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Summary. A fish-infecting myxosporean was found in the urinary bladder of the teleostean Colomesus psittacus, collected from the Ama-
zon River, Brazil. Specimens were sampled in three different periods: May and June, with water temperature ranging from 18–23ºC; August, 
with water temperature ranging from 24–28ºC; and November and December, with water temperature ranging from 29–32ºC. Upon ob-
servation, several fish displayed abnormal behaviour, consisting of erratic movements, and mortality was recorded among them. Necropsy 
of all sampled fishes revealed hypertrophy of the urinary bladder only among specimens previously displaying the irregular behaviour. 
Microscopic analysis of this organ confirmed the parasitic infection, resulting in the observation of spores floating free in the urine, and 
numerous plasmodia attached to the epithelium of the urinary bladder. Light and ultrastructural studies allowed recognition of the spores 
and plasmodia morphological characteristics. Coelozoic plasmodia were polysporic with varying organizational structure, according to the 
sampling period. Spores were equilaterally triangular with rounded ends in valvar view, measuring 8.8 ± 0.4 µm (n = 30) in length and 
8.4 ± 0.5 µm (n = 30) in width, and displaying a ridge surface pattern. Two polar capsules were observed in the anterior end of the spores, 
measuring 3.1–3.2 µm in diameter. The spores were morphologically identified as belonging to the recently described genus Triangulamyxa. 
Further observation and comparison to the morphological features described for Triangulamyxa amazonica, the only other species within 
this genus, allowed us to conclude our parasite as a new species, herein named Triangulamyxa psittaca sp. nov. from the Amazon River, 
Brazil. Also, three different stages were distinguished in the plasmodium evolution, based on the observed morphological features at the 
three sampling periods. Fish sampled during May and June displayed small plasmodia (up to ~ 15–20 µm long), containing early stages of 
sporogenic development. Fish sampled during November and December presented larger plasmodia (up to ~ 850 μm long), which appeared 
flattened against and lining the urinary bladder epithelial cells and contained the later stages of sporogenic development, including some 
mature spores. Fish sampled during August presented plasmodia displaying intermediate morphological features between those observed 
in infected fish from the other sampling periods. Several immature and mature spores were among the different developmental stages. The 
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parasite-host interface evolution is described throughout the different observed stages, with emphasis on the formation of septate junctions. 
Considering several previous reports, as well as the different environmental conditions during the sampling periods, the plasmodium devel-
opment here described appears to be influenced by environmental factors, namely water temperature.

Key words: Ultrastructure, plasmodia, myxosporean, Triangulamyxa psittaca sp. nov., parasite, urinary bladder, freshwater fish, Colomesus 
psittacus.

INTRODUCTION

The Class Myxosporea Bütschli, 1881 of the Phy-
lum Myxozoa Grassé, 1970 is an assemblage of more 
than 2180 parasite species (Lom and Dyková 2006), 
with new species being frequently added. Widely dis-
tributed, this class contains the causative agents of some 
of the most severe and expanding parasitic diseases for 
marine and freshwater fish (Kent et al. 2001). Notwith-
standing the effort made in improving the description 
of myxosporean species, little knowledge is available 
from these parasites infecting South American fresh-
water fishes, including those from Brazil. The few ex-
isting reports are based only on light microscopy and 
diagrammatic drawings of spores (Lutz 1889, Cunha 
and Fonseca 1917, Nemeczek 1926, Penido 1927, Pinto 
1928, Guimarães 1931, Walliker 1969, Kent and Hoff-
man 1984, Gioia and Cordeiro 1996, Molnár et al. 1998, 
Cellere et al. 2002), and lack the useful description of 
the parasites development, namely the extrasporogonic 
stages (Molnár and Békési 1993; Molnár et al. 1998; 
Azevedo et al. 2002, 2005; Casal et al. 2002, 2003; Cel-
lere et al. 2002; Vita et al. 2003; Adriano et al. 2009a, 
b). Recently, the employment of more effective and reli-
able microscopic procedures, lead to the establishment 
of a new myxosporean taxon from this geographical 
area. Based on morphological and ultrastructural com-
parative features, the genus Triangulamyxa was created 
within the family Ortholineidae Lom and Noble, 1984, 
upon the report of the then new species Triangulamyxa 
amazonica, from the intestine of the freshwater tele-
ostean Sphoeroides testudineus (Azevedo et al. 2005). 
Spores of Triangulamyxa are equilaterally triangular 
in valvar view with rounded ends and ridged surface. 
Two subspherical polar capsules are present in the an-
terior portion of the spores, and the sporoplasm is bi-
nucleate. Coelozoic in freshwater fishes, plasmodia are 
polysporic and display a variable number of spores and 
other developmental stages that are found floating free 
in the lumen or attached to the epithelium of the hosts 

organ, through numerous peripheral extensions (Lom 
and Dyková 1992, Azevedo et al. 2005).

Reports of myxosporean species inhabiting tropical 
regions have concluded some environmental conditions 
as important factors influencing the parasites devel-
opment (Booker and Current 1981, Haaparanta et al. 
1994, Molnár 1998, Canning et al. 1999, Molnár and 
Székely 1999). However, few of those references relate 
to species infecting the Brazilian fish fauna (Azevedo 
et al. 2005, 2009a, b, 2011a, b; Adriano et al. 2009a, b; 
Casal et al. 2009).

Amongst the documented species, there is no report 
of a myxosporean parasitizing fish from Brazil or other 
South American countries with similar plasmodium 
development and consequent hypertrophy of the host 
organ, as described in the present work.

MATERIALS AND METHODS

Thirty five specimens (23 females and 12 males) of the freshwa-
ter fish Colomesus psittacus Schneider, 1801 (Teleostei, Tetraodon-
tidae) (common Brazilian name: Baiacú), were collected in the low 
Amazon River, near the city of Cametá (02°14′S, 49°30′W) in the 
State of Pará, Brazil. Sampling occurred in three different periods. 
The first sampling period occurred during the months of May and 
June; the second during August; and the third during the months of 
November and December. Upon arrival to the laboratory, fish were 
kept alive for 5 days for observation, in aquaria using water col-
lected from the capture site at the same temperature range as in the 
original site. All the specimens were necropsied, and only samples 
of the urinary bladder (UB) and urine were taken for parasitological 
evaluation, because of its abnormal appearance. No other organs 
were examined and no bacteriological analyses were performed.

Smears of small fragments from the UB and urine were ex-
amined by light microscopy (LM), including differential interfer-
ence contrast (DIC) optics. For transmission electron microscopy 
(TEM), small fragments of epithelial tissue from the parasitized UB 
were fixed in 5% glutaraldehyde buffered in 0.2 M sodium cacodyl-
ate (pH 7.2) at 4°C for 20 h, washed overnight in the same buffer 
at the same temperature, and post-fixed in 2% OsO4 buffered with 
the same solution for 3 h, again at the same temperature. The bio-
logical material was then dehydrated in an ascending ethanol series 
followed by propylene oxide, and embedded in Epon. Semithin sec-
tions were stained with methylene blue–Azur II for LM, and ultra-
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thin sections were double contrasted with uranyl acetate and lead 
citrate and observed and photographed in a JEOL 100 CXII TEM 
operated at 60 kV. 

RESULTS

During the period of observation, several fish dis-
played abnormal behaviour consisting of erratic move-
ments, and mortality was recorded among them. All the 
animals displaying these movements, upon necropsy, 
exhibited an outstanding macroscopic hypertrophy of 
the UB, and resulted to be infected by a myxosporean 
parasite. Microscopic observation revealed the pres-
ence of myxosporean spores (Fig. 1) floating free in the 
UB fluid in the samples taken in August and November-
December. No bacteria were observed in the fluid. The 
histological study revealed no hyperplasia of the UB 
and the presence of plasmodia attached to the epithe-
lium in the three sampling periods (Figs 2–16). Table 1  
shows the prevalence of infection and the type of plas-
modium found in each period, as described below. 
Spores observed at DIC clearly displayed an equilater-
ally triangular shape with rounded ends in valvar view, 
two polar capsules and ornamental ridges in the valves 
(Figs 1, 15). According to these morphological charac-
teristics of the spores, the myxosporean was ascribed 
to the recently described genus Triangulamyxa. Mor-
phological and ultrastructural comparison with the only 
species thus far belonging to the genus, Triangulamyxa 
amazonica, allow us to determine the current species as 
a new one, Triangulamyxa psittaca sp. nov.

Three plasmodial developmental stages are de-
scribed, based on the observation of several morpho-
logical and ultrastructural differences between plas-
modia collected from the three sampling periods. Due 
to a scarcity of observations relating to sporogenesis, 
we lack a better description of the different sequential 

stages occurring during this process. Nevertheless, we 
could observe the existence of polysporic development; 
since pansporoblasts encased more than two sporo-
blasts within the pericyte envelop (Fig. 14).

Stage 1 of the plasmodium

The stage 1 of the plasmodium corresponds to the 
observations from infected hosts sampled during May 
and June, when water temperature was lower. In this 
stage, plasmodia measured up to 15–20 μm in length 
and up to 8–12 μm in width (Figs 2–5), being small-
er than the plasmodia found in hosts captured during 
the other sampling periods. Plasmodia contained early 
stages of sporogenic development and were pyriform-
like shaped, tapering basely to contact the host tissue. 
The basal outline was irregular due to the presence of 
7 to 12 pseudopodia, some of which in close contact 
with the UB epithelium (Figs 2–5). The apical surface 
of the plasmodia also presented numerous fine hair-like 
pseudopodia projecting towards the UB lumen (Figs 
2–6). Dense structures later identified as immature 
spores, some unidentified developmental stages and 
several large lipid droplets were observed in the cyto-
plasm (Figs 3–5). The nucleus was hardly seen among 
the different cytoplasmatic structures observed. Some 
capillaries located among the UB epithelium appeared 
compressed (Fig. 2).

Although the described characteristics were consis-
tent for plasmodia in this stage, TEM allowed the obser-
vation of slightly different developmental aspects (Figs 
3–6). In some sections, the plasmodia appeared more 
rounded in shape, with only a small basal portion con-
tacting the UB epithelium (Figs 3, 4), whereas in others 
it was possible to observe a marked lateral growth of 
the basal pseudopodia, augmenting the contact surface 
with the UB epithelium (Figs 5, 6). Septate junctions 
were frequently observed between the pseudopodia and 
the host epithelium (Fig. 6).

Table 1. Sampling details and prevalence of infection of Triangulamyxa psittaca sp. nov. in Colomesus psittacus. See the text for the de-
scription of the three stages of the plasmodium (P). S – spores.

Sampling period Water temperature
range (°C)

Sample size
       (n)

Prevalence  
of infection (%)

Parasite stages

May–June 18–23 14 35.7 P-1

August 24–28 4 50 P-2, S

November–December 29–32 17 64.7 P-3, S
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Figs 1–6. Micrographs of fresh smears and histological sections of Triangulamyxa psittaca sp. nov., from the urinary bladder of Colomesus 
psittacus sampled during May and June. 1 – free fresh mature spores observed at DIC optics; 2 – semithin section showing several plasmo-
dia in stage 1, located in the lumen and attached to the host epithelium. A capillary (C) is located near the base of the epithelium; 3 – TEM 
micrograph of plasmodia from stage 1, attached to the epithelium and containing some spores and numerous fine hair-like pseudopodia 
(arrowheads) projected into the lumen; 4 – ultrastructural detail of the stage 1 of the plasmodium showing sectioned spores and some large 
lipid droplets, as well as numerous peripheral fine hair-like pseudopodia (arrows) projected into the lumen. The tapering basal portion of 
the plasmodium is attached to the host epithelium by some pseudopodia (arrowheads); 5 – stage 1 plasmodium showing extending basal 
region in closed attachment (arrowheads) with the epithelium. The periphery of the plasmodium in contact with the lumen has numerous 
fine hair-like pseudopodia (arrows). The box highlights an area similar to the one detailed in figure 6; 6 – ultrastructural detail of the stage 1 
plasmodium, showing the basal extending pseudopodia (arrow), closely contacting the epithelium. Some of the contact zones correspond to 
septate junctions (arrowheads). H – host epithelium, P – plasmodium, S – spore, Li – lipids, * – lumen of the urinary bladder.

Stage 2 of the plasmodium

The stage 2 of the plasmodium corresponds to the 
observations from infected hosts sampled during Au-
gust. In this stage, plasmodia presented transitional 
morphologic aspects between those described from 
hosts sampled during the other two periods. Plasmo-
dia appeared to be flattening, displaying a larger con-
tact surface with the UB epithelium than the plasmo-
dia observed in stage 1 (Figs 7, 8). Pseudopodia were 
also longer and thinner, attaining up to ~ 10 µm in 
length, and were ramified and anastomosed (Figs 7, 
8). In some sections, septate junctions were observed 
in the contact zone with the epithelial cells of the host 
(Figs 7, 8).

Stage 3 of the plasmodium

The stage 3 of the plasmodium corresponds to the 
observations from infected hosts sampled during No-
vember and December, when water temperature is 
higher. The observed plasmodia were much larger in 
size, if compared to the measurements obtained in stage 
1 and stage 2, measuring up to ~ 850 µm in length and 
10–20 µm in thickness (Figs 9, 10). Plasmodia appeared 
elongated as if flattened against the UB epithelial cells, 
forming a thin irregular layer over the simple colum-
nar UB epithelium (Figs 9, 10). The irregularity of the 
layer was due to the presence of space ridges in the host 
tissue (Fig. 10). The parasite-host interface was main-
tained through numerous cytoplasmatic bridges and 
pseudopodia between the plasmodia and the epithelial 
cells (Figs 9–11), and presented a plasmalemma rein-
forced by a homogenous dense layer (Fig. 15). In stage 
3, several pseudopodia, including anastomosed pseudo-
podia, projected towards the UB lumen (Figs 10–12), 
instead of the fine hair-like pseudopodia observed in the 
other stages. Some sections displayed yet another type 
of liaison between the pseudopodia membranes and 

the UB epithelium membrane, as they formed septate 
junctions constituted by parallel rows and correspond-
ing to a regular periodicity of junctional proteins (Figs 
12, 13). The plasmodia in this stage also contained a 
variable number of spores (up to ~ 54 were observed 
in sequential semithin sections) randomly distributed 
in the cytoplasm and displaying apparent lysed aspects 
(Figs 11, 14); thus suggesting a polysporic pansporo-
blast origin. 

The schematic drawing (Fig. 16) represents the mor-
phological evolution of the plasmodia according to our 
observations during the three sampling periods.

Triangulamyxa psittaca sp. nov. (Figs 1–16)
Type host: Colomesus psittacus Schneider, 1801 

(Teleostei, Tetraodontidae).
Host size: Average of 30 cm in total length.
Type locality: Amazon estuarine region, near the 

city of Cametá (02°14′S, 49°30′W) in the State of Pará, 
Brazil.

Site of infection: Urinary bladder and urine.
Prevalence: 18 of 35 fishes sampled during the 

three sampling periods were parasitized (51.4%) with 
no observed difference in prevalence between sexes. 

Type specimens: One slide of semithin sections 
containing mature spores and plasmodia displaying 
other developmental stages of the hapantotype was 
deposited in the Myxozoa Type Slide Collection at the 
“Instituto Nacional de Pesquisa da Amazônia – INPA”, 
Manaus, Brazil, under “INPA” no. 010/11. 

Etymology: The specific name is derived from the 
scientific name of the host species. 

Description of the spores: For the description of 
spores, light microscopy (including DIC) (Figs 1, 2, 9, 
10), TEM (Figs 3–8, 11–15) and a schematic drawing 
(Fig. 16) were used. Spores appeared equilaterally tri-
angular with rounded ends in valvar view (Fig. 1), and 
measured 8.8 ± 0.4 µm (n = 30) in length and 8.4 ± 0.5 
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Figs 7, 8. TEM micrographs of the stage 2 of the plasmodium of Triangulamyxa psittaca sp. nov., from the urinary bladder of Colomesus 
psittacus, sampled during August. 7 – part of the basal region of a plasmodium showing several types of pseudopodia (arrows) contacting 
the epithelium; some of which form septate junctions in the contact zone; 8 – detailed ultrastructural aspect of a plasmodium contact zone 
between the pseudopodia (arrows) and the host epithelium. Some zones of contact form septate junctions (arrowheads). H – host epithelium, 
P – plasmodium, S – spore.

Figs 9-13. Light and TEM micrographs of the stage 3 of the plasmodium of Triangulamyxa psittaca sp. nov., from the urinary bladder of 
Colomesus psittacus sampled during the months of November and December. 9 – semithin section of the simple columnar epithelium show-
ing a large and flattened plasmodium covering its entire surface and projecting into the lumen; 10 – semithin section showing a plasmodium 
covering the entire surface of the epithelium; 11 – TEM micrograph showing a plasmodium with several immature and mature spores. The 
periphery of the plasmodium shows numerous sections of ramified and anastomosed pseudopodia (arrowheads) projected into the lumen; 
12 – details of the different forms of contact between the pseudopodia of the plasmodium and the cytoplasmic membrane of the urinary 
bladder epithelium; some of which form septate junctions (arrowheads); 13 – detail of the contact zone between the membrane of the 
plasmodium and the membrane of the epithelial cell, forming a large septate junction (arrowheads). H – host epithelium, P – plasmodium, 
S – spore, iS – immature spore, * – lumen of the urinary bladder.



µm (n = 30) in width. The spores’ wall was comprised 
of two valves uniting together along a straight sutural 
line, and displayed a surface ridged pattern. Within the 
spores, two polar capsules measuring 3.1–3.2 µm in di-
ameter were observed located in the anterior end, and 
lacking intercapsular space between them.

DISCUSSION

The main criterion used for the description and de-
termination of new myxosporean species is morpho-
logy, including spores and polar capsules measure-
ments and features (Lom and Hoffman 2003, Lom and 
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Figs 14, 15. TEM micrographs of the stage 3 of the plasmodium of Triangulamyxa psittaca sp. nov., from the urinary bladder of Colomesus 
psittacus sampled during the months of November and December. 14 – two juxtaposed immature spores within the plasmodium. A sectioned 
polar capsule and the primordial wall ridges (arrows) can be seen; 15 – detail of the plasmodium periphery showing the pseudopodia (ar-
rowheads) interdigitated with the epithelial cells. H – host epithelium, P – plasmodium, iS – immature spore, PC – polar capsule, * – lumen 
of the urinary bladder.

Fig 16. Schematic drawing of the sequential developmental evolution of the plasmodium of Triangulamyxa psittaca sp. nov. adhered to the 
urinary bladder of Colomesus psittacus, according to the three sampling periods. A – stage 1 plasmodium displaying rounded shape and 
tapering basely to contact the host epithelium through the establishment of some pseudopodia; B – stage 2 plasmodium displaying a larger 
contact surface with the host epithelium and several more pseudopodia; C – stage 3 plasmodium flattened against the host epithelium and 
displaying a much developed contact zone. The spores contained within pansporoblasts present polysporic development. H – host epithe-
lium, S – spore. 

Dyková 2006). Nevertheless, the distinct ultrastructural 
aspects displayed by the vegetative stages are most use-
ful upon classification, since these structures provide 

valuable information concerning the parasites develop-
ment (Lom and Noble 1984; Lom and Dyková 1992, 
1993, 2006; Canning et al. 1999; Lom and Hoffman 
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2003). Specificity for host species and site of infection 
is also considered when describing a new species (Lom 
and Noble 1984; Lom and Dyková 1992, 2006). 

Analysis of morphological features, such as spore 
shape, wall structure and ridges organization, deter-
mined our parasite as belonging to the recently de-
scribed genus Triangulamyxa, within the family Ortho-
lineidae (Lom and Noble 1984). Further ultrastructural 
comparison to Triangulamyxa amazonica (Azevedo et 
al. 2005), thus far the only species established in this 
genus, revealed several specific differences in both 
spores and plasmodia. The spores, equilaterally trian-
gular with rounded ends in valvar view, differed in di-
mension, as well as in several other aspects. Triangu-
lamyxa amazonica spores were smaller (~ 8.5 µm long 
and ~ 7.6 µm wide), with ridged surface walls and a 
slightly curved sutural line. The spores observed in our 
study measured ~ 8.8 µm long and ~ 8.4 µm wide and 
the sutural line was straight. Triangulamyxa amazonica 
polar capsules were also smaller (2.5–2.8 µm in diame-
ter) and separated by an intercapsular space (~ 1.3 µm), 
when compared to the polar capsules observed in our 
parasite, measuring 3.1–3.2 µm in diameter and lack-
ing the intercapsular space between them. The apparent 
lysed aspect of the spores in TEM observations did not 
allow recognition of the number of polar filament coils 
in our species. Congruent with the spores morphology, 
the development of the plasmodium also displays sev-
eral morphological and ultrastructural differences be-
tween this two species, namely in shape, dimensions 
and internal organization. The plasmodium described 
for Triangulamyxa amazonica was smaller, contained 
variable number of spores (up to ~ 18 were described) 
and often appeared free in the intestinal lumen or con-
tacting the epithelial cells of the intestinal tract through 
the insertion of fine adhesion processes. The contact 
surface corresponded to a small portion covered by nu-
merous microvilli and displaying hemidesmosome-like 
structures. Also, the plasmodium structure was simi-
lar in all the observed developmental stages (Azevedo 
et al. 2005). The plasmodium observed in our studies 
varied greatly in structure throughout the develop-
mental stages, always contacting the epithelium of the 
UB and containing a higher number of spores (up to 
~ 54 in semithin sections). During the earliest stages 
of development, correspondent to the stages 1 and 2, 
the plasmodium was smaller (up to ~ 15–20 µm long) 
and pyriform-like, tapering basely to contact the epithe-
lial cells through the establishment of pseudopodia. In 
the later stage of development, correspondent to stage 

3, the plasmodium appeared flattened, thus forming 
a layer that nearly covered the entire epithelium, and 
consequently attaining larger dimensions (up to ~ 850 
µm long). Again, pseudopodia were observed in the 
parasite-host interface of the plasmodium in stage 3. 
In our species, septate junctions were present in all the 
observed stages, but were more evident in stage 2 and 
stage 3 sections. Host species and site of infection were 
also different for our species and Triangulamyxa ama-
zonica. Although both species are coelozoic in freshwa-
ter fish species, Triangulamyxa amazonica infects the 
intestinal tract of Sphoeroides testudineus (Azevedo et 
al. 2005), while our parasite infects the UB of Colome-
sus psittacus. Based in all these morphological differ-
ences, as well as in the specificity for site of infection 
and host species, the myxosporean here described rep-
resents a new species of the genus Triangulamyxa, thus 
named Triangulamyxa psittaca sp. nov.

Despite the existence of some reports relating to the 
presence and description of coelozoic myxosporeans 
infecting Brazilian fishes, none refers to the ultrastruc-
tural evolution of the plasmodium (Molnár et al. 1998; 
Adriano et al. 2002, 2009a, b; Azevedo et al. 2005, 
2009a, b, 2011a). In fact, this report is the first ultrastruc-
tural study of a plasmodial development occurring in a 
coelozoic myxosporean species collected from South 
America. During sporogenesis, the major occurring 
events in the plasmodium development are both an in-
crease of size and the occurrence of pronounced surface 
alterations (Lom and Dyková 1995, 1996; Canning et al. 
1999). Surface alterations are characterized by the de-
velopment of pinocytic channels into the histozoic plas-
modium ectoplasm (Current 1979, Current et al. 1979, 
Cho et al. 2004, Azevedo et al. 2011a), and the differen-
tiation of peripheral extensions in the coelozoic plasmo-
dium (Sitjà-Bobadilla and Alvarez-Pellitero 1993, 2001; 
Canning et al. 1999). Considering previous reports, the 
myxosporean parasite here described possesses a most 
interesting plasmodial development. The marked mor-
phological differences between the three developmental 
stages described in this study, in which an increase of 
size and the formation of a large stratified layer nearly 
covering the entire UB epithelium occur, represent the 
most relevant ultrastructural comparative feature relat-
ing to other species. The majority of previously reported 
studies describe species with plasmodium ultrastructural 
aspects completely unlike the ones observed in our study 
(Sitjà-Bobadilla and Alvarez-Pellitero 1993, 2001; Lom 
and Dyková 1995; Canning et al. 1999; Cho et al. 2004; 
Azevedo et al. 2005; Adriano et al. 2006). Lom et al. 
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(1986) described similar ultrastructural aspects to those 
found in our stage 3 of the plasmodium, for the tropho-
zoites of Hoferellus gilsoni, observed in the urinary tract 
of the European eel Anguilla anguilla. Hoferellus gilsoni 
also displayed elongated plasmodia firmly attached to 
the UB epithelium, but the adherence zones lacked pseu-
dopodia in the parasite-host interface. Instead, evagina-
tions of the host cell were drawn into corresponding in-
vaginations of the parasite surface, sometimes forming 
desmosome-like junctions; and thus compensating the 
absence of cellular peripheral extensions and pinocytic 
activity for nutritional intake. On the contrary, similarly 
to several other coelozoic myxosporeans, Triangulamyxa 
psittaca sp. nov. plasmodium displays several peripheral 
extensions in the interface zone with the host epithelial 
cells, which are usually associated with the intensifica-
tion of trophic functions (Lom 1969; Current et al. 1979; 
Sitjà-Bobadilla and Alvarez-Pellitero 1993, 2001; Lom 
and Dyková 1996; Canning et al. 1999). 

It comes as no surprise that environmental factors 
influence the myxosporean life cycle, and that specific 
physical, chemical and biological conditions are neces-
sary for the parasite successful development. We sug-
gest water temperature as the influencing factor in our 
study, since this physical parameter has been correlated 
with the development of vegetative stages in several 
myxosporean species. Temperature appears to influ-
ence the shape of the plasmodia, the type and extension 
of attachment to the host cells and the development of 
the parasite-host interface (Booker and Current 1981, 
Haaparanta et al. 1994, Molnár and Székely 1999). In 
our observations, plasmodia evolved markedly increas-
ing its dimensions between the samples collected in May 
and June and those collected in November and Decem-
ber. In the natural environment, one of the most prepon-
derant changing variables between these time periods is 
water temperature range. As the fish were kept in water 
brought from the original site and maintained at the same 
range of water temperature verified during sampling, 
plasmodium evolution appears influenced by this physi-
cal parameter, attaining its more advanced evolutionary 
forms when water temperature increases, as described 
for other species (Molnár and Székely 1999, Viozzi and 
Flores 2003). However, some myxosporean species are 
reported to develop mature plasmodia when the water 
temperature range is lower (Molnár 1998). 

Several studies consider that the basic structure and 
sequential stages of plasmodial development is simi-
lar between different myxosporean species (Lom and 
Dyková 1992, Canning et al. 1999). When analysing 

our results and considering the abundance of myxo-
sporean species that parasitize fishes inhabiting the 
tropical regions, we speculate that the plasmodial de-
velopment here described may not be unique. Further 
studies on Brazilian myxosporean species may still be 
surprising when it comes to increasing the available 
knowledge referring to the development of vegetative 
stages. Also, studies should consider the possible in-
fluence of other environmental factors of this region 
in the parasitic development. The abnormal behaviour 
and mortality displayed by the infected sampled fishes 
leads us to suspect that Triangulamyxa psittaca sp. nov. 
is a pathogen. Nevertheless, our observations are not 
statistically significant to infer such a conclusion, as we 
aimed only at the ultrastructural description of this new 
parasite. Further studies should be performed in order 
to elucidate this observation. 
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