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SUMMARY

Amblyospora weiseri n.sp., parasite of the mosquito Aedes cantans in Czechoslovakia has two
sporulation sequences: the octosporous sporulation sequence occurs in oenocytes and fat body
tissue of larvae, involves meiosis and results in the formation of eight uninucleate spores
(octospores) enclosed in a sporophorous vesicle and is fatal for the host. Octospores are not
infectious to other larvae. The oenocytic sequence localized in oenocytes of larvae and adults of
both sexes probably effects transovarial transmission to the next mosquito generation and
involves the formation of isolated binucleate spores. The oenocytic development differs from the
same sequence found in other mosquito Amblyospora, as it involves the development of
uninucleate meronts and large plasmodia with single nuclei as well as binucleate stages.
A. weiseri n.sp. is another member of the genus Amblyospora in which sporulation is not
dependent upon the host taking a blood meal. Preliminary attemps to infect Cyclops strenuus
and Megacyclops gigas with octospores failed.

Abbreviations

ad = adhesive disc

en = endospore

er = endoplasmatic reticulum
es = empty spores

ex = exospore

ga = Golgi apparatus
hn = host cell nucleus
m = muscle tissue

mg = metabolic granules
n = nucleus

nt = nervous tissue

nu = nucleolus

ov = ovarioles

p = polaroplast

pf = polar tube

pv = posterior vacuole

svm = sporophorous vesicle membrane
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Introduction

According to present knowledge, the development of
species of the trimorphic genus Amblyospora Hazard and
Oldacre, 1975 is complex and distinct for individual
species.

Species parasitizing mosquitoes have at least two devel-
opmental sequences in their life cycle. One in larvae
produces diplokaryotic sporonts that undergo nuclear
separation and meiotic division to form eight haploid
spores enclosed in a sporophorous vesicle. This octospor-
ous development starts in oenocytes, ends in fat body cells
and is usually fatal for the host larvae. In some Amblyo-
spora species the octosporous development is restricted to
male larvae [3, 5, 6, 10, 17, 21]. In other species larvae of
both sexes {2, 10, 13, 17, 18, 23, 24, 26] are infected.

The second developmental sequence, the purely oeno-
cytic development, was thought to be restricted to the
oenocytes of female larvae and female adults but recently
its presence has been demonstrated also in male larvae and
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adults [24]. It results in the formation of another morpho-
logical type of spore, binucleate and probably diploid,
which is responsible for transovarial transmission to the
next host generation. This complex dimorphic develop-
ment has so far been documented for all species of the
genus which have been studied in detail, except for
Amblyospora culicis (see [26]).

It has been shown relatively recently that the complex
life cycle of at least three Amblyospora species from
mosquitoes is further complicated by transmission
through an intermediate host. The octospores from larvae
were found to be infectious for cyclopoid copepods, in
which another type of uninucleate spore is formed. These
spores are then infective to mosquito larvae [3, 7, 24,
251.

A microsporidian species, identified as A. opacita was
reported in various mosquito species in Central Europe by
Weiser [29]. The present paper provides data on its
taxonomic position, life cycle and fine structure.

Material and Methods

The microsporidian parasite was found in larvae and adults of
the univoltine mosquito Aedes cantans which occurs in spring in
permanent and temporary pools in the inundation zone of the
river Elbe near Podébrady spa, Central Bohemia.

The second, third and fourth instar larvae collected in the field
were reared in aquaria and were fed an aqueous suspension of
dried yeast. Larvae showing symptoms of infection were smeared
and stained with Giemsa’s stain (without or after 1 N HCl
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hydrolysis at 60°C for 8 minutes) or with Heidenhain’s hema-
toxylin [15]. Spores immobilised in monolayers on agar were
measured using a Vickers A. E. Image Splitting Eyepiece [28]. For
electron microscopy the larvae were fixed using 3.2% glutaralde-
hyde in 0.1 M cacodylate buffer, pH 7.2, at 4°C for 1.5 h,
postixed in 2% OsOy, at4°C for 1 h, dehydrated and embedded
in Epon-Araldite. Ultrathin sections were stained with uranyl
acetate and lead citrate and examined in Jeol JEM 100 B electron
microscope at 80 kW. Semithin sections 1 um thick were stained
with 1% toluidine blue at 60°C for 10 min.

Larvae not exhibiting visible signs of infection were reared to
adults. Hatched adults were allowed neither to mate nor to
bloodfeed. They were smeared or fixed for electron microscopy
24 to 48 hours post-hatching.

Several experiments were conducted to ascertain the “per os”
infectivity of octospores to A. cantans larvae and to all develop-
mental stages of Cyclops strenuus and Megacyclops gigas, these
copepod species being abundant in pools with the Amblyospora-
infected mosquitoes. Twenty to fifty copepods of the same
developmental stage (nauplius, copepodites or adults) were
placed in pans containing filtered water from the breeding site
along with octospores that were obtained by homogenisation of
heavily infected IV. instar larvae. The spores were cleaned by
centrifugation and preserved at 0—4°C in distilled water with
added penicillin G and dihydrostreptomycinsulphate. After clean-
ing they were fed to copepods immediately or were stored up to
one year before use in transmission tests.

Results

Amblyospora weiseri n.sp. was found to have two
developmental sequences. The octosporous developmental

Figs. 1-16. Octosporous development of Amblyospora weiseri sp. n. from larvae (light microscopy). — Fig. 1. Uninucleate meront in
hemocyte (X 1500). - Fig. 2. Diplokaryotic meront from hypertrophic oenocyte (x 1000). - Fig. 3. Merogonial plasmodium with
two diplokarya (X 1000). - Fig. 4. Merogonial plasmodium with four diplokarya (X 1000). — Fig. 5. Splitting of plasmodium into
diplokaryotic meronts (X 1000). — Fig. 6. Early sporont with fused nuclei (x 1000). - Fig. 7. Diplokaryotic sporont (x 1000) (it
differs from diplokaryotic meront in having less dense nuclei). — Fig. 8., Fig. 9. Stages in leptotene phase of meiosis (X 1000). —
Fig. 10. Mingling of chromosomes during meiosis (X 1300). — Fig. 11. Binucleate sporont within arising sporophorous vesicle
membrane (arrow) (X 1300). - Fig. 12. Quadrinucleate sporont (x 1000). - Fig. 13. Sporoblasts (X 1000). - Fig, 14. Young spores
(X 1000).-Fig. 15. Maturespores {x 1000).—Fig. 16. Fresh mature spores released from sporophorous vesicle membrane (X 1500).
—Figs. 1-12 from smears stained with Giemsa. Fig. 13 stained with Heidenhain’s haematoxylin. Figs. 14, 15 stained with Giemsa after
acid hydrolysis. Fig. 16 immobilised spores in agar monolayer.
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sequence, involving meiosis, occurred in oenocytes and fat
body of the larvae and resulted in eight uninucleate spores
enclosed in a sporophorous vesicle (“pansporoblast”). The
oenocytic developmental sequence began in larval oeno-
cytes, continued in adults and resulted in isolated binu-
cleate spores.

Octosporous Sequence

The part of the life cycle commencing in oenocytes and
ending in fat body cells was found in IL,, 1II., and IV. instar
larvae of unknown sex. The infected larvae had character-
istic white spots in their bodies due to considerably
enlarged fat tissue cells containing a great number of
spores (Fig. 17). Infected individuals were unable to
pupate and died when reaching III. or IV. instar.

The first stage of the octosporous sequence which we
observed were rounded or oval diplokaryotic meronts
(Fig. 2) in hypertrophic oenocytes of II. instar larvae. The
meronts were limited by a thin unit type membrane. Large
numbers of ribosomes and abundant endoplasmic reticu-
lum were present in their cytoplasm. Their nuclei were in
typical diplokaryotic arrangement (Fig. 18).

The nuclei of the diplokaryon divided at least twice and
thus cells with four (Fig. 3) and later with eight (Fig. 4) (or
many) diplokaryotic nuclei were formed. These multinu-
cleate cells cleaved into meronts with one diplokaryon
each (Fig. 5), which either continued the merogonial
multiplication or entered the sporulation phase. Meronts
were apparently released into the hemolymph by host cell
rupture and invaded by an unknown mechanism the fat
cells, where the development continued.

Young sporonts (Figs. 7, 8) differed from meronts in
having less dense nuclei and especially in having the
cell-limiting membrane thickened by an electron dense
surface coat (Fig. 20). The sporophorous vesicle mem-
brane appeared to separate from the cell membrane of the
sporont (Figs. 11, 12). The space between the sporont and
the sporophorous vesicle membrane (episporontal space)
grew progressively larger and became filled with large
patches of ill-defined granular material (Figs. 20, 21). At
the beginning of sporulation the nuclei of the diplokaryon
separated: meiosis as shown by the presence of meiotic
configurations of chromosomes occurred in these nuclei
(Figs. 8—10). The quadrinucleate sporont (Fig. 12) under-
went a final mitotic division producing a sporogonial
plasmodium with eight nuclei. Cytoplasmic fission then
took place, giving rise to eight uninucleate sporoblasts
within a sporophorous vesicle (Figs. 13, 21).

Mature haploid spores (“octospores”) were broadly
ovoid in shape with a large vacuole at the posterior end
(Fig. 15). When fresh (Fig. 16) their size was 6.9
(6.48-7.2 um) X 4.9 (4.69-5.35) um (n = 100).

Octospores had a thick electron dense exospore
(180 nm) and an underlying transparent endospore
(90 nm) (of type lII. C of Larsson [20]) both tapering
towards the anterior end. The polar tube was of the
anisofilar type, having in young spores a basal portion
consisting of three thick coils and a distal portion of five to
six thin coils (Fig. 22). In mature spores the tube was
shorter, having two to three thick and four to five thin coils
(Fig. 23).

Oenocytic Sequence

In Giemsa stained smears of larvae and adults we
observed uninucleate (Fig. 28) and diplokaryotic meronts
(Fig. 29), multinucleate plasmodia (Figs. 25, 26) with up to
16 isolated nuclei and their cleavage into uninucleate cells.
There were also binucleate sporoblasts (Fig. 30) and
spores (Figs. 31, 32). In addition, in smears from IIL. instar
larvae, we have occasionally found small (5 X 4 um)
uninucleate cells of merogonial character, located singly in
host hemocytes (Fig. 1). The possible succession of these
stages in the life cycle is considered in the discussion.

The sporulation phase was usually initiated when adults
emerged, but spores were sometimes found in IV. instar
larvae (Figs. 33, 34). In this part of the oenocytic sequence,
the diplokaryotic cells became elongated (Fig. 29) and
formed binucleate sporoblasts (Fig. 30) and later binu-
cleate spores (Fig. 31, 32). Sporulation stages were found
even in unmated and non blood-fed adults of both
sexes.

However, spores from males and females were different.
Those from females (“transovarial” spores) measured 13.0
(11.5-14.6) um X 5.2 (4.8-5.8) um (n = 20) whereas
those from males measured 11.2 (10.3-11.9) um X 4.9
(4.5-5.4) um (n = 20) in smears. The majority of spores in
males when observed under the light microscope seemed to
be defective, partially extruded or not fully developed.

Spores were not well fixed in our material. The apical
part of the spore was occupied by a finely lamellar
polaroplast not divided into lamellar and vesicular part in
contrast to that of the octospores. The polar tube was
isofilar, making seven coils. The thin spore wall consisted
of a transparent endospore (160 nm) and an electron dense
exospore (40 nm), the outer limit of which was slightly
undulated (Figs. 37, 39).

In larvae this developmental sequence was restricted to
oenocytes (Figs. 33, 34). Parasitic stages filled the cyto-
plasm completely causing degenerative changes of the
nucleus and considerable hypertrophy of the host cell. The
development was not synchronous in individual oenocytes
from the same specimen. The oenocytic infection was
neither lethal to larvae nor to adults, as both males and
females successfully emerged.

Figs. 17-23. Octosporous development of A. weiserisp. n. from larvae (light and electron microscopy). —Fig. 17. Fattissue filled with »
developmental stages and spores of the parasite (X 1200). — Fig. 18. Diplokaryotic meront, arrow = unit membrane surrounding the
meront (X 11600). — Fig. 19. Paramural body, “scindosome”, in sporogonial plasmodium (X 35000). — Fig. 20. Sporogonial
plasmodium (X 12200). —Fig. 21. Sporoblasts (X 13 000). — Fig. 22. Young spore (X 12000). — Fig. 23. Mature spore (X 13 000).
— Fig. 17 semithin section stained with toluidine blue. Figs. 18-23 electron micrographs.
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As far as the sporulation and the location of the infection
in adult females are concerned, we found two types of
development of nearly equal frequency: i) in some speci-
mens clumps of oenocytes among the ovarioles contained a
range of developmental stages (including spores) (Fig. 36).
ii) in other specimens, large aggregates comprised of
closely accumulated diplokaryotic cells only were present
in unidentified tissue between the ovarioles. Other devel-
opmental stages were absent (Fig. 35).

Horizontal Transmission

Attempts to transmit infection by octospores from dead
infected larvae to larvae of II. and III. instars were
unsuccessful. Equally we obtained negative results when
trying to infect various developmental stages of Cyclops
strenuus and Megacyclops gigas using octospores either
fresh or stored up to one year at 0—4°C. The octospores
were ingested by the copepods as deduced from the
presence of spores in their guts. However, the spores were
unextruded.

Discussion

Taxonomy

When shape and size of the octospore and its ultrastruc-
ture are considered, this species closely resembles
Amblyospora opacita, as defined by Hazard and Oldacre
[13]. Nevertheless, these authors restricted the name
A. opacita to the microsporidium described from Culex
territans by Kudo [19]. It is unlikely that the species found
in Aedes cantans is the same, particularly in view of the
strict host specificity found for Amblyospora californicain
C. tarsalis (see [21]) and A. dyxenoides in C. annulirostris
(see [24]). Moreover the thin portion of the polar tube of
A. opacita is one coil shorter than that of our microspo-
ridium. We therefore consider it to be a new species and
propose the name Amblyospora weiseri n.sp. in honour of
Dr. Jaroslav Weiser, an eminent insect pathologist, who
first reported this microsporidian from Czechoslovak
territory.

There is a seeming discrepancy in the host record of this
microsporidium, which was reported by Weiser [29] from
Aedes vexans, A. annulipes, A. communis and which was
found by us in A. cantans. Weiser, however, recently in a
personal communication confirmed the identity of our

material with that reported by him under the name
Thelohania opacita. He believes also that the earlier
identifications of hosts of this parasite were not correct and
that A. cantans was the true host and this was confirmed in
old preserved material.

Another microsporidium was shown to exist in Aedes
cantans larvae by Weiser, who published several micro-
graphs labelled A. barbata (30, 31]. Unpublished observa-
tions by one of us (J.V.) confirmed the existence of this
species. Its spores are, however, easily distinguished from
those of A. weiseri n.sp. They are longer, pyriform, slightly
asymmetrical and enclosed in a relatively thick gelatinous
substance holding the spore octet quite firmly together.
The taxonomic status of this species remains to be
investigated.

Life Cycle

Aedes cantans is a univoltine mosquito which does not
mate in the laboratory. This makes it impossible to
determine the function of the spores thought to be involved
in the transovarial (= vertical) transmission of the parasite.
We infer this function, however, from their morphological
resemblance to spores of the same function in other
Amblyospora species, as well as from their location in
tissues [2, 5, 13, 23-25].

The developmental sequence leading to the transovarial
transmission of Amblyospora spp. to the next mosquito
generation is considered by the majority of authors to be a
well known part of the life cycle in which an elaborate
host-parasite relationship is reflected. Lord and Hall [22]
assumed a slow multiplication of diplokaryotic meronts in
hypertrophic oenocytes until the adult female takes its first
blood meal. They further proposed that the acquisition of
blood induces the secretion of ecdysone in ovaries, this
hormone being then hydroxylated to 20-hydroxyecdy-
sone. The increased level of this hormone in hemolymph
was thought to trigger a very rapid sporulation giving rise
to sporoblasts and spores within 24 and 48 h, respectively.
Within the next 12 to 24 h the spores then extruded their
sporoplasm which invaded host oocytes [5].

The oenocytic sequence of the life cycle of A. weiseri
n.sp. seems to be more complicated that in other Amblyo-
spora species from mosquitoes. The simultaneous presence
of uninucleate cells of merogonial character located singly
in host hemocytes, uninucleate meronts, large plasmodia,
diplokaryotic meronts, diplokaryotic sporoblasts and

Figs. 24-38. Oenocytic development of A. weiseri sp.n. from larvae and adults of both sexes (light and electron microscopy). —
Fig. 24. Meront with three nuclei from larvae (x 1500). — Fig. 25. Merogonial plasmodium with 7 nuclei (X 1500). -
Fig. 26. Merogonial plasmodium with 16 nuclei (x 1400). — Fig. 27. Meront with 4 nuclei, arrow = arising cytoplasmic membranes
(x 1800). — Fig. 28. Uninucleate meronts (x 1500). — Fig. 29. Lanceolate diplokaryotic meront from adults (x 1800). -
Fig. 30. Binucleate sporoblast (x 1800). — Fig. 31. Binucleate spore from male adult (X 2000). - Fig. 32. Binucleate spore from
female adult (X 2000) (arrows = nuclei). — Fig. 33, Fig. 34. Oenocytes from IV. instar larvae containing various developmental stages
(x 1200, x 750). — Fig. 35. Group of diplokaryotic meronts localized in tissue between ovarioles of adult female (x 900). ~
Fig. 36. Group of oenocytes from the abdomen of adult female containing various developmental stages (x 800). — Fig. 37. Mature
binucleate spore from adult female (x 11300). - Fig. 38. Partly extruded spore from adult female (the extruded portion of the polar
tube is labeled by pfe) (x 13 200). - Figs. 2432 from smears stained with Giemsa. Figs. 3336 semithin sections stained with toluidine

blue. Figs. 37, 38 electron micrographs.
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spores makes the attempt to establish a logical life cycle
sequence of these stages a difficult task.

In accordance with other authors [7, 16, 24, 25], we
think that the eventual fusion of two uninucleate cells
(plasmogamy) occurs in the early stages of infection in
larvae. Nuclear division of the resulting binucleate stages is
not followed by cytokinesis, and leads to the formation of
multinucleate plasmodia. Nuclei of the plasmodia either
form diplokarya and such plasmodia commence the
octosporous development, or the nuclei remain isolated in
the cytoplasm and such plasmodia start oenocytic devel-
opment (in which the plasmodia cleave progressively into
uninucleate cells (see Fig. 39)). The oenocytic development
continues with the formation of lanceolate diplokaryotic
meronts and subsequently of binucleate sporoblasts and
spores.

At variance with the reports describing the “transovar-
ial” spores from females only after blood acquisition, we
have found them in IV. instar larvae, in unfed and unmated
females and in males. Identical observations have been
made recently by Sweeney et al. [24] in A. dyxenoides from
C. annulirostris.

/U@H @””@&\@j\

oenocytic development
in oenocytes and/or in
/ tissues among the oocytes
of the larvae and adults

stages in

?
* copepod host

octosporous development

in oenocytes and fat
tissue of the larvae

We have no explanation for the occurrence of the
precocious sporulation in larvae. Spontaneous secretion of
20-hydroxyecdysone, which was thought to induce sporu-
lation in Amblyospora sp. from C. salinarius, cannot
operate in our host-parasite system, as Aedes cantans is not
an autogenous species. The precocious sporulation in
larvae is, however, not an isolated phenomenon. Binu-
cleate spores normally occurring in adult females have
been found very rarely in larvae parasitized by Parathelo-
hania legeri [14]. Recently, an oenocytic sporulation
sequence of Culicospora magna was also reported to be
completed occasionally in the larvae [9].

Interestingly, in some females sporogony does not take
place neither in larvae or within 48 to 72 h of adult
emergence. In these females large clumps of closely
adjacent diplokaryotic cells develop in an undetermined
tissue between the oocytes (Fig. 35). For Amblyospora
species, stages involved in “transovarial” infection were
hitherto described only from oenocytes [2, 3, 21, 23-25]
whereas a similar location of the parasite vaguely de-
scribed as “in the fluid between the ovarioles” was
published from Parathelobania legeri by Hazard and

Fig. 39. Proposed life cycle of Am-
blyospora weiseri sp.n. in Aedes

Q cantans.
A = uninucleate meront
(in hemocyte)
B = binucleate meront
G F = diplokaryotic meronts
D,E = merogonial plasmodia

with diplokarya
= early sporont with
fused nuclei
diplokaryotic sporont
mingling of chromo-
somes during meiosis
binucleate sporont
quadrinucleate spor-
ont
octonucleate sporont
sporoblasts
mature octospores
multinucleate plas-
modia
= quadrinucleate meront
= uninucleate meront
= lanceolate diploka-
ryotic meront
= binucleate sporoblast
= mature transovarial
spores
= extruded binucleate
sporoplasm
1 = probably plasmogamy
2 = meiotic division
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Weiser [14]. The factor responsible for the delay of
sporulation is unknown.

Sporogenesis, not entirely dependent upon a host blood
meal, has also been reported. It occurs in adult females of
autogenous C. tarsalis infected with Amblyospora califor-
nica (see [11}), in adults of both sexes of Aedes triseriatus
parasitized by Pilosporella chapmani (see [8]), C. restuans
infected with Culicospora magna (see [9]) and C. annuli-
rostris infected with Amblyospora dyxenoides (see
[24]).

The function of spores found in male adults remains
obscure. Previously, they were thought to be involved in
the paternal transmission of infection [2]. However, the
discovery of the transmission through the copepod host
enfeebles the necessity for the concept of paternal trans-
mission.

Our results support the claims of several authors [5, 6,
12, 23-25] that octospores of Amblyospora spp. from
mosquito larvae are not directly infectious to other larvae.
In fact, only three authors [1, 27] postulate such direct
infectivity. A few authors have proved that the octospores
are infectious for copepods, which serve as intermediate
hosts of Amblyospora spp. [4, 7, 24, 25]. So far, however,
we have not been able to demonstrate the infectivity of
octospores of A. weiseri n.sp. to the copepods Cyclops
strenuus and Megacyclops gigas. These two species occur
regularly in habitats with infected mosquito larvae and
have their ovaries infected with undescribed microspo-
ridia, the spores of which are structurally similar to those
described as copepod stages of other Amblyospora (Vivra,
unpublished).

Diagnosis

Amblyospora weiseri, n.sp.
Host: Aedes cantans Meigen, 1818
Type locality: temporary pools, Podébrady spa, Central
Bohemia
Site of infection: fat body of larvae; oenocytes of larvae
and adults of both sexes
Developmental stages: oenocytic development involves
multinucleate plasmodia with isolated nuclei ending in
isolated binucleate spores. Octosporous sequence involves
multinucleate plasmodia with diplokaryotic nuclei result-
ing in uninucleate octospores.
Spores: Octospores: broadly ovoid 6.9 X 4.9 pm. Spores
from adult females 13.0 X 5.2 um. Spores from adult males
11.2 X 4.9 pm.
Type slides: H-PI-032, H-PI-033
Institute of Parasitology, Czechoslovak Academy of
Sciences.
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