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ABSTRACT: Five different myxozoan actinosporean spore forms of 4 collective groups are described 
from oligochaete worms obtained from the sediments of a Scottish salmon hatchery where Sphaero- 
spora truttae infections recur annually. Synactinomyxon 'A', synactinomyxon 'B', raabeia, triactino- 
myxon and aurantiactinomyxon stages are illustrated, characterised and the stimuli for their polar fila- 
ment release investigated. Each actinosporean is compared wlth actinosporean 'species' descnbed in 
the literature and actinosporean stages described from reports of 2 host myxozoan life cycles. Three of 
the forms reported appear to be previously undescribed. 
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INTRODUCTION 

Perhaps because they infect oligochaete worms, acti- 
nosporeans have been regarded since they were first 
reported by Stolc in 1899 as parasites of little econonlic 
significance, and thus are a relatively poorly studied 
group. However, over the last 15 yr scientific interest in 
actinosporeans has increased following the discovery 
that a single myxozoan life cycle exists in which there 
is alternation between myxosporean and actinosporean 
stages, in fish and in invertebrate hosts respectively 
(Wolf & Markiw 1984). There are currently over 12 
reports of such life cycles (El-Matbouli et al. 1995, 
Kent et  al. 1995). Since many nlyxosporeans cause sig- 
nificant economic impacts and disease both in wild 
fisheries and in the aquaculture industry, the impor- 
tance of understanding the role of actinosporeans as 
the myxozoan stage infective to fish cannot be over- 
emphasised. 
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The class Actinosporea has been recently suppressed, 
with actinosporean generic names now treated as col- 
lective group names to avoid competing in priority 
with myxosporean generic names. Actinosporeans for 
which the myxosporean stage is not known are to be 
retained as species inquirendae until established (Kent 
et al. 1995). This taxonomic system is adopted in this 
paper. 

There are very few studies reporting actinosporean 
stages from oligochaetes in the UK (Table 1). Such 
studies are required to provide important data on the 
nature and distribution of these poorly understood 
parasites in UK waters. Further information on the bio- 
logy of these organisms may provide links to species of 
myxosporean which currently are, or have the potential 
to become, important pathogens of wild and farmed 
fish and such studies may also provide important infor- 
mation with regard to pathogen control in the future. 

The present study was initiated to establish the acti- 
nosporean fauna of oligochaete worms from an  Atlantic 
salmon farm where infections with Sphaerospora 
truttae Fischer-Scherl, El-Matbouli & Hoffmann, 1986 
recur annually, in the hope of con~pleting the life cycle 
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Table 1. Reports of actinosporeans from oligochaetes in the UK 

1 source Actinosporean Location 

Ikeda (1912) Hexact~nomyxon sp. Plymouth, England 
Synactinomyxon sp. 
Triactinomyxon sp. 
Sphaeractinomyxon sp. 

Mackinnon & Adam (1924) Triactinomyxon ~gnotum River Thames, England 
Triactinom yxon legeri 
Triactinomyxon mrazeki 

Hamilton & Canning (1987) Synactinomyxon tubificis Myxobolus cerebralis positive rainbow trout hatchery, south- 
Echinactinomyxon radiatum west England 
Tn.actinomyxon ignolum 
Triactinomyxon dubium 
A urantiactinomyxon sp. 

and facilitating control of the parasite. This bivalvulid 
myxosporean infects juvenile Atlantic salmon Salmo 
salar L. at a number of smolt-producing hatcheries in 
Scotland (McGeorge et  al. 1994, 1996a, b). During the 
summer months, the extrasporogonic stages of this 
parasite have been found to be significant pathogens 
in Atlantic salmon parr. 

MATERIALS AND METHODS 

Oligochaete sampling. Oligochaetes were sampled 
upstream and downstream of the river supplying a 
smolt-producing hatchery where salmon become in- 
fected each year with Sphaerospora truttae. Sampling 
was concentrated in the period from March to June 
when epidemiological studies indicated that the infec- 
tive stage might be present in the environment (Mc- 
George et al. 1996a). 

Worms were obtained in mid-April, mid-May and 
mid-June 1992 and in mid-May and mid-June 1993 by 
kick sampling using a kick net of mesh size 50 pm in 
areas with gravelhock substrates, and using corers 
and Peterson grabs where softer sediments were pre- 
sent. The enriched sediments of the farm settlement 
pond were sampled in mid-May, mid-June and late 
June 1993. All invertebrates obtained were transferred 
to plastic bags containing stream water and aerated 
prior to transport to the laboratory. 

Examination of worms and calculation of preva- 
lence of infection. Oligochaetes obtained were exam- 
ined using the cell-well technique of Yokoyama et al. 
(1991) Twenty-four-well plates holding 1 to 5 worms 
of the same species per well in 1 ml of water were 
exposed to natural temperature and light conditions 
outdoors, and the water in each well scanned thor- 
oughly by phase contrast microscopy at x250 mag- 
nification for the presence of actinosporeans each day. 
Worms were monitored for parasite release for l mo. 

Prior to being discarded, a sample of approximately 
10% of these worms were squashed and examined 
microscopically for actinosporean stages. Prevalence 
was calculated from each sample for each actino- 
sporean found, as a percentage presence in the entire 
worm population, regardless of worm species. Preva- 
lence for each actinosporean in each host species was 
difficult to calculate. The identification of all individual 
worms studied was not feasible because of the num- 
bers involved, whilst establishing the specific identity 
of each infected worm was often impossible due to the 
worm's immaturity. 

Identification of worm species. Fifty oligochaetes 
were identified to obtain details of the relative species 
composition of the fauna of each habitat studied. 
Worms were fixed in 70 % alcohol, then subsequently 
transferred to distilled water via a descending ethanol 
series before being placed individually onto slides in a 
few drops of Amman's lactophenol, covered with a 
coverslip and left for several hours to clear (Brinkhurst 
1963). Prior to examination, slight pressure was 
exerted on the coverslip to flatten the mount. Mounts 
were examined at appropriate magnification and 
worms identified using the key of Brinkhurst (1963). 

Actinosporean morphology and identification. Acti- 
nosporean stages were drawn and photographed 
under bright field, pha.se contrast and Nomarski inter- 
ference contrast microscopy. Measurements taken for 
each spore type are illustrated in Fig. 1 and were made 
from at least 15 randomly selected spores using a 
micrometer calibrated eye-piece graticule or from 
enlarged photomicrographs of known magnification. 
Spores obviously dead or senescent, and those not yet 
fully mature, were not measured. Spores were identi- 
fied using the keys and diagrams of Janiszewska 
(1955, 1957), Marques (1984) and by comparison wlth 
other published reports. Some infected worms were 
squashed between a coverslip and a slide to reveal the 
nature of the pansporocyst. 
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Fig. 1. Drawings of spore forms 
for actinosporeans found during 
the study. (A) synactinomyxon 
'A', (B) synactinomyxon 'B ' ,  
(C) triactinomyxon, (D) raabeia, 
(E) aurantiactinomyxon. (Scale 

bar = 10 pm) 

Small pieces of anterior, mid and posterior kidney 
were immersed in Karnovsky's fixative for 4 to 6 h at 
4°C. Following post-fixation in 0.5% osmic acid in 
cacodylate buffer for 1 h, tissues were dehydrated in 
an acetone series and embedded in Araldite epoxy 
resin. Resulting blocks were cut as 1 pm semi-thin 
sections, stained with methylene blue and examined 
under the light microscope to identify the location of 
the infection within the worm. 

Actinosporean polar filament release and spore 
hatching. Polar filament extrusion for synactino- 
myxon, aurantiactinomyxon and raabeia spores was 
studied in response to the mucus of bream Abramis 
brama, brown trout Salmo trutta L ,  and Atlantic 
salmon Salmo salar L. Water containing actinospores 
was mixed with an equal volume of mucus obtained 
via skin scrapes from the fish species concerned, then 
placed under a coverslip and examined under phase 
contrast rnicroscopy. Control preparations comprised 
spores from the same sample to which no mucus had 
been added. 

RESULTS 

tubifex Miiller) were characteristic of slower flowing 
areas of soft substrate, whilst naiids (almost exclusively 
Nais alpina Sperber) were predominant in areas of 
stony/rocky substrate and faster flow. 

Approximately 2300 worms were obtained from the 
settlement pond at the farm. A subsample were identi- 
fied to family, and in some cases generic and species 
level. The approximate composition of the population 
varied little between samples, being approximately 
70 % Tubificidae, 25 % Lumbriculidae and 5 % Enchy- 
traeidae, with very few naiids present in the settle- 
ment pond samples. Because a high proportion of 
worms were not fully mature, a precise specific identi- 
fication was impossible in many cases (see Brinkhurst 
1963). However, 40 mature tubificid worms studied 
from the settlement pond sample from June 15, 1993 
indicated that the population consisted of 2 species, 
Tubifex tubifex and Limnodrilus hoffmeisteri Cla- 
parede, in a proportion of approximately 5:l. A sub- 
sample of 15 lumbriculids were identified as Lum- 
bnculus vanegatus Miiller. 

Actinosporean infections 

Oligochaete sampling Five actinosporeans, of 4 different taxonomic groups 
(synactinomyxon, raabeia, triactinomyxon and auranti- 

From the river -2500 oligochaete worms were exam- actinomyxon) were detected from the oligochaetes 
ined for infection with actinosporeans. These worms sampled. All were identified from worms from the 
were identified to family level, the majority being of settlement pond, but only synactinomyxon 'A', was 
the families Tubificidae and Naiidae. Tubificids (a found in worms sampled from the river supplying the 
small sample of which proved to be mainly Tubifex farm. Prevalence figures are given in Table 2. 
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Table 2. Actinosporean prevalence in worm population from the settlement pond, regardless of worm species 

Actinosporean No. of infec- ".. Prrvalence ",! Prevalence % Prevalence "m, Prevalence "<B Prevalence 
stage ted worms found (whole study, (samples where May 14, 1993 June 6, 1993 June 23, 1993 

(whole study) samples combined) present) (720 worms) (384 worms) (1 152 worms) 

Synactinomyxon 'A' 4 0.18 0.26 0.00 0.50 0.20 
Synactinomyxon 'B' 6 0.27 0.39 0.00 0.50 0.30 
Raabeia 1 0.04 0.09 0.00 0.00 0.09 
Aurantiactinomyxon 11 0.49 0.72 0 00 1.60 0.40 
Triactinomyxon 1 0.04 0 14 0 14 0.00 0.00 

Actinosporean morphology and identification 

Table 3 gives a summary of the measurement data 
for each actinosporean. Although figures for extruded 
polar filament length are given, in many cases these do 
not fully evert (Lom & Noble 1984) .  Representative 
illustrations of each spore form are given in Fig. 1. 

Synactinomyxon 'A': host Tubifex tubdex 

Released pansporocysts of this actinosporean were 
observed in which the spores remained enclosed 
within the sporocyst membrane. In such pansporo- 
cysts, caudal processes were not evident (Fig. 2a). 
When released from ruptured pansporocysts, the cau- 
dal processes swelled but the 8 spores within it 
remained joined together. Two large caudal processes 
could be clearly discerned for each spore, each con- 
taining a nucleus positioned approximately half-way 
down its length, but the third spore process was 
obscured. Most commonly, 7 spores were seen to form 
a circle in the centre of which the eighth spore was 
positioned, making it impossible to see how the spores 
were connected. However, in some instances the 
central spore was absent and it could be seen that the 
third, conical caudal process of each spore was short, 
directed centrally, and formed the means by which 
spores were adjoined to their neighbours (Fig. 2b). 
Single spores were seen very rarely. Fresh squashes 
of infected worms revealed large numbers of charac- 

teristic 8-spore groupings in a star-like arrangement 
(Fig. 2c) .  Histological observations indicated that pan- 
sporocysts developed in the gut epithelia1 cells of the 
worm. 

The spore cavity of each spore measured 16.5 pm 
( 14 -19  pm) in diameter, was round, and contained 3 
spherical polar capsules of 4 - 5  pm diameter. The short 
caudal process h k i n g  the 8 spores was 5.2 pm (3-7 p) 
in length, whilst the long process was 1 8  pm 
( 1 5 - 2 1  pm) in length. The star-shaped figures formed 
by the 8 spores were 7 4  pm (70-80 pm) in diameter. 
Polar filaments when extruded formed a spiral with a 
mean length of 70 pm (measurements from a mean of 
25 spores). 

Synactinomyxon 'B': hosts Tubifex tubifex and 
Lum briculus variegatus 

Individual spores of this actinosporean conformed to 
the characteristics of spores of the collective group 
echinactinomyxon. Echinactinomyxon spores are style- 
less with 3 straight, rigid and pointed caudal processes 
of equal length. However, for the actinosporean under 
study, spores were always connected together in 
groups of 8. These groupings were not of the type 
characteristic of e.g. siedleckiella or antonactinomyxon 
(Janiszewska 1955) ;  rather, all 8 were joined together 
by the tip of one of their caudal processes (Fig. 3a). The 
spores were thus classified as synactinomyxon (see 
Marques 1984). Histological observations indicated 

Table 3.  Summary of measurement data for actinosporeans from the study 

Actinosporean Caudal process Style length Spore cavity Polar capsule 
stage length (pm] (pm) dimensions (pm)  dimensions (pm)  

Synactinomyxon 'A' Long: 18 (15-21) - 16.5 (14-19) 5 x 4  
Short- 5 2 (3-7) 

Synactinomyxon 'B' 64.4 (55-80) - 21.3 (20-23) X 18.3 (16-20) 6 x 4  
Raabeia 219.3 (170-290) - 12 8 (10-20) X 18.2 (12-25) 6.4 (5-8)  
Aurantiactinomyxon 25.6 (19-31) - 13.7 (12-15) 2.7 (2-3) 
Triactinomyxon 129 (107-153) 130 (1 10-150) 52 (45-60) X 12.4 (12-14) 7 x 4  
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Fig. 2. Synactinomyxon 'A'. (a) Released pansporocyst. (b) Spore web released from the pansporocyst. The caudal processes are 
fully everted and the junction of the spores by means of their third, short epispore process can be seen (arrow) due to the absence 
of the eighth centrally positioned spore. (c) Fresh squash preparation of an infected worm to show numerous pansporocysts of 

synactinomyxon 'A'. (Scale bars = 10 pm) 

that pansporocysts developed in the gut epithelia1 cells rior surface when viewed laterally. The spore cavity 
of the worm. Some sections showed released pan- was round when viewed apically. Polar capsules were 
sporocysts in the gut lumen. slightly subspherical (mean 6 pm by 4 pm). There were 

The spore cavity of individual spores was 18.3 pm 6 coils of the polar filament in each capsule (Fig. 3b). 
(16-20 pm) at its widest point, but was goblet-shaped Extruded filaments were of mean 50 pm in length. 
with a rounded bottom tapering to -10 pm wide ante- Caudal processes were straight and of equal length, 
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but frequently not fully everted. Fully swollen pro- 
cesses were 64.4 pm (55-80 pm) in length and 8 pm 
(6.5-9 pm) in width before tapenng to a fine point 
(measurements from a mean of 20 spores). 

Aurantiactinomyxon: host immature tubificid 

Members of the group aurantiactinomyxon are style- 
less with 3 broad leaf-like caudal processes of equal 
width and which curve 'downwards. Their bases 
embrace the spore cavity almost entirely (Fig. 4). Spores 
were always seen singly, released from worms. 

The spore cavity was spherical, measuring 13.7 pm 
(12-15 pm) in diameter, and contained 3 polar cap- 
sules, also spherical, of 2.7 pm (2-3 pm) diameter. The 
3 caudal processes were of equal length, with a mean of 
25.6 pm (19-31 pm) and tapered to a point. Occasional, 
incompletely inflated caudal processes were rounded 
at their ends. At their widest point they measured 
12.0 pm (10-14 pm) across. Often each process became 
broader away from the spore cavity before tapering to a 
point, giving it a leaf-like appearance. Histological 
observations indicated that pansporocysts developed in 
the coelomic cavity and in the gut epithelial cells of the 
worm (measurements from a mean of 20 spores). 

Triactinomyxon: host unidentified 

This parasite was found in a cell well that had been 
scanned and found to be negative on several occasions 
over 3 wk. However, the relevant cell well plate had 
been retained for a further week and then scanned a 
final time prior to it being discarded. The well con- 
tained dead, putrefying worms of unknown species, 
the spores apparently having been released following 
the death of the host. 

Spores of the collective group triactinomyxon have 
prominent styles, and 3 long anchor-like caudal projec- 
tions. The spores were in very poor condition morpho- 
logically and were probably senescent or dead. Some 
changes in spore morphology may therefore have oc- 
curred which were not characteristic of Living spores. 

The spore cavity measured 52 pm (45-60 pm) by 
12.4 pm (12-14 pm), contained at least 60 daughter 
cells, and was situated apically beneath the 3 polar 
capsules at the anterior of the style. Polar capsules 
were oval, 7 pm long by 4 pm wide. The style was 
130 pm (110-150 pm) in length and broadened from a 
width of -15 pm anteriorly to -25 pm at the base where 
the anchor-like projections arose. These caudal pro- 
cesses were curved, 129 pm (107-153 pm) in length, 
but frequently not fully everted (Fig. 5) (mean of 
10 spores). 

Raabeia: host unidentified 

The raabeia spores were notable for the large size of 
their caudal processes. Spores of the collective group 
raabeia are characterised by their 3 long attenuated 
caudal processes which are usually curved. No style is 
present, the caudal processes diverging from the equa- 
tor of the spore cavity. The spore cavity is flask or bar- 
rel-shaped. 

As well as large numbers of free actinospores, numer- 
ous released but intact pansporocysts, each containing 
8 spores, were found in well water containing infected 
oligochaetes (Fig. 6a). Upon manual rupturing of the 
envelope, the spores escaped and their caudal pro- 
cesses rapidly swelled and everted. Numerous spores 
had incompletely everted processes (Fig. 6b). Histo- 
logical observations indicated that pansporocysts devel- 
oped in the gut epithelial cells of the worm. 

Caudal processes were very long, curved, and ta- 
pered to a point when fully swollen. They were 219 pm 
(170-290 pm) by 10 pm wide. The spore cavity mea- 
sured 18.2 pm (12-25 pm) in length and was 12.8 pm 
(10-20 pm) in width (Fig. 6c). Polar capsules were pear- 
shaped (mean 7 pm X 5 pm). Between the sporoplasm 
and the polar capsules lay a large clear area perhaps 
containing the cytoplasm of the capsulogenic cells 
(Fig. 6d). This space was 6.4 pm (5-7 pm) in length, 
making the capsule to base of endospore length 
24.6 pm (19-30 pm) (mean of 16 spores). Occasionally 
aberrant spores were seen with 6 rather than 3 caudal 
processes arising from a single spore cavity (Fig. 6e). 

Stimuli for actinosporean polar filament release and 
sporoplasm hatching 

Synactinomyxon 'A', synactinomyxon 'B', auranti- 
actinomyxon, and raabeia discharged their polar fila- 
ments in response to the mucus of brown trout, Atlantic 
salmon, stickleback and bream (Fig. 7). In all cases ever- 
sion was instantaneous and so rarely directly observed 
as it occurred before the slide could be transferred under 
the objective, but not every spore in a sample was seen 
to evert its filaments. Following filament release, many 
synactinomyxon 'B' spores hatched along the suture line 
around the spore cavity, releasing their sporoplasm into 
the surrounding medium. Sporoplasms were motile, 
moving by means of clear pseudopodia with undulating 
outer membranes (Fig. ?c, inset). Not all spores, even 
those with everted filaments, hatched to release their 
sporoplasm. Spores from control preparations occasion- 
ally everted their polar filaments, but this was much de- 
layed in comparison with experimental preparations. 
Eversion could be artificially stimulated mechanically by 
exerting pressure on the coverslip of a spore preparation. 
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Fig. 7. Eversion of polar filaments in response to fish mucus. (a) Synactinomyxon 'A' (b) Raabeia. (c) Synactlnomyxon longicauda 
sp. inq. Inset: released sporoplasm of S. longicauda. (Scale bars = 10 pm) 
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DISCUSSION 

Identity of actinosporeans 

From our developing knowledge of the myxozoan 
life cycle, it is reasonable to suppose that all 5 actino- 
sporeans identified in the present study have an alter- 
nate myxosporean stage in a fish species, although this 
myxosporean stage remains unknown for each. 

Synactinomyxon 'A' 

Synactinomyxon tubificis Stolc, 1899 and S. longi- 
cauda Marques, 1984 are found in the gut epithelium 
of Tubifex tubifex (Janiszewska 1955, Marques 1984) 
The latter author found both parasites to be relatively 
common. Synactinomyxon 'A' in the present study 
most closely resembles S. tubificis. From the drawings 
of Janiszewska (1955), the long caudal processes of 
S. tubificis appear around 3 times longer than the dia- 
meter of its endospore, but in this study the caudal 
processes were only fractionally longer than the equi- 
valent diameter. Marques (1984) gave a figure of 30 pm 
for the long caudal processes of S. tubificis, signifi- 
cantly longer than the mean 18 pm of the Scottish form, 
and a spore cavity diameter of 12-15 pm compared to 
14-19 pm for synactinomyxon 'A'. It is therefore likely 
that synacinomyxon 'A' is not S. tubificis, but is a 
closely related, previously undescribed form. S. tubi- 
Eicis was described by Hamilton & Canning (1987) from 
3 sites in England, but no measurement details or 
information on its identification were provided. 

Synactinomyxon 'B' 

Synactinomyxon longicauda sp. inq. Marques & 
Ormieres, 1982 was reported as a common infection of 
Tubifex tubifex in France (Marques, 1984). The spores 
of this form resemble echinactinomyxon, but were 
classified as synactinomyxon because the 8 spores 
from each pansporocyst were joined by the tip of one 
of their 3 caudal processes. S ,  longicauda has a trun- 
cated ellipsoid endospore body of 22-25 pm, 80 pm X 

8 pm epispore floats and 7 pm polar capsules. Syn- 
actinomyxon 'B', although having very slightly smaller 
capsules and slightly shorter caudal processes on aver- 
age, is otherwise indistinguishable and is therefore 
tentatively identified as S. longicauda. 

There remains a possibility of confusion between 
Synactinomyxon longicauda and members of the group 
echinactinomyxon so a comparison with described spe- 
cies of this group is also pertinent. The type species, 
Echinactinomyxon radiatum, was described by Jani- 

szewska (1957) from the gut epithelium of Tubifex 
tubifex and was recorded from 5 sites in England by 
Hamilton & Canning (1987). However, the spore cavity 
of S. longicauda spores is of a different shape to that of 
E, radiatum and is shorter (20-23 pm compared to 
27-30 pm). In addition, the caudal processes of E. 
radiatum (125 pm in length compared to the 64.4 pm of 
the form under study) are very much longer. Styer et  al. 
(1992) recorded 2 species of this genus, E. 'major' and 
E. 'minor' from Dero digitata in the U S A .  E. 'major' has 
much longer caudal processes (138 pm) than S. longi- 
cauda (55-80 pm). E. 'minor' has a similar spore cavity 
dimension (19 X 23 pm) to the form reported in this 
study (although in the latter it is of a more rounded 
shape), but its caudal processes are longer. 

Aurantiactinomyxon 

The aurantiactinomyxon stage described in the pre- 
sent study differs from the type species Aurantiactino- 
myxon raabeiniuoris. Although the epispore processes 
of A. raabeiniuoris are of similar length to those of the 
aurantiactinomyxon reported here, they are less broad. 
Its spore cavity diameter is also larger (17 pm com- 
pared to 12-15 pm). A. trifolium (Marques 1984) has 
a much larger spore cavity (20-25 pm) than the form 
under study (12-15 pm) and much larger caudal 
processes (40-50 pm compared to 19-31 pm). A. stel- 
lans (Marques 1984) is also very much larger than 
aurantiactinomyxon from the present study, having 
caudal processes of 70-90 pm (compared to 19-31 pm). 
Ormieres (1968 cited by Marques 1984) described 
2 forms, large and small, of A. pavinsis from Stylaria 
herigianus, but both these forms have markedly 
shorter caudal processes than the aurantiactinomyxon 
from Scotland. 

The aurantiactinomyxon stages were of particular 
interest due to their high prevalence at the farm where 
salmon harbour Sphaerospora truttae infections of high 
prevalence and intensity. In addition, at least 4, pos- 
sibly 5 myxosporeans have been shown to have auran- 
tiactinomyxon actinosporean stages. Two species of 
the genus Aurantiactinomyxon were described from 
the oligochaete Dero digitata in ponds harbouring 
proliferative gill disease (PGD) infections by Styer et 
al. (1991, 1992). A. 'major' has a larger spore cavity at 
18-22 pm, and longer, thinner caudal processes at 
11 X 36 pm than the equivalent figures of 12- 15 pm and 
10-14 pm X 19-31 pm for the form reported here. It also 
differs in having rounded tips to its caudal processes 
compared to the distinctly pointed ends to the floats of 
the form under study. The second species, A. 'minor', 
also possessed rounded tips to its caudal processes. Its 
spore cavity is of a very similar diameter to that of the 
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aurantiactinomyxon from Scotland (13-16 pm) but at 
36 pm it has longer caudal processes. 

Comparisons with the aurantiactinomyxon stages of 
Benajiba & Marques (1993), El-Matbouli et al. (1992) 
and of Gronheider & Koi-ting (1992) associated with 
myxosporean transmissions are not possible since all 
provide only a single photograph of the species con- 
cerned and no measurement data. The Aurantiactlno- 
myxon sp. responsible for Hofei-ellus carassi infections 
(El-Matbouli et  al. 1992) appears to be very similar 
to that from Scotland. An unidentified Aurantiactino- 
n ~ y x o n  was reported but not described by Hamilton & 

Canning (1987) from a single UK site, making its com- 
parison with the species from the present study im- 
possible. The aurantiactinomyxon under study there- 
fore appears to be a previously undescribed form. 

Triactinomyxon 

Marques (1984) listed 9 species of this genus: Triacti- 
nomyxon ignotum; T magnum; T legen; T. mrazeki; T 
dubium; T oh]-idiensis; T petri; T naidanun~; and T 
robustrum. In the UK, T ignotum and T dubium were 
recorded by Hamilton & Canning (1987) and T. ignotum, 
T legeri and T mrazeki by hdackinnon & Adam (1924). 
T mrazeki has a style of -150 pm, and endospore of 
25-65 pm and contains over 50 daughter sporoplasm 
cells. These measurements are very similar to those of 
the triactinon~yxon from the settlement pond. The Scot- 
tish form has a style of 110-150 pm, endospore 
45-60 pm and 60+ sporoplasm cells. In addition to the 
simrlarity in size, the number of cells in the sporoplasm is 
of particular significance since T. ignotum, T. ohndensis, 
T naidanum, T magnum, T. legeri and T dubiun~ have 
only 8, 8, 12, 16, 24, and 32 cells respectively. 

The triactinomyxon from the settlement pond at 
the salmon farm appears identical to Triactinomyxon 
mrazeki Mackinnon & Adam, 1924. This differs in size 
and sporoplasm cell number from the triactinomyxon 
stage of Myxobolus cerebralis (El-Matbouli & Hoff- 
mann 1989), and from the triactinomyxon stage of 
Myxobolus arcticus (Kent et al. 1993). The triactino- 
myxon stage of the latter species has a shorter style 
(73.5-82.0 pm compared to 110-150 pm) but much 
longer caudal processes (294-360 pm compared to 
107-153 pm) than T. mrazeki. It also differs from the 
triactinomyxon stage of Myxobolus cotti (El-Matbouli 
& Hoffmann 1989) since this has just 16 sporoplasm 
cells and a total style+caudal process length of just 
88.64 pm on average. Two species of this genus were 
reported in Styer et al. (1992), T 'major' and T. 'minor'. 
Neither possessed a style according to the authors, 
leading to doubt as to whether their generic identifica- 
tion was correct. 

Raabeia 

Both Raabeia spp. described by Janiszewska (1957) 
were identified from the coelomic cavity of oligo- 
chaetes: Raabeia magna from Limnodrilus hoffmeisteri 
and Raabeia gorlicensis from Tubifex tubifex. The 
endospore cavity of R. n~agna  is 51-58 pm, much 
larger than the 24.6 pm of the form under study. The 
barrel shaped spore cavity of R. gorlicensis is 35 pm 
long, again larger than that reported here, and it also 
has longer caudal processes. R. furciligera (Jan & 
Krzton 1973 cited by Marques 1984) differs from the 
Scottish raabeia spores by virtue of the 1 to 5 ramified 
furcae formed at  the tips of its caudal processes. The 
raabeia stage of Myxobolus sp. in goldfish (Yokoyama 
et al. 1991) has a similar caudal process length 
(200 pm) to that of the raabeia from Scotland (mean 
219 pm, range 170-290 pm),  but has a spore cavity of 
just 9 pm diameter and polar capsules of 3.3 pm, much 
smaller than their equivalents in the raabeia reported 
here. The raabeia in the present study therefore 
appears to be a previously undescribed form. 

No reports have previously mentioned the aberrant 
spores, with 6 rather than 3 caudal processes seen in 
the present study. Aberrant spores are a common 
feature of myxosporean development (Shulman 1966). 

Relationships of actinosporean infections to 
Sphaerospora truttae 

Fish species in the river at  the farm include wild 
Atlantic salmon, brown trout, sea trout, eel, and 3- 
spined stickleback. The myxosporean fauna of these 
fish is not entirely known, but stickleback found in the 
settlement pond harbour both Sphaerospora elegans 
and Myxobilatus gasterostei infection (authors' un- 
publ. obs.). It is therefore impossible to ascribe par- 
ticular actinosporean stages in the present study to 
specific myxosporeans. 

Of the 5 actinosporean groups reported in this study, 
only raabeia, triactinomyxon, and aurantiactinomyxon 
have been shown to date to have a role in myxo- 
sporean life cycles. (This does not, of course, rule out 
the probability that the other actinosporean species 
found are likely to have myxosporean stages.) Raabeia 
and triactinomyxon stages have to date been asso- 
ciated with Myxobolus spp. infections in fish (sub- 
order Platysporina: family Myxobolidae). Aurantiactin- 
omyxon stages however have been implicated in PGD 
(Sphaerospora ictalun), Hoferellus cyprini, H. carassi, 
Ceratomyxa shasta and Myxidium giardi infections 
(sub-order Variisporina). The first 3 myxosporeans are  
of the family Sphaerosporidae to which Sphaerospol-a 
truttae belongs. C. shasta, along with Leptotheca spp. ,  



118 Dis Aquat Org 30: 107-1 19, 1997 

is a m e m b e r  of the  Ceratomyxidae,  a g r o u p  closely 
related to  Sphaerospora s p p .  Therefore there  appears  
to b e  a possible pat tern emerg ing  which indicates that  
p la tysponne  myxosporeans have  triactinomyxid type 
act inosporean s tages,  whilst variisporine myxospore- 
a n s  such  a s  Sphaerospora spp .  h a v e  aurantiactino- 
myxid type  s tages.  This, combined with the  much  
h igher  prevalence of aurantiactinomyxon stages a t  t h e  
f a r m  in t h e  presen t  s tudy led  to  our  increased interest  
i n  t h e  aurantiactinomyxon as t h e  possible actino- 
sporean  s tage  of S. truttae. Current ly this actino- 
sporean  a n d  the  others found a t  a high prevalence a t  
t h e  fa rm a r e  t h e  subject  of fur ther  study. 

Polar filaments of a r a n g e  of actinospores w e r e  s e e n  
to ever t  in  response to  t h e  m u c u s  of salmon,  brown 
trout,  stickleback a n d  b r e a m .  This indicated that  t h e  
process  m a y  b e  less specific than  would b e  assumed 
from Hoffmann e t  al.  (1992), w h o  reported that  t h e  
act inosporean s tage  of Myxobolus cerebralis was a b l e  
to discriminate be tween  naive host fish a n d  those 
which h a d  previously b e e n  infected, a n d  that  acti- 
nosporeans  introduced to t h e  latter fish failed to  ever t  
their  filaments. S u c h  a system would n e e d  to occur  a t  
t h e  point of contact be tween  t h e  fish m u c u s  a n d  t h e  
polar capsule  s topper  of t h e  spore,  b e  rapid since t h e  
host  is fast moving,  a n d  b e  remarkably  discriminating. 
Perhaps  t h e  spore forms u n d e r  study, synactinomyxon 
'A' & 'B', aurantiactinomyxon a n d  raabeia ,  which  ever t  
their polar filaments to a r a n g e  of fish species '  mucus ,  
a r e  t h e  al ternate  life cycle s tages  of myxosporeans 
with b r o a d  host  specificity, a n d  a r e  not  s o  discriminat- 
ing.  Alternatively they could b e  species  i n  which  host  
recognition a n d  suitability is not establ ished a t  t h e  
m u c u s  level  o r  is not  so precise. Yokoyama e t  al.  (1993) 
found  a n  intermediate  level of response,  i.e. a l though 
t h e  m u c u s  of several  fish species  w a s  a b l e  to  stimulate 
filament eversion in their act inosporeans,  m u c u s  from 
others  would not.  This indicates that  a definite chemo-  
sensory response is present .  

M a r q u e s  & Ormieres  (1982) s h o w e d  that  t h e  sporo- 
plasm of s o m e  actinosporeans remained  motile for u p  
to l h following their release from spores  in  p e t n  
dishes. In t h e  present  s tudy released sporoplasms of 
synact inomyxon 'B' s h o w e d  similar motility. This  sug-  
ges t s  that  t h e  sporoplasm requires  a motile ability if it 
is to a c t ~ v e l y  establish itself in  t h e  fish. 
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