is there any evidence of granule formation such as that seen
in amphibians (49, 143). |

Desmosomal attachments between adjacent squamous cells are common
in the skin of the flathead sole, in contrast to the findings of Hen-
rikson and Matoltsy (83) in the instance of fresh-water teleost species.
These authors described only occasional desmbsomes between squamous
cells.

The teleost desmosomes in this study appear morphologically iden-
tical to those described in other classes of vertebrates: human (88); .
rat and guihea pig (48); Rana, Bufo, Xenopus, Amblyastoma (49); Taricha
‘torosa (105). There is no evidence of morphological variation in the
desmosomes at different levels in the epidermis such as the "modified"
and "composite'" desmosomes descfibed by Farquhar and Palade (49) in the
frog, Rana piptens. Theiobservations are consistent with the lack of
variation in fish skin epithelium and the absence of a cornified layer*.

 Hemi-desmosomes, which are located along the cell membranes at the

base of the epidermis and adjacent to the subepidermal space in the

*"Modified" and "composite' desmosomes are located within cornified,
superficial layers in frog epidermis.
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eel, Anguilla sp. (83); frog, Rana sp.‘(49, 189, 204); newt, Téricha
torosa (105); boa constrictor, Constrictor constrictor (178); and guinea
éig (160). However, for reasons which are unclear, hemidesmosomes are
not‘observed in fresh-water teleosts (83) or in this marine species.

The comparison of desmosomes in the larva (Figure 11) with those of
the adult (Figure 28) suggests that with age the desmosqmes increase‘in
diameter (or length on cross-section). However, the distance between
the outer leaflets along the course of the desmosome appears to be
constant (at‘approximately 250 K) (see page 27 in Results). An inter-
mediate line similar to those described by Farquhar and Palade (49)
and Kelly (105) in amphibian species is seen in both the larval and
adult desmosomes of skin of the present species (Figure 11, larva;
Figure 33, adult).

These findings are consistent with the idea that the epidermis of
teleosts can act as a permeability barrier, carrying out electron trans;
port, and transporting molecules between adjacent cells within the epi-
dermis, as demonstrated in other phyla (11, 43, 50, 102, 206).

The surface of the epidermis typically possesses regularly épaced,
broad-based microvilli, and thin, filamentous strands (measuring 30 to
50 A in diameter and averaging 125 mu in length) are often seen attached
to the outer surface in extracellular locations. These observations
agree with earlier studies of teleost skin (33, 83, 119, 215). Henrikson
and'Matoltsy (83) suggest that these surface filaments may be speciali-
zations of the plasma membrane as suggested by Ito's work on intestinal
microvilli (93-95). The diameter of the surface filaments is approxi-

mately the same as.filaments seen within the mucous cells (Figures 34
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and 35) which suggests that they may bé constituepts of the mucous coat
as suggested by Wellings, Chuinard, and Cooper (215).

It is possible that the short, broad-based microvilli are actually
a fixation artefact causediby shrinkage of the cells during fixation,
or wrinkling of the skin when it is remqved from the fish. Observation
of skin fixed under tension might answer this queétion.

‘Mucous célls in the fish appear to be typical holocrine secretory
cells which discharge their mucous contents at the surface, followed by
cell‘exfoliation and death. The ultrastructure of teleost mucous cells
has been studied previously and is discussed on page 4 of the Introduc-
tion. It is felt that‘mucous cells are derived from basal cells of the
--epidermis (138). Tﬁe most immature fish-mucous cells have been described
as cells containing a large amount of granular endoplasmic reticulum and
a Golgi complex which is apparently responsible for the formation of
-mucous droplets (84, 138). Cells.in transition from baéal cells (con-
taining predominantly cytoplasmic filaments) to immature mucous cells
(containing predominahtly granular endoplasmic retiéulum) have not been
described in fishes. In the present work, the cells which appear to be
the earliest recognizable mucous cells possess abundant mitochondria, as
illustrated in Figure 21.

The idea that 'mitochondria containiﬁgbcells” may represent early
goblet cells (mucous'cellé) has been previously suggested by Peachey and
Rasmussen (145), based on their studies of the epithelial cells of the
urinary bladder of toads. Choi (32), however, interprets the mitochon-
dria-rich cells of toad bladder epithelium as responsible for ionic

transport across the bladder wall.
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The presence of desmosomes between mucous cells and adjacént squa-
mous epithelial cells supporté the suggestion that both of these cell
types arise from a common epithelial precursor. In this species desmo-
somes are also seen between scale-forming cells (Figures 54 and 57) and
between endothelial cells (Figure 68), both of mesodermal origin. In
other species desmosomes have also been described between cells within
bone, tendon, and tooth pulp (45, 73, 7, respectively).i

Although the origin of the epithelial basement membrane remains
controversial, the bulk of the data suggests that this structure is a
product of the epithelial cells (51). The presence in basal cells of
vesicles in cytoplasmic regions»adjacent to the basement membrane sug-
gests that material may be transported from the epithelial cells by a
pinocytotic process. A similar process may occur along the cell mem-
branes between adjacent epithelial cells with the basement membrane-
forming material being deposited into the intercellular space and fhen
moving to the subepithelial space and to the basement membrane.

Observations on the newly hatched larva show the basement membrane
to be faifly well developed with only minimal development of the ad-
jacent dermal collagen. This suggests that the basement membrane is.
fofmed prior to the collagen and may be of epidermal origin. Studies
on wound healing in the frog (212) also suggest that the epidermis and
basement membrane form before the organized collagen lamellae.

The presence of large amounts of granular endoplasmic reticulum in
larval epidermal cells suggests that these cells are actively producing
some type of proteinaceous material for export from the cell. Because

the basement membrane is forming at this time it seems possible that
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protein produced in the granular endoplasﬁic reticulum is being trans-
ported to the cell surface via membrane-bound vesicles, crosses the cell
membrane by a pinocytotic process, and there forms the basement mem-
brane. The apparent reduction of granular endoplasmic reticulum in
adultvepidermal cells adds strength to this hypothesis, but is in no
way confirmatory. |

Electron-dense granules of unknown nature are located in the sub-
epidermal space, between the basal cells and the basement membrane.
These granules are most prominent in adult skin (Figure 23), but are
also present in the larva (Figure 13). An adepidermal globular layer
is described by Kelly (105) in the larval newt, Taricha torosa. This
—~author states that theée granules are lipid-mucopolysaccharide complexes
of obscure function that disappear in the adult newt. In this teleost
species the granules are small in the larva and large in the adult,
suggesting that they may differ fromvsimiiar structures in the newt.

Morphologically, dermal collagen in the fish is similar to collagen
in other phyla (from sponges to mammals [75]).- The collagen fibers have
che typical major periods with 600 to 700 A spacing, and are grouped
into multilamellar arrangements. The fibers within a particular lamella
are parallel, and the fiber axié of each lamella is approximately 90°
out of phase with the lamella immediately above and below it, thus giving
the dermal collagen a structure very similar to plywood.

The fibroblasts contain a large amount of dilated granular endo-
plasmic reticulum and numeréus smooth-walled vesicles. This is in

 agreement with theories that tropocollagen molecules are produced in the

. granular endoplasmic reticulum and are transported to the cell surface
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via vesicular elements (see page 10 of the Introduction).

Perhaps the‘ﬁost intcregfing obserfatién is that the fibroblasts
seem to be located betweeﬁ the dermal lamellae réther than within the
lamellae (Figures 37-39). It fdlloﬁs that the collagen fibefs adjécent

bfo one sufface 6f the fibroblast ére oriénfed at 90° to the collagen
fibers arising froﬁ the épposité cell surface. The fibroblasts may thus
be thought oans polarized, so thatvcollégen fibers deposited on one
side ofrthe cell are 90° ouf of phase with reséecf to the fibers béing
dépositéd on the other side 6f the celi. Scéles are'excepfional inAthat
fibroblasts are not seen between theicoliagéﬁ 1ameilée. In the scale
the fibroblast-like scale-forming cells are only observed along the
edges, not within the scale. | |

The matrix between theAcollégen bundles is relatively electron
lucent, but at higher magnifications éontains finely filamentous ma-
terial. The filameﬁts appeaf to be attached fo the collagen fibers,
and in some casés join dhé collagen fiber to another (Figure 40). It
is Sﬁggested that the funétion of the filaments is to act as attachment
sites and thereby maintain the collagen fibers in parallel orientation
an@ preventing‘them from sliding_along one another. |

While most authors (92, 131, 132, 138) believe that the scale is
of mesodermal origin, and is bone-like in structure, there is some dis-
agreement (124). The present study supports the mesodermal origin and
bone-like structure of teleost écales, and suggests that the scale is
composed of three components: 1) collagen fibers which are produced by
adjacent scale-forming cells previously called scleroblasts or osteo-

blasts; 2) a matrix between the collagen fibers that may be composed of
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the albuminoid material termed "ichthylepidin'; and 3) hydroxyapatite
crystals which are deposited in the matrix between the collagen fibers,
and also within the collagen fibers themselves.

Thé increasing diameter of the collagen fibers in the direction of
the interior of the scale agrees with hypotheses which propose that col-
lagen fibers grow by the accretion of tropocollagen monomers onto the
pre-existing fibers in extracellular locations (154). Such hypotheses
are also supported by other observations that collagen fibers form in
solutions of tropocollagen in cell-free systems (76).

Desmosome-1like structures are common between epidermal cells in
this species (215) and are also seen between the fibroblast—like cells
that appear to form the scales. Others have observed desmosomes between
collagen-producing cells in bone, tendon, and tooth pulp (7, 45, 73).
Desmosomes are not observed in any other type of dermal mesenchymal
cell, including fibroblasts. The significance of the desmosomes between
adjacent scale-forming cells is not clear. Théy may offer greater cell-
to-cell attachment strength as in the epidermis, or they may help main-
tain a permeability barrier requisite to the deposition of.calciUm salts.

Studiés of.tﬁe aﬁino écid composition of ichthylepidiﬁ.by Seshaiya,
Ambuhabai, and Kaiyani (184) suggest that this sﬁbstance may'actuéliy
be rélated to collagén. Eiec?fon microscopy of coilagen—extracted
scales might be expected to clarify the location of the ichthylepidin.

Determinations of the percentage composition of the mineral residues
show that the inorganic portion of teleost scales is principally calcium.
phosphate and calcium carbonate (138). In this regard, Norris, Chavin,

and Lombard (136) observed that scales retain radioactive calcium and
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stroﬂtium up to 22 days. This evidencé shows that the scales do contain
calcium, but does not confirm that thelelectron—dense crystals seen in
Figures 55 and 56 are in fact_hydroxyapatite. Confirmatory x-ray dif-
fraction studies have not been forthcoming to date. In studies on
dentihogenesis, Takuma (197)'noted that calcium salts of teeth are
soluble in the water which is used to process the‘sections for electrbn
microscopy. This may account for the low electron density of the cen-
tral portions of the calcified areas in the scales observed in the
pfesent study (Figures 55 and 56).

‘Scales increasé in size by addition of material in two locations.
The scales increase in diameter by deposition of material at the peri-
-phery and they increase in thickness by addition along the basal and
perhaps the su?erficial surfaces (138). The observation that the col-
lagen in the periphery of the scale is deposited in a random or dis-
organized fashion suggests that growth in diameter may be accomplished
by a different mechanism than the growth in thickness.b Exzept for the
extreme periphery there is no evidence of any disorganization of col-
lagen fibers in the scale, suggesting that some type of reorganization
has occurred. Similar reorganization in connective tissues has been
described following wounding in amphibia (212).

The flathead sole, Hippoglossoides elassodon, appears to have two
or possibly three pigment cell types: .melanophores, iridophores
(guanidophores), and possibly lipophores. The melanophores and cells
interpreted as lipophores are most numerous in the outer portion of the
dermis, superficial to the scales and just deep to the epidermis on the

- pigmented, eye-containing, dorsal side of the fish. Iridophores are
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more numerous on the white, blind, venfral side. Iridophores are lo-
cated in the outer dermis as are the other chromatophores on both sides
of the fish, but on the blind side they appear to be more numerous in
a zone just deep to the dermis between the muscle and the lower dermis.
They are also occasionally séen in the fibrous connective tissue between
muscle bundles. |

At present there are at least two hypotheses for the mechanism of
melaﬁosome aggregation aﬁd diSpersion in teleost fishes. One hypothesis
is based on the presence of a basket—like meshwork of 80 A diameter
fibrils in the melanophores of Lebistes reticulatus (47). Another hypo-
thesis is based on the presence of microtubqles in Fundulus heteroclitus
(18). The apparent lack of cytoplasmic filaments in the peripheral
parts of both larval and adult melanophores suggests that the first
mechanism is not operating in Hippoglossoides elassodon. The second
mechanism is perhaps a possibility because microtubules are seen within

larval melanophores (Figure 14)*.

*Microtubules have been described as a constant finding in non-dividing
cells of many different tissues in various species (10, 18, 25, 42, 146,
180). However, in the present work they have only been observed so far
in the glutaraldehyde-osmium fixed larval cells (dividing epidermal
cells and melanophores). Microtubules have not been seen in adult tis-
sues, unless they are fixed in glutaraldehyde, suggesting that the
microtubules are not preserved by the other fixation methods used in
this study.
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SUMMARY

The normal larval and adult skin of the marine teleost, Hippo- |
gZoséoides elassodon (Pleuronectidae), are dgscribed by light and elec-
tron microscopy. The adult epidermis consists of 5 to 9 layers of cells,
the majority of which are squamous cells and the minority are mucous
cells. The squamous cells are characterized by their morphological
similarity at all cell levels within the epidermis and lack of kera-
tinization. Numerous desmosomes and associated cytoplasmic filaments
are present. The mucous cells accumulate mucous droplets in vacuoles of
Golgi origin and are observed apparently in the process of releasing
their contents at the surface. The larval epidermis is similar to the
adult except that it is gemerally only two cells in thickness and con-
tains a large amount of granular endoplasmic reticulum.

The dermis consists of alternating lamellae composed of typical
collagen fibers. Scales are lbcated-in the superficial loose région of
the dermis and appear to be entirely of mesodermal origin. Morpho-
logically, scales are similar to bone and teeth in that a cellular layer
‘apparently deposits collagen fibers which increase in diameter in extra-
cellular locations. The evidenqe suggests that the matrix between the
fibers becomes more concentrated, finally crystallizing and depositing
material resembling hydroxyapatite between and within the collagen fibers.
Pigment cells are of three types: melanophores, iridophores (guano-

phores), and lipophores.
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LIST OF ABBREVIATIONS

A----Anal opening

B————Brain

BC---Basal cells
BM---Basement membrane
CAL——Calcified portion of scale
Cap—-éapillary
CF---Cytoplasmic filaments
Ch---Chromosomes

CM-—-Cell membrane
Co---Collagen
COL--Collagenous portion of scale
D----Desmosome

DC---Dense connective tissue
DF---Dorsal finfold
E--~--Epidermis
EC---Endothelial cell
ER---Endoplasmic reticulum
F----Fibroblasts

G----Golgi complex
GC---Guanin clefts
H----Heart
HAC--Hydroxyapatite crystals
i----Intermediate line
I----Inclusion

IC---Intermediate cells

IEM--Intraepidermal melanophore
IS---Intercellular space

L--~-Lymphocyte

" LC---Loose connective tissue

Li—-—Lipophoré
m----Mitochondria
M----Melanophore
MC---Mucous cell
MD---Mucous droplets
Mf---Myofibrils

Mt---Microtubules

) Mv---Microvilli

My---Myomeres
N----Nucleus
Nc---Notocord
NM--—Nuciear membrane
NP---Nuclear pore
NT---Neural tube
Nu---Nucleolus
0C---0tic capsule
OD---Outer dermis
P----Cytoplasmic plaque
PF---Pectoral fin
R----Ribosome

RBC--Erythrocyte



S--—2Seale
SC---Superficial cells-
88---Subepidermal space
V—;——Blood vessel
V----Vesicle
VF---Ventral finfold
WBC--Leukocyte
YS---Yolk sac

Z0---Zonula occludens

76



10.

11.

12.
13.

14.

58

REFERENCES

Albright, J. T., and Scobe, Z. Comparative ultrastructure of oral

- epithelium in fish and amphibia. Arch. Oral Biol. 10: 921-928,

1965.

Allen, E. R., and Pepe, F. Ultrastructure of developing muscle

cells in the chick embryo. Am. J. Anat. 116: 115-147, 1965.

Andrew, W. A covering called skin. IN Textbook of Comparative
Histology. WNew York: Oxford University Press, 1959. pp 96-137.

Applebaum, E. Enamel of shark's teeth. J. Dental Res. 21 251+
257, 1942,

Armed Forces Institute of Pathology. Manual of Histologic and
Special Staining Technics. (2nd Ed.) New York: McGraw-Hill
Book Co., Inc., 1960. 207 pp. .

Ascenzi, A., and Beneditti, E. C. An electron microscopic study
of the foetal membranous ossification. Acta Anat. 37: 370-385,
1959.

Avery, J. X., and Han, S. S. The formation of collagen fibrils in
the dental pulp. J. Dental Res. 40: 1248-1261, 1961.

Bagnara, J. T. Cytology and cytophysiology of non-melanophore
pigment cells., Int. Rev. Cytology 20: 173-205, 1966.

Bagnara, J. T., Taylor, J. D., and Hédley, M. E. The dermal
chromatophore unit. J. Cell Biol. 38: 67-79, 1968.

Behnke, 0. A preliminary report on "microtubules" in undif-
ferentiated and differentiated vertebrate cells. J. Ultrastruct.
Res. 11: 139-146, 1964,

Bennett, H. S. The concepts of membrane flow and membrane vesicu-
lation as mechanisms for active transport and ion pumping. J.
Biophys. Biochem. Cytol. 2 (Suppl.): 99-103, 1956,

Bennett, H. 5., and Luft, J. H. S-collidine as a basis for buf-
fering fixatives. J. Biophys. Biochem. Cytol. 6: 113-114, 1959.

Bergman, R. A. Observations on the morphogenesis of rat skeletal
muscle. Bull. Johns Hopkins Hosp. 110: 187-201, 1962.

Bernhard, W., and Leplus, R. Fine Structure of the Normal and
Malignant Human Lymph Node. New York: MacMillan, 1964. 101 pp.



15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25,

26.

27.

28.

59

Bertin, L. Peau et Pigmentation. 1IN Traité de Zoologie (P.-P.
Grassé, ed.). Paris: Masson, 1958. Vol. 13(1), pp 433-458.

Bevelander, G., and Nakahara, H. The formation and mineralization

- of dentin. Anat. Rec. 156: 303-323, 1966.

Bhatia, D. On the production of annual zones in the scales of the
rainbow trout (SALMO IRIDEUS) I. J. Exp. Zool. 59: 45-60, 1931.

Bikle, D., Tilney, L. G., and Porter, K. R. Microtubules and pig-
ment migration in the melanophores of Fundulus heteroclitis.
Protoplasma 61: 322-345, 1966. '

Bloom, W., and Fawcett, D. W. A Textbook of Histology. Phila-
delphia: W. B. Saunders Co., 1968. 858 pp.

Bradburg, S., and Meek, G. A. A study of fibrinogenesis in the
leach, Hirudo medicinalis. Quart. J. Microscop. Sci. 99: 143-
148, 1958.

Brooks, R. E., McArn, G. E., and Wellings, S. R. Ultrastructural
observations on an unidentified cell type found in epidermal tu-
mors of flounders. J. Nat. Cancer Inst. (submitted for publica-
tion).

Brown, G. A., and Wellings, S. R. Collagen formation and calcifi-
cation in teleost scales. Z. Zellforsch. 93: 571-582, 1969.

Burgess, G. H. 0. Absence of keratin in teleost epidermis.
Nature 178: 93-94, 1956,

Burns, J., and Copeland, D. E. Chloride excretion in the head
region of Fundulus heteroclitus. Biol. Bull. 99: 381-385, 1950.

Byers, B., and Porter, K. R. Oriented microtubules in elongating
cells of the developing lens rudiment after induction. Proc. Nat.
Acad. Sci. U. 8. 52: 1091-1099, 1964.

Cahn, P. H., and Shaw, E. The first demonstration of lateral line
cupulae in the Mugiliformes. Copeia 1962(#1): 109-114, April 11,
1962,

Cameron, D. A. The fine structure of osteoblasts in the metaphy-
sis of the tibia of the young rat. J. Biophys. Biochem. Cytol.
9: 583-595, 1961.

Caro, L. G., and Palade, G. E. Protein synthesis, storage, and
discharge in the pancreatic exocrine cell. An autoradiographic
study. J. Cell Biol. 20: 473-495, 1964,



29.

30.

31.

32.

33.

34,

35.

36.

- 37.

38.

39.

40.

41.

60

Chapman, G. B., and Dawson, A. B. Fine structure of the larval
anuran epidermis, with special reference to the figures of Eberth.
J. Biophys. Biochem. Cytol. 10: 425-435, 1961.

Chapman, J. A. Morphological and chemical studies of cbllagen
formation. I..The fine structure of guinea pig granulomata. J.

Biophys. Biochem. Cytol. 9: 639-651, 1961.

Chapman, J. A. Fibroblasts and collagen. Brit. Med. Bull. 18:
233-237, 1962. ' :

Choi, J. K. The fine structure of the urinary bladder of the toad,

. Bufo marinius. J. Cell Biol. 16: 53-72, 1963,

Chuinard, R. G. The natural history and pathology of epidermal
papillomas of flathead sole, Hippoglossoides elassodon, from East
Sound of Orcas Island, Washington. Master's dissertation, Uni-
versity of Oregon Medical School, Portland. 1966.

Chuinard, R. G., Berkson, H., and Wellings, S. R. Surface tumors
of starry flounders and English sole from Puget Sound, Washington.
Fed. Proc. 25: 661, 1966 (abstract).

Clemens, W. A., and Wilby, G. V. Fishes of the Pacific Coast of
Canada. ' Bulletin No. 68. Ottawa, Canada: Fisheries Research

Board of Canada, 1961. pp 185-186.

Cloney, R. A. Cytoplasmic filaments and cell movements: Epidér—

‘mal cells during ascidian metamorphosis. J. Ultrastruct. Res. 14:
300-328, 1966. '

Dean, B. A Bibliography of Fishes. Cambridge, Mass.: The Ameri-
can Museum of Natural History and the University Press, 1916.
(vol. I., 718 pp.)

Dean, B. A Bibliography of Fishes. Cambridge, Mass.: The Ameri-
can Museum of Natural History and the University Press, 1917.
(vol. II, 702 pp.)

Dean, B. A Bibliography of Fishes. Cambridge, Mass.: The Ameri-
can Museum of Natural History and the University Press, 1923,
(vol. III, 707 pp.)

DeRobertis, E. D. P., Nowinski, W. W., and Saez, F. A. Cell
Biology. Philadelphia: W. B. Saurders Co., 1965. 446 pp.

Dessouky, D. A., and Hibbs, R. G. An electron microscope study
of the development of the somatic muscle of the chick embryo.
Am. J. Anat, 116: 523-565, 1965.



42.
s

44,

45.
46.

47.

48,
49.

50.

51

52.

53.

54.

55.

61

De-Thé, G. Cytoplasmic microtubules in different animal cells.
J. Gell Biel. 23: 265-275, 1964.

Dewey, M. M., and Barr, L. A study of the structure and distri-
bution of the nexus. J. Cell Biol. 23: 553-586, 1964.

Drochmans, P. Ultrastructure of melanin granules. 1IN Advances in
Biology of Skin. Vol. VIII. The Pigmentary System (ed. by W.
Montagna and F. Hu). New York: Pergamon Press, 1967. pp 169-
177.

Dudley, H. R., and Spiro, D. The fine structure of bone cells.
J. Biophys. Biochem. Cytol. 11: 627-649, 1961.

Fach, M. Zur Entstehung der Fischschuppe. Z. Anat. Entwicklungs-
geschichte 105: 288-304, 1935.

Falk, S., and Rhodin, J. Mechanism of pigment migration within
teleost melanophores. IN Electron Microscopy. Proceedings of
the Stockholm Conference (ed. by F. S. Sjbstrand and J. Rhodin).
New York: Academic Press, 1956. pp 213-215.

Farquhar, M. G., and Palade, G. E. Junctional complexes in various
epithelia. J. Cell Biol. 17: 375-412, 1963.

Farquhar, M. G., and Palade, G. E. Cell junctions in amphibian
skin. J. Cell Biol. 26: 263-291, 1965.

Farquhar, M. G., and Palade, G. E. Adenosine triphosphatase
localization in amphibian epidermis. J. Cell Biol. 30: 359-379,
1966.

Fawcett, D. W. An Atlas of Fine Structure. The Cell. Its
Organelles and Inclusions. Philadelphia: W. B. Saunders Co.,
1966. 448 pp. ‘

Fernandez-Madrid, F. Biosynthesis of collagen. J. Cell Biol. 33:
27-42, 1967.

Fingerman, M. Chromatophores. Physiol. Rev. 45: 296-339, 1965.

Fitton-Jackson, S. The fine structure of developing bone in the
embryonic fowl. Proc. Roy. Soc. 146B: 270-280, 1957.

Fitton-Jackson, S. Connective tissue cells. IN The Cell (J.
Brachet and A. E. Mirsky, ed.), volume VI. New York: Academic
Press, 1964. pp 387-520.



56.

7

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

62

Fitton-Jackson, S. . The morphogenesis of collagen. IN Treatise on
Collagen (B. S. Gould, ed.), volume 2, part B. New York: Academic
Press, 1968. pp 1-66.

Fitton-Jackson, S., Harkness, S. M., Patridge, S. M., and Tristram,
G. R. Structure and Function of Connective and Skeletal Tissue.
London: Butterworths, 1965. 537 pp.

Fitzpatrick, T. B., Miyamoto, M., and Ishikawa, K. The evolution
of concepts of melanin biology. IN Advances in Biology of Skin.
Volume VIII, The Pigmentary System (ed. by W. Montagna and F. Hu).
Oxford: Pergamon Press, 1967. pp 1-30.

Frank, R. M. Etude au microscope electronique de 1'odontoblaste
et du canalicule dentinaire humain. Arch. Oral Biol. 11: 179-
200, 1966.

Freeman, J. A. Goblet cell fine structure. Anat. Rec. 154: 121--
147, 1966.

Gallop, P. M. Concerning some special structural features of the
collagen molecule. Biophys. J. 4(Suppl.): 79-92, 1964.

Glimcher, M. J. The organization of the inorganic crystals and
organic matrix in bone and dental enamel. Paradont. Acad. Rev.

1: 55-67, 1967.

Glimcher, M. J., Katz, E. P., and Travis, D. F. The solubiliza-
tion and reconstitution of bone collagen. J. Ultrastruct. Res.
13: 163-171, 1965.

Glimcher, M. J., and Krane, S. M. The organization and structure
of bone, and the mechanism of calcification. 1IN Treatise on Col-
lagen (ed. by B. S. Gould), volume 2, part B. New York: Academic
Press, 1968. pp 67-251. '

Glimcher, M. J., Mechanic, G., Bonar, L. C., and Daniel, E. J.
The amino acid composition of the organic matrix of decalcified
fetal bovine dental enamel. J. Biol. Chem. 236: 3210-3213, 1961.

Godman, G. C., and Porter, K. R. Chondrogenesis, studied with the
electron microscope. J. Biophys. Biochem. Cytol. 8: 719-760, 1960.

Goldberg, B., and Green, H. An analysis of collagen secretion by
established mouse fibroblast lines. J. Cell Biol. 22: 227-258,
1964.

Gould, B. S. (ed.). Treatise on Collagen. Volumé 2, Biology of
Collagen, part A. New York: Academic Press, 1968. 434 pp.



69.

70.

71.
72.

73.

p t
75.
76.
7

78.

79.
80.

81.

82.

83.

63

Gould, B. S. (ed.). Treatise on Coliagen, Volume 2, Biology of
Collagen, part B. New York: Academic Press, 1968. 448 pp.

Graupner, H., and Fischer, I. Beitrige zur Kenntnis der Gold-

. fischhaut. Teil I: Allgemeine und Spezielle Histologie. Z.

Mikroskop. Anat. Forsch. 33: 91-142, 1933.

Gray, J., and Setna, S. B. The growth of fish. J. Exp. Biol.
8: 55-62, 1931.

Green, E. H., and Tower, R. W. The organic constituents of the
scales of fish. Bull. U. S. Fish Comm. 21: 97, 1902.

Greenlee, T. K., Jr., and Ross, R. The development of the rat
flexor digital tendon, a fine structure study. J. Ultrastruct.
Res. 18: 354-376, 1967.

Greenlee, T. XK., Jr., Ross, R., and Hartman, J. L. The fine
structure of elastic fibers. J. Cell Biol. 30: 59-71, 1966.

Gross, J. The behavior of collagen units as a model in morpho-
genesis. J. Biophys. Biochem. Cytol., Suppl. 2: 261-274, 1956.

Gross, J. Collagen. Sci. Amer. 204: 121-130, 1961.

Gross, J. Comparative biochemistry of collagen. 1IN Comparative
Biochemistry (M. Florkin and H. S. Mason, eds.), Volume 5, Chap-
ter 4. New York: Academic Press, 1963. pp 307-346.

Hashimoto, K. Fibroblasts, collagen and elastin. 1IN Ultrastruc-
ture of Normal and Abnormal Skin (A. S. Zellickson, ed.), Chapter

-11. Philadelphia: Lea and Febiger, 1967. pp 228-260.

Hay, E. D. The fine structure of nerves in the epidermis of re-
generating salamander limbs. Exp. Cell Res. 19: 299-317, 1960.

Hay, E. D. The fine structure of differentiating muscle in the
salamander tail. Z. Zellforsch. 59: 6-34, 1963.

Hay, E. D. Secretion of a connective tissue protein by developing
epidermis. 1IN The Epidermis (W. Montagna and W. C. Lobitz, Jr.,
eds.). New York: Academic Press, 1964. pp 97-116.

Henrikson, R. C. Incorporation of tritiated thymidine by teleost
epidermal cells. Experientia 23: 357-358, 1967.

Henrikson, R. C., and Matoltsy, A. G. The fine structure of
teleost epidermis. 7I. Introduction and filament-containing cells.
J. Ultrastruct. Res. 21: 194-212, 1968.



84.
85.

86.

87.

88.
89.

90.
91.

92.

93.
94.
95.

96.

97.

64

Henrikson, R. C., and Matoltsy, A. G. The fine structure of

‘teleost epidermis. II. Mucous cells. J. Ultrastruct. Res. 21:

213-221, 1968.

. Henrikson, R. C., and Matoltsy, A. G. The fine structure of

teleost epidermis. IIT. Club cells and other cell types. J.

Ultrastruct. Res. 21: 222-233, 1968.

Herrick, C. J. The organ and sense of taste in fishes. Bull. U.
S. Fish Comm. 22: 237-273, 1902.

Hewer, H. R. Studies in colour changes of fish. II. Analysis of
the colour patterns of the dab. III. Action of nicotin and
adrenalin in the dab. 1IV. Action of caffeine in the dab, and

.+ theory of the control of colour changes in fish. Phil. Trans. Roy.

Soc., London 215: 177-200, 1926.

Hibbs, R. G., and Clark, W. H., Jr. Electron microscope studies
of the human epidermis. The cell boundaries and topography of the
stratum malpighii. J. Biophys. Biochem. Cytol. 6: 71-76, 1959.

Holliday, F. G. T., and Parry, G. Electron microscopic studies of
the acidophil cells in the gills and pseudobranches of fish.
Nature 193: 192, 1962,

Hollmann, K. H. The fine structure of the goblet cells in the
rat intestine. Ann. N. Y. Acad. Sci. 106: 545-554, 1963.

Hooker, D. Ameboid movement in the corial melanophores of Rana.
Amer. J. Anat. 16: 237-250, 1914.

Hyman, L. H. The comparative anatomy of the skin and the exoskele-
ton. IN Comparative Vertebrate Anatomy, Chapter VI. Chicago:
University of Chicago Press, 1962. pp 79-98.

Ito, S., and Winchester, R. J. The fine structure of the gastric
mucosa in the bat. J. Cell Biol. 16: 541-578, 1963.

Ito, S. The surface coating of enteric microvilli. Anat. Rec.
148: 294, 1964.

Ito, S. The enteric surface coat on cat intestinal microvilli.
J. Cell Biol. 27: 475-491, 1965.

Jakubowski, M. Budowa i unaczynienie skéry wegorza (Anguilla
anguilla 1.) i wegorzycy (Zoarces viviparus L.). Acta Biologica
Cracoviensia (Zool.) 3: 1-22, 1960.

Jakus, M. A. Studies on the cornea: I. The fine structure of the
rat cornea. Amer. J. Ophthal. 38 (1, part II): 40-53, 1954.



98.

'99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

65

Jennings, M., and Florey, H. Autoradiographic observations on the
mucous cell of the stomach. Quart. J. Exp. Physiol. 41: 131-152,
1956. ‘

Jennings, M. A., Marchesi, V. T., and Florey, H. The transport of
particles across the walls of small blood vessels. Proc. Roy.
Soc. 156B: 14-19, 1962. :

Jimbo, G., Shibukawa, T., Kobayasi, K., Soda, K., and Kimura, K.
Electron microscopic observation on epidermis of teleost, Salmo
irideus. Bull. Yamaguchi Med. Sch. 10: 49-52, 1963.

Kann, S. Die Histologie der Fischhaut von biologischen gesicht~-
spunkten Betrachtet. Z. Zellforsch. 4: 482-514, 1926.

Kanno, Y., and Loewenstein, W. R. Cell-to-cell passage of large
molecules. Nature 212: 629-630, 1966.

Karasaki, S. Electron microscope studies on cytoplasmic struc-
tures of ectoderm cells of the Triturus embryo during the early
phase of differentiation. Embryologica (Nagoya) 4: 247-272, 1959.

-Kassner, J. The early stages of scale morphogenesis in the rain-

bow trout, Salmo irideus Gibb. Zool. pol. 15: 79-94, 1965.

Kelly, D. E. Fine structure of desmosomes, hemidesmosomes, and an
adepidermal globular layer in developing newt epidermis. J. Cell
Biol. 28: 51-72, 1966.

Kessel, R. G., and Beams, H. W. Electron microscope studies on
the gill filaments of Fundulus hetercelitus from sea water and
fresh water with special reference to the ultrastructural organi-
zation of the "chloride cell". J. Ultrastruct. Res. 6: 77-87,
1962.

Kvam, T. On the development of dentin in fish. J. Dental Res.
32: 280-286, 1953.

Lacroix, P. Bone and cartilage. 1IN The Cell (J. Brachet and A.
E. Mirsky, ed.), volume V. Academic Press: New York, 1964.

PP 219-266.

Lagler, XK. F., Bardach, J. E., and Miller, R. R. Ichthyology.
New York: John Wiley and Sons, Inc., 1962. 545 pp.

Lentz, T. L., and Trinkaus, J. P. A fine structural study of
cytodifferentiation during cleavage, blastula, and gastrula
stages of Fundulus heteroclitus. J. Cell Biol. 32: 121-138, 1967.

Lewis, W. H. Pinccytosis. Bull. Johns Hopkins Hosp. 49: 17-
28, 1931.



112.

113.

114,

115.

116.

117.

118.

119.

120.

121.

122,

123.

124,

125.

66

Lillie, R, D. Histopathologic Technic and Practical Histochemistry.
(3rd edition) WNew York: McGraw-Hill Book Co., 1965. pp 457-458.

Loud, A. V., and Mishima, Y. The induction of melanization in gold-

. fish scales with ACTH, im vitro: Cellular and subcellular changes.

J. Cell Biol. 18: 181-194, 1963.

Luft, J. H. Improvements in epoxy resin embedding methods. J.
Biophys. Biochem. Cytol. 9: 409-414, 1961.

Mathews, S. A. Observations on pigment migration within the fish
melanophore. J. Exp. Zool. 58: 471-486, 1931.

Matoltsy, A. G., and Parakkal, P. F. Membrane-coating granules
of keratinizing epithelia. J. Cell Biol. 24: 297-308, 1965.

Matsumoto, A. Electron microscopic observations on the cytoplas-
mic processes in Triturus embryo in early developmental stages.
J. Electrommicroscopy (Tokyo) 10: 39-43, 1961.

Matsumoto, J. Studies on fine structure and cytochemical proper-
ties of erythrophores in swordtail, Xiphophorus helleri, with
special reference to their pigment granules (pterinosomes). J.
Cell Biol. 27: 493-504, 1965.

McArn, G. E. Natural history and pathology of skin tumors found
on pleuronectids in Bellingham Bay, Washington. Doctoral disser-
tation, University of Oregon Medical School, Portland, 1968.

155 pp.

Merriam, R. W. On the fine structure and composition of the nu-
clear envelope. J. Biophys. Biochem. Cytol. 11: 559-570, 1961.

Montagna, W., and Lobitz, W. C., Jr. (eds.). The Epidermis. New
York: Academic Press, 1964. 649 pp.

Moss, M. L. The biology of acellular teleost bone. Ann. N. Y.
Acad. Sei. 189 337-350, 1%63.

Moss, M. L. Development of cellular dentin and lepidosteal tubules
in the bowfin, Amia calva. Acta Anat. 58: 333-354, 1964,

Moss, M. L., Jones, S. J., and Piez, K. A. Calcified ectodermal
collagen of shark tooth enamel and teleost scale. Science 145:
940-942, 1964.

Moss, M. L. Studies of the cellular bone of teleost fish. V.
Histology and mineral homeostasis of fresh-water species. Acta
Anat. 60: 262-276, 1965.



126.

127.

128.

13e,

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

67

Moss, M. L., and Applebaum, E. The fine fibrillar matrix of marsupial
enamel. Acta Anat. 53: 289-297, 1963.

Mullinger, A. M. The fine structure of ampullary electric recep-

. tors in Amiurus. Proc. Roy. Soc. 160: 345-359, 1964.

Munger, B. The intraepidermal innervation of the snout skin of
the oppossum. J. Cell Biol. 26: 79-97, 1965.

Neave, F. Origin of the teleost scale-pattern and the development
of the teleost scale. Nature 137: 1034-1035, 1936.

Neave, F. The development of the scales of salmo. Trans. Roy.
Soc. Canada 30: 55-72, 1936.

Neave, F. On the histology and regeneration of the teleost scale.
Quart. J. Microscop. Sci. 81: 541-568, 1940.

Nelsen, 0. E. The integumentary system. IN Comparative Embryo-
logy of the Vertebrates. New York: The Blakiston Co., Inc.,
1953. pp 555-595.

Neutra, M., and Leblond, C. P. Synthesis of the carbohydrate of
mucus in the Golgi complex as shown by electron microscope radio-
autography of goblet cells from rats injected with glucose-H3.

J. Cell Biol. 30: 119-136, 1966.

Neutra, M., and Leblond, C. P. The Golgi apparatus. Science 220:
100-107, 1969.

Noble, H. W., Carmichael, A. F., and‘Rankine, D. M. Electron
microscopy of human developing dentine. - Arch. Oral Biol. 7: 395-
399, 1962.

Norris, W. P., Chavin, W., and Lombard, L. S. Studieé of calci-
fication in marine teleost. Ann. N. Y. Acad. Sci. 109: 312-336,
1963.

Odiorne, J. M. Color changes. 1IN The Physiology of Fishes (M.
E. Brown, ed.), Volume 2, Chapter VIII. New York: Academic
Press, 1957. pp 387-401.

Oosten, J. van. Skin and scales. 1IN The Physiology of Fishes
(M. E. Brown, ed.), Volume 1, Chapter V. New York: Academic
Press, 1957. pp 207-244,

Orvig, T. Phylogeny of tooth tissues: Evolution of some cal-
cified tissues in early vertebrates. 1IN Structural and Chemical
Organization of Teeth (A. E. Miles, ed.), Volume I, Chapter II.
New York: Academic Press. pp 45-105.



140.
141.

142.

143.
144,

145.

"146.

147.

148.
149.

150.

151.

152.

68

Osborn, C. M. The physiology of color change in flatfishes. J.
Exp. Zool. 81: 479-508, 1939.

Palade, G. E. An electron microscope study of the mitochondrial

- structures. J. Histochem. Cytochem. 1: 188-211, 1953.

Palade, G. E., Siekevitz, P., and Caro, L. G. Structure, chemis-
try and function of the pancreatic exocrine cell. 1IN Ciba
Foundation Symposium on the Exocrine Pancreas (A. V. S. deReuck and
M. P. Cameron, eds.). Boston: Little, Brown and Co., 1961.

PP 23-66. g

Parakkal, P. F., and Matoltsy, A. G. A study of the fine structure
of the epidermis of Rana pipiens. J. Cell Biol. 20: 85-94, 1964.

Parker, F. An electron microscope study of coronary arteries.
Amer. J. Anat. 103: 247-274, 1958.

Peachey, L. D., and Rasmussen, H. Structure of the toad's uri-
nary bladder as related to its physiology. J. Biophys. Biochem.
Cytol. 10: 529-5533, 1961.

Peters, A., and Vaughn, J. E. Microtubules and filaments in the
axons and astrocytes of early postnatal rat optic nerves. J. Cell
Biol. 32: 113-119, 1967.

Philpott, C. W., and Copeland, D. E. Fine structure of chloride
cells from three species of fundulus. J. Cell Biol. 18: 389-404,
1963. ’

Piez, K. A. Amino acid composition of some calcified proteins.
Science 134: 841-842, 1961.

Piez, K. A. Maturation of collagen. J. Dental Res. 45: 463-468,
1966. : ‘

Piez, K. A., Eigner, E. A., and Lewis, M. S. The chromatographic
separation and amino acid composition of the subunits of several
collagens. Biochemistry 2: 58-66, 1963.

Piez, K. A., and Gross, J. The aminb acid composition of some fish
collagens: The relation between, composition and structure. J.
Biol. Chem. 235: 995-998, 1960.

Porter, K. R. Cytoplasmic microtubules and their functions. 1IN
Principles of Biomolecular Organization (G. E. W. Wolstenholme and
M. O'Connor, eds.). Ciba Foundation Symposium. Boston: Little
Brown and Co., 1966. pp 308-356.



53

154 .

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

69

Porter, K. R., and Pappas, G. D. Collagen formation by fibroblasts’
of the chick embryo dermis. J. Biophys. Biochem. Cytol. 5: 153-
166, 1959.

Porter, K. R., and Vanamee, P. Observations on the formation of
connective tissue fibers. Proc. Soc. Exp. Biol. Med. 71: 513-
516, 1949, .=

Priegel, G. Early scale development in the walleye. Trans. Amer.
Fish. Soc. 93: 199-200, 1964.

Przybylski, R. J., and Blumberg, J. M. Ultrastructural aspects of
myogenesis in the chick. Lab. Invest. 15: 836-863, 1966.

Quigley, M. B. Electron microscopy of the amelodentinal junction
during early development of the molars of hamsters. J. Dental
Res. 38: 558-568, 1959.

Ramachandran, G. N. (ed.). Aspects of Protein Structure. New
York: Academic Press, 1963. 380 pp.

Ramachandran, G. N. (ed.). Treatise on Collagen. Volume I,
Chemistry of Collagen. New York: Academic Press, 1967. 556 pp.

Rauther, M. Einige Beobachtungen iliber die Hautdriissen von
Siluriden. Ber. oberhess. Gesell. Natur. Heilk. Giessen Naturwiss.
Abt. (N.F.) 1: 88-98, 1907.

Reid, E. W. The process of secretion in the skin of the common
eel. Phil. Trans. Roy. Soc. London B185: 319-354, 1894.

Reighard, J. The pearl organs of the American minnows in their
relation to the factors of descent. Science 31: 472, 1910.

Reith, E. J. The early stage of amelogenesis as observed in molar
teeth of young rats. J. Ultrastruct. Res. 17: 503-526, 1967.

Reith, E. J. Collagen formation in developing molar teeth of rats.
J. Ultrastruct. Res. 21: 383-414, 1968.

Revel, J. P., and Hay, E. D. An autoradiographic and electron
microscopic study of collagen synthesis in differentiating carti-
lage. Z. Zellforsch. 6l: 110-144, 1963.

Reynolds, E. S. The use of lead citrate at high pH as an electron-
opaque stain in electron microscopy. J. Cell Biol. 17: 208-212,
1963. ;



167.

168. .

169.

170.

171.

172.

173.

174.

175.

3¥0;

177.

178.

179.

70

Rhodin, J. A. G. Fine structure of vascular walls in mammals
with special reference to smooth muscle component. Physiol. Rev.
42 (Suppl. 5): 48-87, 1962. ‘

Rhodin, J. A. G. An Atlas of Ultrastructure. Philadelphia: W.
B. Saunders, 1963. 227 pp. '

Rhodin, J. A. G. Organization and ultrastructure of connective
tissue. IN The Conmnective Tissue {(B. M. Wagner and D. E. Smith,
eds.), Chapter 1. Baltimore: Williams and Wilkins, 1967. pp 1-
16. : :

Rich, A., and Crick, F. H. C. The structure of collagen. 1IN
Recent Advances in Gelatin and Glue Research (G. Stainsky, ed.).

New York: Pergamon Press, 1958. pp 20-24.

Rich, A., and Crick, F. H. C. The molecular structure of collagen.
J. Mol. Biol. 3: 483-506, 1961.

Richardson, K. G., Jarrett, L., and Finke, E. H. Embedding in

- epoxy resins for ultrathin sectioning in electron microscopy.

Stain Tech. 35: 313-323, 1960.

Robertson, W. V. B. Metabolism of collagen in mammalian tissues.
Biophys. J. 4 (Suppl.): 93-106, 1964.

Romer, A. S. The Vertebrate Body. (2nd ed.) Philadelphia: W.
B. Saunders, 1962. 627 pp.

Ross, R., and Benditt, E. P. Wound healing and collagen formation.
I. Sequential changes in components of guinea pig skin wounds ob-
served in the electron microscope. J. Biophys. Biochem. Cytol.

11: 677-700, 1961.

Ross, R., and Benditt, E. P. Wound healing and collagen formation.
V. Quantitative electron microscope radiocautographic observations
of proline-H3 utilization by fibroblasts. J. Cell Biol. 27: 83-
106, 1965.

Roth, S§. I., and Clark, W. H., Jr. Ultrastructural evidence re-
lated to the mechanism of keratin synthesis. 1IN The Epidermis
(W. Montagna and W. C. Lobitz, Jr., eds.), Chapter XV. New York:
Academic Press, 1964. pp 303-337.

Roth, S. I., and Jones, W. A. The ultrastructure and enzymatic
activity of the boa constrictor (Comstrictor constrictor) skin
during the resting phase. J. Ultrastruct. Res. 18: 304-323, 1967.

Roth, T. F., and Porter, K. R. Yolk protein uptake in the oocyte
of the mosquito Adedes aegypti L. J. Cell Biol. 20: 313-332, 1964.



71

180. Sanborn, E., Koen, P. F., McNabb, J. D., and Moore, E. J. Cyto-
plasmic microtubules in mammalian cells. J. Ultrastruct. Res. 11:
123-138, 1964.

181. Sasso, W. D., and Santos, H. D. Electron microscopy of enamel and
dentin of teeth of the odontaspis (Selachii). J. Dental Res.
40: 49-57, 1961. -

182. Schnakenbeck, W. Vergleichende Untersuchungen idiber die Pigmen-
tierung mariner Fische. Z. Mikroskopischanatomische Forschung
4: 203-289, 1926.

183. Seiji, M. Melanogenesis. IN Ultrastructure of Normal and Abnor-
mal Skin (A. S. Zellickson, ed.), Chapter 9. Philadelphia: Lea
and Febiger, 1967. pp 183-201.

184. Seshaiya, R. V., Ambujabai, P., and Kalyani, M. Amino acid compo-
sition of ichthylepidin from fish scales. IN Aspects of Protein
Structure (G. N. Ramachandran, ed.). New York: Academic Press,
1963. pp 343-356.

185. Setoguti, T. Ultrastructure of guanophores. J. Ultrastruct. Res.
18: 324-332, 1967.

186. Shanes, A. M., and Nigrelli, R. ¥. Chromatophores of fish in po-
larized light. Anat. Rec. 81 (Suppl. 76): 76, 1941.

187. Shentyakova, L. F. Some biological and topographic characteristics
of fish scales. Gidrobiolzh 2: 60-67, 1966.

188. Shimada, Y., Fischman, D. A., and Moscona, A. A. The fine struc-~
ture of embryonic chick skeletal muscle cells differentiated in
vitro. J. Cell Biol. 35: 445-453, 1967.

189. Singer, M., and Salpeter, M. M. The bodies of Eberth and associated

structures in the skin of the frog tadpole. J. Exp. Zool. 147:
1-20, 1961.

190. Snell, R. S. The fate of epidermal desmosomes in mammalian skin.
Z. Zellforsch. 66: 471-487, 1965.

191. Sognnaes, R. F. (ed.). "Calcification in biological systems.
Washington, D. C.: Amer. Ass. Adv. Sci. Publ. No. 64, 1960.

192. Straus, L. P., and Doyle, W. L. Fine structure of the so-called
chloride cells of the gills of the guppy. Am. Zool. 1: 392, 1961. -

193. Studnicka, F. K. Driisenzellen und Cuticulargebilde der Epidermis
von Lepadogaster. Anat. Anz. 29: 132-144, 1906.



194.
195.
196.

197.

198.
199.

200.

201.

202.

203.

204.

205.

206.

72

Studnicka, F. K. Vergleichende Untersuchungen iiber die Epidermis
der Vertebraten. Anat. Hefte 39: 1-268, 1909.

Sumner, F. B. The adjustment of flat-fishes to various back-

. grounds. J. Exp. Zool. 10: 409-505, 1911.

Sumner, F. B. Evidence for the protective value of changeable
coloration in fishes. Amer. Nat. 69: 245-266, 1935.

Takuma, S. Ultrastructure of dentinogenesis. IN Structural
and Chemical Organization of Teeth (A. E. Miles, ed.), Volume I,
New York: Academic Press, 1967. pp 325-370.

Tester, A. L., and Kendall, J. I. Cupulae in shark neuromasts:
Composition, origin, generation. Science 160: 772-774, 1968.

Tozawa, T. Studies on the pearl organ of the goldfish. Anno-
tationes Zool. Japon 10: 253, 1923.

Travis, D. F. Matrix and mineral deposition in skeletal struc-
tures of the decapod crustacea. IN Calcification in Biological
Systems (R.  F. Sognnaes, ed.). Washington, D. C.: Amer. Ass.
Adv. Sci. Publ. 64, 1960. pp 57-116.

Travis, D. F. The deposition of skeletal structures in the crus-
tacea: 5. The histomorphological and histochemical changes
associated with the development and calcification of the branchial
exoskeleton in the crayfish, Orconectes virilis Hagen. Acta
Histochem, 20: 193-222, 1965.

Trinkaus, J. P., and Lentz, T. L. Surface specializations of
Fundulus cells and their relation to cell movements during
gastrulation. J. Cell Biol. 32: 139-153, 1967.

Trujillo-Cendéz, 0. Electron microscope observations on chemo-
and mechano-receptor cells of fishes. Z. Zellforsch. 54: 654~
676, 1961. :

Usuku, G., and Gross, J. Morphologic studies of connective tissue
resorption in the tail fin of metamorphosing bullfrog tadpole.
Develop. Biol. 11: 352-370, 1965.

Virabhadrachari, V. Structural changes in the gills, intestine
and kidney of Etroplus maculatus (Teleostei) adapted to dif-
ferent salinities. Quart. J. Micr. Sc. 102: 361-369, 1961.

Voiite, C. L., and Ussing, H. H. Some morphological aspects of
active sodium transport (the epithelium of the frog skin). J.
Cell Biol. 36: 625-638, 1968.



73

207. Wallen, 0. On the growth structure and developmental physiology
of the scale of fishes. Drottningholm Rep. 38: 385-447, 1957.

208. Waring, H. Color change mechanisms of cold-blooded vertebrates.
. New York: Academic Press, 1963. 266 pp.

209. Watson, M. L., and Avery, J. K. The development of the hamster
lower incisor as observed by electron microscopy. Amer. J. Anat.
95: 109-162, 1954,

210. Weinreb, E. L. Studies on the fine structure of teleost blood
cells. I. Peripheral blood. Anat. Rec. 147: 219-238, 1963.

211. Weiss, P., and Ferris, W. Electron micrograms of larval amphibian
epidermis. Exp. Cell Res. 6: 546-549, 1954,

212. Weiss, P., and Ferris, W. The basement lamella of amphibian skin.
Its reconstruction after wounding. J. Biophys. Biochem. Cytol. 2:
275-282, 1956.

213. Wellings, S. R., Bern, H. A., Nishioka, R. S., and Graham, J. W.
- Epidermal papillomas of the flathead sole, Proc. Amer. Ass.
Cancer Res. 4: 71, 1963 (abstract).

214, Wellings; S. R., Chuinard, R. G., and Bens, M. E. A comparative
study of skin neoplasms in four species of pleuronectld fishes.
Ann. N. Y. Acad. Sci. 126: 479-501, 1965.

215. Wellings, S. R., Chuinard, R. G., and Cooper, R. A. Ultrastruc-
tural studies of normal skin and epidermal papillomas of the
flathead sole, Hippoglossoides elassodon. Z. Zellforsch. 78:
370-387, 1967.

216. Wellings, S. R., Chuinard, R. G., Gourley, R. T., and Cooper, R.
A. Epidermal papillomas in the flathead sole, Hippoglossoides
elassodon, with notes on the occurrence of similar neoplasms in
other pleuronectids. J. Nat. Cancer Inst. 33: 991-1004, 1964,

217. Wellings, S. R., and Philp, J. R. The function of the Golgi ap-
paratus in lactating cells of the BALB/cCrgl mouse. An electron
microscopic and autoradiographic study. Z. Zellforsch. 61: 871~
882, 1964.

218. Wellings, S. R., and Siegel, B. V. Electron microscopic studies
on the subcellular origin and ultrastructure of melanin granules
in mammalian melanomas. Ann. N. Y. Acad. Sci. 100: 548-568, 1963.

219. Wessells, N. X. Differentiation of epidermis and epidermal deri-
vatives. New Eng. J. Med. 227: 21-33, 1967.



220.

221.

222.

223.

224,

225.

226.

74

White, J. G., and Clawson, C. C. Biood cells and blood vessels.,
IN Ultrastructure of Normal and Abnormal Skin (A. S. Zelickson,
ed.), Chapter 12. Philadelphia: Lea and Febiger, 1967. pp 261-
303.

Whitear, M. The innervation of the skin of teleost fishes. Quart.
J. Microscop. Sci. 93: 289-305, 1952.

Whitear, M. Presumed sensory cells in fish epidermis. Nature

208: 703-704, 1965.

Wood, C. A. An Introduction to the Literature of Vertebrate
Zoology. London: Oxford University Press, 1931. 643 pp.

Yardley, J. H., Heaton, M. W., Gaines, L. M., and Shulman, C. F.
Collagen formation by fibroblasts. Preliminary electron micro-
scopic observations using thin sections of tissue cultures. Bull.
Johns Hopkins Hosp. 106: 381-393, 1960.

Young, R. W., and Greulich, R. C. Distinctive autoradiographic
patterns of glycine incorporation in rat enamel and dentine
matrices. Arch. Oral Biol. 8: 509-522, 1963.

Zelickson, A. S. Electron Microscopy of Skin and Mucous Membrane.
Springfield, Illinois: Charles C. Thomas Co., 1963. 173 pp.



77

Figure 1:

Right, eyed or pigmented side of a 2-year-old adult female flathead
sole, Hippoglossoides elassodon.

Figure 2:

Left, blind or non-pigmented side of same fish.
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- Figure 3:

Photomicrographs of living, newly hatched larva of Hippoglossoides
elassodon. Yolk sac (YS).

Livingblarva in sea water; 51X.

Figure 4:

Dorsal view of the head of a living, H. elassodon larva, 7 days
after hatching. Note the marked increase in amount of retinal pigment
as compared with the larva in Figure 1. Otic capsule (0C) contains
three ossicles (arrows). Pectoral fin (PF).

Living larva in sea water, 138X.
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FIGURES 5, 6, AND 7.

Photomicrographs of newly hatched larva as seen in Figure 3. (138X)

Figure 5:

Head region with the braln (B), eye, heart (H), otic capsule (0C)
with ossicles, yolk sac (Y¥S).

Figure 6:

Caudal portion of the gastrointestinal tract and the anal opening
(A). Yolk sac (YS).

Pigure 7:

Dorsal (DF) and ventral (VF) finfolds. Stellate melanophores )
measure approximately 0.07 mm in diameter.
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Figure 8:

Light micrograph of cross section through the tail region of a
newly hatched (1 day) larva. Electron micrographs of larva which follow
are based on this and are similar sections through the tail or trunk
regions. Epidermis (E), mucous cells (MC), neural tube (NT), notocord
(Nc), blood vessels (v), myomeres (My), dorsal (DF) and ventral %)
finfolds. Melanophores (M).

Lentz fixative, araldite embedded, 1 u section stained with
Mallory's azur II and methylene blue (171). 550X.
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Figure 9:

Electron micrograph of the full thickness of body wall in the tail
region of a 1l-day-old H. elassodon larva. The epithelium (top of pic—~
ture) is from 5 to 8 p in thickness and usually consists of two cell
layers with a thin basement membrane (BM) adjacent to the inner cell
membrane. Granular endoplasmic reticulum (ER) and large mitochondria
(m) are prominent features of these cells.

An early mucous cell with two mucous droplets (MD) is seen within
the thicker portion of the epidermis.

Fibrillar and granular prbfiles in the space beneath the basement
membrane may represent early collagen formation (compare with‘Figure 13).

Mesodermal structures, predominantly muscle cells, are located in
the center of the picture. ;

A cell 1nterpreted as a llpophore (Li) is seen in the space deep
to the basement membrane. ; »

Lentz and Trinkaus' fixative, lead citrate and uranyl acetate
_stain. 8340X.
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Figure 10:

Electron micrograph of isolated portion of l-day-old larval epi-
dermis. The epidermis is two cell layers thick. The epidermal cells
are broad and flat with marked interdigitation of the membranes between
adjacent cells. A tight junction (zonula occludens [48]) occurs at the
junction of the intercellular space with the external surface (arrow,
upper left). The intercellular space appears open toward the subepi-
thelial space (arrow, lower right).

The surface of the epithelium (right) lacks microvilli (compare
with Figures 30 to 32). '

Basement membrane (BM), early collagen formation (Co), granular
endoplasmic reticulum (ER), mitochondria (m). e

Lentz and Trinkaus' fixative, lead citrate and uranyl acetate stain.
28,400X.
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F1gure ll

Electron micrograph of newly hatched larva epidermis. The epidermis
is again two cell layers in thickness with the intercellular space (IS)
located jugt deep to the nucleus. Cytoplasmic filaments (CF), approxi-
mately 80 A in diameter, are most numerous just beneath the epidermal
- —surface (upper left), but they are alsoc seen in the deeper cytoplasm
(lower right).

Granular endoplasmic reticulum (ER) and granules interpreted as
ribosomes are prominent. A desmosome-like structure (D) is seen
between adjacent epldermal cells (upper rlght)

The nucleus (N) has an oval or flattened appearance. It has a
smooth nuclear membrane and rather homogeneous nuclear materlal

Lentz and Trlnkaus fixative, lead citrate and uranyl acetate
stain. '69,000X. = 0 EE -
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Figure 12:

Electron micrograph of newly hatched larval epidermis. The outer
surface is seen to the upper left-and the basement membrane is to the
right. The basal cell is in mitosis. Chromosomes (Ch). The nuclgar
membrane (NM) is incomplete. Microtubules (Mt) which measure 250 A
in diameter and over 250 mp in length are seen within the nucleus.
These microtubules are probably spindle fibers. Cytoplasmic filaments
are seen in the dividing basal cell and in the surface, epithelial
cell, ‘ '

Part of a mucous cell containing mucous droplets (MD) and a por-
tion of nucleus (N) is seen in the lower left. ©Note the ribosomes
and mitochondrion (m) within the cytoplasm of the mucous cell.

The basement membrane (BM) is approximately 500 A in thickness
and is less electron dense than in the adult (gompare with Figure 23).
-Small collagen fibers (Co), approximately 150 A in diameter, are lo-
cated in the space beneath the basement membrane.

Lentz and Trinkaus' fixative, lead citrate and uranyl acetate
" stain. 36,100X. ‘
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Figure 13

Electron micrograph of two adjoining cells in the basal portlon
of the epidermis of a newly hatched larva.

The basement membrane (BM) appears composed of fine filaments and
is approximately 250 A thick. The basement membrane is separated from,
the cell membranes by a rather constant space ranging from 200 to 300 A
in width. Within this "subepidermal space" there is a suggestion of the
presence of electron-dense granules.

Structures interpreted as collagen fibers (Co), about 150 X in
diameter are forming adjacent to and deep to the basement membrane.
In some areas the collagen fibers appear organized into structures w1th
orderly bands. The distance between these bands is approximately 600 )
(double arrows).

Marked interdigitation is seen between the epidérmal cells. An
agranular vesicle (V) is seen opening into the intercellular space.
-Desmosome-1ike structure (D); large mitochondria (m), granular endo-
plasmic reticulum (ER) and ribosomes (R).

Lentz and Trinkaus' fixative, lead citrate and uranyl acetate
stain. 69,000X.
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Figure 14:

Electron micrograph of a micromelanophore in the tail region of a
newly hatched larva. The pigment cells are located in the space between
the epidermis (left) and mesenchymal cells (right). The melanophore is
typified by its dark melanin granules of varying size (the largest in
this field measures 650 my in diameter). Many smaller granules have a
“lamellar appearance (arrow). The melanophore also contains small Golgi
complexes (G), large mitochondria (m), numerous smooth-surfaced vesicles
of variable size, and many ribosomes. There is a suggestion of micro-
tubular structures (Mt) within the cytoplasm.

The mesenchymal cell (right) may be an early fibroblast. The
‘nucleus (N) appears rather homogeneous. The cytoplasm has numerous
granules resembling ribosomes and may have a small amount of granular
endoplasmic reticulum (ER).

Lentz and Trinkaus' fixative, lead citrate and uranyl acetate
~stain. 24,400X.






Figure 15:

Electron micrograph of the muscle layer in a newly hatched larva.
The muscle cells appear to have straight boundaries with a narrow
intercellular space (IS). The muscle cell contains numerous large
mitochondria (m) and ribosomes. A nucleus (N) and a small Golgi com-
plex (G, upper right) are seen. Myofibrils (MF) are located within the
cytoplasm. '

- The myofilaments (approximately 100 A in diameter) make up the
fine structure of the myofibrils.

Lentz and Trinkaus' fixative, lead citrate and uranyl acetate
stain. 24,400X.
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Figure 16:

Photomicrograph of araldite-embedded 1 p section of scale-bearing
skin from the pigmented (eyed) side of a 2-year-old (adult) flathead
sole, Hippoglossoides elassodon. The skin surface is to the left.
Starting from the surface and proceeding inward (top to bottom), the
structures seen are as follows: epidermis (E), outer dermis (OD)
containing melanophores (M), scale (S), loose connective tissue (LC)
between scales, scale (S), and dense connective tissue (DC) deep to the
scale-containing region.

Boxes numbered 38, 54, 55, and 56 represent areas similar to those
shown in corresponding Figures 38, 54, 55, and 56.

Mucous cells (MC), dermal melanophores (M), intraepidermal melano-—
phores (IEM), calcified portions of scale (CAL), uncalcified collagenous
portion of scale (COL).

Mallory's azur II and methylene blue stain. 550X.
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Figure 17:

Light micrograph of the skin from the finweb (between the fin rays)
of adult H. elasscdon. The epidermis (light staining tissue) is ap-
proximately 6 cell layers thick and contains one mucous cell (MC).

The dermis (dark staining tissue) is composed of dense collagen with
centrally located blood vessels (v).

In the lower right hand corner are a few cells from the basal epi-
dermis on the other side of the fin web.

1.33% 0s0,-S-collidine fixed, araldite embedded, 1 u section,
Mallory's azur II and methylene blue stain. 1380X.

Figure 18:

Same as Figure 17 except that mucous cells are more numerous. One
is seen discharging its contents at the surface (arrow). Small micro-
villi (Mv) are seen along the epithelial surface.

1380X.
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Figure 19:

An electron micrograph of the full thickness of epidermis from the
fin web of an adult H. elassodon. The basement membrane (BM) and dermal
collagen fibers are seen in the lower right of the picture. Basal cells
(BC), intermediate cells (IC), and superficial cells (SC) are above and
to the left respectively. A mucous cell (MC) is located in the inter—
mediate cell layer.

Note the decrease in the amount of interdigitation and the increase
in the number of desmosomes between adjacent cells as the surface is
approached. Intercellular spaces (IS) are prominent in the regions of
marked interdigitation.

1.33% 0sOy-collidine fixed, lead citrate and uranyl acetate stain.
5470X.
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Figure 20:

Electron micrograph of a basal cell or cell from the stratum
germinativum. The cell membrane (CM) has numerous microvillous con-
volutions which interdigitate with adjacent cells, and a few small
desmosomes (D). The nucleus (N) has an irregular outline. The peri-
nuclear zone of cytoplasm possesses a Golgi complex (G), numerous mito-
chondria (m), smooth-surfaced endoplasmic reticulum, and ribosomes.

The peripheral zone of cytoplasm contains predominantly cytoplas-
mic filaments (CF) and ribosomes with a few vesicles. Basement membrane
(BM), collagen (Co), intercellular space (IS).

1.33% 0s04-S—collidine fixed, léad citrate and uranyl acetate
stain. 17,800X.
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Figure 21:

Electron micrograph of the nucleus of a basal cell. The nucleus
contains a nucleolus (Nu) located in the less dense central portion.
Nuclear material appears more concentrated around the periphery of the
nucleus. There is a prominent space between the nucleus and the cyto-
plasm. Nuclear pores (NP).

The cytoplasmic membrane is seen in the lower left and a vesicle
opens into the intercellular space (arrow).

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 69,000X. ;
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Figure 22:

Electron micrograph of the basal region of the epidermis. Two
adjacent basal cells (BC) are seen along the basement membrane (BM).
Cells interpreted as lymphocytes (L) are located in the intercellular
space between these basal cells. An immature mucous cell with mucous
droplets (MD) is located above the lymphocytes. Mitochondria (m)
are numerous within this cell.

1.337% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 17,300X.
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Figure 23:

Electron micrograph of the dermal-epidermal junction. The base-
ment membrane (BM) separates’ the collagen fibers (Co) in the dermis
from the basal epithelial cells (upper left). The basement membrane is
~ from 400 to 600 mp thick and is separated from the cell membypane of the
basal cells by a rather constant space of approximately 500 A. Within
this space are electron-dense granules measuring approximately 200 )3
in diameter (arrows). The identity of these granules is unknown. The
basement membrane is in close association with the collagen fibers.

1.33% 0s0,-S~collidine fixed, lead citrate and uranyl acetate
stain. 69,000X. ~
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Figure 24:

Electron micrograph of the dermal-epidermal junction. ©Note the
association of the basement membrane (BM) with the collagen fibers

(Co).

The periodicity of the collagen fibers (lower center) is approxi-
mately 600 A. The ¢ross sectjonal diameter of the collagen fibers
varies between 150 A and 700 A.

The cytoplasmic membrane of the basal cell appears to have the
typical trilamellar structure of unit membrane in general (arrow).

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 69,000X. . '
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Figure 25:

Electron micrograph of the dermal-epidermal junction showing
numerous agranular vesicles (V) lined up along the inner surface of
the basal cell membrane. None of the vesicles are seen opening into
the subepidermal space (SS). '

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 30,800X.
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Figure 26:

Electron micrograph of cell from the intermediate region of the
epidermis (region between the basal cells and the superficial cells).
The cell is very similar to those seen in the surface and basal layers
in that the cytoplasmic filaments predominate in the periphery while
the Golgi complexes (G), mitochondria (m), and vesicles are in the
perlnuclear region.

The nucleus (N) has an irregular outline and appears more homo-
geneous than the basal cell nucleus (Figure 21).

Note the lack of desmosomes along the cell border This is an
uncommon flndlng for cells in thls region. '

1.33% 0s04—s -collidine flxed 1ead citrate and uranyl acetate
stain. 39,800X.
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Figure 27:

Electron micrograph of an intermediate cell similar to Figure 26.
Desmosomes (D) are numerous. Interdigitations are present between ad-
jacent cells, but are not as complex as those seen in the deeper layers.

The cytoplasm is again organized into perinuclear and peripheral
zones. The nucleus contains a small nucleolus (Nu) .

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 24,400X. : ‘
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Figure 28:

Electron micrograph of a desmosome (49) or junction complex between
two adjacent cells in the intermediate cell layer.

A "cytoplasmic plaque" (P) (49) is located adjacent to the inner
leaflet of the cell membrane just along the course of the desmosome.
There is a suggestion that cytoplasmic filaments (CF) enter the "plaque"
region, make a 180° turn, and return into the deeper cytoplasm.

No filaments are seen crossing the space between the cell membranes.

Intercellular space (IS).

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 69,000X.
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Figure 29:

Electron micrograph of a "mitochondria rich cell" which is similar
to cells described by Choi (32) and Farquhar and Palade (49) in amphi-
-bian bladder and skin epithelium respectively. This cell is located
in the intermediate cell region of the epidermis. It has a relatively
light staining cytoplasmic matrix which contains numerous large mito—
chondria, a Golgi complex (G), agranular endoplasmic reticulum, and
ribosomes. :

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 69,000X. :
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Figure 30:

Electron micrograph of two cells in the superficial cell layer.
The epithelial surface (right) has short, broad-based microvilli
(MV). The nucleus (N) of each cell has a well-defined nuclear membrane
and is located close to the basal edge of the cell, The cytoplasm is
again divided into a perinuclear region containing most of the organelles
(mitochondria, agranular endoplasmic reticulum, and Golgi complex) and
a peripheral region containing the cytoplasmic filaments. Most of the
cytoplasmic filaments are concentrated above the nuclei of the super-
ficial cells.

Desmosomes (D) are more numerous and the degree of interdigitation
between adJacent cells is less than in deeper layers of the epldermls

1. 33/ 0s0,,~S- collldlne fixed, lead c1trate and uranyl acetate
stain. 19, 3OOX
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Figure 31:

Electron micrograph of two adjacent surface cells. The electron-
dense material on the surface of the microvilli may be a mucous coat
similar to that seen on the surface of frog epithelia (49) (see page
36 of text).

The Golgi complex (G) is large and appears active. The distance
between the membranes of the Golgi cisternae (flattened sacs) appears
to increase toward the surface and break up as smooth, membrane-bound
vesicles (V) are formed.

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 53,800X.
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Figure 32:

Electron micrograph of the junction between two superficial cells.
A typical arrangement of a tight junction or zonula occludens (Z0) and

desmosomes (D) along the intercellular space of adjacent surface cells
(48). : _

Cytoplasmic filaments measuring approximately 80 A in diameter
are seen within the cytoplasm and appear more concentrated within the
microvillio(MV). Note finely filamentous material (measuring approxi-
mately 30 A in diameter) attached to the outer surface of the micro-
villi (arrows). '

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 69,000X.
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Figure 34:

Electron micrograph of an immature mucous cell in the basal region
of the epidermis. Abundant dilated granular endoplasmic reticulum (ER)
is present within the cytoplasm. Mucous droplets (MD) are enclosed in

-smooth~surfaced membranes of probable Golgi origin. A Golgi complex
(G) is in close association with the mucous droplets.
Note desmosome-like structure (D) between mucous cell and adjacent

epithelial cell. Cytoplasmic fibrils are not seen within the mucous
cell. Artefact (arrow).

1.33% 0s0,—S-collidine fixed, lead citrate and uranyl acetate
stain. 22,000X.
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Figure 35:

Electron micrograph of a mature mucous cell in the intermediate
cell region. The cytoplasmic organelles (primarily flattened granular

endoplasmic reticulum) form a dark ring around the centrally located
—mucous droplets,

Occasionally desmosome-like structures (D) appear between mucous
cells and adjacent epithelial cells. There is very little inter-
digitation between mucous cells and adjacent cells.

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 28,400X.
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Figure 36:

Electron micrograph of a mucous cell opening onto the surface and
discharging its contents. The membranes between the mucous droplets

are partly disrupted. The mucus has a fine fibrillar appearance and on
close examination the fibrils seem to branch.

The nucleus (N), granular endoplasmic reticulum (ER) and other
cytoplasmic organelles form a crescent in the periphery of the cell.

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 14,400X. :
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"Figure 37:

Electron micrograph of the dense dermal collagen deep to the scale-
containing layer (stratum compactum). This region is composed of
collagen lamellae containing many collagen fibers oriented.in parallel.

~The fiber axes of adjacent lamellae are approximately perpendicular to’
each other. Fibroblasts (F) are located between the collagen lamellae,

-not within the lamellae. Fibroblasts are typified by their abundant
granular endoplasmic reticulum. Mitochondria and agranular vesicles are
also seen within the cytoplasm. ‘

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 28,900X. o
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Figure 38:

Electron micrograph of collagen lamellae from the dermis beneath
the scale-containing layer (see Figure 16 for localization). Each
lamella contains many collagen fibers oriented in parallel. The fiber
-axes of adjacent lamellae are approximately perpendlcular to each other.
Collagen fibers in cross-section vary from 400 to 900 A in diameter. In
longitudinal section there ig typical collagen periodicity with an in-
terval of approximately 600 A (arrows). Note the cell process from a
nearby fibroblast (F). Fibroblasts lie between the collagen lamellae,
not within the lamellae as seen in Figure 37.

1.33% 0s0,-S-collidine fixed, léad citrate and uranyl acetate
stain. 69,000X.
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Figure_39:

Electron micrograph of the dermis near a scale. In this region
-the lamellae are not so well organized. Note the organization of
fibers around the fibroblast (ceqter). Fibroblast nucleus (N), mito-
chondria (m), granular endoplasmic reticulum (ER), and vesicles (V).

1.33% 0s0,~S-collidine fixed, lead citrate and uranyl acetate
stain. 23,400X.
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Figure 40:

Electron micrograph of loosely arranged collagen in the central
region of a fin web. The lamellar pattern is present, but there is a
greater distance between the fibers within the lamellae. "Filamentous"
material is seen in the matrix between the fibers. The diameter of the
collagen flbers measures approximately 400 A, while the major period is
again 600 p (compare with Figure 38).

1.33% 0s0,-5- collldlne fixed, lead citrate and uranyl acetate
stain. 69,000X. :
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Figure 41:

Photomicrograph of scale-bearing skin from the pigmented (eyed)
side of a 2-year-old H. elassodon. The scales are shown in their
imbricate (overlapping) arrangement with teeth (ctenii) along the
caudal or exposed portions (ctenoid scales). The small black den—
sities are melanophores (arrow).

Fat cells located beneath the scales in the subcutaneous layer
are seen as small circles along the top and bottom of the picture.

Fixed in 10% formalin, unstained, mounted in glycerine. 50X.

‘Fipure 42: \

. Photomicrograph of the scale-bearing skin from the non-pigmented
(blind) side of a 2-year-old H. elassodon. These scales lack the teeth
and are therefore termed cycloid scales. Melanophores appear absent

on this side.

Fixed in 10% formalin, unstained, mounted in glycerine. 80X.
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Figures 43 and 44:

Low power photomicrographs of ctenoid scales removed from pigmented
(eyed) side of a 2-year-old flathead sole, Hippoglossoides elassodon.
The caudal or exposed portion of the scale is to the bottom and contains
five ctenii or "tooth-like" structures. Melancphores (dark, stellate,
~pigment—-containing cells [M]) are seen through the unstained epithelial
layer. The larger, cephalad portion of the scale (top) was beneath
another scale and therefore has no covering of epithelial cells or

melanophores.

Concentric rings are centered closer to the caudal, ctenoid edge of
the scale (bottom) and appear approximately equal distance apart.

Fixed in 107 formalin, unstained, mounted in glycerin. 77X.



a4

), \w\\\\\<§§ = it

W ¢ \\“&\\\ 7 7 .\\\; £ -

N T 7 == 33\ R (el )

| %W,fw_,ég_x_,_,, Vil ,,,,,,M,,@_%%@a_ A

mf..__w_fﬂm%ﬁﬁgﬁ st A @%@%ﬁ% g
W ,%%g%/ﬁ,///%/ FZ Tt h,,gffﬂ/f,/,/%/_///éy////é%, e
Al , Fates AR AT R ,

x .’ " . /
:_9,,,/////,,%,//%/ FINT

R ,U»///V//f S




114

Figure 45:

Photomicrograph of a single cycloid scale scraped from the non-
pigmented (blind) side of a 2-year-old fish. Note the similarity in
shape and organization of the concentric rings as compared with scales
on the pigmented side (Figures 43 dnd 44). Teecth are lacking on the
caudal exposed edge (right). The epidermis covering this portion of
the scale is not obvious because it lacks subepithelial melanophores.

Fixed in 10% formalin, unstained, mounted in glycerine. 45X.

Figure 46:

Same as Figure 45 except that one tooth is present on the caudal
margin of the scale. This is therefore a ctenoid scale. Note the por-
tion of epidermis visible above the tooth (arrow).

Fixed in 10% formalin, unstained, mounted in glycerine. 45X.

Figure 47:

Same as Figure 46 only one scale has two teeth or ctenii.

Fixed in 10% formalin, unstained, mounted in glycerine. 45X.



¢
W, 0t 7 g, i )
' G G, ‘/,7//(,4- Wy, LRI
74 A Fi, . e L
i e i
.(,/'d"”mf/m’f?ﬁ/’fl/!/ap e
ol vt
DN A e, (g
‘f\\f\t'x‘»““l\!‘:‘ﬂ"@ !}\’;\“}\: e \§ Wb
Y DTV AR
\ 4 L I s ‘;\tﬂ?_\«\ o
z v NS

: 3
i %
O :
e
. P :‘ 'AJG'

it

e iy L {’ J} :j
" a?;%%f‘f
#‘;{;‘é‘%‘ﬁ tl'i \::5 f%" RN
e
i

AN by
L
Q>

n ,.:_‘.-{ ,}_rr o =
v TSRS IEPIOT ports IR Y Y
’ e M e LY
: A s
y Pz ‘l‘_. & f (s SR oS i,”-' e
E -4 vln i 75 “,‘r/l:v?ﬂ’h A _‘i Al o -
= 7 Glgpay e ety 1 4 g I
B e S T T I o et o
SN T o

s
e ot

A 4



115

Figure 48:

Photomicrograph of teeth (ctenii) on the caudal edge of a ctenoid
scale. A sheet of epidermal cells covers the teeth in a tent-like
fashion. Subepidermal melanophores are visible as black spots.

Fixed in 107 formalin, without staining, mounted in glycerine.
320%.

Figure 49: \

Lower magnification photomicrograph of the caudal edge of a ctenoid
scale (compare with Figure 48). Subepidermal melanophores are in focus.

Fixed in 107 formalin, unstained, mounted in glycerine. 200X.
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Figure 50:

Photomicrograph of a single "tooth" or prong on a ctenoid scale.
Note the layer of epidermal cells covering the prong.

Fixed in 10% formalin, unstained, mounted in glycerine. 320X.

Figure 51: N

Photomicrograph of the caudal edge of a ctenoid scale on the non-
pigmented (blind) side. (Compare with Figures 45-47.) The base or
attachment site of the prong is seen. Note the lack of melanophores.

Fixed in 10% formalin, unstained, mounted in glycerine. 320X.
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Figure 52:

Photomicrograph of the epidermis and caudal edge of an underlying
scale (S) on the pigmented or eyed side. Parts of two teeth are seen.
The melanophores (pigment cells) (M) are located between the epidermis
and the scale.

Bouin's fixed, hematoxylin and eosin stain. 655X.

Figure 53:

Photomicrograph of the epidermis and caudal edge of underlying
scales (S) on the non-pigmented or blind side. The staining charac-
teristics of the scale change along the periphery (change occurs at
arrow). The tissue between the artefactually separated scales con-
sists of connective tissue elements "(stains blue with Masson's
trichrome).

Bouin's fixed, hematoxylin and eosin stain. 655X.
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Figure 54:

Inner edge of a scale (upper half of picture) and part of two
scale-forming cells (lower half) (see Figure 16 for localization).
“The cells are identical to fibroblasts except that desmosome-like
junctions (D) are noted between the cells. Extracellularly (center),
collagen fibers cut in cross-section are clearly seen to increase in
diameter in the direction of the scale. The bulk of the scale is
composed of closely approximated collagen fibers organized into
jamellae. The fiber axes of adjacent lamellae are approximately per-
pendicular to each other, as in the dermal collagen (Figure 38). Cell
membrane (CM), granular endoplasmic reticulum (ER).

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 54,000X. . = , : ., ,
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Figure 55:

Electron micrograph of calcified portion of scale (upper half of
picture) and non-calcified portion (lower half) (see Figure 16 for
localization). The calcified regions are generally located in the more
superficial portion of the scale. The ,collagen-like fibers (below) show
- typical collagen banding gt about 600 % and a cross-sectional diameter
ranging from 300 to 1100 A The matrix between the collagen fibers
is more electron dense than the matrix between the dermal collagen
fibers (Figure 38) and may represent ichthylepidin. Crystal-like
needles of high electron density, visible just above the center of
the micrograph, are interpreted as hydroxyapatite. The crystals. and
the collagen fibers appear to be partly leachad out at the top of the
photograph

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 107,000X.
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Figure 56:

Electron micrograph of the calcified part of a scale (see Figure
16 for localization). Collagen-like fibers are cut longitudinally
(upper half of picgure). "The fibers have bands with a periodicity of
approximately 600 A. The bands may be composed of hydroxyapatite
crystals laid down in the "hole zomnes" within the collagen fibers as
described by Glimcher and Krane (64). . = y

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. -69,000X. o '
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Figure 57:
Electron micrograph of the inner edge of a scale and its adjacent
scalablast layer near the peripheral margin of the scale. In this
region the collagen-like fibers (Co) lack a typical lamellar pattern.
‘An electron dense border of hydroxyapatite crystals (HAC) is surrounding
the calcified, central region of the scale. This central region ap-
pears to retain the disorganized pattern of the surrounding collagen.

Scalablast nucleus (N), granular endoplasmic reticulum (ER),
desmosome (D), vesicles (V). j - =

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 69,000X%. S : T L i
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Figure 58:

Photomicrograph of scale-containing skin on the pigmented side of
a 2-year-old H. elassodon. Note the numerous stellate pigment cells
or micromelanophores which measure approximately 0.07 mm in diameter.

Fixed in 10% formalin, unstained, mounted in glycerine. 320X.

Figure 59: .

Same as Figure 59 except that both macro- and micromelanophores are
seen. The macromelanophore measures approximately 0.40 mm in diameter
while the micromelanophore (lower right) measures 0.07 mm in diameter.
Micromelanophores are the predominant pigment cell in H. elassodon.

Fixed in 10% formalin, unstained, mounted in glycerine. 320X.
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Figure 60:

Electron micrograph of a melanophore located in the outer dermis
just deep to the basement membrane (BM). Melanosomes (melanin granules)
appear as electron-dense granules. Nucleus (N), agranular endoplasmic
reticulum (ER).

A cell interpreted as a lipophore (Li) is seen adjacent to the
melanophore. This cell contains numerous cytoplasmic inclusions of
varying size and electron density. '

1.33% 0s0y-S-collidine fixed, lead citrate and uranyl acetate
stain. 16,600X. -1
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Figure 61:

Electron micrograph of melanophore processes (containing melano-
somes) within the outer, loose region of the dermis (stratum spongiosum).

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 8,600X.
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Figure 62: ‘

Higher power electron micrograph of melanophore processes in the
loose region of the dermis. The intracytoplasmic melanosomes appear
homogeneous and very electron dense. The melanophore cytoplasm con-
tains numerous small vesicles (V) and a few large omes (V), abundant
granular endoplasmic reticulum (ER) and mitochondria (m). Portions of
fibroblasts (F) are also observed.

1.33% 0sO,~S-collidine fixed, lead citrate and uranyl acetate
stain. 23,400X%.
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Figure 63:

Electron micrograph of cell interpreted as an immature melanophore
within the intermediate cell region of the epidermis. The fine struc-
ture of overlying melanin granules (premelanosomes) can be faintly seen
as thin, parallel, closely apposed lines of electron-dense material
(arrows). A Golgi complex (G), mitochondria (m), and many agranular
vesicles are also present within the cytoplasm. Nucleus (N).

1.33% 0sOy-S-collidine fixed, lead citrate and uranyl acetate
stain. 39,800X. L e v N
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Figure 64:

Electron micrograph of an iridophore, a pigment cell which contains
refractile crystals of predominantly guanin. The guanin crystals are
‘pushed out during sectioning or dissolved, leaving empty spaces Or
clefts (183). Numerous smooth-walled vesicles (V) are located around
the periphery of the cell. : ’

The nucleusb(N) displays an irregular outline. Golgi complex (G,
mitochondria (m), guanin clefts (GC). This cell was located just below
the basement membrane on the non-pigmented (blind) side. :

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain.  24,400X. ' : : il
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Figure 65: -

Electron micrograph of a small blood vessel located within the
dermis and containing one erythrocyte (RBC) and two leukocytes (WBC) .
The endothelial cells (EC) which line the vascular space contain many
agranular vesicles. Nl oW T - . ' A=

The erythrocyte (RBC) has a homogeneous, finely filamentous pale
_cytoplasm and lacks other cytoplasmic organelles (a small Golgi complex
was seen in one cell). The nucleus is circular and contains a large
amount of electron-dense material, giving it a pyknotic appearance.

The leukocytes, of uncertain type (WBC), have numerous smooth-
walled vesicles, mitochondria, and small granules interpreted as ribo-
somes, Some structures interpreted as inclusions (I) are also present.
The nuclei have irregular outlines and the one in the lower left has an
appearance that suggests it might be multilobulated. '

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 24,400X. . = o il -
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Figure 66:

Electron micrograph of a capillary (Cap) within the dermis adjacent
to muscle (lower half of picture). An endothelial cell lining the
capillary contains a nucleus (N) and numerous agranular vesicles (V).

The muscle layer contains many closely approximated myofibrils
(Mf). These myofibrils contain numerous myofilaments (approximately
100 & in diameter). Mitochondria (m) and many electron-dense granules
(measuring approximately 210 A in diameter) interpreted as ribosomes
(R) are located between the myofibrils. =

1.33% 0s0,-S-collidine fixed, lead ciﬁrate and uranyl acetate
stain.  23,400X. : - . :
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Figure 67:

Electron micrograph of a dermal blood vessel containing one whole
erythrocyte and parts of two others. A thin basement membrane is
present between the endothelial cell and the dermal collagen (arrow) .
Cytoplasmic filaments (CF) are seen within the endothelial cell cyto-
plasm. Nucleus (N). 5 ) ’ 5t

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 14,100X. E , : ‘
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Figure 68:

Electron micrograph of the junction of two endothelial cells.
A desmosome-like structure (D) modifies the space between the two
‘cells. Membrane-bound structures containing electron-dense material
are seen within the cell at the upper right (I). - This probably rep-
résents phagocytized material within vesicles (inclusions) .

80 A cytoplasmic filaments (CF), mitochondria (m), erythrocytes
(RBC) . : ' : ‘

1.33% 0s0,-S-collidine fixed, lead citrate and uranyl acetate
stain. 39,800X. ke : ' LY








