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ABSTRACT. The present study evaluated and characterized the different phases of development and the cell types present

in the gill epithelium of embryos, larvae, and fingerlings of guppy (Poecilia vivipara Bloch & Schneider, 1801) specimens

exposed to water with salinity ranging from 0%o to 20%o0. The development of P. vivipara was classified into eight phases.

The yolk was intensely eosinophilic, with glycidic and lipidic components between phases 1 to 7. After the development of

their branchial epithelium, the presence of pavement cells, mitochondria-rich cells, and mucous cells (MCs) was observed.

The understanding of ontogenesis indicates the sequence of cellular origin. Only type IV MCs located in the gill rays was

detected from phase 3 through phase 7. Other types of MCs were observed only when the fingerlings were exposed to

salinity changes and showed to be lectin-reactive, thus indicating that P. vivipara modulates the cellular behavior when

submitted to salinity changes. Exposure to variable saline concentrations did not interfere in the initial development of

guppies. The presence of a yolk sac until the fingerling phase characterized this species as ovoviviparous.
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Poecilia vivipara Bloch & Schneider, 1801, known as gup-
pies, also popularly called “guaru” and “barrigudinho” in Brazil,
are small fish, approximately 4-5 cm long, belonging to a euryhalin
cosmopolitan species originally from the American continent.
The species is found in a variety of aquatic habitats, such as ponds,
lakes, streams, rivers, and estuaries, and lives under different types
of environmental conditions, ranging from freshwater (FW - 0
ppm) to brackish water (BW — 20 ppm) (SaBo1a & Ferri 1987).

Osmoregulatory mechanisms in the gills allow guppies to
adapt to a variety of salinity levels, (Sapoia & Ferrr 1987). Since
the gills are in close contact with the surrounding medium, they
represent one of the principal organs affected by the toxicity of
chemical substances and variations in the water (Araujo et al.
2001). Gills play other roles as well, including respiration, ex-
cretion of nitrogen products, and acid-base status (LAURENT et al.
1985, Macuapo & Fanta 2003, VicLiaNo et al. 2006). The adaptive
capacity of this species to tolerate different levels of salinity is
directly related to mucous cell (MC) hyperplasia in the bran-
chial epithelium, and also to the increased secretory activity of
these cells, which promotes the formation of a superficial pro-
tective layer (SaBoia & Ferri 1987, Sapoia-Morats et al. 1996).

Morphofunctional aspects are intimately related to onto-
genetic processes and permit studying the different phases of

embryonic development of fish following them up to the adult
phase, and are highly important in acquiring global knowledge
on the biology and systematics of fish species. More specifically,
this allows the analysis of ontogenetic changes in morphology,
growth, feeding, behavior, reproduction, and mortality; the ac-
quired knowledge is applicable to taxonomy, aquaculture, self-
ecology, and population dynamics (Nakarant et al. 2001).

Studying guppy development while taking into consider-
ation the embryonic, larval, and fingerling phases, and conse-
quently the diagnosis of the activation and differentiation of bran-
chial epithelium cells, may lead to a better understanding of the
morphophysiological mechanisms that account for the adapta-
tion of this species to different saline concentrations. Research-
ing the ontogenesis of the brachial epithelium of this species, one
of the main targets of pollutants in aquatic environments, may
also present the opportunity to conduct toxicological assessment
of this biomonitor fish species throughout its development.

In the present contribution, we evaluate and characterize
the most important phases that determine changes in origin,
development, and differentiation of cell types that are present
in the branchial epithelium of embryos, larvae, and fingerlings
of specimens of P. vivipara exposed to estuarine and continental
environments.
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MATERIAL AND METHODS

The protocol (126/2008) of this study was approved by
the Medical Research Ethics Committee of Hospital das Clinicas,
Universidade Federal de Goias.

Adult specimens of P. vivipara were collected in streams
located in the municipality of Goidnia (16°35'37"S, 49°16’50”"W)
which form the continental water group. The animals were trans-
ported to the Laboratoério de Comportamento Celular, in Instituto
de Ciéncias Biologicas (ICB), at the Universidade Federal de Goiés
(UFG), where they were kept in two acclimation tanks, each
containing 49.632 L of filtered FW, for 24 hours.

After this period, 20 females at different stages of preg-
nancy were randomly removed from the adaptation tanks, had
their fingerlings collected and were classified as follows: 1) re-
cently fecundated; 2) intermediate stage of pregnancy in rela-
tion to (1) and (3); 3) end of pregnancy, characterized by very
dilated and transparent ventral region allowing the visualiza-
tion of the larvae. The females were individually kept in trans-
parent plastic maternity-tanks containing 1.680 L of FW and
aspects of their behavior (nutrition, swimming, color, and irri-
tability) were monitored to assure their health and welfare and
also to register the time of birth of the fingerlings. The same
monitoring parameters were used to observe the behavior of
the fingerlings.

After birth, the fingerlings were removed from FW, di-
vided into five groups of five fingerlings each, and each group
was exposed to a different salinity regimen (0%o, 5%o, 10%o,
15%0, and 20%o0) for two hours.

A second group of fish was collected in an estuarine en-
vironment, in the Botafogo river estuary, Itamaraca island, state
of Pernambuco, Brazil (7°45’51"S, 34°52’45”W) and kept at the
Departamento de Anatomia, Instituto de Ciéncias Biol6gicas
of the Universidade Federal de Pernambuco (UFPE), in Recife,
state of Pernambuco. Sampling and maintenance procedures
described above were also followed, except for the use of BW.

After birth, the fingerlings were removed from BW, di-
vided into five groups of five fingerlings each, and each group
was exposed to a different salinity regimen (20%o, 15%0, 10%o,
5%o, and 0%o) for two hours.

Each salinity level was achieved using commercial ma-
rine salt (Coralife, USA) for both FW and BW.

All the animals used in this experiment were fed ad libi-
tum with commercial diet (Tetra, Germany) and the environ-
mental conditions were kept as follows: pH 6.9; temperature +
27°C; with a 12-hour light-dark natural cycle; and the level of
ammonia dissolved in the water was 0-0.01 %/L.

In order to collect samples in different phases of devel-
opment, 20 females of each group studied (estuarine and con-
tinental) were euthanized by decapitation (Brasi. 2008) and
their pregnancy stage was evaluated using a stereoscopic mi-
croscope (Metrimpex Hungary/PZO Labrimex). All the embryos
and larvae collected in different stages of development, as well

as the newly-born fingerlings (five specimens for each increas-
ing salinity level and five for each decreasing salinity level)
were fixed by immersion in Karnovsky solution for two hours
(Karnovsky 1965). Three specimens in each phase of develop-
ment (from phase 1 to phase 7) of each salinity level regimen
(20%0, 15%0, 10%o0, 5%o0, and 0%o) were post-fixed in 1% OsO,
for two hours, dehydrated with increasing concentrations of
acetone, critical point-dried with a Blazer CPD 030, mounted
on stubs, coated with gold-palladium using a Blazer SCD 050,
and examined in a JEOL 240 scanning.

The remaining specimens of embryos, larvae and finger-
lings exposed to different salinity regimens were processed us-
ing the conventional histological technique, embedded in
Paraplast (SEM, USA), and 4 pm-thick sections were mounted
on glass slides, stained with Harris haematoxylin and eosin (HE)
or submitted to the following histochemical reactions for the
detection of glycoconjugates: Periodic Acid Schiff (PAS) (McManus
1948); PAS + Acetylation; PAS + Acetylation + Saponification
(Lieue & Furmer 1976); PAS + diastase (Spicer et al. 1967); PAS +
Alcian Blue (AB) (Mowry 1956); AB pH 2.5 and AB pH 0.5 (Lev &
Seicer 1964); AB + Methylation and AB + Methylation + Saponi-
fication (Seicer & LitLie 1959). The histochemical reaction using
a panel of 12 biotinylated lectins (Tab. I) and streptoavidin-per-
oxidase (Dako Co, USA) were performed in the histological sec-
tions employing the technique described by Parraro Jr et al.
(2003). The analyses and photodocumentation were carried out
with an OLYMPUS B071 photomicroscope.

RESULTS

Guppy reproductive behavior

Guppies reproduce by internal fertilization and the anal
fin of the males is modified into a gonopodium to inseminate
the females. Their entire embryonic development takes place
within their mother’s reproductive system. The females give
birth to fingerlings by contraction of the ventral muscles and
this mechanism generates circular movements that allow the
young fish to rapidly reach the free-swimming stage.

In our study, females of the continental water group gave
birth to an average of 12.2 (+0.836) fingerlings, regardless of
salinity. We observed some premature fingerlings and some that
were stillborn or cannibalized right after birth.

Cannibalism of fingerlings was also observed when the
pregnant females were not separated from the other individu-
als of the group. In addition, a number of females had their
ventral region lacerated as a result of cannibalism in the post-
delivery period. We also registered some cases of lepidophagia
affecting the lateral and caudal fins.

Adult P. vivipara individuals adjust to different levels of
salinity. In the present experiment we observed their ability to
survive in water with either increasing or decreasing salinity
levels ranging from 0%o to 20%o right after birth. Both groups
of newly-born fingerlings responded to changes in water salin-
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Table |. Biotinilated lectins and their respective inhibitory sugars.

Lectin common abbreviation Lectin Inhibitory sugar
LTA Lotus tetragonolobus Agglutinin L-a-Fucose
UEA Ulex Europaeus Agglutinin L-a-Fucose
PNA Peanut Agglutinin D-GalNac
WGA Wheat Germ Agglutinin D-GIcNAc
GSL-II Griffonia simplicifolia Lectin Il D-Gal-Nac
RCA Ricinus communis Agglutinin D-Lactose
VVA Vicia vilosa Agglutinin D-Gal Nac
LCA Lens culinaris Agglutinin D-Man
PHA-E4 Phaseolus vulgaris Erythroagglutinin D-Gal-Nac
MAM Maackia amurensis Lectin Sialic acid
Con-A Concanavalin A D-Man

ity with alterations in their cell behavior, which seems to be
directly related to the ability of this species to migrate from
continental to coastal areas and vice-versa.

At the end of the experimental phase, pregnant females
that had not delivered were dissected to verify the embryo and
larval stages. We observed several distinct ontogenetic stages
in P. vivipara.

Mesoscopic aspects of the ontogeny

In order to understand the ontogeny of P. vivipara, we
classified the development of this species in eight different
stages, taking into consideration the morphological character-
istics observed under a stereoscopic microscope: phase 1) yolk-
rich egg with no clear demarcation lines along the embryo’s
body (Fig. 1); phase 2) embryo’s body in curved shape involv-
ing yolk, with a demarcation in the area where the future eye-
balls and vertebral column develop. Presence of pigments in
the cranial region (Fig. 2); phase 3) embryo’s body still curved
with the vertebral column defined, formation of caudal fin,
and, formation of the eyeballs and marked pigmentation on
the cephalic region (Fig. 3); phase 4) individual presenting well
defined body assuming long, cylindrical shape. Beginning of
larval stage. It is possible to observe well formed eyes, presence
of large yolk sac externally positioned in the ventral region
and a large amount of pigment in the cranial region. Also, it is
possible to visualize the central nervous system, with well de-
fined and easily observed structures on the translucent dorsal
region and the well developed mouth. The ventral and dorsal
fins are visible (Fig. 4); phase 5) distinctively cylindrical shape,
well developed eyes, yolk sac still external containing little yolk,
pigmentation of cranial, lateral, and dorsal regions, well struc-
tured nervous system in dorsal region with intense pigmenta-
tion; phase 6) pre-parturition larva, cylindrical in shape, with
open mouth, no visible yolk sac, and pigmentation all over
the body (Figs 5 and 6); phase 7) fingerling or post-natal phase.
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Newly-born P. vivipara are free-swimming fish, have well struc-
tured eyes and mouth, and are able to explore the environ-
ment; phase 8) post-fingerling. The young fish search for food
since they begin exogenous feeding.

Scanning electron microscopic analysis

Upon analyzing the ontogeny of P. vivipara using a scan-
ning electron microscope, we were able to identify the charac-
teristics that can be used as established parameters to classify
the development phases, particularly those related to the struc-
tural organization of the gills.

In phase 7, the fingerlings were able to explore the envi-
ronment, since the structures related to their swimming ca-
pacity, acquisition of oxygen and nutrients had already devel-
oped. In this phase, the fingerlings presented open opercular
and buccal cavities, well formed fins, and functionally active
gills. In their gills, we observed arcs with organized rays, and
the filaments already had their adaxial and abaxial surfaces
defined, with the lamellae positioned perpendicular to the
longer axis of the filament structure. All the branchial struc-
tures were covered with epithelium and the apical surface of
the pavement cells had microridges (Figs 7 and 8).

Microscopic characteristics of embryos and
fingerlings

Guppy embryos develop in the female reproductive sys-
tem with cordonal organization. They are immersed in an
amorphous substance, rich in acid carboxylated and/or sul-
phated glycoproteins reactive to AB pH 2.5 (Fig. 9).

The analyses of the embryonic development of P. vivipara
using sections of phase 2-embryos stained with haematoxylin
or AB pH 2.5 revealed the presence of the notochord and the
neural tube with a lateral mass of cells, the somites. The latter
is probably constituted by mesodermic cells in their initial stage
of organization (Fig. 9).
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Figures 1-6. Stereomicroscopic observation of the phases of development of P. vivipara born to mothers exposed to freshwater: (1-4)
Phase 1-4, lateral view; (5) Phase 6, lateral view; (6) Phase 6, dorsal view. Observe in the figures the yolk sac (YS), eyes (E), chromato-
phores (*), and caudal fin (CF). Scale bar: (1-3) 0.25 mm, (4-6) 1 mm.

Figures 7-8. Conventional scanning electromicrograph analysis of P. vivipara phases of development: (7) Phase 4, lateral view. Observe
in the cranial region the lateral position of the eye (E), yolk sac (YS), and lateral fin (LF). (8) Phase 6, dorsolateral view. Observe the eye
(E) and gills (—). The gill cover was removed to visualize branchial arches. Scale bar: 60 mm.
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Figures 9-12. Histological and histochemical analysis of P. vivipara phases of development: (9) transversal sections of eggs and embryos in
phase 1: observe the gelatinous layer (GL), yolk (Y), and developing nervous system (NS); (10) longitudinal section of phase 3: embryo
containing yolk sac (YS), branchial arches (BA), liver (L), lipidic inclusions (Li), and structured eyes (E); (11) section of larva gills in phase 5:
observe the filament with cartilaginous axis (F), branchial lamellas (BL), and mucous cells type IV (MC) Alcian Blue (AB) pH 2.5 reactive;
(12) section of gills in phase 5: observe the mucous cells type IV (MC) and the mucous cells (>) of the pharinx epithelium (PE) Alcian Blue
(AB) pH 2.5 reactive. Methods: (9, 11-12) AB pH 2.5, (10) PAS+AB pH 2.5. Scale bar: (9) 300 mm, (10) 500 pm, (11-12) 50 ym.

In phase 2, we were able to observe eyeball formation
and an intense vascularization around the yolk. This
vasculogenesis process is precocious and is seen when the em-
bryo forms a dense and well defined cell mass.

In phases 1 and 2, we detected in the embryo yolk a
simple pavement epithelium leaning over a thin layer of extra-
embryonic mesenchyma, which is gradually irrigated by thin
blood vessels.
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From phase 2 on, angiogenesis is intensified and the vascu-
larization around the yolk is enhanced. The blood vessels, mor-
phologically similar to capillaries in the beginning, start thicken-
ing during phase 3, and it is possible to distinguish venules and
arterioles near the embryo. Most larvae present a ventrally posi-
tioned internalized yolk when they are ready to hatch.

In the initial phases of development, i.e., from phase 1
to phase 5, guppies present an intensely eosinophilic yolk with
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high amounts of lipids, reactive amylase-sensitive PAS compo-
nents as well as amylase-resistant components, which also have
low intensity reaction to AB pH 2.5.

As the embryonic and larval development proceeds, gly-
cogen and lipids are consumed and, consequently, there is a
decrease in the amount of these substances. The yolk that re-
mains in the fingerlings continues being PAS-positive and
weakly amylase-resistant. It shows predominance of amylase-
sensitive components as well as lipid drops, indicating strong
decrease in glycogen amount and persistence of neutral
glycoconjugates in the yolk (Fig. 10).

In phase 2, the branchial arc sprouts appear; in the be-
ginning of phase 3, they already display MCs type IV in the
regions that will originate the branchial rays. In the regions
that will originate the filaments, we detected pavement and
mitochondria-rich cells. In phases 4 and 5, MCs AB pH 2.5-
reactive were easily observed at the base of the branchial rays
and in the pharynx epithelium (Figs 11 and 12).

From phases 3 to 7 (post-delivery), there are outstanding
organogenesis processes and structural alterations in the gills
can be easily followed. Among them, are the gradual forma-
tion of the cartilaginous axis and the enhancement of the bran-
chial lamellae, with intense vascularization. At the end of phase
7, the columnar cells (characterized by having the vertical axis
longer than the horizontal axis) that support the lamellar struc-
ture, the mitochondria-rich cells, and the pavement cells are
easily observed and distinguished. From phases 3 to 7, MCs
types I, II, and III were not found using either the classical
histochemical techniques to detect glycoconjugates or the
method for the detection of lectin-binding sites of glycopro-
teins.

The analyses of embryos born to mothers exposed to both
BW and FW did not show any differences in their develop-
ment or types of cell in any phases studied.

In phase 7, guppy fingerlings exposed to both BW and
to FW presented branchial structure with branchial arcs, fila-
ments, and lamellae at the end of their formation process . In
these structures we detected chloride cells, pavement cells,
mucous cells, cartilaginous axis, blood vessels, and connective
tissue cells. Nevertheless, the frequency and distribution of the
cell subpopulations presented differences between the two
groups under study (BW and FW).

Effects of salinity on the development of
respiratory structures

In the branchial epithelium of fingerlings exposed to FW
0%o0 and BW 20%0 we detected chloride cells and only MCs
type IV in the branchial rays. However, an increase in the fre-
quency of the latter was observed in the branchial rays and in
the pharynx epithelium as the salinity increased from 0%o to
20%o in FW or decreased from 20%o to 0%o0 in BW. MCs type
III were first observed in fingerlings exposed to FW 10%o for
two hours. First, MCs appear in branchial rays and, posteri-
orly, they are seen in the intermediary region of the filaments.

Lectin cytochemical analyses were performed with the aim
of evaluating possible variations in the glycoconjugate compo-
sition of MCs in response to environmental salinity. In the em-
bryonic and larval phases, the glycoconjugate content in guppy
MCs was homogenous, with no outstanding alterations, even
when the female was exposed to changes in salinity.

In fingerlings exposed to BW 20%o for two hours, we
detected a strong lectin-positive reaction in MCs type III to
PHA-E, and a weak reaction to RCA. In this treatment it was
possible to observe an aggregate of mitochondria-rich cells in
the surface of the epithelium. These cells had their surface
strongly marked, which suggests a positive reaction with the
glycocalix, or even an increase in the reactivity due to the elimi-
nation of the granule content in the MCs. The ostia of mito-
chondria-rich cells were also marked with PHA-E, and RCA,
which might imply the presence of the same glycoconjugates
rich in Gal Nac and B-Gal/a-GalGalNAc, respectively. MCs type
IV also showed positive, but moderate, reaction to PNA.

No reactions to the selective markers were observed for
the specimens exposed to FW 0%o, and the reactions to lectins
WGA, LTA, and DBA were negative in all treatments.

DISCUSSION

The guppies were first classified as a viviparous species
(BrocH & Scunemer 1801), probably due to the fact that they
have internal fertilization and embryo development, and also
because the gonopodium was identified during the observa-
tions. Although this initial classification has not changed, our
data show that guppies are not viviparous, but ovoviviparous.
Even though their development takes place inside the mother’s
body, each embryo possesses its own yolk sac rich in
glycoconjugates and lipids.

The embryos use the energy reserves contained in the
yolk sac and, at birth, the fingerlings still have a remaining
stock of nutrients in their body, next to the liver and intestines
which allows them to survive for a period of time without need-
ing to find food immediately. According to Saro et al. (2003),
the opening of the oral cavity and total absorption of the yolk
sac signal the need for exogenous nutrition.

The main components of the guppy yolk sac are glycidic
and lipidic substances, and among them is glycogen, identified
by the positive reaction to PAS + salivary amylase. Nonetheless,
there is a group of amylase-resistant compounds that also present
a low-intensity reaction to PAS and is AB pH 2.5 positive. There-
fore, in addition to glycogen, the yolk sac contains neutral and
acid carboxylated and/or sulphated glycoproteins, as well as lipid
drops interwoven in the glycoprotein mass.

The presence of yolk in the post-natal period is compa-
rable to the correspondent phase of development of species
that present external fertilization, such as Leporinus piau (Fowler,
1941), Gadus morhua (Linnaeus, 1758), and Prochilodus lineatus
(Valenciennes, 1847) (Borgarto et al. 2004, FALK-PETERSEN 2005,
NINHAUS-SILVEIRA ef al. 2006, Gomes et al. 2007). In these species,
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the yolk remains are the reserves of energy used by the larvae
in the first hours of life, until they are able to find their own
nutrition source. In the guppies, the individuals keep the re-
serve of energy after birth, in phase 7 (fingerling), and this can
be used as a nutrition source for a maximum of 24 hours after
birth, i.e., when they become free swimmers and can explore
the environment with no need to find nutrients immediately.

The nutritional independence provided by the yolk is of
great importance both to the organogenesis and ontogenesis
of guppy embryos. However, in order to develop, these ani-
mals need to intensify their cell metabolism by releasing catabo-
lites and transferring small molecules and dissolved gases to
the mother’s body. The embryo receives oxygen and some flu-
ids from the mother, which may indicate maternal-fetal inter-
actions. Nevertheless, as already described by Arauvjo et al.
(2001), when certain components, such as methylmercury, are
dissolved in the water where pregnant females live, no passage
of these substances to the embryos can be observed. This might
happen due to the weight of these molecules, aggregation to
other molecules inside the mother’s body, or because the em-
bryos are involved by a gelatinous layer rich in acid carboxy-
lated and/or sulphated glycoproteins. The latter would provide
a protective layer around the embryos and work as a barrier
against the diffusion of several molecules. Then, it is believed
that the flow of molecules between the mother and the em-
bryos and/or larvae is limited by molecule weight.

The development of the respiratory system is of vital
importance for the survival of a guppy fingerling. Fish gills
have certain functions that are essential to maintain the ho-
meostasis of the organism, for instance: gas exchange and oxy-
gen supply (respiration), osmoregulation, maintenance of a
stable acid-base status, reception of stimuli, taste, secretion of
catabolites and substances that protect against irritation caused
by external agents (LAURENT ef al. 1985, MacHAaDO & Fanta 2003,
VicLiaNo et al. 2006).

By increasing the functional activity of gills, several fish
species achieve higher rates of gas exchange and get more en-
ergy, which allows the larvae to reach the free-swimming stage
and search for food (Fark-Perersen 2005), similar to what we
observed in phase 2 of guppy development, when the bran-
chial arc sprouts appear.

We have detected that the development of the lamellae
and the filament tips only takes place in phase 7, making the
branchial epithelium of fingerlings ready to perform its dis-
tinctive functions. With the advance in branchial development,
the respiratory surface is enhanced, consequently guarantee-
ing more contact of this surface with the external media and
providing the fingerlings with the necessary conditions to look
for exogenous nutrition and escape from predators. These are
physiological activities that occur in most teleost species (MovyLE
& CEecH Jr 1996).

The stages of segmentation and organogenesis in fish are
characterized by the initial formation of organs and systems. It
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is possible to observe the notochord, neural tube, somites, de-
limitation of the digestive system with the consequent growth
and elongation of the axial structure. The larval stage is char-
acterized by the presence of over 25 pairs of somites, the larvae
are ready to swim, and they also present optical vesicle and
lens, well defined miogenesis processes, and posterior intes-
tine (NINHAUS-SILVEIRA et al. 2006). Thus, phases 2 and 3 of the
development of P. vivipara are related to the stages of segmen-
tation and organogenesis, while phase 4 is related to the larval
stage. However, free swimming only starts when the individual
reaches phase 7 (fingerling) or post-natal stage.

We detected changes in the behavior of guppy finger-
lings’ MCs, as well as cell responses related to differential pro-
duction of mucus that covered the epithelium surface. This is
probably connected with the adaptive success of this species
when exposed to different salinities, characterizing it as
euryhalin. We suggest that the genetic factors and the se-
quenced cell activities internal to the animal are able to guar-
antee the events concerning development. Further, the exter-
nal factors (biotic or abiotic), natural or promoted by anthro-
pogenic activities, such as all kinds of pollution, temperature,
salinity, and food availability, seem to be essential to provoke
behavior changes in different types of cells.

The data herein presented demonstrate that there were
no substantial behavior changes of specimens during exposure
to different levels of salinity, such as loss of sense, direction,
capacity to move and escape, and changes in rotational move-
ments of the body. In the present study we observed that, in
different stages of the post-natal period, the guppies manage
to adapt to salinity ranging from 0 to 20%o, as described by
RocHa et al. (2004). This characteristic is exclusive to just a few
fish species because part of the metabolic energy is used in
osmoregulation and modulation of morphophysiological char-
acteristics of branchial epithelium cells. Such characteristic may
be related to the maturity and differentiation of various types
of MCs in addition to the changes in the content of their secre-
tory granules. As MCs other than type IV appear, this modula-
tion of cell behavior takes place only when the fish are ex-
posed to variations in salinity level for a period of two hours.

The environmental conditions to which the fingerlings
were exposed during this experiment, FW and BW (5, 10, 15,
and 20%o), induced changes in the content of glycoconjugates
secreted by MCs, which corroborates the results reported by
SABOIA-MORAES et al. (1996) for adult guppies.

According to McManus (1948), Mowry (1956), Spicer & LILLIE
(1959), Lev & Spicer (1964), Spicer et al. (1967), and Lituie & FULLMER
(1976), traditional histochemical analyses for the detection of
the classical mucopolysacharides, currently named glyco-
conjugates, allow the detection of granular content in the cell
cytoplasm, as well as the identification of free and/or associated
sugars, which are also present on the surface that covers cells
and/or tissues. Our results permit the arrangement of the
glycoconjugates present in MCs of the guppy gills into three
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groups, acid carboxylated, acid sulphated, and containing 1,2-
vic-glycol groups. Animals exposed to FW 10%o, presented MCs
types III and IV much more reactive to PAS and high-viscosity
mucus. These cells were reactive to AB pH 2.5 in all treatments in
which they were detected. The histocytological analyses showed
that MCs change the content of glycoprotein granules when the
branchial epithelium is in contact with irritating agents, such as
salt. The mucus synthesized by MCs is classified as mucin and
forms a gel that is highly hydrophylic. Thus, after its secretion,
the mucus would increase in volume due to rapid hydration.
Gors & Tasoaga (2005) reported that mucins are a group of highly
heterogeneous macromolecules because of post-traductional pro-
cesses, especially glycosilation. The hydrophylic nature of mu-
cus accounts for its high viscosity, provides a physical barrier
against irritating agents, avoids the penetration of microorgan-
isms, and promotes the anchorage of proteins that possess pro-
tective function, a role played by the mucins released by distinct
populations of MCs in the guppy branchial epithelium.

In the case of fingerlings, we only detected the presence
of MCs type 111, reactive to PAS and AB pH 2.5, in the branchial
filaments region of the individuals exposed to different saline
concentrations. The most reactive cells were present in ani-
mals exposed to FW for two hours. These animals were born in
BW 20%o and were transferred to FW 0%o. In all the cases ana-
lyzed, regardless of salinity, the only MC found was type 1V,
identified in the branchial ray region.

When they are born, guppies need their branchial epi-
thelium cells to be functionally active (for instance, to be able
to transport ions and secrete glycoconjugates) so that they can
colonize environments that present variable levels of salinity.
The presence of mitochondria-rich cells and MCs type III in
fingerlings exposed to salinity changes, indicates that this spe-
cies is able to respond to salt stress. From phase 3 on, we de-
tected MCs distributed in the pharynx epithelium and in dif-
ferent parts of the digestive system after treatment with AB pH
2.5. We observed MCs type IV in the branchial rays only from
phase 3 on, when the four branchial arcs are formed. MCs in
the branchial filament are only detected immediately after birth
and after exposure to salinity changes.

When fingerlings are subjected to salinity variations,
changes in the behavior of the branchial epithelium cells take
place and other types of MCs appear in addition to type IV.
This modulation of cell behavior was observed in animals born
in both estuarine and continental environments. Increased
production of fluid mucus is a feature that is likely to be re-
lated to lack of salinity (group exposed to FW 0%o), since fin-
gerlings not exposed to salt-rich environments do not need to
produce a denser barrier to protect the branchial epithelium.

This modulation of branchial epithelium cell behavior
in response to changes in the environment qualifies P. vivipara
as a biological model to be used in studies to assess the activity
of different compounds such as salt, fluorine, plant extracts
from the Brazilian Cerrado region, as well as to diagnose envi-

ronmental pollution caused by heavy metals, such as mercury
and lead (Araujo et al. 2001, BreseGHELO et al. 2004, MOTTER et al.
2004). Furthermore, guppies are also qualified as an important
system-model for neotropical fish developmental biology re-
search due to their small size and ease in handling, high repro-
ductive effectiveness, high birth rates, and high number of fin-
gerlings and embryos per female. All these features favor sam-
pling, processing, maintenance, and handling in the laborato-
ries, as well as the visualization of macro and microscopic char-
acteristics, such as the gills.

Despite the favorable characteristics mentioned above,
the guppies in our study presented filial cannibalism, defined
as the consumption of one’s own viable offspring (Manica 2002).
Such behavior may be in part a response to the stress caused by
salinity or even due to intra-specific competition in order to
find food.

The analyses of the morphological and histochemical
characters of P. vivipara embryos, larvae, and fingerlings will
contribute to a better understanding of the reproductive and
developmental biology as well as the ecology of fish with in-
ternal fertilization, and also their importance to analyze his-
torical evolution and phylogeny of the genus Poecilia.
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