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skin structures of Mugil platanus Giinther, 1880 (Mugilidae)
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Abstract

Manifestation of infectious pathologies in fishes usually increases in environments where organic wastes are disposed.
Specimens of Mugil platanus Giinther, 1880 and water samples collected at three points of the Tramandai river were
analyzed during a one year period. The macroscopic observation revealed ulcerations in the caudal peduncle area cov-
ered with a mass of amorphous and whitened tissues. Histopathologic analysis showed the presence of negative gram
bacteria, probably responsible for alterations of the normal structure of the epidermic tissues. Non-parametric statisti-
cal analysis for ammonia concentration showed a significant variation among the three collected spots as well as in
the multiple comparison between two spots. In this study, we describe cutaneous lesions observed in Mugil platanus
specimens and tested their correlation with environmental ammonia concentration.
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Efeitos da infestacdo de bactérias provocada por residuos
humanos na pele de Mugil platanus Giinther, 1880 (Mugilidae)

Resumo

A manifestagdo de patologias infecciosas em populagdes de peixes costuma ser incrementada em ambientes onde séo
langados despejos organicos. Exemplares da espécie Mugil platanus Giinther, 1880 coletados em trés pontos do rio
Tramandai foram utilizados para andlise das alteragdes, e amostras de dgua foram tomadas durante o periodo de um
ano para verificacio da presenca de bactérias. A observa¢do macroscépica revelou ulcera¢des na regido do pedinculo
caudal revestidas por uma massa de tecido amorfo e esbranqui¢ado. A andlise histopatolégica mostrou a presenga de
bactérias gram negativas, que provavelmente foram as responsaveis pela altera¢do da estrutura normal dos tecidos de
revestimento do corpo. O resultado da andlise estatistica ndo paramétrica para a concentragdo de amdnia mostrou va-
riacdo significativa entre os trés pontos amostrados bem como nas comparacdes multiplas entre os pontos dois a dois.
Este trabalho descreve as lesdes cutaneas observadas em Mugil platanus e testa sua correlacdo com a concentraciio
de amonia.

Palavras-chave: Mugil platanus, histopatologia, aménia.

1. Introduction

Functional disturbances in fish, besides affecting
their biological characteristics and increasing vulner-
ability to unfavourable environmental factors, also harm
the fish defense mechanism, giving way to the action of
secondary factors such as disease caused by parasites or
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infectious agents (Mitrovic, 1970). It is known that the
manifestation of infectious pathologies in fish popula-
tions usually happens in environments where organic
wastes are disposed, which determine a high prolifera-
tion of vibrions and pathogenic bacteria (Mason, 1991;
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Robbins et al., 1996; du Vivier, 1997). Bacteria are or-
ganisms that can be very critical in fish cultures due to
the diseases they can cause, which frequently have a no-
ticeable economic impact on fish populations. Mortality
rates are sometimes very high, especially in cases where
infection causes stress for the host (Bruno, 1992).

Mason (1991) and du Vivier (1997) have reported
that bacteria surface proteins (involved in the adherence
of the cells), enzymes (which break up the proteins),
and exotoxins (which degenerate host cells, causing
the scalded-skin syndrome) are some of the factors that
cause their effects. Bacteria cause pyogenic inflamma-
tion - when they stay inside the skin, lungs, bones or
heart valves - known for its capacity for local destruction
(Robbins et al., 1996). Noga (2000) reviewed the multi-
tude of factors and agents associated with skin ulcera-
tion in fish. He concluded that skin ulceration is a well-
recognized indicator of a polluted or otherwise stressed
aquatic environment which involves a complex array of
biological and physical risk factors and host responses.
Lang et al. (1999) discussed the possible etiologies that
included fishing gear trauma, pollution and salinity gra-
dients and poor body condition. They concluded that
etiology was obscure in most cases, in spite of a greater
prevalence in more degraded habitats. It was difficult to
relate ulcers to specific chemicals or pollutants.

The synergy of certain substances such as ammonia,
nitrate, nitrite, sulfur and others present in the environ-
ment, can intensify the toxic effect of these substances
and can be a growth factor for certain populations of
bacteria (Robbins et al., 1996). According to Svobodova
and Kolarova (2004), under normal circumstances, am-
monia in the aquatic environment is oxidized to nitrites
and these are oxidized to nitrates. For those authors, ni-
trates, as opposed to nitrites, are slightly toxic for fish
and the incomplete oxidation of ammonia may happen
in recirculating systems of fish culture. Nitrites pen-
etrate through the gills to the blood, bind to haemo-
globin and form methaemoglobin. This decreases the
oxygen transporting capacity of the blood and structural
changes of hepatic cells also occur (Svobodova and
Kolarova, 2004).

The exact mechanisms of ammonia toxicity, con-
sidered as a major neurotoxin in mammals, remain un-
clear in teleosts (Mommsen and Walsh, 1992). High
ammonia concentrations are a limiting factor in farm
fishing because such concentrations cause a growth
rate decrease, plasma cortisol increase, gill damage,
impairment of gas diffusion, and excessive mucus pro-
duction (Wright, 1995). Sensitivity of many freshwa-
ter teleosts to increasing external ammonia concentra-
tions can culminate in death (Dabrowska and Wlasow,
1986).

This paper describes the cutaneous lesions observed
in Mugil platanus Giinther, 1880 specimens probably
caused by the action of bacteria, relating the occurrence
of these lesions to the variation of the environmental am-
monia concentration.

2. Material and Methods

Samples of Mugil platanus were obtained at three
spots on the Tramandai river: spot 1 is located in the city
of Tramandai, 20 m from the Tramandai-Imbé bridge
(the limit between the two cities), defined as an area of
disposal of fishing leftovers; spot 2 is located in the city
of Imbé, 15 m from the same bridge, at the left shore,
defined as an area of disposal of domestic waste; spot 3 is
also located in the city of Imbé, but 6 km upstream from
the bridge, at the shore opposite to the joining of the river
with the Imbé lagoon channel, with a minimum distance
of 600 m from the shore. Spot 3 was considered a spot of
reference with less environmental interference.

Water samples were taken monthly to analyze the
pH and the ammonia concentration (a total of 10) from
January to November 2002. No fieldwork was done in July
due to improper weather conditions. Samples were ana-
lyzed in the field, using kits of LabconTest — pH Tropical
and LabconTest — Ammonia/ NH,/NH,. One water sam-
ple from spot 2 was taken to the Laboratory of Clinic
and Toxic Analysis — TOXILAB, to analyse the presence
of bacteria and to quantify them. Simultaneously, a sec-
ond sample (taken from the same spot) was taken to the
Quimioambiental laboratory to obtain the specific typol-
ogy of the bacteria, applying various methods such as the
multiple-tube method, Fluorescence, Pour Plate, Spread
Plate and classic Biochemistry.

Forty to fifty young Mugil platanus specimens were
randomly sampled in each of the four sampling periods
(Jan-Feb; Mar-Apr; May-Jun and Oct-Nov), using a
seine net (0.5 cm mesh size). The specimens were imme-
diately fixed in formalin 10% and were later examined
for the registration of external anomalies. During the
analysed period, the number of fishes obtained in each
spot was considered, defining the healthy and the anoma-
lous ones (Table 1). The standard length and weight were
measured.

Pieces of the body lateral portion of the specimens
obtained during Oct-Nov sampling were decalcified
with trichloroacetic acid 5%, for a period of 12 hours,
dehydrated with ethanol, embedded in paraffin, and sec-
tioned at 6-7 um. A routine histological technique of
Hematoxylin-eosin (HandE) was used for the visuali-
zation of the tissues and the Gram Method (Michalany,
1980) was used to verify the presence and to identify the
bacteria.

The differences in pH and ammonia concentration
among different sampling spots were evaluated by the
non-parametric analysis of variation of Kruskal-Wallis
for multiple comparisons.

3. Results

During the study period, 176 young individuals of
Mugil platanus were captured, and the standard length
varied from 12.5 mm to 45 mm and the weight varied
from 0.528 to 1.654 g. The skin of the young individu-
als of Mugil platanus is constituted by a small number
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of layers of epithelial tissue (usually from two to five).
Between these are the scales, which are imbricate. Some
loose conjunctive tissue and smooth muscle tissue can be
seen with the scales. Below the scales there is a layer of
dense conjunctive tissue and right below it, a thick layer
of melanin and chromatophores. The skeletal striated
muscle was found below this pigment layer (Figure 1a).

The macroscopic analysis of the altered individu-
als of Mugil platanus revealed ulcerations in the area

of the caudal peduncle, covered by a mass of amor-
phous tissue, which presented a whitened coloration
(Figures 1b, 1c, 1d). The histopathologic analysis of
these ulcerations allowed us to verify the presence of
gram-negative bacteria, which were probably responsi-
ble for the major changes in the normal structure of the
tissues. The observed bacteria presented a round shape
and were grouped in various colonies spread among
the entire affected area (Figures 1b to 1d). The epithe-

Table 1. Number of specimens of Mugil platanus examined by locality and by month of collection, and the absolute fre-

quency of anomalous specimens per spot.

Period Spot 1 Spot 2 Spot 3

N Anomalous N Anomalous N Anomalous Total
Jan.-Feb. 50 2 50 4 50 0 150
Mar.-Apr. 50 2 50 5 50 0 150
May-June 40 1 40 3 40 0 120
Oct.-Nov. 36 2 36 6 36 0 108
Total 176 7 176 18 176 0 528
% anomalous - 4 - 10 - 0 05

Figure 1. Histology and histopathology of the skin of Mugil platanus. a) normal skin, H&E (400x); b) Ulceration of the skin
with loss of the normal structure and showing colonies of bacteria, adipose cells and amorphous tissue, Gram Method (400x);
c) colonies of bacteria, adipose cells and amorphous tissue, Gram Method (400X); d) Amorphous tissue between colonies
of bacteria, fatty cells and traces of scales, Gram Method (400x). EPT —Epithelial tissue; SC — Scales; MEL — Melamin;
CT — Conjunctive tissue; MT — Muscular tissue; AC — Adipose Cells; AT — Amorphous Tissue; Arrow— Colonies of Bacteria.
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lial tissue practically disappeared, so we could only find
amorphous tissue and adipose cells (Figures 1c e 1d). The
scales, smooth muscles, and conjunctive tissue are practi-
cally absent, since they are greatly altered.

The fibres of striated muscle also had their spindle
and extended shape greatly altered. The laboratory anal-
ysis of the water sample taken from spot 2 confirmed the
presence of heterotrophic bacteria in quantities above the
acceptable level. Using “in vitro” culture, the presence of
Staphylococcus aureous in the water was detected. The
methods of multiple tubes, Fluorescence, Pour Plate,
Spread Plate and classic Biochemistry also detected
the presence of Enterococcus faecalis, Escherichia
coli, Pseudomonas aeruginosa and aerobic mesophile
microorganisms.

Spot 2, as shown in Table 1, presented the high-
est number of fishes with tissue alterations: 6 dur-
ing Oct-Nov, 5 during Mar-Apr, 4 during Jan-Feb and
3 during May-Jun. In spot 1, however, the occurrence
was more constant: 2 during Oct-Nov, Mar-Apr and
Jan-Feb, and 1 during May-Jun. In spot 3, no altera-
tions were observed during the 4 sampling periods. The
analysis of water samples for 10 months, from January
to November, detected ammonia in spots 1 and 2, pre-
senting, respectively, 0.25 ppm (minimum value) and
0.28 ppm (maximum value); 0.28 ppm (minimum value)
and 0.83 ppm (maximum value). In spot 3, considered
as a reference point, the presence of ammonia was not
detected (Table 2).

pH values for spots 1 and 2 presented a variation ac-
cording to the differences in environmental conditions,
varying from 7.1 to 7.6 for spot 1 and from 7.3 to 7.8
for spot 2. The pH value for spot 3 was 7.0 during the
whole studied period (Table 2). During sampling peri-
ods, the environmental temperature varied from 14 °C
in June (minimum) to 28 °C in January and February
(maximum) (Table 2).

The evaluation of the pH values between these three
spots indicates significant values (p = 0.0001), as well as

with the multiple non-parametric comparisons between
spots 1 and 3 (p=0.0096), and spots 2 and 3 (p =0.0001).
For spots 1 and 2, no significant differences were ob-
served (p = 0.1518). Therefore, spots 1 and 2 presented
values significantly superior than those at spot 3.

There was a significant variation in ammonia concen-
tration among the three sampled spots (p = 0.0001), as well
as in the multiple non-parametric comparison between two
spots, causing significant differences between spot 1 and
spot 3 (p=0.01), spots 2 and 3 (p=0.01) and spots 1 and 2
(p = 0.03). Therefore, the results show a significant gradi-
ent in ammonia concentration presenting different values
from one spot to another. The highest ammonia concentra-
tion was observed in spot 2, followed by spot 1.

4. Discussion

There is a vast literature about fish diseases caused
by various environmental stress factors, among which
are etiologic agents (Snieszko, 1974), but there is little
information on the effect of these stress agents on the
incidence of infectious fish diseases. The same author
believes that disease is the final result of an interaction
between noxious stimuli and a biotic system, and that
in order to understand a disease, it is necessary to under-
stand all the biologic aspects of the species. Walters and
Plumb (1980) observed that the environment is the most
important and unstable of the three factors that influence
the appearance of a disease, and its importance is intensi-
fied by the presence of potential pathogenic agents that
normally exist in water. Wedemeyer and Wood (1974)
observed that the aquatic environment presents many in-
dependent and interdependent balanced variables, which
can easily, and sometimes quickly, be changed. Chemical
changes in water can be directly lethal to fishes and sub-
lethal changes might stress the fish to a point that it be-
comes more vulnerable to infectious diseases. Snieszko
(1974) observed that, in order to discuss the role of envi-
ronmental stress agents in the development of infectious

Table 2. pH and ammonia values by locality and by month of collection; [NH,] Concentration of ammonia in ppm; Tem-

perature in °C.

Period Spot 1 Spot 2 Spot 3
pH [NH,] T pH [NH,] T pH [NH,] T
Jan. 7.5 0.28 28.0 7.7 0.75 28.0 7.0 0.0 28.0
Feb. 7.5 0.28 28.0 7.5 0.75 28.0 7.0 0.0 28.0
Mar. 7.6 0.25 24.0 7.7 0.28 24.0 7.0 0.0 24.0
Apr. 7.2 0.27 20.0 7.5 0.30 20.0 7.0 0.0 20.0
May 7.1 0.27 18.0 7.5 0.30 18.0 7.0 0.0 18.0
June 7.5 0.28 14.0 7.7 0.30 14.0 7.0 0.0 14.0
Aug. 7.2 0.25 16.0 7.3 0.75 16.0 7.0 0.0 16.0
Sept. 7.2 0.27 25.0 7.7 0.75 25.0 7.0 0.0 25.0
Oct. 7.3 0.25 24.0 7.5 0.77 24.0 7.0 0.0 24.0
Nov. 7.5 0.25 24.0 7.8 0.83 24.0 7.0 0.0 24.0
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diseases in fishes (especially those of bacterian etiology),
the relation between the noxious stimuli and the develop-
ment of the disease must be considered.

In this study, a greater frequency of Mugil platanus
specimens affected probably by the action of bacteria
was observed in spots 1 and 2. Spot 2 had the highest
frequency. The results of the study also showed a sig-
nificant relation between the frequency of individuals of
Mugil platanus with tissue alterations in the skin and the
variation in ammonia concentration in the environment,
indicating that ammonia can be the most probable cause
for cutaneous alterations in Mugil platanus. Therefore,
the high frequency of tissue alteration must be related to
the fact that spot 2 receives a greater amount of domestic
waste that causes higher ammonia concentration mostly
in the summer months when the human population pres-
ence increases (Table 2 and Figure 2). This suggests that
ammonia works as a support for these pathogenic or-
ganisms, drawing the conclusion that there is a negative
impact of the anthropic influence on the environment of
the estuary and on the fish population, caused by fishing
leftovers and disposal of domestic waste.

High pH values and ammonia concentration for
spots 1 and 2 can cause an increase in the toxicity of the
ammonia, harmful to the local fish population (Smart,
1978; Moreira and Marcon, 1998). The statistical analy-
sis showed a statistically significant result for the rela-
tion between the variation of pH and the frequency of
anomaly occurrences in spots 1 and 2. No statistically
significant results were obtained for spot 3. Niesink
et al. (1996) have observed that increasing the tempera-
ture also increases the toxicity of the ammonia, proving
that it is a variable of synergic effect, which we have
not observed in this study (Table 2). High ammonia
concentration (Table 2) can be one of the factors that al-
low bacteria proliferation (Staphylococcus aureus and
Pseudomonas aeruginosa included), since it is a growth
factor for these bacterial populations.

There are bacteria that are generically designated as
secondary pathogenic organisms, or secondary invasive,
that only manifest their pathogenic capacity when condi-
tioned by a debilitated state of the host (Heo et al., 1990).
On the other hand, there are bacteria that are primary
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Figure 2. Variation of ammonia concentration in the
Tramandaf river during the studied period.
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pathogenic agents, or primary invasive, which can, on
their own, start an infection if the host is subject to minor
stress (Bruno, 1986). The bacteria might be associated
to various pathogenic phenomena, which are usually di-
vided into three main aspects: septicemic response, tegu-
ment and muscle necrosis causing ulceration, and prolif-
eration chronic response (Pavanelli et al., 1998).

The results of our study indicate that second-
ary pathogenic bacteria characteristic of anthropic
influence, especially Staphylococcus and
Pseudomonas aeruginosa which were observed in the
water samples, are the most probable cause of tissue
lesions observed in Mugil platanus specimens. The
tissue lesions detected were tegument and caudal pe-
duncle muscles necrosis and they were different in
each of the sampling spots. Ours results are similar to
the ones described by Rehulka (2002), which verified
enormous prominent bulges developed on fish skin
and the lesions were filled with clear to slightly turbid
exudate, in some cases with a slight tint of blood. On
a cut section, they exposed haemorrhagically altered
muscle. This tissue does not disintegrate under the
skin bulge and does not produce crater-like furuncles
because the pathological process did not reach deeper
layers.

Snieszko (1974) mentioned that, among the numer-
ous pathogenic agents of fishes, bacteria from genera
Pseudomonas and Aeromonas are worth mentioning.
According to the literature, bacteria of fecal origin, as
a result of the disposal of domestic effluents with no
previous treatment, can proliferate in the environment
and cause cutaneous lesions in fish. It is known that the
manifestation of infectious pathologies in fish popula-
tions is usually incremented in environments where or-
ganic wastes are thrown, which determine a high prolif-
eration of vibrios and pathogenic bacteria (Mason, 1991;
Robbins et al., 1996; du Vivier, 1997).

The physiological phenomena that happen to fishes
and favor bacteria invasion and proliferation are not en-
tirely known, but they are certainly related to a decrease
in the capacity of the host’s immune system (Pavanelli
etal., 1998). The sub-lethal effects of chemical contam-
inants thrown into the environment are, according to
Leikin and Paloucek (1998), extremely harmful, slowly
affecting (usually unnoticed) functions that assure the
renewal of fish populations, such as sexual maturing
and eggs and larvae survival.

The Mugil platanus population characteristically oc-
cupies regions of salt-water influence of the estuary for
feeding and growing, where they are usually captured by
fishing activity. Since diseases caused by bacteria origi-
nated from human activity are affecting the juveniles of
this species, this can compromise the maintenance of fish
stocks in the estuary.

Flores-Lopes et al. (2001; 2002) used the presence
of lesions/anomalies in fish species as an instrument of
biological evaluation of environmental quality. The results
obtained in our study with Mugil platanus specimens, re-

aureus
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assure the importance of using anomalies as indicators of
environmental alterations and degradations of anthropic
origin which compromise the quality of ecosystems.
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