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Abstract
In March-June 2002 increased mortality was observed in seawater reared Atlantic salmon in a
farm in Lyngen, Northern Norway. Diseased fish surfaced, appeared lethargic and swam disor-
ganised. Affected fish were dark in colour and most had eye bleedings; some also showed cata-
racts and exophthalmia. Diseased fish had changes in the pseudobranchs, which in advanced
cases was seen as a whitish “cheesy” covering. Microscopy revealed masses of myxozoan
trophozoites and typical Parvicapsula spores. Parvicapsula pseudobranchicola n.sp. is disporous,
and have asymmetrical curved spores in sutural view that measures 11.1-13.8 µm in length. The
clinical signs are in accordance with vision impairment, and it is suggested that the pseudobranch
lesions may obstruct the blood supply to the choroid bodies of the eyes. Possible natural hosts
for the infections in cultured salmon are discussed.

Introduction
Myxosporeans in the genus Parvicapsula

(Parvicapsulidae) typically infects the kidney
tubules or urinary bladder in marine fishes.
Nine species have been described, two of
which infects other sites; Parvicapsula

schulmani is a gallbladder parasite, and P.

hoffmani infects the muscularis of the intestine
(cf. Zhao et al. 2000). An additional unnamed
Parvicapsula species was recorded from dis-
eased coho salmon (Oncorhynchus kisutch)
reared in seawater netpens in Pacific waters
off Washington State, USA. That species in-
fected the kidneys causing chronic prolifera-
tive nephritis and apparent significant mor-
tality (Hoffman 1984). Pacific salmonids (Brit-

ish Columbia) may also be infected with P.

minibicornis, which have caused or contrib-
uted to prespawn mortality among
Oncorhynchus nerka stocks (St-Hilaire et al.
2002).

In March 2002, increased mortality was ob-
served in seawater netpen reared Atlantic
salmon (Salmo salar) from several sites in
northern Norway. Affected fish was found to
have pseudobranchial lesions with large num-
bers of myxosporean spores, identified as be-
longing to genus Parvicapsula. The present
work was undertaken to morphologically
characterize this previously unnoticed para-
site. Attempts to identify it with described
species failed and it is designated here as new.
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Material & Methods
Farmed salmon reared in seawater netpens in
Lyngen (Troms county, Northern Norway)
were collected June 4th and brought to the lab
on ice. Diseased fish from the farm had been
subject to normal bacterial and viral diagnos-
tic procedures. The fish were examined for
myxozoans through the preparation of squash
preparations from various organs:
pseudobranchs, gills, kidneys, spleen, gall
bladder, urinary bladder, medulla oblongata
and m. spinalis. Myxozoans were measured
from squash preparations and photographed
using a light microscope with interference
contrast (Leica Aristoplan). Due to the asym-
metry of the spores, some measurements
taken and terms used is shown in Fig. 1.
Drawings were made from serial photographs
with the aid of freehand sketches. Polar fila-

ments were extruded using saturated aque-
ous urea solution. Air-dried smears of
myxozoan material from pseudobranchs were
stained with Diff-Quick (Dade). Additional
material for histology was collected from the
farm June 23rd. Tissue samples for histology
were fixed in a modified Karnovsky fixative
(phosphate buffered, 4% sucrose), embedded
in Historesin™ (Jung) or Epon 812. Historesin
material was sectioned at 1.5 µm and stained
with Diff-Quik® (Dade), while Epon embed-
ded tissues was sectioned at 0.5 µm and
stained with toluidine blue.

Results
Background
A farm locality with 8 pens received
underyearling smolts from two hatcheries in
southern Norway. From a hatchery near
Bergen (Hordaland County) 400 000 smolts
were distributed into 6 pens September 23rd
2001, while 150 000 fish from a hatchery near
Florø (Sogn & Fjordane county) was distrib-
uted into two pens October 21st 2001. The sea
temperatures at these stockings were 9.4 and
8.5˚C respectively. Sea temperatures thereaf-
ter declined to 2.8-3.3˚ in February-April, fol-
lowed by a rise to a maximum of 11.5-13.5˚ in
July-August. The average weight (per pen) of
smolts from Bergen was 64-80 g, those from
Florø 85 g.

Clinical signs
An increase in surface dwelling, disorganized
swimming and lethargy was noted in mid-
March, with subsequent increased mortality.
Weekly mortality peaked April-May (weeks
15-21) with c. 600-1000 fish pen-1 in pens 1-6.
Thereafter mortality declined. Affected fish
ascended to the surface and swam sluggish

Figure 1. Measurements and terminology used to
describe Parvicapsula spores. A, Sutural/lateral
view of spore showing measurements taken;
TL=total length, SL=length to suture, PCsp=polar
capsule region span, T=thickness, TTsp=”total
thickness span”. B, Spore seen from capsular/
concave side showing the medial plane as a line
(M).
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and dispersed throughout the pen. They
showed signs of blindness (unresponsive un-
til touched) and were darkly pigmented. Most
affected fish had eye bleedings (Fig. 2) and
cataracts occurred. Some of the listless fish
were exophthalmic (c. 3%) and some fish were
“hanging” vertical from the surface, head-up.
Fish in pens 7-8 were unaffected.

Necropsy
Fish examined in the laboratory (N=11, on ice)
were selected on clinical signs and
pseudobranchial changes. They measured 23-
31 cm and weighed 98-278 g, while the aver-
age weight of all fish in the pens was c. 350 g.

Most fish had changes in the abdominal cav-
ity (focal liver bleedings, ascitic fluid, focal
ecsudative lesions) attributable to vaccination.
All fish were infected with Parvicapsula

(spores) in their pseudobranchs. In most fish
the pseudobranchs were particularly distinct
due to a darkened outline (melanin). In heav-
ily infected fish there were bleedings from the
pseudobranchs that were covered by whitish
cheesy granulomata (Fig. 3). One fish had
bleeding ulcers were most pseudobranch tis-
sue and parasites had washed away.
Parvicapsula or other myxozoans were not
detected in other organs and tissues exam-
ined. Fish with pseudobranch lesions showed

Figure 2. Head of Parvicapsula infected salmon
showing a typical eye bleeding (arrow).

Figure 3. Advanced pseudobranch lesion in a
Parvicapsula infected salmon, showing a whitish
“cheesy” covering (arrow).

Figure 4. Historesin section of pseudobranch
showing Parvicapsula spores and trophozoites
massed on both sides of a lamellar capillary (arrow).
Bar 10 µm.

Figure 5. Squash preparation from pseudobranch
showing Parvicapsula trophozoites with immature
(thin arrow) and nearly mature spores (thick) arrow.
Bar 10 µm.
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empty guts.

In histological sections, round trophozoites
with sporogonic stages, immature- or fully
formed spores occurred in a distended space
between the secondary lamellae (Fig. 4). Only
fish from pens 1-6 were affected, fish in pens
7-8 did not show clinical signs, pseudobranch
changes or Parvicapsula infections.

Description of parasite
Parvicapsula pseudobranchicola n.sp., Host:
Salmo salar L. (farmed postsmolt), Locality:
Lyngen, Troms, Site: Sporogony in
pseudobranchs. Museum specimens: Two
Diff-Quick™ stained smears (ZMUB 67237-8)
and ethanol concerved pseudobranch tissue
(ZMUB 67239-40). Etymology: After site and
“colere” (L.), to inhabit. Trophozoites: Spheri-
cal and disporous, measuring 12-16 µm when
containing immature spores and 14-19 (16) µm
with mature spores (Fig. 5).

Spores: Mature spores are of relatively con-
stant shape; asymmetrical in sutural view
(Fig. 6, 7a-c), symmetrical or asymmetrical
when seen in the medial plane (Fig. 7d). The
valves are smooth. The suture line passes be-
tween the polar capsules, more or less sym-
metrical along the lateral sides of the spores

Figure 6. Squash preparation from pseudobranch
showing Parvicapsula spores. Bar 10 µm.

Figure 7. Line drawings of Parvicapsula pseudobranchicola n.sp. from Atlantic salmon. A-C, variation in sutural
view, polar filaments drawn only in (A). B, symmetrical spore seen from the convex side. Bar 5 µm.
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and unite at the convex side a distance from
the posterior (=acapsular) pole. Spore widths
(anterior to tail) were rarely measurable, but
were invariably equal to thickness, and trans-
verse sections were round. The valve along
the concave side produce a “tail” protruding
up to 2.3 µm in the medial plane (i.e. TTsp-
T)(see Fig. 1a). When the spore was seen from

the convex side, posterior-anterior, the tail
was twisted slightly to right in 48%, left in
14% and was axial in 38% of the spores
(N=21). The polar capsules are usually ar-
ranged along the medial plane of the spores
(see Figs 1a, 7d), but were occasionally ob-
lique. They open at the concave side. When
the spore is seen from the convex side, poste-
rior-anterior, the polar capsule openings tend
to be directed slightly anteriorly, either in the
medial plane, or the anterior slightly to left
and the posterior one slightly to right. Polar
capsules appear spherical, but a slight protu-
berance is occasionally discernible in the di-
rection of their aperture. The polar filament
has 5-6 transverse turns (4-7 seen), and meas-
ures 16-24 (19±2) µm (N=14) in length when
extruded. The sporoplasm is binucleate, and
apparently does not fill the available space in
the spores. Sporoplasm nuclei measure 1.6-
1.7 µm in diameter. Measurements are given
in table 1.

In sections of spores, there is an intensely

Figure 8. Parvicapsula pseudobranchicola n.sp. spore
drawn from stained smear, showing sporoplasm
and valve nuclei, and th nucleus of anterior
capsulogenic cell. The nucleus of the posterior polar
capsule cell is likely hidden by the intensely stained
polar capsule. Bar 5 µm.

N nim xam naem DS VC

)LT(eropselohwfohtgneL 03 1.11 8.31 4.21 6.0 1.5

)LS(erutusothtgneL 92 9.8 0.21 1.01 7.0 3.7

)psCP(napsnoigereluspacraloP 82 6.4 6.5 9.4 2.0 7.4

)T(ssenkcihteropS 92 2.5 3.7 2.6 5.0 8.7

)psTT(napsssenkcihtlatoteropS 92 2.6 6.8 0.7 7.0 9.9

CProiretnaforetemaiD 72 1.2 9.2 4.2 2.0 6.8

roiretsopforetemaiD 82 1.2 5.2 3.2 1.0 2.6

LS/LT 92 1.1 4.1 2.1 1.0 2.8

psCP/LT 92 3.2 8.2 5.2 2.0 1.6

psCP/LS 72 7.1 4.2 0.2 2.0 3.8

T/LS 92 3.1 2.2 6.1 2.0 5.21

Table 1. Measurements (µm) of Parvicapsula pseudobranchicola n.sp. N: number of measurements, SD: standard
deviation, CV: coefficient of variation (100xSD/mean), PC: polar capsule.
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stained region surrounding the polar cap-
sules; valves and sporoplasm stains faintly
(Fig. 4). The nuclei of the capsulogenic cells,
sporoplasm and valve cells are distinct in
stained spores (Fig. 8).

Discussion
The spores of Parvicapsula pseudobranchicola

n.sp. resemble those of P. unicornis,
Parvicapsula sp. of Hoffmann 1984, P.

asymmetrica and P. hoffmani in being curved.
P. pseudobranchicola n.sp. differs from P.

hoffmani and P. asymmetrica in polar capsule
arrangement and position of the suture line
(cf. Shul’man 1953, Dorothy and Kalavati
1993). P. hoffmani also differ in spore size.
Kabata (1962) did not give spore dimensions
for P. unicornis, but his figures suggests they
span about 10 µm in length, i.e. smaller than
P. pseudobranchicola n.sp. P. unicornis also dif-
fers in having a distinct horn like posterior
projection, and in having polar capsules ar-
ranged obliquely to the spore medial plane.
Parvicapsula sp. of Hoffmann (1984) appears
to be similar to P. pseudobranchicola. It was also
found in pen-reared salmonids, albeit
intracellularly in the kidney tubules. Com-
pared to Fig. 2 of Hoffman (1984) P.

pseudobranchicola n.sp. appears to differ in
positioning of the suture and polar capsules.
Since P. pseudobranchicola n.sp. differ from all
known Parvicapsula species in spore morphol-
ogy, site and host it is designated here as new.

The clinical signs shown by Parvicapsula in-
fected fish strongly suggest vision impair-
ment. The pseudobranchs receive oxygenated
blood from the first efferent gill arteries, that
is dispersed into the capillary system of the

pseudobranchs. Efferent arterial blood from
the pseudobranchs supplies the choroidal
bodies of the eyes (Harder 1975). Hence, le-
sions in the pseudobranchs caused by
Parvicapsula may reduce or obliterate the oxy-
gen supply to the eyes, ultimately causing
blindness.

The source of the infection in farmed salmon
is obscure. Salmon from two sources were
stocked into the studied farm, but only the
salmon from a hatchery in the Bergen area
became infected. A possibility is that the fish
contracted the infections in the hatchery. This
is considered unlikely since the parasite and
the disease is unknown in southern parts of
Norway, no Parvicapsula species have been
detected in European freshwater salmonids
and since most or all Parvicapsula species in-
fect marine fish species or salmonids in the
sea. Another possibility is that the September
stocking of salmon from the Bergen area ex-
posed the fish to infective stages
(actinospores) in the farm area. Evidence sug-
gests that actinospore release in temperate
waters is marked seasonal (Yokoyama et al.
1993; El-Mansy et al. 1998), proposing the ex-
planation that the October stocking (Florø
fish) surpassed contagion presence.

It is possible that Parvicapsula disease in At-
lantic salmon is an anomaly caused by au-
tumn stocking of underyearlings, and that
there is a principal host among the resident
marine fishes. Johnstone (1984) studied
Parvicapsula disease in seawater pen-reared
coho salmon, and discovered that the
myxozoan was common in wild Pacific cod
(Gadus macrocephalus), acting as a resevoir host
(Schiewe et al 1988, Kent 1992). Also, the host-
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specificity of some Parvicapsula species is low,
e.g. Parvicapsula unicornis infects Callionymus

lyra, Limanda limanda, Lepidorhombus

whiffiagonis, Merluccius merluccius and
Lepidopsetta bilineata (Kabata 1962, Aseeva
1992, Myklebust 1999, Myklebust et al. 1999),
representing four families and 3 orders of
marine teleosts.
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